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1. Introduccion

Las primeras citaciones sobre inseminacién artificial (IA) en el caballo aparecieron en
textos drabes, y su uso fue descrito por primera vez en 1322, sin embargo, no existe evidencia
de que estas practicas se extendieran. Aunque en 1590 Zacharias Janssen inventd el
microscopio, no fue hasta 1677, cuando el cientifico holandés Leeuwenhoek (precursor de la
biologia experimental) lo utilizd, desarrollando microscopios simples de fabricacién propia,
para estudiar los espermatozoides por primera vez, llamandolos “animaculos”. A finales de
1700 el fisionomista italiano Lazzaro Spallanzani, tras demostrar que debia existir contacto
fisico entre el ovocito y el semen para que se desarrollara un embriéon (hasta ese momento se
creia que el embridn era "producto de la semilla masculina, nutrido en el suelo de la mujer"),
empezo a experimentar técnicas de IA en peces y anfibios Tras el éxito obtenido, trasladd esos
trabajos a otras especies animales superiores. Asi, en 1784 reportd la primera IA en una perra
gue tras una gestacidon normal parid tres cachorros totalmente sanos. A partir de ahi aplicé
esta técnica también a los equinos, describiendo ya en estos estudios el efecto de la

congelacion sobre los espermatozoides.

A finales del siglo XIX el Dr. Pearson, profesor de medicina veterinaria en la facultad de

Pennsylvania, empezd a utilizar IA en yeguas obteniendo notorios resultados.

En Europa, en 1890, el Veterinario francés Repiquet, trabajé con esta técnica en la
especie equina. Fue el primero en recomendar el procedimiento como medio de lucha contra
la esterilidad. Paralelamente, Heape (1897) utilizé esta técnica en otras especies domésticas
ademas de en caballos y propuso el nombre de IA en vez de fecundacidn artificial. Unos afios
después, Sand y Stribolt (1902) describieron este método como un método muy adecuado
para aquellos caballos de alto valor econdmico. En 1914 Amantea desarrolld la primera vagina

artificial para recolecciéon de semen de perros.
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Posteriormente, gracias a la financiacién del Studbook de la Raza Rusa Equina, I.1. Ivanov
(1870-1932) investigd el uso de IA en esta raza, haciendo seleccién de los mejores sementales
para llegar a obtener en sus estudios un alto indice de prefez en las yeguas. Demostré que
mediante esta técnica se podia inseminar un nimero mucho mayor de yeguas en comparacion
con la monta natural. Fue el primero en obtener hibridos interespecificos. El primero de ellos,
el cebroide, resulté de la hibridacion entre el burro y la cebra. Sin embargo, sus estudios
fueron polémicos al intentar crear un hibrido hombre-mono. En 1912 vio la posibilidad de
almacenar semen bovino y transportarlo a 2 °C para después usarlo en potocolos de IA. Los
estudios posteriores fueron encaminados a congelar semen y almacenarlo a temperaturas por
debajo de 0 °C, asi como a crear nuevos medios diluyentes capaces de proteger a los
espermatozoides ante estos descensos importantes de temperatura. Milovanov, cientifico
ruso que continud los trabajos de lvanov, en 1934 describié un protocolo de congelacion que
seria la base de la actual criopreservacion de semen. También disefié una vagina artificial (VA)
para la especie equina, basada en la de Amantea en 1914, siendo muy similar a las usadas en

la actualidad.

Durante esa época, también otros descubrimientos fueron determinantes en el desarrollo
de las técnicas de criopreservacion de semen. Phillips y Lardy (1939) fueron los primeros en
usar la yema de huevo para proteger las células espermaticas de toro contra el shock por frio;

Salisbury y cols. (1941) mejoraron estos

48] Emdmiomslat,  Frozen Epididymal Spermatozoa  Teopu 1067 medios incluyendo citrato de sodio para

k garantizar el equilibrio fisico-quimico y con
ello el pH y el equilibrio iénico. Polge y cols.
en 1949 descubrieron el efecto
crioprotector del glicerol (G), publicando en
1950 el primer articulo sobre congelacién
de semen equino, utilizando una solucién

acuosa con Glicerol, congelando a -792C y

Figure 1 obteniendo unos indices de supervivencia

Mare A-10 inseminated May 27, 1955 to stallion
No. 2: foaled male April 18, 1956.

del semen de un 25%. Foote y Bratton
Figura 1. La revista “Canadian Journal of Comparative

Medicine” (Vol. XXI, n? 2, febrero 1957), publica el también en 1950, descubrieron el efecto
primer trabajo sobre IA en una yegua con . o
espermatozoides congelados de epididimo beneficioso de los antibidticos al ser
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agregados a los diluyentes seminales, crearon el diluyente “Cornell” que contenia una mezcla
de antibidticos consistente en penicilina, polimixina B y estreptomicina. En 1957 destacaron
las investigaciones llevadas a cabo por Barker y Gandier, al conseguir la primera gestacion en
una yegua utilizando semen congelado equino obtenido a partir del epididimo (Figura 1). En
esa misma década, ademas, el nitrégeno liquido (N2L) se convirtid en el refrigerante de

eleccién para la conservacion de semen de toro.

En Espaiia, el primer veterinario en introducir las técnicas de IA fue Marcelino Montén
Cardés, veterinario bilbilitano. Sus trabajos se centraron en la especie equina y su primera
experiencia la realizé en 1915 en la Yeguada Militar y Sementales de Cérdoba. Desarrollé un
recolector de esperma al que denominaron “Espermocaptor”. Este aparato consistia en una
funda de goma muy fina, larga y cilindrica con uno de sus extremos cerrado y el otro engarzado
a un aro metalico, que a su vez estaba unido a un mango de madera. Antes de utilizarlo, la
goma se introducia en leche, y a continuacién se colocaba enrollada en la vulva de la yegua,
de modo que cuando el semental la cubriera, la goma se arrastrara hacia el interior de la
vagina y el eyaculado quedara recogido y pudiera recuperarse tirando del mango. Este
artilugio fue la base para el desarrollo posterior de vaginas artificiales. Sin embargo, Dionisio
Sanjuan Jaraula fue considerado el primer veterinario espafiol que aplico cientificamente las
técnicas de IA en el ganado caballar. En 1933 desarrollé una vagina artificial para aplicar su
técnicay en 1934 reportd con éxito la primera gestacion y parto de una yegua inseminada con

estos procedimientos.

A pesar de la gran evolucién en el desarrollo de técnicas de IA, en el caballo no hubo
demasiada aceptacién. Muchas asociaciones de ganaderos se opusieron a su uso como
medida para evitar la pérdida de diversificacién de sus lineas de sangre, incluso hoy en dia es
una técnica que sigue sin aceptarse para algunas razas, como por ejemplo para el Pura Sangre
Inglés. Esta baja aceptacién, unido a una carencia de fondos para la investigacidn, junto con
un numero de yeguas reducido y en las que se necesita mayor especializacidn, cuidado y
control que en otras especies, hicieron que los avances en el desarrollo de estas técnicas de
reproduccion asistida se retrasasen con respecto a otras especies (Amann y Pickett, 1987). Sin
embargo, dichas consideraciones poco a poco han ido cambiando y actualmente cada vez son

mas frecuentes los programas de Reproduccidn Asistida en los planes de cubricidon de la
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especie equina, con todas las variantes que la técnica contempla, adaptdndose a las

necesidades que surjan en cada momento.

Las investigaciones en la criopreservacién de semen equino han tenido que enfrentarse a
obstaculos, tales como la variabilidad del semen de esta especie para tolerar el proceso de
congelacidon-descongelacién. Ademas, se ha sumado el complejo ciclo estral de las yeguas,
gue ha obligado a hacer seguimientos ecograficos muy estrictos sobre el ciclo para determinar
el momento exacto de la ovulacién y asi realizar la inseminacién en el momento mas
adecuado. Todo ello se refleja en unos indices de gestacion bastante reducidos (<60% de

prefiez).

En base a esta gran variabilidad, Arman y Picket ( 1987) postularon que establecer un
Unico protocolo de congelacidn para todos los sementales era poco realista y disminuia la
capacidad de éxito. De hecho, con los procedimientos de crioconservacién utilizados
tradicionalmente sélo en un 25% de los sementales se consiguen unos porcentajes de
fertilidad aceptables, mientras que mas del 50% de los sementales son considerados
moderadamente aptos para el proceso de crioconservacién de semen, lo que demuestra la
gran variabilidad individual de los espermatozoides en la especie equina para resistir el
proceso de congelacidn-descongelacion (Aurich, 2008; Tischner, 1979). Fueron Loomis y
Graham los que en el afio 2008 propusieron la utilizacién de distintos protocolos de
congelacion, asi como distintos diluyentes y crioprotectores para hacer el proceso de forma
individualizada y maximizar con ello la crio-supervivencia de los espermatozoides.
Actualmente, muchos laboratorios realizan “pruebas de congelacién” individualizadas para
los sementales que van a destinar los eyaculados a la criopreservacién, y aunque la
determinaciéon de estas pruebas resulta costosa, a largo plazo es evidente el efecto
beneficioso que tienen, puesto que suponen poder descartar sementales “malos

congeladores”.

En las yeguas, a parte del complicado manejo y control del ciclo estral, hay otro factor
gue se debe considerar, en el endometrio post-cubricidn o tras la inseminacién, aparece de
forma natural una reaccidn como respuesta fisioldgica para facilitar la fagocitosis y eliminacién
de contaminantes, tales como bacterias, plasma seminal, diluyentes y espermatozoides no

viables. El fin de esta reaccion es restablecer el ambiente endometrial éptimo para maximizar
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las posibilidades de fecundacién y viabilidad de la gestacion. En condiciones normales, se
produce una reaccién endometrial que comienza a los 30 min tras la inseminacion,
alcanzando su pico a las 4-8 h, pero desaparece completamente a las 48 h (Kotilaineny cols.,
1994; Troedsson y Woodward, 2016). Sin embargo, en algunas yeguas esta endometritis
persiste, siendo incompatible con la gestacion. Muchos diluyentes presentan en su
composicidon determinadas sustancias para mejorar la capacidad de preservacidon de los
espermatozoides (glicerol, yema de huevo, etc.), que van a incrementar la migraciéon de
polimorfos nucleares (PMN) al endometrio, favoreciendo ain mas los procesos inflamatorios
en el Utero. Este proceso fisioldgico no solo se da en yeguas, también se ha visto en burras,
siendo la reaccion inflamatoria aun mayor (Miré y Papas, 2018). Ademas, en el caso de las
burras encontramos una dificultad afiadida, ya que cuando se trabaja con semen congelado,
la calidad del mismo tras la descongelacién cuenta con una calidad aun inferior que la de los

caballos (Acha y cols., 2016; Canisso y cols., 2011).

Se considera que el porcentaje de prefiez por ciclo con semen congelado esta sobre el 30-
40% siempre y cuando éste se use de forma correcta, pero hay un gran margen, por ello no es
raro encontrar rangos que van desde el 0% hasta mas del 70% (Samper, 2009). Ademds de
toda esta variabilidad, existe una falta de estandarizacién en la informacidn disponible en los
diferentes puntos del protocolo de inseminacidn, por ejemplo, sobre cudl es el tiempo mas
adecuado para inseminar, cuales son las pautas exactas a seguir en el proceso de congelacién
y de descongelacién, o incluso el propio manejo de semen. Todo esto implica que aquellos
gue empleen esta técnica deban saber los factores que afectan la fertilidad del semen

congelado para ser realistas en las expectativas deseadas.

Sin embargo, no todo son inconvenientes, existen también ventajas importantes al usar
semen congelado en los programas reproductivos de la especie equina, que hacen que cada
dia se investigue mas sobre el tema, con el objeto de intentar mejorar estos porcentajes de

prefez y concretar o definir mejor los protocolos que se deben seguir.

Dentro de las ventajas encontramos:

a) Aumento del acervo genético, con acceso a la genética de los mejores sementales del
mundo, pudiendo disponer de dosis incluso tras el fallecimiento del animal.

b) Bajo coste de transporte (tanques de nitrégeno en lugar del semental).
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c) Disponibilidad continua de dosis.

d) Posibilidad de ajustar la inseminacion al momento justo de la ovulacién.

e) Disminucién de enfermedades venéreas si los animales son evaluados correctamente.

f) Continuidad de la temporada de cubricién del semental incluso cuando esta realizando
entrenamientos, competiciones o se esta recuperando de una enfermedad.

g) Desaparicion de la estacionalidad reproductiva entre el hemisferio norte y sur.

h) Almacenamiento de la dosis durante un periodo de tiempo ilimitado.

i) Disminucion del riesgo y del estrés en la yegua y el potro.

j) Disminucion de accidentes (traumatismos principalmente) derivados del acto de la

monta natural.

Actualmente continlan en auge los trabajos de investigacidon sobre criopreservacién
espermatica, con objeto de optimizar la fertilidad tras su descongelacidn. No obstante,
todavia sigue siendo necesario obtener conclusiones mas precisas sobre las causas que
originan el dafio celular, producidas durante los proceso de criopreservacién/descongelacion,
encontrar los diluyentes y/o crioprotectores que mejor se adecuen y protejan a los
espermatozoides durante este complejo proceso, asi como evaluar todas las posibles causas

de fallo en la conservacién (Alvarenga y cols., 2016).

Los métodos para la conservacion de semen estan basados en la disminucién de la
temperatura para de ese modo reducir o detener el metabolismo de los espermatozoides

mientras mantienen sus propiedades fecundantes.

Existen dos métodos de preservacién seminal en funcién de la temperatura con la que se
procese el semen: la refrigeracion (0-15 °C) y la criopreservacion en N,L (-196 °C). El semen
refrigerado, transcurridas 24 horas de almacenamiento, empieza a reducir su indice de
fertilidad aproximadamente entre un 10% y un 35% al dia. Se considera semen de “calidad
aceptable” si éste, tras 24-48 h de refrigeracion mantiene al menos un 30% de motilidad
progresiva (McKinnon y cols., 2011). Sin embargo, aunque resulte contradictorio, la fertilidad
del semen congelado es mds alta en relacién con el tiempo de almacenaje (pudiendo ser
almacenado de forma indefinida) que la del semen refrigerado, pero es peor en términos de
viabilidad post-descongelacién. En cualquier caso, los principales efectos nocivos que sufren

los espermatozoides no son debidos al almacenamiento, si no al proceso de congelacién y de
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descongelacién. Los danos sufridos durante la criopreservacién espermatica se han clasificado
segln su origen en dafios como consecuencia de cambios drasticos de temperatura, dafios
como consecuencia de cambios de osmolaridad y dafios debidos al estrés oxidativo debido a
agentes oxidantes, si bien, todos estos dafios se encuentran correlacionados. Los trabajos que
investigan mejorar de calidad seminal tras la descongelacidn estan encaminados a reducir

estos dafios, ya que una mayor viabilidad del semen se traduce en un mayor indice de prefez.

Otro factor conocido como negativo sobre los resultados de preservacion es el plasma
seminal, por ello es necesario preparar los eyaculados para su preservacion. Estos deben ser
sometidos primero a una centrifugacion con el objeto de retirar la mayor parte del plasma
seminal (PS), ya que éste afecta negativamente a los espermatozoides durante el
almacenamiento (Lozano y cols., 2011). A pesar de que el proceso no es totalmente inocuo
para los espermatozoides, se pueden minimizar los efectos adversos utilizando baja
fuerza de centrifugacién (intensidad variable segun distintos autores (Aurich, 2008, Alvarenga
ycols.,2016) y diluyendo el eyaculado (1:1 de forma general) antes de someterlo al proceso
(McKinnon, 2011), para conferirle cierta proteccién. El pellet resultante tras la
centrifugacién se debe resuspender en un diluyente apto para la conservacién, el cual ademas

llevara sustancias crioprotectoras.

Podemos confirmar que son numerosos los factores que afectan a los resultados de la
calidad seminal tras el proceso de criopreservacion, por ello, previo al desarrollo de esta Tesis
Doctoral, ya planteamos tres trabajos, que hemos incluido al final de la tesis por su vinculacién
directa con el tema de nuestra investigacion, enfocados a estudiar el efecto de distintos
compuestos sobre los diluyentes de congelacidon de semen equino, con objeto de mejorar la

calidad espermatica.

En el primero de estos estudios, se evalud la adicién de PS a diferentes concentraciones,
sobre espermatozoides equinos descongelados, concluyendo que el PS podia frenar la reaccién
acrosémica, reflejado este hecho en los bajos porcentajes de espermatozoides que sufrieron la
verdadera reaccidén acrosémica. En el segundo estudio, evaluamos el efecto del colesterol y
Equex-STM al ser afadidos a diluyentes con yema de huevo, y concluimos que EquexSTM al
0,5% mezclado con colesterol 125 mM, obtuvo una calidad espermatica mejor que el diluyente

Martin original. Finalmente, en nuestro tercer estudio, evaluamos la adiciéon de distintos
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agentes crioprotectores permeables: Glicerol (G), Dimetilformamida (DMF) y Acetal (A), a
distinta concentracion adicionados en el diluyente INRA 96® para su uso en la congelacion de
espermatozoides procedentes de eyaculados y de epididimo, concluyendo que la mejor calidad
seminal tras la descongelacidén, se obtenia incorporando un 5% de DMF en diluyentes para
congelacion de eyaculado y una combinacién de 2,5% DMF con 2,5% G en diluyentes para

congelacion de muestras de semen de epididimo.

Como hemos visto, la composicién de los diluyentes es muy variable y ha constituido uno
de los retos principales para mejorar la calidad seminal tras la descongelacién ya que de su
composicion depende la funcidn protectora sobre los espermatozoides frente al estrés por frio.
La leche desnatada se ha utilizado y se sigue utilizando por sus propiedades protectoras como
uno de los principales componentes en muchos diluyentes, aunque el diluyente “ideal” adn no

ha sido establecido.

¢Podria plantearse el uso del calostro como parte de los diluyentes seminales? La
composicidn no es la misma, ya que el calostro, como primera forma de leche producida por
la glandula mamaria, a diferencia de la leche madura, presenta un mayor nimero de
inmunoglobulinas (Ig) y otros componentes con propiedades antibidticas, antiinflamatorias,
inmunomoduladoras y antioxidantes (lisozimas, lactoperoxidasa, lactoferrinas, oligosacaridos,
etc.). Esto nos podria hacer plantear que quiza seria una opcién muy interesante, pero
conviene analizarlo mas en profundidad, viendo sus caracteristicas y de que manera podria

resultar beneficioso.

El calostro se produce bajo influencia hormonal durante las ultimas semanas de
gestacion. Durante la prefiez, las gldndulas mamarias de la yegua estdn expuestas a altos
niveles de estrédgenos y progestagenos. Se cree que la lactancia estd restringida por el
aumento de progestdgenos hasta aproximadamente el dia 310 de la gestacidn, para disminuir
de 2 a 3 dias antes del parto, mientras que los niveles de prolactina aumentan durante la
ultima semana de gestacion (Worthy y cols., 1986; McKinnon y cols.,2011). El aumento de
tamanio de la ubre suele comenzar entre 2 y 3 semanas antes del parto. Durante este tiempo
se produce una secrecion de liquido grisdceo y acuoso, que poco a poco se va volviendo mas
amarillento, denso y viscoso al incluir una incorporacion selectiva de anticuerpos humorales

(Ig) en su composicion. La glandula mamaria se llena de calostro entre las 24 a 48 horas antes
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del parto. Tras el parto, los niveles de progesterona en suero disminuyen drasticamente,
pudiendo ser ésta la causa de la transicidn de calostro a leche. Ademads, se hace presente la a-
lacto albumina, que hace que una gran cantidad de agua sea atraida hacia los alveolos, de
manera que la produccién de leche es mds copiosa. 24 horas después del parto, el nivel de Ig

ha disminuido en un 40% (McKinnon y cols., 2011).

El calostro esta compuesto por un complejo de hidratos de carbono, grasas, proteinas y
electrolitos. La gldndula mamaria no es capaz de sintetizar ninguna proteina inmunolégica
excepto la inmunoglobulina A (IgA) bajo la influencia hormonal. Asi, todas las Ig se agregan
selectivamente desde la sangre en las primeras 2-3 semanas de gestacién. Este cambio puede
ser detectado en la yegua como una caida en la concentracion de las globulinas circulantes
(Knottenbelt y cols., 2004). La Ig mas abundante en el calostro es la inmunoglobulina G (IgG),
aunque su cantidad es muy variable (Kenzig y cols., 2009) dependiendo de varios factores,
como laraza (se ha demostrado que en Pura Raza Arabe la concentracion es mayor) o factores

individuales (Garcia y cols., 2010). En la tabla 1 se muestra las distintas concentraciones de Ig.

Tabla 1. Concentraciones de las distintas Ig en el calostro y leche de la yegua (Tizard, 2018).

CONCENTRACIONES DE LAS DISTINTAS Ig (Mg/Dl)

Ig G Ig G(T) Ig G(B)

Calostro 500-1500 100-350 1500-5000 500-2500  50-150 500-2500 50-150

Leche 50-100 5-10 20-50 5-20 0 20-50 0

La composicidn del calostro y la leche de las yeguas varian a lo largo de la lactacion (Tabla
2). Los niveles de proteina y materia seca disminuyen considerablemente a lo largo de las
semanas, en cambio, los niveles de lactosa son mucho menores en el calostro que en la leche

entre 3y 6 semanas (Pecka y cols., 2012).

En relacion con la composicidon de macro y micro-elementos, cabe destacar que los niveles

de calcio y hierro no alcanzan su maximo hasta los 2-5 dias de lactacion (Tabla 3).

-11 -



Introduccion

Tabla 2. Composicion bdsica del calostro y de la leche de las yeguas (Pecka y cols., 2012).

COMPOSICION CALOSTRO POSTPARTO 3 SEMANAS 6 SEMANAS

Grasa % 1,68+0,76 1,49+0,59 1,78+0,33

Proteina % 15,21+7,01 2,07+0,43 2,05+0,29
Lactosa % 2,46+1,82 6,64+0,67 6,64+0,57

Materia seca % 19,34+4,87 11,1041,11 11,41+0,92

Tabla 3. Contenidos proteicos, fracciones proteicas, cenizas, macro-elementos y micro-elementos del calostro
y de la leche de la yegua (Csapo-Kiss y cols., 1995).

COMPOSICION CALOSTRO POSTPARTO LECHE 2-5 DIAS LECHE 8-45 DIAS

Proteinas totales (g/100g) 16,41 4,13 2,31
Proteinas en suero (g/100g) 13,46 2,11 1,11
Caseina (g/100g) 2,95 2,02 1,2
Nitrégeno no proteico (%) 0,052 0,043 0,031
Cenizas % 0,592 0,526 0,405
Calcio (mg/kg) 747,7 953,7 822,9
Potasio (mg/kg) 928,6 709 517,2
Sodio (mg/kg) 320 177 166,6
Fosforo (mg/kg) 741,7 638 498,8
Magnesio (mg/kg) 139,7 86 65,87
Zinc (mg/ke) 2,95 2,08 1,99
Hierro (mg/kg) 1,00 1,58 1,21
Cobre (mg/kg) 0,61 0,25 0,23
Manganeso (mg/kg) 0,045 0,053 0,0544

Los niveles de y-caseina, B-caseina, albumina sérica y a-lactoalbimina son menores en el
calostro que en la leche a las 6 semanas, habiendo alcanzado su maximo la tercera semana de
lactacién (Tabla 4). En cambio, los niveles de 1gG disminuyen considerablemente a lo largo de

la lactacién, siendo el nivel maximo el observado en el calostro (Pecka y cols., 2012).

El valor bioldgico de la proteina de la leche tras el parto es de 132,3 debido a los altos
niveles de treonina y lisina. A los 5 dias es de 119,7 y a los 45 dias de 107,9. Destacan la
composicidon de aminodcidos esenciales y el valor bioldgico de la proteina de la leche al ser

mucho mayores que los niveles de vacuno.
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Tabla 4. Contribucion porcentual de las fracciones proteicas seleccionadas en el calostro y leche de yaguas
(Pecka y cols., 2012).

3 SEMANAS

COMPOSICION CALOSTRO POSTPARTO 6 SEMANAS

AlbUmina sérica 10,83+2,67 13,34+4,03

13,23+4,28

g G 55,64+3,38 38,98+8,86 41,14+7,62
B-caseina 11,66+1,29 14,46+7,05 13,16%4,47
y-caseina 9,77+0,92 14,63+5,43 12,10+3,08

a-lactoalbimina 12,09+0,99 14,66+4,08 14,24+2,68

La suma de los niveles de aminodcidos esenciales -treonina, valina, cistina, tirosina y
lisina- decrecen a lo largo de la lactacién de 26,4 a 21,3 g/100g de proteina. En cambio, la
suma de los niveles de acido glutdamico y prolina aumentan de 21,9 a 28,5 g/100 g de proteina

(Tabla 5).

Tabla 5. Composicion de aminodcidos de las proteinas de calostro y de la leche de las distintas Ig en del
calostro y leche (Csapo y cols., 2009)

COMPOSICION
(/100g PROTEINA)

CALOSTRO

Threonina
Valina

Cistina

Tyrosina

Lysina

Acido glutdmico

Prolina

Todas estas caracteristicas que hacen diferente al calostro de la leche convierten al
calostro en una opcién interesante si, ademads, también es capaz de ejercer un efecto

protector preservando a los espermatozoides frente el shock térmico.

En base a esto, una parte de los trabajos de investigacion desarrollados en esta tesis se

ha dedicado al estudio del calostro, tanto de burra como de yegua, como un nuevo
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componente para incrementar esta calidad espermatica en semen de caballos o de asnos
sometidos a procesos de crioconservacidén, en concreto de congelacion. En la primera
experiencia se evalud la adicion de calostro de yegua en diluyentes para congelacién de
semen de caballos, obteniendo buenos resultados y considerdandolo vdlido como agente
crioprotector en la preservacién de los espermatozoides. Para ello se recogieron muestras de
calostro de cuatro yeguas justo tras el nacimiento del potro y se determind su composicidn y
su calidad. Se recogieron eyaculados de nueve sementales fértiles con buena calidad seminal.
Tras llevar las muestras a la FVZ y realizar otra evaluacién, fueron agrupadas y
criopreservadas en tres grupos experimentales: diluyentes a base de lactosa complementada
con calostro de yegua (20%), diluyentes a base de lactosa complementada con yema de
huevo (20%), y BotuCrioO. Después de la descongelacién se hizo una contrastacion para
determinar la calidad de las muestras. La motilidad de los espermatozoides se evalud
mediante el sistema computerizado ISAS ProiserQO, la viabilidad mediante SYBR-14 y tincién
con Pl, la integridad del acrosoma mediante FITC-PNA/PI, la funcionalidad de la membrana
plasmatica mediante el HOST y la desnaturalizacion del ADN mediante tincidon de naranja de
acridina (AO). En cuanto a los resultados obtenidos se observé que entre los diluyentes no
hubo diferencias significativas en los porcentajes de motilidad total, integridad del acrosoma
y fragmentacion de ADN después de la descongelacion. Los parametros cinematicos, sin
embargo, si mostraron valores significativamente mas altos en BotuCrioO que en los
diluyentes a base de lactosa (P<0,05). Tanto BotuCrioO como los diluyentes de calostro
presentaron tasas significativamente mejores para HOST, linealidad, rectitud y oscilacidon que
el diluyente de yema de huevo (P<0,05). Sin embargo, en relacién con la viabilidad de los
espermatozoides, los diluyentes con yema de huevo mostraron significativamente mejores
resultados en comparacién con los otros medios experimentales (P<0,05). En conclusion, la
incorporacion del calostro de yegua en medios de crioconservacion protegid a los
espermatozoides contra el shock térmico; por lo tanto, su utilizacidn puede ser una buena

alternativa como agente crioprotector en los diluyentes para congelar semen equino.

En la segunda experiencia enfocamos nuestro trabajo a valorar la calidad espermatica del
semen congelado de burros (Equus asinus), ya que actualmente, después de ser descongelado
todavia sigue dando pobres resultados, inferiores a los de otros animales, incluidos los

caballos. Con los buenos resultados de la adicidn de calostro de yeguas en el caso de semen
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equino, decidimos testar la utilidad del calostro igualmente en la congelaciéon de semen de
burro. Para ello, afiadimos calostro de burra en vez de calostro de yegua en los diluyentes de
congelacion, con el objeto de intentar reducir al maximo cualquier reaccién interespecifica
gue pudiese influir. Por tanto, el objetivo de este estudio fue valorar el efecto protector de la
adicién de calostro de burra en los diluyentes para la congelacién de semen asnal. Se recogié
los eyaculados de cinco burros fértiles (dos eyaculados por burro en diferentes dias). Las
muestras se agruparon, diluyeron y criopreservaron en tres grupos experimentales:
BotuCrio®, diluyente de lactosa suplementado con yema de huevo (20%) y diluyente de
lactosa suplementado con calostro de burra (20%). Después de descongelar evaluamos la
motilidad de los espermatozoides mediante sistema computerizado ISAS Proiser®, la
viabilidad mediante SYBR-14 y PI, la integridad funcional de la membrana mediante HOST e
integridad del acrosoma por FITC-PNA/PI. Los resultados demostraron que las muestras con
calostro de burra fueron significativamente mejores (P<0,05) en casi todos los parametros
evaluados (Motilidad total, viabilidad, HOST, VCL, VSL y VAP) en comparacién con los otros
dos diluyentes después de la descongelacion (BotuCrio® y diluyente a base de yema de huevo).
Los valores obtenidos en la integridad del acrosoma, LIN, STR y WOB a pesar de ser mas bajos,
no fueron estadisticamente significativos (P>0,05). En conclusién, el diluyente a base de
calostro de burra puede usarse con éxito para la criopreservacion del semen de burro y podria
mejorar eficazmente la fertilidad de los espermatozoides de burro después de la

descongelacion.

En la tercera experiencia, puesto que ambos tipos de calostro mostraron buenos
resultados en los trabajos anteriores, comparamos el efecto protector del calostro de yegua y
de burra en la preservaciéon espermatica en la especie asnal, viendo si el calostro de las
distintas especies equinas (Equus equus y Equus asinus), el cual presenta variaciones en su
composicidn, podria interferir en la calidad post congelacién de la especie asnal. El calostro se
obtuvo de cuatro yeguas y cuatro burras justo después del nacimiento del potro. Los
eyaculados fueron recogidos de cinco burros fértiles. Las muestras de semen se agruparon,
diluyeron y criopreservaron en tres grupos experimentales de diluyentes: lactosa
suplementada con de yema de huevo (20%) como grupo control, lactosa suplementada con
calostro de burra (20%) y lactosa suplementada con calostro de yegua (20%). Después de

descongelar, evaluamos la motilidad de los espermatozoides y pardmetros de velocidad
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mediante el sistema informatico ISAS Proiser®, la viabilidad mediante SYBR-14 y PI, la
funcional de membrana mediante HOST vy la integridad del acrosoma por FITC-PNA/PI. Los
resultados obtenidos en las muestras de calostro de burra adicionada a diluyentes para
congelacion de semen de burro fueron significativamente superiores (P<0,05) en casi todas
las pruebas evaluadas (Motilidad total, Viabilidad, HOST, y todos los parametros de velocidad
VCL, VSL, VAP, LIN, STR y WOB), en comparacion con el calostro de yegua y el diluyente control
de yema de huevo después de la descongelacién. En conclusién, al comparar calostro de
burras y de yeguas en diluyente de congelaciéon de semen de burros, los resultados son
significativamente mejores cuando se utiliza calostro de burra, quizas asociado este efecto

protector a la distinta composiciéon de ambos calostros.

Los crioprotectores constituyen también un elemento esencial en la proteccién de los
espermatozoides frente al dafo celular durante la exposicidon de los espermatozoides a
las bajas temperaturas, siendo necesarios para permitir su supervivencia durante el
proceso de congelacion-descongelacién (Moore y cols., 2006). Se dividen en
permeables y no permeables. Los permeables (glicerol, etilenglicol, dimetilsulféxido,
dimetilformamida...) actuan reduciendo la contraccion celular durante el enfriamiento.
Los no permeables (trealosa, lactosa, sucrosa, glucosa, proteinas y lipidos, como la
yema de huevo) tienen accién protectora de la membrana plasmatica, ayudando en el
proceso de pérdida de agua celular durante el enfriamiento (Hammerstedt y cols.,

1990).

A pesar de los avances en técnicas de IA, aun sigue sin establecerse un protocolo “ideal”
para realizar el proceso de criopreservacion, ya que las principales dificultades no derivan de
la permanencia a bajas temperaturas, sino de los procesos de enfriamiento y calentamiento.
Las técnicas de criopreservacion tradicional estdn basadas en descensos lentos de la
temperatura obteniendo con ello mejores resultados (Salazar Jry cols., 2011). El semen, una
vez disminuida la temperatura requerida, es envasado en pajuelas de congelacién de distinta
capacidad. Las pajuelas mas utilizadas son las de 1 mly 0,5 ml., pero también se puede guardar
en otro tipo de contenedores, como bolsas de plastico hechas de polipropileno, pellets o

paguetes de aluminio (McKinnon, 2011).
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El semen congelado conlleva que su almacenamiento se realice utilizando temperaturas
extremadamente bajas. Para ello se utiliza el nitrégeno liquido (-1962C), y puesto que la
actividad metabdlica se considera nula a esta temperatura (Brinsko y cols., 2011), si los
espermatozoides son capaces de soportar los protocolos de congelacién-descongelacion sin ver

alterada su integridad, dichos espermatozoide se podrian mantener de manera indefinida.

Nuevas técnicas de conservacién seminal investigan la viabilidad de los espermatozoides
tras ser sometidos a distintos procesos. Entre estas técnicas novedosas, destacamos la

liofilizacidn y la vitrificacidn, que es una congelacion ultrarrapida.

La liofilizacion es un método de preservacién en el que el semen congelado es
deshidratado por sublimacién de hielo, lo que implica una transicién directa de una fase sélida
(hielo) a una fase de vapor (gas). El objetivo principal del proceso es eliminar el agua de las
células evitando cualquier reaccién quimica o bioldgica. Presenta ventajas importantes, ya que
no precisa de N,L para su almacenamiento y envio y requiere una conservacion a temperatura
ambiente o a 4 ° C. Aunque tras su reconstitucion por hidratacién, los espermatozoides no son
capaces de fertilizar por si solos al ovocito, teniendo que recurrir siempre a la inyeccion
intracitoplasmatica (ICSI) para que la fecundaciéon tenga éxito. Esta es una limitacién
importante, dados los equipos que se requieren para llevarla a cabo y la experiencia sobre la

técnica de las personas que la desarrollen.

Otro protocolo de preservacién es la vitrificacién, y desde hace relativamente poco
tiempo, se esta investigando el efecto sobre los espermatozoides tras ser sometidos a una
congelacion ultra rdpida con exposicién directa a NyL. Este tipo de proceso denominado
vitrificacion, permite que el agua pase a un estado vitreo como consecuencia de un incremento
extremo de la viscosidad produciéndose una solidificacién a bajas temperaturas sin la
formacién de cristales tan perjudiciales para las células (Jiménez-Rabadan y cols., 2015;

Slabbert y cols., 2015) como pudiera ocurrir en la congelacion tradicional.

Aunque la primera vitrificacidon data de 1938, fue realizada por Luyet y Hoddap, ésta tuvo
un resultado muy pobre y no ha sido hasta las fechas actuales cuando se ha empezado a
profundizar en el desarrollo de este método. En la especie humana estd mds estudiado, pero
en animales aln no hay ningln protocolo establecido, especialmente en equinos, donde los

estudios son aun mas limitados (Pérez-Marin y cols., 2018).
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El uso de crioprotectores permeables (glicerol, dimetilformamida, etc.) estaria justificado
en esta técnica a fin de deshidratar rapidamente el espermatozoide y prevenir el hielo
intracelular, aunque hay que tener en cuenta su elevada toxicidad de cara al éxito de la
congelacion, por ello es mas frecuente el uso de crioprotectores no permeables (trealosa,
lactosa o sucrosa) ya que, al actuar como una fuerza osmética, evitan el dafio celular tras la
descongelacién. No obstante, es comun el uso de protocolos que combinan ambos tipos de
crioprotectores. Actualmente, también se ha visto que los espermatozoides son capaces de
recuperarse sin la adicién de crioprotectores (Isachencko y cols., 2019). Los estudios relativos
al uso o no de crioprotectores, tipo de crioprotectores afadidos, asi como la cantidad
necesaria de éstos, estan aun en desarrollo. También se esta trabajando en lineas de
investigacidon basadas en la determinacion de que medios de vitrificacién serian los dptimos.
De manera general, los mejores resultados se estan obteniendo con crioprotectores no
permeables tales como la trealosa, lactosa, o sucrosa a concentraciones de 0.15M (Pérez-
Marin y cols., 2018), siendo el medio suplementado con albumina sérica bovina (BSA) en
proporcion del 1% (Hidalgo y cols., 2018) el que estd mostrando ser el mds adecuado. Por
supuesto, otra parte muy importante del proceso es la desvitrificacion, en la que el aumento
de la temperatura también puede afectar de manera negativa a la calidad de los
espermatozoides (Hidalgo y cols., 2018). Si bien, todas estas investigaciones contindan en
desarrollo ya que son técnicas relativamente nuevas, y los resultados, aunque un poco
limitados, son esperanzadores. Por tanto, el papel de la vitrificacion de espermatozoides, asi

como su procedimiento estan todavia por aclarar.

Basandonos en esta nueva linea de investigacién, nuestra cuarta experiencia, la
enfocamos en la vitrificacién de espermatozoides equinos, evaluando el uso de
crioprotectores no permeables como fueron la lactosa y la trealosa. Ademas del estudio
en muestras de eyaculado, y como trabajo novedoso ya que no se he publicado nada
al respecto en la especie equina, estudiamos el resultado de la vitrificacién en muestras
de origen epididimario recogidas de sementales sacrificados en matadero. Las muestras
de semen de eyaculado se recogieron de siete sementales fértiles y las de epididimo de diez
sementales después de su sacrificio en el matadero local de Zaragoza (MZA). Tanto las
muestras de eyaculado como las de epididimo se diluyeron y vitrificaron usando INRA 96°® y

BSA como medio base, asi como trealosa o lactosa como crioprotectores. Como control se
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realizé una congelacién por el método convencional con muestras epididimarias y de
eyaculado. La vitrificacion se realizé formando microgotas de esperma depositadas
directamente en N2L, formandose pequefias esferas. Después de descongelar (control) y
desvitrificar, se evalud la motilidad de los espermatozoides y pardmetros de velocidad
mediante el analisis computerizado ISAS Proiser®, la viabilidad se evalué utilizando SYBR-14 y
Pl y la integridad del acrosoma mediante tincion fluorescente utilizando FITC-PNA/PI. En las
muestras de epididimo, la desvitrificacion del grupo con trealosa (EPT) y la del grupo de lactosa
(EPL) tuvo espermatozoides con mayor motilidad progresiva que en la muestra control (EPC).
Después de la desvitrificacion la motilidad de las muestras de EPT fue superior (P<0,001) a la
de EPL (50,72 + 5,09% vs 34,21 + 3,02% respectivamente). Tras la desvitrificacion de las
muestras de eyaculado, los resultados obtenidos fueron peores que los del grupo control
(P<0,001). En conclusidn, la vitrificacion con trealosa de espermatozoides obtenidos de
epididimo de sementales, podria ser una alternativa beneficiosa para el almacenamiento a
largo plazo de muestras de semen con gran valor econdmico. Las muestras de eyaculado
vitrificadas, sin embargo, tuvieron menores tasas de motilidad y viabilidad que las muestras

sometidas a congelacién convencional.

Finalmente, en nuestra contribucidn al libro titulado “Biotecnologies applied to animal
reproduction, current trends and practical applications for reproductive managemen” en su
capitulo 8 “Equine semen preservation: Current and future trends” describimos de manera
mas exhaustiva las nuevas técnicas y futura proyeccién de lineas de investigacidn para mejorar
la calidad seminal en la preservacién de semen equino, haciendo una descripcién detallada de

los diferentes procesos mas actuales como son liofilizacién y vitrificacion espermatica.
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ABSTRACT

Nowadays, stallion semen processing and preservation for artificial insemi-
nation (Al) is a widely used tool in modern horse reproduction. During
the 20th century, Al had a strong development in most domestic animal
species except in equine species, due to economic interests, traditional
aspects and mistrust of horse owners. Semen conservation technologies
based on temperature decrease to reduce or stop sperm metabolism are
necessary to increase the lifespan of sperm and preserving sperm function-
ality and fertility. Currently, Al is performed mainly with fresh, chilled or
frozen semen. Sperm refrigeration at 5°C has several advantages related to
easy handling and shipping, low cost because it does not require special
equipment and minor legal requirements for import and export. However,
cryopreservation is the only viable method for spermatozoa storage during
indefinite periods. The main problem of freezing semen is related to the
low fertility rates obtained due to wide inter-individual sperm quality
variability; therefore only some stallions produce suitable semen for
cryopreservation. To solve these disadvantages, new methodologies have
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been studied during recent years with different results. Vitrification and
lyophilization are promising stallion semen preservation techniques that
require further study to be applied routinely during long-term periods.

8.1 INTRODUCTION

Equine sperm preservation methods have been linked to the development
of artificial insemination (Al). The first reports of Al in horses were
documented from Arabian texts, in which semen samples were obtained
from recently covered mares of rival tribes and then utilized to inseminate
their own mares. However, until the end of the 19th century, Al did not
obtain promising results in mares due to researches carried out by Ivanow
in Russia and Dr. Pearson at Pennsylvania University.

The decrease of equine population after the Second World War and
the restrictive regulations regarding the use of Al in several equine breed
organizations delayed the progress of this technique in horses. First, studies
about stallion semen collection and handling were described by Mckenzie
et al. (1939) and Berliner (1942) with suitable sperm quality results. The
discovery of glycerol as cryoprotectant agent in 1949 by Polge et al., was
the beginning of the development of preservation techniques of biological
materials including equine sperm. Next year, Barker and Gandier (1957)
obtained the first foal from cryopreserved epidydimal stallion sperm. During
the 1970s and 1980s, the utilization of cooled semen on Al programs
increased due to the development of a transport container (Equitainer)
(Douglas-Hamilton et al., 1984), the use of Kenney extender (Kenney et al.,
1975) and the acceptance of reproductive biotechnology by several breeders.

Several advantages show frozen-thawed sperm in comparison to cooled
sperm, such as the scheduled use of stallions outside the competition
period, easy international transport and the centralized processing of
frozen semen by specialized laboratories, which decrease the variability
of the seminal quality. Despite the current advances, cryopreserved semen
shows some disadvantages, such as low fertility rates, control of the mare
cycle, and a high cost along cryopreservation process (Brinsko and Varner,
1992; Samper and Morris, 1998; Loomis and Graham, 2008). Furthermore,
it has been estimated that only 30-40% of stallions produce semen that
is suitable for cryopreservation, and a large interindividual variation on
sperm survival during the freezing and thawing procedures has been also
reported (Loomis and Graham, 2008).

-26 -



Revision Bibliogrdfica

Equine Semen Preservation: Current and Future Trends 229

Nowadays, Al is the most common biotechnology utilized around the
world in the horse industry and it has enabled the development of other
technologies, such as sperm sexing, regulation of the estrous cycle, embryo
transfer, cloning as well as improvement of semen preservation methods
as sperm refrigeration or freezing and, currently, sperm vitrification and
lyophilization.

8.2 SEMEN COLLECTION

Semen collection is an essential part of preservation protocols and Al
programs. The quality of collected semen depends on numerous factors
such as libido, season, age, or breed (Samper, 2000). Semen can be
collected using different methods; condom, pharmacological induction,
manual manipulation or by the use of artificial vagina, the tool most
commonly used (Samper, 2000). There are several models of artificial
vagina available commercially. The Colorado model is the most wide-
spread at the beginning, but currently the most used is the Missouri model
due to the improvements and efficiency.

The ejaculate 1s a liquid suspension composed of sperm and seminal
plasma, which comprised a complex mixture of secretions (fructose,
sorbitol, ascorbic acid, lactic acid, citric acid, proteins, enzymes, vitamins,
and hormones). Seminal plasma-derived primarily from the epididymis
and accessory sex glands of the male. It participates in the final sperm
maturation, modifies spermatic membrane surface, besides acts as a
vehicle for the ejaculated sperm and protects the spermatozoa during
the female reproductive tract transport (Topfer-Petersen et al., 2000). In
stallion, the seminal plasma is normally separated from the semen during
the cryopreservation process, since it has proved to be a harmful medium
because decrease the percentage of sperm with progressive motility
(Pickett et al., 1975; Jasko et al., 1992). The ejaculate should not be
exposed to mechanical damage, light, cold, or heat and the equipment in
contact with the sperm must be tempered, dry, clean, and free of toxic
residues. After ejaculation, the semen will be kept at 30/32°C before the
seminal evaluation and subsequent dilution (Brinsko and Varner, 1992).

Another effective way to recover genetic material in horses is to
obtain it from the epididymis from castrated or slaughtered animals. This
technique allows obtaining sperm from stallions of high genetic value that
have suffered sudden death, major injuries, or castration. Different studies
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have demonstrated the efficiency of epididymal sperm recovery (Tiplady
et al., 2002, Monteiro et al., 2011). In addition, several researchers suggest
that sperm can be harvested immediately after orchiectomy or after 24 h of
storage at 4°C—5°C without any difference in terms of viability (Bruemmer
et al., 2006; Neild et al., 2006). Different methods have been used to
collect epididymal sperm, including percutaneous epididymal sperm
aspiration, the flotation method, the retrograde flush technique, or the
standard flush technique of epididymis and ductus deferens (Cary et al.,
2004; Bruemmer, 2006). This technique allows recovery of a high number
of sperms compared with the collection by artificial vagina (Bruemmer,
2006). The motility of epididymal and ejaculated sperm in stallions has
been found comparable and no differences were observed in terms of
morphological defects and sperm viability (Weiss et al., 2008; Guimaraes
etal., 2012).

8.3 SEMEN PROCESSING

The semen quality is assessed immediately after collection. Andrological
evaluation verifies the reproductive potential of a stallion in the buying and
selling process, before the beginning of the reproductive season and before
semen preservation or Al. The general parameters used for the analysis
of semen quality include total volume, sperm concentration, motility,
and normal morphology. Other tests, such as acrosome and membrane
integrity, hypo-osmotic swelling test (HOST), mitochondrial activity, or
the thermal resistance test can be used for assessment of semen quality
(Love et al., 2018). However, some animals with apparently normal semen
quality show very poor fertility rates; in these cases, a more exhaustive
evaluation is necessary.

After the semen quality evaluation, equine ejaculate is usually centrifuged.
In some countries, it is a standard practice prior to preparing sperm doses
before Al. Centrifugation increases sperm concentration of the ejaculate
and also removes the seminal plasma (Parlevliet and Colenbrander, 1999;
Hoogewijs et al., 2010). However, it might generate negative effects on the
conservation of equine sperm, decreasing the motility and viability of sperm
(Martin et al., 1979), due to the physical damage on the cells and ROS produc-
tion (Hoogewijs et al., 2010).

Contradictory results have been obtained in relation seminal plasma
utilization on sperm preservation. Different studies showed that the removal
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of seminal plasma enhanced the survival spermatozoa (Parlevliet and Colen-
brander, 1999; Aurich, 2005); however, the presence of a small amount
of stallion seminal plasma (0.6-20%) increased sperm motility, plasma
membrane integrity, and fertility (Jasko et al., 1992; Moore et al., 2006;
Neuhauser et al., 2015). Beneficial effects may be related to antioxidant
properties and the inhibitory effect on the binding of polymorphonuclear
neutrophils on the female reproductive tract (Knop et al., 2005).

A special extender based on dense isotonic compounds is utilized
during centrifugation. The most common mediums are citrate-ethylene
acid (EDTA) (Cochran et al., 1984), Tyrode medium (Ljaz and Ducharme,
1995), and glucose-EDTA (Martin et al., 1979). The extender function
i1s to maintain motility and protect the sperm during the centrifugation
process and in a dilution ratio of 1:1 or 1:2. The centrifugation influences
on equine sperm by the strength and time of centrifugation, the kind of
extender, the presence or absence of the extender before centrifugation,
and the concentration of seminal plasma (Pickett et al., 1975; Aurich,
2005). Different protocols have been used as shown in (Table 8.1).

TABLE 8.1 Different Stallion Sperm Centrifugation Protocols.

Centrifugation References

1000g/5 min Martin et al. (1979)
600g/10 min Palmer (1984)
400g/12 min Brinsko et al. (2011)
400g/15 min Cochran et al. (1984)

8.4 SEMEN PRESERVATION TECHNIQUES
8.4.1 SPERM COOLING

The utilization of fresh semen avoids the damage by thermal shock derived
from the conservation techniques at refrigeration or freezing temperatures.
Nowadays, sperm quality is preserved just a few hours, therefore, the sperm
conservation in refrigeration is the technique more used for semen storage
and transportation. The cooling temperature reduces sperm metabolism
sufficiently to maintain sperm viability, functionality, and fertility (Gibb
and Aitken, 2016) for up to 96 h. Several studies have determined that
Al with cooling semen shows a similar fertility rate in comparison with
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fresh semen (Jasko et al., 1992; Shore et al., 1998). In addition, the semen
preserved in refrigeration at 5°C for 24 h maintains the same fertility rates
as fresh semen (Aurich, 2005).

Semen preservation at low temperatures reduces sperm catabolism and
cellular injury (Aurich, 2005). The metabolic rate restriction decreases
the production of toxic metabolites (hydrogen peroxide, lipid aldehydes,
or dioxide carbon), ATP and reactive oxygen species (ROS) (Vishwanath
and Shannon, 1997; Gibb and Aitken, 2016). However, the cooling
process involves a “cold-shock”™ that produces damage to the membrane,
especially when the cooling rates are higher than 0.3°C/min (Aurich,
2005). This damage is characterized by abnormal patterns of movement,
loss of motility during storage, acrosomal membrane damage, as well as
a decrease of cellular metabolism due to the loss of enzymes and other
intracellular components (Moran et al., 1992).

Several studies show that slow cooling rates (<0.3°C/min) maximize
the motility and fertility of equine semen (Douglas-Hamilton et al., 1984;
Varner et al., 1987), although equine semen can be refrigerated rapidly
from 37°C to 20°C. Then, we should reduce to 0.1°C/min, preferably
0.05°C/min from 20°C to 5°C (Kayser et al., 1992). The time required for
sperm cooling from 37°C to 4°C is between 2 and 4 h (Moran et al., 1992).

The extender most utilized in equine sperm refrigeration storage is
INRA96®, acommercial media, made from purified fractions of milk that was
developed by Batellier et al. in 1997. In this extender, the B-lactoglobulins
and calcium phosphocaseins of milk were replaced by purified calcium
phosphocaseins, which improve sperm membrane protection. In addition, it
contains sugars and proteins that serve as an energy source and protect from
thermal shock sperm, penicillin, and gentamicin to prevent bacterial growth
and amphotericin B as a fungicide. The most common cooling extenders
utilized are synthesized as given in Table 8.2 (Palmer, 1984; Aurich,
2004). The use of glucose (a source of energy), bicarbonate (buffer), and
milk in the stallion cooling medium show the best results in progressive
motility, viability, and fertility rates (Aurich, 2004). The inclusion of some
antioxidants, such as taurine in INRA 82 and Kenney medium, improves
motility and sperm viability (Ljaz and Ducharme, 1995). The addition of
glutamine increases the fertility rates but not motility on equine chilled
semen (Trimeche et al., 1999). Milk-based medium shows better semen
analysis in comparison to egg yolk-based medium since the density of the
milk does not interfere with the microscopic manipulations of semen. The
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gelatin of some extenders produces plasma membrane stabilization but
interfere with microscopic evaluation (Pickett et al.,1975).

TABLE 8.2 Stallion Sperm Chilled Extenders.

Extender References
Skim-milk-glucose Kenney I Kenney et al. (1975)
Skim-milk-glucose Kenney 11 Kenney et al. (1975)

E-Z Mixin Province et al. (1985)
INRA 82 Ljaz and Ducharme (1995)
Skim-milk-gelatin Ljaz and Ducharme (1995)
INRA 96 Batellier et al. (1997)

8.4.2 SPERM CRYOPRESERVATION

Cryopreservation is the only viable method for sperm storage during indefinite
periods of time (Gibb and Aitken, 2016). However, freezing-thawing process
produces several detrimental effects on the gametes such us loss on sperm
viability and motility due to membrane damage caused by the production of
ROS, interruption of the membrane functionality as result of separation of
lipid bilayers, changes in water transport properties, and alteration in calcium
channels (Hammerstedt et al., 1990; Kodoma et al., 1996; Watson, 2000).
It also causes damage to the cytoskeleton, in the flagellum, in the acrosome
with reduction of the acrosomal integrity, modifications in the head and in the
subacrosomal space, in the DNA status, in the genes essential for fertilization
and 1n normal embryonic development (Amann and Pickett, 1987; Valcarce
et al., 2013). As a result of these alterations and modifications on sperm, the
response to osmotic stress changes and the survival life in the female genital
tract might reduce (Flesch and Gadella, 2000). The osmotic stress is due to
the extracellular ice crystals development during the cooling process that
produces a great increase in the osmolarity of the remaining liquids surround
or inside the sperm (Amann and Pickett, 1987).

84.2.1 EXTENDERS

The special sensitivity of equine sperm to heat shock and the interest into
increase sperm storage time have been possible in the development of
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methods to prevent cold-shock damage. Different extenders are added to
ejaculate protecting the gametes from the effects of temperature changes.
The main characteristics of a cooling medium are neutral pH or slightly
acid, buffering power, isotonic osmotic pressure, an energy source for
the metabolism of sperm, avoid or minimize the growth of microorgan-
isms, stability against enzymatic degradation or oxidation, and protection
against thermal shock using penetrating and nonpenetrating cryoprotec-
tants (Aurich, 2005).

Egg yolk and skim milk are the most common protective nonpen-
etrating agents utilized against cold shock injury utilized on stallion sperm
cryopreservation (Aurich, 2005). Milk is composed of caseins that are the
proteins responsible for protecting the sperm during conservation (Lagares
et al., 2012) and egg yolk exerts a protective effect due to its phospholipid
components (Watson y Martin, 1974). However, several disadvantages are
related to the utilization of these compounds, wide variability of compo-
sition, microbial contamination, and difficult manipulation (Aires et al.,
2003). Different studies have determined other substances that might
replace them, soy lecithin, pasteurized egg yolk, liposomes with high-
density lipoproteins (LDL/HDL), or cyclodextrins saturated in cholesterol,
with suitable results in the sperm samples after thawing (Marco-Jiménez et
al., 2004; Papa et al., 2011; Pillet et al., 2011; Blommaert et al., 2016). On
the other hand, different sugars have demonstrated the protective action
on stallion sperm. Squires (2004) observed that raffinose and trehalose did
not increase sperm motility or viability after the frozen-thawing process.
However, methylcellulose improved stallion sperm quality.

Permeable cryoprotectants can pass across the membrane and rapidly
enter and leave the cell reducing sperm osmotic stress (Alvarenga et al.,
2005). Glycerol is one of the most widely used cryoprotectant for the stal-
lion sperm cryopreservation (Gibb and Aitken, 2016). It is trivalent alcohol
with low molecular weight and toxic effect because it produces disorders in
the cytoplasm, in the permeability and stability of the plasma membrane,
and in sperm metabolism (Amann and Pickett, 1987). This molecule
passes across the sperm plasma membrane more slowly than other smaller
molecular weight cryoprotective molecules, such as amides, dimethylsulf-
oxide, or ethylene glycol (Alvarenga et al., 2005). Dimethylformamide
(or N, N-dimethylformamide, (CH3) 2-N-CHO) is a nonpenetrating
cryoprotectant of the group of amides that show the best results in rela-
tion to stallion sperm quality after cryopreservation (Gomes et al., 2002;
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Alvarenga et al., 2005; Gibb et al., 2013). The amides improve motility,
viability, and fertility parameters due to its ability to maintain the structural
integrity of the plasma membrane and the organelles (Vidament et al.,
2002). Alvarenga et al., (2005) described that the relatively lower viscosity
and low molecular weight of the amides increase the permeability of these
components across the sperm plasma membrane and decrease the osmotic
damage to the equine sperm. The cryoprotective capacity is even more
evident when the amides are used in horses that have shown low motility
after freezing their semen with glycerol (Medeiros et al., 2002).

Amino acids protect mammalian cells against cold-shock damages.
Koskinen et al. (1989) showed that betaine used at 2.5% increased
the number of sperm with progressive motility in equine semen. The
incorporation a range of 30-80 mM of glutamine and proline in the freezing
medium increased motility parameters (Khlifaoui et al., 2005).

One reason related to the decrease of fertility rates during the cryopreser-
vation process is the peroxidation of the lipids in the cell membrane. Lipid
peroxidation is the oxidative degradation by ROS of lipids. Semen contains
antioxidants that balance lipid peroxidation and prevents excessive formation
of lipids peroxides (Griveau et al., 1995). High concentrations of superoxide
dismutase have been found in equine seminal plasma (Mennella and Jones,
1980) and Kankofer et al. (2005) determined positive interaction between
seminal plasma and milk-based extender increasing the antioxidant capacity.
This hypothesis is supported by the fact that the addition of certain antioxi-
dants, such as ascorbic acid (Aurich, 2005) or pyruvate (Bruemmer, 2006),
improved sperm plasma membrane integrity, motility, and fertility of equine
sperm. Detergents (Equex STM) have been added to the seminal freezing
extenders. This compound increases the emulsion and dispersion of the egg
yolk lipids and interact with the sperm plasma membrane. The presence of
seminal plasma increases sperm resistance to cold-shock and the ability to
survive during the freezing and thawing process. The individual differences
of the seminal plasma composition could explain the variability between
stallions for sperm tolerance to cryopreservation (Ramires Neto et al., 2014).

In the last 25 years, two extenders and their modifications have been
most utilized in equine reproduction. Martin et al. (1979) together with
Cochran et al. (1984) demonstrated that the lactose-egg-glycerol extender
supplemented with EDTA and sodium bicarbonate maintained suitable
percentages of motility and viability after thawing equine semen, achieving
pregnancy rates of 63%. On the other hand, Palmer et al. (1984) proposed
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the alternative skimmed milk-egg yolk-glycerol extender with good sperm
quality results after freezing. Currently, there is a wide variety of commercial
extenders available that could be used for equine semen cryopreservation.
Gent® (Minitubelberica SL, Tarragona, Spain) and Botucrio® (BiotechBotu-
catu, Sao Paulo, Brazil) are the most common commercial medium utilized
(Macedo et al., 2017). INRA 96® (IMV Technologies, L’Aigle, France)
is the most used in chilled doses, with the possibility of adding different
permeable cryoprotectants agents for freezing (Alvarez et al., 2014).

84.2.2 CRYOPRESERVATION PROTOCOL

The first step in the cryopreservation protocol is the centrifugation of the
semen sample in order to increase the concentration of semen and reduce
the amount of seminal plasma (Hoogewijs et al., 2010). Previously, the
ejaculate is usually diluted in semen/media ratio of 1:1 (Pickett et al, 1975;
Martin et al. 1979; Cochran et al, 1984).

In relation to sperm concentration, Loomis et al. (1983) recommended
that high concentrations are preferable, on the contrary to Heitland et al.
(1995). Samper and Morris (1998) suggested that freezing at low sperm
concentrations could provide high availability of nutrients and cryoprotec-
tants per sperm. This fact would explain the high percentages of motile
spermatozoa immediately after thawing when frozen at a concentration
of 40x10° sperm/mL. Standard sperm concentrations ranges between
50/200x10° sperm/mL in equine semen. Several storage devices have been
used, including vials or glass ampoules, straws of polypropylene, polyvinyl
or plastic (generally with volumes between 0.5 and 1 cm?), macrotubes,
containers of aluminum, pellets and plastic bags (Martin et al., 1979;
Cochran et al., 1984). Nowadays, straws of 0.5 cm? are the devices most
utilized worldwide (Fig. 8.1).

Stallion sperm can be successfully frozen when the temperature drop
ranges between 5°C and 45°C per min (Moore et al., 2006). In a study
carried out by Salazar et al. (2011), he determined that a slow cooling
curve prior to freezing improved the results with respect to rapid cooling.

Cryopreserved semen involves storage at extremely low temperatures in
liquid nitrogen (—196°C). If the sperms are able to withstand the freeze-thaw
cycles, sperm viability could be maintained indefinitely since the metabolic
activity is considered null at this temperature (Brinsko et al., 2011).
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FIGURE 8.1 Steps and schematic design for sperm cryopreservation.

The success of freezing processes is also limited by the thawing process.
In general, if the cooling rate is fast, the thawing should also be fast.
Alternatively, if the cooling rate is slow, the process must be slow (Amann
and Pickett, 1987). There are different thawing protocols, depending on
the size of the container. If the sperms are frozen in macrotubes, they are
normally thawed in the water at 50°C for 40 s (Martin et al., 1979). There
are two protocols available in 0.5 mL straws: 37°C in water bath for 30 s
(Cochran et al., 1984; Loomis et al., 1983) or 75°C for 7 s and immediately
in another water bath at 37°C for 5 s (Cochran et al., 1984).

8.4.3 SPERM VITRIFICATION

In the last years, long-storage alternatives sperm preservation methods
simplest and cost-effective have been proposed in several species. One
of them is sperm vitrification. This method preserves the spermatozoa in
a hypertonic medium by plunging the cells directly into liquid nitrogen
(Rall y Fahy, 1985). The advantages of vitrification are related to the low
cost of equipment, simplicity, and low exposure time at low temperatures.
However, it produces adverse effects due to the use of hypertonic solutions
and high concentrations of cryoprotectants (Lopera et al., 2007).
Vitrification is an ultrafast freezing method (from 37°C to—196°C in
less than a second), based on the solidification of spermatozoa without
the formation of ice crystals (Isachenko et al., 2004; Pradiee et al., 2015).
This technique requires high concentrations of permeable cryoprotec-
tants (Isachenko et al., 2008) that increase the viscosity of the medium
and prevent the formation of intracellular ice during cooling (Rall and
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Fahy, 1985). It is the election method for preservation oocytes, embryos,
and other tissues that require rapid cooling rates (Rall and Fahy, 1985).
However, the results obtained on sperm preservation are not satisfactory
when compared with the results observed in oocytes or embryos applying
the same protocols, due to the lack of tolerance of spermatozoa to the high
concentration of cryoprotectants (Oldenhof et al., 2017). The kinetic of
vitrification has been studied in order to improve vitrification results. It
consists of the generation of small volumes of sperm solutions without any
permeable cryoprotectant in LN2 (Isachenko et al., 2008), avoiding the
formation of intracellular ice (Isachenko et al., 2004). Kinetic vitrification
for sperm processing is different compared with the conventional term for
vitrification associated with oocytes and embryos, where both the intra-
cellular environment and the extracellular environment must be vitrified
(Pradiee et al., 2015) (Fig. 8.2). There is no single protocol established,
depending on of sensitivity of the sperm, extenders, cryoprotectants, and
devitrification methods (Table 8.3).

FIGURE 8.2 Stallion sperm vitrification process in cryotubes (A, B) and freeze-dried stal-
lion sperm (C).

TABLE 8.3 Summary of the Principal Vitrification Protocols on Stallion Sperm.

Extender Volume Cryoprotectant  Desvitrification References
Equipro 1.8 mL 8% egg yolk+tDMF 37°C 5 min Restrepo et al. (2012)
INRA96+BSA 25pul.  Sacarose and 65°C 5 s and Pérez-Marin et al.
trehalose 37°3 min (2018)
INRA96+BSA 30 uL  Sucrose 42°C5s Hidalgo et al. (2018)
INRA 96+BSA  0.25 mL Sucrose 43°C5s Consuegra et al.
(2018)
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Perez-Marin et al. (2018) obtained better results in total and progressive
motility with fresh and frozen ejaculate semen than vitrificated sperm with
trehalose and sucrose (0.15 M). Another study conducted by Restrepo et al.
(2012) found superior results of progressive motility with fresh semen and
frozen semen than vitrificated semen. However, other studies determined
better motility results when included sucrose and BSA in the vitrification
medium with an equilibration period than the traditional freezing process
(Consuegra et al., 2018; Hidalgo et al., 2018).

8.4.4 SPERM LYOPHILIZATION

Lyophilization is a preservation method in which frozen material is dried
by sublimation of ice, thereby, involving a direct transition from a solid
(ice) to a vapor (gas) phase. The main objective of the process is to remove
water from the cells avoiding any chemical or biological reaction. It
consists of three phases: sample freezing, sublimation (primary drying),
and desorption (secondary drying) (Jennings, 2002).

The first attempts to lyophilize spermatozoa were made in rooster semen
in 1949 (Polge et al., 1949) and then in human and bovine semen (Sherman,
1954; Bialy and Smith, 1957). Any of these studies did not demonstrate
the fertility of freeze-dried sperm. In 1998, Wakayama and Yanagimachi
reported the first offspring obtained from freeze-dried mouse sperm. This
study demonstrated that although lyophilized sperm were dead, the DNA
did not lose their ability to activate the oocyte with the subsequent embry-
onic development (Kusakabe et al., 2001).

One of the main advantages of this method is that nitrogen is no
longer required for the storage and shipment, which can be stored at room
temperature or 4°C. The storage and shipping costs are reduced. However,
freeze-dried sperm lose their motility, even after rehydration (Kusakabe et
al., 2001), therefore sperm are unable to fertilize oocytes by themselves in
vivo as by in vitro (Fig. 1.2). It is necessary to use intracytoplasmic sperm
injection (ICSI) to perform successful fertilization.

Several factors influence the lyophilization process and produce different
sperm damage. One of them is the drying conditions during the lyophili-
zation process (Hara et al., 2014). The interaction between temperature,
vacuum pressure, and drying period regulates the kinetics and the degree
of dehydration, which have a great impact on the sperm (Kawase et al.,
2007). Lyophilized sperm preservation for a long period of time is essential

-37-



Revision bibliogrdfica

240 Biotechnologies Applied to Animal Reproduction

to protect DNA from physical damage caused by the action of endogenous
endonucleases during storage (Kaneko and Serikawa, 2012). Chelating
agents, such as EDTA, are necessary. 1,2,2-diamino 2,2', 2", 2"-tetraacetic)
or ethylene glycol-bis (2-aminoethyl ether)-N, N, N'N'-tetraacetic acid
(EGTA) are incorporated in the lyophilization solution to prevent sperm
DNA fragmentation (Kaneko and Nakagata, 2006). Olaciregui et al., (2016)
determined that the presence of EGTA in the lyophilization media provided
a protective effect on the DNA sperm than the presence of EDTA. Sugars
have been studied as components of the lyophilization medium. Trehalose,
a nonreducing disaccharide, plays an important role in the prevention of
membrane alterations in cellular dehydration. The incorporation of treha-
lose to the lyophilization medium maintains the integrity of the DNA after
the lyophilization process (McGinnis et al., 2005).

The pH of the lyophilization media is a factor to be taken into account.
An alkaline pH (pH:8) contributes to the inactivation of DNA damage.
Kaneko and Serikawa (2012) showed that lyophilized sperm in a medium
with an alkaline pH maintained the DNA integrity as well as their capacity
for embryonic development. Another factor that may influence sperm
preservation is the conditions of conservation. Currently, it is considered
that 4°C is the optimum temperature to preserve lyophilized semen samples
for long periods of time (Kaneko and Serikawa, 2012).

The rehydration process restores the lyophilized cell to the original
formulation. It is a critical step in the process since when reintroducing
water into the cells, all the chemical and biological reactions are reactive.
The lyophilized sperm are normally rehydrated by adding ultra-pure
water, in an equal volume as the original (Gil et al., 2014). Finally, another
important factor is the technique of ICSI. After the lyophilization process,
the sperm lose motility, so the ICSI technique is necessary to fertilize the
oocytes. The development of the ICSI is the key to success in obtaining
offspring from lyophilized semen, as published for the first time by
Wakayama and Yanagimachi (1998) and Choi et al. (2011) because they
obtained the first foal born alive.

In small and farm animal species, satisfactory results have not been
obtained, except in the equine species (Choi et al., 2011). In this case,
lyophilized stallion semen and sperm extract suspension were utilized from
different males. Five pregnancies were obtained an only two foals born.
One of them was originated from lyophilized sperm and the other was
from the stallion that provides the sperm extract. The lyophilized sperm
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and sperm processed by multiple unprotected freezing and thawing cycles
(such as sperm extract) can originate viable foals. To our knowledge, this 1s
the first report on the production of live offspring by ICSI with lyophilized
sperm in a nonlaboratory animal species.

Lyophilization is a promising semen preservation technique that
requires further study to be applied routinely during long-term conserva-
tion periods. This technique would be a suitable alternative biobanking
option for high genetic values animals.
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3. Objetivos

En el presente trabajo, los objetivos que nos planteamos se encuentran estrictamente
relacionados con la investigacion de nuevos componentes en los diluyentes de preservaciéon
o con el empleo de nuevas técnicas que permitan mejorar la calidad seminal en la especie

equina tras su almacenamiento en NzLy con ello aumentar los indices de prefiez.

Los objetivos son los siguientes:

e Valorar el efecto protector de la adicion de calostro de yegua en los diluyentes para la
congelacidon de semen equino (Equus ferus caballus) (Articulo 1).

e Valorar el efecto protector de la adicion de calostro de burra en los diluyentes para la
congelacion de semen asnal (Equus asinus) (Articulo 2).

e Comparar el efecto protector del calostro de yegua y de burra en la preservacién
espermatica en la especie asnal (Articulo 3).

e Evaluar del uso de crioprotectores permeables, lactosa y trealosa, en la
vitrificacion de espermatozoides procedentes tanto de origen epididimario como de

eyaculado (Articulo 4).
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4. Material y métodos

4.1. ANIMALES

Todos los procedimientos experimentales de esta Tesis Doctoral se realizaron de acuerdo
con lo establecido en el RD 1201/05 sobre la Ley de Proteccion Animal, que cumple con la
Directiva de la Unidn Europea 2010/63/EU de proteccién de animales utilizados con fines

experimentales y otros fines cientificos (ver informe de la comision ética asesora).

4.2. RECOGIDA DE CALOSTRO

El calostro se recogié de 4 yeguas y 4 burras de distintas razas y edades
comprendidas entre los 5y 12 afios, procedentes del Centro Militar de Cria Caballar de
Zaragoza (CMCCZ), antes de las 8h posparto, mediante ordefio manual y posterior
filtrado para eliminar impurezas (Cash, 1999). Previa a la extraccion, se limpié la ubre
con agua tibia para retirar restos de suciedad e impurezas que pudiesen afectar

posteriormente a la calidad.

Se evito la recogida de yeguas que pudiesen producir calostro de calidad subdptima y/o
con posibles alteraciones (yeguas/burras mayores, con enfermedades recurrentes o goteo
continuo de calostro o leche antes del parto) (LeBlancy cols., 1992). Ademas, a las hembras
seleccionadas se les hizo un estudio ecografico para descartar posibles patologias
(mastitis, hematomas, neoplasias, abscesos, lesiones mucosas, inflamaciones o

malformaciones congénitas, etc.) (Abshenas y cols., 2014; McKinnon y cols., 2011).

Para el estudio ecografico, se utilizé un ecégrafo modelo Mindray DP-3300 VET® (Figura
2) con sonda lineal y frecuencia de 7,5 MHz. La ubre se limpié de restos de suciedad con agua
tibia y se aplicé alcohol en la piel con el objeto de obtener una excelente calidad de imagen

(Figura 3).
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Figura 2. Ecégrafo Mindray DP-3300 Figura 3. Patrén ecogrdfico de gldndula mamaria normal. A)
VET® Cisterna del pezén. B) Conductos lactiferos.

La determinacion de la calidad de todas las muestras de calostro para los distintos
estudios se realizd mediante un refractometro de Brix (Bellingham y Stanley, Kent, UK) (Figura
4),y solo las muestras con valores superiores o iguales a 23°Brix (23 °Brix >60 g/L IgG),
(Cash, 1999) fueron aceptadas y posteriormente identificadas y congeladas en alicuotas

de 15 ml (Cash, 1999; Chavatte y cols., 1998; McKinnon y cols., 2011).

La descongelacién del calostro se realizé con agua tibia a 38 °C.

Figura 4. A) Refractometro de Brix para
determinacion de la calidad del calostro. B) Escala
de valores (en grados Brix).

4.3. RECOGIDA DE MUESTRAS SEMINALES

4.3.1. Recogida de muestras de eyaculado

Para la realizacion de nuestros estudios, se recogié semen de 12 caballos y 5 burros
procedentes del CMCCZ, de distintas edades y en época reproductiva. Sélo se aceptaron
eyaculados cuya calidad tenia como minimo una motilidad progresiva 235% y >40% de semen
morfoldgicamente normal (“buenos congeladores”) (Alvarenga y cols., 2016; Batellier y cols.,
2001; Loomis y Graham, 2008). Para la recoleccién de semen tanto en caballos como en burros

utilizamos la VA modelo Missouri® (Figura 5). La presién y temperatura usadas en ella para
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cada extraccién fueron variables dependiendo del semental. Un manejo frecuente de todos

los sementales nos indica cuales son las que mejor se adaptan a cada uno de ellos.

Figura 5. A) VA modelo Missouri empleada
para extraccion de semen. Camisa interna
desechable de color azul. B) Biberon
graduado, con filtro desechable usado
como colector, colocado en el extremo final
de la VA.

Para la colecta de los eyaculados utilizamos un maniqui regulable en altura vy
forrado de cuero para evitar que el caballo se pudiese deslizar, el suelo también era
antideslizante para favorecer asi que el caballo pudiese hacer fuerza con las
extremidades posteriores sin resbalarse. Utilizamos para todos los sementales una
yegua en celo para estimularles, que se colocé en el potro de contencién (Figura 6), si
bien, algunos sementales estdn tan entrenados que pueden prescindir de ella. En caso
de los burros el manejo fue algo diferente, debido a que la libido es mucho menor vy el
tiempo de excitacion se alarga bastante. En estos casos, la burra en celo no se introdujo
en el potro de contencidn, sino que fue sujetada por un operario. Adema3s, se utilizdé
orina de burras en celo, que se fue recogiendo y congelando en diferentes alicuotas ya
que es frecuente no disponer de burras activas en el momento de la extraccion. Con la
burra en celo o con el olor de las feromonas de la orina recogida, los burros se

estimularon mas rapidamente para la recogida seminal.

Previamente, todos los sementales se les limpid el pene retrayendo el prepucio
para dejar el glande al exterior con agua tibia y posterior secado, con el objeto de evitar
suciedad en los eyaculados. Una vez recogido el eyaculado, inmediatamente después
se llevé al laboratorio para proceder a su primera evaluacion (in situ), retirando el filtro
del colector (biberéon graduado) para eliminar la fraccién de gel, y se depositd en un
bafio Maria para mantener una temperatura (t2) constante de 37 °C en todo momento
hasta su procesado. Después de evaluarse las muestras, fueron diluidas en INRA 96°®

(IMV Technologies, L’Aigle, Francia) (diluciéon 1:1) y se transportaron en envases
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individualizados a t2 ambiente y protegidos de la luz en cajas de neopor (Minitub

Ibérica S.L., Tarragona, Espafia).

&" . : A ' 8 Figura 6. Maniqui para extraccion
q i de semen y potro de contencidon de
M'“ -, ¥ madera para las yeguas. El
maniqui es regulable en altura. El

pavimento debe ser antideslizante

para evitar caidas y lesiones.

4.3.2. Recogida de semen de epididimo

La técnica utilizada en nuestro trabajo para obtencion de espermatozoides fue la de
lavado retrogrado empleada por Garde y cols. (1994). Para ello se recogieron 10 testiculos en
el matadero de Mercazaragoza (MZA) y se transportaron en cajas de poliestireno isotérmicas,
en refrigeracion (4 °C) a la FVZ. En el laboratorio, se procedié a diseccionar de cada testiculo
la cola del epididimo con su conducto deferente proximal, se canalizdé este por la parte
seccionada del conducto con una aguja 25G, utilizando unas pinzas mosquito para que la
sujecién fuese mas sdlida. A la aguja, con extremo romo, se le acopld una jeringuilla con 10 ml
de INRA 96® a 20°C como medio de lavado, con la que se ejercid presidn para recoger el semen

en un vaso de precipitados (Figura 7).

Figura 7. A) Diseccion de cola de epididimo con conducto deferente. B) Canulacién. C) Introduccion de INRA 96®
a presion y recogida de semen en vaso de precipitados.
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4.4. PROCESADO DE LAS MUESTRAS DE SEMEN PARA CONGELACION
4.4.1. Centrifugacion

Para la centrifugacion empleamos INRA 96®. Se hizo una dilucidn del eyaculado:
diluyente de 1:1. Realizamos la centrifugacién a 1000 g durante 5 min (Alvarenga y cols.,
2016; Brinsko y cols., 2011). Tras la centrifugacién retiramos la mayor parte del
sobrenadante, dejando un 5% del mismo para facilitar la reconstitucion del pellet

(Lozano y cols., 2011).

4.4.2. Preparacion de las muestras seminales

Como medio de dilucién para nuestros experimentos se utilizd el Medio Cochran:
diluyente a base de lactosa (Cochrany cols., 1984) con 50% (v / v) de lactosa 290 mM, 25% (v
/ v) de medio de glucosa EDTA (322.20 mM de glucosa, 12.58 mM de citrato de sodio, 9.93
mM de EDTA disédico y 14.28 mM de bicarbonato de sodio).

Al medio Cochran se le afiadié el 20% de Calostro (de yegua o de burra), y 5% de un

crioprotector permeable (glicerol o DMF) dependiendo del estudio.

Como grupos control para nuestros trabajos, se utilizé el Medio Cochran con 20% de yema

de huevo y 5% de glicerol o DFM.

Otro medio de control que se utilizé fue BotuCrio® (NidaCon International AB, Mélndal,
Suecia), compuesto por agua ultra-pura, aminodcidos, carbohidratos, glicerol, amidas,

gentamicina (0,5 g/L), penicilina (1,0 g/L) y yema de huevo (Tabla 6).
4.4.3. Protocolo de congelacion

El protocolo de congelacién de las muestras se realizé mediante un descenso lento de la
t2 con una disminuciéon progresiva durante 2 h hasta alcanzar los 4°C, evitando con ello el
shock térmico. Transcurridas las 2 h, las muestras se introdujeron en pajuelas de congelacién
de 0,5 ml, con una concentracién de 100 x 10° espermatozoides/ml| (Samper, 2009). Las

pajuelas fueron sometidas a vapores de nitrégeno durante 20 min. para, posteriormente pasar
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a sumergirse en NuL (-196°C). La congelacién se realizé en una unidad de congelacién de

semen (Minitub Ibérica S.L., Tarragona, Espafia).

En el caso de las muestras de BotuCrio®, el protocolo de congelacién se realizd segln
indicaciones de la casa comercial. Las muestras se mantuvieron a 42C durante 20 min antes
de proceder a someter las muestras a vapores de nitrogeno para su congelacién Todas las

muestras permanecieron un minimo de 15 dias en los tanques de nitrégeno.
4.4.4. Protocolo de descongelacion

Todas las muestras se descongelaron en baino Maria a 37°C durante 21 seg, Tras secado
de las pajuelas, y apertura de las mismas, las muestras se depositaron en un eppendorf con
un volumen de 1.5 ml y se mantuvieron a 37°C mientras se procedia a las diferentes
evaluaciones espermaticas. La primera se realizaba tras la descongelacion (5 minutos) y para

el Test de Resistencia se realizaba a las 2 horas.

Tabla 6. Composicion de los distintos medios de dilucion utilizados en nuestros experimentos.

Compuestos con TIPO DE

DILUYENTE Nefgcto prot.ector CRIOPROTECTOR CRIOPROTECTOR METODO
anadidos al diluyente

CONGELACION

BotuCrio® -- G + Amidas Permeables

Calostro de yegua

Medio (20%) G (5%) Permeable CONGELACION
Cochran Calostro de burra (20%)
Yema de Huevo (20%)
. Calostro de yegua

Medio (20%) DMF (5%) Permeable CONGELACION
Cochran Calostro de burra (20%)
Yema de Huevo (20%)

INRA 96 ®
+BSA (1%)

- Sacarosa 0,15 M No permeables VITRIFICACION

INRA 96®

- Lactosa 0,15 M No permeable VITRIFICACION
+BSA ( 1%)
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4.5. PROCESADO DE LAS MUESTRAS DE SEMEN PARA VITRIFICACION
4.5.1. Protocolo de Vitrificacion

La vitrificacion se llevé a cabo tanto para espermatozoides procedentes de epididimo
como de eyaculados. A su vez, en ambos tipos de espermatozoides, se vitrificd con dos medios
diferentes, utilizando dos crioprotectores no permeables: trealosa y lactosa, ambos a una
concentracion 0,15M. La concentracion de estos dos crioprotectores se escogié en base a
estudios previos realizados por Perez-Marin y cols. (2018). El diluyente base para vitrificacion
de semen fue el INRA 96, al que se le afadié un 1% de albumina sérica bovina (BSA), segun
el protocolo modificado de Pérez-Marin y cols., 2018 (Tabla 6) y de investigaciones previas

realizadas por Hidalgo y cols. (2018). Los grupos experimentales para el estudio fueron:

— Grupos de semen de epididimo: con trealosa (EPT) y lactosa (EPL).

— Grupos de semen de eyaculado: con trealosa (EYT) y lactosa (EYL).

Las muestras seminales en todos los casos y al igual que en el caso de la
congelacidén, fueron sometidas al mismo tipo de centrifugacion, y tras la misma, sobre
el pellet se adicionaron los diluyentes de lactosa y trealosa, ajustando la concentracidn

espermatica a 50 x 10° spmtz/ml.

Para realizar la vitrificacién y tras preparacién de las muestras, se tomaron 50 pl,
usando una micropipeta, de las muestras preparada de cada grupo experimental y se
dejaron caer en un crio-tubo que contenia 300 ul de N.L (en cada crio-tubo se
depositaron 3 gotas que, al contacto con el NyL, se esferificaron) (Figura 8).

Posteriormente se cerraron y se mantuvieron en tanques de N;L hasta su analisis.

Figura 8. A) Depdsito de 1 gota de 50ml en un crio-
tubo con N,L. B) Esferas de vitrificacion contenida
en un crio-tubo.
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4.5.2. Protocolo de desvitrificacion de muestras seminales

Para la desvitrificacion: las esferas vitrificadas se sumergieron en 500 pul de medio
de desvitrificacion (INRA 96® + 1% BSA) a 65°C durante 5 seg, a continuacién, se
mantuvieron a 37°C, 3 min, luego se centrifugaron a 300g durante 10 min, y el
sedimento final se resuspendié con 50ul de medio de desvitrificacion para la evaluacidn

de la calidad seminal (Figura 9).

Figura 9. A) Inmersidn de la perla a 65°C. B) Calentamiento en bafio a 37°C. C) Centrifugacion.

4.6. EVALUACION DE LA CALIDAD SEMINAL

4.6.1. Evaluacion in situ

La primera evaluacion se realizé inmediatamente tras la recogida, in situ, en el
laboratorio del CMCCZ, antes de su traslado a la Unidad de Reproducciéon de la FVZ. En
todas las evaluaciones seminales, los primeros pardmetros que se registraron y analizaron

fueron: volumen, concentracién y motilidad.

Evaluacion Macroscopica:

Se evaluaron el volumen vy el color. El volumen se determind por la lectura en el
colector graduado. Los valores medios de los volumenes de eyaculado obtenidos se
encontraron entre 30-60 ml. El color, analizado de forma visual, fue blanco lechoso en

los sementales y algo mas grisaceo en los burros.

Evaluacion Microscopica:

A. Concentracion: se evalué mediante un espectrofotémetro denominado

Spermacue® (Figura 10). Para ello se calibré primero con una micro-cubeta vacia. Una
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vez calibrado, se depositd semen con una pipeta en la micro-cubeta, que se absorbié
por capilaridad, y se colocd en la rejilla del Spermacue®. Los valores dados por el
Spermacue® aparecen directamente como numero de particulas contadas por millédn
en un mililitro de volumen. Los resultados medios para todas las muestras estuvieron

comprendidos entre 100-250 x10° spmtz/ml.

Figura 10. Spermacue®. Espectrofotometro
utilizado para recuento celular. Resultado =
ne x 10° spmtz/ml.

B. Motilidad: Se evaludé con un microscopio Olympus C-40 con base termostatizada
a 37°C. Se depositaron 5ul de semen en un portaobjetos previamente calentado en una
pletina a 37°C, se colocé un cubreobjetos atemperado y se hizo una valoracién
inmediata. La valoracidon de esta motilidad es subjetiva, si bien, da una idea bastante

aproximada de la calidad de la motilidad de la muestra de semen.

Por otro lado, y de forma independiente, también valoramos la libido del semental,
ya que estd relacionada con la calidad seminal (Brinsko y cols., 2011). La mayoria de
los caballos mostraron una libido muy buena. Los burros, dentro de las caracteristicas

de su especie, mostraron también buena libido.

4.6.2. Evaluacion de Ila calidad seminal pre-congelacion y tras la

descongelacion/desvitrificacion de muestras

A. Motilidad: Todas las muestras procedentes del CMCCZ y de los epididimos
procedentes de los testiculos obtenidos en matadero (Mercazaragoza) fueron
analizadas mediante el sistema computerizado “Integrates Semen Analysis System-
Proiser” (ISAS®) (Valencia, Espafia) antes de ser sometidas a congelacion/vitrificacion y una

vez descongeladas/desvitrificadas (Figura 11). Se determind la motilidad total, motilidad
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progresiva, parametros de velocidad (velocidad curvilinea: VCL; velocidad rectilinea: VSL;
velocidad promedio: VAP; indice de linealidad: LIN; indice de rectitud: STR; indice de
oscilacion: WOB), y la amplitud media de desplazamiento (amplitud lateral de la cabeza: ALH

y frecuencia de batida: BCF).

El 4rea de las particulas analizadas se fijo entre 4-75 um?, los espermatozoides con VAP

<10 u/ seg se consideraron como inmdviles, > 45 um/seg como normales y > 90 um/seg como

rapidos. El valor minimo de ALH fue de 10 imagenes.

Figura 11. Representacion de la motilidad total y progresiva mediante el sistema computerizado ISAS. A) Alto
porcentaje de espermatozoides moviles y con buena motilidad progresiva. B) Motilidad buena. C)
Espermatozoides inmoviles. Siendo los colores representados: rojo rapidos, verde medios, azul lentos y amarillo
estdticos.

B. Vitalidad:

B.1. Tincidn Eosina-nigrosina (Colembrander y cols., 1992). Para realizar la tincidn
se colocd en la base de un portaobjetos una gota del colorante (mantenido de forma
atemperada en platina térmica, para evitar que el shock térmico pudiese originar datos
falsos), se incorpordé una gota de semen (5ul) y se mezclé. Con un cubreobjetos
colocado con un angulo de 45° se hizo una extensién y se dejo secar para observarlo
posteriormente con el microscopio de campo claro con objetivo 40x. Los
espermatozoides dafiados aparecieron de color rosdceo al dejar penetrar el colorante,
los vivos, al tener la membrana plasmatica intacta, no dejaron pasar el colorante,
apareciendo sin colorear, pero bordeados en color negro por la nigrosina. Se contaron

100 espermatozoides por muestra (Figura 12.A).

B.2. Kit de Viabilidad Espermatica LIVE/DEAD® (Molecular Probes Europe, Leiden,

Paises Bajos). Es un método de tincién a base de SYBR-14 y loduro de propidio (Pl).
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El SYBR-14 es un colorante que penetra en la membrana del espermatozoide,
aumentando su tasa de emisidén de fluorescencia al acoplarse enérgicamente a los
acidos nucleicos de su ADN. El Pl se usa de forma convencional para teiir células
muertas. Para su realizacidon se mezcld un volumen de 100 pl de muestra con 150 ul de
tampdn (Becton Dickinson Inmunochemistry, San José, CA, EE. UU.) para llegar a una
concentracién final de 20x108 spmtz /ml. A continuacidn, se agregaron 5 pl de SYBR-14
(concentracién final 20 mM) y 5 ul de Pl (10 mM) por muestra. Después de incubarse
en oscuridad durante 15 min a t2 ambiente, se calculd el porcentaje de células
espermaticas vivas y muertas. La tincion SYBR-14 penetra tanto las membranas de los
espermatozoidesintactos como las dafiadas, y da fluorescencia verde/amarilla, mientras
qgue el Pl solo penetrard si la membrana estd danada. predominando entonces sobre la
fluorescencia del SYBR-14 y tifiendo el espermatozoide de color rojo (fluorescencia roja)
(Love y cols., 2003; Love, 2018). Las muestras se analizaron usando un microscopio de

fluorescencia con contraste de fases (Figura 12.B).

Figura 12. A) Tincidn de eosina-
nigrosina para determinacion de
espermatozoides  vivos. Los
rosas no presentan integridad
de membrana (muertos).
Absorben colorante. B) Tincion
de fluorescencia SYBR-14/PlI.
Vivos:  Fluorescencia  verde.
Muertos: Fluorescencia roja

Tincién SYBR-14/PI

C. Integridad de membrana: Test Hipoosmdtico (HOST): Para valorar la integridad de

membrana de los espermatozoides, se incubaron 100ul de semen durante 30 min a 37°C en
900 pl de una solucién de lactosa 100 mOsm (18 g en 500ml de agua destilada desionizada).
Tras la incubacidn, las muestras se fijaron en una solucion buffer al 8% de glutaraldehido. Se
evaluaron 100 espermatozoides bajo el microscopio con el objetivo 100x. Los que mostraban
colas enrolladas se consideraban como HOST positivos (Figura 13) (Lagares y cols., 2000; Neild

et al.,, 1999).
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Figura 13. Swellig o hinchamiento. Los dos
espermatozoides han reaccionado al HOS test
presentando colas enrolladas.

D. Integridad del acrosoma:

D.1. Técnica DIC (Differential Interference Contrast microscopy) (Steinholt y cols.,
1991). Para ello en un tubo eppendorf se colocaron 10 pl de semen en 90 ul de
glutaraldehido para fijar la muestra. Se homogeneizd con cuidado y se dejé reposar
durante 30 min. Para su analisis se depositd una gota de muestra sobre un
portaobjetos y se cubrié con un cubreobjetos para poderlo observar directamente al
microscopio con el objetivo de inmersion 100x. La porcion acrosémica del
espermatozoide normal se observa tintada de un color mas oscuro que el resto de la
célula y en forma de semiluna. Se contaron un total de 100 espermatozoides,
valorandose el porcentaje de los acrosomas positivo o integros (zona acrosémica
oscura) y de los acrosomas negativos (sin zona oscura, o con un halo difuso en la zona

apical de la cabeza del espermatozoide) (Figura 14.A y B).

—a

Figura 14. A) Técnica DIC: Acrosoma normal. B) Técnica DIC: Acrosoma perdiéndose. C) Tincidn de fluorescencia
FICT-PNA/PI. Los espermatozoides con membrana plasmdtica y acrosomal intacta aparecen en verde PNA-/PI-
PNA+/Pl+ aparecen rojos con una ligera tincion verde en el borde de la cabeza.

D.2. Tincion FITC-PNA/PI: Fluorocromo de Isotiocianato de Fluoresceina (FICT)
conjugado con aglutinina de mani (PNA) y Pl). Para su realizaciéon afiadimos 10 ul de

solucién FITC-PNA (1 mg/ml en agua bidestilada) y 4 ul de solucién PI (500 ug/ml) a 200
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ul de la muestra de cada grupo de estudio. Se incubd durante 5 minutos a 38°C, y
finalmente se fij6 en paraformaldehido (4% [v/v]) en solucidn salina. Se examinaron
200 espermatozoides bajo un microscopio de contraste de fase de fluorescencia. Los
espermatozoides se clasificaron en cuatro categorias segln su integridad plasmatica y
de membrana acrosdmica: plasma y membrana acrosomal intacta (PNA- / PI-),
membrana plasmatica intacta y dafio acrosomal (PNA + / Pl-), membrana plasmatica
dafiada y acrosoma intacto (PNA- / Pl +) y dafios en la membrana plasmatica y

acrosomal (PNA + / Pl +) (Lufio y cols., 2014) (Figura 14.C).

E. Integridad del Acido Desoxirribonucleico (ADN) espermdtico: La determinacion del

grado de fragmentacion del ADN fue realizada utilizando tres técnicas diferentes, que por

distintos motivos fuimos modificando.

E.1. Test de Dispersion de la Cromatina (SCD), utilizando el kit de diagnéstico rapido de
fragmentacion de ADN especifico para caballos, llamado Halomax® (Halotech®, ChromacCell
SL, Madrid, Espafia) (Figura 15.A). El grado de dafio del ADN en cada muestra fue cuantificado
utilizando el indice de fragmentacion del esperma del ADN (SDFI) (porcentaje de células

espermaticas fragmentadas).

E. 2. Azul de Toluidina (AT). Para este procedimiento, las extensiones de semen
secadas al aire se fijaron en etanol-acetona al 96% recién preparado (3: 1) durante 1 min,
luego se pasaron a etanol a 70% durante 3 min y se hidrolizaron en acido clorhidrico 0,1 N
durante 25 min. Posteriormente, los portaobjetos se enjuagaron con agua destilada y se
secaron. Finalmente, se tifieron con 0,05% de azul de toluidina (en tampdn fosfato de citrato
de Mcllvaine al 50%, pH 3,5 Merck). Se evaluaron al microscopio con el objetivo de 100x, un
total de 200 espermatozoides en diferentes areas de cada portaobjetos. El colorante AT se
une al ADN generando reacciones metacromaticas cuando se asocia a la cromatina,
permitiendo diferenciar espermatozoides de acuerdo con el grado de condensacién de ésta.
Las cabezas de células espermaticas con buena integridad de cromatina eran de color azul
claro; las que presentaban alteracion en la integridad se tifieron de color azul oscuro/morado,

considerandose anormales (Figura 15.B).
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E.3. Naranja de Acridina (AO). Este método esta basado en la susceptibilidad del
ADN a la desnaturalizacién acida. Para su realizacién, las muestras de semen fueron
secadas al aire en un portaobjetos. Entonces, se fijaron en solucién de Carnoy
(metanol: acido acético glacial, 3: 1) durante 3 hrs, y luego se enjuagaron en agua
destilada y se secaron. Posteriormente, se cubrieron con una solucién de tincion de AO
al 0,1%, de acuerdo con el método de Tejada (Tejada y cols, 1984). Después de 5 min
se lavaron con agua del grifo y se cubrieron con un cubreobjetos. En la evaluacién con
microscopio fluorescente a 40x, se contaron un total de 200 espermatozoides. Se
determinaron dos tipos diferentes de tincidon: espermatozoides con ADN normal
(cabezas verdes) y espermatozoides con ADN desnaturalizado de una sola cadena

(cabezas con fluorescencia rojo-anaranjado) (Figura 15.C).

o

& ?
N, e

Figura 15.A) Halomax® para determinacion de fragmentacion de ADN. Los espermatozoides dafiados
muestran un halo “estallido” alrededor. B) Tincion con Azul de Toluidina. Las flechas negras muestran
espermatozoides con ADN alterado. C) Tincidn de fluorescencia Naranja de Acridina. Los espermatozoides con
ADN desnaturalizado aparecen de color anaranjado.

F. Test de Resistencia: El objetivo de este test fue evaluar la motilidad después de
2 horas (Jiménez, 2010). El dafio de la membrana puede no ser completamente expresado
justo después de la descongelacidn, por ello, el semen debe ser valorado pasadas 2 horas y
tras ser mantenido en incubacién a 37 °C. Esta evaluacidn es conocida como prueba de
resistencia, de termorresistencia o de incubacidn. El semen debe tener al menos un 5% de
motilidad a las dos horas de descongelado. La motilidad se analiz6 mediante sistema

computerizado ISAS®.
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This study aimed to evaluate the addition of mare colostrum in stallion freezing extenders to improve
sperm quality. First, colostrum samples were collected from four mares after the foal's birth and their
composition was determined. Ejaculates were collected from nine fertile stallions. Sperm samples were
pooled, diluted, and cryopreserved into three experimental extender groups: Lactose-based extender
supplemented with mare colostrum (20%), lactose-based extender supplemented with egg yolk (20%),
and BotuCrio. The quality of the post-thaw semen samples were evaluated assessing sperm motility by
means of computer-assisted analysis, viability by SYBR-14 and propidium iodine (PI) stain, acrosome
integrity by fluorescein isothiocyanate and peanut agglutinine (FITC-PNA) and PI stain, plasma mem-
brane functionality by hypo-osmotic swelling (HOS) test, and DNA denaturation by acridine orange (AO)
test. There were no significant differences in the percentages of total motility, acrosome integrity, and
DNA fragmentation among the extenders after thawing. Kinematics parameters showed significantly
higher values in BotuCrio than in lactose extenders (P < .05). BotuCrio and lactose colostrum extender
yielded significantly better rates for HOS-test, linearity, straightness, and wobble than egg-yolk extender
(P < .05). However, in relation to sperm viability, lactose egg yolk extender showed significantly better
results in comparison to the others seminal experimental media (P < .05). In conclusion, the incorpo-
ration of mare colostrum into cryopreservation media protected the sperm against cold-shock; therefore,

it may be a good cryoprotectant agent alternative in extenders for freezing stallion semen.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

In equine species, the fertilizing capacity of frozen semen is
lower than in other species [1]. There is also a strong individual
factor; thus, stallions are qualified as “poor or good freezers” [2,3].
In addition, pregnancy rates in mares inseminated with frozen
semen doses are lower in comparison to chilled semen or natural
conditions (30%—40%) [4—6].

The cryopreservation medium should ensure the sperm quality
after freezing-thawing process due to specific compounds, as
cryoprotectants, which decrease cold-shock damage [7]. Egg yolk is
currently used as an external cryoprotective agent to freeze equine

Animal welfare/ethical statement: The authors declare that the care and the use of
animals were in accordance with the Spanish Policy for Animal Protection RD 1201/
05 and the directive 2010/63/EU for animal experiments.

Conflict of interest statement: The authors declare no conflicts of interest.

* Corresponding author at: Cristina Alvarez, Military Horse Breeding Center in
Zaragoza, 50190 Zaragoza, Spain.

E-mail address: calvsan@gmail.com (C. /\lvarez).

https://doi.org/10.1016/j.jevs.2019.02.010
0737-0806/© 2019 Elsevier Inc. All rights reserved.

sperm and other species sperm [8]. It is considered as a good
nonpenetrating cryoprotectant due to cholesterol, phospholipids,
and low-density lipoprotein (LDL), proteins that have been identi-
fied as protective agents against temperature-related injury [9].

Previous research has demonstrated that milk contains some
factors and components, such as caseinates, that provide protection
to semen during the storage [1,10]. In addition, milk has been
shown to have an antioxidant effect responsible for strong plasma
membrane protection [1,11]. Colostrum, as the first form of milk
produced by the mammary gland, has similar compounds as milk.
Furthermore, it has been recognized to protect the foal during its
first days of life by providing immunoglobulins (Ig) [12,13].
Notwithstanding, the composition of colostrum differs from milk in
the Ig concentrations (IgG > 80%), fat, and lactose levels [13—15].
Likewise, colostrum shows anti-inflammatory and antimicrobial
effects because of some active compounds such as lactoferrine,
lactoperoxidase, and lysozyme [16].

Mares develop an endometritis in the uterus during 24—36
hours after insemination [6], which is in some cases persistent and
incompatible with pregnancy. Some extender components such us
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glycerol or egg yolk proteins may induce a greater migration of
polymorphonuclear neutrophils in the endometrium [17,18]. A
recent study investigated the anti-inflammatory effect of exoge-
nous lactoferrine on breeding-induced endometritis [19].

Colostrum may be a viable alternative instead of milk or egg yolk
in cryopreservation stallion extender because it could provide
protection to spermatozoa against cold-injury and protection in the
mare's uterus after insemination [20,21].

Based on the research presented above and taking into account
the strong goal to find alternative cryoprotectants, the aim of this
study was to test the protective action of mare colostrum in stallion
freezing extender.

2. Materials and Methods
2.1. Reagents and Media

All chemicals were obtained from Sigma-Aldrich Quimica S.A.
(Madrid, Spain), unless otherwise indicated. Dimethylformaide
(DMF) was from Panreac Quimica S.L.U. (Barcelona, Spain) and
Equex Paste from Minitube Ibérica S.L. (la Selva del Camp, Spain).
The medium used for washing semen and centrifugation was INRA
96 (IMV Technologies, L'Aigle, France).

The care and the use of animals were in accordance with the
Spanish Policy for Animal Protection RD 1201/05 and the directive
2010/63/EU for animal experiments.

2.2. Mare Colostrum Collection, Evaluation, and Preservation

Colostrum was collected from four mares of different breeds and
ages, from the Military Horse Breeding Center (MHBC) in Zaragoza
(Spain). The colostrum was collected from the mare immediately
after parturition (a total of 120 mL was collected from each mare).
The udder region of each mare was meticulously cleaned with
warm water before collection, and an ultrasound study (Mindray
DP-3300 VET, 7.5 MHz) was performed to rule out any possible
pathologies [13,22]. Once colostrum was obtained, it was filtered by
cellulose filter (Minitube Ibérica S.L., la Selva del Camp, Spain).

The quality of the colostrum was evaluated using a Brix refrac-
tometer [13]. Only samples that showed at least 23° Brix were
accepted (23°Brix >60 g/L IgG) [23]. Colostrum samples were
frozen at —20°C in 15 mL labeled test tubes [23,24]. Before each
experimental study, colostrum was thawed in a water bath at 37°C
[13,25], and all the samples were mixed together. The composition
of colostrum was analyzed by means of an IR spectroscopy Milko-
Scan 4,000 Foss Electric (Hilleroed, Denmark).

2.3. Semen Handling and Cryopreservation

Fifteen ejaculates were collected from nine stallions—good
freezers—(aged from 7 to 12 years) during the breeding season
from the MHBC in Zaragoza (Spain) using an artificial vagina
(Missouri-model, Nasco, Ft. Atkinsosn, WI).

Macroscopic and microscopic assessments were performed
immediately after their extraction. The initial concentration of
spermatozoa was determined using a Spermacue 12300/0500
(Minitube Ibérica S.L., La Selva del Camp, Spain). Motility and ki-
nematic parameters were analyzed using the Integrated Semen
Analysis System (ISAS, Projectes I Serveis R + D S.L, Valencia,
Spain).

Only semen with at least >35% progressive motility was
accepted [26] for cryopreservation. Semen samples were diluted in
INRA medium and centrifuged at 1,000 g for 5 minutes [2].

Semen samples from every three ejaculates were pooled to
avoid individual factors and obtain a more homogeneous group.

Every pooled sample was divided into three experimental extender
groups, and from each experimental group, 5 samples were frozen.

2.3.1. Experimental Groups

First group, Lactose—mare colostrum extender containing 50%
(v/v) of 290 mM L-lactose, 20% (v/v) of mare colostrum, 25% (v/v) of
glucose—EDTA medium (322.20 mM glucose, 12.58 mM sodium
citrate, 9.93 mM disodium EDTA, 14.28 mM sodium bicarbonate),
and 5%(v/v) of DMF [27].

Second group, Lactose—egg-yolk extender containing 50% (v/v)
of 290 mM L-lactose, 20% (v/v) of egg yolk, 25% (v/v) of glucose-
—EDTA medium (322.20 mM glucose, 12.58 mM sodium citrate,
9.93 mM disodium EDTA, 14.28 mM sodium bicarbonate), 0.5% (v/v)
of Equex Paste [28], and 5%(v/v) of DMF [27].

Third group, BotuCrio, standard cryopreservation extender.

The samples were frozen using a stabilization step process with
a slow cooling rate of approximately 0.5°C per min. The semen
samples were cooled down to 4°C in 2 hours for the lactose ex-
tenders, and during 20 minutes for BotuCrio extender samples as
instructed in the information leaflet. Then, sperm samples were
packed into 0.5 mL polyvinylchloride straws (IVM technologies,
L'Aigle, France), which contained 100 x 10° spermatozoa/mL [12].
Finally, before submerging the samples, they remained for 20 mi-
nutes at 5 cm above liquid nitrogen vapors in a Styrofoam freezer
box with neopor insulation block (freezing rate of —60°C) (Mini-
tublbérica S.L., La Selva del Camp, Spain). The spermatozoa of the
five freezing batches from the pooled ejaculates were analyzed.

2.4. Semen Quality Evaluation

Frozen semen samples were thawed in a water bath at 37°C for
21 seconds.

Sperm motility, viability, plasma membrane functionality,
acrosome integrity, and DNA fragmentation were assessed. Also, a
resistant test—2 hours at 37°C—was performed.

2.4.1. Sperm Motility Analysis

Total motility and velocity parameters were analyzed by means
of ISAS (Projectes I Serveis R + D S.L.,, Valencia, Spain) [29]. The
parameters established for the analysis were 25 consecutive digi-
talized images per sec., and the particles area was 4—75 p2. With
regard to the setting parameters for the program, sperm, values of
average path velocity (VAP) <10 p/sec were considered as slow and
>90 p/sec were considered as fast. Spermatozoa with 75% of the
straightness (STR) were designated as progressive motile. Ampli-
tude of lateral head value > 10 pm (minimum number of images
calculated).

After 2 hours at 37°C, a resistant test (RT) was performed to
evaluate the motility [30].

2.4.2. Sperm Viability

Sperm viability was evaluated using LIVE/DEAD sperm viability
kit (Molecular Probes Europe, Leiden, The Netherlands). The
staining was performed following the instructions of the com-
mercial kit. SYBR-14 penetrated the membrane of all the sperma-
tozoa and provided a green fluorescence. Propidium iodine (PI)
only penetrated the spermatozoa with altered membrane and
showed red fluorescence, which overlapped the green one. A total
of 200 cells were counted using a fluorescence phase-contrast
microscope.

2.4.3. Membrane and Acrosome Status

Membrane and acrosome status were assessed by fluorescein
isothiocyanate conjugated with peanut agglutinin (FITC-PNA) and
Pl staining [31] (Molecular Probes, Europe, Leiden, The
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Table 1
Comparative of colostrum means and results obtained from our colostrum sample
after analysis —IR spectroscopy MilkoScan 4,000 Foss Electric (Hilleroed, Denmark).

Composition Colostrum ranges® Mare Colostrum sample
Fat % 0.92-2.44 1.12

Protein % 8.2-22.22 11

Lactose % 0.64—4.28 3.88

Dry matter % 14.47-24.21 15.28

2 Peka et al, 2012.

Netherlands). Two hundred microliter of each of the semen sam-
ples were supplemented with FITC-PNA solution (1 mg/mL in
doubly distilled water) and PI solution (500 pg/mL), kept 5 minutes
at 38°C, and finally fixed in paraformaldehyde (4% [v/v]). Two
hundred spermatozoa were counted under a fluorescence micro-
scope. Sperm with intact plasma and acrosomal membrane (PNA—/
PI-) were determined.

2.4.4. Plasma Membrane Functionality

Plasma membrane functionality was assessed using Hypo-
osmotic swelling test (HOST) [32]. This technique consisted of
incubating 30 pL of sperm sample with 100 pL of lactose hypo-
osmotic solution (100 mOsm/Kg) at 37°C for 30 minutes. The
samples were then fixed in 8% glutaraldehyde buffered solution.
Spermatozoa with coiled tails were considered as HOST positive.

2.4.5. DNA Status

DNA status was assessed by the acridine orange (AO) test [33].
Metachromatic staining can assess chromatin stability with AO,
based on the susceptibility of the sperm DNA to acid-induced
denaturation in situ. Air-dried semen samples were fixed in Car-
noy solution (3:1methanol:glacialaceticacid) for 3 hours and then
rinsed in distilled water and dried. The slides were then covered
with 0.1% AO staining solution, according to the method of Tejada
[34]. After 5 minutes, the slides were washed with tap water and
covered with a coverslip. Under fluorescence microscope evalua-
tion, a total of 200 spermatozoa were counted. Two different
partners of staining were determined; spermatozoa carrying a
normal DNA appeared as green heads, whereas single-stranded
denaturized DNA produced a red-orange fluorescence.

2.5. Statistical Analysis

R-version: 3.1.3 Platform x86_64 Apple-Darwin 13.4.0 (64 bit)
was used to analyze the results.

The statistical procedure used for the thawed samples results,
began with a visual exploration of data (boxplots) and a summary
of centrality estimates (mean and median) and variability (standard
deviation). For extenders contrast a nonparametric test (Mann-
Whitney-Wilcoxon test) was used. All tests were performed with a
significance level of 95. This procedure was executed for all values:
total motility, velocity parameters—curvilinear velocity (VCL),
straight-line velocity (VSL), average path velocity (VAP), linearity
(LIN), straightness (STR = VSL/VAP), and wobble (WOB)—viability,
HOST, acrosome intact, DNA integrity, and the RT.

3. Results

The colostrum composition determined in this study in relation
to fat, protein lactose, and dry matter is shown in Table 1. The re-
sults obtained for the four samples after refractometry were 24 +
1°Brix.

Prefreezing percentages of total sperm motility, acrosome
integrity, and viability did not differ among the different extenders.
After thawing, semen samples showed values of total motility >
60%; therefore all stallions selected were classified as “good
freezers”.

The results in this study for total motility, velocity parameters,
and the RT for the three groups are shown in Fig. 1. There were no
significant differences in the percentage of total motility among the
extenders after thawing. BotuCrio showed significantly higher
values for kinematics parameters (VCL, VSL, VAP, WOB, LIN, and
STR) than the other extenders. In relation to RT, lactose egg yolk
semen samples showed higher values for total motility than other
extenders, but there were no significant differences (P > .059).

The results in this study for viability, HOST positive, acrosome
status, and DNA denaturation for the three groups are shown in
Fig. 2. Lactose egg yolk extender showed significantly higher values
for sperm viability (P < .02) and significantly lower percentages for
sperm HOST positive (P < .005) in comparison to BotuCrio and
lactose colostrum extender. DNA fragmentation did not show sig-
nificant differences in any analyzed sperm samples. Nevertheless, a
very low percentage of fragmented DNA was determined in all
stained samples. The highest rate of damaged DNA was found in
lactose egg yolk samples (3.33%) and the lowest in lactose colos-
trum samples (2.11%).

4. Discussion

In this research, we demonstrated that freeze-thawed mare
colostrum did not lose its properties as described by Cash (1999)

90
80
70
60
50 OBotucrio®
40 Colostrum
20 BEgg-yolk
20
10 a,b,c P<.05

0

Total VLC pum/s
Motility (%)

VSLum/s VAP pm/s

LIN (%)

STR (%) WOB (%) RESISTANT
TEST (%)

]: ucL
LcL

Fig. 1. Three different extenders Mean + SD (UCL, upper confidence level; LCL, lower confidence level), for motility, kinematic parameters, and resistant test. (n = 15). Superscript
letters (*P°) indicate significant differences (P < .05). For BotuCrio samples the results showed higher for all kinetic parameters. For LIN, STR, and WOB, colostrum was significant
higher than egg yolk extender. For total motility, there was no significant difference when comparing the three extenders. LIN, linearity; STR, straightness; WOB, wobble.
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Acrosome DNA damaged
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Fig. 2. Three different extenders Mean + SD (UCL, upper confidence level; LCL, lower
confidence level), for vitality, HOST, acrosome integrity, and DNA damaged. (n = 15).
Superscript letters (*>€) indicate significant differences (P < .05).

[23]. The determination of IgG quantity and quality was analyzed
by Brix refractometer. It is a standard technique to determine the
quality of colostrum [24,35]. The colostrum samples remained
frozen for a period of 2 months. Once thawed and analyzed,
colostrum showed good quality (>23°Brix, an acceptable IgG
levels). The rest of the parameters analyzed, as shown in Table 1,
were also within the average ranges for colostrum composition
[14]. Mare colostrum quality found to be adequate for our study
maintaining the standard quality [14,23].

We obtained positive results of sperm quality after thawing. The
threshold for acceptable post-thaw motility is quite different
among authors, but in general, results > 35% are considered
acceptable [13]. As shown in Fig. 1, post-thawed sperm motility in
our study was superior (>60%).

The intracellular cryoprotectant used in our research was DMF.
Five percent DMF maintains frozen-thawed stallion sperm quality
better than others cryoprotectants including glycerol, improving all
seminal parameters evaluated both in ejaculate and epididymis
sperm samples [27]. Previous research has documented that DMF
reduced the osmotic damage on sperm due to the low viscosity and
molecule weight of amides [36].

Egg yolk is one of the most common components in the sperm
freezing extender because it minimizes cold-shock effect and
maintains sperm quality and functionality [37,38]. BotuCrio contains
DMF and pasteurized egg yolk, which has shown to increase the
percentages of total motility and fertility when utilized as stallion
sperm frozen extender [39]. However, Olacireguiet al, (2014) [40]
observed that it did not improve sperm quality on epididymal stal-
lion sperm. Different substances as soybean lecithin, cholesterol-
loaded cyclodextrins, or low-density lipoproteins preserved sperm
motility and plasma membrane integrity after the freezing process
instead of egg yolk [8,39,41].In our study, we tested the effect of a
novel substance, mare colostrum, on stallion cryopreservation
extender. We determined that colostrum extender samples showed
similar percentages of sperm quality parameters as sperm samples
cryopreserved with Botucrio. In addition, colostrum extender
significantly increased the percentages of sperm HOS test positive,
LIN, STR, and WOB in comparison to lactose egg yolk extender.

Colostrum includes some molecules as caseinates in its
composition. It has been shown that caseinates act as membrane
protectors in sperm during the cryopreservation process [1,10,11].
Thus, colostrum would perform a protective effect not only in
sperm plasma membrane but also in DNA integrity. In addition,
several molecules with antibacterial and anti-inflammatory prop-
erties have been determined in colostrum composition, which
could provide a protection against endometritis postbreeding in
the mare [35,36].

Different options have been tested in stallion sperm cryopres-
ervation medium. But, to the authors' best knowledge, no publi-
cation has been found in literature that addresses the use of mare
colostrum to preserve stallions’ semen.

Summing up the results, we concluded that the incorporation of
colostrum to semen extender protected stallion spermatozoa dur-
ing the freezing-thawing process. It may be a new possibility in
sperm cryopreservation field and a useful alternative to apply in
mares to avoid persistent endometritis processes. Subsequent
fertility testing is necessary to verify the beneficial effects on post-
thaw sperm characteristics.
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ARTICLE INFO ABSTRACT

Keywords: Sperm quality in donkeys (Equus asinus) after freezing thawing is still considered lower than that from other
Jenny animals, including horses. The aim of this study was to test a new freezing extender supplemented with jenny

Colostrum colostrum on donkey sperm. After thawing, we evaluated sperm motility by means of computer-assisted analysis,
Donkey viability by SYBR-14 and propidium iodide (PI), membrane functional integrity by HOS-test and acrosome in-
Semen . tegrity by isothiocyanate conjugated with peanut agglutinin (FITC-PNA) and PI. Ejaculates were collected from
Cryopreservation

five fertile Donkeys. Sperm samples were pooled, diluted and cryopreserved into three experimental extender
groups: BotuCrio®, lactose-extender supplemented with egg yolk (20%) and lactose-extender supplemented with
jenny colostrum (20%). The results demonstrated that lactose-jenny colostrum samples displayed significantly
higher values in almost all parameters evaluated (p < 0.05) compared with the other two extenders after
thawing (BotuCrio” and lactose-egg yolk based extender, respectively) —Total Motility, Viability, HOS test, VCL,
VSL and VAP. Acrosome status, LIN, STR and WOB despite showing lower values, none of them were statistically
significant (p > 0.05). In conclusion, the extender containing jenny colostrum can be successfully used for
donkey semen crypreservation and could effectively improve donkey sperm qualities after freezing -thawing.

1. Introduction

Global donkey (Equus asinus) population is decreasing considerably.
Many different breeds of autochthonous donkeys are at high risk of
extinction. It is important to make efforts to contribute to the con-
servation of these animals. The use of artificial insemination (AI)
techniques can help in this context [6,42]. Frozen donkey semen, in
comparison to horses, shows low conception rates (33%-56% mares vs.
0%-36% jennies). There are only few studies about donkey semen
cryopreservation [2,11,45]. Hence, it is necessary to implement dif-
ferent strategies during cryopreservation process in order to improve
sperm quality, functionality and fertility [44].

Extenders composition may determinate the sperm quality after
thawing. Egg yolk and skim milk have been considered the best non-
penetrating cyoprotectants in horse extenders [25].

Previous research has demonstrated that milk contains some factors
and substances, as caseinate proteins, that provide semen protection
during its storage [7,21]. In addition, milk has been shown to have an
antioxidant effect that is responsible for a strong plasma membrane
protection [7,8].

With regard to milk properties, it has been demonstrated that

* Corresponding author.

donkey milk has similar composition than human milk with analogous
antimicrobial and anti-inflammatory properties [27,35,46]. Donkey
colostrum, as the first form of milk produced by the mammary glands,
has, in general terms, similar composition. However, it differs from
milk in several important areas, including higher concentrations of
immunoglobulins (Ig) (IgG and IgA) and fat, and lower concentrations
of lactose [27,28,34]. It is also composed of a wide range of anti-
microbial [35] and immunomodulatory factors, including lactoferrin,
lactoperoxidase, lysozyme and oligosaccharides [9].

The uterine reaction of the mares/jennies after insemination is a
natural process that aims to eliminate sperm, seminal plasma and other
potential pollutants [17]. This inflammation is resolved within 24-36 h
[43]. Nevertheless, some mares (and more frequently in jennies), are
unable to eliminate inflammation, they consequently develop persistent
breeding-induced endometritis, which is incompatible with pregnancy.
Some extender components such as glycerol or egg yolk proteins play a
major role in this reaction by inducing a greater migration of poly-
morphonuclear neutrophils (PMNN) in the endometrium [33,41].

We hypothesized that the addition jenny colostrum in an extender
for freezing donkey semen could have a protective effect after thawing.
Furthermore, if the results obtained are relevant, it may be beneficial in
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the jenny uterus after insemination. The information obtained might
help to preserve these species and increase the population of donkeys.

2. Materials and methods
2.1. Reagents and media

All chemicals were obtained from Sigma-Aldrich Quimica S.A.
(Madrid, Spain), unless otherwise indicated. Dimethylformamide
(DMF) was from Panreac Quimica S.L.U. (Barcelona, Spain) and Equex
Paste from Minitub Ibérica S.L. (La Selva del Camp, Spain). The
medium used for washing the semen and centrifugation was INRA 96°
(IMV Technologies, L'Aigle, France).

The care and the use of animals were in accordance with the
Spanish Policy for Animal Protection RD 1201/05 and the directive
2010/63/EU for animal experiments.

2.2. Jenny colostrum collection, evaluation and preservation

Colostrum was collected from four jennies of different ages, from
the Military Horse Breeding Centre (MHBC) in Zaragoza, Spain.

The colostrum was collected and filtered (cellulose filter, Minitub
Ibérica S.L., La Selva del Camp, Spain) from the jennies just after the
foal's birth (100 ml of each jenny). Before the collection, an ultrasound
study (Mindray DP-3300 VET", 7.5 MHz) was performed to rule out any
possible pathologies [1,28].

The quality of the colostrum was evaluated using a Brix re-
fractometer, after collection. There is a good correlation between the
refractometer reading and colostrum IgG (r* = 0.74), where 7* is the
coefficient of determination which ranges from 0 to 1 [28]. In our
study, only samples that had at least 23° Brix were accepted
(23°Brix > 60 g/L IgG), Cash (1999) [12] considered values = 20 °Brix
as good quality for colostrum samples. Then the samples were frozen at
—20°C in 15 ml labelled test tubes [12,13].

Once the samples were thawed and evaluated, they were mixed
together and added to the extender for study.

2.3. Semen handling and cryopreservation and thawing

Ejaculates were collected from 5 donkeys from the HBMC of
Zaragoza, Spain, ages 5-10 years, during the breeding season, using an
artificial vagina (Missouri-model, Nasco, Ft. Atkinsosn, WI, USA). Two
ejaculates per donkey (n = 10) were used in this experiment.

Macroscopic and microscopic assessments were performed im-
mediately after their extraction. The initial concentration of sperma-
tozoa was determined using Spermacue” 12300,/0500 (Minitub Ibérica
S.L., La Selva del Camp, Spain). Motility was analysed by means of the
Integrated Semen Analysis System (ISAS®, Projectes I Serveis R + D
S.L., Valencia, Spain).

The sperm samples were pooled and diluted INRA 96° (IMV
Technologies; L'Aigle, France) to avoid individual factors. Then, sam-
ples were centrifuged at 1000 g for 5min and divided into three re-
presentative groups:

1st Group, BotuCrio”; cryopreservation commercial extender.

2nd Group, Lactose—- egg yolk based extender; containing 50% (v/v)
of 290mM r-lactose, 20% (v/v) of egg yolk, 25% (v/v) of
Glucose-EDTA medium (322.20 mM glucose, 12.58 mM sodium citrate,
9.93 mM disodium EDTA, 14.28 mM sodium bicarbonate), 0.5% (v/v)
of Equex Paste [18] and 5% (v/v) of DMF [5].

3rd Group, Lactose—jenny colostrum extender; containing 50% (v/v)
of 290 mM 1-lactose, 20% (v/v) of jenny colostrum, 25% (v/v) of
Glucose-EDTA medium (322.20 mM glucose, 12.58 mM sodium citrate,
9.93 mM disodium EDTA, 14.28 mM sodium bicarbonate and 5% DMF.

The samples were frozen following a slow freezing process, whereby
the temperature progressively decreased for 2h until reaching 4 °C.
Then, the samples were packed into 0.5ml polyvinylchloride straws
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(IVM technologies, L'Aigle, France), at 100 x 10° spermatozoa/ml per
straw [40], introduced in vapours of liquid nitrogen for 15min and
finally submerged into liquid nitrogen (—196 °C) in a freezer Styrofoam
box with neopor insulation block (Minitub Ibérica S.L., La Selva del
Camp, Spain). The stabilization step in BotuCrio’ samples was per-
formed following the standard protocol for this extender. All samples
were thawed in a water bath at 37 °C for 21 s.

2.4. Semen quality assessment

2.4.1. Sperm motility analysis

Total motility, as well as kinetic parameters — curvilinear velocity
(VCL), straight-line velocity (VSL), average path velocity (VAP), line-
arity (LIN), straightness (STR = VSL/VAP) and wobble (WOB) —, were
analysed by means of ISAS” [19]. The particles area was fixed between
4 and 75 um?, spermatozoa with VAP < 10 y/sec were considered as
immotile, > 45 um/s as normal and > 90pum/s as rapid. And ALH
minimum value was 10 images.

2.4.2. Sperm viability

Sperm viability was evaluated using LIVE/DEAD" sperm viability kit
(Molecular Probes Europe, Leiden, The Netherlands) [24]. SYBR-14
stain penetrates both intact and damaged spermatozoa membranes and
fluoresces green, while propidium iodine (PI) only penetrates a da-
maged membrane, and stains the sperm red [23]. Two hundred sper-
matozoa were analysed using a fluorescence phase-contrast microscope.

2.4.3. Membrane and acrosome status

Membrane and acrosome status were assessed by FITC-PNA/PI
staining. Sperm samples were incubated at 38°C during 5min with
FITC-PNA solution (1 mg/ml) and PI solution (500 ug/ml) and fixed in
paraformaldehyde (4% [v/v]). Two hundred spermatozoa were
counted under a fluorescence microscope. Spermatozoa with plasma
and acrosomal membrane status (PNA — /PI—) were analysed.

2.4.4. Plasma membrane functionality

Plasma membrane functionality was assessed using HOS test [22].
Semen samples were incubated in lactose hypo-osmotic solution (100
mOsm) for 30 minat 37 °C. The samples were then fixed in 8% glu-
taraldehyde buffered solution and spermatozoa with coiled tails were
considered as HOST-positive.

2.5. Statistical analysis

In order to determine whether the results were statistically valid, a
detailed analysis of all the thawed semen samples was performed (R
version: 3.1.3 Platform x86_64 Apple-Darwin 13.4.0 (64bit). The sta-
tistical procedure began with a visual exploration of data (boxplots), a
summary of centrality estimates (mean and median) and variability
(standard deviation). Shapiro-Wilk test was used to confirm a normal
distribution. For extenders contrast a non-parametric test (Mann-
Whitney-Wilcoxon test) was used. All tests were assessed at the con-
ventional significance level of 0.05. Data are expressed as mean *
standard deviation (SD). This procedure was consistently repeated for
all values — motility, kinetic parameters, viability, HOST and acro-
some — in all extender samples.

3. Results

The values obtained from the four colostrum samples after re-
fractometry analysis were 24.5 = 1° Brix.

Lactose-based extender with jenny colostrum showed the best re-
sults in almost all the compared variables evaluated. Data for com-
parison of semen quality analysis with different extenders are provided
in Fig. 1 and Fig. 2.

Shapiro-Wilk and Mann-Whitney-Wilcoxon tests were performed,
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™ VITALITY ACROSOME INTACT

Fig. 1. Post-thawing values for Total Motility, Vitality, HOST and Acrosome
intact. Total motility, vitality and HOS test show better results for lactose-
Jennie colostrum extenders. Superscripts (*>¢) indicate significant differences
( < 0,05).

M COLOSTRUM
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Fig. 2. Post-thawing values for Kinetic parameters. Colostrum was statistically
better than the other two extenders for VLC. Superscripts (* b <) indicate sig-
nificant differences (p < 0,05). For the rest of the parameters analysed, there
were only significant differences (p < 0,05) between colostrum and egg yolk
samples (Superscripts > ®). For BotuCrio” samples, in spite of showing higher
values for LIN, STR and WOB, no significant differences were shown.

comparing the means of all values (total motility, velocity parameters:
VCL, VSL, VAP, LI, STR and WOB, viability, HOST and acrosome in-
tegrity).

Cryopreservation affected significantly almost all the sperm para-
meters assessed (p < 0.05) regardless of the extender used. Lactose-
jenny colostrum extender was significantly better (p < 0.05) for all the
samples than Lactose-egg yolk, except for acrosome status, in which
there was no significant differences (p > 0.05) (Fig. 1).

Different results were showed between jenny-colostrum and
BotuCrio® extenders, depending on the evaluated parameter. Lactose-
jenny colostrum improved the percentage of sperm total motility, via-
bility, HOST, and VLC (p < 0.05). However, the rest of the parameters
evaluated did not show significant differences between both extenders.

4. Discussion

In this study, we have demonstrated that jenny colostrum, once
thawed and mixed, did not lose its properties as described by Cash
(1999) [12]. IgG quantity and quality were analysed by Brix re-
fractometer and we obtained values superior to 23° Brix. This is a
standard method to determine reliable results of colostrum quality
[15].

Along the years, different studies have proposed several freezing
extenders of various compositions in an attempt to improve the quality
and the use of frozen stallion semen [10,14,26]. Egg yolk and skim milk
are the most common protective agents against cold shock injury
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utilized on stallion sperm cryopreservation [10,25]. The combination of
egg-yolk based medium with glycerol is a standard protocol utilized in
commercial extenders as BotuCrio®. However, Alvarez et al. (2014) [5]
and Acha et al. (2016) [2], demonstrated that DMF at concentration of
2.5% used as cryoprotectant in donkeys showed better sperm
quality — greater values (p < 0.001) of total motility, progressive
motility and membrane status —than other cryoprotectants after
cryopreservation.

DMF reduced the osmotic damage on sperm due the low viscosity
and molecule weight of amides [4] and increased the stallion sperm
quality after cryopreservation.

BotuCrio® contains pasteurized egg yolk and has shown higher
percentage of total motility and fertility when is utilized as stallion
sperm frozen extender [32]. However, Olacireguiet al. (2014) [31],
observed than pasteurized egg yolk did not improve sperm quality on
epididymal stallion sperm. In our study, BotuCrio~ showed lower per-
centages of sperm motility, viability and HOST than Lactose-colostrum
extender.

Even though no publication has been found in literature that ad-
dresses the use of jenny colostrum to preserve donkey's semen, our
research showed that the incorporation of colostrum as a new compo-
nent in extender for freezing donkey semen increased the percentages
of total motility, kinetic parameters and sperm plasma membrane
functionality after performing a freezing-thawing procedure.

Our results for sperm motility and kinetic parameters in all ex-
tenders were low, but yet in accordance with Ri Zkova et al. (2017)
[371, with similar mean for all kinetic parameters (VCL 63.23 um/s,
VSL 31.02um/s, VAP 47.53 um/s, STR 65.24%, LIN 48.8%). Results
also agreed with Rezagholizadeh et al. (2015) [36] in regards to STR
(71.20%) and LIN (45.5%). Kinetic parameters for Lactose-jenny co-
lostrum extender showed better results than for Lactose-egg yolk ex-
tender (p < 0.05).

Sperm motility is an important parameter to evaluate semen quality
in equine species. Donkey semen is less efficiently frozen than that of
the stallion, and a significant decrease in total and progressive motility
is recorded. Values < 25% post-thaw motility are found to result in a
lesser pregnancy rate. In our work, besides the good results of the ki-
netic parameters, lactose-jenny colostrum also improved total sperm
motility (58.3%) after cryopreservation, and it might increase the fer-
tility potential of the sperm samples.

Skim milk-based medium maintains sperm motility, plasma mem-
brane and acrosome integrity in ejaculated and epididymal stallion
sperm [30,39]. It has specific proteins as caseinate, which protects
sperm even at low concentrations [21]. The colostrum composition,
which also contains caseinate, might explain the protecting action on
sperm membrane.

We found better percentage on sperm viability on lactose-jenny
colostrum extender than on egg yolk-based extenders (p < 0.05).

The frozen donkey semen is subjected to conditions that seriously
affect sperm functionality and viability, leading to reduce sperm long-
evity in the jenny genital tract. Moreover, the use of frozen semen in-
duces a stronger inflammatory reaction in the uterus than fresh semen
in mares [20,38]. The absence of seminal plasma, certain cryoprotec-
tants [29] such as glycerol, and egg yolk proteins favour this reaction
by inducing greater PMNN migration to the endometrium [33,41].

A recent study has demonstrated that the inoculation of colostrum
stimulated the uterine immune system and reduced postpartum uterine
pathologies in the sows [3]. Another study has demonstrated that Ig,
lactoferrin and lactoperoxidase present in colostrum might reduce in-
flammatory response and oxidative stress of mucous [46].

The use of lactoferrin for its anti-inflammatory and bactericidal
properties has also recently been studied by Fedorka et al. (2018) [16]
as a treatment on breeding-induced endometritis in susceptible mares.

Consequently, the properties of colostrum shown in those studies
could suggest a new field of investigation in which colostrum specific
compounds, on the one hand provide good results after thawing and on
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the other hand could interact in jenny uterus and decrease reactions
due to AL

It is a preliminary study and subsequent fertility testing is necessary
to verify the beneficial effects on post-thaw sperm characteristics.

Summing up the results, we concluded that Jenny-colostrum ex-
erted a protective effective against cold shock, since it improved sperm
quality after freezing-thawing process. Therefore, it could be a useful
alternative as cryoprotectant on sperm plasma membrane in freezing
extenders in donkeys. Furthermore, since extant research on this topic
is limited, this paper may create new areas for the study of sperm
cryopreservation.
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1 | INTRODUCTION
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Abstract

The aim of this study was to test and compare two new components in extenders
for freezing donkey semen: mare colostrum and jenny colostrum. Colostrum was ob-
tained from four mares and four jennies right after the foal's birth. Ejaculates were
collected from five fertile donkeys. Sperm samples were pooled, diluted and cryo-
preserved in three different experimental extender groups: lactose supplemented
with egg yolk extender (20%) as the control group, lactose supplemented with jenny
colostrum extender (20%), and lactose supplemented with mare colostrum extender
(20%). After thawing, we evaluated the sperm motility by means of computer-
assisted analysis, viability by SYBR-14 and propidium iodide (PI), membrane func-
tional by HOS test and acrosome integrity by isothiocyanate conjugated with peanut
agglutinin (FITC-PNA) and PI. The results demonstrated that lactose-jenny colos-
trum extender displayed significantly higher values (p < .05) in nearly all parameters
evaluated - Total Motility, Viability, HOS test, VCL, VSL, VAP, LIN, STR and WOB -,
compared with mare colostrum and egg yolk extenders after thawing. In conclusion,
the extender containing jenny colostrum used for donkey semen cryopreservation

improved the donkey sperm quality after the freezing-thawing process.

KEYWORDS

Colostrum, Cryopreservation, Donkey, Jenny, Mare, Semen

(Massouras, Triantaphyllopoulos, & Theodossiou, 2017; Playford
et al. 2000; Yadav, Angolkar, Kaur, & Buttar, 2016). Both the pro-

Frozen donkey semen, in comparison to horses’, shows low concep-
tion rates after artificial insemination (33%-56% mares vs. 0%-36%
jennies). In addition, there are only few studies about donkey semen
cryopreservation (Acha et al., 2016).

Colostrum, as the first form of milk produced by the mammary
glands, includes higher concentrations of immunoglobulins (Ig)
and fat, and lower concentrations of lactose (McKinnon, Squires,
& Vaala, 2011; Peka, Dobrzanski, Zachwieja, Szulc, & Czyz, 2012)
than milk. Itis also composed of antimicrobial and immunomodula-
tory components - lactoferrin, lactoperoxidase, lysozyme and oli-

gosaccharides. Also, colostrum has anti-inflammatory properties

tective and antioxidant effects of the colostrum components
added to extenders have been studied separately (Lagares et al.,
2012; Martins et al., 2016).

A recent study has demonstrated that jenny colostrum added to
an extender for freezing donkey semen yielded high sperm quality
after thawing in comparison to egg yolk extenders (Alvarez, Lufio,
Gonzalez, & Gil, 2019). We investigated if the addition of mare
colostrum and jenny colostrum, which differ in their composition
(Brumini, Criscione, Bordonaro, Vegarud, & Marletta, 2016; Marchis
et al., 2018; Salimei et al., 2004), could have the same protective

effect in donkey sperm cryopreservation.

94 © 2019 Blackwell Verlag GmbH
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TABLE 1 Mean values (+SEM) of donkey sperm quality after thawing using different extenders. VCL, curvilinear velocity; VSL, straight-line velocity; VAP, average path velocity; LIN,

linearity; STR, straightness; WOB, wobble. Different superscript letters (**°) indicate significant differences (p < .05)

Velocity parameters

Acrosome

Total motility

(%)

HOST (%) intact (%) VLC pm/s VSL pm/s VAP um/s LIN (%) STR (%) WOB (%)

Vitality (%)

Extender

4127 +6.1° 18.27 +3.7° 82.27 +1.2 55.02 + 4.9° 22.21+64° 32.1+3.5° 353+5.1° 64.4 +4.8° 59.2+2.8"

41.21+8.1°

Lactose-based extender + mare

colostrum

83.2+1.2 70.4 £5.2° 38.4 + 6.8° 50.2 +4.2° 53.2+3.9% 75.5 £ 5.0° 70.1+2.7°

31.4+3.2°

59.4 +5.9°

58.3+4.8°

Lactose-based extender + jenny

colostrum

33.5+ 6.9 15.7 £4.9° 80.5+1.5 454 +8.1° 19.3 + 7.0° 28.8 + 4.6° 40.6 +3.2° 64.3+4.7° 62.8 +2.6°

459 +7.3°

Lactose-based extender + egg

yolk
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2 | MATERIALS AND METHODS

The care and the use of animals were in accordance with the Spanish
Policy for Animal Protection RD 53/2013 and the directive 2010/63/
EU for animal experiments. Experimental procedures were ap-
proved by the University of Zaragoza Ethics Committee for Animal
Experimentation (P158/18).

2.1 | Jenny and mare colostrum collection,
evaluation and preservation

Colostrum was collected from four jennies and four mares of dif-
ferent ages, from the Horse Breeding Military Centre in Zaragoza,
Spain (HBMC). About 100 ml of colostrum were collected and fil-
tered (cellulose filter, Minitub-lbérica S.L., Tarragona, Spain) from
each animal right after the foal’s birth. The quality of the colostrum
was evaluated using a Brix refractometer. There is a good correlation
between the refractometer reading and colostrum IgG (r2 = 0.74)
(McKinnon et al., 2011). Values = 20°Brix are considered as good
quality. (23°Brix >60 g/L 1gG) (Cash, 1999). The samples were frozen
at -20°C in 15 ml labelled test tubes (Cash, 1999).

Once the samples were thawed and evaluated, they were pooled

and added to the extender for study.

2.2 | Semen handling and cryopreservation
and thawing

Two ejaculates were collected from each of the 5 fertile donkeys
from the HBMC, using an artificial vagina (Missouri-model, WI, USA).

The sperm samples were pooled and diluted in INRA 96® (IMV
Technologies; LAigle, France). Then, the samples were centrifuged
at 1000 g for 5 min and divided into three experimental groups.
They were all composed of lactose-based extender; containing
50% (v/v) of 290 mM L-lactose, 25% (v/v) of glucose-EDTA medium
(322.20 mM glucose, 12.58 mM sodium citrate, 9.93 mM disodium-
EDTA, 14.28 mM sodium bicarbonate) and 5% (v/v) of Glycerol. For
the 1st Group - Control - 20% (v/v) of egg yolk and 0.5% (v/v) of
Equex Paste (Gil, Galindo-Cardiel, Malo, Gonzalez, & Alvarez, 2013)
was added. For the 2nd Group, 20% (v/v) of jenny colostrum, and for
the 3rd Group, 20% (v/v) of mare colostrum.

The samples were frozen following a slow freezing process
(4°C/2 hr), packed into 0.5 ml straws (100 x 10° spermatozoa/ml/
straw), introduced in vapours of LN2 for 20 min and submerged into
LN2 in a freezer Styrofoam box (Minitub-lbérica S.L., Tarragona,

Spain). All samples were thawed in a water bath at 37°C for 21 s.

2.3 | Semen quality assessment

2.3.1 | Sperm motility

Total motility, as well as kinetic parameters, was analysed by means

of computer-assisted sperm analyses ISAS® (Valencia, Spain).
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2.3.2 | Sperm viability

Sperm viability was evaluated using LIVE/DEAD® sperm viability
kit (Molecular Probes, the Netherlands) based on SYBR-14/PI stains.

2.3.3 | Acrosome status

Acrosome status was assessed by FITC-PNA/PI staining. Sperm
samples were incubated at 38°C during 5 min with FITC-PNA solu-
tion (1 mg/ml) and PI solution (500 pg/ml) and fixed in paraformal-
dehyde (4% [v/v]).

2.3.4 | Plasma membrane functionality

Plasma membrane functionality was assessed using the HOS test.
Semen samples were incubated in lactose hypo-osmotic solution
(100 mOsm) for 30 min at 37°C. Afterwards, they were fixed in 8%
glutaraldehyde buffered solution.

2.4 | Statistical analysis

The analysis of data was performed using the ‘R version: 3.1.3
Platform x86_64 Apple-Darwin 13.4.0". The boxplots, the Shapiro-
Wilk test and the Mann-Whitney-Wilcoxon test were applied. All
tests were assessed at the conventional significance level of .05.

Data were expressed as mean + standard deviation.

3 | RESULTS

All colostrum samples showed good quality after being thawed
(24.5 + 1°Brix).

Cryopreservation was significantly affected (p < .05) according
to the extender used. The Lactose-jenny colostrum extender was
significantly better (p < .05) than the Lactose-mare colostrum and
the Lactose-egg yolk extender, for almost all the quality parame-
ters assessed. However, the percentages of sperm with intact acro-
some did not show differences between different extenders. Data
for comparison of semen quality analysis with the three different
extenders are provided in Table 1. Results also showed that the ad-
dition of mare colostrum in the medium increased significantly the
sperm viability and VCL parameter in comparison to egg yolk after

the cryopreservation process.

4 | DISCUSSION

In this study, we have demonstrated that the incorporation of mare/
jenny colostrum as a new component in extender for freezing don-
key semen yielded suitable results on sperm quality. Colostrum,
once thawed, maintained its properties as described by Cash (1999)
and McKinnon et al. (2011).

To date, donkey semen cryopreservation has given disappointed
results (Rota, Panzani, Sabatini, & Camillo, 2012; Victor de Oliveira
et al., 2016). In our study, jenny and mare colostrum improved total
sperm motility (58.3% and 41.2% respectively), as well as kinetic pa-
rameters after cryopreservation (Table 1).

According to different studies that have been conducted
(Marchis et al., 2018; Salimei et al., 2004), jenny and mare colostrum
have different composition. Mare colostrum has higher amount of
lactose, which might affect sperm quality. In addition, the casein/
whey protein ratio in colostrum is higher in jennies than in mares
(Brumini et al., 2016). Colostrum caseinates, which protect sperm
even at low concentrations (Lagares et al., 2012), might explain the
protecting action on sperm membrane during freezing, and, there-
fore, why better results were obtained using the Lactose-jenny co-
lostrum extender.

As reported in some studies, there is a stronger inflammatory re-
action in the uterus when frozen semen is used to inseminate mares
and jennies (Mir6 & Papas, 2018; Rota et al., 2012). Some compounds
including egg yolk, favour this reaction (Miré & Papas, 2018). Recent
studies have demonstrated that Ig, lactoferrin and lactoperoxidase
present in colostrum show inflammatory and bactericidal properties
in the uterus (Fedorka et al., 2018; Yadav et al., 2016). Also, colos-
trum has been used in sows’ uterus to reduce post-partum patholo-
gies (Adres Ramos, 2014).

Subsequent colostrum testing is necessary to verify the ben-
eficial effects of different colostrum types on post-thaw sperm
characteristics.

In conclusion, mare and jenny colostrum might be used as al-
ternatives for freezing donkey semen because it provides suitable
sperm quality after thawing. In this study, it has been demonstrated
that jenny colostrum yielded better sperm quality than mare colos-

trum and it might be associated with the differences in composition.
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ARTICLE INFO ABSTRACT
Keywords: The aim of this study was to evaluate the effect of trehalose and lactose extenders on ejaculated
Cryopreservation and epididymal stallion sperm vitrification. Ejaculated semen samples were collected from seven
Semen fertile stallions, and cauda epididymis samples were collected from ten stallion carcasses after
Stallion

slaughter. Both the ejaculated and the epididymis samples were diluted and vitrified using INRA

Sucrose 96° and bovine serum albumin as well as trehalose or lactose. As a control, ejaculated and
Trehalose 1 . . e
Vitrification epididymal samples were collected and frozen using the conventional method. Vitrification was

performed by immersing sperm suspensions directly in LN2. After thawing or devitrification,
there was assessment of samples for sperm motility using computer-assisted analysis. Viability
was assessed using SYBR-14 and propidium iodide (PI) and acrosome integrity by fluorescein
using isothiocyanate combined with peanut agglutinin (FITC-PNA) and PI. Epididymal sperm
vitrification with trehalose (EPT) or lactose (EPL) resulted in greater progressive sperm motility
than sperm of the control sample (EPC). After post-thaw/devitrification of sperm in the EPT
group, sperm motility was greater (P < 0.001) compared to that using EPL (50.72 + 5.09%
compared with 34.21 + 3.02%). The results from assessment of ejaculated sperm samples after
undergoing the vitrification process indicated cells were less viable (P < 0.001) than the control
(EJC) sample. In conclusion, vitrification of epididymal stallion sperm using trehalose might be a
beneficial alternative for the long-term storage of sperm samples with great economic value.
Spermatozoa from vitrified ejaculates of stallions, however, had lesser motility and viability rates
than samples subjected to conventional freezing.

1. Introduction

Stallions generally have a marked decrease in spermatozoa fertilization capacity after storage than other sperm of other species
(Salazar et al., 2011; Restrepo et al., 2012). There is a large amount of inter-individual variation of values for sperm quality variables
after the freezing/thawing processes in which only few stallions produce semen that can be cryopreserved with retention of desirable
viability after thawing (“Good freezers”; Hoffmann et al., 2011; Alvarenga et al., 2016). To improve semen quality after thawing,
there have been recent studies conducted of new procedures with varying results. One of these procedures is sperm vitrification,
which is still a relatively unexplored methodology. The vitrification method has some advantages in practice, such as the reduction of
processing time, cost, and equipment needed. It can also be conducted in any andrology laboratory (Rahiminia et al., 2017; Le et al.,
2019).

Vitrification consists of the ultra-rapid freezing of a sperm drop immersed directly in liquid nitrogen (LN2), thus avoiding the
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detrimental effects of intracellular ice crystallization (Jiménez-Rabadan et al., 2015; Slabbert et al., 2015) and DNA damage that can
be caused with use of more prolonged freezing methods (Rahiminia et al., 2017).

In humans, results of different studies indicate vitrification processing of semen led to improvement of values for some sperm
variables such as motility, viability, acrosome integrity and DNA integrity compared to use of conventional freezing methods.
Inconsistencies in outcomes, however, remain in regard to the most desirable method of cryopreserving human sperm (Le et al.,
2019). In animals, there are only few studies on vitrification protocols (Pérez-Marin et al., 2018) and in recent reports there has been
little information regarding the vitrification process for stallion semen (Hidalgo et al., 2018; Pérez-Marin et al., 2018).

In stallions and in other animal species, cryoprotectants are essential for these processes to avoid adverse reactions (Pérez-Marin
et al., 2018). Disaccharides are used as non-permeable cryoprotectants and the effects have been investigated (Isachenko et al., 2008;
Wau et al., 2015; Caturla-Sanchez et al., 2018; Golshahi et al., 2018; Pérez-Marin et al., 2018; Isachenko et al., 2019). With use of
disaccharides, there is a recovery rate of motility and protection of the plasma membrane DNA integrity of spermatozoa to the extent
sperm viability rates are acceptable for use of these samples for AI (Isachenko et al., 2008).

Hidalgo et al. (2018) analysed the effect of sucrose supplementation, while Pérez-Marin et al. (2018) tested both trehalose and
sucrose as cryoprotectants for stallion sperm vitrification. Furthermore, the use of extenders containing trehalose or sucrose as
compared to samples without these inclusions, at a range of concentration of between 0.15 and 0.2 M, are associated with a greater
protective effect on the quality of sperm. Cryoprotectant-free vitrification approaches to cryopreservation of human sperm compared
with conventional freezing results in greater sperm viability after devitrification of the samples (Isachenko et al., 2019). Few studies
on vitrification have been published regarding the use of trehalose and lactose as cryoprotectants for stallion semen, and to the best of
our knowledge, there are no studies evaluating stallion epididymal sperm vitrification processes. Epididymal collection may be a
useful technique that could be used when there is impaired fertility in stallions (e.g., serious traumas or injuries, sudden death,
castration or any other incident that makes semen collection impossible).

The purpose of this study was to determine the effect of vitrification on stallion epididymal sperm and to compare the results with
ejaculate vitrification after the incorporation of non-permeable cryoprotectant (trehalose or lactose).

2. Materials and methods

The care and treatment of the animals used in this study was conducted in accordance with the Spanish Policy for Animal
Protection RD 1201/05 and the directive 2010/63/EU for animal experimentation.

2.1. Reagents and media

All chemicals used in this study were obtained from Sigma-Aldrich Quimica S.A. (Madrid, Spain), unless otherwise indicated. The
medium used for washing the semen and its centrifugation was INRA 96® (IMV Technologies; L’Aigle, France).

Lactose—egg-yolk extender containing 50% (v/v) of 290 mM t-lactose, 20% (v/v) of egg yolk, 25% (v/v) of glucose—-EDTA medium
(322.20 mM glucose, 12.58 mM sodium citrate, 9.93 mM disodium EDTA, 14.28 mM sodium bicarbonate), 0.5% (v/v) of Equex Paste
(Gil et al., 2013) and 5%(v/v) of glycerol, was used as the control freezing extender. Vitrification medium contained INRA 96°, 1%
bovine serum albumin (BSA) and 0.15M trehalose or 0.15 M lactose.

2.2. Experimental design

In Fig. 1 there is a depiction of the schematic of the experimental design.

Sperm samples (n = 7) from the ejaculate and epididymis (n = 10) were treated with identical conservation media.

There were six experimental groups with differences in extenders and sperm origin: EJC (frozen-thawed ejaculate sperm), EJT
(trehalose vitrified ejaculate sperm), EJL (lactose vitrified ejaculate sperm), EPC (frozen-thawed epididymal sperm), EPT (trehalose
vitrified epididymal sperm) and EPL (lactose vitrified epididymal sperm).

2.3. Semen handling methods

2.3.1. Ejaculate collection, handling and dilution

Ejaculates were collected from seven healthy stallions (age 7-12 years old) for which the semen had adequate viability char-
acteristics after cryopreservation and thawing. Semen collections occurred during the breeding season at the Horse Breeding Military
Centre (HBMC) in Zaragoza (Spain) using an artificial vagina (Missouri-model; Nasco, WI, USA).

Macroscopic and microscopic assessments were performed immediately after collection. The initial concentration of spermatozoa
was determined using a Spermacue® 12300/0500 device (Minitube Ibérica S.L., Tarragona, Spain). Sperm motility was analysed
using the CASA System (ISAS®, Projectes I Serveis R + D S.L., Valencia, Spain). Samples with a minimum sperm concentration of
200 x 10°/ml and sperm motility of greater than 50% were selected for the study.

Semen samples were diluted 1:1 in INRA 96® medium and centrifuged at 1000 g for 5min (Alvarenga et al., 2016) to remove
seminal plasma. Samples were divided into three aliquots and re-suspended into different media based on the experimental design
(EJC, EJT and EJL). The final semen concentration after dilution was 100 x 10° sperm/mL (Samper, 2009).
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Fig. 1. Schematic of the experimental design — same preservation media was used for sperm samples (n = 7) from ejaculates and epididymides
(n = 10); Samples were then placed in two vitrification media, INRA 96® + 1% bovine serum albumin + 0.15M Trehalose or 0.15 M Lactose. A
conventional freezing group was used as a control for both ejaculate and epididymides samples; After thawing/devitrifying, the quality of the sperm
samples was evaluated.

2.3.2. Epididymal sperm collection, handling and dilution

Ten epididymides were collected from the carcasses of five stallions at the slaughterhouse (Mercazaragoza, Zaragoza, Spain).
Sperm from the epididymis were collected by retrograde flushing of the cauda epididymis (Alvarez et al., 2014; Olaciregui et al.,
2014).

The cauda epididymis was dissected and cannulated with a 25 G needle connected to a 10 ml of INRA 96° syringe at 20 °C. Manual
pressure was then applied to the syringe, and spermatozoa were collected in a beaker. Sperm samples were centrifuged at 1,000 g for
5min at room temperature and the supernatant was discarded (Olaciregui et al., 2014). The remaining sperm was extended to
achieve a concentration of 100 x 10° sperm/mL with the medium (EPC, EPT or EPL).

2.3.3. Cryopreservation

2.3.3.1. Freezing and thawing. The samples were frozen using a stabilization step process at a gradual temperature-cooling rate of
approximately 0.5 °C per minute. The samples were cooled to 4 °C in a conventional freezer for 2 h and packaged at 4 °C into 0.5 ml
polyvinylchloride straws, (IVM technologies; L°Aigle, France). The samples were then frozen in LN2 vapour, 4 cm above the surface
for 20 min. The straws were subsequently plunged directly into LN2 (-196 °C) in a styrofoam freezer box with a neopor insulation
block (Minitub Ibérica S.L., Tarragona, Spain). Frozen sperm samples were thawed in circulating water at 37 °C for 21s.

2.3.3.2. Vitrification and devitrification. Initially, 50 ul of each group were immersed directly in a cryotube containing 300 pl of LN2,
which was subsequently sealed. The cryotubes, each containing three spheres, were then stored in LN2 tanks.

The devitrification process consisted of the vitrified sperm spheres being immersed in 500 pl of warming medium (INRA 96°® +
1% BSA) at 65 °C for 5 s and maintained at 37 °C for 3 min. The samples were then centrifuged at 300 g for 10 min and the final pellet
was re-suspended with 50 pl of warming medium for semen quality evaluation.

2.4. Semen quality evaluation

Total motility (TM) and progressive motility (PM) combined with kinematic variables were analysed using a computer-assisted
analysis ISAS® (Projectes I Serveis R + D S.L., Spain; Holt et al., 2007). A total of 25 consecutive digital images were obtained with a
time lapse of 1s and the particle area was between 4 and 75 p2. With regard to the variables evaluated using the program, sper-
matozoa with an average path velocity (VAP) < 10 p/s were considered slow, > 45 p/s moderate, and > 90 p/s fast. Spermatozoa
with 75% of the straightness (STR) were designated as progressively motile. Spermatozoa were considered hyperactive if curvilinear
velocity (VLC) was =180 and the amplitude of lateral head displacement (ALH; i.e., twice the maximum displacement of a sperm
head from its fitted moving axis in a track segment) was =12 (Neuhauser et al., 2018; Rathi et al., 2001).

Sperm viability was evaluated using the LIVE/DEAD® sperm viability kit (Molecular Probes Europe, Leiden, The Netherlands). A
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volume of 100 pl of diluted sperm was mixed with 150 pl buffer (Becton Dickinson Immunochemistry, San Jose, CA, USA) with a final
concentration of 20 x 10° sperm/ml. The SYBR-14 (20 nM) and propidium iodide (PI; 10 nM) were mixed with the different sperm
samples. After incubation in the darkness for 15 min at room temperature, the proportion live/dead sperm cells was determined.
Samples were analysed using a phase-contrast fluorescence microscope (Leika Microscope, DM2500 LED, 1"Hospitalet de Llobregat,
Spain). Two hundred spermatozoa were evaluated.

Acrosome status was assessed using fluorescein isothiocyanate combined with peanut agglutinin (FITC-PNA) and a propidium
iodide (PI) stain. An aliquot of sperm suspension from each treatment group was supplemented with FITC-PNA solution (1 mg/ml in
double distilled water) and PI solution (500 pg/ml), maintained at 38 °C for 5 min, and then fixed in paraformaldehyde (4% [v/v]) in
a saline solution. At least 200 spermatozoa were examined using a fluorescence phase-contrast microscope.

2.5. Statistical analysis

All data obtained were analysed using computer software SPSS version 22.0 for Windows (SPSS. PC software, Chicago, Il, USA).
The statistical procedure used for the analysis sample began with a visual exploration of data (boxplots) and an outline of centrality
(mean and median) and variability (standard deviation) estimates. Kolmogdrov-Smirnov tests were used to verify the normality of the
data. Comparisons between the values of total motility, progressive motility, viability, acrosome integrity, VCL; VSL, VAP, SRT, BCF
from different groups were analysed using a one-way analysis of variance (ANOVA). The LIN, WOB and ALH values were compared
using the Kruskal-Wallis test.

In those cases where significant differences were observed, values were compared using the least significant difference pairwise
multiple comparisons post hoc test (Tukey HSD test). The quantitative variables were expressed as mean = standard error. All tests
were assessed at the conventional significant level of 0.05.

3. Results

The primary variables for assessing sperm quality were affected by the stallion, sperm origin (ejaculate or epididymis) and process
(conventional or vitrification) of sperm preservation (P < 0.01).

Results for ejaculate control samples (EJC; conventional freezing) indicated these samples had greater sperm quality (P < 0.05)
than vitrified samples for the ejaculate when stored with diluents containing trehalose (EJT) or lactose (EJL) for all variables
evaluated except progressive motility (Fig. 2). For epididymal sperm samples, the results were different. The EPC group had greater
percentages for sperm TM as compared to the EPL group (P < 0.01), although there were no differences when there was comparison
to the results with these two groups to those of the EPT group. For PM data, with the EPC group there was a greater (P < 0.05) PM
than with the other experimental groups, except for the EPL group. The vitrification of ejaculate sperm samples resulted in reduced
(P < 0.05) viability and acrosome integrity percentages as compared to those of epididymal sperm samples and the EJC group.

In addition, when results from sperm origin (ejaculate and epididymis) were compared, the vitrification process with supple-
mentation of diluent with trehalose or lactose resulted in greater (P < 0.05) values for epididymal sperm than ejaculate sperm
samples in terms of TM, PM, viability and acrosome integrity. There, however, were no differences in ejaculated sperm compared
with epididymal sperm when conventional freezing procedures were used.

With regard to velocity variables (Fig. 3), all values were greater (P < 0.05) when vitrification methods were used. The ALH data
were similar between frozen and vitrified samples regardless of the combination of the disaccharides used (Fig. 4). The BCF after
vitrification when there was both trehalose and lactose supplementation, was greater (P < 0.05) than with use of conventional
freezing procedures (EJC or EPC).

4. Discussion

In the present study, there were similar results to those of previous studies with use of the vitrification technique for ejaculated
stallion spermatozoa (Hidalgo et al., 2018; Pérez-Marin et al., 2018). Sperm quality results were different when lactose and/or
trehalose were used to supplement the diluents used for sample preservation. Nevertheless, to the best of the authors knowledge,
there are no results from previous studies that have addressed vitrification as a method of preserving stallion epididymal sperma-
tozoa, and the results from the present study for the cryopreservation of epididymal sperm varied from that when there was eja-
culated sperm vitrification. The results of the present study provide evidence that vitrification of epididymal sperm using trehalose as
a diluent supplement results in an enhancement of sperm quality.

Trehalose and sucrose are usually combined with BSA for sperm vitrification (Isachenko et al., 2008; Sanchez et al., 2011; Merino
et al., 2012; Slabbert et al., 2015; Diaz-Jimenez et al., 2017; Consuegra et al., 2018). The BSA, among its other properties, reduces
oxidative stress (Uysal et al., 2005) and maintains membrane integrity. The BSA used was concentrated to 1% (Hidalgo et al., 2018)
because, at a greater concentration, it has negative effects on sperm quality after cryopreservation (Naijian et al., 2013; Nang et al.,
2012). The 1% limit in concentration is also consistent with findings from previous studies where there was sperm vitrification in
other species (Sanchez et al., 2011; Merino et al., 2012; Pradieé et al., 2018). In the present study, results obtained at a concentration
of 1% were also consistent with results from these studies.

In contrast to recent studies, where the use of cryoprotectant free vitrification for humans and fish sperm cryopreservation yielded
acceptable results (Merino et al., 2012; Isachenko et al., 2019), the use of non-permeable cryoprotectants was more effective for
maintenance of sperm viability of cryopreserved semen of most animals including horses. Trehalose and sucrose are the most studied
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Fig. 2. Effect of sperm origin (ejaculated or epididymal) and extender on total motility, progressive motility, viability and acrosome integrity after
preservation; EJC: Ejaculated sperm freeze-thawed; EJT: Ejaculated sperm vitrified with trehalose; EJL: Ejaculated sperm vitrified with lactose; EPC:
Epididymal sperm freeze-thawed; EPT: Epididymal sperm vitrified with trehalose; EPL: Epididymal sperm vitrified with lactose (Mean + SEM,
ejaculate samples n = 7; epididymis samples n = 10); Superscripts (*>) indicate differences (P < 0.05).

80 a8 ” 3 b
o gl P
H
o | " <[ E & mEC
" 2 i °1 $ oo
50 a H
3 ab
= a H OBl
© 40 a H
= a ¢ H
s b H
> 30 H SEPC
2 H
E 20 | b H OEPT
= H
X 10 H OEPL
H
oit | | A A\ L[ N _H |
VCL (um/s) VSL (um/s) VAP (um/s) UIN (%) STR (%) WOB (%)

Fig. 3. Effect of sperm origin and extender on kinetic variables (VCL: curvilinear velocity; VSL: straight-line velocity; VAP: average path velocity;
LIN: linearity; STR: straightness and WOB: wobble) after the conservation process.

EJC: Ejaculated sperm freeze-thawed; EJT: Ejaculated sperm vitrified with trehalose; EJL: Ejaculated sperm vitrified with lactose; EPC: Epididymal
sperm freeze-thawed; EPT: Epididymal sperm vitrified with trehalose; EPL: Epididymal sperm vitrified with lactose (Mean * SEM, ejaculate samples
n = 7; epididymis samples n = 10) Superscripts (®>) indicate differences (P < 0.05).

diluent supplemental components for spermatozoa preservation with the vitrification process (Caturla-Sanchez et al., 2018;
Consuegra et al., 2018; Diaz-Jimenez et al., 2018; Hidalgo et al., 2018; Pérez-Marin et al., 2018). Results of only a few studies indicate
trehalose is more effective than sucrose as a non-permeable cryoprotectant for sperm storage (Schulz et al., 2017). Results from the
present research indicate that with supplementation of semen diluent with either trehalose or lactose there is no difference in sperm
quality outcomes when there is use of these two supplements for cryopreservation of ejaculated vitrified samples. These results were
consistent with those from recent studies (Pérez-Marin et al., 2018) in horses, or Caturla-Sanchez et al. (2018) in dogs. Nevertheless,
with sperm epididymal samples, the addition of trehalose in the vitrification media resulted in a greater post-thaw motility than with
use of lactose.

In results from recent studies (Pérez-Marin et al., 2018; Restrepo et al., 2019), there was a negative effect of the vitrification
process on sperm quality as compared with using the conventional freezing process for the preservation of sperm. In addition, in these
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(Mean *+ SEM, ejaculate samples n = 7; epididymis samples n = 10); Superscripts (®P°) indicate differences (P < 0.05).

previous studies sperm quality was markedly decreased when the vitrification process was conducted, both with trehalose and lactose
in the vitrification medium, with the most desirable results at lesser concentrations (0.15M). The present study, therefore, was
conducted with a 0.15M concentration and there were similar values for sperm quality when ejaculated sperm samples were
evaluated whereas there was a marked decrease in sperm quality when there was use of the vitrification process compared with use of
the conventional freezing method for sperm cryopreservation. Nevertheless, post-thaw sperm quality after the imposing of the vi-
trification process on epididymal samples was similar to that of the control samples. Hidalgo et al. (2018), reported that there were
greater sperm quality values for ejaculated samples with the process of vitrification with sucrose plus BSA, but at different con-
centrations (sucrose at 20, 50, and 100 mM and BSA at 1%, 5%, and 10%).

In the present study, devitrification was performed at 65 °C for 5s. Caturla-Sanchez et al. (2018) evaluated the optimal tem-
perature during the devitrification process, while Pérez-Marin et al. (2018) reported that in stallions, devitrification at relatively
greater temperatures for a short period of time (65 °C for 5s) resulted in a greater sperm quality as compared with use of other
devitrification conditions. Based on the findings from this previous research, in the current study, similar temperatures were applied
for both ejaculated semen and epididymal samples. Results with vitrification of the epididymal samples indicated the sperm of these
samples were of greater quality than those of ejaculated semen.

From results of the present study, it is concluded that stallion sperm vitrification is affected by sperm origin (i.e., ejaculated
compared with epididymal sperm). Thus, vitrification with stallion epididymal spermatozoa resulted in greater sperm quality than
that of sperm from stallion ejaculates. There is not exposure of epididymal sperm to seminal plasma which is different from what
occurs with ejaculated sperm. Seminal plasma has a greater pH and greater Na* * and Cl~ content, which have been reported to be
detrimental to sperm survival during the conservation process (Kareskoski et al., 2006; Monteiro et al., 2013). In addition, results of
different studies indicate there is a deleterious effect of seminal plasma on sperm quality due to biochemical changes that increase
membrane permeability (Aurich et al., 1996; Lozano et al., 2011) which cause greater susceptibility to freezing damage on the sperm
plasma membrane.

The incorporation of 0.15 M of trehalose in the sperm vitrification medium could be a useful alternative for a long-term storage.
Ejaculate-vitrified sperm, however, were of lesser quality for cryopreservation than sperm that are cryopreserved using conventional
practices.

The findings of the current study indicate the importance of continued development of reliable protocols regarding the vi-
trification process for stallion sperm. These protocols could also be extended to other animal species.
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RESUMEN

Antecedentes y objetivos: El semen criopreservado ofrece beneficios adicionales no presentes en el semen refrigerado. Sin embargo, varios
factores afectan al éxito en la inseminacion artificial con semen congelado de caballos. El objetivo del trabajo es evaluar si la adicion de
plasma seminal a diferentes concentraciones, sobre espermatozoides equinos descongelados, afecta a la motilidad espermatica, viabilidad y
anivel de membrana. Material y métodos: Se utilizaron diferentes razas, cuatro sementales de silla, y dos sementales de tiro. En un primer
experimento el semen descongelado se centrifugd, mientras en el segundo no se centrifugd. A continuacion, se adicion6 el plasma seminal al
10, 20, 30% suspendido en solucién tampon fosfato y plasma seminal puro (100%). Resultados: En los caballos de silla el plasma seminal
no afecto a los parametros estudiados (p>0,05), pero se aprecio un posible efecto toxico del plasma seminal puro sobre las caracteristicas
espermaticas. En las muestras con plasma seminal de los caballos de tiro, se observaron unos indices mejores en espermatozoides vivos
con acrosoma intacto que en las muestras control. Asimismo se obtuvo un porcentaje menor en espermatozoides reaccionados que en las
muestras control, encontrando en esta categoria una diferencia significativa (p<0,05). Conclusiones: La incubacion de los espermatozoides
descongelados con plasma seminal puede frenar la reaccion acrosomica, reflejado este hecho, en los bajos porcentajes de espermatozoides
que han sufrido la verdadera reaccion acrosomica.

PALABRAS CLAVE: Plasma seminal, Espermatozoides descongelados, Equino, Reaccion acrosomica, Inseminacion artificial.

Effect of seminal plasma addition on frozen-thawed equine semen

SUMMARY

Background and objectives: Stallion sperm cryopreservation offers benefits not available in cooled semen. However various factors affect
the success of artificial insemination with frozen-thawed equine semen. This study aims to evaluate if adding different concentrations of
seminal plasma on frozen-thawed equine spermatozoa affects sperm motility, viability and membrane status. Material and Methods: Dif-
ferent breeds were used; four saddle stallions and two draft stallions. In the first experiment thawed semen was centrifuged and in the second
one it was not. Subsequent to that, the spermatozoa resuspended with 10, 20, 30% seminal plasma in phosphate buffered saline and pure
seminal plasma (100%). Results: semen parameters of saddle stallions were not affected (p>0,05), but a possible toxic effect of
pure seminal plasma was observed on sperm characteristics. Seminal plasma samples in draft breed got better rates in viable
sperm with intact acrosome. A lower percentage was also found on spermatozoa with acrosome reaction than in control sam-
ples. This category showed significant differences (p<0,05). Conclusions: Post-thawing spermatozoa incubation with seminal
plasma can stop acrosome reaction, due to the low percentage of spermatozoa suffering true acrosome reaction.

KEY WORDS: Seminal plasma, Frozen-thawed spermatozoa, Equine, Acrosome reaction, Artificial insemination.
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Cholesterol and Equex-STM are frequently added to different commercial and experimental extenders improving postthawing
sperm quality. Doses of 125-150 mM of cholesterol from pig liver and 0.5-0.7% of Equex-STM were evaluated in a standard
eggyolk extender (Martin et al., 1979). Six ejaculates per stallion from six pure Spanish stallions (6-8 years old) were collected
in Martin’s extender (B) and different mixtures of 125 mM-0.5% (I), 125 mM-0.7% (II), 150 mM-0.5% (III), and 150 mM-0.7% (IV)
were added to original Martin’s extender. Samples were frozen in 0.5mL straws (100 x 10° spermatozoa) and thawed (21s., 37°C
water bath). After thawing the following parameters were evaluated: viability (V), motility (computer assisted sperm analysis, CASA;
% nonprogressive NP; % progressive MP), hipoosmotic swelling test (HOST), acrosome integrity (A), fluorescence test (FL), and
resistance test (RT). Sperm quality was significantly affected by stallion (in the parameters V, VI, NP, MP, HOST, A, FL, and RT),
extraction (VI, NP, MP, HOST, A, and FL), and the different combinations of Equex-STM-cholesterol (FL). We concluded that 0.5%
of Equex-STM mixed with 125 mM of cholesterol has obtained better sperm quality results than those of original Martin’s extender,
showing a simple and economic improvement of this home-made practical seminal extender.
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ARTICLE INFO ABSTRACT

Article history: The rise of assisted reproduction techniques in equine medicine has fostered investigations that seek to
Received 30 January 2014 optimize methods to increase fertility rates. Since cryopreservation continues to give low values of via-
Accepted 25 June 2014 bility in stallions, the handling and preservation of the sperm is of vital importance. This reduction of fer-

Available online 2 July 2014 tility makes it essential for farmers to find new options that ensure reliability in the use of these

techniques. The main objective of this study was to assess the effect of INRA 96® (manufactured commer-
Keywords: cial extender for cooling of Equine semen) as an extender for cryopreservation in combination with dif-
Ex?s;e:;‘;\r/::lon ferent cryoprotectants: Acetal (5%), Dimethylformamide (5%) and Glycerol (5%), alone and combined
Dimethylformamide (2.5% each) on ejaculated and epididymal spermatozoa. Ejaculates collected from mature stallion and epi-
Glycerol didymal sperm samples were cryopreserved in INRA® varying content of cryoprotectant and cryopre-
Acetal served. Sperm motility, viability, hypoosmotic swelling test (HOST) and acrosome integrity were
evaluated post-thawing. We conclude that INRA 96® is suited as extender for freezing when it is used
in combination with Dimethylformamide (5%) or Dimethylformamide (2.5%) + Glycerol (2.5%) for sam-
ples of ejaculate. The combination of Dimethylformamide (2.5%) + Glycerol (2.5%) showed the best results
on epididymal spermatozoa. In conclusion, the combination of Dimethylformamide and Glycerol as cry-
oprotectants in INRA® medium enhanced equine epididymal and ejaculated spermatozoa quality after
cryopreservation.

© 2014 Published by Elsevier Inc.
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7. Conclusiones

1. El calostro de yeguas utilizado como un componente en el diluyente para
congelacién de espermatozoides equinos ejerce un efecto protector en ellos y podria
ser una interesante alternativa en los sistemas de criopreservacién, ademas, por su
composicion podria resultar util en yeguas que presentan cuadros de endometritis

persistentes.

2. En la congelacion de eyaculados de burro, la calidad seminal post-
descongelacién es significativamente mejor cuando se utiliza calostro de burra en la
composicion de los diluyentes de congelacidn, si bien, la calidad espermatica es buena
igualmente cuando se adiciona el calostro de yegua. Ambos tipos de calostro se pueden
considerar como una alternativa a otros componentes de los diluyentes de

criopreservacion espermatica.

3. La vitrificacidn de los espermatozoides procedentes de epididimo o de eyaculados, en
la especie equina, puede considerarse una alternativa a las técnicas de criopreservacion,
siendo los espermatozoides epididimarios los que afrontan mejor el proceso, siempre que el
crioprotector utilizado sea la Trealosa a una concentracion 0,15M incorporada en el medio de

vitrificacion.
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7. Conclusions

1. Mare Colostrum used as a component in equine sperm freezing extenders exerts a
protective effect, and it could be an interesting alternative in cryopreservation methods. In
addition, due to its composition, it could be useful in mares which have persistent

endometritis processes.

2. Post-thaw seminal quality of donkey semen freezing is significantly better when
donkey colostrum is used in freezing extenders composition, although sperm quality is
also good when mare colostrum is added. Both types of colostrum can be considered as an

alternative to other components for sperm cryopreservation extenders.

3. Vitrification of epididymis or ejaculate spermatozoa, in equine species, can be
considered an alternative to cryopreservation techniques. Epididymal sperm is the one that
best cope with the process, provided that the cryoprotectant used is Trehalose at a 0.15M

concentration incorporated into the vitrification medium.
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9. Apéndice

Factor de Impacto y Area Temdtica de las revistas

FACTOR DE
REVISTA IMPACTO WoS-JCR QUARTILE

CRIOBIOLOGY BIOLOGY

AREA TEMATICA

JOURNAL OF EQUINE 0.927 Q3 VETERINARY
VETERIARY SCIENCE SCIENCES
REPRODUCTION IN VETERINARY
DOMESTIC ANIMALS 1.638 Q2 SCIENCE

ANIMAL AGRICULTURE,
REPRODUCTION 1.817 Q1 DIARY & ANIMAL
SCIENCE SCIENCE

CONTRIBUCION:

La modalidad elegida para desarrollar esta Tesis Doctoral ha sido la modalidad por
compendio de publicaciones, por lo que paso a detallar como he contribuido en los articulos

gue la componen:

He realizado la revision bibliografica de todos ellos, para poder establecer asi el disefio

experimental de una manera coherente, con el material y métodos adecuados.

Una vez establecido el material y métodos a seguir, contribui con la aportacidn de parte
del material bioldgico con el que se trabajé en cada uno de ellos, obteniendo los eyaculados
provenientes de sementales vivos. Las muestras obtenidas a partir de testiculos de matadero
fueron obtenidas por el equipo que me ha ayudado en el desarrollo de la tesis, puesto que

para acceder al matadero eran necesarios permisos especiales. Una vez en el laboratorio, ya
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pude colaborar en el procesado de las mismas. El calostro lo obtuve de las yeguas y burras

gestantes del CMCCZ justo en el momento del parto y antes de transcurridas 3 horas.

También he desarrollado la mayor parte del trabajo experimental en el laboratorio,
procesando las muestras en sus diferentes protocolos de criopreservacion y posteriormente

de contrastacion seminal.

Sobre los resultados obtenidos he aplicado un tratamiento estadistico para poder llegar
a las conclusiones en cada uno de los articulos, y con todo ello poder llegar a la redaccién de

los mismos.

Ademas, en la redaccion del capitulo 8 del libro “Biotechnologies applied to animal
reproduction, current trends and practical applications for reproductive management", he
colaborado en la ampliacién y redaccién de las nuevas técnicas relacionadas con las mejoras
en la calidad seminal en la criopreservacion de la especie equina, trabajo en el que se ha

centrado todo mi trabajo experimental y que es, ademas, titulo de la Tesis que nos ocupa.
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ANEXO I- Disefios experimentales







ANEXO I- Disefios experimentales

ARTICULO 1. Effect of Mare Colostrum in Extenders for Freezing Stallion Semen.

Recoleccion de semen de

caballo (N=9)

Heterospermia

Recogida calostro de
yegua

(=223°Brix)

Dilucion en INRA 96 ® y centrifugacidn

Calostro Yema de

(20%)

huevo (20%)

Nitrégeno Liquido (-196 OC) 100x106 spmtz/ml/pajuela

Descongelacién 37 °C/21”

EVALUACION

Motilidad y Vitalidad Acrosoma HOST Fragmentacién de
parametros de SYBR 14/PI FITC-PNA/PI ADN (AO)
velocidad (ISAS
Proiser®)

-131-



ARTICULO 2. A preliminary study on the use of jenny colostrum to improve quality in

extenders for freezing donkey semen.

Recoleccion de semen de

Recogida calostro de
burra

burro (N=10)

Heterospermia

Dilucion en INRA 96 ® y centrifugacion

(=223°Brix)

Calostro de
burra (20%)

Yema de huevo
(20%)

BotuCrio®

Nitrégeno Liquido (-196 °C) 100x10°spmtz/ml/pajuela

Descongelacion 37 °C/21”

EVALUACION

Motilidad y Vitalidad
pardmetros de SYBR 14/PI
velocidad (ISAS
Proiser®)

Acrosoma

FITC-PNA/PI HOST
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ARTICULO 3. Alternatives in Donkey semen cryopreservation: Mare vs. Jenny Colostrum.

Recoleccion de semen de

burro (N=10)

Heterospermia

Dilucién en INRA 96 ® y centrifugacion

Recogida calostro Recogida calostro
de burra de Yegua
(=223°Brix) (=223°Brix)
Calostro de Yema de Calostro de |
burra (20%) huevo (20%) yegua (20%)
Nitrégeno Liquido (-196 °C) 100x10°spmtz/ml/pajuela

Descongelacién 37 °C/21”
EVALUACION

Motilidad y Vitalidad Acrosoma
parametros de SYBR 14/PI FITC-PNA/PI
velocidad (ISAS

Proiser®)

HOST
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ARTICULO 4. Vitrification of ejaculated and epididymal sperm: the quality after

vitrification is affected by sperm origin.

Recoleccion de Recoleccion de semen

semen de CABALLO

de EPIDIDIMO

(n=7) (n=10)

Dilucién en INRA 96 ®y Dilucién en INRA 96 ®y
centrifugacion centrifugacion
INRA 96 ®+ 1%BSA INRA 96 ®+ 1%BSA

0,15M 0,15M
CS'\:‘TRdOL Vitrificacion Vitrificacion CS':TRdOL Vitrificacion Vitrificacion

edio ¢ TREALOSA LACTOSA edlode TREALOSA LACTOSA
congelacién congelacién

Descongelacion Descongelacion

37°C/20" 37oc/20"

DESVITRIFICACION DESVITRIFICACION
65 °C/5” 65 °C/5”

CALENTAMIENTO CALENTAMIENTO
37°¢/3° 37°¢/3°

CENTRIFUGACION CENTRIFUGACION
300G/10° 300G/10°

50 mL Medio desvitrificacion 50 mL Medio desvitrificacion

EVALUACION DE CALIDAD SEMINAL
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