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1. INTRODUCCION

1.1. ELPURA RAZA ESPANOL Y LA FERTILIDAD EN LA ESPECIE EQUINA

El caballo desde su domesticacién hasta nuestros dias, ha pasado de ser una
herramienta de trabajo a jugar un papel fundamental en el ocio, a través de los
espectaculos y competiciones deportivas ecuestres (Leckie, 2001; Pritchard y cols.,
2005). Por eso es facil comprender que la magnitud e importancia del sector equino va
de la mano de sus logros en competiciones, tanto deportivas como morfoldgicas
(Koenen y cols., 2004). En junio del 2013, la Real Federacién Hipica Espafiola publico el
“Estudio del Impacto del sector ecuestre en Espana”, realizado por Daemon Quest by
Deloitte, donde el sector ecuestre tiene un impacto econdmico de 5.304 millones de
euros, lo que representa un 0.51% del Producto Interior Bruto. De éstos, un 64%
corresponde al gasto en actividades en que incurren los agentes involucrados, es decir,
criadores, propietarios, jinetes/amazonas, club, hipédromos y veterinarios. Y es el Pura
Raza Espanol (PRE) la raza equina mas importante en Espafia, encontrandose
actualmente en auge y con grandes admiradores en todo el mundo.

Segun el Ministerio de Agricultura y Pesca, Alimentacion y Medio Ambiente
(MAPAMA), las bases para el impulso del caballo PRE fueron obra del Rey Felipe II,
qguien ordend la creacion de las caballerizas reales de Cérdoba donde agrupd los
mejores sementales y yeguas de las provincias que bordeaban el Guadalquivir, que por
aquel entonces eran las mas prolificas en la cria de caballos. A fecha de 31 de
diciembre de 2017, el censo total del caballo PRE asciende a un total de 239813
ejemplares, de los cuales, 190804 se encuentran en Espana y 49009 en 62 paises
distintos, tanto de la Union Europea como en Paises Terceros. El caballo PRE
representa el 30% de toda la cabafia equina de Espafia y el 85% del total de razas
puras. En Espaiia, la Comunidad Auténoma de Andalucia es la que mayor censo posee
(79814 ejemplares). En las Tablas 1 y 2 se resumen las caracteristicas productivas y los
datos censales del caballo PRE.



Caracteristicas

Tendencia evolutiva de la poblacion:

Fiabilidad:

Tendencia evolutiva de hembras reproductoras:

Numero de hembras que han parido en pureza en el tltimo afio:

Tendencia evolutiva del nimero de ganaderias activas:

Tamafio medio de las ganaderias activas:

N° nacimientos al afio:

N° de andlisis de marcadores genéticos para filiacion realizados en el afio:

N° controles de filiacién realizados en el afio de referencia:

Ne° total de animales activos en LG y con analisis de marcadores genéticos

realizados:

Ne° total de Machos inscritos durante el afio en el registro de nacimientos de
la seccion principal del libro geneal6gico:

N° total de Hembras inscritas durante el afio en el registro de nacimientos

de la seccion principal del libro genealégico:

Hembras que han pasado al Registro Definitivo durante el Ultimo afio:

Distribucién geogréfica:

Banco de Germoplasma:

EXPANSION

MUY FIABLE

EXPANSION

8.794

EXPANSION

7,35

8.872

10.435

10.140

239.813

5.069

5.071

3.096

75% DE LA POBLACION

EN UN RADIO >50 KM

MEDIO

Tabla 1. Caracteristicas productivas de la raza equina caballar Pura Raza Espafiola

(fuente: MAPAMA).



Total Total animales Total Ne
reproductores [ENELEGES

Hembras Machos Hembras Machos

ANDALUCIA 25.351 15.249 42.193 37.621 79.814 10.462
ARAGON 690 340 1.162 1.002 2.164 290
CANTABRIA 481 207 874 657 1.531 277
CASTILLA LA MANCHA 4.156 2.631 6.943 6.782 13.725 1.412
CASTILLA LEON 4.709 2.652 8.104 7.636 15.740 1.698
CATALUNA 5.671 3.178 9.961 9.124 19.085 1.503
CEUTA 0 0 0 2 2 2
COMUNITAT VALENCIANA 3.921 2.464 6.565 6.676 13.241 1.712
EXTREMADURA 4.576 2.326 7.728 6.567 14.295 1.489
GALICIA 1.637 760 2.875 2.182 5.057 1.011
ILLES BALEARS 1.223 662 2.169 1.903 4.072 584
ISLAS CANARIAS 196 179 307 390 697 290
LA RIOJA 141 71 238 237 475 86
MADRID 2.149 1.779 3.846 4.513 8.359 1.012
MELILLA 0 0 0 0 0 0
MURCIA 2.336 1.655 3.977 4.291 8.268 1.222
NAVARRA 405 204 738 676 1414 148
PAIS VASCO 305 135 491 451 942 138
PRINCIPADO DE ASTURIAS 556 318 1.038 885 1.923 493
Totales 58.503 34.810 99.209 91.595 : 190.804 23.829
Otros paises

14.795 10.020 24.883 24.126 49.009 8.809



Total Total animales Total N2
reproductores [ENELEGES

Hembras Machos
Registro fundacional 0.0 0.0
Registro auxiliar no reproductores 0.0 0.0
Registro auxiliar reproductores 0.0 0.0
Registro nacimientos 10088.0 14106.0
Registro definitivo 14795.0 10020.0
Registro de méritos 0.0 0.0

Tabla 2. Datos censales de caballos Pura Raza Espafiola distribuidos por

Comunidades Auténomas y en otros paises (fuente: MAPAMA).

El PRE se encuentra actualmente en expansién y su uso principal es el deporte
(alta escuela, doma clasica, doma vaquera y enganches) y los concursos
morfofuncionales (MAPAMA, 2017). Su valor econédmico reside directamente en sus
logros y éxitos deportivos, en su morfologia, en su funcionalidad y en su pedigri. De
manera generalizada, el caballo ha sido seleccionado en base a sus éxitos deportivos y
pedigri, pero no atendiendo a su fertilidad (Nagy, 2006; Nath, 2011), lo que a veces
conlleva a tener que trabajar con ejemplares de baja fertilidad (Pickett y Voss, 1999). El
Diccionario de la Real Academia Espafiola define “fertilidad” como “cualidad de fértil”
y “fértil” como “dicho de un ser vivo: capaz de reproducirse”. Aplicandolo al campo de
la Reproduccién Animal, la fertilidad hace referencia a la capacidad que un animal
tiene para producir descendencia. Esta engloba varios factores y etapas que deben ser
completar tanto machos como hembras, y que le permitiran alcanzar el éxito
reproductivo. Para lograr esto, el macho debe producir y eyacular esperma fértil
normal. La hembra debe producir, almacenar y ovular ovocitos viables. Ademas, la
hembra también debe disponer de un sistema reproductivo compatible con el
transporte del esperma, la capacitacién y la fecundacién de los ovocitos, el desarrollo
embrionario y fetal, y finalmente el nacimiento de neonatos sanos. Asi pues, en la
fertilidad existen unos determinados puntos clave que deben producirse con éxito
para obtener una descendencia sana y viable capaz de perpetuar la especie y que han
sido ampliamente investigados: formacién de los gametos, fecundacion, pre-
implantacion del embridn, desarrollo fetal post-implantacién, nacimiento, crecimiento
y desarrollo hasta la madurez sexual (Foote, 2003).



El equino se considera como una especie de pobre fertilidad si se compara con
otras especies como los rumiantes. Quizas la alargada duracidon gestacional, su
marcada estacionalidad reproductiva y su incapacidad para gestar mas de un potro
hayan jugado un papel importante en la baja eficiencia reproductiva que se le atribuye
(Nagy, 2006; Nath, 2011). En cambio, los rumiantes pueden llegar a superar el 90% de
tasa de nacidos vivos, quizas asociado a la seleccion basada en su fertilidad y
caracteristicas reproductivas que se ha venido haciendo (Engelken, 1999; Menzies,
1999). Ante este panorama al que se enfrentan los ganaderos, existe un especial
interés en mejorar las estrategias de manejo de los animales, asi como su entorno para
conseguir un mayor éxito reproductivo, esencial para que este sistema de produccién
sea eficiente (Foote, 2003). Con todo lo expuesto, un objetivo fundamental en
cualquier yeguada deberia ser, el desarrollo de un programa reproductivo adecuado
para producir potros sanos. Mediante la eficiencia reproductiva se valora el manejo de
las yeguas y sementales para maximizar el nimero de potros nacidos en una yeguada
(Nath, 2011), ademas de contribuir de forma decisiva en el éxito econdmico de la
empresa ganadera (Foote, 2003).

1.2. FACTORES IMPLICADOS EN LA FERTILIDAD DE LA YEGUA: EFICIENCIA
REPRODUCTIVA

Para medir o cuantificar la eficiencia reproductiva, y de acuerdo con Ginther, (1993),
se han estudiado varios parametros:

-Tasa de fertilizacion: Porcentaje de oocitos ovulados y fertilizados.

-Tasa de concepcidn: Sindnimo de la tasa de fertilizacion y usado frecuentemente de
forma errénea para describir la tasa de gestacion.

-Tasa de gestacidon: Porcentaje de yeguas cubiertas y que resultan prefiadas en un dia
especifico.

-Tasa de gestacion por ciclo: Porcentaje de yeguas cubiertas que estan prefiadas en un
dia especifico post-ovulacién.

-Tasa de gestacidn al primer ciclo: Porcentaje de yeguas que estan prefiadas después
del primer celo en el que han sido cubiertas.

-Tasa de gestacion al final de la temporada: Porcentaje de yeguas que estan prenadas
al final de la temporada reproductiva.

-Tasa de partos: Porcentaje de yeguas cubiertas que producen un potro vivo.



-Tasa de pérdida embrionaria: Porcentaje de oocitos fertilizados que no sobreviven a
los 40 dias post-ovulacién.

-Tasa de muerte embrionaria temprana: Sindnimo de tasa de pérdida embrionaria.

-Tasa de pérdida fetal: Porcentaje de gestaciones que sobreviven a los 40 dias, pero no
dan lugar a un potro vivo.

-Tasa de muerte fetal: Porcentaje de gestaciones que sobreviven a los 300 dias, pero
no dan lugar a un potro vivo.

-Tasa de abortos: Término general que atiende a una pérdida gestacional que debe
definirse en relacién con la etapa de gestacion.

-Servicios por ciclo: Numero de veces que una yegua es cubierta en un periodo de celo
determinado.

-Servicios por gestacién: Numero de veces que una yegua es cubierta antes del
diagndstico de gestacion positivo.

-Ciclos por gestacion: Numero de ciclos estrales en los que la yegua es cubierta antes
de quedar gestante en una temporada.

De esta forma, la eficiencia reproductiva equina depende de factores
relacionados con la yegua, el semental y factores externos.

Existen multitud de estudios sobre eficiencia reproductiva y fertilidad en yeguas
en distintas razas como Pura Raza Arabe (Demirci, 1987; Yurdaydin y cols., 1993;
Azawi, 2008; Cilek, 2009; Benhajali y cols., 2010; Warriach y cols., 2014), Pura Sangre
Inglés (Hevia y cols., 1994; Morris y Allen, 2002; Hemberg y cols., 2004; Allen y cols.,
2007; Bosh vy cols., 2009; Nath y cols., 2010; Sharma y cols., 2010a), Standardbred
(Nath y cols., 2010; Katila y cols., 2010), Caballo Trotdn Finlandés (Katila y cols., 2010)
o Trotén de sangre fria (Haadem y cols., 2015).

También numerosas investigaciones han estudiado como la eficiencia reproductiva de
la yegua puede verse afectada por factores como la edad de la yegua (Morris y Allen,
2002; Allen y cols., 2007; Bosh y cols., 2009; Benhajali y cols., 2010; Katila y cols., 2010;
Nath y cols., 2010; Sharma y cols., 2010b), el estado reproductivo de la yegua (Morris y
Allen, 2002; Samper y cols., 2002; Hemberg vy cols., 2004; Allen y cols., 2007; Bosh y
cols., 2009; Benhajali y cols., 2010; Katila y cols., 2010; Nath y cols., 2010; Sharma y



cols., 2010b), el uso de semen fresco, refrigerado o congelado (Jasko y cols., 1992c;
Loomis, 2001; Samper, 2001; Sieme y cols., 2003), el sitio de inseminacidn en el Uteroy
la técnica de inseminacion (cuerpo uterino, cuerno uterino, con histeroscopio o guiada
transrectalmente intracornual profunda) (Sieme y cols., 2004; Katila T., 2005; Hayden
y cols., 2012), la concentracion y el volumen de la dosis inseminante (Pickett y Voss,
1975; Squires y cols., 1989; Bedford y Hinrichs, 1994; Morris y cols., 2000; Sieme y
cols., 2004; Newcombe y cols., 2005), el nUmero de inseminaciones o cubriciones por
ciclo (Sieme y cols., 2003; Allen y cols., 2007; Nath L.C. y cols., 2010), si el celo y la
ovulacién es natural o inducido/a (Yurdaydin y cols., 1993; Sieme y cols., 2003; Allen y
cols., 2007; Sharma vy cols., 2010b; Hanlon y Firth, 2012), la estacion reproductiva y el
afio de la estacion reproductiva (Morris y Allen, 2002; Hemberg y cols., 2004; Cilek,
2009; Katila y cols., 2010; Haadem y cols., 2015), la acumulaciéon de fluido intrauterino
(Allen y cols., 2007; Sharma y cols., 2010a; Lewis y cols., 2015) o el celo del potro
(Morris y Allen, 2002; Sharma y cols., 2010a; Blanchard y cols., 2012).

1.3. FACTORES IMPLICADOS EN EL SEMENTAL Y EL SEMEN (CONSERVACION DE
ESPERMA)

Son muchos los trabajos que se han realizado sobre el efecto del semental en la
fertilidad destacando, entre otros, la edad del semental, la monta directa o
inseminacion, el nUmero de montas o inseminaciones por ciclo o la tasa de gestacion
por temporada reproductiva (Morris y Allen, 2002; Hemberg y cols., 2004; Benhajali y
cols., 2010; Nath y cols., 2010; Haadem y cols., 2015). Al valorar este efecto del
semental, se estd realizando indirectamente una valoracion de la calidad y fertilidad
del semen. Pero gracias al desarrollo y difusién mundial de la inseminacién artificial
(IA) en la especie equina se ha conseguido incrementar la eficiencia reproductiva en
esta especie (Katila, 2005; Aurich, 2012). Luego, mediante la técnica de la IA, el
procesamiento de esperma se ha convertido en una practica habitual en reproduccion
equina, tanto para realizar andlisis de calidad del mismo como para su conservacién en
refrigeracién o criopreservacion y posterior uso en IA (Aurich, 2012; Alvarez y cols.,
2014).

Durante el procesado del semen refrigerado existen gran cantidad de puntos criticos
en los que los espermatozoides pueden sufrir estrés y dafios por agentes externos
como son la temperatura, la luz, la centrifugacion y el pipeteo. Respecto a la
temperatura hay que tener en cuenta que la refrigeracion del semen debe hacerse
lentamente aproximadamente 0.5°C/min, llegando a un rango de temperatura de
almacenamiento de entre 4-6°C, el cual se determind como éptimo para mantener la
motilidad y la fertilidad del semen (Varner y cols., 1988; Varner y cols., 1989; Moran y
cols., 1992). Esto es debido a que el enfriamiento disminuye la actividad metabdlica de



los espermatozoides y reduce el crecimiento y la actividad microbiana. Sin embargo, si
la inseminacidn se lleva a cabo dentro de las 12 horas posteriores a la recogida y
procesado del semen, éste puede ser almacenado a temperatura ambiente (Varner y
cols. 1989; Love y cols., 2002). La fertilidad del semen refrigerado se mantiene sobre
unas 24-48 horas (Jasko y cols., 1992b) y almacenado a una temperatura de 5°C
mantiene una fertilidad similar a la del semen fresco (Jasko y cols., 1992a).

El factor temperatura se ha investigado ampliamente en caballos. Hay multitud de
estudios relacionados con la temperatura dptima a la que el semen refrigerado puede
ser conservado manteniendo una calidad adecuada (Varner y cols., 1988; Varner y
cols., 1989; Moran y cols., 1992). Otros miden el efecto del tiempo de almacenamiento
junto a la temperatura (Love y cols., 2002), la temperatura junto a un determinado
diluyente (INRA96) (Vidament y cols., 2012), el efecto de la temperatura y las tasas de
prefiez (Cuervo-Arango y cols., 2015), las tasas de enfriamiento y temperaturas de
almacenamiento dentro de los distintos tipos de contenedores de transporte de
semen que existen (Brinsko y cols., 2000).

Sin embargo, no hay bibliografia descrita en equinos sobre los factores luz y estrés
fisico (pipeteo). En otras especies podemos encontrar algunos estudios sobre cémo
estos factores pueden afectan la calidad espermatica. Respecto a la luz, se describe
como la radiacion con luz laser al esperma de ratén mejora su penetracion (Cohen y
cols., 1998) y cdmo la luz laser (con distintas longitudes de onda) induce la formacién
de Oxido nitrico en espermatozoides de bovino, jugando un papel importante en la
motilidad y en la reaccién del acrosoma (Ankri y cols., 2010). Respecto al estrés fisico,.
se describe el efecto del pipeteo (Kim y cols., 2013) y la centrifugacién (Ferrer y cols.,
2012) sobre la funcién mitocondrial y el incremento de las especies reactivas de
oxigeno (ERO) de los espermatozoides (Agarwal y cols., 1994; Guthrie y Welch 2006;
Aitken y cols., 2010). Asi mismo, Varisli y cols. (2009) compararon el esperma de rata
con el de ratdn, carnero, verraco y toro sometidos a diversos experimentos, entre los
que se incluia el pipeteo.

Ante la importancia que tiene el esperma equino refrigerado y la falta de evidencia
acerca del efecto de varios agentes abioticos sobre éste, se planted un estudio que
derivd en la publicacidn del Articulo 1, en el que la hipétesis fue que el semen fresco
debe ser mas resistente a agentes estresantes que aquel mantenido durante 24h. a
159C, ya que el tiempo de refrigeracion debe mermar su actividad y calidad. Y asi
mismo, algunos factores abidticos como la luz, el estrés fisico (pipeteo) y el choque
térmico podrian reducir la calidad del esperma equino fresco y refrigerado durante
24h.

Durante el proceso de criopreservaciéon de esperma hay dos factores criticos que



determinan el éxito de esta técnica, como son la temperatura y los medios
crioprotectores (CP). Las muestras de esperma son sometidas a un cambio drdstico de
temperatura, pasando desde temperatura ambiente a -196°C, siendo necesaria la
participaciéon de CP para proteger a los espermatozoides. Entre las alteraciones que
sufre el espermatozoide durante su criopreservacion destacan el shock térmico,
deshidratacion, toxicidad de los medios CP, formacion de hielo intracelular,
fluctuaciones del volumen celular o alteraciones en el equilibrio metabdlico (Kadirve y
cols., 2009). Dichas alteraciones estan asociadas con la reduccién de la motilidad y
reduccion del potencial mitocondrial, rupturas de la membrana plasmatica vy
fragmentacion del ADN, reduciendo asi la eficiencia reproductiva tras su uso en IA
(O’Connell y cols., 2002; Baumber vy cols., 2003; Barbas y cols., 2009).

Segun la velocidad de congelacidon se usan varios métodos de criopreservacién de
semen como la congelacidn convencional con descongelacion lenta o rdpida, la
liofilizacion (o dry-freezing) (Olaciregui y cols., 2016) y la congelacién ultra-rapida o
vitrificacion (Vizuete y cols., 2014, Arando y cols., 2017, Pérez-Marin y cols. 2017).

Para alcanzar resultados dptimos tras la criopreservacion, los espermatozoides deben
ser protegidos mediante CP, describiéndose dos tipos basicos:

- Crioprotectores permeables, como por ejemplo el glicerol o el etilenglicol, que
poseen bajo peso molecular, atraviesan la membrana espermatica y protegen a
la célula de las lesiones producidas por la congelacién a velocidades lentas
(Sandoval, 2005). Todos estos compuestos deshidratan la célula penetrando en
ella y protegiendo el citoplasma. Presentan diferente toxicidad dependiendo
del tipo, concentracion, temperatura y tiempo de exposiciéon (Cuevas-Uribe y
cols., 2011).

- Crioprotectores no permeables, como por ejemplo la sacarosa o la trehalosa,
gue presentan un alto peso molecular, promueven la deshidratacién celular,
aumentan la viscosidad y son Uutiles en velocidades altas de congelacién
(Sandoval, 2005). Estos compuestos extraen el agua libre intracelular utilizando
la diferencia de presién osmadtica sin penetrar a la célula (Cuevas-Uribe y cols.,
2011).

La vitrificacidon de esperma es una técnica de criopreservacion que combina una
congelacion ultrarrapida junto a alta viscosidad de los medios y pequefios volimenes
para asi evitar la formacién de cristales intracelulares de hielo (Vizuete y cols., 2014).
Numerosos estudios han sido publicados recientemente sobre la vitrificacién de
esperma en peces (Cuevas-Uribe y cols., 2011; Kasa y cols., 2016), perros (Sanchez y
cols., 2011), gatos (Vizuete y cols., 2014; Buranaamnuay, 2017), conejos (Rosato y



cols., 2013), humanos (Isachenko y cols., 2003, 2004, 2012) y carneros (Jiménez-
Rabadan y cols., 2015; Arando y cols., 2017), lo que demuestra el interés que
actualmente despierta este campo de la espermatologia. Sin embargo, uno de los
aspectos negativos de esta técnica es la necesidad de emplear concentraciones muy
elevadas de CP, lo cual afecta negativamente a la mayoria de las especies (Asgari y
cols., 2012), llegando a ser toxicos dependiendo del tiempo de exposicion al mismo.
Existen algunos estudios de vitrificaciéon de semen en perro (Sdnchez y cols., 2011) y en
hombre (Isachenko y cols., 2004) con resultados 6ptimos, en los que se considera que,
entre otras caracteristicas, el tamafo y la forma de la cabeza de los espermatozoides
puede estar directamente relacionado con el éxito de la Vvitrificacién. El
espermatozoide equino presenta una cabeza con morfologia eliptica y pequefio
tamafio (parecido al perro y al humano) (Garner, 2006), lo que supone un reducido
porcentaje de contenido de agua y una mayor estabilidad frente al shock térmico,
reduciéndose el posible dafio a nivel del ADN. En este sentido, se puede considerar
gue los espermatozoides humano, equino, canino y felino, cuya cabeza es plana y
pequefia con DNA mds compacto, presentan mayor estabilidad.

1.4. OTROS FACTORES RELACIONADOS CON LA FERTILIDAD EN LA YEGUA:
PLACENTITIS

La clinica reproductiva equina requiere la realizacion de una monitorizacién y
seguimiento ecografico de la gestacion para determinar si existe alguna patologia que
pudiera derivar en una pérdida de la gestacién o alteracidén postnatal, reduciendo la
eficiencia reproductiva. La principal causa de aborto descrita en la yegua es la
placentitis ascendente (Giles y cols., 1993). Esta patologia aparece en los ultimos
meses de gestacidn, cuando las bacterias alcanzan el Utero principalmente desde el
tracto reproductivo inferior (Cummins y cols., 2008), causando infeccion en la estrella
cervical y en la regidon corioalantoidea. Esta infeccion provoca ulceracion vy
engrosamiento del corioalantoides (Platt, 1975), con una alta expresién de citoquinas
pro-inflamatorias y liberacién de prostaglandinas, lo que inducira la aparicién de
contracciones uterinas y finalmente el aborto (Dudley y Trautman, 1994; Pollard y
Mitchell, 1996; LeBlanc y cols., 2002; LeBlanc, 2004). Esta infecciéon también puede
derivar en partos prematuros, nacimiento de potros débiles o muertos, e incluso
ocasionar dafios futuros en las yeguas, dificultando su correcta funcionalidad
reproductiva en posteriores temporadas (Troedsson y cols., 1997).

Con objeto de determinar si existe riesgo de pérdida fetal en équidos se ha empleado a
partir de los 7-8 meses de gestacidn la determinacién de perfiles endocrinos (Rossdale
y cols., 1991; Stawicki y cols., 2002; Morris y cols., 2007) y la ecografia transrectal y/o
transabdominal (Renaudin y cols., 1997; Bucca y cols., 2005; Carrick y cols., 2010; L6f y
cols., 2010; Requena y cols., 2012; Requena y cols., 2013; Requena y cols., 2014;
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Requenay cols., 2015).

Como La regidn de la estrella cervical es la que de forma mads frecuente se altera en
yeguas con placentitis ascendente, y en estos casos, la ecografia transrectal es la
herramienta de eleccion para valorar el feto y los cambios placentarios. Por ello, se
considera que las medidas del espesor conjunto Utero-placenta (ECUP) podrian ser
usadas para identificar yeguas con riesgo de desarrollar placentitis ascendente u otras
alteraciones placentarias. Reanudin y cols. (1997), describieron por primera vez la
técnica de determinacion del ECUP en yeguas y publicaron unos valores normales para
el periodo gestacional comprendido entre el dia 180 y 330. Sin embargo, desde
entonces, son pocos estudios los que han profundizado en esta técnica, destando que
bajo nimero de animales empleados y la diversidad de razas. De forma estandar, se
aceptd que la médida ECUP no debe ser superior a la edad gestacional (en meses) del
feto expresada en milimetros, mdas uno, de forma similar a lo que se hace en humanos,
aungue esta regla resulta antigua e imprecisa (Reef y cols., 1995).

Giles y col (1993) informaron que la incidencia de las pérdidas fetales en diferentes
razas equinas por placentitis ascendente bacteriana (muerte fetal, abortos y potros
nacidos muertos) alcanzaba un 20%, mientras que otros autores cuantifican estas
pérdidas en un 10% en la raza Pura Sangre (Smith y cols., 2003). LeBlanc (2010) afirmé
gue la placentitis afecta aproximadamente a un 3-7% de yeguas gestantes, de acuerdo
con lo publicado por Troedsson y Zent (2004) en yeguas Pura Sangre.

1.5. JUSTIFICACION DE LA INVESTIGACION DE LA TESIS DOCTORAL

Es facil comprender la gran importancia y repercusion nacional e internacional que
presenta esta raza equina, el Pura Raza Espaiiol, debido a su amplia distribucion en 62
paises distintos, tanto de la Unién Europea como en Paises Terceros, y constituye el
30% de toda la cabafia equina de Espaiia y el 85% del total de razas puras. Y todo esto
refleja la importancia econdmica que tiene en el sector equino. Y como resultado de su
cada vez mayor participacion en eventos deportivos (concurso morfo-funcionales y de
doma clasica, entre otras), se ha hecho imprescindible la obtencion de los mejores
ejemplares, a menudo gracias a la implementacién de las ultimas técnicas de
reproduccién en esta raza.

Entre las numerosas preguntas que reciben los veterinarios por parte de los
propietarios de caballos, a menudo quieren conocer cudl es la probabilidad de que su
yegua quede gestante con el semen de un determinado semental, cudl es la calidad del
semen de su semental o si es normal que a pesar de que las yeguas se hayan
diagnosticado como gestantes, luego no llegan a finalizar su gestacién. De esta
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inquietud mostrada por los propietarios y por dar un servicio profesional cada vez
mejor surge la presente Tesis Doctoral, que trata de aclarar cdmo mejorar la fertilidad
en el caballo PRE. Pero dado que el término "Fertilidad" abarca un amplio campo en la
Reproducciéon Equina, hemos intentado arrojar luz en algunos de estos apartados.

Sabemos que la fertilidad puede ser una complicada ecuacién en la que interviene la
yegua, el semental y otros factores tales como el método de cubricidn, la técnica de
inseminacion, el tipo de dosis seminal empleada, los tratamientos instaurados, el
técnico veterinario que realiza los procedimientos, etc. Y con este panorama, nos
preguntamos como debemos determinar la eficiencia reproductiva en el PRE para,
seguidamente, llevar a cabo comparaciones con otras razas equinas, tal y como se
analiza en el ARTICULO 4. Este articulo ofrece un considerable tamafio muestral y
analiza numerosos factores que afectan a la fertilidad de la yegua PRE a lo largo de
varias estaciones reproductivas. En este sentido, destaca un estudio realizado por Vivo
y cols. (1985) y, mas recientemente, otro realizado por Akourki y cols. (2017) que
evalla la actividad ovarica y la longitud de la gestacion en diferentes grupos de yeguas.
En el articulo que forma parte de esta Tesis se analiza la tasa de gestacién en PRE y la
influencia de ciertos factores. Hay que resefar que este trabajo es fruto de la toma de
datos que se han hecho a lo largo de los programas de inseminacion artificial
desarrollados en el Centro de Reproduccién Equina Miguel Angel Cardenas.

En el ARTICULO 1 se investigd la influencia de diversos factores sobre la calidad
espermatica equina tras su refrigeracidon. Dicho estudio resulta muy novedoso y
aplicativo, ya que no existian trabajos similares en équidos.

Debido al gran interés que existe acerca de nuevos protocolos de criopreservacion
equina, en el ARTICULO 2 se abordé por primera vez la técnica de vitrificaciéon como
herramienta para conservar esperma equino. Aunque los resultados obtenidos
referentes a calidad espermatica tras la vitrificacidon fueron pobres, este estudio abre
una puerta para seguir investigando en esta linea y poder mejorar la vitrificacion de
semen equino hasta llegar a hacerla una técnica fiable y practica.

Las yeguas gestantes se evaluaron para determinar la existencia de problemas
placentarios, y poder asi maximizar la eficiencia reproductiva en la yegua. En el
ARTICULO 3 se realizé la primera descripcién de las medidas ECUP en yeguas PRE, que
no habian sido publicadas hasta la fecha.
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2. OBJETIVOS

Objetivo general

El objetivo general planteado en la presente Tesis Doctoral ha sido determinar la
fertilidad que presenta el Pura Raza Espafiol y analizar diferentes factores implicados
en ésta, de modo que esto ayude para la toma de decisiones en programas de
inseminacion artificial con ejemplares de élite, maximizando los éxitos reproductivos y
econdmicos de las Yeguadas y Centros de Reproduccién Equina.

Objetivos especificos

v’ Objetivo 1. Determinar cémo influyen algunos factores abidticos en el
procesado y conservacion del semen refrigerado equino (Articulo 1).

v’ Objetivo 2. Evaluar nuevos procedimientos de criopreservacion espermadtica,
como es la vitrificacion, en semen equino utilizando sacarosa o trehalosa como

crioprotectores (Articulo 2).

v’ Objetivo 3. Establecer los valores normales de medidas del espesor conjunto
Utero-placenta en yeguas PRE (Articulo 3).

v" Objetivo 4. Determinar la eficiencia reproductiva en la yegua PRE y analizar los
factores implicados (Articulo 4).
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3. RESULTADOS

Los resultados obtenidos en la presente Tesis Doctoral se muestran en forma de
articulos, tres de ellos ya aceptados y publicados, y otro pendiente de ser enviado. A
continuacion se citan dichos articulos:

ARTIiCULO 1

Pérez-Marin CC, Requena FD, Arando A, Requena L, Requena F, Agliera El. Short-term
tolerance of equine spermatozoa to various abiotic factors. Reprod Dom Anim. 2018;
00:1-11. https://doi.org/10.1111/rda.13142

ARTICULO 2

C.C. Pérez-Marin, F.D. Requena, A. Arando, S. Ortiz-Villaldn, F. Requena, E.I. Agliera.
Effect of trehalose- and sucrose-based extenders on equine sperm quality after
vitrification: Preliminary results. Cryobiology, 2018; 80:62-69.
https://doi.org/10.1016/j.cryobiol.2017.12.002

ARTICULO 3

Fernando D. Requena, Estrella |. Agliera, Francisco Requena, Carlos C. Pérez-Marin.
Transrectal ultrasonographic measurements of the combined thickness of the uterus
and placenta in Spanish Purebred mares. Animal Reproduction, 2017; 14 (Suppl.1):
1278-1284. DOI: 10.21451/1984-3143-AR0029.

ARTICULO 4

FD Requena, El Agliera, CC Pérez-Marin. Reproductive efficiency of Spanish Purebred
mare in Spain. En preparacion.
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ARTICULO DE INVESTIGACION 1

Short-term tolerance of equine spermatozoa to various abiotic
factors
Pérez-Marin CC, Requena FD, Arando A, Requena L, Requena F, Agliera El

Reprod Dom Anim. 2018; 00:1-11
https://doi.org/10.1111/rda.13142
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1 | INTRODUCTION

Contents

The aim of this study was to determine the effects of various sbiotic factors, such as
light,, physical stress {pipetting) and thermal shodk, on the quality of fresh and cooled
equine sperm. In experiment |, four sperm afiquots were subjected to different light
exposures: (i} protected control samples (CTRL], (i exposed to UV light at 10 om
(U100, () exposed to UV fight at 20 cm {UV20) and (pv} eposed to lsboratory lighting
[LABL I experiment IL fowr seren afiguots were subjectad to repeated pipetting for
0. 10: 200and 30 times (CTRL P10, P20 and P30, respectively] in experiment 11, four
semen aliguots at 15°C were subjected to thermal oscillations: (i} cooled control sperm
at 15%C {CTRL), (i} oscillations of 1.2°C/min to & temperature of 30°C (T30), (i) oscl-
lations of 1.4°C/min, with the temperature rapidly falling until resching 1.3°C (TOR)
and {iv) ozcillations of 1.1%C /min, with the temperature slowly faling wntil reaching
4.2%C (TOS). The results revesled that sfter 30 min, UNV10 and UV20 sparm samples
showed significantly (p < (03] lower total and progressive matility values, sperm kine-
matic parameters amd mitochondrial potential After 45 min of exposure, differences
were highly significant {p < 001). Mo significant differences {p » (035} were found for
pipetting or thermal oscillation=. The resulis suggest that, even if equine sperm sam:-
ples are not handled in the laboratory under optimal conditions, fresh and cooled
Equinge spermatozos are shie to resist the impact of variows abiotic stimuli without any
reductionin their quality. This study analyses the effect on normospermic samples, but
future research could look at the tolerance that asthenozoospenmic equine s=amples
hawe to these abiotic influences.

One of the man precaubors mken when working with sperma-
fooog s o puand srsenst the repaties mpect of light on spermi =am-

Ahiotic stress = defined a5 the impact induced by mert fachors on celis
or other organizms in 3 determined =mvironment. Althourh sudh fac-
tors wsuslly svert 3 nepative influsnce on ceds, beneficial =ffecs ame
alzo sometimes desoribed (MoCarttry. Baumber, Kass, & Meyers, 2010
Furznpws, Kme, Ofevier, & MNazh, 2D04). Numerous sssumptions
have been maeds about the damaps that spermatozoa may =ndurs
during handling and mansgement. but few tnals have besn conducted
o determine the true mpect of factors such 2 light, temperature and
phy=ical stress

pl=s. However, recent studies sugpest that red fipht or lser ght
could smprove sperm viabdity and pooyie penetratton (Cohen, Lubart,
Rubinstein, & Bresthart, 1998; Yeste etal, 2016) Tempestore also
induces atterations i thee spermm funcBion when a destic drop oc-
curs, and then, & controlled tempersture descent = recommended
when sperm pressrvation = camied out (Gao, Mazur, & Craser, 1997}
Pheysical stress an abo lead to injures i spemm oelis, although posi-
tive effects have been gico reported (Kim, Agca, & Agca, 300 3: Varish,
Upuz, Apca, & Apca, 2009}

Reprod Do Anim, 2018:1-11.
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Semen processmg i a habifusd practce in eguine reproduction for
evalusting the quality of samples and preparing them for subsequent:
inzemination (Surich, 2017). Nomsrows oritical points, particulary sws-
cepiible to potertsl damage, can be found in semen processing, and
cells an be Sressed by sctemnal apents such as ight t=mperatare,
ppetting and cerrdfuzation it has been reported that spermatozoa
harve a species-specific sensithvity to varouws extemal apents and that
therefone the mest advisable method of sperm processing for mprov-
gz o=l quislity meary vary from species to species (Varsh =t al, 2009).

The: u== of cooled s=men offers opbmal resuls 0 egune artficial
nesminstion, snd i preperaton and distibuSion are comparstely
eazy. Cooled semen tedhniques havwe scoordinghy been developed, sko
mativated by the difiadfies arsing from the freszing of some horses'
spermatozos [Widament ot sl 1997). Cooled eguine semen mairtzins a
high fertibty rate for 24-48 hr{ le=in, Martin, & Squires, 1937 which &
comparsiis to fresh semen Uzske, Hathaway, Schalfenbend, Simper, &
Squires, 1992}, The owering of tempemture should be performed showdy,
at approdmatety 05%C/min, untll 2 tempersture of 4-6°C has been
reached, which iz befiswed to be the optimal tempemtre for maintin-
ng; zperm motiity and ferbiity [Moren, Jasko, Squires, & Smann, 1962,
‘amer, Blanchand, Lowe, Garcia, & Kenney, 19B8; Vamer: Blanchard,
Plevers, & Meyers, 1969 Refripsration of spermatoros reduces their
me=tabofic activity, and also the prowth and activity of becteria

Temperatire haz besn widely shudied in horse spem, induding
itz effect on visble storsge tme (Lowe, Thompson, Lowry, & Varmes,
00T, on extender function {Vid et @l 1Y) and on the fertility
rabe |Cusrve-Arsneo, Nevola, Walhkoresn, & Katila, 3015} However, no
studies have been found on the =ffect of Eght and pipeting on horss
sparm. In thewr study of rats, Cohen et al (1908) reporeed that Goer
Aradiaztion mduces an anprovemsnt inocoorte penetration. and smi-
larty. Ankri etal {3010) observed that different luminous imt=nsites
promote nitric ouide foemation i bovine spermatozoa, and it is ako
mrvohed o sperm motlity and the aoosome eaction. Spermatozos
are mposed fo physical shress from the time they are sjaculated, and
their processing inoreases the possile ceflular damape to these oelis,
affecting the mitcchondrial functon and the reccne ooyEen speces
[ROE: Arareal lk=maoto, & Louphlin, 1994; Aitken, De lufiz. Firmie,
Hedges, & Mol achian, 2000 Guthrie & Weich, 20045). The most stud-
ied physical shress in spermatozos is that provoked by centrifugation,
2z described by Ferer, Lyle, Eiltx, Bfgrrah. and Paccamonti {2012) n
equire spenm. in relation to the pipetng of spewm, Bem =t al [2013)
chz=rved that mt sperm is highly sensitive to ths sowoe of stress,
whiich accords with studies mrried ot by Yarisl et &l {200%) compar-
e spermatoens from rets. mics, rams, boers and bulls,

The: main motivations for this shudy wers the mportance of the
wse of cooled samen in the manapement of horses and the relative
lack of information about the ways in which various shiotic factors af-
fect squine spermatcooa. 1 was hvpothesized that fresh sguns c=men
would prove to be more resistant to stressing agents than spesm
cooled at 15°C for 24 he, because: their quality could be expedied o
diminizh over time. Thus, the aim of this study was to determine the
effect af such abiotic fachors s light, physical stress [by pipeting} and
thesmal pecillations on fresh and cooled sguine spem

2 | MATERIAL AND METHODS

Thiz study was camried oot acconding to the puadelines of the Spanich
legisiation on the protection of animals wsed n expediments (Real
Decreen B21/2011) and of the Ethical Committes of Unrersity of
‘Cordoba [Spain]l

21 | Sperm collection and processing

A totzal of seven sjaculates per donor were coflected from four Spanish-
breed stfions, aped betwesn & and 14 years, which wesre clinically
heafthry, with pood semen qualty and proven fertiity. Previouws a=z-
sesoment of sperm freezsbity showed pood resuls in &l the stal-
liors. Al coflsctions were carried oot = an Ewrop=an Unior-appeoved
c=nire for eguine s=men collecBon ardd storse= For the puposes of
driesd. The stafions mounted & phantom, and s=men was obhtained in
an artificial vaging (Mizsoon modsl Mingud [beérca 51 Tarragona,
Spain) at 45-50°C, equipped with & celluioze Titer to separate the pel
fraction

After mollection, the semen volume and concentration were de-
termined (SpermaCueThl, Minitub lbesica 5L, Tamszona, Spainl
The sgaculstes from four sizlfons were pooled, and Eguiples =x-
tendar (Minitub Iberica. Tarrapona. Spaind was added st 5 ratio of
1-2 The dlued semen was then centrifuped at 650 5 for 10 min,
and the pell=t was resuspended to reach a final concentration of
75 & 10® spz/ml. Two £0 ml afiguots were prepared and sent to the
|labaratory n a joumey lasting 1.5 br inko Meopor bowss contairing
Hfor cnld sperm zamplesz} or not cortainine (for fresh sperm temples)
ool packs. The experiments wers carrisd cut upon the nec=ption
of the sperm ples [Le., appr dy 2 hr after collection) and
24 b fater. Then cold sperm sampéss wers maintained at 15°C mio
a temperature-controded syztem [cell imcubator SH-0205, Weloon,
Komeal.

22 | Experimental design

Thres =speriments were planned for the eveluation of sperm toler-
ance to abiotc factors (Fgure 1)

221 | Expeniment 1: effect of light on sperm quality

Four aliguots contaming 1 mi of sperm were mentained at rooem t=m-
perahare and prepared s folows

jal Light-profected samples [CTRLE the samples were loaded in
Eppe=ndaorf tubes, which were covered in aluminium and sxposed
‘to ulraviobet light (UV] ata distancs of 10 cm.

b U0 the mples were sxposed to UV ight at & distancs of
10 em

fo U samples were expozed to LN lipht at 2 distance of 20 om.

{df LAE: samples were sxposed to fuorescent twhrte] fght ot 2 diz-
tance of 10 om.
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LU light was oivtaned from @ laminar fiow cabin (Tektar. Woerden,
159w, 034 A 54 v, edation UV-C 4% w

The experiments were conducted upon reception of the speam
samples arvd 24 br laber. Sperm motility sssessment was camied out
st -, 15-, 30-, 45- and S0-miin irb=realz, sperm morpholosy and DNA
fragmeniztion were evalusted ot minutes 0 and 80, ard finally spem
wviabifity, acrosome ntegrity and mitochondrial potenta! were mea-
sured ot minutes O, 30 and 600

227 | Experiment 2 effect of pipetting of
sperm guality
Four aiquots were subfscted to differsnt physica shresoes-

[a) Conotrob samples were not manipuletsd.
[B] - P10 samples veere pipethed 10 times.
[c} P20t samgples wers pipetted 20 Gmes.
[l P30 samples weere pipethed 30 tmes.

For inducing physical stress, samples of 1 ml were collectsd by an
automatic laboratory pipette (1000l capacity] and expeled in the
e tube Sperm ssesmment was camied out in 3wy S b thet
described in expariment 1.

223 | Experiment 3: effect of thermal oscillations
on sperm quality

The sp=rm samplss wene subjected to changes of t=mperstore, ard
speamn gualty was determaned ot 0 and 40 mine Fgure 2 represesds
the temperature varctions the sperm ssmples were subfscted too

Sperm sampi= (1 mi) was placed in Eppendorf tubes, and four proups
wWane pompared:

{al CTRL: samples maintzined at 157C for 20 min

B T30 samples 2t 15°C wers immersed in & water bath a8 30°C fhav-
iz presgoushy besen loaded imto & Falcon tube to svosd thesmal
shodk) for 10 min (temperature reached 30°C at 2 ate of 1.9°C/
minl. Subsequenthy, they wers agzain placed into 3 Meopor box a2
15°C, and this s=equence was repagted. In brief, the sequence of
rcubation temperature was 159C — 30°C {10 man], 15°C {10 min),
30PC (10 mink 15°C {10 man).

TOR: the temperaturs of sperm samples was reduced o 1.3°C
bry rapid coobng (at 1 4%Cr/min} when they weere directiy placed in
comtact with cnushed ice for 10 min The segusnce waz 1590 =
0°C {10 man}, 15°C {10 minj, 0°C (10 min}, 15°C {13 min}.

TOE: samples were bhaded into 2 Falcon tube and placed in con-
tact with crushed ic= for 10 ming the mamples tsmperature was
reduced to 4.2 by cooling 2t 1.1%C/min. In thiz cam=, the ze-
guence was 15%C — 090 (10min]. 15°C {10 min}, 0°C {10 min},
15*C {10 man).

e}

23 | Sperm motility assessment

A computerioed anabsz system (Intemrated Semen Anahser Syztem,
Proker, Valencia, Snain) was uzed for determining total motility [T,
%) and propressive motiRy [PM, %) of the sperm samples. A volume
of 5 pl was placed on 2 shde and covered with 30 = 20 mm ocower-
=ip. Four fiedds ard 2 crushed fce minimmum of 500 spermatozoa wesre
randomby captured st 10 combrast phase & total of 25 images per
seoond wers acquired, selecting partichss with an ares betwsen 10
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24 | Sperm morphology assessment

For the evaluation of sperm morpholopical abnoemalities, Hemacokor
sining (Merck, Dermstadt, Germany) wes used Ten miorolitrss of
semen samples was exctended along & shide and then stained in scoord-
snece with the manufacturer’s iretructions. The percentaees of spemm
sbnormalities was evaluatsd by counsing 200 sperm cefis urder 100=
il immersion chiective [Sympuz. Tokyo, Japarn].

25 | Flow cytometer measurement

& FACEcalibur flow ovtometer (Becton Dickinzon kmmanochemistry,
San Jose, CA, USA} was wsed for snalysing spemm wishility, acrozomes
integrity, mitnchondrizl membrane potential and DMNA integrity, ==
di=soribed belowe. An arpon blus lazer [SE8 rem) was uzed to excibe sl
dyes. Green fluorescence from SYBR-14, fluceesosin imothiooyanate-
conjuEated peasnut seriutinin (FITC-PMAL Epophfic cation JC-1 and
acridine crange (&0 was resd with an FL1 photodetector (530730
band-pass filter). Rad fluor=scence of propsdium sodide {P1) and orangze
Fluorescemoe of JC-1 wers read with an FLT photodetescior [SES/42-
ruam band-parss filter), and red Auorsscence of A0 with an FL3 photo-
detector (630 nm long-pass filter). Approsomstely 100000 svensts of 3
c=ted populstion wers courrbed per sample.

251 | Spermviability assessment

Sperm visbilfy waz assessed wsing 3 LIVE/DEAD® sperm wvishil-
ity it {Molecular Probes Eunope, Lesden, The Netherdands) & wol-
ume of 100yl of diluted spem was mixed with 150 W oytometer
buffer [Bacton Dickinson Inmumochemiztry. Sam Joze, CA USA) at

a final concentration of 3 = 10° spemm/ml This was then incubated
‘ini darfness for 15 min at room: temperature with 25 pl of SYBR-14
{20 mmeol/L final concentration} ard 5 pl of P (10 pmol/L] After ineos-
batican, the proportion of Feedead sperm calls was measured: sparm
stzimed with SYBR-14 (preen fluorescence| were deemed to be alve,
wihiis the parmy stained with P red flocrsscenos] were considered
1o e ez . Mathematical commections weres used for the extimation of
the pesrentape of svents that wers ot speon oells, 2z supEested by
Petruniina, Waberdki, Bolwein, and Seme 2050,

252 | Acrosome integrity assessment

Acrosome intezrity was assessed usng ATC-PHA and PL A totad of
100t of sperm sample was mixed with 5 pl ATC-PRA (100 pe'ml
in DME0} and 5 pd Pl {8 pmol/L final concentration) and incubated
at rocen tempersture in dedoess for 5 mn Than, 200 pl oyvtometer
buffer was sddsd to the sampie and the msult was anabv=d. Pl-
nezatrve and FITC-Phli-negesive cells were deemed to be s perm with
indact sorosome. Alsp, eyenis thet wers not sperm osls wers math-
ematically comected (Petrunking et al., 20101

253 | Sperm mitochondrial membrane
potential assessment

Lipophiic mtion JC-1 (Moleoular Probes, USA} was used for deter-
maning metochondrial potemtisl of spermatoona; Dot ed sperm {100 pl]
wias mined with cytometer buffer [150 ) 3t a final concentration of
10 = 10° spermi/'ml. This was then incubsted in dardness for 40 min
at 37*C with. 25 pl of JC1 [15 pmol/L at fina! concemtration). Whan
spermatozos have low membrans potertl, JC-1 has 2 monomeric
siatus, and a gre=n emizzion [FL1} can be detected . Sfter oxidafion,
apereEates are formed snd JCL i= trareformed o mulkEnerc sEius.
An orange emssion can then be detected [FL2), which indicates that
spermatozos have high membrane potential

254 | Sperm DMNA assessment

For DMNA assessmeng, the S050A techniges was ussd. Samples vwers
dilurted in 200 (o THE buffer t o final concentration of 2 = 10% spefml.
Samples were plunged into liguid ritrogen (LML), warmed at labora-
mwmﬂmﬂmhmm’,ﬁﬂrmmmm
-80°C pending anaby=is. For analyziz, samples {200 pl} wers thawed
and 400 g of acd solufion was added to induce denaturation of the
DHA After 30z, 1.2 ol of AD solution was added {6 pedmi) and incu-
bated in darkrezs for 2 man. AD stining fuoresoes in the: presn band
vrh=n combined with the infact doubd= DA helin {FL1 photodetector
and in the red band when combined with denatur=d DA (FL3 photo-
detector]. & total of 5,000 events wesns countsd per campls

26 | Statistical amalysis

SPSS 150 software (Chicazo, IL USA] was usad for the statiztical
anabysis. Dhets normafty was tested using the Kolmosorow-Smimoy
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FIGURE 3 Total and progressive sperm miotility parcentags in frech §0 i and cocled (34 hr) mmples sxposed to diferent et sources.
Wahres vrens deteroned every 15 min for 1 b Differsnt l=sters (2, B) within type of samples (0 and 24 b} indicate siprificant differenicss
(= [05) betwmen it source (CTRL, U0, L230 and LAE) ot detwrmyined times

test Becauss the data eshibited 2 non-normal distribution, srcsine
and log trarsformation was camed out for percentapes and con-
timwous data, respectivehy, One-way ANOVA was uwsed for compar-
ing the groups smd storaes time. YWhen sipnificant differences were
phserved (p < .05), Bonferroni's correction vwas carmied out. Diata are
shown as mean = SEM.

3 | RESULTS

31 | Effect oflight on sperm quality

Fresh samples ansbyzed after collection and subjected to 2 variety of
fight emisions showsd siprificantty lower (o « 05) total and progress-
sive ottty aftsr 20 minof LY Bght sposurs {(Figune 3L In cample:
cooled for 24 hr, UW-exposed proups showed a signifiant {o < 05]
modifity reduction after 30 min (Figure 3}

The morphologics! szseccment of sperm did ot reves] ame Spnafi-
cant differences (o > 05) betwesn groups [Tabls 1]

Mo differsnces (o > 05] werse detected betwesn cooled spesm
smmpl=s at 0 and 24 br when comparnng the same= §ght trestment
[Tabil= 1 and Figae 3}

The percentage of high mitochondrial potertial was significanthy
lowrer fp 05} in samples exposad to U Sght. Howseves, frech samples
showed diferences ot 20 min afier UV Bgivt sxposure, while in samplss
mzirvtaired for 24 bhrat 15°C difensnoes appear lsber, ot 60 min(Tabls 1)

The other spam parasmeters analvsed &d not exhdbit any sipgnaf-
cant differences [p = 051

3.2 | Effect of pipetting on sperm quality

Sperm motility was not affected (p > 05) by physical stress induced
by repected pipetting of samples. mor was it influemscsd by the sStoees
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TABLE 1 Percentaps of different sperm qualty ndicators, expressed s mean = 5EM, in fresh and cooled samples subjected to dfferent

light exposre over the Gme ffrom 0 o 60 min)

Fresh Cooled
O min 3 min &0 mim Qmin’ 30 min &0 min

% Viskility

INITIAL B195 = b.64 BOiE=911

CTRL Thds = 540 7713+ 588 763 =740 TRE3 + AAT7

uvio F2462 - 890 2E+T81 F186 = 675 549324208

W 7405 &1 TET2 2 462 T245 £ 749 TTEI+ 739

LAR TASE=T14 771+ 605 TE91 = 636 THZ + TBE
% Acrosome inbeprity

INITIAL 44,67 = 160 F0:07 = 694

CTRL E0.58 = 406 6366 + 167 6439 = 535 66,58 = .43

uvio 5958+ 85 5926+ 164 5257+ 448 6608+ TAS

Uz 5040 = 837 5079 = 463 55.50 = 5.45 6458 = 729

LAR 5192 = 420 6137 2 500 84525575 6671+ 631
% Low mitochondrisl potential

INITIAL 167 = 443 16542741

CTAL 2514 = 884 5717 3531 = B4 2747 4+ 447

uvio &180 = 2433 Bl3+1d$ ASE1 =764 BEDE + 1115

W 4358 =772 6889 1147 3517+ 235 56,57 + 1378

LAR 2605 = 574 1900+ 5.6 74 47 + BO7 02+ 43
% Hizh mitcchendrial potential

INITIAL BI74:=78 BT = H13

CTRL 7213 = 538" TOi1 = BOEP0 7128 = 1065 75413

uvio 3534 = 24.83° 1593 14920 4927+ B9 2955+ 0930

uvza 5280=75 585+ 11010 B026=171 4037 = 13704

L48 TFi46 = TEE 76132735 T1=1003 TTA9 = 435"
3% DMA Fragmesdation

INITIAL 9.96 = 055 9142023

CTRL 917058 056 = 0.9

uvio 1064 = 108 1151 =289

W B33 =037 1001 = 0.24

LAB 1044 =+ 057 1187+ 176
% Mormmal morphology

INFTIAL T75=50 683257

CTRL 5558 T3273

uvin 13263 9155

uvan 75330 M35

LB B02%55 E17+53

INITIAL ingicstes the pemm guafity valoe: st the bemnming of the sxperiment. Different letters |2, B indicate sizndficant differences {p < 05} within cobumn

for aach sperm parsmeter snckycad.

time [Fzure 41 Morphological sperm chascterstics did not vary sip-
rificantty (o > 5] when comparing the sxperimenta! proups or be-
fwesn storape times (Tabls 71

The other spsrm parsmeters (spemm viabilty, scrosome ing=prky,
mitochondrial potential and DA frapmendstion] were not siznifi-
cantly affected {p > 05) by pipetting [Table 2).

3.3 | Effect of thermal oscillations on sperm quality

Mo significart differences [p> D5 were obearved for ame of the
sperm charscteristics svaluated when the samples were mubjsciad to
thermal variations, and storage tme did not affect this esulk either
(Table 3 znd Figure 5. When the temperstune dropoed ofter contact
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FIGURE 4 Effect cver the time ft0-£60) of mechanical stress by 10 (P10}, 20 (P20) or 30 (F30) times pipetting in frech (0 he) and cocled

[24 hr} =ampl=s on totad and progressive spenm metility

with crushed ic= (to spproametely 1-8°C), the sperm samples showesd
shghtly lower [p < .0F) mesifity (Table 3], visbiFty, acrosome meegrity
and mitochondrial potential {Figure 5}

4 | DISCUSSION
The present study demonstrates that frech sguine =perm iz highby
resistant o stress induced by shiotic factors such = Erht intensity,
physical demape by pipetting and therma! variations; squmne sperma-
toeoa abo maintsin their ok e of the af joned sreszors
during 24-hr cold storage.

Ft bz bemn reported the lipht-esposed semen svbibits 2n inomeze
in A0S production that provokes 2 diminutson in sperm qualfty {Shahar
etal, 2011] However, mosnt shodies suppest that shimulating sper-
miatozoa with Gght offers benefical effects in t=rms of cocyte pen-
eirafion, ncrexing fertility and prolificacy (Yeste st al., 20158} UV
fight has sterilizing power and it has been proposed a5 3 mzans of
avoiding or reducing bacteria in sperm samples, to restict the use of
antimiorobiais.

The resufs of the pressnt shady supeest thet spermatozoa are ot
r=gatively affected by 3 continwous exposurs to U light during the
first 30 min, buz they leter suffer 2 drastic negative impact on their
mptiity and mrodhondria. Howeser, visihle ight sxposunes did not e
duce gpemn guality, despite conmtinuows saposure for S0 mir. VWhen
permatoma are exposed to a ight source, part of the enerey reaches
thes cafls 35 Feht, but another part = anomitted a5 heat, and depend-
irz on the warvelength, higher or lower depress of penetration will re-
sult. Expariment | demonstrated that sperm sampies locsted further
away from @ UV ight scurce wers less dameged than cihers placesd
re=arby. These results suppest that spermatozoa could be evposed to 2
U light sounce for 30 min without arffering deleterious effects, =k-
ing advartzps of iz stenlizing povwer as wed oz other itde-understocd
effects a==pdated with an increase in the penetrating capacity of
permatozoa.

It haz besn demonstrated that rat spevn © highly sencitive to
physical shress (m et al. 2013} and that prest cane iz thensfore
rmzeded during s processing. The repested (Fourfold) pipeting of
mice and rat speom reduces thesir viahility by hatf (Varisli =t &1, 2009).
By contrast. studies camied out in boar, bulls and rams showed that
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TABLE 2 Percentape of different sperm qualty indicators, expressed 2= mean = 5EM, in fresh and cooled samples subjected 10, 20 or 30
times pipetting over the time from O to 80 man). DMNA frspmeantstion and speom morphological sszescments were carmiad out st tme 0 and

&0 min, but naot ot 30 man

Fresh Cocled
O min 0 min &0 min Dimin 30 min B0 min

% Visbility

CTRL T8+ 631 T7 232531 TS5+ 854 TRAR = BIT BLoh+ 65 7622 =504

] 73582680 TLT2=2 826 7392755 756 = 1082 T4ET £ 925 Tl46 =514

o] FLIT=BOE 7ie=208 7183+ 740 7322311 TLE2 = 1240 [kl -

2an BEED 1220 T1TB= 1142 GB35+ 1074 50621532 BT32+ 1254 E25:1117
% Acrosome inbezity

CTRL 758539 65152293 6336+ 537 TZ6T 2531 6655+ 582 427 =511

Lohti] B5.05 = 561 S60T =204 B405+ 752 TO23 =743 G3742987 £395= 550

el S0TL£+572 S1B2=7904 52822560 ETEB =743 SB.E7 = 1098 SRAd =508

P3n S48 +R01 5116+ 10.51 5234+ B10 321 =958 SR3E =047 5471 =478
% Low mitechomdrial potential

CTRL 22722747 20.iB =299 2254+ 500 17352724 1877 =932 1951 =420

Pim 1334508 2405=921 2636+ B18 12509093 Mk 522 12502941

P20 2303+ 505 2491 =488 2475+ 565 3T 6B =651 25455+ 787 3080 =842

] B2+ 518 3041945 1115+ B78 0I0=9.32 2257920 3313:1132
% High mitochondrial potestial

CTHL T4E3=TT2 TH55=511 T4AT £ 868 8105=7.38 TBS51 =389 TEAB =425

ol 7339+774 Tie0= 1094 Th7E+ 928 75.57=10.34 7531+ 6895 7401 £ 871

P2D T23 480 75722 F2052 700 71044 7021+ 1203 6671 =B26

1] 4B92=537 448 =1101 BE12+ 1048 £a02=934 6578+ 1321 8371002
% DMA Frepmentation

CTRL 960+ 102 = 832+ 20 7Bi+ 168 = 1061 = 087

5] 205 148 - 831170 B36=0T76 - 1150 =103

P20 1051200 - BA4 375 THES=138 - 1011 =080

2an 1209 £ 451 - 1047 £ 258 TA7£108 - 1077=158
% Normal mosphology

CTRL 5433 2007 - G167 + 1286 7121 = 1039 - 533 = 842

Lhle] 6033 TA4 - 8405 + 1405 A= TTT - B431=723

L] 4533651 - 6513+ 1300 863221250 - 6142781

] TOST £ 1168 == TOET + 1007 G633 =17.01 = 5367+ 1350

sperm motifty & ot affeched by pipetting (Varish et al, 200%). The
current shudy demonstrates that horse sperm & also resistant to pipet-
ting stress. Unlike pipeiting. cther physical stressors mvodved o cen-
trifugation did not affect et sperm motility, which besd= the present:
suthors to suppest that horss sperm will not be affected by certrif-
ugation, a5 defined by Fermer et &l [(2012). Papetfing and centrifuga-
tion have been found to affect mitochondrial fundbon in e rat (Km
etal, 2083) However, the mitochondriat function of pipetted horse
spermataraa in the present shady was not sFfected by phvsical stress,
supporting the susmsstion that horse spematoens are mons tolsrsant
of physical stress than et spermatocoe B has besn suppesied that
the long length of the a1 or flagelhsm of rodens spermat coukd
bee linked to thedr high censitivity to physical apents (Gao =t al., 1997;

Warish =t 2l 300%] Whils various studies affim that mechanical stress
incregzes BOS m the spermatozoa [Ararwal ot 21, 1004 Asken =xal,
2010 MoCarthey et ab, 30000 Kim et al (2013} recently observed that
rat spermatozoa showed 3 meduction in BOS, which sugpests that this
sirecsor may activate the antioeadant defence mechanzms of sperma-
tozoe. Mitochondriz are the main ogsnelles mvobred inthe mtrecedi-
lzr formation of BOS and shotc sress could reduce the presence of
spermatozoa with high mitochondnizl potentizl, which sre necessary
1o produce mitocchondrial ATP for providing motifity to the spermato-
ona {Guthrie & Welch, 2006

Many studies desoribe the effect of temperature on spermato-
zoa, but no impact of thermal osdllators on spesm phy=olozy has
be=n found. In the precent study, horze spermatocos wens cooled at
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TABLE 3 Percentaze of differ=nt zpem

OO Wi =Y ——

gqualty indicators, expressed = feet T
mean = 3EM, in fresh and cooled amples O min &0 min O min 20 min
subjactad to different mp=ature
oillatiares over the ime [from 0o % Vibility
&0 min] IMITIAL 7984 = 556 B0+ 663
CTRL 8252+ 6,74 TH3T= 478
T20 S35 £ 4.97 TIAT = 74T
TOR Th40 + 005 TI20+ 641
TOL T103+B 42 AT = 816
% Acrosome imbegrity
INITIAL 7118+ 758 6877+ 534
CTRL Th1S+6.73 T195 = 74T
T30 7 £7.28 6937 = 509
TOR 6147 +0.42 &BBE=T1B
TaL 6124+ 8.28 &9BT = 8373
% Low mitnchondrial potentil
IMITIAL 1IFd=546 1795+ 713
CTRL 1702+ 812 1986 = 417
T20 1897 £ 704 F10E = BAD
TaR A1 TT 2276+ 937
ToL 24562 £ 5.72 2118517
% High mitodsondrial porterdial
INITIAL 5084 = 603 TRBS+E18
CTRL 5132 + B39 7B = 469
T3 TR = T.04 T433:923
TOR 0T +142 TA5E = 1048
TaL T = 615 T4 = 482
% DNA fragmentation
IMITIAL TTe=027 Pid+ 714
CTRL BI3+0.49 TAB =184
Ta0 T4d+149 TAD=0T6
TOR Pod+180 162343
TaL B20+0.88 957 2 351
% Mormal morpholozy
INITIAL Tha=97 E52+B9
CTHRL 693 +BT 64T=113
Ta0 7790 6372129
TOR 303 5802137
TOL 7585 6102113

INITIAL indicates the sperm quality value at the bepinning of the experment

15°C amd wers subsegquenthy sither cooled by contact with crushed
ice {approvimately 1 or 4%C) or warmed nto water bath a2 30°C be-
Fore Finzlly being returmed to ther mitial temperature {15°C) The -
sults demonstrate the high tolerance of squine spermatozoa to abrups
changes of temperature when they ae diluted with non-penstratong
cryoproteciants such as skimmed mik and sugsrs. Althourh no sig-
rificart differences were detected betwesn different t=mpersture
pcillations, it was noted that 3 drestic reduction i temperstune (near

o 0FC) inchuced shzhity preater o=ll demages than an incresse n tem-
perature {rear to 30PC) Thiz ohservation ndicates that the curment:
systems used for transporting squine samples, such 2z Neopor baxes,
are safe for the pressrvation of spermatocoe. The semen uzesd o this
shudy exdhibied pood qualiy, and it cn be conduded that i qual-
iy wias not affected by temperahine chanees assoczted with sample
mansEement, 25 S ocour s warm chmate or dunng oold sessons.
A potentially fruitful shedy would be to @my oot 2 similsr experiment

27



p 1] PEREZ-MARIM s
2w ev- [
I - T = 1 3.
B[ o ke ol o B
L HE
Ii_::
E
28
E
e
@i
0=
o — T T L T T T T T T
IMTIAL  C73L T3Z TZR TGS IMT#L C°AL TG TCR To:
FRESH CICELEDY
“si
un
a0
Bwl A FOE oz g 2R T ¢
E s
|
E G
_E' bk FIGURE 5 Total and propressive spamm
w8 micéility percertage in fresh {0 hr and
an cooked {24 b sarmples during the sxpozuns
- to different temperstue oscllations.
PNITIAL comesponds o values obtamed at
n 2 Y
L. 2z : h AT e A ' time 0, and CTRL, T30, TOR and TOS iform
IhITA. CTH T30 TR TS IHITIAL CTFAL E) Tak T " the val chitsiiries) 40 imiins ke,
FRESH CCOLED after different temperatune treatments

using low-guuabty sperm, in order to slucidate whether abiotic stress
hizs 3 negative impact on the guality of thess spermatocos. and subse-

5 1| CONCLUSIONS

Thee results demonstrats that =guine= sperm have a high tolsrance
of mechanicd (induced by pipetting) and thermal {induced by tem-
perature oscillations during conservation) stress, and they cor-
roborate the ddea that it iz poszibls to maentain high sperm quabity
during lbonp-distance shipping, in spite of the way such zamples ars
handied.

I t=rres of the impact of lipht, squire sperm was wery resistant to
mormad stmuli, such 25 ocours im moartine laborabory work, but speam
zamples showeed diminution of gualty when they wers expozed to LY
fight for & minimum of 30 min
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These has bean o bk of resegnch bnon egnine spees wariflsaton ro dae, bor smdies of otber speces suggeat i
may have significan powstal To emine de lmpact of Vaiom cyops agen (CPA) ol Wwdfieation
i aguing spenm guadiny, §commalied gudy was carsiad oot A el of 12 gaeulates wiere cobjectad 1o Sxpecane
o CPA md witsl e oo - Spseren wns dated bn o range of CPA- fresh, cvareeld (BEA), sueroe (0158, 058 gl
058}, mretaboes (0L1SH], 050 asel 05M) and the coonhingd oo of sende and tehalee (W1 L15M seveds
+ 0LSM trehaboss W2 05 sonds+ 0158 selaloa ). Sperm motly, viehdiny, soniceons ey and DA
fragmenaEon Wes dsesed a1 e Smeof CPA arpodau s and afler vizfication. The exposnne of sparmanecd o
wois concentmE s of e andir wedubes dgnifieenly edeced operm mesilry, with bwer con.
ceniratbors resuldog bn higher sperm mailny. Speen viabS3hy and DNA Sepeeamden & hot vary afier -
posam i CPA, bt acrosans inregriny Sl sigesfiesly when spermatesna were expemed 18 OPA with bigh
camdality. When spermaicens were Wirdled, motliny vabnes ware significanly higher tan theee obdsined
doring e expoanee Low comcemtmuions of aooreee (015M aod 036} and metalose (0U15M] shomned e best
progresive fperm ey, The wirific sion-wasned proostoe siynific antly edoced sperm viabiliny and ae-
mlmummmqmmaanmm“mmmamﬂ-
o ja iy et i serving e meRlTy, dod aved as hevser s dfE
asmoeiamsd with o bester proasoswe el T on spenm ol m--ﬂmmummm
wese semerely bnpained, while the DA wns minmined B ouine 5p pantally recover the
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it aln dnyg Treuas

1. Introdwction

In mecent years, with the widespread o=

mist commonly med dissrchamides for protecting sperm from cold
temperatunes, became they have the mpacty o balance exiraelnlar

of Zwdsied reprodoctive and intrarelnlsr osmotic presare dorng fresring and improve the

techniqoes {ARTs) in animal bresding indusiry, new sperm o yopre:
servation methods heve been developed such 2= freewe-drying (Iyophi-
lisatiom) [27] and vitification [41

In sperm vitrifiestion, which consists of the dirsst immersion of
spermainma in Hquid nitrogen, the mmbination of ltresapid cooling
rates, the high viscosity of the medinm and snall saample sives tend to
prevent the formation of intrcelinlar ire crystals [349]. Soch oystak
indure the sperm crypodemaege that it & swmodated with redneed sperm
matility and mitochondrizl membrane potential [25], imeversible
ple=na membrane damasge [7], 2and DNA fragmeniation [ 4] which am=
lishle to nedore the ferblising p izl of the s

The addition of cryoproisctant agents {CPA) o the medinm hes the
potential o improwve spemm preservation. Sucose and trehaliose ane the

glam irmnsition temperatune, thenshy preventing ice formation [ 28] In
addition, trehalwe chamges the membane finidity of sperm, in-
omporating iteedf imo the membranes” phospholipids bilayer, yiclding
mare stahls membranes doning the freering proodome [2]. However,
ool ¢ effrscits hanve besen Enbed 0 CPA, depending on. thesir concentration
and the exposure tme (4,527, and some sdies suggpest that the pro-
testive effet af CPA depends an the storage temperztre, the malsonlar
weight and the huffer med = ecender [34 1 In this coniext, & previons
study carmied outon ovine sperm vitnification [4] demonstrased that the
refrigeration of spemm at § °C affers @ improvement in it fied sperm
quality when surmss & nsed.

The few sindies of sperm vim fication that hawve bem published in
different species [4.18,19.51,3233] nepont diverse resulis. In Hght of
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ithesorces sin resolts obizined in dog [13] and homen stoadies [ 17], and
the comparshle hesd dimessions of equine spermatoraa, it was hy-
pothesised that virificstion muld prove fmitful for squone sperm
cryopreservation. This stndy aims to amalyse the influence of varons
comeenirations of soorose rdhalose and the combimation of the two

FUFATS N equne sporm quality after vitrificstion.
2. Materinls and methods

A total of 12 gjsrnlstes wers collested doring bresding sescon from
twn Spenish.breed sallion, sged 7 and 14 repectively. The animak
were clinimlly healthy, and semen was colkecied twice awedt. Frevious
mmemment of spam freershility showed good remls in both of the
stallinns nsed @ his sindy. For the porposss of semen collsrtion, the
penis was cleaned | the stallions were allowed to momnt 3 phantom and
the semen was obtained by artificial vagina (Missourd mode], Minimbe
Iherien, Tarragona, Spain} at 45-50 "C, squipped with 2 cdnlose Alter
1o separate the gel facton After collection, semen volume and sperm
coneniration (SpermaCoe, Minimbe lberim, Tarmgona, Spain) was
determined. The sjmonl st from both stal Bons were pon d=d to minimize
individnal varistion, and 1-2 dated with INRA 94" (IMV-Technologies,
LAdgle, France). Then, dimted semen wes cemrifuged at 650 g for
1{imin and the pellestwas resspended ta resch a final oncentratinn of
100 x 1@Fsperm/ml Analiquot of 20 ml was prepared and moried o
o the laboratnry in & Neopor box. (Minitube Tberica, Tamagona, Spmin)
=t 4C

Management of the stalions was condociesd in aorondance with the
melevant Ewropean Union regulations (200 0463 /ELT), s transposed o
Spamish law {RD 53720130

23 Erperimmul dedgn

Fig. 1 illustraies the expermental design. Firstly, in order to camy
out & bodcity st of CFA, sperm samples were exposed to vadous
oonenirations of soemse. ehales and 2 ombination of both CPA,
amd thesr effscts on the spermgoality wens evaheed immedistely after
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dilniion {T0) @nd 5 min ater {TS). Secondly, for ssseesing the protectvwe
effiect of CPA during vitrification, sperm samples wene diluted with the
mentioned CPA and immedisiely vitrified; for fie sperm quality as-
were d in warming medinm (WML The =

= Y

23 Media preparabion

The cortral medium wes based om INRA 96" extend er supplemented
with hovine serum albomin (BSA, Sigma-Aldrich, 5t Louis, M0, TSA)
{final eoncentration %], while the other CPA medis were prepared
with the sme extender spplementsd by varying concentrations of
suormse (Pemrese, Bareelona, Spein) {fna] ooncentration 150, 03M,
050, o + 3 trehalone dihydrate (Acros Orgamics, Ged, Belgium) (final
omneeniraton 015 M, 3 M, 05 M) and #he combinetion of bod (M1
0,15 M soerome 4+ 0.5 M shalee M 085 Msoermme + 0015 M e
halse). Sperm wes dilmed 1-3 in the nine different prepored medis.
Table | shows the composition of the vari ;s mediz used for this sdy.
Media cemaolality wes messred sing @ vapomr presne somomester
(Vapro 55, Wescar Inc, Logan, Utah, USAL
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For vimnificstion, 25 pl of sperm alignot were 172 dilnisd in nine
different CPA madia A final drop of 50 @l (80 % 107 sperm/ml) was
immesdiatety plhmnged into liqoid mtrogen (LK ). Untl ther ana lysis, the
sperm pelists were stored in cryoinbes oonfaining 300 pl of LNy Far
wamming, vitrifisd sperm pellets wene immers=d n {5 m] of wanming
medinm (INRA+ 1% BSA; WM af 65 "C for 55, and then medntained at
37 °C for Imin Samples were centrifuged =t 300 g for 10min, and the
final pellet was resuspended with 50 pl WM for the sperm s seeoment,
adjusied toa final eoncenttation of apprmately 16 % 10 sperm /ml

15 Accmoment of spevm mnilEy

A computerised analysis system was used for sssewsing sperm mo-
tility {Prodser, Yalencia, Spain]l. Presh pooled semples were diluted 125
toa fmel concenbation of 10-3 ® 18° sperm/ml for evalnstion. In
ander to detenmine the sperm quality during exposre o the CPA, Fesh
stock sperm abiquot wes first 1:2 diluted in IVRA 96 to reach 50 % 10°
spermy/ml. The ssmples were then diloted in their comespanding CPA
mediz o a final concentation of 10-20 il}u:pﬂm,."ni.]‘}r\ep]m
pleced on & slide and covensd with 20 % 20 mm coverslip. Foor fields
=nd a minimum of S0 spermatooos were andomly eptored at 10X
conirast phase . A total of 25 jmes ges per sevond wene 2o ned, seledbing
particles with an area of between 10 and 70 pm?, and sperm were
omsidersd to be Inearly motile when they devisted < 45% from 2
strzight lne The smalyses provided informetion showt ioil motdity
{Thi, %) and progresive motiity (FM, %)

During the exposore Gst, spenn motlity was zssewmed ot the mo-
ment CPA was added and after 5 min incohation =t 37 "0

26t Asvercoment of geerm viabdity

A UVEDEAD" sperm viahility kit (Moleculer Probes Hurope,
Leiden, The Netherbnds) wes used i assess sperm vishility. A volmne
of 10 gl of dinted sperm wes mived with 150 gl cptomeer boffer
{Hexinn Dickimson Inmumochemisity, San Jose, CA, USA) at & fnal
ooneentration of A & !ﬂw, and then 15 pl of SYBH-14
(2l oM final coneentration) and five pl of propidinm iodine [P0
{110 p M) was sdded per somple Afier inen hation in dardmes for 15 min
=t Tomn iempersiure, the proportion of Hye'desd sperm el was
mesmred, ive spermatoros dermed to be those spenm stained with
SYBR-14 (gresn flonresencs), while desd sparmatrens wens stained
with M {red flunresomes). Sampls were amalysesd ming & fiow cpi-
ametsT,

27 Asvecoment of arroaome gy

Acnmome inbegrity was esmessed using FITC:lsbellsd pesmnt ag gho-
itinin {FITCPNAY Sigma-Aldrich, St Lovis, MO, USA) and P (Malecnlar
Probes Euope, Leiden, The Netherands) A total of 104 pl of sperm
sample was mixed with §pl FITCPNA (104 pg,/ml in DMSO) and 5pl Pl
{6 pM final conceniration), snd nmbated =t mom EmpersmE in
darimes for 5 min. A volume of 400 pgl cytometer buffer was then
mlded to the samplk to & fmel som oooodmton of
125 ¢ 10%pemAn] and mnalysed by fiow cptometer. Pl negative and
FITCPHA negative cells were considersd as sperm with imiset som-
some.

28 A

of sperm ch i shruriare

Samples were dilubed in 200 p] THE {015 M NaCl, 0.01 M Tris-HCL,
1 mM EOTA. pH 7.4) buffer to a fnal coneeniration of 2 = lﬂ'qﬂm,."
ml [13]) They were plinged into Lk;, wermed to moom temperatne,
and plunged again into LN, i be finally stored &t —80 °C pending
snalysic The smples were mbssquendly thawed and #00 pl of =dd

Crmbisicgy 57 (J018! £2-59

sohiion was added o induce demmimraion of the DNA. After 30 5,
1.2 ml of acridine orenge (A0) soluton (Sigme-Aldrich, 5t Lowis, MO,
USAY was added (6 pg/mi ) and incobated in darimess for 3 min proor o
fiow cytometric salyss. When ombined with the misct donhles DNA
helix, AD was detcted in the green band (Fl1 photodetectar), bt
when it was linked io denatured DNA i foonesces in the r=d band (FL3
photod sterter). A total of 5000 events war=connied per smple and the

menls are presenied as % of fregmented DNA.
19 Row optomaric ooalysic

For Bow cytometric analys=s a FACScalibur flow optomesber {Bedton
Dickinson Inmumochemistry, San Jos=, CA, O5SA) was need. ADl dyes
were excited wsing Argon bioe leer (488 om}. An P11 photodetsobor
{53030 band pass filter) was used to read green foorescmnoe foom
SYBR-14, FITC-PNA and AQ. An FL2 phomdetedar (545,42-om hend-
pa=s filter) was used to resd red fnorescencs from PL and an FL3
photodetertor (630-nm kng-pess filter) med to resd ned finorescenre
from Ad: Aroond 10,000 events of 2 gated popolstion wene connted per
mmple, with the sreption of AD whens 5000 =vents wers mmted. Far
vighility and ac imtegrity, math iral comections wene el
fior the estimation of the percentege of events that werne not spenm: o=lls
.

210 Smsci-al analyds

SPCS softwarne (SPLS, Chimga, 1L, IEAY wes wmed for ststical
amalysis of the data. The Shapino- Wik tstdetermined that the dat did
not show & nomnal distribotion. The Wiloonon test was nsed 0 compane
ithe effect of expesure (10 and T8} and the viinfim {on/wamming pro-
e within each CPA group. The Kmskal-'Wallis test was nsed to de-
terming the effects of the various CFA on the motility, morphology,
vighility, aoosome integrity and DNA. fragmentstion =t the indtial e
pesnre and after e vitrification ng Diatss are p d
= mean = SEM, and differences wene considered 2= significant when
p = LOG

3. Resulis

Presh and eonirol (mmtzining 1% BSA finsl soncentratinn)) sperm
samples showed higher total and progresive motility, but these pama-
meters il significanty when socmose and for rdhalose were added to
the sampls= (Fig. I} Valves did not significantly vary when sperm
samples werne madntwines] for § min in contact with the CPA (Fig. 23
Comparison of the effect of different CPA showed that the lower om-
centrations of socree (0015M) indored higher sperm motdlity. - Simi-
larly, the addition of 0.15M breleloss wes also ssodated with =ig-
nificantly {p = L5} higher sprom motility. Similer comperisomns
camied out after § min of sperm-CFA incohation also demonstrated that
O 15M surrmss had the best resubis for iniad moabty: I was nobed thet
sperm diluted with 1% BSA suffered 2 slight fall in motility, but 5 min
lnier valoes momsed.

Vitrifimtion indured low motility valne in mmparizson o fesh
sperm. Afier vitrification/warming, ol and progressve motility sg.
nificantly incressed in slmost all the CPA ussd comparsd to values
ohiained during CPA exposre, except in the mxe of the moiral and
G 15M soose Samples diloted with 1% BSA {labelled € groop) suf
fered & drestic reduction of motility. The comparison betwesn et
ments {Le. CPA) showed significantly {p < 0U05) lower total motliy
when sperm samples were dilnted with mntral or M1 or M2 dilenis
Progressive motibity was significantly (p = L05) higher in sperm
samples dilobed in 0154 and .3 socmose snd in 00150 ehalose

Sperm vishility was not afferied by exposre o CPA before w6
trification, and it remained at hetweesn 76.9 and B2 9% {Fig 3.

Sperm viabdlity values after vitrifimtion were signi iently lower
comparad o initiz vales (p = 02001} Signifient differenoes alsn
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Austenush (%) milvcabes signifvanl differenes (pell05) belween exposure und vierificatios wilhin

each soyaproicetnm,

Lrifferanl lelters (o, By indicale sigmificant differeness (pt,13) helweson gryepratecianls

emerged when comparing the veriom CPA gomps {p < 0,001 the
conirol 2nd M2 groops showed significantiy (p <= 05 lower values
(Fig- 3}

Acrosonme integrity was significanfly {(p < (.02} redneed in sperm
samples dilnied with the highest maolanty CPA, L= the minture of su-
cree 2nd trehalose

When vitrification wes mrried oof, arossme integrity was also
significantly redoced (p < W0 ) in 2l the CPA groups. However,
comparing CPA after vitrificstion did not reves] sy differencs and 2
low percentage of o (10=15%) e d their a

procednres have been desoribed in squine sperm, and interest is ine
cressing, shout new exendemns, selective methods for separsting superior
sperm popul afions 2nd mod fications to fresring tha wing procedomes =
o mezms of improving these resnlts. While other stodies desoribe new
Cyopreservation procedures, sudh a5 dry freering for the preservation
af squine sperm [2146], no experimants have hitherta been ondocted on
equine sperm witmification. And althmgh vimifimtion has bem e
cemfully implemented for buman sperm oyopreservation [17], fimw
stodies hane forused on other speries.

imtegrity (Fig. 4L

Fresh and CPA-exposed spermatoros did not show differences fior
DNA fragmenition hetwesn trestments (Fg. 50 And similady, valnes
obtained after vitrifietion did not showed diffenences between CPA
{Fig. 5. However, signifient differenes (p < 0U05) wene olsorved
betwesn spermatoros expossd and vitri fied with 015 M and 03 M
sncrome, 2nd n M3 ddvent

Difficulties in obtmining good mesults afier feeringthawing

o

Fragivanbed LR (Y
e

l

ﬁé‘é_&-m@a o

® o piairr - O fial

The| smdy d Tates the negative impart of virfcstion
an equine spermatoens dilneed in vanios mncentrations of oo
andfor trehal oee, and did not fond notble diferences between the two
dissrcharides However, it wes moprising to ohesrve that witrifed.
warmes] sperm samples (ming the same CPA)Y showed higher motility
values than sperm samydess only exposed to CPA, a5 desoribed in Fig 6.
The mentioned fgore shows the impat of high osmolality on the
equinge sperm mutility, == reported by others [5.307, and alen demane
strates that imporance of these CPA for maimntsining motility doring
vitrification {(slthoogh valness are ton kow to nse in antificizl nsemins:
tan).

Mamy of the sperm quality varistions observed in this sindy may be

Py 5_ fpeo DA B sy (%) i expuiw: st dasing ke e
pum mnd e eEiSosnn/wameng with (A baoad m E58, -
e md /o rembhae Des oe erpanssl o owas = SEML

el e A *.
A

Astonsk (41 indicates significant ditfrenees (po0 0% beiwen exposure and vildficiion withio

cudher snprlctant
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mmocisted with the osmotic tolerance of squine spermatoroa. The
mesdia meed for synine sperm viinfication displayed sohsiantial differ.
enees in fieir osmotic pressure, which conld ceee the variations ob-
served in sperm quality. The vse of high CPA coneenirations fior sperm
vitrifiration makes it advisshls to evaluste the semples ot predsshy the
mmmentof coming into contact 2nd after 5 min of exposure [10). in the
present study, equine sperm maotility afier exposure o diferens CPA did
naot show significant differences sither af the moment of fire o=t or
5 min later, sxoept when BSA was the only addition io the sample
i gni ficamily Jower sperm motility was observed during the svaluation
carried oot hefiones vitr fos fion, 1= when sperm were sxposed o P& A
rapid osmotic shock ooors at the moment that CPA are added o the
spern smples, and the addition of dsachandes o the
medivm into & more viscous sohsanee, suppresing the flagellar
mavemenit of spermatoena [349]. The dilubion of thess somples enahles
sperm motility to recover, thereby accounting for e remlis obtxined
in the present sindy. It has been reported that equine sperm maotility
deresen rapidly tnder hypermnsmn lal conditions [5 507, However, snch
condiions abo induce oxidative damage to sperm, with inoressed
frnerztion of superoxide anions, although plesma membrane mbegrity
iz not affeded wntl] 500 mikm [§]. And the im0 semals] con-
ditiors during thewing or warming i alsn critical for spermatoros,
which remmver fheir initial volume. ¥ has also been reponted that a
deoresse of mindhondrial adivity and viability are chesrved in equine

Crmbisicgy 57 (J018! £2-59

spermainma during the thawing process [10], which mnderscones ihe
impantance of this siep for sperm. arvival and fondioning. It has been
panted ot that the rate of wamming constintes & critio] aspect of
sperm vitn fisbion, more sa than the cooling rate, and show warming =t
A7 *C strongly redores sperm motility, sperm vishility and soosmme
imtegrity compered to apid wanming at 60 "C (321

Thie impact of CPA 2nd vitrification cheerved in the present stody of
sperm vishility suggesis that the plesmalemma {or plasma membrame)
is demaged not only by intracelluler ice formation, but skso by the
compasiton of the CPA indodng physical impacss on the cells bn the
literainre, varion sdies cononr that the opbmom concen iation of
sugams for sperm cryopreseTvation di fiers between species, and itis zlso
affiected by the type of extendar [12. It has heen reported #hat bok
dissrcharides offer similar effeds on sperm cryopreservation [0, and
extenders such as INRA possess additional sugsr mpable of ading
smergimlly with the dissccharides med a5 CPA [111 Sooros= snd
imehal oo are dissccharides that mnnot penetyate the ol and ame wed
to impnove glees formation at & centain oritical conling mte [9361 &
has been meponted that teleloss nserts el nio e membrane
phosphalipids bilzyer, which makes it more stzble during fesring [17.
The antimddant effect of trehalose hes besn linksd to it ability to
protect membranes during oy oprservation, since it oeeses the leve]
of gluathine and reduoes the level of lipid peroxide [31 It & possibl=
that it promoies the protedtion of the foncbonal integrity of aomsmme
and mitochondria and improwvement of post-thaw sperm modlity [240].
In & reeent stndy [35], homan sperm motlity was incressed after v
imification nsng 0.1 M inehaloss, bot no oomparative experimenis wens
carmied ont with similar sucrose conrenimtions. Different dissecharmides
were mmbined in this trdial, but their osmalality was higher than in
singlesugar media_ It is Inown that combining CPA could hamess ihe
symergic adion of esch ndividual CPA component, and redoce toxicity
compara o single CPA in high conentrations.

AT plays an important mole in the fertiliation proo=s and
imjuries have the capadiy fo impede the of sp ma. In ithe
present siudy, the exposure of sperm o low.cemalality CPA did not
affert aorosome inbegrity, bot vitrificstion indoced & great negstive
efisct on the acosemes memhranes. No poiective sfect of soeoses or
trnehal ose was: noted on sperm aooseme afier vitrification, and the ssme
holds for spermatoros plasma membranes. This may be linked to an
alteration in membrans proteins located in the phospholipid regions
that ocowrs during the lpid phess transition in coaling [27]. This ob-
seTvalion mnstines 8 major impediment to usng vitnfied spemm for
artificia] irseminstion, snd underscores the cowe for acreome and
pleama membrane profective. satepies being adopted 0 mmpreee
sperm vitri ficstion; other such strategies mey ndude the addition. of
detergents (sndinm dodecy] sulphate], the inrodnction of a prior ree
frigeration perind [4] and nhrapd potocals [370

The addition of low onrentrations of BSA to semen extender pro-
duores & slight inoement of oemalality in the mediom snd i has slsn
e reporied thadt it offers higher spermatoens sordval e, althongh
the mndeslying mechanism has not bem slucidated [24]. In the present
study, & control dioent contsining 1% BSA was compared with others
ba=ed on differsnt conoentrations of mon penstrating CPA, namely -
o and dor ehalose. i wes hypothesised that BSA-besed diluent
would mainiain sperm quality during the exposure test but, due to the
she=nee of CPA, sperm mofility would not be madntained . Sorprisingly,
a low percentage of spermatoros madntained thetr motil iy, desine the
fact that CPA hed oot been added to the mediom. In onder to explain
why squine spermainma conld oleane vinfication onder de afrs
mentinned maoditions, i shonld be bome in mind that BSA is 2 mac
momolecule that i shsorbed inin e suface of spermatoros plesma
membranes, where it plays a protedive role, and it can 2lso tramspant
large amomnis of free Bty acids, which offer evin ey to spem-
towaa [15]. Additional antimddent characteristics are Enked 1o BSA,
which improve sperm membrane inegrity and redue DA fregmen-
tation by eliminating free mdicals [2]. However, varioos additional
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compomds {soch 25 sngen) sdded to the extender [11] hove the po-
temtin] to prodect the spermatoros. Human sperm hes been soccessfol by
vitrified in the absence of CPA, demonstrating a resistance 0 ooyo-en-
virmmenis that § & escribed o their seminal plesms compaosition and
spemm intracelnlar substanoes [16]. The shape and size of the sper-
matorns has been also linked o their shility i tol exste oryopreserva:
tiom, with the sngpestion that =mall hladeshaped flat hesds ame e
sensitive in mid shodk [3) Comperison of memmalian sperm shows
that human spermaioma have the smallest dimensions, followed by
equine, feline and canine spermatorna [14]. This the sipe of eguine
spermainma might sggest that it is 2 good candidase for vitrification .
This & the first study in forus on spenm vitrficstion in horses, and al-
though nesnlts are for the time being not 2= fmitin] s omentonsl
freening procednres, further studies oould throw new Eght on ways in
which it conld be improved._

in humen sperm, [INA integrity was not affecsd by vitrification ar
freesing [17] This & consistent with the resls oblzined in squine
sperm here, since DMA did not exhihit incressed fegmentation afher
vitmificstion, supporting the idem that fhe IG5 techmiqgne conld be nsed
on swh spermainma In this cese, dssrharides sddsl o the wi-
wmifiration extender muld potect e meducing the
smoural foctuations and demstuation of DNA through the fonmation
of mumenous hydrogen bonds 1217

In mnclnsion, sqmine spenm it fimtion demonstades a low capae
city for preseTving sperm motility, and extenders contmining tnehal e
or synEe af lower concenirations offer better protective effecs on
sperm motility. Soprsingly, 2 small | = of sp o
tected with only BSA also resisted the vitr fiot While DNA
iurphwnﬂﬂ:.ﬂrmﬂmudfﬁrtﬁjmn,md:ﬁ:mmlttm
CPA were observed , sugpesting that sperm chromatin conld maintain its
fmction mnder the onditinms being smdied . Acosome and plesna
membranes sufferal substantis]l damage durng vitrifmtion, bt not
during CPA expomre, and poiective messures fr thess smuomnes
shomld be considened in order to Improve the vt fisdion tedimgqone
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Transrectal ulirasonographic measurements of the comhined thickness of the uterns and
placenta in Spanish Purebred mares

Fernando D Requena’, Estrells L Agiera’, Francsco Requena’, Carlos C. Pérer-Marin™?

'Ce]lu[atmohy Physinlopy and Immmmalepy Deparmmest. Veterinary
AmmaIHfdmmm&irgafﬂwmt.Vm;Famhv Unsversity of Cordoba,

Abstract

The present sady wes conducted to establish
the normal valnes of the combined thickness of the
werns and placents (CTUP) in Spanish Purebred mares
diming lste pregmsncy. A total of 107 mares weme
examined at 210, 240, 270 and 300 days of gestation, of
which 13 had sboormal gestations (foetal desth
shortion. or stllbirth) In mares with healthy foals,
CTUP measmrermnents showed significant differences (P
= QUB00T) at the wanious gestational ages (4.83 = 0.59
mm_ §.12 = 060 mm, 741 = 0.6] mm and 10.45 = 0.92
mm at 210, 240, 270 and 300 days, respectively) A
high positive comelation was observed between CTUP
snd geststional ape (T=0.923; P < 0.001). In mares with
shmormal  gestation, CTUP measurements  were
sipmificamtly (P < 0.0001) hipher than in healthy
pestations at day 270 (B.89 wr. 7.41 mm) and day 300
(14.17 vs. 1045 mm). The age of the mare, fertilization
time. fype of semen and pestation length did not affect
the CTUP. The resulis obiained suzpest that the cus-off
point for detecting sboormal pregnancies i Spanish
Purebred mares 15 7.75 mm on day 270 and 12.7 mm on
day 3. The authors find that the incidence of placental
thickmess enlargement in the late peststion of Spamish
Parebred is 4%, and a tramsrects] ulrasooographic
examination is highly advisable at 70 days of
eestation. Such tmmely placental assessment coald reveal
otherwise mmdetected disorders, thershby enabling early
mnd proper tesments to be admimistered to prevent
foetal loss.

Eeywords: CTUP, egmmpe, gestabon, placentis,
ulirasonoEraphy.

Infroducion

In terms of populstion size, the Spanicsh
Purebred {5FH) is the largest Spanish horse breed and
the dustry smrounding it W 5pain exceeds other
breeds according to the nstional census. There ame
Epproxmaely EISDDGSFBhﬂmsaJImHIinwDIH
(Ministerio de Almentacion ¥ Medio
Ambiente - MAGRAMA 2016), and they are bred in
gromnd sizty counities The use of ulimsound o
evahmate pregnancy sod foetal wellbeing has been
employed in horses for over 30 years (Palmer amd
Drisncourt, 19807, and it helps to determine ascending
placentitis. which is one major csmse of abortion
mares (Giles o al., 1993). This disorder ocoars lafe in
pregnancy, when bacteris reach the uterns from the
lower reprodoctve wact (Conomins o al, 2008},

mathor- prlpemacfincg. e
Beveived: Movember 16, 2017
Arcepted: December 340, 2017

Facuilty, University of Cordaba. Cordoba, Spein.
Cordoba, Spain.

camsing infection in the cemvical star snd the
choricallantois  region This infection  provokes
niceration snd thickening of the choroallsnbois (Plait,
1975), with high expression of pro-inflsmmstory
cytokines and release of prostazlandins, mducing
uierine contraction and early delivery {Dudley and
Tramtmean, 1994; Pollard and Mischell 1906; LeBlanc &
al., 2002; LeBlanc, 204). It may be associsted with an
early birth, the birth of a wesk fosl or sbortion, and
harmed mares often have difficulty in conceiving during.
the following breeding season (Troedsson ef al., 1997
To determine whether there is amy risk of foetsl loss,
endocrine profiling (Fossdale & al., 1901; Stawicki e
al., 2002; Moms & @, 2007) and tramsrectal and
ransshdominal ultrasonozraphy (Fensudn & al, 1997;
Bucca o al., 2005; Camick & al., 20010; Lofer al., 2010)
are frequently wsed smd are reported during late
eestetion, at avound B-10 months. Bailey et ai. (2013)
glso compared the ability of B-mode and Doppler
nlirasonography to defect ascending placentitis in pomy
mares with experimentally mduced disease

A s the cemvical star region is frequently altered
m mares with ascendimg placentitis, transrectal
ulirasonography is an excellend tool for momitering
foetal and placents] changes. It has been suggested that
measirements of the combined thickness of the mems
and placenta (CTUP) conld be used to idenfify mares®
sk of developinz ascending placentitis or other
placentsl disorders. Feamnndin of ol (1997) described the
CTUP evaloation technique, and reported nomal values
from day 120 to day 330 of pregnancy. Few animals
have been imvolved in descriptive smdies and usmally
different breeds were incinded in the same study. While
the breed factor has been comsidered m many studies
related to gestation, few horse breeds have been studied
with a view to establishing their refarence CTUP vahes.

From 3 chimical'practical perspective, it has
bean reported that wero-placental thickness should be
oo thicker than the pestational age of the fpetns in mm
plus 1, similar fo that descnbed in humans; however,
thiz mile is excessively ambignous snd Imprecise (Feef
et al, 1995).

In 5PB pregnant mares, CTUP values are
mnknown and beter understanding of placenta stams
could prevent lste mestation disorders. Giles of al
{1993) reported that the mcidence of foetos loss n
different equine breeds due f0 ascending bacterial
placentitis (foetal desth, shortion and stllbirth) reached
2%, while others quanafied these kosses at 10% in a
sample where the majenty of cases were from
Thomoughbred mares (Smith & @, 2003). LeBlanc
{2010) reported that placentitis affects spprecamately 3-
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T of pregnant mares, m line with Troedssom and
Zent’s (2004) findings in Thoroughbred mares. But
foeius loss due o placentitis in SPB mares.

The aim of this stedy was to moniter CTUR
measurements dunng lste pestanion to esmblish a
nomogram for SPB mares and determmne the cut-off
point for identifying ascending placentitic and nitiating
timealy prophylactic therapies.

Materials and Methods

Anrmals

A total of 107 SPE mares, ranging from 3 1o 17
wyears old, with body weights from 520 to 650 kg and
boedy comdition score between 3.5 and 4.5 (osing a 5-
point scale) were imvolved in this smdy. The animals
were clinically and reproductively healthy, based om
good vulvar conformation (with Caslick imdex lower
than 100, sbsent of sbnormal wsenne fuid, negative
wernne cytology, and normal ovarian activity before
insemination; also, no sborions were reporied o these
mares during the lzst two years. They were located at
the NMigmel Angel Cordenss Equine Reprodoction
Cantre. in Ecija (Seville, Spain; 157 15 517 N, 12° &
ﬂ”E}.'HEjmmsmnmdmﬂlbuthcmladm
frozen semen and they were teated for gasirointestinal
parasites and for equine herpes vims (EHV) 1 and 4
(Duvaxyn® EHV 1.4 im, Fort Dodge Animal Health
Europe) at five, seven and mne moaths of gestatdon The
smimals were fed with 3 kg of feed'day, plus hay ad
Iibitum and free access to water. A total of 94 mares
exhibited normal pestation and healthy foals, while 13
mares had sboormal gestations (fve sborted and eight
Eave birth to a wesk foal or soffered stillbirth).
Following the approsch of Momis « af. (2007). oo
fveto-placents] compromice was defined as delivery of a
healthy foal and no pross signs of placenfitis, while
foeto-placental compromice was defined as birth of a
non-visble, premsture or dysmature foetus, or clear
signs of placentits.

Transrectal uiiraronography

All the mares were exammed at 210, 240, 270
md 300 days of geststion using wuloasonosraphy
equipment {Agquila, Esaote-Pie Medical, Maastriche,
Netherlands). A 7.5-MHz linear mansducer was located
Isterally at the cernvical-placentnl junction The CTUP
was recorded from the veniral aspect of the uierine body
(Troedsson o al, 1997). The amached placents was
evahmated in the area adjoinmg the cemvical star
(Troedssen ef of, 1997). Three measurements wers
tahmﬂem‘.hemm‘hnn.

A total of 415 echographies were made and
1,245 CTUP messurements were taken.

Al statistical analyses were camed o using

SPS5 statistics v22.0.0 (Chicago, IL, UJSA) Data ars
shown a5 means =50, and differences wese considered

Awm Reprod, v.14, (Suppl1), p.1278-1284, 2017
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sigmificant when P < 0035,

Veniral CTUP was scanned and the nomogram
for the last momths of pregmancy was built Linear
repression (forward stepwise) was camed owt for
CTUP, mchoding mare age, type of semen pestation
length and pgestanomal age. Omly gestatonal ape was
equation was detemined wusing dam from  temm
sestations (ie. normal gestations), obimining a limear
mgrss:mnmdalpeﬂmglhﬂfulhwmgqum
CTUP = {—321)+ﬂﬂﬁxg?.mmmhge[dw5}m—
0.853)

The receiver operatng charactenistc (ROC)
cuve provided information sbout the CTUP cut-off
valne, which offers the best predicove wvalmes for
heslthy gestation disgposis at differemt stages of
for different CTUP valoes. With this proposal, cut-off
valnes were established for 95% confidence interval
Furthermore, predicted positive and nepative wvalmes
were caloulated to determine the likelihood of the test
scomrately  wdentifying the presence of abmormal
gestation Positive predictive valoe is defined as the
proportion of andmals that tested positive that were maly
affecied Megatve predictive value is defined as the
proportion of animals that tested negative and were truly

The Mamn-Whimey U fest was med to
determme if the age of mares and the imtervals fom
mare populstion chowing mormsl and  sboormsl
Eestations.

Results

A high positive comelston was observed
between CTUP and gesttional age (r= 0923 P <
0.001) in mares that showed mommal term gestations,
with a larger thickness increment as gestation advances.
However, wvarisbles such 2= mare age the mierval
between parmmition and ferfilizaton, fype of semen or
eestational length did not affect the placental thickness.
Gestation length m bealthy foaling mares ranged from
308 to 360 days, while mares with shoormal pestations
lasted from 280 to 359 days.

A= may be seen m Table 1, the monthly CTUP
messurements in mares with healthy firals exhibited
sipmificant differences (P < 0.0001). The CTUP
megsurements tsken on 3 moothly basis showed =
homogensons mesn iwTesse of spproximately 1.3 mm
from 210 to 270 days. However, from 270 days omwards
the mean increased almost threefold (3.0 mm/month) m
comparison to the preceding perod (Fig. 1). A
nomogram for CTUP in 5PB mares was undentaken
and datn from sbnormasl pregnancies were subsequently
used to determine the cuf-off points for providing
infosmation about potential Festational defects. In the
popualation smdied, the incidence of sboormal pestation
was 14%. Fesults showed that no sizmificant differences
sppeared om dsys 210 and 40 (0728 and 0.053,
respectively), sugmesting that the messuremsnt of CTUP
at these periods is wnlikely to be zhle o disciminate
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between healthy snd non-healthy pestations. However,
on days 270 and 300, ie pearer to the parmmition
sigmificant differences (P < 0.0001) were detected, and
it follows that CTUP values can play a role i predicting
the sucrcess of gestation. The next step was to determine
which out-off valne shonld be nsed in order to obiain the
best dispmastic valoe. The auwthors decided to choose the
cut-off value with the highest semsitivity and lowest rate
of false positive resuls {caloulated as 1-specificity). On
day 270, the best oumt-off value was 7.750 mm, showing
& sensitivity of 92.3% and a false poative percentage of
39.4% (Fig. 2). On day 304, results gave CTUP valwe of
127 mm snd enabled 3 diagoosis of noo-healthy
pregnancy in all cases (ie, sensitivity was 100%a), with
o false positives (Fig. ).

Table 1 and Fig. 3 show that the increment of
CTUF between 210 snd 170 days in mares with
sbortions or weak foals af term was not homozeneons.
The mcrement from day 240 to day 270 was higher

(2.4 nom) than that fom day 210 o day 240 (1.6 mm),
and m the following month (day 300) the thickmess
mcressed further (5.3 mm). However, this group of marnes
showed a similsr CTUP messimement and ulirasound
image at 210 and 2440 days of gestation to those that gave
birth to healthy fosls (Fig 3a, b, ¢ snd d). Highly
sipnificant differences (P < (UD0I) were observed when
comparing the 270 and 300-day CTUP messuremsnts
between bealihy and non-healihy gestanons {Table 1, Fig
3e, £ g and h) On comparmg these incTeases, significant
differences were found both in the resulis obmined
the period from 240 to 270 days and in that of 270 to
3(H} days, when comparing the two groups (P < 0.001).

The mares that suffered sbortion or placental
fallore were significantly older than the mares with
normal gestation (E1.7 = 4.2 v 9.1 =3.0; P =0.025),
znd exhibited longer intervals between parmrition
2nd -insemination (22000 = 183.0 ws 1101 = 160.7
days; P=0.025).

Table 1. Percentaze of CTUP messurements in mares with healthy zestationsl periods and manes with sboormsl
pregnancy (with stllbirths, kase abortions or weak foals) for each month of pregnancy.

Days of gestation Type of gestation o Mean 5D 038, CL P value
Lower Upper
210 Hesithy M 4183 059 471 405 0T
Abnorzal 13 410 032 472 507 ]
240 Healthy 8 612 060 6.00 624 s
Abnormal 13 ga7 041 635 6.60 ]
70 Heaalthy M 741 061 728 7.53 e
Abnormal 13 . ggo 130 814 0.6%
300 Healthy M 1045 082 1026 10.63 e
Abooroal 11 1417 137 13.42 14.92 '
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Figure 1. Monthly monitorization of CTUP records (mean + S0 by transrectal ulrasonozraphy in Spanish Parebred
mares with healthy (solid grey line) and non-visble (so0lid black fine) pestation
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Fipmre I. Receiver-operating characteristic {(ROC) curves of combined thckness of otemus and placenta m 5PB
mares at day 2 70 (black line) and day 300 {zrey ling) of gestation.

Figmre 3. Messurements of comhbined
thickmess of mems and placensm (CTUP) at
warous pheses of pestation. The dashed white
line bemwean X refers o CTUP. The thin
white amow mdicates the position of the
middle branch of the mferine arery in the
veniral ares of merine body. The thick white
arrow  idicates sreas of utero-placental
separation. The uloasound imazes on the lefi
comrespond to CTUP measmements in mares
with healthy pgestation at 210 (z), 240c),
IT0(e) snd 300z days of gestation The
ultrasound imapges on the rizht comespond to
meares with non-visble gestation at 210{h),
240(d), ITE) and 300h) days of geststion
Figme 1h shows separation from the
endometrinm  with exodaove flmid (ar the
bottom, sreas delimited by dsshed white
lines), indicating disorgapization of the
uterine-placents junction, mainty in the dorsal
areq of the placents

ik
neThies
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To determine whether 3 gwen placenl
thickness is mormal of not, normal plscents] thickmess
mst be defined for a pestational spe. Since this
mmywryammgdzﬁmmmhﬂmsﬂahh
, nomoprams are neaded  Fenswdin ot al.
{1957y defined shoormal CTUP a5 messurements that
devisted from 95% confidence imberval of previously
defined novmal valwes, However, those normasl wvalues

Di i

Table 2. CTUP messurements {mm) in normal sestations.

@f i Placenta and utems echo-assessment in mares,

were tmken from mine mares of differemt breeds
(Quarterhorse, Thoroughbred and American  Paint
Horse). Data obtained here demonstrate that CTUP
measUTEmMents in pregnant mares is really effectve to
discrimmmate healthy and sboormal pestanions smce day
270, m sccordance with the findings of Colen (2008),
althomgh placentsl sbmormalites (perhaps sssociated o
ssrending  placensitiz) might ocomr and be evidem
sponer. In Criollo mares however, differencas have been
detected at eight months (240 days; Souzs et al., 2010).

Diys of pregnancy
Bread _ n 180 210 0 210 300 330
Cuarterhorse, 1horoughbred and American [ 384 301 433 438 584 735
Paint Horse (Renandin etal, 1997)
Arabisn and ponies (Barnes et al, 2005) 20 6.3 50 i S B4 -
Unknowm breed (Buccs et al, 2003) 150 47 50 52 77 £3 9.56
Thorouzhbred (Colon 2008) 06 - - - 55 71 25
Criollo breed (Souza et sl 2010) 3 347 402 517 487 653 73
Warmblood (Coutinho et al, 2013) 15 = L = 2 28 97
Dita obtained in the present smdy W - 483 612 74 1045 -

The percentage of mares with messurements
over the upper limit (based om the 5% confidence
inferval) was 33.9% m Coollo mares (Souza af al,
20100, tat 3.1% (Troedsson and Zent 2004) and I5%
{Colon, 2008) in others. In the pressnt stdy, non-
healthy prepnancies in SPB mares represented 14% of
the totsl and the CTUP average was sipnificansly
hizher than in healthy preznancies from day 270. In this
combext, Soura et @i (2010) srpue that many mares may
be assumed fo hsve placentiis and thos to require
regtment, even though i mamy cases no aborbon or
symptoms of placentitis sre observed Bucca ef al
{2005) observed that mares may have imncreased CTUP
without any negative effect on pestational development.

The age of mares did not affect the CTUP in
SPB mare:, 3 finding in line with that previously
described (Souza of al., 2010). However, it was noted
that the group of mares thet suffered sborton or
placenta] failure was significantly older than mares with
mormal gestation and took longer to become pregmant
In the present study, the later gestations of mares
exhibiting aboormal CTUP were monitored One mame
presenting sbmormal CTUP measurements repested this
condition in her subsequent pregnancy, e this was oot
noied in others.

Gesiation losses are 3 major problem for the
equine industry, snd for decades atternpts hawve been
made to address the difficulty by teatng the diseases
casing them Cme of those cited is placenfifis, with a
peneral incidence of 3-7% (LeBlanc, 2010). In recent
years nliresonography hes been recopnized as providing
2 usefnl techmique for estimating the state of the
placents and foetus (Troedsson and Temt, 2004). In the
present study, the changes in the CTUP messurement in
the last months of gestation were recorded, since this is
considered to be an mdicator of placentitis, &s well a3
alterations in the gestation and'or shortions (Giles ef al
1943), with the aim of esmblishing normal values of this
messurement for Spanish Purebred (SPE) mares The

1382

nlirasonography was performed in the area of the
cervical star, which is the region most affected by
placentitis (Fensndin er al., 1997; Cabderwood o ai.,
2(2; Macpherson, 2005). In the present study, CTUP
mezsurements were monitored at day 210, 240, 270 and
300 of gesmtion, mindfol of the fact that several suthors
have rmeported that ascemding placentitis causing
alterations in gestation oocdrs over the last months of
pregnancy (Troedsson and Fent 2004; Commins ef al.,
2008). No differences between healthy and abmormal
gestations were observed umibl day 270, and it is
therefore recommended that placents] ultrasonographic

Fensodin ot al. (1997) obtmined 3 nom-
sipmificant increase in the monthly CTUP measurement
from four to eight months of zestation, but the increase
was very sipmificant fiom 10 to 11 months {1.51 mm)
s from 11 w 12 months of gestation (2.17 mom).
Gimilar results in the last months were observed in the
present study, with an mcrease in CTUP from eight to
ning momnths of 1 23 mm_ and from nine o 10 months of
306 mm in healthy gestations. The same fwend with
hiher messurements was observed m  abnormsl
estations (286 and 4.705 mm fom eipht to nine
months and from mine to ten months, respectively). This
is in accordance with the findmes reported by Hendnks
et al. (2009}, who found no important differences m the
CTUP measurement wntil the fifth month of gestation,
with the fastest enlarpement of the placents ooomming
the eighth month. This may be atinbutable to foetus
erowih in the third phase of zestation being exponential
vasculsrization mcTeasing a5 3 ConseqUence in onder to
meet the needs of the foefus. This alse ooours in other
spectes, such a5 jenmies (Croscdi & al, 2014)
sigms do oot oconr untl the disease is in an advamced
stage. The mares thst suffered sbortion in the presemt
stady did Dot present smy detectsble extermal sipms
However, they did undergo an mcrease in their CTUP or
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& separation of the endometriom membranes doe o their
purulent matter (hyperechow; see Fip 3h), which
2008). Likewise, in the same image an exndative fhoid
can be observed in the weroplacents] space (delimited
by white dashes). From 210 to 240 days of gestation,
both the CTUP measmements snd the echosraphy
images were similar in both groups. Figure 3f shows, in
sddition to an wTesse m the CTUP measurement sn
edema in the uteroplscents] umion m which the placentsl
structme is distinguished as being more hypoechogenic
than the mterns: However, in Fig 3g, I spite of thers
being an edema both on the dorsal and ventral edge of
the wuterms corpus, it is spparent that this is a
physiological simation in the last month of gestation It
should be noted that in this stedy it was estimated thar
B 5% of the evaluated mares aborted, or gave birth to a
weak fosl a percentape which althoueh based on 2
=mall sample of the population, could be representative
of SPB mares i general, since it does not differ from
what has been reported by other amthors (Giles & al
1903; Smith ef al, 2003; Troedsson and Zent, 2004;
LaBlamc, 2010.

In equine reproduction, the use of transrectal
ulirssonegraphy & 3 minimally Dvasive noutine
procedure. In the present smdy it did not camse amy
sdverse effects on scammed prepnant mares and this is in
sccordance with the findmgs of Fenmndin f ai. (1997).
Simce most placentifis ocows by upward rowes, the
infectiom very often first affects the cervical star
(LeBlanc, 2004; Troedszon and Fent 2004), and for this
masmmeusenfmbdﬂnjm}ulmmmgmphyism
advisable, since it is unsble to provide scans of the area
in question The present suthors found that transrectal
echography may be readily svalmied m sccordance
with other findings (Cummins o @, H0E).

These results are a prelimmary  stempt ©
determme CTUP cuwt-off valnes in Spamish mares, and
indicate the importance of carmying out the transrectal
evaluation of placental thickness from the ninth month
of gestation. As has been hizhlishted by others suthors
{Bucca of al., 2005; Colon, 2008), it i importsnt to
momtor foetal status throughow pregoancy if signs of
pioblems are 0 be detected in 3 tmely mamner

I|1 conclusion, im SPE mares, 3 monthly
transrectal ulimasomn E:r.am.'m'm: is
recommended from 210 days of gesmtion, with the aim
ni:ssessm,gﬂ:eﬂmhﬂssnfﬂmplaemhymof

sbmormal pestations aTe more evident since day 270 of
eestation. A plecenfal thickness pomogram has been
defined for SPB mares during late-term gestation and
mround 14% of pregmant mares has been diagmosed as
placents] thickness enlarpement.
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REPRODUCTIVE EFFICIENCY OF SPANISH PUREBRED MARE IN SPAIN

INTRODUCTION

The Spanish Purebred (SP) horse industry in Spain is the first in the national census and
the most important Spanish horse breed. This breed is known worldwide that breeds in
over fifty countries. There are approximately 230.000 SP horses in all over the world
(MAGRAMA, 2015). Traditionally SP was bred by his beauty and morphology, but
since the late nineties is also used as sport horse in dressage. Therefore, the SP horse

has been selected contemplating its sporting success more than its fertility rate.

Artificial insemination (Al) is the widely practiced breeding method in the most sport
horse breeds because avoids health problems and costs associated with the transport of
animals and moreover, Al helps to increase reproductive efficiency (Katila, 2005;
Aurich, 2012). But equine species has been showed to have relatively lower
reproductive efficiency compared to others domestics species (Engelken 1999; Menzies
1999). Thus, obtaining foals from stallions and elite mares has a high economic value.
Therefore, horse breeders and veterinarians requires information about reproductive

parameters of horses to make decisions (Katila et al., 2010).

On the one hand, there are many studies about reproductive efficiency in different
breeds horses. Aged and reproductive status has been studied as the main factors
involved in reproductive efficiency. Demirci (1987) studied the fertility in Purebred
Arab horses, finding an 80.1% conception rate total, 2,4% of mares aborted or produced
a dead foal and 77.8% produced live foals. Yurdaydin et al. (1993) reported a pregnancy

rates in first cycle of 66.7%, 75% and 87% with different estrus synchronization
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protocols. Cilek (2009) performed a retrospective analysis that showed a 74%
pregnancy rate total, foaling rate of 69.07% and ratio of abortion and embryonic deaths
of 4.93%. In Tunisia, in other retrospective analysis (Benhajali et al., 2010), the Arabian
mares were classified according to three different reproductive status (maiden, barren
and foaling mares) with a conception rate of 87%, 84% and a 77%, respectively. The
overall conception and first-cycle conception rates were of 84% and 51%. Warriach et
al. (2014) found in Pakistan, a conception rate in first mated mares of 75%, a 3%
abortion rate and a 3% dead born rate. Also they established an overall conception rate
of 52% for 3-7 years old mares, 48% for 8-12 years old mares, 38% for 13-17 years old

mares, and 30% for 18 years old mares or older.

In Thoroughbred mares, Hevia et al. (1994) published a study where the fertility was
72.78%, the fecundity was 65.64% and the abortion rate of 6.30%. Morris and Allen
(2002) announced the findings of a retrospective survey of 1393 Thoroughbred mares,
where according to age mares, pregnancy rate at first cycle oscillated between 50-
62.70%, mares pregnant rate at end season oscillated between 76.90-90.40% and mares
produced a live foal oscillated between 73.10-86.60%. Conforming to reproductive
status, pregnancy rate at first cycle was 36.30-64.90%, mares pregnant rate at end
season was 81.80-92.40% and mares produced a live foal was 70.60-88.80%. Total
pregnancies lost until day 35 was 10.39% and overall was 17.38%. In Sweden,
Hemberg E. et al. (2004) found that first cycle conception rate was 68.80%, overall
conception rate was 90.90% and overall live foal rate was 79.80%. The overall

pregnancy loss rate from the first pregnancy diagnosis until foaling was 12.5%.
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Allen et al. (2007) presented the results of an extensive survey comparing Flatrace and
National Hunt Thoroughbred mares, with a total pregnancy rates per cycle of 63.20%
and 65.30%, respectively. According to age, the pregnancy rates per oestrus were of
54.9% to 67.3%, and from 62.80% to 81.80% of the mares produced a live foal.
According reproductive status, the pregnancy rates were of 58.40% to 68.30% and from
77.30% to 81.50% of the mares produced a live foal. Overall percentage pregnancies
lost prepartum were 13.5% versus 16.2%. In Kentucky, Bosh et al. (2009) reported that
overall day 15 pregnancy rate per cycle was of 64% and taking into account the age and
reproductive status, the day 15 pregnancy rates per cycle, were of 48.10-66.30% and
59.80-66.20%, percentages pregnancies lost about 4,60-23.10% and 4,50-13.50% and a
live foal rates per season about 55.2-82.9% and 76.50-86.50%, respectively. Another
similar study, by Nath et al. (2010), found 70.80% and 68.80% in early pregnancy rate
at first cycle and all cycles, respectively. These percentages range according to age
between 53.70-73.70%, and reproductive status between 51.30-72.80%. In India, a
study based in a retrospective survey over 7 years (Sharma et al., 2010b) showed
according to age versus reproductive status, a percentage day 16 pregnancies per oestrus
of 35.90-54.08% vs 41.74-55.03%, percentage day 16 per season of 63.64-89.83% vs
76.00-92.08%, late embryonic losses of 6.92-28.57% vs 4.30-18.42%, early fetal losses
of 0.00-3.68% vs 1.59-4.30%, mares produced a live foal of 34.09-76.55% vs 52.00-
78.22%.

Also, Nath et al. (2010) compared Standardbred horses with Thoroughbred horses, with
similar results to those previously mentioned. There is a study in Finland, where Katila
et al. (2010) performed a descriptive result about reproductive efficiency of
Standardbred and Finnhorse Trotters horses, with foaling rates of 37.50-72.10% and

52.20-76.40% respectively taking into account age and reproductive status.
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On the other hand, there are authors that have studied the influence of other factors on
the mare fertility, such as cooled or frozen semen (Loomis, 2001; Samper, 2001; Sieme
et al., 2003), number of inseminations/matings per cycle (Allen et al., 2007; Nath et al.,
2010), type of oestrus, type of ovulation (Yurdaydin et al., 1993; Allen, 2007; Sharma et
al., 2010b; Hanlon and Firth, 2012 ), breeding season and year of breeding season
(Morris and Allen, 2002; Hemberg et al., 2004; Cilek, 2009; Katila et al., 2010; Haadem
et al., 2015 ), uterine fluid accumulation (Allen et al., 2007; Sharma et al., 2010a; Lewis
et al., 2015) and stallions (Morris and Allen, 2002; Hemberg et al., 2004; Benhajali et

al., 2010; Nath et al., 2010; Haadem et al., 2015).

However, no such information in SP mares exists to the best of our knowledge. There is
only little information concerning this breed that reports the gestation length in the mare
(Valera et al. 2006), different sperm morphological abnormalities (Hidalgo et al. 2006,

2008), and seminal characteristics in stallions (Akourki et al. 2013).

The main objective of our investigation was to determine reproductive efficiency of SP
mare through the pregnancy rates, embryonic and fetal losses and foaling rate. To gather
this information, it was evaluated the influence of age, reproductive status, insemination
with cooled or frozen semen, number of inseminations per cycle, type of oestrus, type of
ovulation, breeding season, year of breeding season, presence of uterine fluid, stallions

and stallion age.
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MATERIALSAND METHODS

Database and management

Records inseminations of 122 SP mares for four consecutive (2012-2013, 2013-2014,
2014-2015, 2015-2016) breeding seasons (from October to next year May) from
“Equine Reproduction Centre Miguel Angel Cardenas S.L.” (37°31' N, 5°7" W) in
Southern Spain (Ecija, Seville) were analysed. A total of 359 cycles were studied and
29 cycles were excluded because ovulation no occurred. A total of 55 mares were only
once to the Equine Reproduction Centre, and 67 were more than once and they were
considered as new mare in the next breeding season. Thus, 244 different SPB mares

were studied.

All mares were in individual paddocks or in groups of 2-5 mares. They were fed a daily
ration based 4 kg of concentrate divided twice in a day, plus alfalfa ad libitum. All data
was entered in Microsoft Office Excel 2083 Data about breeding season, age, last
pregnancy, insemination date, spontaneous or induced oestrus, spontaneous or induced
ovulation, presence of intrauterine fluid, number of inseminations per cycle and method
of insemination (with cooled or frozen semen), stallion, pregnancy diagnosis,

confirmation of pregnancy, and foaling were taken for each oestrus cycle and mare.

When the mares arrived at the Centre, the uterus and ovaries were scanned by
transrectal ultrasonography with 5 — 7,5 MHz multifrequency probe (Tringa Linear®,
Esaote-Pie medical, The Netherlands) to assess the presence of oestrus. If mares were in
luteal phase (presence CL) they received 0,075 mg D-cloprostenol im (Dalmazin®,
Fatro-lbérica, Barcelona, Spain) to induce oestrus. Mares were in anoestrus were

expected to first natural oestrus or treated with oral altrenogest (0.044 mg/Kg;
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Regumate®, Esteve, Barcelona, Spain) for 10 days or with intravaginal progesterone-
releasing device (1.38 g; CIDR®, Zoetis, Madrid, Spain) for 8 days. The last day of
both treatments, mares received 0,075 mg D-cloprostenol im (Dalmazin®, Fatro-
Ibérica, Barcelona, Spain). Pregnancy was diagnosed 14 days after ovulation by uterine

ultrasonography, and later confirmed on days 23, 42, 60, 180, 210, 240, 270 and 300.

In Al with cooled semen, usually ovulation induction was conducted with 3000 Ul hCG
IV (Veterin Corior?, Divasa-Farmavic, Barcelona, Spain) when there was at least one
preovulatory follicle> 35 mm diameter and 40mm. In case it was found preovulatory
follicle with size > 40mm at the first ultrasonography, ovulation was not induced. Mares
with induced ovulation were inseminated once (24 hours post-induction) or twice (24
and 48 hours post-induction), until ovulation was detected by transrectal
ultrasonography. Mares, without induced ovulation, were scanned and inseminated each
day until ovulation. Standard doses of cooled semen from tested stallion were used and

semen was deposited into the uterine body.

In Al with frozen semen, usually ovulation induction was carried out with the same
procedure that in Al with cooled semen. Mares were monitored ultrasonographically 24
hours post-induction and every 6 hours until ovulation was confirmed, after which the
postovulatory insemination was performed. If in the ultrasonograpfy we found loss the
spherical shape of the follicle and/or uterine edema, ovulation was not induced and
mares were monitored ultrasonographically every 6 hours with the same previous
procedure. Standard doses of frozen semen from tested stallion were used and semen
was deposited into the tip of the uterine horn ipsilateral to the preovulatory follicle

(deep Al) using transrectally guided technique.
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When mares had presence of more than 2 cm of uterine fluid during oestrus pre or post-
insemination or positive bacteries or fungi cultures, received standard intrauterine
treatments with prostaglandins, uterine lavages and antibiotics (Brinsko et al., 2003b;
Nikolakopoulos et al.,, 2000; Maischberger et al., 2008). Treatment altrenogest was
administered until 100 days post-ovulation when an insufficient growth and
development of the conceptus was found at the pregnancy diagnosis (Willmann et al.,

2011).

Groups

The mares were grouped according to age: young (3-7 years), middle-aged (8-11 years),
ageing (12-14 years) and very ol 15 years) in relation to reproductive status: nraide
(never mated), barren (mated without a pregnancy at the end of last breeding season),

foaling (mare with a live or dead foal) and rested (not mated after the last foaling).

Satistical analysis

Pregnancy rate in first cycle (hnumber of mares diagnosed pregnant on day 14 post-
ovulation in the first cycle, divided by the number of mares inseminated in the first
cycle), pregnancy rate in all cycles (humber of mares diagnosed pregnant on day 14
post-ovulation in all cycles in the breeding season, divided by the number of mares
inseminated in all cyces in the breeding season), pregnancy rate on day 14 pregnancies
per season (number of mares detected pregnant on day 14 post-ovulation during the
breeding season divided by total number of inseminated mares in the breeding season),
pregnancy rate of mares per season (number of mares detected pregnant on 60 days after

the end of the breeding season divide by total number of inseminated mares in the
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breeding season) and foaling rate ( number of mares that have foaled the next breeding
season divided by total number of inseminated mares in the breeding season) were
calculated for the type of semen used in the insemination, age group and reproductive
status. Moreover, embryonic and fetal losses on day 15-60 (percentage of mares that
lost their day 14 pregnancies between days 15 and 60 post-ovulation) were calculated to
age group and reproductive status. As well, pregnancy rate was calculated in all cycles
for number of inseminations per cycle, type of oestrus and ovulation, breeding season,

year of breeding season, uterine fluid accumulation and effect of stallion (age groups).

All statistical analyses were performed using the predictive analytics software (PASW
Statistics 18, Chicago, IL, USA) for Windows. Chi-squared tests were used to compare
proportions. If the effect of variable was significant (P<0.05), multiple comparisons
between groups were carried out and each comparison was considered significant only

after making the Bonferroni adjustment.

RESULTS

Significant differences were observed comparing pregnancy rates using cooled or frozen
semen. Pregnancy rates were highest with cooled semen in following cases: first cycle
(P<0.05), all cycles (P<0.05), day 14 pregnancies per season (P<0.001), mares per
season (P<0.001) and foaling rate (P<0.001). Major difference was on foaling rate, with
72.92% of mares foaled using cooled semen, while only 42.31% mares foaled with
frozen semen. There were not differences of embryonic and fetal losses on days 15-60
with cooled or frozen semen (P=0.18) (Table 1).

Pregnancy and foaling rates were significantly influenced by the effect of age. The

young mares (3-7 years) had the highest pregnancy rate on the first cycle (71.23%) and
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there were very significant differences with the ageing (12-14 years) and veryXid (
years), under Bonferroni adjustment at P<0.01. Similar results obtained in pregnancy
rate on all cycles. Young mares had 70.21% and the next age group had a falling rates,
middle-aged (52.00%), ageing (41.33%) and very old (41.11%), with highly significant
differences between young mares compared with ageing and very old mares (P<0.001).
Young mares had the best pregnancy rate on day 14 per season (91.66%) with very
significant differences (P<0.01) compared with ageing (65.96%) and very old mares
(61.66%). The middle-aged had 78.46% and there were not significant differences with
the other age groups under Bonferroni adjustment. Also, young mares had the highest
pregnancy rate of mares per season (86.11%), followed of middle-aged (70.77%),
ageing (63.83%) and very old (46.67%). There were significant differences (P<0.05)
between young mares and the oldest mares (ageing and very old mares) and between
very old mares and youngest mares (young and middle-age). Similar results and the
same significant differences (P<0.05) between groups were found to foaling rate. Very
old mares had the highest percentage of embryonic and fetal losses on days 15-60
(24.32%) and there were significant differences (P<0.05) compared with young (6.06%)
and ageing mares (3.23%), but no significant differences with middle-aged mares

(9.80%) (Table 2).

As regards the effect of reproductive status on the pregnancy rates and foaling rate also
there were significant differences but not in embryonic and fetal losses on days 15-60.
Maiden mares had highest pregnancy rate in the first cycle (86.96%) and there were
significant differences (P<0.05) compared with barren (42.68%) and foaling mares
(54.21%). Similar results were calculated to pregnancy rate in all cycles but with

significant differences (P<0.05) between maiden mares with the other reproductive
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status groups. Maiden mares had highest pregnancy rate on day 14 per season (100%),
mares per season (95.65%) and foaling rate (91.30%) and there were very significant
differences (P<0.001) between maiden mares with barren and foaling mares, both as in
pregnancy rate on day 14 per season and foaling rate. Only there were significant

differences (P<0.05) in pregnancy rate of mares per season (Table 3).

When the effects of various factors like number of inseminations per cycle (P=0.65),
type oestrus (P=0.38), type of ovulation (P=0.15), breeding season (P=0.07) and year of
breeding season (P=0.10) in pregnancy rate in all cycles were analysed, there were not
significant differences (Table 4). Neither there were not significant differences (P=0.43)

with the effect stallion on pregnancy rate in all cycles (Table 6).

Regarding to the influence the uterine fluid accumulation on the pregnancy rate in all
cycles, there was significant differences between normal mares (58.13%) and mares
with uterine fluid accumulation (P<0.05), before breeding (42.35%) or post-breeding

(25.00%) (Table 5).

DISCUSSION

This is the first report on the reproductive efficiency of SP mares. Our study found
important differences between mares inseminated with cooled or frozen semen. Jasko et
al., (1992). In our investigation, pregnancy rates and foaling rate were highest when
cooled semen was used than when frozen semen was used, ranges between 54.70-
81.25% and 39.13- 55.77%, respectively (Table 1). In return, other author affirms there
are similar results between cooled and frozen semen (Loomis, 2001). Loomis explained

that this is possible with good quality semen, selection of mares and stallions and good
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mare management. With cooled semen, pregnancy rate in the first cycle in our study
was very similar to that published by Demirci (1987), (60.30%), Loomis (2001),
(59.40%), Sieme et al., (2004), (58.50%) and Benhajali et al., (2010), (51%). But Allen
et al., (2007) and Nath et al., (2010) found higher values because they calculated the
pregnancies rates with greater proportion of young mares (2-13 years old) than old
mares (>13 years old), increasing the number of pregnant mares. Pregnancy rate in all
cycles was similar to other authors (Morris and Allen, 2002; Sharma et al., 2010b).
Although for this same rate, there are other articles with higher percentages than our it
(Bosh et al., 2009; Nath et al., 2010), perhaps this is due to above reason about more
young mares than old mares. Also pregnancy rate of mares per season was very similar
to the found by Loomis (2001), (74.70%). In regard to pregnancy rate on day 14 per
season and foaling rate, our study coincided with various reports (Demirci, 1987,
Hemberg, 2004; Allen et al., 2007; Bosh et al., 2009; Cilek, 2009; Katila, 2010; Sharma
et al., 2010b). Only Morris and Allen, (2002) showed higher foaling rate (82.69% mares
produced a live foal) than our (72.92%), because they had major proportion of young

mares.

With frozen semen, pregnancy rates in our study oscillated between 39-55%, in
according to the results reported in one experiment where the authors (Sieme et al.,
2004) used different techniques of insemination (48.40%). Samper et al., (1991)
reported percentages in the same way. But Loomis (2001) obtained seasonal pregnancy
rate higher (75.60%) than our study. Maybe our results with frozen semen were lower
due to we inseminated a high proportion of mares older than 11 years (29/52) and 16
mares were inseminated only once by customer’s decision. However, type of semen did

not influence in embryonic and fetal losses on days 15-60. Moberg, (1975) cited
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seminal treatments (mating or insemination with fresh and frozen semen) like a cause
responsible for early embryonic death but Villahoza et al., (1985) did not find

differences using fresh or frozen semen, 12.5% and 16.7% respectively. These values
are very similar to those found in our study and may have been due to improvement in
the freezing procedure with best semen quality (Loomis, 2001) and to the altrenogest
treatment carried when an insufficient growth and development of the conceptus was

found at the pregnancy diagnosis (Willmann et al., 2011).

Agree with several studies, we have identified age as the most important factor
influencing pregnancy rates, embryonic and fetal losses and foaling rate (Morris and
Allen, 2002; Allen et al., 2007; Bosh et al., 2009; Benhajali et al., 2010; Katila et al.,
2010; Nath et al., 2010; Sharma et al., 2010b). We agree with all these authors, that the
younger mares always had the best values on pregnancy rates, embryonic and fetal
losses and foaling rate. We found in this group the higher percentage on pregnancy rate
in first cycle (71.23%) compared with investigations of Morris and Alle, 2002 (62.7%),
Allen et al., 2007 (67.3%), Boshet al., 2009 (66.3%) and Sharma et al., 2010b (54.08%).
Only Nath et al. (2010) got better percentage than us (73.7% in Thoroughbred and
73.6% in Standardbred). This is because both the latter authors and us used intensive
reproductive management with artificial insemination.

It is widely accepted that mare fertility begins to decline from 13 to 17 years old leading
this category of animals to be referred to as subfertile (Ginthe, 1992; Allen et al., 2007).
Our results agree with this statement, mares are 15 years old or older got the worst
results, so we could consider that mares from 15 years old are subfertile. The decline in
fertility with age has been attributed to chronic progressive degenerative changes in the

endometrium (Ricketts and Alonso, 1991) that reduce its nutritive capacity for the
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developing conceptus (Bracher et al. 1996). Also with senescence was observed poor
perineal conformation, defects myometrial contractions, lymphatic drainage and uterine
incompetence that increasing susceptibility to uterine infection and endometritis
(Kalirajan and Rajasundaram, 2008; LeBlanc and Causey, 2009).

Regarding the effect of mare’s reproductive status on fertility there are different results.
In our study, the maiden mares had the best percentages on pregnancy rates and foaling
rate, agree with other authors (Bosh et al., 2009; Nath et al., 2010; Sharma et al.,
2010b). In accordance with us, Allen et al. (2007) showed significant differences
between maiden and barren mares on pregnancy rate at first cycle. Although we
obtained the highest percentages on pregnancies rates and foaling rate in maiden mares.
Lewis et al. (2015) calculated best pregnancy rate in young maiden matege@rs)

that in old maiden mares (>11 years). However, other authors stated that the category of
the mare or reproductive status affected only its overall conception rate (Samper et al.,
2002; Benhajali et al., 2010). Hemberg et al. (2004) only found numerically difference
between the conception rate and live foal rate between maiden/foaling mares and
barren/resorbed/aborted mares. The main reason for this is the highest proportion of
problem, barren and aborted mares being found among the older mare categories
(Hemberg et al., 2004; Sharma et al., 2010b). In our results, major proportion youngest
mares were in maiden mares group. But not correlation was found between age and
reproductive status of the mare (p > 0.05) (Benhajali et al., 2010). Perhaps, it would be
necessary to conduct a study like the one carried out by Katila et al. (2010) where they
analysed the mares in different age groups and each age group in different reproductive

status.
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As for the effects of other factors on fertility, in our study the number of inseminations
per cycle didn't show significant differences. But, Allen et al, (2007) published higher
per cycle early pregnancy rates in a mares group that had the overall mean number of
matings/oestrus higher. In the same line, Nath et al., (2010) obtained best percentage on
pregnancy rate with 2 inseminations per cycle than with 1 insemination in Standarbred
mares (71.8%vs 66%). Although in Thoroughbred obtained best percentages with 1
insemination. The reason for these results was the use of ovulation induction agents.
When ovulation is not induced, more inseminations must be performed to get ovulation
occurs close next to the time of insemination and thus to get better pregnancy rates
(Allen et al., 2007; Nath et al., 2010). Moreover, Allen et al., (2007) explained that the
significantly higher use of intrauterine antibiotic therapy was beneficial to successful
conception. If we add to all this, the high demand for some stallions with chilled semen,
high semen prices and that each insemination presents a challenge to the uterus in
clearing accumulated fluid (Troedsson et al., 2001; Maischberger et al., 2008), it seems
logical to perform a single insemination using ovulation inducing agents to improve

pregnancy rates (Pycock, 2006).

According to our study, most previous studies indicate that there is no difference on
pregnancy rates between spontaneous/induced oestrus and ovulation (Morris and Allen,
2002; Allen et al., 2007; Sharma et al., 2010b; Hanlon and Firth, 2012). Yurdaydin et
al., (1993) obtained pregnancy rate at first cycle ranged between 66.7-87% with
synchronization treatments (prostaglandin and human chorionic gonadotropin). Hanlon
and Firth (2012) performed an experiment treating Thoroughbred mares in transitional
phase with intravaginal progesterone releasing device. They found a significant increase

the number of mares confirmed pregnant by the end of the breeding season, because

66



they advanced the first service date, effectively extended the breeding season. Then
hormonal induction of ovulation only reduces the number of matings/inseminations per

oestrus and matings/inseminations required per pregnancy (Allen et al., 2007).

Also in according to our study, the majority of authors have not reported a significant
effect of the breeding season and the year of breeding season on pregnancy rates
(Morris and Allen, 2002; Hemberg et al., 2004; Cilek, 2009; Katila et al., 2010; Haadem
et al.,, 2015). Only Benhajali et al. (2010) have reported about a logistic regression
results where they found that breeding year affected the first-cycle conception rate,
although they did give none explanation about this result. Morris and Allen (2002)
found higher percentages of twin ovulations in July (within breeding season) and higher
percentages of twin pregnancies in February (transitional phase). Hemberg et al. (2004)
affirmed that month of mating did not show significance influence on conception rates,
although in the early breeding season (March) they obtained a numerically higher
conception rate but they did not provide any explanation about this. Cilek (2009) found

a significant effect of the breeding month and year on gestation duration, service period,
foaling interval, oestrus cycle per pregnancy and number of inseminations per
conception, but no influence on pregnancy rates. Katila et al. (2010) published a
decrease on foaling rates for 15 consecutive years that they explained by an increasing
age in the mares. Regarding the breeding season, it should be noted that there is a higher
incidence of anovulatory follicles (Ginther et al., 2006) that could lead to worse

pregnancy rates.

It is widely known for several years that accumulation of uterine fluid and mucus during

oestrus or after breeding is associated with decreased pregnancy rates (McKinnon et al.
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1988; Pycock and Newcombe 1996). Our results were in agreement with this. The
pregnancy rate in all cycles without uterine fluid accumulation before or later
insemination was higher more than twice than in cycles with uterine fluid accumulation
post-insemination. We stablished a treatment as described by Maischberger et al. (2008)
in all cycles with uterine fluid accumulation, then maybe we obtained best results that
without treatment. Also, Lewis et al. (2015) had pregnancy rates significantly lower in
cycles in which there was detectable prebreeding uterine fluid accumulation compared
with cycles with no prebreeding fluid. Sharma et al. (2010a) showed better pregnancy
rate on Day 16 per oestrus in mares that received treatment uterine but not in other
reproductive performance parameters. They explained this could due to low mare
numbers, several different veterinarians applying treatments and maybe the mares
which received uterine treatment would have had minimal compromised uterine health
which would be expected to be resolved with uterine therapy. Moreover, in other study
(Allen et al., 2007) analysed different intrauterine therapies finding none resulted in a
significant increase in the per cycle early pregnancy rate.

In accordance with our research, one article recent (Haadem et al., 2015), published that
stallion age had no effect on fertility parameters. Even though, they found variations at
first cycle pregnancy rate and foaling rate for individual stallions. Also, other authors
found differences in pregnancy rates between individual stallions (Morris and Allen,
2002; Nath et al., 2010). (Benhajali et al., 2010) showed an effect stallion on the overall
conception rate from 72% to 93% per stallion and an effect sire on the first cycle
conception rate ranged per sire from 29% to 79%. Instead, Hemberg et al. (2004)
claimed that there was no significant difference between stallions in overall conception
rate, but there was a numerical difference in the live foal rate. Therefore, stallion can

have an effect on fertility parameters depending sperm quality and number of mare
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mating per stallion. In our case, all stallions had a proven fertility and good quality
sperm. Maybe, for this reason we did not found that stallion age and individual stallion

effect had no influence on fertility parameters.

In conclusion, SP mares show similar fertility results to other breed mares. Type of
semen (cooled or frozen), mare age, reproductive status and uterine fluid accumulation
are the most important factors that influence decisively on fertility parameters of SP
mares. Best results are obtained with cooled semen, in young mares, maiden mares and
mares in oestrus without uterine fluid accumulation. SP mares can considered like a

very fertile horse breed.
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Table 1.- Comparison of reproductive efficiency with cooled or frozen semen in Spanish Purebred mares.

Pregnancy rate Days 15-60
Type of Semen First cycle All cycles Day 14 g;zgr;&rl]nmes PE Mares per season eTeti;’f?Q;jQ ‘ Foaling rate
Cooled 56.85%a (112/197)  54.70%a (157/287) 81.25%a (156/192y3.96%a (142/192)  8.97%a (14/156)  72.92%a (140/192)
Frozen 39.13%b (18/46) 40.28%b (29/72) 55.77%Db (29/52) | 46.15%b (24/52) 17.24%a (5/29 42.31%b (22/5R)
P value <0.05 <0.05 <0.001 <0.001 >0.05 <0.001
Values within the same column with different superscripts differ significaritigst,
Table 2.- Effects of age on measures of reproductive efficiency in Spanish Purebred mares.
Pregnancy rate Days 15-60
Ag(];e%rrcs);J P First cycle All cycles Day 14 géeagsrcl)inues PP Mares per season er]%tigl/cl)g:;:: d Foaling rate
3-7 71.23%a (52/73) 70.21%a (66/94 91.66%a (66/72) 86.11%a (62/72) 6.06%a (4/66) 84.72%a (61/72)
8-11 51.56%a,b (33/64)  52.00%a,b (52/100) 78.46%a,b (51/65) 70.77%a,b (48ER)%a,b (5/51)| 69.23%a,b (45/65)
12-14 41.60%b (20/48) 41.33%b (31/75 65.96%b (31/47)63.83%b,c (30/47) 3.23%a (1/31) | 59.57%b,c (28/47
>15 43.10%b (25/58) 41.11%b (37/90) 61.66%b (37/60) 46.67%c (28/60) 24.32%b (9/37) 46.67%c (28/60)
Bonferroni P <0.01 P <0.001 P <0.01 P<0.05 P<0.05 P <0.05

Values within the same column with different superscripts differ significaritigst, Bonferroni P <0.05, P <0.01, P<0.001
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Table 3.- Effects of reproductive status on measures of reproductive efficiency in Spanish Purebred mares.

Pregnancy rate Days 15-60
Rep;?ao,ltﬂgtlve First cycle All cycles Day 14 ggziginc'es Per | Mares per seasof erg?[g?g;‘; :Snd Foaling rate
Maiden 86.96%a (20/23 88.46%a (23/26) 100%a (23/23) 95.65%a (22/23) 4.35%a (1/23)| 91.30%a (21/23)
Barren 42.68%b (35/82 41.48%b (56/13b) 65.48%Db (55/84) | 57.14%Db (48/84) 12.73%a (7/55) 54.76%b (46/84)
Rested 54.84%a,b (17/3[L) 51.16%b (22/43) 75.86%a,b (22/29) 75.86%a,b (22/29 0%a (0/22) | 75.86%a,b (22/29
Foaling 54.21%b (58/107) 54.84%b (85/15b) 78.70%a,b (85/108) 68.52%a,b (74/108) 12.94%a (11/85) | 67.59%a,b (73/108
Bonferroni P <0.05 P <0.05 P <0.01 P<0.05 P>0.05 P <0.01
Values within the same column with different superscripts differ significarttlgst, Bonferroni P <0,05, P <0,01.

Table 4.- Effects of different factors on the pregnancy rate in all cycles in Spanish Purebred mares.

Number of
inseminations per Type of oestrus Type of ovulation Breeding seasan Year of breeding season
cycle
(\g't:}': Outside
1 >2 Spontaneousinduced| Spontaneoudnduced zfndg (Falland| 2012-13| 2013-14 2014-1%5 2015-16
Winter)
Summer)
0, )
Pregnand (ffé?gfii (57%/31%") 53,09% | 47,62%| 60,71% | 50,17% | 57,75% | 47,93% | 49,44% | 4524% | 54,93% | 63,01%
cycles (146/275) | (40/84) (34/56) |(152/303) (82/142) |(104/217) (44/89) | (57/126)| (39/71) | (46/73)
P Value 0,65 0,38 0,15 0,07 0,10
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Table 5.- Effect of uterine fluid accumulation on the pregnancy rate in all cycles in Spanish
Purebred mares.

Uterine fluid accumulation
Normal Before Breeding Post-breeding
Pregnancy rate

. 58,13%a (143/246) 42,35%b (36/85) 25,00%b (7/28)
in all cycles

Values within the same row with different superscripts differ significanttgsy,
Bonferroni P <0,05.

Table 6.- Effect of stallion on the pregnancy rate in all cycles in Spanish Purebred mares.

Age group Number of Pregnancy rate in all
(years) Stallions cycles
3-7 7 48,26% (83/172)
8-14 4 55,36% (62/112)
>15 5 54,66% (41/75)
P Value 0,43
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4. DISCUSION

Debido al desarrollo y difusion internacional de la IA en équidos, la manipulacion y
procesado del semen se ha convertido en una practica habitual en esta especie (Katila,
2005; Aurich, 2012). Y con ello, han sido numerosas las ideas preconcebidas relativas al
dafio que factores abidticos como la luz, temperatura o estrés fisico pueden infligir
sobre la calidad de las células espermaticas.

La luz puede resultar perjudicial para el espermatozoide ya que, al incidir sobre él,
favorece la liberacién de especies reactivas del oxigeno (EROS) (Shahar y cols., 2011).
Por esta razon, se aconseja que durante su manipulacién la muestra sea protegida de
la luz, evitando asi la reduccion de su calidad. Sin embargo, en contra de esta
afirmacion, investigaciones recientes demuestran que la incidencia de luz sobre el
semen puede tener efectos beneficiosos, favoreciendo la penetracién del oocito e
incrementando asi la fertilidad y la prolificidad (Yeste y cols., 2016). En referencia a la
luz ultravioleta (UV), se ha descrito su capacidad esterilizante, por lo que se ha
propuesto como posible herramienta para ayudar a reducir la carga bacteriana,
reduciendo asi reducir el uso de antibidticos, aunque antes habria que determinar
como afecta sobre el espermatozoide.

Los resultados obtenidos en la presente Tesis Doctoral muestran que a partir de 30
minutos posteriores a la exposicion a luz UV, los espermatozoides equinos sufren un
contundente impacto negativo en su motilidad y en el potencial mitocondrial. En
cambio, la exposicion del semen a la luz convencional de laboratorio (luz blanca)
durante 60 minutos no ocasiona un descenso resefiable de su calidad. Cuando
tratamos de explicar como la luz afecta a los espermatozoides, debemos recordar que
una fuente de luz incide sobre un cuerpo (espermatozoides en este caso), parte de la
energia llega en forma de luz, pero otra gran parte lo hace en forma de calor, y
dependiendo de la longitud de onda a la que se emite dicha luz, ésta tendrd mayor o
menor penetracion. En nuestro experimento apreciamos que a medida que las
muestras se situaban mas lejos de la fuente de luz UV, éstas resultaban menos
dafiadas. Esto sugiere que quizas, la luz UV aplicada durante un corto periodo de
tiempo y a una distancia determinada, podria ejercer un poder esterilizante vy
favorable sobre los espermatozoides.

Se ha descrito que el espermatozoide de rata es muy sensible al estrés fisico (Kim y
cols., 2013), en cuyo caso se recomienda que sea tratado con especial cuidado durante
su procesado. De hecho, el pipeteo repetido (cuadruple) del esperma de ratén y rata
reducen su viabilidad a la mitad (Varisli et al., 2009). Sin embargo, estudios llevados a
cabo con esperma de cerdo, toro y carnero, han demostrado que el pipeteo no afecta
a su motilidad (Varisli et al., 2009). El presente estudio pone de manifiesto que el
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esperma equino tiene gran resistencia al estrés por el pipeteo. Sin duda, el estrés fisico
puede ser inducido a través de diversas acciones, desde el pipeteo (como se ha
indicado) hasta el centrifugado de la muestra, y su impacto sobre el espermatozoide
también puede variar. En este sentido, Kim y cols. (2013) describieron que la motilidad
del esperma de rata no se ve afectada por la centrifugacién, tal y como describen en
caballo Ferrer y cols. (2012).

No obstante, el pipeteo y la centrifugacion han sido descritos como factores que
alteran la funciéon mitocondrial en la rata (Kim y cols., 2013). No obstante, en los
estudios realizados en espermatozoides equinos no se aprecido una reduccién en el
potencial mitocondrial tras someterlos a pipeteo. En consecuencia, se puede afirmar
que el espermatozoide de caballo es mas tolerante al estrés fisico que el de rata, lo
qgue puede conferirla una importante ventaja a la hora de usarse en |A, soportando
mejor su procesamiento durante la refrigeracion. Se ha sugerido que la longitud del
flagelo o cola del espermatozoide (que es mucho mayor en roedores) puede estar
asociado a esa alta sensibilidad de la rata a agentes estresantes fisicos (Gao y cols.,
1997; Varisli y cols., 2009). Varios estudios afirman que el estrés mecdnico incrementa
las ERO en el espermatozoide (Agarwal y cols., 1994; Aitken y cols., 2010; McCarthy y
cols., 2010), aunque los resultados obtenidos por Kim y col (2013) en espermatozoides
de rata sostienen que este tipo de estrés induce un descenso de EROQ, lo que podria ser
deberse a una activacién de los mecanismos de defensa antioxidante del
espermatozoide. La mitocondria es la principal organela involucrada en la formacién
intracelular de ERO. El estrés abidtico podria provocar un descenso en el nimero de
espermatozoides con alto potencial mitocondrial, lo que supone una menor
produccién de ATP de la mitocondria y, por tanto, una disminucion en la motilidad
espermatica (Guthrie and Welch 2006).

Aunque existen muchos estudios que describen el efecto de la temperatura sobre los
espermatozoides, no se han encontrado investigaciones acerca de cémo las
oscilaciones térmicas pueden alterar la fisiologia normal del mismo. La presente Tesis
Doctoral planted una serie de experiencias en las que el espermatozoide refrigerado a
159C se llevaba a temperaturas de 302C o de 02C, para, posteriormente devolverlo a la
temperatura inicial de refrigeracion. Los resultados demostraron la alta tolerancia del
espermatozoide equino refrigerado ante variaciones bruscas de temperatura. En este
caso, los espermatozoides fueron protegidos con crioprotectores no penetrantes,
aportados a través del diluyente a base de leche desnatada y azucares. Los resultados
no mostraron diferencias en ninguno de los protocolos de oscilacion térmica testados,
si se aprecid que el dafio era ligeramente mayor cuando las células espermaticas se
sometian a temperaturas de 02C frente a 302 C. Esta observacidn resalta la seguridad y
aplicabilidad de los actuales sistemas de refrigeracién que se emplean en esperma
equino. Sin duda, en caso de que el semen provenga de sementales con alta calidad
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seminal (como ocurridé en este estudio), la calidad no se vera afectada por cambios de
temperatura debidos a su manipulacién durante el verano o el invierno. Habria que
realizar estos mismos experimentos en esperma de baja calidad, en el que quizas el
estrés abiotico podria modificar negativamente la calidad espermatica y hacer que las
dosis seminales redujeran drasticamente su capacidad fertilizante (Articulo 1).

A pesar de que la congelacidon convencional es la técnica mas usada para
criopreservacién de semen equino, se describen diversos inconvenientes asociados a
que se induce la formacion de cristales de hielo extra e intracelulares y conlleva
cambios osmoéticos, lo que ocasiona gran contraccion celular y dafios en el
espermatozoide (Watson y Martin, 1975; Gao y cols., 1997). Ultimamente, el interés
se ha centrado en el desarrollo de nuevos diluyentes, métodos para seleccionar y
separar poblaciones de espermatozoides de mejor calidad y diferentes protocolos de
congelacion-descongelacion capaces de mejorar los resultados actuales (Pérez-Marin y
cols., 2018). Otros estudios han descrito nuevos métodos de criopreservacion como la
congelacion en seco (o liofilizacion) para preservar esperma equino (Olaciregui y cols.,
2016), pero hasta ahora, no existian estudios acerca de cémo se comporta el
espermatozoide equino tras su vitrificacion. Estos estudios, abordados por primera vez
en esta Tesis Doctoral, demuestran el impacto negativo que este procedimiento tiene
sobre el espermatozoide equino. En nuestros experimentos comparamos el efecto de
diferentes concentraciones de sacarosa y/o trehalosa sobre el espermatozoide equino
y no se encontraron diferencias significativas entre ambos disacaridos. Sin embargo,
sorprendié que la exposicién continuada a CP provocaba un descenso radical de la
motilidad y calidad espermatica, mientras que cuando las muestras eran sometidas a
CPs y seguidamente vitrificadas-calentadas, los valores eran superiores. En el
momento en que los CP son afiadidos a las muestras de esperma, tiene lugar un rapido
shock osmético, que se hace irreversible cuando el tiempo de exposicion aumenta.
Ademas, el medio se transforma en una sustancia mds viscosa que conduce a la
supresion del movimiento flagelar (Woelders y cols., 1997). Se aprecié que la
motilidad espermatica disminuia a medida que aumentaban las concentraciones de
CP; es decir, bajo condiciones de hiperosmolaridad se merma la motilidad del esperma
equino (Ball y Vo, 2001; Pommer y cols., 2002). Estas condiciones también inducen un
dano oxidativo al esperma, con un incremento en la formacién de aniones superdxido,
aunque la integridad de la membrana plasmatica no se ve afectada hasta los 600
mOsm (Ball, 2008). La vuelta a condiciones isosmolares durante la descongelacién vy el
calentamiento permite al espermatozoide recuperar su volumen inicial, lo que debe
considerarse como un punto critico en esta técnica. Pommer y col (2002) han
informado de la disminucion de la actividad mitocondrial y de la viabilidad del esperma
equino durante los procesos de descongelacion, lo que pone de manifiesto la gran
importancia de este paso para la supervivencia y funcionalidad del espermatozoide. Se
ha comprobado que el calentamiento de una muestra de esperma vitrificada es una
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fase mas critica que la que transcurre durante el enfriamiento. Y se ha descrito que el
calentamiento lento hasta 37°C reduce la motilidad, viabilidad e integridad del
acrosoma en mayor medida que si se emplea un calentamiento rapido a 60°C (Rosato y
laffaldano, 2013).

De los resultados derivados de este estudio también se sugiere que la membrana
plasmatica del espermatozoide, ademas de dafarse por la formacion de cristales de
hielo, puede sufrir impactos fisicos inducidos por la composicién de los CP. Existe
bibliografia en la que se expone que las concentraciones éptimas de azucares para
criopreservar esperma difiere entre especies, asi como la influencia del tipo de
diluyente (El-Sheshtawy y cols., 2015). De esta forma, un diluyente como INRA lleva
azucares adicionales capaces de actuar sinérgicamente con los disacaridos usados
como CP (El-Badry y cols., 2017). La sacarosa y la trehalosa son disacaridos que no
penetran en la célula y se usan para mejorar la formacidén de cristales de hielo en
determinadas fases criticas del proceso de enfriamiento. (Sutton, 1992; Berrios y
Sanchez, 2011). La trehalosa se inserta en la doble capa fosfolipidica de las membranas
haciéndolas mas estables durante la congelacién (Aboagla y Terada, 2003) vy
protegiéndolas durante la criopreservacion mediante un efecto antioxidante,
aumentando el nivel de glutatién y reduciendo la peroxidacion lipidica (Aisen y cols.,
2005). Asi pues, es posible que promueva la proteccion de la integridad funcional del
acrosoma y de las mitocondrias, mejorando la motilidad espermatica después de la
descongelacién (Liu y cols., 2016).

El acrosoma juega un papel importante en la funcion del espermatozoide y, por
supuesto, en la fecundacion. En el Articulo 2, los espermatozoides sometidos a baja
osmolaridad no vieron afectada negativamente su integridad acrosomal, pero el
proceso de vitrificacidon si indujo un tremendo efecto negativo sobre las membranas
acrosdémicas. Esto puede ser debido a la alteracion que se produce en las proteinas de
membrana que se localizan en los fosfolipidos durante la fase de transicion lipidica
durante el enfriamiento (Mossad y cols., 1994).

La adicion de albumina sérica bovina (BSA) al diluyente ofrece mayores tasas de
supervivencia de espermatozoides, aunque no se sabe bien cual es el mecanismo
implicado (Nang y cols., 2012). Los experimentos conducidos en esperma equino
demostraron que la adicidon unica de BSA al diluyente espermatico no ofrecié ninguna
capacidad protectora sobre los espermatozoides, lo que se reflejé en una gran pérdida
de su motilidad, siendo solo unos pocos los que la conservaron. Para explicar esta
tolerancia a la vitrificacidn de unos pocos espermatozoides en estas condiciones hay
que tener en cuenta que la BSA es una macromolécula que se absorbe en la superficie
de las membranas plasmdticas, donde juega un papel protector (Matsuoka y cols.,
2006) y también puede transportar grandes cantidades de acidos grasos libres que
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ofrecen energia extra a los espermatozoides (Hossain y cols., 2007). El esperma
humano ha sido vitrificado satisfactoriamente en ausencia de CPs, lo que se explica por
la composicion de su plasma seminal, su contenido intracelular (Isachenko y cols.,
2003) y la forma plana y pequefio tamafio de su cabeza (Watson y Plummer, 1985).
Comparando los tamanos de los espermatozoides de mamiferos, el de humano es el
mas pequefio, seguido por el equino, felino y canino (Garner, 2006). Estas
observaciones nos hicieron pensar que el espermatozoide equino podria ser un buen
candidato para la vitrificacion.

El espermatozoide equino no sufridé un incremento en la fragmentacién del ADN tras la
vitrificacion, al igual que se describié en esperma humano tras la vitrificacion o
congelacion (lsachenko y cols., 2004). Este hecho hace sospechar que el
espermatozoide equino vitrificado podria ser un perfecto candidato para su empleo en
inyeccion intracitoplasmatica (ICSI). En este caso, los disacaridos protegerian el
espermatozoide, reduciendo las fluctuaciones estructurales y la desnaturalizacion del
ADN, formando numerosos enlaces de hidrogeno (Loi y cols., 2008) (Articulo 2).

Enfocando el tema de la fertilidad equina hacia la eficiencia reproductiva, la evaluacion
de la placenta en yeguas gestantes permite determinar si existe alguna patologia que
conlleve la pérdida fetal, y para ello se ha descrito la determinacién del espesor
conjunto utero-placenta (ECUP) como indicador de viabilidad placentaria. Diversos
estudios relacionan la edad gestacional con valores de ECUP en diferentes razas
equinas, pudiendo notarse que existen diferencias entre ellas (Reanudin y cols., 1997;
Barnes y cols., 2005; Bucca y cols., 2005; Colén 2008; Souza y cols., 2008; y Coutinho y
cols., 2013). De acuerdo con Colon (2008), los resultados obtenidos ayudan a
diferenciar entre una gestaciéon sana y una anormal (probablemente debida a
placentitis ascendente), desde el dia 270 de gestacién. No obstante, existen estudios
que evidencian que las anormalidades placentarias podrian ocurrir y detectarse antes
de lo indicado anteriormente (Souza y cols., 2010). Renaudin y cols., (1997) definieron
una medida ECUP anormal como aquella que se desviaba por encima del intervalo de
confianza del 95% obtenido de los valores medios definidos como normales. Asi, Souza
y cols. (2010), encontraron un 33,9% de yeguas por encima del limite superior del
intervalo de confianza, y otros autores encontraron un porcentaje menor, 3,1%
(Troedsson y Zent, 2004) y un 15% (Coldn, 2008). En esta investigacién se obtuvieron
resultados similares a Colén (2008), concretamente un 14% de yeguas, cuya medida
ECUP fue significativamente superior a las yeguas sanas desde el dia 270 de gestacion.
Esto nos ilustra sobre la existencia de una patologia, la placentitis, que desarrollan
muchas yeguas y deben recibir un tratamiento, aunque en la mayoria de casos no se
localicen sintomas externos de placentitis o abortos (Souza y cols., 2010). Bucca y cols.
(2005), observaron aumentos en la medida ECUP sin repercusiones en el desarrollo
gestacional.
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Al igual que Souza y cols. (2010), se ha encontrado que la edad de la yegua no afecta al
ECUP. Pero si advertimos que las yeguas que abortaron o presentaron alteraciones
placentarias fueron las de mayor edad y en las que el intervalo parto-concepcion fue
mas largo. No se encontraron diferencias hasta el dia 270 entre gestaciones sanas y
anormales, por lo que se recomienda a partir de esta fecha comenzar el seguimiento
ecografico de la gestacion (Requena y cols., 2014; Requena y cols., 2015). Esto es
apoyado por la publicacién de Hendriks y cols. (2009), que no encontraron diferencias
importantes en las medidas de ECUP hasta el quinto mes de gestacién, con el
crecimiento mas rapido y mayor a partir del octavo mes de gestacién. Hecho que se
atribuye a que las necesidades del feto aumentan exponencialmente en el ultimo
tercio de gestacidon provocando mayor vascularizacion (Crisci y cols., 2014). Las yeguas
que abortaron en este estudio no presentaron ningun signo externo, algo que sélo
ocurre cuando la enfermedad esta muy avanzada (Mcpherson y Bailey, 2008). Lo que si
se encontrd fueron cambios ecograficos a partir del dia 270, como aumento de la
medida ECUP respecto a yeguas normales, areas de separacidén Utero-placenta, y
presencia de fluido exudativo en zonas de desorganizacion de la union endometrio y
placenta. Basdndonos en la muestra estudiada en nuestro articulo, se considera que el
8.5% de las yeguas PRE gestantes no producen un potro viable, lo cual no difiere con
otros autores (Giles y cols., 1993; Smith y cols., 2003; Troedsson y Zent, 2004; LeBlanc,
2010) (Articulo 3).

En cuanto a la eficiencia reproductiva de la yegua PRE, se encontraron tasas de
gestacion y parto mas altas con semen refrigerado que con congelado, coincidiendo
con Jasko y cols. (1992c). Por el contrario, Loomis (2001) encontré resultados similares
usando ambos tipos de semen, afirmando que esto es posible con semen de buena
calidad, seleccion de los sementales y yeguas y un buen manejo reproductivo de la
yegua. Las tasas de gestacidon conseguidas en el primer ciclo con semen congelado son
similares a las publicadas por Demirci (1987), Loomis (2001), Sieme y cols., (2004) y
Benhajali y cols., (2010). Otros autores (Allen y cols., 2007; Nath y cols., 2010),
encontraron tasas mas altas que las de esta investigacion, probablemente debido a
gue ellos incluyeron en su estudio una mayor proporcion de yeguas jovenes (entre 2-
13 afios). Con respecto a las tasas de gestacion total en todos los ciclos, los resultados
obtenidos son similares a los de Morris y Allen (2002) y Sharma y cols., (2010b),
mientras que Bosch y cols., (2009) y Nath y cols., (2010) describieron valores mas altos.

Las tasas de gestaciéon y partos obtenidas en las investigaciones realizadas son
similares a los autores consultado en la bibliografia (Samper y cols., 1991; Sieme y
cols., 2004). En cambio, Loomis (2001), obtuvo mejores resultados que los hallados en
el trabajo realizado. Esto puede deberse a que se inseminaron una alta proporcién de
yeguas viejas y varias de ellas sélo se inseminaron en un celo por decision del
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propietario. Sin embargo, no se encontraron diferencias en las pérdidas embrionarias
hasta el dia 60 usando semen refrigerado o congelado. En esta misma linea apuntan
otros estudios (Villahoza y cols., 1985; Willmann y cols., 2011).

De acuerdo con multitud de estudios (Morris y Allen, 2002; Allen y cols., 2007; Bosh y
cols., 2009; Benhajali y cols., 2010; Katila y cols., 2010; Nath y cols., 2010; Sharma y
cols., 2010b), se ha identificado la edad como el factor mas influyente en las tasas de
gestacion, de pérdidas embrionarias y fetales y de parto. Se coincide con todos los
autores anteriores en que las yeguas jovenes son las que mejores porcentajes de éxito
dan. Sélo Nath y cols. (2010) y este estudio tienen las tasas de gestacion en el primer
ciclo mas altas que los anteriores trabajos, puesto que se empled IA y un intenso
manejo reproductivo.

Se acepta como norma general que las yeguas comienzan a mermar la fertilidad desde
los 13 a 17 afios, denominandose yeguas subfértiles (Ginther, 1992; Allen y cols.,
2007). Los resultados estan en concordancia con la anterior afirmacion, encontrando
que las yeguas de 15 afios o de mas edad obtienen los peores resultados. Esto puede
ser explicado porque con la edad aumentan los cambios degenerativos crénicos del
endometrio de forma progresiva (Ricketts y Alonso, 1991), hecho que conlleva una
reduccion en el aporte de nutrientes al embrién (Bracher y cols., 1996). Otros factores
asociados con el aumento de la edad de la yegua son la pobre conformacion perineal,
defectos en las contracciones del miometrio, fallos en el drenaje linfatico e
incompetencia uterina que aumentan la susceptibilidad de desarrollar endometritis
(Kalirajan y Rajasundaram, 2008; LeBlanc y Causey, 2009).

Respecto a la influencia del estatus reproductivo de la yegua en la fertilidad hay
opiniones encontradas. Entretanto, en este estudio se aprecid que las yeguas virgenes
0 que se cubren por primera vez tienen los mejores porcentajes en las tasas de
gestacion, al igual que en otras investigaciones parecidas (Allen y cols., 2007; Bosh y
cols., 2009; Nath y cols., 2010; Sharma y cols., 2010b). Sin embargo, otros trabajos
informan que el estatus reproductivo sdlo afecta a la tasa de concepcion total (Samper
y cols., 2002; Benhajali y cols., 2010). Se discrepa de los resultados descritos por
Hemberg y cols. (2004) ya que no encontraron diferencias significativas entre las
yeguas virgenes y paridas con respecto a las yeguas infértiles y las que habian
abortado. La razén de esto seria que ellos incluyeron una mayor proporcién de yeguas
problema (infértiles y que abortaron) en los grupos de yeguas de mayor edad. En las
investigaciones que se ha realizado no se ha encontrado correlacién entre la edad y el
estatus reproductivo de la yegua (Benhajali y cols., 2010).

Valorando otros factores externos que puedes influir en la fertilidad, no se hallaron
diferencias significativas en el nimero de inseminaciones por ciclo. Algunos autores

87



obtuvieron mejores resultados en yeguas que fueron cubiertas varias veces por ciclo
(Allen y cols., 2007) y otros que inseminaron 2 veces por ciclo en vez de una (Nath y
cols., 2010). La explicacion a estos resultados es el uso o no de agentes inductores de
la ovulacion. Si la ovulacion no es inducida, mas cantidad de montas/inseminaciones
seran necesarias para conseguir disminuir el tiempo entre la monta/inseminacion y la
ovulacion y aumentar la probabilidad de concepcién. Tampoco hay diferencias
significativas en las tasas de gestacidon por celos espontdneos o inducidos (Morris y
Allen, 2002; Allen y cols., 2007; Sharma y cols., 2010b; Hanlon y Firth, 2012). Pero
empleando tratamientos hormonales para inducir celos, se pueden mejorar las tasas
de gestacion al final de la temporada reproductiva, como hicieron Hanlon y Firth
(2012), que adelantaron el primer celo de la temporada, alargando el tiempo de la
temporada reproductiva para tener mas celos y aumentar la probabilidad de éxito.

De acuerdo a la mayoria de los autores, no hay un efecto notable de la época
reproductiva y el afio reproductivo en las tasas de gestacion (Morris y Allen, 2002;
Hemberg y cols., 2004; Cilek, 2009; Katila y cols., 2010; Haadem y cols., 2015). Aunque
si se ha comprobado que la época reproductiva influye en el nUmero de ovulaciones
dobles (dentro de la época reproducitva) y en el nimero de gestacion dobles (época de
transicion) (Morris y Allen, 2002). Asimismo, Cilek (2009) encontré efectos
significativos del mes y afio reproductivo en la duracién de la gestacion, periodo de
servicios, intervalo entre partos, celos por gestacion y nimero de inseminacién por
concepcion. Atendiendo a la época reproductiva de la yegua, de dias largos, hay que
destacar que en otofio e invierno hay mayor incidencia de foliculos anovulatorios que
pueden dar peores tasas de gestaciéon (Ginther y cols., 2006).

Desde hace muchos afios, es bien conocido, que el acimulo de fluido uterino y moco
durante el celo o después de la cubricidon esta asociado a un descenso en las tasas de
gestacion (McKinnon y cols., 1988; Pycock y Newcombe 1996; Lewis y cols., 2015). De
acuerdo con esto, se obtuvo que la tasa de gestacion de todos los ciclos, en aquellos
que no hubo acimulo de fluido uterino antes o después de la inseminacion, fue mas
del doble que en aquellos que hubo fluido uterino post-inseminacion. Se han
instaurado tratamientos, como los descritos por Maischberger y cols. (2008), en todos
los ciclos que presentaron acumulo de fluido intrauterino. Esto hace pensar que
mediante tratamientos apropiados para eliminar el fluido intrauterino y/o infecciones,
se podria aumentar las tasas de gestacion. Asi, Sharma y cols. (2010a) consiguieron
mejores tasas de gestacion por ciclo en el dia 16 en aquellas yeguas que recibieron
tratamiento.

Por ultimo, de acuerdo con la investigacion realizada, algunos autores informaron que
la edad del semental no tiene efecto en los pardmetros de fertilidad (Hemberg y cols.,

2004; Haadem y cols., 2015). Por un lado, hay estudios que han encontrado diferencias
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en las tasas de gestacidon en el primer ciclo y en la tasa de partos para cada semental
(Morris y Allen, 2002; Nath y cols., 2010; Haadem y cols., 2015). Por otro, Benhajali y
cols. (2010) mostraron que existe un efecto "semental" en la tasa de concepcidn total
y un efecto "padre" en la tasa de concepcidn al primer ciclo. De esto se deduce que el
semental puede tener un efecto a corto plazo en los parametros reproductivos,
dependiendo de la calidad del semen y del nimero de yeguas cubiertas, y un efecto a
largo plazo en la transmisidn de la fertilidad a sus hijas. A diferencia de otros autores,
en el presente estudio se empled IA y siempre se analizd y procesé previamente el
semen, obteniendo dosis de buena calidad, por lo que es posible que esta sea la causa
de que no se percibieran efectos de la edad del semental en la tasa de gestaciéon de
todos los ciclos (Articulo 4).
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5. CONCLUSIONES

(DEL ARTICULO 1: SHORT-TERM TOLERANCE OF EQUINE SPERMATOZOA TO VARIOUS
ABIOTIC ~ FACTORS. PEREZ-MARIN ~ CC, REQUENA __ FD, ARANDO A, REQUENA
L, REQUENA F, AGUERA EI. REPROD DOM ANIM. 2018; 00:1-11)

l. Los espermatozoides equinos tienen una alta tolerancia al estrés mecénico (inducido
por el pipeteo) y al estrés térmico (inducido por oscilaciones térmicas durante la
conservacién), corroborando asi que es posible mantener esperma de alta calidad
durante envios de larga distancia.

Il. En cuanto al impacto de la luz, los espermatozoides equinos son muy resistentes a

estimulos normales como sucede en la rutina de trabajo de laboratorio, pero la
aplicaciéon de luz UV durante un minimo de 30 minutos tiene un efecto negativo en su
calidad.

(DEL ARTICULO 2: EFFECT OF TREHALOSE- AND SUCROSE-BASED EXTENDERS ON
EQUINE SPERM QUALITY AFTER VITRIFICATION: PRELIMINARY RESULTS. C.C. PEREZ-
MARIN, F.D. REQUENA, A. ARANDO, S. ORTIZ-VILLALON, F. REQUENA, E.I. AGUERA.
CRYOBIOLOGY, 2018; 80:62-69)

Il. La vitrificacion de esperma equino tiene una baja capacidad para preservar la

motilidad espermatica, aunque los diluyentes que contienen trehalosa o sucrosa a
bajas concentraciones ofrecen efectos protectores para la motilidad.

IV. La dlbumina de suero bovino (BSA) parece tener por si misma un ligero efecto

protector sobre espermatozoides equinos vitrificados.

V. La integridad del ADN fue reducida ligeramente tras la vitrificacion, pero no hubo

diferencias cuando se emplearon CPs, lo que sugiere que la cromatina espermatica
podria mantener su funcién en estas condiciones.

VI. El acrosoma y las membranas plasmaticas sufrieron graves dafios tras la

vitrificacion, aunque no durante la exposicion a CPs, por lo que para mejorar esta
técnica se precisa desarrollar medidas encaminadas a la proteccion de estas
estructuras.
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(DEL ARTICULO 3: TRANSRECTAL ULTRASONOGRAPHIC MEASUREMENTS OF THE
COMBINED THICKNESS OF THE UTERUS AND PLACENTA IN SPANISH PUREBRED MARES.
FERNANDO D. REQUENA, ESTRELLA I. AGUERA, FRANCISCO REQUENA, CARLOS C.
PEREZ-MARIN. ANIMAL REPRODUCTION, 2017; 14 (SUPPL.1): 1278-1284)

VII. En la yegua PRE, un examen ecografico transrectal y mensual desde los 210 dias

de gestacién ofrece ventajas para evaluar el espesor conjunto Utero-placenta (ECUP) y
evidenciar gestaciones sanas o anormales.

VIII. Las diferencias entre gestaciones sanas o anormales son mas evidentes desde el

dia 270 de gestacion.

IX. Un 14% de las yeguas gestantes PRE ha sido diagnosticado con aumento del

espesor placentario.

(DEL ARTICULO4: REPRODUCTIVE EFFICIENCY OF SPANISH PUREBRED MARE IN SPAIN.
FD REQUENA, EI AGUERACC PEREZ-MARIN. EN PREPARACION)

X. La yegua PRE muestra resultados similares de fertilidad a otras razas equinas. El

tipo de semen (refrigerado o congelado), la edad, el estatus reproductivo y el acimulo
de fluido uterino son los factores mas importantes que influyen decisivamente en los
parametros de fertilidad de la yegua PRE.

Xl. La mejor fertilidad se obtiene con semen refrigerado cuando se aplica sobre

yeguas jovenes o en yeguas virgenes que no presentan acumulo de fluido uterino
durante el estro.
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6. RESUMEN

El caballo ha sido seleccionado atendiendo a sus éxitos deportivos mas que a su tasa
de fertilidad. Por ello, el caballo se ha mostrado por tener una eficiencia reproductiva
mas baja comparandolo con otras especies domésticas. Hay varios estudios sobre
eficiencia reproductiva en diferentes razas equinas, pero no en el Pura Raza Espanol
(PRE). Esta, depende de factores relacionados con la yegua, el semental y factores
externos. Para determinar la fertilidad equina se han desarrollado cuatro articulos.

En el primer articulo, se determinaron los efectos de varios factores abiéticos, como la
luz, el estrés fisico (pipeteo) y el shock térmico en la calidad de esperma equino fresco
y refrigerado. En el experimento |, cuatro alicuotas de esperma fueron sometidas a
diferentes exposiciones de luz: (i) muestra control protegida (CTRL), (ii) expuesta a luz
ultravioleta a 10 cm (UV10), (iii) expuesta a luz ultravioleta a 20 cm (UV20cm) vy (iv)
expuesta a la luz de laboratorio (LAB). En el experimento Il, cuatro alicuotas de semen
fueron sometidas a pipeteo repetido durante 0, 10, 20 y 30 veces (CTRL, P10, P20, P30,
respectivamente). En el experimento lll, cuatro alicuotas de semen a 15°C fueron
sometidas a oscilaciones térmicas: (i) esperma control refrigerado a 15°C (CTRL), (ii)
oscilaciones de 1.9°C/min a temperatura de 30°C (T30), (iii) oscilaciones de 1.4°C/min,
con un rapido descenso de temperatura hasta alcanzar 1.3°C (TOR) y (iv) oscilaciones
de 1.1°C/min, con un descenso de temperatura lento has alcanzar 4.2°C (TO0S). Los
resultados revelaron que después de 30min, las muestras de esperma UV10 y UV20
mostraron significativamente (p < 0.05) los valores mas bajos de motilidad total,
parametros cinematicos y potencial mitocondrial. Después de 45 min de exposicion,
las diferencias fueron altamente significantes (p < 0.001). No se encontraron
diferencias significativas (p > 0.05) para el pipeteo y las oscilaciones térmicas. Los
resultados sugieren que, incluso si las muestras de esperma no son manejadas en el
laboratorio bajo condiciones dptimas, los espermatozoides de equino en fresco o
refrigerados son capaces de resistir el impacto de varios factores abidticos sin provocar
una reduccion de su calidad. Este estudio analiza el efecto en muestras de esperma
normales, pero en el futuro la investigacién podria buscar la tolerancia que las
muestras de esperma equino con astenospermia tendrian a la influencia de estos
factores abidticos.

En el segundo articulo se llevd a cabo una investigacion para evaluar el impacto de
varios agentes crioprotectores (AC) y la vitrificacion en la calidad del esperma. Un total
de 12 eyaculados fueron sometidos a la exposiciéon de CPA vy a vitrificacion. El esperma
fue diluido en un rango de AC: fresco, control (BSA), sacarosa (0.15M, 0.3M y 0.5M),
trehalosa (0.15M, 0.3M y 0.5M) y la combinacién de sacarosa y trehalosa (M1: 0.15M
sacarosa + 0.5M trehalosa; M2: 0.5M sacarosa + 0.15M trehalosa). La motilidad
espermatica, viabilidad, integridad del acrosoma y la fragmentacién del ADN fueron
evaluados en el momento de la exposicion a los AC y después de la vitrificacion. La
exposicidon de los espermatozoides a varias concentraciones de sacarosa y/o trehalosa
redujeron significativamente la motilidad espermatica, aunque con bajas
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concentraciones resultaron en una motilidad mas alta. La viabilidad espermatica y la
fragmentacion del ADN no variaron después de la exposicion a los AC, pero la
integridad del acrosoma cayd significativamente cuando los espermatozoides fueron
expuestos a AC con alta osmolaridad. Cuando los espermatozoides fueron vitrificados,
los valores de motilidad fueron significativamente mas altos que los obtenidos durante
la exposicidon a AC. La concentracion baja de sacarosa (0.15M y 0.3M) y trehalosa
(0.15M) mostraron la mejor motilidad progresiva espermatica. El procedimiento de
vitrificacion-calentamiento redujo significativamente la viabilidad espermatica y la
integridad del acrosoma, pero el ADN no varia con ninguno de los AC empleados. La
vitrificacion del esperma equino demuestra una baja capacidad para preservar la
motilidad espermatica, y los diluyentes que contienen trehalosa o sacarosa a bajas
concentraciones se asocian con un mejor efecto protector en la motilidad espermatica.
Después de la vitrificacion, el acrosoma y las membranas plasmaticas se danaron
severamente, mientras la estructura del ADN se mantuvo. El espermatozoide equino
recobré la motilidad después de la vitrificacion, pero se precisa realizar mas estudios
en la preservacién de las membranas espermaticas.

En el tercer articulo fueron establecidos los valores normales del espesor conjunto
Utero-placenta (ECUP) en yeguas Pura Raza Espafiola (PRE) durante el ultimo periodo
de gestacién. Un total de 107 yeguas fueron examinadas a los 210, 240, 270 y 300 dias
de gestacidn, de las cuales 13 tuvieron gestaciones anormales (muerte fetal, abortos o
nacidos muertos). En yeguas con potros sanos, las medidas ECUP mostraron
diferencias significativas (P < 0.0001) en varias edades gestacionales (4.83 = 0.59 mm,
6.12 + 0.60 mm, 7.41 + 0.61 mm y 10.45 + 0.92 mm at 210, 240, 270 y 300 dias,
respectivamente). Una alta correlaciéon positiva se observé entre ECUP y la edad
gestacional (r = 0.923; P < 0.001). En yeguas con gestacion anormal las medidas ECUP
fueron significativamente mds altas (P < 0.0001) que en las gestaciones sanas en el dia
270 (8.89 vs. 7.41 mm) y en el 300 (14.17 vs. 10.45 mm). La edad de la yegua, el
tiempo de fecundacidn, el tipo de semen y la longitud de la gestacién no afectan la
ECUP. Los resultados obtenidos sugieren que el punto de corte para la deteccion
anormal de las gestaciones en yeguas PRE es 7.75 mm en el dia 270 y 12.7 mm en el
dia 300. La incidencia del aumento de ECUP en el ultimo periodo de gestacion de la
yegua PRE fue del 14% y un examen ecografico transrectal a los 270 dias de gestacion
es muy aconsejable. La evaluacion periddica placentaria podria revelar alteraciones no
detectadas por los demas, permitiendo instaurar tratamiento apropiados encaminados
a prevenir la pérdida fetal.

Finalmente, un estudio se llevd a cabo un estudio retrospectivo para determinar la
eficiencia reproductiva de la yegua PRE. Se evalud la influencia de la edad, el estatus
reproductivo, la inseminacidn con semen refrigerado o congelado, el nimero de
inseminaciones por ciclo, el tipo de celo, el tipo de ovulacion, la temporada
reproductiva, el afio de la temporada reproductiva, la presencia de fluido uterino y la
edad del semental. Se incluyeron en una base de datos las inseminaciones de 122
yeguas PRE durante 4 temporadas reproductivas consecutivas (2012-2013, 2013-2014,
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2014-2015, 2015-2016). Un total de 359 ciclos fueron estudiados. Las yeguas se
agruparon de acuerdo a la edad: jovenes, mediana edad, viejas y muy viejas y de
acuerdo al estatus reproductivo: virgenes, infértiles, paridas y no cubiertas. Las tasas
de gestacion mas altas fueron con semen refrigerado en el primer ciclo (P < 0.05), en
todos los ciclos (P < 0.05), en el dia 14 por temporada (P < 0.001) y en la tasa de partos
(P <0.001). Las tasas de gestacion y partos fueron significativamente influenciadas por
el efecto de la edad. Las yeguas jévenes y virgenes tuvieron las tasas de gestacion mas
altas. No hubo diferencias significativas (P > 0.05) en la tasa de gestacidn en todos los
ciclos cuando se analizd el nimero de inseminaciones por ciclo, tipo de celo, tipo de
ovulacion, temporada reproductiva, afio de la temporada reproductiva y la edad del
semental. Hubo diferencias significativas (P < 0.05) entre las yeguas que no
acumularon fluido uterino (58.13%) y las que acumularon fluido intrauterino antes de
la cubricion (42.35%) y después (25.00%). La yegua PRE podria ser considerada como
una raza de caballo muy fértil.
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7. ABSTRACT

Horse has been selected contemplating its sporting success more than its fertility rate.
For this reason, horse has been showed to have relatively lower reproductive
efficiency compared to others domestics species. There are many studies about
reproductive efficiency in different breeds horses but not in Spanish Purebred (SP)
horse. Equine reproductive efficiency depends on factors related to the mare, the
stallion and external factors. To determine equine fertility four articles were
developed.

In the first article, it was determined the effects of various abiotic factors, such as light,
physical stress (pipetting) and thermal shock, on the quality of fresh and cooled equine
sperm. In experiment |, four sperm aliquots were subjected to different light
exposures: (i) protected control samples (CTRL), (ii) exposed to UV light at 10 cm
(UV10), (iii) exposed to UV light at 20 cm (UV20) and (iv) exposed to laboratory lighting
(LAB). In experiment Il, four semen aliquots were subjected to repeated pipetting for O,
10, 20 and 30 times (CTRL, P10, P20 and P30, respectively). In experiment lll, four
semen aliquots at 15°C were subjected to thermal oscillations: (i) cooled control sperm
at 15°C (CTRL), (ii) oscillations of 1.9°C/min to a temperature of 30°C (T30), (iii)
oscillations of 1.4°C/min, with the temperature rapidly falling until reaching 1.3°C (TOR)
and (iv) oscillations of 1.1°C/min, with the temperature slowly falling until reaching
4.2°C (TOS). The results revealed that after 30 min, UV10 and UV20 sperm samples
showed significantly (p < 0.05) lower total and progressive motility values, sperm
kinematic parameters and mitochondrial potential. After 45 min of exposure,
differences were highly significant (p <0.001). No significant differences (p > 0.05) were
found for pipetting or thermal oscillations. The results suggest that, even if equine
sperm samples are not handled in the laboratory under optimal conditions, fresh and
cooled equine spermatozoa are able to resist the impact of various abiotic stimuli
without any reduction in their quality. This study analyses the effect on normospermic
samples, but future research could look at the tolerance that asthenozoospermic
equine samples have to these abiotic influences.

In the second article was carried a research to evaluate the impact of various
cryoprotectant agents (CPA) and vitrification on equine sperm quality. A total of 12
ejaculates were subjected to exposure to CPA and vitrification. Sperm was diluted in a
range of CPA: fresh, control (BSA), sucrose (0.15M, 0.3M and 0.5M), trehalose (0.15M,
0.3M and 0.5M) and the combination of sucrose and trehalose (M1: 0.15M sucrose
+0.5M trehalose; M2: 0.5M sucrose+0.15M trehalose). Sperm motility, viability,
acrosome integrity and DNA fragmentation were assessed at the time of CPA exposure
and after vitrification. The exposure of spermatozoa to various concentrations of
sucrose and/or trehalose significantly reduced sperm motility, with lower
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concentrations resulting in higher sperm motility. Sperm viability and DNA
fragmentation did not vary after exposure to CPA, but acrosome integrity fell
significantly when spermatozoa were exposed to CPA with high osmolality. When
spermatozoa were vitrified, motility values were significantly higher than those
obtained during the exposure. Low concentrations of sucrose (0.15M and 0.3M) and
trehalose (0.15M) showed the best progressive sperm motility. The vitrification-
warmed procedure significantly reduced sperm viability and acrosome integrity, but
DNA did not vary with any of CPA used. Equine sperm vitrification demonstrates a low
capacity for preserving sperm motility, and extenders containing trehalose or sucrose
at lower concentrations are associated with a better protective effect on sperm
motility. After vitrification, acrosome and plasma membranes were severely impaired,
while the DNA structure was maintained. Equine spermatozoa partially recover the
motility after vitrification, but there is a need for further studies into the preservation
of sperm membranes.

In the third study was established the normal values of the combined thickness of the
uterus and placenta (CTUP) in Spanish Purebred mares during late pregnancy. A total
of 107 mares were examined at 210, 240, 270 and 300 days of gestation, of which 13
had abnormal gestations (foetal death, abortion or stillbirth). In mares with healthy
foals, CTUP measurements showed significant differences (P < 0.0001) at the various
gestational ages (4.83 + 0.59 mm, 6.12 + 0.60 mm, 7.41 + 0.61 mm and 10.45 + 0.92
mm at 210, 240, 270 and 300 days, respectively). A high positive correlation was
observed between CTUP and gestational age (r = 0.923; P < 0.001). In mares with
abnormal gestation, CTUP measurements were significantly (P < 0.0001) higher than in
healthy gestations at day 270 (8.89 vs. 7.41 mm) and day 300 (14.17 vs. 10.45 mm).
The age of the mare, fertilization time, type of semen and gestation length did not
affect the CTUP. The results obtained suggest that the cut-off point for detecting
abnormal pregnancies in Spanish Purebred mares is 7.75 mm on day 270 and 12.7 mm
on day 300. The authors find that the incidence of placental thickness enlargement in
the late gestation of Spanish Purebred is 14%, and a transrectal ultrasonographic
examination is highly advisable at 270 days of gestation. Such timely placental
assessment could reveal otherwise undetected disorders, thereby enabling early and
proper treatments to be administered to prevent foetal loss.

Finally, a retrospective study was carried out to determine reproductive efficiency of
Spanish Purebred (SP) mare. It was evaluated the influence of age, reproductive status,
insemination with cooled or frozen semen, number of inseminations per cycle, type of
oestrus, type of ovulation, breeding season, year of breeding season, presence of
uterine fluid, stallions and stallion age. Records inseminations of 122 SP mares for four
consecutive breeding seasons (2012-2013, 2013-2014, 2014-2015, 2015-2016). A total
of 359 cycles were studied. Mares were grouped according to age: young, middle-
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aged, ageing and very old and to reproductive status: maiden, barren, foaling and
rested. Pregnancy rates were highest with cooled semen in the first cycle (P < 0.05), all
cycles (P < 0.05), day 14 pregnancies per season (P < 0.001), mares per season
(P < 0.001) and foaling rate (P < 0.001). Pregnancy and foaling rates were significantly
influenced by the effect of age. Young and maiden mares had highest pregnancy rates.
There were not significant differences (P > 0.5) in pregnancy rate in all cycles when
number of inseminations per cycle, type oestrus, type of ovulation, breeding season,
year of breeding season and stallion were analyzed. There were significant differences
between normal mares (58.13%) and mares with uterine fluid accumulation (P < 0.05)
before breeding (42.35%) or post-breeding (25.00%). SP mares could be considered
like a very fertile horse breed.
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