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Resumen

Resumen

La utilizacion de la fertilizacion in vitro (FIV) en el ganado bovino ha
experimentado en los ltimos afos un gran avance en su implementacion
a nivel industrial, principalmente en el continente americano. En la
actualidad, la FIV se expande a pasos agigantados utilizandose cada dia
en mds animales pertenecientes a distintas razas y distintos paises. Si
bien es cierto que la eficiencia de la FIV en el bovino esta dentro las mas
altas en los animales de produccion, ésta ha sufrido un estancamiento,
manteniéndose en los niveles alcanzados desde hace ya varios afios. En
los ultimos tiempos se ha realizado un gran esfuerzo intentando optimizar
los protocolos de laboratorio teniendo en cuenta una gran cantidad de
factores que, como se ha demostrado, condicionan los resultados
obtenidos. Un factor a considerar es sin dudas la raza del animal. En este
sentido se han observado diferentes respuestas en las distintas razas
bovinas estudiadas. También ha sido detectada una mayor tasa de
anomalias cromosomicas en los embriones producidos por FIV, lo cual
conspira sin lugar a dudas contra la eficiencia que presenta esta técnica.
Es por ello que durante el desarrollo de la presente tesis hemos
investigado estos dos efectos descritos mediante una serie de
experimentos divididos en tres capitulos.

En el primer capitulo, centrado en la raza bovina de Lidia, hemos
demostrado que sus ovocitos se adaptan correctamente a dos protocolos
de maduracion y fertilizacion in vitro utilizados de manera rutinaria en
otras razas. También se ha observado que la cantidad de ovocitos
recuperados de cada ovario Lidia es menor que la observada en otras

razas estudiadas previamente.
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En el segundo capitulo hemos analizado muestras seminales
crioconservadas de 4 razas bovinas andaluzas en peligro de extincion
(Berrendo en Negro, Berrendo en Colorado, Céardena Andaluza y
Pajuna). Hemos comprobado que estas dosis se adaptan perfectamente a
los protocolos estandar de capacitacion espermatica in vitro, lo cual es
requisito fundamental para su utilizacion en programas de FIV. Ademas
este analisis nos ha permitido comprobar que el esperma de las distintas
razas se comporta de manera diferencial cuando es capacitado in vitro
bajo diferentes condiciones de cultivo. Los resultados obtenidos se han
visto influenciados por el medio y tiempo de capacitacion empleados de
manera diferencial en cada una de las razas evaluadas. Esto nos ha
permitido inferir que la validez de los test de fertilidad previamente
descritos, basados en los resultados de su capacitacion in vitro, son al
menos cuestionables cuando evaluamos animales de distintas razas.

En el tercer capitulo hemos evaluado la aparicion de anomalias
cromosdmicas en los embriones derivados de ovocitos seleccionados de
acuerdo a su calidad morfoldégica y a los protocolos de maduracion
ovocitaria empleados. En una serie de tres experimentos secuenciales
hemos probado que la eleccion de ovocitos morfoldgicamente superiores,
su maduracion durante periodos de tiempos adecuados y en medios de
incubacion suplementados apropiadamente puede reducir de la aparicion
de este tipo de aberraciones citogenéticas, mejorando la eficiencia
general del proceso de FIV.

Como conclusion hemos demostrado a lo largo de este desarrollo
experimental que los protocolos utilizados actualmente en la [IVF bovina
deberian ser adecuados a cada situacion particular teniendo en cuenta

numerosos factores, como ser la raza de los animales utilizados y la
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posibilidad de reducir las tasas de anomalias cromosdmicas para

optimizar la eficiencia general del proceso.
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Summary

Summary

The use of in vitro fertilization (IVF) in cattle has experienced in recent
years a breakthrough in its commercial implementation, mainly in the
Americas, rapidly expanding to animals of different breeds in different
countries. The efficiency of IVF in cattle is within the highest in animal
production. However, its rates has been maintained at the same point
reached some years ago. In recent years, several researchers have been
trying to optimize laboratory protocols considering a large number of
factors which have been demonstrated conditioning results. One
important factor to consider is the breed of the animal used, mostly
because there were observed different behaviors in different cattle breeds
studied previously. Another cause that has also been detected
contributing the lack of efficiency is a higher rate of chromosomal
abnormalities in IVF embryos. Due that we focused this thesis to
investigate these two effects described through an experimental design
dived into three chapters.

In the first one, which focuses on Lidia bovine breed, we have
shown that their oocytes can be matured and fertilized using standard
laboratory protocols previously used in other breeds. We have also
observed that the number of oocytes retrieved from each Lidia breed
ovary is lower than that observed previously in other breeds.

In the second chapter we analyzed cryopreserved semen samples
from the four most important endangered Andalusian cattle breeds
(Berrendo en Negro, Berrendo en Colorado, Cardena Andaluza and
Pajuna). We found that these doses are suited perfectly into standard in
vitro capacitation protocols, which is a prerequisite for its use in IVF

programs. This analysis also allowed us to verify that the sperm of the
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diverse breeds has differential behavior when is capacitated in vitro
under different culture conditions. The results observed have been
influenced by the culture media and capacitation time used in a
differential way upon the breed evaluated. This allowed us to infer that
the validity of previously reported fertility tests, based on the results of in
vitro capacitation are at least questionable when evaluating animals of
different breeds.

In the third chapter we evaluated the occurrence of chromosomal
numerical abnormalities in embryos derived from oocytes selected
according to their morphological quality and oocyte maturation protocols
used. In a series of three sequential experiments we have shown that the
use of higher morphologically oocytes, the appropriate maturation period
and the adequate supplementation of the maturation medium can
drastically reduce the occurrence of this type of cytogenetic aberrations,
improving the overall efficiency of the process FIV.

In conclusion, we have determined that the protocols currently
used in IVF should be adjusted for each particular situation taking into
account, among other factors, the breed of the animals used and the
possibility of reducing the occurrence of embryonic chromosomal
abnormalities to improve the overall efficiency of the whole IVF process

over time.
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Introduccion General

1. Produccion de embriones in vitro en el bovino

Desde que en el afio 1982 un grupo de investigacion en la Universidad de
Pensilvania (Brackett et al. 1982) lograra el nacimiento del ternero
“Virgil”, gestado a partir de un embrion bovino obtenido mediante de la
fertilizacion y posterior cultivo in vitro de un ovocito preovulatorio se
produjo una de las mayores revoluciones en la historia de la reproduccion
bovina. Este nacimiento fue el primero de los cientos de miles producto
de la implementacion masiva de la fertilizacion in vitro (FIV) en el
ganado vacuno, tercera generacion de técnicas de reproduccion asistida
(ARTs, Assisted Reproductive Techniques) (Thibier 2005). En un
principio su desarrollo comercial fue escaso y lento, hasta que en el afio
1987 el grupo de investigacion de la Universidad de Dublin logr6 el
avance definitivo en la materia con el nacimiento de un embrion derivado
de la fertilizacion de un ovocito inmaduro que fue cultivado in vitro hasta
desarrollar completamente su capacidad reproductiva (Lu et al. 1987).
Con el paso del tiempo esta técnica, que en sus comienzos tuvo una tasa
de suceso muy baja, fue ganando en eficiencia lo que derivo en su rapida
expansion a nivel comercial. Esto fue posible merced al trabajo de
muchos grupos de investigacion de todo el mundo, que han logrado
transformar hoy en dia a la FIV en la biotecnologia reproductiva mas
utilizada en la produccion comercial bovina.

El desarrollo de la FIV ha sido muy dispar a lo largo del mundo,
siendo Sudamérica su principal polo de crecimiento y utilizacion. Esto se
debe, probablemente, al tipo de sistema de produccion bovina utilizada
en esas regiones basada en rodeos con grandes cantidades de madres que
actualmente se haya en un proceso de expansion continua. En ellos, una

de las principales necesidades es la de multiplicar exponencialmente la
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cantidad de hijos obtenidos de las vacas de mayor mérito genético,
logrando de esta forma aumentar la produccién obtenida en calidad y
cantidad. (Pontes et al. 2010). Este desarrollo regional es liderado por
Brasil, quien es por lejos el principal productor mundial de embriones
fertilizados in vitro con el 86% del total, habiendo transferido 325.349
embriones solo en el afio 2011. Para tener una idea objetiva del avance y
desarrollo reciente que ha tenido la FIV bovina solo hace falta comparar
los volimenes producidos en los ultimos afios de manera comercial
(Figura 1). En Sudamérica el nimero total de embriones en el afio 2002
fue de solo 668, elevandose a 453.471 el ano 2012. Esto equivale a un
incremento de 678 magnitudes en un periodo de tan solo 10 afios (IETS
1998-2012). En ese mismo periodo, la producciéon de embriones in vivo
mediante superovulacion y posterior transferencia embrionaria (SOTE)
paso de 452.546 embriones en el afio 2002 a 590.561 embriones en 2011,
incrementandose solo el 30,42%. De mantenerse este ritmo de
crecimiento las previsiones de la International Embryo Transfer Society
(IETS) indican que el nimero de embriones producidos mundialmente
por FIV sera mayor al nimero de embriones producidos por SOTE a muy

corto plazo (IETS 1998-2012).
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Figura 1: Produccion de embriones bovinos in vitro (FIV) e in vivo (SOTE) a nivel

mundial durante los Gltimos 12 afios.

2. Usos de la FIV

El empleo de las técnicas de reproduccion asistida puede modificar la
dindmica de un rodeo animal actuando desde diferentes perspectivas. Sin
embargo, es la capacidad de poder multiplicar facilmente el numero de
descendientes que podemos obtener de una hembra determinada el mayor
impacto que tienen las técnicas de FIV en las poblaciones animales
(Rodriguez-Martinez 2012). Esta capacidad es muy superior incluso a la
produccion de embriones in vivo mediante SOTE. Es por ello que es
relativamente comun su uso con fines diversos como ser la preservacion
y multiplicacion de animales pertenecientes a razas en peligro de
extincion (Solti et al. 2000) o para la produccion de un mayor ntimero de
embriones por afio en hembras de muy elevado valor genético (Wu and

Zan 2012). También se ha utilizado para la multiplicacién de animales de
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razas relativamente jovenes compuestas por animales eco-adaptados a
ambientes de produccion marginales (Gyrolando brasilefia (Pontes ef al.
2010)) y el rescate de animales de alto valor genético que no pueden
producir embriones por SOTE o que debieron ser sacrificados debido a
enfermedades o traumas (Van Soom et al. 1993).

En los Gltimos tiempos, mayormente en Brasil, se ha comenzado a
combinar la produccion de embriones FIV con la utilizacion de técnicas
de separacion espermatica en base a al cromosoma sexual que porte. Esto
permite predeterminar con grados de confiabilidad muy altos (>95%) el
sexo del embrion de acuerdo a las necesidades productivas: Hembras en
el caso de produccion lechera o vacas madres o multiplicacion de
hembras con existencia limitada o bien machos en el caso de que se
quisieran producir toros descendiente de una cierta linea materna
especifica. (de Lima et al. 2011). En el mismo sentido, se ha logrado
poder obtener una muestra del material genético de embrién en sus
primeros estadios, mediante técnicas de biopsia embrionaria, permitiendo
el posterior desarrollo del mismo sin sufrir trastorno alguno (Cenariu et
al. 2012). Esto permite realizar un andlisis gendmico preimplantacional,
descartando a los individuos que presentan anomalias en su genoma o
bien favoreciendo el uso de animales que posean caracteres favorables
(Humblot et al. 2010).

Como bien sabemos, el progreso genético de un grupo de
animales depende en gran medida del tiempo trascurrido entre dos
generaciones de animales seleccionados. En este sentido el uso de la FIV
ha logrado importantes avances al lograr producir embriones a partir de
ovocitos de terneras prepuber. Esto ha permitido un importante

acortamiento del intervalo generacional al obtener embriones de terneras
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hasta 14 meses antes de lo habitual, logrando un incremento sustancial de
la mejora genética por unidad de tiempo. (Khatir et al. 1998).

Finalmente, en el afio 1997 con el nacimiento de “Rosie”, la
primera vaca transgénica del mundo se produjo el ultimo gran adelanto
biotecnoldgico en la produccién de embriones bovinos in vitro, dando luz
verde a las técnicas reproductivas de quinta generacion (Wall et al
1997). Originariamente estos animales fueron concebidos como
biorreactores, para ser utilizados en la produccion de leche cuya
composicion se asemejase a la leche humana (Zuelke 1998), o bien en la
produccion de sustancias especificas utilizadas en el tratamiento de
diversas enfermedades como el factor V de coagulacion humana,
hormona de crecimiento, etc. (Young et al. 1998). Con el paso del tiempo
estos animales comenzaron a ser modificados con otros fines como ser su
utilizacion como modelos animales para el estudio de enfermedades
humanas, e inclusive para la produccion de 6rganos humanos sustitutos,

conocidos como xenotrasplantes (Niemann and Kues 2003).

3. Eficiencia de la FIV

La produccién in vitro de embriones en el bovino es
probablemente la mas exitosa entre todas las desarrolladas hasta la fecha
en las distintas especies de animales domésticos. Todas sus etapas han
sido perfeccionadas tecnologicamente hasta niveles razonablemente
aceptables desde hace ya varios afios. Sin embargo, como en todo
proceso realizado in vitro, sus niveles de eficiencia aun distan de ser
similares a los obtenidos cuando los embriones son producidos por los
animales mediante la SOTE (Havlicek ef al. 2005). Estos niveles de

eficiencia contrastan claramente con los observados en otras especies

231 -



Introduccion General

animales. Es asi que en el caballo solo existen dos reportes muy antiguos
de potros nacidos a partir de un embrion producido por FIV (Hinrichs
2013). Esto se debe a que aiin no se ha logrado hasta la actualidad que el
espermatozoide equino pueda fertilizar ovocitos in vitro, principalmente
por problemas en la penetracion de la zona pelucida. En el perro el
problema se encuentra en la fase de maduraciéon ovocitaria y cultivo
embrionario, cuyo desarrollo no es el adecuado(Lee et al. 2007). Sin
embargo, resultados similares se han obtenido en la oveja, la cabra el
cerdo (Duszewska et al. 2012) y el ratén de laboratorio (Lacham-Kaplan
and Trounson 2008).

Desde hace ya varios afios se ha producido un estancamiento en la
mejora de eficiencia general del proceso de FIV en el bovino (Lonergan
2007). El porcentaje de blastocitos obtenidos por cada ovocito madurado
y fecundado sigue siendo superior en los embriones producidos mediante
SOTE en comparacion con los embriones producidos por FIV, incluso
cuando se utilizan los mismos animales como progenitores (Pontes et al.
2009). También se ha observado un mayor porcentaje en el numero de
prefieces logradas y de nacimientos producidos y un menor porcentaje de
mortalidad fetal, mortalidad perinatal y de nacimientos de crias con
anormalidades morfologicas cando los embriones implantados son
producidos mediante SOTE en comparacion a los producidos por FIV
(Pontes et al. 2010; Duszewska et al. 2012). En el caso de la
combinacion de la FIV con el semen sexado estos resultados han sido
todavia peores (Rasmussen et al. 2013). Esta falta de eficiencia es aliin
una limitante en la aplicacion de la FIV en a nivel industrial, debido a
que el costo unitario de cada cria nacida resulta muy elevado en la
mayoria de los paises. La excepcion a este problema es la situacion de

Brasil, en donde una legislacion mas adecuada y una produccion
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ganadera masiva ha permitido la instalacion de esta técnica de manera
rutinaria (Viana et al. 2010b).

Muchas han sido las causas sefialadas como responsables de la
baja eficiencia de la FIV comparada con la obtenida utilizando SOTE
(Lonergan 2007). En la actualidad, las dos principales hipotesis de
trabajo son la existencia de condiciones de cultivo embrionario sub-
Optimas y la falta de calidad intrinseca de los gametos utilizados debido a
la menor seleccion morfo-fisioldgica producida en el laboratorio (Hansen
2006). Estudios recientes demuestran que los sistemas de cultivo in vitro
no pueden proveer del medioambiente dindmico necesario, que es vital
para el desarrollo embrionario en la misma forma que lo hace el utero
materno (Hinrichs 2013). Este medio ambiente sub-Optimo se traduce en
superiores niveles de stress embrionario, produciendo una merma en su
calidad, un descenso en su tasa de crecimiento y una mayor tasa de
fracaso (Havlicek er al. 2005). Ademads, la falta de mecanismos
apropiados de seleccion gamética, como los existentes en el tracto
femenino, y el uso de métodos masivos para su maduracion promueven
la puesta en cultivo de gametos que serian eliminados en el Gtero materno
de manera temprana, evitando mayores tasas de fracaso embrionario
(Van Soom et al. 2007). Es por ello que las investigaciones actuales estan
enfocadas en determinar cudles son los periodos criticos en los que se
observan las mayores diferencias entre el desarrollo observado utilizando
los diversos sistemas de maduracion ovocitaria (Albuz et al. 2010); de
cultivo embrionario (Hyslop ef al. 2012) y de seleccion morfologica de
los embriones (Sugimura et al. 2012), en pos de igualar el nivel de los

embriones producidos in vivo.

-33-



Introduccion General

4. El ovocito en la FIV

La maduracion ovocitaria en el bovino es un proceso que comienza en la
vida fetal con la multiplicacion de las células germinales que formaran
los foliculos primarios. Este proceso queda detenido en la primera
division meidtica en el estadio de vesicula germinal (VG) (Eddy et al.
1981). Posteriormente y durante el periodo de foliculogénesis, el
desarrollo nuclear del ovocito se reanuda, temporalmente, expulsando su
primer corpusculo polar para quedar detenido nuevamente en su segunda
division meiotica en el estado de metafase Il durante el momento de la
ovulacion (Hyttel ef al. 1997). Durante este periodo también se desarrolla
la maduracion citoplasmatica. Esta produce una serie de cambios en los
organulos y en la corona celular que rodea al ovocito preparandolo para
poder ser fertilizado correctamente (Carolan et al. 1996). Los ovocitos
empleados en las técnicas de FIV provienen normalmente de dos
origenes distintos: o bien de ovarios de animales sacrificados por
diversas causas, o bien de la puncion folicular guiada por ecografia
(OPU) (Mapletoft and Hasler 2005). En cualquiera de los dos casos su
recuperacion se produce deliberadamente mucho antes de momento de la
ovulacion. Esto se realiza de esta manera principalmente debido a que los
foliculos preovulatorios contienen ovocitos envejecidos que suelen tener
una altisima tasa de fracaso en su desarrollo embrionario (Boni et al.
2002). Ademas, cuando el ciclo estral se halla en su etapa preovulatoria,
el foliculo dominante induce la atrofia de todos los demés foliculos de la
onda, lo que redunda también en una menor calidad para el uso en FIV
(Viana et al. 2004). Es por ello que los ovocitos bovinos normalmente

completan su maduracion citoplasmatica y nuclear mediante un proceso
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de cultivo in vitro, conocido como MIV (maduracion in vitro). Desde un
principio este procedimiento fue relativamente exitoso con porcentajes de
eficiencia cercanos al 40% (Fukui ef al. 1982), los cuales y merced al
desarrollo de la técnica se encuentran hoy rondando el 75-80% (Nagai
2001). Sin embargo, se ha demostrado posteriormente que ciertos
factores que no afectaban la tasa de maduracién in vitro de los ovocitos
producian efectos deletéreos importantes el desarrollo embrionario
subsecuente (Van Soom and De Kruif 1996). Esto ha sido probado
repetidas veces utilizando distintos sistemas de maduracidon ovocitaria
(Russell et al. 2006a) e incluso analizando la cantidad de genes
relacionados con la viabilidad celular que se expresan diferencialmente

en los diferentes sistemas de MIV utilizados (Knijn et al. 2002).

4.1. Factores que afectan la maduracion ovocitaria in vitro.

En los ultimos 20 afios se ha demostrado la alta sensibilidad que
presentan los ovocitos durante su MIV en relaciéon a los resultados
obtenidos en los procesos de FIV. Entre los factores analizados la calidad
inicial de los ovocitos a madurar juega un papel decisivo. Aquellos que
presenten un citoplasma de aspecto obscuro y homogéneo (Fukuda and
Enari 1993) y que ademas se encuentran rodeados por la corona radiata
en estado compacto (Blondin and Sirard 1995) serdn los ovocitos que
tendran las mejores tasas de desarrollo. Por el contrario, la capacidad
potencial de desarrollo de los ovocitos que no cumplan con estos
parametros serd muy limitada, e incluso nula en algunos casos.

Los ovocitos bovinos son normalmente madurados durante 20-24 h
en medios de cultivo glucosados, que ademas poseen una serie de

nutrientes que permiten su desarrollo. Las condiciones de cultivo
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incluyen ambientes humedos, una baja tension de Oz y temperaturas que
rondan los 38°C (Sirard et al. 1988). Se ha observado que tanto el tiempo
de maduracion durante el cual se incuba al ovocito (Birler et al. 1998)
como la temperatura de incubacion empleada (Edwards et al. 2005) son
también factores que modifican drasticamente el correcto proceso de
maduracion ovocitaria.

Sin embargo uno de los factores mas estudiados durante la MIV es
el medio de cultivo utilizado. Actualmente, el TCM-199 (Tissue Culture
Medium 199) desarrollado en los afnos 50 por Morgan et al. (1955) es el
medio de maduracion ovocitaria mas utilizado en el vacuno. Su
composicion es relativamente bésica debido a que fue formulado
originalmente para su utilizacion en explantes celulares de tejidos
animales que poseen necesidades nutritivas y hormonales mucho menos
especificas que los ovocitos. Sin embargo su adaptacion al proceso de
MIV ha sido de lo més exitosa en esta especie. No obstante, se ha
observado que una amplia serie de factores relacionados con su
composicion o suplementacion producen importantes efectos en el
desarrollo ovocitario. Entre ellos se ha estudiado la osmolaridad (Lim et
al. 1994), la suplementacion del mismo con hormonas hipofisarias (FSH
y LH) (Yang et al. 1993), el uso de estradiol (Beker et al. 2002), el uso
de diversos factores de crecimiento (Epidermal Growth Factor o Insulin
Growth Factor I) (Sakaguchi et al. 2000), y la suplementacion del medio
con distintos tipos de suero animal (Ocana Quero et al. 1994) o
Albiimina sérica bovina (BSA) (Ali and Sirard 2002). También ha sido
demostrado que el uso de distintas fuentes de substratos energéticos y
proteicos tiene un rol fundamental en el desarrollo ovocitario 6ptimo

(Rose-Hellekant et al. 1998).
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En la actualidad cada laboratorio adecua su propio protocolo de
MIV de acuerdo a sus necesidades y resultados. En la mayoria de ellos se
utilizan moléculas totalmente definidas (IGF1 o EGF) o bien con
sustancias de extraccion de origen animal como ser el suero de origen
bovino (fetal, de ternero o de buey) o la BSA. Si bien el uso de las
primeras, permite una mayor estandarizacion del proceso al evitar la
problematica derivada de las distintas partidas de los suplementos
biologicos (Keskintepe and Brackett 1996), la diferencia observada
frente a la utilizacion de suplementos de extraccion ain es apreciable

(Palasz et al. 2006)

5. El espermatozoide en la FIV

Desde su nacimiento, a partir de las células germinales testiculares, y
hasta la culminacion de su funcion reproductora con la liberacion de su
carga genética dentro del ovocito dando lugar al pronticleo masculino la
célula espermatica debe sufrir una serie de transformaciones secuenciales
que le permiten adquirir su capacidad reproductiva. Este proceso,
llamado capacitacion espermatica, descrirto por primera vez por Austin
(1952) a mediado de los anos 50 consta de dos etipas bien diferenciadas:
La etapa preparatoria y la reaccion acrosomica (Breitbart 2003). Durante
la primera de ellas se producen una serie de cambios en la membrana del
espermatozoide, relacionados principalmente la extraccion de colesterol,
que preparan a la célula para el desarrollo posterior de la reaccion
acrosomica (Visconti and Kopf 1998). En esta segunda etapa se produce
la fusion de las membranas interna y externa del saco acrosomal
presentes en la cabeza del espermatozoide, produciendo la liberacion de

una serie de enzimas hidroliticas que disuelven parcialmente las
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proteinas de la zona pelucida. Esto, sumado a una hiperactivacion
mitocondrial, facilitara el pasaje espermatico a través de la misma,
permitiendo la penetracidon espermatica en el ovocito (Byrd 1981).

Este proceso se desarrolla normalmente durante el pasaje
espermatico por el tracto reproductivo de la hembra culminando en la
periferia del ovocito previo a la fecundacion (Coy et al. 2008). Durante
su camino, las células espermaticas entran en contacto con con una serie
de estimulos y sustancias luminales que desencadenan de form natural el
comienzo de la reaccidn acrosémica. Pero a la vez, estas células son
expuestas a una serie de procesos selectivos que limitan la llegada
masiva de los espermatozoides menos viables al sitio de fecundacion.
Entre ellos podemos nombrar a la gran distancia que debe recorrer el
esperma desde el lugar en el cual es depositado hasta el sitio de
fecundacion, el pasaje a través del cervix y su criptas y el sistema inmune
uterino (Van Soom and De Kruif 1996). Todos estos mecanismos de
seleccion espermatica e induccion de la capacitacion se hallan ausentes
durante la fertilizacion in vitro. En ella las células espermaticas son
directamente incubadas en la periferia de los ovocitos, evadiendo todo
proceso selectivo que pueda regular su cantidad y estado de capacitacion
(Van Soom et al. 2007). Es por ello que en todo programa de FIV se
optimizan las condiciones de fertilizacion de manera sistematica e
individual en cada macho utilizado teniendo en, cuenta entre otros
factores, su fertilidad, el lote de esperma a utilizar y las técnicas de
seleccion espermatica utilizadas, logrando maximizar los porcentajes de
embriones producidos (Katska and Smorag 1996). Esto se debe
mayormente a la gran variacion observada durante el proceso de

crioconservacion en la calidad espermatica entre los diferentes individuos
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y razas afectando, entre otros factores, a la estructura del ADN vy

fertilidad potencial (Mukhopadhyay et al. 2011).

5.1. Capacitacion espermatica in vitro

La mayoria de las sustancias presentes en el tracto uterino que han
sido sefaladas como responsables del desencadenamiento de la
capacitacion espermatica no se encuentran presentes en los medios de
cultivo utilizados durante la FIV. Es por ello que lograr que los
espermatozoides adquieran la totalidad de su capacidad reproductiva, se
hace necesaria la suplementacion exdgena del medio de cultivo. Este
efecto, originalmente observado en el conejo (Brackett and Oliphant
1975), fue logrado posteriormente en el bovino por el grupo de Dr
Parrish de la Universidad de Wisconsin utilizando fluido oviductal
autologo (Parrish et al. 1989b). Sin embargo, en trabajos posteriores, este
mismo grupo ha conseguido establecer la capacitacion espermatica in
vitro utilizando sustancias definidas de facil obtencidon como ser la
heparina (Parrish et al. 1988b) o sus derivados (Parrish et al. 1989a). Fue
posteriormente, y gracias al desarrollo tecnoldgico de los métodos de
deteccion de la reaccidon acrosémica que evolucionaron desde el uso
inicial de la microscopia dptica hasta las técnicas fluorescentes como el
CTC (Ward and Storey 1984) o el FITC (isotiocianato de fluoresceina)
asociado a aglutininas derivadas del mani PNA o del guisante (PSA)
(Cross and Watson 1994), cuando se pudo comenzar a cuantificar
sistematicamente el efecto de los suplementos utilizados durante la
capacitacion in vitro de una manera mas fiable. A partir de esos primeros
trabajos mucho se ha profundizado en el estudio de los factores que

condicionan/modulan dicha capacitacién espermatica en el bovino. Hoy
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en dia es sabido que este proceso esta influenciado por el tipo de medio
de capacitacion (Ijaz and Hunter 1989) y los suplementos que se utilicen
como factores capacitantes: heparina (Parrish et al. 1988b), cafeina
(Singh et al. 2009); D-penicillamina (Pavlok 2000); lisofosfolipidos
(Wheeler and Seidel Jr 1989); norepinefrina (Way and Killian 2002);
progesterona (Lukoseviciute et al. 2004); BSA (Pavlok et al. 2001);
alcohol polivinilico (PVP) (Kato and Nagao 2009) e incluso con la
utilizacion de fluido oviductal (Bergqvist et al. 2006). En muchas de
estas sustancias se ha demostrado también la existencia de una relacion
entre la intensidad del efecto producido y la dosis de suplemento
utilizada (Fukui et al. 1990). También se ha podido observar el efecto
sinérgico que se produce mediante la combinacion de distintas moléculas
(Niwa and Ohgoda 1988) Finalmente se ha observado, en todas las
sustancias estudiadas, la aparicion de un mayor nimero de células
capacitadas a medida que el tiempo de incubacidon aumenta. Sin embargo,
la velocidad de capacitacion no es lineal a través en el tiempo y difiere
entre las distintas sustancias estudias (Fukui et al. 1990; Gliedt et al.

1996).

5.2. Fertilidad in vitro del esperma en el bovino

En la década del ochenta, un estudio de Parrish et al. (1986) utilizando
semen crioconservado puso en evidencia la existencia de una respuesta
diferencial en los procesos de FIV de acuerdo al semental utilizado
(efecto toro), coincidiendo con las diferencias observadas en la fertilidad
de los animales durante la concepcion natural. EI mismo efecto fue
observado recientemente con la utilizacion de esperma previamente

sometido a seleccion sexual mediante citometria de flujo (semen sexado)
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(Barcelo-Fimbres et al. 2011). Este comportamiento puede ser atribuido,
entre otras causas, a diferencias producidas durante el proceso de
capacitacion in vitro del espermatozoide (Birck et al 2010). Sin
embargo, dichas diferencias en fertilidad también han sido atribuidas a el
tipo de tratamiento al cual fue sometido el esperma, el toro en analizado,
e inclusive de la estacion climatica en la cual fueron tomadas las
muestras en las zonas subtropicales (Teixeira ef al. 2011).

Cada semental que va a ser utilizado en programas de FIV,
normalmente debido a sus extraordinarios caracteres productivos, es
evaluado profundamente desde el punto de vista reproductivo. Basta
pensar el efecto que produciria la utilizacion de un semental con baja
fertilidad, que es en la mayoria de los casos hereditaria, en la fertilizacion
de miles de ovocitos. Es por ello que se ha intentado encontrar una
estimacion fiable de este pardmetro entre diferentes animales durante su
desempeiio en la FIV (Giritharan et al. 2005). El grupo de investigacion
liderado por la Dra. Ann Van Soom pudo determinar que no seria posible
clasificar a los toros en base a su fertilidad in vitro evaluando un solo
pardmetro espermatico. En ese estudio de Tanghe ef al. (2002) se
determinar esto evaluando la motilidad, la morfologia celular y el
porcentaje de células vivas y muertas luego de su descongelado; de su
seleccion y de su utilizacion en la FIV. Sin embargo, estudios posteriores
sefialaron que un buen parametro para medir dicha fertilidad podria ser la
velocidad de penetracion espermdtica in vitro de ovocitos bovinos en
condiciones estandar de FIV (Machatkova et al. 2008a). Este método es
simplemente una prueba de fertilidad en la que se imita el proceso de
FIV, con lo que resulta lento y complicado de realizar. Sin embargo se ha
sugerido que el estudio de desarrollo de la reaccion acrosomica in vitro

(RA test) podria ser el parametro buscado para una correcta estimacion
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de la fertilidad individual de los toros durante la FIV (Molnarova et al.
2006), posteriormente confirmado por Costa et al. (2010) utilizando
semen de animales Bos indicus, Mukhopadhyay et al. (2008) en esperma
utilizado en IA/ET y Birck et al. (2010) durante la I.A. utilizando dosis

espermaticas reducidas.

6. Influencias raciales en el esperma, los ovocitos y los

embriones producidos in vitro.

Los resultados obtenidos en la implementaciéon de la FIV en las diversas
razas bovinas existentes en el mundo han sido estudiados ampliamente.
Hace mas de treinta afios Fields et al. (1979) demostraron que existe una
importante influencia racial en ciertos pardmetros seminales de los toros,
lo cual fue luego confirmado por Soderquist et al. (1996) utilizando
distintas razas. Estas diferencias han sido detectadas en los distintos
pardmetros morfoldgicos del esperma (Shahani er al. 2010), es sus
pardmetros cinéticos y en los resultados obtenidos en diferentes pruebas
laboratoriales (Rodriguez-Martinez and Barth 2007; Menon et al. 2011).
Esto fue también observado al estudiar el ganado cebuino (Bos indicus),
ampliamente utilizado en Brasil (Schmidt-Hebbel et al. 2000), y mas atin
entre la razas pertenecientes a las especies Bos taurus y Bos indicus
(Barros et al. 2006).

Los mismos efectos raciales fueron observados en diversos factores
relacionados con el gameto femenino. Entre otros se han demostrado
diferencias en la respuesta a tratamientos SO y en la calidad y cantidad
de ovocitos recuperados de animales pertenecientes a distintas razas
(Breuel et al. 1991) (Pauciullo ef al. 2012b). De la misma manera que lo

observado en el esperma, estas diferencias fueron mucho mayores
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cuando se compararon animales pertenecientes a razas Bos indicus
(Nunes Dode et al. 2000), animales pertenecientes a la especie taurus
(Getz et al. 2008) y sus cruzamientos (de Armas et al. 1994). Estas
diferencias fueron observadas la cantidad de ovocitos obtenidos por
puncién folicular (Viana ef al. 2010a), en el desarrollo y maduracion in
vitro de los ovocitos obtenidos en el matadero para su uso en FIV
(Abraham et al. 2012), en la cantidad de foliculos mayores a 10mm
presentes en el ovario (Dominguez 1995), en la resistencia al stress
térmico de los ovocitos (Block et al. 2002) y la expresion diferencial de
genes relacionados con la viabilidad celular (Eberhardt et al. 2009). En
razas menores en peligro de extincion, cuya variabilidad genética es
normalmente mucho menor, se han observado también diferencias en el
numero de ovocitos obtenidos de cada ovario (Pauciullo et al. 2009;
Nicodemo et al. 2010).

Similares efectos fueron detectados cuando se evalu6 la produccion
de embriones de manera integral. Embriones producidos mediante SOTE
tuvieron diferentes tasas de supervivencia de acuerdo a la raza de animal
donante cuando eran producidos en climas calidos desfavorables
(Herndndez-Cer6on et al. 2004). Estudios posteriores sugirieron un
marcado efecto paterno en la supervivencia de estos embriones,
debiéndose principalmente a la raza del toro utilizado (Barros et al.
2006). Sin embargo esto datos no coinciden con los presentados por
Eberhardt et al. (2009), indicando que el efecto es compartido entre la
raza del ovocito y del esperma. Estas diferencias fueron también
observadas en la cantidad de embriones obtenidos, en la eficiencia
general de la técnica de FIV entre las razas pertenecientes a la especie

Bos indicus (Gyr y Nelore) y las pertenecientes a la especie Bos taurus
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(Holstein); y mas aun cuando se evaluaron sus cruzamientos F1. (Pontes

et al. 2010; Viana et al. 2010b).

7. Anomalias cromosomicas

La dotaciéon cromosomica normal de un bovino esta dada por un niimero
diploide de cromosomas (2n = 60), divididos en 58 autosomas y un par
cromosomico sexual (DiBerardino ef al. 1990). En un animal normal la
forma y tamafio relativo de los pares autosoOmicos es invariable y
determinada. Por el contrario, el par sexual constard de dos crosmosomas
equis (BTAX en el bovino) en caso de ser una hembra y un crosmoma
equis y un cromosoma Y (BTAY en el bovino) en caso de ser un macho.
Sin embargo puede darse el caso de observar alteraciones en la forma o
en el numero de la dotacion cromosdmica de un individuo. La variacién
en la forma de algun cromosoma respecto a las definidas durante su
estandarizacion es considerada una anomalia estructural. Por el contrario,
las anomalias numéricas son aquellas en las cuales la morfologia de los
cromosomas permanece intacta pero la cantidad de los mismos esta
alterada.

Se puede dividir a las anomalias estructurales de acuerdo a si hay
perdida de material genético, las delecciones; si hay una ganancia de
material genético, las duplicaciones, o si hay un reacomodamiento
estructural sin pérdida ni ganacia de material genético, como es el caso
de las traslocaciones y las inversiones. Por lo general este tipo de
anomalias estructurales, mayormente dadas en los autosémas producen
defectos fenotipicos muy marcados, provocando en en muchos casos la
inviabilidad a nivel embrionario o fetal (Lacadena 1996). Este tipo de

anomalias son mucho mas frecuentes en la células animales, llegandose a
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observar con una frecuencia promedio de 1 cada 10000 replicaciones
celulares. Sin embargo la mayoria de estas células aberrantes no
progresan debido a que existen diversos mecanismos celulares que las
eliminan (King 2008). Curiosamente en el bovino se da uno de los pocos
casos conocidos de anomalias estructurales que se han estabilizado, sin
provocar efecto fenotipico alguno. Es el caso de la translocacion
Robertsoniana rob1/29, descubierta hace cerca de 40 afios en la raza
Sueca Blanca y Roja por el Dr. Ingemar Gustavsson (Gustavsson et al.
1976).

En el caso de las anomalias numéricas podemos encontrar dos
tipos de aberraciones bien diferenciadas: Las “somias”, que se producen
cuando la alteracion afecta a uno o mas cromosomas individualmente
como ser las trisomias o monosomias) o las “ploidias”, en las cuales el
juego completo de cromosdmas (1n=30 en el bovino) de un individuo se
encuentran alterado. En este caso podremos encontrar triploidias
(3n=90); tetraploidias (4n=120) o bien haploidias (In=30). Existen
reportes de diversos casos de anomalias de tipo numérico descritas en el
bovino (Villagobmez et al. 2009). Ninguna de ellas, hasta la fecha, han
dado cuenta de la existencia de animales haploides o triploides viables.
Solo se han reportado un par de casos de animales que poseian mas de
una linea celular en su cuerpo (mosaicismo), habiendo sido
diagnosticados como diploides-triploides (Dunn et al. 1970; Meinecke et
al. 2007). Esto se debe al efecto letal que poseen este tipo de
complementos cromosoémicos durante la fase embrionaria (King 1990),
habiendo sido relacionadas a la formacion de “molas” fetales, en el ser
humano (Jacobs ef al. 1982). Sin embargo, su ocurrencia es comunmente
detectada a nivel embrionario, siendo asociadas a un desarrollo retardado

y posterior muerte en una fase muy temprana (Kawarsky et al. 1996).
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Las andémalias cromosémicas fueron clasificadas segin su origen
por McFadden and Friedman (1997) como anomalias de tipo primarias,
que son aquellas que afectan a la gran mayoria de las células del
individuo desde su nacimiento, o bien de tipo secundario, cuando por
alguna razén la carga cromosémica de un grupo de células varia a lo
largo de su vida de manera caotica. Las anomalias primarias se pueden
producir durante la  gametogenesis, tanto femenina como
masculina,dotando al cigoto, y por ende a todo el individuo de una carga
cromosomica anormal, o bien en las etapas primordiales de la vida
embrionaria, merced a lo cual podremos tener mas de una poblacion
celular con distinta carga cromosdémica en un mismo individuo

(Lacadena 1996).

7.1. Deteccion de las anomalias cromosémicas

Las anomalias cromosomicas pudieron ser detectadas originalmente
mediante la utilizacion de técnicas citogenéticas convencionales basadas
en la microscopia optica (Murray et al. 1985). Posteriormente, con el
desarrollo de la hibridacién fluorescente in situ (FISH) en la Universidad
de Cambridge (Telenius et al. 1992) se ha logrado mejorar notablemente
la capacidad de deteccion de las mismas permitiendo cuantificar de
manera mas precisa y real la ocurrencia de este fendmeno pero a un costo
mucho mas elevado. En la actualidad, este tipo de anomalias se pueden
detectar facilmente mediante el uso combinado de la FISH los
marcadores moleculares de tipo STR (Short Tandem Repeats) de manera
mas rapida y econdmica (Demyda Peyras et al. 2013). Recientemente, se
ha comenzado a implementar el andlisis de hibridacion gendmica

comparativa (aCGH) utilizando microarrays. Estas técnicas permiten
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incluso detectar, a un costo elevadisimo todavia, pequenios desbalances
en los cromosomas que escapan totalmente a la capacidad de diagnostico
de las otras técnicas disponibles de manera rutinaria (Wells and Levy
2003). Este tipo de técnicas gendmicas estan comenzando a ser utilizadas
en embriones animales como lo demuestra el reciente trabajo del

laboratorio del Dr. Jiri Rubes realizado en el cerdo (Hornak et al. 2012).

7.2. Alteraciones cromosdmicas en los ovocitos

El gameto femenino es muy sensible diversos factores que incrementan
la aparicion de anomalias cromosdmicas durante su maduracion, que
luego se ven reflejadas en la ploidia embrionaria. Esta ampliamente
demostrado que factores propios de la hembra favorecen la aparicion de
anomalias cromosémicas es sus ovocitos. La edad materna o el
envejecimiento ovocitario por razones exogenas son sin duda los de
mayor preponderancia. Esto ha sido ampliamente demostrado en
animales de laboratorio (Liu and Keefe 2002; Takahashi et al. 2010),
cerdos (Hornak et al. 2011) y en los seres humanos (Nagaoka et al.
2012). Estas anomalias han sido también correlacionadas positivamente
con una baja calidad morfologica inicial del ovocito (Gianaroli et al.
2007; Munné et al. 2007) y negativamente con el didmetro folicular
(Ocana-Quero et al. 1999b). Muy poco se ha estudiado acerca de este
factor intrinseco de calidad ovocitaria en el bovino. La mayoria de ellos,
llevado a cabo por el grupo de Dr Di Berardino en Napoles, evaliian las
tasas de anomalias cromosomicas intrinsecas en ovocitos recuperados de
animales fértiles (Nicodemo et al. 2010; Pauciullo et al. 2012a).

Se ha podido determinar la existencia de una menor tasa de

anomalias cromosOomicas cuando los ovocitos son madurados in vivo en
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comparacion con los madurados in vitro (Xu et al. 2008). Asimismo, en
ovocitos MIV se ha detectado la influencia del tratamiento de los
ovocitos y de los medios de cultivo (A'Arabi et al. 1997) y la
suplementacion de los mismos durante su maduracion (Ocana-Quero et

al. 1999b).

7.3. Alteraciones cromosomicas en el esperma

Los espermatozoides de los animales sufren durante su proceso de
maduracion una division reduccional que los transforma en células
haploides (1n=30 en el bovino), recreando en condiciones normales junto
al gameto femenino el nimero cromosémico diploide de la especie
(2n=60 en el bovino). Esto da lugar a la formacion y desarrollo del cigoto
y posteriormente, a un embrion cromosomicamente normal. Sin embargo
estd ampliamente demostrada la existencia de espermatozoides
portadores de anomalias cromosdmicas intrinsecas que, en el momento
de la fertilizacion, producen embriones aberrantes destinados en un
altisimo porcentaje al fracaso (Zenzes and Casper 1992).

Las anormalidades en las células espermaticas son normalmente
muy bajas en los individuos fértiles (Harton and Tempest 2012), estando
correlacionadas estrechamente a individuos con ciertos problemas de
fertilidad de tipo morfologico (teratozoospermia). Estas aberraciones
cromosdmicas no se han observado en cambio en individuos con
problemas de motilidad o concentracion espermdtica (Ghoraeian et al.
2013). Comunmente, estas aneuploidias espermaticas suelen presentarse
como células espermaticas que presentan disomias o nulisomias en el par
sexual (Moosani ef al. 1995). Por otro lado, se ha observado que las

anomalias cromosOmicas presentes en el cariotipo de un individuo se
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trasladan de manera directa a sus espermatozoides, produciendo un
efecto hereditario (Vegetti ef al. 2000). Notablemente, y a diferencia de
lo que ocurre en los gametos femeninos, la presencia de estas
anormalidades espermaticas se mantiene constante a lo largo de toda la
vida fértil del individuo, siendo extremadamente dificil que aumente con
el paso del tiempo (Wyrobek et al. 2006) en condiciones normales.

En el bovino practicamente no se han realizado estudios sobre la
aparicion de aneuploidias en el esperma. En este sentido, el grupo del Dr.
Di Berardino ha podido determinar los niveles basales de células
espermdticas con anomalias cromosomicas en animales fértiles
pertenecientes a diferentes razas vacunas, situdndolos en torno al 0,5 —
1% (Nicodemo et al. 2009; Pauciullo et al. 2009). Posteriormente un
estudio realizado sobre 47 toros fértiles situd este nivel mas bajo aun, en
torno al 0,3% (Rybar et al. 2010). Este estudio determiné que, si bien las
diferencias observadas en los porcentajes de anomalias espermaticas
entre los diferentes toros analizados son minimas, estas podrian ser
suficientes para modular la fertilidad in vivo de dichos sementales.

No conocemos hasta la fecha estudios realizados en el vacuno que
relacionen la aparicion de anomalias cromosdémicas en embriones
producidos por FIV con la tasa de anomalias cromosdmicas presentes en
el esperma. Por el contrario, existen varios estudios, con resultados
desalentadores, que evaluan el uso de esperma de animales portadores de
diversas translocaciones robertsonianas en su cariotipo como sementales
en programas experimentales produccion de embriones mediante SOTE
(Wilson 1991) o FIV (Machatkova ef al. 2005). De la misma manera no
existen estudios que evalien la tasa de anomalias cromosomicas
espermaticas en toros con pardmetros morfologicos anormales, debido a

que normalmente los mismos son descartados como reproductores.
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7.4. Alteraciones cromosdmicas en los embriones

Una causa importante de mortalidad embrionaria, que redunda en la baja
eficiencia global del proceso de FIV, es la aparicion conformaciones
cromosomicas numéricas anormales en los embriones (Kawarsky et al.
1996). Este fenomeno fue descrito inicialmente en los animales de
laboratorio por Tarkowsky (1966) y posteriormente en el vacuno por
MacFeely and Rajakoski (1968). Si bien en un principio se sugiridé que su
prevalencia era baja, esta idea fue modificada gracias al aumento de la
eficiencia de deteccion de este tipo de anormalidades, comprobandose
que su ocurrencia era mucho mayor de los que se pensaba (Viuff et al.
2002). Estd demostrado que este fendmeno se observa en una mucha
mayor proporcion en los embriones producidos por FIV que en los
producidos dentro mediante SOTE (Viuff et al. 2001). Incluso se ha
observado que el solo hecho de madurar los ovocitos in vivo dentro del
foliculo materno previo a la FIV produce una merma significante en el
porcentaje de embriones con aberraciones cromosémicas (Dieleman et
al. 2002). Esto podria deberse que durante el proceso de FIV confluyen
una gran cantidad de factores, que a diferencia de lo que ocurre en el
tracto reproductivo femenino, no pueden ser controlados en su totalidad.
De acuerdo a numerosos estudios realizados, la aparicion de anomalias
cromosomicas en los embriones producidos in vitro podria depender de
la calidad intrinseca de los gametos masculinos (Rybar et al. 2010),
femeninos (Lechniak and Switonski 1998), las técnicas de reproduccion
asistida utilizadas (Li et al. 2005) y los protocolos utilizados en cada una
de esas técnicas (Viuff ez al. 2000; Lonergan ef al. 2004).

Es bien sabido que estas anomalias determinan una altisima tasa de

fracaso en el desarrollo embrionario, estando relacionadas a pérdidas
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durante la etapa embrionaria, fetal. e incluso a anormalidades fenotipicas
muy marcadas en las crias resultantes (King 1990). Es por ello que el
estudio de esta problematica durante la produccidén de embriones in vitro
y la busqueda de soluciones para limitar su apariciébn permitird un
aumento de la eficiencia global de las técnicas de reproduccion asistida,
mas importantes dia a dia en la produccion y desarrollo del ganado

vacuno (Moreno Millan and Demyda Peyras 2010).
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Objetivos

Objetivos

El objetivo general de esta tesis doctoral fue el evaluar diversos factores
intrinsecos y extrinsecos que afectan el desarrollo de los gametos y los
embriones bovinos durante su maduracion, fertilizacion y cultivo in vitro
desde un punto de vista fisiologico y citogenético. Este objetivo general

se concreta en los siguientes objetivos especificos:

1) Caracterizar las tasas de recuperacion ovocitaria a partir de
ovarios de vacas de Lidia.

2) Evaluar el efecto de dos protocolos estdndar de
maduracidn ovocitaria en las tasas de maduracion y fertilizacion
obtenidas in vitro en ovocitos provenientes de vacas de Lidia.

3) Evaluar protocolos estandar de capacitacion espermatica
in vitro en dosis seminales criopreservadas pertenecientes a razas
de bovinos Andaluces en peligro de extinciéon como condicion
previa para su uso potencial en programas de fertilizacion in
vitro.

4) Investigar el efecto de la raza, la suplementacién del
medio de capacitacion y el tiempo de incubacidn en los resultados
obtenidos en la capacitacion espermatica in vitro.

5) Evaluar el efecto producido por la calidad morfologica
intrinseca del ovocitos en la incidencia de la tasa de anomalias
cromosOmicas en embriones bovinos preimplantacionales
producidos in vitro.

6) Evaluar la influencia producida por el tiempo de

maduracion ovocitaria en la incidencia de la tasa de anomalias
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cromosOmicas en embriones bovinos preimplantacionales
producidos in vitro.

7) Evaluar el efecto producido por la suplementacion sérica
del medio de maduracién ovocitaria en la incidencia de la tasa de
anomalias cromosémicas en embriones bovinos

preimplantacionales producidos in vitro.
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Objectives

The overall objective of this thesis was to evaluate several intrinsic and
extrinsic factors that affect the development of bovine gametes and
embryos during maturation, fertilization and in vitro culture from a

physiological and cytogenetic point of view.

1) To characterize the oocyte recovery rates from Lidia cow
ovaries.
2) To evaluate the effect of two standard oocyte maturation

protocols on in vitro maturation and fertilization rates of oocytes
derived from Lidia cows.

3) To evaluate standard AR protocols in cryopreserved
semen doses of Andalusian endangered cattle breeds, as a
condition for its potential use in FIV programs.

4) To investigate the effect of breed, culture medium
supplementation and incubation time on AR test results.

5) To evaluate the effect produced by the oocyte
morphological quality on the incidence of numerical
chromosomal abnormalities in early IVP bovine embryos.

6) To evaluate the effect produced by the oocyte maturation
time on the incidence of numerical chromosomal abnormalities in
early IVP bovine embryos

7) To evaluate the effect produced by the oocyte maturation
media (serum supplementation) on the incidence of numerical

chromosomal abnormalities in early [IVP bovine embryos,
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Capitulo I

Abstract

The Lidia bovine breed is the most successful cattle bred on the Iberian
Peninsula, also considered a hallmark of Spanish tradition and image
around the world. However, due to their production system, inbreeding
and loss of genetic variability have been described as important issues in
certain lineages, causing reproductive problems within herds. To handle
these genetic impairments, modern Assisted Reproductive Techniques
(ART’s) such as in vitro fertilization could be used as an important tool
to improve the reproductive efficiency of these animals. To our
knowledge, no previous studies have been performed to evaluate the
developmental capacity of in vitro matured oocytes derived from Lidia
cows. Consequently, the aims of the study were to characterize the
oocyte recovery rates from Lidia cow ovaries and to evaluate the effect
of two standard in vitro maturation protocols on oocyte maturation
(cumulus expansion and nuclear maturation) and fertilization rates in
oocytes derived from Lidia cows after in vitro fertilization. For this
purpose, 261 ovaries from Lidia cows were processed obtaining 1,125
viable cumulus oocyte complexes (COCs). The oocyte recovery rate
obtained (4.31 viable COCs per ovary) was lower than those described
previously in other studied breeds. Maturation rates were evaluated in
two different oocyte maturation media with (M1) and without (M2)
hormonal supplementation. The percentage of COCs with expanded
cumulus cells was significant lower in M1 (74.35%) compared with M2
(82.25%). MII rates (67.75% in M1 and 73.18% in M2) were similar to
previous studies in different cattle populations. The use of hormonal
supplementation in the maturation media (M2) significantly improved the

percentage of COCs with their cumulus cells expanded (p < 0.01) and
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nuclear maturation rates (p < 0.05), but it did not affect the fertilization
percentages obtained in this experiment. In conclusion, our study
suggests that oocytes of the Lidia cattle breed can be obtained, matured
and fertilized following standard protocols previously used in other cattle

breeds.

Keywords: Lidia breed, Oocyte Maturation, /n vitro fertilization (FIV)
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Introduction

The Lidia bovine breed, also known as fighting the bull is the most
successful cattle bred on the Iberian peninsula. It is also considered a
hallmark of Spanish tradition and image around the world (Jimenez et al.
2007). This animal population is reared following traditional procedures,
characterized by a long history of isolation from the rest of Spanish cattle
breeds. For hundreds of years, this breed has only been selected for their
temperament and aggressiveness without considering other phenotypic
characteristics. This fact has caused a loss in genetic variability and an
increase in inbreeding depression due to this phenotypic selection
performed over the years (Cafion et al. 2008). The same authors have
determined that this mainly occurs on isolated lineages, where only a few
superior animals are the highest contributors to the gene pool (Cortés et
al. 2011). Bulls of this breed are isolated from the females to increase
aggressiveness and are normally killed during a bullfight before being
able to produce any offspring (Jimenez et al. 2007). Only a very limited
number of bulls are pardoned and subsequently used in for
reproduction/breeding according to their performance during the Lidia.
For this reason, the use of assisted reproductive techniques (ART’s)
could be considered as an important tool to obtain more offspring from
certain maternal lineages or from a particular bull killed during the Lidia
(Katska-Ksiazkiewicz et al. 2006). As part of the in vitro procedures,
artificial oocyte maturation has a significant role in in vitro technologies
in cattle (Russell et al. 2006b). Previous reports suggested that animal
breed (Kafi et al. 2002; Nicodemo et al. 2010; Pauciullo et al. 2012a),
maturation media (Choi ef al. 2001) and protocols (Hawk and Wall 1994)

had an influence in the developmental capacity of the oocytes matured in
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vitro. Furthermore, it has been demonstrated that oocyte maturation
affects the FIV outcomes in several species and breeds (Palma and
Sinowatz 2004). To our knowledge, no previous studies have been
performed to evaluate the developmental capacity of in vifro matured
oocytes derived from Lidia cows. This is mainly due to the difficulty in
obtaining a high number of ovaries from this breed to carry out these
studies. Therefore, the aims of the study were to: 1) characterize the
oocyte recovery rates from Lidia cow ovaries; and 2) evaluate the effect
of two standard oocyte maturation protocols on in vitro maturation and

fertilization rates of oocytes derived from Lidia cows.

Material and Methods

For this purpose, 261 ovaries from 3 to 8§ years-old Lidia cows belonging
to three different lineages were collected in two replicates at the local
slaughterhouse and transported to the laboratory within the 2 h in a 0.9%
NaCl aqueous solution at 30-37°C. Thereafter, the ovaries were washed
in a warm physiological saline solution supplemented with kanamycin
(25 mg mL™") until all remaining traces of blood were removed. Cumulus
oocyte complexes (COCs) were aspirated from follicles between 4 and 8
mm in diameter with a 18G needle. After sedimentation, oocytes were
poured into Petri dishes and selected under a stereomicroscope with a
warm plate. Recovered oocytes were classified according to their
morphology (Hazeleger et al. 1995). Only those with a homogeneous
cytoplasm and at least three layers of cumulus cells were used in this
study. A series of standard Tyrode’s Albumin Lactate Pyruvate media
were used throughout the entire experiment. COCs were washed twice in

warm (38.5°C) TALP media supplemented with hepes salts (H-TALP,
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according to Parrish ef al. (1988b)) and matured in groups of 100 on four
well Nunclon™ dishes for 24 h, at 38.5°C in a 5% CO2 humid
atmosphere. Oocyte recovery rates were recorded for further analysis. To
evaluate the effect of the hormonal supplementation on maturation and
fertilization rates, oocytes were cultured in two different maturation
media: Medium 1 (M1) was TCM199 modified bicarbonate-buffered
(Sigma Aldrich Spain), supplemented with 10% of fetal calf serum, 0.4
mmolL"! glutamine; 0.2 mmol L' sodium pyruvate and 50 mg mL!
gentamicin without any hormonal supplementation; and Medium 2 (M2)
was the same media supplemented with 25 pg mL™! FSH, 6.25 pg mL!
LH and 2 pg mL™! estradiol. After maturation, percentages of oocytes
with expanded cumulus cells were determined in each group following
our laboratory criteria (Ocana Quero et al. 1994). A total of 727 cultured
oocytes (369 in M1 and 358 in M2) were denuded by vortexing, fixed
and stained with standard Hoechst 33342 protocol (Flaherty et al. 1995)
to evaluate their nuclear maturation status. The remaining oocytes were
fertilized with a pool of frozen semen from three different Retinta bulls
of proven fertility. For this purpose, thawed spermatozoa were previously
selected through a discontinuous Percoll gradient (45 and 90% (v/v);
Pharmacia) according to Parrish et al. (1995) and adjusted to a final
concentration of 1x10° sperm mL™! in equilibrated IVF-TALP medium
(Parrish et al. 1988b) supplemented with 6 mg mL™! BSA and 20 mg mL"
! heparin. Oocytes were washed twice and co-incubated in groups of 60
with sperm at 38.5°C in 5% CO2 on equilibrated IVF-TALP medium.
After 20 h presumptive zygotes were denuded by vortexing and stained
as previously described by Flaherty et al. (1995), to determinate
pronuclei formation rates. Statistical analysis used was a Z-score test (z)

with two tails (Demyda-Peyras et al. 2012). The intragroup differences
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for total viable oocytes, maturation rates and fertilization rates between
replicates were achieved using Fisher exact test, using Minitab software

Version 15.1(Minitab, Inc, College State, Pennsylvania).

Results and Discussion

Oocyte recovery rates observed in our study are shown in Table 1. A
total of 1,356 oocytes of different categories were recovered from 261
ovaries; with an average of 5.20 oocytes per ovary punctured. After
morphological selection, 1,125 oocytes were used throughout this
experiment, resulting in 4.31 viable oocytes suitable for maturation per
ovary punctured. These results were lower than previous reports by
several authors in other breeds: 4.60 in Podolian and 5.83 in Maremmana
(Pauciullo ef al. 2012a); 5.33 in Czech Simmental and 6.50 in dairy
Holstein (Machatkova et al. 2008b); 9.5 in Belgium Holstein and 11.1 in
Belgium Blue (Van Soom et al. 1993). We only found a lower rate
reported previously in Czech beef breeds (Machatkova et al. 2008b) and
in zebu Nelore cows (Dode et al. 2001).

It is noteworthy that the low number of replicates could influence
the results obtained. This is due to the great difficulty in obtaining
enough ovaries derived from Lidia cows to perform an experiment.
However, there were not statistical differences between replicates (Fisher
exact test, p > 0.05). In this sense, the low number of oocytes obtained
per ovary is consistent with the moderate fertility previously observed in
this breed (Jimenez et al. 2007). Recently, Evans et al. (2010) suggested
that a lower number of follicles are reflective of the environment during
fetal development. It was observed in beef heifers restricted to 0.6 of

their maintenance energy requirement, from shortly before conception to

- 66 -



Capitulo I

the end of the first trimester of pregnancy. Conversely, Lidia breed cows
are reared in extensive production systems in the Spanish “dehesas” with
no nutritional imbalances throughout the whole year (Jimenez et al
2007). Several authors identify an antagonistic association between high
milk production and in vivo (Olsen et al. 2011) and in vitro (Khatib et al.
2010) fertility traits. More recently, other authors (Pefiagaricano and
Khatib 2012) were more specific, suggesting the same association
between milk protein yield and in vitro fertility. But Lidia breed is
characterized by a medium milk production, with no genetic selection
performed in this sense. One possible explanation is that oocyte recovery
rates can be influenced by their selection process for the last five
centuries, focused mainly on their aggressiveness (Silva et al. 2006). In
this sense, a previous study showed that hostile animals have lower
reproductive performance (Phocas et al. 2006). Moreover, it has been
suggested that the main cause of this lower reproductive performance is
the greater basal concentrations of glucocorticoids and catecholamine’s
shown in more temperamental cattle, leading to a “stress like” situation
(Burdick et al. 2011). Likewise, high genetic selection pressure only for a
few specific production traits might have the same deleterious effect on
reproductive traits, as it has been demonstrated in high-producing dairy
cows (Walsh et al. 2011). Oppositely, effectiveness of selection for
reproductive traits has been widely demonstrated (Alvarez et al. 2005;
Cushman et al. 2005). Moreover, recent work has established that the
number of COC’s obtained from individual cows in an IVP program can
be increased by genetic selection (Merton et al. 2009). Finally, another
possibility is that the low number of COCs obtained could be derived
directly from the animals breed. Recent work reports that the outcome of

IVP bovine embryos depends on the breed of the donor ovary (Abraham
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et al. 2012). The same differences have also been observed in a native

Hungarian pig breed (Egerszegi et al. 2001).

Table 1. Oocyte collection rates in Lidia cattle breed

Total animals slaughtered 153
Total ovaries collected 261
Total oocytes collected 1,356
Total oocytes collected per ovary! 5.19
Total viable oocytes 1,125
Total viable oocytes per ovary' 4.31

'Statistical differences between the two replicates were
assessed using Fisher exact test. No differences were observed

between replicates (p>0.05).

Therefore, morphological quality of the oocytes collected in this
study can be also influenced by genetic and breed factors (Dominguez
1995). However, the percentage of viable oocytes obtained in our study
was similar to those observed in other breeds (Fischer et al. 2000;
Ribeiro et al. 2011).

Oocyte in vitro maturation rates achieved in our study using two
different maturation media are shown in Table 2. Highly significant
statistical differences (p < 0.01) were observed in the percentage of
COC'’s with expanded cumulus after maturation between M1 (74.35%)
and M2 (82.25%). Cumulus cell expansion was higher when the
maturation medium was supplemented with FSH, LH and estradiol, as
previously demonstrated (Younis et al. 1989; Rose and Bavister 1992).
Similar results were obtained in nuclear maturation rates: 67.75% in M1

and 73.18% in M2; however, the amplitude differences were statistically
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lower than those observed previously in cumulus cell expansion rates (p
< 0.05). It has been shown that oocyte donor breed affects its
developmental competence in other species (Ptak et al. 2003; Ratky et al.
2005). However, our results were within the average rates previously
reported in other cattle breeds (Camargo et al. 1997b; Kafi et al. 2002;
Wang et al. 2007; McLaughlin and Telfer 2010; Nicodemo et al. 2010).
It may suggest that donor breed may not produce an important influence

in the in vitro oocyte nuclear maturation in some bovine populations.

Table 2. Maturation and fertilization rates of oocytes derived from Lidia

breed cows after in vitro maturation in two different maturation media.

Medium 1 Medium 2

n % n %
Total oocytes 573 100 552 100
Oocytes with expanded cumulus' 426 74354 454 82.258
Oocytes with nuclear maturation! ~ 250/369  67.75*  262/358 73.18°
Fertilization rates 98/204 48.03 105/194 54.12

'On each row, values followed by different letters (a, b) differ statistically (p<0.05), and values followed by
different capital letters (A,B) highly differ statistically (p<0.01) (two tails Z test for proportions). Statistical
differences between the two replicates were assessed using Fisher exact test. No differences were observed

between replicates in cumulus expansion, nuclear maturation or fertilization rates (p>0.05)

Finally, fertilization rates obtained are in agreement with previous
observations by our group (Ocana Quero ef al. 1995) and with those of
other authors (Sumantri et al. 1997). However, higher pronuclear
formation rates were obtained in previous experiments (Kafi et al. 2002).
It is noteworthy that fertilization rates were similar in both maturation
media, supplemented with hormones or not. This finding is in accordance

with previous results obtained by other authors (Sartori ez al. 2010). Until
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now fertilization failures have not been related with oocyte sources in
other species or breeds (Squires 2005; England and Russo 2006; Burns et
al. 2010). However, some recent studies have suggested that the
existence of specific genes activated during oocyte maturation play a
major role in the fertilization process (Zheng and Dean 2007;
Meczekalski 2009). On the other hand, male influence has also been
suggested as the primary cause of failed fertilization in livestock (Bar-
Anan et al. 1980), due to a lack of ability of sperm to penetrate the
oocyte (Sartori et al. 2010). Despite the controversy found in literature,
the acceptable fertilization rates observed in our study do not appear to
be an important issue during the in vitro fertilization process of Lidia

breed oocytes.

Conclusions

Our study suggests that oocytes belonging to Lidia cattle breed can be
obtained, matured and fertilized following standard protocols previously
described in other cattle populations. However, the total number of
COC'’s and viable oocytes obtained from ovaries derived from Lidia
cows are lower than those obtained in other breeds previously studied.
Finally, the use of appropriate hormone supplementation in the
maturation media enhances maturation rates, without affecting the
fertilization process of these oocytes. Further studies are necessary to

optimize the overall success of FIV protocols in this particular breed.
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Abstract

Current conservation programs for endangered species have been widely
benefited from the use of modern assisted reproductive techniques.
However, at the present time, there is little information available
regarding the use of locally adapted cattle breeds on FIV programs, and
even less about their sperm behavior. The aims of this study were to: 1)
evaluate standard acrosome reaction (AR) protocols in cryopreserved
semen doses of Andalusian endangered cattle breeds, and 2) investigate
the effect of breed, culture medium supplementation and incubation time
on AR test results. To this end, 80 frozen semen doses from 16 bulls (5
semen samples per bull) of five different cattle breeds (3 Berrendo en
Colorado, 6 Berrendo en Negro, 2 Cardena Andaluza, 1 Pajuna and 4
Retinta) were in vitro incubated in three test media (Heparin, BSA or
their combination), using Sp-TALP as a control, to induce in vitro AR.
The percentage of acrosome-reacted spermatozoa was evaluated using
fluorescence techniques (FITC-PNA and Propidium lodide) at four time-
points (0, 30, 60 or 120 min.). Throughout the whole experiment,
spermatozoa incubated with a combination of both supplements (Heparin
and BSA) showed significantly (P<0.05) higher results than those
processed with Heparin or BSA alone. In contrast, the control media
(without supplementation) showed the lowest results. We also found a
significant (P<0.05) influence of cattle breed on the dynamics of the in
vitro induced AR using different protocols. Based on our results, we can
conclude that the response pattern of in vitro induced AR depends not
only on culture media and incubation time but also on the cattle breed.
Therefore, all these factors must be taken in consideration to assess the

rate of AR sperm in bulls.
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Introduction

Extensive cattle production in the Spanish region of Andalusia is based
on autochthonous breeds well adapted to grazing conditions (Rodero
Serrano and Valera Coérdoba 2008). There is ample evidence that
livestock breeds and populations evolved over the years in stressful
environments have a range of unique adaptive traits (e.g. disease
resistance, physiological and behavioral adaptations) which enable them
to be productive in these environments (Mirkena et al. 2010). Limitations
on these breeds usually are both the low animal number available for
reproductive purposes and the high level of inbreeding existing in their
herds. Current conservation programs for endangered species have been
widely benefited from the use of modern assisted reproductive
techniques, such as the in vitro embryo technology (FIV) (Solti et al.
2000; Andrabi and Maxwell 2007). However, at the present time, there is
little information available regarding the use of locally adapted cattle
breeds on FIV programs and even less about their sperm behavior
(Teixeira et al. 2011).

Recently, Hoflack et al. (2006) has recommended a routine semen
evaluation consisting of semen volume, sperm concentration, motility
and morphology prior to include semen donor bulls into an assisted
reproduction program. However, it has been demonstrated that bulls with
good sperm motility parameters can have a reduced fertilization capacity
due to a failure of the acrosome reaction of sperm (Lessard et al. 2011).
It may suggest that the classical semen parameters might not be enough
to assess the fertilizing capacity of a semen sample. Previous studies
have suggested the use of in vifro acrosome reaction (AR) test as a

valuable tool to predict both field fertility (Waberski et al. 1999; Birck et
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al. 2010) and in vitro fertilizing capacity of semen in cattle (Molnarova
et al. 2006; Costa et al. 2010).

Those procedures to induce AR are date back a long time (Parrish
et al. 1988a). Likewise, heparin and bovine serum albumin (BSA) have
been widely used as AR inducers, mainly due to their neutral effect on
the oocyte and sperm vitality (Parrish ef al. 1999). Interacting with these
compounds, the incubation time also has an important role in AR tests
(Pavlok et al. 2001). In fact, it has been widely demonstrated that the
percentage of acrosome-reacted spermatozoa increases during the
incubation time (Parrish et al. 1988a; Hochi et al. 1996). However, to our
knowledge, there are no studies on the acrosome reaction-inducing
activity of either heparin, BSA or their combination in Spanish
endangered cattle breeds.

The aims of this study were therefore to: 1) evaluate standard AR
protocols in cryopreserved semen doses of Andalusian endangered cattle
breeds, as a condition for its potential use in FIV programs, and 2)
investigate the effect of breed, culture medium supplementation and

incubation time on AR test results.

Materials and Methods

Semen samples

In total, 80 frozen semen samples from 16 bulls (5 semen samples per
bull) of five Andalusian endangered native breeds: 3 Berrendo en
Colorado (BC), 6 Berrendo en Negro (BC), 2 Cardena Andaluza (CA), 1
Pajuna (PA) and 4 Retinta (RE) were analyzed in this study. Semen

collection and freezing was performed at the Animal Reproduction,
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Selection and Conservation Center - CENSYRA, (Badajoz, Spain), as
described by Januskauskas et al. (1996). Only samples with acceptable
post-thawing viability and motility (> 40% viable sperm and > 50%
progressively motile sperm) were used in this experiment (Birck et al.

2010).

Sperm selection

Frozen semen doses were thawed in a water bath at 37°C for 1 min.
Viable spermatozoa were selected by “Swim Up” method as described
previously by Shamsuddin et al. (1993). Briefly, aliquots of 500ul of
semen were carefully placed in the bottom of a 2 ml tube containing 1ml
of equilibrated Sp-TALP medium (Sp-T, Caisson Laboratories, USA)
and incubated for 1 h at 39°C, in a 5% CO2 atmosphere. After incubation,
Iml upper fraction was collected and mixed with 5ml of equilibrated Sp-
T in a conical tube and centrifuged (150 x g, 10 min. at 24°C). The
supernatant was discarded and the sperm pellet was resuspended in 3ml
of Sp-T and centrifuged again (150 x g, 10 min. at 24°C). Thereafter, the
sperm pellet was transferred to a clean conical tube containing Sp-T

medium.

Acrosome reaction status

Acrosome integrity was assessed as described by Cheng ef al. (1996),
with minor modifications. In brief, aliquots (50ul) of semen samples
were diluted in PBS to a final concentration of 25 x 10° spermatozoa/ml.
Droplets (10ul) of the sperm sample smeared onto a microscopic slide

were air dried, fixed, and permeabilised with 70% (v:v) ethanol for 30
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sec. A mixture of 10ul of propidium iodide (0.lmg/mL) and 20ul of
isothiocyanate-labeled peanut (Arachis hypogaea) agglutinin (0.1mg/mL)
was then spread over each smear. Slides were incubated in a dark and
moist chamber at 4°C for 30 min. They were subsequently rinsed with
excess deionized water at 4°C mounted with 10ul of VECTASHIELD®
Mounting Media (Vector Laboratories Ltd., Peterborough, United
Kingdom), covered with a coverslip, and sealed with nail polish. A total
of 100 spermatozoa were counted per slide under 400 X magnification
with an epifluorescence microscopy (Reichert-Jung Polyvar, Austria)
using a BP 460 to 490 nm excitation filter. Two sperm subpopulations
were identified: 1) spermatozoa displaying intensively green
fluorescence of the acrosomal cap indicated an intact outer acrosomal
membrane, and 2) spermatozoa displaying disrupted, patch-like,
fluorescence of the acrosomal cap indicated the process of vesiculation
and breakdown of the acrosomal membrane, or spermatozoa displaying a
fluorescent band at the equatorial segment or no fluorescence indicated
residues or a complete loss of the outer acrosomal membrane,

respectively. Values were expressed as percentages.

Experimental design

Eighty frozen semen samples from 16 bulls (5 semen samples per bull) of
five different endangered breeds (3 BC, 6 BN, 2 CA, 1 PA and 4 RE)
were used in this study. Swim up selected spermatozoa were incubated at
38°C in a 5% COz atmosphere, in four different culture media: Sp-TALP
medium (Sp-T; Caisson Laboratories, USA), Sp-TALP medium
supplemented with 0.6% BSA (Sigma Aldrich, Spain, A3311) (Sp-TB),

Sp-TALP medium supplemented with 10ug/ml of Heparin (Sigma
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Aldrich, Spain, H3149) (Sp-TH), and Sp-TALP medium supplemented
with 0.6% BSA and 10pug/ml of Heparin (Sp-TBH). Finally, aliquots
were collected at 0, 30, 60 and 120 min. and stained for AR evaluation.

Five replications were made.

Statistical analysis

A three-fixed factor design was performed: animal breed (BC, BN, CA,
PA and RE), culture media (Sp-T, Sp-TB, Sp-TH and Sp-TBH) and
incubation time (T0, T30, T60 and T120). Data were tested for normal
distribution using the Kolmogorov-Smirnov test prior to ANOVA, and
analyzed using the General Lineal Model (GLM) procedure of the
Statistical Analysis Systems software (SAS Institute Inc., Cary, NC).
Individual factors and breed-culture medium, breed-time and time-
culture medium interactions were also evaluated, taking into account the
imbalance between the number of bulls among breeds. Duncan's Multiple
Range procedure was performed to test differences among means. Data
were significant at P<0.05.

For each culture media and breed combination, the orthogonal
contrast test was performed in order to analyze the interaction between

the main effect and the interaction effects of the AR status over time.

Results

Significant (P<0.01) effects of breed, culture medium and incubation
time on AR-status were found. Moreover, significant (P<0.01)

interactions among all these factors were found. For this reason, each
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independent variable (breed, culture medium or incubation time) were

then analyzed based on the other two.

Effect of the breed on the in vitro induced AR

As shown in Table 1, in vitro-induced AR in bull sperm in response to
different culture media and incubation time varied significantly (P<0.01)
depending on the breed. The in vitro AR-induced by Sp-TH was
consistent over time only in Retinta bulls (high mean AR values at T30,
T60 and T120). For all the other breeds, a random pattern was observed

for in vitro-induced AR.

Effect of the culture media on the in vitro induced AR

The percentage of induced AR for each culture medium is shown in
Table 2. The AR status induced by each culture medium depends on both
the breed and the incubation time, with exception of Sp-TBH. This
culture medium showed the higher number of reacted sperm cells instead
of breed and incubation time (Table 2). At T30 and T120, AR status was
significantly (P<0.05) higher in samples processed with Sp-TH compared
with control medium (Sp-T) and Sp-TB, except for Pajuna bulls at T120.
However, at T60, there was no significant (P>0.05) differences between

Sp-TH and Sp-TB for BC, BN and CA.

Effect of the incubation time on the in vitro induced AR

A positive trend was observed between AR status and incubation time

regardless of the breed or the culture medium (Fig. 1). A significant
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(P<0.01) linear relationship between in vitro induced AR in all breeds
and culture media was shown by the orthogonal contrast analysis.
However, some of these breed-media combinations (Sp-TB for BC, BN,
CA and RE; Sp-TH for CA; and Sp-TBH for CA) were also fitted to a

quadratic model.

Table 1: Effect of the cattle breed on the in vitro induced AR test in bull

spermatozoa

Culture Media
IT Breed Sp-T Sp-TB Sp-TH Sp-TBH

T30 BC 7,07+0,34 ® 753+0,35 “ 11,33+0,44  °¢ 14331030 ®
BN 513020 A 9,00:0,29 ° 12,40£0,28 © 1397:024 °®
CA 4,80+0,29 A 6,40+0,37 A 8,10+0,28 A 12,40+0,37 *
PA 5.80%0,73 A 7,60:0,68 “* 10,40+0,51 " 5404051 P
RE 7,53#0,41 B 9,73%+0,43 B 11,60+0,35 BC 17,80+0,74 ©

T60  BC  8,20+0,20 13,80+£0,38 B 14,00+0,45 ~ 19,73+0,45
BN 6,67£0,19 4B 14,50+£0,32 *° 14,63+0,29 AB 22.93+0,34 °
CA 5,90+0,28 4 13,20+0,68 A 13,80+0,59 A 22.00+0,56 °©°
PA 8.40%0,40 ¢ 19,20+0,37 © 17,00£0,45  5g00+084 ©
RE 7.07¢0,33 B 14,73x0,28 ° 15932037 " 53131048 P

TI20 BC 9,07+0,28 18,00£0,44 * 20,73+0,37 ~ 27.47+0,38
BN 11,30+0,29 B 20,33%+0,22 B 23.30+0,32 B 32,73+0,39 B
CcA 870£0,30 A 20,60+0,45 ® 2280+0,42 ® 78710+035 A
pA  10.40£0,51 B 2220+0,37 © 20,40+0,68 % 3g820:1,02 P

B AB
RE 9,20+0,34 a 20,40+0,40 21,87+0,43 36274064 ©

Culture Media (CM): Sp-T: Sp-TALP; Sp-TB: Sp-TALP + BSA; Sp-TH: Sp-TALP + Heparin and Sp-TBH:
Sp-TALP + BSA + Heparin.

Incubation Time (IT): T30: 30m; T60: 60m and T120: 120m. Breed: BC: Berrendo en Colorado; BN:
Berrendo en Negro;, CA: Cardena Andaluza; PA: Pajuna and RE:Retinta. Values indicate the percentage of
live acrosome-reacted spermatozoa expressed as means + S.E.On each block, values with different letters

(4,B,C and D) are significantly different (P<0.05, Duncan'’s test).
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Table 2. Effect of the culture media on the in vitro induced AR in bull

spermatozoa
Cattle breed
IT CM BC BN CA PA RE
T30 Sp-T  7,07+034 * 5,13+020 =+ 480+0,29 * 5,80+0,73 * 7,53+041 *
Sp-TB 7,53£0,35 * 9,0040,29 + 6,40+0,37 B 7,60£0,68 * 9,73+0,43 °®

Sp-TH 11,33+0,44 ® 12,40+0,28

Sp-

TBH 14,33+0,30 © 13,97+0,24
T60 Sp-T 820£020 * 6,67+0,19

Sp-TB  13,80+0,38 ® 14,50+0,32

Sp-TH 14,00+0,45 ® 14,63+0,29

Sp-

TBH 19,73+0,45 © 22,93+0,34
T120 Sp-T  9,07+0,28 * 11,30+0,29

Sp-TB 18,00+0,44 © 20,33+0,22

Sp-TH 20,73+0,37 © 23,30+0,32

Sp-

TBH 27,47+0,38 © 32,73£0,39 + 28,10+0,35 © 38,20+1,02 © 36,27+043 P

H

8,100,228 © 10,40+0,51 B 11,60+0,35 ©

12,4040,37 ° 15,40+0,51 ¢ 17,80+0,74 P
5904028 * 840+0,40 * 7,07+033 *
13,2040,68 ® 19,20+0,37 € 14,73+0,28 ®
13,80+0,59 B 17,00£0,45 ® 15934037 ©

HoH H

22,0040,56 © 28,00+0,84 ° 23,13+0,48 P
8,70£0,30 * 10,40+0,51 * 9204034 *
20,60+0,45 B 20,40+0,37 ® 20,40+0,40 ®
22,80+0,42 € 2220+0,68 5 21,87+0,64 ©

HoH oH

Culture Media (CM): Sp-T: Sp-TALP; Sp-TB: Sp-TALP + BSA; Sp-TH: Sp-TALP + Heparin and Sp-TBH:
Sp-TALP + BSA + Heparin. Incubation

Time (IT): T30: 30m; T60: 60m and T120: 120m. Breed: BC: Berrendo en Colorado; BN: Berrendo en
Negro; CA: Cardena Andaluza; PA: Pajuna and RE:Retinta. Values indicate the percentage of live acrosome-
reacted spermatozoa expressed as means+ S.E.

On each block, values with different letters (4,B,C and D) are significantly different (P<0.05, Duncan’s test).
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Figure 1: Two-way (breed versus culture media) orthogonal contrast analysis of results obtained
in the acrosome reaction test of frozen-thawed bovine semen samples.

The percentage of acrosome reacted spermatozoa fits to a linear function over time in all analyzed breeds(full line,
p<0.01). Some of these breed-media combinations (Sp-TB for BC, BN, CA and RE; Sp-TH for CA; and Sp-TBH

for CA) were also fitted to a quadratic model (dotted line, p<0.05).

Sp-TB SP-TH Sp-TBH

i el

Qo ® =~ W @

0 £ 50 %0 120 o el ® 90 110 [ E) 0 %0 120

Culture Media: Sp-TB: Sp-TALP + BSA; Sp-TH: Sp-TALP + Heparin and Sp-TBH: Sp-TALP + BSA + Heparin.Breed: BC: Berrendo en Colorado;
BN: Berrendo en Negro; CA: Cardena Andaluza, PA: Pajuna and RE Retinta.
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Discussion

Effective FIV still needs as a prerequisite a good functional status of
spermatozoa which must retain their ability to complete the acrosome
reaction in a timely manner. The inability of spermatozoa to undergo the
AR affects the male fertilizing potential under both in vivo and in vitro
conditions, and may play a decisive role in unexplained low fertility
(Birck et al. 2010). It has been previously demonstrated in several
species that the percentage of the in vitro-induced AR is significantly
lower in subfertile animals compared with fertile animals (Whitfield and
Parkinson 1992; Meyers et al. 1996; Herrera et al. 2002). For this reason,
the study of this trait becomes important for high genetic value animals.

In general, the incidence of AR obtained in vitro in the current
study is in consonance with those obtained by previous authors (Parrish
et al. 1988a; Januskauskas et al. 2000; Somfai et al. 2002; Birck et al.
2010; Costa et al. 2010), indicating that doses of semen stored at
Andalusian Genetic Bank responded satisfactorily to in vitro AR test. We
also observed that the incidence of spontaneous AR at Oh was on average
6%. This result means that membrane damage due to freezing procedure
was low in all studied samples, and thus they could be used in IVP
programs (Kuroda et al. 2007). According with Coy et al. (2002),
spontaneous acrosome-reacted spermatozoa are considered to be unable
to fertilize oocytes. Moreover, the proportion of viable, uncapacitated
spermatozoa present in semen has been previously shown to positively
correlate with fertility in frozen-thawed semen samples (Thundathil ez al.
1999) and may explain the appearance of clinical subfertility in cattle
(Kuroda et al. 2007).
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It is worth noting that the heparin added to culture medium
increased the percentage of acrosome reacted spermatozoa in all studied
breeds, as well as a synergistic effect was observed when heparin and
BSA were added to culture medium (Sp-TBH). As documented by
several authors (Parrish et al. 1988a; Dapino et al. 2006; Arangasamy
and Singh 2007; Rodriguez et al. 2012), heparin has been shown to play
a key role on in vitro sperm capacitation. Their initial contact with sperm
induces the acrosome reaction by reorganizing membrane lipid domains,
displacing spermatozoa surface proteins (Miller ef al. 1990), stimulating
the efflux of cholesterol and phospholipids, and increasing intracellular
levels of calcium, pH and cAMP (Breininger et al. 2010). Moreover,
cholesterol efflux has been identified as a fundamental proccess in the
sperm acrosome reaction, resulting in an increase of the plasma
membrane inestability (Cross 1998). On the other hand, BSA assists in
that process accepting cholesterol released by spermatozoa when it
undergoes into AR (Visconti and Kopf 1998; Kharche et al. 2009). In
this sense, it has been previously demonstrated that the penetration rate
of bovine oocytes processed in a protein free media was significantly
lower than that obtained with BSA-supplemented media (Smetanina et
al. 2006).

An unexpected result was that in vitro AR induced by the same
incubation protocol was significantly different depending on the breed,
suggesting differences between breeds in the response to AR test within
cattle species. Although it has been previously demonstrated the
influence of several paternal factors, such as male (Katska and Smorag
1996; Ward et al. 2001), age (Ward et al. 2002), breed (Séderquist et al.
1996), species (Pontes et al. 2010), and semen collection method

(Garcia-Alvarez et al. 2009) on FIV outcomes, this is the first attempt to
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assess the effect of cattle breed on induced AR results. Early reports
suggest that the ability of spermatozoa to undergo AR in vitro may be a
useful method for predicting the result of FIV in cattle (Giritharan et al.
2005; Mukhopadhyay et al. 2008; Costa et al. 2010). In fact, AR status
has been previously used as predictor of both freezability (Molnarova et
al. 2006) and in vivo fertility (Collin et al. 2000; Giritharan et al. 2005;
Birck et al. 2010) in cattle. However, it has been widely demonstrated
that in vitro AR rates depend on both the incubation time (Fukui et al.
1990; Gliedt et al. 1996; Pavlok et al. 2001; Dode et al. 2002) and the
culture medium (Sharma et al. 1999; Januskauskas et al. 2000; Vadnais
et al. 2005). Our results are consistent with these previous observations,
showing a clear interaction between culture medium and incubation time.
However, these factors exerted differential effects on the AR status of
bull spermatozoa for each of the studied breeds. This can partly be
explained by breed differences in plasma membrane composition of bull
spermatozoa (Casali et al. 1985). Due to this, the calculation of cattle
fertility index from the outcome of AR test as suggested by previous
authors (Molnarova et al. 2006; Mukhopadhyay et al. 2008; Costa et al.
2010) could not be recommended due to the effect exerted by breed,
incubation protocol, and their interactions on the AR status of bull
spermatozoa. Nevertheless, low AR rates could be a cause of

unexplained infertility (Lessard et al. 2011).

Conclusions

Our results suggest that doses of stored semen of Andalusian cattle
breeds respond satisfactorily to in vitro AR test, so that they could be

used in future FIV programs. The response and pattern of the in vitro
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AR-induced depend not only on culture medium and incubation time but
also on the cattle breed. Therefore, all these factors must be taken in
consideration to assess the rate of AR sperm in bulls. Further
experiments are needed to validate AR test protocols in different cattle
breeds for its use as an accurate predictor of in vitro fertility and as a
valuable tool for calculating a fertility index (ranking) among bulls of

different breeds.
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Abstract

Chromosomal aberrations are one of the major causes of embryo failures
in the mammals. It is also been demonstrated that the occurrence of this
kind of abnormalities is higher on in vitro produced (IVP) embryos. This
study was conducted to investigate the effect of oocyte morphology and
maturation conditions on chromosomal abnormality rates in bovine
preimplantational embryos. To this end, 790 early cattle embryos derived
from oocytes with different morphology and maturated in different
conditions (maturation period: 24 h vs 36 h; maturation media: five
different serum supplements in TCM-199) were cytogenetically
evaluated in three sequential experiments. Rates of normal diploidy and
abnormal haploidy, polyploidy and aneuploidy were determined in each
embryo. Throughout all experiments, the rate of chromosomal
abnormalities were significantly (p<0.05) influenced by the oocyte
morphology and maturation conditions (maturation time and culture
media). We find that a lower morphological quality is connected with
high rates of numerical chromosome abnormalities (p<0.05). Moreover,
we also find that polyploidy is associated with increased maturation time
(p<0.01), whereas maturation media significantly (p<0.05) affected the
rates of haploidy and polyploidy. In general, the use of ECS or FCS as
serum supplements produced higher rates of chromosomal aberrations
(p<0.05) compared to the other serum supplements. According to our
results, we can conclude that morphological quality of oocytes and
maturation conditions affect the chromosomal abnormality rates of the

subsequent VP cattle embryos.
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Introduction

The bovine in vitro fertilization (FIV) industry has been constantly
improving during the last decade. At present time the number of in vivo
and in vitro produced (IVP) embryos is similar in some countries (Pontes
et al. 2010). Despite the vast researches performed during the last years,
the overall efficiency of IVP cattle embryos still remains low. Only 30%
of cultured oocytes reach the blastocyst stage (Lonergan 2007). It is well
known that in vivo derived embryos have higher quality and viability to
term than those produced by in vitro maturation, fertilization and culture
(Ulloa Ulloa et al. 2008b), even when the same donor cow was used
(Pontes et al. 2009). While the causes of this inefficiency are likely
numerous and complex, the oocyte morphological quality at the
beginning of the IVP process and the oocyte maturation protocols have
been described as major contributing factors on this issue. Several
authors demonstrated that oocytes with higher morphological quality
(class “A” and “B”) have shown improved developmental rates to term in
the subsequently formed embryos (Hawk and Wall 1994). In this sense,
maturation media (Bilodeau-Goeseels 2006; Réty et al. 2011), maturation
protocols (Yang et al. 1993) and serum supplementation (Fukui and Ono
1989; Pereira et al. 2010) are also described as potential causes of these
differences. For this reason different in vitro oocyte maturation media,
maturation protocols and media supplementation patterns are being
developed and tested constantly in order to meet the metabolic
requirements just as in vivo conditions (Rizos et al. 2002; Purpera et al.
2009).

Multiple causes have been described as being responsible for

increased developmental failure on IVP embryos (Van Soom et al. 2007;
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Vandaele and Van Soom 2011). In this sense, chromosomal
abnormalities are thought to be a major contributor and are associated
with reduced developmental potential (King et al. 2006), impaired
embryo viability, (Kawarsky et al. 1996) and embryonic death and
abortion (King 1990). In cattle, it has been reported that [VP embryos
have a higher rate of chromosome abnormalities than their in vivo
counterparts (Viuff et al. 1999). Similar results have been found in pig
(Ulloa Ulloa et al. 2008a), horse (Rambags et al. 2005), goat
(Villamediana et al. 2001) and sheep (Alexander et al. 2005). It has been
demonstrated that the percentage of chromosomal abnormalities appears
to be significantly influenced by maturation environment in oocytes
(A'Arabi et al. 1997) and by post-fertilization culture conditions on IVP
embryos (Lonergan et al. 2004).

Currently, it is not possible to evaluate the chromosomal
complements of matured oocytes previous to fertilization in the FIV
laboratory by simple and non-invasive techniques (Coticchio ef al. 2004).
Therefore, oocytes with normal maturation parameters can have an
abnormal chromosomal composition, producing higher rates of
fertilization failures and development impairment. Despite of their
potential economic impact on livestock production, only a few
cytogenetic studies of IVP embryos have been reported (Garcia-Herreros
et al. 2010). Moreover, moreover they did not focus on the influence of
oocyte quality and maturation environment as potential causes of these
alterations.

The present study was therefore designed to examine the effect
produced by: 1) the oocyte morphological quality, 2) oocyte maturation

time, and 3) oocyte maturation media (serum supplementation), on the
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incidence of numerical chromosomal abnormalities in early IVP bovine

embryos.

Materials and methods

Media and reagents

Chemicals were purchased from Sigma-Aldrich, Spain, unless otherwise
is indicated. Percoll were purchased from GE Healthcare, Spain.
Nunclon™ Plastic dishes were purchased from Termofischer Scientific,
Germany. Sterilization filters used in culture media were purchased from
Millipore Corporation, Spain. Oocyte and embryo were manipulated with
20 pl micropipette tips purchased from Eppendorf Iberica, Spain. Estrus
cow serum (ECS) were obtained according to our previous protocols
(Ocana-Quero ef al. 1999b). Briefly, sterile complete blood samples were
obtained by jugular venopunction of six estrous cows. Pooled serum was
obtained by centrifugation (200 x G, 15 min), inactivated by heat (56°C,
30 min) and sterilized with a 0.22 um membrane filter. Aliquots were
frozen and stored at -20°C until its use. Anestrus cow serum (ACS) was
obtained following the same protocol by collecting blood samples from 6

different anestrous cows.
In vitro embryo production
Bovine embryos were produced according to previous studies performed

in our laboratory (Ocana-Quero et al. 1999a), with the following

modifications:
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Collection of ovaries and oocytes and in vitro maturation

Ovaries were collected from slaughtered cows in the local abattoir and
transported to the laboratory within the next 2 h after collection. The
ovaries were washed thrice in warm physiological saline solution
supplemented with kanamycin (25 mg/ml). Cumulus oophorus
complexes (COCs) were obtained from follicles between 4 and 8§ mm
through aspiration with 18 G needle and placed into a 15 ml conical tube
with 2 ml of warm H-TALP media. After 1 h sedimentation at 38.5°C,
oocytes were poured on Petri dishes and examined under a
stereomicroscope with a warm plate. In Experiment 1, oocytes were
classified according to their morphology in four groups (A, B, C and D)
(Hawk and Wall 1994; Cetica et al. 1999). Based on the outcome of
Experiment 1, and to eliminate the possible detrimental effect of
morphological quality, only class “A” oocytes (compact-intact cumulus
cell layers and good morphology) were used for Experiments 2 and 3 of
this study. Selected COCs were washed twice in H-TALP and cultured in
groups of 100 in 500 ul modified bicarbonate-buffered TCM199 media,
supplemented with 10% of fetal calf serum (FCS); 0.4 mmol/l glutamine;
0.2 mmol/l sodium pyruvate; 0.5 mg/ml FSH, 5 mg/ml LH; 1 mg/ml
estradiol and gentamicin (50 mg/ml) for 24 h, at 38.5°C in 5% COa.

Sperm capacitation and in vitro fertilization

Frozen semen straws from different bulls of the Retinta breed with a

history of proven fertility were thawed in a water bath at 38°C during 1
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min. Viable spermatozoa were selected by centrifugation through a
discontinuous Percoll gradient (45 and 90% (v/v) in Sp-TALP) and
washed twice in warm equilibrated Sp-TALP media. The final sperm
concentration of 1 x 10° sperm cells/ml was adjusted in IVF-TALP,
supplemented with bovine serum albumin (BSA; 6 mg/ml) and heparin
(100 mg/ml). Groups of 60 oocytes were washed in 500 pl of
equilibrated IVF-TALP and incubated with sperm at 38.5°C in 5% COs..

Culture of zygotes

After 20-24 h of incubation, groups of 100 presumptive zygotes were
denuded by vortex in 15 ml tubes during 3 min. Thereafter, it were
transferred to synthetic oviduct fluid (SOF), supplemented with BME
amino acid solution and MEM non-essential amino acid solution and 5%
(v/v) FCS and were cultured in 50 pl droplets under mineral oil in groups

of 25 for 72 h at 38.5°C in 5% COa.

Chromosome preparation

Chromosome preparation was performed according to our standard
method (Ocana-Quero et al. 1999a). At the end of the culture period,
colchicine (0.1 pg/ml) was added to the culture media and embryos were
cultured for up to 6 h. After that, embryos were placed in a 500 pl
hypotonic solution of 0.88% (w/v) tri-sodium citrate for 45-60 min.
Thereafter, embryos were fixed mildly by pouring about 500 ul of
Carnoy’s 1:1 fixative (one part acetic acid: one part methanol) for 10 min
and placed in a 3:1 Carnoy’s fixative overnight. Each embryo was then

fixed onto a clean glass slide and blastomeres were separated using acetic
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acid (100%, v:v). The nucleus from each blastomere was spread with
several drops of Carnoy’s 1:1 fixative. Samples were air-dried and
stained with 5% Giemsa solution for 10 min. Only those blastomeres
containing an analyzable metaphase (intact and non-overlapping
chromosomes) were assessed under X 1250 magnification in an optical

microscope (Reichert-Jung Polyvar, Austria).

Cytogenetic criteria

Only the embryos showing more than one analyzable metaphases were
included in this study. Embryos with 60 chromosomes in all countable
metaphases were defined as normal diploids (2n = 60). Those in which
all analyzable metaphases contained 30 chromosomes were defined as
haploids. If the embryo have shown more than two sets of chromosomes
(3n = 90 or 4n=120) in all blastomeres were judged as polyploids.
Finally, those that showed an abnormal chromosomal number were

defined as aneuploids.

Experiment 1

The aim of this experiment was to examine the incidence of
morphological oocyte quality on the appearance of chromosomal
abnormalities in early IVP bovine embryos. A total of 249 oocytes were
classified in four different groups (A, B, C and D) according to their
subjective quality as described previously. Oocytes were fertilized,

cultured and cytogenetically analyzed as described above.
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Experiment 2

The aim of this experiment was to evaluate the incidence of oocyte
maturation time on the appearance of chromosomal abnormalities in
early IVP bovine embryos. In this study, a total of 157 embryos derived
from class “A” morphological quality oocytes were classified into two
groups according to their maturation period: 24 h and 36 h. Thereafter,
oocytes were fertilized, cultured and cytogenetically analyzed as

described above.

Experiment 3

This experiment was performed to investigate the effect of different
serum supplementation strategies during in vitro oocyte maturation on
the percentage of chromosomal abnormalities observed in early IVP
bovine embryos. A total of 384 embryos derived from class “A”
morphological quality oocytes were produced as described previously
from oocytes matured in 6 groups of TCM-199 medium supplemented
with: 10% ECS (n = 62; prepared as described previously); 10% FCS (n
= 59; F2442, Sigma Aldrich, Spain); 10% ACS (n = 59; prepared as
described previously); 10% of bovine amniotic fluid (BAF; n = 60;
AS5130, Sigma Aldrich, Spain); 0,6% (w/v) BSA (n = 74) and 10% of
bovine steer serum (BSS; n = 70; A9433, Sigma Aldrich, Spain) used as
control. After maturation, oocytes were fertilized, cultured during 72 h

and cytogenetically analyzed as described previously.
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Statistical analysis

Data were analyzed using the Chi-Square procedure of the Statistical
Analysis Systems software (SAS Institute Inc., Cary, NC). Differences
observed among treatments were determined using a two factors

expected proportion test. Data were significant at p<0.05.

Results

Significant (p<0.05) effects of oocyte morphological quality, oocyte
maturation time and media serum supplementation were found on the
percentage of abnormal chromosomal complements observed across all

the analyzed embryos.

Experiment 1

A significant (p<0.05) relationship between the oocyte quality and the
ploidy of the resulting embryos was found (Table 1). The number of
normal diploid embryos significantly (p<0.05) increased with increasing
oocyte morphological quality of the oocyte. Therefore, the lowest
percentage of total chromosomal abnormalities (p<0.05) were observed
only in embryos derived from superior quality oocytes (class “A”). When
analyzing separately each kind of chromosomal abnormalities, we found
that the highest haploidy percentage (p<0.05) was observed in embryos
derived from oocytes class “C” and “D”. Similarly, the percentages of

polyploidy and aneuploidy were statistically (p<0.05) lower in embryos
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derived from class “A” oocytes compared to those classified as class “B”,

‘GC” a11(1 ‘GD”.
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Table 1: Analysis of chromosomal complements of day 3 IVP bovine embryos derived from oocytes classified according their

morphological quality

Oocyte  Total number Chromosomal complements
Quality of analyzed Normal Embryos Abnormal embryos
embryos Diploid Total Haploid Polyploid Aneuploid
A 60 56 9333% * 4 667% °© 1 167% * 2 333% ° 1 167% °
B 65 53 81,54% * 12 1846% ° 2 308% ° 6 923% * 4 615% ®
C 61 45 7377% 16 2623% 6 984% ® 6 984% * 4 656%
D 63 39 61.90% °© 24 38.10% ° 10 15.87% * 8 12.70% * 6 952% °*

On each row, values followed by different letters (a, b and c) show statistical significant differences (P<0.05, Two tailed Z-score test).
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Experiment 2

Chromosomal abnormality rates were significantly (p<0.01) higher in
oocytes matured for 36 h than those matured for 24 h (Table 2).
Interestingly, only the polyploidy rates were significantly (p<0.01)
different between treatments. However, no significant (p>0.05)
differences were found between the other type of chromosomal
abnormalities (haploid and aneuploid) and maturation time (24 h and 36

h).

Table 2: Analysis of chromosomal complements of day 3 IVP bovine embryos

from oocytes maturated by two different periods

Chromosomal complements

Normal
Embrvos Abnormal embrvos

Oocyte  Number of
maturation  embryos Diploid Total Haploid Polvploid Aneuploid
time (hs)  analyzed
24 77 719221% 4 6 779%  ® 2 260 ' 3 390% * 1 130% °
36 80 60 75,00% = 20 2500% * 6 750 * 12 1500% 2 2 250% *

On each row, values followed by different capital letters (A and B) show highly significant differences
(P<0.01, Two tailed Z test for proportions).

Experiment 3

Supplementation strategies of maturation media with different serum
significantly (p<0.05) influenced the incidence of chromosomal
abnormalities of IVP bovine embryos (Table 3). In general, the use of
ECS or FCS as serum supplements produced higher rates of
chromosomal abnormalities (p<0.05) compared to the other serum
supplements. Moreover, the rates of haploidy and polyploidy were

significantly (p<0.05) higher in those embryos maturated in the presence
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of ECS. However, there was no statistical (p>0.05) differences between

supplements for the rate of aneuploidy.

Discussion

Chromosomal abnormalities have been suggested as a major cause of
embryonic failure on IVP embryos (King et al. 2006). Previous reports
demonstrated that the incidence of these abnormalities appears to be
influenced by methods of embryo handling used during these procedures
as well as suboptimal culture environments in which embryos must be
developed (King et al. 2006). The present study evaluated the impact of
the quality of the oocytes and their in vitro maturation environment on
the chromosome make-up of the subsequently produced embryos, which
is one of those potential causes described above. In this way, our results
showed that initial poor quality of oocytes as well as suboptimal
maturation conditions produced a higher rate of chromosome

abnormalities at earliest stages of embryonic development.
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Table 3: Analysis of chromosomal complements of day 3 IVP bovine embryos from oocytes maturated in different culture media

Culture media  Number of Chromosomal complements
Suplementation  embryos Normal Embryos Abnormal embryos
analyzed Diploid Total Haploid Polyploid Aneuploid
BSS 70 66 9429% ° 4 571% ° 2 28% ° 1 143% ° 1 143% °
ACS 59 54 91,53% ° 5 847% ¢ 1 1,69% ° 3 508% ° 1 1,69% °
BAF 60 54 90,00% 6 10,00% ™ 2 333% ° 2 333% ° 2 333% *®
BSA 74 66 89,19% ® 8 10,81% ™ 5 6,76% ®© 3 405% ° 0 0,00% °
FCS 59 46 7797% ¢ 13 22,03% ° 5 847% ® 6 10,17% *® 2 339% °
ECS 62 37 59,68% ¢ 25 4032% * 11 17,74% * 12 1935% * 2 323% °

On each row, values followed by different letters (a, b and c) show statistical significant differences (P<0.05, Two tailed Z-score test).

BSS: bovine steer serum; ACS: anestrous cow serum; BAF: bovine amniotic fluid;, BSA: bovine serum albumin; FCS: fetal calf serum and ECS: estrous cow

serum
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The first experiment was conducted to evaluate the importance of
oocyte morphology in the incidence of chromosomal abnormalities in
subsequent produced embryos. Previous studies demonstrated that the
initial quality of the oocytes had greater impact on early embryonic
survival, establishment and maintenance of pregnancy (Krisher 2004). In
our study, the rate of chromosome abnormalities in embryos was
significantly affected by the morphological quality of the oocytes. In this
sense, it has been also demonstrated that the maturation rates and embryo
development of the subsequent produced embryos are strongly related
with the oocyte original morphology (Long et al. 1994; Blondin and
Sirard 1995). However, to our knowledge, there are no previous studies
that evaluate the chromosomal composition of the derived embryos of
morphological classified oocytes as possible cause of these losses in [VP
cattle embryos. In our study, we observed in matured oocytes that begin
to multiply after fertilization higher rates of chromosomal abnormalities
associated with low quality oocytes (pale and heterogeneous cytoplasm,
class “D”). As a possible explanation, this type of oocytes has a low
density of organelles to support the meiotic process appropriately that
leads to higher rates of meiotic failures (Nagano et al. 2006). On the
other hand, the lower incidence of morphologically normal spindles in
the low quality oocytes leads to higher rates of chromosomal gains or
losses during replication (Long ef al. 1994). In this way, embryos derived
from lower-grade oocytes, with poor cytoplasmic quality (granularity or
discoloration of the cytoplasm, vacuolization, and incorporations such as
refractile bodies), are related with pregnancy rates which are five times
lower than those of embryos derived from normal quality oocytes(Ebner
et al. 2003). We would like to highlight the fact that only high quality

oocytes (class “A”) showed a lower polyploidy rate. Recent studies have
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shown that the incidence of polyspermic fertilization, major cause of
embryo polyploidy, is higher in low quality oocytes compared to those
with optimal morphology (Wortzman and Evans 2005). This fact can be
attributed to a delayed and incomplete exocytosis of the cortical granules
(Wang et al. 1997) or to a premature cortical granules release in low
quality oocytes (Suzuki et al. 2003), causing a weaker block to
polyspermy.

In Experiment 2, embryos derived from high quality oocytes (class
“A”) were differently matured and cultured in vitro. A higher rate of
chromosomal alterations was observed when the oocyte maturation time
was increased from 24 to 36 h. It has been widely demonstrated that
longer maturation times decreases the outcome of IVP embryos (Gliedt et
al. 1996) and stimulate higher nuclear maturation rates by a greater
positive feedback from cumulus cells (Barrett and Albertini 2010).
However, over-maturation for more than 24 h promotes an “aging”
effect, showing signs of degeneration probably due to the excessive time
in sub-optimal maturation environment (Maximo et al. 2012). An
interesting observation was that only the rates of polyploidy were
significant higher when the time of maturation was increased. This
abnormality was noted as a major cause of developmental failure on IVP
embryos in mammals. It has been previously suggested that maturation
prepares the oocyte to interact with the fertilizing spermatozoa at a
particular moment in time (Dale and Defelice 2011). If the oocyte is not
fertilized, the maturation processes continue and the cell ages, leading to
higher polyspermy rates (Tarin 1996). In a later study, Tarin ef al. (1999)
also suggest that oocyte post-ovulation aging may leads to a series of
ultrastructural changes related to the meiotic spindle integrity. Moreover,

same authors suggest that these changes may produce higher rates of
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failure in the extrusion of the second polar body by the oocyte after
sperm penetration, leading to higher polyploidy rates. Polyspermy has
been widely described as a major concern particularly in pig embryos
(Niwa 1993). Rather, partial induction of the acrosome reaction of boar
spermatozoa in FIV media and sperm fertilizing doses have been
indicated as the primary causes in this species (Funahashi 2003).
Previous authors have demonstrated the influence of the culture
system upon the ploidy of in vitro matured oocytes in human
(Christopikou et al. 2010) and domestic animals (Ocana-Quero et al.
1999b; Lechniak et al. 2005; Ueno et al. 2005). Furthermore, the same
effect was observed in oocyte nuclear maturation rates and blastocyst
yield of IVF-derived embryos in goat (Tajik and Esfandabadi 2003),
porcine (Ott ef al. 2002) and cattle (Ocana-Quero et al. 1999b; Russell et
al. 2006a). As a possible explanation, age related changes in oocytes due
to oxidative damage associated with high cellular metabolism and
genomic instability, (e.g., mitochondrial mutations and telomere
shortening) can be triggered by the environmental culture conditions
(Pan et al. 2008). Mainly, this can be due to a lack of energy supply by
oxidative phosphorylation in the mitochondria within the oocyte
(Eichenlaub-Ritter et al. 2011). Our study is in agreement with theses
hypothesis, since we found a clear influence of the culture media in the
ploidy of the derived embryos. However, it has been described that
matured oocytes appear fairly normal until resumption of maturation
when they form aberrant spindles, without being able to distinguish them
from the normal (Ebner et al. 2003). Since we cannot evaluate the
chromosomal composition and meiotic spindle previous to fertilization, it
can be assumed that oocyte with higher level of chromosomal

abnormalities, produced by the suboptimal environmental conditions
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(A'Arabi et al. 1997), will produce embryos with an higher rate of
abnormalities that can have a normal development at very early stages
(King et al. 2006).

In Experiment 3, the higher rates of chromosomal abnormalities
were observed in the culture medium supplemented with ECS. It has
been demonstrated that this serum supplementation produces higher
levels of FSH, LH and estrogens in the maturation media (Ott et al.
2002). These hormones have been associated with oocyte aging (Liu et
al. 2011), marked ultrastructural changes of embryonic cells and with
higher rate of blastomeric apoptosis (Ott et al. 2002) and chromosomal
abnormalities (Vialard ef al. 2011). Indeed, embryos derived from these
oocytes can develop aberrant mitotic spindles, leading to a failure of
chromatid migration to the cell poles during cell division, DNA
replication without associated cytokinesis and consequently to an altered
ploidy (Liu and Keefe 2002).

The lack of a significant difference in aneuploidy rates in the
results of Experiment 2 and 3 suggests that maturation environment
(oocyte maturation time and culture media supplementation) is less
involved in the appearance of this kind of chromosomal abnormalities. In
fact, aneuploidy have mainly been related to intrinsic factors of the
humans (Frumkin et al. 2008) and bovine oocytes (Lechniak et al. 1996;
Nicodemo et al. 2010).

Previous authors suggest that post-fertilization culture environment
of the developing embryo can affect the incidence and severity of
chromosomal abnormality rates in the resulting blastocyst (Lonergan et
al. 2004; Ulloa Ulloa et al. 2008b; Xu et al. 2008). However, all of these
studies evaluated the chromosomal complements of derived embryos at

blastocyst stage. Dieleman et al. (2002) suggest that the ploidy of the
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resulted embryos is less affected at early stages of development by the
culture environment. It has previously been described (Tajik et al. 2008;
Mermillod et al. 2010) that long-term incubation induce developmental
failures in embryos due to their exposure to higher levels of toxic

metabolites and oxidative stress in late culture developmental stages.

Conclusions

Morphological quality of oocytes and maturation protocols affect the
chromosomal abnormality rates of the subsequent IVP cattle embryos.
Further studies are necessary to improve the oocyte maturation protocols
currently used in the in vitro cattle embryo production industry to
minimize the appearance of chromosomal abnormalities on the

subsequent produced embryos.
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Discusion general

Debido al formato utilizado en la redaccion de la presente tesis doctoral,
los resultados de los distintos experimentos han sido discutidos
ampliamente a lo largo de los respectivos capitulos de esta tesis. En ellos
se han tratado de explicar las posibles causas y efectos que hemos
observado en los resultados obtenidos durante el desarrollo experimental.
El objetivo de esta discusion general es analizar todas las discusiones
previas de una manera global.

Durante nuestra experimentacion hemos podido observar que
existen numerosos pequeios factores que pueden influir en el éxito o en
el fracaso de un programa de FIV. Esto ya habia sido descrito en
numerosas revisiones realizadas (Hansen 2006; Lonergan 2007).
Similares conclusiones se ha obtenido durante el andlisis de los
resultados observados en la produccion comercial de embriones bovinos
in vitro Brasilera, en donde se producen mas del 80% de los embriones
FIV a nivel mundial (Pontes et al. 2010).

Entre estos pequetios factores nuestro trabajo ha logrado reafirmar
la importancia que los efectos genéticos tienen sobre los porcentajes de
eficiencia obtenidos. Curiosamente, este aspecto no ha sido estudiado en
profundidad hasta la fecha en el ganado bovino mediante un enfoque
sistematico. Si bien existen datos al respecto, como fue mencionado en la
introduccion, la mayoria de ellos han sido obtenidos analizando los datos
resultantes de los programas comerciales que se llevan a cabo en algunas
razas en particular. (Camargo ef al. 1997a; Hernandez-Ceron et al. 2004;
Gandini et al. 2007; Getz et al. 2008). Una posible explicacion seria que

estas empresas privadas cuenten con protocolos de adaptacion de sus
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técnicas al tipo de animal utilizado, pero que se mantengan en reserva
por una cuestion de politica empresaria.

Las diferencias observadas en las tasas de maduracién ovocitaria
in vitro han sido atribuidas a diversos factores. Entre ellos podemos citar
a la morfologia original del ovocito y al foliculo en el cual los ovocitos se
han desarrollado (Blondin and Sirard 1995). También se ha demostrado
que el nimero de ondas foliculares existentes durante el ciclo sexual del
animal donante (Dominguez 1995), la raza del animal empleado (Santos
et al. 2008; Abraham et al. 2012) y el nimero de ovocitos obtenidos en
cada animal (Ferreira et al. 2009) pueden influir en la eficiencia general
del proceso madurativo. Todos estos factores, que tienen una clara base
genética, son producto de un proceso de seleccion que no ha tenido en
cuenta este tipo de caracteres. Esto puede deberse bien a un esquema
antropico como el utilizado en las razas comerciales o bien a la seleccion
natural que se da normalmente en las poblaciones silvestres. Como
consecuencia de ello se ha observado en uno u otro caso una falta de
homogeneidad en los resultados obtenidos en las distintas razas. Estas
diferencias, observadas principalmente en razas de uso intensivo, podrian
deberse la alta presion de seleccion focalizada en los caracteres
productivos en menoscabo de los caracteres generales, como pueden ser
la rusticidad o la fertilidad de los rebafios (Guyader-Joly et al. 2009;
Panetto et al. 2010). Nuestros resultados se hallan en consonancia con
investigaciones previas, demostrando que el comportamiento de los
ovocitos y de las cé€lulas espermaticas de las distintas razas espafolas
analizadas no es homogéneo. Por otra parte, en el caso de los gametos
femeninos, la baja variabilidad genética que se observa en el Toro de
Lidia después de 400 afios de seleccion Unicamente en virtud a su

bravura (Cortés et al. 2011), podria tener su reflejo en una baja tasa de
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recuperacion de ovocitos de cada ovario procesado, como hemos
observado en nuestros estudios, pero no asi en su maduracion y
fertilizacion in vitro.

Similares resultados se han obtenido cuando analizamos a las
razas bovinas andaluzas en peligro de extincion, en las cuales existen
diferencias importantes en la variabilidad genética observada en las
diferentes ganaderias debido a la escasa cantidad de animales existentes
en cada una de ellas (Rodero et al. 2011). Hemos podido determinar que
el comportamiento de las células espermadticas capacitadas in vitro
demuestra un patrén diferente en cada raza evaluada, maxime cuando son
utilizados diferentes tiempos y medios de cultivo. El analisis de los datos
obtenidos nos ha demostrado que los resultados no son comparables entre
las distintas razas, aunque todas ellas hayan respondido de forma
satisfactoria al test de induccién acrosomica. Este experimento sugiere
que, ante la ausencia de otros factores discriminantes, estas diferencias
observadas se deban probablemente a la variabilidad genética interracial.
Existen estudios previos que sugieren que los resultados obtenidos con el
uso del test de capacitacion in vitro (test de reaccidon acrosomica) pueden
ser correlacionados de manera directa con la fertilidad potencial de los
animales para su uso en la inseminacion artificial (Giritharan et al. 2005;
Birck et al. 2010) o en la FIV (Molnarova ef al. 2006). Sin embargo, y
segun nuestros resultados, este test no deberia utilizarse para clasificar
animales pertenecientes a distintas razas.

Finalmente, nuestro estudio se ha centrado en la evaluacion de las
posibles causas de las anomalias cromosomicas de los embriones
producidos mediante FIV. Los datos obtenidos en los seres humanos, en
donde se realizan la mayor cantidad de investigaciones en este campo,

suelen relacionar este tipo de anomalias principalmente a los ovocitos
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(Munné et al. 1998; Munné et al. 2007). Esta influencia ovocitaria ha
sido atribuida a diversos factores como la edad materna, la morfologia
embrionaria (Munné et al. 2007) y el medio de maduracion utilizado
(A'Arabi et al. 1997). Nuestros resultados han confirmado que el efecto
que estos factores producen en la bajada de la eficiencia y el aumento de
la tasa de perdidas embrionarias en la FIV bovina (Knijn et al. 2002;
Park et al. 2005; Russell et al. 2006a) se debe, al menos parcialmente, a
la influencia de los mismos en el aumento de la cantidad de embriones
cromosOmicamente aberrantes. Nuestro trabajo experimental ha
demostrado también que las incidencias de los diversos tipos de
anomalias cromosémicas se ven afectadas dependiendo de los factores
arriba mencionados. Asi hemos observado que las haploidias y las
hiperploidias son profundamente dependientes de la morfologia celular,
del tiempo de maduracion y del medio de cultivo empleado. Sin embargo
estos mismos factores no tienen la misma influencia sobre las de
aneuploidias embrionarias. Esto podria deberse a la induccién de un
“envejecimiento ovocitario” temprano, el cual produce fallos en la
estructura micro-tubular del ovocito en desarrollo, favoreciendo la
aparicion de este tipo de anomalias debido a errores en la disyuncion
cromosOmica. Por lo tanto serd necesario tener en cuenta estos factores a
la hora de ajustar los protocolos de fertilizacion in vitro en el bovino,

limitando asi la aparicion de estas anomalias.
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General discussion

Due to the arrangement used in this thesis, based on article’s
compendium, each experiment performed has been widely discussed the
respective chapters of this thesis. In these individual discussion’s we
have tried to explain the possible causes and effects of the results
obtained in each one of the experiments performed. Accordingly, the
objective of this general discussion is to analyze all previous discussions
on a global basis.

During experimental development we have seen that there are
many “small factors” influencing the success or failure of an IVF
program. This has been mentioned in numerous reviews previously
written in this topic (Hansen 2006; Lonergan 2007). However, the same
conclusion can be drawn from the analysis of the results obtained in the
Brazilian commercial production of in vitro bovine embryos, where more
than 80% of the IVF embryos worldwide are produced (Pontes et al.
2010).

Among these factors, our work has been able to reaffirm the
importance of the genetic effects on the efficiency rates achieved during
each particular IVF program. Interestingly, this aspect was not widely
studied in cattle using a systematic approach. Although there are some
reports in this regard, as mentioned in the introduction, most of them are
made by analyzing data from commercial programs that are conducted in
certain breeds. (Camargo et al. 1997; Hernandez-Ceron et al. 2004;
Gandini et al. 2007; Getz et al. 2008). However, we suggest that it is
possible that companies conducting these programs have more
information regarding the adaptation of their protocols and techniques to
the type of animal used but it are kept in reserve as a matter of corporate

policy.
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The differences observed among in vitro oocyte maturation rates
have been attributed to several factors. Among them we can mention the
morphology of the oocyte and the follicle in which the oocyte has been
developed (Blondin and Sirard 1995). It has also been shown that the
number of follicular waves produced during the sexual cycle of the donor
animal (Dominguez 1995), the breed of animal used (Santos et al. 2008;
Abraham et al. 2012) and the number of oocytes obtained in each animal
(Ferreira et al. 2009) can influence the overall efficiency of the in vitro
maturing process. All these factors, which have a clear genetic basis, are
the result of a selection process that did not considered this type of
characters. This may well be due to anthropic selection scheme, as used
in commercial breeds, or due to natural selection that occurs normally in
wild populations, producing, in both cases, non homogeneous results
among breeds. These differences, observed principally in animals with an
intensive production system could be mainly due to the high selection
pressure focused on production traits at the expense of the general
characteristics, such as rusticity or fertility (Guyader-Joly et al. 2009;
Panetto et al. 2010). Our results are consistent with previous researches,
showing that the in vitro behavior of oocytes and sperm cells of different
breeds studied differs among them. In the case of the female gametes, the
low genetic variability observed in the Lidia breed after 400 years of
selection only under his bravery (Cortés et al. 2011) could be reflected in
a low number of oocytes obtained from each processed ovary, but not in
in vitro oocyte development.

Similar results were obtained when analyzing the Andalusian
endangered cattle breeds, in which there are important differences in
their genetic variability in among herds due to their small number of

animals (Rodero et al. 2011). We observed that the behavior of in vitro
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capacitated sperm cells has a different pattern on each breed evaluated
when used different culture times and culture media. The analysis of the
data has shown that, although all of them have responded satisfactorily to
acrosome induction test, the results are not comparable between the
different breeds. This experiment suggests that, in absence of other
discriminating factors, the observed differences may be due to interbreed
genetic variability. Previous studies suggest that the use of in vitro
capacitation (acrosome reaction test) allows classification of the animals
upon fertility for its use in artificial insemination (Giritharan et al. 2005;
Birck et al. 2010) and IVF (Molnarova et al. 2006). However, according
to our results, it has should not be used to classify animals belonging to
different breeds.

Finally, our study has also focused on the evaluation of the possible
causes of chromosome abnormalities in embryos produced by IVF.
Previous research, conducted mostly in humans, have primarily related
such anomalies to the oocytes (Munné ef al. 1998; Munné et al. 2007).
This influence oocyte has been attributed to various factors such as
maternal age, embryo morphology and culture environment (A'Arabi et
al. 1997). Our results confirmed that part of the influence of these factors
on the low efficiency and increased embryonic loss rates observed in
bovine IVF (Knijn et al. 2002; Park et al. 2005, Russell et al. 2006) can
be explained by an increase in the number of embryos with aberrant
chromosome complements. The experimental work performed has also
shown that each kind of chromosomal abnormalities are differentially
affected by the factors studied. We have shown that hiperploidies and
haploidies are dependent on cell morphology, culture time and the
culture medium used. Oppositely, this was not observed in the case of the

aneuploidies. This could be due to the induction of an "oocyte aging"
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effect which produces early failures in the micro tubular structure of the
oocyte, promoting the appearance of such anomalies mostly due to errors
in the chromosome disjunction. It will therefore be necessary to consider
the factors that could affect results adversely when the protocols for in
vitro fertilization in cattle are designed to limit the occurrence of these

anomalies.
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Conclusiones

Conclusion general

Los resultados obtenidos en la produccion de embriones bovinos
mediante la fertilizacion in vitro estan influidos por la raza de los
animales utilizados y por los porcentajes de anomalias cromosomicas

derivadas de los protocolos utilizados.

Conclusiones particulares:

1. Los ovocitos pertenecientes a vacas de la raza de Lidia
pueden ser obtenidos, madurados y fertilizados utilizando
protocolos estandarizados de MIV y FIV.

2. El numero total de COCs y ovocitos viables recuperados
de ovarios pertenecientes a vacas de Lidia es menor al obtenido
en otras razas bovinas estudiadas previamente.

3. La suplementacion hormonal del medio de maduracion
ovocitaria mejora los porcentajes de ovocitos maduros sin afectar
el proceso de fertilizacion in vitro.

4. Las dosis existentes de semen crio-conservado
pertenecientes a las cuatro principales razas bovinas Andaluzas en
peligro de extincion han respondido satisfactoriamente al test de
induccién acrosémica in vitro, posibilitando su uso en futuros
programas de FIV.

5. El patrén de respuesta del test de induccion acrosomica in
vitro depende no sbélo del medio de cultivo y tiempo de
incubacion utilizados, sino también de la raza del animal

evaluado.
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6. La utilizacion del test de reaccion acrosdmica como
predictor de la fertilidad in vitro entre diferentes toros tiene una
precision al menos cuestionable cuando se utilizan animales
pertenecientes a distintas razas.

7. La calidad morfologica de los ovocitos y los protocolos de
maduracion utilizados afectan las tasas de anormalidades
cromosOmicas en los embriones bovinos fertilizados in vitro.

8. Los protocolos de maduracion ovocitaria utilizados en la
produccion in vitro de embriones bovinos pueden ser optimizados

para minimizar la aparicion de aberraciones cromosomicas.
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General conclusion

The results obtained in the production of bovine embryos by in vitro
fertilization are influenced by the breed of the animals used and by the
percentages of chromosomal abnormalities resulting from the protocols

employed.

Conclusions of each chapter.

1. Oocytes belonging to Lidia cattle breed can be obtained,
matured and fertilized following standard IVM and IVF
protocols.

2. The total number of COC’s and viable oocytes obtained
from ovaries derived from Lidia cows are lower than those
obtained in other breeds.

3. The use of appropriate hormone supplementation in the
maturation media enhances maturation rates, without affecting the
fertilization process of these oocytes.

4. The existing doses of frozen semen of Andalusian cattle
breeds respond satisfactorily to in vitro AR test, allowing their
use in future FIV programs.

5. The response and pattern of the in vitro AR-induced
depend not only on culture medium and incubation time but also
on the cattle breed.

6. The accuracy of AR test as predictor of in vitro fertility
among bulls is questionable when is used among different breeds.
7. Morphological quality of oocytes and maturation protocols
affect the chromosomal abnormality rates of the subsequent I[VP

cattle embryos.
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8. Oocyte maturation protocols currently used in in vitro
cattle embryo production could be optimized to minimize the
appearance of chromosomal abnormalities on the subsequent

produced embryos.
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Current conservation programs for endangered species have been widely benefited
from the use of modern assisted reproductive techniques. However, at the present time,
there is little information available regarding the use of locally adapted cattle breeds on
IVF programs, and even less about their sperm behavior. The aims of this study were to
{1} evaluate standard acrosome reaction (AR} protocols in cryopreserved semen doses
of Andalusian endangered cattle breeds, and (2} investigate the effect of breed, culture
medium supplementation and incubation time on AR test results, To this end, 80 frozen
semen doses [rom 16 bulls {5 semen samples per bull) of five dilferent cattle breeds
(3 Berrendo en Colorado, 6 Berrendo en Negro, 2 Cardena Andaluza, 1 Pajuna and 4
Retinta) were in vitre incubated in three test media {Heparin, BSA or their combina-
tion}, using Sp-TALP as a control, to induce in vitro AR. The percentage of acrosome-
reacted spermatozoa was evaluated using fluorescence techniques (FITC-PNA and
Propidium lodide} at four time-points {0, 30, 60 or 120 min.). Throughout the whole
experiment, spermatozoa incubated with a combination of both supplements (Heparin
and BSA) showed significantly (P <0.05) higher results than those processed with
Heparin or BSA alone. In contrast, the control media (without supplementation) showed
the lowest results. We also found a significant (P < 0.05) influence of cattle breed on the
dynamics of the in vitro induced AR using different protocols. Based on our results, we
can conclude that the response pattern of in vitro induced AR depends not only on
culture media and incubation time but alse on the cattle breed. Therefore, all these
factors must be taken in consideration to assess the rate of AR sperm in bulls.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

to grazing conditions (Redero Serrano and Valera Cordoba,
2008). There is ample evidence that livestock breeds and

Extensive cattle production in the Spanish region of
Andalusia is based on autochthonous breeds well adapted
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pepulations evolved over the years in stressful environ-
ments have a range of unique adaptive traits {e.g. disease
resistance, physiological and behavioral adaptations)
which enable them to be productive in these environments
{Mirkena et al, 2010}, Limitations on these breeds usually
are both the low animal number available for reproductive
purposes and the high level of inbreeding existing in their
herds. Current conservation programs for endangered
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species have been widely benefited from the use of modern
assisted reproductive technigues, such as the in vitro
embryo technology (IVF) {Andrabi and Maxwell, 2007;
Solti et al, 2000). However, at the present time, there is
little information available regarding the use of locally
adapted cattle breeds on IVF programs and even less about
their sperm behavior (Teixeira et al., 2011).

Recently, Hoflack et al (2006) has recommended a
routine semen evaluation consisting of semen volume, sperm
concentration, motility and meorphology prior to include
semen donor bulls inte an assisted reproduction program.
However, it has been demonstrated that bulls with good
sperm motility parameters can have a reduced fertilization
capacity due to a failure of the acrosome reaction of sperm
(Lessard et al, 2011}, It may suggest that the classical semen
parameters might not be enough to assess the fertilizing
capacity of a semen sample. Previous studies have suggested
the use of in vitro acrosome reaction (AR) test as a valuable
tool to predict both field fertility (Birck et al., 2010; Waberski
et al, 1999) and in vitro fertilizing capacity of semen in cattle
(Costa er al, 2010; Maolnarova et al, 2006).

Those procedures to induce AR are date back a long
time {Parrish et al,, 1988). Likewise, heparin and bovine
serum albumin {BSA) have been widely used as AR
inducers, mainly due to their neutral effect on the oocyte
and sperm vitality (Parrish et al., 1999). Interacting with
these compounds, the incubation time also has an impor-
tant role in AR tests (Pavlok et al., 2001}, In fact, it has
been widely demonstrated that the percentage of
acrosome-reacted spermatozea increases during the incu-
bation time (Hochi et al, 1996; Parrish et al, 1988)
However, to our knowledge, there are no studies on the
acrosome reaction-inducing activity of either heparin, BSA
or their combination in Spanish endangered cattle breeds.

The aims of this study were therefore to {1} evaluate
standard AR protocols in cryopreserved semen doses of
Andalusian endangered cattle breeds, as a condition for its
potential use in IVF programs, and (2} investigate the
effect of breed, culture medium supplementation and
incubation time on AR test results.

2. Materials and methods
2.1, Semen samples

In total, 80 frozen semen samples from 16 bulls (5
semen samples per bull} of five Andalusian endangered
native breeds: 3 Berrendo en Colorado (BC), 6 Berrendo en
Negro (BC), 2 Cardena Andaluza (CA}, 1 Pajuna (PA) and 4
Retinta (RE) were analyzed in this study. Semen collection
and freezing were performed at the Animal Reproduction,
Selection and Conservation Center—CENSYRA, {Badajoz,
Spain), as described by Januskauskas et al. {1996). Only
samples with acceptable post-thawing viability and maori-
lity ( > 40% viable sperm and = 50% progressively motile
sperm;) were used in this experiment (Birck et al., 2010).

2.2. Sperm selection

Frozen semen doses were thawed in a water bath at 37 °C
for 1 min. Viable spermatozoa were selected by “Swim Up"

method as described previously by Shamsuddin et al. (1993}
Briefly, aliquots of 500 pl of semen were carefully placed al
the bottem of a 2 ml tube containing 1 ml of equilibrated
Sp-TALP medium (Sp-T, Caisson Laboratories, USA) and
incubated for 1h at 39°C, in a 5% CO, atmosphere. After
incubation, 1 ml upper fraction was collected and mixed with
5 ml of equilibrated Sp-T in a conical tube and centrifuged
(150g, 10 min. at 24 °C). The supernatant was discarded and
the sperm pellet was resuspended in 3ml of Sp-T and
centrifuged again (150g, 10 min at 24 °C). Thereafter, the
sperm pellet was transferred to a clean conical tube contain-
ing Sp-T medium.

2.3, Acrosome reaction stalus

Acrosome integrity was assessed as described by Cheng
et al. {1996}, with minor medifications. In brief, aliquots
(50 ul) of semen samples were diluted in PBS to a fina
concentration of 25 x 105 spermatozoa/ml. Droplets {10 pl’
of the sperm sample smeared onto a microscopic slide were
air dried, fixed, and penmeahilised with 70% {v:v) ethanaol for
30 5. A mixture of 10 pl of propidium iodide (0.1 mg/mL} and
20 ul of isothiocyanate-labeled peanut (Arachis hypogoea
agglutinin (0.1 mg/ml} was then spread over each smear
Slides were incubated in a dark and moist chamber at 4 °C for
30 min. They were subsequently rinsed with excess deio-
nized water at 4°C mounted with 10 pl of VECTASHIELD™®
Mounting Media (Vector Laboratories Ltd, Peterborough
United Kingdom), covered with a coverslip, and sealed with
nail polish. A total of 100 spermatozoa were counted per
slide under 400« magnification with an epifluorescence
microscopy (Reichert-Jung Polyvar, Austria) using a BP 460-
490 nm excitation filter. Two sperm subpopulations were
identified: (1) spermatozoa displaying intensively greer
fluorescence of the acrosomal cap indicated an intact oute)
acrosomal membrane, and (2) spermatozoa displaying dis-
rupted, patch-like, fluorescence of the acrosomal cap indi-
cated the process of vesiculation and breakdown of the acro-
somal membrane, or spenmatozoa displaying a fluorescent
band at the equaterial segment or no fluorescence indicated
residues or a complete loss of the outer acrosomal mem-
brane, respectively. Values were expressed as percentages.

24. Experimental design

Eighty frozen semen samples from 16 bulls (5 semer
samples per bull} of five different endangered breeds (3
BC, 6 BN, 2 CA, 1 PA and 4 RE} were used in this study
Swim up selected spermatozoa were incubated at 38 *Cir
a 5% CO; atmosphere, in four different culture media: Sp-
TALP medium (Sp-T; Caisson Laboratories, USA}, Sp-TALF
medium supplemented with 0.6% BSA (Sigma Aldrich
Spain, A3311) (Sp-TB), Sp-TALP medium supplemented
with 10 pgiml of Heparin (Sigma Aldrich, Spain, H3149,
{Sp-TH}, and Sp-TALP medium supplemented with 0.6%
BSA and 10 pg/ml of Heparin (Sp-TBH). Finally, aliquots
were collected at 0, 30, 60 and 120 min. and stained fo1
AR evaluation. Five replications were made.

2.5. Statistical analysis

A three-fixed factor design was performed: animal breec
(BC, BN, CA, PA and RE}, culture media {Sp-T, Sp-TB, 5p-TH
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and Sp-TBH) and incubation time (TO, T30, T60 and T120).
Data were tested for normal distribution using the
Kolmogorov-Smirnov test prior to ANOVA, and analyzed
using the General Lineal Model (GLM]} procedure of the
Statistical Analysis Systems software (SAS Institute Inc.,
Cary, NC). Individual factors and breed-culture medium,
breed-time and time-culture medium interactions were
also evaluated, taking into account the imhbalance between
the number of bulls among breeds. Duncan's Multiple
Range procedure was performed to test differences among
means. Data were significant at P < 0.05.

For each culture media and breed combination, the
orthogonal contrast test was performed in order to
analyze the interaction hetween the main effect and the
interaction effects of the AR status over time.

Table 1

Effect of the cattle breed on the in vitro induced AR test in bull spermatozoa.

3. Results

Significant (P < 0.01) effects of breed, culture medium
and incubation time on AR-status were found. Moreover,
significant (P = 0.01) interactions among all these factors
were found. For this reason, each independent variable
(breed, culture medium or incubation time) was then
analyzed based on the other two.

3.1. Effect of the breed on the in vitro induced AR

As shown in Table 1, in vitro-induced AR in bull sperm
in response to different culture media and incubation
time varied significantly (P<0.01) depending on the
breed. The in vitro AR-induced by Sp-TH was consistent

IT Breed Culture media
spT Sp-TB Sp-TH Sp-TBH

T30 BC 7.07 +0.34° 7.53 +0.35% 11.33 +0.44% 14,33 +0.30°
BN 513+ 0.20* 9.00 +0.29% 12,40 +0.28° 13.97 +0.24°
CA 480+ 0.20* 640+ 0374 8.10 +0.28* 12,40 + 0.37*
PA 580+ 073 7.60 -+ 0.68% 10,40 +0.51° 1540+ 0.51%
RE 7.53+041° 9.73 +043" 1160 +0.35" 17.80+ 0.74°

TEO BC 820+ 0.20° 13.80 + 0.38%° 14,00 + 0.45% 19.73 + 0.45%
BN 667 + 0,190 14,63 + 0.20°F 229340347
CA 590+ 0.28% 13.20 4 0.68% 13.80 + 0.59* 00 + 0.56°
PA 840+ 0.40° 1920+ 0.37¢ 17.00 +0.45° 28,00 £0.84°
RE 7.07 +0.33% 1473 +0.28° 15.93 + 0.37% 23.13 + 0.48*

T120 BC 9.07 + 0.28% 18.00 + D.44" 2073 +0374 27.47 + 0,387
BN 11.30 + 0.29° 2033 4 0,220 23.30 +0.32° 3273 + 0,340
CA 870+ 0300 20,60 + 0.45° 22.80 £042° 28.10 % 0.35%
PA 10,40 + 0.51° 22204037 2040 + 0.68% 38.20 % 1.027
RE 920 + 0.34* 20,40 + 0.40° 21.87 + 043 36.27 + 0.64°

Culture media (CM): 5

T:5p-TALF; Sp-TB:Sp-TALP+ BSA; Sp-TH:Sp-TALP -+ Heparin and Sp-TBH:Sp-TALP-+ BSA+ Heparin. Incubation time (1T} T30:

30 min; TE0: 60 min and T120: 120 min. Breed: BC: Berrendo en Colorade; BN: Berrendo en Negro; CA: Cardena Andaluza; PA: Pajuna and RE: Retinta.
Values indicate the percentage of live acrosome-reacted spermatozoa expressed as mean + 5.E On each block, values with different letters (A, B, Cand D)

are significantly different (P < 0,053, Duncan's test}

Table 2
Effect of the culture media on the in vitre induced AR in bull spermatozoa,

T o] Cattle breed
BC BM CA PA RE

T30 7.07+0.34* 5.13+0.20" 4.80+ 0,29 5.80+073% 7.53 £ 0.41%
7.53+0.35" 9.00+0.29% 640+ 0.37% 7.60+ 0.68" 9.73 +0.43%
11.33 + 0.44° 1240+ 0.28° 810+ 0.28° 1040+ 051" 11,60+ 0.35°
14.33 + 0.30° 13.97 + 0.247 1240+ 0.37° 15,40 + 0.51° 17.80 4 0.74°

TE0 8.20+0.20" 6.67+0.19" 5.90+0.28" 840+ 040" 7.07 £0.33*
13.80+0.38° 1450+ 0.32% 13.20 + 0.68° 19.20 + 0.37° 14.73 + 0.28"
14.00 + 0.45° 14,63 + 0.29° 3.80+ 0.59° 17.00 + 0.45° 15.93 + 0.37°
19.73 + 045° : b 0345 .00 + 0,565 28,00 + 0,847 23.13 + 0,487

Tiz20 9.07 + 0.28" 11.30+0.29" 8.70 + 0.30" 1040+ 0.51% 9.20 + 0.34"
18.00 4 0445 2033 4+ 0228 2060 4 0.45% 2040 4 037" 2040 4+ 0.40%
20073 1037 23304 0.32° 22804 0.42° 22.20 4 0.68% 21.87 + 0.68°
27.47 +0.38° 3273+ 039" 28104+ 0.35° 38.20 4 1.02° 36.27 + 0,437

Culture media (CM): Sp-T:Sp-TALP; Sp-TB:Sp-TALP+B5A; Sp-TH:5p-TALP+Heparin and Sp-TBH:S5p-TALP+BSA -+ Heparin. Incubation time (IT): T30:
30 min; TE0: 60 min and T120: 120 min. Breed: BC: Berrenda en Colorade; BN: Berrendo en Negro; CA: Cardena Andaluza; PA: Pajuna and RE: Retinta.
Values indicate the percentage of live acresome-reacted spermatozoa expressed as mean + 5.E On each block, values with different letters (A, B, Cand D)

are significantly different (P < 0.05, Duncan's test).
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Fig. 1. Two-way (breed versus culture media) orthogonal contrast analysis of results obtained in the acrosome reaction test of frozen-thawe
semen samples. The percentage of acrosome reacted spermatozoa fits to a linear function over time in all analyzed breeds (full line, P<0.01}%
these breed media combinations (Sp-TB for BC, BN, CA and RE: Sp-TH for CA; and Sp-TBH for CA) were also fitted te a quadratic mode (do
FP<=005). Culture media: Sp-TE:Sp-TALP+BSA; S5p-TH:Sp-TALP+ Heparin and Sp-TBH:Sp-TALP -+ BSA+Heparin. Breed: BC: Berrendo en Color,
Berrendo en Negre; CA: Cardena Andaluza; PA: Pajuna and RE: Retinta,
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over time only in Retinta bulls (high mean AR values at
T30, T60 and T120). For all the other breeds, a random
pattern was observed for in vitro-induced AR.

3.2. Effect of the culture media on the in vitro induced AR

The percentage of induced AR for each culture medium
is shown in Table 2. The AR status induced by each culture
medium depends on both the breed and the incubation
time, with exception of Sp-TBH. This culture medium
showed the higher number of reacted sperm cells instead
of breed and incubation time (Table 2). At T30 and T120,
AR status was significantly (£ < 0.05) higher in samples
processed with Sp-TH compared with control medium
(Sp-T} and Sp-TB, except for Pajuna bulls at T120. How-
ever, at TGO, there was no significant (P =- 0.05) differences
between 5p-TH and Sp-TB for BC, BN and CA

3.3, Effect of the incubation time on the in vitro induced AR

A positive trend was observed between AR status and
incubation time regardless of the breed or the culture
medium (Fig. 1). A significant (P < 0.01} linear relationship
between in vitro induced AR in all breeds and culture
media was shown by the orthogonal contrast analysis.
However, some of these breed-media combinations {Sp-TB
for BC, BN, CA and RE: Sp-TH for CA: and Sp-TBH for CA)
were also fitted to a quadratic model.

4. Discussion

Effective IVF still needs as a prerequisite a good
funcrional starus of spermatozoa which must retain their
ability to complete the acrosome reaction in a timely
manner. The inability of spermatozoa (o undergo the AR
affects the male fertilizing potential under both in vive
and in vitro conditions, and may play a decisive role in
unexplained low fertility {Birck et al., 2010} It has been
previously demonstrated in several species that the per-
centage of the in vitro-induced AR is significantly lower in
subfertile animals compared with fertile animals {Herrera
et al., 2002; Meyers et al., 1996; Whitfield and Parkinson,
1992}, For this reason, the study of this trait becomes
important for high genetic value animals.

In general, the incidence of AR oblained in vitro in the
current study is in consonance with those obtained by
previous authors (Birck et al., 2010; Costa et al, 2010;
Januskauskas et al, 2000; Parrish et al, 1988; Somfai
et al, 2002), indicating that doses of semen stored at
Andalusian Genetic Bank responded satisfactorily (o
in vitro AR test. We also ohserved that the incidence of
spontaneous AR at Oh was on average 6% This result
means that membrane damage due to freezing procedure
was low in all studied samples, and thus they could be
used in IVP programs (Kureda et al, 2007). According
with Coy et al. (2002}, spontaneous acrosome-reacted
spermatozoa are considered to be unable to fertilize
vocyles. Moreover, the proportion of viable, uncapaci-
tated spermatozoa present in semen has been previously
shown to positively correlate with fertility in frozen-
thawed semen samples (Thundathil et al., 1999} and

may explain the appearance of clinical subfertility in
cattle (Kuroda et al., 2007).

It is worth noting that the heparin added to culture
medium increased the percentage of acrosome reacted
spermatozoa in all studied breeds, as well as a synergistic
effect was observed when heparin and BSA were added to
culture medium (Sp-TBH). As documented by several
authers (Arangasamy and Singh, 2007; Dapine et al., 2006;
Parrish et al, 1988; Rodriguez et al,, 2012}, heparin has been
shown to play a key role on in vitro sperm capacitation.
Their initial contact with sperm induces the acrosome
reaction by reorganizing membrane lipid domains, displa-
cing spermatozoa surface proteins (Miller et al, 1990}
stimulating the efflux of cholesterol and phospholipids,
and increasing intracellular levels of calcium, pH and cAMP
(Breininger et al, 2010). Mareaver, cholestercl efflux has
been identified as a fundamental proccess in the sperm
acrosome reaction, resulting in an increase of the plasma
membrane inestability (Cross, 1998). On the other hand,
BSA assists in that process accepting cholesterol released by
spermatozoa when it undergoes into AR {Kharche et al,
2009; Visconti and Kopf, 1998). In this sense, it has been
previously demonstrated that the penetration rate of bovine
oocytes processed in a protein free media was significantly
lower than that obtained with BSA-supplemented media
(Smetanina et al., 2006).

An unexpected result was that in vitro AR induced by
the same incubation protocol was significantly different
depending on the breed, suggesting differences between
breeds in the response to AR test within cattle species.
Although it has been previously demonstrated the influ-
ence of several paternal factors, such as male (Katska and
Smorag, 1996; Ward et al,, 2001}, age {(Ward et al., 2002},
breed (Soderquist et al, 1996), species (Pontes et al,
2010}, and semen collection method {Garcia—ﬁlvarez
et al., 2009} on IVF cutcomes, this is the first attempt to
assess the effect of cattle breed on induced AR results.
Early reports suggest that the ability of spermatozoa to
undergo AR in vitro may be a useful method for predicting
the result of IVF in cattle (Costa et al., 2010; Giritharan
et al., 2005; Mukhopadhyay et al., 2008). In fact, AR status
has been previously used as predictor of both freezability
{Malnarova et al,, 2006} and in vivo fertility (Birck et al.,
2010; Collin et al., 2000; Giritharan et al., 2005) in cattle.
However, it has been widely demonstrated that in vitro AR
rates depend on both the incubation time (Dode et al,
2002; Fukui et al., 1990; Cliedt et al., 199G; Pavlok et al.,
2001} and the culture medium (Januskauskas et al., 2000;
Sharma et al., 1999; Vadnais et al., 2005). Our results are
consistent with these previous observations, showing a
clear interaction between culture medium and incubation
time. However, these factors exerted differential effects
on the AR status of bull spermatozoa for each of the
studied breeds. This can partly be explained by breed
differences in plasma membrane composition of bull
spermatozoa (Casali et al.,, 1985). Due to this, the calcula-
tion of cattle fertility index from the outcome of AR test as
suggested by previous authors (Costa et al, 2010;
Maolnarova et al., 2006; Mukhopadhyay et al,, 2008} could
not be recommended due to the effect exerted by breed,
incubation protocol, and their interactions on the AR
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status of bull spermatozoa. MNevertheless, low AR rates
could be a cause of unexplained infertility (Lessard et al,,
2011).

In conclusion, our results suggest that doses of stored
semen of Andalusian cattle breeds respond satisfactorily
to in virro AR test, so thar they could be used in future IVF
programs. The response and pattern of the in vitro AR-
induced depend not only on culture medium and incuba-
tion time but also on the cattle breed. Therefore, all these
factors must be laken in consideration to assess the rate
of AR sperm in bulls. Further experiments are needed to
validate AR test protocols in different cattle breeds for its
use as an accurate predictor of in vitre fertility and as a
valuable tool for calculating a fertility index (ranking}
ameong bulls of different breeds.
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Abstract, Chromosomal aberrations are one of the major causes of embryo developmental failures in mammals, The
ocewrrence of these types of abnormalities is higher in in vitro-produced (IVP} embryos. The aim of the present study was
to investigate the effect of cocyte morphology and maturation conditions on the rate of chromosomal abnormalities in
bovine preimplantational embryos. To this end, 790 early cattle embryos derived from oocytes with different
morphologies and matured under different conditions, including maturation period (24 v. 36h) and maturation media
(five different serum supplements in TCM-199), were evaluated eytogenetically in three sequential experiments. The rates
of normal diploidy and abnarmal haploidy, polyploidy and aneuploidy were determined in each embryo. Throughout all
the experiments, the rate of chromosomal abnormalities was significantly (£ <0 0.05}) affected by cocyte morphology and
maturation conditions (maturation time and culture medium). Lower morphological quality was associated with a high rate
of chromosome abnormalities (# < 0.05). Moreover, polyploidy was associated with increased maturation time
(P ="0.01}, whereas the maturation medium significantly (P < 0.05} affected the rates of haploidy and polyploidy. In
general, supplementing the maturation medium with oestrous cow serum or fetal calf serum resulted in higher rates of
chromosomal aberrations (P < 0.05) compared with the other serum supplements tested (bovine steer serum, anoestroues
cow serum, bovine amniotic fluid and bovine serum albumin}. On the basis of the results of the present study, we conclude
that the morphological quality of cocytes and the maturation conditions affect the rate of chromosomal abnormalities in
IVP bovine embryos.

Additional keywords: aneuploidy, cattle, chr analysis,
embryos, maturation time, polyploidy, serum supplementation.

al failures, in vitro produced (IVP)
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Introduction

The past decade has seen constant improvements in the bovine
IVF industry. At present, in some countries the number of in vive
and i vitro-produced (IVP) embryos is similar (Pontes et al.
2010). However, despite the considerable research undertaken
in recent years, the overall efficiency of the IVP of caitle
embryos remains low: only 30% of cultured oocytes reach the
blastocyst stage (Lonergan 2007). It is well known that in vivo-
derived embryos have a higher quality and viability to term than

Temmmal commilation @ CSTRO 2017

those produced by IVM, IVF and culture (Ulloa Ulloa er al.
20084), even when the same donor cow is used (Pontes ef al.
2009). Although the causes of this inefficiency are likely to be
numerous and complex, the morphological quality of the cocyte
at the beginning of the IVP process and the cocyte maturation
protocols have been reported as major contributing factors.
In this sense, it has been demonstrated that oocytes with a higher
morphological quality (Class A and B) exhibit improved
developmental rates to term in the subsequently formed

s marhligh cgimo anfionmal efrfid
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embryos (Hawk and Wall 1994). Furthermore, maturation
media (Bilodeau-Goeseels 2006; Rity ef al. 2011), maturation
protocols (Yang ef a/. 1993) and serum supplementation (Fukui
and Ono 1989; Pereira ef al. 2010} have also been reported as
potential causes of differences between in vivo-produced and
IVP embryos. Thus, different in vitro oocyte maturation media,
maturation protocols and media supplements are constantly
being developed and tested to better meet the oocyte metabolic
requirements as close to the ideal in vive situation (Rizos et al.
2002; Purpera ef al. 2009).

Many factors have been reported as causes of the increased
developmental failure of IVP embryos (Van Soom ef al. 2007).
Of these, chromosomal abnormalities are thought to be a major
contributor to developmental failure, having been associated
with reduced developmental potential (King er al. 2006},
impaired embryo viability (Kawarsky et al. 1996} and embry-
onic death and abortion (King 1990). In cattle, it has been
reported that I'VP embryos have a higher rate of chromosome
abnormalities than their in vive counterparts (Viuff er af. 1999).
Similar results have been reported for the pig (Ulloa Ulloa ef al.
2008a), horse (Rambags et al. 2005), goat (Villamediana et al
2001} and sheep (Alexander et ol 2006). It has been demon-
strated that the percentage of chromosomal abnormalities
appears to be significantly influenced by the maturation
environment of the oocytes (A’arabi et al. 1997), as well as
post-fertilisation culture conditions for IVP embryos (Lonergan
ef al. 2004).

Currently, it is not possible to evaluate the chromosomal
complement of matured ooeytes prior to fertilisation in the IVF
laboratory by simple and non-invasive techniques (Coticchio
et al. 2004), Therefore, cocytes with normal maturation para-
meters can have an abnormal chromosomal composition, pro-
ducing higher rates of fertilisation failures and development
impairment. Despite the potential economic impact on livestock
production, only a few cytogenetic studies of IVP embryos have
been performed (Vinff et al. 1999; Jakobsen et al. 2006; Ulloa
Ulloa et al. 2008; Garcia-Herreros ef al. 2010). Moreover, these
studies did nat investigate the contribution of cocyte quality and
maturation environment to these alterations.

Therefore, the aim of the present study was to examine the
effects of oocyte morphological quality, oocyte maturation
time, and cocyte maturation medium (serum supplementation}
on the incidence of chromosomal abnormalities in IVP early
bovine embryos.

Materials and methods
Medlia and reagents
Unless indicated otherwise, chemicals were purchased from
Sigma-Aldrich (Madrid, Spain}. Percoll was purchased from GE
Healthcare (Madrid, Spain}, Nuneclon plastic dishes were
obtained from Thermo Fisher Scientific (Madrid, Spain} and
sterilisation filters used for the culture media were purchased
from Millipore (Madrid, Spain). Oocytes and embryos were
manipulated with 20-pl. micropipette tips purchased from
Eppendorf Iberica (Madrid, Spain}.

Qestrous cow serum (ECS) was obtained as described
previously (Ocafia-Quero ef al. 19995). Briefly, sterile complete

5. Demyda-Feyvras ef al.

blood samples were collected by jugular venipuncture of six
oestrous cows. Serum was obtained by centrifuging pooled
bleod samples at 200g for 15 min at room temperature (RT),
followed by heat inactivation (56°C, 30min) and sterilisation
through a 0.22-pm membrane filter. Serum aliquots (1 mLL} were
frozen and stored at —20°C until use. Anoestrous cow serum
(ACS) was obtained using the same protocol following the
collection of blood samples from six anoestrous cows.

In vitro embryo production

Bovine embryos were produced as described previously
(Ocafa-Quero ef al. 1999ag), with some modifications, as
detailed below.

Coliection of ovaries and oocytes and IVM

Ovaries were collected from cows that had been killed in a
local abattoir and were transported to the laboratory within 2 hof
collection. The ovaries were washed three times in warm
physiological saline solution (38.5°C) supplemented with kana-
mycin (25mgmL~"). Cumulus-cocyte complexes (COCs)
were obtained from follicles that were 4-8 mm in diameter by
aspiration with an 18-gauge needle and placed into a 15-mL
conical tube with 2 mL warm H-TALP medium (38.5°C; Parrish
ef al. 1986). After 1h sedimentation at 38.5°C, oocytes were
poured on Petri dishes and examined under a stereomicroscope
with a warm plate (38.5°C). In Experiment 1, oocytes were
classified according to their morphology into one of four groups
(Class A, B, C or D} according to Cetica et af. (1999} and Hawk
and Wall (1994). Based on the outeome of Experiment 1, and to
eliminate the possible detrimental effect of morphological
quality, only Class A cocytes (compact, intact cumulus cell
layers and good morphology) were used for Experiments 2 and
3. Selected COCs were washed twice in H-TALP and cultured
for 24h at 38.5°C in 5% CO, in groups of 100 in 500pL
modified bicarbonate-buffered TCM-199 medium supple-
mented with 10% fetal calf serum (FCS), 0.4mM glutamine,
0.2 mM sodium pyruvate, 25 pg mL 1 FSH, 6.25 pgml TLH,
2 |1;_.;rn'f._1 oestradiol and 50mg mL™! gentamicin.

Sperm capacitation and IVF

Frozen semen straws from different bulls of the Retinta
breed, with a history of proven fertility, were thawed in a water
bath at 38°C for 1 min. Viable spermatozoa were selected by
centrifugation through a discontinuous Percoll gradient (45%
and 90% (v/v} in Sp-TALP; Parrish ef of. 1986) and washed
twice in warm equilibrated Sp-TALP medium (38.5°C).
Spermatozoa were adjusted to a final concentration of 1 x 10°
spermatozoa mL™" using IVE-TALP (Parrish et af 1986),
supplemented with limglIl.L_l bovine serum albumin (BSA}
and 100 mgmL ™" heparin. Groups of 60 oocytes were washed in
500 pL equilibrated IVF-TALP and incubated with spermatozoa
for 20-24 h at 38.5°C in 5% CO,.

Culture of zygotes

After 20-24 h incubation, groups of 100 presumptive zygotes
were denuded by wvortexing in 15-mL tubes for 3min.
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Thereafter, they were transferred to synthetic oviducal fluid
(SOF), supplemented with BME 50X amino acid solution
(B6766, Sigma Aldrich), MEM 100X non-essential amino acid
solution (M7145, Sigma Aldrich} and 5% (w/v) FCS, and
cultured in 50-uL droplets under mineral oil in groups of 25
for 72 h at 38.5°C in 5% CO,.

Chromosome preparation

Chromosome preparations were established according to our
standard method (Ocafia-Quero et al. 1999a). At the end of the
culture period, colchicine (0.1 pg mL ") was added to the cul-
ture medium and embryos were cultured for up to a further 6 h.
The embryos were then placed in 500 pL. hypotonic solution of
0.88% (w/v} tri-sodium citrate for 45-60min. Thereafter,
embryos were fixed in approximately 500 pl. Camoy’s 1:1
fixative (one part acetic acid:one part methanol) for 10 min
before being placed in 3:1 Camoy’s fixative overnight. Each
embryo was then fixed onto a clean glass slide and the blas-
tomeres were separated using acetic acid (100%, v/v). Each
nucleus was spread by dropping several drops of Carmoy’s 1:1
fixative. Samples were air dried and stained with 5% Giemsa
solution for 10min. Only those blastomeres containing an
analysable metaphase (intact and non-overlapping chromo-
somes) were assessed at x 1250 magnification under an optical
microscope (Reichert-Jung Polyvar, Austria).

Cytogenetic critéria

Only embryos with more than one analysable metaphase were
included in the present study. Embryos with 60 chromosomes in
all countable metaphases were defined as nommal diploid
(21 =60). Those in which all analysable metaphases contained
30 chromosomes were defined as haploid. If the embryo had
more than two sets of chromosomes (3n = 90 or 4n = 120} inall
blastomeres, it was defined as polyploid. Finally, those embryos
with an abnormal chromosomal number were defined as
aneuploid.

Experimental design

Experiment 1

The aim of this experiment was to determine the effect
of morphological oocyte quality on the appearance of chromo-
somal abnormalities in early IVP bovine embryos. In all, 249
oocytes were classified into of four groups (Class A, B, C or D}
on the basis of a subjective assessment of their quality, as
described previously by Hawk and Wall (1994). Qocytes were
fertilised, cultured and analysed cytogenetically as described
above.

Experiment 2

The aim of this experiment was performed to determine the
effect of oocyte maturation time on the appearance of chromo-
somal abnormalities in early IVP bovine embryos. In this
experiment, 157 embryos derived from Class A oocytes identi-
fied in Experiment 1 were matured for either 24 or 36h
Thereafter, oocytes were fertilised, cultured and analysed cyto-
genetically as described above.
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Experiment 3

This experiment was performed to determine the effect of
different serum supplementation strategies during in vitro
oocyte maturation on the per of chre 1 abnor-
malities observed in IVP early bovine embryos. In this experi-
ment, 384 embryos derived from Class A oocytes were produced
as described previously. Qocytes were matured in one of six
groups, consisting of TCM-199 medium supplemented with:
(1) 10% ECS (n=62); (2) 10% FCS (n=159; F2442; Sigma
Aldrich); (3) 10% ACS (= 59); (4) 10% bovine amniotic fluid
(BAF; n= 60; A5130; Sigma Aldrich); (5) 0.6% (w/v) BSA
(n="T4); and (6) 10% bovine steer serum (BSS; n = 70; A9433,
Sigma Aldrich), used as a control. After maturation, oocytes
were fertilised, cultured for a period of 72h and analysed
cytogenetically as described above.

Statistical analysis

Data were analysed by the Chi-squared test using SAS software
(SAS Institute, Cary, NC, USA). Differences among treatments
were evaluated using a two-tailed Z score test. P<<0.05 was
considered significant.

Results

Qocyte morphological quality, oocyte maturation time and
serum  supplementation were found to have significant
(P < 0.05) effects on the percentage of abnormal chromosomal
complements across all embryos analysed.

Experiment T

There was a significant (P << 0.05) relationship between oocyte
quality and the ploidy of the resulting embryos (Table 1}. The
number of normal diploid embryos increased significantly
(P << 0.05) with increasing morphological quality of the cocyte.
Therefore, the lowest percentage of total chromosomal abnor-
malities (£ < 0.05) was observed only in embryos derived from
oocytes of superior quality (Class A). When each type of
chromosomal abnormality was analysed separately, the highest
percentage of haploidy (P < 0.05) was observed in embryos
derived from Class C and D oocytes. Similarly, the percentage
of polyploid and aneuploid embryos was significantly
(P = 0.05) lower for those derived from Class A oocytes com-
pared with those from Class B, C and D oocytes.

Experiment 2

Chromosomal abnormality rates were significantly (P < 0.01)
higher in cocytes matured for 36 h than in those matured for 24 h
(Table 2). Interestingly, only polyploidy rates differed signifi-
cantly (P<-0.01) between treatments and no significant
(P = 0.05) differences were found between the rates of the other
types of chromosomal abnormalities (i.e. haploid and aneu-
ploid} and oocytes matured for different times (24 vs 36h).

Experiment 3

Supplementation of the maturation medium with different sera
had a significant (P<0.05) effect on the incidence of
chromosomal abnormalities of [VP bovine embryos (Table 3).
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Table 1.  Analysis of the chr 1 pl of Day 3 in vitro-p d bovine embryos derived from oocytes classified on the basis of their
morphological quality
Within a row, values with different ipt letters differ si (P < 0,05, two-tailed Z-score test)

Oocyte quality Total no. embryos No. normal diploid No. abnormal embryos (%)

analysed embryos (%) Tatal Haploid Polyploid Aneuploid
Class A 60 56° (93.33) 45 (6.6T) 1™ (1.67) 2*(3.33) 1* (1.67)
Class B 65 53" (81.54) 12° (1846) 2% (3.08) 6 (9.23) 4" (6.15)
Class C 61 45™(73.1T) 6 (26.23) 6 (9.84) 6 (9.84) 4 (6.56)
Class D 63 39° (61.90) 24° (38.10) 10° (15.87T) £ (12.70) 6 (9.52)
Table 2. Analysis of the 1 it of Day 3 in vitro-y d bovine embryos derived from oocytes matured for either 24 or 36 h

Witkin a row, values with different uppercase superscript letters differ significantly (P < 0.01, expected proportion test); values with different lowercase
superscript letters differ significanly (P < 0,05, two-tailed Z-score test)

Duration of oocyte No. embryos No. normal diploid No. abnormal embryos (%)

maturation analysed embiryos. (%) Total Haploid Polyploid Aneuploid

24h 77 714 (92.21) 6% (7.79) 2°(2.60) 3* (3.90) 17 (1.30)

36k 80 &0% (75.00) 20" (25.00) 6 (7.50) 125 (15.00) 2" (2.50)

Table 3. Analysis of the ch 1] pl of Day 3 in vifro-produced bovine embryos derived from oocytes matured in different
calture media

Within a row, values with different sup ipt letters differ significantly (P < 0,05, two-tailed Z-score test). BSS, bovine steer serum; ACS, anoestrous cow

serum; BAF, bovine amniotic fluid; BSA, bovine serum albumin; FCS, fetal calf serum; ECS, oestrous cow serum

Culture medium MNo. embryos analysed No. normal diploid

No. abnormal embryos (%)

supplement embryos (%) Total Haploid Polyploid Aneuploid
BSS 70 66° (94.29) 45(5.71) 2 (2.86) 1" (1.43) 1" (1.43)
ACS 59 54*(91.53) 5°(847) 17 (1.69) 3 (5.08) 1 (1.69)
BAF 60 54 (90,00) 6" (10.00) 2"(3.33) 2"(333) 2°(3.33)
BSA 74 66° (89.19) 8" (10.81) 5 (6.76) 3 (4.05) 0% (0.00)
FCS 59 46%4 (77.97) 13% (22.03) P (8.47) 6 (10.17) 2°(3.39)
jile] 62 37¢ (59.68) 25%(40.32) 11%(17.74) 12 (19.35) 2% (3.23)

In general, the use of ECS or FCS resulted in higher rates of
chromosomal abnormalities (P < 0.05) compared with the other
serum supplements. Moreover, the rates of haploidy and poly-
ploidy were significantly (P < 0.05) higher in embryos matu-
rated in the presence of ECS. However, there were no significant
(P =0.05) differences in the rate of aneuploidy between the
different supplement groups.

Discussion

Chromosomal abnormalities have been suggested as a major
cause of failure of VP embryos (King ef al. 2006). It appears
that the mncidence of these abnormalities is influenced by the
method of embryo handling used during these procedures, as
well as the suboptimal culture environment in which the
embryos must develop (King er al. 2006). In the present study,

we evaluated the effects of cocyte quality and their IVM envi-
ronment on the chromosomal make-up of the subsequent
embryos. The results indicate that an initial poor oocyte quality,
as well as suboptimal maturation conditions, result in a higher
rate of chromosome abnormalities at the earliest stages of
embryonic development.

Experiment 1 in the present study was undertaken to deter-
mine the importance of oocyte morphology in the incidence of
chromosomal abnormalities in subsequent embryos. It has been
reported previously that the initial oocyte quality has a consid-
erable impact on early embryonic survival, as well as the
establisl it and mai of preg y (Krisher 2004).
In the present study, the rate of chromosomal abnormalities in
embryos was significantly affected by the morphological quality
of the oocytes. Other studies have also reported that maturation
rates and embryo development are strongly related to the
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original morphology of the cocyte (Long et al. 1994; Blondin
and Sirard 1995). However, to our knowledge, no previous
studies have evaluated the chromosomal composition of embry-
os derived from specific morphological classifications of
ooeytes as possible cause of the losses seen for IVP cattle
embryos. In the present study, higher rates of chromosomal
abnormalities were observed in low-guality cocytes that begin
to multiply after fertilisation (i.e. those with a pale and hetero-
geneous cytoplasm; Class D). This may be due to the fact that
these types of oocytes have a low density of organelles to
support the meiotic process, which leads to higher rates of
meiotic failure (Nagano et al. 2006). Conversely, the lower
incidence of morphologically normal spindles in the low-quality
oocytes results in higher rates of chromosomal gains or losses
during replication (Long et al. 1994}. It has been reported that
the pregnaney rate associated with embryos derived from lower-

de oocytes that have poor cytoplasmic quality (granularity or

liscolouration of the cytopl vacuolisation and incorpora-

tions such as refractile bodies) is fivefold lower than that of
embryos derived from cocytes classified as being of ‘normal’
quality (Ebner ef al. 2003}, It is of note that, in the present study,
high-quality cocytes (Class A) exhibited a lower polyploidy
rate. Recent studies have shown that the incidence of polysper-
mic fertilisation, a major cause of embryo polyploidy, is higher
in low-quality oocytes compared with those with optimal
morphology (Wortzman and Evans 2005). This may be due to
delayed and incomplete exocytosis of the cortical granules
(Wang et al. 1997) or to premature release of cortical granules
from low-quality oocytes (Suzuki ef al. 2003), causing a weaker
block to polyspermy.

In Experiment 2, embryos derived from high-quality oocytes
(Class A) were matured under different conditions (24 or 36 h)
before being eultured in vitro. A higher rate of chromosomal
alterations was observed when oocytes were matured for 36h.
Longer maturation times are known to decrease the percentage
of embryos that reach the blastocyst stage (Gliedt et al. 1996)
and stimulate higher nuclear maturation rates via greater posi-
tive feedback from cumulus cells (Barrett and Albertini 2010).
However, over-maturation for >24h promotes an ‘aging’
effect, with signs of degeneration probably due to the excessive
time in spent a suboptimal maturation environment (Miximo
etal. 2012}, Of note, in the present study only rates of polyploidy
were significantly higher when the maturation time was
increased. This abnormality has been noted as a major cause
of developmental failure for IVP embryos in mammals. Specif-
ieally, it has been suggested that maturation prepares the oocyte
to interact with the fertilising spermatozoon at a particular
moment in time (Dale and Defelice 2011} and, if the cocyte is
not fertilised, the maturation processes continue and the cell
ages, resulting in higher polyspermy rates (Tarin 1996). In a
later study, Tarin er af. (1999) suggested that post-ovulation
aging of oocytes may lead to a series of ultrastructural changes
related to the integrity of the meiotic spindle. Moreover, Tarin
et al. (1999) suggest that these changes may result in higher rates
of failure of extrusion of the second polar body by the cocyte
after sperm penetration, leading to higher polyploidy rates.
Polyspermy is of particular concern, particularly in pig embryos
(Niwa 1993). In the porcine, partial acrosome reaction induced
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by IVF medium and sperm fertilisation doses have been reported
as the primary causes of polyspermy (Funahashi 2003).

Previous studies have demonstrated the effects of the culiure
system on the ploidy of IVM cocytes in humans (Christopikou
et al. 2010} and livestock (Lechniak ef al. 2005; Ueno ef al.
2005; Ocana-Quero e al. 1999b}. Furthermore, the effects ofthe
culture system on oocyte nuclear maturation rates and the
blastocyst yield of IVF-derived embryos have been reported
for goats (Tajik and Esfandabadi 2003), pigs (Ott e al. 2002)
and cattle (Russell er al. 2006; Ocafia-Quero et al. 19995}
A possible explanation for the effects of the culture conditions
may involve triggering of age-related changes in oocytes due to
oxidative damage associated with high cellular metabolism and
genomic instability (e.g. mitochondrial mutations and telomere
shortening) (Pan et al. 2008). This is most likely due to
decreased energy supply from oxidative phosphorylation in
the mitochondria within the oocyte (Eichenlaub-Ritter er al.
2011}. The results of the present study are in agreement with
theses hypothesis, because we found a elear effect of the culture
medium on the ploidy of the embryos. However, it has been
reported that mature oocytes appear fairly normal until the
resumption of maturation, when they form aberrant spindles
(Ebner et al. 2003}, Because we cannot evaluate the chromo-
somal composition and meiotic spindle prior to fertilisation, it
can be assumed that oocytes with a higher level of chromosomal
abnormalities as a result of the suboptimal environmental
conditions (A’arabi ef al. 1997) will produce embryos with a
higher rate of abnormalities that may actually exhibit normal
development at the very early stages (King er al. 2006}.

In Experiment 3, higher rates of chromosomal abnormalities
were observed in the culture medium supplemented with ECS. It
has been reported that the use of ECS results in higher FSH, LH
and cestrogen levels in the maturation medium (Ott er al. 2002).
These hormones have been associated with oocyte aging (Liu
et al. 2011), marked ultrastructural changes to embryonic cells
and higher rates of blastomeric apoptosis (Ott et al. 2002} and
chromosomal abnormalities (Vialard et al 2011). Indeed,
embryos derived from these oocytes can develop aberrant
mitotic spindles, leading to a failure of chromatid migration to
the cell poles during cell division, DNA replication without
associated cytokinesis and, consequently, to an altered ploidy
(Liu and Keefe 2002).

The lack of significant differences in aneuploidy rates in
Experiments 2 and 3 suggests that the maturation environment
(oocyte maturation time and supplementation of the culture
medium) do not have that great an impact on the appearance of
these types of chromosomal abnormalities. In fact, aneuploidy
has been reported to be related mainly to intrinsic factors in
human (Frumkin ef al. 2008) and bovine (Lechniak ef al. 1996;
Nicodemo et al. 2010) oocytes.

Previous studies have suggested that the post-fertilisation
culture environment of the developing embryo can affect the
incidence and severity of chromosomal abnormalities in the
resulting blastocyst (Lonergan et al. 2004; Ulloa Ulloa et al.
2008b; Xu ef al. 2008). However, all these studies evaluated the
chromosomal complement of embryos at the blastocyst stage.
Dieleman et al. (2002} suggest that the ploidy of the resulting
embryos is less affected by the culture environment at the early
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stages of development Ithas beenreported previously that long-
term bation dev 1 failures in embryos as a
result of their exposure to higher levels of toxic metabolites and
oxidative stress at later stages of development in culture (Tajik
et al. 2008; Mermillod et al. 2010).

In conclusion, both the morphological quality of cocytes and
the maturation protocols affect the rate of chromosomal abnor-
malities in IVP cattle embryos. Further studies are necessary to
improve the oocyte maturation protocols used in the in v.-tro
cattle embryo production industry to minimise the app
chromosomal abnormalities in subsequent embryos.
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