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1. OBJETIVO 

INSTRUCTIVO PARA LA PREPARACION DEL 
INFORME TÉCNICO Y DE DIFUSIÓN 

El objetivo de este informe es el de describir, analizar y evaluar la forma en que se desarrollo la 

propuesta, tanto desde el punto de vista técnico, como de su gestión administrativa y de las 

actividades de difusión realizadas. Especificamente, en este informe se deberán describir las 

visitas y tecnologias conocidas durante la Actividad de Formación, y junto con eso también se 

deberá contemplar un análisis y reflexión respecto a los conocimientos adquiridos en la 

actividad y su aplicabilidad concreta en el pais o en lugar de origen del participante, Incluyendo 

los desafios o limitantes que se presentan para su incorporación. 

Adjunto al informe se deberá entregar una copia de todo el material o documentación 

recopilado durante la Actividad de Formación, Incluyendo copia del material audiovisual. 

El informe deberá adicionalmente describir las actividades de difusión realizadas, de acuerdo 

con el programa de difusión comprometido en su propuesta, adjuntando el material y 

documentación utilizada y entregada a los asistentes en dichas actividades. 

2. PLAZOS Y ENTREGA DE INFORMES 

Luego de terminada la actividad de Formación y del regreso del participante, éste y/o la Entidad 

Patrocinante tienen un plazo máximo de 2 meses para realizar las actividades de difusión 

comprometidas en la propuesta. Después de realizada la última actividad de difusión 

comprometida, disponen de un plazo máximo de 15 dlas para la entrega a FIA del lnfonne 

Técnico y de Difusión. 

Estos plazos están especificados en el contrato de ejecución respectivo y en la eventualidad de 

que exista un imprevisto que no le permita al participante y/o Entidad Patrocinante cumplir con 

dichos plazos, éstos deberán justificar y solicitar por escrito a la Dirección Ejecutiva de FIA la 

posibilidad de prorrogar los plazos estipulados, los cuales se autorizarán en la medida que 

existan una razón clara y justificada. 
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En la eventualidad de que los compromisos antes seftalados no se cumplan, se procederá a 

ejecutar la garantla respectiva y el participante quedará Imposibilitado de participar en nuevas 

iniciativas apoyadas por los diferentes Programas e instrumentos de financiamiento de FIA. 

3. PROCEDIMIENTO 

Los informes deben ser PreSentados. Preferentemente en disquet o disco corneado y 

obligatoriamente en papel <tres copias) de acuerdo a los formatos establecidos porFIA, en la 

fecha Indicada como plazo de entrega en el contrato firmado con el participante y/o Entidad 

Patrocinante. Los formatos de dichos informes (impresos y en disquet) son entregados por FIA 

al postulante o participante de la propuesta a través de este instructivo. 

Los informes deberán ser dirigidos a las oficinas de FIA ubicadas en Avenida Santa Maria 

2120, Providencia, Santiago, y podrán entregarse personalmente en dichas oficinas en horario 

hébil o enviarse por correo a domicilio en forma oportuna para que llegue en el plazo 

establecido. 

El FIA revisará los informes y dentro de los 45 dfas hábiles siguientes a la fecha de recepción 

(plazo máximo) enviará una carta at responsable de la propuesta o participante, informando su 

aceptación o no aprobación. En caso de no aprobarse el informe FIA comunicará en detalle las 

razones de dicha decisión. El responsable deberá corregir los reparos u observaciones que 

motivaron el rechazo, dentro del plazo determinado por el FIA. 

4. CONTENIDO Y FORMATO 

La información presentada en el informe de avance técnico y de difusión debe ser presentada 

en un lenguaje claro y estar directamente vinculada a la información presentada en el informe 

financiero, siendo totalmente consistente con ella. 

El informe debe incluir o adjuntar los cuadros, gráficos, fotograflas y diapositivas, publicaciones, 

material de difusión, material audiovisual y otros materiales que apoyen o complementen la 

infonnación y anélisis presentados en et texto central. 
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El informe de avance técnico y de difusión debe incluir a lo menos información sobre todos y 

cada uno de los puntos mencionados a continuación, y siguiendo en lo posible el orden 

indicado . 

Es importante conter con toda la información que se solicita, como por ejemplo, los 

antecedentes de los participantes en las actividades, información relevante para FIA. El envio 

de la información incompleta puede ser motivo de no aprobación de este informe. 
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2. ALCANCES Y LOGROS DE LA PROPUESTA 
. . . 

Justificación y objetivos planteados inicialmente en la propuesta . 

l. l.- Objetivo General 

Aplicar metodologfas modernas y efectivas de éultivo que permitan eficientizar la tecnología de 
producción de embriones bovinos in vitro, como una herramienta para el mejoramiento genético 
animal . 

l.l.- Objetivos Espeeffieos 

- Conocer y manejar sistemas de cultivo en base a medios semidefinidos y condiciones de 
atmósfera controlada de oxigeno (sistema de cultivo SOF.) 

- Conocer y comparar los procedimientos de obtención de embriones a partir de hembras vivas. 

- Manjar metodologías celulares y de cultivo para evaluar los procedimientos de producción de 
embriones. 

- Conocer el avance y perspectivas actuales de las biotecnologías en embriones y su aplicación en 
los sistemas productivos . 

- Establecer contactos y relaciones para impulsar el desarrollo de actividades de colaboración en 
investigación y aplicación de biotecnologfas en embriones 

Justifiead6n 

Formo parte de un grupo que por más de lO aftas ha estado trabajando en el tema de fecundación 
de embriones bovinos y también Camélidos Sudamericanos. La investigación. en el campo de la 
Biotecnologia Reproductiva, en especial en lo que respecta al mejoramiento genético, a partir de 
la implementación· de tecnologias eficientes y efectivas en la producción de embriones in vitro, 
ha tomado especial relevancia en estos últimos aiios. Lo anterior considerando sus aplicaciones 
efectivas y potenciales en el mejoramiento genético animal y más recientemente en los 
procedimientos para la obtención de bovinos transgénicos como bioreactores. 

En este contexto, nuestro grupo esta desarrollando desde al afio 2002 un proyecto FIA de 
Biotecnología en embriones bovinos (BIOT-Ol·P08), que ha buscado el desarrollar y evaluar la 
aplicación de la producción de embriones bovinos como una herramienta para el mejoramiento de 
la masa ganadera. Para lo cual hemos trabajado con predios de crianza de ganado de la Región. 
Entre los principales resultados que hemos podido obtener y que ya considerábamos como 
potenciales riesgos de éxito, se constata que uno de los aspectos crfticos para la eficiencia de esta 
tecnologia son las condiciones y metodologías de cultivo de los embriones, que marcan 
fuertemente los resultados que se pueden obtener. Esto no es extrailo ya que la investigación de 
punta en este aspecto ha demostrado e implementado metodologías más efectivas en este ámbito. 
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Las nuevas metodologías para el cultivo de embriones van asociadas principalmente a la 
obtención de mayor número y mejor calidad de los embriones, lo cual se puede evaluar y que es 
factor determinante en las potenciales prefteces que se obtengan. El conocer y manejar estas 
nuevas metodologías nos pennitirá eficientizar las aplicaciones prácticas y mejoras las 
proyecciones de nuestro trabajo en este campo. Uno de los objetivos del proyecto que estamos 
desarrollando es que una vez finalizado la aplicación de estas tecnología se proyecte en el tiempo 
y sea una herramienta para el mejoramiento genético, que cada dfa toma mayor imj,ortancia en 
nuestro país como ya lo ha hecho en el mundo desarrollado. 
En conjunto con lo anterior nuestro grupo, en conjunto con la Unidad de Biotecnologia Animal de 
INIA CARILLANCA, ha obtenido un proyecto FONDEF para la generación de bovinos 
transgénicos como Bioreactores (FONDEF 00311074 ). Parte de los fondos obtenidos para 
nuestra unidad nos permitirán adquirir moderno equipamiento para el cultivo de embriones con 
condiciones mejoradas, y que corresponde a una parte fundamental de los conocimientos 
prácticos que podrfa adquirir en el entrenamiento para el cual estoy enviado esta propuesta. Estas 
condiciones nos permitirán abordar en mejores condiciones el desafio del proyecto en 
transgénesis y potenciar la producción de embriones in vitro para su aplicación real en el campo 
productivo. 
El grupo de trabajo en donde se desarrollaría mi enttenamiento, esta encabezado, en los 
principales aspectos de mi interés, por el Dr. Pat Lonergan, quienes son actualmente uno de los 
grupo más connotados en al ámbito de biotecnologfas en embriones de especies productivas. Otro 
aspecto fundamental es que tengo la posibilidad de realizar un entrenamiento sin costo, hecho que 
no se da en la mayoría de los centros que son referentes mundiales en el tema. 
Finalmente, debo sefialar que mi interés y del grupo de trabajo es de continuar trabajando en 
forma aplicada y en investigación para contribuir efectivamente al desarrollo de estas 
biotecnologfa en nuestro país. 
Además y tomando en cuenta la eventualidad de encontranne potencialmente en esa fecha cerea 
del lugar donde se realizará la Conferencia Anual de la lntemational Embryo Transfer Society, 
considero de manera relacionada pero a la vez independiente la posibilidad de, con costos 
sustancialmente menores, de asistir a dicho evento, donde se presentarán trabajos y conferencias 
por parte de científicos del más alto nivel mundial, en el tema relacionado a nuestro trabajo y a los 
tópicos del entrenamiento. Por lo anterior incluyo programas y costos para participar en esta 
actividad. Quiero recalcar que al calcular los costos de asistir a este evento ellos son menores si 
consideramos que estaré muy cerca de Irlanda donde realizaría mi enttenamiento. 
Mi entrenamiento finalizarla el 1 S de febrero y esto por diferentes razones. En Europa el feriado 
de fin de afio se extiende hasta el S de enero y luego el Profesional encargado del entrenamiento 
estará ausente entte el 8 y 13 del mismo mes ya que es un connotado cientffico que participa en 
las actividades de Congreso mencionado que se realizará en Dinamarca. También estamos en 
estación opuesta con Europa y según Jos contactos realizados se hace imposible realizar y 
finalizar el entrenamiento antes deJ 28 de enero. Por mi parte es imposible que sea antes ya que 
tengo que cumplir con mis labores académicas y de finalización del proyecto FIA. 
Finalmente y considerando todas las variables que incluyen además la preparación de las 
actividades para mi entrenamiento, acordamos con el Dr. Pat Lonergan postular la posibilidad de 
que el entrenamiento termine el 1 S de febrero. 
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Objetivos alcanzados tras la realización de la propuesta · . . 

Todos los objetivos que se plantearon en la propuesta fueron alcanzados durante el transcurso del 
entrenamiento y asistencia al Congreso Mundial de la IETS. 

Debo recordar que la propuesta final aprobada considero en primer término la asistencia al 
congreso mundial anual de la Internacional Embryo Tranfer Society (IETS), el cual se desarrolló 
en la ciudad de COPENHAOEN, en DINAMARCA. 

La asistencia a este evento me pennitió conocer y constatar el avance e importancia mundial de 
las temáticas asociadas a la Biotecnologia en embriones, especialmente en el tema de bovinos. 
Este evento es uno de los que considero deberla estar en la lista de Congresos permanentes para 
los cuales FIA aporta financiamiento de asistencia Se realiza todos los aiios generalmente en un 
pais del mundo desarrollado. 

Uno de los logros importantes que pude estableter, fue un vínculo con perspectivas de trabajo en 
investigación y también amplias posibilidades de realizar estudios de Doctorado en Irlanda Lo 
anterior ahora pasa por conseguir el financiamiento para que estos se concrete. Lamentablemente 
el costo de vida y estudios en EUROPA es muy alto para nuestra realidad, sin embargo hay 
posibilidades que se deben trabajar con tiempo. 

Resultados e impactos espe_rados inicialmente en la propuesta · . . · · . . , 

1.- La aplicación de técnicas modernas para la obtención de embriones bovinos nos pennitirá 
desarrollar de manera más eficiente la producción de embriones para mejoramiento genético. Su 
impacto se deberla dar en el mediano plazo a través de servicios que se implementarán destinados 
a la posibilidad de que los ganaderos de Ja IX Región y otras tengan la posibilidad real de aplicar 
estas tecnologías en sus sistemas productivos. Este hecho ya se ve con gran factibilidad ya que 
diversos empresarios del rubro nos han solicitado asesoría para evaluar la factibilidad técnica de 
estos procedimientos. 
2.· Un segundo impacto importante en el mediano plazo será el afianzar vínculos con una de las 
unidades más importantes de trabajo en este ámbito a nivel mundial. La idea es establecer el 
contacto y comenzar a trabajar en forma colaborativa con ellos. 

3.- Los aspectos a abordar en mi entrenamiento también ayudarán en el corto plazo a mejorar las 
condiciones de trabajo con embriones que es uno de los elementos bases en el trabajo de nuestro 
proyecto recientemente aprobado por FONDEF. Lamentablemente y debido a una mala 
evaluación técnica, FONDEF nos recortó mucho los fondos solicitados y no pudimos obtener 
dineros para realizar perfeccionamiento en este ámbito. 

4.- Por último, la actualización en las temáticas propias es muy importante en mi caso ya que 
traba' o en la fonnación de futuros médicos veterinarios 
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Resultados alcanzados 

Describir si se lograron adquirir los conocimientos, experiencias, alianzas u otros resultados que 
se esperaban alcanzar a través de la participación en la actividad de formación y del desarrollo 
de las actividades de difusión. Si hay resultados que no se alcanzaron total o parcialmente. 
indicar las razones que a juicio del participante explican dicha situación 

Durante la estadía de formación, especialmente en el entrenamiento, creo que se lograron 
claramente los conocimientos, experiencias contactos y vinculos para alianzas estratégicas de 
trabajo, en el mediano y largo plazo. En lo fimdamentaJ se dió todo como lo esperaba ya que la 
visita al Labomtorio de Fecundación in Vitro y Estación Experimental en Lyon, del University 
Collage Dublin, se hizo con la debida programación y previo a aceptación de una propuesta clara 
y contaetos previos que hice con el profesor encargado Dr. Patrick Looergan. Por otra parte el 
aprendizaje se facilitó por la excelente disposición y acogida que me brindó el Dr. Lonergan, 
quién además es una persona muy agradable y reconocida mundialmente en el área. Tuve la 
oportunidad de participar y asistir a todas las actividades de investigación y difusión que realizan 
en la Unidad, especialmente los estudiantes de postgrado. Me permitió compartir experiencias, 
comparar con lo que venimos haciendo en nuestro grupo de trabajo etc. 

La actividad de difusión en lo concreto se desarrollo como lo esperaba. Mi idea siempre fue el 
hacer una actividad que dejara mayores conocimientos que una simple explicación teórica. En lo 
puntual, este tipo de trabajo que es eminentemente práctico requiere de contextualinr ciertos 
conocimientos, que en lo teórico están disponibles a través de diversas fuentes de infonnación, sin 
embargo la clave del aprender en este caso se da en la experiencia práctica. En este sentido, una 
actividad de este tipo no es de carácter masivo y para que tenga un mayor aprovechamiento debe 
estar focalizada a ciertas personas con intereses claros y conocimientos básicos previos en el 
tema. Todo lo anterior demandó una actividad de difusión fundamentalmente práctica de larga 
duración que implicó bastante trabajo pero al final muy gratificante en la respuesta de los 
participantes. Finalmente es muy importante seftalar que la concreción de la actividad de difusión 
estuvo detenninada por dos factores directa e indirectamente vinculados al quehacer propio del 
trabajo en la Universidad. En primer término los acontecimientos asociados a las protestas 
estudiantiles por sus demandas, que mantuvieron las instalaciones Universitarias paralizadas por 
un tiempo prolongado y por otro la demora en el montaje y puesta en marcha de los nuevos 
equipamientos adquiridos en nuestra unidad y que son base para el montaje de las experiencias 
prácticas programadas en la difusión. 

Aunque no fonnaba parte de la propuesta inicial aprobada por el FIA, cuando se me otorgó el 
financiamiento y en la carta de aprobación. se me encargó el tratar de concretar algún tipo de 
vínculo con el National Food Center con sede en Dubl~ particulannente con su entonces director 
Mr. Declan Troy, quien había asistido como invitado de FIA a participar en un seminario sobre el 
tema de la carne, a mediados del 2003. Bueno, en mi estadía hice el esfuerzo de entrevistarme 
con el Sr. Troy, lo que no se logró debido principalmente a imposibilidad de coordinación por mi 
ubicación las actividades del Sr. lo cual además coincidió con un 
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periodo de vacaciones que el tuvo en parte del tiempo que permanecí en Dublfn. En todo caso 
pude escribirle una nota donde le explicaba la situación, además de conversar con su secretaria 
personal. Estando en Dublfn, traté de estable«r contacto con alguna persona que hiciera de 
intermediario en el intento de establecer algún vínculo de trabajo concreto, lo que no logré, 
debido a las fechas en las que se realizó mi estadfa en Irlanda. Dentro de las personas que me 
parecián más idóneas para estos fines, me contacté con el Dr. Adrián Catrileo, investigador de 
INIA CARILLANCA y quien trabaja en el área de carne, especialmente en el tema de ·producción. 
Resumiendo, a mi regreso a Chile, sostuve algunas conversaciones con el Dr. Catrileo quien se ha 
mostrado muy interesado en la posibilidad de establecer algún vinculo a través del Sr. Troy con el 
National Food Center de Irlanda, especialmente ahora que él forma parte de un grupo importante 
de personas e instituciones que están postulando un proyecto para crear un consorcio de la carne y 
la idea que conversamos al respecto es que en el Jll8rCO de este consorcio puedan establecer un 
vinculo concreto de colaboración con el centro en Irlanda. El Dr. Catrileo ya le ba escrito a Mr 
Troy, haciendo referencia a mis contactos con él y los intereses en establecer el vinculo. 

He tomado el encargo que me hizo FIA de tratar de ayudar a concretar este tipo de vínculo, en el 
sentido de que la única forma de que se concrete algo es con el compromiso e interés de 1Dl8 

persona vinculada a una institución que este realmente trabajando el ámbito de interés particular. 
El contacto ya está hecho y he pedido al Dr, Catrileo que me tenga al tanto de las conversaciones 
que se den en este contexto. 

Resultados adicionales 

Describir los resultados obtenidos que no estaban contemplados inicialmente como por 
ejemplo: formación de una organización . incorporación de alguna tecnología, desarrollo de un 
proyecto, firma de un convenio. entre otros posibles. 

1) En lo práctico, tuve la oportunidad de ver y participar de la aplicación práctica de la 
tecnología de transferencia de embriones quinírgic::a interespecífica. Esta tecnología 
consiste básicamente, para el caso del bovino, en transferir embriones bovinos a oviducto 
de oveja con el fin de realizar cultivo in vivo. Esto pennite evaluar y controlar los 
procedimientos in Vitro, de tal fonna de saber si las condiciones de trabajo en laboratorio 
son las adecuadas, además de ser una importante herramienta para potenciales 
aplicaciones prácticas, especialmente en la posible congelación de embriones. También 
pude ver y valorar la aplicación de tecnologías asociadas a la expresión génic::a en 
embriones, tecnología que se está utilizando con fuerza en programas de investigación 
básica y aplicada. 

2) El Dr. Lonergan quedó muy interesado y dejó las puertas abiertas para el desarrollo de 
investigaciones conjuntas así como la posibilidad de trabajos en el ámbito de Jos 
Caméüdos Sudamericanos, especies de gran interés biológico y productivo con las cuales 
no ha tenido posibilidades de trabajar y con las que nuestro grupo si lo ba hecho por varios 
ailos y con importantes hallazgos 

3) Por Ultimo, también tuvimos conversaciones sobre la posibilidad de realizar en Chile 
Seminario internacional a lo cual se mostró abiertamente así como 
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también en el colaborar en los emprendimientos asociados a la creación de algún 
programa de postgrado en el área, que es uno de nuestros objetivos como grupo a mediano 
plazo. 

. . 
Uno de los elementos claves para concretar y aprovechar las oportunidades que se abrieron con mi 
visita es el contar con mayor tiempo y la participación de otros investigadores con los que pueda 
canalizar el trabajo que se requiere para todos estos efectos. A comienzos del próximo ailo 
volverá a nuestra unidad un colega que se encuentra realizando su programa de doctorado en 
Canadá. Varios de los planes que pretendemos canalizar pasan por contar con su participación ya 
que la actividad académica es muy absorbente. 

Aplicabilidad 

Explicar la situación actual del rubro y/o temática en Chrle (región). compararla con las 
tendencias y perspectivas en el país (región) visitado o donde se ha desarrollado la actividad y 
explicar la posible incorporación de los conocimientos adquiridos, en el corto, mediano o.largo 
plazo. los procesos de adaptación necesarios, las zonas potenciales y los apoyos tanto técnicos 
como fmancieros necesarios para hacer posible su incorporación en nuestro pais (regiÓn). Para 
ello se debe tener presente la realidad en la cual se desenvuelven los participantes. 

La aplicabilidad de lo aprendido es claramente factible y de hecho ya hay algunos ejemplos, 
aunque aislados, en algunas regiones de nuestro pafs. En lo particular la utilización de tecnología 
asociadas a mejoramiento genético animal, área de aplicación más especifica relacionada a los 
temas de perfeccionamiento abordados en el entrenamiento, es factible en nuestro pals y su 
utilización depende especialmente de que los productores estén dispuestos a invertir concientes de 
los beneficios que trae la utilización de estas tecnologias. En ténninos generales, en Irlanda por 
muchos aflos se ha venido utilizando las tecnologías de embriones in Vitro y los aspectos nuevos 
que han mostrado mejoras en Jos rendimientos, están siendo aplicados en forma paulatina, esto 
porque si bien se ha avanzado aún hay varios aspectos que son materia de investigación. 

En el sentido general de la aplicabilidad de estas tecnologias, su potencial ha sido demostrado y 
ampliamente difundida, al menos en la IX y X regiones, en el marco del proyecto FIA 
recientemente finalizado por nuestro grupo. Al menos hoy la mayor parte de los productores y 
profesionales del área están concientes y con el conocimiento para considerar la aplicación de 
estas tecnologías en sus sistema productivos. Lo anterior debe necesariamente asociarse a la 
rentabilidad de los negocios que desarrollen los productores, hecho que igualmente parece poco a 
poco mostrar cambios importantes. 

Por último, el conocimiento y manejo de estas tecnologías nos permite como formadores de 
médicos veterinarios, el incorporar estos conocimientos en los cursos regulares del área de 
reproducción asf como de forma más especializada en los trabajos de tesis de los mismos. En este 
sentido se nos ha solicitado la de recientemente ser 
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contratados en una empresa cuyo objetivo principal es el desarrollar tecnologfas afines . 

Finalmente, es claro que la aplicación práctica directa de Jas metodologfas modernas pam 
producir embriones in Vitro, requerirá de nuestra parte una evaluación consistente y clara antes de 
ponerla a disposición de los interesados en su aplicación concreta. 
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Detección de nuevas oportunidades y aspectos que quedan por abordar 

Ser1alar aquellas iniciativas que surgen como vías para realizar un aporte futuro para el rubro 
y/o temát1ca en el marco de los 9bjetivos iniciales. de la propuesta. como por ejemplo la 
posibilidad de real1zar nuevas actividades 

lnd1car además. en función de los resultados obtenidos, los aspectos y vacíos tecnológicos que 
aún quedan por abordar para ampliar el desarrollo del rubro y/o temática 

Una de las formas de asociar los conocimientos adquiridos y desarrollados en el marco de las 
biotecnologías reproductiv~ de lo cual fonna parte el entrenamiento realizado, es buscar los 
canales más efectivos para el logro de una asociación entre Universidad·Investigadores y 
productores, en unidades del tipo de "Núcleos Genéticos", las cuales pueden claramente tener un 
potencial en la aplicación de estas tecnologías en forma local y en ampliar las posibilidades de 
negocios en el ámbito de las exportaciones. De hecho en conversaciones sostenidas con 
representantes de empresas internacionales en el rubro, manifestaron un gran interés en poder 
importar material genético desde Chile, ya sea en fonna de semen o embriones bovinos. Todo lo 
anterior gracias a la imagen país y a las condiciones sanitarias adecuadas para la ganadeda. Creo 
que aquí hay un enrome potencial no aprovechado, estamos perdiendo una gran oportunidad con 
mayor valor agregado. Creo que los ganaderos nacionales son muy tradicionales y trabajan de 
manera aislada del mundo de la generación del conocimiento. También se ve un trabajo aislado 
por pequeflos grupos de tratan de imponer sus líneas de emprendimiento, especialmente en lo 
referido a razas y fonnas de producción. En Irlanda tuve la oportunidad de ver varios ejemplos de 
una gran organización liderada por los ganaderos y el gobierno. La sociedad de productores 
ganaderos de Irlanda es muy organizada, poseen un semanario de divulgación de todas )as 
actividades, una página web y todo coordinado con una oficina gubernamental, que ayuda al 
desarrollo de la sociedad de productores. En la realidad de nuestro país se ve a muchos ganaderos 
fragmentados en su organización y constantemente descontentos y contraponiendose a los 
lineamientos del las entidades gubernamentales. 

9·11 The 31st Annual Conference - Actualización de conocimientos Falconer Center 
enero/ of internacional Embryo en el campo de biotecnología 
2005 transfer Society animal Copenbagen 

Dm'AMARCA 
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Enero 

2005 

14 
enero-
15 
febrero 
2005 

Agricultura! and Societal - Actualización de conocimientos Royal V eterinary 
implications of contemporary específicos en el campo de and Agricultural 
ambryo-technologies in fann aplicación con embriones de University 
animals, IETS Satellite animales domésticos 
Symposium Copenhagen 

Dinamafca 

Entrenamiento avanzado en - Conocer y aplicar Lyon Experimental 
producción de embriones conocimientos avanzados en Station, University 
bovines in vitro fecundación y cultivo de Collage Dublín 

embriones bovinos in vitro 
Dublin, Irlanda 

Al comparar las actividades pr9gramadas en la propuesta aprobada con las actividades 
que realmente se realizaron, cuando corresponda, señalar las razones por las cuales 
algunas de las actividades programadas no se realizaron como estaba previsto o se 
modificaron. 

Incorporar en este punto fotografías relevantes que contribuyan a· describir las 
actividades realizadas. 

En términos genemles, todas las actividades se realizaron como estaba programado. 
En este tipo de trabajo donde el fuerte es en el laboratorio y luego con los animales, que en este 
caso son donantes o receptores de embriones, ya sea de la misma especie u otra que sirve de 
"incubadora", regularmente los ensayos de repetición o con diferentes objetivos dentro del 
mismo tema, se van sobreponiendo. Por ejemp1o, los ensayos de fecundación in Vitro se 
realizaban desde el lunes a miércoles de cada semana, esto ocupa una parte importante del día. El 
resto de la semana se hace los cultivos y seguimiento de desarrollo o ensayo especiticos con los 
embriones de diferentes estados que se van obteniendo. Durante cada dia se programaron 
seguimientos a animales en tratamientos específicos, por ejemplo de estimulación hormonal en 
vacas, transferencia de embriones de vaca in Vitro a oviducto de oveja por medio de cirugía etc. 

Actividades que se realizaron aprovechando la oportunidad y que no estaban programadas: 

- Sincronización de ciclos reproductivos y estimulación de vacas para colección de 
embriones madurados in vivo 

- Seguimiento ecográfico cuantitativo de dinámica ovárica en vacas no estimuladas 
- Transferencia quinírgica de embriones bovino obtenidos in Vitro a oviducto de oveja 
- Participación en seminarios semanales de postgrado del departamento de Animal Science, 

University College DubUn. 
- Observación de colección no quinírgica de embriones bovinos en hembras superovuladas 
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Contactos Establecidos 

Presentar los antecedentes de los contactos establecidos durante e! desarrollo de la propuesta 
(profestonales, investigadores, empresas, etc.), de acuerdo al siguiente cuadro: 

•. lnstituclónl . · 
EmpiesaJO_rgan·l · 

In Vltro 
Fertilization 

Persona de 
Contacto cargo 

Laboratory, Dr Patrick 
Oeparment . of Lo~rgan Jefe laboratorio 
Animal Sctence, 
University Collage 
Dublin 

. ¡-
Fonolfax · Dirección 

Lyons 
Fono: +35a.1- Reseach 
716-m3 Farm, 

Newcastle, 
Fax: +353-1- County 
716-1103 Dublin, 

lreland 

Lyons 
Fono: +353 - Reseach 

Pat.loner 
gan@ucd 
.ie 

Oeparment of 
Animal Science 
and Produetion 
and The Conway 
lnstitute for . Encargada área 1-601·2147 Farm, trudee.fai 

r@uccl.ie Blomedical and Dra. Trudee Fa•r de Biologla NewcastJe, 

Biomolecular Molecular Fax: +353-1- County 

Reseac:h, 
University College 
Dublin. 

National Food Mr. Declan Director 
Centre Troy 

-Paper Revistas No 1 al 6 

Articulo 

- Resumen Protocolos 

716-1103 Dublln, 
lrelanc:t 

Fono: +353 Ashtown, 
18059500, Dublin 15 
Fax: +353 1 
8059550. Ireland 

dtroy@nf 
c.teagasc 
.le 

· Caracterización (titulo) · . · : 
. . ... . , . . . • ' . . 

·In Vltro fertilization and culture of 
bovine embryos 

Media Preparation for bovine IVF 
embryo production 
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Foto 

Ubro, Resumenes 
Symposium 

Diapositiva 

co 

Secuencia en CD - Transferencia de embriones 
bovinos a oviducto de oveja 

Agricuttural and Societal 
implications of contemporary 
embryo.technologies .in fann 
anirnals 

1, fotos, charlas, artlculos - CD respaldo Entrenamiento. 
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4. PROGRAMA DE OIFUSION EJECUTADO 

Programa de difusión ejecutado 

En esta sección se deberán describir detalladamente las actividades de difusión realizadas, 
tales <;omo publicaciones, charlas, seminarios u otras actividades sirnltares, cornporando con el 
programa establecidO inicialmente en la propuesta. Se deberá también describir y adjuntar ei 
material de difusión preparado y/o distribuido en dichas actividades. 

La información a entregar sobre cada actividad de difusión es la siguiente 

• Tipo de actividad realizada y objetivo principal (incluye elaboración de publicaciones) 
• Fecha y lugar de realizac1ón 
• Temas tratados o exposiciones realizadas 
• Destinatarios de la actividad: espec1f1car el tipo y número de personas que asistieron a la 

actividad (productores, académicos, investigadores, profesionales, técnicos, etc ). Se 
deberá adjuntar el listado de asistentessegún formato indicado más adelante. 

• Nombre y tipo de las organizaciones u otras instituciones relevantes en el tema o sector 
que tuvieron representación en la asistencia al evento. ·· 

• ldentlf1cac1ón de los expositores que estuvieron a cargo de las presentaciones. indicando 
su vinculación con la iniciativa y lugar de trabaJO 

• Indicar si se trató de una actividad abierta a todos los interesados. abierta a quienes se 
inscribieron previamente. o limitada a quienes fueron específicamente inv1tados. 

• En el caso de los seminarios, deberá adjuntarse el Programa de la actividad que se realizó. 

ACTIVIDAD DE DIFUSIÓN 

A.- Primera Parte teórica: Vtemes 1 O de junio de 2005 

Charla 1: Principios de fecundación, fecundación in Vitro y biotecnologlas en mamlferos 

Objetivo: Revisar conocimientos aplicados de Fecundación in Vltro y Biotecnologfas asociadas 
en animales de granja y humano. 

Charla 2: Cultivo de embriones in Vitro, principios y actualización 

Objetivo: Conocer las condiciones generales de cultivo in Vrtro de embriones y los avances en 
loa sistemas con medios semidefinidos, con especial énfasis en el caso del Bovino y 
comparado al caso humano. 

Coordinación: este dla se programaron la actividades prácticas a realizar con parte de los 
asistentes a esta primera parte de la actividad. 

Expositores: Las charlas fueron realizadas por el suscrito, con la valiosa participación en las 
discusiones y preguntas de la Dra. Jennie Rosopatrón G., profesora del programa de Maglster 
en Biologla de la Reproducción de la Facultad de Medicina de la Universidad de la Frontera . 

Destinatarios de la Actividad: La primera parte de la actividad fue dirigida a estudiantes de 
en el área de terminales de la carrera de medicina 
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veterinaria. No se consideró la participación de productores ya que el fuerte de la actividad es 
la parte práctica para lo cual no es posible contar con productores. Además, los productores y 
empresarios del rubro animal ya tuvieron la oportunidad de conocer los aspectos generales de 
estas tecnologlas en las diferentes actividades de difusión que se realizaron en el marco del 
proyecto FIA en Biotecnologla de embriones bovinos recientemente finalizado . 

La idea central de la actividad de difusión fue la parte práctica ya que en términos generales la 
mayor parte de los estudiantes en el área tienen las ideas básicas sin embargo muy pocos han 
tenido la oportunidad de manejarlo en forma personal. Además creo que es la única forma en 
que un profesional tenga la posibilidad real de aprender sobre el tema, por eso desde un 
principio se contempló hacerlo con este enfoque y a un número reducido de personas con 
cierto grado de formación en el tema. 

Para efecto de los estudiantes de postgrado, ellos son profesionales de diferentes carreras, a 
saber, tecnólogos médicos, profesores, veterinarios y médicos, los que también se 
desempeflan profesionalmente en distintas instituciones privadas y públicas. Además, esta 
actividad les fue incluida dentro del. programa de formación regular que ellos reciben en la 
Universidad y también fue evaluada al final de su semestre académico . 

A.· Segunda parte, práctica: Miércoles 15 junio al viernes 17 de junio de 2005; lunes 20 y 
viernes 24 de junio 

Programa de actividades y participantes: 

Actividad práctica dirigida: La parte práctica se realizó mediante un trabajo dirigido e 
individual donde participaron 7 personas, 5 estudiantes de postgrado, un profesor de 
postgrado y un alumno Terminal de pregrado. Cada uno desarrollo un protocolo y ensayo 
completo de producción de embriones bovinos In Vitro, que incluyó las siguientes 
etapas: 

1) Colección y selección de ovocitos obtenidos de ovarios de matadero 

2) Maduración de ovocitos 

3) Inseminación in Vitro con espermatozoides seleccionados 

4) Cultivo in Vrtro con medio semidefinido SOF 

5) Evaluación de desarrollo embrionario in vitro 

El procedimiento práctico completo demoró 10 dias con un tiempo real de trabajo en 
laboratorio de 15 a 20 horas 
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Tipo de material . . . Nombre o Identificación · Preparado por · . . 
• ' · ' 1 • 

Charlas Datashow Biotecnologlas reproductivas en Marco Berfand O 
animales domésticos 

Participantes en actividades de difusión 

2 (1 CD) 

Es necesario reg1strar los antecedentes de todos los asistentes que participaron en las 
actividades de difusión. El listado de asistentes a cualquier actividad deberá al menos contener 
la siguiente información: 

Nombre 

Apellido Patemo 

Apellido Materno 

RUT Personal 

Dirección, Comuna y Región 

Fono y Fax 

E-mail 

Nombre de la organización, empresa o 

Fablan FrankUn 

Treulen 

Seguel 

11.782.853-0 

Senador Estebanez 645, lab. Jaime Hinostroza 

Temuco,IX región 

45-201056 

Favian_treulen@hotmail.com 

institución donde '!'&baja 1 _ Nombre del Cllnlca Alemana de Temuco 
predio o de la soaedad en caso de ser 
productor 
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RUT de la organización, empresa o 
institución donde trabaja 1 RUT de la 
sociedad agricola o predio en caso de ser 
agricultor 

Cargo o actividad que desarrolla 

Rubro, área o sector a la cual se vincula o 
en la que trabaja 

Nombre 

Apellido Patemo 

Apellido Materno 

RUT Personal 

Dirección, Comuna y Región 

Fono y Fax 

E-mail 

Nombre de la organización, empresa o 
institución donde trabaja 1 Nombre del 
predio o de la sociedad en caso de ser 
productor 

RUT de la organización, empresa o 
institución donde trabaja 1 RUT de la 
sociedad agrfcola o predio en caso de ser 
agricultor 

Cargo o actividad que desarrofla 

Rubro, área o sector a la cual se vincula o 
en la que trabaja 

78.892.37().8 

Tecnólogo Médico 

- Blologfa Molecular. Citogenética y Citometrfa de 
Flujo 

- Estudiante Maglster Biologfa de la Reproducción 

Martela Del Cannen 

Munoz 

Candia 

7.9n.863·k 

Cruz 0198. Temuco, IX región 

45-210882 

Mariela_CMC@hotmail.com 

Colegio Providencia ·sagrado Corazón•, Temuco 

70.249.90Q-3 

Profesor 

- Biologia y Ciencias Naturares 

- Estudiante Magfster Biotogla de la 
Reproducción 
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Nombre 

Apellido Paterno 

ApeRido Materno 

RUT Personal 

Dirección, Comuna y Regi6n 

Fono y Fax 

E-mail 

Nombre de la organización, empresa o 
institución donde trabaja 1 Nombre del 
predio o de la sociedad en caso de ser 
productor 

RUT de la organización, empresa o 
institución donde trabaja 1 RUT de la 
sociedad agrfcola o predio en caso de ser 
agricultor 

Cargo o actividad que desarrolla 

Rubro, área o sector a la cual se vincula o 
en la que trabaja 

Nombre 

Apellido Paterno 

Apellido Materno 

RUT Personal 

Dirección, Comuna y Región 

Fono y Fax 

Roberto Maur:lclo 

Valenzuela 

V .ale 

11.740.316-5 

Oartnell s/n, Victoria, IX región 

4>841001 

robertovalez@hotman.com 

Hospital de VICtoria 

- Médico Urólogo 

- Salud 

- Estudiante Maglster Biologla de la 
Reproducción · 

Claudia Esperanza 

Troncoso 

Muftoz 

9.442.046--6 

45-325783 
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E-mail 

Nombre de la organización, empresa o 
institución donde trabaja 1 Nombre del 
predio o de la sociedad en caso de ser 
productor 

RUT de la organización, empresa o 
institución donde trabaja 1 RUT de la 
sociedad agrlcola o predio en caso de ser 
agricultor 

Cargo o actividad que desarrolla 

Rubro, área o sector a la cual se vincula o 
en la que trabaja 

Nombre 

Apellido Paterno 

Apellido Materno 

RUT Personal 

Dirección, Comuna y Región 

Fono y Fax 

E-mail 

Nombre de la organización, empresa o 
institución donde trabaja 1 Nombre del 
predio o de la sociedad en caso de ser 
productor 

RUT de la organización, empresa o 
institución donde trabaja 1 RUT de la 
sociedad agricola o predio en caso de ser 
agricultor 

Cargo o actividad que desarrolla 

Rubro, área o sector a la cual se vincula o 
en la aue trabaia 

troncoso@ufro.cl 

Eugenio Felipe 

Garcia 

Ruiz 

12.917.066-2 

Manuel Montt 112, Temuco, IX Región 

45-325720;45-325710 

egarcia@ufro.cl 

Universidad de la Frontera, Facultad de Medicina 

87.912.900-1 

Docente tutorial 

- Docente área morfologia y reproducción 
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Nombre 

Apellido Paterno 

Apellido Matemo 

RUT Personal 

Dirección, Comuna y Región 

Fono y Fax 

E-mail 

Nombre de la organización, empresa o 
institución donde trabaja 1 Nombre del 
predio o de la sociedad en caso de ser 
productor 

RUT de la organización, empresa o 
institución donde trabaja 1 RUT de la 
sociedad agñcoia o predio en caso de ser 
agricultor 

Cargo o actividad que desarrolla 

Rubro, área o sector a la cual se vincula o 
en la que trabaja 

Nombre 

Apellido Paterno 

Apellido Materno 

RUT Personal 

- Estudiante Magfster Blologla de la 
Reproducción 

Jennle 

Riso patrón 

González 

5. 799.009-0 

Avda. Francisco Salazar 01145, Temuco, IX 

Región 

45-325590 

jennie@ufro.cl 

Universidad de la Frontera, Facultad de Medicina 

87.912.900-1 

Académico 

- Docente Programa Maglster Biologfa de la 
Reproducción 

- Programa de Fecundación Asistida, Clínica 
Alemana de Temuco 
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Dirección, Comuna y Región 

Fono y Fax 

E-mail 

Nombre de la organización, empresa o 
Institución donde trabaja 1 Nombre del 
predio o de la sociedad en caso de ser 
productor 

RUT de la organización, empresa o 
institución donde trabaja 1 RUT de la 
sociedad agrtcola o predio en caso de ser 
agricultor 

Cargo o actividad que desarrolla 

Rubro, área o sector a la cual se vincula o 
en la que trabaja 

OTROS Participantes en parte te6rica 
de difusión: 

- Paulina lsler Garcla RUT: 14.158909-1, estudiante veterinaria 4• ano 

- Michaet Oberg Vicent RUT: 15.207616-9, estudiante veterinaria 4• ano 

- Mauricio Castillo RUT: 12.194313-1, estudiante veterinaria, tesista 
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Evaluación de las actividades de difusión 

Especificar el grado de éx1to de las actividades propuestas. señalando las razones de los 
problemas presentados y sugerencias para mejorarlos en el futuro.· Señalar también las 
razones por las cuales se hicieron modificaciones al programa propuesto inicialmente. en los 
casos que corresponda. 

- La actividad de difusión se desarrolló en el man:o de lo planificado y propuesto en la 
postulación al programa de formación, hubo un número menor de participantes lo cual se debió 
a diferentes factores a conocer y también su desarrollo se postergó: 

a) Se propuso hacer las charlas en las dependencias de la Universidad de la Frontera, lo cual 
se trasladó a las dependencias de la Escuela de Medicina Veterinaria de la Universidad 
Católica, para faa1itar et trabajo y culminar las presentaciones con una visita a las instalaciones 
del laboratorio de reproducción, a fm de mostrar et equipamiento y ubicación para las 
posteriores actividades prácticas. 

b) Uno de los profesores de la Universidad de la Frontera asistió a todas las actividades y el 
resto le fue imposible dejar sus compromisos y otros no se encontraban en Temuco. 

e) La actividad se postergó inicialmente para favorecer la asistencia de los estudiantes de 
postgrado y luego por razones de fuerza mayor. 

d) Este tipo de actividades con un fuerte componente práctico requiere de mucho tiempo de 
dedicación e Infraestructura para montarlas por lo cual no puede ser masivo para que sea 
provechoso 

e) Todos los elementos indicados anterionnente están dentro de lo esperado, sin embargo no 
los acontecimientos que llevaron a postergar la actividad y que han repercutido negativamente 
en todas las actividades posteriores, particulannente en las propias del ámbito académico del 
trabajo regular. 
la inmanejable necesidad de postergar la actividad de difusión debido a las prolongadas 
movilizaciones estudiantiles, sumando a la facilidad de puesta en marcha de equipamiento 
necesario repercutieron fuertemente en el cumplimiento de plazos en el marco de la propuesta. 
Pese a lo anterior creo que ha sido la mejor forma que esta actividad tenga una repercusión 
significativa al ser focalízada a personas que realmente estén capacitadas e interesadas en 
conocer 
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5. EVALUACION DE LA PROPUESTA 

Organización durante la actividad (indicar con cruces)' 

'·· ' . . 
ltem 

' . :-' .. sueno · .. -
" .. Regular· Malo.· 

. j 

Recepción en pals o región de destino según lo 
X programado 

Cumplimiento de reserva en hoteles 

Cumplimiento del programa y horarios según lo 
X 

establecido por la entidad organizadora 

Facilidad en el acceso al transporte X 

Estimación de los costos programados para toda la 
X actividad 

En términos generales surgieron algunos inconvenientes en los costos que quiero set\alar: 

- El costo de vida, alimentación y hospedaje en Europa es muy alto para nuestra realidad 

- Los giros de fondos y cambio de moneda tienen un impuesto importante no cosiderado 
por falta de información al respecto 

- Pienso que para personas que viajen a esta zona se deberla contar con una estimación 
más detallada y próxima de los costos de vida, información muy valiosa para no tener 
problemas. En mi caso particular estos problemas los superé gracias a la excelente 
voluntad del Dr. Lonergan que me recibió y consiguió un lugar más económico para 
quedarme . 

- En varias oportunidades se hicieron gastos los que no se pudieron respaldar con 
comprobantes ya que no disponlan de ellos o porque simplemente no los entregaban 
porque no era lo habitual, no tengo claridad cobre las razones de esto en algunos 
casos . 

- Par los efectos de mi estadla en Dublln, el costo total de los gastos de alojamiento fue 
significativamente menor a lo que seria si se hubiera pagado gastos de hotel o 
similares. En lo particular se consiguió compartir gastos o subarrendamiento en una 
casa donde vivlan estudiantes de postgrado. Mucos de los gastos eran de tipo fondo 
común y varios de gastos generales como luz, agua, calefacción etc. En todo caso era 
un lugar cómodo y mucho más económico que cualquier hotel. 

1 En caso de existir un ltem Malo o Regular, set\alar los problemas enfrentados durante el 
desarrollo de la actividad de formación, la forma como fueron abordados y las sugerencias que 
puedan aportar a mejorar . 
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a) EfectMdad de la convocatoria 

Me parece adecuada, sin embargo debo seftalar que al momento de postular tuve problemas 
debido a que se cerró antes el sistema de ventanilla abierta dejando poco margen para 
completar la documentación necesaria 

b) Grado de participación de los asistentes {interés, nivel de consultas, dudas, etc) 

- Como una actividad individua, creo que mi participación fue buena y saqué el máximo 
provecho a mi estadla durante el entrenamiento. En variadas oportunidades acompafté a los 
estudiantes en sus actividades de madugrada o altas horas de la noche, especialmente en las 
evaluaciones con animales. 

e) Nivel de conocimientos adquiridos en función de lo esperado (se debe indicar si la actividad 
contaba con algún mecanismo para medir este punto) 

Bueno, creo que aprendf más de lo que esperaba y en términos generales la experiencia fue 
muy enriquecedora para. La actividad no contempló aplicación de atgím instrumento de 
evaluación 

d) Calidad de material recibido durante la actividad de formación 

El material recibido fue poco ya que el fuerte era la práctica en nuevas metodologias para lo 
cual el material fue el justo y adecuado, principalmente algunos artlculos cientlficos y un 
resumen de los protocolos que utilizaban en el laboratorio . 
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e) Nivel de adecuación y facilidad de acceso a infraestructura/equipamiento necesario para el 
logro de los objetivos de la actividad de formación. 

Conté con todas las facilidades necesarias para tener una estad fa provechosa y agradable en 
mi entrenamiento 

f) Indique las materias que fueron más interesantes, més desarrolladas a lo largo de la 
actividad de formación y las que generan mayor interés desde el punto de vista de la 
realidad en la cual se desenvuelve el participante. 

• Dentro de lo considerado en la formación, uno de los aspectos más interesantes fue el 
participar y ver las potencialidades asociadas a las técnicas de transferencia interespecffica y 
evaluación de procedimientos por esta via. También estas metodologias abren puertas 
importantes para incursionar en mejoramiento de tecnologfaa aplicadas al mejoramiento 
genético animal. 

g) Problemas presentados y sugerencias para mejorarlos en el futuro 

• No tuve problemas en ninguno de los aspectos propios del programa de formación, excepto 
con el cumplimiento de la actividad de difusión y derivados de esto. 

Aspectos relacionados con la postulación al programa de formación o promoción 

a) Apoyo de la Entidad Patrocinante (cuando corresponda) 

_X_ bueno _regular malo 

Justificar: se me entregaron los recursos solicitados y se realizó una rápida tramitación de los 
documentos necesarios para la postulación, pese a la premura del tiempo. 

b) Información recibida por parte de FIA para realizar la postulación 

__ amplia y detallada _x_ aceptable deficiente 

Justificar: Fue un problema el hecho de haber acortado los plazos de postulación ya que casi 
no me deJo margen para completar los trámites necesarios 

e) Sistema de postulación al Programa de Formación o Promoción (según corresponda) 

_x_ adecuado _aceptable _deficiente 

Justificar: Me parece que el sistema de ventanilla abierta es adecuado y los documentos 
exigidos también lo son 
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d) Apoyo de FIA en la realización de los trámites de viaje (pasajes, seguros, otros) (sólo 
cuando corresponda) 

_x_bueno __ regular malo 

Justificar: Todos los trámites de pasajes y seguros fueron realizados de buena forma y siempre 
considerando mis sugerencias para mayor comodidad 

e) Recomendaciones (senalar aquellas recomendaciones que puedan aportar a mejorar los 
aspectos administrativos antes indicados) 

En mi programa, además del entrenamiento se me aceptó mi participación en el 
congreso anual de la IETS. Creo que este evento deberla estar dentro de la lista de 
apoyo a eventos permanentes del FIA ya que me parece que es el único relacionado a 
aspectos de vanguardia en el tema animal. Este congreso se realiza anualmente en 
algún pais del mundo desarrollado. 

También creo que seria útil que le FIA hiciera alguna sugerencia a los postulantes en el 
sentido de combinar actividades, en la medida de lo posible, de modo de sacar más 
provecho a los recursos invertidos. 
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Optilnization of in yitro bovine embryo production: 
ef:fect of duration 9f maturation, length o.f gamete 

co-incubation, :sperm concentration and sue 

Fabian Ward, Brian Enright, Dimitrios Rizos, 
Maurice Boland. Patrie k Lonergan .. 

Dt'purtmcl!! ofA!tirnnl Scicnce nnd Pmd~t:tion ond CtlliK'O)' lmtitule of Riomolccu.lt~r ami Binmcdícal Rcsewrh 
Urn¡•trsity CoiJege Dublin;.:Lyous RrffOlf:h J;',Jma. Ncwr.astle. DubJin. /rcland. UK. 

~.ci ""'<! 24 ~pril 2001: sr.ccpn~.d 13 No\'l•mllCt 2001 

Abstr:lcl 

'· 
The aim of these experiments wa.'i:io ia\•esligate tlae effecl of duration of fVM.. duration of gamete 

co-incubalia.m, ond of sperm dose o.o.the developmellt of bovine embryos io vitro. I.n additioo. the 
s~d of s~n penetratioo. of si-x bu~s ofknown differiog in vh•o aod in vitro festility was examiued. 
Tn .Expc:rim~ut 1, followiug IVM for-16. 20, 24. 21! or 32 h, ':umulus oocyte comph:xes (COCs) wen: 
ins..m1inated with 1 x ¡()6 sperru3iozoalrnl. Aflec 24 h co-i()(.'UirJtion. presurnptive zygotcs were 
dcnudcd and plw:ed in dro¡>lets of syntheli.:- O\'iduct fluid (SOF). lo Experiment 2, followiog IVM 8Jlll 
IVF, p~sumptive zygotes were remo\'ed fmm fertiliznlion weUs at l. S, 10. 15 or 20 h P''st 
iu&e::miuntion o.od placed io culture a.s ck.scribt:d above. lo Experim~nt 3. following IVM, COCs 
were insemiuated with SJ.>effil doses r~nging ffl\m 0.01 x 1Qii to 1 x 106 spermatozoa/ml. Following 
co-io..."llbation for 24 h, pro:sumptive zy¿¡utc:s were placed iu culture us described above. lo Experi­
meut4, followíug fVM. oocytes we:re:inscminnred with :>perm from six !lulls ofknown differiug field 
fertiUty. To asses.<> the rate of sperm peoetmtion. oocyte.o; werc subscquently Hxcd every 3 h (up to 
1.8 h) followíog JVF. Bosed oo IM.re.~ult~ of Experiment4. in Experiment 5. following lVM l{lr 12,18 
or 24 h, COCs were ins~minated v.ith spenn from two sires wilh rn11rkedly diffc:rent penetration 
speeds. After 24 b co-incubation. pres:Wl.lptí ve zygotes were denuded nnd plllced íu culture. The ma.in 
flodiogs fron1 this study are that (1) \Íie optinuü duration of matunttion of bovinc oocyta; in v itro lo 
mnximize blastocyst yield is 24 h, (2) spero1-oocyte co-inc.11batiou for 10 b is ~11fficient to eusure 
maximnJ hlastocyst yidds. (3) spem~: concentrations of 0.25 x 106 nnd 05 x 106 spemtatozoa/ml 
yiclded signific:mtly more blastocysrs lhau nuy other conce.ntrdtioo withio tbe ran:,oe of 0.01 x lW--
1 x 106 spt.nnatowalml. (4) tbere ~e marlced differences in the kinetics of spenn penetr11.tion 
between sire.s Md tbis may be a use~l prediclc>r of field fertility. aod (5) the inferior developmellt 
:~Ssociatcd with slowu penetratioo ra_ti:.~ nuy in pil11 be o~-erc{lflle by cn.rrying out IVF al a lime wheo 

• Co_rre~ponding author. Tel: +44-~sj·~-(.01-2147; fu: +44-35:t- 1-62S-S421. 
l:·mail otldrt:ss: v-l.lonergao@ucd.ie (P. ·Loncrgan). 

0<!9:1-691 X/(>:!/S - ser. frolll D!alki' í!) 2Ó01 Elsevier Science lnc. All rights re.\crvcd. 
l'll : SOtl93-691 Xi02)00696-9 . 



' • a 
~ • • ~ 
11 

F. W.·ml el aL/Tht!riogenology 57 (2002) 2105.-2117 2107 

of bovine oocytes. In addirion, the relationship between the rate and kinetics of sperm 
penetrntion and bull fertility in vitro and in \ÍVo was a"isessed using semen from bulls of 
known field fertility. 

2. Materlals and methods 

2.1. Oocyte colleclion lllld in vitro matumtion (IVM) 

Chemicals were pUIThased from Sigma Chemical Co. (St Louis, MO, USA). Cnmulus 
oocyte complexes (COCs) were obtained by aspiration from 2 to 8 mm follicles from the 
ovnries of slaughtered cows within a maximum of 3 h after slaughter. After four washes in 
modified PBS supplemented with 36 ¡1g pyruvate/ml, 50 ¡•g gentamycin/ml and 0.5 mg 
bovine sernm albumin (BSA)/ml (Sigma fl"llction V, A-9647). groups of approximately 50 
COCs were placed in 500 ¡¡1 maturation medium in four-well disbes (Nunc, Roskilde, 
Denmark) and cultured for 24 h funless olherwise stated) al 39 "C under an atmos"Jlhere of 
5% C02 in air with maximum humidity. The maturation medium was TCM-199 supple­
mented with lO% (v/v) fetal calf serum (FCS) and 1 O ng epidermal growth factor/m!. 

2.2. Semen source, sperm prepa.ration and in vitro ferti/i¡¡ltion (NF} 

Following maturation, COCs were washed four times in PBS and then in fertili.7.ation 
medium. COCs were p1aced in four-we11 dishes containing 250 Jtl of fenilization medium 
tTALP containing 10 flg heparin-sodium saltlml, 184 !U heparin/mg. Calbiochem, San 
Diego. CA, USA) per weU. Motile spermatozoa were obtained by centrifugation offro7.en­
thawed semen on a discontinuous Percoll (Pharmacia. Uppsala, Sweden} density gradient 
(2.5 mi 45% (v/v) Percol.l over 2.5 ml 90% (vfv} Percoll) for 8 mio at 700 x g at room 
temperature. Viable spem1atozoa, coUected at the bottom of the 90% fraction were wasbed 
in Hepes-buffered TALP and pelleted by centrifugation at 100 x g for 5 mio. Spermatozoa 
were counted in a hemocytometer and diluted in the appropriate volume of fe.rtilizarion 
medium to give a concentration.of 2 x 106 spermatozoa/ml (unless ot11erwise stated). A 
250 ¡LI aliquot of this suspension was adde.d to each fertiliza !ion well to obtain a final 
concentration of 1 x 106 spermatozoa/ml. Unless otherwise srated, plates were incubated 
for approximately 24 h at 39 'C under an am10sphere of 5% C02 in air with maximum 
humidity. In the experiments described below. the time of addition of the spermatozoa to 
the oocytes is defined as the time of insemination (Oh}. 

2.3. In vitro mlture (/VC) 

Embryo culnrre was carried out in modified synthetic oviduct fluid (SOF} under mineral 
oil in a humidified atmosphere (lf5% C02, 5%02 and 90% N2 at39 "C [21]. At 24h after 
insemination, presumptive zygores were. denuded of cumulus cells by vottexing for 2 min 
in 2 mi of PBS. The zygotes we.re washed four times in PBS and once in SOF before they 
were transferred to 25 ¡¡1 culture droplets. 24 h afrer placement in culture (i.e. 48 h after 
insemination) lO% (v/v) FCS was added to the droplets. 
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known [18]. Following IVM for 24 h. oocytes were randomly assigned to one of six bulls 
for IVF (nonreturn rates rnnging from 78 to 56%) and were insemiuated with MitoTrncker­
stained ~'jlerm from each bull as described above. Presumptive zygotes were removed from 
the fertilization drops at 3. 6. 9, 12. 15 or 18 hpi. Cumulus cells were remove.d by pipetting. 
and the zona pellucida was digested using 0.5% protease. Zona-free. oocytes were placed 
on a gla•s slide, allowed to air dry and were fixed in ethanol overnight. They were 
subsequently st..'lined with Hoechst 3334L or Propidium iodide and examine-d using a 
confocallaser scanning microscope system (BioRad, Hemelhempstead, UK) for evidence 
of sperm penetration (Fig. 1). To demonstrate tbat MitoTrdcker-sraining did not affect 

fig. l. Repn-.scntativr. imagcs !.howing various stages of spenn penet:ro.tion. The 2JJna was remove-d prior to 
fixsti(m. (n) Non fertili7.ed oocyte 3 h ufter iosemination llhowing metaphasc plat~; (b) fertiliz.ed oocyte 3 h aft.er 
iusemination. Note sperm (urrow) and chromosomes arraugrd ut wtaphaselt.clophase It prior lo expul.sion of 
o~;ccond polar body~ (e) rertili:!.ed oocyt.e 9 h aftet imcmination. Note two pronuclci and spenn ta.il; (d) 
polyspcmlk oocyre 6 h after insemination. Note sperm. ta.ils (arrows) Jying adjacent to deconden.siug sperm 
head~. 
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Thble 2 
litTect of g;mt!!le co-in.:ub:ltion time oo rohseq~rnt ~vrlop-M nf bovine OOI.."}'toec in vitro (fuperimem 2) 

Sperm-oocyt.: TO!alno. Oocytes clt::lved Day 8 bl:lstOC}~ yicld 
co-iocubation (hl of OOC)'It:$ 

n <¡;, ¡¡ % 

1 25~ 4 1.6" o 0.0' 
5 240 S y 37.1" 46 19.:zb 

10 254 t64 M .6b 82 32.31 

15 :!55 209 820"" 103 40A• 
20 251 21.5 85.7" 80 31.9" 

Values in ihc R:mle .:oluiDn with diOi:reru gu¡~en..'Tipts (a, b. e, 11) lliffe.r aignilic:lllUy CP < 0.05). 

3.2. E.weríment 2 

Following co-incuhmion for 1 b, almost all oocytes (98.5%) were unfenili7.ed (Table 2). 
While ¿¡ co-iocubarioo time C>f 5 h resulted in a SÍ!,'lli.fic:mt increa.<;e in cleavage rate, the 
percenta~e of oocytes undergoiog deavage was stiJJ significantly lower than in all other 
treatments. Increasi.ng the co-incubation time lo 10 h ~igoificantly iocreased t~ cleavage 
rate. but the value wn.~ 1>-till s ignificanrJy lower than thar achieved witb 20 h co-incubution. 
No biastocysrs devel.oped followio_g co-iocubatioo for l h. ami altbuugb co-incubatioD for 
5 h resulted in a 16% blastocyst. yield. thís was signiñcantly lower thun all other t:reatmems 
of a longer duration. Tbere was no significant <li.fference in blastocyst developmenr 
followiog· gamete co-incubaúon for 10, 15 or 20 h. 

33 . E.tperiment 3 

'lhere were no siguükant ditferences in deav-<Jge rute fo11owing insemioation wiib 
1 x 106 compared to 0.50 x 106,0.25 x 1o6. 0.125 x JOCl or 0.05 x l()Ó !>pennatozoalml 
O 'able '3). However, insem~nation with 0.50 x l<Jí spenmttor..oalml significaotly i.ncreased 
cleavage when compared to 0 .12..'; x 1<1', 0.05 ~< lOti or 0.01 x HJ6 spermatowalml. 
{P < 0.05). When the sperm dose was lowered to 0.01 x 106 spe.nnatozoalml cJeavage 
mte wns sigoificaotly reduced compnred to a ll other treatments (P < 0.0001). Hlastocyst 

Thble 3 
l.iO'ect ot' >Jlcrm dese in vitro on ferúl ir..ati.<lll aod sub~(.quent devciQPment of bo'·iuc oocytt:ll to the bwtocyst 
st.acc (ll~pauneot 3) 

Sper.m cooce11tr11Liou Spenn:oocyt.e 
(miUioulmll 

T()(.a) no. 
of 1.xx:yte.s 

D:ly 8 blastl)('!)'ii\ yield 

11 --------.. -.... --.---··--.._ .. __________ ..,_ .. ____________________ ..... .,. ... __ , ______________ 
1.0 10000:1 237 185 7S.t•b ~9 24.9",¡ 
0.~ SOllO: 1 212 179 !;4,4" ~~ 35.41>< 
025 2.500:1 22.5 179 79.6ob 66 Z9.3<d 
0.12.5 12SO:I 238 179 75.2~ 58 24.4"" 
0.05 51)():1 :H3 155 72.11~ 4~ ! l .t"" 
0.01 100:1 20.\ 100 493. !2 s!l 
Val!IQ in !he samoe columa witb dilferent ~(a. b, c., d. e, f) differ aignilicaally (P < 0.05). 



! 
• 1 .. 
• ~ • • 
i • 1 
1 • 1 • 1 
' íl 
1 
• 
1 • 1 
@í • • i • • ® 
11 
• 8 • 'ti 
0 • 

/•: W.'lrJ d al.tnr~riogerwlogy 57 (2002) 2105--2117 2l13 

Thbk 5 
Correl.ation betweeo time of spenn penrtnuion in vitro and ficld fen.ility for six bufu (1.50-day nonretum rate; 
11 = 18 hatches: six hulls. three replicateslbuli) 

Time of sperro penetr::~.tion (hpi) 

J 
6 
9 

12 

hpi: houn. post insemination . 

Thble 6 

Corrclatioo coefficient aod significance 

r 

0.827 
0.671 
0.712 
0.676 

P-value 

0.043 
0.145 
0.112 
0.141 

Effect of time of insemination on hlastocyst )'ield using two sires (Experiment 5) 

Sirr. Time of insemination 1 T~l no. ofoocyres % el a ved ( 48 hpi_l Da y 8 bla.stocyst yield 

HTA 12 238 63.9" uu• 
18 240 80.4b 24.2.w 

24 246 g}_i' 29.7b 

TJD 12 247 35.6" IO.Q" 

18 247 64.8" 16.6. 
24 242 62.8" 11.2.~ 

Values in the :<>ame column for thc samc ¡¡jre wiÚl ditfereot supcncripts (:l, hl diffcr significantly (P < 0.05). 
1 Rclath•e to Sl.art of IVM. 

between inseminations at 12 and 24 h. Por TJD, there was no sígnifica.nt difference in 
blastocyst yield between any of the tream1ents (lable 6) . 

4. Discussion 

The main findings from this study are that (1) the oprimal duration of maturation of 
bovine oocytes in vitro to maximize blastocyst yield is 24 h, (2) spenn·oocy1e co· 
incubation for 10 h is sufficient to ensure maximal blastocyst }ields, (3) a spenn 
concentration below 0.25 x 1 !t spermatozoa/ml resulted in significantly less blastocysts 
!han any concentration higher !han this, (4) there are m:uked differences in the speed of 
spenn penetration between sires of diftering in vitro ami in vivo fertility, and (5) the inferior 
development associated with slower penetration rates may in pan be overcome by carrying 
out IVF ata time when the actual penetration is most likely to coincide with the completion 
of rnaturation. 

Maturation of rhe oocyte is not required for sperm penetratioo or for spenn nuclear 
decondensation w1der in vitre conditions [6,7]. However, premature exposure to sperm in 
generalleads to reduced development. The kinetics of bovine IVM have been reported by 
severa! authors [3-5]. In general, under the conditions of IVM used in the present smdy, by 
16 h approximately 50% of oocytes are at telophase I (in the process of polar body 
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In vivo, the ovulated hovine oocyte encounters few free-swimming sperm at the si te of 
fertilization. In fa~t. fertilízation is likely to occur in conditions where the. sperm:oocyte 
ratios are el ose to 1: 1 [20). ln bovine JVF, commonly used spenn concentrati.ons range. 
from 0.50 x le/' to 5 x 106 spermatozoa/ml [ 1 ]. The sperm concentration can significan!! y 
infiuence the proportion of oocytes undergoing cleavage and development to the blastocyst 
stage. A compromise almos! certaínly must be found between having a sufficient number of 
spenn to ensure acceptable fertilizatíon rates while ensuring a minimal íncide-nce of 
polyspermy. 

In the present study, a concenlration of O. \25 x Ic/'-0.5 x le/' spermatozoa/ml pro­
vided enough spermatozoa to optimize blastocyst developmenr and was superior in terms 
of cleavage rate to all concentrations below 0.25 x 106 spermatozoa/ml. These data are in 
agreement with those of Long et al. [24] who indicated that even at reduced spenn 
concentr'.d..ti.ons, there was no increase in the proporrion of oocytes inseminated by ooly one. 
spermatozoon. However. a concentration of 0.50 x J06 is superior to a concentration of 
1.0 x 106 spennatozoa/ml. \Vhile sorne authors have reported an increase in the rate of 
polyspermy at high concentrations and high sperm:oocyte ratios [6.12] the incidence of 
polyspermy in this experiment was Jow ~1-8%) and not significantly different across all 
treatrnenl• (data not shown). 

It is well established that the bull crut have a major effect on tite outcome of IVF 
[17.18.32.33]. We have previously shown rhat the time of first oocyre deavage varies 
betweeu different hu lis and rhat the kinerícs of early cleavage can be used lo discriminare 
berween bulls ofhigh and low field fertility [18]. Of the bu lis rested in that stndy, HTA was 
mnked the highest. and 'DD the lowest where the time of first cleavage was used as the 
basis for predicting field fertility. '!be strongest correlation between cleavage and field 
fertility was observed at 33 hpi. For HTA >60% of oocytes inseminated had cleaved by rhis 
time- aud these accounted for almost 70% of all hlastocysts from tlús bull. while in contrust 
for TJD, the lowest ranked bull, only 15% of oocytes had cleaved by 33 hpi. These marked 
differences in early cleavage kín~tics were the basis of Experiment 4, where we inves­
tigated whether speed of oocyte penetration is correlated with field fertility. The results 
indicate that there is a marked difference in the speed of oocyte penetration between 
different bulh which may partially explain the observed differences in cleavage rate, 
b1astocyst yield rutd field fertility. Bulls with a hígh nonretnrn rate (ELG, HTA and LEW) 
displayed the fastest mte of spenú penetration while those mnked lowesr in field fertiliry 
(MTL, KKN and TJD) had slower rates of penetration. The differences in •-peed of sperm 
penetration were most ohvious after 3 h gamete co-incubation, and this is refiected in the 
correlation coefficie.nt between nonretum mte and percentage oocytes penetrated by 3 hpi 
(r == 0.827. 1' < 0.05). This data is consisten! with our pre.vious study [18]. This would 
imply that sperm which penetrate faster lead to early deaving embryos, which have been 
shown to be developmentally superior to those embryos which cleave Jater [34]. 

The timing of insemination (i.e. the addition of the sperm to the oocyte) in vitro is clearly 
notas importan! as the actual time of sperm penetra !ion of the uocyte. On the ba•is of these 
resu1rs, Experin1ent 5 was carried out lo try and overcome the slow penetration rate ofTJD by 
inseminating earlier during IVM. The result~t demonstTt~te that for a bull with a "normal" 
speed of penetration (HTA), insemina! ion earlier during JVM does not have any beneficial 
effect; in fac~ insemination ar 12 h resulted in significantly poorer development. In contrast, 
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ABSTRACT 

We dllecrlle a bOYine embryO a.A.re syaf8m lhat IIC.IIlPO'tS repeáiiJie hlgh cfeowelaprnent In 
t1e preeence of 1e1um or BSA as Mili • under ~ COIICIIkli 11 In the llbeenoe d tho8e 
componen~~. In !he llnlt expectm-. ~ devalaprnent In S0F Wllt'l 811ft> 8Ciáa (SOFM), 
eodkrn cllrala (SOFaac) 8'ld ITI)OoinoliiiDI (SOFucl) and IMII BSA or ~ aJcohcl (PVA) 
'fWMI oornpared wllh ltllllln a M199 gñanulcte. cel oo-cu11.n (M199 <lO-QAn}. Si.aeqsl8flly, 
del!eloprMnt n 0111 ...m.w d ~ CIAb.nd undllr dlthed eo~dllore r. SOFaaciM!h 
PVA (SOFu::U'YA), or 1.n:ier uzdalb.t cxnlllol11ln SOFMCI wllh 5% cow ~M~nn~ISOF~ 
CS) ar M198 CIHU!ure ware eo11rpared. Tha NJlBIItltbllly d aAD8 reaAII In SOFaaci-CS waa 
ct'I8Ck8d by~~ (n=30) ~ 011W 11 monh. 'fhe ~ d enQ)lOI davaloped 
In SOfud.PVA _. ediiided ~ ·~ cA rno~ gaod blatoc,_ (r=10) lo 
8)4dwalkaai r-=--11111. Infle 88CIOnd ~rbalt. 1he eflect of omilllng CS or 8SA han IVM 
and IVM-fVF on •Qeql18f1'1 embr}llo .diJI;elopment In SOFaad-PVA or In SOF.:I-CS was 
lrMMI9ded. BlaltDcy8t dlw E 'tpouentln SOFaa-PVA, ~A, SOFae-SSA and M199 waa 
,&;3D :23 t ~. 30:1: g8 and 38:1: 7.'%. reepeclfYely ~< 0.05). AdclllonaJ lnctualon cA myo­
inDIIIIIIIreeutiBd In 42 :1: 1' ~ In SC>Faai>PVA ve 19 t ~ In SOFaac:-PVA. 47 :t: rA% 
In SOfaac>.BSA, and 38 :t: ñ. in M199c:o-aA.n. nl8p8Ciivaly (pllb < 0.01). ~ 30 repl!cataa, lhe 
IMII'IIQ8 cleeYage and l::llaMDcyet ratas d ooc)'t8S In SOFflaci.CS wera fi7 ± " and .w ± 5%, 
reepec:CMIIy. Rwt nonnal oaM& ~ proc:klced aftar nn.ler d 10 blasiDcy8ta ~In 
delineeS cuiiUre lnlldUn (le., ~pYA). Deli1ed IVM or IVM-IVF (l.e., In 8baence des and 
BSA) l1lduced cleawlg8 ratea (83 :t: 3. iand 56 :t 3% va 90 :t 1% In prwence d CS; P < 0.01 ). 
&brequant emtxyo de'talcpnent In SOFaad-CS was noc atledad In ellhaf d lheae deftnad 
COidbB. However, claawge and bliillrXylt I'Bt88 under CClflllllt8IY defNd IVP condltiOU8 
.._.54± 7 and 19 :t 4%, ~. h wa ~ hd undef d8llned wlura cordllona. 
adcllon d Clrala and ~ ~ blaab:ylt ds\ ...... ¡IWlt 1D rate& COnlpaiiÜJ lo 
floee Clblalned _.,. II8NIIl, BSA or ~ and lhat !he qually d ~ waa not affect8d 
br !he at.rce of een.m or BSA. HcMewer, aarurn wu esaentlal durfng IVMIVF for normal 
lar1llzdan end • ibeeql181t Ngh blaálcyst c:Woalopme11!. 
01-~S...--Inll. 

Key WOI'da: ca111e, IVP, embryoe, ~tic ovkiJá ftlid. defined medJ~ 
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684 ThBrlogeno/ogy 

INTROOUCTION 

In vltro production o1 bovina ambryos for braadlng purpoeas requlres that tha cultUre 
systam ·and its componants are free of spacillc dlaea888 and aupport high ambryo 
developmant wlth repaatabla results. Daflnad cutture condltions auppoltlng hlgh ambryo 
developmant relsa without lnctualon of biologlcal subatancaa llke aarum and - aerum 
albumln (BSA) are tharefore advantageous and would allow lor bailar quaDty control and 
aaae o1 compartaon of the results batwean laborelorlaa and a..,..rtman18. In addltlon, a 
slmpllfiad in vltro production systam could be uaed outslda laboraloly conditlons. 

A variety o1 cultUre condltlons allow for embryo development lo the blastocyst staga 
(for revlaw, sea 3). In a welghted analysls ol blastocyat developmant publlshad In abstracta 
(at the IETS-maatings 1991 lo1995; 50), the moat slgnlficant variance was attribulad lo the 
rendom effact ol batwean abstrect-llon, although the lncluslon ol sornallc calla alao had 
a positiva e11act on the overaD -..Jopmant rala ol blaslocysta. 

Co-cultUre wlth somatic cells (e.g., ovlduct epithalial calla, grenulooa cells or BRL..:ells) 
is esaential for achievlng acceptable ratas of ambryo -opment undsr certaln condHiona, 
(1, 16. 7, 9). However, addltlon ol calla lo a culture madlum randers Han undallnad madlum, 
which carrias a certaln rlsk o1 lnfectlng the ambryos wlth palhogans (2, 44). The rlsk ol 
inlectlon 1s hlghsr for IVP embryos as certa1n palhogens cannot ba removed by atandsrd 
IETS-washing proceduras (51). 8oth BSA and serum, which are components o1 most 
embryo culture media, are complex and u~nad mixturas ol protelns. growth factors, 
pep- and tha lil<e. Somatic oeils a1so lack adequate d811nltlon lo aeeure optimal qualily 
control. Furthennore, serum ls suapactad ol contributlng lo the larga ollspring syndroma In 
sheep (26, 49, 43). Serum and BSA a1ao have a stimulatory eflact on embryo growth (37, 28, 
25, 17). Factore leadlng lo improved ambryo ~ In culture systams uslng sornatlc 
calla andlor serum-protelns are not weil understood, but lnclude positiva embryotrophlc 
faclors and lnactivation ol ambryoto>dc agants (e.g., free radlcals, haaYy mets1a and others, 
sea 3). In BSA, chrate has baan ldantlflad as a poalllve embryotrophlc factor (20), but BSA 
may also stimulate embryo davalopment lhrOugh amelloratlon of embryoto>dc substanoes 
(15). WHh the addltlon ol amlno aclds, B8A can ba uaad lo SIA>atl1ute lor serum In ambryo 
cultUre madls without compromlslng blastocyst ratas (17). 

Bovina oocytas have baan ehown lo mature (3, 13, 38) and lertiUze (29, 39, 45) In v1tro 
In the absenoe ol serum-protalns wlthout compromlslng aubsequant ambryo developmant In 
vltro. Bovina zygotas have also baan reportad lo -op. wlth vartous ratas o1 suocesa, In 
chemically dallnad madlum lacldng serum protslns (modlfiad SOF: 22, 29, 30, 32; M199: 11, 
36). Howevar, chemlcally dellnad oondltlons allow tor more precisa obaervalion o1 the effact 
ol supplamantatlon on a glvan madlum. Embryo developmant haa baan slgnlflcanlly 
improvad by oondltloning Wlth sornatic calla (34) or by tha lnclusion ol groWih or other 
embryotrophlc factors such as cHrate (30, 22), myo.lnosltol (P. Kotarls, pereonaf 
communication; 22), EGF and FDF (32) or PDGF (12). 

The vlabillty ol ambryos produoed undar convantlcnal in vltro culture systams ls 
ganerally lower than that ol in vivo produoed embryos (40 lo 50% vs. 50 lo 75% survlval 
lollowlng transfar; lor revlew sea 22). Data regardlng the transfer of ambryos producad in 
dafinad madlum are limHad, and only a few pregnanclas have baan reportad (30). 

In the presentstudy, bovina blastocyst ~mant was invastlgated followlng: 1) the 
inclusion ol cllrate and m)'<Hnoaltol during in v1tro cunure In a modlfiad, chamlcally-definad 
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synthetlc ~ct ,._,Id me<lum (SOFaael; Teble 1 ), and 2) the omiesion ot eerum and BSA 
trom In vitro maturatlon and tertllzatlon media end culture In M199 granulosa co-eutture 
(M199 CCH:UIIufe), in SOF-med!W11 w!d'l 5% cow eerum (SOFaaci-CS) or in chemlca!ly 
deflned SOF-medlum (SOFaaci-PVA). We aleo report on pni9Nltldee and birth of tiYe calvee 
fo1Jow1ng tranlfer of IVP~ cultuted in vllro fmm lhe 1-c:ell stage in SOFaaei-PVA. 
P81t of lheee dala has been publiahed earlier lo abshet form (22). 

Table 1. Composition o1 modifiad synthetic ovlduct fluid (SOFaaci) usec1 in present studyabcd 

Component ProctJct, Company 

NaCI S 5888, Sigma 
KCt P 5405, Sigma 
KH2P04 P 5655, Sigma 
MgS04 M 2643, Sigma 

Caei:?,2H~ e 7902. Sigma 
Sodium lactate L 4263, Sigma 
NaHC03 S 4019, Sigma 
Na • pyrwate P 3662, Sigma 
1-Giutamíneb G 6392, Sigma 
BME amlno at:idab B 6766, Sigma 
MEM amtno acldsb M 7145. Sigma 

tñ·SodiUm-citratec 1.06448, Merck 
t.tyo.¡nositot' 1 7508, Sigma 
Gentamycine G 1264, Sigma 
Phenof.red P 5530. Sigma 
H;:O W H503, Sigma 

ConcemratiOn 

107.63mM 
7.16mM 
1.19mM 
1.51 mM 
1.78mM 
5.35mM 

25.00mM 
7.27mM 
0.20mM 

45.01JL.Jml 

5.0JJL/ml 
0.34mM 

2.77mM 
SO.Opglml 
10.0Jig/ml 

'The osmolarity ol SOFaacl wllh or Mthoul supplamants (see texa) wara adjusted lo 270 to 
~ mOsm. Medum was 810nld a1 5"C for a ~m ol one week. 
SOF lncfiJd'.ng amlno aclds (but elCduding citrate and myo-inoellol} is deslgnatad as SOFaa. 

cSOFaa lncluding cllrate 18 daeignated as SOFaac . 
4
SOFaac indudJng myo-III08ilolle deslgnatad as SOFaací. 

MATERIALS ANO METHODS 

The etudy was carrfed out between 1995 and 1998. The lnitial standard procedures 1or 
in vltro maturatlon (IVM), fertilzatlon (IVF) and culture (IVe) have been describe<! earller 
(53). However, in 1997, the etanclard <XH:U!Iure procedure uslng M199 wiUl granulosa calle 
waa replaced by SOF-medium (47) aupplemented wtth emlno aclda, cltraté and rnyo-inoaltol 
(Table 1) and 5% tx1tt serum (SOFaacl-CS). The cow eennn (CS; Danish Vetetinal)' 
labonltol)', F•8derilalberg, Oanmark) used In our present 8tudy origlnated from 2 batches, 
teated and praeelec1ed for thelr ablllty to eupport blastocyst development In llitro. Ukewise, 
the batch of hlghfy purifled 1ow endotoxfn, gamma-lrradlaled and lgG-free boWle serum 
albumln (BSA; c:at. no. ASAZ. lmmuno-Chemlcel Products Ltd., Auddand, Naw Zealand) 
had aJao been l88ted and preselected (25). Media that do not contain es or BSA are 
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consldered defined media. 8oth IVF wtd IVC media haYa been thotougNy c:hemlcally 
c:hatacCartzad. ttowever, deflnect IVM medium Cllflt.iml fiCO and hCG, .tllch de&ple the 
high dagnle of purtty are blologlcaJ aubstances. k. OYeMew of the dlfferent e.peñmenta i& 
~--dad In Tatlte 2 . 

Tabla 2. Overvilrw of uperimenta and media 

Media 

w ¡v¡:b rvcc 
M191).CS nP-CS SOFaa-BSA, SOFaa-PVA ± 

dtrablorM189~ 

2a M)o-lnosltolln dllllna:l M199-CS llP.CS SOFaao-BSA ± ITI)Ohlellol, 
118 in undaftned IVC SOFaao-PVA:t~or 

M199~ 

2b In vivo 8UNival d M199-CS TlP.CS SOFaad-PVA 
~deYeloped 
indllhldiVC 

3a Dernad IVC M199-CS TlP-CS SOF&DPVA, SOFaaa-CS or 
118~1VC M199 co-a.l16e 

3b Slablty d lhB M199-CS TLP-CS SOFaad-CS 
SOFaaciGS sy&eem 

4a ~wlowacmm M199-CS T1..P-CS (1%), M199 co-o.dluRI • 
CXIIIOei lbidiufti TLP·10%CS 
118BSA in 1VF orTI.P-BSA 

<4b ~IVM M199-CS TLP-CS SOFaad-CS 
118 daflned IV~ orM199 orl\P 
\la l.ndehld lw.NF 

5 Duflnad IVC YB dafined M199-CS TlP.CS SOFud-P/A 
IVP w undalined IVP or M199 or TlP or SOFtlactCS 

8
l'IM-meclurn contalned eCG and hCG. In deflned c:ondltionll 0.2 to 0.3 rnglmL. PVA waa 

Bresent· carrled owr from lhe asplratfon 1 washlng medium. 
IVF-medlum contalnacl hepartn, hypotaurlne, apinapt;rine and peniclllamlne. 
~ Table 1 for delalec:l oompoeition el SOHnedia. See NlniiCO 53 for delala of M199 «»­
rullure . 

Oocyte Recovery and In Vltro Maturation 

Ovariea were ooGected trom cowa slaught819d at a neaJby 81aoghterilouae and 
tnmsported to 1he laboratory wilhin 2 to 4 h In 0.9% NaCI-eolutlon (ft\annacia AS, 
Copenhagen, Denmartt) at 28 to 30" c. Ct.unulus.aocyte-oomplaX811 (COC'J were &8f)lrated 
from folllcles 2 10 6 mm In diatneter wl1h a 19-g needle lnlo Hepee-butfered M199 (M0650, 
Sigma, st L.ouis, MO, USA) eupplemented wlth 5 IU/ml.. heparin (L.EO ChemJcal Faotoey, 
Ballerup, Denmari(), 2.5 mwmL. amphoteridn (A2942, Sigma) and 1% cs. The COC'a wlth 
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lntact liglrt cumulus cell layare were selected for IVM, then W88hed once in aspiratlon 
medlum and tranalarred In groups ol25 lo 30 per weil ol- diahas (176740, Nunc'", Llfe 
Technologles AS, RoskBde, Denmarlt) contalnlng 450 pl IVM medlum (bicarbona1e-bullered 
M199 (80148; SlgmaD aupplemanled wlth 10 IUhnL eCG and 5 IU/ml hCG (oonatiluenls ol 
Sulgonanll; lniBrvet Scandlnavta, Skovlunde, Denmllll<), 0.4 mM 1-gtutamine (G5763; 
Sigma) and 50 pg/ml ~ (G1284; Sigma). The lllandanl 11/M-medlum (M199-CS) 
waa lul1her supplaman1ed wlth 15% CS. lrnmalule COC'a were lncubaled for 22 lo 25 h 
under parallin o11 (Uvasol, 1.07161.0500; Merck KGaA. Darmaladl, Germany) al 38.8" C In 
5% CO, In humkfifled alr. 

In lhe IVM lrlala whant COC'a were matured under dellned concli11ona In M199 (rabie 
2; Experlman1a 4b, 5), serum waa 1101 preaant in lhe medJum and wea no! aubaUiuted for by 
any othar ~r auba1ancaa. Howavar, bacauae es waa aubaUiuted wlth 3 mglmL 
polyvlnyl alcohol (PVA; P6238; Sigma) In lhe aaplratlon and waahlng medlum ID minimiza 
sUckinesa ollhe COC'a, minlmal amouniS ol PVA (0.2 lo 0.3 mg/ml final COIICSIIbation) 
were C8lried ovar lnlo 1ha 11/M.QJfture wlien 1he COC's were tranalarred lo maturatlon 
diahas. 

Sperm Prepsretion and In Vibo Fei1111zetlon 

Frozan-lhe- semen lrom two Danlsh Holsteln-Frtesian bullo ol proven lei11Dty wea 
usad lar IVF (one In 1995 lo 96, lhe othar In 1997 lo 98). The lhawed semen waa loadecl on 
1he top ol a dlscontinuoua Percoll gradlem In a 1 D-ml conk:al tube (347694, Nunc"') and 
cantrlfuged for 25 mln at 200 g at amblem temperatura (• 23" C). The gradlent ccnslsted o1 
2 mL 55% and 2 ml 90% Jeo.P8fCCII (Pharmacia AB, Stockholm, Sweden) disaoiYed in 
modlfied Tyrode's sclution (35) wlthout glucose or BSA (Sperm-TLP). Tha peliet wea 
resuspendecl and centrifugad lwlce In 2 ml Spenn-TLP at 200 g for 10 mln. Afiar 1he final 
wash,lhe pellat waa resuspendec:t In 100 pl Sperm-TLP, and IVF waa pelformed In 300 pL 
IVF-medlum (TLP; modlfled TALP-medlum lor lenlllzetlon (35] wl1liout BSA or gluccee) 
supplemanted wlth 5 IU/ml haparln (H3149, Sigma), 10 pM penlcllllamlne (P4975, Sigma), 
16 pM hypolaurina (H1384, Sigma) and 1 pM eplnaphrina (E4250, Sigma). In 1he standard 
IVF-prolocol, mature COC'a were trenaferred lo IVF-wells wlthout weahing. Consequantty, 
lha standard IVF medlum (TLP.CS) ccntelned •1% es criglnaling trom lha atandaniiVM­
medlum (M199-CS). Twenty mlcrolllors ollhe sperm auapenalon waa flnaily -lo lha 
IVF-wena, produclng a final aperm conoentretion o1 •1.6 x 1 o' cellslml. The gamates were 
co-cul1ured undar peraffln oll for 20 h 8138.8" e In 5% CO, In humldlfiad alr. 

In IVF e-rimams wlth deflned medlum (Tabla 2; ExperimeniS 4b, 5), lha COC's were 
weahed 3 times In Hepoa-boJffered M199 wlthcut serum, BSA or sny other macromolecular 
supplemem prior lo transferID 1ha IVF wetla. 

In Vbro Cunure 

Presumpliva zygctes were vortexed at 3000 ipmlor 90 sac In 0.5 ml Hapes-buffered 
M199 wilh 10% es In a 6-mL tube (2003; Flllcon*; Bacton Dlcklnson AB, S1Dckhoim, 
Swedan). The zygctes were 18CC\18red and trenaferred wl1liout lurlher washlng lo 4-well 
dlshes In groups ol 30 lo 50 per well lar IVC under peraffln oll. 

F.or M199 co-cunure, lhe Original maturation dlshes were usad alter replaclng 1ha IVM­
medlum wilh 400 pL blcarbonate bullered M199 wlth 5% es at 1he time ollnserninatlon end 
aliowlng lhe ramalnlng granulosa cells lo 1orm a monolsyer. A196 h post lnsemlnatlon, ova 
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were transfenad to lhe other welle ol the Cl8h In whlch es waa added for a tlnaJ 
concentra11on or 10% serum (53). 

For cultUre In ~ dl8he8 contalned 400 l'l medlum and were lncW8ted for 7 
ID 9 d post ln8an\fnation In a humldlfted mbclure ol 5% Oa. 5% CO, and 90'1(, Na alr. The 
atandeJd SOF-malum contaJned 5% es (l.e., SOF~}. fn IVC ~ uelnG 
daftned SOF-meda (l.e., SOFaa-PVA, SOFeac-PVA. SOFaaoi-PVA; Table 2. Ellpertments 
1, 2, 3, 5), 3 mg/ml PVAwereadded U a IYI&CiUIIIiMU!e, and JygOI88 W8le wrtexed and 
wuhed 3 times In deflned Hapes-bultet'ed M199 wlth PVA p¡1or 10 IVC. 

e1eavage was recorded once betwaan cay 2 anc:1 4, and blaatocyst numbers at Dey 7 
ancllor Day 9 post lneemlnatlon. Hatd11ng of blu1oc.yab was recorded at Day 9 aftet 
lnaemlnallon. 

Stalnlng of Ova 

Random aamplea of both matwe and feftllzed oocytee were freod fnxn cumurua celia 
by YOrtexins¡, lllOIM'Ited on giMe elides and flxed In 3:1 81hanotacellc add after 24 h of IVM 
or at 20 h poelinsemlnetion, reapecav.ry. The ftxecl C>OCY'88 W8f8 8lalned In 1% aceto-orce1n 
and anaJyzed at x .coo magnlflealion lo determina lhe nuclear mahntion (metaphase 11 alter 
8XIrU8Ion of the flrat polar body) or normal faltlllmtion (2 pruwclel and J)lesance of apenn 
tain. 

To determine ceU numbers, blastocya18 were transfened to flxatlon medlum (3:1 
ethanof:aceUc acid).. Qroup8 o1 5 ID 10 embryoa were 1ransfenad toa gJaaa elide In 2 to S ¡.IL 
of tbcatiOn medlum, whk:h was allowed to dry out. A drop of Hoechst stain (10 mglml; 
82261; Sigma) prepared wlth aodlum cltnde (2.3'1(,) was added on top of the bla8IOcyals for 
5 mln, aftltr whlc:h the 8llda was OYerlaid wl1h a gla88 ~. The total number of calle was 
oounted undef a~ miclosoope ~ 320) wllh the ald of lmage analyal8 eoftwara 
(MicroVI8ion,., Danieh Techuology lnetltu1e, T~. Denmadl). 

Experfment 1 

Cl!ra!g In d!!fiMd rvc "'d m tn 3 rep11ca1es, presumptive zygcnes matured and 
fertilizad followtng ltandard proceduree w.n I;Uitured In either M199 e»culture or In SOFaa 
(Teble 1) wtlh 8SA (4 mgfmL; SOFaa-BSA) or PVA (3 mgfmL; SOFaa-PVA), wtlh or 'Mthout 
~socflum-c:itrate. 

~t2 

Myp-!noailgl In dBbd m !p!dafirmd IYC md!D· In Expef'lment 2a, preeumptlve 
zygotes matured and fettlllzed lollowlng 8t8ndard proc:edl.n8 were cullured In SOFaac.asA 
0t In SOFaac-PVA wlth 0t wlthout ~ In a 2x2 factorial deslgn (3 repllc8tes). In al 
ntpllcatea, treatmenta were c:olnf*8d wtlh lhe M19& ~re &y81em. In a eeparale 
repllcale,lhe cell ~ of earty ancl ~ ~ dEMJioplngin M199 
OOoWiture or In SOFaao-PVA WCih myo.fnoeltcl (Le., SOFaaci) were compared. 

In ylyg 1111\111111 q IPet -• d!! Nlld In dpfmd !VC !1!!d!w!· In Experlment 2b, Day 7 
bla8tocyata procQ:ed In SOFaac:t·PVA were 8hlppod by alr at 4 dlfferent daY8 In 6-ml 
F~ IUbee conlalnlng ~ M19& wlth 3 mglml PVA at 38' e In a por1able 
mlni-incubator (Minl'Qb GmbH, Ti81enbac:h, Gennany). Morphologlcally good blaatocyata were 
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aetécted and tranal'arred ncnsurglcally Mitin 8 h of ~nt lnlo recipient helhn on Day 7 
ot the estroua C)'de (Day O = day ot eatrua). HelfenJ hlld baln aynchronlzed wlth 2 
lnjecticc• of cloptostenol (0.5 mg lm; ~. Mdidrodt Veterinllry Lid. Hanlfield, 
England) 11 daya apart. Pregnancle8 were diagnoaed per rectum on Dllya 41 and 60, and 
pregnant anima!a were allowed ID go to term. 

&perimenla 3 

Oa!ined rvc w U! dafdfd NC. In Experimem 3a (4 replicatM), prnumptive zygcces 
matured and fartlllzed followlng atandatd proc:edures were c:uftl.nd in either 1) M199 co­
cullunt, 2) SOFaad-PVA or 3) SOFaaci-CS. Embryo deveklpment was evaluated on Day 9 
post inMmlnatlon . 

S!ab!lly of !he SOfaact-CS S\9tlm. fn Experlment 3b, runnlng In 30 weekly replicates 
trom May 1997 to Marc:tl 1998, presumptlve zygotes were matured and fertillzed tollowlng 
S1andard procedu~ and then cultured for 8 d In SOFaacl-CS. 

Experimenta 4 

!hl ya kzw SIOIJl CO!gntraljona lrl BSA n !VE, In 3 repllcalaa of Experiment 4a, COC'& 
matured In atandard M199-CS medium were randomly alocated lnto 3 groupa for fertlllzaJion 
In 'Tl.P-medlum contalnlng elttler 1) 1he saandard •1 % CS Carried CMif from IVM attransfer 
of COC's (ll.P-CS), 2) 10% CS (nP·10% CS or 3) 6 m~L 8SA (ll.P·BSA). Each 
experfmental group was lnaemlnaled 'iitlh epennatozoa that had been wuhed in TLP wi1h 
protain auppleman1alion couespauding to the reapectíYe IVF-medum. Att.r flriization . 
pt88UmptiY8 zygotes W'8l'8 cullured for 8 d in M199 CCH:U""re. 

!>e!ln!!d IVM w di!Onad f\IM:NF w Y!l!i!!ftrwS IVMiYf. In Experlment 4b, immalure 
oocytea were randomly alloca.ted ID 3 ~~ fof maturatlon In elther 1) etandard M199-CS 
fallowed by 3 waehe8 In the same meclum and atandard IVF In TLP.CS (undefined IVM­
IVF); 2) M199 fcllowed by 3 waho& In M199-CS and standard IVF in TlP.CS (deflned IVM); 
or 3) M199 folowed by 3 washes In M199 and IVF In l\.P (d8fined JVM.IVF). After 
fartlliDtlon, the p~ Z)'9Cit8S wore c:uttured Wl SOfaad.CS. In the fil'8t replk:ata, 20 
mature oocytea and 20 zygotes from each trea1merrt group were randomly selected, fixed 
and S1ained In order lo aasesa nuclear maturation and fertillzatlon . 

&perirnent 5 

Oefined IVC w d!J!!ned IYP vs und!r!j!Wt IYP. In 5 replicates, immature COC'e were 
randomly allocaled Wlto 3 groups: 1) unclafined IVP - slandard IVM, IVF and IVC In M199-
CS, TLP-CS and SOFaaci-CS, respecCIYely; 2) deflned IVC • standard IVM and IVF aa 
Group 1 foUawad by IVC In SOFeaci-PVA; and 3) d8flned IVP • IVM, IVF and IVC In M199, 
TlP and SOFaad-PVA. l'88peC'IIvely. In 2 ot the repllcal8&, the oompac:t morutae and 
blastocy8ts ware flxed at Day 7 afler insemínation and lheír cell numbera _, counted. 

Stldlstlcal Analysls 

Cleavage and blaatocyst ratea per oocyte or per cleaved embryo are glven as mean of 
replicatea ± SD. Dcwelopmenlal data were assumed to be blnomlally distribúad and wvre 
analymd by logiBtlc regresslon using a genetallZ8cl linear modlll (Genmod procedure: 40). 
Trea1ment and rapticate were lnc:tlded In the model aa C»Yariales. CeD runber& (mean ± 
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SO) W818 compiiAICI U81ng NIOVA-teet (GLM-procedure; 41). Pl'tlbablltiM (P-YIWes) ot lesa 
than 0.05 were regatdad • aignlicant. 

RESULTS 

!n the experimental groups matUitng under daflned concfílloua (Le., In M199 ~ hCG, 
eCG and wtthout .. rum), cumutua expansion waa reduoed compered wllh matura!ion ~r 
lfmllar conditlone but wi1h eerum supplement.tion el lhe medlwn. s.rurn and BSA aleo 
llowed cumiAus cela 8111! remain!ng .on the zona pellucida .rter the wrtaxlng proc:edUre to 
plateo~ on the bcaom of lhe culture wea. Subeeq"*ltly, patchy circular~ of 
QJII1Uiue cela (113 ID 213 el the dlameter to the well) formed wllhln lhe IVC pertod. In 
contraat, in aD the expertmen1a1 groups culturad In deflned medlum wllhout IGNI'TI or BSA. 
rnonolay9re ..,. not fomled. lnstud, c:umulua cells ~lned on the mna pefklcida, 
forrnlng rounded cetl8 thet adher.d to cumutue cetl8 el nelghbortng ova. Coneequenlly, 
c1uatera el adhering ova wet'8 regu1ar1y cáerwd In the eult\n dilhle at Oay 7 poet 
lnaemlna11on. Thts wae moat oiMou8 lf lhe zygo(Bs had aleo been ma~red and fertllized In 
daflned mec:llum, aa thelf cumulua celta ware more resl8tant to YOftaxlng lhan thoae of 
ooc:ytee maturad and ferlltlzed In the preeence of eerun. 

Ellpeñrnent 1 

A 101a1 of 401 presumptive zygotee wee used in Ulia ~ (Table 3). Thefe wu 
no eHect of type of IVC medJum on the cleavage rata, but bolh the percentagea of 
blutocy8ta per OOCyl8 and per clea\l'lld ambryo ware affected by n.tment (P<0.01 ). Nelther 
~licata nor lnttlnlctlon between medkm and repllcate lnfluenced !he I'MU!tll aign~tiy. 
Subetltutng BSA wlth PVA In th8 S0Faa mediUm reduced bl8lltoc:yet ct.\alopment 
8lgniflcant1y (P..0.01). HoweYer, adcing 111-eodilm dtrate ID the deflned SOFaa-medill'n 
aJpplemellted wtlh PVA lncreaaed blli8tocylt ~ to a lewl not lignlficantty lower 
tl\an In SOFaa with BSA. Embi)I08 culturad In M199 co-cuttur. d8valaped betr.t than In 
SOFu-PVA with orwtlhOUt c:ítrale. 

Table 3. Etrect of S&JbldtUtlng BSA wlth PVA, wlth or whhout ~lum dtra1e, In SOFaa 
medium on embryo development in v11ro• 

SOFaa BSA 87 79± 1% 30± 14%b 37 ± 12%1'1 
SOFaa PVA 105 83±5% 18±8%c 19t6%c 
SOFaa PVA + c:ltrate 98 81 ± 6% 23 t ~% d 28 :t 8%d 

M199~re es 111 83±6% 38±13%be 42±12%be 

mean :1: SO of 3 repllcatea. No diflerence belw8en repllcatea or inte1'8C11ons between 
repllc:ale and mecflum. 
~Diaaimllar ~ Wllhln columns denote ata11s11ca1 dlfferences: bcP<0.01; ._P<0.05. 

Experiment 2 

In Elcperiment 2a, a total of 662 oocytes were eDoalled lo the S lr8atment grcups 
(Tabte 4). Cleevage ratea wwe noe ínfiiJenoad by treatment or ~· between ~reatment 
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and repfJCate, but dlfteted between repllcal.u (87, 74 and 74,._, reapectMIIy; p..Q,001). In 
SOFaac medlum, blaatocylt ratas of OOCyte6 and of a.V8d ~ WIN deeted both by 
maao-rnol8c\W auppl8menta (BSA va PVA, P<0.05) and by the PI-ICe of ~ 
(P<0.01). F'u1henncn, IMte was an rdaactioJ¡ betoua•' U... 2 factora (P<O.o:2). Henc:e, 
1he addltion or IT'I)'O-InOIIto 1D SOFuc-PVA ~ ~ ....._.,... .. aignltlcanty 
to th& 18Y818 ob8erled 1n und8ftned rvc mec1t.m groupa, biA n dld not hiM anv addltlonal 
elfect In SOfaac-SSA. In contrast, hatcting wae onJy a1f8d8d by a macrornciecular 
eup~ (Pc0.01) and not by 1he rnyo-GIIOIIIx>l c:omponent. Hlltctq ralee tended to be 
hlgher In thls upetlment In medlum wllh BSA lhan wlthout lt. Repllca1e .-o tnnu.ad the 
prcpoctlon ol Mtcttlng wtltiln the culture perlad (P..Q.01). At Day 7 attBr n.nlnetlon, 
bluliOcyst dnalaplnant waa lowar In M199 co-culture (25%) and In detlned SOF-medlum 
wllhout rnyo-inaaltol (l.a., SOF~A; 22'%) than In the the olhar SOF-macla (37 to 41%: 
P<0.01). However, on Dlly 9 ·more ~ had deo<elopad in 1ha M199 co-oulture (Table 
4). The average oell numbera on Day 7 af ~ blastooyata and aarty 
blastDcyltB ware 113 ;t 2SJ (nm23) and 77 :t 25 (n=27), ~. In M199 anct 134 ± 29 
(n-54) and 70 :1: 23 (n-27), reepec;tMitv, In SOFaac aupplemented wt1h myo-lnoaltcl and 
PYA (M199 va SOFaacl; ~.1). 

Table 4. Etfad of BSA, PVA and myo-lnoeltol on embryo devalcpment In SOFaac• 

SOFuc BSA 148 78±7'% 47:1:3%b 60:1:2%b 
SOFaac BSA + 135 77±4% 43 ± 7'%" ~± 7%b 
SOFaac PVA 134 79 ± 6% 19±3%0 23±3%0 

SOFaac PVA ... 132 7S ± 3% 42 ± 1%D 64 ± 3%b 

51± 10%. 
47 ± <4%. 

26 ± 13%' 
34 ± 14%., 

M199 eo- es 11s &1± 5% 36 ± 7'%d 45:t8%d 41 ±tfitt 
cultura 

-Mean :1: SO ol 3 repllcataa. Signlficant cfffer811088 batween repbtea (P<0.001) In raspect 
~eavage and hatctllng. 

D1a8im11ar aupe~ wilhln coiUmi'IS denota atatistlcal dllerencas (bcPc0.001, 
cd .. 

P<0.01 , P<O.OS). 

In Experiment 2b, a tolal of 33 blaaiDcyata waa producect under deftnad oonditlons in 
SOFaaci-PYA madlum following statidard undefined IVM and IVF. Tan blaatocysta of QOod 
morphology were 88lect8d and tranafened to 10 reclplentl followlng alr-.hipment Ave 
redplenta became pregnant and geve blrth to !5 healthy Danlah Holateln-Frieaian ca!Yes, 3 
female aild 2 males welghing from 37to 45 ~g al blt1h. 

Experiment 3 

Foaowing standard Undellntd IVM and IVF proceduras In Experiment 3a, a lota! of 
1,043 ~ zygol4l8 waa randomly allocal8d lnto 1he 3 trea1ment groupa: Deflnad IVC 
In SOfaacl or undafined JVC'a In SOF&act-CS or In M199 c:o-cutture. R88UIIa ara ahown In 
Table 5. Embryo deYelopment tendeclto be lower In M199 co-culture lhan In SOFaad-CS or 
SOFaad-PVA wtlh respec1 to cleavage ratea {P<O.l) and 1ower In reepect 110 blaatocyat 
diMilopment (P<0.05). A similar trend waa obseMd for halchlng. Furthennore, embtycs In 
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boltt SOFaacl media appearad lo be dlferent compal8d with embryoe In M199 c:o-a.~lure 
wlttl reepect tu lhe lolcMiMg detals: Compac;tlon waa ~ more 4Mdant. ~ 
fonnation waa lnitialild earll8r In Nlalion to time d furtlzallon. embfyoe were llgt'ar i't color, 
and tna lnner cal mua of ~ was mote dldnct. The ~ratlon of biMtoc:y8t 
development wae eepecWJy tMdent tc:w embryos c:ultured in SOF&ad-CS. In lhia medlum, 
btulocysta ware obeerved at Day 8 (l.e .. approxlmately 1 d 88111er than In M189 co-Q.IIIure). 

Table 5. Compari8on ot ~ clevelopment In standard M199 granulola cell CC>QJIIure or 
in SOfaaci undardaftned (SOFaaci-PVA) or undetlned (90Faac:I..CS) condlllons

8 

Treatment Oocylea aea.:i/ Day 9 blascocyata 1 Hatched per toml 
n ooc;yta 009!• zm9l! b!as!ocysla 

SOFaaci·CS 361 86::1:3% 42:1:7%b 49:t8%b 69±7%b 
SOFaacl· PVA 332 83::1:6% 42 ± 9%b 51 Hl"fob 60 ± 16%bd 

M199 CQ-QJfture 350 78 ± 2% 32 ± 7% e 40 :t 9% d 50± 7% d 

1Mean ± so in 4 repllcatM. Ov8rall embryo davelopment dlftered between repllcates 
~<0.05), but no llignlflc:ant interadious between natment and replk:alfL."!!t,.. ~· 

Ols8imlar auperscnpts wtthln cofl.Jmns denol8 stallstlcal dlfferencee f""P<0.01; P<O.OS). 

In Experiment 31:1, the average± SO (ranga) cleavaga rate and btastocyst dcMIIopment 
per oocytll and deaved embryo in SOFaad-CS cwer 30 weeldy repllcate cultures were 87 ± 
4% (78 to 93%), 49 :t; 5% (40 lo 81"/o) and 57 :t; 6% (45 to 88'%), reapectlvely. Cleavage 1111• 
In th& fir8t teet quatter of 1997 (5 !8plieates ra May and Jla'la) were al~lficanly loMr than in 
11e olhar ~ (79 wa 87 to 90%, P«UJ01), and repllcllbJ tended to lnfiUance cleavage 
(Pc0.08). Hawever. blastocyst dewlopment par oocyte dld not Y8JY elgnlflcanty between 
replicala or aeaaon. The I"88Uis are ahown in Rgur8 1 . 

Expertment 4 

In Elcperiment 48, a total o1 611 mature oocytes wu alloc;:al8d randomty into lhe 3 IVF· 
treatment groupa: slandard IVF In TtP.CS (no-203), IVF In T\.P-BSA (1'12212), or TLP-10% 
es (ns198). Nelther deavage ratee (84 ± 2. 82 ± 4 ancl 82 ± 2%. reapecllvely), nor 
bla8tOCyl1 ratee (33 :t 5, 34 t 9 and 33 .t 3%, raspectively) dilfered algnifloantly between 
treatmentl (P>0.5) folowing IVC In M199 co-cunure. There was no lnfluence of replk:ate or 
ol treatment by raplk:ale intelactlcn on the resulta. 

In E.xperiment 41b, a total of 814 COC's was subjectad to 1 ol 3 IVM-IVF treatments: 
undefined atandan11VM-IVF, defined IVM • undaflnad IVF and deflned IVM-IVF (Table 8) . 
Treatment affected both cle8vage and blastocyst developmenl (P<0.001 ), but not hatchlng In 
the aubsequent IVC In SOFaaci-CS medlum. The preeence or abaence of serum duñng IVM 
dld not have any obvlous influence on nuclear malutatlon, as no dlff8rencea were observed 
between ti1Nlbnenl groups In lha numbets of oocytes wlltl a normal metaphaee contlguralion 
(18 of 20, 18 of 19, and 14 of 18 IUCCeaafufly et.úled oocytaa for undeftned standard IVM­
IVF, defined IVU-undeflned IVF, end cMflned IVM-JVF groups, respectívely). Normal 
fenlllzation charactertzed ae lhe presence o1 (onty) 2 lllOfPhologically normal pro-nuolel were 
found In 16 of 19, 15 ol19 and 9 of 18 ova IIUQl888#1Aiy fill8d and stalnad Jn· LMldeftned 
standard IVM-JVF, deflned IVM-t.rldefined 1VF and d8ttned IVM-IVF, respect~Yety, thtJa 
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reftectlng the In vitlo development (Tabla 6). Three pro-nuclei were obeerved in 1 ovum from 
the standard treattnent group. The rest of 1he stalned ova were etther In metaphase 11 or 
were nondetennlnable (l.e., no visible nuclel or 8tained chromattn). No d!Hetences in sperm 
motllty were obeeMid 20 h efter ineeminalian (l.e., prior to vorteldng of lhe preeumptive 
zygotea) under defined concltlon& In n.P w atandatd undef.nad condltlons In TLP.CS 
medll.m. 

100 

90 

1! 
80 

::t 70 .. 
B 60 .S 
1 50 

l 40 
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~ 20 

10 

o 
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Figure 1. Embtyo development In SOFaaci with 5% CS. A total of 30 weekly replicates 
withln the perlod of May 1907 to March 1998 with 100 COC'e per trial. The c:urw 
and c:olumns IUuatrate eleavage and blastocy8t ratee, reapedlvetf. 

Experlment s 

A total of 749 ooc:ytes waa alocated to the 3 treátment groupa (Table 7). Except for 
hatchlng, embryo dewlopment waa affec:ted algntflcantly {P<0.001) by treatment. As In 
Experiment 4b, the ldleence of senm cklrtng IVM-IVF reduc9d the cleavage rate. However, 
In the preaent experlment. 8Ub8equent development of lhe cleaved embryos under de1ined 
cond'ltions waa aJao negatNel'¡ affectec:t we.n compared wtth embfyo8 that had been 
exposed to serum cluring fVM.fVF. No cflffeteuc:es w.re ob8etwd in daavage or blastocyst 
ratee between embryos cullured wlth serum or under daftned condltiona when serum was 
present durlng IVM-IVF. Flnally, no dllferences In lhe capablllty of blastocysUl to hatdl in 
vltro were notlced between any of lhe traa1ment groups. Hatchlng ra1ea in ttis el1P81'iment 
were apperently hlgher lhan In &perirnent 2 (T.tlle 4), In whlc;h the hatchlng rates for 
blasl:ccysts cuftured under dellned COtldltioll818ndad to be lcwer than In the presence ot BSA. 
Aa in Experlment 3a. blaatoc:y8ta we~e obsenlad to develop tastar In aarum. This waa 
reflected In lhe call numbef8 of compact morulae and b~ at Day 7. The overaD 
average cell numbenJ of Oay 7 compect morulae and bla8tocy8t8 produced In 1) undelined 
1\IM, IVF and IVC media; 2) undeflnecl JVM and IVF media but deflnect IVC; and 3) d8flned 
1\IM, IVF snd IVC media were 1) 117 ± 488 

(n-53; d blastocy818). 2) 105 t 3'J' (n-31, 28 
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blutDCysta) and 3) 89 i: S (n-41, 29 b&aa!ocyiD) ' ~ ~P<0.01~p..().OI). 
However, no *ll8tlcal cllfllfWIC88 were Clb8eNed beiWMn natrnents when ernbryo llfllgee 
M18 lncUiad In lhe llafl8tlciiS enelyale (Pc0..25), ort¡ betMen .embryo .... (P<0.001). 
The owrafl cell numbar9 d Oay 7 hatchad or ~nded ~ (n-62),_ ~ 
(I'=S8) and •rty blutoc)'Bta or ccwnpact morullie (n-27) were 134 t 33•. D5 t 'J.f/1. 71 t 22° 

(*P<0.05), reapectlwly. 

Table e. Compariaon d embryo IMeiOpmenl followi!IJ maiUtatlon end lertllmllon In 
daftned l1"'8dda va undeftned medlum wlth aerum 

IVM-IVF Ooc:ytes Cleawd/ Day7 Day 9 blutoc:ylts 1 Hatched / 
treatment n oocyte bleatocyeta/ oocyte zygote blattocystl 

Dallned IVM 
269 83±3%b 49±8%b ~1 i: 8%b 81 ±5% 62±6% 

Undafinad IVF 

Deflned 
278 55±3%0 33±3%0 32 ±5%0 57±8% 63 ± 13% 

IVM-IVF 

Table 7 . Compatlaon o1 embryo developmentfo~ M4, rvF and IVC in deflned media 
or In standard la'1deflned meda wllh &llfUm • • 

Treat Serurn in Ooc:ytea 
ment rvw rvc n 

IVF 

Day7 
Cleavecl / blaatDeysts / 

oocy!8 oocy!! 

Cey9 
Blallloc:yata / 

ooey! zygote 
+ + 255 84 ±'4%. 48 i: 8%b o48 :l: 2%b 157 i: <4%b 39 :t 16'JI. 

2 + 207 88±1%. 44i:7%b 48±8%
111 

52±7%b 55±10% 

3 287 S4i:7%b 15±3%0 19±4%0 37.±8%0 51±10% 
'M88n i: so ot 3 repllcatea. Oma'8n088 between replloatee were obeerved (P<0.01), but no 
llignlllcant lnleractlons between raplcate and treatmant group .,.. preeent. 
~lar superacrlptB wlthln columna denote lltatlslcal dlfferencea ~<0.001) . 

DISCUSSION 

The rasUt& of the preeent study demOnstra*& lhat lmmaturw ~ne oocytee are llble to 
mall.lra, fartiiiD and develop to !he biaatocy8t atageln defined media wlthout aerum Of BSA, 
thua confinnlng eerller flndlnga (11, 29). Serum-proteln8 cotdd be axduded lrom In vttro 
a.~fturw meda wfth on!y marginal negattve lnflu8nc8 on blaatoc:yst dewalopmenl comparad to 
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control condi1bns when sodlum citrate and m~ino8itol were added to lhe SOFaa mediLm. 
HtMever, oni sslou of serum or BSA 1rom both IVM and IVF reduoed fertiizallon to 
apprmdme1ety two-lhltda that of the contJds (Tables 6 and 7). MorecNer, oontinued cUture 
under d8l'lnecS 001 dtlol• resulted In a fur1her reduction In embt ronic ._.lopment compered 
wllh lhat of zygotea matur'ed and fertilizad In deflned media but Q.dtured wllh eeNTI. 
Exca*on of eerum fram 1he rna1\lt8tlon rnedlum had onty a leaer lnlluenc:e on the 
aublequent feftlllzatlon end cloavage ot embryoe, u long aa eerum wae preunt in Jow 
concentrdcn duñng tertlization. The blr1tl of 5 heellhy calvee tolowlng lranllfer ol 10 
bluiDc:yMa cuttured In SOF&ad-PVA confirma that lhe deftnecf culture 8y8tem supporla 
de\elopment ol viable embryos. 

The ~le effect of sodium citrate aa obeerwd In lhe praeent ltudy has been 
reponed earller (20, 30), and the concentration uaed la wllhln the optlmaJ ranga tor In ~ 
dlwetopment In rabblt embtyo culture (20). Cltra18 stlmulatea fatty acld ayntheals (19) and la 
a ctt*tor of metal ion8 (e.g., ea'), a feature lhat may be of lmporlance lor malnlalnlng 
junctional lntegrtly and llue of 11'J11)011ance for compecllon and bl8etocOet formallon (20). In 
lhe pt'8118nt aludy, lhe addttlon of tñ-eodlum cllrate to deflned SOFaa wlth PVA enhllnoed 
bla8llocyst deYelopment. The effect of addlng cltflll8 to SOFaa wtlh BSA waa not 
lnv8stlgated. The B8A prep8l81lon had ba.n testad eartler for 118 embyotrqmlc proper11ea 
(25), wtti'l la llkely to l'8ftecl a elgnlflcart c1tr111e contamlnatlon af llis ..,.ctftc pn~P~ratlon 
(20). Howwer, 1t la pol8lble lhat addltion ol cilratll to SOFu wHh lhe pi'8Mftl BSA fur1her 
enhanced blulocy8l deYeloprnenl eince bla8toc:y8t dellelopment wu hlgher In SOFuo­
BSA In EJcperiment o4a lhan In lhe aame medi\m wtthout cltnlt8 In Experiment 3 (47 ± 3 va 
30 ± 14%; Tablea 3 and 4). 

The eweequent adlllion of myo-inoaitol to !he SOFaa wllh dtrale and PVA (l.e., 
SOFMC>PVA) further lmp!'CMid blll8tocy8t dewlopment tD a degrM that dld not dlter fram 
that of cultl.n oondMiona lnckdng BSA, eerwn atWJJor gtanUiou calle. Myo-lnolllol 
lnc:raaaed blatocyat dlvelopment In dafined medium ~. whDe no eftect was aeen In 
SOFeec wllh BSA (Tal* 4). The effect on hatchlng wu not 8YicWt end tended lo be lower 
wilh ,._ vartabGlly than In COf'ltrdll. lhla waa partlcüuty manlfeet In Elcperimant 2. In 
wtllctl the eltect of myo-inosllol In SOFaac wiltl PVA or BSA (feble 4) wu ltlJcied, while 
lesa 8\lldent In Elcperiment 3 comparlng embryo dlwelopment In SOFuc:i-PVA va SOFud­
CS. whlre hdcNng ratee we111 hl;h In bo\h group~~ ~; Tabla 5). We do not heYe 81Pf 
8leplanatlon for 1hle Yllltablllty, bul tac:lora 01her i'en ln)"CHnneetol (and ene.) pr..-4 In BSA 
wwJIOif serum .,.. J1ke1r lo lnlluance halchlng In vttro. Furthermore, eenan lula been reported 
lo daeraaaa rapllc:al8 VBriation In embryo diMIIopment (48). We .,. 1t preeent ~ 
the long·1erm stablllty (e.g., bla8tclcyet hatchhg) under chemloalv deftned VI undeflned 
condltlona In Of'der to darlfy the ll;nlflcance of the ob8erY8d llllriablllly. ~tol la 
pment i1 a ranga af oomplex macla, and 1& o1tan categorizad ae a vitarnln (42). 1t il alao 
Ukety to be present In commerdal BSA-preparatlona In minuta concantrdone but aufflclent 
tor blologlcel act1on (C.P. Downes. peraonal oommunk:atlon). thue explalnlng the lack of an 
addltlonal 8lfec1 In medlum wllh BSA. M)rcHnoaltol or IIB metabolllea .,. ess&ntial 
componenta In cellutar elgnaDng (tor 1'8Yiew, ... 10). lnosllrl'-1,4,5-Crfpho1ph818 hU aec:ond 
meaaenger tundlona, and eome metaboliiBB may haYII • dll"'ld ITiilogerW effect (10). 
Speclficaly, myo-JnoeftDI la ...,...ted wllh lntracallular calclum releaae at terUilzallon (tor 
revlew, ... 31 ), and lt behaY8S aa an oernotyte logelher wti'l¡ñdne, prtMdlng 8lbltenllal 
protedion o1 nd:lbit embryos cullufed In medlum wlth hlgh aodlum chlortde concentradon 
{33). Furthe~. In sea urchln embtyoa, ~ h8l been lhown to be eaaen1ial tor 
proper Umlng of the flrat cell cyde by Ita pattlc;lpation In lhe ~g 
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palhway (5). Anally, ernbrYOirOPhiC ptOp8rliee ot baldle8 ot hwnen teMn haw been 
conelal8d Mth hlgh COCIC8ilbidioci ol myo-in08itol (8). 

In lh8 preeent eludy, bla8locyata dBveloped at a h6gher frequency In SOFaaa aAire 
-ah or wl1hout NNm 1han In M199 granuklu cell ~,.. eyatem (SS), w4th almilar ceO 
runbers of 1he reepecltve emtlf)<o dévelapmentaf etagee and almllar or tugher bleelocyst . 
hatctllng ra188 (Tablas 4 and 5). Uslng SOFaacl Mtti 5% cs. wa oonslstenlly <lblalned 
around 50% bl8llocy8ta ot oocyt88 In cu1tute cla1ng the 11-mo teat pertod (49 :t S%; Figure 
1). Thl8 CMt8lJ efllcieucy walllghlly hlgher than wa haYe atUJnecl Mltler In our laboratory 
U8ing M199 ~ ce11 co-aJI!ure (47%: 53). Howawr. moet importanlly, emblyoa 
produced In SOFur.:i rnedium • dllfined or undeflnad • appeared l'fiOIJlholaglclly 1110n1 like In 
11tw em~ COIIIIiderlng l1elr ll(;it8r calor, tlgtDr oompect1on and the lntegrity of lhe lnner 
call mua (156). Blaalocyata formad eadler In SOFaacl pattlcularly wtth the lnclualon of aenn~ 
oorrtpered to M199 eo<:utture. OCh8ra haYe reponed almllaf obeervatlona (9). lila well known 
thet eerwn dlangea the peuem of blutuldoo by lnduclng b&aBtocoel formatlon (37, 54, 57). 
Vety hlgh eerum ca ... lballone In bulc: SOF wlthout amlno add eupplementatlon rasu1t In 
premab.n biBAifiiiiCIII ol ome embryaa (49, 56). BcMne ernbryc» have aleo been ob8erwd 
to bluh.dal8 ear1ler, wllhoul COifespaliCIIIg cel prollferatlon, when l8fUin lladded to BOFaa­
medl~ oon1Binlng 8SA (.S, 52). Howe\Mr, In lh8 preeent eludy, Y8fY llght oampactlon at 1t1e 
mona .age peeceded blaaluladon In SOFaaci wt1h or wlthout sarum, aht1ough the 
dawlopment of ~ wu elower wfthout eerum (l.e ., In SOFaad-PVA). The CNWall 
oe1 n~ber ol Oay 7 COf'I'4)8Ct monJiae and blaatocy8l8 tended to be lower undcw deftned 
condlllons, but ceO numbenil ot lhe raepec:tMt embtyo lltagee dld not <lffer beCMen 
treatrnen18. lndlcallng that embrya quallty were amllar wlth or wlthout aerum. Simlar 
at.rvatlons wera made wtien campatlng blas1loc:y&t deYelopment In SOFaac:l and M199 co­
Wiure. The taaw d&velopmant In SOFMCI ~ thereicn, be regarded as a llign ot 
lmp!Oio'ed cuflunt COI!dllb 18, U the ac:cellerBtBd b6aatocylt fonnatlon WU accompanied wtth 
0811 prollferatlon. 

In adcltlan, the SOFaaci ey8C8m i8 a etmple IVP·ayatem, ea embf)'OII may be left In 
cuaura for a period of lil d llllllout changtng medlum or praparation o1 aornatlc cela fol' co­
culure. For routine IVP, ooc:ytea and ••lblyoe - lnlnefer'r'eel batween IVM, IVF and IVC 
Wfthout tntiarmeclata waahes. maldng the ~m ewn airnpler. However. for aardtaly 
reaaona, wuhae are dealrable and requlrad (27). The outgrow ol a patchy granulosa cefl 
monala~ from cumulua cells remainlng on lhe mna peluclda In SOFaacl wllh 5% es may 
al8o ~ a sanlrary riak (2, 44). Howwer, c:areful d•nlng d zygotea afiar IVF anc1 
cullu,. In 10IIIDy cell-frae modlflad SOFaa 1s poaalble wtthout llffecting the cultu111 reeull (7). 
Under ddnecl SOFaac:l conclllone lhe ramalnlng cumulue celia stayed at the mna pelluc:lda, 
and notJoeable proflferatlon Wlll8 nat obe8nl8d. 11 cannot be daduced from the presant reaults 
H theae cela have a poaalbla embryotropnlc and condltionlng eflec:t on the medium (34) . 

Newnheleti, a caMng ral9 of 50% of lhe transfemld embryoe euggeSIS that lha IVP· 
blalocyat. culturad In cleftned SOFaacknedium were of a quallty almiJar to 111a1 o1 
emblyoa piOduoed under undeftned cultunt aystema (22). 

Omlaalan of aerum from lhe IVN-medlum dld not attect nudear maturatJon of oocyte8 
or lhe aubuquant d8vwlopment of cleaved embfyoa, whloh le elmllal to that o1 other l'llp01'111 
(3, 11, 13, 38). However, tedllzaUon eJCPfM8ed u 1he cleavage rate OC acx:ytes rnatu111d in 
the abNnoe ot aerum waa ~ dec:n•ad. tn cantralll, a larga &Sgniflcant reductlon In the 
ferlllzation rale (expraaaect a rallo of CMl wllh 2 normal pronudel or claaYage rata following 
ln8emlnatian) wu ob8erwd, wt1en serum or BSA. wera absent from both rnaturatlon and 
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lertlllzallon media (lncludlng sperm Jlf8P818tion). Zygotic dEM!Iopmenl, expressed aa number 
ol blastacysls per cleavad ernbryo, waa only allected H !he subsequent culture was 
perlormed In !he abeence DI aerum. The relallwt low 191tiJlzaHon rate in lhls and anolher 
study (11) may be explalned by !he 191tiJlzallon medlum, whlch waa modllled lrom Tyrode's 
medlum. Olher nseeerch groups (30, 39, 46) have lound lhst lertlllzatlon was only sllghtly 
nsduced under deHned cutturs condlllona uslng modlllecl Brackett and Ollphant'a medlurn 
(80-medlurn; 6), bu! BIIU no rncrs lhan 60% of oocytes cleaved. Keslcintepe el al. (30) lound 
epeclfically lhat BQ.medium was superior ID TALP In whlch BSA was ..-rutad wllh PVA. 
Furtherrnors, lhe incluslon DI PVA In BQ.medlum has been lound lo bnpriMIIertlllzaHon (30, 
46). The prssent study indlcales lhst exposurs of !he mature oocyte anG'or 1 -cell ernbryo lo 
componant(a) in serum la of utmost impoo1aloce bolh lor opUmallertlllzation and developrnent 
oflertlllzed ernbryos under our COI-18. Eckert and Nternann (11) concluded In a atudy on 
dettned IVP DI bovina embryos lhst eerum-protelns wers requlrsd lor normal pronuctel 
lormaUon but not lor claavage and aubsequent embryo devetopment. In a rscent study lrom 
our laborstory (21 ), we obeervad lhat 2 min DI exposurs lo eerum compensd lo no exposurs 
prior lo IVF DI oocyi8B matursd, lartlllzad and cuttursd in dettned media bnprnved not only 
claavage (63 vs 81%) bu! also blaslocyat devalopmant of !he claawd embryoe (33 vs 46%) 
lo levels nol slgnHicantly dlllersnt 11om ernbryoe expoeed lo aerum lhroughout lhe rsspecUva 
culture steps. 

In concluslon, lhe presant resutta ehow lhal lri·eodlum eRrata and aspeclally myo­
lnosllol lmprtM!d lhe SOFaa-madlum, thua mors lhan 46% blastocysts developed lrom 
lmmature oocytas wllhout lhe convanllonal supplarnantation wllh serum or BSA. Howewr, 
axposura 10 aerum during lhe IVM andlor IVF periodo was essentlal lor aoceptabls 
lertillzaUon ratas undar lhe present condltiorl8 (Le., >75% claavad ernbryos) and lor 
subsequant hlgh blaatocyat development p.a., >50% blaetocysts of claavad embryos) under 
deftned condillona In SOFaacl. Hence, 19% ollhe lnsernlnated oocyi8B would devalop lo lhe 
blastocyst atage·under cornpletely deHned IVP-condltlona. The SOFeacl cutture syatem, wllh 
or wllhout earurn-prolelns, la slmpls lo work wllh: no changa ol medlum or preparsllon of co­
cutture la needed. Finally, morphology and In vivo vlablltly ol ambryoa produced in SOFeacl 
suggest lhat they are of a qualtly similar 10 lhat of In vivo embryos. Howevar, larger lleld 
lrials are needed ID varlfy lhe In vivo vlabiUty ol ernbryos produced undar complstely dafmed 
condiUons. 
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ABSTRAer 

To elucidate the eff~t of nuaient subslrates on embryo development, in vitro 
fertilized bovine one-ceU embryos were cuhured in a medium similar to synthetic oviduct 
fluid (SOF) but without glucose and containing 3.3 mM lactate, 0.3 mM pyru,•ate and 3 
mglml bovine serum albumin (BSA) al 39-C in 5% C02 in air. Results indicatcd that 
addiúon of glucose was nol only unn~cessary, but il also had a deleterious effect on 
embryo development to the morul3 stage. L3ctale supponed embryo development up to 
the morula st.age 3S well as pyruvate. S,upplementation with 20 3mino acids contained in 
basal medium Eagle's (BME) and mínimum essential medium (MEM) improved 
developmen1 to the morula stage dram.ltically and increased the ceU number compared with 
tha1 of the con1r0ls. Addition of the vitarnins from MEM 10 SOF had no beneficia! effect. 
The SOF with arnino acids did no1 increase the frequency of blas1ocysts 7 days af1er in­
vitro fenilization but did increase the total number of cells compared with that of the 
controls. Frequency of blastocyslS at Da y 7 in SOF with amialO acids was equivalent 10 
th:U of co-eulrure allhough tbe total ceU number was lower. These results demonslrale lhal 
a semi-chemically defined rnedium can succcssfully suppon the development of bovine 
cmbryos to the morula stage to a limited extent, but the medium lacks sorne nuaien1s or 
growth factors to fully suppon developinent through the blas1ocys1 stage. 

Key words: · bovine embryo developmenl, glucose, lactate. pyruvate, ami no acid, 
vitamin 

nfl'RODUCITON 

Bovine etnbryos have been successfully cultured from the ~ight-cell 10 thc 
blastocys1 stagc, while 1he culture of one-cell embryos 10 blas1ocysts :aas proved lo be 
much more difficuh (1) dueto a developmental block tha1 occurs in vi1r0 ar the eigh1-cell 
stage (2-4). Progress in cmbryo co-culrure systerns has made it possible to culture one· 
cell bovine embryos up 10 the blastocyst stage using various som:uic cells in co-culture (3· 

. .{!) or in conditioned medium (7). These. co-cullure systems or conditioncd medium can be 
used 10 culture bovine embryos derived from in-vi1ro fenilization (5,6), nuclear tranSfer 
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(8) and gene inje<:lion (Hoshi M ct al bl' hed they can be tr.wsfem:d in;o ~iÍ»cnt ~~~~~u ~ ) to ~ stage of developmcnt at which 
produce unknown emb rowrh . · e somauc cclls used as co-cul1urc may 
rmm a basic medium (J); aki ~~ung factor(s) and/or delctc: embryo toxic factor(s) 
culture and develo mc:nt' a~d/o~g u v 1 •_cult to define the exact requirements for embryo 
an~ development i~dependent of~h:·~~f a clear undefl¡landing of embryo metabolism 
usmg somaric ceJJ.free medium is needed /, ty~es: A _successful embryo culture system 
Such a system has been developed b ~ o~ 1 e m-vnro study of embryo developmenr. 
oviducr fluid and also Rosenkran Y ervtt er al. (9) _based on components of sheep 
(SOF; 9) for in-vitro devefopmenst :/~~~~). -:;:;e e~fic•ency of synrhetic oviduct fluid 
confinned by severa! workers b dd' ~ e a ovtne one-ce~J embryos was recenlly 
albumin (BSA . 11-13) Ho y a mhg uman ser_um ro SOF mstcad of bovinc scrum 

• · wever ~01 er recent rnal ' rh h · · BSA failed ro suppon the normal de 1 Wl 1 e ongmal SOF con1aining 
stáge, even wilh reduced ox en ~ ~e:enr of one-cell bovine e~bryos lO the morula 
refinement in we culture oondf.~ns <1~). H. and suggested a rc:q~•remenr ror runher 
and embryotrophic f 

0 
· ~man serum may contam unknown nutrients 

Úle Ín·VÍiro stUd)' of ==~~~ni~~:e'n·enelyt :;:,er:ucaJJy-dendfin~ .m~a shouJd be empJoyed for 
.,_ • ..,uu-emenr a uuhzauon. · 

We repon here experiments des·g ed h h pyruvate. amín o acids, vitamins and bo~i~e s:~ test ltb e _ypothescs lha_t glucose, lacta te, 
the culture of bovine embryos ftom on eJI m a umrn are benefic•al components in e e to morula and blastocyst stages. 

MA TERIALS AND METHODS 

In Vitro Fenilization of Ovarian Oocytes 

CumuZus-oocyte complcxes (COCs) . 5 mm in diamerer) on bovine ovaries obl . were asp!rated from smaU antral foUicles (1 lo 
three times with HEPES·buffen:d T ro:•~ed ~-m a slaughterhouse. They were washed 
with 3 mg/ml BSA (Fraction V Si~ ~e m.dJu~ (T:LP-H_EPES; 15) supplemenred 
pyruvate; and 25 J.L.g/ml of en' · · frru . 0

· • t. LouJ.S, MO); 0.2 mM sod.ium 
unexpanded cumulus and ev~l tamJcm sul ate (Sigma). Only oocytes wirh an imact, 
~. hours with TCM-199 suppre;:~~l~ ~Y~Q"iahm (16) were then cultured for 23 to 
Otbco Labora.rories, Orand lsland ~Y)" ~~ g/ml /~If(~¡<f fetal calf serum (FCS, 
(NlH·oLH); 1 J,L.g/ml o( e'stradiot-17~ es·' )~ 0 

. H-oFSH); 5 JJg/ml of LH 
gentam.icin sulfate ( 17) M a u . ¡gma • 0.2 mM sodtum pyruvate; and 25 J.tg/ml o( 

maintained at 39"C in h~midifi~ra~wi~~~~~ w~ll ~s all r~~ or_her cultures were 
using frozen semen fro . VL- ·Vttro ferubz.al!on was peñonned 
fertilization and its tiroc :::~~e= !:;:,~one bu~l sin.ce lhe. f~uency of in-vitro 
donated by American Brc:eders Service Def. ara~enttd tn prelurunary studies (semen 
fc:ctilization resu1tcd in nearl 11)()% • oresr. . ). In lhese preliminazy experimentS, 
norr.tal fertilizarion (rwo pro~uclei) ~ penerr~o~f oocytes and approximately 85% 
Brac.lcett and Oliphanr isotonic rnediu lroun,·t w semen was dilutcd with modified 
and 25 J,L.g/ml of gentamicin sulfate (BO ~.Wit~o~ BSA but with 1.7 J!g/ml phenol·red 
centrifugation at 500 x g for 5 minutes.. JUm . e sp~ were then wasbed twice by 
with spermatozoa (5 x lo6 e ~e COCs ~ cotncubated for about 20 hours 
lheophyUine and 3 mg/ml rany-a~~~~~! ~s!~s~edt)um 3s9upp_lement_ed wirh 2.5 mM 
CO¡ and high humidity. lgm¡l at OC tn humtdified air wirh 5% 

In Vitro Culture of One-Cell Embryos 

1 n al! experimentS except Ex · 3 
afrer coincubatión with spe,!:!= by• O::n-cec 

1
.1 e"!bryoAsLPwereHEstrippcd of cwnulus cd1s . xtng l.n TJ - PES (17). The oocyles 

WClC then washed three times wirh cach culture meaium, and incubared in 100 111-droplct.s 
covered with paraffin oil for 4 or 6 days under the same conditíons as for m.11ur.ttion a.nd 
fenílizalion. Th~ fonnularion of modiflCd syntheric oviduct fluid (mSOF) is shown in 
Table l. Componenrs of mSOF were similar to those of SOF medium (9), except for the 
amount of BSA added which was decreascd 10 fall in line with mos1 culture sys1ems 
currcntly used and save on buffering capacily of rhe medium. A premixed solu1ion of 
basal medium Eagles (BME) essential amino acids {Sigma #B6766); mínimum essenf¡al 
mcdium (MEM) nonesscntial amino acids (Sigma #M7145); and 1.0 mM gluramine was 
added 10 mSOF in Experiments 3 and 4. A mixture of MEM vitamins (GIBCO 11320· 
1120AG) was also used in Experiment 3. 'The osmolariry of 1he mSOF wi1h supplements, 
but without BSA, was 270 ro 280 mOsmols. The average pH of mSOF was 7.2 10 7.3. 
In some experiments. one-cell cmbryos were al so co-culrured wirh bovine oviductal cells 
in TCM-199 supplemented wi1h 10% FCS and 25 11&'ml gentamicin sulfate (TCM-FCS) 

(7). 

Table l. Composition of modified synrhctic oviduct Ouid (mSOF) 

Componenl 

NaCI 
KO 
KH2P04 
CaCI2 
MgC12 
NaHC03 
Sodium lacrare 
Sodium pyruvare 
BSAB 
Phenol red 
Gentamicin sulfate 

Concentration 

107.70mM 
7.16 
1.19 
1.71 
0.49 

25.07 
3.30 
0.30 
3.0mglml 
1.3 JJg/ml 

50.0JJglml 

a Crystalliu:d and lyophiliz.ed; 1he osmolarity and pH of mSOF wilh or without 
suppleJ?CnU (see text) w~ 270 to 280 mOsmoles and 7.2 10 7 .3, n:spectivel y. 

Evaluarion ofEmbryonic DeYCioptnent and Counüng ofTotal Cell Number 

TWo days (approx.imatdy 44 bours) after in-vitro fertilization. inicial cleavage nres 
were detennined by examining the embryos under a stereomicrosc:ope. Fíve days ( 122 to 
124 hours). aftcr in~vitro fertiliza¡jon, all or the embcyos c:xcept rhose with fewer rhan eight 
cells were I))OUnred on a slide and fixed with a mixture of aceric acid and erhanol (1 :3). 
Aftcr staining with 0.1% ace1o-orcein, total cell number was counted undcr a phase­
conb'a.St microscope. Embryos which had ~16 cells were defined as morula. 

· In separate experimenrs, all of the blasrocys1s obtained after 6 days o( in-vitro 
culrure (173 to 175 hours af1er oocyte insanination) were air-dried and their ccll numbers 
wc:re counred. In this procedure, bla.s10cySIS were treated with a hypotonic solution (0.9% 
sodium-cilrate supplemenred wirh 0.3% FCS) and were set with fixalives 1 
(me&hanol:acetic actd:distilled water .. 10:3:7) and J( (methanol:acelic acid "'3: 1). Af1er 

iacosta
Rectángulo
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Rectángulo
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Effea of{Giucose) 011 DeveloJrnCIII to Morulae (Experiment 1) 

To determine the effect of gl h beyond the 8· to 16-cell stage one-c~~fse ~n 1 e development o( one-cell embryos 
supplemented with various le~Js o( giU::.er~~s ;';6e ~ultured for 4 days in mSOF 
embryos were also co-cuhured with oviductal celi . • .5 and ~:~.mM). One-ce/1 
subsequent development to the monda stag nds. Thle embryos tmllal cleavage rate, rec.orded. · e a rota cell number per morulae were 

Effect of Metabolic Substrues on Devclopment lo Morulae (Experiment 2) 

·me necessity of lacrate and p v 1 r, e.xamined. One·cell embryos were cul'i.:re~tc.e or earl.r embryonic development was 
pyruvare in the presence and absence d g::c~ da{~ 1'6 mSOF wirho.ut_l.actate and/or 
developmentiO the morula stage and total oell n ¿:. .h mM). The m mal <:Jeavage, um ..... m 1 e morulae were detemunc:d. 

E.ffects o{ A mino Adds and v·ra · "--~• 1 nuns on U<;v"'opmenr (Experiments 3a and 3b) 

The effects of media suppleme t ti . h . . 
devclopment of one-cell embryos to rh: ~la(~ am_mo acJds and vitamins on the 
~~ment 3b) wete studitd. rn these e . penbomenr 3a) and blastocyst stages 
tn·vnro fertilized eggs wer f, xperunents, 81 a ut 20 hours after insemination 
cu~~lus. cells. The one-celf e::;~~::: ~c!!,;~lll;re medium without removal of 
fertil.i.ution by pipetting and were then funher e Yl""' o cumulu.s. ce lis at 44 hours after 
or S da.ys (Experiment 3b) in fresh med' .thuJturc:d for an addtttOnaJ 3 (Experiment3a) 
Da y 5 or 7 (Da y O =da y o( in-vi . tu m~ .out cumulus cells. Embryos wete fixed al 
blastocySts and lheir total cell num~":==~~d rhe percentages of morulae and 

Effect of Protein in SOF and Glucose Added Po . Blast.DCysts (Experiment 
4
) sr-compactton on Devclopment 10 

To examine the effect of BSA d the dd .. one~U embryos were cultured in mSOF pla JIIO~of ~u~ thro~gh Days 5 to 7, 
BSA or 1 rnglml polyvin !alcohol (P sup ~ent WJth anuno acids and 3 mg/ml 
10.~; Si?ma) for 4 da y~. Five daysv:/er~=l ~leo~! average molecular weigbt 
med10m wtth or wirhoul 5.56 mM 1 tnd · auon, 1 ey wc.re transferrod to fresb 
experiment, one-ceJI embryos wereg ;::se were c~ltu~ for another 2 days. In this 
the frcquency of blastocysts aod total num~~~ :wtthth obvxducw ce lis for 6 days, and ...... s m e Iurocysts were recordcd. 

Statistical Analysís 

Diffcrences in initial clcava d 
developing to the morula or blastocysf~t:g:es an Pf':~~tages o( <_>nc-cell embryos 
total number of cells in morulae and were ana Y~ by th~ Cht·squan: test. The 
n:ara~ormation, and were then assigned forbÁaN~~ts w,er~ subJected to logarithmie 
stgnificant tn:atment effect, the trea ana ysts. After ANOV A revealed a 
ln,J"periments J and 4, the differen':in~:·:=;::~f:= b~ 0 j;a"'s multiple range test. 
a ro-culture was analyud by the Studcnt's t-tcst ro ce s between each treallnCnt 

Effect of (Giucose 1 on Development to Morulae (Experiment 1) 

Ahhough addition of glucosc at any of the levels tested did not affect the initi;ll 
cleavage rate, 5.56 mM glucose had a deleterious effect on the development of one-cell 
embryos to the morula stage, as shown in Table 2. In general. the total number of cells in 
morulae developed in mSOF was lower than that of contemporatY embryos co-cultured 

with oviduct cells (Table 2}. 

Table 2. Effect of ¡:Jucose on· the development of one-cdl embryos 10 the morula srage 

(Experimen• l)a 

Glucose No. of No. No. of Toral no. o( cells 

concentration oocytes cleaved at morulaat in 1bt DlSlD~~ 

(mM) i nseminatc:d Day2 (%) Day5 (%) Mean±.SD Range 

Modif1cd synthetic oviduct fluid (mSOf) 

o 160 130 (81.3) 37 (23.J)b.d 24.6±9.4 16-58 

0.56 127 97 (76.4) 29 (22.8)b.d 24.2±.7.9 16-48 

1.5 131 104 (79.4} 22 (16.8)b 25.3±9.0 !6-48 

5.56 101 81 (80.2) 6 ( 5.9)C 19.~.1 16-22 

Ccrculture with oviductal tissue in TCMI99 + 10% FCS 

122 97 (79.5) 41 (33.6)d 30.8+14.Sb 1~7 

a D.ty O::. day d in·vitro insemination. Data are poolc:d from ~ to four replicatioos. 
b-d Values in the same column with different supcrscripts are diffcrent (P<Q.05). 

Effect ofMctabolic Substntcs on Developmcnl to Morulae ~~ 2) 

In the absence of glucose. when Jacute and pyruvate ~ de1etc:d from mSOF, 
borh thc initial cleavage nte and the pen:entage of morula.e formation deaeased (P<0.05}, 
as shown in Table 3. Deletion of pyruvate with lactate ~t had no deleterious effect on 
frequency r1 morulae, but development to tbe morolae stage tended to decrease when 

lactate was deleted. 
In the presence of 0.56 mM glucose. deletion o( laccate or of both ~ctate afid 

pyruvare caused a marlced reduction in the initial cleavage rate while frequency of moru1a 
al Da y 5 decreased only in the absence of bodllactate and pyruvate. In medium from 
which only lactare was delerc:d, the cleavage rate decreased but the fw:¡uency of morulae 
fonnañon (18.6'*') was similar to that of medium containing both lactate and pyruvate 

(17.6'11). 

iacosta
Rectángulo

iacosta
Rectángulo



.. 

'' 

i~i 

K ,: 

Table 3. Effects of lac';-ire and pyruvare on lhe developmenr of one.cell emb 
05 10 

lhe 
morula stage m thc absencc and presence of glucose (Experiment 2~ 

Ms::!Jiumb No. of No. No. of Sodium Total no. of cells 
lactare Pyruvare 

oocyrcs cica ved a1 nlOilllae at in ¡h¡: !JlQrulae inseminated Day2 (%) DayS(~) Mean.±SD Range 

Glucose-free mSOF 
104 51 (49.0)C 4 ( 3.8)C 19.8± 5.6 + 110 88 (80.0)d 25 (22.7)d 

+ 105 75 (7 J.4)d 15 (143)C.d 
22.5± 8.7 

+ + 110 83 (75.5)d 27 (24 . .5)<1 
21.2± 6.5 
23.4± 6.6 

mSOF Supplemellled with 0.56 mM glucose 

+ 

+ 

a 

+ 
+ 

g~ 59 (48.0)C 10 ( 8.l)C 24.3± 8.7 
97 103 (85.8)d 23 (19.2)d 22.5± 5.0 

102 ~ ~;·g~ ;: ((:8.66)d)d 24.0±10.4 
. 7. 24.6± 9.1 

16-28 
16-53 
16-36 
16-39 

16-44 
16-34 
16-58 
16-48 

b 

c,d 

~ta ~ pooled from thrce replicares. Oay O= day of in-vitro insemination 

0_3 b:M'~~p~~~~~: mSOF conraining (+) or delering (·) 3.3 mM Na iacrare and 

Pert:entages in the same column with di((, · . 
same glucose leve! (P<O.OS). c:renr superscnpu are d1ffercnt within rhe 

Efferu of Ami no Acids and v· · uazruns on Development (Expc:rimeots 3a and 3b) 

When 20 amino acids wcre added t mSOF lh 
~~?d ~e total number of cclls in lhe moru~ . • ~·~IJige of morulae f~nnation 
vnaouns caused ncither beneficia) nor de~ ~~~ • wever. ~pplementallon with 
no incn:a.se in the peteentage of blaslocys :• .ects. ~ shown !" Ta~e 4. Thae was 
wcze added to mSOF (T bl 5) The 15 w en aDllliO acids or anuno acads and vitaains 
mSOF with amino acids (11 ~.5 ~ls) anrz:=~~m~:.S of ~lis for blastocysts cultured in 
Iban tbat for lhe cornrol (no additi.,.. 71 S 11 ) aetsho+ vt!anuns (115.5 ceJls) was larger 

·-. . ce s • as wn rn Table 5. 

Effect of Protein in SOF and Gl A d 
Blastocysts ~14) ucose d ed Post-compacrion on Development to 

lower .;:b,r:a~n~ :Sel~pmcnt _in_ mSOF containing PVA insre.ad of BSA was markcdl ~ 
adding 5.56 mM gluco~e :~=~n~n;~;:. ('fable 6). "lllerc was !'o benefit gained b; 
when glucose is added from tlle start of cul~ m conttasl ro the delllmcntal effects found 
(28.1%) resulting from culture of embryos : -: (f~~F 2). 'J"!le. percenlagc: of blastocysts 
from co-culrure with bovine · d 1 m contammg BSA was not diffen::m 
blastocysts cultured in the mSOF :!~~~:~2g2B0S~.(~~w0v~ls· t)he mean number of cells in 
culture (14 L4 cells). · ce was lower than that of co-

Table 4. Effects of amino acids and viramins on the development of one-cell embryos 
to lhe morula stagc (Experiment 3a)3 

Me4iumb 
AAs Vits 

+ 

+ 
+ 
+ 

No. of No. 
oocyres cleaved a1 

inseminated Da y 2 (%) 

120 
110 
122 
114 

97 (80.8) 
90 (81.8) 

105 (86.1) 
96 (84.2) 

No.of 
momlaeat 
Day5(%) 

34 (28.3)C 
51 (46.4)d 
32 (26.2)C 
43 (37.7)C,d 

T oral no. of ceHs 
in nlQrulac 

Mcan±SD Range 

25.3± 7.4e 
31.8±.11 .3f 
28.6+9.4e,f 
32.5±) 1.8f 

16·47 
16-65 
16-56 
16-64 

a Data are pooled from thru replicates. Da y O,. day of in-vítro insemina1ion. 
b Abbrcviated as follows: mSOF with (+) or without (-) amino acids (AAs- 1.0 mM 

glutamine; BME - essential amino acids and MEM - nonessential amino acids) and 
MEM vitamins (Vits). 

c,f Va1ues in the same column with different superscripts are differenr (P<0.05). 

Table 5. Effects of ami no ocids and vilamins on the development of onc-cell embryos 
to the blasiOCysl stage (Experimenl 3b)a 

No. of 
Medipmb oocytes 

AAs Vits inserninaled 

+ 
+ + 

156 
169 
169 

No. 
cleaved at 
Da y 2 (%) 

140 (89.7) 
142 (84.0) 
142 (84.0) 

No. of 
blastocysts at 

Day 7 (%) 

32 (20.5) 
46 (27.2) 
44 (26.0) 

Toral no. of ce lis 
in blastocysts 

Mean±SD Range 

71.5+2J.7C 
1ll.5±43.3d 
115.5.:t35.2d 

31- 107 
46-194 
30-180 

a Data are pooled frorn four replicares. Da y O= da y ofin-vitro insemination. 
b mSOF abbceviatcd the same as in Table 4. 
c,d Values wilh diffecent superscript.s are different {P<O.Ol ). 

DISCUSSJON 

The following are conclusions that were drawn from the present experiments. 
Glucose is not only unnecessary but at 5.56 mM, bu! ir causes deuimental effecls on early 
bovine embryonic development (Tables 2 and 6). However, Robl etal. (19), showed 
glucose improved development of bovine embryos after the eight-cell st:lge. Lacta te (3.3 
mM) is capablr: of supponing development of one-ccll bovine embryos, as is pyruvate 
(0.3 mM) in the absencc: of glucose. Lacrare also plays an imponant role in first cleavage 
in the presence of 0.56 mM glucose (fable 3). This is similar ro the findings of 
Rosenkrans er al. (10), who reponed that lacrate was the prcferred substrate for the 
developmc:nt of eady bovinc c:.mbryos. A mino acids (a mixture of 1.0 mM glutamine, 
BME essential amino acids. and MEM nonessential amino acids) enhanced early 
embtyonic development, although the vitamins of MEM had neither beneficia! nor hannful 
effects (fa bies 4 and S); both these findings are similar to the rcsuhs of Rosen.laans and 



Table 6. !~~0:, BSA and rnedium s upplememarion wirh glucose from Days 5 ro 7 on 
pmem of one-cdl embryos ro the blastocyst srage (Experimenl 4)2 

Medíumb 
No. of No. No. of Total no. of cdls 

M mol Glc 
oocyres cleaved al blastocysrs al in bla5tQS;n~ inseminatcd Day2(%) Day 7 (IJ,) Mean+SD Range 

mSOF+AAs 

BSA 115 89 (77.4) 33 (28.7)C 1 09 .0.±40.0' 34-171 
BSA + 110 85 (77.3) 20 (18.2)C 102.5±33.8 66-170 
PVA 207 85 (79.4) 9 ( 8.4)d PVA + 86 65 (75.6) 3 ( 3.5)d 

75.3.±39. 1 32-164 
93.0±46.0 63-146 

Co-culuue with oviduc1al tissue in TCM199 + 10% FCS 

a 
b 

c,d 

227 182 (80.2) 50 (22.0)C 141.4+49 .2d 42-252 

?n~~=i~~~ m:: three lo r,ur replicares. Da y O= d ay of in-vio-o insemination 

containing 3 mm::ru ::J': 5~~:::~;1 {:~!:f~ ~ a mSOF + AAs (see Tabl~ 4) 
lhen lhey were transferred 10 a fresh ~-" .... ( ) as .8 macromolecule (Mmol), 
(Gic) at D 5 · .. ~um Wl u• + or Wilhour (-) 5 56 mM glu 
TCM:199 +ajoi ~e;~~~ :bryos were al so co-culturcd wilh oviductai tissu~ 
Val • o ys. 

ues m lhe same column with differenl ~upcrscriprs are differenr (P<O.Ol). 

Glycolytic activity in early mouse e bry 
absence ofphosphofructohnase activiry (21 2~) Q! may be suppressed because of the 
develo ment f . • . · nsequently, glucose does not 5 

inabili& of ~l~o':~~~~~~0Je~~;~p::n~~~~~~~:~f~h~~3,24). In ruminan~~ 
morula bovme embryos was reponed b B 1 P embryos or 16-cell and 
clearly demonstnue that lu Y <><:'ne el a · (25). Our present experimmts 
effect on lhe developmen~ 0r:;_:1'fbo~~~ons of 0.56 to 5.56 mM.. has no beneficia! 
glucose in culture medí u m designed 10 pro::,~¿: e ~e 2). Thcre IS no nccessity _ror 
embryos lo lhe morulae srage (Table 2) p dopmem of onc-cell bovme 
biochemical Studies described b Ri . resent results ~ supponed by recent 
bovine blasrocysts and suggesr~ aetf a;:~ Gu? ~26) ~h.o Sl~•c:d metabolism in Da y 7 
Iaved and Wright (27) has shown that 10~1 ~!e o J ~ Y~C a~IIVJ~. Another study by 
from the 6- to 16-ceJJ stages and increased W.:. ~1 lzatJon rn bovme cmbryos was low 
the above two repons d ' 1 ~e Y al the morula s1age. Resu!rs from 
lhe Embden-Meyerhofpao ~~ coy':!~1Y abegree WJ

1
th each othcr, bur glucose utilization by 

· ............. 10 very ow up 10 lhe manda stage. 

Glucose in bovine oviductal nuid is reponed to be 0.05 ro 0.2 mM (28,29). Early 
bovine embryos can develop 10 the morula and blnstocyst sr.ages in the oviducts of rabbits 
(30) o r sheep .(31), where the concentration of glucose is around 1.5 mM (32.33). 
Glucose is usually employed for embryo culrure media at a concenrration of 5.56 mM 
based on the concencrarion of glucose in FCS. This level is similar lo thal in mousc 
oviduct fluid (51 mM; 34). In the presenr experiment, the presence o1 5.56 mM glucose 
clearly inhibltcd embr}'onic development to the morula stage (Table 2). This finding of an 
inhibitory effect of glucose is similar to recenr studies in hamster (35·37) and mouse 
embryos (38} but differs from resuhs of similar studies with rat (39) and pig embryos 
(40). Although the inhibitory effect of glucose io cau le and the differenr responses 10 
glucose among orher species are no1 clear, glucose has been proposed lo induce 
rcspiratory inhibition in rhc: presence of phosphate (i.e., the "Oabrree cffect"; 35,41 ). 
This effect may rcsuh in inefflcient A TP production (35) and wc:iuld inhibitlacr.ate/amino 
acid-mcdiatcd devdopment, as has been suggesred for hamster embryos (36,37). Hence. 
it is strongly suggeSted thar rhe high concent:rarion of glucose (5.56 mM) in embryo 
cull~ media has been one of the rnain fac1ors causing the 8- ro 16-cell block in bovine 
embryos culturcd in vitro. 

A dra.stic increase in glucose utilization of bovine embryos atthe morula srage has 
been recently reponed by Javed aod Wrighr (27). Robl eral. (19) also showed that 
glucose addilion to a co-cullure rnedium at 72 hours following in-vitro insemination 
resulted in higher developmental rare 10 the blastocyst stage. In our work, however, 
add.ilion or 5.56 mM glucose on Da y 5 showed neirher a beneficia! nor derrimental effect 
on embryonic developmenr ín vitro (Table 6). lt is possible thar glucose al a higher level, 
such as .5.56 mM, mighl have a latent hannful eflect, even atthe morula srage, and thar 
glucose al a lower leve! might be beneficia! for the embryonic development in vitro. 
Funher experiments an: needed 10 elucidate the influence of glucose on the developmenr of 
oovine embryos, especially at rhe morula and blastocysl stages, by adding various 
concentrations of glucose at various times. 

11le concenlrlltion of lacr.a1e in sheep and rabbii oviductal nuids was reported ro be 
2 to 4 mM (32,33,42), which is lower than iR media commonly used for culture of 
mammalian embryos (20 10 30 mM). In lhe present experiment. a lacta te leveJ o f 3.3 mM 
(9,42) was employed, since in a preliminary experiment (unpublished data) , a higher 
concentration of lactate (33.0 mM), similar 10 the leve! in CZB medium (31.3 mM) (38}, 
clearly inhibíted bovine embryonic development. E ven when one-cell bovine embryos 
were cultun:d wilh hi'h lactare in a 'lucose-free medium. only 5.9% of oocyles feni.lized 
in vitro (n=51) developed beyond the 16-cell stage. 

Early studies with mouse embryos have demonstrated lhat during the firsl cell 
cycle, moLUC embryos can utiliz.e pyruvate, but nor laclate, in the absence of glucose, due 
to a higher A TP/ADP ratio (43,44). In contrast, to the srudies on mouse embryos, we 
find that 33 mM lactare as well as 0.3 mM pyruvate (Table 3) can suppott one-c.ell bovine 
embryos. These resulrs are similar lo rhose of Rosenkrans el al. ( 10). A high ATP/ADP 
ratio inhibits the movemenr o( reducing equivalenrs through rhe electron cransport chain, 
lhus limiting lhe availability of NAO+ that is necessary for the conversion of lacta te ro 
pyruvate by lac rare dehydrogenase (45). Hence, the present results suggest ~hal the 
A TP/ADP ratio in rhe one-cell bovine cmbryos in our study may be lower so 1hat they can 
oxidize lactate to pyruvare using NAo+. 

In our Experimen1 2b. ir ís shown that deletion of lactare from a ~lum containing 
0 .56 mM glucose led to a rcduction in 1he frequency of embryos completing the firs& 
cleavage (Table 3). This findin g is similar with resuhs on mouse embryos reponed by 



Spind.le. (46), in which n::moval of lactate, during the first cell cycle, from culture medium 
conuunm¡: glucose ~nd pyruv:ue .rtd.uced the dcvelopment of mouse cmbryos. A proper 
lactate!pyruvate ~uo ha~ been mdrcatcd to be essential for balancing the oxidation­
reducuon potenual of embryos (24,44). From these resuhs, it is suggested that the 
presence of glu~ose at a lower level (0.56 mM) may not be hamtful 10 embryonic 
develop~ent by nself but wo~ld change the oxidation-reduclion pOlentia l so that pyruvate 
becomes mcapable.of su~rung the fust cel! cycle. Our experiments wen:: not factorially 
arranged to study mteracuons of a~l media co':llp~>n~nts. ' ·' may ~ that the damaging 
effects of excess glucose are dueto tmbalances tn tonrc med1a consotuents that innuence 
metabohsm, as has been shown for the mouse by Lawitts and Biggers (47). 

. O~e of the ~osl sa.lient findings from this sludy is that supplementalion with 20 
ammo actds dramancally tmproved the developmenl of one-cell embryos to the monJI a 
stage (Table 5). It has been reportcd that 5 10 6 days after es1rus, bovine embryos 
normal! y develop to the morula stage (48). Embryos recovered 5 days after ovularion at 
the morula .stage of poor, fair and good quality contain~ 23, 27 and 35 cells, respective! y 
(49). fn the prescnt study, tbe mean number of ceJis m morulae which were cultured in 
mSOF supplemented with amino acids (31 .8 cells) or with both ami no acids and vitarnins 
(32.5 cells) was comparable. 

A~ no a~ids have bcen reponed to be essential for in-vitro development of early 
embryos m rabbtts (50), hamsters (15). rats (39) and pigs (51). In carde, ahere ha ve bem 
no comparabl~ ne{Xlrts about the effects or exogenous amino acids on early embryonic 
de~elopmcn! m Vltro; however, a total of 20- and 25-free arnino acids were found in 
?vtductal. flu!d (52) and in uterine fluid (53), respeetively. 1t is not clear how amino acids 
•mprove •n-vttro embryo~ic development, but sorne amino acids such as glutamine may act 
asan en~gy soun:e. and mdeed Rteger and Guay (26) have shown that glutam!ne can be 
metaboh~ by bovme blast?Cysts. Supplementation of ami no acids to a culture medium 
m ay also mcrc;as~ the pool stze.of endogeno~s arnino acids and de novo protein synthesis 
(39). Transcnpuon of the bovtne embryomc genome bcgins at tbe four-cell stage (54) 
The rales of prote~n and R.NA synthesis in crease dramatically between the 16-ceU and th~ 
blastocyst stages tn canJe. and incorporation of methionine al so increases progressively 
from tl'le 16-cell stage (55). 

The addition of 20 amino acids al so ca u sed an incn::ase in the number of cells of 
blastocysrs (11.5 ceUs. for the control and 111.5 cells for amino acid s upplementation; 
Table 5). McLaugbhn et al. (13) reponed that in-vivo fertilized one-cell embryos 
d~veloped to lhe blastocyst stage alter in-vitro culture for 6 days in SOF supplemented 
~uh human serum, and that tbe blastocysts contained approx:imately 70 cells. This value 
ts the same ~ that of b.lasrocysu cultured for 6 days in the presence of mSOF witbout 
supplementauon of ammo acuis. We have not detennined the viability of the present 
~las~oc~ts by .tr'af!sferring t~em 10 rccipient catt!e, but their total cell numbers 7 days after 
tn-vt'"? ~na~on, espec¡ally !hose culrured 1n mSOF supplemented. wirh amino acids. 
wene surular or h•gher than those for recent studies in which in-vitro fertilized embryos 
were co-cultured with oviductal or cumulus cells. The number of cells in the blastocySl$ 
were reponed t0 be 70 to 150 ceUs at 8 to 10 days after in-vitro insemination (56-58). 

Bovine blastocysts are usually recovered at 7 to 8 days after estrus and tbeir cell 
numbe~s at the early, expanding and fully expanded blascocyst stages are 'reponed to be 
approx1matdy lOO, 120 and 160 cells, respectively (48,59). The blastocysts obtained 
~rom !he prescnt .co-cult~re ~y~cm had approx:imately 140 cells 7 days after in-vitro 
ms~nnnall~ ThiS value as surul~ to that for in vivo-developed blastocym. There wu 
an mercase tn the cell number wuh the addition of amino acids 10 mSOF, as dcscribed 

above, although this value WiiS still smaller than that for in vivo-developed bla:stocy:sts and 
the co-cuhured embryos in the pn::sent study. 

Vitamins play vi tal roles as coenzymes in carbol1ydrJte or arnino acid mctnholism 
(60) and can be expected to be required by any mammal~an cell. A cer~in ~roup ~r 
vitamins was reported lo be necessary for blastocyst expans10n and/or hatchm¡; tn rabbrt 
(50,61,62) and hamster embryos (63,64) in the presence or amino acids. In our prcsent 
work, the addition of v itamins of MEM did not enhance che development of one-cel l 
bovine embryos to the morula stage (Table 4). lllis resuh i.s similar to previous wonc in 
mouse (38,65). hamster (66) and r.~bbit embryos (50,61). Funher ex:periments are needed 
to elucidate the influences on embryo development of individual vitamins and amino ncids 
and their proper dosa¡:es. as demonstrated for hamster embryos (63,64,66). 

There is a macromolecular requirement for embryo culture usually filled !>y the 
addition of BSA. 1t has becn reponed that BSA can be replaced with polyvinylpyrollidone 
or PVA for culture of early hamster (63). mouse (65), rabbit (62) and rat embryos (39). 
The present tria! to culture one<ell bovine embryos in a chemically defined medium with 
PVA replacíng BSA resulted in poor development to the blastocyst stage (~.4%; Table 6). 
Bovine serum albumin is not incorporated into cells of mouse embryos unul d1e expanded 
blastocyst stage (67), and it has been thought to have beneficia! effects on embryonic 
development with ics great ligand-binding abilities. These benefits include protective 
effects against toxic components of the medium and growth promoting effects with its 
components (68). lt is suggested chat mSOF. even with nmino acids, might include 
component(s) inhibitory ror embryonic development. Ahernatively, the present 
crystallizcd and lyophil.iz.ed BSA may contain an unknown growth-prOmoung factor(s) 
(68). 

¡., conclusion, our present study clearly demonstrated that one-cell bovine embryos 
can be cultured successfully beyond the 8- co 16-cell block to tbe blastocyst stage, using a 
semi-chemically defined medium without glucose but containing pyruvate,lactate, ami no 
acids. and BSA. Frequency of embryonic development up to the morulae stage in this 
medium is at least equivalent to that forco-culture with oviductal cells, although the mean 
number of cells in blastocysts might be lower. A direcc comparison was not perfonned ; 
however, the mean number of cells in blastocysts for the presem medium was lowcr than 
that for co-cultured blastocysts. Embryo culture in a chen1ically-defined mcdium in which 
PV A was substituted for BSA resulted in poor development. suggesting tbe presen~ of ~n 
embryotoxic componcnt or a lack of nutrients andlor growth factor(s). such as tnsuhn, 
fibroblast growth factor, or tnnsfonning growth factor-P which might stimulate and 
regula te mitosis of anbryonic bovine cells (69-70). 
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ABSTRACT 

In this study we examined the abiJity of equine oviductal epithelial cells (OEC) to 
support the development of four· to eight-cell equina embryos in vitro and investigated 
the abilitY of co-cultured embtyos to continue normal development alter transfer to 
synctvonous recipient mares. Equine embryos obtained at Oay 2 after ovulation were 
cultured with or without OEC fOf 5 days. Those OEC co-cultured embryos that 
reached the blastocvst stage and embryos recovered from the uterus at Day 7 were 
surgically transferred to synchronous recipient mares. 

Ca-culture with OEC improved (P < 0.011 development of tour- to eight·cell 
embryos to blastoeysts compared to medium alone ( 11/15 vs 0:61 duting 5 days in 
vitro. Embryos co-cultured with OEC were smaller IP < 0.051 and mora delayed in 
development than Oay-7 uterine blastoeysts. There was no difference in the Day-30 
survival rate of co-cultured blastocvsts (3/81 or Oay-7 uterine blastocysts (5/81 after 
transfer to recipient mares. These results indicate that ca-culture with OEC can 
suppott development of four- to eight-cell equine embryos in vitro and that co-cultured 
embryos can continua normal development alter transfer to recipient mares. 

Key words: equina, embryo culture. oviduct, ca-culture. embryo transfer 

INTRODUCTION 

Early cleavage stage embryos from a number of mammalian species undergo 
davelopmental blocks In vitro (11. Co-culture with oviductal tissue enhances the in 
vitro development of earfy cleavage stage embryos in domestic species. including 
cattle, sheep, pigs and hOfses (2·10). Although the mechanism of action of oviduc.tal 
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Cooteots 
In general. the majority of immature boviDe OOC)1eS fail to 
develop to the blastocyat stago foUowiog maturation, fetúliza­
tion and culture In ritro. The evidcnce eug¡eata that while 
culture coaditiona during ln rltro embayo production can 
impact on the developmcntal potential of the oarly embryo, the 
intrinsic quality of the oocyte ;s the koy factor detcnnining thc 
proportion of oocytes developins to the blastoqst ·~·. ID 
addition, evidence suggests that the period of post·fertilizauon 
embryo culture is tbe most critical in determioiog blastocyst 
quaüty. Tbis paper . reviews the c:urrent _litera~, with 
emphasis on tho bovtne modo!, demoustratmg evadence for 
an cft'c:ct of oocy¡e origin andfor ln ~lrro maturation c:ondit.lons 
oo the developmental capacity and gene expressioo pattoms in 
the oocyte. Furthermore, the well-documented effeeta of ~st­
fertilization culture environment on embryo gene expresSJon 
anc1 quality are bighligbted. 

lotroducdoo 
The dcvclopment of immature bovioe oocytes to tbe 
blastocyst stage foUowiog maturation, fcrtilizatioo and 
culture in vitro is gcnerally limited to a frcqueocy of 
about 40%. There is oow a growing amouot of evidence 
to suggest that wbile culture conditions during in vitro 
embryo productioo can impact oo the developmental 
potential of the early embryo, tbe intrins.ic quality of the 
oocytc is tbe kcy factor deteniúniog the proportion of 
oocytes devcloping to thc blastocyst stage. Receot 
studies from our laboratory (Rizos ct al. 2002b; Rizos 
et al. 2002c; Rizos et al. 2003), comparing bovioe oocyte 
maturation, fenilization and embryo culture in vivo and 
in vitro ha ve demonstrated tbat thc origin of the oocyte 
is the main factor aft'ecting blastocyst yield wbile the 
post-fertilization culture enviroameot is critical in 
detennining blastocyst quality, measured in tcrms of 
cryotoleranoe (Rizos et al. 2002c; Rizos et al. 2003) and 
relativo transcript abuodance (Rizos et al. 2002b, 2003), 
irrespective of thc origin of tbe oocyte. 

lt is generally ac:cepted that bovine embryos produced 
in vitro bave a lowcr developmcntal capacity followiog 
transfer than. do embryos produced in "ivo. Large field 
trials under commercial conditions have shown that 
pregnaocy rates after transfer of both frozeo-thawcd 
and frcsh in vitro-produccd . embryos are geocrally 
significantly reduccd (Hasler et al. 1995; Galli and 
Lazzari 1996; van Wagtendonk-de Leeuw et al. 2000). 

Productioo of bovine embryos in vltro is esseotiaUy a 
three-step prooess involviog oocyte maturation, oocyte 
fenilization and subsequent culture of the In vitro­
derived zygote. Deviations compared with in 11ivo· 

produce<! embryos may originatc from any of these 
stcps. In tenns of efficiency, approximately 90% of 
immature oocytcs uodergo nuclear maturation in vitro; 
about 80% undergo fcrtilization and cleave at least 
once, to tbe tw<K:ell stagc. Howevcr, as meotioncd 
abovc, tbe auijority fails to rcach the blastocyst stage. 
Tbus, the major fall-oft' iD deYClopmeot occurs duriog 
the last pan of the procesa, between the zygote and 
blastocyst stages, suggcstiog that post-fertilizatioo 
embryo culture is the most critical period of the process 
in terms of detennioing thc blastocyst yiold. However, as 
discusscd below, tbere is now uocquivocal evidence 
demonstrating that events further back aloog the 
devclopmeolal axis are crucial in determining tbe 
proportioo of immature ooeytes that form blastocysts 
and tbat in fact the post-fertilizatioo Culture coviroo· 
ment, withio certain limits, does oot úf~t the capacity 
of thc immature oocyte to form a blastocyst. 

The aim of tbis papcr is to review the litcrature, with 
cmphasis oo the bovioe model, dcmonstrating evidcoce 
for ao ctfect of oocyte origin and¡or in vil ro maturatioo 
conditioo~ oo the developmeotal cap1:city and gene 
cxpression patteros of thc oocytc aod lijso to túgbligbt 
the well-documeoted eft'ect.s of post-feritlization culture 
enviroomeot oo embryo ¡ene expressioo and quality. At 
the outset, it is important to define wbat is mcant by the 
tcrm 'quality'. Thc ultimatc test of th~ quality of ao 
oocyte is its ability to be fertilized and develop to the 
blastocyst stage, to establisb a pregnancy and to 
produce a llve oft'sprin¡. Similarly, the best measure of 
blastocyst quallty is its ability to establish a pregoancy 
and produce a live oft'spring. From a research stand­
point, beca use of thc impracticality of transferring every 
embryo, attaiameot of the blastocyst sy¡gc: is generaUy 
used as an indicator of oocyte developmcntal compct­
enoe. For the same reason, other methóds of assessing 
blastocyst quality are used, includins c:ell counts, cryo­
toleraooe aod,latterly, ¡ene expressioo pattems. 

The Oocyte 
The lotriasle quaUty of tbe oocyte determloes 
its developmeatal capadtJ 
lo the cyclic cow, final maturatioo of the ovulatory 
folllcle is ioitiatcd by the pro-ovulatory LH surge. 
Duriog the subsequeot 24-h pcriod, thc oocyte nucleus 
progresses from prophase 1 to metaphase JI. In additioo 
sev~ral chaoges occur at the leve! of the cytoplasm 
involviog redistribution of intraceUular organelles 
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(Hyttel et al. 1986a; Hyttel et al. 1986b; Hyttel et al. 
1989; Hyttel et al. 1997)./n vitro, resumption ofmeiosis 
occurs spontaneously on removal from tite follicle 
(Pincus and Enzmann 1935) and tbe majority of fully­
grown oocytes progress to metaphase Il following 24-h 
culture (Fair et al. 1995; Lonergan et al. 1997). How­
ever, it is widely bclieved that the corrcsponding 
cytoplasmic maturation is compromiscd, lcading to the 
poor developmental rates. 

later after in vivo maturation. Despite the fact that both 
groups were fertilized and cultured at the same time a 
signüicandy higher proportion of in vivo matured 
oocytes formed blastocysts 58.2'/o vs 39.2%). Similarly, 
in thc study of van de Leemput et al. (de Leemput et al. 
1999) in l'itro dcvelopmenc to the blastocyst stage of 
in l'ivo-maturcd oocytes was cwioe as high as that of 
in vitro-maturcd oocytes. 

There is much evideoce to indicate tbat tbe origin of 
the oocyte is crucial in detennining it!i ability to atlcast Does tbe slte of fertilizadoR (U. •l•o \'S U. •itro) affect 
undergo fertilization, cleavage and development to the developmeatal COIDpeteace? 
blastocyst stage. For example, oocytes derived from Further evidenoe for the fact that tbc intrinsic quality of 
large follicles are more competent than tbose derived the oocytc determines tbc blastocyst yieJd comes from 
from small follicles (Pavlok et al. 1992; Lonersan et al. tbe rcsults of expcrimcnts cxamining the developmental 
1994). In addition, there are a number of reports in the ra~s of in ~iw>-produced zygotes or early cmbryos 
literature indicating that oocytes matured in viW> are collected In vivo and subsequently cultured in l'itro. In 
more competent that those matured in vil ro (Greve et al. one sucb study from our group in l'itro matured/ 
1987; Lcibfried-Rutlcdgc et al. 1987; Marquant-Le fertilized (JVM/IVF) oocytes dcrived from 2-8 mm 
Guicnne et al. 1989; Van Soom ct al. 1992; Bordignon follicles on slaughterhouse ovarics rcsulted in a blasto­
et al. 1997; van de Leemput et al. 1999; Rizos ct al. cyst yield of approximately 3So/t irrcspective of whether 
2002c). tbe zygotes were cultured In l'itro or in ~ivo in tbe sheep 

While there is some evidcnce tbat modifying condi- oviduct (Rizos et al. 2002c). In the reciprocal experi­
tions of in vitro maturation can affect the subsequent ment, > 70% of In vil'O matured/fertilized oocytcs 
blastocyst yield, improvements are generally modest and reachcd the blastocyst stage foUowing cuJtpre eitber in 
even in the best cases, approximately half of the oocytes virro or in vivo. Similarly, in tbe study by McCaJrrey 
fail to reach that stage. Some authors ha ve attempted to ct al. (1991), approximately 6()-80% of uf l'ivo-derived 
improve oocyte developmental competence by artüici- 1---k:eU bovinc embryos devclopcd to morulae/blasto­
aUy maintaining oocytes in meiotic arrest in vitro for cysts followiog culture in vltro, ooDfirming their high 
varying periods (Kubelka et al. 2000; Lonergan et al. dcvelopmental competence. In sbeep, IVMIJVF-derived 
2000a; Sirard 2001). Thus far, while it is possible to zygotes were compromiaed comparcd witb in v/vo­
reversibly inhlbit meiotic resumption without having matured and fertillzed zygotes in terms of lambing rates 
any adverse etfect on blastocyst formation rate, tbere is (25-35% vs SI-«)%, rcspcctivcly) (Holm Ót al. 1996). 
little evidence for a positive etfect on oocyte competence. It should be noted, as pointed out by Holm el aJ. 
Others have attempted to modify the follicular environ- (2002), tbat tbc bebaviour of in vil'o-derived zygotes 
mcnt of the oocyte before recovery, in an etrort to in vitro is a reftection of their origin rathcr than an 
improve devclopmcntal competenoe. A 'coasting' pcriod indication of bow tbcy would dcvelop in vivo. Tbese 
between hormonal stimulation ~:md ovary coDection authors used timc-lapse video aDalysis to f.OMpare the 
(Blondin et al. 1997b) as well as the time interval inftuenoe of In .,¡.,o vs in vlrro maturation ~d fertiliza­
between ovary coUection and oocyte aspiration (Blondin tion on the In llitro developmcnlal kinctics of tbe 
et al. 1997a) have bcen shown to significantly atrcct tbe resulting zygotea. Zygotea <:apable of dcveloping to the 
developmental oompetence of the oocyte. In addition, blastocyst stage developed faster during the first three 
donors were administered six doses of FSH and an ceU cycles (by about l-2 h). In vivo-derived zygotcs wcre 
injection of LH, beforc ovum pick up approximately more developmentally competetlt In l'llro tban were all 
80% of the recovered oocytes formed blastocysts groups of in vitro derived zygotes; 87% vs <54% of the 
foUowing in virro procedures (Blondin et al. 2002). Such respective zygotes devetoped to the compact morula or 
high developmental rates are certainly encouraging and blastocyst stages. In addition, the duration of tbe first 
highligbt the importance of ooeyte quality at the start of ceO cycles befoJC embryonic genomc activation were 
the in vitro embryo production process jo determining shorter in In vlvo-derived than in in vitro-derived zygotes. 
the final outcomc. Wbethcr this incrcased developmental compctence is 

In a number of studics comparing in vil'o and in l'itro caused solely by superior maturation or is a combina­
maturation, In vivo-matured oocytes were compared tion of maturation and fertilization in ~il'D is not clcar. 
with tbosc recovered from small follicles on the ovaries . Certainly, as pointed out above, there is substantial 
of slaugbtered animals. The developmental histories and evidenoe in the Uterature to indicate that in ~l.,o-matured 
potential fates of such oocytes would be very different oocytes are more competent than their In vilro-matured 
rendering the validity of tbeir comparison qucstionable. counterparts. Howcvcr, evidence from our own group 
For this reason, several groups, including our own have would support the hypothesis tbat the site of fertiliza· 
compared the devclopmental capacity of sucb oocytes tion (in vil'O vs in llitro) is a1so important (Rizos et al. 
having an identical pre-ovulatory history (Hendriksen 2002c). In tbat study, a hiper proportion of In l'il'o­
et al. 2000; Dieleman et al. 2002). Rizos et al. (2002c) matured oocytes devcloped to blastocysts foUowing 
compared the devclopment of oocytes recovered at the fertiliza~ou in vivo compared with fertilization in virro 
estimated time of the pre-owlatory surge and matured (73.9% vs 58.2%, respectivcly), despjte the fact tbat 
in vitro with tbat of their counterparts recovered 20 h both groups were cultured In ~ltro in parallel. However, 
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Oocyte and Embryo Quality 

it sbould be noted that tbe In vivo fertil.i.zed oocytes were 
ovulated oocytes; this is in contrast with the in vivo 
matured/in vitro fettilizcd group, in wbich oocyles were 
recovered from pre-ovulatory folliclcs just prior to tbe 
expected time of owlation. Whetber tbe additional time 
in tbc follicle contributed to the improved developmetal 
rates is unclear. To address tbis qucstion we attempted 
the fenilization of In vitro matured bovine oocytes in the 
sheep oviduct using gamete intrafallopian tube transfer 
(GIFT), involving the transfer of matured oocytes and 
sperm to tbe oviduct simultaneously, or the transfer of 
matured ooeytes to the oviduct of a ewe previously 
inseminated witb bovine sperm. lrrcspcctive of the 
metbod used, onJy a very J~w proportion of oocytes 
wcre fertilized and nooe developed to blastocysts. Other 
authors have similarly attempted tbe In vivo fertilization 
of in vitro-matured bovine oocytes in the inseminated 
rabbit (Sreenan 1970; Hunter et al. 1972~ Trounson 
et al. 1977), sheep (Sreenan 1970) or cow oviduct 
(Trouoson et al. 1977; Newcomb et al. 1978; Myers 
et al. 1992) with limited success, although Newcomb 
et al. (Newcomb et al. 1978) did report the binh of twin 
calves following one sucb attempt. lt would seem tbat 
such an approach is fraught with techoic:al difficulties 
which ooly cloud the iasue. One way to approach this 
question in a more satisfactory manner may be to use 
endoscopy (Besenfelder and Brem 1998; .BesenfeJder 
et al. 2001 ) . .. , 

' 
lmportance or Cbe ldnetics or early deanae dtrisions 
The developmental kinetic:.s of early bovine embryos has 
been studied by several authors (Grisan et al. 1994; 
Langendondtt et al. 1997; Holm and CaUesen 1998; 
Holm et al. {998; Lockwood et al. 1998; Lonergan et al. 
1 999; Lonergan et al. 2000b; Holm et al. 2002). We bave 
previously demonstrated a clear relationship between 
the time of first clcavage post-insemination In vitro and 
developmental competence, with those oocytes cleaving 
earliest after .in vltro fertilization being more likely to 
reach thc blastocyst stage than their later.cteaving 
counterparts (Dinnyes et al. 1999; Lonergan et al. 
1999). Tbis pbenomenon is common to many species 
(Bavister et al. 1983; McK.iernan and Bavi.ster 1994; 
Totey et al. 1996; Sakkas et al. 1998; Shoukir et al. 
1998; Wamer et al. 1998; Fenwick et al. 2002). In 
addition, we ha ve demonstrated that this timing of 6rst 
cleavagc is related to thc polyadenylation status of 
several developmentaUy important gene transcripts 
(Brevini-Gandolfi et al. 2002).SubsequcntJy, we demon­
strated ditTerences in gene expression in the early 
embryo tbat are refiective or differences in developmen­
tal competence between early- and late~leaving zygotcs 
(Lonergan et al. 2000b; Fair et al. 2002). The factors 
tbat control the time of first clcavage are unclear. 
Although culture conditions can itúluence the kinetics of 
early devclopment (Pinyopummintr and Bavi.ster 1994; 
Langendonckt et al. 1997), it is likely that the main 
factors controlling thi.s parameter are intrinsic to the 
oocyte (Lonergan et al. 1999; Lonergan et al. 2000b; 
Brevini-Gandolfi et al. 2002), tbe sperm (Eid and 
Parrish 1995; Comizzoli et al. 2000; Ward et al. 2001) 
or both. lndeed, in mioe, a gene controlling the rate 
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of pre-implantation cleavage division and subsequent 
embryo survival (Ped: pre-implantation embryo devel­
opment) has been idcntified (Wamer et al. 1998). 

lnftaence of oocyte source and/or matnratioo c:oadJtions 
oa oocyte aene expressloa pattems 
1t is generatly accepted tbat mRNA and protein 
molccules syothesized during oocyte growth and mat­
uration cootribute to early development prior to 
embryonic genome activation. The storage of mRNA 
takcs place during oocyte growth and tbe extent of tbe 
poly(A) tai1 at the 3' end of eacb transcript has emerged 
asan importaot regulatory elemcnt for determining tbeir 
stability. Thus, control of polyadenylation represents a 
lcey regulatory step in gene expression and is lcnown to 
be important in early embryonic development (Gandolfi 
and Gandolfi 2001). Conditions of in vitro maturation 
can atTect the polyadenylation lcvel in maternal mRNAs 
(Pocar et al. 2001). 

As pointed out by De Sousa et al. (1998b); the 
appareot lack of developmental competence in tbe 
majority of oocytes matured in vitro may reftect 
the composition and abundance of specific transcripts 
in oocyte mRNA pools. Oocyte morphology associated 
with competence to undergo meiosis and development 
to thc blastocyst stage. can be positively correlated with a 
greater relative abundanoe of known mRNA transcripts 
(De Sousa et al. 1998a). However, with the exoeption of 
genes lcnown to play roles in early ovarían folliculogen­
esis such as CSF-1, Connexin 37 and GDF·9, little is 
known of ooeyte gene transcripts that may confer 
developmental competence to the blastocyst stage. De 
Sousa ct al. (1998b) demonstrated a greater relative 
abundance of Na+, K+ ·A TPase cd among individual 
bovine COCs nonnally selected for developmental 
ability compared with unselected oocytes. 

Whlle there is considerable evidence in the literature 
indicatJng that tbe culture envirooment in wbich the 
embryo develops can alter transcript levels within it 
(see below), there is much less corresponding informa­
tioo available on the inftuence of the follicular 
envirooment or maturation conditions in vl11·o on 
transcript levela in the oocyte. Such information could 
contribute to our uoderstanding of the factors control­
ling developmental competence acquisition and poten­
tially aid in the refinement of media for oocyte 
maturation in t~itro. 

While there ia an increasing amount of data on gene 
expression patterns in oocytes at, for example, specific 
stages of maturation (Robert et al. 2000, 2002; Goto 
et al. 2002; Dalbies-Tran and MermiUod 2003; Zeng and 
Schultz 2003) there is a Jack of information on how such 
patterns of cxpression are atrected by changes in the 
environment of the oocyte (folUcular environment or 
that during maturalion in vitro). Given what we know 
about the dramatic effect of post-fertilization culture 
cooditions on gene expression in the early embryo, it is 
not unreasonable to assume that a similar situation 
exista in relRtion to thc eovirooment during oocyte 
maturation. One sucb study by Watson et al. (2000) 
demonstruted that oocyte maturatioo media could 
in6uenoe Jevcls of oertain oocyte transcripts. They also 
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observed a rclationship bctween transcript abundance 
and developmcntal ability to the blastocyst stagc. In a 
recent study from our group, we contrasted tbe relative 
abundance of 12 gene transcripts in bovine oocytes 
matured either in vitro or in vivo (Lonergan et al 2003); 
consistcnt with the findings of Wataon et al. (2000), we 
observcd distinct ditrerences in the relative mR.NA 
abundance of scveral developmcntaUy imponant gene 
transcripts in bovine oocytcs whicb are relatcd to 
dcvelopmental competenc:e. In particular, traoscripts 
for GDF-9 were expressed at significantly h.igbcr levels 
in oocytcs rcoovered at tbe LH surge and matured 
in virro compared with those matured in vivo (Lonergan 
et al. 2003). 

Robcrt et al. (2001) identified mR.NA expressed in 
granulosa cells cbaract.erizin& dift'erentiatcd follicles 
bearing developmentally competeot bovine oocytcs. 
Dalbies-Tran and Mennillod (2003) compared gene 
expression patterns in oocytes before and aftcr IYM 
using heterologous cONA array bybridization: bovine 
cONA probes were hybridized ooto arrays of human 
express sequence tags (EST), About 70 transcripts 
uoderwent a significa.nt differential regulatioo. Clearly, 
such tecbnology could be applicd to other models to 
characterize more fully the effect of suboptimal culture 
conditioos . 

The Embryo 
Blastocyst development is only one step along tbe road 
to the production of a live otfspring. As pointed out by 
McEvoy et al. (2000), attainmcnt of the blastocyst stage 
is more a reftection of past acb.ievement than a 
guarantce of future fitncss. Tberefore, in addition to 
increasing tbc sua:ess rate of i1Í vltro embryo produc­
tion (i.e. the numbcr of oocytes developing to blasto· 
cysts) it is esscntial that those embryos that do reach 
this stage in vitro are of thc bighest quality possible in 
order to ensure optimal pregnancy rates following 
transfer. Tbe quality of in vitro-produced blastocysts 
continually lags bchind that of blastocysts produced in 
vivo and tbis can be linkcd to düferences which ex.ist 
bctween them. Comparcd with their in vivo counter­
parts, in vitro produccd embryos tend to bave darker 
cytoplasm and a Jower buoyant density {PoUard and 
Leibo 1994) as a consequence of tbeir higher lipid 
contcnt (Abd El Razek et al. 2000), a more fragile zona 
pellucida (Duby ct al. 1997), rcduced expression of 
inten:ellular communicativc dcviccs (Boni et al. 1999), 
ditferences in metabolism (Khurana and Niemann 2000¡ 
Thompson 2000) and a highcr incidence of chromo­
somc abnormalities (Viutf et al. 1999; Slimaoe ct al. 
2000). In addition, many diJferences at the ultrastruc­
tural Jevel have been reponed (Crosier et al. 2000; 
Crosier et al. 2001; Fair et al. 2001; Crosier et al. 2002; 
Rizos et al. 2002a). 

Post·ferdllzadon culture eavtronment detemdnes 
blastocyst quaUty 
By culturing in vitro-produced bovine zygotcs in vivo in 
the ewe oviduct, it is possible to dramatically increase 
the quality of the resulting blastocysts, measurcd in 

terms of cryotolerance, to a leve) similar to that of 
totaUy in vivo-produced embryos (Oalli and Lazzari 
1996; Enright et al. 2000; Rizos et al. 2002c). Further­
more, in the reciprocal cxperimcnt, tbc culture in vitro of 
in vivo-produccd bovine zygotcs resulted in blastocysts 
of low cryotoleranco (Rizos et al. 2002c). Sucb obser­
vations bighlight the importancc of thc post-fenilization 
culture environmcnt for the quality of the resulting 
blastocyst. 

In suppon of this notion, Knijn et al. (2002) coro­
pared gene exprcssion in blastocysts derived from 
in vivo- or in ritro-matured bovine oocytes. No diffcr­
enccs were observcd in the relative abundance of 
transcripts for four genes studied, suggesting that 
maturation is not the major step in the in vilro embryo 
prod w;:tion process atrecting cxpression of these genes in 
thc embryo. In other words, despit.e usina oocytes from 
two sources known to diJrere in tbeir dcvelopmental 
competcnce, culturio.g che zygot.es in under the same 
conditions produccd blastocysts of similar quality. 

Gene exprealon 

There is now a large amount of data demonstrating that 
the post-fertilizatioo embryo culture enyironment can 
bave a dramatic etfcct on tbe pattem of ~e expression 
in the cmbryo that in turn can bave seriolf$ impücations 
for the normality of the blastocyst. 'Ibis Js the case, not 
only wben one compares in vitro and tn vivo culture 
systems. but also bctwcen diffcrcnt In vitro culture 
systems (Eckert and Niemann 1998; Wrenzycki et al. 
1999; Doberty et al. 2000; w~ el ~1. 2000; Lee 
et al. 2001; Lcquarre et al. 2001; Minaipi et al. 2001; 
Wrenzycki et al. 2001; Rief et al. 2002; Rizos ct al. 
2002b; Rizos et al. 2003). 

In our own group, Rizos et al. (2002b) cxamined the 
expression of seven genes known to be involvcd in 
apoptosis, oxidative stress, gap junction fonnation and 
differentiation in blastocysts derivcd from in virro­
matured and -fertilized OOC)'1.eS wbich werc cultured 
either in viJro in synthctic oviduct ftuid (SOF) or in vivo 
in tbe ewe oviduct and compared tbe pattem of 
expressioo with that of in v/vo-derived blastocysts. 
Culture in vitro resulted in, amongst other ditfcrences, 
an elcvated abundance of transcripts fór Bax, a cell 
dcath-promot.ing factor, as weU as reduced expression 
of tbc gap junction gene, Cx43. Consistent with our 
observations, Lazzari et al. (2002) reponed that bovine 
embryos developed in the sheep oviduct were charac. 
terizcd by an expression pattcm of severaUy develop­
meotaUy important genes that was nearly identical to 
that of their in viro-produced counterparts. Further­
more, in a comparison of serum-frce and serum­
supplemented SOF (Rizos ct aL 2003), che presence 
of serum durina the culture period rcsulted in a 
significant mercase in the leve! of expression of 
Mn-SOD, SOX, ~ LIF and LIF-R,8 and a decreasc 
in the relative abundance of transcripts for Cx43 aod 
interferon-t. 

Unlike the situatioo with regard to in vitro culture, 
there -~ very little cvidence direcdy dcmonstrating an 
effcct of alt.erations in the in vi..o environment on gene 
cxpression in thc pre-implantation embryo. Wreozycki 
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et al. (2000) reported that, the diet type fed to super­
ovulated heifcrs affcctcd the rclativc mRNA abundance 
and pyruvate metabolism of embryos; tbe fe.Jative 
abundance of Cu/Zn·SOD was affected in heifeis fed 
barley-based diets. 

Large Offspring Syudrome 
As meotioned above, the detrimeotal effects of culture 
under suboptimaJ cooditions in Yitro are mediated 
through modifications of gene cxpression in thc cmbryo. 
These detrimental eft'ects can be seen in tenns of 
blastocysts incapable of withstanding cryopreservatioo 
or establishing a prcsnancy or, as has beeo shown in the 
case of ruminants, the production of offspring · of 
abnormal size (Kruip and den Daas 1997; Young et al. 
1998; Sinelair et al. 2000; Walker et al. 2000). Tbis latter 
pbenomenoo is directly linked to thc post·fertilization 
culture period in vltro (MeE voy et al. 200 l ). The 
ellistence of this syndrome demonstrates that manipu­
lation of the environment of an embryo can alter 
subsequent foetaJ. pJacental and peri· and post-natal 
development profoundly in fann animals (McEvoy et al. 
1998; Sinclair et al. 1999, 2000; van Wagtendook-de 
Leeuw et al. 2000; Bertolini et al. 2002; Crosier et al. 
2002). 

Lazzari et IÜ. (2002) analysed cellular (ceD number on 
day 7, size _br elongating ernbryo at day 12) and 
molecular (re1ative transcript abundance) parameters 
in bovine embryos and the incideoce of large offspring 
syndrome in calves derived from transfer of embryos 
produced with different in vitro and in YiYo systems. 
In Yitro culture of bovine embryos in the presence of 
high concentrations of serum or bovine serum albumin 
signi6cantly incrcased the number of ceUs in day 7 
blastocysts, the size of the blutocyst on da y 12 and the 
relative abundance of transcripts for several genes 
includiog HSP70. l, CU/Zn-SOD, Glut-3, G1ut-4, bFGF 
and IGFI-R when compared with embryos cultured 
in viYo (either in tbe sheep oviduct or produced entirely 
in vivo). These deviations were linked to gestation length 
and birth weight of the derived calves. 8oth in vitro 
systems were associated with a signi6cantJy elevated 
iocidence of deviations in embryonic development and a 
higher proportion of calves with increased birthweight 
and other symptoms of LOS. 

Cbromosomal aboormaUties 
Viuff et al. (1999) rcported that che incidence of mixop­
loidy was significantly bigber among bovine blastocysts 
produced in vitro tbao among in vivo ernbryos from 
superovulated donors (78% vs 25%); furthermore 17% 
of in vitro blastocysts but none of those produced in Yivo 
had a > 10% incidence of polyploidy. To wbat extent 
mixoploidy is aggravated by in vltro culture is unknown. 
During developmeot from days 2 to S, the degrcc of 
mixoploidy incrcases in botb In 11ivo dcveloped and 
in 11itro-derived embryos; in those derived m viWJ bow· 
ever, the level of mixoploidy levels out much carlier 
(Viuff et al. 2000; Viuff' et al. 2001). 

The origin of tbe oocyte can affect the chromosomal 
constitution of the blastocyst; the degrcc of mixoploidy 
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in blastocysts derived from in vi110 matured oocytes 
(fertilized and cultured in vitro) was similar to that 
reported for entirely in vivo devetoped blastocysts and 
lower than that of oocytes rccovered just prior to the 
pre-ovulatory LH surge and matured in vltro-matured 
(21% vs 50%)(Dieleman et al. 2002) . 

Temporal efl'eets of post-fertilizatioD culture 
Several major developmental events occur during tbc 
6-day window between zygote and blastocyst formatioo 
in cattle. These include the first cleavage divisioo, the 
timing of which is known to be of critica) importance in 
detennining the subsequent development of the embryo 
(Lonergao et al. 1999), the activatioo or tbe embryonic 
genome at thc 8-16-ceU stage (Memli and First 2000), 
compaction of the · morula on day S, which involves the 
establishment of the first intimate cell-tCH:eU contacts in 
the embryo (Boni et al. 1999) and blastocyst fonnation 
on days 6-7, involving thc differentiation of two ceU 
types, the trophectoderm aod the inoer ceU mass 
(Watsoo 1992). Clearly, any modifications of the culture 
environment, which could atfcct any, or aU, of these 
processes could ha ve a major effect on the quality of the 
embryo. 

From the above, it is clear that the post-fertilization 
environment in whicb tbe embryo is culturcd is critical 
for its normal development. There is evidence in the 
literaturc of temporal sensitivities of ernbryos. which 
would indicate, as poittted out by MeEvoy et al. (2001) 
that some windows o( embryo development are more 
predisposed to aberrant programming than others. The 
use of a two-stage culture system may avoid the 
cooditiona leading to fetal oversize. Whcn serum was 
avoided during the first 3 days of sheep embryo culture 
in 11itro, ovcrsize was not observed in the resultant 
oft'spring (Kuran et al. 2000). In the same study, culture 
for just 2 days in SOF plus serum before transfer on da y 
3 to synchronous recipients also generated normal 
fetuses. Negrin et al. (1997) carried out an experiment 
involving culture for 2 days in either SOF plus serum or 
in co-culture, followed by culture for a further 3 days in 
tbe same or altemativc system. Their observatioos 
suggested that the developmental ability of the zygotes 
was unaffcctcd by the culture systern used in the first 
2 days, but the system used subsequeotly had a signi~ 
ficant impact. 

We have addresscd the question of a temporal 
association betweeo culture cnvironment and embryo 
quality in three reoe~t studies from our group. In the 
6rst of these (Rizos et al. 2001), the addition of 
granulosa cells to SOF in thc form of a monolayer 
from day 3 onwards was necessary in order to acquire 
the improved cryotolerance seen in blastocysts derived 
from monolayer culture compared to those cultured in 
SOF alone. In the secood study (Lonergan et al. 2002), 
we used a combination of in vitro culture in SOF and 
in vivo culture in thc ewe oviduct to identify the period 
of post-fertilization culture tbat is most criticalfsensitive 
in determining blaatocyst quality. Presumptive zygotes 
produced by in 'litro maturation and fertilization were 
cultured either in vitro in SOF for 6 days. in 11ivo in the 
oviduct for 6 days or in combinations of both. In terms 
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of cryotolerance, in vívo-produced blastocysts, those 
cultured in vivo from day 2 onwards or thosc cultured 
in vivo for the entire 6 days had the highest survival 
rates while tbose embryos which spent the longest period 
in SOF had the lowest rates of survival. 

In the third study (P. Lonergan et al., in prep.) in 
order to try and idcntify at what stage the pattem of 
gene expressíon described for in vivo- and in vitro­
derived blastocysts (Rizos et al. 2002b) divergcs, 
zygotes produced by in viii'O maturatíon and fertiliza­
tion were divided in two groups and cultured either 
in vitro in SOF or in vivo in the sbeep oviduct. 
Embryos were recovered from botb systems at days 2, 
3, 4, 5, 6, and 7. The results of thls study confinn our 
previous observations (Rizos et al. 2002b, 2003) that 
the pattem of expression of severa) genes dül'ers in 
blastocysts produced by culture in vitro or in vivo. 
More importantly however, tbe rcsults demonstrate 
that tbese differences in expression are apparent at very 
early cleavage stages (in the case of Bax, SOX, Cx43, 
for example), in some cases after only 1 day of culture 
in vitro. 

Concluding Remarks 
From the above, it is clear tbat any improvement in 
oocyte developmental competence is likely to come 
from research focussed at the oocyte cnd of the 
oocyte-blastocyst developmental axis. In contrast, 
improvemeots in the quality of blastocysts produc:ed 
in vitro wiU only occur throu~ modiftcation of tbe 
post-fertilization culture conditi~ms. By alteriog tbe 
conditions of oocyte maturation aod embryo culture, 
respectively, in such a way as to cbange the pattern of 
gene expressioo within tbe oocyte or embryo to mirror 
more closely that wbich occurs in tbeir in vivo 
counterparts, it may be possible to produce, not only 
more blastocyst stage embryos, but more ímportantly, 
blastocysts of better quality. 
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Evolution ofmRNA Polyadenylation Between 
Oocyte Maturation and First Embryonic 
Cleavage in Cattle and Its Relation With 
Developmental Competence 
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ABSTRACT In this study we analyzed the 
pattem of polyadenylation changes that takes place 
between the resumption of meiosis and the first 
cleavage of bovine oocytes. Moreover, we investigated 
whether the delayed occurrence of the flrst cleavage 
division, which characterizes embryos of low devel­
opmental competence, ls accompanied by an altered 
polyadenylation pattern of individual transcripts. We 
determinad the potyadenylation status of a group of 
genes that characterize physiological processes, In­
volved in earty differentlation (Oct-4), compaction, and 
cavitation (j3-actin, plakophilin, connexin-32, connex­
in-43), energy metabolism (glucose transportertype l, 
pyruvate dehydrogenase phosphatase), RNA proces­
sing (RNA poly(A) polymerase), and stress (heat shock 
protein 70). RNA was isolateó from pools of 20 oocy­
tes or embryos at the germinal vesicle (GV) stage, at 
the end of in vitro maturation, at the end of in vitro 
fertilization, and at the time of the first cleavage. Clea­
vage was assessed 27, 30, 36, 42 hr post insemi­
nation (hpi), and at the latter time the remaining 
uncleaved oocytes were retained as a group. Between 
oocyte isolation and flrst cleavage at 27 hpi (best 
quality embryos), the poly(A) tail of individual kan­
scripts followed tour patterns: no changes <P-actin, 
PDP); gradual reduction (Cx-43, Oct-4, Plako); gra­
dual elongation (Cx-32, TPA); reduction followed by 
elongation (PAP, HSP-70, Glut-1). lf the interval 
between insemination and flrst cleavage was longer 
than 27 hpi (progressively lower quality embryos) 
further changes of polyadenylation were observed, 
which differed for each gene considered. These data 
lndicated that speciflc changas in polyadenyla· 
tion contribute to the modulation of gene expression · 
in bovine embryos at this stage of development. Detec­
tive developmental competence is accompanied by 
abnormal polyadenylatlon levels of specific maternal 
mRNAs with synchrony between polyadenylation and 
cleavage emerging as an apparenUy important factor. 
Mol. Reprod. Dev. 63: 510-517, 2002. 
C 2002 Wiley·Liss, lnc. 

Q 2002 WILEY-LISS,JNC. 

Key Words: mRNA polyadenylatlon; oocyte; em­
bryo; bovlne; development 

INTRODUCTION 
The time of the first embryonic cleavage post· 

insemination has n:uúor, long-lasting effects on the 
subsequent development of the bovina embryo to the 
blastocyst stage and is considered to be ll good indicator 
of those most suitable for transfer to recipients (Y adav 
et al., 1998; Plante et al., 1994; van Soom et al., 1997; 
Dinnyes et al., 1999; Lonergan et al., 1999). Tbis situa­
tion is not unique to the bovine embryo. A relationship 
between the kinetics of early embryorHe eleavage and 
subsequent development has been obJerved in mice 
(Warner et al., 1998), hamsters (McKiernan and 
Bavister, 1994), Rhuus monkeys (Bavister et al., 1983; 
Morgan et al, 1990), buft'aloes (Totey et al., 1996), and 
humana (Lelaidier et al., 1995; Sakkás et al., 1998; 
Shoukir et al., 1998). Tbese observations suggest that 
whether or not an embryo will reach the blastocyst 
stage, is largely established at the two-cell stage. There­
fore, the division of embryoa on the basis ofthe interval 
between in vitro insemination and first cleavage 
provides a powerful experimental tool for studying the 
mechaniams determining embryonic developmental 
competence that is meaningful for mapy mammalian 
speciea. 

During the early cleavage stages, embryonic develop­
ment is supported by maternal mRNAs and proteína 
synthesized and stored during oogenesis. These atores 

Grant aponaor: MIUR-PRRIN; Grant number: 9907161698_008; 
Grant sponaor: Healtb Reeeareh Board Urelandl; Grant number: 
PDOl/2000. 
•eorreepondence to: TAL. Brevini, Istituto di Anatomia degli 
Animali Domeatic:i. via Celoria 10-20188 Milano (ltalyl. 
E.ruail: tisiana.brevúú@unimi.i~ 
Received 26 Febnuuy 2002; hcepted 28 J~ 2002 
Publiahed online in W'uey Inter&ience (www.lnteJWienee.wiley.com). 
DOI:.l0.1002Jmrd.l019l ·, 
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remain critica! during the entire interval between 
fertilization and the so-called maternal-embryonic 
transition (MET) when the transcriptional activity of 
the embryonic genome becomes fully functional. The 
length of this period of time depends on the species 
considerad. In mammals it can occur as early as the late 
two-cell stage, as in mice, or later in development, at the 
four-cell stage in pigs, between the four- and eight-cell 
stage in humans, at the eight-cell stage in rabbite, and 
between the 8- and 16-cell stage in sheep and cattle 
(Telford et al., 1990). Moreover, the stored maternal 
information is also involved in development after the 
MET since it has been shown in mice that proteína 
synthesized from maternal mRNA are very atable 
throughout preimplantation development (Renard 
et al., 1994). Therefore, a long interval can intervene 
between the synthesis of maternal mRNA and ita 
translation . 

The extent ofpoly(A) tail at the 3' end ofmRNA tran­
scripta has emerged asan important regulatory element 
for determining their stability. Thus, control of poly­
adenylation representa a key regulatory step in gene 
expression and is known to be important for early em­
bryonic development both in mammals and in lower 
species (Worthlngton, 1993; Vassalli and Stutz, 1995; 
Brevini-Gandolfi and Gandolfi, 2001). 

The aim of the present study was to characterize the 
changes of polyadenylation occurring between the re­
sumption ofmeiosis and the lirst cleavage. We analyzed 
a set of genes, known to be stored in the ooplasm, and 
we investigated the possible relationship between the 
polyadenylatlon status ofmatemal mRNAs and embryo 
developmentál competence, measured in terma of the 
time interva! from insemination to first cleavage as 
previously described (Lonergan et al., 1999). 

For this purpose we used the method originally de­
scribed by Salles and Strickland (Salles and Strickland, 
1995) which we have previously applied to bovine 
oocytes (Brevini-Gandolfi et al., 1999), that allows the 
accurate determination, in minute samples, ofthe poly­
adenylation status of any mRNA whose full sequence is 
known. 

The genes analyzed in this study were chosen because 
they are known to be expressed from the immature 
oocyte stage to the blastocyst stage (Watson et al., 1992; 
Wrenzycki et al., 1998; Brevini-Gandolfi et al., 1999; van 
Eijk et al., 1999}-with the exception of PDP, for which 
information is limited to the oocyte stage-and, there­
fore, were considerad to be suitable candidatas for 
studying the storage process of mRNA molecules that 
will be used during early preimplantation development. 

MATERIALS AND METHODS 
In Vitro Productlon of Embryos 

Chemicals were purchased from Sigma Chemical Co 
(St L<mis, MOl unless otherwise indicated. A stock 
solution of 10 ¡.tg/ml epidermal growth factor (EGF) was 
prepared, divided into aliquota and stored at -20'C 
until use . 

Cumulus oocyte complexas (COCs) were obtained by 
aspiration from follicles of ovaries from slaughtered 
cows. Following four washes in modified phosphate­
buffered saline (PBS, supplemented with 36 ¡tg/ml 
pyruvate, 50 ¡tg/ml gentamycin, and 0.5 mg/ml bovine 
serum albumin, Sigma fraction V, cat # A-964 7), groups 
·oc approximately 50 COCs were p!aced in 500 ¡ti of 
maturation medium for 24 hr culture at 39'C in an 
atmosphere of 5% C02 in air with maximum humidity . 
The maturation medium was Medium 199 supplement­
ed with 10% FCS and 10 ng EGF/ml. 

For IVF, COCs were washed four times in PBS and 
then in fertilization medium before being transferred 
in groups of 50 into four-well platea containing 250 ~ti 
of fertilization medium !TALP, containing 10 ¡tg/ml 
heparin, Calbiochem, San Diego, CA) per well. Frozen­
thawed semen from a single ejaculate was used in all 
experimenta. The semen was centrifugad on a Percoll 
(Pharmacia, Uppsa!a, Sweden) discontinuous density 
gradient (2 mi at 45% over 2 mi at 90%) for 20 min at 
700g. Viable spermatozoa, collected at the bottom of 
the 90% fraction, were washed in T ALP and pelleted 
by centrifugation at 100g for 10 min. Spermatozoa 
were counted in a haemocytometer and diluted in the 
appropriate volume of TALP to give a concentration 
of 2 x 106 spermatozoa/ml; 250 ~ti of this suspension 
was added to each fertilization well to obtain a final 
concentration of 1 x 106 spermatozoa/ml. Plates were 
incubated for 24 hr in 5% C02 in humidified air at 39'C. 

Embryo culture was carried out in synthetic oviduct 
fluid (SOFJ under mineral oil in a humidified atmo­
sphereof5% C02, 5%02,90% N2 (Carolan etal., 1995). 
Twenty-four hours after insemination, presumptive 
zygotes were denuded by vortexing for 2 min in 2 mi of 
PBS. The zygotes werc subsequently washed four times 
in PBS and then in SOF before being transferred to the 
culture dropleta (25 zygotea/25 ¡ti medium). 

Culture drops were examined at 27, 30, 33, 36, and 
42 hr post insemination (hpil. At each time point, al! 
cleaved embryos were removed, washed in PBS, placed 
in an Eppendorftube, and snap frozen in liquid nitrogen. 
At 42 hpi, those presumptive zygotes that remained 
uncleaved were also snap frozen. In addition, a repre­
sentativa number of oocytea were frozen for RNA ana­
lysis at the time of their isolation from the follicle (GV 
stage), at the end of maturation (Mil stage), and at the 
end offertilization (presumptive zygotes, approximately 
24 hpi). Cumulus cells were carefully removed before 
freezing. 

RNA Extractlon and PCR Poly-A Test 
RNA was isolated from pools of 20 oocytes or em­

bryos using the acid-phenol method according to 
Chomczynski and Sacchi (Chomczynski and Sacchi, 
1987). No additional carrier RNA was used as recom­
mended by Salles and Strickland (Salles and Strick!and, 
1995). 

Poly(A) tail length was determined as described 
before (Salles and Strickland, 1995), with someminor 
modifications. 
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Reverse transcrlptlon. RNA was denatured at 50 bp DNA Jadder (GibcoBRL Lite Technologies, United 
65°C for 5 min in a final volume of 7 Jl], saturating the Kingdom) in order to allow sise determination. Gels 
poly(A) tail with 25 ng of pbospborylated oligo(dT) were exposed overnigbt to Amersham Hyperfilm ~max. 
[p(dT)12_ 18) (Amersbam Pbarmacia Biotecb, United The identity ot each &agment waa confirmed by re­
Kingdom). Ugation of oligo<dT) [p(dT))2_u] waa then striction enzyme analyaia, with specüic endonucleaaes 
carried out at 42°C in 18 JAl of .a pre-warmed mix, known to cut within the region amplified by the PCR 
consisting of 4 .U of sterUe water, 10 U ofT4 DNA ligase primers used. 
(Gibco BRL Life Tecbnolog:ies), 4 JAI of 6X Superscript Stadatlcal aualyaia. Size detection of each band in 
RNaae H reverse transcriptaae RT buffer (Gibco BRL eacb gel was carried out U8ing Epson GT-8000 Scanner; 
Life Technologies), 1 ¡.¡l of 10 mM dNTPs, 2 J.l] of0.1 M tranaeript length of each three replicates was then 
OTT, and 1 ¡.¡110 mM ATP. After 30 min ofincubation, detennined with GEL 1.01 as described by Lacroix 
200 ng of a specifically designad oligo(dT)-anchor primer (1994). Data obtained were subjected to statistical ana­
were added and the temperattae was lowered to l2°C. lysis using SuperAnova v. 1.11 (Abacus Concepts, Inc.). 
The oligo(dT)-anchor primer with nucleotide eequence . 
6' -GCGAGCTCCGCGGCCGCGT 12·S' waa ligated with 
a 2 hr incubation period to tbe extreme 3' end of the 
poly{A) tall. Samples were then transferred back to 
42°C. Reverse tranecription was performed with 500 U 
Superscript RNase H·RT <Gibco BRL Lüe Tecbnologies, 
United Kingdom) for 1 hr. Enzymes were inaetivated 
with 30 min incubation at 70°C, 

PCR ampWlcation. The PCR Poly-A test requires 
the use of primera located cloae to the 3' end (within 
400 nucleotides) in order to provide the best PCR 
product size resolution (Salles and Strickland, 1995); 
therefore, the choice of genes waa limited to those wbose 
sequence was fuUy known in the bovine species. Primer 
sequences and accession numbers of the selected genes 
are specüied in Table l. 

PCR runs were carried out With oligo(dT)-ancbor and 
5' primera designed as above. One microlitre of the poJy 
(A)-cDNA product was amplüied in a reaction mix con­
sistingof3 J.l} ofMgCI2 (25 mM), O.S ~ ofTaq polymeraae 
(5 unita/J.tl), 2 .U of 10 x PCR buffer (Boebringer 
Mannheim, !), 1 J!l of 10 mM dNTPs, and 10.2 ,U of 
sterile water. To epike the reaction 5 .,.e¡ of 32P-dATP 
(specific activity 10 mCilml) were added to the m.ix. PCR 
was carried out in an automated thermal cycler (Perkin 
Elmer, Cetus Instrumenta, USA.l, using the following 
condition.s: 30 sec: at 93°C (double strand denaturation 
temperature), 1 min at 61 ~e (annealing temperatura), 
1 min at 72°C (double strand extension temperature), 
performing 38 cyclea. The amplified products were 
purified using Qiaquick PCR purification spin columna 
<Qiagen, Inc., USA) and separated on 3.5% TBE po)y. 
acrylamide gels (Sambrook et al., 1989) with a labeled 

RESULTS 
Tbe entire set of genes taken into consideration was 

studied in each pool of 20 oocytes or embryos and ana­
lysis was repeated on at least tbree ditrerent pools for 
each time point considered. No statistJcally significant 
variations between replicates amon~ :the tbree pools 
were observed. 

Two aspecta ofmRNA polyadenylation were studied. 

Changes ol Poly(A) Tall Length Between 
GV Stage and Fim Cleavage 

In this set óf experimenta poly(A)' 'tail length was 
examined at the time of oocyte isola~pn from the fol­
licle (GV stage), at the end of in vitro maturation 
(metapbase D stage), at the end qf in vitro fertilization, 
(preswnptive zygote stage), and at the time of the first 
cleavage, 27 hr aft.er insemination (twq-cell stage). Tbe 
resulta obtained are shown in Figure ¡·fUld Table 2. 

As described previoualy <B:revini·GallfloUi et al., 1999) 
at the metapbase D (Mil) stage poly(A) taiJ was 
significantly shorter than at the GV stage in many of 
the examioed transcripta with on1y a few exceptions: p. 
actin and PDP, whose transcripta rem&¡ned ofthe same 
lengt.b; TPA and Cx 82, wboae transéripts elongated 
during IVM. In most cases, poly(A) tail modifications 
followed tbe same trend also at the subsequent stages: 
i.e., P.actin and PDP remained unchanged at the 
presumptive zygote and tw«H:ellstagea¡ Cx-43, OCT-4 
and Plako became progreasively sho~r. while Cx-82 
and TPA gradually increased their poly(A) tail. How­
ever, this increase of polyadenylation was not statísti­
cally significant for TPA Some transcripts showed a 

TABLE l. Liat of Eluunined Genes and Primera U&ed for PCR Poly-A Test of mRNA ha Boville O~yte&/Embryos 

Targetgene 

j!-actin 
Connexin 43 (Cx 48) 
Connexln 32 (Cx 32) 
Tissue type plasminogen activator (TPA) 
Glucose transportar type 1 (Glut-1) 
Heat shock protein 70 CHSP70l 
Oct-4 
Plakophilin <Plakol 
Pyruvate dehydrogenase phosphatase <PDP) 
RNA poly(Al polymerase CPAP) 

Sequence 5' -3' 

TGMCCCTMGGCCAACCGTG 
ACAG~AGTAACCAGCA 
AGTGGAGGGAGGGTACTGT 
AAAGCATGTCTCAGTAGGCA 
A'fTAACmTI'CC'ITGCCTGAGAC 
GAAGAAGGTGCTGGACAAGTG 
GTGAGAGGCAACCTGGAGAG 
ACACI'GTGAGGAACCTGATGG 
A'fTACACACCTCC'l'TATCTCACTGC 
TAGGCCAGCCACATTAATCTCTA 

Poaition 

1009-1029 
2526-2648 
1868-1386 
1992-2011 
2193-2216 
1867-1877 
721-7~ 

2078-2093 
1830-1364 
2951-2973 

A«eseion number 

GenBank U02295 
EMBLJ05536 
EMilL X95311 
EMBLX85800 
EMBLM6044 
EMBLU09881 
GenBank F022986 
EMBLZ37975 
EMBL Ll8966 
EMBLX63436 

Fi 
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different pattern: P AP poly(A) tail became sborter a.t the 
zygote sta.ge a.nd was longer at tbe two-cell stage; HSP-
70 poly(A) tail a.lso became shorter during IVF but no 
further eha.nges were visible a.t the two-cell stage; Glut-1 
poly(Al tail beeame shorter during IVF but signifieantly 
.inereased at tbe time ofthe first cleavage. 

Differences of Poly(A) Tail Length in Relaiion 
to Embryo Developmental Competence 

In this case we exa.mined the poly(A) ta.i1 length of 
transcripts isola.ted from embryos that reached the two­
eell sta.ge at different time intervals from insemination 
(27, 30, 36, a.nd 42 hpi); presumptive zygotes tbat did not 
eleave alter 42 hpi were also included (n.e.). A repre· 
sentative pattern for each transcript is shown in Figure 2 
a.nd the resulta obta.ined after statistieal a.nalysis are 
preaented in Table 3. 

As observed in tbe previous experiment, the poly(A) 
tails of~-aetin and PDP mRNA molecules did notcha.nge 
their length irrespective oftime of first clea.vage. 

In contrast, tbe poly(A) taillength of all other tran­
seript.s changed in relation to the interval occuning 
between insemination'and first cleavage. Cx-43, OCT-4, 
and Plako transcripts' showed a progreasively shorter 
poly(A) tail, leaving unchanged the trend observed 
between GV a.nd cleavage. The same was observad for 
Cx-32 a.nd TPA tra118Cripta, with the only difference 
being tha.t, in this case, the trend was towa.rds an 
increase of polyadenylation. Moreover, this inerease 
became sta.t.istically significant when the time inter· 
val from insemination was 36 hr for TPA and 42 hr for 
Cx-32. · 

Fia. 1. Changes in polya~tion kvel ofmRN& emacted from 
bovine oocyta at the germinal YUic:le (OV) .ta¡e, ooeytes al the 
melaphaee JI (Mil) stq&, putative sy¡ot.es at the end or lVF (sygotel, 
and two-cell embryos deaved 27 hpi (2-tl). 82P·labelled amplifleation 
produc:ta were ruii on 8"4 TBE poi,YIICI')'lamlde ple aft.er mRNAII were 
reveriMI tr&JUICJ'ibed and amplifted ualng lp8Ciflc primera for eaeh gene 
{aee Materiela and Methocla and Table 1 for detaila). Tbe left­
hand column showa the appropriate molecular wel¡ht marker for each 
gene (bp). 

PAP, HSP-70, a.nd Glut-1 showed a.nother different 
pattem. The po]y(A) tail of all three became shorter 
during IVM, and then began to elongate, either a.t ferti­
lization (Glut-1), at 27 hpi (PAP), or at 30 hpi (HSP-70). 
From these time points onwards the three tra.nscripts 
showed a progressive increase of polyadenylation. 

Finally. tbe degree of polyadenylation found in the 
presumptive zygotes tha.t did not cleave by 42 hpi was 
different from tba.t of their clea.ved counterparts, as well 

TABLE 2. Poly(A) Tatl Dlfference ID mRNA From Bovine 0oeytee at the GermiDal 
Veaicle (GV) Stap, Oocytes at the Metaphase n (Mil) Stap. Putative Zygotes at tbe 

End of IVF (Zygote), and Two-CeU Embryoa Cleavecl 27 hpi <Two-cell) 

GV Mil Zygote Two-cell 

Pac:ti.n 230:1:8.16. 247:1: 16.5. 200 ± 15.ae 267±12.2. 
PDP 670±7.62" 662:1: 7.04· 664±6.W 672 ± 6.55. 
Cx-43 508:1:6.18. 492±6.12b 471±4.11. 45o:1:s.2r 
OCT-4 609:1:5.31. 486:1: 3.68b 460±2.86° 437±3.68d 
Plako 642±4.90. 625 :1: 4.92b 591 :1: 3.25. 646±&.31d 
Cx-32 274:1:4.11. 299±3.26b 347 ± 4.50e 366±5.31" 
TPA 510±5.18. 540 ± 6.13b 557±4.~ 582±4.99. 
PAP 592 ± s. n• 569::1:4.91b 546±4.11" 582::1:2.87d 
HSP·70 612:1:7.51. 569 ::1: 3.26b 539:1:3.68° 650:1:4.50. 
Glut-1 362:1:6.71. 321 ::1: 2.86b 3ti8 ± 6.32" 395±3.49" 

Numbera sbown in tbe tableare tranacript lengtb (expreaaed aa baae pairs) and repreaent the 
mean :1: atandard deviation of the tbree replica tes obtalned for eaclt gene considered at tbe 
difl'erent atages. Statiatical analysis was carried out using Super Anova 1.11. Different 
superseript lettera indicate significant düTerence (]> < 0.05). 
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FfJ. 2. Di1ferenoes in the poJy(AJ \aillength ofmRNAs isolated trom 
bovine two-ceU ernbryoe deaved al diff'erenl Umea alter ineemination 
lhpi) and from ooeyWll thathad not cleaved by 42 hpi (n.cJ. 32P·IabeUed 
ampliñcation product.s were eepara~ on 3'lo TBE polyacrylarnide ~la 
followtng reverse transcription And PCR ampliticat.ion 118ing apecifie 
primera for each ~ne (eee Materials and Method& Md Tabla 1 (or 
delails). The left·hand column ahowe the appropmle molecular weigbt 
marker for each ~ne Cbp). 

as from that obsel"Ved at the other stage of development, 
including the mature oocytes and the presumptive 
zygotes analyzed 24 hpi. The only exceptions were ~ 
actin and PDP whoae polyadenylation level remained 
uncbanged throughout the experiment, as described 
above. The poly(A) tail ot all tbe otber transcripts was 
either longer or shorter depending on the trend shown 
by the embryos that cleaved between ~7 and 42 hpi. 

DlSCUSSION 
Translational control i.s very iJnportant in early em­

bryos ainee they are commonly transcriptionally in­
active, or nearly so, yet require rapid changes in the 
proteína they contain, in order to regulate key develop­
mental decisions. Tbese proceases are very weU studied 
in lower organisms such asXenopua and Drosophi/4, as 
well as in mouse, but llttle is known of how they are 
oonserved in other mammalian apecies and of the pos­
sible relationshJp betweéll translational control and 
developmental compet.ence. Though severa! mechan­
i.stn8 are in volved in the control oftranala~ion, sequences 
in the 3' untranalatÑ region and the poly(A) tail can 
bave dramat.ie etrecta on initiation frequency, witb 
particularly profound effeete in oogenesis and early 
development (Gray and Wickens, 1998).J1owever, apart 
from eome recent data obtained in mo~e (Oh et al., 
2000), very llttle is known about how n¡any maternal 
mRNA molecu.les are tranalationally eonirolled by poly­
adenylation. Tberefore, in the p~nt report we in­
vestigated two different aapeetA OC ~rnal mRNA 
behavior in cattle oocytes and embryos: ~stly, bow the 
levels of polyadenylation change betw~n the begin­
ning of meiotie resumption and the ñrst ·p~eavage, and 
secondly, bow sueh changes may be related to embryo 
developmental competence. To address these questions 
we used the PCR PolyA T~ for analyzing the poJy­
adenylation levels of a set of genes known to be stored in 
the ooplasm, to be expressed from oocyte ~aturation to 
the blastocyst atage, and to be representativa of many 
different processes talóng place during early develop­
ment (Brevini-Gandolfi et al., 1999). 

TABLE 3. Changes Jn Poly(A) Tail or mRNAs Obtained From Bovine Two-Cell Embryoe Cleaved at Dlfferent 
Times Aft.er Inaeurlnation (bpO and From Ooetyes That Have Not Cleaved by a hpl (De~ 

hpi 

27 hr 30br 36 hr 42br n.c. 

l3·actin 280::1::3.13. 282±4.6s- 285::1::4.52. 287±3.8~ 278±8.518 

PDP 671 ± 7.as• 682±2.624 691::1:: 7.76• 689±7.35• 684± 12.39" 
Cx-43 455::1::4.514 441±3.68b 422 ± 2.98c 405::!:4.044 392±5.7~ 
OCT-4 433±6.55. 4-03±4.92b 372±8.02" 338±3.604 300±8.54. 
Plako 542±5.318 609±4.94b 485±7.36° 459±3.27d 42-4 ::1:: 4.55" 
Cx-32 361±4.928 366 ± 6.ó5alb 376 ± o.s.hl• 38.(±6.31° 413±4.9ad 
'rPA 586 :i: 4.92" 680±3.27. 607 :1: 3.86b 647±4.tW 671 ±3.2-rt 
PAP 590 :i: 6.954 626±4.5sh 651 :1: 6. 55" 670± 6.94ct 709±4.95. 
HSP-70 553±4.08. 584±4.9t' 602±4.99c 635±4.1~ 672 :i: 2.87. 
Glut·l 393 :1: 4.19" 418:i:6.5sh 436±2.05c 465±0.8~ 496±7.358 

• Numbers shown in the tableare transcript length (expressed as baH paire) &md represent the mean±standard devÍation 
... _ measured in three replicates for each gene at dürerent hpi. Statistical analy4ia waa carried out U8Úlg Super Ano va 1.11. Different 
~ super&cript Jetters denote atatietical differen~ (P < 0.05) . 

• ?il 
1 -~. 
;. 
y 

• ,. 
~ 

The resu: 
polyadenyl· 
four differ• 
exanüned. 

Cx-43, C 
polyadenyl 
fault patte 
1997). Thf 
embryos il 
of meiosi! 
¡999), but 
gap junct 
occurs aft 
Therefort 
detectabl 
gressive. 
translatl 

Cx-32 
ingtheo 
species t 
to aetiv: 
with th• 
be dete• 
arnount 
tion (SI 
ablefor 
wen-st• 
during 

Whi! 
ized, i· 
adeny' 
un u su 
(Brevi 
for ~-. 
availr 
these 
phas• 
level: 
This 
ash< 
199'i 
effk 

Fi 
folle 
dur: 
dua 
la U 
tail 
tiOl 
1~ 
00( 

ti o 
oh 
m 
(i 

ti 
p 



, . 
• Í.:~velopment .• ' ', sumptive 
;p:>ns were 13- . 
••emained. 
f)fc described 
- 'pts Was , 

d 
. 

shown : 
r'~h. 
- p¡, . 

• 
~. 
~ 
~ 

mRNA POLYADENYLATION IN BOVINE EMBRYOS 515 

The resulte obtained indicate that, in cattle, mRNA 
polyadenylation changas during this period with 
four different patterns depending on the transcript 
examined. · 

Cx-43, Oct-4, and Plako became progressively less 
polyadenylated, following what is described as the de­
fault pattern in Xenopus and mouse (Hake and Richter, 
1997). The total amount of Cx-43 in bovine oocytes and 
embryos is known to remain constant between the onset 
of meiosis and the 2-4-eell stage (Wrenzycki et al., 
1999), but the complete disappearance ofCx-43 positiva 
gap junctions between cumulus cells and the oocyte 
occurs after 9 hr of maturation (Sutovsky et al., 1993). 
Therefore, the modulation of Cx-43 expression with no 
detectable mRNA loss may be explainad by the pro­
gressive deadenylation that is usually asseciated with 
translational inactivation, 

Cx-32 and TP A became more polyadenylated follow­
ing the other well establishad pattern describad in other 
species (Seydoux, 1996). Poly(A) tsil extension is known 
to activate translation (Richter, 1996) and, consistent 
with the observations presentad here, Cx-32 begins to 
be detectad in bovine oocytes culturad for 6 hr and its 
amount increases progressively up to 24 hr of matura­
tion (Sutovsky et al,, 1993). No specific data are avail­
able for TP A expression in cattle; however, this gene is a 
well-studiad paradigm of dormant mRNA activation 
during mouse meiotic maturation (Vassalli et al., 1989). 

While the previous two patterns are well character­
ized, in otlier species, the Jack of any change in poly­
adenylatiorl of PDP and 1}-actin transcripts, is more 
unusual ahd has been described before in cattle 
<Brevini-Gimdolfi et al., 1999; Pocar et al., 2000) and, 
for ~-actin and Melk, in mouse (Oh et al., 2000). The 
available data indicate that polyadenylation Jevels of 
these tranlltripts remain unchangad during the initial 
phase of development and are not relatad to different 
Jevels of developmental competence (see aleo below). 
This may reflect the fact that these genes are considerad 
as housekeeping genes (Bilodeau-Goeseels and Schultz, 
1997; Brevini-Gandolfi et al., 1999) and their translation 
efficiency, presumably, remains unchanged. 

Finally PAP, HSP-70 and Glut-1 transcripts, which 
follow the default pattern of progressive deadenylation 
during oocyte maturation, showed a more or Jeas gra­
dual inversion becoming progressively more polyadeny­
Jated during the following stages. Increases in poly(A) 
taillength generally correlata with increases in transla­
tion, and decreases correlata with repression (Richter, 
1996; Wickenset al., 1997). Duringthe interval between 
oocyte maturation and full embryonic genome activa­
tion a steady decrease of maternal mRNA content is 
observad, though the degradation rate of individual 
messengers can vary according to the mRNA species 
(Paynton et al., 1988; Lequarre et al., 1997). Degrada­
tion of maternal transcripts is not necessarily accom­
panied by their deadenylation but a progressive 
increase of the poly(A) tail or no changes at all can occur 
at the same time. This suggests the presence of a re­
gulatory loop for the fine tuning of gene expression. In 

this hypothesis the sharp decrease ofGJut-1 total mRNA 
amount is accompanied by the elongation of its poly!AJ 
tail which makes the remaining molecules more avail­
able for translation, but during the more gradual de­
gradation of!l-actin mRNA, no polyadenylation changes 
take place, and its translation efficiency, presumably, 
remains stable. 

The bovine oocytes usad to generate the embryos used 
in this experiment originated from ovaries collected at 
the abattoir and may constitute an extremely hetero­
geneous form ofmaterial (Gordon, 1994). We previously 
demonstrated a link between ovarían morphology and 
oocyte quality so that it is possible to segrega te oocytes 
with high and low developmental competence (Gandolfi 
et al., 1997). U•ing this method we showad that poor 
developmental competence is associated with a defectiva 
(generally Jower) polyadenylation Jevel of maternal 
transcripts (Brevini-Gandolfi et al., 1999). Such a dif­
ference was present already at the time when the 
oocytes were isolated from the follicles and was not 
eliminated by the procesa of in vitro maturation. More 
recently it was possible to demonstrate that polyadeny­
Jation of maternal transcripts is also alterad when 
bovine oocytes are exposed in vitre to PCBs (Pecar et al., 
2001a). These are a mixture of chemicals responsible for 
widespread environmental contamination and affect 
oocyte maturation, fertilization, and embryonic devel­
opmental competence in cattle (Pecar et al., 2001bl. In 
the present study, oocytes were selected using all the 
parameters known to indicate maximum developmen­
tal competcnce but, nevertheless, as demonstrated pre­
viously (Lonergan et al., 1999), the quality of about one 
third ofthem was below average. The data presentad in 
this paper indicate that a Jower developmental compe­
tence is accompanied by an alterad pattern of maternal 
transcripte polyadenylation, confirming that, irrespec­
tively of the cause, a link existe between reduced de­
velopmental competence and alterad polyadenylation 
patterns. 

Delayad cleavage appeared to be accompanied by dif­
ferent gene-specific polyadenylation changes: a progres­
sive shortening of the poly(A) tail (Cx-43, Oct-4, and 
Plako), a progressive elongation (Cx-32, TPA, PAP, 
HSP-70, and G\ut-1) as well as a Jack of effect <!l-actin 
and PDPl. The significance of auch alterations is, at 
present, unclear. 

Previous reporta have shown that the total amount of 
specific mRNA transcripts is altered in defectiva bovine 
oocytes and embryos (Lequarre et al., 1997; Wrenzycki 
et al., 1999; Lonergan et al., 2000). Moreover defectiva 
oocyte developmental competence and altered polyade­
nylation patterns have been described both in mice 
(Paynton et al., 1988) and cattle (Brevini-Gandolfi et al., 
1999). Therefore, maternal mRNA degradation and 
polyadenylation are both affected in developmentally 
defectiva oocytes and embryos, but their relationship is 
unclear. It has been reportad that HSP maternal tran­
scripts are degradad more rapidly in embryos cultured 
in suboptimal conditions than in their normal counter­
parts (Wrenzycki et al., 1999). In our experiment, 

~-~ ..... _.-·. ·. ·::.:-··=~~f .• ,,.~~Jf·~~.~n.·~~ ........ ~..,., ... _.~ .... _,.,_,_.,.. ·~· ""·:·~ .. ; "'ni"';1'"'t-.:i:.?'m!;!f:~i:·: ":""::~~~~"'·:. ~:!tnlf.T .... ~-~ ,-~·~··~~-~····-- . : .:·.. .... . 
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defectiva embryos showed an elongated HSP-70 po)y(A) 
tail, making this transcript more available to transla· 
tion as a possible response to critical conditions. How­
ever this may not be the only possible pattem: PAP 
transcripts are more abundant in defective than in 
normal embryos (Wrenzycki et al., 1999) but we ob­
servad a longer poly(A) tail in the embryos of leaser 
quality. Moreover no differences were observed in the 
mRNA amounts of Cx-43, Plako, and Glut-1 between 
high and low quality embryoa <Wrenzycki et al., 1999) 
but Cx-48 and Plako tranacripta had a shorter poly(A) 
tail in low quality embryoa whUe Glut-1 molecules were 
more polyadenylated. 

Taken together these data indicate that poly(A) taíl 
variation depends on the gene considered but it is diffi­
cult to establish a general pattem because, in our ex­
perimenta, stabillty, elongation, and shortening were all 
observed. Previous otservationslimited to oocyte matu­
ration in mice (Paynton et al., 1988) and cattle <Brevini­
Gandolfi and Gandolñ, 2001) suggested that in the 
low developmental competence groups most of these 
changas occurred on a delayed schedule. 

However, the data pre.sented here suggest that, aJ. 
though changes in the level ofpolyadenylation are time­
related, they cannot be defined as delayed. In fact a 
prolonged interval between fertililation and cleavage 
did not delay the changes ofpolyadenylation but rather 
these progressed irrespective of the cell cycle. Thus, it 
was poBsible to observe that maternal mRNA tran· 
scripts of severely delayed embryos (examinad 42 hpi) 
became either more or leas adenylated than their best 
quality counterpart (examinad at 27 hpi) following the 
trend initiated at the end of maturation or at fertili­
zation. The end result appears to be an asynchrony 
between developmental stage and polyadenylation 
Ievels. 

In conclusion, since transcription is virtually absent 
in bovine embryos during the early stages of develop· 
ment, gene expression seems to be modulated. not only 
by the different degradation rate of individual tran­
scripts but also by their speciñc changes in polyadeny­
lation. SimilarJy, poor developmental competence is 
accompanied by altered amounts of spe<>.ific maternal 
mRNA molecuJes as well as by their abnormal poly­
adenylation levels with synchrony between polyadeny­
lation and cleavage emerging as a new, apparently 
important factor. 
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In canJe, a translocation of thc Robertsonian typc betwecn the i&rBCSt and anallcst 
cbromo5ome lcads toa rcduction in fcnility. This is substantiatcd by rcduc:ed rtOnretum rates in 
daughtcr groups of bulls carrying thc 1/19 translocation and in the hctcro%ygous buUs thcmsclves. 
This rcduction in fertility is thought to be due to the carly death of embryos with unbalanoed 
bryotypcs. Thc influence of semen from a bull known to be hetcro:r.ygous for the 1/29 
tnmslocation on thc outcome of a bovine IVF prugram was invcstigated. Then: was asignificant 
ditrcrc~ (P<O.OOS) in tenns of deavage rate (59.8 vs 71.1~) and blastocyst rate (12.0 vs 
20.0%) betwcen the canier and control bull, respcctively. Thcrc was no diffen:nce in blastocyst 
quality as measun:d by cell numbet. The results obse:rved in vino are consistent with the field 
fertility n:cords of the 2 bulls in tams of nonrctum rates (59.2 vs 70.6%, for the carrier and 
COf1trol bull, respectively). 

Key words: l/29 translocation, bovinc, oocyte fcrtili:zation, culture 

JN"ffiODUCI'ION 

1be nnsfc:r of a chTomosome sepnent from its normal position to a position in a diffcnnt 
dlromosomc is tc:rmed a translocation (23). Thc exchange of two cntin: long 11m11 of one-anncd 
chromosomes to forma single biarmcd éhromosome and thcnby rcducing the cbromosome 
namber is known as a Robc:rtsoniaa ttanslocation or cenlric fusion (23). ln canle, a tnnslocation 
ol this t:ype involving die largest (No. 1) and the sma.llest (No. 29) chromosornes hu been 
idcntificd by COf1Yentional suining llld banding ~ . 

Observatioo of tbe 1/29 translocation in 'canJe was fli'St rePoned by Gusaavsson and 
Rockbom (9) in lhe Swedish Red and Whltc Breed, and wa$ fóllowcd in 1966 wilh an 
iavestigation of the general d&iry canle ~ulation of Sweden (4). That same ye.ar, the 
nnslocatioo was dcscribed in Narway (1), tn the Unitcd States (10), and in the late súties., in 
It:aly (2S) and Gcrmany (24). In sobsequent ycars, findings of lhe 1129 nnslocaóon have been 
rc:pmed in many oountries and various cauJe tm:eds througbout the wortd. Pope:sco and Pech (21) 
~ll!d a wortdwide ld'etenee liR of231 anicles published betwec:n 1964 and 1990 on the l/29 
cranslocation in cattle. . · . · 
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Gustavsson (5) found that dau~hters of translocation sírcs retumed to servk:e more often 
than dau~hters of normal sires and u was suggested that this was due to an increascd nte of 
cmbryomc death. Gustavsson (6) found a rclatively high culling rale in daughlers of bulls with 
au1osomal tnnslocation of the 1129 type. and it was subsequently observed in a study of lhe 
chromosomes of 263 rcpeat breeder heifers that 31% showed 1he 1(19 translocation (7). thus 
confmning that daughten of bu lis canying tbe translocation ha ve lowercd fertility . Refsdal (22). 
workin¡ with cattle of tbe Norwcgian Red Cattle brud, found that d~ughl~ ~f ~ulls 
heterozygous for the uanslocation showed a lower nonretum rate than ooocrol arumals, indicaung a 
bighcr frequency of Josses of feruses in tbcse animals as reponed by Gustavsson (~). The 
dilfetenee in nonrecum pcn:entages belween the 2 groups inaeased rapidly from O 10 30 up 10 60 
ID 90 d, indica.ting lhat most fetal losses oo::urcd durin.g this pcriod (22). 

furthc:r evidcnc::e of tbe redoocd fertility of ca.rrier bu lis ca me from the rcport of Dyrcndahl 
and Gustavsson (3) who found that in unselected bulls heterozygous for the l/19 translocation. the 
nonrcl\lm rates at 28 and 56 d ~ S and 7% lower comparcd with the mean for the Al station. 

Linares·~¡ al. (17) provided information on embryos !tircd by bulls helerozygous far the lfl9 
mnslocation to determine if their deviation from the expected scage of developrnent could be of 
significance and be used 10 monitor carly embryonic dcath. lt was shown lhat the frequency of 

degencratedembryos was significantly higher when the sires were heterozygous ror the lfl9 
aanslocation. 

1ñe aim of the present study was to examine thc effect of using semen from a bull lcnown 10 
be hcterozygous for the 1129 translocation in an IVF program and to asscss it.s affect in tenns of 
tbe subscquent devdopmental competc:nce of ~ oocytes following feniUz.ation. 

MA TERIALS ANO MIITHODS 

Ovaries from post:PUbertal, nonstimulated heífers and cows were coUected at a JocaJ abattOir 
after slaughter and were transponed 10 tbe laboratory in sterile saline held at 35 to 37"C. On rcwm, 
ovaries were washed in fresh saline and immediately proc:essed. Primary oocytes were recovc:red 
from vesicular foUicles by aspiration using an 18-gauge ncedle and a 5 mi syringe. 

1ñc mc:dium used for oocyte in vitro maturarion (IVM) was ai.Ssue Culture Medium 199 
with Earle's Alts and 2SmM Hepes (rCM 199, Sigma OJemical Co., St Louis, MO, cat. #t M· 
7528) supplemcnted with L<Jiutamine (WOmM, Sigma, cat #1 0·7513). ~ (v/v) estrous cow 
serum (ECS; bcat·treated at S60C for 30 min), and gentamycin. (25 J1g/ml. Oibco, Life 
Technologies, Inc., Gaíthenburg, MD). The pH was adjusted to 7.4. All media were sterilized by 
filtration through a 0.22 ¡.un Millipore filtcr and equllibnted for at leasl 2 b prior 10 use. AD 
at1tures toolc ~ in an 8lmOSphc:re of 5111 c.'02 in air with naximum humidity at a tmtperature of 
39"C. 

for IVM. oocytcs wcre seJcc:ted on the basis of compact cumulus and unifonn cytOplasm 
and culturcd statically for 24 h in groups of SO OOC)'1CS per 2 mi of maturation mcdium in 3S mm 
pctri dishes. Additional P'l!lulosa cells obtaincd by centrifuption and rcsuspension of c:dls afu:r 
oocyte mnoval from folli<:ular aspirateS were added to the maturatim dishcs at a conoentraóon of 3 
10 S x latí cellslrnl 

following maturation, oocytes wei'e denudcd of their surrounding expanded cumulus cells 
by shalcing thcm for several minutes in a 3% solution of tri-sodium dtrate. Before transfer to the 
feniliution droplet.s chey were wasbed by transfer through 3 succeuive dishes of washing 
medium (modificd hepes-buffered Tyrode's solution, pH 7.4). 

Spenna1oz:oa rrom 2. Norwegian Red Bulls was used, with 1 bu.ll ~i'!g the lfl9 
translocation (Stonn Kvaldtesud 838, nonrciiDll nte 59.2% based on 1082 msemmanons; semen 
frozen 071070) and 1he olher (F. Torland 3939, nonn:tum rale 70.6'1. based on 1156 
inseminations; semen frozen 140389) scrving as tbe control. A motile sample or spermatoz.oa for 
IVf was obtained by swim-up scpuation. Briefly. approxinwely 0.25 ml offrozen-thawcd semen 
was layered undc:r 1 mi of capacitation mcdium (modificd ea++.frce Tyrode's; pH 7.4) in co~C&I 
tu bes. following incubalion for 1 h, the uppennost 0.5 t~ 0.8 ml ~ ~cd and poolcd m a 
conical centrifuge tube. This sample was dJen wasbed twJ<:C by ce~~upboo .•t SOOg lf!C_1 to 10 
mio .. The resulting pellet was dilU11Cd with an equal volume of capacttabon mcdium. conta1n1ng 200 
J.Lg heparin/m1 (Sigma, caL t H-3125). Alter incubatiOD for 1~ mi.Jl the suspensaon was further 
diluted wilh capacitation mcdiLJm ID obtaio the desircd ooncencraoon of spermatozoa. 

Fertilization wu carricd out in SO J1l droplets of modified Tyrode's mcdium (without 
glucose; pH 7.8) undcr mineral oil (Si¡ma, cat. 1 M-3516). The sperm motilhy stimu~g 
mixture PHE (containing penicillamine, hypota.urine and epinepbrinc) was addcd at the ume of 
insemination (16). FOr IVF, S J1l of tbe final spenn suspens1on w~ added to eacb droplet 
containing S oocytes to give a final conc:entn.tion of approximately I.S x 1o6 sperm'ml. 

At 48 h post inseminatioo c:1eavcd oocyu:s (2 10 8 cen suge) wcre transferred toa prcviously 
prc~ granulosa cell monoJayc:r for a funher S 10 7 d. A representative number of blastocysts 
was thed (acclic acid:methanol, 1:3) and stained (1% acao-orcein) lo ISSCS$ toal tell number 8 d 
post insemination. 1lle n:sults wr:re based on cleavage rate (number of oocytes that had cleavcd to 
the 2-cel.l stage or beyood at 48 h post insemination/number insenúnatcd), blastocyst race (nwnber 
of blastocysb/number of cleaved oocytes transfemd 10 monolayer), and blastocyst cell number. 

Data ~ analyud by O!i-sq~AR analysis and Student's l·test whcrc appropriate. 

RESULTS 

The result.s of the prescnt saudy are prcsented in Table l. There was a significant diff~nce 
between the control and carrier bull in the cleavagc rate (P<0.005) ~ the blastocysl rate 
(P<O.OOS). Howcver, there wu no significant differmce betwecn the bulls tn the number of cells 
in the stainc:d blasfocystS. 

DISaJSSlON 

Reduced feni1ity in beterozygoces for die 1/29 ll'lnSJocati~ i~ ~gbt 10 be duc to the dcalh 
of cmbryos with unbalanced bryol~ rcsultmg from 11ond1SJUIIdlOn of the chromosomes 
comprisins !he trivlletlt at !he fizst tneiOtic divi5i?n (S. 22) . 

Guaavsson (8) reponed that in che meiosis «die ~gous ~· .tbe lrallSiocation ~ 
its homologues build up a (hdero)trivaletu, and segreganon procecds m a fairly regular way WJth 
the production of c:hromosomally balanccd embryos. At that time, wbiki dircct evidence for the 
occurrence of nondisjuncóonal segrcgaion of the hewoaivalent at ~~~~di~ in the 
fonn of unbalanced game1es or embryos was Jacking, ~ was ~g mdirec:t ~en~ for 

;!!~ occ:;:~~~~~~~ll~b~=.:~~d::!:~~~ ~~;b$~ 
which are capable of feruhzallon, and that the resulnng zygole has the abal_uy 10 ~nanue lts 
developrnenl to al leasl the blastocyst stage is now clcar from sev~ repons 1n die literanue (3, 
20). The work of King et al. (13) provided the first ~~ ev1dence for the. occurrcnce of 
cbromosomally unbalanccd embryos sired by bulls c:atTylll~ the IP.9 '!8fiSI~~uon, suggesting 
nondisjunction and the fonnation of hypcc·haploid. gamctes wtth fc:rnliz:atlm ab1hty. 
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Tablc l. Use of semen from a bull with the 1/29 translocation on the outcome of in vitro 
fenilization and in vitro culture. 

Bull 

838 

3939 

Nonretum rate8 

59.2% 
(1082) 

70.6% 
(1156) 

Clcavagc rate CJ, 

59.8% 
(382,1639)C 

71.1 e¡, 
(32:V454)d 

BlastOC)'St me <J. 

12.0% 
(46'382)C 

8Nonn:tum ra~ at 60 lo 90 days corrected for doublc insemination. 
bMean :t standard deviation • 

CcJI no.b (n) 

93.4±37.5 (15) 

93.0±22.6 (17) 

cdvalues in the same column with different superscripts diffcr significantly (P<0.005). 
ri : N'limbcr of blastocysts exanlincd. 
Bu11838 hetcrozygous for 1/29 translocation. 
Bu113939 control animal. 
Mean oC six replicares 

Subsequcntly, King et al. (14) ~ntcd infonnation on the karyotypes, total cell numbers 
and mitotic índices of embryos strcd by nonnal and by bulls hcterozygous for the 1/29 
translocation. No chromosomal abnormalirics werc idcntified in the group of embryos witlt normal 
sires and dams. Of tite embryos sired by hcterozygous bu lis tftat could be karyotypcd, 55.3% 
wete nonna.l, with 39.5% being 1/29 heterozygous. The mitotic index was slighdy Jowcr in tite 
group of Day-7 embryos with l/29 sires than those with nonnal si res. 

Linares ct al. (17) repor_ted a significantly highcr incidence of morphologically abnormal 
embryos (degeneraled and w the process nf degeneration) smd by bu lis heterozygous for the 1/29 
transfocation. On1y so'and 2S% morphologically normal cmbryos were collected from nacurally 
ovulating and supcrovulatcd donors sin:d by carricr bulls. mspccdvely; wbcreas for emlnyos sired 
by nonnal bulls, dte figures werc 71 and 921Jb, rcspcctivdy. As poinred out by tltesc authors, it is 
not clcar when cmbryos sircd by carricr bulls dic. The same authors sugest that some of dte 
c:mbryos probably begin 10 degenerare befare blasrocyst fonnuion due 10 a 1ack: of synchronization 
of cell division prior to the late morula stage, while othcn may be eliminatcd at stages beyond 
implanWion, since daughletS oflhe canier bulls had higbcrrerum ratt:s 8l 56d (5, 22) . 

Dain and Dou (2) carricd out c:yto~tic studies of 1/29 translocation carrying cows ancl 
lhcir c:mbryos. The cxamination o! 2 infertile heifers showed that botll animals produced gametes 
whicb undc:rwent fc:nilization and cell division during tite fiiSl 7 d post fertillzation. The same 
authors pointcd out 1) that the transloc:arion can be compatable with high fertility in cows, 
sucgesring that the reamngemeru eaused by the lnmloc:ation can somelimes be acc:omodatcd but 
in othcr cases upsea meiosis, perflaps by altering tite fine siT\Icture.and henc:e the timing of 
di.sjunction, and 2) that tbete is a diffctenee in survival t:imcs of abortcd embryos which have 1 
cranslocation carrying parent, with gesution time varying fmm the first few days preceding 
implantalion to a period of sevcnl weelcs aftcr it. 

The results of the present srudy clearly indieate thar spermatozoa produccd by a carricr bull 
are capable of fertili.ting in vi~matured oocytcs and tltat the resulting zygotes are capable of 
developing to at lcast the blastocyst stage following culture in vitro. While the number of 
blastocysts produccd by the canicr bull was sígníficantly towcr than tha.r produoed by the control 
bull, tite blastocyst quality, bascd on cell number at 8 d post insemination, wa.s similar. Jt should 

J 

I 

1 
l 

be po_inted out that, although not specifically assessed, such embryos were apparcntly capable of 
hatchmg from the zona pelh.ICida with a similar frcquency to controls. 

In the ~~sent study there was a closc relationship betwc:en the results observc:d in vitro and 
thc f~tld fenihty records ~ on nonrctum ratc. Such ~scrvations are consistent with previous 
reports (12, 18, 26, 27). ltzs now well known that, cven m the absence of known genetic factors 
considcnble variation exists bc:twecn buUs in their ability w fertilizeoocytes in vitro (12, 26) and 
that emlnyo dcveJ~ may diffcr among bulls even when fenilization ratcs are similar. Jndec:d, 
~ rcsults.of Otot et al. {19) showc:d tltat e'!lbryo_ ~ve~ment ~tes may diffcr even among 
d•fferent _eJIICul~ from the same bull. Belting dus w nund, and w the absence of supporting 
kary(J(ypmg data zt can be coocludc:d that thc observed diffcrence between the two bulls may be 
duc to the presenoe of che 1/29 rmnslocation, but n01 nea:ssarily. 

To tite authors• knowlc:dge, this is the first repon in the literature conceming thc use of 
semen from a ~ull known lo be het_crozygous for the 1/29 translocation in an IYF prov;am. A 
paper by Heuwu:ser el al. (11) described the use of semen from a Brown Swiss bull WJth a history 
of 1/16 tandem translocation with lrisomy 16 (15). A non~urn rate of 42'1> was obscrvcd based 
o~ 140 ~rst inseminarions. The fertilization rate achieved following JYF was only 1%, although 
thiS was u1creased ro 21% following the microiJlj~tion of spennatozoa. 
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Slaugbter bouse PBS 

Djssolve S PBS tablets (Oxoid BR00140) in SOO mi of d~ionized distilled water and 
steam sterilized at 121 oC for 15 min 

Laboraton PBS 
A 

NaCI 
KC1 
KlbP04 
Na2HP04 2H2Ü 

Merck6404 
pro1abo 26764298 
Prolabo 26926298 

Dissolve in 500/or 1000 mi of mQ 

8 

CaCb2H20 Merck2382 
MgCh6H20 Merck .S833 

mWlitre mii/2litres 
8000 16000 
200 400 
200 400 
1430 2860 

mg/]itre m~litres 
140 : 280 
200 400 

Dissolve completely to avoid precipitation in 1 00/or 200ml of mQ 

AddtoA&B 
mgltitre mgllitres 

[)..glucose 1000 2000 
Pyruvate 36 72 
Oentamycine SmJ IOml 

Add sterile (Sigma water W1503) water up to lor 21iters 

Check Osmolarity = should be around 280 mOsm (We do not adjust this osmolarity) 

Then Add 0.5 gr BSA/Jitre (dissolve well)- Sigma fraction y, A9647 ~ 

PH = should be 7.2- 7.4 
Filter through 0.22 ~ fiher 
Store at 4 °C for maximum one mooth.. 
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PERCOLL 

Stock& Miaerals 
l. KCI 1M 
2. NaH2P04 0.1 M 
J. cact2 1M 
4. MgCh 0.1 M 

:0.745 gr/lOml 
: 0.138 gr/ IOml 
: 1.47 gr/IOml 
: 0.203 gr/lOml 

prolabo 26764298 
Merck 6346 H20 
Merck 2382 2H20 
Merck 5833 6H20 

NB: Stock 3 and 4 must be stored at 4 oC for weekly percol preparation 

StoeklOX 

4.675 gr NaCI 
2.38 gr Hepes 

3.1 ml KCI 1M 
2.9 mi NaH2PO, 0.1 M 

Add sterile (Sigma Water) water up to 60 mi 

Adjust PH = 7.4 (NaOH 4N) 

Add sterile (Sigma Water) water up to 100 ml 

Merck6404 
Sigma H 3375 

Filter and aliquot in lO mi amounts and freeze at -20 °C 

(The stock 1 Ox that is in use can be stored at 4 °C) 

Percoll 90 

(This Recipe will make 2Smls) 

52 mg Bicarbonate 

SO ¡.ti CaCh 1 M 
100 f.&l MgCh 0.1 M 
92 ¡.ti Lactate syrup 
2.5 ml Stock 1 OX 

Dissolve weU 
Add 22.5 mi Percolt 

Store for 1 week maximumat 4 oC 
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TYRODE 'S MEDWM (Basic medium for Fert, STL and STL-BSA) 

Reference mM mg/SOOml mgllitre 

NaCL Merck6404 100 3333 6666 

KCI Prolabo 26764298 3.1 120 240 

NaH2P04 • H20 Merck6346 0.3 20 41 

CaCh *lH20 Merck2382 2.1 150 300 

MgCI2• 6H~ Merck5833 0.4 so 100 

Phenol Red Merck 7241 S 10 

Dissolve well (sigma water) and top up to relevant volume (SOOml or lLt) and check 

osmolarity. Sflould be very close to 230 otherwise remakes the media. (We do not 

adjust this osmolarity) 
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To make Fertilb.ation medlum, Washing medium (STL and STirBSA) 
Prepare the following beakers: 

l. 650 mg Bicarbonate 
34 mg Pyruvate 

l. 600 mg BSA (Fatty acid free) 

3. 480 mg Hepes 

4. 840 mgBSA 

Take 300 mi ofTyrode's Medium and add: 
• Contents ofBeaker 1 
• 0.92 mi lactate syrup 
• 1.48 mi Gentamycin 

300ml 

Divide: 1 00 mi and 
Add: Beaker l 

(Fertilisatioa medium) 

140 mi 

Add: Beaker 4 

(STL Medium) 

FertMedla: 
Filter an aliquot in 1 O mi exactly and store at 4 oC 
STL , 

SigmaS 5761 
SigmaP3662 

SigmaA6003 

SigmaH 3375 

Sigma A 9647 

SigmaL4263 
Gibco 043-05710 D 

200ml 
Beaker3 

60ml 

(STL Medium Without BSA) 

Filter and aliquot in rubes (aprox 12 mi each) and store at 4 oC 
STL-BSA. 
Filter and aliquot in 4 tubes (aprox 12 ml each) and store at 4 oC 

Above media must be used withia l weeks 
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Heparin Preparation 

Weigh "X" amount in mg ofHeparin and equal volume in mis ofSigma water. This 
concentration is lmglml 
Filter and aliquote in 11 Out amounts and store at -20 oC 

eg: Weigh !Omg ofHeparin and add !Oml ofSigma water 

Note: IOOul ofHeparin is added to the 10 mis ofFert prior to use giving a fmal 
concentration of 1 Ouglml 
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ComPOSitlon of Synthetlc Ovidnct Flnid {SOF) 
Reference MW Molarity 

(mM) mg/500ml 

NaCI Merck6404 58.44 107.70 3147 

KCI Prolabo 26 764 298 74.55 7.16 267 

KH2P04 Prolabo 26 926 298 136.09 1.19 81 

CaCb*2H20 Merck2382 147.02 1.71 126 

MgCh*6H20 Merck5833 203.3 0.49 49 

NaHC03 Sigma S-5761 84.01 25.07 1053 

Na lactate Sigma L-4263 112.1 3.30 141¡11 

NaPyruvate Sigma P-3662 110.0 0.30 17 

PhenolRed Merck 7241 354.38 l.3J.1g/ml 0.65 

Glutamine 200mM Gibco 043-05030H l. O 2.5ml 

aa essentials (BME) Sigma B-6466 IOml 

aa non esSc:ntials Sigma M-7145 5ml 
(ME M) 

BSA Sigma A-9647 3.0g/ml 1500 

Gentamycin Sigma G-1272 2.5ml 

A) Dissolve the salts (1,2,3, 6, 8 &9) in- 300ml ofSigma Water 

B) Dissolve CaCI2 (3) and MgCI2 (4) in 100ml . 

C) Mix both solutions when dissolved completely and add : 

Na lactate, Glutamine, Amino Acids, Gentamycin . 

D) Adjust the volume to 500 mis and check Osmolarity (270-280: normally this is within 

range, if not remake the media). 

E) Add the BSA and measurethe pH (7.2 -7.4: ifslightly out ofrange adjustment can be 

made with 1 N NaOH) 

Filter through 0.22 J.1m filter • 

Aliquot in 15 mi volumes and store at 4 °C for maximum two weeks . 
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1 • 
1 Composltioa of Holm Syntbetie Ovidaet Flald . . • ·~ Stock A: 1 O X solution Store 4 oC for 1 month • Reference MW 

1 (g/ mol) gr/ lOOntl 

NaCl Merck 6404 58.44 6.290 • 
1 

2 KCI Prolabo 26 764 298 14.55 0.534 
. 
' 3 KHzPO,. Prolabo 26 926 298 136.09 0.162 • ..,.., 

• 4 MgS0 .. *1H20 120.4 0.182 

1 S 
Na lactate (mi) Add 

Sigma L-4263 112.1 0.600 
last 

• 6 Sigma Water (mi) 99.4 

1 Filter sterilized 0.22 
NB: This stock A is used for SOF 8 (Shcep) preparation 

• Stock B: 1 O x Bicarbonate-ehenol red solution {Store 1 month at 4 oC) 

" Referenc:e MW 
@ gr/JOOml • 1 NaHC01 Sigma s-5761 84.01 2.100 

• 2 Phenol Red Merck 7241 354.38 0.010 

1 Filter 0.22 

• Stoek C: lOOx Pyruvate solution (Store 1 weck at 4 oq 

1 Reference MW 
gr/ JOml 

• Na~Pyruvate 0.0800 .. 2 Sigma Water(ml) lO 
® . 

~ Filter 0.22 

• Stock D: 1 OOx CaC}z solution {Store 1 montb at 4 oC2 , Reference MW 
gr/SOmJ . 

• CaCh • 2H2Ü 1.3100 

• 2 Sigma Water (mi) 50 

~ Filter 0.22 

• NB: This stock D is used for SOF B (Sheep) preparation , 
. 

' 

• 138 • ' 



1 
• 
1 • • 1 
• 
1 • • i 
• 1 • 
! • • 1 
• 
1 • il 
@ • • , 
• il 
G • • , 
• <iil 
® • 

SOF-IVC Medium Preparatiou 

Sigma Water (mi) 

Tri-Sodium Citrate 

Myo-inositol 

SOF-Stock A (mi) 

SOF-Stock B (mi) 

SOF-Stock C (mi) 

SOF-Stock D (mi) 

BME(ml) 

MEM(ml) 

L-Giutamine (mi) 

Gentomycin (mi) 

Reference 

w 1503 

MW 
grllOOml 

78 

0.0100 

0.500 

10 

10 

1 

1 

3 

1 

100 ul 

500ul 

Check osmolarity: should he 275-285 mOsm (if not in range remake media) 
Filter 0.22. Aliquot in 9.5 mi volumes and store in 4 oC for 1 week 

Note: Prior to use add 5% ofFCS 

139 



1 
• 
i 
11 
il 

1 
• 
1 • i 
1 
• 1 
• i 
€?1> • il 

1 



• • () 

~ 

• ~11 

~ 

PROCEEDINGS OF THEANNUAL CONFERENCE OF THE 

INTERNATIONAL EMBRYO TRANSFER SOCIETY 

Copenbagen, Denmark 

~12 January 2005 

Main Theme: Progress in Understanding Mammalian Oocyte and Embryo Deve/opment 

Edlted on bebalf of the Society by 

Program Chair 
Heiner Niemann 
lnstitut Für Tierzucbt 
Neustadt, Gei11Ullly 

Program Co-Chair 
Giovanna Lazzari 

LTRCIZ 
Cremona, ltaly 

Board of Governors 2004-2005 
Gabriel Bo, President 

Carol Keefer, lmmediate Past President 
Matthew Wheeler, Vice President 

Jannek.e van Wagtendonk, Secretary-Treasurer 
Henrik Callesen, Govemor 

David Faber, Govemor 
Cesare Galli. Govemor 

Richard Fayrer-Hosken, Govemor 
Takashi Nagai, Govemor 

Intemational Embryo Transfer Society 
JeMifer Gavel, Executive Secretary 

1111 North Dunlap Avenue 
Savoy, IL 61874. USA 



Progtam Book 

The 31st Annual Conference of The­
lnternational Embryo Transfer Society 

The Falconer Center 
and 

The Royal Veterinary and Agricultura! University 
Copenhagen, Denmark 

January 9-11, 2005 

Co-Chairs of the Scientific Program: 
Heiner Niemann and Giovanna Lazzari 



~ -
}. 
). 
~ 

~· 

' . 

IETS Sate/lite Symposium 

Agricult;ural and societal implications 
of conteiDporary embryo-technologies 

in farm animals 

Royal Veterinary and Agricultura} University 

Copenhagen, Denmark 

Wednesday, 12 January 2005 

Symposium sponsors 

OECD 
BD Biosciences 

The,Abildgaard-Foundation · , ·· · 

DakoGytomation 

KVL 



• 

t• 
~· ~ 

~ 
~· • ii-
• 
~-
,~. 

i-

t. 
!:;.; "• rt ·• fj 

~. 

:. t. 
~­~ 8. !. 
" :. 
" 

~­
~. 
"' j! 

~· 
~. 
~ •• 

A welcome from the symposium organizers 

lt is great pleasure tol welcorne you to this IETS satellite syrnposium. We hope that 
the scientifically tightly packed IETS Annual Conference left sorne energy and 
enthusiasrn for this post-conference. There are sorne very interesting presentations 
and we hope that they will give rise to plenty of discussions. 

Por this syrnposium we have chosen a subject that should attract the attention 
towards the future. At the 1997 IETS Annual Conference in Nice, Prance, Theo 
Kruip and Nanke den Daas presented a review paper entitled "In vitro produced 
and cloned embryos: effects on pregnancy, parturition and offspring". This was an 
eyeopener for many of us and gave clear proof for the adverse effects of IVF and 
SCNT procedures on the course of pregnancy, parturition and offspring. In 2003, 
Theo Kruip passed away and we have asked Janneke to dedícate her lecture to 
Theo. 

Over the last decade, a lot of work has been done, both in the field of embryo 
technology and in semen research. It has therefore been decided to let the morning 
presentations of this symposium address these two main subjects in parallel 
sessions. Por the afternoon, we all then gather to hear lecturers addressing the 
future from various points ofview . 

W e wish to express our sincere thanks to the distinguished colleagues and friends 
who have agreed to give a presentation. You will find a summary of their 
presentations in the srnall abstract book, in which you are now reading. It should 
be added that full size papers of their presentations will later appear in a special 
issue of Theriogenology. 

Pinally, we are delighted to thank the sponsors ofthis syrnposium, namely OECD, 
the Abildgaard Poun®tion and Royal Veterinary and Agricultura! University 
(KVL). We are particular indebted to OECD, where the Management Committee 
of the Co-operative Research Programme: Biological Resource and Management 
of Sustainable Agriculture Systems chaired by Dr. Allan King, decided to support 
the travel ofmost ofthe speakers. The Abildgaard Poundation enabled us to invite 
the remaining spea,k:ers and has also contributed to the lunch and coffee breaks. 
Pinally did KVL kindly provide housing for the syrnposium. 

We wish you all a good and informative day! 

Prederiksberg, 12 January 2005 

Torben Greve and Henrik Callesen 
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Program 

08.15-08.45: Registration (Marble Hall of KVL) 

(Auditorium 3.01) . . 
09.00-09.15: Torben Greve, Derunark, Introduction and Chair ofSession ' / 
09.15-09.45: Keith J. Betteridge, Canada: "Domestic animal embryo-technologies: 
achievements and perspectives" / 
09.45-10.30: Theo Kruip memoriallecture given by Janneke van Wagtendonk-de Leeu~ 
New Zealand: "OPU and IVP after use in several generations, a 2005 status" 

10.30~11.00: Break (Marble Hall) 

11.00-11.45: Tom McEvoy, Scotland: "Consequences for the animal following OPU, IVP an/· 
somatic cell nuclear transfer'' 
11.45-12.15: Torben Greve, Denmark: Discussion and concludingremarks 

Parullel Session 2: Semen technologies and animal bealth - an international updete 
CAuditorium 3.13) ·' 
09.00-09.15: Preben Christensen, Denmark, lntroduction and Chair ofSession 
09.15-09.45: Duane L. Gamer, USA: "Flow cytometric sexing ofmammalian spenn" 
09.45-10.30: Bart M. Gaciella, The Netherlands: "Detection of damage to DNA in mammalian ... 
spenn" 

10.30-11.00: Break (Marble Hall) 

11.00-11.45: Donald P. Evenson, USA: "Clinical aspects of detection of DNA fragmentation in 
maJe infertility and comparison with other techn.iques" 
1 J .45-12.15: Discussion and concluding remarks (Preben Christensen, Denmark) 

12.15-13.30: Lunch (Marble Hall) 1 
Session 3: The next 10 years with semen and embryo tecbnologies (Auditorium 3.01) 
13.30-13.45; Al1an King, Canada, Introduction and Cha.ir ofSession 

J • 

13.45-14.15: Jan Wilmut, UK: "Agricultura! applications in research and industry" . 
14.15-14.45: Peter Sand.0e, Denma.rk: "After Dolly- ethicallimits to the use ofbiotechnology 
on fann animals" 

14.45-15.15: Break (Marble Hall) 

Concluding part Cchaired by Henrik Callesen, Auditorium 3.01) 

15.15-16.00: Panel Discussion (King, Wilmut, Sand0e) 
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DOMESTIC ANIMAL EMBRYO TECHNOLOGIES: 
ACHIEVEMENTS AND PERSPECTIVES 

Keith J. Betteridge 
Department of Biomedical Sciences, Ontario Veterinary College, 

University ofGuelph, Guelph, ON, NIG 2Wl, Canada 

Embryo technology (or embryo transfer, ET) was as fashionable a term 30 years ago as it is 
today, but the procedures it conjures now were unimaginable then. Despite the enormous 
changes, however, the embryo itself, its survival of transfer, and the quality of the animal it 
produces still measure the success of any embryo manipulation. Therefore, progress in embryo 
technology can be gauged in terms of how well we can make and use embryos, and how much 
they have taught us about the maintenance of pregnancy and reproduction in general. The 
extraordinary progress and diversitication in what was initially a narrow field should also lead 
us to consider how well, or poorly, our education prepared us for coping with rapid ohange, and 
how we might improve the preparation of our successors. Thus the twin themes of progress 
made and Iessons leamed will be explored as a means of giving perspective the work that we do. 

I shall argue that progress has come through collaboration and the exchange of i!lformation. 
The collegiality of veterinarians, animal scientists and biologists in the ·International Embryo 
Transfer Society is exemplary and has paid important dividends, notably in the elaboration of 
internationally accepted procedures for moving embryos around the world. Recent reviews of 
the history and curren! status of ET will be mentioned with emphasis on the "three generations" 
ofET in cattle- the first with embryos derived from donors (in vivo), the·second with embryos 
produced in vitre, and the third including further in-vitro techniques, notably somatic cell 
nuclear transfer and transgenesis. However, rather than attempting to review this irnmense field 
even briefly, I shall consider four generalities that have emerged during the development of ET 
and which are, I think, of enduring relevance. : 

The frrst generality is that the failures that have accompanied the development of ET -
especially its in-vitre aspects - are as instructive as the successes. Investigation of early 
embryonic loss and the "Large Offspring Syndrome", for example, have focused attention on the 
epigenetic effects ofthe environment from the earliest stages of development. 

The second generality is that ET research makes us rethink sorne established dogmas in 
reproduction. Thus, early notions that "genotype is everything" ( and the recipient relatively 
unimportant), which have underpinned the application ofET, clearly need to be tempered as our 
knowledge of epigenetics extends. 

The third generality is that initially complex techniques become simplified as they are put to 
use in the tield. ET itself, embryo manipulation and cryopreservation are examples and cloning 
may follow. The simpler the technique, the wider its applicability, and the better the prospects 
for using it to benefit animal production in less advanced countries. 

My fmal generality is an opinion: that a veterinary education is an excellent starting point for 
those keen to advance embryo technology. For a research career, that education will have to be 
extended of course, but a bread appreciation of the whole. animal, as well as its gametes and 
embryos, is a decided advantage. As scientists or practitioners working with embryos, our 
knowledge of imima.Is and their welfare will play an increasingly importan! role in influencing 
public perception of embryo technology, potentially a ·major impediment to its use. 
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OVUM PICKUP AND IN VITRO PRODUCTION IN THE BOVINE 
AFrER USE IN SEVERAL GENERATIONS: A 2005 STATUS 

A.M. van Wagtendonk-de Leeuw 
Livestock Improvement Corporation, Private bag 3016, Hamilton, _!'lew Zealand 

The frrst In Vitro Produced (IVP) calfwas born in 1982 and the non-surgical Ovurn PickUp 
(OPU) technique for the bovine was adapted from the human in 1987. Since then, considerable 
research has been airned at improving both technologies in the bovine. Major breakthroughs in 
efficiency and/or efficacy in OPU have been through the use of disposable needles, increased 
frequency of collection and hormonal pre-stimulation prior to OPU. In IVP breakthroughs have 
been the use of immature rather than mature ooc)'1es, overcorning the 8-16 cell block through 
Jow oxygen environments for in vitro culture, the rernoval of serum from culture media and the 
re-discovery of the Synthetic Oviductal Fluid medium (originating frorn 1972) to decrease the 
symptoms ofthe Large Offspring Syndrome (LOS). 

Both OPU and IVP can now be seen as mature technologies. It can be estimated that more 
than 200,000 IVP calves have been born world wide since 1996, and when the two technologies 
are cornbined they are capable of producing over 50 calves per donor cow per year, however 
with a large variation between donors. In contrast to MOET, OPUIIVP will produ~ offspring 
from nearly every donor cow, will generate more offspring per time unit, is less dependent on 
the reproductive status of the donor ( offspring from imrnature calves and pregnant cows can be 
produced) and severa! bulls rather than 1 can be used to fertilize oocytes from one O!lU session. 
It requires, however, a more demanding 1aboratory set-up compared to MOET. 

Not many new breakthroughs are expected for OPU. For IVP however, automation and 
miniaturization as well as a greater understanding of the embryo through the application of 
genomic technologies such as rnicro-arrays, rnay provide an environment that is more in-vivo 
like than traditional micro drop/well systems. This improved environment should resul~ in higher 
embryo development rates as well as improved quality and welfare of subsequent offspring in 
terms ofbirth weight, congenital abnormalities and viability. 

! 
The application of OPU/IVP has progressed from treating infertile MOET cows in 

commercial situations to influencing the design of breeding schemes. The rnain advantage of 
OPUIIVP over MOET is the much more consistent production of offspring, in spite of the 
variation already mentioned, thus greatly enhancing the planning and efficacy of breeding 
schemes. A higher increase in selection intensity on the female side by producing multiple 
offspring per donor cow, as well as the increase in selection accuracy by generating full- and 
half sib families has resulted in higher genetic gain in breeding schemes using OPUIIVP 
compared to MOET. Application of OPUIIVP on juvenile animals (2-3 months of age) 
compared to mature animals (over 14 months of age) reduces the generation interval, but is 
counteracted by a decrease in se!ection accuracy since the 4üormation on parent performance is 
not yet available at the time of selection. Worldwide, the numbers of bovine OPUIIVP sessions 
are currently decreasing (with significant differences between countries), because of the high 
cost of the technology and the reduced expectations of an improvement in results with an 
accompanying reduction in costs. 

With the bovine genome being rapidly sequenced and bovine genes for traits of economic 
interest becorning available in the next years, OPUI!VP will prove invaluable in rapidly 
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multip1ying rare genes or Quantitative Trait Loci (QTL) of high value. Bull breeding and the 
subsequent dissemination of the genes through Al (in case of genes coding for animal 
productivity traits such as health and fertility) and more importantly through herd population (in 
the case of genes for milk composition traits) will be more efficient and effective through 
OPUIIVP compared to MOET. Juvenile OPU/IVP will further accelerate gene dissemination. 

In due time, it is anticipated that Marker Assisted Selection or Gene Assisted Selection 
(MAS/OAS) schemes in combination with sib testing may (partially) replace conventional 
progeny testing schemes and provide opportunities· for customizing animals to different markets. 
MAS/GAS is already applied at several places in the world. It is recognized that OPU, and 
particularly IVP, provide the base for more advanced technoJogies such as cloning and 
transgenics, which are believed to ha ve limited scope due to animal welfare : and public 
perception issues. This is likely to maintain, until . the flrst convincing examples of positive uses 
are presented, possibly first within arcas outside of the farming industry but within the medical 
or phannaceutical industry. · 

This paper is dedicated to celebrate and recognize the significant contributions made by Theo 
Kruip to the wide area ofbovine OPU and IVP. 
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EMBRYOTECHNOLOGIES AND ANIMAL HEALTH- CONSEQUENCES FOR 
THE ANIMAL FOLLOWING OVUM PICK-UP (OPU), IN VITRO PRODUCTION (IVP) 

AND SOMA TIC CELL NUCLEAR TRANSFER 

T.G. McEvoy, F.M. Alink, V.C. Moreira and R.G. Watt 
~-

Scottish Agricultura! College (SAC), Sustainable Livestock Systems Group, 
Craibstone Estate, Bucksbum, Aberdeen, AB21 9Y A, Scotland 

Mammalian reproductive technologies that aim either to complement or to transcend 
conventional livestock breeding options have contributed to sorne of the most remarkable 
achievements in the field of reproductive biology in recent decades. In so doing they have 
extended our horizons in two distinct dimensions, the first concerning what it is technically 
possible to achieve and the second relating to the time-frame within which an individual's Iife­
long developmental capability is initially established and ultimately realized or under-mined. 
Our impressions ofthe benefits and values, or otherwise, oftechnologies such as in vitro embryo 
production and nuclear transfer are rightly influenced by the extent to which they influence the 
health of animals either subjected to or derived from them. Here we consider sorne ofthe health 
implications of technologies applied to farm livestock and centred on the oocyte or embryo . 

Ovum pick-up (OPU) technologies have been used to harvest oocytes repeatedly from either 
gonadotrophin-stimulated or unstimulated donor animals, the Iatter instance being associated for 
the most part with collection protocols that, when applied once-weekly in cattle, capitalise on 
the wave-Iike emergence and growth of their ovarían follicles and in so doing usually modify 
both behavioural and endocrine patterns associated with the animal's natural oestrous cycle. 
Less frequent OPU tends to include follicle ablation or administration of exogenous 
gonadotrophins or both. Whether such protocols have significant or lasting effects on the 
animals concemed is a question that has not been fully answered. Sorne reports have identified 
changes brought about in the ovary- mainly scarring and textura! modifications - but these have 
tended not to compromise subsequent ganada! function in the donor. A study at SAC 
investigated the legacy of repeated epidural anaesthesia in terms of injection site injuries and 
indicated that, provided protocols are properly applied, in particular to maintain asepsis, the 
animal's health is not compromised significantly. 

The health implications for animals generated via in vitro production of intact embryos seem 
more varied in the case of ruminant species than, for example, in pigs. A case in point is the 
'Large Offspring Syndrome', an enigmatic and multi-variate phenomenon of unpredictable 
frequency. The syndrome is indicative of developmental sensitivities and aberrations that 
undermine the viability of young derived from IVP embryos and in circumstances of severe 
dystocia, that of their surrogate dams. Anomalies that contribute to losses during gestation 
include compromised placental competence, while perinatal deaths tend to be due to 
cardiovascular, pulmonary or other limitations, often but not always aggravated by foetal 
oversize or parturient disorders. While sorne therapies or interventions can rescue vulnerable 
offspring, there may remain inherent defects that subsequently result in ill-thrift or sudden 
deaths. · 

Somatic cell nuclear tran'sfer-derived individuals of al! farm animal species manifest many of 
the developmental anomalies now associated with exposure of intact ruminant livestock 
embryos to in vitro environments. Effects are sometimes more severe, however, and the 
incidence of failure · is understandably higher in view of the additional traumas and 
developmental re-programming requirements associated with the technology. When nuclear 
transfer is used to generate · .transgenic livestock, further determining factors include the 
contribution of transgene expression per se to health of the offspring. If disease resistance is the 
goal, success should enhance animal welfare. 
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FLOW CYTOMETRIC SEXING OF MAMMALIAN SPERM 

Duane L. Garner 
Department of Animal Biotechnology, University ofNevada, Reno, 

P. O. Box 1939, Graeagle, CA 95103-1939 USA 

This review re-examines parameters needed for optimization of flow cytometric sexing 
mammalian spemi and updates the current status of sperm sexing in species where this 
techno1ogy is currently being applied. Differences in DNA content have provided not only a 
method to di[ferentiate between these sex-determining gametes, but serve as a basis for 
predetermining sex in mammals. Although the DNA content of all cells for each marnmalian 
species is highly conserved, slight DNA content differences of sperm occur within species and 
even among cattle breeds. Most marnmals produce flattened, oval-headed sperm that can be 
oriented within a sorter using hydrodynamic forces. An approximated sorting index using the 
difference in DNA content of the X- or Y-chromosome bearing sperm and the area of the flat 
profile of the sperm head suggests that bull and boar sperm are well suited for separation in a 
flow sorter. Successfu1 sperm sexing of other species must take into account the relative 
susceptibilities of gametes to the stresses that occur during sexing. Sorting conditions must be 
optimized for each species to achieve acceptable sexing efficiency for sperm from a variety of 
marnmalian species. In the commercial application of sperm sexing to cattle, the fertilíty of sex­
sorted bull sperm at 2 x 106/dose remains at 70 to 80%-ofunsexed sperm at normal doses of 10 
to 20 x 1 06 sperm. DNA content measurements have provided the precision necessary to 
identify the X- and Y-chromosome bearing sperm populations in semen from at least 23 
marnmals while normal-appearing offspring have been produced from sexed sperm in at Ieast 7 
species . 
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DETECTION OF DAMAGE IN MAMMALIAN SPERM CELLS 

B.M. Gadella1.2 
1Department ofBiochemistry and Cell Biology, 2Department of Animal Health, 

Faculty ofVeterinary Medicine, Utrecht University, Yalelaan 2, 
3584 CM, Utrecht, the Netherlands. B.Gadella@vet.uu.nl 

A number of staining protocols have been developed to detect the membrane and organelle 
integrity ofmammalian sperm ce!ls. 

Membrane-integrity is usually assessed after staining cells with membrane impermeable dyes. 
Those cells that are capable to exclude these dyes can be considered to be alive. An array of 
membrane-impermeable fluorescent probes with affinity for DNA is currently used for this 
purpose. An alternatively ( or simultaneously) way to study membrane integrity is to use acylated 
membrane dyes. By virtue of their acyl-moiety these membrane pro bes they can pass the intact 
membrane and enter living sperm cells. Entered probes are irnmediately be deacylated by 
cytosolic esterases leaving the probe membrane impermeable. Thus living sperm cells become 
loaded with probe, whereas, it leaks out of cells with damaged membranes. The combination 
assay of SYBR-1 to color living (green fluorescent) and ethidium homodirner to color 
deteriorated (red fluorescent) cells simultaneously is cornmercial available. 

Organelle-specific dyes are cornmonly used to detect functionality of mitochondria or the 
acrosome. Acrosome integrity is cornmonly measured with fluorescent conjugated lectins that 
bind to acrosome specific carbohydrate moieties. Depending on the species lectin conjugates of 
Pisum sativum (PSA), or of peanut (PNA) are used. Detection can be done on livingsperm (no 
fluorescence is indicative for an intact acrosome, fluorescence is indicative for acrosome 
disruption or acrosome reaction) or on permeabilized sperm cells (full fluorescent acrosomes are 
supposed to be intact whereas acrosomes with lower, patchy or equatorial band fluorescent 
staining are disrupted or acrosome reacting). Mitochondria can be stained with mitotracker dyes 
that specifically stain these organelles. Sorne of the mitotracker dyes change their fluorescent 
properties due to changes in the potential of the inner mitochondrial membrane (IMM) and thus 
can be used to report depolarization ofthe IMM. Since only polarized IMM are able to produce 
A TP aerobically, these dyes enable to detect mitochondrial functionality. 

Other new developments are the use of ratiometric probes like CllBODIPY fatty acids 
analogs used to report lipid peroxidation: The intact probe is red fluorescent but turns into green 
fluorescence when oxidized. This green formation is believed to indicate membrane damage. 
Merocyanin as well as fluorescent annexin V monitor more disordered phospholipid 
arrangements in the sperm plasma membrane bilayer. These changes are linked to initial 
membrane damage during cryostorage orto early capacitation-specific membrane alterations. 

Besides the importance of functional integrity of sperm membranes and organelles for 
fertilization, the integrity of the paternal DNA is of crucial importance for the further 
development of an embryo. DNA damage can be measured at different levels and for sperm 
DNA principally three different approaches are currently used. Firstly, the DNA of matured 
sperm cells (probably the fertilization competent subpopulation) is extremely highly condensed 
to protámines. The condensation status of individual sperm cells can be assessed using 
Transmission Electron Microscopy (TEM) in which condensed nuclei appear homogeneously 
black in contrast to non-condensed nuclei. Using COMET discrimination can be made between . . 

fluorescently labeled DNA of.normally condensed sperm nuclei (minirnal migration) and more 
loosely packed DNA (tailing of DNA) after allowing DNA migration on an agarose gel under an 
electric field. The second leve! is to detect whether sperm DNA is double stranded (intact) or 
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whether single stranded DNA (damaged, for example in nicks) are formed. Acridine orange can 
be used to stain single stranded DNA (red fluorescent) and double stranded DNA (green 
fluorescent). The other method is to allow enzymatic incorporation of fluorescent nucleotide 
analogs into single stranded DNA areas by TUNEL: fluorescent sperm cells contain single 
stranded DNA. The third leve! to detect DNA damage is to look at nuclear/DNA fragmentation, 
which is (unlike the above mentioned other DNA damage levels) supposed to be specific for 
apoptosis. Nuclear fragments can be imaged by TEM or fluorescently after staining the sperm 
with a DNA probe. Furthermore, DNA fragmentation can be visualized by gelelectrophoresis 
howing inter-histone DNA laddering. This is an unlikely process in normal sperm cells that 
contain: The DNA is highly condensed but not to histones and the cells apparently lack an 
apoptotic machinery . 
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AGRICULTURAL APPLICATIONS IN RESEARCH AND INDUSTRY 

Jan Wilmut, Helen Sang and Bruce Whitelaw 
Division ofGene Function and Development, Roslin Institute, 

Roslin, Midlothian, United Kingdom EH25 9PS 

The applications that are being developed fa!! into two broad categories. They are for genetic 
modification or for multiplication of specific genotypes. New opportunities for the genetic 
modification oflivestock will be created by the availability ofinformation on genome sequences 
and the development of severa! novel methods for precise genetic change. Efficient gene transfer 
is being achieved by use of lentiviral vectors in both poultry and mammals. In addition to gene 
addition studies, in due time it is to be expected that these vectors will also be able to offer tissue 
specific expression of RNAi constructs. This will provide a comparatively cheap opportunity to 
reduce the production of specific proteins in particular tissues in Iivestock. At present nuclear 
transfer from cells in which precise genetic modifications have been made offers the only route 
to total deletion of gene function or modification of the gene product. While this has been 
achieved in sheep, pigs and cattle it remains a technically challenging and expensive procedure. 
Cloning has not yet been described in poultry. This approach is limited by the lack of cell 
populations that can be 111aintained in culture for a sufficient period to allow targetillg, selection 
and testing to confirm that the desired change has been introduced and the inadequacies of the 
present cloning procedures. 

Severa! procedures for oocyte maturation, embryo culture and embryo manipulatiQn have the 
potential to increase the number of offspring avai!able from selected mating. Pro~dures for 
maturation of full-grown _oocytes and fertilisation have become more successful in manunals . 
Embryo culture is comparatively effective in manunals and chicken. However, progress is still 
limited in research to support growth and maturation of oocytes from small follicles. Evidence in 
the mouse and human that gametes may be derived from embryo stem cells offers tlÍe prospect 
of being able to use comparable methods in selection progranunes once stem cells are derived 
from livestock. The potential value of nuclear transfer is well recognised, but much remains to 
be achieved to improve the efficiency ofthe procedure before that potential can be delivered. 

In the frrst place it seems likely that any new procedure will be used first in research, 
particularly those concemed with genetic modification. In sorne parts of the world the 
consumers have made it clear that they do not support proposals to genetically modified animals. 
The populations of countries in which the supply offood is inadequate or in which draft animals 
are too expensive for widespread use may hold different views. In Europe, it is possible that 
public opinion will change if methods become available to enhance the health of livestock, to 
make livestock resistant to viral infections such as foot and mouth disease, avian influenza or to 
ensure that livestock could not transmit prion diseases. 
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AFI'ER DOLLY- ETHICAL LIMITS 
TO THE USE OF BIOTECHNOLOGY ON FARM ANIMALS 

Peter Sand0e', Jesper Lassen• and Mickey Gjerris' 

Centre for Bioethics and Risk Assessment, Royal Veterinary and Agricultural University, 

Rolighedsvej 26, DK-1870 Frederiksberg C, Denmark 

'pes@kvl.dk, "jlas@kvl.dk, •mgj@kvl.dk 

The cloning of the sheep Dolly brought to the attention of many people the fact that scientists 
had made a major breakthrough in their attempt to manage and controllife. It also gave rise to a 
widespread cal! for ethical limits to the interíerence with life to be established and enforced. 
Until recently the main limits to interference with life were of a technical kind: of what it is 
possible to do. Now, and increasingly, scientists are faced with ethical limits: of what it is 
acceptable todo. 

Both the increase in power over nature, and the potential increase of speed and efficiency that 
modem breeding and biotechnology presents, force us to recognise our moral responsibility and 
to discuss the limits of acceptability. In such discussion ethics provides a way of ensuring 
systematic and rational reflection on the moral issues raised in the public sphere · within an 
idealised framework ofvalues and principies guiding behaviour . 

To the general public animal biotechnology does not exist in a vacuum. It coexists with other 
uses of biotechnology, primarily within agriculture and the medica! area. It therefore makes 
good sense to discuss, first of al!, how in the view of the public animal application~ relate to 
these various uses ofbiotechnology . 

To get a grip on the public understanding two sources are made use of. One consists ofthe 
so-called 'Eurobarometer' surveys used by the European Commission to monitor !ay perceptions 
of the new biotechnologies. These surveys have been carried out at regular intervals since 1989 . 
The other so urce consists of qualitative interviews carried out in Denmark in 2000. 

Inspired by the study of public perception of animal biotechnology a number of concerns are 
formulated and made the subject of closer discussion: utility, risk, animal welfare, animal 
integrity, environmental concems, human hea!th, and the fear that there is a "slippery slope" 
from the use ofbiotechnology on farm animals to uses on humans. 

In the final part of the ta!k an attempt will be made to formulate different overall views about 
how to set ethical Iimits to the use of biotechnology on farm animals. It will be argued that a 
socially robust application of animal biotechnology must limit uses where problerns with animal 
welfare and animal integrit)r are likely to occur to applications which are of vital importance, 
e.g. in biomedical research. For the purpose offarm animal breeding there must be rather narrow 
limits to the use of biotechnology. 
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Abslroct 

The cloning ofthe sheep Dolly gave rise toa widespread call for Jimits co the interference with life. Until recemly the 
main limits to the interference with life were of a cechnical kind: What it is possible todo. Now scientists are faced with 
ethicaJ limits as well: What it is'acceptable todo. 

In this context we see ethics as systematic and rational reflection on the moral issues ralsed in the public sphere. It is not 
that the concems ofthe general pubtic are necessarily val id, but they are the best point of departure, i(Jhe discussion is 
to Jead to a socially robust framework for seaing limits to the use of animal biotechnology. ; 

To ger a grip on the public understanding two sources are made use of: The Eurobarometer surveys from 1991·2002 and 
a qualitative ínterview study carried out in Denmark in 2000. Jnspired by these studies of public perception of animal 
biotechnology a nwnber of concems are formulated and made the subject of closer discussion, these !lfC risk, animal 
welfare, animal integrity, and usefulness. · · 

In the final part of the article a principie of proportionality is suggested as the foundation for a socially robust 
application ofanimal biotechnology. Only in cases where the usefuJness ofthe technology can be said to outweigh the 
moral concems, as in biomedical research, will applications of animal biotechnology stand up to scrutiny in the public 
sphere. 

l. The c/oned sheep, Do//y, made the pub/ic aware of animal biotechnology 

Dolly was an unusual sbeep. She was in a radical sense fatherless. She originated from a cell taken 
from the udder of her biological mother. This cell was inserted into a sheep ovwn from wbich the 
nucleus had been removed, and it was ma.nipulated so that it fused with the 'egg-mass' or cytoplasm 
of the ovum to fonn a pre-embryo.· The pre-embryo was then inserted into a foster mother who went 
through a normal albeit closely monitored pregnancy which resuJted in the birth of Dolly - the first 
mammal to be cloned from an adult animal. 

Her life was quite different from the lives of other sheep in another way too. Few sheep have 
names, and if they do, their names are general! y known to very few people. Dolly's name, on the 
other hand, is known by miJlions of people. Her life and death was part of the intemational news 
sphere and today she has become almost a symbol in the public debate on biotechnology. In the 
main, her fame was and is not based on adrniration and fascination. Rather, it is IargeJy the product 
ofpubJic anxiety, and in particuJar moral concem. Tiús single Dorset ewe brought to many peopJe's 
anention the fact that scientists had made a major breakthrough in their anempts to manage and 
control Jife. She aJso gave rise io a widespread call for ethical limits to interference with life to be 
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established and enforced. Until recently, !he main limits of this kind of science were technical in 
nature. The question was: What is it possible to do? Now, and increasingly, scientists face ethical 
limits. The question has become: What is it acceptable to do? 

This question of acceptability is an ethical question that can be answered from different points of 
view. In this paper we will take as our starting point how !he European public perceives animal 
cloning and other applications of biotechnology on farm animal species. In taking this approach we 
do not assume that the public is always right in matters of ethics. Rather our point is that !he 
problem that faces !hose who in a European context want to be allowed to make use of animal 
biotechnology is to get on speaking terms with the rest of society. So by presenting !he views of !he 
public within an ethical context it will be possible to make sure that !he ethical issues being 
discussed are !he relevan! ones from !he point of view of a wider public. And !he upshot of the 
ethical discussion presented in this paper will be to formulate !he issues that have to be dealt with 
when it comes to regulation and guidelines for !he development and use of animal biotechnology in 
a European - and probably also a much wider- context. 

2. Biotechnology, animals, ethics and the public 

F or the general public animal biotechnology does not exist in a vacuurn. It coexists wjth other uses 
of biotechnology, primarily within agriculture and the medica! area. It therefore makes good sense 
to discuss, first of all, how animal applications relate to these other uses ofbioteclmology. 

In order to monitor !ay perceptions of the new bioteclmologies within the EU, !he European 
Comrnission has carried out regular surveys since 1989 - !he most recent being l!Jldertaken in 
2002. Each of these so-calied 'Eurobarometer' surveys consists of simultaneous Md identical 
national surveys of 1000 inhabitants in each member country. The surveys show that whoiesale 
rejection of bioteclmology is not very comrnon among Europeans, since many respondents make 
balanced judgements in which the pros and cons of !he different applications of bioteclmoiogy are 
variably assessed (GaskeJI, Aliurn & Stares (eds), 2003; Gaskell & Bauer (eds), 2001; Durant et al. 
( eds ), 1998). They also bring out interesting details of !ay thought about bioteclmology. In each 
survey, and in connection with severa! appiications, people are asked to consider the usefuiness, 
risks and moral acceptability of bioteclmoiogy, and to give an overall assessment. It turns out that, 
across Europe, and for al! applications, moral acceptability outweighs !he other parameters when it 
comes to explaining the overali assessment of the appiication. Less surprisingly, perhaps, medica! 
applications tend to be viewed as more acceptable than !hose within the food sector. Perceived 
usefuiness, risks and moral acceptabiiity all play a role in this distinction. Crucialiy, however, !he 
usefulness of many medica! applications is generally recognised, whereas the usefulness of food 
applications has yet to be demonstrated to !he pubiic. 
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AppJication "Should be encouraged" 
EU mean score 

i 
(-2= low; +l=higb) 

Using genetic testing to detect diseases we might inherit from our 0,91 
parents such as cystic fibrosis/muscoviscidosis/thaJassaemia 

lntroducing human genes into bacteria to produce medicines or 0,81 
vaccines, for example to produce insulin for diabetes .. 

Taking genes from plant species and transferring them into crop 0,34 
pJants, to make them more resistant to insect pests 

Developing geneticaJly modified animals for Jaboratory research -0,07 
studies, such as a mouse that has genes which cause it to deveJop ' 
cancer 

Use modem biotechnology in the production of foods, for example to -0,11 
make them higher in protein, keep longer or change the taste 

lntroducing human genes into animals to produce organs for human -0,22 
transplants, such as pigs for hwnan heart transplants 

Table 1: Mean scores in the judgement of to what extent difieren/ applicalions of gene techno/ogy 
should be encou.raged in EU in 1996. based on Duran t. J. et al (eds), J 998, p.234, 260 

As Table 1 shows, the food-medical divide is not the onJy distinction separating negatively assessed 
applications from positively assessed ones. Applications of biotechnology involving animals have, 
it seems, a similar Jow Jevel of support as applications within the food area: the least supported 
application at aH is xenotransplantation, and the use of research animals enjoys a1most as low a 
leve) of support as the production of GM foods. The J 999 Eurobarometcr survey cxhibited similar 
pattems. The onc animal application (i.e. "cloning of animals such as sheep to get milk which can 
be used to make medicines ~d vaccines") emerged as baving almost as low level of support as the 
Jeast supported application, GM foods (INRA (Europe), 2000). The 2002 Eurobarometer survey 
(where the one animal application is xenotransplantatjon) also shows that although the technology 
is used for clearly medica! purposes, it is given almost as low leve) of support as the use of 
biotechnology in the food-sector. lt should be mentioned however that the surveys from 1999-2002 
show a smaJI but steady increasing support of the use of biotechnology in general and aJso for the 
research into, and application of, xenotransplantation. 
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Application "Should be eocouraged, 
EU mean score 

(·2= low; +2=high) 

Using genetic testing to det~t diseases we might have inherited from 0,67 
our parents, such as cystic fibrosis/mucoviscidosis/thalassaemia 

Jntroducing human genes into bacteria to produce medicines or 0,5] 
vaccines, for example to produce insulin for diabetes 

Developing genetically modified bacteria to clean spillages of oil or 0,51 
dangerous chemicaJs 

Cloning human cells or ti~sue to replace sick cells in a paticnt which 
are not functioning proper'y 

0,33 

Taking genes from plant species and transferring them into crop 0,03 
plants to make them more resistant to pests 

CJoning animaJs such as sheep who.se milk can be used to produce -0,17 
medicines or vaccine 

Use modem biotechnoJogy in the production of foods, for example to -0,31 
give them a higher protein content, to be able to keep Jonger or to 
change the taste 

Table 2: Mean scores in the judgement of to what extenJ differenl app/ications of gene technology 
shou/d be encouraged in EU in 1999. (INRA (Europe), 2000) 

AJJ three of the applications of animal biotechnology in Table 1 and Table 2 fall within the medical 
sphere, and yet they enjoy a rclativeJy Jow Jevel of support. A possible explanation for this is the 
simple fact that they all involve animals. It is also possible. however. that the specific applications 
in question - cloning. research anima.ls and xenotransplantation - in themselves evoke negative 
feelings. Thus cloning is associated in sorne people's minds with frightening popular images of 
man-made copies of evil individuals (e.g. in the film 'The Boys from Braz.il'). The 
xenotransplantation of pig hearts into bumans is Jikely to cause unrest because an important barrier 
between man and animals is thereby breached and blurred. And for many people the use of animals 
in research calls up an image of cruelty to animals. 

Sorne of the follow-up questions in the 1999 Eurobarometer throw more Jight on animal cloning. 
Responses to these questions panly explain the rejection of this particular application. Participants 
were asked to assess 12 statements about cJoning on a five point scale, where S= 'strongly agree' 
and 1 = •strongly disagree'. The two most strongly supported statements concemed the perceived 
WUlaturalness of cloning. Thus the average score of the statement "even if animal cloning has 
advantages, it is basically ag~nst nature" and "animal cloning threatens the natural order of things" 

' 
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scored 4.24 and 4.12 respectively. Similarly most agreed (average score 3.85) that animal cloning 
was simply not necessary, and most disagreed with the statements that animal cloning presents no 
danger to future generations {average 2.19) and that the risks involved in animal cloning are 
acceptable {average 2,28) (INRA (Europe), 2000). 

The 1 ack of support to animal cloning therefore seems to reflect the fact that ordinary people believe 
it to be both unnatural, Iacking in real usefulness and a genuine risk to mankind .. Other medica! 
applications are perceived to be much more useful and much less risky, even though they are also 
thought of as unnatural. 

3. Scepticism does not mere/y reflect lar.k of know/edge 

It might be supposed that the pronounced public scepticism about forms of biotechnology such as 
cloning and other animal biotechnologies reflects a low leve! of understanding of biotechnology 
among !ay observers. According to this so-called 'knowledge deficit' or 'knowledge gap' model, 
inadequate knowledge leads the public to draw moral conclusions about practices within science 
that are ill-informed. And since the problem is knowledge, the cure is to feed infor!llation into the 
public sphere more effectively - to educare people. Once this is done, public a~ceptance wi!l 
follow. 

Surveys such as the Eurobarometer have seriously challenged this viewpoint by showing that the 
question of acceptance or rejection is much more complex than advocates of the ¡leficit model 
suppose. Eurobarometer surveys include a 'knowledge quiz' in which respondents are ¡iSked a series 
of factual questions about biotechnology. This quiz enables the relationship between optimism 
about biotechnology and leve! of knowledge to be examined. The examination, however, reveals 
that optimism and positive expectations have failed to increase with growing knowledge. In point of 
fact, it was found in 1997. that, despite a moderate increase in overall knowledge of the subject­
matter, optimism about biotechnology had declined in Europe (Biotechnology and ihe European 
Public Concerted Action group, 1997). As they acquire more information, people are better able to 
form an opinion for or against biotechnology- that is, there is a decrease in the number of 'don't 
knows'. But pace the deficit model, they do not acquire a more positive attitude to biotechnology. 
In particular, there is at best a poor correlation between knowledge and support of individual 
applications. 

The knowledge deficit model has also been challenged at the national leve!. In Denmark, for 
example, considerable resources were invested in public information, education and debate about 
biotechnology in the !980s. Following this, Danes were among those scoring highest in the 
Eurobarometer knowledge quiz (Gaskell, Allum & Stares, 2003; INRA (Europe), 2000; Durant et 
al. (eds), 1998, 2003). But the surveys in which Danish participants displayed their know!edge also 
show that Danes are among the most critica! of biotechnology - which, obviously, is clear 
evidence against the hypothesis that there is a causal link between knowledge and acceptance. 

4. Animals, biotechnology and the public: moving beyond the general picture 

Apart from the indications given by the follow-up questions about cloning, the Eurobarometer does 
not offer any detailed explanation ofthe motives and reasoning lying behind critica! altitudes to the 
mix of animals and biotechnology. To add more detail to the picture painted by the Eurobarometer, 
a series of focus group interviews were carried out in Denmark in 2000. In the course of these 
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interviews both food and non-food applications of biotechnology were exarnined. In both cases, a 
number of animal applications were reviewed. 

Generally the interviews reproduced the picture generated by the Eurobarometer surveys - i.e. 
confirmed that food applications are assessed much more negatively than non-food applications, 
and that medica! applications are assessed most positively. To many Danes, indeed, the border 
between food and medica! applications virtually constituted a boundary between the unacceptable 
and the acceptable, although in no case did an interviewee approve of carte blanche being given to 
scientists working in biomedicine . 

4.1 Risks 

The discussion revealed that people are concerned with risks to the environment as well as to 
human health. It is mainly applications within agriculture and food production that give rise to 
images of risk; whereas applications of biotechnology on animals, including farm animal species, 
within biomedical research plays a remarkably insignificant role in people's perception ofrisk. 

Although a general fear of eating GM foods was not displayed, health risks were ¡m importan! 
theme in the food discussions. Concerns about eating genetically manipulated foods related, not to 
dangers of the here and now, but to long-term risks. Health risks attaching to the consumption of 
manipulated meat were only mentioned occasionally, but it must be assumed that geperal unease 
about GM food will extend to products originating from genetically modified farm animals. Also 
incorporated in this unease is a concern that at present 'we' lack sufficient knowledge to make 
predictions. The 'we' here, as elsewhere, seems to relate to the scientific community and health 
experts. It records a perception of scientific uncertainty. Such arguments are fqrtified with 
experiences drawn from other contested issues, such as the issue of BSE. During the ¡\eriod of the 
interviews, and following the discovery of an infected cow in Denmark, BSE was widely discussed 
in Denmark. This gave rise fo the fear that scientists are unable to control the consequences of what 
they are doing. ~ · 

As regards the risk to human health, animal biotechnology is viewed as being on par with 
applications of biotechnology to plants and micro-organisms. This contrasts with the attitude to 
environmental risks, where sorne argue that modified animals pose less of a problem. GM animals 
can be caught and slaughtered if necessary and thus there is less reason to worry about potential 
problems caused by any uncontrolled spread of 'unwanted genes'. These arguments claim that since 
animals are larger and slower, they are also easier to control. 

Occasionally, arguments about risk are supported with reference to the perceived unnaturalness of 
the new biotechnologies. In such arguments -· which are usually expressed in general terms and 
relate to genetic modification as such - the idea is that, by manipulating animals, we challenge the 
natural or God-given order of things and thus bypass certain (not always specified) safety 
mechanisms that are inherent in nature. These safety mechanisms are often associated with barriers 
between species and the inherent slowness of traditional breeding and propagation techniques. 

Other qualitative interviews have demonstrated that, in contras! to widespread concern about its 
health risks within the scientific community, xenotransplantation is only discussed in terms of risk 
by !ay people to a limited extent (Dahl et al., 2002). Similarly, these interviews demonstrate that 
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perception of risk plays no direct role in negative !ay perceptions of the use genetically modified 
research animals. 

Finally it should be mentioned the biotechnologies that are now being used on animals is often seen 
as an augury of what later will be used on humans. The debate around the cloning of Dolly is a 
school example of this. It very quickly tumed from the ethical problems arising form the cloning of 
animals to the problems arising from the same technology applied to humans. It is noteworthy that 
most westem countries very quickly legislated against the cloning of human cells where as only few 
countries to date has made legislation concerning the use of cloning on animals. The implication 
seems to be that to many the use of biotechnology on animals is the starting point of a "slippery 
slope" that will end up with the sarne technologies being used on humans . 

4.2 Animal welfare 

Animal welfare, and especially the welfare of domestic animals, has been a major issue in Denmark 
over recent decades. Strikingly, however, while the welfare of domestic and research animals have 
been widely discussed, thé welfare problems of genetically modified or cloned animals has largely 
been ignored in the public debate. This disparity is expressed in the interviews when discussion 
touches on the domestic animals: the issue of animal welfare is only taken up spontaneously in two 
of the interviews, and in both cases the interviewees referred to animal welfare problems in cows 
engineered to produce more milk - doubtless, a reflection of the fact that this issue is the only one 
which has been the focus of public debate o ver animal welfare issues and biotechnology. 

Although the suffering of genetically modified research anirnals has so far not become a public 
issue, it does come up in the focus groups. This might be because animal suffering is one of the 
issues - perhaps even the major issue - raised quite generally by the use of animals' for research. 
Here, as in debates over transgenic research animals, it should be noted that it is often hard to 
separate situations in which research animals are generally disapproved of and situations in which 
negative feelings are evoked by a special factor, such as the fact that the animals are transgenic. 

4.3 Other moral arguments 

Another group of concerns (closely related to concerns about animal welfare) has to do with the. 
place of animals in the hierarchy of nature. Thus sorne interviewees implied that arguments capable 
of justifying the application of biotechnology to higher organisms would need to be better than 
those required where micro-organisms and plants are at issue . 

Typically, in these classifications, the more like us the animals are, the harder it becomes to justify 
applications of biotechnology. Fish are not as important as calves, for exarnple, and primates are 
pre-eminent. The idea .of xenotransplantation evokes a particularly negative feeling (Dahl et al., 
2002) and sorne interviewees cannot imagine walking around with the organs of another animal. 
This feeling tends to be stronger when the organ is a heart and the donor is a pig - perhaps because 
pigs have traditionally been thought to represen! the very opposite of human purity and 
sophistication. 

These concerns often seem less palpable than concerns about risks and animal welfare, bur none the 
less they play an importan! roie. Often these concems are expressed in the terrns of borders and 
limits. They indicate that to sorne people there are limits to the degree of control that humans can 
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ethically legitimate to exercise over other living beings regardless of the consequences to human 
and animal welfare. Concepts as integrity and dignity are often evoked to describe these limits . 
There is a tendency in the academic literature to write of these concems as irrational and/or 
religious, but lack of conceptual clarity should not make one dismiss them as relevan! factors in the 
discussion too quickly. The idea of nature having sorne sort of integrity (which we will say 
something about in Section 5) seems to be rooted in very common everyday experiences of nature 
and express a view of nature that goes beyond a purely scientific one. The concept is certainly 
complex and ambiguous · and in need of further reflection, but nonetheless seems to be very 
important, if one is to understand the perception of biotechnology by the public (Cooper 1998). 

4. 4 Usefulness 

In public debate about biotechnology the predominan! tone is often negative - the question often 
being whether this or that application should be rejected. A less negative attitude c(lmes into the 
foreground when people are asked to consider the usefulness of biotechnologies. However, the 
concept of usefulness is complex. It is a contested concept. 

Three interpretations of usefulness can be identified in the biotechnology debate. Each was reflected 
at sorne point in the interviews. Sorne observers- primarily representatives ofthe biotech industry 
and others with vested interests in biotechnology - defend an economic usefulness argument, 
according to which biotechnology is useful in technical and financia! terms. This notion was not 
shared by many of the participants in the interviews. Indeed sorne stated that making woney is, on 
its own, not a sufficient argument for such controversia! technologies. · 

The societal usefulness argument is in keeping with this latter attitude. It is commonly put directly, 
or gestured at, in the interviews. The main idea here is that biotechnology is useful, and to that 
extent more acceptable, when it serves societal needs that amount to more than mere economic 
gain. The final kind of usefulness concems usefulness to oneself or one's clase relatives. This (as 
we might call it) self-interested usefulness often generates serious dilemmas in which abstract, 
objective assessments clash with highly contextualised, subjective assessments involving the health, 
life and death of oneself ora clase relative. 

1 n general societal usefulness relates primarily to the avoidance of risk, the management or 
elimination of disease, and the alleviation of third-world poverty. In relation to domesticated 
animals, the transgenic pig with reduced fat is sometimes put forward as an example of a useful 
application, because it addresses a recognised health problem, obesity, and thus introduces a health 
benefit to consumers. Those advancing this argument seldom do so with reference to themselves. 
They focus instead on obesity as a societal problem . 

Others, however, argue -that functional foods in general are the wrong strategy for solving problems 
connected with the composition of a person's diet. Both within the medical sphere and in relation to 
domesticated animals, it is often argued that biotechnology is the wrong way to pursue laudable 
goals. Alternative strategies should be pursued or examined. 

In the medica! sphere, debates about animals primarily concerned their use in research. Often, these 
debates involved a dilemma between societal or self-interested usefulness, on the one hand, and the 
general uneasiness about the use of biotechnology and animals, on the other. Like the medica] 
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applications of bioteclmology to which they lead, research animals were looked upon positively by 
many interviewees becau)e their use may help us to relieve the pain and suffering of the sick. This 
kind of argument is, however, often presented with a disclaimer - a disclaimer in which it is 
stressed that however useful they are, research animals are stiJJ problematic. The following highly 
ambivalent statement from a male participant, replying to a question whether research animals are 
acceptable, is a nice illustraúon of this: "Y es and no. 1 foe/ sorry for the animals that they hove to 
pay. But ifwe don 't hove other possibi/ities then we hove to try it. Apparent/y there are no other 
possibilities - then you have to do something to produce these products ro he/p cancer patients and 
whatever. Then it's OK, but sti/11 helieve il 's wrong. " 

As mentioned above, it is quite commonly thought that. although transgenic research animaJs are 
unacceptable, sufficient benefits to mankind cari justify them. A number of arlNJllents against 
transgenic research animals were presented in which the individual (as a citizen) tried to weigh the 
pros and cons at a socictal Jcvcl. But the individuals who put these arguments often confessed that, 
when they had to assess bioteclulological applications from a stric(Jy individual point of view, 
thinking of themselves as potentiaJ beneficiarles of the teclmology they had reject~d, they were 
incJined to adopt a more Jenient attitude. · 

Environment 
Health 
3rd worfd 

Environment 
Health 

1 

____ ._ .... _ ·-·-·-~--·· -

No need 
Wrong strategy 

lntegrity . 
Animal welfare 

Figure 1: Overview of argU!nents for and against animal biolechnology offered by members of the 
Danish pub/ic. . 

5. Ethica/ Jimits to the use ofbiotechnology on animals? 

In this article we have tried to show what kind of questions and worries the use of biotechnology on 
farm animaJs evokes in the European public both when it concems farm animals as species andas 
production units in the agricultura] sector. They can roughly speaking be said to be a list of the 
ethical questions that a society as Denmark has to discuss when considering the ethicaJ aspects of 
biotechnology and establishing a framework for the use of it. At least if the discussion is to be 
informed by the ethical values held by large parts ofthe society. There are two main reasons why 
this approach would be prefera_ble. 

' 
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First of all it is in tune with the democratic tradition of Westem Europe that legislation and 
regulation of ethically sensitive issues is based on thorough public debate and consensus seeking 
policies that try to integrate the ethical questions raised. Secondly it seem obvious that the lesson to 
be leamed from the debate over GM-crops and the subsequent consumer reactions in Westem 
Europe is that it is a necessary requisite for the successful implementation of biotechnology in a 
society like the Danish that the ethical doubts of the public are taken seriously when the technology 
is introduced . 

It would be premature to say that a thorough public debate on the use of biotechnology on farm 
animals has taken place in Denmark or any other westem country. But if we take the ethical 
questions and worries described in this article as a rough picture of the ethical considerations that 
will emerge from such a debate, the following framework for the use of the technology can be 
drawn. It should be noted at this point that establishing the frarnework for applications of 
biotechnology on farrn animals only constitutes the first step in the very complex regulation and 
legislation process. In this article however, we concentrate on the general frarnework, since the 
discussion ofhow actually to regulate and legislate would lead to far in this context 

First of all the frarnework has to accommodate the difference between the public and the scientific 
conception of risks, both to human health and to the environment that can be found in Ijlany areas of 
the debate on biotechnology (Hansen et al. 2003). Especially the public conception' of scientific 
uncertainty, lack oftrust in experts and public distrust to al! too firrn reassurances about safety need 
to be addressed. 

Secondly it is necessary to take the question of animal welfare very seriously. Althm¡~ it has not 
yet figured as a predominan! subject specifically in the discussion about the use ofbiotechnology on 
farrn animals there can be no doubt that the notion plays an importan! and even increasing role in 
the general discussion about farrn animal production. 

Thirdly the notion of other moral concems than threats to human, environmental and animal welfare 
has to be respected. These concerns can be about social justice (who will benefit from the 
technology?), the relationship between expert and public influence on legislation and regulation, 
and about the consequences of the technology for the understanding of the relationship between 
man and nature. However, in this article we will lirnit ourselves to a short description of the 
concems about biotechnology's possible violation of the integrity of animals. This concem differs 
from the risk and welfare concerns mentioned above in that violation of integrity cannot be 
sustained by empirical evidence in the sarne way as for exarnple environmental risks or welfare 
problems can. However, it is still possible to exemplifY what is at stake. 

One exarnple that many people react to is the case of the blind hens. A Canadian scientist in volved 
in poultry breeding bred a blind egg-laying hen. This hen according to the researcher would serve to 
reduce the welfare problems of free-range chickens that inflict a lot of pain on each other by 
pecking and sometimes even cannibalising the weaker members of the flock. The blindness was 
thus not inflicted on the chickens, but something they were bom with and from welfare perspective 
they are better of than their seeing peers. Still the notion of deliberately breeding blind hens to sol ve 
production problems in the agricultural sector stirs a lot emotions and resentment in the general 
public. Something just seems_ to be wrong when you deliberately create an animal with less 
poten ti al than a normal animal of the sarne kind. This is not the place to discuss the many different 
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ways that the idea of blinding hens to improve their welfare can be defended or attacked. But it is 
obvious from the data presented here that for many people there may be something inherently 
ethically troublesome about using biotechnology to change the nature of animals, whether it hurts 
them or not 

Finally a key point in the discussion concerning the ethical acceptability of animal biotechnology is 
the notion of utility. This will call for a balancing of the possible ethical good outcornes of the use 
of biotechnology on farm animals against the ethical wrongs that this use also entails. This can be 
clearly seen in the relatively sharp distinction that was found between medica! and food oriented 
uses of the technology. In the first case the good aspects are often seen as outweighing the bad, 
whereas the opposite is true in the second case. If the goal is deemed importan! (ethically good) 
enough the evil that it entails is accepted as a sort of necessary evil. This weighing of the ethical 
scales is of course a complex and multi-facetted discipline that depends upon both the specific use 
of biotechnology in question and the person who is performing it. But taken up on a societal scale it 
clearly seems that in general the use of biotechnology on farm animals is something that needs to be 
argued rather than the other way around where those opposing it, are Ieft with the burden of 
evidence. 

To sum up it seems that a socially robust application of animal biotechnology must Jimit uses 
where problems with animal welfare and animal integrity are likely to occur to applications which 
are of vital importance, e.g. in biomedical research. For the purpose of farm animal I:Jreeding there 
must be rather narrow limi'ts to the use of biotechno!ogy. A principie of proportionality where each 
application of biotechnology is subjected to scientific and ethical discussion before either endorsed 
or rejected seems to be the ethically most viable way to go, if the technology is to enjoy broad 
appreciation in the general public. It should be mentioned that his principie has .. in fact been 
suggested as the governing principie in the guidelines for applications of biotechnology to animals 
in Denrnark by a governrnentally appointed committee (Ministeriet for Videnskab, Teknologi og 
udvikling 2003). 

This way of interpreting the concerns identified in this article and establishing a framework for the 
application of the technology is perhaps more limiting than most scientists working within the field 
would like. They may have hoped for more. But ifwe look at the altitudes ofthe general public it 
seems that aspiring for very broad applications implies a risk that the general public will turn down 
all uses ofthe technology- as we saw in the GM-food debate in Europe during the 1990'ies. By 
taking heed of the principie of proportionality one might have to rule out severa! possible 
applications of biotechnology to farm animals, but it ensures that the ones left will a!so be 
acceptable to the general public - and that is both from a scientific and a societal perspective to be 
preferred. 

6. Conclusion 

The European public is worried about animal cloning and other forms of animal biotechnology. 
However, contrary to a widespread belief in the scientific community, this worry cannot simply be 
explained in terms of a Jack or distortion of factual information. To create a socially robust 
framework for the discussion of the ethical limits concerning the use of biotechnology on animals, 
we believe that one should take these worries as the point of departure. It is not that they can stand 
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alone or uncritically be il)lplemented. They have to be thoroughly discussed. But to do that it is 
importan! to ha ve a real ~derstanding of them. The key items on this agenda concem risk, animal 
welfare, usefulness and other moral concepts. But in connection with each of these items the public 
and the scientists may well conceive of the problems differently. Thus the public typically view 
risks in a broader and more long-term perspective than scientists. They also believe that if 
usefulness is to serve as a positive argument, it must involve more than mere commercial success. It 
follows that, if European scientists want to be able to use animal biotechnology in their research 
with public support, they must broaden their conception of what matters beyond the idea of a 
scientifically measurable risk and they must narrow their notion of usefulness so that the mere 
possibility of making a profit is not enough to justify animal biotechnology. We suggest that a 
principie of proportionality is made the basis of the ethical evaluation of the use of biotechnology 

' on farm animals. This basically means that al! use of biotechnology must be justified by arguing 
why it is necessary in a specific case to transgress the ethical borders that the concepts of risk and 
animal welfare and integrity raises. By limiting the use ofbiotechnology in this way we foresee that 
many ofthe controversies surrounding other uses ofbiotechnology (e.g. GM-crops) can be avoided. 
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