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RESUMEN

El objetivo de esta tesis es determinar el efecto de diferentes estrategias hormonales sobre
la actividad ovarica preovulatoria, la produccion de progesterona y funcionalidad uterina
luego de la ovulacion, asi como la tasa de prefiez en vaquillonas de carne. Se realizaron 5
experimentos en vacas nuliparas cruza Angus de dos afios. En los Experimentos |y 1l se
determing el efecto a nivel ovérico de la administracion de PGF», al inicio y al final de un
tratamiento de sincronizacion de la ovulacion, y el efecto de este tratamiento sobre la tasa
de prefiez. Los resultados mostraron que la administracion de PGF», al colocar el
dispositivo reduce las concentraciones de progesterona durante el tratamiento con el
dispositivo intravaginal, aumenta el tamafio del foliculo ovulatorio y reduce el intervalo
entre el retiro del dispositivo y la ovulacion. Sin embargo, la tasa de prefiez no fue
diferente entre ambos tratamientos, concluyendo que puede administrarse una dosis Unica
de PGFy, al finalizar un protocolo con progesterona sin afectar la tasa de prefiez con IATF.
En los Experimentos 111 y IV, se determind el efecto de la administracion de eCG al final
de un protocolo para IATF con diferente duracion del intervalo entre el retiro del
dispositivo con progesterona y la administracion de GnRH como inductor de la ovulacion
(intervalo definido como proestro en el protocolo J-Synch). Las vaquillonas fueron
sometidas a un proestro corto (48 h) vs. un proestro prolongado (72 h) donde se evalud la
respuesta ovarica preovulatoria, la funcionalidad uterina subsiguiente y la tasa de prefiez.
La administracion de GnRH a las 48 h vs. a las 72 h de retirado el dispositivo con
progesterona adelantd la ovulacion. Las concentraciones de progesterona luego de la
ovulacion fueron mayores cuando se administro GnRH a las 72 h de retirado el dispositivo.
El tratamiento con eCG si bien no afect6 el desarrollo folicular preovulatorio, se asocio
con una mayor presencia de receptores de progesterona en el epitelio luminal en aquellas
vaquillonas que recibieron GnRH a las 72 h. Ademaés, la administracion de eCG al final del
tratamiento con proestro prolongado mejor6 la tasa de prefiez luego de la IATF. Estos
resultados sugieren que extender la longitud del proestro aumenta la exposicion uterina al
estradiol enddgeno producido por el foliculo ovulatorio y que puede afectar la
funcionalidad uterina. En el Experimento V, se determind la relacion entre la duracion del
proestro, el didmetro del foliculo preovulatorio y la tasa de prefiez utilizando el protocolo
J-Synch. Las vaquillonas recibieron una dosis de GnRH a las 48, 60 o 72 h luego de
retirado el dispositivo con progesterona. En la medida que se prolongd la duracion del
proestro, el didmetro del foliculo preovulatorio aumentd y el porcentaje de vaquillonas en
celo tendi6 a ser mayor cuando la IATF se realiz6 a las 72 h de retirado el dispositivo. La
tasa de prefiez también se vio favorecida con el proestro prolongado, con diferencias
significativas para aquellas vaquillonas con presencia de cuerpo lateo al inicio del
tratamiento. Estos resultados confirman los beneficios de prolongar el proestro a 72 h,
aumentando la respuesta ovarica, la expresion del estro y la tasa de prefiez. En suma, los
resultados de estos 5 experimentos soportan la hipdtesis de que la implementacion de
alternativas farmacologicas y la prolongacion del proestro mejoran las condiciones
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ovulatorias; y el ambiente uterino post—ovulatorio, mejora con la prolongacion del
proestro. La administracion de eCG al final de un tratamiento de 6 dias con progesterona y
estradiol (protocolo J-Synch) mejora la tasa de prefiez. La combinacion de estas estrategias
favorece la funcién luteal y el ambiente uterino post—ovulatorio, e incrementa la tasa de
prefiez final en vaquillonas de carne Bos taurus.

Palabras clave: ovulacion, reconocimiento materno de la gestacion, reproduccion,
bovinos.
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SUMMARY

This thesis work aimed to determine the effect of different hormonal strategies on
preovulatory ovarian activity, progesterone production and uterine functionality after
ovulation, as well as the pregnancy rate in beef heifers. Five experiments were conducted
to accomplish these objectives on two—year—old Angus cross nulliparous cows. In
Experiments | and Il, the effect at the ovarian level of the administration of PGF», at the
beginning and at the end of an ovulation synchronization treatment, and the effect of this
treatment on the pregnancy rate were determined. The results showed that the
administration of PGF», at device placement reduces progesterone concentrations during
treatment with the intravaginal device, increases the size of the ovulatory follicle, and
reduces the interval between device removal and ovulation. However, the pregnancy rate
was not different between the two treatments, concluding that a single dose of PGF», can
be administered at the end of a protocol with progesterone without affecting the pregnancy
rate for FTAL In Experiments 111 and 1V, the effect of the administration of eCG at the end
of a protocol was determined with different duration of the interval between progesterone
device removal and the administration of GnRH as an ovulation inducer (interval defined
as proestrus in the J-Synch protocol). Heifers received a short proestrus (48 h) vs. a
prolonged proestrus (72 h) and the preovulatory ovarian response, subsequent uterine
functionality, and pregnancy rate were evaluated. Administration of GhnRH at 48 h vs. 72 h
after progesterone device removal advanced ovulation. Post-ovulation progesterone
concentrations were higher when GnRH was administered at 72 h after device removal.
Although treatment with eCG did not affect preovulatory follicular development, it was
associated with a greater presence of progesterone receptors in the luminal epithelium in
those heifers that received GnRH at 72 h. Furthermore, eCG administration at the end of
the prolonged proestrus treatment improved the pregnancy rate after FTAI. These results
suggest that extending the proestrus length increases uterine exposure to endogenous
estradiol produced by the preovulatory follicle and may affect uterine functionality. In
Experiment V, the relationship between the length of proestrus, diameter of the
preovulatory follicle and pregnancy rate was determined using the J-Synch protocol.
Heifers received a dose of GnRH at 48, 60, or 72 h after progesterone device removal. As
the duration of proestrus was prolonged, the diameter of the preovulatory follicle increased
and the percentage of heifers in estrous tended to be higher when the FTAI was performed
at 72 h after device removal. The pregnancy rate was also favored with prolonged
proestrus, with significant differences for those heifers with the presence of a corpus
luteum at the beginning of treatment. These results confirm the benefits of prolonging
proestrus to 72 h, increasing ovarian response, estrus expression, and pregnancy rate. In
summary, results of these five experiments support the hypothesis that the implementation
of pharmacological alternatives and the prolongation of the proestrus improve ovulatory
conditions, and the post—ovulatory uterine environment improves with the prolongation of
the proestrus. Administration of eCG at the end of a 6-day treatment with progesterone
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and estradiol (J-Synch protocol) improves pregnancy rate. The combination of these
strategies favors luteal function and the post—ovulatory uterine environment and increases
the final pregnancy rate in Bos taurus beef heifers.

Keywords: ovulation, maternal recognition of pregnancy, reproduction, cattle.
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CAPITULO 1

INTRODUCCION

La eficiencia reproductiva de los rodeos de cria estd determinada entre otros
factores por la tasa de procreo, en los paises sudamericanos es considerada baja
situandose entre el 60% y 70%, (Anualpec, 2021; Senasa, 2021). En el caso de Uruguay,
los sistemas de cria bovina no escapan a esta realidad. De acuerdo con la informacion
oficial recopilada de las ultimas décadas, la tasa de procreo promedio no supera el 65%
de crias producidas en las hembras que se colocan en servicio cada afio (DIEA, 2021).
Esta baja eficiencia reproductiva esta influenciada también por la escasa actividad
ovarica, que en algunos casos no supera el 30% de vacas ciclicas (i.e.: con cuerpo liteo)
al inicio de la época de servicios (Menchaca et al., 2013). Para hacer frente a esta
situacion, varias alternativas han sido propuestas y casi todas estan dirigidas a inducir la
ovulacion mejorando asi la tasa de concepcién o prefiez. Entre ellas se encuentran los
tratamientos farmacoldgicos para sincronizar e inducir la ovulacién y realizar la
inseminacién artificial a tiempo fijo (IATF). Sin embargo, no siempre se tiene en cuenta
que también ocurren pérdidas embrionarias luego del servicio durante la gestacién
temprana, que, de acuerdo con Diskin and Morris (2008), pueden ser las responsables de
la baja tasa de procreo y en consecuencia de buena parte de las mermas econémicas de
los sistemas de produccién bovina. Segun el Comité sobre Nomenclatura Reproductiva
Bovina (1972), estas pérdidas embrionarias se clasifican en mortalidad embrionaria
temprana, cuando ocurren entre la fertilizacion y el dia 24 de gestacion, mortalidad
embrionaria tardia, cuando suceden entre el dia 25 y 45 de gestacion, y mortalidad fetal
0 abortos cuando se producen a partir del dia 46 de gestacion hasta el parto.

Esta demostrado que la tasa de fecundacién luego de una inseminacion en bovinos
es cercana al 90% mientras que la tasa de prefiez a los 60 dias por lo general no supera el
60 — 65% (Diskin and Morris, 2008; Sartori et al., 2010). Varios estudios en vacas de
carne y leche estimaron que la falla en la fertilizacion y pérdidas embrionarias tempranas
estaba en el rango entre 20% y 45%, las pérdidas embrionarias tardias y fetales entre 8%
y 17,5%, mientras que los abortos variaron entre 1% y 4% (Humblot, 2001). Esto indica
que la mayoria de las pérdidas por mortalidad embrionaria se producen dentro de las
primeras tres semanas de gestacion similar a lo reportado por otros autores (Inskeep and
Dailey, 2005; Diskin and Morris, 2008; Reese et al., 2020; Campanile et al., 2021). Sin
embargo, el momento de la pérdida embrionaria temprana no es consistente en todos los
estudios. Algunos autores indican que las mayores pérdidas embrionarias se producen
dentro de la primera semana posterior a la concepcidn, mientras que otros sugieren que
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se producen dentro de la segunda semana después de la concepcion (Sartori et al., 2002;
Diskin et al., 2006). Por esta razén, se han hecho modificaciones a la primera clasificacion
establecida por el Comité sobre Nomenclatura Reproductiva Bovina (1972),
considerandose la mortalidad embrionaria muy temprana, cuando ocurre desde la
fertilizacion hasta el dia 7 de gestacion; la mortalidad embrionaria temprana, cuando
ocurre entre el dia 7 hasta el dia 24 de gestacion y la mortalidad embrionaria tardia cuando
se produce desde el dia 25 hasta el dia 45 de gestacion (Walsh et al., 2011). Mas alla de
los matices en la clasificacion de dichas pérdidas, existe amplio consenso acerca de que
las principales pérdidas se producen durante el periodo embrionario de la gestacion, antes
de que puedan ser detectadas mediante ultrasonografia, y que ademéas pueden deberse
tanto a la actividad ovarica preovulatoria, como a la calidad embrionaria y/o a la
funcionalidad uterina (Wiltbank et al., 2016; Reese et al., 2020; Campanile et al., 2021).

Luego de la fecundacion se inicia el desarrollo embrionario, donde el cigoto
comienza su division celular, mientras que desciende por el oviducto hasta el Gtero,
proceso que se completa en un periodo de 4 o 5 dias. Cuando llega al utero, lo hace en
estado de mérula joven (dia 5 aprox.), donde se compacta en una masa esférica de células
(dia 6 aprox.). Luego comienza a acumular liquido entre sus células formando una
cavidad que es el blastocele, para transformarse asi en blastocisto (dia 7 aprox.). Debido
a la polarizacion celular, un grupo de células pequefias se ubican en un extremo formando
la masa celular embrionaria dando origen al embrién, mientras que, a su vez, las células
de mayor tamafio rodean al blastocele formando el trofoblasto, dando origen a las
membranas extraembrionarias. El blastocisto amplia gradualmente su cavidad y crece
presionando sobre la zona pellcida hasta su ruptura. Hasta este momento, tiene forma
esférica y mide entre 160 y 180 p. Una vez eclosionado, se alarga y crece rapidamente
entre los dias 12 a 13 adquiriendo una forma oblonga o tubular de 1,5 a 3 mm de didmetro.
En los dias 14 a 15 pasa a la forma filamentosa midiendo 1,4 x 10 mm y en el dia 18 mide
1,4 x 160 mm. La vesicula blastodérmica o conceptus, rodeada en este momento por el
trofoectodermo (trofoblasto, ectodermo y mesodermo), toma una posicién central en el
utero entre los dias 17 y 18, contactando las células epiteliales del trofoectodermo con las
de la pared uterina, ocupando dos tercios del cuerno uterino. Hacia el dia 20, el conceptus
bovino ocupa todo el cuerno uterino y la implantacion del embrién suele ocurrir durante
la fase de elongacion, entre los dias 18 y 22 luego de la fertilizacidn. A diferencia de otras
especies, en el bovino no hay una verdadera implantacion, solamente se observa una fase
de adhesion o de unidn, pero no invasion ni erosién permanente de la mucosa uterina
(Peippo et al., 2011). EI endometrio desarrolla tejido caruncular, que junto con el tejido
intercaruncular estan involucrados en el proceso de union.

Desde las primeras divisiones celulares luego de la concepcion, el embrién es
responsable de garantizar su supervivencia en la medida que envie las sefiales adecuadas
a su madre para que se establezca la gestacion. El desarrollo embrionario temprano y
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consecuente reconocimiento materno y mantenimiento de la gestacion, depende de la
funcionalidad uterina que esta principalmente regulada por los estrogenos y la
progesterona (Mann and Lamming, 2001). Este reconocimiento materno de la presencia
del embrion debe ocurrir antes de la lutedlisis. La accion antiluteolitica del embrion se
ejerce por medio de varias proteinas que pueden bloquear la sintesis de prostaglandina
F2« (PGF2,), de la mucosa uterina. En rumiantes esto sucede por la accion de una proteina
compuesta por 172 aminoacidos, sintetizada por las células trofoblasticas del blastocisto,
denominada interferén—-tau (IFN-), la que es producida antes de iniciarse el periodo de
unioén con el endometrio. EL IFN—t tiene una accion reguladora sobre la actividad de
genes especificos, activando su transcripcion y la sintesis de proteinas que actuarian
blogueando especificamente uno 0 méas pasos en la sintesis de PGF,, y actuando directa
o indirectamente sobre los receptores de estrégeno, oxitocina y progesterona. Entre sus
funciones, debe informar la presencia del embrion y rescatar al cuerpo luteo (CL) de la
lutedlisis, para que éste continte su actividad durante la gestacion. En bovinos esto ocurre
entre el dia 15y 17 luego de la ovulacion y es considerado como el “periodo critico” de
la gestacion (Binelli et al., 2001).

Por otra parte, diferentes autores asocian las bajas concentraciones de
progesterona en el primer mes de gestacion a una mayor incidencia de pérdidas
embrionarias tempranas (Mann, 2006; Perry, 2007). Estas bajas concentraciones de
progesterona resultan en una mayor pulsatilidad de la hormona luteinizante (LH) durante
el diestro, que podrian estimular el crecimiento folicular. Como consecuencia del
excesivo crecimiento folicular se producen altas concentraciones de estradiol-17f
durante la fase luteal temprana, que pueden ser perjudiciales para la sobrevivencia del
embridn (Bridges et al., 2000; Inskeep, 2004). La actividad del embrion durante el dia 16
del ciclo, inhibe la sintesis y liberacion de PGF», por el endometrio, lo que impide la
lutedlisis y la consiguiente disminucién en la produccion de progesterona (Mann et al.,
1999; Thatcher et al., 2001; Okuda et al., 2002). Pero mas alla de esta via de accion de la
progesterona, su efecto se vincula de manera estrecha sobre la produccion de IFN-t. Las
concentraciones plasmaticas de progesterona en la fase luteal temprana o media, se
correlacionan positivamente con la produccion de IFN—t por el conceptus, sugiriendo que
altas concentraciones de progesterona proveen un medio méas adecuado para el desarrollo
del embrién (Kerbler et al., 1997). Por el contrario, concentraciones subdptimas de
progesterona producirian un desarrollo més lento del embrién (Mann and Lamming,
1999), una sefial de reconocimiento materno de gestacion mas debil (Walsh et al., 2011)
y un mayor porcentaje de pérdidas embrionarias (Bridges et al., 2000; Humblot, 2001,
Diskin et al., 2012).

A pesar de la importancia antes mencionada, de las pérdidas embrionarias
tempranas, éstas no han sido abordadas en forma profunda. En un trabajo previo, se
encontré que foliculos mas grandes estan asociados a la formacion de cuerpos lateos de
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mayor tamafio y a mayores concentraciones de progesterona durante la fase luteal
temprana (NUfiez—Olivera et al., 2014). La estimulacién y sincronizacion del crecimiento
folicular, junto a la ovulacion de foliculos de mayor diametro y consecuente formacion
de cuerpos lateos de mayor tamario, podria ser una buena alternativa para incrementar la
produccién de progesterona y reducir asi las pérdidas durante la gestacion temprana. En
este sentido, la administracion de gonadotrofina corionica equina (eCG) en los
tratamientos actuales para IATF, asi como el desarrollo de otras estrategias que permitan
aumentar el desarrollo folicular preovulatorio, podrian favorecer una mejor actividad
luteal y una mayor tasa de prefiez. Por otro lado, sabemos que el desarrollo embrionario
temprano y consecuente reconocimiento materno y mantenimiento de la gestacion,
dependerdn de la funcionalidad uterina que estd principalmente regulada por los
estrogenos y la progesterona (Mann and Lamming, 2001). La progesterona modula la
secrecion de factores promotores del desarrollo embrionario, entre ellos la familia de los
factores de crecimiento insulino—simil (IGF-I, IGF-II, Receptor IGF y 6 proteinas de
unién (IGFBPs)). En este sentido, se han reportado diferencias en la expresion
endometrial de IGF-I en vacas con ciclos estrales normales vs. ciclos cortos y con una
menor concentracion de progesterona, pudiendo ser la causa de pérdidas embrionarias
tempranas (Meikle et al., 2001). Una mayor sensibilidad endometrial a la progesterona
(i.e.: mayor cantidad de receptores), en la fase luteal temprana, podria favorecer la accion
de esta hormona, el desarrollo del embrion y el reconocimiento materno de la gestacion.
Ademas, se ha reportado que el estradiol producido durante la fase folicular promueve la
presencia de receptores de progesterona en la fase luteal temprana (Kimmins and
McLaren, 2011). Todo esto sugiere que seria posible modificar el ambiente uterino
mediante el control del desarrollo folicular y la produccion de estradiol preovulatorio.

Una estrategia para disminuir la mortalidad embrionaria seria estimular la
produccion de progesterona, previo al periodo critico de la gestacion. A su vez, debe
considerase que la actividad del cuerpo Iuteo podria estar influenciada por las
caracteristicas del foliculo ovulatorio durante su desarrollo previo a la ovulacion, de
manera tal que, foliculos de mayor tamafio, se asocian a un mayor desarrollo de las células
de la granulosa y de la teca que daran lugar a las células luteales grandes y pequefas,
respectivamente (Vasconcelos et al., 2001; Crowe, 2008). El crecimiento del foliculo
preovulatorio y su diametro determinan la viabilidad ovocitaria, asi como el momento de
la ovulacion y la consecuente produccidn de progesterona durante la fase luteal temprana
(Lonergan, 2011). Ademas, se ha reportado que altas concentraciones de estradiol
enddgeno previo a la ovulacion se asocian a un aumento en la tasa de prefiez (Bridges et
al., 2013; Jinks et al., 2013). Por este motivo, aquellas estrategias que estimulan la
actividad luteal por periodos prolongados pueden contribuir a aumentar la supervivencia
del embrion. Dentro de las alternativas méas novedosas e interesantes se encuentra la de
favorecer el desarrollo del foliculo preovulatorio mediante la prolongacion del “proestro”,
definido como “el intervalo entre el comienzo de la lutedlisis (descenso brusco de la
concentracion de progesterona) y el inicio del estro y la ovulacion (pico de GnRH / LH)”.



Las dos caracteristicas hormonales clave del proestro son: disminucion de la
concentracion circulante de progesterona asociada con la regresion del cuerpo luteo, y
aumento de la concentracion circulante de estradiol asociado a las etapas finales del
crecimiento del foliculo dominante (Wiltbank et al., 2014). Los tratamientos de
sincronizacion de la ovulacion que utilizan esta alternativa son conocidos como
“protocolos de proestro prolongado” y se fundamentan en prolongar el periodo de
exposicion al estradiol preovulatorio, como consecuencia, aumenta el diametro del
foliculo ovulatorio en ausencia de la progesterona (Bridges et al., 2008; Bo et al., 2016;
de la Mata et al., 2018). De esta forma, se genera un cuerpo liteo de mayor tamafio y, por
ende, mayores concentraciones de progesterona en los primeros dias de la gestacion
temprana. Evidencia reciente indica que la duracion del proestro es decisiva para el
resultado de la fertilidad, porque el estradiol preovulatorio “programa” el ttero
preparandolo para la llegada del embrion mediante la modificacion de la morfologia
celular, las secreciones y la regulacion de los receptores esteroideos (Bridges et al., 2013).

Estos procesos dindmicos se han relacionado con las concentraciones circulantes
de progesterona y la secrecion de histotrofos, necesarios para la supervivencia del
embrion, alargamiento del conceptus y reconocimiento materno de la gestacion (Spencer
et al., 2017). Ademas, las concentraciones preovulatorias de estradiol afectan la funcién
lutea posterior y produccion de progesterona, ya que las concentraciones bajas de
estradiol antes de la ovulacion podrian tener un efecto negativo en el entorno uterino post—
ovulatorio y la supervivencia del embrién (Binelli et al., 2014). Por esta razon, el largo
del proestro y las concentraciones de estradiol-17f pueden ser determinantes para el
establecimiento y mantenimiento de la gestacion temprana en rumiantes. En base a lo
expuesto, en este trabajo intentamos influir sobre las condiciones pre y post—ovulatorias,
tanto a nivel ovérico para producir mas estradiol y progesterona, como a nivel uterino
para mejorar el ambiente y la funcionalidad del Utero; mediante estrategias
farmacoldgicas aplicadas al foliculo preovulatorio. Con esto buscamos, un mejor
desarrollo embrionario, un mejor establecimiento y mantenimiento de la gestacion, y por
ende, una mayor tasa de prefiez final.

PROBLEMATICA ESPECIFICA

En Uruguay, pais productor de carne, el escenario actual refleja una baja tasa de
prefiez, debida entre otros factores a las pérdidas embrionarias durante la gestacion
temprana, las que tienen un impacto negativo sobre la eficiencia reproductiva y
econdmica afectando la rentabilidad de los sistemas productivos. En rodeos de carne, si
bien la sincronizacion de la ovulacion mediante tratamientos para IATF, permite



inseminar un elevado porcentaje de hembras (casi la totalidad del rodeo) en un momento
indicado, en el mejor escenario no logra superar el 60 — 65% de gestacion a los 30 dias
luego de la inseminacion (Sartori et al., 2010; Menchaca et al., 2013; B0 et al., 2018).
Estas diferencias pueden estar vinculadas a la calidad del ovocito al momento de la
ovulacion, a la fecundacion, a la calidad del embrién, a la funcién luteal y/o a la
funcionalidad uterina. Ademas, las condiciones preovulatorias afectan la funciéon luteal y
uterina luego de la ovulacion (Lonergan, 2010; Spencer et al., 2017). Por lo tanto, si
controlamos el desarrollo del foliculo ovulatorio, podriamos estar mejorando la
sobrevivencia embrionaria y el establecimiento de la gestacion.

Muchas estrategias actuales apuntan a mejorar los indices reproductivos en vacas
adultas y a menudo se subestima el impacto de trabajar sobre las vaquillonas, pero el
momento en la que ésta queda prefiada determina el comportamiento futuro de la hembra.
En un trabajo previo, se menciona que aquellas vaquillonas que parieron primero son mas
longevas y sus crias mas pesadas en comparacion con aquellas que parieron mas tarde en
la temporada de partos (Cushman et al., 2013). Por este motivo, es importante trabajar en
herramientas que incrementen la eficiencia reproductiva en esta categoria logrando en
este caso que las vaquillonas queden prefiadas mas temprano lo que favorece su
performance reproductiva durante toda su vida. De esta manera, a largo plazo se esta
mejorando también la tasa de prefiez de las vacas adultas que es donde luego se visualizan
las mayores ineficiencias.

En base a lo expuesto, la propuesta de este trabajo consistio en profundizar en el
estudio del efecto de la progesterona en los factores previamente mencionados. Donde se
evaluaron diferentes tratamientos que permitirian mejorar el desarrollo del foliculo previo
a la ovulacién y mejorar asi la actividad del cuerpo Iuteo subsiguiente en vaquillonas de
carne. Ademas, favorecerian las condiciones uterinas para el reconocimiento materno de
la gestacion. Con esto se consiguié comprender mejor los mecanismos que determinan la
sobrevivencia embrionaria a partir de un adecuado soporte luteal. De esta manera, el
desarrollo de alternativas farmacoldgicas podra contribuir a la resolucion de un problema
técnico concreto vinculado a la eficiencia reproductiva. Como consecuencia, se espera un
beneficio para el sector productivo en el mediano plazoy, en el largo plazo, y en la medida
que se mejore la productividad, un beneficio a nivel de la cadena carnica exportadora y
de los resultados econdmicos del pais.



HIPOTESIS

La implementacion de alternativas farmacoldgicas (PGF., y GnRH) y la
prolongacion del proestro mejoran las condiciones ovulatorias, el ambiente uterino y
aumentan la tasa de prefiez en comparacion con los tratamientos convencionales con
estradiol y progesterona. Ademas, la administracién de eCG al momento de la remocién
del dispositivo con progesterona, mejora la tasa de prefiez en vaquillonas IATF con el
tratamiento de proestro prolongado (protocolo J-Synch).

OBJETIVOS

OBJETIVO GENERAL

Determinar el efecto de diferentes estrategias farmacoldgicas sobre la actividad
ovarica preovulatoria, la produccion de progesterona y funcionalidad uterina luego de la
ovulacion, y la tasa de prefiez en vaquillonas de carne.

OBJETIVOS ESPECIFICOS

1) Evaluar el efecto de administrar PGF», en diferentes momentos de un tratamiento
con progesterona y estradiol, sobre la actividad ovarica, las concentraciones séricas de
progesterona y estradiol—17p durante el tratamiento, el diametro del foliculo ovulatorio y
el momento de la ovulacion.



2) Evaluar el efecto de la administracion de GnRH como inductor de la ovulacion en
diferentes momentos de un tratamiento con progesterona y estradiol, sobre el didmetro
del foliculo ovulatorio, la concentracion sérica de estradiol-17f3, el momento de la
ovulacidn, el desarrollo del cuerpo lGteo y la concentracion sérica de progesterona durante
la fase luteal subsiguiente.

3) Evaluar los cambios a nivel endometrial inducidos tanto por la eCG, como por la
GnRH administradas previo a la ovulacion.

4) Inducir un proestro prolongado para mejorar las caracteristicas del foliculo
ovulatorio, determinar el diametro folicular en el momento de la IATF y la actividad del
cuerpo luteo subsecuente.

5) Determinar la tasa de prefiez con las estrategias antes mencionadas (i.e.: diferentes
dosis de PGF»,, momento de administracion de GnRH, con o sin eCG).



CAPITULO 2

MATERIALES Y METODOS

METODOLOGIA GENERAL

Animales e instalaciones

Para todos los trabajos se utilizaron vaquillonas nuliparas de razas britanicas, en
establecimientos con similares condiciones de manejo y pastoreo, en campo natural o
campo natural mejorado, con acceso ad-libitum al agua y suplementos minerales. Las
instalaciones fueron las adecuadas para el manejo con los animales (corrales, huevo, tubo,
cepo). Todos los procedimientos que involucraron animales, incluyendo administracion
de inyectables, colocacion de dispositivos intravaginales, extraccién de muestras
sanguineas, biopsias de endometrio y ultrasonografia de érganos reproductivos, fueron
aprobados por el Comité de Etica, Cuidado y Manejo de Animales para Experimentacion
de la Fundacion IRAUYy (resolucion N.° 001-2014), avalada por la Comisién Nacional de
Experimentacion Animal (CNEA) de Uruguay.

Ultrasonografia

Para la visualizacion de las estructuras ovaricas, se utilizd un ecografo WED-
9618V (Well.D, Shenzhen, China) provisto de un transductor lineal de 7,5 MHz utilizado
en modo B. En el Experimento | (publicacion 1), los examenes fueron realizados cada 24
h desde el dia de la colocacion del dispositivo intravaginal hasta el dia de su retiro, luego
cada 12 h hasta el momento en que se detectd la ovulacion o hasta transcurridas las 144
h posteriores, segun lo que ocurriera primero. Para el Experimento 111 (publicacion I1),
los examenes fueron realizados cada 12 h desde el retiro del dispositivo hasta la ovulacion
0 hasta transcurridas las 144 h posteriores, segun lo que ocurriera primero. La ovulacién
fue definida por la desaparicion del foliculo de mayor diametro presente entre dos
examenes consecutivos y confirmada 12 h mas tarde. En las hembras ovuladas de ambos
experimentos, se continud realizando ecografias cada 24 h hasta el dia 11 luego de la



ovulacion. En cada ovario examinado, todos los foliculos igual y/o mayores de 3 mm de
didmetro y el cuerpo luteo (CL), fueron medidos utilizando el calibre electronico interno
del ecografo. Para cada vaquillona, se grab6 un video y se realizo el registro en un mapa
ovarico, de acuerdo con su ubicacion relativa en el ovario, para posterior andlisis de la
dindmica folicular. Para determinar el volumen total del CL formado en las vaquillonas
ovuladas, se calcul6 el promedio de dos didametros perpendiculares (largo [L] y ancho

[A]) con la formula: V = (4/3) x 7T x r3; siendo r (radio) = (L/2 + A/2) / 2, de acuerdo con

lo reportado por Sartori et al. (2004). Si el CL tenia una cavidad central llena de liquido,
esta se calcul6 con la misma férmula y el resultado se rest6 al volumen total del CL. Para
el Experimento V (publicacion I11), los exdmenes se realizaron en el momento previo a
la inseminacion el dia de la IATF, utilizdndose dos imagenes del foliculo de mayor
tamafo en sus diametros maximos (ancho y alto). Para los analisis estadisticos, se
consider6 el promedio de todos estos valores (i.e.: media £ SEM). Para determinar el
estado fisiologico del ovario (i.e.: ciclando o anestro) previo al inicio de cada
Experimento, se verificd la presencia o ausencia de un CL, al constatarse la presencia de
un CL esta vaquillona fue clasificada como “ciclando”. Luego se verifico el tamafio y
cantidad de foliculos para definir el grado de anestro de acuerdo con lo reportado por
Sartori et al. (2001), donde se define como “anestro superficial” a la presencia de al
menos un foliculo de 8 mm de didmetro y “anestro profundo” solo a la presencia de
foliculos menores de 8 mm de diametro. Finalmente, en los Experimentos Il y IV
(publicaciones 1 y 1), se verificé la actividad ovérica (i.e.: ciclando o anestro) y el tono
uterino al momento de iniciar el tratamiento con progesterona y estradiol. El diagnostico
de gestacién se realizO mediante ultrasonografia a los 30-33 dias luego de la
inseminacion.

Determinacion de la condicién corporal

Para evaluar la condicién corporal (CC), se utilizd la escala de 1 a 8, donde 1
correspondi6 a hembras emaciadas y 8 a hembras obesas (Vizcarra et al., 1986). La CC,
se valoré al inicio y al final de los Experimentos I, Il y V' y al comienzo de cada réplica
de los Experimentos 11y V.
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Obtencién de muestras sanguineas y determinaciones hormonales

Para las determinaciones hormonales, se tomaron muestras de 10 mL de sangre
de la vena yugular. Las muestras fueron conservadas a 4°C, luego de la extraccion y
posteriormente fueron centrifugadas a 3.000 rpm (1.000 g) durante 20 min, para separar
el suero que se congeld a —20°C hasta su posterior analisis (de Castro et al., 2004). Todas
las muestras fueron tomadas al amanecer. En el Experimento | (publicacion 1), la
extraccion se realizo diariamente desde el inicio del tratamiento hasta 96 h luego del retiro
del dispositivo intravaginal con progesterona. Para el Experimento Il (publicacion I1),
las muestras fueron recolectadas diariamente desde el dia del retiro del dispositivo hasta
11 d luego de la ovulacién. Las concentraciones sericas de progesterona y estradiol—178,
fueron determinadas mediante la técnica de radioinmunoanalisis (RIA; Sirois and
Fortune, 1990) en el Laboratorio de Endocrinologia y Metabolismo Animal (LEMA) de
la Facultad de Veterinaria, Universidad de la Republica (UdelaR), Montevideo, Uruguay.
Tanto las concentraciones séricas de progesterona como las de estradiol-17p, fueron
determinadas por duplicado mediante RIA en fase solida y liquida respectivamente. Las
concentraciones circulantes de estradiol-17f, fueron determinadas luego de aplicar el
método de extraccion con éter mediante un RIA de doble anticuerpo. Este protocolo de
extraccion es utilizado habitualmente en este laboratorio, el cual permite una recuperacién
del 87% de los recuentos originales de las cuentas por millon (cpm) y ha sido validado y
reportado por Meikle et al., (1997).

En el Experimento | (publicacidn 1), las concentraciones séricas de progesterona
se determinaron desde la colocacion del dispositivo hasta 24 h luego del retiro de este, y
las de estradiol-17p desde el retiro del dispositivo hasta el momento en que se detecto la
ovulacion. Ambas determinaciones se realizaron utilizando kits comerciales especificos
(DIAsource ImmunoAssays S.A., Louvain—la—Neuve, Bélgica). Las concentraciones de
progesterona circulante se determinaron en cuatro ensayos, con una sensibilidad de 0,262
ng/mL, y un coeficiente de variacién (CV) intra—ensayo para el control de calidad 1 (0,4
ng/mL) y para el control de calidad 2 (3,0 ng/mL) fue de 10,2% y 7,4%, respectivamente.
Los CVs inter—ensayo, para los mismos controles de calidad fueron 10,8% y 8,7%,
respectivamente. Las concentraciones circulantes de estradiol-17p, luego del método de
extraccion con éter, fueron determinadas en un solo ensayo donde la sensibilidad fue de
3,5 pg/mL. Los CVs intra—ensayo para el control de calidad 1 (88 pg/mL) y para el control
de calidad 2 (288 pg/mL), fueron de 8,0% y 3,6%, respectivamente.

En el Experimento 111 (publicacion 1), las concentraciones séricas de estradiol—
178, se determinaron desde el dia del retiro del dispositivo hasta el momento en que se
detecto la ovulacién, y las de progesterona desde ese momento hasta pasados los 11 d
posteriores a la ovulacion. Para determinar la concentracion circulante de estradiol-17§
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luego del procedimiento de extraccidn con éter, las muestras se analizaron por duplicado
en un solo ensayo y mediante RIA en fase liquida siguiendo las recomendaciones del kit
comercial especifico (DIAsource ImmunoAssays S.A., Louvain-la—Neuve, Bélgica). La
sensibilidad del RIA fue de 4,0 pg/mL y el CV intra—ensayo para el control de calidad 1
(91,6 pg/mL) y para el control de calidad 2 (150,7 pg/mL), proporcionados por la
compafiia, fueron de 8,0% y 3,6%, respectivamente. Las concentraciones de progesterona
se determinaron en cuatro ensayos en RIA directo de fase sélida siguiendo las
recomendaciones del kit comercial (MP Biomedicals, LLC, Ohio, Estados Unidos). La
sensibilidad del RIA fue de 0,29 ng/mL y los CVs intra—ensayo para el control de calidad
1 (0,6 ng/mL) y para el control de calidad 2 (2,8 ng/mL) fueron de 7,8% y 8,3%,
respectivamente. Mientras que los CVs inter—ensayos para los mismos controles de
calidad fueron de 9,8% y 8,1%, respectivamente.

Obtencidn de biopsias uterinas

En el Experimento Il (publicacion Il), las muestras de endometrio fueron
obtenidas al dia 6 luego de la ovulacion de la tercera porcién craneal del cuerno uterino,
en la unién utero—oviducto, mediante pinzas de biopsia (10366 LL, Karl Storz GmbH &
Co., Tuttlingen, Alemania). En todas las vaquillonas se tomaron dos muestras del cuerno
ipsilateral al CL y una muestra del cuerno contralateral. Se congelaron dos biopsias
endometriales (una ipsilateral y una contralateral), inmediatamente de retiradas, con
nitrogeno liquido y se almacenaron a —80°C para el analisis mediante la prueba de
reaccion en cadena de la polimerasa en tiempo real (QPCR). La muestra restante del
cuerno ipsilateral se fijo en paraformaldehido al 4% y se embebid en parafina para el
analisis inmunohistoquimico. Todas las muestras luego de la recoleccién se almacenaron
hasta su analisis en el LEMA — UdelaR.

Aislamiento y purificacion de ARN, transcripcién inversay PCR
cuantitativa en tiempo real (QPCR)

En el Experimento 111 (publicacion I1), el ARN total del tejido de endometrio
recolectado de todas las vaquillonas, se extrajo usando Trizol (Invitrogen, Carlsbad, CA,
Estados Unidos), seguido de precipitacion con cloruro de litio y tratamiento con ADNasa
con el kit DNA—freeTM 180 (Ambion, Austin, TX, Estados Unidos). La concentracion
de ARN se determin6 midiendo la absorbancia a 260 nm. La pureza de todos los ARN
aislados, se evalud con una relacion de absorbancia de 260 a 280 nm vy la integridad por
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electroforesis (gel de agarosa al 1%). Para cada muestra, el ADNCc se sintetizd mediante
transcripcion inversa, utilizando la transcriptasa SuperScript 11 (Invitrogen) con
cebadores oligo—dT y se afladié 1 mg de ARN total como molde. Las secuencias y las
longitudes esperadas del producto de los cebadores para amplificar el ADNc de los genes
especificos PGR, ESR1 y de los controles enddgenos, proteina ribosomica L19 (RPL19),
hipoxantina—guanina fosforribosil-transferasa (HPRT) y p-actina (BACT) estan
presentados en la Tabla 2.1. Las reacciones de qPCR se realizaron utilizando 7,5 mL de
mezcla maestra SYBER® Green (kit Quantimix EASY SYG, Biotools B&M Labs,
Madrid, Espafa) cantidades equimolares de cebadores directos e inversos (200 nM;
Operon Biotechnologies GmbH, Cologne, Alemania) y 2 mL de ADNc diluido (1:10 en
agua libre de ARNasa / ADNasa) en un volumen final de 15 mL. Las muestras se
analizaron por duplicado en un Rotor-GeneTM 197 6000 de 72 discos (Corbett Life
Sciences, Sydney, Australia). Las condiciones de amplificacion estandar fueron 5 min a
95°C y 40 ciclos de 15 s a 95°C, 40 s a 60°C y 20 s a 72°C. Al final de cada ciclo, se
analizaron las curvas de disociacion para asegurar que se estaba detectando el amplicon
deseado y descartar el ADN contaminante o los dimeros de los cebadores. Se combinaron
muestras de ADNc de 8 vaquillonas (2 por cada grupo experimental), para proporcionar
un control exdgeno y se utilizaron cinco diluciones (de 100 a 6,25 ng/tubo), de este pool,
para realizar regresiones lineales para cada gen. La eficiencia (E) de los ensayos se calculd
de acuerdo con la formula E = (10 !/ pendiente —1; Rutledge and C6té, 2003; Tabla 2.1).
La expresion génica se midi6 por cuantificacion relativa al control exdgeno y se
normalizo a la expresién media geométrica de los genes de control endégenos (RPL19,
HPRT y BACT), considerando las respectivas eficiencias (Pfaffl MW, 2001).
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Tabla 2.1

Secuencias de cebadores, tamafios de amplicones esperados y eficiencia de la reaccion en
cadena de la polimerasa cuantitativa (QPCR), para los receptores de progesterona (PGR),
receptor de estrogeno o (ESR1), proteina ribosomica L19 (RPL19), hipoxantina—guanina
fosforribosil—transferasa (HPRT) y B—actina (BACT)

Gen Acceso Secuencias de cebadores Largo (pb) Eficiencia Referencias

F: GACAGCACTTTCTAGGCGATAT
PGR  Z66555 R TGTGCTGGAAGAAACGATTGC 79 1,10 Sosa et al., 2009

F: AGGGAAGCTCCTATTTGCTCC
ESR1  AYO033393 R: CGGTGGATGTGGTCCTTCTCT 234 1,15 Sosa et al., 2009

F: CCCCAATGAGACCAATGAAATC
RPL19 NM_001040516.1 R: CAGCCCATCTTTGATCAGCTT 119 1,20 Chen et al., 2006

F: TGGAGAAGGTGTTTATTCCTCATG Lo
HPRT XM_580802 R: CACAGAGGGCCACAATGTGA 105 0,84 Carriquiry et al., 2009

F: CGAGCACGATGAAGATC
BACT U08283 R: CCTCCGATCCACACCGAGTA 64 1,03 Chen et al., 2006

Abreviaturas: F, adelante; R, reversa.

Inmunohistoquimica

En el Experimento Il (publicacion 1I), la presencia y distribucion de los
receptores de progesterona y estrégeno, se visualizaron en cortes transversales de 5 um
de tejido desde el cuerno uterino ipsilateral al CL, utilizando la técnica
inmunohistoquimica de adivina—biotina—peroxidasa (Meikle et al., 2000). A las secciones
de tejido, se les retird la parafina y se las rehidraté en concentraciones decrecientes de
etanol. Luego, se colocaron en citrato de sodio 0,01 M (pH 6,0) y se calentaron en
microondas durante 4,5 min para mejorar la exposicion al antigeno. El resto del
procedimiento se realizé a temperatura ambiente. Después de lavar con buffer fosfato
salino (PBS; 0,01 M, pH 7,5), la actividad inespecifica de las peroxidasas enddgenas se
bloqued con peroxido de hidrégeno al 3% en metanol durante 10 min. Las muestras se
incubaron con suero normal equino (NHS; Vector Laboratories, Burlingame, CA, Estados
Unidos) durante 60 min en cdmara humeda. Luego se incubaron durante 1 h con el
anticuerpo primario, anti-ERa monoclonal de raton (Santa Cruz Biotechnology, Los
Angeles, CA, Estados Unidos) y anti-PR (Zymed, San Francisco, CA, Estados Unidos)
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diluido 1:25 y 1:100 en PBS, respectivamente. Los controles negativos se generaron
reemplazando el anticuerpo primario con una IgG no inmune homdloga a una
concentracion equivalente (Santa Cruz Biotechnology). Después de la union del
anticuerpo primario, las muestras se incubaron con un anticuerpo secundario biotinilado
(Vector Laboratories) anti-ERa de raton y PR, diluido 1:200 en suero normal equino o
caprino. Para la deteccion de proteinas se utilizo el kit Vectastain ABC (Vector
Laboratories). La ubicacion de la enzima unida se visualizd mediante 3, 3-
diaminobencidina en H20> (kit DAB; Vector Laboratories) y luego se tifieron nuevamente
las muestras con hematoxilina/eosina y fueron deshidratadas previo a su montaje.

Analisis de imagenes

En el Experimento Il (publicacion I1), la intensidad de tincion del receptor se
evalué mediante inmunohistoquimica en tres secciones endometriales: epitelio luminal
(LE), epitelio glandular (GE; epitelio glandular superficial proximo a la luz uterina) y
estroma intercaruncular (IS). La cantidad de proteina inmunorreactiva en los diferentes
tipos celulares fue estimada de manera subjetiva por dos técnicos independientes, los que
desconocian los grupos experimentales y los tratamientos. Se analizaron 10 campos para
cada tipo celular con un aumento de 1.000X para todas las vaquillonas. La tincion de los
ndcleos se clasificé como negativa (-), tenue (+), moderada (++) o intensa (+++). El grado
de tincién de cada tipo celular se expres6 en una escala de 0 a 10, donde 0 es la ausencia
de tincion y 10 es la maxima intensidad de tincion (Thatcher et al., 2003). EI promedio
de la intensidad de tincion se calcul6 como (1 * n1) + (2 * n2) + (3 * ng), donde n es el
namero de células en cada campo que exhiben tincion tenue (n1), moderada (n2) e intensa
(n3; Boos et al., 1996).

Analisis estadistico

La normalidad y homogeneidad de la varianza de los datos fueron verificadas
mediante histogramas, graficos g—q y pruebas estadisticas formales como parte del
procedimiento univariado. EIl tipo de estructuras varianza—covarianza, se eligié en
funcién de la magnitud del criterio de informacion de Akaike (AIC) y al Bayesiano (BIC),
para los modelos realizados cuando habia simetria compuesta heterogénea, no
estructurada, autorregresiva, poder espacial y antidependencia de primer orden. Los
modelos con el menor valor de AIC y BIC fueron los seleccionados. El desarrollo
folicular y del CL, y las concentraciones séricas de estradiol-17f y de progesterona, se
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analizaron mediante el software estadistico InfoStat, desarrollado por Di Rienzo et al.,
(2020), utilizando medidas repetidas en los modelos lineales generalizados mixtos
(MLGM), incluyendo a los animales como variable aleatoria, y los tratamientos y el
tiempo como variables fijas, y sus interacciones. La tasa de ovulacion (vaquillonas
ovuladas / tratadas) se analizo utilizando la prueba exacta de Fisher, (Experimentos | y
I11; publicaciones 1y I1).

Para los datos de gPCR e inmunohistoquimica, todas las variables fueron
analizadas mediante MLGM del software estadistico SAS (SAS Institute, Cary, NC,
USA). En el modelo para qPCR se incluyé la lateralidad del tracto reproductivo en
relacién con el CL (ipsi o contralateral), tratamiento (eCG o0 no—eCG), momento de
administracion de GnRH (48 o 72 h luego del retiro del dispositivo) y la interaccion entre
grupos como variables fijas, y la placa de PCR como variable aleatoria. Para
inmunohistoquimica, la intensidad de tincién promedio de los 10 campos evaluados se
analizé6 mediante MLGM del SAS, incluyendo en el modelo estadistico el tratamiento,
momento de administracion de GnRH, tipo celular (epitelio luminal, epitelio glandular
superficial y estroma intercaruncular) y sus interacciones como variables fijas. Para
analizar las diferencias entre las variables fijas y sus interacciones se utilizo la prueba de
Tukey—Kramer, mientras que para describir las relaciones entre las variables se utilizaron
los coeficientes de correlacion de Pearson, (Experimento I11; publicacién 11).

El procedimiento logistico se utiliz6 para generar el modelo de regresion y
determinar los valores de interseccion y pendientes de acuerdo con las estimaciones de
méaxima verosimilitud de cada efecto de orden continuo significativo. Se utilizaron
coeficientes de correlacion parcial (r) y de Pearson para describir las relaciones entre las
variables. Las probabilidades se determinaron de acuerdo con la siguiente ecuacion:
Probabilidad = (e ecvacionlogisticay 7 (1 4 g ecuacionlogistica) | ag cyrvas de regresion logistica se
construyeron de acuerdo con los coeficientes proporcionados por el anélisis de datos
interactivos del software InfoStat. EI andlisis de regresion polinomial se utilizé cuando
los modelos estadisticos fueron seleccionados de acuerdo con la significancia de los
coeficientes de regresion (P < 0,05) y por la relacién con el coeficiente de determinacién
(R?). Se utilizo el procedimiento de regresion para determinar si cada medicion individual
influy6 sobre la tasa de prefiez o sobre la expresion del estro de forma lineal, cuadréatica
0 clbica. Con valores de significancia el modelo cuadratico fue seleccionado sobre el
modelo lineal, (Experimento V; publicacion I11).

La tasa de prefiez fue analizada mediante regresion logistica incluida en los
MLGM, donde los tratamientos (tiempo de GnRH / IATF a las 48, 60 o 72 h luego del
retiro del dispositivo con progesterona), presencia o ausencia de CL (i.e.: ciclando o
anestro), expresion del estro (pintada o despintada) y las interacciones fueron incluidas
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como variables fijas. Se incluyeron como variables aleatorias la réplica, identificacion
animal, técnico para la inseminacion, lote de partida del semen y toro. El riesgo ajustado
0 cocientes de chance (i.e.: odds ratios) y los intervalos de confianza (IC) del 95% se
generaron durante la regresion logistica (modelo final) para estimar la tasa relativa de
prefiez, (Experimentos I1, IV y V; publicaciones I, 11 'y 111).

Los resultados son presentados como media + SEM, el nivel de significancia
estadistica se definié cuando P < 0,05 y tendencia cuando P < 0,1.
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ESTRATEGIA DE INVESTIGACION

Se realizaron 5 experimentos que consistieron en experimentos de laboratorio y
experimentos de campo. En los experimentos de laboratorio se determind el efecto de
diferentes hormonas sobre la actividad ovarica, la funcionalidad uterina y su expresion
génica en los primeros dias de gestacion. En los experimentos de campo se determinaron
variables vinculadas a la tasa de prefiez. Previo a cada experimento se definid el estado
fisiologico del ovario (presencia o ausencia del CL y didmetro folicular) mediante
ultrasonografia en modo B. En este momento se registro la condicion corporal individual,
factores que fueron considerados para el disefio balanceado de los grupos experimentales.
Todas las vaquillonas recibieron un tratamiento para IATF utilizando un dispositivo
intravaginal con 0,5 g de progesterona (DIB) durante 6 a 8 dias (dependiendo del
experimento) asociado a una dosis de 2 mg de benzoato de estradiol (EB) al momento de
colocar el dispositivo. Al retiro del dispositivo, se administré una dosis de 500 pg de
prostaglandina F», (PGF2.; D+ cloprostenol) y una dosis de 0,5 mg de cipionato de
estradiol (ECP) o una dosis de 100 pg de acetato de gonadorelina (GnRH) y/o una dosis
de 300 Ul de gonadotrofina coridnica equina (eCG), las que dependieron de cada
experimento. Todos los farmacos inyectables fueron administrados por via intramuscular
(i.m.). En aquellos experimentos donde se inseminaron las hembras, ésta se realizo a partir
de las 48 h de retirado el dispositivo (dependiendo del experimento), para estos casos se
utilizaron partidas de semen que resultaran aptas al examen de calidad seminal
determinado por una motilidad individual minima de 40%, menos del 30% de
anormalidades totales con menos de 10% de anormalidades de cabeza y cuello,
concentracion minima de 8 millones de espermatozoides viables y que al menos 30%
superara el test de termo resistencia entre 35 y 37°C durante 2 h. Este tratamiento para
IATF ha sido ampliamente validado (Menchaca et al., 2013), asegurando un alto grado
de sincronizacion de la ovulacion, asi como una elevada tasa de fecundacion superior al
90% (Sartori et al., 2010).
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Experimento |

El objetivo de este experimento fue determinar el efecto de la administracion de
PGFy, al inicio de un tratamiento de sincronizacion de la ovulacion con progesterona y
estradiol para IATF sobre las concentraciones séricas de progesterona, desarrollo y
diametro del foliculo preovulatorio, momento de la ovulacion y concentraciones séricas
de estradiol-17B en vaquillonas de carne. La administracion de PGF», al inicio del
tratamiento induce la regresion del cuerpo IGteo existente asegurando la exposicion a la
progesterona exdgena unicamente, evitando concentraciones extremadamente altas en
aquellas hembras que poseen un cuerpo lGteo y que determine un menor desarrollo
folicular durante el tratamiento (B0 et al., 2007). Este experimento se realizd en las
instalaciones del establecimiento "San Sebastian™ (33°LS, Florida, Uruguay). Se
utilizaron vaquillonas Hereford de dos afios (n = 25) con un peso corporal de 299,2 + 5,0
kg (promedio + SEM) y una CC de 4,5 + 0,1 (escala 1 a 8). Fueron seleccionadas 14 dias
antes del experimento de un lote total de 150 vaquillonas en funcién de la presencia de
un CL, en este momento 25 de ellas fueron preseleccionadas y se sincronizaron previo al
estro utilizando una dosis de PGF2, (500 ug de cloprostenol sodico, Ciclase® DL, Zoetis,
Buenos Aires, Argentina), con el objetivo de que todas estén entre los 7 a 12 d de su ciclo
estral luego de la ovulacion (dia 0 del Experimento). El didmetro folicular, el peso
corporal y la CC fueron considerados para el disefio balanceado de los grupos
experimentales. El dia 0, se confirmé la presencia de un CL mediante ultrasonografia y
estas vaquillonas fueron tratadas con un dispositivo intravaginal de liberacion controlada
de progesterona (0,5 g, DIB® 0,5, Zoetis) durante 7 dias y en el momento de la colocacion
del dispositivo fueron administrados 2 mg de benzoato de estradiol i.m. (Gonadiol®,
Zoetis). Las vaquillonas fueron asignadas aleatoriamente a uno de los dos grupos
experimentales para recibir 500 pg de cloprostenol sddico repartido en dos medias dosis
(250 pg cada una) administradas al momento de la colocacion vy al retiro del dispositivo
intravaginal con progesterona (grupo 2—-PG; n = 13) o en una dosis Unica administrada en
el momento del retiro del dispositivo, el que fue considerado como grupo control (grupo
1-PG; n = 12). Todas las vaquillonas fueron tratadas con una dosis i.m. de 0,5 mg de
cipionato de estradiol (Cipiosyn®, Zoetis) y 300 Ul de gonadotrofina corionica equina
(eCG; Novormon® 5000, Zoetis) en el momento del retiro del dispositivo (dia 7). Las
estructuras ovaricas fueron monitoreadas diariamente mediante ultrasonografia en modo
B (7,5 MHz, WED-9618V Well.D, Shenzhen, China) cada 24 h desde el dia de la
colocacidn del dispositivo hasta su retiro y cada 12 h desde el retiro del dispositivo hasta
el momento en que se detectd la ovulacion o hasta 144 h posteriores, lo que ocurriera
primero. Todos los foliculos de méas de 3 mm de didmetro se midieron usando el calibre
electronico interno, grabado en video y registrado en un mapa ovarico individual para
cada vaquillona. Se midieron dos imagenes del foliculo de mayor tamafio en sus
diametros maximos (alto y ancho), y fue utilizado el promedio para los analisis. Se
considerd que la ovulacion se produjo cuando desaparecid el foliculo de mayor tamafio
entre dos examenes ultrasonograficos consecutivos y se confirmé 12 h mas tarde. Las
concentraciones séricas de progesterona fueron evaluadas diariamente desde el inicio del
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tratamiento hasta 24 h luego del retiro del dispositivo y las de estradiol-17f desde el dia
del retiro del dispositivo hasta el momento en que se detectd la ovulacion. Las vaquillonas
no fueron inseminadas para poder visualizar de mejor manera las concentraciones séricas
hormonales obtenidas en cada grupo experimental. En la Figura 2.1 se presenta el
esquema del disefio experimental.

Experimento |

Ovulacion
PGF PGF
(250 (19) (250 1g)
EB ECP
eCG
| P4 (7 d) | ) n=13
PGF
(500 1g)
\LEB ECP
eCG
| P4 (7 d) | ) =1
| US cada 24 h | US cada 12 h |

| Muestras sanguineas cada 24 h l

Figura 2.1. Disefio experimental para el Experimento I. PGF,,: prostaglandina Fa,
cloprostenol sodico 500 ug (dosis total), EB: benzoato de estradiol 2 mg, P4: dispositivo
intravaginal con 0,5 g de progesterona, d: dias, ECP: cipionato de estradiol 0,5 mg, eCG:
gonadotrofina coridnica equina 300 Ul, US: ultrasonografia ovarica, h: horas.
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Experimento |1

El objetivo de este experimento fue determinar el efecto de la administracion de
PGFy, al inicio del tratamiento con progesterona y estradiol sobre la tasa de prefiez en
vaquillonas de carne (i.e.: nuliparas, sin cria y en su primer servicio). Se realizaron 11
réplicas en diferentes establecimientos comerciales ubicados en todas las regiones del
pais. Se utilizaron 3.479 vaquillonas cruza Hereford—Angus en su mayoria, con una CC
de 4,5+ 0,1 (escala 1 a 8); en 10 de las réplicas usamos vaquillonas de 2 afios (n = 2.690)
y en la restante réplica vaquillonas de 14 meses (n = 789). En cada réplica, se confirmo
la presencia o ausencia de un CL en cada vaquillona mediante ultrasonografia al inicio
del tratamiento (dia 0). Todos los establecimientos tenian un manejo similar, en
condiciones de pastoreo con acceso ad-libitum al agua, sal y suplementos minerales. Las
vaquillonas fueron sometidas al mismo tratamiento con progesterona y estradiol (DIB +
EB al dia 0 y ECP + eCG al dia 7) descrito para el Experimento I. Se administré PGF,
(500 pg de cloprostenol sodico, Ciclase® DL, Zoetis) repartidos en dos medias dosis (250
pg cada una) en el momento de la colocacion y del retiro del dispositivo intravaginal con
progesterona (grupo 2-PG) o en una dosis unica en el momento del retiro del dispositivo
(grupo 1-PG). En cada réplica, las vaquillonas fueron asignadas al azar para ser
inseminadas en la mafiana o en la tarde del dia 9 (i.e.: a las 48 o a las 54 h luego del retiro
del dispositivo) en un disefio 2 X 2 factorial. Por lo que, las vaquillonas fueron tratadas
con PGF, administrada al colocar y al retiro del dispositivo e inseminadas a las 48 h (n
= 852) 0 alas 54 h (n = 896) luego del retiro del dispositivo, o fueron tratadas con una
dosis Unica de PGF», al retiro del dispositivo e inseminadas a las 48 h (n = 835) o0 a las
54 h (n = 896) luego del retiro del dispositivo. La inseminacion fue realizada por dos
experimentados técnicos utilizando partidas de semen de uno o dos toros por réplica, las
que fueron asignadas por igual a cada grupo experimental. El diagnostico de gestacion se
realiz6 mediante ultrasonografia a los 30-35 dias luego de la inseminacion. En la Figura
2.2 se presenta el esquema del disefio experimental.
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Experimento Il

Diagnéstico
PGF,, PGF, de gestacion
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Figura 2.2. Disefio experimental para el Experimento Il. PGF,,: prostaglandina Fa,
cloprostenol sodico 500 ug (dosis total), EB: benzoato de estradiol 2 mg, P4: dispositivo
intravaginal con 0,5 g de progesterona, d: dias, ECP: cipionato de estradiol 0,5 mg, eCG:
gonadotrofina coridnica equina 300 Ul, h: horas, IATF: inseminacién artificial a tiempo
fijo.
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Experimento 111

El objetivo de este experimento fue determinar el efecto de la administracion de
eCG (300 Ul al final de un tratamiento de sincronizacion de la ovulacién con
progesterona y estradiol con proestro prolongado (protocolo J-Synch). Utilizando este
nuevo protocolo hormonal que permite prolongar la duracion del proestro con el fin de
promover el incremento del didmetro del foliculo ovulatorio y una mayor circulacion de
estradiol preovulatorio, el cual genera un cuerpo luteo de mayor tamafio y por ende
mayores concentraciones séricas de progesterona en los primeros dias de la gestacion
temprana (de la Mata et al., 2018). Esto se fundamenta en la hip6tesis que es posible
mejorar las condiciones del proestro si se realiza el retiro del dispositivo con progesterona
de manera anticipada, permitiendo una mayor exposicion y desarrollo del foliculo en
ausencia de esta hormona, antes de inducir la ovulacién. La adicion de eCG podria
favorecer el desarrollo del foliculo ovulatorio tal como fue demostrado cuando fue
aplicada en el protocolo convencional (Nufiez—Olivera et al., 2014), efecto que se sumaria
al beneficio del proestro prolongado. Se evalud el desarrollo y diametro del foliculo
preovulatorio, momento de la ovulacion, concentraciones sericas de estradiol-17p y
progesterona, expresion génica endometrial, y presencia y distribucion de receptores ERa
y PR en tejido endometrial durante el diestro temprano en vaquillonas de carne
prepUberes. Este experimento se realizd en las instalaciones del establecimiento "San
Sebastian" (33°LS, Florida, Uruguay). Se utilizaron vaquillonas Hereford de 2 afios (n =
46) sin CL, con un peso corporal de 309,1 + 3,3 kg (promedio + SEM) y CC de 4,0+ 0,1
(escala 1 a 8). El anestro se determiné en todas las vaquillonas por la ausencia de CL
detectada mediante 2 examenes ultrasonogréaficos consecutivos con 10 d de diferencia,
justo antes del inicio del tratamiento de sincronizacién. Todas las vaquillonas fueron
tratadas con un dispositivo intravaginal siliconado de liberacion controlada que contenia
0,5 g de progesterona (DIB® 0,5, Zoetis) asociado a una dosis de 2 mg de benzoato de
estradiol i.m. (Gonadiol®, Zoetis). Al dia 6 de tratamiento se retir6 el dispositivo con
progesterona y se administr6 una dosis de 500 pg de cloprostenol sddico (PGF2q; Ciclase®
DL, Zoetis) por via i.m. En este momento, las vaquillonas fueron divididas en cuatro
grupos experimentales para recibir o no una dosis de 300 Ul de gonadotrofina corionica
equina (eCG; Novormon® 5000, Zoetis) administrada por via i.m. al momento del retiro
del dispositivo y se subdividieron para recibir una dosis de 100 pg de acetato de
gonadorelina (GnRH; Gonasyn® GDR, Zoetis) administrada por via i.m. a las 48 h o a las
72 h luego de retirado el dispositivo, en un disefio 2 X 2 factorial. Cada grupo
experimental fue balanceado por bloques al azar considerando la actividad ovarica (i.e.:
anestro superficial o anestro profundo), el peso corporal y la CC al inicio del tratamiento
de cada vaquillona. Las estructuras ovaricas fueron monitoreadas cada 12 h mediante
ultrasonografia en modo B (7,5 MHz, WED-9618V Well.D, Shenzhen, China), desde el
momento en que se retiro el dispositivo hasta cuando se confirmd la ovulacion o hasta
144 h posteriores, lo que ocurriera primero, luego cada 24 h durante 11 d para monitorear
el desarrollo del CL en aquellas ovuladas. Todos los foliculos mayores a 3 mm de
diametro se midieron usando el calibre electrénico interno, grabado en video y registrado
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en un mapa ovarico individual para cada vaquillona. Se midieron dos imagenes del
foliculo de mayor tamafio en sus didmetros méximos (alto y ancho), y fue utilizado el
promedio para los analisis. Se consider6 que la ovulacion se produjo cuando desaparecid
el foliculo de mayor tamafio entre dos examenes ultrasonograficos consecutivos y se
confirmd 12 h més tarde. Las concentraciones séricas de estradiol-17p fueron evaluadas
diariamente desde el dia del retiro del dispositivo hasta que se detectd la ovulacion y las
de progesterona durante 11 d luego de la ovulacion. Las vaquillonas no fueron
inseminadas para poder visualizar de mejor manera las concentraciones séricas
hormonales obtenidas en cada grupo experimental. Al dia 6 luego de la ovulacion se
realiz6 en todas las vaquillonas una biopsia uterina ipsi y contralateral al CL para
determinar los transcriptos de estrogenos y progesterona. En la Figura 2.3 se presenta el
esquema del disefio experimental.

Experimento lll

< Biopsia
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GnRH
eCG 48 h -
EB / n=12
N PGFa Vo
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GnRH
eCG 72h n=11
EB 1F
PGF,,
l P4 (6 d) | Proestro largo
72h ; n=12
No eCG "
6d v
i 6d . i 11d i
| US cada 12 h US cada 24 h |

Muestras sanguineas cada 24 h |

Figura 2.3. Disefio experimental para el Experimento I11. EB: benzoato de estradiol 2 mg,
P4: dispositivo intravaginal con 0,5 g de progesterona, d: dias, eCG: gonadotrofina
corionica equina 300 Ul, PGF,: prostaglandina F», cloprostenol sodico 500 pg, h: horas,
GnRH: hormona liberadora de gonadotrofinas, acetato de gonadorelina 100 pg, US:
ultrasonografia ovarica.
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Experimento 1V

El objetivo de este experimento fue evaluar el efecto de la administracion de eCG
al final de un tratamiento con proestro prolongado para IATF (protocolo J-Synch) sobre
la tasa de prefiez en vaquillonas de carne. Se realizaron 6 réplicas en diferentes
establecimientos comerciales ubicados en varias regiones del pais. Se utilizaron 2.598
vaquillonas cruza Hereford—Angus en su mayoria, con una CC de 4,5+ 0,1 (escala 1 a 8).
En cada réplica, se determind la presencia o ausencia de un CL en cada vaquillona
mediante ultrasonografia al inicio del tratamiento (dia 0). Todos los establecimientos
tenian un manejo similar, en condiciones de pastoreo con acceso ad-libitum al agua, sal
y suplementos minerales. Las vaquillonas fueron sometidas al mismo tratamiento de
progesterona y estradiol con proestro prolongado (protocolo J-Synch) descrito para el
Experimento I11. Al momento del retiro del dispositivo (dia 6, al final de la tarde), en cada
réplica las vaquillonas fueron asignadas al azar para recibir o no 300 Ul de eCG, y luego
se subdividieron para recibir GnRH en el momento de la IATF, que se realizé temprano
en la mafiana o en la tarde del dia 9 (i.e.: a las 60 h 0 a las 72 h luego del retiro del
dispositivo, asumiendo ambos como proestro prolongado) en un disefio 2 X 2 factorial.
La inseminacion fue realizada por dos experimentados técnicos utilizando partidas de
semen de uno o dos toros por réplica, las que fueron asignadas por igual a cada grupo
experimental. EI diagnostico de gestacion se realizé6 mediante ultrasonografia a los 30—
35 dias luego de la inseminacion. En la Figura 2.4 se presenta el esquema del disefio
experimental.
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Experimento IV

Diagnéstico
GnRH de gestacion
IATF
e | ecG 60 h . -
! PGF,,
| P4 (6 d) | Proestro largo
) 60h . n=677
| No eCG "
GnRH
IATF
o eCG 72h p FagEs
N PGF.,
| P4 (6 d) | Proestro largo
72h - n=626
| No eCG
Dia 0 Dia 6 Dia 9 30 dias luego
PM PM AM-PM de la IATF

Figura 2.4. Disefio experimental para el Experimento IV. EB: benzoato de estradiol 2 mg,
P4: dispositivo intravaginal con 0,5 g de progesterona, d: dias, eCG: gonadotrofina
coridnica equina 300 Ul, PGF»,: prostaglandina F2q, cloprostenol sddico 500 ug, h: horas,
GnRH: hormona liberadora de gonadotrofinas, acetato de gonadorelina 100 pg, IATF:

inseminacidn artificial a tiempo fijo.
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Experimento V

El objetivo de este experimento fue inducir diferentes longitudes de proestro entre
48 a 72 h mediante la administracion de GnRH, para evaluar el efecto sobre el tamafio
folicular ovulatorio, la expresion del estro en la IATF y la tasa de prefiez en vaquillonas
de carne. Este experimento se realizd en 4 réplicas en las instalaciones de los
establecimientos "El Valentino” y "EI Rincén" (33°LS, Rocha y Florida, Uruguay).
Ambos establecimientos tenian un manejo similar, en condiciones de pastoreo con acceso
ad-libitum al agua, sal y suplementos minerales. Se utilizaron vaquillonas Angus y
Hereford de 2 afios (n = 911) con una CC de 4,5+ 0,1 (escala 1 a 8). En cada réplica, se
determind la presencia o ausencia de un CL en cada vaquillona mediante ultrasonografia
al inicio del tratamiento (dia 0, por la mafiana). Todas las vaquillonas fueron tratadas con
un dispositivo intravaginal siliconado de liberacién controlada que contenia 0,5 g de
progesterona (DIB® 0,5, Zoetis) asociado a una dosis de 2 mg de benzoato de estradiol
i.m. (Gonadiol®, Zoetis). Al momento del retiro del dispositivo (dia 6, por la mafiana),
todas las vaquillonas se pintaron en la base de la cola para detectar actividad de monta
(CeloTest®, Phibro, Buenos Aires, Argentina) y se administraron por via i.m. una dosis
de 500 pg de cloprostenol sodico (PGF2q; Ciclase® DL, Zoetis) y una dosis de 300 Ul de
gonadotrofina corionica equina (eCG; Novormon® 5000, Zoetis). Para establecer
diferentes periodos de longitud del proestro (intervalo desde el retiro del dispositivo hasta
la administracion de GnRH), se administrdé una dosis de 100 ug de acetato de
gonadorelina (GnRH; Gonasyn® GDR, Zoetis) por via i.m. a las 48 h (dia 8, por la
mafiana; n = 308) o a las 60 h (dia 8, por la tarde; n = 290) o a las 72 h (dia 9, por la
mafiana; n = 313) luego de retirado el dispositivo. En cada réplica, las vaquillonas fueron
asignadas a cada grupo experimental los que fueron balanceados por bloques al azar
considerando la actividad ovarica (i.e.: presencia o ausencia de CL) y la CC al inicio del
tratamiento. La inseminacién fue realizada por dos experimentados técnicos utilizando
partidas de semen de uno o dos toros por réplica, las que fueron asignadas por igual a
cada grupo experimental. En el momento de la IATF, en tres de las cuatro réplicas (n =
525) se registrd la expresion del estro segln el estado de eliminacion de pintura de
deteccion de celo (i.e.: estro), por lo que no se realizd una evaluacion visual del
comportamiento estral. En este momento, el didmetro del foliculo ovulatorio fue
determinado mediante ultrasonografia en modo B (7,5 MHz, WED-9618V Well.D,
Shenzhen, China), observandose ambos ovarios midiendo el foliculo de mayor tamafio
utilizando el calibre electronico interno, grabado en video y registrado en una ficha
individual. Para cada foliculo se midieron dos imagenes en sus diametros maximos (alto
y ancho), y el promedio fue utilizado para los analisis. El diagndstico de gestacién se
realiz6 mediante ultrasonografia a los 30—35 dias luego de la inseminacion. En la Figura
2.5 se presenta el esquema del disefio experimental.
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Experimento V

Diagnéstico
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Figura 2.5. Disefio experimental para el Experimento V. EB: benzoato de estradiol 2 mg,
P4 dispositivo intravaginal con 0,5 g de progesterona, d: dias, PGF.,: prostaglandina F,
cloprostenol sddico 500 pg, eCG: gonadotrofina corionica equina 300 Ul, h: horas,
Deteccion de celo: determinada en el momento de la IATF por la eliminacion de la pintura
en la base cola pintada (> 30%), US: ultrasonografia reproductiva, GhRH: hormona
liberadora de gonadotrofinas, acetato de gonadorelina 100 pg, IATF: inseminacion
artificial a tiempo fijo.
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CAPITULO 3

RESULTADOS

Experimento | (publicacion I)

Efecto de la progesterona sobre la funcionalidad del cuerpo luteo y las
caracteristicas del foliculo ovulatorio

El tratamiento con PGF», en el momento de la colocacion del dispositivo resulto
en concentraciones de progesterona sérica menores durante el periodo de tratamiento de
7 d comparado al grupo control (4,2 + 0,3 vs. 8,0 £ 1,0 ng/mL; P < 0,01; Figura 3.1.1).
En el grupo de tratamiento con dos dosis de PGF», (grupo 2-PG) el diametro folicular
preovulatorio fue mayor (12,2 + 0,5 mm) comparado al grupo que recibié una dosis Unica
de PGF2, (grupo 1-PG) en el momento del retiro del dispositivo (9,6 + 0,5; P < 0,01;
Figura 3.1.1). Ademas, las vaquillonas que fueron tratadas con las dos dosis de PGF2,
tuvieron un diametro folicular mayor en el momento de la Ultima evaluacion
ultrasonografica antes de que se detectara la ovulacion (14,4 + 0,4 vs. 12,8 £ 0,4 mm; P
< 0,05; Tabla 3.1.1). No hubo diferencias en el promedio de las concentraciones séricas
de estradiol-17f desde el momento del retiro del dispositivo hasta que se detecto la
ovulacion entre ambos grupos de tratamiento (P = 0,44; Figura 3.1.2). Las vaquillonas
del grupo 2-PG tuvieron un intervalo de tiempo menor desde el momento del retiro del
dispositivo hasta que se detect6 la ovulacion, comparado con las vaquillonas del grupo
1-PG (P < 0,05; Tabla 3.1.1). La tasa de ovulacion no fue diferente para los dos grupos
de tratamiento (P = 0,42; Tabla 3.1.1) y la distribucién de la ovulacion se muestra en la
Figura 3.1.2.
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Figura 3.1.1. Concentracion sérica de progesterona (promedio + SEM; panel izquierdo) y
desarrollo del foliculo ovulatorio (panel derecho) luego de la administracion de prostaglandina
(PG) F2q en dos medias dosis repartidas al momento de la colocacion y del retiro del dispositivo
(cuadrados y triangulos negros) o en una dosis Gnica administrada al momento del retiro del
dispositivo (cuadrados y triangulos blancos), en un tratamiento con progesterona y estradiol para
IATF en vaquillonas de carne con CL (Bos taurus).

Tabla3.1.1

Efecto de la administracién de prostaglandina (PG) F., en dos medias dosis repartidas al momento
de la colocacion y del retiro del dispositivo (grupo 2-PG) o en una dosis Unica administrada al
momento del retiro del dispositivo (grupo 1-PG) en un tratamiento con progesterona y estradiol
para IATF en vaquillonas de carne con CL (promedio + SEM).

Concentracion Diametro Diametro Tasa de Tasa de Intervalo a la
sérica de folicular al folicular a la crecimiento ovulacion ovulacion**
progesterona* retiro del ovulacién folicular** (%) (h)
(ng/mL) dispositivo (mm) (mm/d)
(mm)
Grupo 1-PG 8,0+1,0 9,6 +£0,5 12,8 +0,4 0,9+0,2 83,3% (10/12) 78,0+ 2,7
Grupo 2-PG 42+0,3 12,2+0,5 14,4+ 0,4 0,8+0,1 100% (13/13) 64,6+29
P—valor 0,001 0,001 0,015 0,498 0,425 0,003

*Promedio (= SEM) durante los 7 d de tratamiento con el dispositivo intravaginal con progesterona.

**Desde el momento del retiro del dispositivo hasta cuando se detectd la ovulacion.
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Figura 3.1.2. Concentracion sérica de estradiol-17f (promedio + SEM; panel izquierdo) y tasa de
ovulacion (vaquillonas ovuladas / tratadas; panel derecho) luego de la administracion de
prostaglandina (PG) F», en dos medias dosis repartidas al momento de la colocacion y del retiro
del dispositivo (circulos y barras negras) o en una dosis Unica administrada al momento del retiro
del dispositivo (circulos y barras blancas), en un tratamiento con progesterona y estradiol para
IATF en vaquillonas de carne con CL (Bos taurus).
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Experimento Il (publicacion I)

Efecto de la progesterona inducida con PGFzq al inicio del tratamiento sobre la
tasa de prefiez

La tasa de prefiez de las vaquillonas de 2 afios y de las de 14 meses se resumen en
la Tabla 3.2.1. En las vaquillonas de 2 afios, la tasa de prefiez general, independientemente
del estado fisioldgico al inicio del tratamiento (i.e.: con o sin CL), fue similar para las
vaquillonas del grupo 2-PG y 1-PG (64,3%, 872/1.356 y 66,5%, 887/1.334;
respectivamente; P = 0,23). Mientras que, en las vaquillonas de 14 meses hubo una
tendencia entre el grupo 2-PG y 1-PG para tasa de prefiez general (48,5%, 190/392 y
54,7%, 217/397; respectivamente; P = 0,08). La tasa de prefiez fue mayor en las
vaquillonas con CL al inicio del tratamiento comparado con las que no tenian CL (67,1%,
989/1.474 vs. 63,3%, 770/1.216; respectivamente; P < 0,05) y no hubo diferencia en las
vaquillonas de 14 meses con o sin CL en el momento de la colocacion del dispositivo
(50%, 193/386 vs. 53,1%, 214/403; respectivamente; P = 0,38). Con respecto a las
vaquillonas que tenian un CL presente al momento de la colocacion del dispositivo, la
tasa de prefiez no se vio afectada por el tratamiento de dos dosis de PGF», repartidas
(grupo 2-PG; P = 0,33). Se encontrdé una tendencia (P = 0,07) en la interaccién entre
tratamientos y horario de inseminacion para vaquillonas de 2 afios con CL al inicio del
tratamiento. Las vaquillonas de 14 meses con CL que fueron IATF a las 54 h luego del
retiro del dispositivo, tuvieron una tasa de prefiez menor en el grupo 2-PG comparada al
grupo 1-PG (P < 0,05; Tabla 3.2.1). Para las vaquillonas que no tenian CL al momento
de la colocacion del dispositivo, no hubo diferencias en la tasa de prefiez ni con los
horarios de inseminacion entre los grupos de tratamientos (P = 0,19).

32



Tabla 3.2.1

Tasa de prefiez obtenida luego de la administracion de prostaglandina (PG) F., en dos medias
dosis repartidas al momento de la colocacién y del retiro del dispositivo (grupo 2-PG) o en una
dosis unica administrada al momento del retiro del dispositivo (grupo 1-PG) en un tratamiento
con progesterona y estradiol para IATF en vaquillonas de carne con CL. Los resultados para
vaquillonas de 2 afios se resumen en el panel superior y para vaquillonas de 14 de meses en el
panel inferior.

Grupo 2-PG Grupo 1-PG P—valor
IATE48h IATE54h  Total IATE48h IATE54h  Total PG Hora PG X
IATE IATE
Vaquillonas
de 2 afios
ConCL  684%  635% 65,8% 66,4%  70,5% 68,5%

(n = 1.474) (249/364)" (254/400)"  (503/764) (233/351)% (253/359)°  (486/710) 031 090 007

Sin CL 631%  61,6% 62,3% 653%  63.4% 64,3% 046 053 0.93
(n=1216) (183/280) (186/302) (369/592) (190/291) (211/333)  (401/624) ’ ’ ’
Vaquillonas
de 14 meses
ConCL 4400  47,7% 46.2% 57.0%  50,0% 53,5% 016 068 033
(=ags) (44%8)  (42/88)  (86/186) (57/100)  (50/100)  (107/200) ’ ’ ’
SInCL 4500 557% 50,5% 548%  56.7% 55,8% 028 021 038
(=403 (45/100)  (59/106)  (1041206) (51/93)  (59/104)  (110/197) ’ ’ ’

Los efectos simples se compararon solo cuando la interaccion tenia un P—valor < 0,1; para este caso en la
misma fila a vs. b difieren (P < 0,05)
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Experimento 111 (publicacion I1)

Efecto de la eCG en un tratamiento con proestro prolongado (protocolo J-Synch)
sobre las caracteristicas del foliculo ovulatorio y la funcionalidad del cuerpo Iuteo

En promedio, el 91,3% (42/46) de las vaquillonas que estaban en anestro ovularon,
lo que no se vio afectado por el tratamiento eCG ni GnRH (Tabla 3.3.1). Las cuatro
vaquillonas que no ovularon fueron excluidas del andlisis para foliculo ovulatorio. No se
encontraron ovulaciones dobles para ninguno de los dos tratamientos: eCG y No eCG.
Las mediciones del foliculo preovulatorio y las caracteristicas del CL se encuentran en la
Tabla 3.3.1. Tal como se esperaba, las vaquillonas que recibieron GnRH a las 72 h luego
del retiro del dispositivo tuvieron un periodo de proestro mas largo (P < 0,05) que las que
recibieron la GnRH a las 48 h luego del retiro del dispositivo. El proestro fue en promedio,
9,7 h mas largo en el grupo con GnRH a las 72 h que en el grupo con GnRH a las 48 h.
La distribucion de las horas de ovulacidon se muestra en la Figura 3.3.1. El promedio del
diametro del foliculo ovulatorio se muestra en la Figura 3.3.2. Las vaquillonas que
recibieron GnRH a las 72 h luego del retiro del dispositivo tuvieron un didmetro del
foliculo ovulatorio mayor (P < 0,05) que las que recibieron la GnRH a las 48 h luego de
retirado el dispositivo. El porcentaje de vaquillonas que ovularon antes de la
administracion de GnRH fue mayor (P < 0,05) en las que recibieron la GnRH a las 72 h
que aquellas que recibieron la GnRH a las 48 h (Tabla 3.3.1).

Los exdmenes ultrasonograficos del CL y las concentraciones séricas de
progesterona mostraron dos respuestas lUteas diferentes en ambos grupos de tratamiento
luego de la ovulacion: a) vaquillonas con un CL competente con una fase lutea normal, y
b) vaquillonas que muestran un CL en regresién prematura, con un ciclo corto. En
aquellas vaquillonas con un CL competente, la ecotextura lutea fue homogénea y las
concentraciones séricas de progesterona fueron superiores a un 1 ng/mL durante todo el
periodo experimental, y hasta 11 d luego de la ovulacion. En aquellas vaquillonas que
mostraron un CL con una fase de regresion prematura, el parénguima Iteo solo se detectd
hasta no mas de 5 a 8 d luego de la ovulacién, donde comenz6 a disminuir el tamafio y
las concentraciones séricas de progesterona disminuyeron abruptamente por debajo de 1
ng/mL. Un total de 10 vaquillonas tuvieron fases luteas cortas luego de la ovulacién, 3 de
ellas eran del grupo eCG y 7 de ellas pertenecian al grupo No eCG (Tabla 3.3.1). La
proporcion de vaquillonas con un CL competente (i.e.: concentraciones séricas de
progesterona superiores a 1 ng/mL el dia 11 luego de la ovulacion) sobre el total de
vaquillonas tratadas fue del 82,6% (19/23) en los grupos eCG y del 56,5% (13/23) para
los grupos No eCG, respectivamente (P = 0,054; Tabla 3.3.1).
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Tabla 3.3.1

Efecto de la administracion de eCG al inicio del proestro (i.e.: al momento del retiro del
dispositivo intravaginal con progesterona) combinada con la administracién de GnRH a las 48 h
0 a las 72 h luego del retiro del dispositivo sobre el desarrollo del foliculo ovulatorio en un

tratamiento de sincronizacion de la ovulacion con progesterona y estradiol (protocolo J-Synch)

en vaquillonas de carne.

GnRH 48 h GnRH 72 h P—valor
I eCG No eCG eCG No eCG eCGxGnRH eCG GnRH
Tasa de ovulacion 100% (12/12) 81,8% (9/11)  90,9% (10/11) 91,7% (11/12) NS NS NS
Diametro del foliculo
dominante (FD) al retiro 8,8+04 8,0+0,3 8,3+0,3 89+04 NS NS NS
del dispositivo (mm)
Diametro del FD a la
administracion de 12,3+0,5 11,8+0,5 13,6 £0,3 13,3+0,7 NS NS < 0,05
GnRH (mm)
Vagquillonas ovuladas
previoala 0% (0/12) 0% (0/9) 30,0% (3/10) 18,2% (2/11) NS NS <005
administracion de
GnRH
Diametro folicul I
lametro folicularata 433,04 129+04 136+03  13.9+06 NS NS NS
ovulacion (mm)
Tasa de crecimiento del ), o4 15+0,1 15+0,1 13+0,1 NS NS NS
FD (mm/d)
Intervalo desde el retiro
del dispositivo hasta la 82,0+2,0 80,0+ 2,0 86,4+4,1 949+41 NS NS < 0,05
ovulacion (h)
CL de regresién
., 16,7% (2/12)  22,2% (2/9) 10,0% (1/10) 45,5% (5/11) NS <0,1 NS
prematura / ovulacién
CL normales/
83,3% (10/12) 63,6% (7/11) 81,8% (9/11) 50,0% (6/12) NS 0,05 NS

vaquillonas tratadas
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Figura 3.3.1. Distribucién de la ovulacién luego del retiro del dispositivo intravaginal con
progesterona en un tratamiento para IATF con progesterona y estradiol (protocolo J-Synch) en
vaquillonas de carne en anestro. Los datos estan expresados como efectos principales (panel
izquierdo), para el tratamiento eCG (P = NS) y para GnRH (P < 0,05); la interaccién entre eCG
y GnRH no fue significativa (P = NS) y por ese motivo los efectos simples se presentan solo de
manera descriptiva (panel derecho).
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Figura 3.3.2. Diametro del foliculo dominante luego del retiro del dispositivo intravaginal con
progesterona en un tratamiento para IATF con progesterona y estradiol (protocolo J-Synch) en
vaquillonas de carne en anestro. Los datos (promedio + SEM) estan expresados como efectos
principales para el tratamiento eCG (panel izquierdo) y para el tratamiento GnRH (panel central),
y aunque no se encontrd interaccion entre eCG y GnRH (P = NS) los efectos simples (panel
derecho) se presentan solo de manera descriptiva.
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El promedio de las concentraciones séricas de estradiol-17p desde el momento
del retiro del dispositivo hasta la ovulacion se vieron afectadas por el tratamiento con
eCG (P < 0,05), pero no por el momento en que se administro la GnRH (48 hvs. 72 h; P
= 0,325). El dia afectd las concentraciones séricas de estradiol-17p (P < 0,05). En las
vaquillonas que recibieron eCG al retirar el dispositivo las concentraciones séricas de
estradiol-17p fueron mayores (10,1 + 0,4 pg/mL) comparadas con las que no recibieron
eCG al retiro del dispositivo (8,7 + 0,3 pg/mL; P < 0,05; Figura 3.3.3 lado izquierdo).

El promedio de las concentraciones séricas de progesterona durante el periodo de
11 d a partir de la ovulacion no fue diferente entre los grupos de tratamiento (P = NS),
hubo efecto del dia (P < 0,05) y no hubo interaccion entre dia y tratamiento (P = NS).
Cuando se compararon los datos durante la fase lutea media (i.e.: desde el dia 8 al 11
luego de la ovulacion), las vaquillonas que recibieron GnRH a las 72 h mostraron
concentraciones séricas de progesterona mas altas que las que recibieron la GnRH a las
48 h luego de retirado el dispositivo, con una diferencia significativa alcanzada los dias
10 y 11 (P < 0,05). Aquellas vaquillonas que presentaron un CL con fase de regresion
prematura con concentraciones sericas de progesterona subluteales (i.e.: inferiores a un 1
ng/mL) fueron excluidas de este andlisis. Los datos se presentan en la Figura 3.3.3 lado
derecho.
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Figura 3.3.3. Concentraciones séricas de estradiol-17p (lado izquierdo) y de progesterona (lado
derecho) luego del retiro del dispositivo intravaginal con progesterona en un tratamiento con
progesterona y estradiol (protocolo J-Synch) para IATF en vaquillonas de carne en anestro. Los
datos (promedio + SEM) estan expresados como efectos principales para el tratamiento eCG
(panel superior) y para el tratamiento GnRH (panel central). Asteriscos en paneles superiores
indican diferencia significativa (P < 0,05). Efectos simples (panel inferior) se presentan solo de
manera descriptiva.

38

O F N W H» 01 O N 0O ©

SO P N W » U1 O N 00 ©

SO P N W » U1 O N 0O ©

Progesterona (ng/mL)

Progesterona (ng/mL)

Progesterona (ng/mL)



Los niveles de ARNm de PGR endometrial no se vieron afectados por el
tratamiento con eCG o el momento en que se administré la GnRH (eCG vs. No eCG: 0,9
+0,3vs. 1,1 £0,3; respectivamente; P = NS), GnRH administrada a las 48 h vs. 72 h (1,2
+ 0,3 vs. 0,9 £ 0,3; respectivamente; P = NS), ni se encontr0 interaccion entre
tratamientos eCG y hora de administracion de GnRH (P = NS). No hubo efecto del lado
del cuerno en relacion con el CL (i.e.: ipsilateral o contralateral; P = NS), ni interaccion
entre lado y tratamiento en la expresion de ARNm de PGR (0,9 +0,3vs. 1,1 £0,3; P =
NS; Figura 3.3.4).

2,0 eCG vs. No eCG
1,5 A

1,0 ~
0,5 A

0,0 +

eCG (n=11) No eCG (n=13)

2,0 GnRH_48 vs. GnRH_72
1,5 1
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0,5 -

0,0 +

GnRH 48 h (n=13) GnRH 72 h (n=11)

2,0 4 Contra vs. Ipsi
1,5 1

1,0 ~
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0,0 +

Contra (n=12) Ipsi (n=12)

Figura 3.3.4. Expresion relativa del ARNm endometrial del receptor de progesterona (PGR). Los
datos (promedio + SEM) estan expresados como efectos principales para el tratamiento eCG
(panel superior), para el tratamiento GnRH (panel central) y para el cuerno contralateral o
ipsilateral al cuerpo lGteo (panel inferior), en un tratamiento con progesterona y estradiol
(protocolo J-Synch) para IATF en vaquillonas de carne en anestro. Las muestras fueron obtenidas
al Dia 6 luego de la ovulacién mediante biopsia de la porcién craneal de los cuernos uterinos. No
hubo diferencias entre grupos (P = NS).
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Los niveles de ARNm de ESR1 endometrial no se vieron afectados por el
tratamiento con eCG o el momento en que se administré la GnRH (eCG vs. No eCG: 1,2
+0,5vs. 1,0 £0,5; respectivamente; P = NS), GnRH administrada a las 48 h vs. 72 h (1,2
+ 0,5 vs. 1,0 £ 0,5; respectivamente; P = NS), ni se encontr0 interaccion entre
tratamientos eCG y hora de administracion de GnRH (P = NS). No hubo efecto del lado
del cuerno en relacion con el CL (i.e.: ipsilateral o contralateral; P = NS), ni interaccion
entre lado y tratamiento en la expresion de ARNm de ESR1 (1,1 £0,5vs. 1,0+ 0,5; P =
NS; Figura 3.3.5).
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Figura 3.3.5. Expresion relativa del ARNm endometrial del receptor de estrogenos o (ESR1). Los
datos (promedio + SEM) estan expresados como efectos principales para el tratamiento eCG
(panel superior), para el tratamiento GnRH (panel central) y para el cuerno contralateral o
ipsilateral al cuerpo lGteo (panel inferior), en un tratamiento con progesterona y estradiol
(protocolo J-Synch) para IATF en vaquillonas de carne en anestro. Las muestras fueron obtenidas
al Dia 6 luego de la ovulacién mediante biopsia de la porcién craneal de los cuernos uterinos. No
hubo diferencias entre grupos (P = NS).
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Los receptores de progesterona (PR) y de estrégenos a (ERa) se localizaron en los
nucleos de las células endometriales (Figuras 3.3.6 y 3.3.7, respectivamente). Cuando los
anticuerpos especificos se sustituyeron por una IgG no inmunitaria, la ausencia de tincion
confirmd una alta especificidad de inmunotincion.

Figura 3.3.6. Localizacion inmunohistoquimica del receptor de progesterona (PR) en el epitelio
luminal (LE), estroma intercaruncular (IS) y epitelio glandular (GE) de los controles negativos
(A, B) en el cuerno uterino ipsilateral al CL en el dia 6 luego de la ovulacién. Las muestras para
el tratamiento eCG (C, D) y para GnRH (E, F), respectivamente, se muestran como efectos
principales. El control negativo no mostrd tincion porque los anticuerpos especificos fueron
sustituidos por una IgG no inmunitaria (A, B). No se encontraron diferencias en la intensidad de
tincion media o en el area positiva para el PR dentro de cada factor (tratamiento eCG y GnRH).
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Figura 3.3.7. Localizacion inmunohistoquimica del receptor de estrogenos o (ERa) en el epitelio
luminal (LE), estroma intercaruncular (IS) y epitelio glandular (GE) de los controles negativos
(A, B) en el cuerno uterino ipsilateral al CL en el dia 6 luego de la ovulacion. Las muestras para
el tratamiento eCG (C, D) y para GnRH (E, F), respectivamente, se muestran como efectos
principales. El control negativo no mostré tincién porque los anticuerpos especificos fueron
sustituidos por una IgG no inmunitaria (A, B).
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En el area total de PR positivo hubo una tendencia en el tipo celular (P < 0,1),y
en la interaccion entre el tratamiento eCG y hora de administracion de GnRH también se
observd una tendencia (P < 0,1). Las pruebas de Tukey—Kramer mostraron que el epitelio
luminal presentaba més area de tincion PR positiva que en el estroma intercaruncular (70
+6Vs. 58 + 6 %; P <0,05), y en el epitelio glandular hubo una tendencia a presentar mas
area de tincion PR positiva que en el estroma intercaruncular (68 £ 6 vs. 58 + 6 %; P <
0,1). Sin embargo, no se encontraron diferencias entre el epitelio luminal y glandular (P
= NS). En el epitelio luminal, las vaquillonas del grupo eCG + GnRH a las 72 h tenian
mas area de tincion PR positiva que las del grupo eCG + GnRH a las 48 h (P < 0,05), y
que las del grupo No eCG + GnRH a las 72 h (P < 0,05; Figura 3.3.8 panel superior).
Ademas, las vaquillonas del grupo No eCG + GnRH a las 48 h presentaron mas area de
tincion PR positiva que las del grupo eCG + GnRH a las 48 h en el epitelio glandular (P
< 0,05; Figura 3.3.8 panel superior).

El area total de ERa positivo se vio afectada por el tipo celular (P < 0,01), y por
la interaccion entre las células, el tratamiento eCG y la hora de administracion de GnRH
(P < 0,01). EI epitelio luminal presentd mas area de tincion ERa positiva que en el
estroma intercaruncular (63 £ 6 vs. 40 £ 5 %; P < 0,01), y el epitelio glandular presentd
mas area de tincion ERa positiva que en el estroma intercaruncular (64 + 5 vs. 40 + 5 %
P < 0,01). En el epitelio luminal, las vaquillonas del grupo eCG + GnRH a las 72 h tenian
mas area de tincion ERa positiva que aquellas en el grupo eCG + GnRH a las 48 h (89 *
13 vs. 37 + 12 %; P < 0,05; Figura 3.3.8 panel inferior).
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Figura 3.3.8. Area de tincion positiva del receptor de progesterona (PR, panel superior) y del
receptor de estrogenos o (ERa, panel inferior) en el epitelio luminal, estroma intercaruncular y
epitelio glandular en el cuerno ipsilateral al cuerpo liteo. Las muestras fueron tomadas al dia 6
luego de la ovulacion mediante biopsia uterina de la porcion craneal del cuerno. Los datos estan
expresados como promedio + SEM, y los asteriscos indican diferencia significativa (P < 0,05).
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Experimento IV (publicacion 11)

Efecto de la prolongacion del proestro sobre la tasa de prefiez

Las vaquillonas que recibieron eCG en el momento del retiro del dispositivo
intravaginal con progesterona tuvieron una mayor tasa de prefiez que las que no recibieron
eCG (P < 0,05; Tabla 3.4.1). Ademas, las vaquillonas que fueron tratadas con GnRH e
inseminadas a las 60 h tuvieron una mayor tasa de prefiez que aquellas con GnRH / IATF
alas 72 h (P <0,05; Tabla 3.4.1). Hubo una interaccidn entre el tratamiento eCG y GnRH
/ |ATF, debido a una tasa de prefiez en aquellas vaquillonas del grupo No eCG + GnRH
/ IATF a las 72 h comparada a las demé&s vaquillonas de los otros tres grupos de
tratamiento (P < 0,05). Las vaquillonas con CL presente al inicio del tratamiento tuvieron
una mayor tasa de prefiez que aquellas sin CL al iniciar el tratamiento (P < 0,05), sin
interaccion entre el tratamiento eCG ni con GnRH / IATF (Tabla 3.4.1).

Tabla 3.4.1

Tasa de prefiez obtenida con la administracion de eCG al inicio del proestro (i.e.: al momento del
retiro del dispositivo intravaginal con progesterona) en un tratamiento de sincronizacion de la
ovulacion con progesterona y estradiol (protocolo J-Synch), y con GnRH / IATF alas 60 h o a
las 72 h luego del retiro del dispositivo en vaquillonas de carne. Los efectos principales se
resumen en el panel superior, y de acuerdo con la interaccion (P < 0,05) los efectos simples se
encuentran en el panel inferior.

Letras
Tratamiento Tasa de prefiez diferentes,
P < 0,05
Efectos
principales
Tratamiento eCG eCG 57,1% (739/1.295) a
No eCG 53,1% (692/1.303) b
Momento de GnRH / IATF IATF 60 h 57,0% (749/1.313) a
IATF72h 53,1% (682/1.285) b
Presencia de cuerpo luteo (CL) Con CL 57,3% (937/1.636) a
Sin CL 51,4% (494/962) b
Efectos
simples
Interaccion eCG x IATF eCG + IATF 60 h 57,9%? (368/636) a
eCG +IATF72h 56,3%°? (371/659) a
No eCG + IATF 60 h 56,3%°? (381/677) a
No eCG + IATF 72 h 49,7%" (311/626) b

No se encontrd interaccion entre la presencia del CL y los tratamientos eCG o GnRH / IATF (P = NS).
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Experimento V (publicacion 111)

Asociacion entre el proestro prolongado, el didmetro folicular y la tasa de prefiez

El didmetro del foliculo ovulatorio en el momento de la GnRH / IATF fue mayor
en las vaquillonas con 72 h y con 60 h de duracidon de proestro (P < 0,05) que en aquellas
con 48 h de duracion de proestro (Tabla 3.5.1). La expresion del estro en el momento de
la IATF fue de 72,2% (379/525) y mostrd una tendencia a ser mayor cuando se realizd
GnRH/I1ATFalas 72 h (P <0,1) en comparacion con aquellas vaquillonas en las que se
realizd a las 60 h o a las 48 h después del retiro del dispositivo con progesterona (Tabla
3.5.1). En una proporcién de vaquillonas (19/178) no se detect6 ningun foliculo grande
(i.e.: > 8 mm de diametro) al momento de la GnRH / IATF y el 68,4% (13/19) de ellas
estaban prefiadas a los 33 dias luego de la IATF. Asumimos que todas estas vaquillonas
ovularon antes de la administracion de la GnRH, porque la pintura de la base de la cola
indicaba que todas habian estado en celo (i.e.: expresion del estro). Este hallazgo fue
mayor en aquellas vaquillonas en las que se realiz6 GnRH / IATF a las 72 h que en
aquellas en las que se realizd a las 60 h o a las 48 h (P < 0,05; Tabla 3.5.1). La tasa de
prefiez tendio a ser mayor en las vaquillonas que se realizd GnRH / IATFalas 72 h (P <
0,1) en comparacion con aquellas vaquillonas en las que se realiz6 a las 60 h o a las 48 h
luego del retiro del dispositivo con progesterona (Tabla 3.5.1).

Tabla 3.5.1

Efecto de diferentes longitudes de proestro* sobre el tamafio del foliculo preovulatorio, la
expresion del estro y la tasa de prefiez en un tratamiento de sincronizacion de la ovulacion con
progesterona y estradiol para IATF (protocolo J-Synch) en vaquillonas de carne.

Duracion del Diametro del Vaquillonas en celo  Vaquillonas ovuladas  Tasa de prefiez
proestro* foliculo ovulatorio enlalATF en la lATF
en la IATF (mm)

GnRH / ITAF 48 h 12,2 +0,12 68,2% (122/179)° 1,7% (3/179)? 63,6% (196/308)°
GnRH / IATF 60 h 12,8 +0,1° 71,4% (120/168) 1,2% (2/168)*  63,1% (183/290)
GnRH /IATF 72 h 12,9 +0,2° 77,0% (137/178)¢ 10,7% (19/178)°  70,0% (219/313)¢
P—valor <0,05 <01 <0,05 <0,1

* Intervalo desde el retiro del dispositivo intravaginal con progesterona hasta la GnRH / IATF.
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Un histograma descriptivo de la frecuencia de diferentes tamafios foliculares se
muestra en la Figura 3.5.1. El diametro encontrado con mayor frecuencia en aquellas
vaquillonas con GnRH / IATF realizada a las 48 h fue de 12,0 mm (27% de las
vaquillonas), a las 60 h fue de 13,0 mm (24%) y a las 72 h fue de 14,0 mm (22%),
respectivamente.

48 h 160 h 172 h
25% - 25% -
20% - 20% -
15% - 15% -
10% - 10% -
5% - 5% -
0% - 0%
8 9 10 11 12 13 14 15 > 8 9 10 11 12 13 14 15 >17 8 9 10 11 12 13 14 15 16 >
17 17
Foliculo ovulatorio en la IATF
(mm)

Figura 3.5.1. Representacion descriptiva del efecto de la longitud del proestro (i.e.: intervalo
desde el retiro del dispositivo con progesterona hasta la GnRH / IATF) sobre el didametro folicular
alcanzado en el momento de la IATF en vaquillonas de carne. El valor modal del diametro del
foliculo ovulatorio cambid de 12,0 a 14,0 mm cuando la longitud del proestro se extendi6 de 48
ha 72 h, con una respuesta cuadratica en las tres diferentes longitudes de proestro (P < 0,05).

Al inicio del tratamiento con progesterona, se detecto la presencia de un CL en el
54,2% de las vaquillonas (494/911). El diametro del foliculo preovulatorio no se vio
afectado por la presencia del CL en el momento de la colocacion del dispositivo
intravaginal con progesterona (P = NS), y se encontrd una tendencia (P < 0,1) para la
interaccion entre la presencia del CL al inicio del tratamiento y la longitud del proestro.
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La expresion del estro no se vio afectada por la presencia del CL al inicio del tratamiento
de sincronizacion (P = NS), y hubo una interaccion (P < 0,05) entre la presencia del CL
al inicio del tratamiento y la longitud del proestro. Se encontrd una relacién positiva entre
la expresion del estro en el momento de la IATF y el didmetro del foliculo preovulatorio,
la probabilidad de expresion del estro aumentd a medida que el diametro folicular
aumentaba, de manera cuadratica (R? = 0,99; P < 0,05; Figura 3.5.2, panel izquierdo).
Ademas, la probabilidad de prefiez se asocid positivamente con el diametro del foliculo
de mayor tamafio en el momento de la IATF en el grupo con longitud de proestro de 48
h (P < 0.05), mientras que no fue significativa en las vaquillonas de los grupos con
longitud de proestro de 60y 72 h (P = NS; Fig. 3.5.2, panel derecho).
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Figura 3.5.2. Probabilidad de expresion del estro (panel izquierdo) y probabilidad de prefiez
(panel derecho) segun el diametro del foliculo de mayor tamafio en el momento de la IATF en
vaquillonas para carne sometidas a diferentes longitudes de proestro (i.e.: intervalo desde el retiro
del dispositivo hasta la administracion de GnRH / IATF: 48 h, 60 h o 72 h).

Se encontrd una correlacion positiva entre el diametro del foliculo preovulatorio
(rpart = 0,12) y la expresion del estro (rpart = 0,28), la cual se asocié positivamente con la
tasa de prefiez (r = 0,30; P < 0,01). La probabilidad de prefiez aumenté a medida que
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aumentaba el didmetro del foliculo preovulatorio (Figura 3.5.2), que segun el analisis
estadistico el mejor ajuste se correspondié con un modelo de regresion cuadratica (R? =
0,99; P = 0,050) en comparacion con un modelo de regresion lineal (R? = 0,96; P =
0,054). De hecho, la probabilidad de prefiez tendié a aumentar 1,07 veces cuando las
vaquillonas fueron tratadas con GnRH / IATF a las 72 h en comparacidn con aquellas que
recibieron GnRH / IATF a las 48 h (P < 0,1; Tabla 3.5.2). La presencia de un CL en el
momento de la insercion del dispositivo y la expresién del estro aumentaron la
probabilidad de prefiez (P < 0,05; Tabla 3.5.2).

Tabla 3.5.2

Probabilidad de prefiez para diferentes longitudes de proestro* en un tratamiento de
sincronizacion de la ovulacion con progesterona y estradiol para IATF (protocolo J-Synch) en
vaquillonas de carne.

Duracién del Odds Ratios (IC 95%) P-valor
proestro*

Inferior Superior

GnRH /IATF 48 h Referencia - - —
GnRH/IATF 60 h 0,66 0,42 1,03 0,13
GnRH/IATF 72 h 1,07 0,68 1,69 0,07

| Efectos principales

SinCL Referencia — — -
Con CL 1,46 1,01 2,13 0,05
Sin celo Referencia — — -
Con celo 1,72 1,14 2,60 0,01

* Intervalo desde el retiro del dispositivo intravaginal con progesterona hasta la GnRH / IATF.
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La tasa de prefiez se vio afectada por la presencia de un CL en el momento de la
insercion del dispositivo intravaginal con progesterona (71,3%, 352/494 vs. 59,0%,
246/417; P < 0,01) y se observé una tendencia (P < 0,1) en la interaccion entre la
presencia del CL, longitud del proestro y expresion del estro en el momento de la IATF.
Por esta razon, la tasa de prefiez en los tres grupos experimentales se muestra por separado
para las vaquillonas con o sin CL en el momento de la insercion del dispositivo con
progesterona (Figura 3.5.3). En las vaquillonas con CL al inicio del tratamiento, la tasa
de prefiez fue mayor en aquellas que se les realiz6 GnRH / IATF a las 72 h (P < 0,05)
comparado con las que se les realiz6 GnRH / IATF a las 48 h o a las 60 h (Figura 3.5.3).
En las vaquillonas sin CL la tasa de prefiez no fue diferente (P = NS) entre los grupos
experimentales (promedio 59,0%; Figura 3.5.3).

100%  vaquillonas con CL Vaquillonas sin CL

Tratamiento: P < 0,1
CL: P<0,05
Interacciéon: P = 0,3

80% 77%
68% 69%

60% 56%
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n=150 n=128 n=139
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Figura 3.5.3. Tasa de prefiez obtenida con diferentes longitudes de proestro (i.e.: intervalo desde
el retiro del dispositivo hasta la GnRH / IATF) en vaquillonas con CL (panel izquierdo) y sin CL
(panel derecho) sincronizadas con un tratamiento para IATF con progesterona y estradiol
(protocolo J-Synch). Para vaquillonas con presencia de CL (a vs. b; P < 0,05).
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Cuando los resultados se analizaron con relacion a la expresion del estro en el
momento de la IATF (i.e.: pintura de cola borrada > 30%), la tasa de prefiez fue mayor
en las vaquillonas que estaban en celo comparadas con aquellas que no estaban en celo
(63,9%, 242/379 vs. 45,9%, 67/146; P < 0,01). En aquellas vaquillonas que presentaron
signos de celo, se obtuvo una mayor tasa de prefiez en las que se les realiz6 GnRH / IATF
a las 72 h que en aquellas que se les realizé a las 60 h (P < 0,05), mientras que fue
intermedia en aquellas con GnRH / IATF a las 48 h (Figura 3.5.4). Por el contrario, la
tasa de prefiez no fue diferente (P = NS) entre los grupos experimentales (promedio 45,9
%, 67/146) en las vaquillonas que no mostraron signos de celo (Figura 3.5.4). Finalmente,
hubo una interaccién entre la presencia del CL al momento de colocar el dispositivo y la
expresion del estro en las vaquillonas que se les realizo GnRH / IATF a las 72 h, debido
a una menor tasa de prefiez en aquellas vaquillonas que no manifestaron signos de celo
ni tenian CL (P < 0,05; Tabla 3.5.3). Para el mismo grupo experimental, la tasa de prefiez
se vio afectada por la presencia del CL al momento de colocar el dispositivo y la expresion
del estro (P < 0,05), mientras que se observé una tendencia en la expresion del estro (P
< 0,1) en aquellas vaquillonas que se les realiz6 GnRH / IATF a las 48 h y a las 60 h
(Tabla 3.5.3).

Tabla 3.5.3

Interaccion entre diferentes longitudes de proestro*, presencia de cuerpo luteo (CL) y expresion
del estro sobre la tasa de prefiez después de un tratamiento de sincronizacion de la ovulacion con
progesterona y estradiol para IATF (protocolo J-Synch) en vaquillonas de carne.

Vaquillonas con CL Vaquillonas sin CL P—valor

Duracion del proestro .
Estro No estro Estro No estro Estrox CL  Estro CL
63,9%  52,0% 64,0%  46,9% |

GnRH /IATF 48 h (23/36)  (13/25)° (55/86)° (15/32)° 0,758 0,059 0,968
67,3% 42,9% 49,3% 45,0%

GnRH /IATF 60 h (33/49)  (12/28)" (35/71)®  (9/20)% 0,234 0,078 0,191
73,8% 76,9% 67,1% 28,6%

GnRH/IATF 72 h (45/61)°  (10/13)° (51/76)  (8/28)" 0,029 0,005 0,014

Cuando se encontrd interaccion, para una misma fila a vs. b, P < 0,05 difieren.

* Intervalo desde el retiro del dispositivo con progesterona hasta la GnRH / IATF.
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Figura 3.5.4. Tasa de prefiez obtenida con diferentes longitudes de proestro (i.e.: intervalo desde
el retiro del dispositivo hasta las GnRH / IATF) en vaquillonas que fueron sincronizadas con un
tratamiento con progesterona y estradiol (protocolo J-Synch) con expresion del estro (barras
grises) y sin expresion del estro (barras blancas) en el momento de la IATF (avs. b, P < 0,05; ¢

vs.d, P <0,1).
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CAPITULO 4

DISCUSION

Los resultados obtenidos en los experimentos realizados en esta tesis soportan las
hipotesis planteadas. La implementacion de alternativas farmacoldgicas (PGF2, y GnRH)
mejoran las condiciones ovulatorias. El crecimiento folicular preovulatorio y el ambiente
uterino post—ovulatorio mejoran con la longitud prolongada del proestro. La
administracion de eCG al final del tratamiento de 6 dias con progesterona y estradiol
(protocolo J-Synch) mejora la tasa de prefiez. La combinacién de estas estrategias
favorece la funcion luteal previo al periodo critico y la secrecion de hormonas esteroideas,
las que a su vez provocan una expresion génica uterina diferencial incrementando la tasa
de prefiez en vaquillonas de carne.

Los resultados de los Experimentos 1 y 1l indican que, en vaquillonas con un CL
presente al inicio del tratamiento, las respuestas ovaricas durante el tratamiento con
progesterona y estradiol se ven afectadas por la administracion de PGF», en el momento
de la colocacion del dispositivo con progesterona. Ademds, se obtuvieron
concentraciones menores de progesterona durante el periodo de tratamiento con el
dispositivo intravaginal, aumentd el diametro del foliculo ovulatorio y la ovulacion
ocurri6 més temprano en relacion con el momento del retiro del dispositivo con
progesterona. La tasa de prefiez no estuvo afectada por la administracién de PGF», en el
momento de la colocacion del dispositivo y, en consecuencia, esta fue menor cuando se
realizd la IATF a las 54 h luego del retiro del dispositivo con progesterona.

Los Experimentos 111 'y IV se realizaron para definir mejor el protocolo J-Synch
con respecto al uso de la eCG y el momento de la administracion de la GnRH, y para
comprender los aspectos moleculares de la biologia uterina potencialmente afectada por
estos tratamientos. Nuestros hallazgos demuestran que el tratamiento con eCG mejoré la
tasa de prefiez en vaquillonas cuando se administr6 al final de un tratamiento de 6 dias
con progesterona y estradiol (protocolo J-Synch). Ademas, la extension de la longitud
del proestro retrasando la administracion de GnRH de 48 a 72 h, dio como resultado un
foliculo ovulatorio de mayor tamafio, con mas tiempo de exposicion al estradiol
preovulatorio enddgeno y mayores concentraciones sericas de progesterona post—
ovulatoria comparado con el proestro corto. La funcionalidad uterina se vio afectada por
los tratamientos, contribuyendo a una mejor comprension en la manipulacion
farmacoldgica de la reproduccion de la hembra bovina. Estos hallazgos estan respaldados
por diferentes enfoques basados en examenes de ovario mediante ultrasonografia,
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determinaciones de concentraciones séricas hormonales, expresion de proteina uterina y
tasa de prefiez obtenida con este tratamiento para IATF en vaquillonas de carne.

En el Experimento V, nos centramos en la comparacion entre tres diferentes
longitudes de proestro, inducidas por el tratamiento con GnRH administrada a las 48 h, a
las 60 h 0 a las 72 h luego del retiro del dispositivo intravaginal en un tratamiento con
progesterona y estradiol de 6 dias (protocolo J-Synch), respectivamente. En este
experimento se demuestra que extender el periodo de duracién del proestro retrasando la
administracion de GnRH de 48 a 72 h, obtenemos como resultado un foliculo
preovulatorio de mayor tamafio, una mayor proporcion de vaquillonas con expresion del
estro, y mejora la tasa de prefiez en vaquillonas con CL cuando comparado con resultados
de un tratamiento con proestro corto. Ademas, observamos que existe una correlacion
positiva entre la longitud del proestro, el didmetro del foliculo preovulatorio, la expresion
del estro y esto se asocia con el aumento en la tasa de prefiez en vaquillonas de carne Bos
taurus.

El efecto positivo de concentraciones de progesterona relativamente menores
sobre el crecimiento del foliculo dominante ha sido claramente documentado (Sirois and
Fortune, 1990; Utt et al., 2003; Dadarwal et al., 2013), efecto que esta mediado por un
aumento en la frecuencia de pulsos de LH (Ireland and Roche, 1982; Ginther et al., 2001,
2013a). Altas concentraciones de progesterona disminuyen la frecuencia de pulsos de LH
(Bergfeld et al., 1996; Ginther and Beg, 2012) y, en consecuencia, suprimen el
crecimiento folicular dando como resultado foliculos méas pequefios (Stock and Fortune,
1993; Adams et al., 2008) por lo que a veces hay una falla en la ovulacion. Si ocurre la
ovulacion a partir de foliculos pequefios, la fertilidad es probablemente menor debido a:
1) el desarrollo de un CL mas pequefio y, consecuentemente, concentraciones de
progesterona relativamente menores que cuando ovulan foliculos mas grandes (Crowe,
2008; Wiltbank et al., 2012b), 2) menor competencia en el desarrollo de ovocitos
(Lequarre et al., 2005; Abreu et al., 2018) o 3) menores concentraciones preovulatorias
de estradiol que afectan negativamente la programacion uterina (B6 et al., 2016; Binelli
et al., 2017; de la Mata et al., 2018). Aln no han sido establecidas con claridad las
concentraciones 6ptimas de progesterona para obtener un medio endocrino y condiciones
fisioldgicas que resulten en una tasa de prefiez maxima con el uso de tratamientos para
IATF, en ese sentido estos trabajos aportan informacion novedosa. En el Experimento I,
las concentraciones de progesterona circulante en vaquillonas tratadas con PGF», al
momento de colocar y de retirar el dispositivo fueron menores durante el tratamiento
comparado con las de vaquillonas tratadas con una sola dosis de PGF», al momento del
retiro del dispositivo. Este efecto promovio el crecimiento folicular preovulatorio,
resultando en un diametro mayor del foliculo ovulatorio al finalizar el tratamiento y al
momento de la ovulacion. Por lo tanto, los resultados de este Experimento indican que,
en vaquillonas con CL con el uso de esta estrategia, hubo un mantenimiento efectivo de
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las concentraciones dptimas de progesterona para promover el crecimiento folicular
preovulatorio.

En general, cuanto mas grande es el foliculo dominante al final del tratamiento
para IATF, menor es el intervalo entre el inicio del estro y la ovulacion (Savio et al.,
1993; Adams et al., 2008; Ginther et al., 2013b). El tamafio del foliculo ovulatorio y su
madurez fisiolégica estan implicados en la contribucion al establecimiento y
mantenimiento de la gestacion (Lamb et al., 2001). En este primer Experimento, el
intervalo desde el retiro del dispositivo hasta la ovulacion fue menor en las vaquillonas
que recibieron el tratamiento con PGF», dividida en dos medias dosis. La conveniencia
con el uso de este tratamiento es algo controversial, porque el beneficio del aumento en
el tamafio del foliculo ovulatorio queda anulado por el tiempo a la ovulacién mas
temprano en comparacion con el efecto de la dosis Unica al final del tratamiento, que se
asocia con una menor cantidad de estradiol enddgeno durante el periodo preovulatorio
(Binelli et al., 2009, 2014) y la programacion uterina (Sponchiado et al., 2017; de la Mata
etal., 2018). Dado que el intervalo desde el retiro del dispositivo hasta la ovulacion parece
afectar la fertilidad (Bridges et al., 2008), se han propuesto e implementado con éxito
estrategias novedosas para prolongar la longitud del proestro (Bridges et al., 2010; de la
Mata et al., 2018). Por lo tanto, este efecto paraddjico del tratamiento con PGF,, al
momento de colocar el dispositivo podria tener un resultado desconocido, si no negativo,
sobre la fertilidad.

En el Experimento Il, incluso con las diferencias en las concentraciones de
progesterona circulante y del didmetro del foliculo ovulatorio entre los grupos de
tratamiento con PGFy,, los resultados en la tasa de prefiez fueron similares luego de la
IATF. En este trabajo, la IA se realizé a las 48 h o0 a las 54 h y la ovulacion ocurrié
aproximadamente entre las 64 h y las 78 h luego de retirado el dispositivo con
progesterona (i.e.: en promedio de 10 a 30 h luego de la IA). En las vaquillonas de 2 afios
con CL tratadas con las dos medias dosis de PGF», e IATF realizada a las 54 h luego de
retirado el dispositivo, la tasa de prefiez fue menor que en las que fueron tratadas con una
dosis Unica al momento del retiro del dispositivo y que las que fueron IATF a las 48 h.
La hipdtesis fue que la menor tasa de prefiez obtenida en vaquillonas con IATF a las 54
h se relacion6 con un intervalo més corto desde la IA hasta la ovulacion. En el grupo de
tratamiento con dos medias dosis de PGF.,, sin embargo, la tasa de prefiez fue similar
cuando la IATF se realizo a las 48 h de retirado el dispositivo, por lo que este resultado
no soporta por completo la hipdtesis planteada. En relacion con este resultado, no parece
ser beneficioso usar este tratamiento con dos medias dosis, al momento de colocar y de
retirar el dispositivo con progesterona en vaquillonas de carne. Estudios previos en
vaquillonas cruza Bos indicus indicaron que aquellas que tenian un CL al comienzo del
tratamiento y tenian una concentracion de progesterona circulante relativamente mayor
inducida por la colocacion de un dispositivo intravaginal comparadas con aquellas que
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no habian sido tratadas con dispositivos podrian tener un menor crecimiento de los
foliculos dominantes, lo que afectaria de manera negativa la tasa de ovulacion y la de
prefiez (Cutaia et al., 2003; Vasconcelos et al., 2013; Sa Filho et al., 2015; Sales et al.,
2015). Los resultados de este Experimento en vaquillonas Bos taurus no son consistentes
con esta linea de trabajo en vaquillonas Bos indicus e indican que hubo un efecto
diferenciado entre estas hembras. Se ha reportado diferencias significativas en la
farmacocinética de la progesterona entre vaquillonas Bos indicus y Bos taurus (Carvalho
et al.,, 2008; 2017; Batista et al., 2020). Ademas, cuando se administra el mismo
tratamiento con progesterona en ambos genotipos, las concentraciones de progesterona
circulante, que suprimen el crecimiento folicular y conducen a menores tasa de prefiez
luego de la IA, son mayores en las vaquillonas Bos indicus (Sartori et al., 2016a, 2016b;
Carvalho et al., 2017). Las diferencias entre el beneficio del tratamiento con PGF2, en
vaquillonas Bos indicus reportado previamente y el efecto neutral de las vaquillonas Bos
taurus que se determind en este Experimento parece estar respaldado por las diferencias
en la farmacocinética de la progesterona reportada anteriormente como consecuencia de
un diferente metabolismo hepatico de la progesterona entre las dos subespecies (Batista
et al., 2020).

El control de las concentraciones de progesterona circulante mediante la
administracion de PGF», en el momento de la colocacion del dispositivo también puede
verse afectado por la cantidad de progesterona contenida en el dispositivo intravaginal.
Los resultados de estos dos Experimentos son vélidos solo para el tratamiento con
dispositivos que contienen 0,5 g de progesterona, asociados a una dosis de eCG al final
del tratamiento con el dispositivo intravaginal. Este protocolo para IATF, que consiste en
un dispositivo intravaginal con 0,5 g de progesterona, EB, ECP y eCG, es el tratamiento
mas popular en los paises de Ameérica del Sur (B6 et al., 2018), donde mas de 16 millones
de vacas y vaquillonas son inseminadas anualmente usando protocolos de IATF
(Mapletoft et al., 2018). Utilizando este protocolo, con una media dosis de PGF», en el
momento de la colocacion del dispositivo no parece ser beneficioso para mejorar la tasa
de prefiez en vaquillonas Bos taurus, y se recomienda la dosis completa en una sola
administracion en el momento del retiro del dispositivo. Desde el punto de vista préactico,
ademas de la facil implementacion del tratamiento con una sola dosis de PGF,, el periodo
mas largo para realizar las inseminaciones (i.e.: de 48 a 56 h), puede mantenerse con la
administracion de una sola dosis de PGF, al final del tratamiento. Esto es relevante para
programas de IATF a gran escala con 400 o 500 hembras por dia (i.e.: IAa.m.y p.m.),y
en pequefias cantidades también, permite manejar el momento mas conveniente para
realizar la inseminacion.

Los tratamientos basados en la prolongacion del proestro han atraido gran
atencion de los profesionales, asesores y productores en toda America, porque se ha
reportado que la tasa de prefiez es mayor que la obtenida con los protocolos
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convencionales en ganado de carne (Bo et al., 2007, 2018; Day et al., 2015). En un estudio
reciente se demostrd que el protocolo J-Synch fue eficaz para extender el proestro al
acortar el tratamiento con progesterona (de 7 u 8 a 6 dias) y al reemplazar la
administracion del cipionato de estradiol al retirar el dispositivo por GhnRH administrada
a las 60 o 72 h més tarde (de la Mata et al., 2018). En el Experimento I11, nos centramos
en la comparacion entre un proestro corto y uno prolongado, inducido por el tratamiento
con GnRH administrada a las 48 h vs. a las 72 h luego de retirado el dispositivo,
respectivamente. La administracion de GnRH a las 72 h retraso la ovulacion, aumento el
tamarfio del foliculo ovulatorio, prolongo el periodo de exposicién al estradiol endégeno
previo a la ovulacion e indujo mayores concentraciones sericas de progesterona y area de
tincion positiva para los receptores PR y ERa uterinos en la fase luteal posterior. Estos
hallazgos se han asociado con un mayor éxito en el establecimiento y mantenimiento de
la gestacion en el ganado de carne (Lonergan et al., 2016; Binelli et al., 2017; S& Filho et
al., 2017). Ademas, en un estudio previo en el que se realizd IATF tras un proestro
prolongado inducido por un protocolo J-Synch (GnRH / IATF de 60 a 72 h), la tasa de
prefiez fue mayor que la obtenida con el protocolo convencional utilizando cipionato de
estradiol (de la Mata et al., 2018). También se ha reportado que la tasa de prefiez fue
mayor que cuando se realizd6 GnRH / IATF a las 48 h, en comparacion con 72 h en
vaquillonas tratadas con el protocolo J-Synch y eCG (Nufiez—Olivera et al., 2016). Este
experimento contribuye con hallazgos explicativos relacionados con la funcién ovarica y
el ambiente uterino, lo que respalda la conveniencia de extender la longitud del proestro
en los protocolos para IATF en ganado de carne.

La administracion de eCG mejord la tasa de prefiez cuando se realizo la IATF a
las 72 h de retirado el dispositivo intravaginal con progesterona. Esta mayor tasa de
prefiez inducida por el tratamiento con eCG no fue influenciada por el estado del ovario
al inicio del tratamiento. La diferencia entre vaquillonas tratadas con eCG y no tratadas
se mantuvo tanto en aquellas con CL como en las sin CL (i.e.: ciclando o anestro, al
momento de la colocacion del dispositivo). Esta mejora en la tasa de prefiez reportada por
varios estudios, muchos de ellos realizados en Argentina, Brasil y Uruguay en
condiciones de pasturas similares (revisado por B0 et al., 2007; Mapletoft et al., 2018)
siempre asociada a los tratamientos con progesterona Yy estradiol (protocolos
convencionales de 7 u 8 dias), apoya el uso de esta gonadotrofina en programas para
IATF. Los resultados actuales extienden esta practica a las vaquillonas sometidas a
protocolos con proestro prolongado.

Cuando se administro a vaquillonas en anestro, el tratamiento con eCG al retirar
el dispositivo tendid a mejorar la funcion luteal post—ovulatoria. Aungue este hallazgo no
se busco en este experimento, resultados similares fueron reportados anteriormente en
vacas con cria en anestro (Baruselli et al., 2004; B0 et al., 2007; Nufiez—Olivera et al.,
2014) y en receptoras de embriones (B0 et al., 2002). La regresion temprana del CL luego

57



de un tratamiento con progesterona y estradiol fue reportada previamente en vacas con
cria en anestro posparto (Nufiez—Olivera et al., 2014). En este anterior estudio,
demostramos que, aunque los tratamientos con progesteronay estradiol son efectivos para
inducir la ovulacion en la mayoria de las hembras en anestro, algunas no fueron capaces
de mantener la funcion luteal después de la ovulacion y regresaron al anestro. Estas vacas
mostraron un aumento en las concentraciones sericas de progesterona durante la fase
luteal temprana, que disminuyd a valores indetectables de 7 a 14 dias luego de la
ovulacion. La misma respuesta se encontrdé en este Experimento Il en vaquillonas
prepuberes. Esta informacion apoya la idea de que los tratamientos con progesterona y
estradiol no siempre son efectivos para superar el anestro en todas las hembras tratadas.
Este experimento extiende esta nocion a las vaquillonas y demuestra que la adicion de la
eCG al retirar el dispositivo mejora la induccion de la ciclicidad y contribuye con la
capacidad del CL de mantener su funcion para el establecimiento de la gestacion. Se ha
demostrado que el tratamiento con eCG modifico caracteristicas especificas relacionadas
con la esteroidogénesis, como la forma mitocondrial y el namero de células luteales
grandes (Rigoglio et al., 2013) y aumento la expresion de enzimas esteroidogénicas (P450
scc, 3b-HSD y StAR) en el CL (Féatima et al., 2013). En este experimento, la mayor
proporcion de vaquillonas con un CL competente en las tratadas con eCG frente a las no
tratadas (82,6% vs. 56,5%, respectivamente; P = 0,054), se vio afectada por una mayor
induccidn de la ovulacion y una menor proporcion de CLs de regresion prematura. Este
hallazgo explica, al menos en parte, la mejora en la tasa de prefiez obtenida con el uso de
eCG en el momento del retiro del dispositivo en el Experimento IV.

Con respecto a la expresion génica de los esteroides sexuales, no encontramos
diferencias entre los grupos experimentales, 1o que concuerda con reportes anteriores
(Robinson et al., 2001). Ademas, de que se ha reportado que los estrégenos durante la
fase folicular regulan hacia arriba tanto los receptores PR como los ERa en el utero de la
mayoria de las especies mamiferas (Ing and Tornesi, 1997), y que la progesterona durante
la fase lutea los regula hacia abajo, ademas debe tenerse en cuenta que la expresion de
ARNmM no siempre refleja el contenido de proteinas (Meikle et al., 2000). La biopsia
uterina completa se utilizd para realizar determinaciones de ARNm, mientras que la
sensibilidad del tipo celular especifico a los esteroides puede diferir. Por lo que, el
aumento de las concentraciones séricas de estradiol-17f en el tratamiento con eCG esta
relacionado con el mayor contenido de proteina de PR en el epitelio luminal en
vaquillonas con eCG comparadas con aquellas sin eCG cuando la GnRH fue administrada
a las 72 h. Los datos son muy consistentes en mostrar la relevancia del tiempo de
administracion de la GnRH en vaquillonas tratadas con eCG; evidenciandose mas area de
tincion PR—positiva y ERo—positiva en el epitelio luminal cuando se administr6 GnRH a
las 72 h comparadas con las administradas a las 48 h. Estos datos concuerdan con las
mayores concentraciones séricas de estradiol encontradas en las vaquillonas tratadas con
eCGy GnRH alas 72 h, y amplian la idea de que extender la longitud del proestro mejora
la actividad esteroidogénica del foliculo y las concentraciones de estradiol (Bridges et al.,
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2014; Mesquita et al., 2014) que, en consecuencia, pueden afectar la funcionalidad
uterina.

El proestro prolongado inducido por el protocolo J-Synch se define por la
administracion de GnRH de 60 a 72 h luego del retiro del dispositivo intravaginal con
progesterona (B0 et al., 2016; de la Mata et al., 2018). En el Experimento IV, cuando se
administré eCG al retirar el dispositivo en este protocolo de proestro prolongado, se
obtuvo una tasa de prefiez similar con IATF realizada a las 60 h o0 a las 72 h (~58% vs.
~56%), un hallazgo que confirma los resultados previos (~55% vs. ~57%) reportado
recientemente (de la Mata et al., 2018). De acuerdo con estos datos, sugerimos que la
longitud optima del proestro en vaquillonas Bos taurus puede ser de 60 a 72 h, lo que
tiene implicancias practicas para quienes aplican esta tecnologia en establecimientos
comerciales. Ademas, se debe agregar una dosis de eCG al momento del retiro del
dispositivo con progesterona en el protocolo J-Synch permitiendo realizar la IATF de 60
a 72 h luego de retirado el dispositivo. Esta amplia ventana para la inseminacion aumenta
las posibilidades de aplicar IATF en rodeos grandes y con un manejo extensivo, ya que
se pueden inseminar entre 400 y 500 hembras por dia. En este caso, el dispositivo
intravaginal con progesterona debe retirarse al final de la tarde del dia 6 y la IATF
realizarse durante todo el dia 9 (desde temprano por la mafiana hasta las ultimas horas por
la tarde). En cuanto a los resultados obtenidos con vaquillonas tratadas con eCG, la tasa
de prefiez fue similar entre las hembras con IATF en la mafiana o en la tarde. Por otro
lado, para aquellos rodeos pequefios con pocas hembras, el momento de la inseminacion
puede programarse a la mejor conveniencia durante el dia 9, sin afectar la tasa de prefiez.

La relacion entre el didmetro del foliculo preovulatorio y la tasa de prefiez
encontrada en el Experimento V estd respaldada por varios estudios previos. Se ha
reportado que la induccion de la ovulacién de foliculos pequefios disminuye la tasa de
prefiez 0 aumenta las pérdidas embrionarias / fetales tempranas en bovinos (Lamb et al.,
2001; Perry et al., 2005, 2008). Ademas, la ovulacion prematura de un foliculo dominante
inducida con GnRH redujo el diametro del foliculo en el momento de la ovulacion,
disminuyendo la funcién latea y por ende la fertilidad posterior (Mussard et al., 2007;
Dadarwal et al., 2013). Por el contrario, la ovulacion de foliculos de mayor tamafio mejora
la fertilidad, un efecto que se asocio6 con elevadas concentraciones de estradiol circulante
cerca del momento de la inseminacion (Perry et al., 2014; Rodrigues et al., 2018). En este
Experimento, la tasa de prefiez mejoré a medida que aumentaba el tamafio folicular; el
diametro folicular observado con mayor frecuencia fue de 12 mm para el proestro de 48
h, de 13 mm para el de 60 hy de 14 mm para el de 72 h. Por otro lado, en este Experimento
todas las vaquillonas recibieron una dosis de eCG al inicio del proestro, o sea, al retirar
el dispositivo intravaginal con progesterona. La administracion de gonadotrofinas con
efectos similares al de las hormonas FSH / LH inducen la maduracion folicular final
resultando en una mayor secrecion de estradiol (revisado por Allrich, 1994), similares
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resultados hemos obtenido en el Experimento anterior respaldando que el tratamiento con
eCG en vaquillonas tratadas con el protocolo J-Synch mejoran la tasa de prefiez en una
IATF (Nufez—Olivera et al., 2020). Por lo tanto, sugerimos que las estrategias que
promuevan el crecimiento folicular persistan en los protocolos para IATF. En general,
estos hallazgos apoyan la consideracion de nuevas estrategias para promover el
crecimiento y la maduracidn folicular preovulatorios.

En este Experimento, la presencia de foliculos de mayor tamafio en el momento
de la inseminacion se asocié con una mayor expresion del estro. En las vaquillonas
inducidas a tener un proestro de 72 h, el tamafio folicular fue mayor y la proporcion de
estro fue significativamente mayor que la del proestro de 48 h. Luego de la
implementacién de un protocolo para IATF para inducir la ovulacion, las hembras que
presentan celo tienen una mayor capacidad ovulatoria y una mayor tasa de prefiez (Perry
etal., 2020). Ademas, se ha reportado que la aparicion del estro en los programas de IATF
se asocia positivamente con mejores tasas de ovulacion y prefiez (S& Filho et al., 2010,
2011; Richardson et al., 2016; B0 et al., 2018; Cedefio et al., 2021). Trabajos realizados
en programas de transferencia de embriones han confirmado que la expresion del estro
antes de la ovulacion tuvo un efecto positivo en la tasa de prefiez después de la
transferencia de embriones en vacas receptoras (B6 and Cedefio, 2018; Cedefio et al.,
2020). Ademas, la manifestacion del comportamiento del estro hasta 3 dias luego del
retiro del dispositivo con progesterona aumento la probabilidad de prefiez en receptoras
de embriones producidos in—vitro (Frade et al., 2014). En vaquillonas Holstein, se obtuvo
una probabilidad méxima de prefiez predicha cuando la duracion del proestro fue de 3
dias, con una relacion cuadréatica entre la duracion del proestro y la probabilidad de prefiez
(Colazo and Ambrose, 2011). El beneficio obtenido en este Experimento con vaquillonas
durante el proestro méas largo, probablemente se deba a que las vaquillonas que exhibieron
estro estuvieron expuestas a concentraciones circulantes de estradiol enddégeno mas
elevadas en este periodo que aquellas que fueron inducidas a ovular con GnRH antes de
exhibir el estro.

Aquellas vacas que exhiben estro producen conceptos mas largos el dia 19 de
gestacion, tienen una mejor probabilidad de supervivencia y un mejor establecimiento de
la gestacion (Davoodi et al., 2016). EI mantenimiento de la gestacion también parece
mejorar con la expresion del estro antes de la ovulacién, ya que se observaron menores
pérdidas embrionarias / fetales tempranas después de los 30 dias de gestacidn y una mayor
tasa de partos en aquellas receptoras que exhibieron estro antes de la ovulacion (Cedefio
et al., 2020). Existe una relacion positiva entre el diametro del foliculo, la expresion del
estro y las concentraciones de estradiol serico preovulatorio (Perry et al., 2014, 2020). La
produccion de estradiol durante el proestro tiene un efecto positivo en la fase lltea
posterior, el ambiente uterino y el desarrollo embrionario (Mann y Lamming, 2000;
Santos et al., 2004). Las concentraciones de estradiol preovulatorias parecen ser criticas
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en la programacion del ambiente uterino para que reciba el embrion antes del
reconocimiento materno de la gestacion (Binelli et al., 2017; Perry et al., 2020). Por lo
tanto, la menor tasa de prefiez observada en vaquillonas inducidas a ovular demasiado
pronto (i.e.: GnRH administrada a las 48 h) sin expresion del estro, sugiere que necesitan
tiempo adicional para la maduracién folicular final. Por otro lado, en las vaquillonas que
ya habian ovulado al momento de la administracion de GnRH a las 72 h, el 68,4% (13/19)
de ellas estaban prefiadas a los 30 dias luego de la IATF. Esto sugiere que no hay
necesidad de preocuparse por las vaquillonas ovuladas en este momento. Ademas, la
relacion positiva entre la tasa de prefiez y el diametro folicular preovulatorio fue
significativa con el proestro més corto (Figura 3.5.2, panel derecho), que se supero, al
menos en parte, cuando la longitud del proestro se extendio a las 72 h. Estos hallazgos
respaldan ain mas la conveniencia de prolongar la ventana entre el retiro del dispositivo
con progesterona y la administracion de GnRH.

La expresion del estro en este Experimento, determinada por la eliminacion de la
pintura de la base de la cola, fue un factor importante asociado con una mayor respuesta
ovarica, y este evento es indicativo de una respuesta de sincronizacion exitosa. El uso de
la pintura en la base de la cola fue util para identificar aquellas vaquillonas con una mayor
expresion del estro, por lo que adicionalmente permite que las vaquillonas sin expresion
del estro puedan ser el objetivo para el uso de tratamientos diferenciales adicionales para
mejorar la fertilidad. Aunque el protocolo de sincronizacion utilizado es un método
efectivo y bien establecido para inducir la ovulacion sincronizada entre vaquillonas (B6
et al., 2016; de la Mata et al., 2018), en nuestro trabajo encontramos gran variabilidad en
el tamafio de los foliculos al final del tratamiento. Probablemente, esto ocurre debido al
intervalo de tiempo (3 a 6 dias) que tarda en producirse una nueva onda folicular (Adams
et al., 2008; Martinez et al., 2005; Moreno et al., 2001). En consecuencia, en el momento
de la inseminacion en un tratamiento con progesterona y estradiol, la vida atil del foliculo
preovulatorio se extiende de 4 a 7 dias (i.e.: desde la aparicion de la onda hasta la
inseminacidn), esto podria explicar la amplia gama de tamafios de foliculos encontrados
al momento de la IATF. El aumento en el tamafio del foliculo ovulatorio podria ser
potencialmente positivo para la fertilidad debido al estradiol circulante elevado cerca del
momento de la inseminacion, como lo demuestra una mayor expresion del estro de los
dias —2 a 0 en un programa de IATF, y una concentracion elevada de progesterona sérica
circulante después de la IATF (Perry et al., 2014; Rodrigues et al., 2018). Aunque los
programas para IATF no requieren de la deteccidn del estro, el crecimiento y la calidad
de los embriones recuperados el dia 6 de gestacion, y un aumento en la tasa de prefiez fue
reportado cuando se detectd el estro (i.e.: con altas concentraciones circulantes de
estradiol) antes de la inseminacion en programas de IATF (Larimore et al., 2015;
Rodrigues et al., 2018).
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Las evidencias demuestran que aumentar el intervalo desde el retiro del
dispositivo con progesterona hasta la ovulacion parece beneficiar la fertilidad, por tal
motivo, se han propuesto e implementado con éxito nuevas estrategias para prolongar la
duracion del proestro. Los protocolos para extender la longitud del proestro se clasifican
en protocolos con GnRH y progesterona (Bridges et al., 2008) o con estradiol y
progesterona (de la Mata et al., 2018). En los protocolos con GnRH y progesterona, se ha
reportado que la reduccion del tiempo de exposicidn del dispositivo con progesterona de
7 a5 dias, y la prolongacién del intervalo desde el retiro del dispositivo hasta la GnRH /
IATF (i.e.: protocolo Co-Synch de 5 dias) aumenta la exposicion a concentraciones
elevadas de estradiol circulante antes de la ovulacion, mejorando la tasa de prefiez en
vacas Yy vaquillonas (Bridges et al., 2008, 2010; Small et al., 2009; Kasimanickam et al.,
2012). En los protocolos con estradiol y progesterona (i.e.: protocolo J-Synch de 6 dias),
también se mejor0 la tasa de prefiez en vaquillonas al reducir la exposicion a la
progesterona de 7 u 8 a 6 dias y prolongar el proestro de 48 h (con cipionato de estradiol
administrado al retiro del dispositivo) a 72 h (con GnRH administrada en el momento de
la IATF; de la Mata et al., 2018). En este estudio anterior, aunque el protocolo J-Synch
indujo una mayor tasa de prefiez que el protocolo convencional, fue dificil determinar si
la razén real de tal mejoria se debié a la extension del periodo de proestro o al reemplazo
del cipionato de estradiol por la GnRH para inducir la ovulacién. En el Experimento
actual, todas las vaquillonas recibieron GnRH y el tratamiento a las 72 h posteriores al
retiro del dispositivo mejor6 la tasa de prefiez, por lo que concluimos que la mayor
longitud del proestro mejoro la tasa de prefiez.

La inseminacion artificial a tiempo fijo es una técnica de reproduccion asistida y
como herramienta tecnolégica se estd convirtiendo en una practica comun en la
produccion de ganado de carne, y el nimero de terneros producidos por IATF en
establecimientos comerciales esta aumentando constantemente (B6 et al., 2019; Baruselli
et al.,, 2020; Menchaca et al., 2021). En cuanto a los resultados obtenidos con esta
tecnologia y su creciente adopcion, no solo se relaciona con la tasa de prefiez aceptable,
sino que también porgue es una tecnologia amigable para el usuario. Para encontrar
formas mas eficientes de producir carne, los profesionales, asesores y productores deben
centrarse en la innovacién e incorporacion de nuevas tecnologias, debido a que es
necesario garantizar un suministro de alimentos que pueda satisfacer las necesidades
nutricionales de una poblacién en crecimiento (FAO, 2018).
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CONCLUSIONES

La administracion de PGF», en el momento de la colocacion de un dispositivo
intravaginal indujo concentraciones de progesterona circulante menores durante todo el
periodo de tratamiento comparada con la administracion de una dosis unica al momento
del retiro del dispositivo. En consecuencia, hubo un foliculo ovulatorio de mayor tamafio
y un intervalo més corto hasta la ovulacion en vaquillonas tratadas con las dos medias
dosis de PGF»,. Sin embargo, la tasa de prefiez no fue diferente entre estos tratamientos,
por lo que permitié administrar una Unica dosis de PGF», al retiro del dispositivo sin
efectos perjudiciales para la tasa de prefiez.

La administracion de eCG al retiro del dispositivo y la extension del proestro
retrasando la administracion de GnRH demostro la conveniencia de un tratamiento corto
con progesterona y estradiol (protocolo J-Synch) para vaquillonas de carne. Esta
estrategia mejord la tasa de prefiez luego de la IATF, indujo mayores concentraciones de
progesterona luego de la ovulacién con una mayor proporcion de vaquillonas con un CL
competente. Ademas, el tratamiento con eCG se relacioné con el mayor contenido
proteico de PR en el epitelio luminal cuando se administr6 GnRH a las 72 h. Estos
resultados amplian la idea de que extender la longitud del proestro aumenta la exposicion
uterina al estradiol enddgeno producido por el foliculo ovulatorio que, en consecuencia,
pudo afectar la funcionalidad uterina.

La extension en la longitud del proestro de 48 a 72 h en un tratamiento con
progesterona y estradiol de 6 dias (protocolo J-Synch), aument6 el tamafio folicular
preovulatorio en el momento de la IATF, aumentd la expresion del estro y mejor6 la tasa
de prefiez en vaquillonas con CL. La IATF puede realizarse en un amplio periodo (60 a
72 h luego del retiro del dispositivo y administracion de eCG), con implicancias practicas
para la aplicacion de esta tecnologia en programas a gran escala. Estos resultados apoyan
la recomendacion de aplicar protocolos con proestro prolongado en los programas para
IATF en vaquillonas de carne Bos taurus.
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Implicancias practicas

Los resultados de esta tesis muestran claramente los beneficios de utilizar una
dosis de eCG al retirar el dispositivo con progesteronay de extender el periodo de proestro
a 72 h luego de retirado el dispositivo en vaquillonas de carne. Este tratamiento ha
comenzado a implementarse en condiciones comerciales donde se aplican programas de
IATF. Es probable que el uso de esta estrategia se transforme en un componente esencial
en la aplicacion de esta tecnologia a gran escala en vaquillonas. La informacion aportada
es muy novedosa en cuanto al mecanismo que explica la mayor tasa de prefiez obtenida
con esta estrategia.

El incremento en la eficiencia de las técnicas de sincronizacion estral e
inseminacién artificial, de manera indirecta, se vera reflejado en la reduccién de las
pérdidas embrionarias y / o fetales tempranas. Las estrategias planteadas apuntan a
mejorar los indices reproductivos en rodeos de carne, logrando en este caso que las
vaquillonas queden prefiadas mas temprano lo que favorece su performance reproductiva
durante toda la vida de la hembra. De esta manera, a largo plazo se esta mejorando
también la tasa de prefiez de las vacas adultas que es donde luego se visualizan las
mayores ineficiencias. A menudo, se subestima el impacto de trabajar sobre las
vaquillonas, pero el momento en la que ésta queda prefiada determina el comportamiento
futuro de la hembra. Por este motivo, es importante trabajar en herramientas que
incrementen la eficiencia reproductiva en esta categoria.

Por otro lado, la produccion mundial de alimentos debe incrementarse
considerando el crecimiento de la poblacion, la demanda de los mercados y la evolucion
de los habitos alimenticios. La tendencia mundial, debido al aumento del poder
adquisitivo en los paises emergentes, es hacia un mayor consumo de productos de origen
animal y de alto valor bioldgico, como lo son las carnes, huevos y productos lacteos
(FAO, 2018). Para encontrar formas mas eficientes de producir carne, los productores y
profesionales asesores, deben centrarse en la innovacion y la incorporacién de tecnologias
que permitan maximizar el éxito de los programas reproductivos.
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ARTICLE INFO ABSTRACT

Keywords: The objective was to evaluate effects of prostaglandin (PG) F2a administration at the beginning
Follicle of a progesterone and estradiol-based treatment period on ovarian response and pregnancy rate
Ovulation (P/AI) in Bos taurus beef heifers. Heifers were treated with 500 pg of cloprostenol administered:
TAI

a) in two half-doses (250 pg) at the time of progesterone device insertion and removal (two-PG),
or b) in a single dose at the time of device removal (one-PG). In the two-PG group, administration
of PG at device insertion resulted in lesser serum progesterone concentrations during the 7-d
treatment period (P < 0.05). Additionally, diameter of the follicle from which ovulation oc-
curred was greater, and ovulation occurred earlier in the two-PG compared with one-PG group
(P < 0.05). Fixed-time artificial insemination (FTAI) was performed in 3479 heifers with two
times for FTAI (48 compared with 54h from device removal). There was no effect on P/Al
percentage for the PG treatment or the time of FTAL The FTAI at 54 h resulted in a greater P/AI
percentage in the one-PG than two-PG group (70.5%, 253/359 and 63.5%, 254/400, respec-
tively; P < 0.05). There were no differences between PG treatments when FTAI was performed at
48h after device removal. In conclusion, the administration of PG at the time of intravaginal
progesterone device insertion results in lesser progesterone concentrations, and an increased size
of the follicle from which ovulation occurs, and the time of ovulation is earlier after device
removal. The pregnancy rate was not affected by the PG administration at the time of device
insertion.

Estradiol-173
Luteolysis

1. Introduction

The market for fixed-time artificial insemination (FTAI) programs is growing in the global cattle industry. Because this technology
does not require estrous detection, is effective in estrous cycling and postpartum anestrous females, heifers and suckling cows, is easy
to use for producers and practitioners, and is a low-cost and high impact technology, there is a greater use of FTAI by producers than
what has traditionally occurred with use of estrous synchrony regimens. Progesterone and estradiol-based protocols are the preferred
treatments for FTAI of beef cattle in South America (B6 et al., 2018). The expected pregnancy percentage per Al (P/AI) with use of
these FTAI programs averages 50%, and new alternatives have been proposed to increase this outcome. One of the factors affecting
fertility appears to be associated with size of the follicle from which ovulation occurs (Perry et al., 2007), probably associated with an
increase in the ovulation rate (Sales et al., 2015), ovulation of a more functional oocyte (Dickinson et al., 2016), greater preovulatory
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estradiol production (Jinks et al., 2012), and greater postovulatory luteal size and progesterone production (Wiltbank et al., 2012a).
Different strategies have been utilized to increase pregnancy rate by inducing an increase in diameter of the follicle from which
ovulation occurs, enhancing ovulation rate and improving luteal function after ovulation (Ntnez-Olivera et al., 2014; Perry et al.,
2014). Different strategies to stimulate preovulatory follicular development, therefore, should be undertaken when attempting to
improve the effectiveness of FTAI protocols in enhancing pregnancy percentages.

With FTAI protocols, the super-physiological progesterone concentrations at intravaginal device insertion associated with in-
tramuscular (i.m.) estradiol administration is required to ensure follicular regression and emergence of a new wave of follicular
development (Adams et al., 2008; B6 et al., 2016). Super physiological progesterone concentrations for too many days after device
insertion could suppress luteinizing hormone (LH) pulse frequency affecting dominant follicle development (Bergfeld et al., 1996;
Ireland and Roche, 1982). In beef cattle, greater than optimal progesterone concentrations throughout treatment could negatively
affect the ovulation rate, and therefore, pregnancy success may be negatively affected (Dadarwal et al., 2013; Martins et al., 2017). In
Bos indicus beef heifers, lesser circulating progesterone concentrations have been achieved by inducing luteolysis with prostaglandin
(PG) F2a administration at the beginning of a progesterone and estradiol-based synchronization treatment regimen. This approach
resulted in a greater fertility than in heifers with relatively greater progesterone concentrations at the end of the treatment (Carvalho
et al., 2008; Meneghetti et al., 2009; Peres et al., 2009). Similar findings have been reported in Bos indicus by Bos taurus crossbred
heifers (Cutaia et al., 2007). Most practitioners have included this strategy in Bos indicus heifers. Due to the assumption that this
approach to FTAI would have similar effects in Bos taurus heifers, this protocol was also incorporated for Bos indicus cattle (reviewed
by B6 et al., 2016). Because differences in steroid sensitivity and metabolism have been proposed between Bos indicus and Bos taurus
heifers (Carvalho et al., 2008, 2017; Sartori et al., 2016a, 2016b), the convenience of using treatments to bring about lesser pro-
gesterone concentrations with PG administration at the time of progesterone device insertion in FTAI treatment regimens of Bos
taurus beef heifers has not been assessed for efficacy and requires further investigation.

The main objective of the present study was to evaluate the effect of PGF2a administered at the beginning of a treatment period
with an intravaginal progesterone device and estradiol-based treatment on serum progesterone concentrations, preovulatory folli-
cular growth and fertility in Bos taurus heifers. In addition, it was determined if pregnancy percentage was affected by timing of
insemination when there was early PG administration using the progesterone-based protocol.

2. Materials and methods
2.1. Animals and management

Two experiments were conducted during the spring beef cattle breeding season in the Southern Hemisphere (October-January,
33°S, Uruguay) in Hereford-Angus crossbred heifers. All heifers were examined using ultrasonography to determine the presence or
absence of a corpus luteum (CL; estrous cycling or anestrous heifers, respectively) at the beginning of the treatment period. In each
experiment, heifers were all maintained in the same paddock, grazing rangeland pasture produced from crystalline-based soil and
had unrestricted access to water and mineral supplement. All experimental procedures involving animals including injections, in-
travaginal device insertion, blood collection, and ovarian ultrasonographic examinations were approved by the Internal Animal Care
Committee of Fundacién IRAUy and were conducted in accordance with the guidelines of the National Council of Animal Care
(CNEA) of Uruguay.

2.2. Experiment 1

The aim of this experiment was to evaluate the effect of PGF2a administration at the beginning of a progesterone and estradiol-
based treatment period on serum progesterone concentrations, preovulatory follicle development, diameter of follicle from which
ovulation occurred, timing of ovulation and serum estradiol-17f concentrations. This study was conducted using 2-year-old Hereford
heifers (n = 25) with a body weight of 299.2 + 5.0kg (mean + SEM) and body condition score (BCS) of 4.5 = 0.1 (scale 1 to 8; 1
= emaciated and 8 = obese; (Vizcarra and Wettemann, 1996)). The females were selected 14 d before the experiment from a herd of
150 heifers based on the presence of a CL, and 25 heifers were pre-estrous synchronized using one dose of PGF2a (500 pug of
cloprostenol sodium, Ciclase DL, Zoetis, Buenos Aires, Argentina) with the aim that all heifers be in the stage of the estrous cycle at 7
to 12 d after the time of ovulation (Day O of the experiment). On Day 0, the presence of CL was confirmed using ultrasonography and
the heifers were treated with an intravaginal progesterone releasing device (0.5 g, DIB 0.5, Zoetis) that was in place for 7 d and 2 mg
of estradiol benzoate (Gonadiol, Zoetis) was administrated i.m. at the time of device insertion. The heifers were randomly allocated to
one of two experimental groups to receive 500 ug of cloprostenol sodium in two half-doses (250 pug each) administered at the time of
progesterone intravaginal device insertion and removal (two-PG group; n = 13), or in a single dose administered at device removal
which was considered to be the control group (one-PG group, n = 12). All the heifers were treated i.m. with one dose of 0.5 mg
estradiol cypionate (Cipiosyn, Zoetis) and 300 IU of equine chorionic gonadotropin (eCG; Novormon, Zoetis) at the time of device
removal (Day 7).

2.3. Ultrasonic examinations

Ovarian examinations using ultrasonography were performed daily utilizing a B-Mode ultrasonic device with a linear—array
transducer (7.5 MHz, WED-9618 V Well.D, Shenzhen, China). Examinations were conducted by the same operator every 24 h from
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the day of device insertion until removal and every 12 h from device removal to the time ovulation was detected to have occurred or
until 144 h later, whichever occurred first. All follicles greater than 3 mm in diameter were measured using an internal electronic
caliper, video recorded and registered on an individual ovarian map for each heifer. Two images of the largest follicle were measured
at its maximum diameters (width and height), and the average was considered for analyses. Ovulation was considered to have
occurred when there was disappearance of the largest follicle between two consecutives ultrasonic examinations and confirmed 12h
later.

2.4. Hormonal determinations

Blood samples were collected daily from the beginning of the treatment until 96 h after progesterone device removal from the
jugular vein into 10-mL tubes. All samples were centrifuged 1 h after collection at 1000g for 20 min, and serum was stored at —20 °C
until assayed in the Laboratorio de Endocrinologia y Metabolismo Animal, Facultad de Veterinaria, Montevideo, Uruguay. Both serum
progesterone and estradiol-17f concentrations were determined using a radioimmunoassay (RIA) in direct solid phase and liquid
phase, respectively, following the recommendations of each commercially available specific kit (DIAsource ImmunoAssays S.A.,
Louvain-la-Neuve, Belgium). Serum progesterone concentrations were determined from device insertion until 24 h after device re-
moval, and serum estradiol-17f concentrations were determined from device removal until the time of detection that ovulation had
occurred. Circulating progesterone concentrations were determined in four assays; the sensitivity was 0.262 ng/mL, and the intra-
assay coefficients of variation (CVs) for quality Control 1 (0.4 ng/mL) and quality Control 2 (3.0 ng/mL) were 10.2% and 7.4%,
respectively. The inter-assay CVs for the same quality controls were 10.8% and 8.7%, respectively. Circulating concentrations of
estradiol-17f3 were determined after using the ether extraction method utilizing a double antibody RIA. This extraction protocol is
routinely used in this laboratory and has been previously reported (Meikle et al., 1997). Samples were analyzed using a duplicate
method in one assay, and the sensitivity was 3.5 pg/mL and the intra-assay CVs for quality Control 1 (88 pg/mL) and quality Control
2 (288 pg/mL) were 8.0% and 3.6%, respectively.

2.5. Experiment 2

The aim of this experiment was to evaluate the effect of PGF2a administration at the beginning of progesterone and estradiol-
based treatment on pregnancy rate in Bos taurus beef heifers. The study was conducted in 11 replicates on different farms located in
Uruguay. A total of 3479, predominantly Hereford-Angus crossbred heifers, with a BCS of 4.5 = 0.1 (scale 1-8) were used; 2690 of
the heifers were 2-years of age (10 replicates), and 789 were 14-months of age (one replicate). In each replicate, the presence or
absence of the CL was confirmed in each heifer using ultrasonography at the beginning of the treatment (Day 0). All herds enrolled in
the study had similar management as that described in Experiment 1 in rangeland conditions with ad libitum access to water, salt and
mineral mixture. The heifers were treated using the same progesterone- and estradiol-based treatment regimen described for
Experiment 1. Prostaglandin F2a (500 pg of cloprostenol sodium, Zoetis) was administered in two half doses (250 pg each) at the time
of insertion and removal of progesterone intravaginal device (two-PG group) or in a single dose at the time of device removal (one-PG
group). Estradiol cypionate and eCG were administered on Day 7 at the time of device removal as described for Experiment 1. Heifers
were randomly assigned to be inseminated in the morning or in the afternoon of Day 9 (i.e., at 48 or at 54 h after device removal) in a
2 X 2 factorial design. Thus, the heifers were treated with PGF2a at the time of device insertion and removal with FTAI occurring at
48 (n = 852) or 54 (n = 896) h after device removal or there was treatment with a single dose of PGF2a at the time of device
removal with FTAI occurring at 48 (n = 835) or 54 (n = 896) h after device removal. Fixed-time Al was performed by two
technicians using frozen semen of one or two bulls per replicate, which were assigned equally to each experimental group. Pregnancy
diagnosis was determined using ultrasonography 30-35 d after insemination.

2.6. Statistical analysis

Statistical analyses were performed using InfoStat software (Di Rienzo et al., 2018). Data were assessed for normality and
homogeneity of variance using histograms, q-q plots, and formal statistical tests as part of the univariate procedure. Follicular
development, serum progesterone and estradiol-17f concentrations were analyzed using generalized linear mixed models (GLMMs),
including the treatments and time as fixed effects with the interactions, and the animal as a random effect. The type of variance-
covariance structures was chosen depending on the magnitude of the Akaike information criterion (AIC) for models conducted when
there was heterogeneous compound symmetry, unstructured, autoregressive, spatial power, and first-order ante-dependence. The
model with the least AIC was selected. The ovulation rate (heifers ovulated/treated) was analyzed using the Fisher’s exact test. In
Experiment 2, the pregnancy rate was analyzed using GLMMs, including the effect of PGF2a treatments (two treatments), the
insemination times (48 h and 54 h), the presence/absence of CL (i.e., estrous cycling/anestrus), and the interactions as fixed effects.
While the replicate, animal identification, technician for insemination, bull and semen batch were included as random effects.
Because the effect of the splitting of PG treatment may be evident only in estrous cycling heifers, data were analyzed with inclusion of
all females and including only those females bearing a CL. The 2-year-old and 14-month-old heifers were analyzed separately. Data
are presented as mean = SEM and the significance level was considered to be P = 0.05.
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Fig. 1. Mean ( = SEM) serum progesterone concentrations (left panel) and ovulatory follicle development (right panel) after prostaglandin (PG) F2a
administration in two half doses at device insertion and removal (filled squares/triangles) or in a single dose at device removal (open squares/
triangles), with a progesterone and estradiol-based treatment regimen for FTAI being imposed in estrous cycling beef heifers (Bos taurus).

3. Results
3.1. Experiment 1

The treatment with PGF2a at the time of insertion of the progesterone intravaginal device resulted in lesser serum progesterone
concentrations throughout the 7-day intravaginal treatment period than the concentrations of the control group (4.2 * 0.3 com-
pared with 8.0 = 1.0ng/mL; P < 0.01; Fig. 1). The two-PG treatment group had a larger preovulatory follicular diameter at the
time of progesterone device removal (12.2 = 0.5 mm) compared with females that were treated with a single dose of PG at the time
of device removal (9.6 + 0.5mm; P < 0.01; Fig. 1). In addition, the heifers that were treated the two-PG administrations had a
larger follicular diameter at the time of the last ultrasonic assessment before ovulation was detected to have occurred
(14.4 = 0.4mm compared with 12.8 = 0.4mm; P < 0.05; Table 1). There were no differences in the mean of estradiol-17f3
concentrations from the time of device removal until the time ovulation was detected to have occurred between the experimental
treatments (P = 0.44; Fig. 2). Heifers in the two-PG group had a lesser time interval from the time of device removal to the time of
detection that ovulation had occurred than those heifers treated only at the time of device removal (Table 1). Ovulation rate did not
differ for the two treatment groups, and the data for results are shown in Table 1, and distribution of ovulation is depicted in Fig. 2.

3.2. Experiment 2

Pregnancy rates of the 2-year-old and 14-month-old heifers are shown in Table 2. In 2-year-old heifers, overall pregnancy rate
regardless estrous cycling or anestrus status, was similar for heifers of two-PG and one-PG treatment group (64.3%, 872/1,356; and
66.5%, 887/1,334, respectively; P = 0.23). In 14-month-old heifers, there was a statistical tendency between the two-PG and one-PG
treatment group for pregnancy percentage (48.5%, 190/392; and 54.7%, 217/397, respectively; P = 0.08). The pregnancy rate was
greater in the heifers that had a CL at the beginning of the treatment period than those heifers without a CL (67.1%, 989/1474
compared with 63.3%, 770/1216, respectively; P < 0.05), and there was no difference in 14-month-old heifers with and without a

Table 1
Effect of the administration of prostaglandin (PG) F2a in two half doses at device insertion and removal (two-PG treatment) or in a single dose at

progesterone intravaginal device removal (one-PG group) with a progesterone- and estradiol-based treatment regimen being imposed for FTAI in
beef heifers (mean + SEM).

Serum progesterone Follicular diameter at  Follicular diameter Follicular growth ~ Ovulation rate  Interval to

concentrations* (ng/mL) device removal (mm) at ovulation (mm) rate** (mm/d) (%) ovulation®** (h)
One-PG treatment 8.0 + 1.0 9.6 = 0.5 12.8 + 0.4 09 = 0.2 83.3% (10/12) 78.0 = 2.7
Two-PG treatment 4.2 = 0.3 12.2 £ 0.5 144 = 0.4 0.8 = 0.1 100% (13/13) 64.6 = 2.9
P-value 0.001 0.001 0.015 0.498 0.425 0.003

* Mean ( = SEM) during 7-day intravaginal progesterone treatment.
** From device removal to ovulation.
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Fig. 2. Mean ( = SEM) serum estradiol-173 concentrations (left panel) and ovulation rate (ovulated heifers/treated heifers; right panel) after
prostaglandin (PG) F2a administration in two half doses at device insertion and removal (filled points/bars), or in a single dose at device removal
(open points/bars), with a progesterone and estradiol-based treatment regimen for FTAI being imposed in estrous cycling beef heifers (Bos taurus).

CL at the time of device insertion (50.0%, 193/386 compared 53.1%, 214/403, respectively, P = 0.38). Regarding those heifers that
had a CL present at the time of device insertion, pregnancy rate was not affected by the split PG treatment (P = 0.33). A tendency (P
= 0.07) was found for the interaction between treatments and insemination times for 2-years-old estrous cycling heifers. Estrous
cycling heifers that were FTAI at 54 h after device removal had a lesser P/AI percentage in the two-PG group than the one-PG group
(P < 0.05; Table 2). For those heifers that did not have a CL at device insertion, there were no differences in pregnancy rate or
insemination times between treatment groups (P = 0.19).

4. Discussion

The results of this study indicate that in estrous cycling Bos taurus beef heifers the ovarian responses during the progesterone and
estradiol-based treatment are affected by PGF2a administration at the time of progesterone device insertion. Administration of PG at
the time of device insertion resulted in lesser progesterone concentrations throughout the period of intravaginal device treatment,
increased the diameter of the ovulatory follicle and an earlier time when ovulation occurred relative to the time of progesterone
device removal. The pregnancy rate was not affected by the PG administration at the time of device insertion, and consequently there
was a lesser fertility when FTAI was delayed to 54 h after device removal.

The positive effect of relatively lesser progesterone concentrations on the growth of the dominant follicle has been clearly
documented (Dadarwal et al., 2013; Sirois and Fortune, 1990; Utt et al., 2003), an effect that is mediated by an increase in the
frequency of LH pulses (Ginther et al., 2001, 2013a; Ireland and Roche, 1982). Relatively greater progesterone concentrations
decrease the frequency of LH pulses (Bergfeld et al., 1996; Ginther and Beg, 2012) and, consequently, suppress follicular growth and
results in smaller follicles (Adams et al., 2008; Stock and Fortune, 1993) from which there is sometimes a failure of ovulation to
occur. If ovulation from small follicles occurs, there is a lesser fertility, probably due to: a) the development of a smaller CL and
subsequently relatively lesser progesterone concentrations than when there is ovulation for relatively larger follicles (Crowe, 2008;
Wiltbank et al., 2012b), b) less oocyte developmental competence (Abreu et al., 2018; Lequarre et al., 2005) or c) lesser preovulatory
estradiol concentrations that negatively affect uterine programming (Binelli et al., 2017; B6 et al., 2016). The optimal progesterone
concentrations for having an endocrine milieu and physiological conditions that results in maximal pregnancy in cattle with use of
FTAI protocols has not been clearly established, and the current study contributes novel information in this regard. In the present
study, circulating progesterone concentrations in heifers treated with PGF2a at the time of device insertion and removal were less
throughout the device treatment period than in heifers treated with a single PG dose at device removal. This effect promoted
preovulatory follicular growth with a greater diameter of the follicle from which ovulation occurred at device removal and at the time
of ovulation. Thus, the results of the current study indicate that in estrous cycling Bos taurus heifers with the use of this strategy, there
was an effective maintenance of optimal progesterone concentrations for promotion preovulatory follicular growth.

In general, the larger the dominant follicle at the end of treatment for FTAIL the lesser the interval to the onset of estrus and
ovulation (Adams et al., 2008; Ginther et al., 2013b; Savio et al., 1993). Ovulatory follicle size and its physiological maturity are
implicated in contributing to the establishment and maintenance of pregnancy (Lamb et al., 2001). In the present study, the interval
from device removal to ovulation was less in heifers that received the split PG treatment. The convenience with use of this treatment
regimen is controversial, because the benefit of increased ovulatory size is negated by the earlier time of ovulation as compared to
when this split PG treatment regimen is not imposed, which is associated with lesser endogenous estradiol during the preovulatory
period (Binelli et al., 2014, 2009) and uterine programming (de La Mata et al., 2018; Sponchiado et al., 2017). Because the interval
from device removal to ovulation appears to affect fertility (Bridges et al., 2008), novel strategies to prolong proestrus length have



Table 2

Pregnancy rate obtained after prostaglandin (PG) F2a administered in two-half doses at device insertion and removal (two-PG treatment) or in a single dose at progesterone intravaginal device removal
(one-PG treatment) with a progesterone and estradiol-based treatment regimen being imposed for FTAI; 2-year-old heifer data in the upper panel and 14-month-old heifer data are in the lower panel.

Two-PG treatment

FTAI 48h

FTAI 54h

Overall

One-PG treatment

FTAI 48h

Overall

P-value

PG treatment

Time of FTAL

PG x FTAIL

2-year heifers

With CL (n = 1474)
Without CL (n = 1216)

14-month heifers

With CL (n = 386)
Without CL (n = 403)

68.4% (249/364)*°
63.1% (183/290)

44.9% (44/98)
45.0% (45/100)

63.5% (254/400)*
61.6% (186/302)

47.7% (42/88)
55.7% (59/106)

65.8% (503/764)
62.3% (369/592)

46.2% (86/186)
50.5% (104/206)

66.4% (233/351)*°
65.3% (190/291)

57.0% (57/100)
54.8% (51/93)

70.5% (253/359)°
63.4% (211/333)

68.5% (486/710)
64.3% (401/624)

53.5% (107/200)
55.8% (110/197)

0.31
0.48

0.16
0.28

0.90
0.53

0.68
0.21

0.07
0.93

0.33
0.38

Simple effects are compared only when an interaction was a P-value < 0.1; For this case in the same row, a compared with b differs (P < 0.05).
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been proposed and implemented with some success (Bridges et al., 2010; De La Mata et al., 2018). Thus, this paradoxical effect of the
PG treatment at device insertion that occurred in Experiment 1, could have an unknown, if not negative, outcome on fertility.

In the present study, even with the differences in the circulating progesterone concentrations and ovulatory follicle diameter
among PG treatment groups, there were similar results in pregnancy rates after FTAL In the present study, the Al was performed at 48
or 54h, and the ovulation occurred approximately 64 to 78 h after progesterone device removal (i.e., on average, 10 to 30 h after
insemination). In estrous cycling 2-year-old heifers that were treated with the two-PG dose regimen and when FTAI was performed at
54 h after device removal, the pregnancy rate was less than in heifers that were treated with PG only at the time of device removal
and FTAI occurred at 48 h. It is hypothesized that the lesser pregnancy rate in heifers where there was FTAI at 54 h was related to a
shorter interval from insemination to ovulation. In the two-PG treatment group, however, P/AI percentage was similar to when FTAI
was performed at 48 h, and thus this result does not fully support this hypothesis. Based on this finding, it does not appear to be
beneficial to treat with the half PG dose at the time of device insertion in Bos taurus heifers. Results from previous studies in Bos
indicus and cross-bred heifers indicated females that had a CL at the beginning of treatment and in which there was relatively greater
circulating progesterone concentrations induced by intravaginal device insertion as compared with females not treated with the
device could have a lesser growth of dominant follicles, which would negatively affect ovulation and pregnancy rate (Cutaia et al.,
2003; Sa Filho et al., 2015; Sales et al., 2015; Vasconcelos et al., 2013). Results of the present study in Bos taurus heifers are not
consistent with these lines of thought in Bos indicus heifers and indicate there was a differentiated effect among these females.
Significant differences have been reported in progesterone pharmacokinetics among Bos indicus and Bos taurus heifers (Carvalho
etal., 2008, 2017). Additionally, when the same progesterone treatment are administered in both genotypes, circulating progesterone
concentrations, which suppress follicular growth and lead to lesser pregnancy rates after Al, are greater in Bos indicus heifers
(Carvalho et al., 2017; Sartori et al., 2016a, 2016b). The differences between the benefit of PG treatment in Bos indicus heifers
reported previously and the neutral effect in Bos taurus heifers that was ascertained in the present study seems to be supported by the
differences in progesterone pharmacokinetics reported previously.

The control of circulating progesterone concentrations by the administration of PG at device insertion may also be affected by the
amount of progesterone contained in the intravaginal device. Findings in the present study are valid only for treatment with devices
containing 0.5 g of progesterone, and in the present study, associated with an eCG treatment at the time of progesterone-device
removal. This protocol for FTAI, consisting of an intravaginal device with 0.5 g of progesterone, EB, ECP and eCG, is the most popular
treatment in South American countries (B6 et al., 2018), where more than 16 million cows and heifers are inseminated annually using
FTAI protocols (Mapletoft et al., 2018). Using this protocol, the administration of a half dose of PG at the time of progesterone device
insertion does not appear to be beneficial for enhancing P/Al percentage in Bos taurus heifers, and the complete dose is recommended
in a single administration at the time of device removal. From a practical perspective, in addition to the easy implementation of the
single PG treatment, the longer period (i.e., from 48 to 56 h) for conducting inseminations may be maintained with use of the single
PG treatment at the time of progesterone device removal. This is relevant for large-scale FTAI programs with 400 to 500 females per
day (insemination am and pm), and in small herds, allows the time of insemination to be more convenient.

5. Conclusions

The administration of PG at the time of insertion of an intravaginal progesterone device (0.5 g) with FTAI results in relatively
lesser progesterone concentrations throughout the treatment period as compared with when there is treatment with a single dose of
PG at the time of device removal. Consequently, there is a larger size of the ovulatory follicle and shorter interval to ovulation in Bos
taurus beef heifers treated using the split PG treatment regimen at the time of insertion and removal of the intravaginal progesterone
device. Pregnancy rate is not different with use of a split dose of PG at the time of progesterone device insertion and removal as
compared with when PG is only administered at the time of device removal, therefore, PG may be administered in a single dose at the
time of device removal without detrimental effects on P/AI percentage.
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ABSTRACT

The objective of the present study was to evaluate the effect of equine chorionic gonadotropin (eCG)
administration associated to different proestrus lengths for Fixed-time Al (FTAI) in beef heifers. In
Experiment 1, pre-pubertal heifers (n = 46) received a 6-day estradiol/progesterone-based treatment (J-
Synch protocol), and were then allocated into four experimental groups in a 2 x 2 factorial design, to
receive or not receive eCG (300 IU) at the time of intravaginal progesterone device removal, and to
receive GnRH at 48 h or 72 h after device removal (to induce shortened and prolonged proestrus length,
respectively). Endometrial samples were obtained 6 d after ovulation from the cranial portion of the
uterine horn. The eCG administration induced greater serum estradiol-17f concentrations before
ovulation (P < 0.05) and greater proportion of heifers bearing a competent corpus luteum after ovulation
(P = 0.054). Delaying GnRH administration from 48 h to 72 h induced a longer interval from device
removal to ovulation (i.e., prolonged proestrus; P < 0.05), larger diameter of the ovulatory follicle, and
greater progesterone concentrations on Day 10—11 after ovulation. Heifers in eCG + GnRH72h group had
more uterine receptors in luminal epithelium than those in eCG + GnRH48h group (PR and ERa), and
than those in No eCG + GnRH72h group (PR) (P < 0.05). No effect of eCG or GnRH treatments was found
in endometrial gene expression of progesterone and estrogen receptors. In Experiment 2, a total of 2,598
heifers received the J-Synch protocol associated or not with eCG administration at device removal, fol-
lowed by FTAI/GnRH at 60 or 72 h after device removal (i.e., prolonged proestrus protocol). Heifers that
received eCG had greater P/Al than those not receiving eCG (P < 0.05) and there was an interaction
between eCG treatment and time of FTAI. The lowest P/Al was found in those heifers that received FTAI/
GnRH at 72 h without eCG treatment at device removal (P < 0.05), and no differences were found be-
tween the other experimental groups. In conclusion, prolonging the length of proestrus in J-Synch
protocol improves ovulatory follicular diameter and luteal function; and the administration of eCG at
device removal improves preovulatory estradiol concentrations and luteal function. Finally, P/AI was
enhanced by eCG treatment and the improvement was more evident when FTAI/GnRH was performed at
72 h after device removal.

© 2020 Elsevier Inc. All rights reserved.

* Corresponding author.

1. Introduction

Recent information suggests that in Fixed-time Artificial
Insemination (FTAI) programs, the length of the proestrus period
(defined as the interval from the time of progesterone fall to
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ovulation) affects pregnancy rates per Al (P/Al). The importance of
the proestrus length derived from the cumulative analysis of
several studies that showed that the more consistent predictor of P/
Al in cycling Bos taurus cattle was the duration of proestrus, rather
than other factors such as follicle diameter or ovulatory follicular
age [1,2]. This information led to the development of novel pro-
longed proestrus protocols in North America [3] and South America
[4]. The 6-day J-Synch protocol is a progesterone and estradiol-
based treatment that has gained the attention among practi-
tioners and producers in South America, since higher P/AI has been
reported than that obtained with the more traditional 7-day pro-
tocol [5]. This protocol consists of shortening the progesterone
treatment (from 7 or 8 to 6 days) and replacing estradiol cypionate
treatment at device removal by the administration of GnRH 72 h
later [4,6]. Although previous studies have shown higher P/Al in
heifers treated with the J-Synch protocol than those treated with
the conventional protocol [5], the timing for GnRH treatment and
FTAI in the J-Synch treatment deserves further investigation.

Equine chorionic gonadotropin (eCG) is a variant of equine
luteinizing hormone (LH), differentially glycosylated by the equine
trophoblastic cells and has the peculiar property of provoking both
follicle-stimulating hormone (FSH) and LH activity in non-equid
species [7]. When administered at time of removal of the proges-
terone intravaginal device, eCG increases circulating concentrations
of estradiol [8,9], ovulatory follicular diameter and serum proges-
terone concentrations after ovulation in anestrus cows [ 10—12]. For
this reason, eCG administration at device removal improves preg-
nancy rate and is used as a default treatment in conventional
protocols for FTAI [4,13]. However, the use of eCG in prolonged
proestrus protocols such as J-Synch or 5-day Co-Synch has not been
critically evaluated yet. Preliminary data of the current experiment
was reported before [14], with promising outcomes about the use
of eCG in the J-Synch protocol.

Uterine function is influenced by preovulatory estradiol and
postovulatory progesterone concentrations, and the expression of
their specific receptors, ERa and PGR respectively [ 15—17]. Estradiol
during proestrus and estrus is involved in the control of physio-
logical processes that contribute to the establishment of pregnancy,
including the effect on follicular cells, oocytes, transport of gametes
and preparation of the uterine environment [18]. On the other
hand, the action of progesterone on the uterus, which depends on
both the progesterone concentrations and the presence and
quantity of its receptors in the endometrium [19], promotes the
histotroph and stimulates embryo development and maternal
recognition of pregnancy [20]. Therefore, the measurements of
hormone receptors (mRNA expression and protein) in uterus is
relevant to determine uterine functionality, and thus, to under-
stand differences in the response to hormonal treatments.

The hypotheses of the present study were that preovulatory
follicular growth and postovulatory uterine environment is
improved by prolonged proestrus length, and that eCG adminis-
tration at the end of a 6-day progesterone and estradiol-based
treatment (J-Synch protocol) improves pregnancy rate. Preovula-
tory follicular growth, circulating steroid hormones concentrations,
and uterine expression and presence of steroid receptors was
evaluated in Bos taurus beef heifers. In addition, it was determined
whether the administration of eCG improves P/Al and influences
the timing of insemination in large-scale FTAI programs.

2. Materials and methods
2.1. Animals and management

Two experiments were conducted during the spring breeding
season of the Southern Hemisphere (November—February, 33 °S,

Uruguay) in Hereford and Angus crossbred heifers. All females were
examined by ultrasonography to determine the presence or absence
of a corpus luteum (CL) just before the beginning of treatments. In
each experiment, heifers were kept together, grazing on rangeland
on crystalline—based soil and had unrestricted access to water and
mineral supplement. All experimental procedures involving animals
and including injections, intravaginal device insertion, blood
collection, ovarian ultrasonography, and uterine biopsies were
approved by the Internal Animal Care Committee of Fundacién
IRAUy and were conducted in accordance with the guidelines of the
National Council of Animal Care (CNEA) of Uruguay.

2.2. Experiment 1

The aim of this experiment was to evaluate the effect of eCG
(300 IU) administration at the end of a shortened progesterone and
estradiol-based treatment (J-Synch) on preovulatory follicle
development, ovulatory diameter, timing of ovulation, serum
estradiol-17 and progesterone concentrations, endometrial gene
expression and tissue abundance and distribution of uterine ERa
and PR in the early diestrus period in pre-pubertal Bos taurus beef
heifers. This study was conducted on 2-year-old Hereford heifers
(n = 46) without CL, with a body weight of 309.1 + 3.3 kg
(mean + SEM), and body condition score (BCS) 4.0 + 0.1 (scale 1 to
8; 1 = emaciated and 8 = obese; [21]). Anestrus was determined in
all heifers by the absence of CL detected by 2 ultrasonography ex-
aminations 10 d apart, just before the beginning of the synchro-
nization treatment. The heifers received a releasing intravaginal
silicone device containing 0.5 g of progesterone (DIB 0.5; Zoetis,
Buenos Aires, Argentina) that was inserted for 6 d and 2 mg of
estradiol benzoate (EB; Gonadiol, Zoetis) by intramuscular admin-
istration (i.m.) at device insertion. One dose of 500 ng of clopros-
tenol sodium (Ciclase DL, Zoetis) was administered i.m. at device
removal. Then, heifers were divided into 4 experimental groups to
receive or not 300 IU of eCG (Novormon, Zoetis) administrated i.m.
at device removal and were further subdivided to receive 100 ug of
gonadorelin acetate (GnRH; Gonasyn GDR, Zoetis) administered
i.m. at48 h or at 72 h after device removal, in a 2 x 2 factorial design
(Fig. 1). The heifers were randomly allocated in each experimental
group blocked by ovarian activity (i.e.: at least one follicle >8 mm in
diameter or just follicles <8 mm in diameter), body weight and BCS.

2.3. Ultrasound examinations

Ovarian examinations were performed daily by ultrasonography
using a B—Mode ultrasound scanner with a linear—array transducer
(7.5 MHz, WED—9618V Well.D, Shenzhen, China). Examinations
were carried out by the same operator every 12 h from device
removal to ovulation or until 144 h later, whichever occurred first.
In ovulated heifers, the examinations were then done every 24 h
until Day 11 after ovulation. In each examination, all follicles
greater than 3 mm in diameter, and the CL was measured using an
internal electronic caliper, video recorded, and registered on an
individual ovarian map. For each heifer, two images of the largest
follicle were measured at its maximum diameters (width and
height) and the average was considered for statistical analysis.
Ovulation was detected by the disappearance of the largest follicle
between two consecutive ultrasound examinations and confirmed
12 h later. To determine the total volume of the CL formed in
ovulated heifers, the average of perpendicular diameters (length [L]
and width [W]) was calculated with the formula: V = (4/3)*m*r>; r
was defined as radius, where r = (L/2 + W/2)/2, as described pre-
viously [22]. If the CL had a central fluid-filled cavity, it was
calculated with the same formula and subtracted from the total
volume of the CL.
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2.4. Hormonal determinations

Blood samples were collected daily from progesterone device
removal until 11 d after ovulation from the jugular vein into 10 mL
tubes to determine serum estradiol-17 and progesterone con-
centrations. All samples were centrifuged 1 h after collection at
1000 X g for 20 min, and serum was harvested and stored at —20 °C
until assayed in the Laboratorio de Endocrinologia y Metabolismo
Animal, Facultad de Veterinaria, Montevideo, Uruguay. Both serum
estradiol-178 and progesterone concentrations were determined
by radioimmunoassay (RIA) in liquid phase and direct solid phase,
respectively. Circulating concentrations of estradiol-17f were
determined after using the ether extraction method by a double
antibody RIA. This extraction protocol is routinely used in this
laboratory and was first reported by Meikle [23], resulting in a re-
covery of 87% of the original counts per million (cpm). After
extraction, samples were analyzed by duplicate in one assay, and in
liquid phase RIA following the recommendations of a commercially
available specific kit (DIAsource ImmunoAssays S.A., Louvain-la-
Neuve, Belgium). The sensitivity for estradiol-178 RIA was 4.0 pg/
mL and the intra-assay coefficients of variation (CVs) for quality
Control 1 (91.6 pg/mL) and quality Control 2 (150.7 pg/mL) pro-
vided by the company were 8.0% and 3.6%, respectively. Proges-
terone concentrations were determined in four assays in direct
solid phase RIA following the recommendations of a commercially
available kit (MP Biomedicals, LLC, Ohio, USA). The sensitivity for
progesterone RIA was 0.29 ng/mL, and the intra-assay CVs for
quality Control 1 (0.6 ng/mL) and quality Control 2 (2.8 ng/mL)
were 7.8% and 8.3%, respectively. The inter-assay CVs for the same
quality controls were 9.8% and 8.1%, respectively.

2.5. Uterine biopsies

Endometrial samples were obtained 6 d after ovulation from the
third cranial portion of the uterine horn, next to the uterine-
oviductal junction through biopsy forceps (10366LL, Karl Storz
GmbH & Co., Tuttlingen, Germany). In all heifers two samples from
ipsilateral uterine horn to the CL and one sample from the
contralateral uterine horn, were taken. Endometrial biopsies (one
of the ipsi and the contralateral samples) were snap frozen in liquid
N2 and stored at —80 °C for real-time polymerase chain reaction
(qPCR) analysis. The remaining sample from the ipsilateral horn
was fixed in 4% paraformaldehyde and embedded in paraffin for
immunohistochemistry analysis. All samples after collection were
stored until assayed in the Laboratorio de Endocrinologia y Metab-
olismo Animal, Facultad de Veterinaria, Montevideo, Uruguay.

2.6. Isolation and purification of RNA, reverse transcription and
quantitative real time PCR

Total RNA from endometrium tissue collected from all heifers
was extracted using Trizol (Invitrogen, Carlsbad, CA, USA) followed
by precipitation with lithium chloride and DNase-treatment with
DNA-FreeTM 180 Kit (Ambion, Austin, TX, USA). Concentration of
RNA was determined by measuring absorbance at 260 nm, the
purity of all RNA isolates was assessed from 260 to 280 absorbance
ratio and the integrity by electrophoresis (1% agarose gel). For each
sample, cDNA was synthesized by reverse transcription using the
SuperScript III transcriptase (Invitrogen) with oligo-dT primers and
1 pg total RNA added as a template. Sequences and the expected
product lengths of primers to amplify cDNA of the target genes PGR,
ESR1, and of the endogenous controls, ribosomal protein L19
(RPL19), hypoxanthine guanine phosphoribosyl-transferase (HPRT)
and B-actin (BACT), are presented in Table 1. Real-time PCR re-
actions were performed using 7.5 L SYBER® Green master-mix

(Quantimix EASY SYG kit, Biotools B&M Labs, Madrid, Spain),
equimolar amounts of forward and reverse primers (200 nM;
Operon Biotechnologies GmbH, Cologne, Germany), and 2 uL
diluted cDNA (1:10 in RNase/DNase free water) in a final volume of
15 pL. Samples were analyzed in duplicate in a 72-disk Rotor-
GeneTM 197 6000 (Corbett Life Sciences, Sydney, Australia). Stan-
dard amplification conditions were 5 min at 951C and 40 cycles of
15 s at 95IC, 40 s at 601C, and 20 s at 721C. At the end of each run,
dissociation curves were analyzed to ensure that the desired
amplicon was being detected and to discard contaminating DNA or
primer dimers. Samples of cDNA from eight heifers (two from each
group) were pooled to provide an exogenous control and five di-
lutions (from 100 to 6.25 ng/tube) of this pool were used to perform
linear regressions for each gene. The efficiency (E) of the assays was
calculated according to the formula E = (10~ !/slope —1; [24];
Table 1). Gene expression was measured by relative quantification
to the exogenous control and normalized to the geometric mean
expression of the endogenous control genes (RPL19, HPRT and
BACT), considering the respective efficiencies [25].

2.7. Immunohistochemistry

Tissue abundance and distribution of progesterone and estrogen
receptors was visualized in transverse 5-pm sections from uterine
horn tissue ipsilateral to the corpus luteum using an adivin-biotin-
peroxidase immunohistochemical technique [26]. Tissue sections
were dewaxed and rehydrated in decreasing concentrations of
ethanol. The sections were then placed in sodium citrate 0.01 M (pH
6.0) and microwaved for 4.5 min to improve antigen exposure. The
remainder of the procedure was performed at room temperature.
After washing with PBS (0.01 M, pH 7.5), the non-specific activity of
endogenous peroxidases was blocked with hydrogen peroxide 3%
in methanol for 10 min, and the samples were incubated with
normal horse serum (NHS; Vector Laboratories, Burlingame, CA,
USA) for 60 min in a humid chamber. They were then incubated for
1 h with the primary antibody, mouse monoclonal anti-ERa (Santa
Cruz Biotechnology, Los Angeles, CA, USA) and anti-PR (Zymed, San
Francisco south, CA, USA) diluted 1:25 and 1:100 in PBS, respec-
tively. The negative controls were generated by replacing the pri-
mary antibody with a homologous non-immune IgG at an
equivalent concentration (Santa Cruz Biotechnology). After primary
antibody binding, sections were incubated with a biotinylated
secondary antibody (Vector Laboratories) anti-mouse ERa, and PR,
diluted 1:200 in normal horse or goat serum. The Vectastain ABC kit
(Vector Laboratories) was used for protein detection. The location
of the bound enzyme was visualized by 3, 3-diaminobenzidine in
H,0, (DAB kit; Vector Laboratories) and then sections were coun-
terstained with haematoxylin and dehydrated before they were
mounted.

2.8. Image analysis

Receptor staining intensity was evaluated immunohistochemi-
cally in three endometrial compartments; luminal epithelium (LE),
glandular epithelium (GE; superficial glandular epithelium next to
the uterine lumen), and the intercaruncular stroma (IS). The
amount of immunoreactive protein in the different cell types was
estimated subjectively by two independent technicians who were
blinded to the treatment groups. Ten fields were analyzed for each
cell type at a magnification of x 1000 for all heifers. The staining of
the nuclei was scored as negative (—), faint (+), moderate (++) or
intense (+-++) and the extent of staining of each cell type was
expressed over a scale of 0—10 [27], where O is the absence of
staining and 10 is the maximum staining intensity. The average
staining intensity was calculated as (1 x nq) + (2 x n2) + (3 x n3),
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Fig. 1. Schematic representation to study the effect of eCG associated to a prolonged proestrus protocol for FTAI in beef heifers. In Experiment 1, anestrous heifers were allocated
into four treatments (2 x 2 factorial design) to receive or not eCG administration at progesterone intravaginal device removal in the J-Synch protocol (6 d progesterone treatment),
associated with a shortened or prolonged proestrus period (GnRH at 48 h or 72 h, respectively). In Experiment 2, a total of 2,598 heifers received or not eCG administration in a
prolonged proestrus period induced with the J-Synch protocol with FTAI/GnRH at 60 h or 72 h after device removal. EB: Estradiol benzoate 2 mg; P4: Intravaginal device containing
0.5 g of progesterone; GnRH: Gonadorelin acetate 100 pg; eCG: Equine chorionic gonadotropin 300 IU; PGF2a: Cloprostenol sodium 500 pg; US: Ultrasonography for ovarian
examination; FTAI: Fixed-time artificial insemination.

where n is the number of cells in each field exhibiting faint (ny), proestrus protocol for FTAI (J-Synch protocol) on P/Al in Bos taurus
moderate (n;) and intense (n3) staining [28]. beef heifers. This study was conducted in 6 replicates in different

farms located in Uruguay. A total of 2,598 two-year-old heifers
2.9. Experiment 2 predominantly Hereford, Angus and its crossbreds, with BCS of

4.5 + 0.1 (scale 1 to 8) were used. In each replicate, the presence or
The aim of this experiment was to evaluate the effect of eCG absence of CL was determined in each female by ultrasonography at
administration at progesterone device removal in a prolonged the beginning of treatment (Day 0). All heifers received the same



20 R. Niifez-Olivera et al. / Theriogenology 151 (2020) 16—27

shortened progesterone and estradiol-based treatment (J-Synch
protocol) described for Experiment 1. At device removal (Day 6, late
afternoon), heifers were randomly assigned to receive or not
receive 300 IU of eCG, and then were subdivided to receive GnRH at
time of FTAI, which was performed early in the morning or in the
afternoon of Day 9 (i.e., at 60 h or at 72 h after device removal,
assuming both as prolonged proestrus). Fixed-time Al was per-
formed by two experienced technicians using frozen semen of one
or two bulls per replicate, which were assigned equally to each
experimental group. All herds enrolled in the study were under a
similar management system on rangeland conditions with ad-
libitum access to water, salt and mineral mixture. Pregnancy was
determined by ultrasonography 30—35 d after insemination (Fig. 1).

2.10. Statistical analysis

Data were checked for normality and homogeneity of variance
by histograms, q-q plots and formal statistical tests as part of the
univariate procedure. Follicular development, serum estradiol-17f
and progesterone concentrations were analyzed by InfoStat soft-
ware [29] using repeated-measures with generalized linear mixed
models (GLMMs), including the animals as random variable, and
treatment and day as fixed variables. The model included experi-
mental treatments (eCG treatment and time of GnRH administra-
tion), day and their interaction. The ovulation rate (heifers
ovulated/treated) was analyzed with Fisher’s exact test. For qPCR
data, all variables were subjected to analysis of variance using the
mixed procedure of SAS (SAS Institute, Cary, NC, USA) that included
in the model the laterality of reproductive tract in relation to the CL
(ipsi or contralateral), treatment (eCG or no-eCG), time of GnRH
(48 h or 72 h after progesterone device removal) and the interaction
between groups as fixed effects, and PCR plate as a random effect.
For immunohistochemistry, the mean staining intensity of the 10
fields was subjected to an analysis of variance using a mixed pro-
cedure in SAS, including in the statistical model treatment (eCG or
no-eCG), time of GnRH (48 h or 72 h), cell types (luminal epithe-
lium, superficial glandular epithelium and intercaruncular stroma),
and their interactions as fixed effects. Tukey-Kramer tests were
conducted to analyze differences between fixed effects and their
interactions. Pearson correlation coefficients were used to describe
relationships between variables. The type of variance-covariance
structures was chosen depending on the magnitude of the Akaike
information criterion (AIC) for models run under heterogeneous
compound symmetry, unstructured, autoregressive, spatial power,
and first-order ante-dependence. The model with the lowest AIC
was chosen. In Experiment 2, the pregnancy rate was analyzed
using logistic regression in GLMMs including the effect of the
treatments (eCG or no-eCG), time of FTAI/GnRH (60 h or 72 h after
progesterone device removal), the presence/absence of CL as fixed

Table 1

effects, and their interactions. The replicate, animal ID, technician
for Al, bull and semen batch were included as random effects. Data
are presented as mean + SEM and the significance level were

defined for a P-value of 0.05.

3. Results
3.1. Experiment 1

3.1.1. Preovulatory follicular growth and luteal development

On average, 91.3% (42/46) of the anestrous heifers ovulated,
which was not affected by the eCG or GnRH treatment (Table 2).
The four heifers that did not ovulate were excluded from the
ovulatory follicular analysis. No double ovulations were found in
eCG and no eCG treated females. Single-point measurements of the
largest follicle and CL characteristic are shown in Table 2. As ex-
pected, heifers that received GnRH at 72 h after device removal had
a longer (P < 0.05) proestrus period than those that received GnRH
at 48 h after device removal. Proestrus was, on average, 9.7 h longer
in the GnRH 72 h than GnRH 48 h group. The distribution of
ovulation times is shown in Fig. 2. The mean diameters of dominant
ovulatory follicles are shown in Fig. 3. Heifers that received GnRH at
72 h after device removal had a greater (P < 0.05) ovulatory follicle
diameter than those that receive GnRH at 48 h. The percentage of
heifers that ovulated before GnRH administration was greater
(P < 0.05) in those that received GnRH at 72 h than in those that
received GnRH at 48 h (Table 2).

According to ultrasonographic examinations of the CL and
progesterone concentrations, two different luteal responses in both
treatments groups were found after ovulation: a) heifers bearing a
competent CL with a normal luteal phase, and b) heifers showing an
early regressing CL, with a short cycle. In those heifers with a
competent CL, the luteal echotexture was homogenous and pro-
gesterone concentrations were greater than 1 ng/mL during all the
experimental period, until 11 days after ovulation. In those heifers
that showed an early regressing CL, the luteal parenchyma was
detected until five to eight days after ovulation and then, the CL size
decreased, and the mean progesterone concentrations fell below
1 ng/mL. A total of 10 heifers had short luteal phases after ovulation,
three of them were from the eCG group and seven of them were
from the no eCG group (Table 2). The proportion of heifers bearing a
competent CL (i.e., serum progesterone concentrations >1 ng/mL
on Day 11 after ovulation) over all treated heifers, was 82.6% (19/23)
in the eCG groups and 56.5% (13/23) in the no eCG group, respec-
tively (P = 0.054; Table 2).

3.1.2. Serum hormone concentrations
Mean serum estradiol-17f concentrations from device removal
to ovulation were affected by eCG treatment (P < 0.05), but not by

Primer sequences, expected amplicon sizes, and efficiency of the quantitative polymerase chain reaction progesterone receptor (PGR), estrogen receptor alpha (ESR1), ribo-
somal protein L19 (RPL19), hypoxanthine guanine phosphoribosyl-transferase (HPRT), and B-actin (BACT).

Gene Accession number Primer sequences Length (pb) Efficiency References
PGR 766555 F: GACAGCACTTTCTAGGCGATAT 79 1.10 [40]
R: TGTGCTGGAAGAAACGATTGC
ESR1 AY033393 F: AGGGAAGCTCCTATTTGCTCC 234 1.15 [40]
R: CGGTGGATGTGGTCCTTCTCT
RPL19 NM_001040516.1 F: CCCCAATGAGACCAATGAAATC 119 1.20 [41]
R: CAGCCCATCTTTGATCAGCTT
HPRT XM_580802 F: TGGAGAAGGTGTTTATTCCTCATG 105 0.84 [42]
R: CACAGAGGGCCACAATGTGA
BACT U08283 F: CGAGCACGATGAAGATC 64 1.03 [41]

R: CCTCCGATCCACACCGAGTA

Abbreviations: F, forward; R, reverse.
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Table 2

Effect of eCG administration at onset of the proestrus (i.e., at intravaginal progesterone device removal) combined with GnRH at 48 h or 72 h after device removal on ovulatory
follicular development in a shortened progesterone/estradiol-based synchronization treatment (J-Synch protocol) in beef heifers.

GnRH 48 h GnRH 72 h P-value

eCG No eCG eCG No eCG eCG x GnRH eCG GnRH
Ovulation rate 100% (12/12)  81.8%(9/11)  90.9% (10/11)  91.7%(11/12) NS NS NS
Diameter of the dominant follicle (DF) at device removal (mm) 8.8 + 0.4 80+03 83+03 89+ 04 NS NS NS
Diameter of the DF at GnRH administration (mm) 123 + 0.5 11.8 + 0.5 13.6 +0.3 133 +0.7 NS NS <0.05
Heifers that reached ovulation before GnRH administration 0% (0/12) 0% (0/9) 30.0% (3/10) 18.2% (2/11) NS NS <0.05
Follicular diameter at ovulation (mm) 133+ 04 129+ 04 13.6 £+ 0.3 139+ 0.6 NS NS NS
Growth rate of the DF (mm/d) 14 +0.1 1.5+0.1 1.5+0.1 1.3 +0.1 NS NS NS
Interval from device removal to ovulation (h) 82.0 +2.0 80.0 + 2.0 864 + 4.1 949 + 4.1 NS NS <0.05
Early regressed CL/ovulation 16.7% (2/12) 22.2% (2/9) 10.0% (1/10) 45.5% (5/11) NS <0.1 NS
Normal CLjtreated heifers 83.3%(10/12)  63.6%(7/11)  81.8%(9/11) 50.0% (6/12) NS 005 NS

the moment when GnRH was administered (48 h vs. 72 h;
P = 0.325). Day affected estradiol-17 concentrations (P < 0.05).
Serum estradiol-17p concentrations were greater in heifers that
received eCG at device removal (10.1 + 0.4 pg/mL) compared with
those did not receive eCG (8.7 + 0.3 pg/mL; P < 0.05). Mean serum
progesterone concentrations during the 11-day period after
ovulation were not different between the treatment groups
(P = NS), there was an effect of the day (P < 0.05) and no interaction
of day by treatment (P = NS). When the data were compared during
the mid-luteal phase (i.e., from Day 8—11 after ovulation), those
heifers that received GnRH at 72 h showed higher progesterone
concentrations than those that received GnRH at 48 h, with sig-
nificant difference attained on Day 10 and 11 (P < 0.05). Data are
shown in Fig. 4 and those heifers that showed early regressing
corpus luteum with subluteal progesterone concentrations (<1 ng/
mL) were not included in this analysis.

3.1.3. Endometrial gene expression

Endometrial PGR mRNA levels were not affected by eCG treat-
ment or GnRH administration time (eCG vs. No eCG: 0.9 + 0.3 and
1.1 +0.3; P=NS); GnRH administered at 48 h vs. 72 h (1.2 + 0.3 and
0.9 + 0.3; P = NS), nor eCG treatment by GnRH time interaction was
found (P = NS). There was no effect of horn side relative to the CL
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(i.e. ipsilateral or contralateral; P = NS) or side by treatment
interaction on PGR mRNA expression (0.9 + 0.3 and 1.1 + 0.3;
P = NS).

Endometrial ESRT mRNA levels were not affected by eCG treat-
ment or the time of GnRH administration (eCG vs. No eCG: 1.2 + 0.5
and 1.0 + 0.5; P = NS); GnRH administered at48 hvs. 72 h (1.2 £ 0.5
and 1.0 + 0.5; P = NS), nor eCG by GnRH interaction (P = NS). There
was no effect of horn side relative to the CL (i.e. ipsilateral or
contralateral; P = NS) or side by treatment interaction on ESR1
mRNA expression (1.1 + 0.5 and 1.0 + 0.5; P = NS).

3.1.4. Immunohistochemistry

Progesterone receptor and ERa were localized in the nuclei of
the endometrial cells (Fig. 5 and Fig. 6). When specific antibodies
were substituted with a nonimmune IgG, the absence of staining
confirmed a high specificity of immunostaining.

The total PR-positive area tended to be dependent on cell type (P
<0.1), and the interaction for eCG treatment by time of GnRH
administration tended to be significant (P <0.1). Tukey-Kramer tests
showed that the luminal epithelium presented more PR-positive
staining area when compared with intercaruncular stroma
(70 + 6 vs. 58 + 6%; P <0.05), and glandular epithelium tended to
present more PR-positive staining area in comparison with
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Fig. 2. Distribution of ovulation after intravaginal progesterone device removal in a progesterone and estradiol-based treatment (J-Synch protocol) for FTAI in anestrous beef heifers.
Data are expressed as main effects (left panel) for eCG treatment (P = NS) and GnRH treatment (P < 0.05); simple effects are shown as descriptive (right panel) since interaction

between eCG*GnRH was not significant (P = NS).
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Fig. 3. Diameter of the dominant follicle after device removal in a progesterone and estradiol-based treatment for FTAI (J-Synch protocol) in anestrous beef heifers. Data
(mean + SEM) are expressed as main effects for eCG treatment (left panel) and GnRH treatment (central panel), and as simple effects (right panel) even though no interaction

eCG*GnRH was found.

intercaruncular stroma (68 + 6 vs. 58 + 6%; P <0.1). Nevertheless, no
differences were found between luminal and glandular epithelium
(P =NS). In luminal epithelium, heifers in eCG + GnRH72 group had
more PR-positive staining area in comparison with those in
eCG + GnRH48 group (P <0.05), and those in No eCG + GnRH72
group (P <0.05; Fig. 7). In addition, heifers in No eCG + GnRH48
group presented more PR-positive staining area than
eCG + GnRH48 group in glandular epithelium (P <0.05; Fig. 7).
The total ERa-positive area was affected by cell type (P <0.01),
and by the interaction between cell, eCG treatment and time of
GnRH administration (P <0.01). The luminal epithelium presented

intercaruncular stroma (63 + 6 vs. 40 + 5%; P <0.01), and glandular
epithelium presented more ERa-positive staining area in compar-
ison with intercaruncular stroma (64 + 5 vs. 40 + 5%; P <0.01). As for
ERa, in luminal epithelium heifers in eCG + GnRH72 group had
more ERa-positive staining area than those in eCG + GnRH48 group
(89 + 13 vs. 37 + 12%; P <0.05; Fig. 7).

3.2. Experiment 2

Heifers treated with eCG at progesterone device removal had
higher P/AI than those not receiving eCG (P < 0.05; Table 3). In
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interaction eCG*GnRH was found, and right panel is only illustrative.
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Fig. 5. Inmunohistochemical localization of progesterone receptor (PR) in the luminal epithelium (LE), intercaruncular stroma (IS) and glandular epithelium (GE) of negative
controls (A, B) in the uterine horn ipsilateral to the CL on Day 6 after ovulation. Samples from eCG treatment (C, D) and the different hours of GnRH administration (E, F), are shown
as main effects, respectively. The negative control shown no staining because specific antibodies were substituted with a nonimmune immunoglobulin G (A, B). No differences were
found in the mean staining intensity or PR positive area within each factor (eCG and GnRH treatment).

higher P/Al than those treated GnRH and FTAI at 72 h. Finally, there
was an interaction between eCG treatment and FTAI/GnRH, due to a
lower P/Al in those heifers that were not treated with eCG and were
FTAI/GnRH at 72 h than those in other three treatment groups
(P < 0.05). Greater P/AI occurred in cycling than anestrous heifers
(P < 0.05) without interaction with eCG treatment nor FTAI/GnRH.

4. Discussion

The current study was conducted to both better define the J-
Synch protocol regarding eCG and timing of GnRH, and, to gain
understanding on the molecular aspects of uterine biology poten-
tially affected by the treatments. Our findings demonstrate that eCG
treatment improved pregnancy rate in heifers when administrated
at the end of a 6-day progesterone and estradiol-based treatment
(J-Synch protocol). In addition, extending the length of the proes-
trus by delaying GnRH administration from 48 to 72 h, resulted in a
larger ovulatory follicle with longer time of exposure to endoge-
nous preovulatory estradiol, and greater postovulatory progester-
one concentrations. Uterine functionality was affected by the
treatments, which contributes with the better understanding of

pharmacological manipulation of reproduction in ruminants. These
findings are supported by different approaches based on ovarian
examinations by ultrasonography, hormone profiles de-
terminations, uterine protein content, and fertility obtained in FTAI
in many females.

Prolonged proestrus based treatments have gained attention
among practitioners and producers in North and South America,
since higher P/AI than those obtained with the more conventional
protocols have been reported in beef cattle [2,6,30]. In a recent
study it was demonstrated that the J-Synch protocol was effective
in extending the proestrus by shortening the progesterone treat-
ment (from 7 to 8 to 6 d) and by replacing the estradiol cypionate
administration at device removal by GnRH at 60—72 h later [5]. In
the current study we focused on the comparison among shortened
and prolonged proestrus, induced by GnRH treatment at 48 and
72 h after device removal, respectively. The administration of GnRH
at 72 h delayed the ovulation, increased ovulatory follicular size,
prolonged the exposure period to endogenous estradiol before
ovulation, and induced greater progesterone concentrations and
uterine PR- and ERa-positive staining area in the subsequent luteal
phase. These findings have been associated with greater success in
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Fig. 6. Immunohistochemical localization of estrogen receptor alpha (ERa) in the luminal epithelium (LE), intercaruncular stroma (IS) and glandular epithelium (GE) of negative
controls (A, B) in the uterine horn ipsilateral to the CL on Day 6 after ovulation. Samples from eCG treatment (C, D) and the different hours of GnRH administration (E, F), evaluated
as main effects respectively. The negative control shown no staining because specific antibodies were substituted with a nonimmune immunoglobulin G (A, B).

the establishment and maintenance of pregnancy in -cattle
[19,31,32]. In fact, in a previous study when FTAI was performed
following a prolonged proestrus induced with J-Synch protocol
(FTAI/GnRH from 60 to 72 h), P/Al was greater than the obtained
with the conventional protocol using estradiol cypionate [5].
Furthermore P/Al were reported to be higher when GnRH/FTAI was
performed at 48 h, compared to 72 h in heifers treated with the J-
Synch protocol and eCG [33]. The current study contributes with
explanatory findings related to ovarian function and uterine envi-
ronment, supporting the convenience of extending proestrus
length in FTAI protocols in beef cattle.

The administration of eCG improved P/Al when FTAI was per-
formed at 72 h after progesterone device removal. The greater P/Al
induced by the eCG treatment was not influenced by the ovarian
status. The difference between eCG-treated and no treated heifers
was maintained in cycling and in anestrous animals (i.e., with or
without CL at device insertion). The improvement in terms of P/Al
reported in several studies, many of them conducted in Uruguay,
Argentina and Brazil under similar pasture rangeland conditions
(reviewed by B6 and Mapletoft [13,30]), always associated to

conventional progesterone and estradiol-based protocols (7—8 d
treatments), supports the use of this gonadotrophin in FTAI pro-
grams. The current results extend this practice to heifers subjected
to prolonged proestrus protocols.

When administered to anestrous heifers, the treatment with
eCG at device removal tended to improve postovulatory luteal
function. Although this finding was not sought in the current study,
similar results were reported previously in anestrous suckled beef
cows [11,12,34] and embryo recipients [10]. Early regression of the
CL following a progesterone and estradiol-based protocol in anes-
trous females was previously documented in postpartum anestrous
suckling cows [12]. In that previous study, we demonstrated that
even though progesterone and estradiol-based treatments are
effective to induce ovulation in most of the anestrous females, some
cows were not able to maintain luteal function after ovulation and
return to anestrus. These cows showed an increase in progesterone
concentrations during the early luteal phase, which fell to unde-
tectable values from 7 to 14 days after ovulation. The same response
was found in the current study in pre-pubertal heifers. Altogether,
this information supports the idea that progesterone and estradiol
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Fig. 7. Staining area of progesterone receptor (PR, upper panel) and estrogen receptor alpha (ERa, lower panel) in the luminal epithelium, intercaruncular stroma and glandular
epithelium in the uterine horn ipsilateral to the corpus luteum. Samples were taken 6 d after ovulation by uterine biopsy from the cranial portion of the horn. Data are expressed as
mean + SEM, and asterisks indicate significant difference (P < 0.05).

are not always effective to overcome the anestrus in all the treated
females. This study extends this notion to heifers and demonstrates
that the addition of eCG at device removal improves the induction
of cyclicity and contributes with the ability of the CL to maintain its
function for the establishment of pregnancy. It has been shown that

Table 3

treatment with eCG modified specific steroidogenesis-related fea-
tures such as mitochondrial shape and the number of large luteal
cells [35] and increased the expression of steroidogenic enzymes
(P450scc, 3b-HSD and StAR) in the CL [36]. In the current study, the
greater proportion of heifers bearing a competent CL in eCG treated

Pregnancy rate obtained with eCG administration at onset of the proestrus (i.e., at intravaginal progesterone device removal) in a shortened progesterone/estradiol-based
synchronization treatment (J-Synch protocol) with FTAI/GnRH at 60 h or 72 h after device removal in beef heifers. Main effects are shown in the upper panel, and accord-

ing to interaction (P < 0.05) simple effects are shown in the lower panel.

Treatment Pregnant/FTAI For different letters,
P <0.05
Main effects
eCG treatment With eCG 57.1% (739/1,295) a
No eCG 53.1% (692/1,303) b
Timing of FTAI/GnRH FTAI 60 h 57.0% (749/1,313) a
FTAI 72 h 53.1% (682/1,285) b
Corpus luteum (CL) status With CL 57.3% (937/1,636) a
No CL 51.4% (494/962) b
Simple effects
Interaction eCG x FTAI eCG + FTAI 60 h 57.9%* (368/636) a
eCG + FTAI 72 h 56.3%* (371/659) a
No eCG + FTAI 60 h 56.3%* (381/677) a
No eCG + FTAI 72 h 49.7%° (311/626) b

No interaction between CL status and eCG or FTAI/GnRH treatments was found (P= NS).
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than untreated heifers (82.6%vs. 56.5%, respectively; P = 0.054), was
influenced by greater induction of ovulation and lower proportion
of early regressing CL. This finding explains, at least in part, the
improvement in P/AI obtained with the use of eCG at device
removal obtained in Experiment 2.

Regarding gene expression of sexual steroids, we found no dif-
ferences among experimental groups, which is consistent with
previous reports [37]. Besides it is known that estrogens during the
follicular phase up-regulate both ERa and PR in uterus of most
mammalian species [38], and progesterone during the luteal phase
down-regulates them, it should be taken into account that mRNA
expression not always reflect protein content [26]. Moreover, whole
uterine biopsy was used to perform mRNA determinations while
specific cell type sensitivity to steroids may differ. Indeed, the
increased estradiol-17f concentrations in the eCG treatment is
related with the greater protein content of PR in eCG vs. no eCG
when GnRH was administrated at 72 h in luminal epithelium. Data
is very consistent in showing the relevance of the time of GnRH
administration in eCG treated heifers: more PR-positive and ERa-
positive staining area were found in the luminal epithelium when
GnRH was administered at 72 h compared with 48 h. These data are
consistent with the greater E2 concentrations found in the 72 h and
eCG treated heifers, and expand the idea that extending the pro-
estrus length enhances the follicle’s steroidogenic activity and
estradiol concentrations [16,39] that may in consequence affect
uterine functionality.

The prolonged proestrus induced by the J-Synch protocol is
defined by the administration of GnRH from 60 to 72 h after device
removal [4,5]. When eCG was administered at device removal in
this prolonged proestrus protocol (Experiment 2), similar P/Al was
obtained with FTAI performed at 60 or 72 h (~58 vs. 56%), a finding
that confirms previous outcomes (~55 vs. 57%) reported by de la
Mata [5]. According with these data, we suggest that the optimal
proestrus length in Bos taurus heifers may be from 60 to 72 h, which
has implications for practitioners applying this technology in
commercial operations. From a practical perspective, adding eCG at
device removal in the J-Synch protocol allows to perform FTAI from
60 to 72 h after device removal. This wide window for insemination
enhances the possibilities of applying FTAI in big, extensively
managed herds, since 400 or 500 females may be enrolled per day
to receive insemination on Day 9. In this case, the progesterone
intravaginal device should be removed in the late afternoon of Day
6 and FTAI is performed on Day 9 from early in the morning to late
in the afternoon. Regarding the results obtained in eCG treated
heifers, P/Al was similar between those females with FTAI in the
morning or in the afternoon. On the other hand, for those small
herds with few females, the time of insemination may be pro-
grammed as better convenience during Day 9, without affecting
fertility. The success of FTAI technology and its growing adoption, is
not only related to the acceptable pregnancy rate, but also because
it is a user-friendly technology. These kinds of refinements repre-
sent a relevant improvement of this technology.

5. Conclusions

This study demonstrates the convenience of eCG administration
at device removal and the extending proestrus length by delaying
GnRH administration in a shortened progesterone and estradiol-
based treatment (J-Synch protocol) in beef heifers. This strategy
improves P/AI after FTAI, mainly by inducing greater postovulatory
progesterone concentrations with greater proportion of heifers
bearing a competent CL. In addition, eCG treatment is related with
the greater protein content of PR in luminal epithelium when GnRH
was administrated at 72 h. These data expand the idea that
extending the proestrus length enhances the follicle’s steroidogenic

activity that may in consequence affect uterine functionality. FTAI
may be performed in a wide period from 60 to 72 h after device
removal/eCG administration, with practical implications for
applying this technology in large-scale programs.
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ABSTRACT

This study evaluated the relationship between proestrus length and follicular size, estrous behavior, and
pregnancy rate in Bos taurus beef heifers subjected to fixed—time artificial insemination (FTAI). A total of
911 heifers received a synchronization treatment protocol for FTAI (J—Synch) consisting of an intravaginal
progesterone device for 6 d, estradiol benzoate at the time of device insertion cloprostenol sodium and
eCG at device removal and GnRH at the time of FTAIL The presence or absence of a corpus luteum (CL)
was determined by ultrasonography at device insertion and all heifers were tail painted at device
removal for estrus detection at the time of FTAIL For the establishment of different periods of proestrus
length (i.e., interval from device removal to FTAI), GnRH was administered i.m. at 48 h (n = 308), 60 h
(n =290) or 72 h (n = 313) after device removal. The diameter of the largest follicle at the time of GnRH
administration was determined by ultrasonography, expression of estrous was determined by percentage
of tail paint removal, and FTAI was performed at the time of GnRH administration in all heifers. The
diameter of the largest follicle was greater when GnRH/FTAI was performed at 72 or 60 h (12.9 + 0.2 mm
and 12.8 + 0.1 mm, respectively) than at 48 h (12.2 + 0.1 mm, P < 0.05). The proportion of heifers in
estrus tended to be greater when GnRH/FTAI was performed at 72 h (77.0%, 137/178) than at 48 h (68.2%,
122/179; P = 0.06), and intermediate at 60 h (71.4%, 120/168). Pregnancy rate tended to be greater in
heifers with the longest (72 h: 70.0%, 219/313) than the shortest (48 h: 63.6%, 196/308; P < 0.1) proestrus
length, while 60 h proestrus length was intermediate (63.1%, 183/290; P= NS). Pregnancy rate was
affected by the presence of a CL at device insertion (71.3%, 352/494 in heifers with a CL, vs. 59.0%, 246/417
for those without a CL; P < 0.01). For those heifers bearing a CL, pregnancy rate was greater in heifers
with a 72 h proestrus length (77.0%, 134/174) than with 48 or 60 h proestrus length (67.7%, 107/158 and
68.5%, 111/162; respectively; P < 0.05). In heifers without a CL, proestrus length did not affect pregnancy
rate. In summary, extending proestrus length by delaying the interval from device removal to GnRH/FTAI
from 48 to 72 h, was associated with a greater diameter of the preovulatory follicle, greater proportion of
heifers expressing estrus at the time of FTAI, and greater pregnancy rate in cycling beef heifers.

© 2021 Elsevier Inc. All rights reserved.

1. Introduction

likely due to a high proportion of the embryos failing to establish a
pregnancy during the first month of gestation [1—3]. This failure

Although fixed—time artificial insemination (FTAI) in cattle has has been reported to be influenced by several factors including the
become applied worldwide, pregnancy rates remain around 50% length of proestrus, defined as the interval from luteolysis to the

onset of estrus [4—8]. In FTAI programs, proestrus is defined as the
interval between progesterone (P4) device removal and the

* Corresponding author. Instituto de Reproduccién Animal Uruguay, Fundacién administration of GnRH [4]. Proestrus length has been reported to

IRAUy, Montevideo, Uruguay.

be associated positively with preovulatory estradiol concentrations
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which are necessary for uterine programming, early embryo
development and postovulatory progesterone concentrations,
promoting the establishment of pregnancy [5,9,10]. Before ovula-
tion, the function of estradiol is related to a number of physiological
processes including proliferation of follicular cells, oocyte matura-
tion, transport of gametes and preparation of the uterine environ-
ment to support embryo development [11,12].

New strategies in estrus synchronization protocols have been
developed to extend the length of proestrus to promote increased
preovulatory estradiol concentrations and improve fertility [6,8].
The mechanisms through which manipulations of the prolonged
proestrus increase fertility are still being elucidated. The relation-
ship between length of proestrus and estradiol concentrations has
also been shown to be related to follicular size and expression of
estrus. When the proestrus length was prolonged, the preovulatory
follicle achieved a larger size prior to ovulation and this was
associated with greater fertility [6]. In addition, estradiol concen-
trations were greater in females that exhibited estrus, which was
associated positively with greater pregnancy success compared
with those that did not exhibit estrus [13—17].

Pregnancy rates have been reported to be improved in estradiol/
progesterone FTAI programs by utilizing the J—Synch protocol [8].
The J-Synch protocol involves the administration of 2 mg of estra-
diol benzoate (EB) at the time of insertion of a progesterone device
that is removed 6 d later. A single dose of PGF,, is administered at
device removal, and GnRH is administered at the time of FTAI, 72 h
later (Day 9). In conventional 7- or 8-day estradiol/progester-
one—based protocols, estradiol cypionate is often administered at
the time of device removal and FTAI is performed 48 h later (i.e.,
short proestrus). It has been reported that the J—Synch protocol
induces greater growth rate of the ovulatory follicle during the
interval from device removal to ovulation, greater postovulatory
progesterone concentrations, improved uterine function and a
greater pregnancy rates compared to conventional protocols [8].
The ]—Synch protocol has two important modifications as
compared to conventional estradiol/progesterone—based pro-
tocols; a prolonged proestrus and the substitution of the estradiol
cypionate at progesterone device removal by the administration of
GnRH 72 h later, but it remains unclear which of these two modi-
fications affected pregnancy rates.

The objectives of this study were to investigate the effect(s) of
different proestrus lengths between 48 and 72 h, on preovulatory
follicular diameter, estrus expression at FTAI and pregnancy rate by
using GnRH to induce ovulation in beef heifers. We hypothesized
that extending the length of proestrus in a 6—day estradiol/pro-
gesterone—based treatment protocol promotes preovulatory folli-
cle growth and improves fertility in Bos taurus beef heifers.

2. Materials and methods
2.1. Animals and management

The experiment was conducted during the spring breeding sea-
son (November—February, 33°S, Uruguay). A total of 911 two-
—year—old Angus and Hereford heifers, with a body condition score
(BCS; mean + SEM) of 4.5 + 0.1 (scale 1 to 8; 1 = emaciated and
8 = obese; [18]) belonging to two locations were used. The herds
enrolled in the study were similarly managed, grazing native pas-
tures on crystalline—based soil with unrestricted access to water and
mineral supplement. This study was performed in accordance with
appropriate ethics and standard operating procedures including in-
jections, handling and use of animals, under the approval by the
Ethical Committee on Animal Experimentation of Fundacién IRAUy
(N°001-2014) and which is in accordance with the guidelines of the
National Council of Animal Care (CNEA) of Uruguay.
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2.2. Experimental design

The study was conducted in four replicates in which all heifers
were examined by ultrasonography to determine the presence or
absence of a corpus luteum (CL) at the beginning of treatments (Day
0). The heifers received an intravaginal device containing 0.5 g of
progesterone (DIB 0.5, Zoetis, Buenos Aires, Argentina) for 6 d with
2 mg of EB (Gonadiol, Zoetis) administered intramuscularly (i.m.) at
the time of device insertion. At the time of progesterone device
removal (Day 6), all heifers received 500 pg i.m. of cloprostenol
sodium (Ciclase DL, Zoetis) and 300 IU i.m. of eCG (Novormon,
Zoetis). To establish the different lengths of proestrus, 100 pg i.m. of
gonadorelin acetate (GnRH; Gonasyn GDR, Zoetis) was adminis-
tered at 48 h (Day 8 in the morning; n = 308), 60 h (Day 8 in the
afternoon; n = 290) or 72 h (Day 9 in the morning; n = 313) after
device removal. Within replicates, heifers were randomly assigned
to each experimental group blocked by the presence or absence of a
CL and BCS. Fixed—time artificial insemination was performed by
two experienced technicians using frozen-thawed semen from one
of two bulls per replicate, which were assigned equally to each
experimental group. In three of four replicates (n = 525), heifers
were tail—painted for mounting activity detection (CeloTest, Phibro,
Buenos Aires, Argentina) at the time of device removal and estrus
expression was recorded at the time of FTAL All heifers with >30%
of the tail paint rubbed off were considered in estrus. The diameter
of the preovulatory follicle was determined at the time of FTAI by
ultrasonography using a B—Mode ultrasound scanner with a
linear—array transducer (7.5 MHz, WED—9618 V Well.D, Shenzhen,
China). Examinations of both ovaries were carried out by the same
operator and the largest (i.e., preovulatory) follicle was measured
using an internal electronic caliper, video recorded, and registered
on an individual datasheet. For each follicle, two images were
measured at its maximum diameters (width and height) and the
average was considered for statistical analysis. Pregnancy diagnosis
was determined by ultrasonography 30—33 d after FTAI in all rep-
licates. The experimental design is depicted in Fig. 1.

2.3. Statistical analysis

All statistical analyses were performed using InfoStat software
[19]. The generalized linear mixed models (GLMM) included the
animals as a random variable and the treatments as fixed variables.
Data were examined for normality and homogeneity of variance by
histograms, q—q plots, and formal statistical tests as part of the
univariate procedure. The type of variance—covariance structures
was chosen depending on the magnitude of the Akaike information
criterion (AIC) for models run under heterogeneous compound
symmetry, unstructured, autoregressive, spatial power, and
first—order ante—dependence. The model with the lowest AIC was
chosen. Both Pearson's and partial correlation coefficients were
used to describe the relationships between variables. The logistic
procedure was used to generate the regression model and deter-
mine the intercept and slopes values according to maximum like-
lihood estimates for each significant continuous order effect.
Probabilities were determined according to the following equation:
Probability _ (elogistic equation)/(l ¥ elogistic equation). Logistic regres-
sion curves were constructed according to the coefficients provided
by the interactive data analyses from InfoStat software. Polynomial
regression was used to select the statistical models according to the
significance of the regression coefficients (P < 0.05) and by the
relation with the coefficient of determination (R%). Regression
analysis was used to determine the nature of the relationship be-
tween each measurement influenced by pregnancy, or occurrence
of estrus — linear, quadratic, or cubic. Pregnancy rate was analyzed
using logistic regression in GLMM including the effect of the
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Fig. 1. Schematic representation of the experimental design to study the effect of the proestrus length prior to fixed—time artificial insemination (FTAI) after a 6—day estradiol/
progesterone—based treatment protocol (J—Synch) in beef heifers. Different proestrus lengths were induced by GnRH administration at the time of FTAI 48 h, 60 h or 72 h after
progesterone (P4) device removal. GnRH: gonadorelin acetate, 100 pg i.m.; EB: estradiol benzoate, 2 mg i.m.; P4 treatment: intravaginal silicone device containing 0.5 g of pro-
gesterone; PGF,,;: cloprostenol sodium, 500 pg i.m.; eCG: equine chorionic gonadotropin, 300 IU i.m.; Estrus detection: determined at the time of FTAI by the observation of >30%

tail—paint removal; US: ultrasonography examination.

treatments (time of GnRH/FTAI at 48, 60 or 72 h after progesterone
device removal), the presence/absence of a CL at device insertion,
expression of estrus (i.e., estrus or not estrus), as fixed effects, and
their interactions. The replicate, animal identification, inseminator,
bull, and semen batch were included as random effects. Adjusted
risk (odds ratios) and 95% confidence intervals (CI) were generated
during the logistic regression (final model) to estimate the relative
pregnancy rate. Data are presented as mean + SEM and statistical
significance was defined at P < 0.05, with tendencies when P < 0.10.

3. Results

The diameter of the largest follicle at the time of GnRH/FTAI was
greater in heifers with a 72 h or 60 h proestrus length (P < 0.05)
than with a 48 h proestrus length (Table 1). A descriptive histogram
of the frequency of different follicular sizes is shown in Fig. 2. The
diameter most frequently found in heifers with GnRH/FTAI at 48 h
was 12.0 mm (27% of the heifers), at 60 h was 13.0 mm (24%), and at
72 h was 14.0 mm (22%). Estrus expression at FTAI tended to be
greater when GnRH/FTAI was performed at 72 h (P < 0.1) compared
to 48 or 60 h after progesterone device removal (Table 1). In a
proportion of heifers (19/178), no large follicle (i.e., >8 mm in
diameter) was detected at GnRH/FTAI, but 68.4% (13/19) were
pregnant 30 d after FTAL. We assumed that all may had ovulated
before administration of GnRH, because the tail—paint was rubbed
off, indicating they had expressed estrus. This finding was greater

Table 1

in heifers in which GnRH/FTAI was performed at 72 h than at 48 or
60 h (P < 0.05; Table 1). A positive correlation between the diam-
eter of the largest follicle (rpat = 0.12) and estrus expression
(rpart = 0.28) was found, which was associated positively with P/AI
(r=0.30; P<0.01). Pregnancy rate tended to be greater in heifers in
which GnRH/FTAI was performed at 72 h (P < 0.1) compared to 48
or 60 h after progesterone device removal (Table 1). Indeed, the
probability of conceiving tended to increase 1.07—fold when the
heifers were treated with GnRH/FTAI at 72 h compared to 48 h (P <
0.1; Table 2). The presence of a CL at device insertion and the
expression of estrus behavior increased the probability of preg-
nancy (P < 0.05; Table 2).

At the beginning of the progesterone treatment, a CL was
detected in 54.2% of the heifers (494/911). Neither the diameter of
the largest follicle at the time of FTAI, nor the expression of estrus
were affected by the presence of a CL at the beginning of the syn-
chronization treatment (P = NS). A positive relationship was found
between estrus expression at FTAI and follicular diameter; the
probability of estrus expression increased as follicular diameter
increased (Fig. 3, left panel). In addition, the probability of preg-
nancy was associated positively with the diameter of the largest
follicle at FTAl in the 48 h proestrus length group (P < 0.05), but not
in the 60 and 72 h proestrus length groups (Fig. 3, right panel).

Pregnancy rate was affected by the presence of a CL at the time
of device insertion (71.3%, 352/494 vs. 59.0%, 246/417; P < 0.01), and
a tendency (P < 0.1) was observed in the interaction between

Effect of different proestrus lengths® on size of the preovulatory follicle, estrus expression, and pregnancy rate in a 6-day estradiol/progesterone—based synchronization

treatment protocol for FTAI (J—Synch) in beef heifers.

Proestrus length® Diameter of the preovulatory follicle at FTAI (mm)

Heifers in estrus at FTAI

Heifers ovulated at FTAI Pregnancy rate

GnRH/FTAI 48 h 122 £ 0.1°
GnRH/FTAI 60 h 12.8 + 0.1°
GnRH/FTAI 72 h 129 +0.2°

68.2% (122/179)°
71.4% (120/168)~
77.0% (137/178)¢

1.7% (3/179)*
1.2% (2/168)*
10.7% (19/178)°

63.6% (196/308)°
63.1% (183/290)«
70.0% (219/313)¢

Different superscripts represent statistical significance within each column: a vs. b, P < 0.05; cvs. d, P < 0.1.

¢ Interval from progesterone device removal to GnRH/FTAL
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Fig. 2. Descriptive representation of the effect of the proestrus length (i.e., interval from P4 device removal to GnRH/FTAI) on diameter of the largest follicle at the time of
fixed—time artificial insemination (FTAI) in beef heifers. The modal value of the diameter of the preovulatory follicle changed from 12.0 mm to 14.0 mm when the proestrus length
was extended from 48 to 72 h, and the median diameter was 12.0 mm in those heifers that FTAI was performed at 48 h, and 13.0 mm in those heifers that FTAI were performed at

60 h or 72 h, respectively.

presence of CL, proestrus length, and estrus expression at FTAI. For
this reason, pregnancy rates in the three experimental groups are
shown separately for heifers with a CL or not bearing a CL at the
time of progesterone device insertion (Fig. 4). In those bearing a CL
at device insertion, pregnancy rate was greater when GnRH/FTAI
was performed at 72 h (P < 0.05) than at 48 or 60 h (Fig. 4). In
heifers without a CL at the time of device insertion, pregnancy rate
did not differ among groups (P = NS). When results were analyzed
in relation to estrus expression at the time of FTAI, pregnancy rate
was greater in heifers that were in estrus compared to heifers not in
estrus (63.9%, 242/379 vs. 45.9%, 67/146; P < 0.01). In heifers that
showed signs of estrus, a greater pregnancy rate was obtained
when GnRH/FTAI was performed at 72 h than at 60 h (P < 0.05),
while it was intermediate at 48 h (Fig. 5). Conversely, pregnancy
rate did not differ among groups (P = NS) when heifers did not
show signs of estrus.

4. Discussion

The current study demonstrates that extending the length of
proestrus from 48 to 72 h in a 6—day estradiol/progesterone—based
synchronization protocol resulted in a greater ovulatory follicle
size, with a greater proportion of heifers exhibiting estrus and an
improved pregnancy rate in cycling beef heifers inseminated at a

Table 2

Probability of pregnancy in beef heifers with different proestrus lengths prior to FTAI
following treatment with a 6-day estradiol/progesterone—based synchronization
protocol (J—Synch). Main effects are shown in the lower panel.

Group Adjusted Risk (C195%) P—value
Inferior Superior

GnRH/FTAI 48 h Reference - - -
GnRH/FTAI 60 h 0.66 0.42 1.03 0.13
GnRH/FTAI 72 h 1.07 0.68 1.69 0.07
Main effects

No CL Reference - - -

With CL 1.46 1.01 213 0.05

No estrus Reference — — -

With estrus 1.72 1.14 2.60 0.01

fixed—time. Overall results show a positive association between
proestrus length, ovulatory follicle size, estrus expression and
fertility in Bos taurus beef heifers.

The relationship between follicle diameter and pregnancy rates
found in the 48 h proestrus length group is supported by previous
reports. The induction of ovulation of small follicles resulted in
decreased pregnancy rates and increased pregnancy losses in beef
cattle [20—22]. Moreover, premature ovulation of a dominant fol-
licle induced with GnRH reduced the diameter at ovulation,
decreasing the subsequent luteal function and fertility [9,23]. In
contrast, ovulation of larger follicles resulted in improved fertility
[24,25], an effect that was associated with elevated circulating
estradiol close to the time of insemination. Although a significant
correlation between probability of pregnancy and follicular size
was found only in the 48 h proestrus length group, but not in 60
and 72 h groups, follicular size increased as the proestrus length
increased; modal follicular diameters were 12 mm for the 48 h,
13 mm for the 60 h, and 14 mm for the 72 h proestrus length
groups. We suggest that strategies which promote preovulatory
follicular growth (e.g., by prolonging the proestrus length) should
be pursued in FTAI protocols.

In this study all heifers received one dose of eCG at progesterone
device removal. Administration of FSH/LH—like gonadotropins
induce final follicular growth and maturation, resulting in
increased secretion of estradiol (reviewed by Allrich [26]).
Furthermore, treatment with eCG has been reported to improve
pregnancy rate in heifers synchronized with the ]—Synch protocol
[27]. Overall, these findings support the consideration of those
strategies that promote the growth and maturation of the pre-
ovulatory dominant follicle increase pregnancy rates following FTAI
in beef heifers.

The presence of a larger follicle at the time of insemination was
associated with a greater occurrence of estrus. In heifers witha 72 h
proestrus, follicular size was larger, and the proportion of heifers
expressing estrus was significantly greater than with a 48 h pro-
estrus. These results agree with those of previous studies that have
shown a positive association between expression of estrus at the
time of FTAI and ovulation and pregnancy rates [16,17,28—31].
Furthermore, studies performed in fixed—time embryo transfer
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Fig. 3. Probability of occurrence of estrus (left panel) and probability of pregnancy (right panel) according to the diameter of the largest follicle at the time of FTAI in beef heifers
subjected to different proestrus lengths (i.e., interval from P4 device removal to GnRH/FTAI: 48 h, 60 h or 72 h).

programs have confirmed that the expression of estrus before
ovulation had a positive effect on pregnancy rate [32,33]. Cows that
exhibit estrus had longer conceptuses on Day 19 of gestation, a
greater chance of embryo survival and improved pregnancy rates
[34]. In addition, maintenance of pregnancy seems to be improved
by estrus expression before ovulation, since lower embryonic/fetal
losses after 30 d of gestation and greater calving rates were
observed in recipients that exhibited estrus before ovulation [32]. A
positive relationship has also been shown to exist between follicle
diameter, estrus expression and preovulatory serum estradiol

100% Heifers with CL
80% 77%
68%  69%
60%
9
©
>
(&)
S 40%
C
()]
o
o
20%
a
0% =
n=158 n=162 n=174
48 h 60 h 72h

concentrations [16,24]. Estradiol production during proestrus has a
positive effect on the subsequent luteal phase, the uterine envi-
ronment, and embryo development [35,36]. Preovulatory estradiol
concentrations appear to be critical for programming the uterine
environment to receive the embryo prior to maternal recognition of
pregnancy [7,16]. Therefore, the lower pregnancy rate observed in
heifers induced to ovulate early (e.g., GnRH at 48 h) without
expression of estrus, suggests that additional time for final follic-
ular maturation is needed for uterine exposure to high estradiol
concentrations. In addition, the positive relationship found

Heifers without CL

Treatment effect: P < 0.1
CL effect: P <0.05
Interaction: P =0.3

61%
59%
> 56%
a
n=150 n=128 n=139
48 h 60 h 72 h

Fig. 4. Pregnancy rate obtained with different proestrus lengths (i.e., interval from progesterone device removal to GnRH/FTAI) in heifers with a corpus luteum (CL; left panel) and
without a CL (right panel) synchronized with a 6-day estradiol/progesterone—based treatment protocol for FTAI (J—Synch). 2 denotes differences (P < 0.05) in pregnancy rates for

heifers with or without a CL.
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Fig. 5. Pregnancy rate obtained with different proestrus lengths (i.e., interval from P4 device removal to GnRH/FTAI) in heifers that were synchronized with a 6-day estradiol/
progesterone—based treatment protocol (J—Synch) that expressed or did not express estrus based on the percentage of tail-paint removal at the time of FTAI (a vs. b, P < 0.05; c vs. d,

P<01).

between pregnancy rate and preovulatory follicular diameter was
significant in the shorter proestrus length (Fig. 3), which was
overcome, at least in part, when the proestrus length was extended
to 72 h. These findings further support the importance of pro-
longing the window between progesterone device removal and
GnRH administration.

Since evidence indicates that increasing the interval from device
removal until ovulation benefits fertility, novel strategies to pro-
long proestrus length have been proposed and implemented with
success. The protocols for extending the proestrus length are clas-
sified into GnRH/progesterone—based [4] or estradiol/progester-
one—based protocols [8]. In GnRH/progesterone—based protocols,
it has been reported that reducing the exposure time of the pro-
gesterone device from 7 to 5 d and prolonging the interval from
progesterone device removal to GnRH/FTAI (i.e., 5 d Co—Synch
protocol), increases exposure to elevated circulating estradiol
concentrations prior to ovulation, improving pregnancy rates in
cows and heifers [4,37,38]. In estradiol/progesterone—based pro-
tocols, the J—Synch protocol also improved pregnancy rate in
heifers by reducing the progesterone exposure from 8 d to 6 d and
prolonging the proestrus from 48 h to 72 h [8]). Although the
J—Synch protocol induced greater pregnancy rates than the con-
ventional estradiol/progesterone protocols, it was difficult to
determine if the reason for such improvement was due to the
lengthening of the proestrus period or the replacement of estradiol
cypionate with GnRH to induce ovulation. In the current experi-
ment, all heifers received GnRH and the treatment at 72 h post-
device removal resulted in an improved pregnancy rate. Thus, we
conclude that the longer proestrus length improved fertility.

5. Conclusions

Extending the proestrus length from 48 to 72 h in a 6—d
estradiol/progesterone—based treatment increases the diameter of
the largest follicle present at GnRH/FTAI, enhances estrus

expression, and improves pregnancy rate in cycling heifers. These
results support the recommendation of applying protocols that
result in an extended proestrus length in FTAI programs in Bos
taurus beef heifers.
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Two experiments were conducted with the aim of determining the effect of equine cho-
rionic gonadotropin (eCG) administration on day 14 after insemination on ovarian
response and pregnancy establishment in postpartum anestrous beef cows. In both ex-
periments, cows were subjected to a progesterone- and estradiol-based treatment for
fixed-time artificial insemination (FTAI) and were randomly allocated into 4 groups to

Keywords: receive or not receive eCG (400 IU) at the time of device removal and/or at 14 d after FTAL
Anestrus . . . L

PMSG In experiment 1, from day 14 to 22, daily ultrasonographic determinations were performed
Gestation to monitor ovarian dynamics, and blood was collected to determine hormone concen-

trations in 60 cows. In experiment 2, confirmation of pregnancy was performed at 30 and
60 d after FTAI in 1,060 anestrous cows assigned to the same experimental design. Cows
that received eCG on day 14 after FTAI showed increases in corpus luteum area (P < 0.01),
follicle diameter (P < 0.05), serum progesterone concentrations (P < 0.01), and estradiol-
178 concentrations (P < 0.01), compared with cows that did not receive eCG on day 14.
Pregnancy rate on day 30 was greater in those cows that received both eCG treatments (ie,
at device removal and 14 d after insemination) than in those that did not receive eCG
treatment (P < 0.05). In conclusion, eCG administered on day 14 after FTAI increases serum
progesterone concentrations during the critical period of pregnancy in anestrous cows,
and this second eCG treatment seems to have a positive effect on achieving pregnancy.
© 2017 Elsevier Inc. All rights reserved.

Embryonic losses
Critical period

1. Introduction

Pregnancy failure is one of the main reasons for low
reproductive efficiency in cows, causing serious economic
loss. This is particularly true in seasonally calving herds,
where it is often too late to rebreed after cows are deter-
mined not pregnant, thus resulting in increased culling rates
[1]. Embryonic losses as high as 70%-80% in lactating dairy
cattle [2,3] and 40%-60% in beef cattle [4,5] have been

* Corresponding author. Tel./fax: +59899687206.
E-mail address: menchaca.alejo@gmail.com (A. Menchaca).

0739-7240/$ - see front matter © 2017 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.domaniend.2017.08.003

reported within the first 3 wk of gestation. An important
proportion of these losses in cattle occurs during the critical
period of pregnancy, 15-17 d after fertilization [6]. Nutri-
tional constraints, inadequate mating systems, hormonal
imbalance (eg, progesterone insufficiency), and/or an
inappropriate embryonic signal are the main factors impli-
cated for embryo loss during this period [7]. The corpus
luteum (CL) is the main source of progesterone, which is
essential for the establishment and maintenance of preg-
nancy [8]. Therefore, any factor that affects CL function or its
life span during early gestation will influence the pregnancy
rate and reproductive efficiency in cattle.
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During the early stages of gestation after fertilization,
the embryo is responsible for its own survival. Blastocyst
elongation, which occurs after hatching, is directly related
to interferon-tau (IFN-t) production by the trophoblast of
the growing embryo [9], the latter of which represents the
pregnancy recognition signal in ruminants [10]. A clear
increase in IFN-1 production that is absolutely required for
pregnancy establishment occurs around day 16 [11]. Evi-
dence shows that the production of IFN-t is positively
associated with earlier serum progesterone concentrations
[12], and progesterone supplementation during the first
days after insemination induces greater IFN-t production
[13] and increases embryo growth before the critical period
[14]. Many studies have attempted to improve pregnancy
outcome by elevating progesterone after insemination,
including treatments with exogenous progesterone or
inducing accessory CL with GnRH or human chorionic
gonadotropin [15,16]. However, these alternatives have not
been successful because they do not provide sustained
luteotrophic support and have had only a marginal influ-
ence in reducing embryonic losses [17,18].

An alternative to overcome early pregnancy failure in
cattle would be to directly stimulate increased progester-
one production by the CL. In that sense, preovulatory eCG
administration on progesterone device removal in fixed-
time artificial insemination (FTAI) treatments induces a
larger CL, with greater progesterone concentrations during
the following luteal phase in postpartum anestrous Bos
taurus [19] and Bos indicus cows; [20]. Because eCG has
been reported to have an FSH- and LH-type effect [21], the
administration of this gonadotropin as a luteotrophic agent
after ovulation could become a pharmacologic alternative
to improve pregnancy outcome. This idea is supported in a
previous field trial, in which 400-IU eCG was administered
14 d after FTAI in primiparous anestrous B indicus suckled
cows, resulted in a greater pregnancy rate than that of eCG-
untreated cows [22]. These promising results deserve
further investigation because no information is available
about the effect of eCG administered after insemination on
luteal function in cattle.

The objective of this study was to determine the effect of
eCG administration, both on device removal and on day 14
after insemination, on luteal and follicular response during
the critical period of pregnancy in postpartum anestrous
beef cattle. In addition, the effect of this treatment on
pregnancy establishment and maintenance was also eval-
uated in a large-scale FTAI program.

2. Materials and methods
2.1. Animals and management

Two experiments were conducted during the spring
breeding season of the Southern Hemisphere (November—
January, 33°S, Uruguay) in multiparous suckling Hereford
cows. All cows were scanned by ultrasonography to check
the presence or absence of CL (cycling or anestrous cows,
respectively) just before the beginning of treatments. In
each experiment, cows were kept together, grazing on
rangeland of crystalline-based soil with free access to water
and mineral supplement. All experimental procedures

involving animals and including injections, intravaginal
devices insertion, blood collection, and ovarian ultraso-
nography were approved by the Internal Animal Care
Committee of Fundacién IRAUy and certified by the
National Council of Animal Care of Uruguay.

2.2. Experiment 1

The aim of this experiment was to evaluate the effect of
eCG administration on ovarian function in anestrous cows
on day 14 after insemination, associated or not associated
with 1 dose of eCG on progesterone device removal.
Multiparous suckled Hereford cows (n = 60) in anestrus
with 60-75 d postpartum and BCS of 3.5 + 0.1 (mean +
standard error of the mean [SEM], 1-8 scale; 1 = emaciated
and 8 = obese; [23]) were used. Anestrus was determined
by absence of CL detected by 2 ultrasonography examina-
tions 10 d apart, just before the beginning of synchroniza-
tion treatment. The cows received a progesterone-releasing
intravaginal silicone device containing 0.5 g of progester-
one (DIB 0.5; Syntex S.A., Buenos Aires, Argentina) over 8 d
and 1 dose of 2 mg of estradiol benzoate (Gonadiol; Syntex
S.A.) administered intramuscularly [i.m.] at device inser-
tion. One dose of 500 g of cloprostenol sodium (Ciclase DL;
Syntex S.A.) and 0.5 mg of estradiol cypionate (Cipiosyn;
Syntex S.A.) were administered i.m. on device removal.
Then, cows were divided into 4 groups to receive or not
receive 400 IU of eCG (Novormon; Syntex S.A.) adminis-
tered i.m. at device removal and/or 14 d after insemination,
in a 2 x 2 factorial design. The cows were randomly allo-
cated in each experimental group blocked by ovarian ac-
tivity, BCS, and days postpartum. Fixed-time Al was
performed 52-56 h after device removal (day 0) with
frozen semen of a single series belonging to the same bull.
In some FTAI programs in Uruguay, nose plates were placed
on all calves to prevent suckling from the day of device
insertion until insemination [24]. Pregnancy rate (preg-
nant/FTAI cows) was determined by ultrasonography 30 d
after insemination.

2.3. Ultrasound examinations

Ovarian examinations were performed daily by trans-
rectal ultrasonography using a B-mode ultrasound scanner
with a linear-array transducer (7.5 MHz, WED-9618V
Well.D, Shenzhen, China). Examinations were performed
by the same operator from day 14 to day 22 after insemi-
nation. All follicles were greater than 3 mm in diameter,
and the CL was measured using an internal electronic
gauge, video recorded, and registered on an individual
ovarian map for each cow. Two images of the largest follicle
and the CL were measured at their maximum diameters.
The width and height of the maximum cross-sectional area
of the CL were measured to calculate the CL area (¥ its
width x ¥ its height x 7 as reported by Kastelic et al [25]).

2.4. Radioimmunoassays
Blood samples were collected daily from day 14 to day

22 after insemination from the coccygeal vein into 10-mL
tubes to determine serum progesterone and estradiol-17f3
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concentrations. All samples were immediately refrigerated
(4°C) and centrifuged within 6 h after collection at 3,000
RPM for 20 min [26]. Serum was harvested and stored at
—20°C until assayed in the Laboratory of Nuclear Tech-
niques, Facultad de Veterinaria, Montevideo, Uruguay. Both
serum progesterone and estradiol-17f concentrations were
determined in duplicate by RIA in direct solid phase and
liquid phase, respectively, following the recommendations
of a commercially available specific kit (Coat-A-Count,
Diagnostic Products Corporation, Los Angeles, CA). The
sensitivity for progesterone RIA was 0.11 ng/mL, and the
intra-assay coefficients of variation (CVs) for low (0.5 ng/
mL), medium (2 ng/mL), and high (10 ng/mL) quality con-
trols were 8.5%, 7.2%, and 6.0%, respectively. The interassay
CV for the same quality controls was 9.9%, 9.5%, and 9.2%,
respectively. Circulating concentrations of estradiol-17f
were determined after using the ether extraction method
by a double antibody RIA. This extraction protocol,
routinely used in this laboratory and reported by Meikle
et al [27], resulted in a recovery of 87% of the original
counts per million (cpm). The sensitivity for estradiol-173
assay was 0.55 pg/mL, and the intra-assay CVs for low (1.52
pg/mL) and high (23.63 pg/mL) quality controls were 7.6%
and 8.6%, respectively. The interassay CVs for the same
quality controls were 8.3% and 8.7%, respectively.

2.5. Experiment 2

Based on the outcome of experiment 1, the aim of
experiment 2 was to evaluate the effect of eCG adminis-
tration on day 14 after insemination, associated or not
associated with 1 eCG dose administered at the time of
progesterone device removal, on pregnancy establishment
in the first month and pregnancy maintenance in the
second month after FTAL The experiment was conducted
in a total of 11 replicates performed during 3 yr on 3
different farms, located in different regions of Uruguay. A
total of 1,185 multiparous suckling beef cows, predomi-
nantly Hereford and Angus 60-90 d postpartum, and BCS
of 3.5 £ 0.1 were used. Anestrus was determined by ul-
trasound examination at device insertion as described in
experiment 1, and only anestrous cows were used for the
study (n = 1,060). All herds enrolled in the study were
under a similar management system, on a grazing regimen
with ad libitum access to water and salt-mineral mixture.
The experimental groups were designed as described for
experiment 1. Pregnancies were confirmed by ultraso-
nography on day 30 and reconfirmed for pregnancy
maintenance on day 60 after insemination.

2.6. Statistical analysis

All statistical analyses were performed using Stata
software [28]. Data were checked for normality and
homogeneity of variance by histograms, q-q plots, and
formal statistical tests as part of the univariate procedure.
CL area, follicular development, serum progesterone, and
estradiol-17f concentrations were analyzed using
repeated-measures with statistical generalized linear
mixed models (GLMMs), including the animals as random
effect, and treatment and day as fixed effects. The model

included the experimental treatments (eCG at device
removal or eCG on day 14), day and their interactions. A
compound symmetry covariance structure for the data
based on Akaike information criterion (AIC) was used, and
the model with the lowest AIC value was selected. Preg-
nancy rate was analyzed using logistic regression in the
GLMM including the effect of eCG treatments (at device
removal or on day 14), date of treatment (11 replicates),
year (3 yr), herd (3 herds), and their interactions. Because
the objective was to evaluate the effect of the treatment in
conditions representative of typical rangelands in South
America [29], the study was performed for anestrous cows,
whereas cycling cows were excluded of the analysis. Data
are presented as mean + SEM.

3. Results
3.1. Experiment 1

The CL area and progesterone concentrations deter-
mined from day 15 to day 22 were affected by day and eCG
treatments, both on day 14 (P < 0.05) and at device
removal. No interaction between eCG treatment at device
removal and eCG on day 14 nor between treatments and
day were found (P = 0.7); data in Figure 1 show the main
effects regarding eCG administration or not on day 14. The
values were normalized on day 14, and data for each cow at
that moment were taken as the 100% value. Subsequent
values were expressed as a percentage of the initial value
on day 14.

For cows that became pregnant on day 30 after FTAI, the
average progesterone concentrations during this sampling
period were greater in cows that received eCG on day 14
(11.0 + 0.6 ng/mL; n = 22) compared with those did not
receive eCG at this time (7.2 £+ 0.5 ng/mL; n = 23; P < 0.01),
with significant differences on days 15, 16, 17, and 18. The
increase in progesterone concentrations for cows that
became pregnant on day 30 after FTAI was 20.6% + 5.8% for
cows that received eCG on day 14 versus 2.8% + 5.0% for
those that did not received eCG at this time. Again, no
interaction between eCG treatment at device removal and
eCG on day 14 nor a day by treatment interaction was
detected (P = 0.9).

For nonpregnant cows, luteolysis occurred during the
sampling period and the proportion of nonpregnant/total
cows was not affected by eCG treatment at device removal
or on day 14 (eCG vs no eCG at device removal: 30.0%, 9/30
vs 20.0%, 6/30; P = 0.4); eCG vs no eCG on day 14 (26.7%, 8/
30 vs 23.3%, 7/30; P = 0.8).

The mean diameters of the largest follicle in pregnant cows
from day 14 to day 22 after insemination are shown in Figure 2.
No differences were found during this period among eCG-
treated or untreated cows at device removal (P = 0.8) nor on
day 14 (P = 0.9), and no interaction between eCG treatments
nor between treatments and day were found (P = 0.6). For
further analysis, the cows were divided into 2 groups in rela-
tion to the growth status of the dominant follicle on day 14 (ie,
in growing phase or in regressing/static phase). Dominant
follicle in the growing phase at eCG treatment was defined as
those largest follicles in which the diameter on day 15 was
larger than on day 14, and the opposite case was considered
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Fig. 1. Corpus luteum area (A) and serum progesterone concentrations (B) during early pregnancy after eCG (400 IU) administration or not on day 14 after
insemination in suckling anestrous beef cows. Since no effect of eCG at device removal, nor interaction with eCG treatment on day 14 was found, in both upper
and lower panels, data are presented as main effect for eCG treatment or not on day 14 (P < 0.01). Data are expressed as mean + standard error of the mean.
*Values were normalized on day 14 after insemination and were taken as 100%. Subsequent values were expressed as percentage of the initial value.

the regressing/static phase [30]. For those cows in which their
largest follicle was in the regressing or static phase, no effect of
eCG administration was found. Conversely, in cows in which
the largest follicle was growing at eCG administration on day
14 (with a mean diameter of 8.3 & 0.3 mm), the treatment
increased follicular growth (11.3 + 0.5 mm on day 17-18;
Fig. 2A) compared with cows that did not receive eCG
(9.8 & 0.5 mm on day 17-18; P < 0.05).

There was an effect of eCG treatment on serum estra-
diol-17B concentrations in pregnant cows from day 14 to
day 18 after FTAL This variable was not affected by eCG
treatment at device removal, and no interaction with
treatment on day 14 was found (P = 0.6). The effect of eCG
administered on day 14 on serum estradiol-17f concen-
tration was greater than that administered on day 16 for
cows with eCG vs without eCG (1.8 + 0.2 vs 0.7 + 0.1 pg/
mL, respectively, P < 0.01). When the results were
analyzed in relation to follicular growth status, the eCG-
treated cows in which the largest follicle was in the

growing phase showed greater serum estradiol-178 con-
centrations than the untreated cows with the largest fol-
licle in the growing phase (2.4 + 0.7 vs 0.9 £+ 0.1 pg/mL,
respectively, P < 0.05; Fig. 2C). Similarly, in cows in which
the largest follicle was in the regressing or static phase,
serum estradiol-17f concentrations was greater on day 16
in eCG-treated than in untreated cows (1.7 + 0.3 vs
0.7 + 0.1 pg/mL, respectively, P < 0.01; Fig. 2D).

3.2. Experiment 2

Significant effect of eCG treatment at device removal
and on day 14 was found on pregnancy rate (P < 0.05), and
no interaction was detected (P = 0.9). Pregnancy rates were
greater in those cows that received eCG at device removal
(57.4%, 311/542) than in those that did not receive eCG at
device removal (50.0%, 259/518, respectively; P < 0.01). In
addition, pregnancy rates in cows that received eCG on day
14 was greater than for those that did not receive eCG on
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Fig. 2. Largest follicle diameters and serum estradiol-17 concentrations for pregnant cows. Data were divided into 2 groups in relation to their follicular growth
status of the dominant follicle on day 14 (ie, in growing phase [A and C] or in regressing/static phase [B and D], respectively). Main effect is showed for eCG (400
[U) administration or not on day 14 after insemination in suckling anestrous beef cows. Data are expressed as mean + standard error of the mean, and asterisk (*)

indicates significant differences (P < 0.05).

day 14 (57.0%, 306/537 vs 50.5%, 264/523, respectively; P <
0.05). The greatest pregnancy rate was obtained in those
cows that received both eCG treatments at device removal
and on day 14 after FTAI (61.3%, 168/274) compared to no-
eCG-treated control cows (47.5%,121/255; P < 0.01) but did
not differ (P = 0.2) compared to cows that had eCG
administered only at the time of device removal. Pregnancy
failure in the second month of gestation (ie, between 30
and 60 d after FTAI) was not different among the experi-
mental groups and was on average 3.5% (20/570, P = 0.4;
Table 1).

4. Discussion

This study demonstrates that ovarian function during
the critical period of pregnancy in anestrous beef cattle is
affected by eCG administration on day 14 after insemina-
tion. The CL was larger and serum progesterone concen-
trations were greater in the days following eCG treatment,
and serum estradiol-17f concentrations were increased. In
addition, pregnancy rate was significantly improved with
double eCG treatment (ie, both at device removal and on

day 14 after FTAI) compared to cows not treated with eCG
treated.

The luteal function was improved by eCG administration
on day 14. Nuaiez-Olivera et al [19] showed that eCG
treatment at device removal increases ovulatory follicular
diameter, ovulation rate, CL area, and serum progesterone
concentrations after ovulation, particularly in anestrous B
taurus beef cows. The current results suggest the success of
double eCG treatment at device removal and on day 14
after insemination in FTAI programs in anestrous cows, at
least in B taurus beef cows. An early increase in progester-
one secretion of the CL induced by the first eCG treatment
at device removal, previously demonstrated by Nuifez-
Olivera et al [19], may enhance the uterine environment to
stimulate embryo development and IFN-t production,
which in turn would improve maternal recognition of
pregnancy [31]. Previous studies showed that an increase
in circulating progesterone concentrations during the first
week after ovulation effectively stimulates embryo
enlargement and IFN-1 secretion, favoring maintenance of
pregnancy [14,32,33]. Consequently, high-serum proges-
terone concentrations during the first 2 wk of gestation are
associated with greater pregnancy rates [34,35]. In the
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Table 1

Pregnancy rate during the first month after FTAI and pregnancy failure
during the second month induced with eCG administration (400 IU) at
progesterone intravaginal device removal and/or on day 14 after FTAI in
postpartum anestrous beef cattle.

Treatment Pregnancy rate on Pregnancy failure
day 30 (n = 1,060) from day 30 to 60

(n =570)

Main effects
eCG at device removal 57.4% (311/542)* 2.9% (9/311)*
No eCG at device removal ~ 50.0% (259/518)°  4.2% (11/259)*
eCG on day 14 after FTAI ~ 57.0% (306/537)*  3.3% (10/306)
No eCG on day 14 after FTAI 50.5% (264/523)°  3.8% (10/264)
Simple effects
No eCG-treated cows 47.5% (121/255)*  4.1% (5/121)*
eCG at device removal 53.4% (143/268)° 3.5% (5/143)
eCG on day 14 after FTAI  52.5% (138/263)* 4.3% (6/138)
eCG at device removal 61.3% (168/274)°  2.4% (4/168)
and day 14

Within a column, different superscripts differ significantly (P < 0.05).

present study, we proposed and demonstrated that eCG
administration just before maternal recognition of preg-
nancy affected ovarian function and increased progester-
one concentrations. This finding is in agreement with a
recent report conducted in our laboratory with sheep, in
which progesterone concentrations were also increased
when eCG was administered on day 10 after FTAI [36].
Therefore, the eCG treatment after insemination appears to
be a new alternative to enhance luteotrophic support for
the induction of greater endogenous progesterone pro-
duction during the critical period of gestation in ruminants.

Although eCG treatment induced a luteotrophic action,
the improvement in pregnancy rate was only marginal,
with an additive effect to the eCG treatment at device
removal. The combined treatment of eCG at device removal
and 14 d after insemination significantly increased preg-
nancy rates compared to pregnancy rates in the untreated
control group. The effect of eCG at device removal is acting
on the preovulatory follicle [19], probably stimulating
estradiol production, and the effect of eCG on day 14 is
mainly on the CL promoting progesterone production. The
positive effect of eCG treatment after insemination on
pregnancy rate was also evaluated recently in sheep in a
series of experiments conducted in our laboratory [37]. The
improvement of pregnancy rates on day 30 was found only
in 1 of 2 experiments, and interestingly, this improvement
overlapped with greater pregnancy failure from day 30 to
day 75 of gestation, and for this reason, the final pregnancy
rate did not improve with this strategy. In summary, the
available information in cattle and sheep shows a positive
effect of eCG treatment on luteal function that has not al-
ways translated to an improved pregnancy rate.

The eCG administration on day 14 also increased serum
estradiol-17f concentrations 2 d after treatment, showing
that this hormone also exerts a stimulatory effect on
follicular activity in a moment that may trigger a luteolytic
mechanism. Gonadotropin-like eCG activity in cattle has
been reported previously, demonstrating that this hor-
mone has an affinity for FSH and LH ovarian receptors [38].
Many studies performed during the follicular phase have
revealed that preovulatory treatment with eCG can affect

ovarian endocrine function [21,39] and increase the
amount of mRNA for cytochrome P45017q resulting in
increased estradiol production [40,41]. The greater ste-
roidogenesis promoted by the eCG treatment obtained in
our study during early pregnancy was more pronounced in
those cows in which the largest follicle was in the growing
phase at the time of treatment. This finding may be likely
an indicator of luteolysis being triggered than of pregnancy
establishment. The well-known role of estradiol in luteol-
ysis (Niswender et al [42]) and the greater presence of
estradiol receptors during days 14 to 17 (Meikle et al [43])
show that this strategy deserves further study before its
findings are implemented in commercial herds.

The present study also contributes further information
about eCG administration at the time of device removal,
and the interaction of this treatment with eCG adminis-
tration after insemination. The improvement in pregnancy
rates obtained with eCG administration at the time of de-
vice removal being the main effect agrees with previous
reports in B taurus [44], and B indicus cattle [45,46]. In these
reports, the addition of eCG in a progesterone and
estradiol-based treatment improved pregnancy rates in
anestrous beef cattle. Particularly in anestrous B taurus beef
cows, Niiiez-Olivera et al [19], showed that eCG treatment
at device removal increases ovulatory follicular diameter,
ovulation rate, CL area, and serum progesterone concen-
trations after ovulation. Differences in pregnancy rates
were obtained in the present study with eCG at the time of
device removal in anestrous cows. The improvement of 5 to
10 percentage points in anestrus cows is also in agreement
with previous reports in B indicus cattle [47], in B taurus
beef cattle with high incidence of postpartum anestrus
[46,48,49], and in lactating seasonally calving dairy cows in
postpartum anestrous [50,51]. However, other studies of B
taurus cows with good BCS did not find differences in
pregnancy rates [52]. Cows with good BCS treated only
with progesterone-releasing devices and estradiol ach-
ieved pregnancy rates of 50% or greater [49]. Nevertheless,
a consensus exists that the improvement in pregnancy
rates with the administration of eCG at the time of device
removal is clearly evident in cows with low BCS or in
anestrus, more so in primiparous than multiparous cows, in
which pregnancy rates after FTAI is around 35% to 40%; the
administration of eCG significantly improves these results
[20,45]. Since the percentage of cows in postpartum anes-
trus in grazing herds of South America is around 70%-90%,
and cows usually have a compromised BCS at the beginning
of the breeding season [44,45], the administration of eCG at
the time of device removal for FTAI in anestrus beef cattle is
usually recommended.

5. Conclusions

This study demonstrates a positive effect of eCG
administration on day 14 after FTAI on serum progesterone
concentrations during maternal recognition of gestation in
anestrous beef cows. In addition, the combination of eCG
treatment at progesterone device removal and on day 14
significantly improved the pregnancy rate compared to the
eCG untreated control group. This finding provides new
ideas to develop novel strategies that may improve luteal
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support and pregnancy establishment in postpartum
anestrus beef cattle.
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