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RESUMEN

El objetivo del trabajo de tesis fue el de generar informacion respecto a
protocolos de sincronizacion de estros y ovulaciones en ovejas, basados en dos dosis
de prostaglandina (PG) administradas a intervalos de duracion corta (7 o 10 dias),
media (12 o 13 dias) o larga (14, 15 o 16 dias), para validar su uso en inseminacion a
tiempo fijo (IATF) utilizando semen fresco por la via cervical, y compararlos con un
protocolo basado en progestagenos y eCG (P4-eCG). La hipotesis general fue que
intervalos de mayor duracion en dias entre dosis de PG determinarian diferencias en
respuesta estral, desarrollo folicular ovarico y niveles plasmaticos de progesterona y
estradiol, determinando mejores resultados reproductivos y similares a un protocolo
de P4-eCG. Se realizaron cuatro experimentos utilizando un total de 966 ovejas
Corriedale durante la estacion reproductiva. Los protocolos de 10 y 12 dias fueron
asociados a una mayor sincronia en la respuesta estral. El desarrollo folicular
ovarico, los intervalos PG-estro, PG-ovulacion y la tasa ovulatoria fueron similares
entre los protocolos de PG, siendo la tasa ovulatoria superior en el protocolo de P4-
eCG. La administracion de dos dosis de PG a diferentes intervalos, determinod
diferente duracion de la fase luteal y niveles plasmaticos de progesterona, lo cual fue
asociado positivamente con la concentracion plasmatica de estradiol. Los intervalos
de 15 y 16 dias entre las dosis de PG obtuvieron mejor tasa de no retorno al estro,
fertilidad y fecundidad, respecto a intervalos de 7, 10, 12 o 13 dias, pero similares al
protocolo en base a P4-eCG, sin diferencias en prolificidad. Se concluye que, en
nuestras condiciones de experimentacion, los protocolos de intervalos largos entre
dosis de PG (15 y 16 dias), obtendrian mejores resultados reproductivos en
programas de IATF via cervical con semen fresco que los protocolos cortos o medios
y similares a los obtenidos con un protocolo en base a P4-eCG. Los hallazgos de esta
tesis generan una nueva alternativa para el manejo reproductivo en ovinos durante la

estacion de cria.

Palabras clave: sincronizacion de estros, prostaglandina, inseminacion a tiempo fijo,

ovInos.
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CERVICAL TIMED ARTIFICIAL INSEMINATION IN
EWES: SYNCRONIZATION PROTOCOLS WITH SHORT, MID
AND LONG INTERVALS BETWEEN PROSTAGLANDIN DOSES

SUMMARY

The aim of this work was to generate information on protocols to synchronise
estrous and ovulation using prostaglandin (PG), where the injections were
administered at short (7 or 10 days), mid (12 or 13 days) or long intervals (14, 15 or
16 days). To assess its use for cervical timed artificial insemination (TAI) with fresh
semen they were compared to a progestagen-eCG based protocol (P4-eCG). The
hypothesis was that longer intervals (days) between PG injections will determine
differences in estrus response, ovarian follicular growth and progesterone and
estradiol plasma concentrations, improving the reproductive outcome, resulting in
reproductive results comparable with a P4-eCG protocol. Four experiments were
performed during the breeding season using 966 adult Corriedale ewes. Protocols
with 10 or 12 day-intervals were associated to a higher estrous synchrony. The
ovarian follicular growth, the interval PG-estrus, PG-ovulation and the ovulation rate
were similar among PG protocols; however the ovulation rate was higher using the
P4-eCG protocol. The administration of PG at different intervals determined
differences in the duration of the luteal phase and progesterone levels that was
positively correlated with plasma estradiol concentrations. Intervals of 15 and 16
days between PG injections determined greater rates of non-return to service, fertility
and fecundity compared to 7, 10, 12 or 13 intervals, but similar to the P4-eCG
protocol. It was concluded that under the conditions of these experiments, long
intervals between PG injections (15 or 16 days) resulted in higher reproductive
outcomes using cervical TAI with fresh semen, compared to short or mid intervals
and similar to a P4-eCG protocol. The results obtained in this work lead to the
development of a new alternative for the reproductive management of the ewe during
breeding season.

Keywords: estrus synchronization, prostaglandin, timed artificial insemination, ewe.
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1. INTRODUCCION

La sincronizacion de estros en ovinos asociada a la inseminacion artificial (IA),
es una herramienta de manejo reproductivo que permite concentrar los servicios de la
majada en periodos de tiempo mas reducidos respecto al uso del estro espontaneo
(“celo natural”). Esta biotecnologia, facilita el uso de carneros genéticamente
superiores adquiridos asociativamente, mediante el transporte del reproductor por un
corto periodo de tiempo hasta los establecimientos o del semen preservado de los
mismos para inseminar las hembras seleccionadas. Ademads, permite disminuir la
cantidad de dias en que la majada es llevada a los corrales, evitando la pérdida de
estado corporal y estatus sanitario que genera el manejo de una IA tradicional
(Olivera y Gil, 2005). A su vez, facilita un uso mas eficiente de una alimentacion
focalizada en momentos de alto impacto productivo como es el pre-servicio y el pre-
parto (Blache et al., 2008, Martin et al., 2004), ya que al estar las ovejas en etapas del
ciclo estral similares y conocidas, permite aplicar la nutricidbn en momentos mas
precisos, disminuyendo los dias efectivos de suplementacion y por ende los costos.
Finalmente, determina una época de partos mas concentrada permitiendo una
atencion mas adecuada en ese momento.

Otra alternativa de manejo reproductivo que potencia las caracteristicas
previamente expresadas es la IA a tiempo fijo (IATF), la cual disminuye el manejo
diario de la majada en las inseminaciones ya que no necesita de la deteccion de estros
(Olivera y Gil, 2005, Menchaca y Rubianes, 2004). La aplicacion de la IATF
requiere de una alta sincronia de los estros y ovulaciones, de manera que la
inseminacion sea realizada en el momento 6ptimo (Menchaca y Rubianes, 2004).
Para lograr esta sincronia es necesario el uso de protocolos hormonales, siendo los
mas utilizados los protocolos en base a progestagenos (P4) asociados a la
gonadotrofina coriénica equina (eCG), o en base a andlogos sintéticos de
prostaglandina -PG- (Fierro et al., 2013, Abecia et al., 2012, Menchaca y Rubianes,
2004, Thimonier, 1979).

El uso de PG para la sincronizacion de estros ha sido extensamente estudiado
desde su descubrimiento como un potente agente luteolitico (McCracken et al.,

1970), y en nuestro conocimiento se ha utilizado para protocolos de IATF desde el



afio 1978 (Fairnie et al., 1978). Su facil aplicacion mediante inyeccidn intramuscular
(Abecia et al., 2012), buena respuesta estral en ovejas en estacion reproductiva
(Fierro et al., 2013), la menor generacién de residuos ambientales y una rapida
metabolizacion en su pasaje por los pulmones no acumulandose en los tejidos (Davis
et al., 1980, Piper et al., 1970), la identifican como una alternativa mas "limpia y
verde", lo cual es bien valorado actualmente por los consumidores de productos
animales en muchas zonas del mundo (Martin y Ferasyi, 2016, Martin et al., 2004).
Ademas, su significativo menor costo respecto a los protocolos de P4-eCG, la
transforman en una alternativa interesante a validar para el manejo reproductivo de la
majada durante la estacion de cria.

Los protocolos tradicionales de sincronizacion de estros con PG basados en dos
dosis administradas con intervalos entre 9 y 12 dias de separacion, han determinado
una alta respuesta estral, pero una gran variabilidad en el momento de ocurrencia del
estro y la ovulacion (Vifoles y Rubianes, 1998, Houghton et al., 1995, Loubser y van
Niekerk, 1981, Acritopoulou et al., 1978), lo cual ha desaconsejado su uso para IATF
(Menchaca y Rubianes, 2004). Basado en la sensibilidad del cuerpo luteo (CL) ovino
de tan solo tres dias de edad a la PG (Rubianes et al., 2003), fue desarrollado un
protocolo de 7 dias de intervalo entre las dosis de PG (protocolo “corto”), el cual
genera una onda “1” de desarrollo folicular muy sincronizada, determinando ademas
que los CLs sean sensibles a la PG al momento de aplicacion de la segunda dosis
(protocolo Synchrovine®; Rubianes et al., 2004). Este protocolo genera una muy
buena sincronizacion de estros y ovulaciones, pero bajos resultados reproductivos
luego de la IATF (Fierro et al., 2011, Fierro, 2010, Menchaca et al., 2004, Rubianes
et al., 2003). Diferentes alternativas han sido evaluadas para intentar mejorar la
fertilidad obtenida con este protocolo (30 a 50% de las hembras servidas), sin
embargo ninguna ha logrado incrementar sus bajos resultados (Vilarifio et al., 2017,
Fierro et al., 2014, Olivera-Muzante et al., 2013, 2011a, 2011b, Contreras-Solis et
al., 2009). Los magros resultados reproductivos obtenidos han sido asociados a
menores concentraciones plasmaticas de progesterona, con un perfil alterado durante
la fase de crecimiento de los foliculos pre-ovulatorios, lo cual determinaria la menor

fertilidad, tasa ovulatoria (TO) y prolificidad observada respecto a un estro



espontaneo (Fierro et al., 2011). En base a estos reportes, a una revision exhaustiva
del uso de la PG para el control del ciclo estral en los ovinos (Fierro et al., 2013), y a
trabajos internacionales previos donde intervalos de més dias entre las dosis de PG
demostraban la posibilidad de mejorar los resultados obtenidos (Gibbons et al., 2010,
Loubser y van Niekerk, 1981, Greyling y van der Westhuysen, 1980a, Fairnie et al.,
1978, 1977, 1976), es que se sugiere que protocolos de intervalos aiin mas extensos
entre las dosis podrian generar un ambiente hormonal mas adecuado, y por ende
mejores resultados reproductivos a la IATF. Sin embargo, no se conoce con
profundidad, bajo similares condiciones experimentales, la respuesta estral, ovarica
y/o reproductiva de ovejas sincronizadas con protocolos con diferentes intervalos
entre dosis de PG (cortos, medios y largos), en majadas donde no se conoce el
momento del ciclo estral cuando es administrada la primera PG.

Finalmente, a pesar de que reportes previos sugieren que la PG seria una mejor
opcion a los protocolos basados en P4-eCG, debido a su efecto negativo sobre el
foliculo ovulatorio (Letelier et al., 2011, Berlinguer et al., 2007, Gonzalez-Bulnes et
al., 2005), la mayoria de los resultados reproductivos obtenidos en programas de
IATF utilizando PG no han confirmado esa hipdtesis (Olivera- Muzante et al., 2011b,
Vinoles et al., 2011, Greyling y van der Westhuysen, 1980a, Boland et al., 1978a,
1978b). La posibilidad de generar nuevos protocolos de IATF en base a PG,
alternativos a los tradicionales de P4-eCG, con menores implicancias practicas y de
costos (Vifoles et al., 2011, Contreras-Solis et al., 2009, Gonzalez-Bulnes et al.,

2005), es de gran interés para el manejo del ciclo reproductivo ovino.

1.1. HIPOTESIS

La hipoétesis general de este trabajo fue que un mayor intervalo de separacion
en dias entre las dosis de PG determinaria diferencias en la respuesta estral,
desarrollo folicular ovérico, y niveles plasmaticos de progesterona y estradiol,
conllevando a obtener mejores resultados reproductivos que intervalos de menor

duracion, y similares a un protocolo en base a P4-eCG.



1.2. OBJETIVO GENERAL Y ESPECIFICOS

El objetivo general de la tesis fue el de generar informacion respecto a
protocolos de sincronizacion de estros y ovulaciones en ovejas, basados en dos dosis
de PG administradas a intervalos de duracion corta (7 y 10 dias), media (12 y 13
dias), o larga (14, 15 y 16 dias), para su uso en IATF en estacion reproductiva
utilizando la via cervical con semen fresco.

Los objetivos especificos fueron: 1- para protocolos de PG con intervalos de
10, 12, 14 y 16 dias entre las dosis: determinar la respuesta estral (en porcentaje y
dispersion), el desarrollo final de los foliculos ovéricos, los niveles plasmaticos de
hormonas esteroideas (progesterona y estradiol) durante el desarrollo del o de los
foliculos pre-ovulatorios y posteriores al servicio, los intervalos de tiempo entre la
administracion de la segunda dosis de PG y el inicio del estro (intervalo PG-estro) y
la ovulacion (intervalo PG-ovulacion); y 2- para protocolos de PG con intervalos de
7, 10, 12, 13, 14, 15 y 16 dias entre las dosis: evaluar la TO, el no retorno al estro
entre el Dia 13 y 21 pos-servicio (NRR-21), la fertilidad, prolificidad y fecundidad y

compararlos con un protocolo basado en P4-eCG.

1.3. ESQUEMA GENERAL DE LA TESIS

La estructura general de la tesis se basa en un marco tedrico (revision
publicada), metodologia y resultados (contenida en los articulos cientificos
publicados), una discusion general, conclusiones, implicancias practicas y anexos.
Para testar la hipotesis planteada, se realizaron cuatro experimentos durante la
estacion reproductiva, estando todos los procedimientos aprobados por la CUEA -
Facultad de Veterinaria, comprendidos en tres articulos cientificos publicados en

revistas internacionales de alto impacto, a saber:

a. “Concentrations of steroid hormones, estrous, ovarian and reproductive
responses in sheep estrous synchronized with different prostaglandin-based
protocols” (Fierro et al., 2016. Animal Reproduction Science, 167: 74 - §2), donde
se plantean dos experimentos con el objetivo de evaluar la respuesta estral, el

desarrollo folicular ovarico (didmetro maximo y final -mm-, tasa de crecimiento



folicular -mm/dia-), la concentracidon de progesterona y estradiol, los intervalos PG-
estro y PG-ovulacion (horas), la TO (total de CLs/ovejas que ovularon), la
concepcion (ovejas gestantes/ovejas inseminadas*100) y la fertilidad (ovejas
gestantes/ovejas ofrecidas al servicio*100) a estro detectado de ovejas sincronizadas
con dos dosis de PG administradas a intervalos de duracion corta (10 dias), media

(12 dias) o larga (14 y 16 dias) e inseminadas por via cervical con semen fresco.

b. “Long term prostaglandin based-protocols improve the reproductive
performance after timed artificial insemination in sheep” (Fierro et al., 2017.
Theriogenology, 90: 109 - 113), donde se evalu6 la respuesta ovulatoria (ovejas que
ovularon) y la TO, el NRR-21, la fertilidad y prolificidad (cantidad de fetos/ovejas
gestantes), luego de una IATF via cervical con semen fresco de los protocolos
evaluados en el 17 articulo (10, 12, 14 o 16 dias entre dosis de PG), comparandolos

ademas con un protocolo de 7 dias de intervalo entre las dosis de PG.

c. “Long interval prostaglandin as an alternative to progesterone-eCG based
protocols for timed Al in sheep” (Fierro y Olivera-Muzante, 2017. Animal
Reproduction Science, 180: 78 - 84), en el cual fue evaluada la fertilidad, prolificidad
y fecundidad (cantidad de fetos/ovejas ofrecidas al servicio*100) de protocolos de
mediana (12 o 13 dias) y larga (14, 15 o 16 dias) duracién de intervalo entre las dosis

de PG, y comparados con un protocolo basado en P4-eCG.
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RESUMEN

Esta revision resume informacion respecto al uso de la prostaglandina F2 alfa
y sus analogos sintéticos (PG) para el control del ciclo estral ovino. Se revisan y
discuten aspectos como la fase del ciclo estral en la cual es utilizada, las dosis de PG
(cantidad de inyecciones y concentracion), el patrén de desarrollo folicular ovérico,
formacion del CL y sintesis de progesterona, la TO, el transporte espermatico, la
calidad embrionaria y la fertilidad obtenida luego de su aplicacion. Ademads se
presentan diferentes protocolos de sincronizacion basados en el uso de PG y los
resultados reproductivos asociados a IATF. Basado en la informacion presentada, se
resume que el CL ovino es refractario a la PG hasta el dia 2 pos-ovulacién. La
respuesta folicular luego de administrar una PG es dependiente de la fase del ciclo
estral al momento de la aplicacion. Todos los anédlogos de prostaglandina son
efectivos cuando es utilizada la concentracion de dosis adecuada, existiendo una
asociacion positiva entre las dosis administradas (cantidad y concentracion) y la
proporcion de ovejas que son detectadas en estro. De esta manera, cuando la primera
dosis de PG es administrada sin conocer la etapa del ciclo estral al momento de su
aplicaciéon, una segunda inyeccion de PG incrementa la respuesta estral del
protocolo. Generalmente el uso de la PG se asocia con alteracion en el transporte
espermatico y baja fertilidad. Sin embargo, la informacion respecto a la alteracion en
la capacidad esteroidogénica de los foliculos pre-ovulatorios, TO y de recoleccion de
embriones, calidad embrionaria y prolificidad es controversial. La duracién del ciclo
estral posterior a la administracion de PG es normal. Los protocolos en base a PG
para IATF obtienen bajos resultados reproductivos, pero el incremento en dias en el
intervalo entre las dosis de PG podria mejorar la fertilidad final obtenida. Las
alternativas para mejorar los resultados reproductivos han sido dirigidas a generar un
incremento sincronizado de LH, al uso de diferentes vias de inseminacion (cervical o
intra-uterina), diferentes dosis e incremento leve de intervalo entre las dosis de PG.
Finalmente se presentan las perspectivas del uso de PG en el control reproductivo
ovino.
Palabras clave: sincronizacion de estros, prostaglandina, tasa ovulatoria, fertilidad,

inseminacion artificial a tiempo fijo, oveja.
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This review considers the use of prostaglandin F3, and its synthetic analogues (PG) for
controlling the estrous cycle of the ewe. Aspects such as phase of the estrus cyde, PG
analogues, PG doses, ovarian follide development pattem, CL formation, progesterone
synthesis, ovulation rate, sperm transport, embryo quality, and fertility rates after PG
administration are reviewed, Furthermore, protocols for estrus synchronization and their

Ke_s_*mrds: - success in timed Al programs are discussed. Based on available information, the ovine CL is
Ovine estrus synchronization ¥ Z

Prostaglandin refractory to PG treatment for up to 2 days after ovulation. All PG analogues are effective
Ovulation rate when an appropriate dose is given; in that regard, there is a positive association between
Fertility the dose administered and the proportion of ewes detected in estrus. Follicular response
Timed artificial insemination after PG is dependent on the phase of the estrous cycle at treatment. Altered sperm
Sheep transport and low pregnancy rates are generally reported. However, reports on alteration

of the steroidogenic capacity of preovulatory follicles, ovulation rate, embryo quality,
recovery rates, and prolificacy, are controversial. Although various PG-based protocols can
be used for estrus synchronization, a second PG injection improves estrus response when
the stage of the estrous cycle at the first injection is unknown. The estrus cycle after PG
administration has a normal length. Prostaglandin-based protocols for timed Al achieved
poor reproductive outcomes, but increasing the interval between PG injections might
increase pregnancy rates. Attempts to improve reproductive outcomes have been directed
to provide a synchronized LH surge: use of different routes of Al (cervical or intrauterine),
different PG doses, and increased intervals between PG injections, Finally we present our
point of view regarding future perspectives on the use of PG in programs of controlled
sheep reproduction.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction potential for environmental contamination because of

residual progesterone (P4) in used devices and the addition

Prostaglandin F, and its synthetic analogues (PG) have
been studied extensively since its discovery in 1970 as
a powerful luteolytic agent [1]. Although progestagen-
based protocols are preferred by technicians and farmers
to manage reproduction of the flock [2], they have the

* Corresponding author. Tel.: +598 472 41282; fax: +598 472 27950.
E-mail address: sfierro33@gmailcom (S Fierro),

0093-691X/§ - see front matter © 2013 Elsevier Inc. All rights reserved.
hitp://dx.doi.org/ 101016/ jtheriogenology.2012.10.022

of antibiotic agents to avoid wvaginitis [3.4]. Because
consumers demand foods produced by “clean, green, and
ethical” methods [5], PG are a good alternative, because
they are rapidly metabolized in the lung and therefore not
accumulated in tissues [6,7].

The use of unsynchronized estrous behavior requires
considerable labor in large flocks, complicating the use of
other assisted reproductive techniques under extensive
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production systems. Therefore, PG as an alternative to
progestagen-based protocols is certainly a possibility for
reproductive management of flocks [8].

This review considers the use of PG in the control of the
ewe estrous cycle. Historical and present information
regarding the phase of the estrus cycle, PG analogues,
doses, follicle development pattern, CL formation, P4
synthesis, ovulation rate (OR), sperm transport, embryo
quality, and fertility rates after PG administration are
reviewed. Furthermore, protocols for estrus synchroniza-
tion and their success in timed Al (TAI) programs are dis-
cussed. Finally, we present our point of view regarding
future perspectives of PG in controlled sheep reproduction
programs.

2. Responsiveness of the ovine CL to a PG injection

It is well known that administration of PG (IC1 80996 im)
between Days 5 and 14 of the estrus cycle (Day 0 = estrus)
induces luteolysis (rapid luteal regression), followed by
estrus and ovulation [9,10]. Acritopoulou and Haresign [10]
reported that 50% of the ewes treated on Day 3 showed
estrus (2/4), and they suggested that the ewes that
responded to the treatment were in a more advanced stage
of luteal development compared with those that failed to
respond to treatment. Similarly, there were earlier reports
[11] that the CL of the ewe is sensitive to prostaglandin F2,
(10 mg) given on Days 3 and 4 (2/8) of the cycle. In addition,
Rubianes et al. [12] reported that the refractoriness of
a recently formed ovine CL to PG might be restricted to the
first 2 days after ovulation. These findings were subse-
quently confirmed by Contreras-Solis et al. [13]. Further-
more, Pope and Cardenas [14] induced luteolysis in 20% of
ewes treated on Day 3.5 using 10 mgof prostaglandin F2,, A
possible explanation for the relative refractoriness of
a young CL (Day 4) might be the greater capability for
catabolism of PG, because of enhanced activity of the
enzyme 15-hydroxyprostaglandin dehydrogenase
compared with a mature CL (Day 13) [15].

To summarize, based on the information available,
refractoriness of the ovine CL to a PG dose occurs up to Day
2 postovulation. Therefore, higher doses are required to
promote luteolysis during the early luteal phase.

3. Prostaglandin synthetic analogues and dose

Various synthetic analogues were developed with the
aim to delay the rapid metabolic degradation of natural
PGFs, (reviewed in [16]). For example, the synthetic
analogue of prostaglandin 15-[RS}-methyl-13,14-dihydro-
PGF2, (ONO 453) described by Hughes et al [17], is
a potent luteolytic agent in cyclic ewes, effective in doses
of 2 mg (minimum luteolytic dose) when it was admin-
istered after Day 3. The increased potency of this
compound on the reproductive tract is associated with an
increase in its biological activity on other tissues (smooth
muscle of the vascular system, and gastrointestinal tract),
undesirable effects that limited its use in medical and
veterinary practice [16]. In addition, the use of another
synthetic analogue of PG, ICl 79939, was reported in
sheep by Hearnshaw et al. [18]. These authors studied the

effects of various doses (15.6, 31.2, 62.5, and 125 pg), and
all except the lowest dose promoted luteolysis followed
by estrus behavior in ewes.

The most widely used synthetic analogue has been
16-aryloxyprostaglandin (ICI 80996; Cloprostenol) [19],
which is 100-fold more potent than PGF,, and with more
selective biological properties. The luteolytic effect of ICI
80996 administered im was identical to that produced by
a local ovarian infusion via the ovarian artery using PGFy,
[16]. Its effectiveness was in part because of the most
selective action of this compound on the CL [20] and to its
longer life span [16]. An injection of 100 pg of Cloprostenol
resulted in a high degree of synchrony in the return to
estrus and the timing of the LH peak [9]. Other researchers
suggested that the appropriate dose of this analogue was
125 pg [21]. However, doses as low as 50 pg were reported
to be effective to induce luteolysis in the ewe [16]. Two
active isomers (D and L) and a racemic mixture, DL, of
Cloprostenol are commercially available, but only the D-
isomer binds to the PG receptors of the bovine CL and
myometrial cells, allowing for its luteolytic activity. In
addition, because D-Cloprostenol is 10-fold more potent
than DL-Cloprostenol [22], a lower dose of the isomer D is
effective.

Another analogue used in sheep reproduction is ONO
1052 (Delprostenate). Bonifacino and Aragunde [23] re-
ported that the lowest effective dose in a single injection
regimen was 40 pg; however, when a double injection
regimen was applied, the effective dose may be decreased
to 35 pg. Despite the promising results using this prosta-
glandin analogue, few articles have reported its use in
sheep reproduction [12,24-28].

Loubser and van Niekerk [29] used two doses of Dino-
prost 11 days apart, achieving promising results with 10 mg
per dose compared with 5 mg. Other researchers used this
analogue to study the effects of PG on uterine motility and
sperm transport [30-35]. The interval between two doses
on reproductive results was studied in other reports [36]
with acceptable reproductive results.

To conclude, considering the effective doses for each
analogue, all products described above could be used for
estrus synchronization in sheep. However, there is a posi-
tive association between the dose administered and the
percentage of ewes that respond to the treatment by
showing estrous behavior [14,29,37].

4. Progesterone decrease, follicle development,
steroidogenic function, OR, and CL life span, after PC
administration

The decrease in plasma P4 concentrations is more
pronounced after luteolysis induced by PG compared with
natural luteolysis [38,39]. Complete luteal regression is
achieved from 6 to 24 hours versus 72 hours (induced vs.
natural luteolysis, respectively [40-42]).

Early reports indicated that characteristics of the LH
discharge after PG administration were similar to control
untreated ewes [940,43]). However, a second smaller
discharge of LH occurred 7 to 8 hours [41] or 10.5 hours [44]
after PG injection. Probably, the initial peak of LH released
during PG administration stimulated the ovary to secrete
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estradiol which in turn stimulated a secondary release of
LH (positive feedback mechanism) [44].

Houghton et al. [45] reported smaller follicular
diameter in ewes given PG compared with untreated
ewes, and larger diameters when follicles were induced
to ovulate during the early versus late luteal phase of the
estrous cycle. Similarly, the preovulatory follicle (POF)
was larger after PG-induced luteolysis during the early
luteal phase of the estrous cycle compared with follicle
size after natural luteolysis. It was noteworthy that the
larger diameter of the POF was associated with a faster
follicular growth rate [26]. Conversely, Nephew et al. [46]
and Letelier et al. [47] did not detect an effect of PG on
follicular diameter.

Follicles induced to ovulate after a PC treatment have
fewer granulosa cells, resulting in lower P4 production
between Days 3 to 6 after estrus [42,46). This is in agree-
ment with White et al. [48] who described development of
a CL with a shorter life span that secreted lower guantities
of P4 after PG-induced ovulation (because of alterations in
the POF compared with a CL derived from a spontaneous
ovulation). Altered steroidogenic capacity of the POF was
recently confirmed [47]. However, this remains controver-
sial, because other researchers observed similar steroido-
genic capacity of the POF, allowing development of a CL
with normal P4 production after PG-induced luteolysis
compared with natural luteolysis [26], and to progestagen-
induced estrus [49]. Therefore, an estrous cycle of normal
duration after PG injection has been frequently reported
[1718,26,41,50-52].

Data regarding OR and prolificacy after the use of PG are
contradictory. No detrimental effect on OR has been re-
ported when PG was given during the mid [41,45] or early
luteal phase [24]. However, Fierro et al. [26] and Forichi
et al. [53] reported a decrease in OR (1.37 vs. 1.61; P < 0.06)
and prolificacy (1.18 vs. 1.39, P < 0.05) when PG was given
during the early luteal phase compared with a naturally
occurring estrus. Additionally, there was an increase in
prolificacy (1.28 vs. 1.13, P < 0.07) when 8.0 pg of GnRH was
given at the time of Al using a two PG 7-days interval
(Delprostenate) [28,54]. Perhaps there is a detrimental
effect of PG on prolificacy. An increase in OR occurred when
PG was administered in the mid luteal phase; this could be
explained by development of a “less dominant” POF with
a lower steroidogenic capacity, that maintained FSH
concentrations above the threshold to stimulate selection
of multiple ovulatory follicles in a single follicular wave
[47]. Alternatively, POFs might be derived from two
consecutive follicular waves (i.e, the penultimate and
ultimate waves of the cycle [55,56]).

Some researchers suggested that PG-induced luteolysis
could alter follicular recruitment [57]. The sharp increase in
plasma estradiol concentrations after PG-induced luteolysis
could promote an altered endogenous FSH pattern, affecting
recruited follicles and associated with accelerated ovulatory
rupture [58]. In that regard, Davies et al. [59] reported
disappearance (*ovulation”) of follicles that were not linked
to behavioral estrous or an LH peak; therefore, they failed to
develop into a normal CL The authors claimed inadequate
luteogenesis originated from development of an inadequate
POF [60]. The altered steroidogenic capacity of the POF

could affect the estradiol-LH feedback, which is needed for
ovulation and normal luteogenesis [61].

A prolonged FSH interpeak interval occurs between the
first and second FSH surges when serum P4 concentrations
are increasing during CL formation [55]. Furthermore, PG
administration at the expected time of the FSH surge at
midcycle delays the increase in serum FSH concentrations
[58]. A recent report provides further support implicating
P4 as the key regulator of circulating FSH concentrations in
the ewe [62]. These authors hypothesized that under the
influence of luteal P4, the response of FSH to GnRH might
be increased, resulting in higher secretion of FSH from the
pituitary gland. They also suggested that lower P4
concentrations increase the less acidic isoforms of FSH in
the circulation and its faster clearance from the blood, that
results in a late FSH concentration increase. These reports
could account for the alteration in OR when ewes were
synchronized with a double PG protocol with a 7-day
interval [26].

To summarize, the response to PG is dependent on the
phase of the estrous cycle at administration [63], because
dynamic changes in follicle growth occur during the luteal
phase [3] because of dynamic changes in P4, FSH, and LH
[64]. However, alterations of the steroidogenic function of
POF, OR [26], and prolificacy after PG administration are
controversial.

5. Sperm transport, embryo quality, and fertility rates
after PG injection

Pregnancy rate is generally lower in ewes bred at
a synchronized estrus with PG or P4 compared with
untreated ewes [226]. Furthermore, pregnancy rates are
lower when comparing PG with P4-eCC treated ewes
[27.36]. However, some researchers reported similar preg-
nancy rate of ewes mated after a PG treatment compared
with those mated at natural estrus [28,40].

Reproductive failure might occur at various moments
after a PG-induced estrus (Fig. 1). The lower pregnancy rate
obtained after PG synchronization has been associated with
alterations in myometrial contractions [59], in which
a decreased number of uterine contractions toward the
oviduct resulted in fewer sperm reaching the fertilization
site [32,33,60]. Other authors reported alterations of the
vaginal mucus impairing sperm transport from the cervix
to the uterus [63]. Immobilized and dead sperm were
present on the anterior third of the cervix and in the
uterine body in PG-treated ewes, probably as a result of the
presence of a spermicidal factor, or because of the absence
of substances that protect the semen [34]. Conversely,
Fukui and Roberts [35] reported no differences in the
numbers of sperm recovered from any parts of the
reproductive tract of ewes treated or untreated with PG.
Alterations in steroidogenic capacity of the POF have been
reported [48], thereby altering gamete transport, because
steroids prepare the oviduct and the uterus for fertilization
and embryo transport, including inducing the appropriate
muscular contractions to increase chances of reproductive
success [65,66].

Similar embryo recovery rates were reported in ewes
treated with PG compared with those treated with P4

10
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Fig. 1. Schematic representation of potential causes of reproductive looses when a synthetic analogue of prostaglandin is used for estrus synchronization in ewes,
PG injection indicates injection of a prostaglandin dose, and Day 0 indicates day of AL

[3,67], but recovery rates were lower in PG-treated ewes
compared with ewes in spontaneous estrus [26,68]. Fierro
et al. [26] reported similar quality of the embryos collected
from PG-treated ewes compared with those collected after
spontaneous estrus. Furthermore, Gonzalez-Bulnes et al.
[3] had improved embryo viability in PG- compared with
P4-treated ewes.

Fertilization rates were also similar when PG-treated
ewes were compared with ewes in spontaneous estrus
[2631], or P4-treated ewes [3,31]. However, a low fertil-
ization rate was reported by Boland et al. [69] when ewes
were synchronized with PG compared with progestagens
(7% vs. 69%). However, too few embryos were evaluated to
draw definitive conclusions.

In conclusion, the use of PG altered sperm transport and,
in general, reduced pregnancy rates. Embryo recovery rate
was lower, but embryo quality was similar in PG-treated
ewes compared with those with spontaneous cycles.

6. The use of PGs in estrus synchronization protocols

The use of PG for estrus synchronization is restricted to
the breeding season in breeds of temperate climates,
because of the luteolytic effect of the hormone [1].
However, in tropical sheep, it might be applied throughout
the entire year [13,49,70]. Regardless, treated animals
should not be in lactational or nutritional anestrous [71], or
in suboptimal health.

Various PG-based protocols are acceptable to synchro-
nize estrus in the flock. The selection of a particular
protocol depends on the technician’s opinion and the
management possibilities of the farmers. A single PG
injection is the simplest protocol for reproductive
management of the flock [9]. When PG is administered at
random stages of the estrous cycle, luteal regression occurs
in most ewes, resulting in estrus and ovulation [1040].
However, the onset of estrus, the preovulatory LH surge and
the interval from the PG treatment to ovulation differs
among ewes, depending on their stage of the estrous cycle
at treatment [10,29,72].

The use of transrectal ultrasonography facilitated the
determination that the interval from PG treatment to estrus
was related to CLage and the stage of follicular development
at the time of treatment [45,73]. When PG is administered
during the midluteal phase, plasma P4 concentrations
slowly decline to subluteal values; therefore, estrous

behavior and ovulation are delayed [45]. Furthermore, the
follicular population of individual ewes affects the interval
fromPG tothe onset of estrus [ 73]. Ifadominant follicle in its
growing phase is present when PG is administered, estrus
and ovulation occur relatively rapidly; however, if the
dominant follicle is already regressing, a new follicle needs
to emerge and grow, and therefore estrus and ovulation are
delayed.

When PG is administered to a group of cycling ewes,
luteal regression is induced in 66% of the ewes with the
subsequent induction of estrus (37.7 + 1.6 hours) [10]. The
administration of a second injection of PG induces estrus in
most ewes when there is no reference to the stage of the
estrous cycle at the time of the first injection [10,74]. For
instance, a second dose of PG, given 9 days after the first
dose, improved the synchrony of estrus, because 95% of
treated ewes were in estrus within 72 hours after the last
injection [51].

Onset of estrus and ovulation differ according to differ-
ences in the intervals between PG treatments (Table 1).
When a single PG was administered between Days 8 to 11
(estrus = Day 0), the proportion of ewes in estrus (21/25)
and its onset (46.3 + 1.32 hours) were similar to that
obtained with a double PG regimen given 10 days apart at
random (22/25 and 51.6 + 2.4; [76]). If estrus detection is
feasible, the first option would be less expensive.

The mean interval from treatment to ovulation was
similar after two doses of 1C1 80996 administered at an
8-day interval compared with a 14-day interval (79 and 78

Table 1

Onset of estrus and ovulation reported after the second PG injection in
ewes synchronized with a double injection PG regimen with various
intervals between treatments.

Reference Interval between Onsetof  Ovulaton {h)
PG treatments  estrus (h)
Rubianes et al. [12] 7d 406+ 05 608 +1.8

Contreras-Solis etal. [13] 7d - 61.1+1.1
Acritopoulou et al. [74] 9d 388+13 73.1+16

Haresign and 9d 3836+08 729+15
Acritopoulou [40]
Acritopoulou [75] 9d 435 + 6.0° -
9d 499 = 37" -
Codfrey et al. |70] 10d 69.6 + 96 -
Das et al. [76] 10d 516 +24 -
Ovyediji et al. [52] 11d 417+232 -

Abbreviation: PG, prostaglandin.
# Mid breeding season.
b Jate breeding season.
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hours respectively); however, ovulations occurred over
a longer interval in the former treatment (43 to 100 hours
vs. 67 to 89 hours, respectively) [77]. Perhaps giving the
second PG treatment 8 days after the first injection induces
ovulation of follicles from the first follicular wave in some
ewes (resulting in earlier ovulations), or from the second in
others (delayed ovulations) [12,28]. Conversely, when
treatments are given 14 days apart, most of the ovulatory
follicles originate from the last wave of the cycle, with CL
that are highly sensitive to PG action, thus reducing inter-
vals to estrus and ovulation (Fig. 2). In addition, at least
some of the variability among reports in the intervals to
ovulation presented above might be because of the method
used (laparoscopy or ultrasonography), and the frequency
of observations to confirm ovulations.

A recent study linked the use of PG treatment (two
injections administered 10 days apart) with the male effect
during the breeding season [78]. The author concluded that
introduction of vasectomized rams concurrently with the
second PG injection advanced the onset of estrus and
increased the number of responding ewes compared with
a double PG regimen alone. With regard to attempts to
reduce the use of hormones in synchronization protocols, the
introduction of rams 13 days after a single PG injection gave
poorer results compared with a double PG regimen [78].

Another alternative is to presynchronize the flock with
a single or double PG regimen and start checking estrus
behavior 15 days after the last injection. This approach
would allow the use Al or natural mating in a spontaneous
and synchronized estrus that results in a high pregnancy
rate [23,26].

Although various PG-based protocols could be used for
estrus synchronization, it is important to consider that the
administration of a second PG injection improves estrus
response when there is no reference to the stage of the
estrous cycle at the time of the first treatment

Pa

PG

\ 4

403
7. Prostaglandin-based protocols for timed Al

Timed Al represents a practical tool in genetic programs,
allowing a more efficient use of superior males, decreasing
the workload because it eliminates the need for estrus
detection, thereby minimizing sanitary risks [79]. Further-
more, ewes in estrus that teasers fail to detect would still
get bred, because all sheep are inseminated. Ewes receiving
TAl on a single day lambed over a 13-day interval, with B6%
of the lambs born from 6 to 11 days after the first lamb was
born (Fierro et al., unpublished ).

To our knowledge, the first report regarding the use of
PG for TAl in ewes was that of Loubser and van Niekerk [29].
However, the variable pregnancy rates reported rendered
PG protocols impracticable [4,25-29,5180] (Table 2).
Loubser and van Niekerk [29] used a protocol based on two
treatments of PG given 11 days apart and performed
a double insemination (20 and 32 hours after 10% of ewes
showed estrous behavior). There was an acceptable
conception rate after TAl (assessed as nonreturn rates) that
was significantly better when the PG dose was increased
from 5 to 10 mg of Dinoprost (Table 2). Using the same
interval between PG injections and a single TAI at 60 or 72
hours, or a double insemination at 60 and 72 hours after the
last injection, Hackett et al. [80] obtained similar pregnancy
rates between groups (note the different breeds and low
numbers of animals used; Table 2).

Other researchers [51] used a protocol based on two PG
treatments given 12 days apart and inseminated once at 56,
60, or 66 hours, or inseminated twice at 56 and 66 hours
after the second treatment. Double Al resulted in a similar
lambing rate compared with a single Al at 56 hours, and
both were higher (P < 0.05) than a single Al at 60 hours or
66 hours (Table 2).

Although a high proportion of ewes were detected in
estrus after the second injection in these protocols, this

T

LUTEAL PHAST

0 7

17
Days of estrous cycle

Fig. 2. Schematic representation of the expected impact of the second prostaglandin (PG) ad ministration at 7-, 10-, 12-, and 14-day intervals on the dominant
follicle of the developing wave {assuming a 3-wave cycle). Arrows indicate first and second PG injections. Day 0 is defined as day of the first PG administration, DF,

dominant follide; E, estradiol; Ov, ovulation; P4, progesterone.
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Table 2
Pregnancy rates after timed Al in ewes synchronized with a double injection | glandin (PG) reg (with various intervals between the two PG
treatments).
Reference Protocol Al Pregnancy (%)
Loubser and van Niekerk [29] 2 PG treatments 11 d apart {5 mg per injection) 20and32h 59.1-
2 PG treatments 11 d apart (10 mg per injection) 7537
Hackemt et al. [80] 2 PG treatments 11 d apart 60 h 35
72h 52
60and 72 h 52
Acritopoulou-Fourcroy et al. [51] 2 PG treatments 12 d apart 56 h 548
60 h 3757
66 h 3087
56 and 66 h 619~
MAP and eCG 55h 3781
Menchaca et al. [25] 2 PG treatments 7 d apart 42h 368
48 h 258+
54h 2251
Fierro et al. [26] 2 PG treatments 7 d apart 1048 h 63"
Spontaneous estrus I 12-24 ¥ 88+
Olivera-Muzante et al, [27] 2 PG treatments 7 d apart 42h 27t
48 h nt
54h 26'
MAP and eCG 54h 48«
Vifioles et al [4] 3 PG treatments 7 d apart W53h 47+
FGA 14 d and eCG W5 h 85!

Within a report, pregnancy rates without a common superscript symbols differed (P < 0.05)

Abbrevi FGA, fl

acetate; 1U, intrauterine Al; MAP, medroxiprogesterone acetate,

* Ewes in the group with spontaneous estrus were checked for estrous behavior every 12 h, and Al was performed 12 to 24 h after onset of estrus,

occurred over a 4-day period [29]. When the second PG
injection was applied during the midluteal phase, the asyn-
chrony among follicular waves determined the presence of
follicles at different stages of growth (growing, static, or
regressing phases), causing two different scenarios: (1) an
extended life span of the ovulatory follicle; and (2) ovulation

of newly emerged follicles [45,57,73] (Fig. 2). These different
scenarios limit the possibility of a single optimal time for Al
and might explain the low reproductive outcome of long-
term PG-based protocols for TAL

The poor results obtained with the use of PG for TAI
protocols limited research until recently [12,24,79], The

Table 3

Pregnancy rates obtained with prostaglandin-based protocols plus various other approaches (eCG, ME), time of AL, Al method, injection of GnRH to improve

reproductive cutcome.

Reference Protocol Type of service Pregnancy (%)
Boland et al [36) 2 PG reatments 9 d apart Nartural service 65
2 PG reatments 9 d apart and eCG 538
2 PG reatments 14 d apart 421
2 PG treatments 14 d apart and eCG 714
MAPat 14d 7237
MAP at 14 d and &CG 857
Contreras-Solis et al. [13] 2 PG treatments 7 d apart and ME Cervical TAI48 h 625
2 PG treatments 7 d apart and ME Cervical TAISS h 44
FGAfor 12d Cervical TAIS5 h 474
Olivera-Muzante et al, [27]° 2 PG treatments 7 d apart Cervical TAIS1 12+
Cervical TAI 57 14+
MAP and eCG Cervical TAI 54 28’
2PG 7 d apart Intrauterine TAl 51 43!
Intrauterine TAl 57 51
MAP at 13 d and eCG Intrauterine TAl 54 71t
Olivera-Muzante et al. [ 28] (Experiment 1) 2 PG treatments 7 d apart and HD Cervical TAl 42 h 42+
2 PG treatments 7 d apart and LD Cervical TAI42 h 24"
Olivera-Muzante et al. [ 28] (Experiment 2) 2 PG treatments 7 d apart Cervical TAI 42 h 45+
Cervical TAI 48 h 51-
2 PG reatments 8 d apart Cervical TAI42 h 33'
Cervical TAI 48 h 29!
Otivera-Muzante et al. [28] (Experiment 3) 2 PG reatments 7 d apart Cervical TAI 42 h 50
2 PG reatments 7 d apart and GnRH Cervical TAI 42 h 38

Within a report, pregnancy rates without a common superscript symbols differed (P < 0.05)

Abbreviations: FGA, fluorogestone acetate; GnRH, 8 pg of GnRH at the time of TAL; HD, 160 ug Delprostenate; LD, 80 pg Delprostenate; MAP, medrox-

iprogesterone acetate; ME, male effea; PG, prostaglandin; TAL umed AL
* Experiments were conducted using chilled ram semen.
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finding that a 3-day-old CL is sensitive to PG [12], was the
impetus to test the hypothesis that shortening the interval
between PG injections to 7 days would induce a highly
synchronous estrus and ovulation of the first follicular
wave (Synchrovine protocol, MIEM - Camara Nacional de
Registros, Montevideo, Uruguay) [24,79). The rationale was
that the second PG treatment applied in the early luteal
phase (during the growing phase of the first dominant
follicle of the cycle) would reduce the interval to ovulation
in all ewes [2573]. Although this protocol induces
a consistently synchronized interval from treatment to
ovulation (Table 1) [12,13], pregnancy rates after TAl are
still low [25-28], similar to previous reports under different
conditions (Table 2).

Recently, Olivera-Muzante et al. [27] compared repro-
ductive performance of the Synchrovine protocol versus
a P4-eCG based protocol in an experiment involving 1297
multiparous Merino ewes. Independent of semen preser-
vation method, ime of Al after the second PG, or deposition
site of the Al dose, the Synchrovine protocol vielded a lower
reproductive outcome than a conventional P4-eCG based
protocol [27] (Tables 2 and 3). Similarly, Vifioles et al. [4]
reported lower pregnancy rates in PG (three treatments
given 7 days apart) versus P4-treated ewes (Table 2).
Whether the low pregnancy rate is because of ovulation
failure, lack of fertilization, development of an abnormal CL
that cannot sustain embryo development, or death of the
embryo before or after maternal recognition of pregnancy,
remains to be elucidated (Fig. 1). Conversely, Acritopoulou-
Fourcroy et al. [51] reported better lambing rates with PG
12 days apart versus P4-eCG protocols, according to the
interval from the last PG treatment to TAI (Table 2).

Research to identify reproductive losses when ewes are
synchronized with the 7-day interval PG protocol was
recently conducted [26]. The low reproductive outcome
achieved after TAl of PG treated ewes compared with ewes
in spontaneous estrus was linked to the endocrine envi-
ronment, whereas development of the POF (Fig. 3) was
associated with a lower OR, conception rate, prolificacy,
and fecundity.

Although this protocol consistently induces synchro-
nized intervals from treatment to ovulation, with potential
for improved reproductive outcomes after TAL it ultimately
yielded results similar to previous protocols. Lower
fertilization rates (based on recovered embryos on Day 3
after Al, and blastocysts on Day 10) were reported when the
interval between injections was reduced from 14 to 8 days
[77]. Shortening the interval between PGs decreased the
length of the luteal phase, which modifies the concentra-
tions and profile of P4 before the ovulation induced by the
PG protocol [26] (Fig. 3). An extra P4 source, provided by an
intravaginal impregnated device 8 days before the PG
injection [29], increased the number of ewes in estrus
(93.4% vs, 82.0%), and pregnancy rates (84.9% vs. 75.3%)
compared with untreated ewes.

Therefore, PG-based protocols generally achieve poor
reproductive outcomes after TAL Perhaps longer intervals
between PG injections could yield better pregnancy rates.
Regardless, further research and validations under similar
experimental conditions are required to determine the best
protocol for TAL

17 B-Estradiol {pmwolL.)
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Fig. 3. Plasma progesterone concentrations (solid line) from Days -6 to 6,
growth of the ovulatory follicle (dashed line) and plasma estradiol
concentrations from 48 hours before to Al (Day 0), in ewes synchronized
with DL-Cloprostenol (solid line, open drcles; prostaglandin [PG] group;
N = 15) or spontaneous estrus (solid line, filled drdes; control group:
N = 15) Untransformed data are presented as means + SEM. Plasma
progesterone concentrations from Days - 6 to 1, and growth of the ovulatory
follide on Days -2 and -1 differed (P < 0.05) [26].

8. Attempts to improve the reproductive outcomes of
PG-based protocols

Efforts to improve the reproductive outcomes of PG
protocols (Table 3) were based on: (1) promoting a surge of
LH to induce (and synchronize) ovulation; (2) using
different Al pathways; (3) decreasing PG dose; and (4)
increasing intervals between PG injections [13,27,28,36,69].

The introduction of rams increased LH concentrations of
ewes under a double PG regimen 7 days apart, resulting in
a similar pregnancy rate compared with a progestagen-
based protocol [13] (Table 3). Although a control group of
ewes in spontaneous estrus was missing in that study,
these observations and others, including ovulation failure
[57] and lower OR [26], strengthened the hypothesis of
altered LH patterns causing ovulation failure in ewes
synchronized with PG.

In ewes synchronized with two PG treatments given 14
days apart, the use of 500 IU of eCG im concurrent with the
second PG treatment improved the estrous response (77.8%),
conception rate (71.4%), and litter size (2.1) compared with
synchronized ewes without eCG (73.0%, 42.1%, and 1.7,
respectively). However, eCG had no effect when PG were
administered 9 days apart (54.2%, 53.8%, and 16 vs. 76.9%,
65%, and 1.5, with and without eCG respectively) using
natural mating [36]. Furthermore, the same dose of eCG did
not improve fertilization rate when ewes were synchronized
with two PG injections 11 days apart and TAI at 56 hours [69].
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Based on the same premise, GnRH at TAl was tested as
a means to increase LH concentrations, yielding better
prolificacy but decreasing pregnancy rate. However, the
authors suggested that the GnRH dose was given too late to
improve results [28] (Table 3). In ewes synchronized with
a double PG protocol with injections 7 days apart, intra-
uterine Al improved reproductive outcomes compared
with cervical Al using chilled semen [27] (Table 3).

Decreasing the PG dose reduced the number of ewes
showing estrous behavior from 25 to 48 hours after the
second PG treatment (P < 0.07), and significantly reduced
pregnancy rates obtained after the Synchrovine protocol
and TAI with fresh semen [28] (Table 3). Similarly, a lower
pregnancy rate was obtained when the interval between
PG treatments was extended from 7 to 8 days. This was
probably because of a larger proportion of ovulatory folli-
cles originating from the second follicular wave of the cycle,
resulting in less synchronous ovulation that reduced the
probability of conception when TAl was performed 42 or 48
hours after the last PG injection [28] (Table 3).

9. Future perspectives

The use of PG in sheep reproduction has some practical
advantages, including simple application (im injection),
reduced cost, and less environmental contamination
compared with progestagen intravaginal devices. However,
more research is needed to improve the reproductive
outcome when PG is used in TAl programs under field
conditions. Based on the information presented, extending
the interval between doses (12 to 14 days) could yield
better reproductive outcomes after TAl compared with
shorter intervals (7 to 8 days), because the POF develops
under high P4 concentrations [26]. The LH pattern
(frequency and amplitude) in long versus short PG intervals
needs to be studied, assessing the hormonal environment
under which the follicle develops, oocyte quality, and the
interval to ovulation after PG treatments.

The use of GnRH or the male effect in PG-based proto-
cols for TAl needs basic and field research to determine the
optimal time of GnRH administration and male introduc-
tion, The use of focus feeding also has potential to improve
follicle quality and increase OR, because short-term
increases in nutrient influx can stimulate folliculogenesis
in sheep [81]. Nutritional supplementation with high
energy and protein, e.g., Lupin grain feed for 6 days [82], or
corn grain plus soybean meal for 7 days, or the use of
improved pastures (e.g., Lotus corniculatus ) for 12 days [83],
increased the number of 3 mm follicles, OR by 14%, and the
number of twin lambs born.

To date, PG has been recommended to presynchronize
and concentrate the estrous behavior of the flock, and to
breed (Al or natural service) ewes in spontaneous estrus at
least 15 days after the last PG treatment [2326,83]. This
option reduces the lambing period [26,83], thereby allow-
ing strategies to increase lamb survival, eg., short-term
nutrition [5]. Although a decrease in the PG dose reduces
costs, less synchrony is achieved. High doses are recom-
mended when double PG protocols at short intervals
between injections are used. The use of one, two, or more
PG injections for flock synchronization depends on the

level of synchrony desired, the economics, and the ability of
each farmer to manage the flock during a highly concen-
trated breeding and lambing period.
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3. CONCENTRATIONS OF STEROID HORMONES., ESTROUS, OVARIAN
AND REPRODUCTIVE RESPONSES IN SHEEP ESTROUS

SYNCHRONIZED WITH DIFFERENT PROSTAGLANDIN-BASED
PROTOCOLS
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RESUMEN

Con el objetivo de determinar la respuesta estral, ovarica y reproductiva luego
de la aplicacién de diferentes protocolos en base a PG, se conformaron cuatro
grupos: PG10, PG12, PG14 o PG16 (dos inyecciones de PG administradas a
intervalos de 10, 12, 14 o 16 dias respectivamente). El Experimento I evaluo la
respuesta estral, TO, concepcion y fertilidad a estro detectado, mientras que en el
Experimento II se evalud el crecimiento folicular ovarico, la concentracion de
hormonas esteroideas (progesterona y estradiol) y los intervalos desde la segunda PG
hasta el inicio del estro (PG-estro) y hasta la ovulacion (PG-ovulacion). La respuesta
estral fue menor en el grupo PG16 (P<0,05) y la sincronia de los estros fue mayor en
los grupos PG10 y PG12. El desarrollo folicular ovarico, los intervalos PG-estro, PG-
ovulacion y la TO fueron similares entre los grupos (P>0,05). Las concentraciones de
progesterona entre los dias 8 a 4 previo al estro, fueron superiores en los grupos
PG14 y PG16 comparado con los grupos PG10 y PG12 (P<0,05). Existieron mas
dias con progesterona con niveles superiores a 3,18 nmol/L en los grupos PG14 y
PG16 respecto a los grupos PG10 y PG12 (P<0,05). Los niveles de estradiol al estro
y 12 horas posteriores, fueron superiores con el uso de los grupos PG14 y PG16
comparados con los grupos PG10 y PG12. Se observé una correlacion positiva entre
la duracion de la fase luteal y la concentracion méaxima de estradiol, y entre la
duracion de la fase luteal y los dias con estradiol con valores superiores a 10 pmol/L.
La concepcion y la fertilidad al estro detectado fueron mayores con el uso de PG14
comparado con PG10 y PG12 (P<0,05). Se concluye que la administracion de dos
inyecciones de PG separadas 10, 12, 14 o 16 dias, generaria diferencias en la
duracion de las fases luteales, en la respuesta estral, en la sincronia de los estros y en
la respuesta reproductiva. Sin embargo no incidiria en las variables PG-estro, PG-

ovulacion, o en la TO de los diferentes grupos.

Palabras clave: sincronizaciéon de estros, prostaglandina, hormonas esteroideas,

inseminacion artificial a tiempo fijo, oveja.
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Received 14 August 2015 (PG )-based protocols, ewes were assigned to groups PG10, PG12, PG14 or PG16 (two PG
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injections administered 10, 12, 14 or 16 days apart; respectively ). Experiment | {n=132) was
conducted to evaluate the estrous response, ovulation rate (OR), conception and fertifity.
Experiment Il (n=24) was conducted to evaluate ovarian follicle growth, steroid concen-
trations and the interval from the second PG injection to estrus (PG-estrus) and owvulation
m: FR— [PG-ovulation ). Estrous response was less with the PG16 (P < 0.05) treatment. and the extent
Prost Iﬂ:ﬁn of estrous synchrony was greater with the PG10 and PGI2 treatments, Ovarian follicle
ievuid BOrmohes growth and the Intervals for the variables PG-estrus, PG-ovulation and OR were similar
Timed artificial insemination among groups (P> 0.05). From 8 to 4 days before estrus, progesterone (P4} concentrations
Ewe were greater for the PG14 and PG16 than for the PG10 and PG12 (P<0.05) groups. There
were more days where concentrations of P4 were above 3.18 nmolfL with the PG14 and
PG16 than PG10 and PG12 (P<0.05) reatments. Use of the PG14 and PG16 trearments
resulted in greater estradiol (E2) at estrus and 12h later than use of the PG10 and PG12
treatments. A positive correlation was observed betwesn the duration of the luteal phase
and maximum E2 concentrations, and berween duration of the luteal phase and days with
E2 concentrations above 10 pmolfL Conception and fertility were greater with use of the
PG 14 compared with PG10 and PG12 (P<0.05) treatments. The administration of two PG
injections 10, 12, 14 or 16 days apart resulted in different durations of the luteal phase
that were positively associated with E2 concenirations and the reproductive outcome. The
shorter luteal phases were associated with greater synchrony in time of estrus. The intervals
for the variables PG-estrus, PG-ovulation and OR were similar among groups.
© 2016 Elsavier B.V. All rights reserved.

1. Introduction

Timed artificial insemination (TAI) represents a prac-
tical tool in genetic programs, but requires hormonal
treatments that ensure a synchronized time of ovu-

+ Comresponding author, Tel: + 508 26060707 ; £xx: + 508 26050101, lation and acceptable pregnancy rates (Menchaca and
E-mail address: sfierral3@gmail com (5. Rerro). Rubianes, 2004). Progestagen-based protocols are the

Inbtp: ) dhe.dosi.orgy 10, 1016/ anireprosci 201 6.02.000
0378-4320/© 2016 Elsevier B.V. All rights reserved.
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preferred option by technicians and farmers to manage
flock reproduction (Gordon, 1999) even though there are
potentially environmental and tissue contamination risks
due to residues of progestagen devices, as well as risks
with use of eCG, or the addition of antibiotics to avoid
vaginitis (Conzalez-Bulnes et al, 2005; Vifoles et al,
2011). Also, progestagen based estrous synchronization
protocols have been associated with alterations in oocyte
quality that can result in lesser fertilization rates and
impaired embryo development (Conzalez-Bulnes et al,
2005; Berlinguer et al., 2007 ). Because consumers demand
foods produced by “clean, green and ethical” guidelines
(Martin et al., 2004), prostaglandins became a desirable
alternative because lungs rapidly metabolize the drug
hence it does not accumulate in tissues of treated ani-
mals (Fiper et al., 1970; Davis et al. 1980). Furthermore,
prostaglandin-based protocols are easily applied by intra-
muscular injection, thus improving animal management
and welfare (Abecia et al., 2012), and are more economi-
cally feasible compared with intravaginal devices plus eCG
in sheep production enterprises.

Prostagiandin Fz, and its synthetic analogues (PG ) have
been widely studied since its discovery in 1970 as a pow-
erful luteolytic agent (McCracken et al., 1970). Different
alternatives of PG-based protocols have been used to syn-
chronize time of estrus in sheep for TAl (rev: Fierro et al.,
2013). However, use of most of these treatments is asso-
ciated with lesser pregnancy rates compared with use of
progesterone-eCG based protocols (Boland et al, 1978:
Olivera-Muzante et al., 201 1a; Vinoles et al., 2011)

Traditional PG-based protocols consist of two PG injec-
tions administered 9-14 days apart (Fierro et al., 2013),
however, there is considerable variability in timing of
estrous onset and ovulation [Acritopoulou et al, 1978;
Loubser and van Niekerk, 1981; Houghton et al, 1995;
Vifioles and Rubianes, 1998), that limit the practicality of
use of these protocols for TAl programs (Menchaca and
Rubianes, 2004). When a PG-based protocol of two injec-
tions given 7 days apart is used (Rubianes et al, 2004), a
highly synchronized time of estrus and timing of ovulation
are observed (Rubianes etal., 2003; Menchaca et al., 2004),
but undesirable pregnancy rates are often achieved that are
related to an altered profile and lesser progesterone (P4)
concentrations that in turn result in a lesser ovulation rate
(OR), fertility and prolificacy compared with what occurs
when inseminations occur as a result of spontaneous estrus
(Fierro et al, 2011). Attempts to develop alternatives to
improve this protocol (two injections given 7 days apart)
have not been successful (Olivera-Muzante 2t al, 2011b,
2013; Fierro et al., 2013, 2014).

Lesser fertilization rates were reported when the inter-
val between PG injections was reduced from 14 to 8
days (Faimie et al., 1977). Furthermore, treatment with
a supplemental P4 source provided via an intra-vaginal
impregnated device that is inserted 8 days before the PG
injection increased the number of ewes in estrus (93.4%
compared with 82.0%). and pregnancy rate (84.9% com-
pared with 75.3%) than occurred with untreated ewes
(Loubser and van Niekerk. 1981). The interval between PG-
injections has been defined as important by Fairnie and
Wales (1980), and other reports indicated that the inter-

val between PG injections should not be reduced to less
than 11 days (Greyling and van der Westhuysen, 1980}
or 13 and 14 days (Faimie et al, 1978) Similarly, Fierro
et al. (2013) suggested that the extension of the period
between PG injections (with the second PG applied during
the mid-to-late luteal phase) may contribute to developing
a protocol to prolong the exposure of follicles from which
ovulation occurs to adeguate P4 concentrations during the
growth phase of these developing follicles. The evaluation
of longer periods between PG injections is necessary to
understand the physiologic processes (estrous response,
hormonal profile, time of ovulation) when these protocols
are applied.

To the best of our knowledge, there are no previ-
ous studies that compared the concentrations of steroid
hormones, as well as estrous, ovarian and reproductive
responses in sheep where time of estrus was synchronized
with use of different PG-based protocols under the same
conditions ( breed, photoperiod, nutrition, and health man-
agement). Inthe present study, the working hypothesis was
that the administration of two PG injections 10, 12, 14 or 16
days apart would allow for development of an estrous syn-
chronization protocol that resulted in desirable pregnancy
rates in ewes. The aim of these experiments was to study
ovarian follicular growth, concentrations of steroid hor-
manes, estrous response, ovulation rime, OR. conception
and fertility rates after estrous detection when different
PG-based protocols were used for sheep estrous synchro-
nization. This information is necessary to identify which of
these protocols are most effective if used in TAl programs.

2. Materials and methods

Experiment | was conducted at Escuela Agraria “La Car-
olina® (33* 5-57° W Flores, Uruguay), and Experiment
Il at Estacion Experimental “Dr. Mario A. Cassinoni” [32°
$-58° W, Paysandi, Uruguay) during the breeding season
for ewes at these locations (March to April). The experi-
mental procedures were approved by the Universidad de la
Repiiblica’s Animal Ethics Committee (CLUEA-Universidad
de la Repiblica, Facultad de Veterinaria, Exp: 111400~
000079-12).

2.1. Animals and management

2.1.1. Experiment |

Multiparous Corriedale ewes (ofder than 2.5 y old,
n=132},in a moderate body condition (3.2 + 0.4, scale 0-5;
Russel ef al., 1969) and weighing 51.5+6.2 kg were used.
The flock used had an OR, based on previous records for
this flock, that ranged from 1.20 to 1.61 (Fierro eral, 2011;
2014), Ewes grazed pastures that are typically used for
sheep production in the region where the studies were con-
ducted with more than 600 kg of dry matter (DM} available
per hectare (8% CP and 8.5 M] ME/kg DM), and water was
available ad libitum.

2.1.2. Experiment I

Multiparous {(older than 2.5y old, n-21) and nuliparous
(1.5 y old, n-3) Corriedale ewes. in a moderate body con-
dition (3.1+04 and 2.6+0.1), and weighing 51.7+53kg
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and 41.0 + 2.4 kg, respectively, were used. Ewes were main-
tained under field conditions, grazing pastures that are
typically used for sheep production in the region where the
studies were conducted (500 kg DM available per hectare,
90.6% DM, 13.8% CP and 9.2 M] ME/kg DM}, 0.4 kg/ewe/day
of supplement{91.9% DM, 20.5% CPand 11.3 M| MEfkg DM,
and water was provided ad libitum.

2.2, Experimental design

Two experiments were conducted with the objective to
determine estrous, OR and reproductive response (Exper-
iment I; n=132), concentrations of steroid hormones,
ovarian follicular growth and time of ovulation (Experi-
ment II; n-24) in ewes in which stage of the estrous cycle
was synchronized with different PG-based protocols. Ewes
were assigned by body condition and weight (Experiments
I and 1i}, and by age (Experiment I1} to four groups: time of
estrus was synchronized with two injections of Delproste-
nate i.m. (160 jLg per injection, Glandinex®, Universal Lab,
Montevideo, Uruguay), administered 10, 12, 14 or 16 days
apart (PG10, PG12, PG14 or PG16, respectively: n-33 and
n=6 in each group, Experiment 1 or I, respectively; Fig. 1).

2.3. Estrous detection

Estrous detection was performed using Corriedale
androgenized wethers (given 100mg of Ciclopentilpro-
pionate, on three occasions, 7 days apart; Testosterona
Ultra Fuerte®, Laboratario Dispert, Uruguay), with marker
paint at a rate of six wethers/100 ewes. In Experiment I,
estrous response (ewes in estrus/total ewes) was evalu-
ated every 24h from Days-4 (—96h) to 0 (day of second
PG injection; Hour 0}, and then every 12h until 120h. In
Experiment Il, estrous detection was performed every 12h
after the second PG injection until ovulation, considering
the intervals from PG administration to estrous detection
(PG-estrus) and PG administration to the time of ovulation
(PG-owvulation).

2.4. Semen collection, evaluation and dilution

Semen from five adult Corriedale rams, assessed for
breeding soundness, was collected using an artificial vagina
and assessments occurred as described by Evans and
Maxwell (1987a). Two consecutive ejaculates from each
ram were collected, evaluated and pooled. Soon after
pooling, the semen was extended with UHT skim milk
and antibiotics (250 mg of enrofloxacyn/1 L of extender;
Baytril®), and assessed for progressive sperm motility
(80%) before its use.

2.5. Artificial insemination

Cervical Al was performed using a speculum equipped
with a light source and an insemination device {Walmur®
Veterinary Instruments, Montevideo, Uruguay) after
estrous detection, as described by Evans and Maxwell
{1987b). The insemination dose was 0.08 mL and contained
100 « 10% sperm cells, slowly released into the cervix at

the time of insemination. Extended semen was maintained
at room temperature and protected from sunlight until AL

2.6. Ultrasonograhy evaluation

In both experiments, the ewes’ estrous cyclicity (pres-
ence of a corpus luteum —CL-) was evaluated before the
first PG injection (Vifioles et al., 2004). In Experiment L, OR
(CLjewes having ovulations) was evaluated 10days after
estrous detection in ewes that showed estrous behavior
after the second PG injection (n-32. 33, 31 and 24, PG10,
PG12, PG14 and PG16 respectively). Conception (preg-
nant ewesfinseminated ewes = 100) and fertility rates
(pregnant ewes/estrous synchronized ewes = 100) were
evaluated 35days after estrous detection. Values for all
variables were determined by trans-rectal ultrasonography
using a 7.5 MHz rigid linear array transducer (ALOKA S5D-
500, Overseas Monitor Corp., Ltd., Richmond, BC, Japan)
using the methodology described by Vinoles et al. (2010).

In Experiment II, pre-ovulatory follicle growth was eval-
vated every 24 h from the day of the second PG injection
(Day 0, Hour 0) to the time of estrous detection, and time of
ovulation was assessed every 12 h after estrous detection
until the disappearance of the largest follicle (ovulation) by
trans-rectal ultrasonography. The number, diameter and
relative position of all ovarian follicles with a diameter of
=2mm and CL on both ovaries were mapped in each ultra-
sonography session. Follicle definitions used in this study
were: the maximum diameter was the largest diameter
of the pre-ovulatory follicle (mm), final diameter was the
diameter detected the day before ovulation (mm), rate of
follicular growth was calculated as the size difference from
the first ultrasonic evaluation to ovulation, divided by the
number of days it took to attain the maximum diameter

(mmy/d).
2.7. Blood collection and hormone concentrations

Jugular blood was collected into glass tubes with
heparin using disposable needles. Blood samples were col-
lected once a day (in the morning aftera 12 h fasting period)
from Day-10 to estrous detection, each 12 h after estrus
to ovulation, and at 5 and 12 days after estrous detection
(Experiment II; Fig. 1).

Blood samples were stored at 5°C until centrifugation
at 2100g for 15min; plasma was pipetted and stored at
—20°C until hormonal concentrations were analyzed. Pro-
gesterone and 17-f estradiol concentrations (E2) were
quantified by radioimmunoassay (RIA) as described by
Meikle et al. (1997). Progesterone concentrations were
determined by a direct solid-phase RIA using Siemens
kits (Siemens, Los Angeles, CA, 90045 USA). The RIA
had a sensitivity of 0.32nmol/L. The intra-assay coeffi-
cients of variation for the lesser (1.59 nmol/L) and greater
(31.8 nmol/L) concentration control samples were 5.7% and
3.4%; respectively. The inter-assay coefficients of variation
for the lesser and greater concentration control samples
were 5.6% and 3.7%; respectively. Estradiol 175 concentra-
tions were determined by a liquid phase RIA (DPC kits;
Diagnostic Product Co., Los Angeles, CA, USA). Samples
were analyzed in duplicate in the same assay. The sensitiv-
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phy examination to determine follicular growth and ovulation (Experiment I, conception and fertility rate 35 days after estrous

detection (Experiment [}, OR: ovalation rate evaluated by trans-rectal examination 10 days after estrous detection

ity of the assay was 3.8 pmol/L. The intra-assay coefficients
of variation were 17% for the lesser (45 pmol/L) and 14% for
the greater concentration control (75 pmol/L) samples.

2.8 Statistical analyses

All analyses were performed using the Staristical Anal-
ysis System (SAS, version 9.1.3, 2004). Differences in the
variance in time of estrus, OR, conception and fertility were
analyzed by GENMOD. Follicle growth and the intervals
for the variables PG-estrus and PG-ovulation, P4 and E2
concentrations in plasma were compared by analysis of
varance using PROC Mixed. The model included the fixed
effects of the group, ewe age. day and the interactions
of these variables. Ewe within group was considered as
the random effect. The covariance was modelled to con-
sider the correlation between successive measurements
of the same animal, with the option autoregressive order
1 (AR(1)). The duration of the luteal phase was analyzed
using PROC GLM, including in the model the age of ewe,
group and the interaction as fixed effects. Differences were
considered significant if P<0.05 and trends if P<0.1 and
*(0.05,

3. Results
3.1. Experiment]

Fig. 2 depicts data for estrous behavior observed from
—48 to 96h after the second PG injection. Overall, the
estrous response from 0 to 96h after the second PG injec-
tion was similar for the PG10, PG12 and PG14 (97%, 100%,
94%; P>0.05) groups, but greater compared to the PG16
group (73%; P<0.05). More ewes from the FG16 group
were in estrus 48 and 24 h prior to the second PG than
the other groups (P<0.05). Estrous response was greater
in the PG14 group at 24 h, PG10 group at 48h, and PG12
group at 72 h (P<0.05). No differences were detected in
OR among groups (P> 0.05, Table 1), Conception and fertil-
ity rates for the PG14 group were greater compared with

g h 2

Numher of ewes In estrus
ZE &
=

rh

48 -4 0 4 48 T2 %
Hours from the second PG injection

g 2. Estrous response (number of ewes in estrus) previous o after sec-
ond PG injection (Hoar 0), in-ewes estrous synchronized with two PG
injections administered 10 (PG10- M 1, 12 (PG12-0), 14 (PG14-00 j or
16 (PG16-m) days apart; 2 compared with *; P<0.05,

Tahle 1

Ovulation, conception and fertility rates in ewes that were estrous syn-
chronized with two PG injections administered at 10 (PG10), 12 (PG12),
14 (PC14) or 16 (PG16) day intervals and inseminated with fresh semen
after estrous detection,

Group Ovulation rate  Conceplion rate () Fertility rate (%)
PGI0(n=-33) 144 £050¢ 226 21,9
PG12(n=33) 136+ 049 212 21,2
PG14(n=33) 127 + 045" 548" 51,58

PGIG(n=33) 132 £048* 4173 30,35

Owiilation rate {ovidations/ovalated ewe) measurement by trans-rectal
ultrasonagraphy 10 days after cervical anificial insemination: Concep-
tion (pregnant ewesfinseminated ewes « 100) and fertility rate (pregnant
ewessynchionized ewes - 100), were evaluated by trans-rectal wltra-
sonography 35days after artificial inseminatson: Data are presented as
means + 50, * compared with ® in the same column; P< 0,05, * compared
with ¥ in the same column: P-0,08,

the PG10 and PG12 groups (P<0.05), but similar to the
PG16 group (except that fertility tended to be less for the
PG16 than PG14 group, P- 0.08). The PG10, PG12 and PG16
groups had similar conception and fertility rates (P>0.05,
Table 1).
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Fig. 3. Plasma progesterone concentrations relative to estrus (Day 0} in
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) OF 16 (PG 1 G===Cw= | days apart (n =6 ewes per group); Data are pre-
sented as least square means +5EM. ¢ P<0.05 between PG 16 compared
with PG12 and PG10; +; P< 0,05 between PG 16 compared with PG14:
P<0.05 between PG14 compared with PG10; 5 P<0.05 between PG16
compared with PG10; {: P<0.05 between PG 14 compared with PG12 and
PG10; *: P<0.05 berween PG10 compared with PG12.

3.2, Experiment il

Data for P4 concentrations relative to time of estrous
detection are presented in Fig. 3. The effects of group,
day and the interaction were significant (P<0.05), but
not ewe age (P> 0.05). Progesterone concentrations were
greater in the PG14 and PG16 groups from 8 to 4 days
prior to estrus compared to ewes from the PG10 and
PG12 groups (P< 0.05; Fig. 3). However, the decrease in P4
concentrations after the second PG injection and concen-
trations at 5 and 12 days after estrus were similar among
groups (P> 0.05) except that ewes from the PG10 group had
greater concentrations than those from the PG12 group
on Day 12 (P<0.05). The number of days with P4 above
3.18 nmol/L was similar between the PG14 (10.6+1.3 d)
and PG16 groups (12.5+0.8 d; P> 0.05), and both were
greater compared with the PG10 (4.3+1.6 d) and PG12
groups (6.8 +2.6 d; P<0.05).

Data for E2 concentrations from —48 to 36 h after estrus
are depicted in Fig. 4. The effects of group and day were
significant (P< 0.05), but not that of ewe age and the inter-
action of group and day (P>0.05). At estrus and 12 h later,
E2 concentrations were greater in ewes from the PG14 and
PG16 groups compared with ewes from the PG10 and PG12
groups (P<0.05, Fig. 4). Ewes from the PG14 and PG16
eroups had more days with E2 concentrations greater than
10pmol/L (1.40+0.89 and 283+ 075 d, PG14 and PG16
groups, respectively), compared with ewes from the PG10
and PG12 groups (0.83 £0.75 d; P<0.05). A positive cor-
relation was observed between the duration of the luteal
phase and maximum E2 concentrations (r-0.5; P=0.01)
and between the duration of the luteal phase and the num-
ber of days with E2 concentrations greater than 10 pmol/L
(r-0.78; P<0.001).

Data on the intervals for the variables PG-estrus and PG-
ovulation, final and maximum diameter of the ovulatory
follicle, and follicular growth rate are presented in Table 2.
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berween PG14 compared with PGI2 and PG10Y 4 P< 0.05 between PG16
compared with PG10; w: P=0.08 between PG16 compared with PGI2.

No significant differences were detected among groups for
any of these variables (P> 0.05).

4. Discussion

The working hypothesis in the present research that
the administration of two PG injections administered
10, 12, 14 or 16 days apart affected differences in time
of estrous response, ovarian response, concentrations of
steroid hormones and reproductive performance in ewes
was supported by some of the results from these studies.
The use of the protocols evaluated resulted in differences
in P4 and E2 concentrations, estrous response up to 96h
after the second PG administration, and in conception and
fertility. However, the morphological changes in the pre-
ovulatory follicle, and intervals for the variables PG-estrus
and PG-ovulation, and OR were similar among groups.

The PG-based protocols evaluated in the present exper-
iments were associated with different estrous responses
until 96 h after the second PG administration. The intervals
between PG injections determined that at the moment of
the second PG administration the age of the CLs (in ewes
that responded to the first PG injection) varied from 7 to
14 days (mid to late luteal phases) so they were all sensi-
tive to the luteolytic effect of PG (Houghton et al,, 1995;
Rubianes et al., 2003; Contreras-5olis et al., 2009). Estrous
response variables were reported previously using the two
PG injection protocols with an interval of 9 days (95%,
Acritopoulou-Fourcroy et al, 1982; 76.9%, Boland et al.,
1978; 100%, Haresing and Acritopoulou, 1978); 10 days
(71.4%, Godfrey et al., 1997; 88%, Das et al,, 1999); 11 days
(82%, Loubser and van Niekerk, 1981; 100%, Oyediji et al.,
1990); and 14 days (73%, Boland et al., 1978). Neverthe-
less, the use of two PG injections administered 16days
apart (PG16 group) resulted in a lesser overall estrous
response compared with the values for the PG10, PG12
and PG14 groups. This could be explained by some ewes
in the PG16 group, expressing estrous behavior 48 h prior
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Table 2

Intervals from the second prostaglandin administration o estrus (PG-estrus) and ovalation (PG-ovulation), and morphalogical characteristics of the
pre-ovalatory follicle (maximum diameter, final diameter and growth rate} in ewes in which time of estrus was synchronized with two PG injections
administered at 10 (PG10), 12 (PGI2L 14 {PG14) or 16 (PG16) day intervals {n - & ewes per group),

Grorip PG-estrus (h) PG-ovulation (h) Maximim diameter (mm) Final diameter (min) Growth rate (min/d)
PGID 500 & f04 720+ 664 6305 T 07 + 0.4
PG12 440 + 490 700 + 52* 65+ 0.8 63 + 08* 10+05
PG4 372+ 94 S8.8 & 218° 62+ 0.4 60+ 07 11+ 0P
PG1G 440 & 1597 B0 L 9DF B5+ 1.2 63+ 18 13405

Maximum diameter; the Jargest diameter reached by the pre-ovulatony follicde; Final diameter: the diameter reached before ovulation; Growth rate;
calculated as the size difference from the first ultrasonic evaluation to ovulation, divided by the number of days it took to reach the maximum diameter;

Data are presented as LS means 4+ pooled SEM. *In the same column: P>0.05.

to the administration of the second PG injection because
natural luteolysis had already occurred (Rubianes et al,
2003). The PG16 group was, nevertheless, initially included
in the present experiment because the interval between
PG injections was expected to facilitate the induction of a
physiologic luteal phase (duration and hormonal profile),
and be associated with an enhanced reproductive perfor-
mance. Most of the ewes from the PG10 and PG12 groups
expressed estrous behaviuor between 48 to 72 h after the
second PG injection; demonstrating a concentrated estrous
response when these protocols are applied, a result that
is very important for TAl programs. In summary, under
the conditions of the present study, all the protocols were
determined to provide for an acceptable estrous response
after treatment; however, the use of the PG10, PG12 and
PG14 protocols resulted in a greater number of ewes in
estrus thanuse ol the PG16 protocol and the PG10and PG12
groups had a greater synchrony in time of estrus than the
other groups.

The intervals for the PG-estrus and PG-ovulation vari-
ables were similar among groups, although the variation
was greater for these variables with the PG14 and PG16
groups. These results were unexpected because the inter-
val PG-estrus variable has been associated with the age of
the CL({Houghton et al., 1995) and with the follicular status
of each ewe at the time of the PG administration (Vifioles
and Rubianes, 1998). Nevertheless, this result was sup-
ported by a similar rate of P4 decrease for all groups in the
present study after PG administration. There are previous
reports for the PG-estrus interval variable under different
experimental conditions with results for 7day (48+23h,
Rubianes et al., 2003; 36.6+ 3.6h, Contreras-Solis et al,
2009); 9 day (388+13h, Acritopoulou et al, 1978;
38.6+0.8h, Haresign and Acritopoulou, 1978; 435+6h,
Acritopoulou, 1979; 458+ 1.1h, Acritopoulou-Fourcroy
et al., 1982); 10 day (51.6+2.4h, Das et al, 1999); and
11 day (41.7 + 2.2 h, Oyediji et al., 1990) intervals between
PG injections being reported, however, longer intervals(14
and 16 d) between injections were not evaluated in pre-
vious studies and the comparisons have not been made
under the same experimental conditions as occurred in
the present study. The interval between when basal P4
concentrations are achieved to estrous detection (Wiley
et al., 1997), and between estrous onset and LH peak to
ovulation (Cumming et al, 1973) has been reported to be
similar. Fairnie et al. (1977) observed a similar mean time
from treatment to ovulation after two PG injections were
administered at 8 compared with 14 day intervals. Even

though there were non-significant differences among PG-
ovulation interval variables of the groups in the present
study, the differences observed with some groups may
need to be considered in determining the optimal Al time
in TAI programs, mainly when chilled or frozen semen are
wsed, due the shorter lifespan of sperm cells stored in these
conditions compared with use of fresh semen (Salamon and
Maxwell, 2000). Furthermore, it is possible that the exper-
imental design in the present study was not appropriate to
detect differences among groups in these variables due to
the extended time between estrous observations (12 h).

Follicular growth rate, as well as final and maximum
follicle diameter were similar among groups. These results
were not expected, because the final stage of growth of
a follicle is related to LH pulse frequency that is down-
regulated by P4 (Ginther et al., 1995). In the present study,
LH pulse frequency was not assessed but there were differ-
ences in P4 concentrations detected and in the number of
days with P4 above 3.18 nmol/L (longer in PG14 and PG16
groups). An altered P4 profile was associated with altered
ovarian follicular dynamics and poor reproductive perfor-
mance when a short PG-based protocol was used (Fierro
et al., 2011} Furthermore, similar follicular diameters were
related to different E2 concentrations among groups. Ewes
from the PG14 and PG16 groups had greater E2 concentra-
tions compared with ewes from the PG10 and PG12 groups
around the time of estrus, It is well known that the secretion
of E2 by the follicles is associated with the LH pulse fre-
quency (Sirois and Fortune, 1990; Stock and Fortune, 1993,
Vifioles et al., 1999), reinforcing the existence of physio-
logical differences in the dominant follicles among groups.
There was a similar diameter for pre-ovulatory follicles in
all groups, and the lesser steroidogenic function of the folli-
cles of ewes in the PG10and PG12 groups may indicate that
these ewes had an impaired steroidogenic capacity (White
et al, 1987) even though there was greater estrous syn-
chrony for these groups. An altered steroidogenic function
of follicles has been described as a consequence of an inade-
quate P4 priming (Coleman and Dailey, 1983), and to lesser
numbers of LH receptors in granulosa cells (McNatty et al.,
1984), Furthermore, a premature exposure to LH inhibited
the potential of human granulosa cells to secrete steroids
in vitro (McNatty and Sawers, 1975). Moreover, Deaver
et al. (1986) reported that differences in the pattemns of
gonadotropin secretion before the pre-ovulatory surge of
LH might be caused by differences in P4 or the P4-E2 ratio
when luteal regression is induced on different days of the
estrous cycle.
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Conception and fertility rates were related to the hor-
monal profiles in the different groups in the present study.
The ewes of the PG14 group had greater conception and
fertility rates after estrous detection compared with the
PG10 and PG12 groups. The greater concentrations and
numbers of days with elevated P4 concentrations observed
in the PG14 group prior to mating may be responsible for
the greater conception and fertility rates for this group
{Folman et al., 1973; Fairnie et al., 1977; Loubser and van
Niekerk, 1981}, The alteration of the steroidogenesis, as
observed in ewes of the PG10 and PG12 groups (lesser
P4 and E2 concentrations compared to groups with longer
periods berween PG injections) have been reported to affect
oocyte development and transport, fertilization rate and
early embryo development in cattle (Gustafsson and Piden,
1986; Greve et al.,, 1995). Estradiol induces the develop-
ment of the secretory cells in the oviduct, which affects
fertilization and early embryo development (Murray, 1992;
Nancarrow and Hill, 1995), and lesser E2 concentrations
have been associated with a decreased fertilization rate
in estrous synchronized sheep (Gonzalez-Bulnes et al,
2005). Furthermore, E2 and P4 concentrations regulate
the expression of the E2 and P4 receptor genes in the
uterus (Clark and Mani, 1994; Ing et al., 1996: Ing and
Ott, 1999), and it was suggested that reproductive fail-
ure in P4 estrous-synchronized ewes may be related to a
decrease in the expression of E2 and P4 receptor genes
(Garcia-Palencia et al, 2007). It is possible that these
altered physiological functions when P4 was used to syn-
chronize the time of estrus may have contributed to the
reproductive performance achieved by ewes of the PG10
and PG12 groups. Detailed morphological and functional
studies of the follicles, oocytes and embryo quality are
needed to determine the reasons of this altered steroido-
genic function when protocols with different intervals
between PG injections are used. In general, the use of pro-
tocols with longer periods between PG injections resulted
in enhanced reproductive performance after estrous detec-
tion, although conception and fertility of the PG16 group
in the present study was intermediate, The tendency for a
lesser fertility in the PG16 compared with the PG14 group
could be due to the lesser number of ewes that expressed
estrous behavior and were inseminated after the second PG
injection in this group.

Regarding the P4 profile after mating, there was a sim-
ilar P4 profile and concentrations at 5 and 12 days after
estrous detection in all groups, except the PG10 group had
greater concentrations than PG12 group on Day 12 subse-
quent to ovulation. This may indicate a normal lifespan of
the CL after PG administration (Fierro et al, 2011, 2013)
even when there were differences in follicle functionality
observed during the follicular phase. Moreover, findings of
the present study reinforce the importance of the hormonal
milieu during the follicular phase preceding ovulation on
oocyte quality and the uterine environment so as to sup-
port early embryo development (Gustafsson and Ploen,
1986; Garcia-Palencia et al., 2007). This effect cannot be
overcome by having greater P4 concentrations during the
mid-luteal phase following ovulation. This rationale is sup-
ported by the lesser conception and fertility rates in PG10
and PG12 groups of the present study, even though there

were greater P4 concentrations on Day 12 in ewes from the
PC10 group.

Ovulation rate is a variable associated with inconsistent
results when PG-based estrous synchronization protocols
are used (Fierro et al., 2013). No differences were detected
for OR among groups in the present study and this was
unexpected because an increase in OR had been reported
when PG was administered in the mid-luteal phase of
the estrous cycle probably because of the development
of a *less dominant” pre-ovulatory follicle with a lesser
steroidogenic capacity that contributed to maintaining FSH
concentrations above the threshold so as to stimulate the
selection of multiple ovulatory follicles from a single fol-
licular (Letelier et al. 2011), or from two consecutive
follicular waves (Bartlewski et al., 1999; Gibbons et al,
1999), Considering the findings with the present study on
the E2 production by the dominant follicles in the different
groups, it is speculated that the development of follicles
with a longer dominant phase occurred in PG14 and PG16
groups compared with the PG10 and PG12 groups. This
is inconsistent with results when PG was administered in
the mid-luteal phase (Letelier et al., 2011 ) where with this
treatment it would be expected to result in a greater OR
To the best of our knowledge, this is the first report where
OR was compared with use of different PG-based protocols
for estrous synchronization in sheep under the same con-
ditions. However, it is important to note the small number
of ewes used to evaluate this variable, thus, more research
is needed to determine whether the findings of the present
study can be confirmed.

The experimental designs used in the present study
allowed for the enhanced understanding of the effects of
different PG-based protocols for estrous synchronization
in sheep under similar conditions. In brief, the PG14 treat-
ment resulted in a desirable estrous response, lesser time to
estrous synchrony, and greater P4, and E2 concentrations
as well as reproductive performance after estrous detec-
tion compared with the results with use of the PG10 and
PG12 treatment protocols, Ewes of the PG16 group have
3 lesser estrous response and intermediate reproductive
outcome, but similar hormonal profiles as the PG14 group.
It is important to note that the more desirable reproduc-
tive performance of the PG14 group may not necessarily
indicate a greater fertility after Al at fixed time. When a
TAI protocol is applied, a greater estrous response and syn-
chrony are important for desirable reproductive outcomes.
Future trials need to be performed to determine the repro-
ductive success with use of the protocols applied in the
present study in TAl programs.

5. Conclusion

It is concluded that the administration of two PG injec-
tions 10, 12, 14 or 16 days apart contributed to the different
durations of the luteal phase that were positively associ-
ated with E2 production by the pre-ovulatory follicles and
the reproductive outcome in the present study. However,
the shorter intervals between PG injections in the present
study were associated with an enhanced estrous synchrony
which is a requisite for TAl programs. There were no differ-
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ences in the variables of intervals PG-estrus, PG-ovulation
and OR among groups in the present study.
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RESUMEN

El objetivo de este experimento fue evaluar la respuesta reproductiva de
ovejas sincronizadas con dos dosis de PG administradas con diferentes intervalos e
inseminadas artificialmente a tiempo fijo. Durante la estacion reproductiva (abril a
junio), 370 ovejas Corriedale multiparas fueron asignadas a cinco grupos de acuerdo
al estado corporal y peso vivo, y sincronizadas con dos dosis de PG administradas a
intervalos de 7, 10, 12, 14 o 16 dias (grupos PG7, PG10, PG12, PG14, PG16
respectivamente). La inseminacion (Dia 0) fue realizada via cervical a tiempo fijo a
las 48 + 1,0 h (PG7) o 56 £ 1,0 h (PG10, PG12, PG14 y PGI16) luego de
administrada la segunda PG, utilizando semen fresco pool de seis carneros
Corriedale adultos. Se evalu6 el porcentaje de ovejas que ovularon luego de la
segunda PG y la TO al Dia 10 mediante ecografia trans-rectal. E1 NRR-21 fue
evaluado mediante el uso de retarjos pintados en el pecho. La fertilidad y la
prolificidad fueron determinadas el Dia 60 mediante ultrasonografia trans-abdominal.
El NRR-21 y la fertilidad fueron superiores en los grupos PG12 (46,0, 46,0), PG14
(59,7, 56,9), y PG16 (58,7, 56,0) comparados con los grupos PG7 (30,1, 28,8) y
PG10 (30,3, 30,3, NRR-21 y fertilidad respectivamente; P<0,05). El porcentaje de
ovejas que ovularon, la TO y la prolificidad fueron similares entre los grupos
(P>0,05). Bajo las condiciones de este experimento, el uso de protocolos de PG con
intervalo entre las dosis de 12, 14 o 16 dias incremento la fertilidad respectoa 7 y 10

dias, en ovejas inseminadas via cervical a tiempo fijo con semen fresco.

Palabras clave: prostaglandina, sincronizacion de estros, inseminacién artificial a

tiempo fijo, fertilidad, tasa ovulatoria, oveja.
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The aim of the experiment was to evaluate the reproductive performance of ewes synchronized with two
doses of prostaglandin Fz. (PG) at different mtervals and inseminated at a fixed time. During the
breeding season (April to June), 370 multiparous Corriedale ewes were assigned to five groups according
to body condition score and body weight, and synchronized with two doses of PG administered 7, 10, 12,
14 or 16 days apart {groups PG7, PG10, PG12, PG14 or PG16; n = 73,76, ™, 72, 75; respectively). Cervical
timed artificial insemination {Day 0) was performed at 48 & 1.0 h{group PG7) or 56 + 1.0 h {groups PG10,
PG12, PG14 and PG16) after the second PG imjection, with diluted fresh semen pooled from six adult
rams. The percentage of ovulating ewes after the second PG injection and the ovulation rate {number of
corpus luteum|ovalating ewes) were assessed on Day 10 by trans-rectal ultrasonography. The rate of non
return to service ( ewes not retuming to servicefinseminated ewes = 100; NRR-21) was evaluated using
painted vasectomized rams. Pregnancy rate (pregnant ewesfinseminated ewes = 100) and prolificacy
(foetuses|pregnant ewes ) were determined on Day 60 by trans-abdominal ultrasonography. Higher NRR-
21 and pregnancy rates was observed in groups PG12 (46.0%, 46.0%), PG14 (59.7%, 56.9%) and PG16
(58.7%, 56.0%) compared to PG7 (30.1%, 28.8%) and PG10 (303%, 303%; respectively P < 0.05). No sig-
nificant differences were observed in the percentage of ovulating ewes, ovulation rate and prolificacy
among groups (P > 0.05). Under the condition of this trial, 12, 14 or 16 days interval between PG in-
jections enhances the pregnancy rate of ewes at cervical timed artificial insemination with fresh semen.

i 2016 Elsevier Inc. All nghts reserved.

1. Introduction

inseminated at a fixed time [8—15]. Alterations in the contractions
of the myometrium [ 16], sperm transport [17—20], and variability

The use of prostaglandin Fy, and its synthetic analogues (PG) in
sheep reproduction programs have been studied extensively since
its discovery in 1970 as a powerful luteolytic agent [1] and, to our
knowledge, PG has been used to synchronize ovulation assodated
to timed artifidal insemination {TAI) since 1978 |2 . Due to its rapid
rate of lung metabolization [3,4], PG represents a better alternative
for the reproductive management of the flock than sponges
impregnated with progestagens [5-7].

In spite of the high oestrus response achieved following a PG
synchronization protocol, variable fertility rates have been reported
under different experimental conditions in ewes artificially

* Corresponding authot,
E-mail address: sfierrod 3@

nail.oom (5 Flerrok

hitp: ffdxdoiorg (10,100 & Ltherogenology 200 611.031
EB-691X/4 2016 Elsevier Inc. All rights reserved.

in the timing of onset of oestrus and ovulation [9,21-23| have been
reported as the sources of the reproductive failure when using of
PG. After finding that a 3 days old ovine corpus luteum is sensitive
to PG |24], a new protocol based on two PG injections administered
7 days apart was developed (Synchrovine® protocol; [25,26]). The
second PG injection applied in the early luteal phase {during the
growing phase of the dominant follicle of the first wave of the cy-
cle), induced a consistendy synchronized interval from the end of
the treatment to ovulation [7,24|, but the pregnancy rates were low
[11—13]. These poor results were associated with an altered pro-
gesterone profile that determined lower ovulation rate, fertility and
prolificacy compared to a spontaneous oestrus [12]. Alternatives to
improve this protocol based on promoting a surge of LH to induce
and synchronize ovulation (the use of male effect or GnRH injec-
tion), different Al pathways (cervical or intrauterine), decreasing
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the PG dose or increasing intervals between PG injections
(7—8 days apart) |714,27-29] were used, but they have been
unsuccessful,

It has been suggested that the interval between PG injections
should not be less than 11 to 14 days [2,30,31] Furthermore, a
decrease in fertilization rate was reported when the interval be-
tween PG injections was reduced from 14 to 8 days [32]. Admin-
istration of two PG injections 10, 12, 14 or 16 days apart lead to
different durations of the luteal phase and progesterone concen-
trations prior to service, which were positively associated with
oestradiol production by the pre-ovulatory follicles and with the
pregnancy rate obtained following Al with fresh semen after oes-
trus detection [33]. On the other hand, the shorter PG intervals (10
and 12 days) were associated with improved oestrus response and
synchrony [33], which is very important for TAI programs. There-
fore, it is necessary to determine the reproductive performance
achieved when these protocols are used in a TAI program.

The aim of this study was to determine the percentage of ovu-
lating ewes, ovulation rate, rate of non return to service, pregnancy
rate and prolificacy after TAI of ewes synchronized with two PG
injections applied at different moments during the luteal phase
under the same experimental conditions (breed, photoperiod,
nutrition and health management). We hypothesized that despite
the lesser ocestrus response and synchrony, longer PG intervals
would be associated to a greater reproductive performance after
TAL To our knowledge, this is the first study that compares the
reproductive performance of different PG based protocols for TAI
applying the PG injections at different moments during the luteal
phase in randomly cycling ewes.

2. Materials and methods

The experiment was carried outat Escuela Agraria “La Carolina”,
Flores, Uruguay (33° 5-57° W), during the breeding season (April to
June). The experimental procedures were approved by the Uni-
versidad de la Repiblica's Animal Ethics Committee (CUEA-Uni-
versidad de la Repiblica, Facultad de Veterinaria, Exp: 111400-
000079-12).

2.1. Animals and nufrition management

Multiparous (older than 2.5 year old, and at least one parturi-
tion; n = 370) Corriedale ewes with a moderate body condition
score (mean + SD, 3.2 + 04: scale 0-5, [34]) and weighing
54.5 + 6.3 kg were used, Ewes were maintained under field con-
ditions grazing native pasture with more than 600 kg of DM
available per hecare (8% (P and 85 M] MEfkg DM) and water
available ad libinim

2.2. Experimental design

Ewes were stratified by body condition score and body weight,
then assigned randomly to five groups synchronized with two in-
jections of Delprostenate im (160 pg per injection, Glandinex™,
Universal Lab, Montevideo, Uruguay), administered 7, 10, 12, 14 or
16 days apart {PG7, PG10, PG12, PG14 or PG16 respectively; n = 73,
76, 74, 72 and 75 ewes respectively). The average body condition
score of each group was 3.2 + 0.4, 3.2 + 04, 3.2 + 0.4, 3.2 + 0.4 and
3.2 + 03 (PG7, PG10, PG12, PG14 and PG16 respectively). Each
group received the first injection of PG on a different day in order to
perform the second PG injection and TAI of all groups on the same
day {a schematic representation of the experimental design is
shown in Fig. 1). In order to reach the adequate insemination time,
using the same semen and made the insemination randomly be-
tween groups, the ewes of PG7 group received the second PG

injection 8 h later to the remains groups.
2.3. Semen collection, evaluation and dilution

Semen from six adult Corriedale rams, checked for normal
breeding soundness, was collected using an ariificial vagina and
assessed as described by Evans and Maxwell [35]. Two consecutive
ejaculates from each ram were collected, evaluated and pooled
according to the individual sperm concentration, so that each ram
contributed with similar number of spermatozoa to the pool Soon
after pooling, the semen was extended to the final sperm concen-
tration with UHT skim milk supplemented with 5% of egg yolk (v/v)
and antibiotics ( 100.000 1U sodium penicillin and 100 mg of dihy-
drostreptomycin/100 mL of extender ). Diluted semen with a min-
imum of 80% of progressive motility was used for TAL

2.4 Artificial insemination

Cervical Al was performed using a speculum equipped with a
light source and an insemination device (Walmur® Veterinary In-
struments, Montevideo, Uruguay) as described by Evans and
Maxwell [36], by two teams of technicians, Ewes were inseminated
randomly among PG groups by one of the two teams of technicians
that were not aware on the treatments, The insemination dose per
ewe was 015 mL containing 160 = 10° spermatozoa, slowly
released as deep as possible into the cervix. Extended semen was
maintained at room temperature and protected from sunlight until
Al On the basis of previous reports describing ovulation and
insemination time of PG protocols, ewes were inseminated at
48 + 1.0 h after the second PG injection in group PG7 [11,13] and at
56 + 1.0 h in groups PG10, PG12, PG14 and PG16 [10,33].

2.5. Ultrasound evaluation and non return rates

The percentage of ovulating ewes (ewes that ovulated after
second PG injection/total ewes x 100), and ovulation rate ( number
of corpus luteum/ovulating ewes) were evaluated on Day 10 by
trans-rectal ultrasonography with a 7.5 MHz linear array transducer
(ALOKA SSD-500, Owerseas Monitor Corp. Lid., Tokyo, Japan) as
described by Vinoles et al. [37]. In order to calculate the rate of non
return to service up to Day 21 (ewes not returning to servicef
inseminated ewes = 100; NRR-21) cestrus was detected daily ( from
18:00—08:00 h the following morning) from Day 13 to 21, with
painted Corriedale vasectomized rams atarate of 3 rams/100 ewes.
In order to calculate pregnancy rate (pregnant ewesfinseminated
ewes = 100) and prolificacy (foetuses/pregnant ewes) pregnancy
was diagnosed and foetuses counted on Day 60 by ultrasonography
with a 3.5 MHz convex array rans-abdominal transducer (ALOKA,

Tokyo, Japan).
2.6. Statistical analyses

Data were analyzed by logistic regression using the Genmode
procedure in SAS (SAS 92V; SAS Institute Inc., Cary, NC, USA),
considering a binary response (0 and 1 or >1) and treatment as the
explanatory variable. Ovulation rate and prolificacy are presented
as means + SD, ovulating ewes, NRR-21 and pregnancy are pre-
sented as percentage. Differences were considered significant if
P < 0.05.

3. Results
The rates of non return to service up to Day 21 and pregnancy

rate of groups PG12, PG14 and PG16 were higher than groups PG7
and PG10 (P < 0.05; Table 1). No differences were found in these

32



5. Ferro o al [ Theriogenology 90 (2017) 09113 m

PG PG TAI OR . Us
PG
L
PCI0 ¢ 4 + & & )
PC
PCI12 1 8 4 1 1 8
PG
32 3 1 1
PC14 ) i — .
PG
8

PCI6 * '.;l‘ ‘ ,’,’ I ,’l »

Dar 18 16 14 12 TR a9 B '

Fig. 1. Schematic rep of the exp | design. Groups PGT, PGID, PGIZ, PGI4 and PGIE: ewes synchronized with two inj of Del im (160 pg per

injection) given 7, 10, 12, 14 or 16 days apart respectively, starting 18 days before the timed artifidal insemination { Day 01 The second PG in PGT gmrpm admmistered 8 h later ta
the other groups. TAI: day of cervical artifical insemination at fixed time with fresh pooled semen. OR: ovulation rate mnsurrmeﬂ bytmls-mal uiu'mnqrq)hyon Dy 10. NRR-

21: non return rate assessed by painted vasectomized rams between Days 13 o 21, US: pregnancy and prolificacy

variables between groups PG12, PG14 and PG16, and between
groups PG7 and PG10 (P > 005; Table 1). The percentage of ovu-
lating ewes, ovulation rate and prolificacy were similar among
groups (P > 0,05; Table 1).

4. Discussion

Longer intervals between PG injections improved the repro-
ductive performance at TAl in this study. Ewes from groups PG12,
PG14 and PG16 reached greater NRR-21 and pregnancy rate after
TAI compared with ewes from the groups PG7 and PG10. Longer
periods of higher progesterone levels prior to mating, higher oes-
tradiol plasma levels around the onset of oestrus |33] and a higher
fertilization rate |32}, were reported when longer intervals be-
tween PG injections were applied. Previous reports showed that
longer intervals between PG injections improved fertility after TAI,
however, these studies were performed under different experi-
mental conditions and studied different intervals between PG

Table 1
Reproductive performance in nmuloparous Commedale ewes syndonized with
different PG-based protocols for cervicl timed artificial insemination with fresh
semen.

Group OE OR NRR-21 Pregnancy Prolificacy

FG7(n=73) 918 139:057 301° 1 124 £ 0.44°
PGIO(n =76 934" 1481053 303° 0P 126 +0.45*
FGI2(n=74) 946 140:052° 460° 460° 135 £ 0.48°
PCl4{n=72 972 150:052° s97° sag° 139 £ 0.5
PGl (n=75 973 1511053 587° 560° 1.31 £ 0.47°

Groups PGT, PG10,PG12, PG14 and PG16: ewes synchronized with two injections of
Delprostenate im (160 pg per injedion) given 7, 10, 12, 14 or 16 days apart
respectively. OE: peroentage of ovulating ewes {ewes that ovulated sfter second PG
Injection/total ewes = 100) measurement by trans-rectal ultrasonography on Day
10 (Day 0 = cervical timed artificial insemination). OR: evulaton rate (number of
rpus luteum/ovulating ewes) evalusted by trans-rectal ultrasonography on Day
10. NRR-21: non return rate to service assessed by painted vasectomized rams

(ewes no 1 to service fi d ewes = 100} Pregnancy rate (pregnant
ewes/inseminated ewes « 100) and prolificacy (foetuses/pregnant ewes) were
evaluated on Day 60 by trans-abd. Iult hy. Data of OR and prolifi-

ey are presented as means + SD, OF, NNR-21 and pregnancy are presented as
percentage. * vx " in the same column: P< 0L05.

! trar | wraphy on Day 60,

doses compared to ours [230,31,38], Apart from the different
methodological approaches, the positive relationship between
longer PG intervals and reproductive performance was observed.

Despite the high oestrus response and synchrony of ovulation
observed previously [11,12,24.33], shorter intervals between PG
injections decrease the reproductive performance at TAL Low
progesterone concentrations during the luteal phase of the oestrus
cycle prior to mating have been associated with altered steroido-
genic function of the pre-ovulatory follicles |33,39), which affects
oocyte development and transport, fertilization rate and early
embryo development [12,40-44], decreasing fertility and fecun-
dity [1233,40]. The altered progesterone profile previously re-
ported in groups PG7 and PG10 [12,33] may affects the oocyte and
embryo development and therefore the final pregnancy rate. In this
sense, progesterone supplementation during the follicular devel-
opment of Wave 1 improves oocyte viability and embryo quality at
embryo transfer programs in sheep [45]. In summary, the altered
progesterone profiles observed when a short interval PG protocol is
used in TAl programs, affects the overall outcome negatively.

It is important to note that ewes synchronized with a 12-day
interval between PG had a pregnancy rate numerically lower
(109 and 10%), but not significantly different compared to 14 and
16-day intervals between PG, which was unexpected. Under similar
experimental conditions, but inseminating after oestrus detection,
Fierro et al |33] obtained similar pregnancy rates after 10 and 12-
day intervals between PG, but both were lower compared to the
PG14 group. Similarly, Fairnie et al. [2] reported a lower lambing
rate with a 12-day interval ( 14%) compared to a 14-day PG interval
(55%). It is not clear why the lower steroid production of ovarian
structures in the PG12 group |33 | had no effect on pregnancy rate in
this study; perhaps due to the insuffident number of involved
ewes, necessary o express statistical differences. A similar preg-
nancy rate (54.8%) was reported by Acritopoulou-Fouraoy et al
[10] using a 12-day interval and TAI at 56 h after the second PG.
Taking into consideration the similar results achieved by PG12
compared to PG14 and PG 16 groups, may indicate that a minimum
of 4 to 7 days with high levels of progesterone [33] may be
necessary for adequate follicle and embryo development, and this
would be achieved with a minimum of 12 days between PG
injections.
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Previous reports indicated less synchrony of oestrus after 16
compared to 10, 12 and 14-day intervals between PG injections due
to some ewes showed spontaneous oestrus behavior during the
48 h prior to the administration of the second PG in the PG16 group
[33]. However, in this study PG16 reached similar NRR-21 and
pregnancy rates as PG12 and PG14 groups, an unexpected result
considering our previous work [33). This might be due to the higher
fertility of spontaneous oestrus occurring in some ewes in the PG16
group.

The percentage of ovulating ewes, ovulation rate and prolificacy
were similar among groups. These results are in agreement with
Faimie and Wales [30], who reported that 94% to 97% of the ewes
ovulated after a double PG protocol, and with Fierro et al. [33] who
reported a similar ovulation rates among ewes synchronized with
PG at 10, 12, 14 and 16-day intervais, The effect of PG on ovulation
rate and prolificacy is controversial, with reports showing no
change, a decrease, and an increase in ovulation rate [27 ]

In summary, the findings of this study indicate that the use of
PG-based protocols for cervical TAl with fresh semen, is a feasible
reproductive management alternative for the flock during the
breading season. We suggest that the shortest interval between PG
injections should be 12 days, which ensures the minimum length of
the luteal phase prior to insemination necessary for acceptable
reproductive results, Future h is needed to compare these
PG intervals with the traditional progesterone-eCG protocols for
TAI programs.

5. Conclusion

Under the condition of this trial, 12, 14 or 16 days interval be-
tween PG injections enhances the pregnancy rate of ewes at cer-
vical TAl with fresh semen.
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RESUMEN

El objetivo de este trabajo fue comparar el resultado reproductivo a la IATF
de ovejas sincronizadas con protocolos basados en dos dosis de PG administradas a
intervalos de media (12 y 13 dias) y larga duracion (14, 15 y 16 dias), o con un
protocolo basado en P4-eCG. Para ello 440 ovejas Corriedale multiparas fueron
sincronizadas con dos inyecciones de PG administradas a intervalos de 12 a 16 dias
(PG12, PG13, PG14, PG15, PG16) o con esponjas intra-vaginales impregnadas con
medroxi-progesterona, colocadas durante 14 dias con la adicion de una dosis de eCG
(380 UI) al momento del retiro de las mismas. Se realizdo IATF (Dia 0) via cervical
con semen fresco pool de nueve carneros. Se evalu6 el porcentaje de ovejas que
ovularon pos-tratamiento y la TO mediante ultrasonografia trans-rectal (Dia 8), el
NRR-21 mediante el uso de carneros pintados y la fertilidad, prolificidad y
fecundidad al Dia 60 mediante ultrasonografia trans-abdominal. No se observaron
diferencias en el porcentaje de ovejas que ovularon luego de los tratamientos
(P>0,05), pero el grupo P4-eCG presentd6 mayor TO respecto a los grupos
sincronizados con PG (P<0,05), sin diferencias entre ellos (P>0,05). EI NRR-21, la
fertilidad y fecundidad fueron similares entre los grupos PG15 (64,3, 62,9 y 84,3),
PG16 (59,7, 59,7 y 77,8) y P4-eCG (70,3, 66,2 y 95,9), pero superiores a los grupos
PG12 (42,5, 39,7 y 52,1) y PG13 (44,0, 40,0 y 48, NRR-21, fertilidad y fecundidad
respectivamente; P<0,05). El grupo PG14 obtuvo resultados intermedios comparado
con todos los grupos. No se observaron diferencias en prolificidad entre los grupos
(P>0,05), excepto el grupo PG13 que fue inferior comparado con P4-eCG (P<0,05).
Se concluye que intervalos de larga duracion entre las inyecciones de PG (15 o 16
dias) determinaron mejores resultados reproductivos que intervalos de duracion
media (12 o 13 dias), y resultados similares al protocolo P4-eCG luego de una IATF

via cervical con semen fresco en ovejas durante la estacion reproductiva.

Palabras clave: prostaglandina, progestagenos, inseminacion artificial a tiempo fijo,

fertilidad, oveja.
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To compare the reproductive performance after TAl in ewes synchronized with mid (12 or
13}orlong (14-16 d) interval prostaglandin (PG) or progesterone plus &(G (P4-2CG) based
protocols, 440 multiparous Cormiedale ewes were synchronized with two PG injections
administered 12-16 d apart (PG12, PG13, PG14, PG15 and PG16 respectively), or P4-eCG
[MAP sponges 14 d and elG). Cervical TAI {Day 0) was performed with fresh semen. It was
evaluated the ovulated ewes (OE X) and the ovulation rate (OR) on Day 8 by trans-rectal
ultrasonography, the rate of non-return to service between Days 13 and 21 by painted rams.
and the pregnancy rate, prolificacy and fecundity on Day 60 by trans-abdominal ultrasonog-
raphy. No significant differences were found in OF among groups (P> 0.05), but P4-e(G
achieved higher OR (P <0.05) compared to PG protocols, without differences among them
[P>0.05), Similar NRR-21, pregnancy and fecundity were observed among PG15{64.3,62.9
and B4.3), PG16(59.7,59.7 and 77 B} and P4-eCC (70.3, 56.2 and 95.9), but higher compared
to PG12 (425, 397 and 52.1) and MG13 group (44.0, 40.0 and 48.0, respectively; P <0.05).
PG 14 achieved intermediate results compared to other groups. No differences were found
in prolificacy among groups {P>0.05), except PG13 that was lower compared o P4-e(G
(P<0.05). In conclusion, long interval between PG injections { 15 or 16 d) determined benter
reproductive outcome that mid interval (12 or 13 d). equating the P4-e(G based protocol
after cervical TAl with fresh semen during the breeding season in sheep.

© 2017 Elsevier BV. All rights reserved.

1. Introduction

requires easy implementation procedures, acceptable
pregnancy rates and low environmental impact {Martin

Timed artificial insemination (TAl} represents a prac-
tical tool in genetic programs, allowing synchronized
inseminations and more efficient use of superior males,
but requires hormonal treatments that ensure synchro-
nized ovulation and acceptable pregnancy rates(Menchaca
and Rubianes, 2004). Nowadays, the application of these
biotechnologies under commercial farming conditions

* Comresponding author.
E-mail address; joliveramuzé@gmail.com (. Mivera-Muzanie),

hitp:/dx.doi.ong/10.1016/Lanireprosci.2017.03.004
0378-4320/0 2017 Elsevier BV. All rights reserved.

and Ferasyi, 2016).

Conventional TAI protocols involve intravaginal devices
impregnated with progestagens (P4) maintained during
12-14 d, in conjunction or not with equine chorionic
gonadotrophin at device withdrawal (P4-eCG), yielding
acceptable pregnancy rates within and outside the phys-
iologic breeding season (Gordon, 1983; Abecia et al,
2012). However, P4-eCG based protocols have been asso-
ciated to alterations in cocyte quality, which determine
lower fertilization rates and impaired embryo develop-
ment {Gonzilez-Bulnes et al, 2005; Berlinguer et al. 2007 ).
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Furthermore, the repeated use of eCG has been associated
to & humoral immune response in ewes and develop-
ment of follicular cysts (Roy et al, 1999), followed by
low pregnancy rates. On the other hand, P4-eCG based
protocols are potentially environmental and tissue con-
taminants due to residues of devices, eCG, or the addition
of antibiotics to avoid vaginitis (Gonzdlez-Bulnes et al,,
2005; Contreras-5olis et al., 2009; Vifoles et al., 2011).
Nowadays, consumers worldwide are beginning todemand
products that are “clean, green and ethical” (Martin and
Kadokawa, 2006; Martin and Ferasyi, 2016 Martin and
Ferasyi, 2016), and due to its rapid rate of metaboliza-
tion (Piper et al., 1970; Dawvis et al. 1980), and easiness
of application, prostaglandin represents another option to
P4 impregnated sponges for the reproductive management
in sheep (Contreras-5olis et al., 2009; Abecia et al., 2012;
Fierro et al., 2013).

Prostaglandin F2a and its synthetic analogues (PG) are
potent luteolytic agents in ruminants (McCracken et al.,
1970), proposed for TAl previously (Fierro et al, 2013).
Despite of some authors suggest that PG could be bet-
ter than P4 based protocols due to the negative effects of
P4 on the ovulatory follicle (Gonzilez-Bulnes et al.,, 2005;
Berlinguer et al., 2007; Letelier et al., 2011), reproductive
outcomes when PG based protocols are used in TAl pro-
grams do not support this idea (Menchaca and Rubianes,
2004; Flerro et al, 2013). A short interval PG based pro-
tocol (two PG injections 7 d apart); that achieved highly
synchronized oestrus and ovulation time was proposed for
its use in TAl programs (Rubianes et al., 2003, 2004). How-
ever, low reproductive performance was obtained when
this protocol was applied and lower results were achieved
compared with P£4-eCG based protocols (Menchaca er al.,
2004; Olivera-Muzante et al.. 2011a.b; Vinoles et al, 2011:
Vilariho et al., 2017). This has been associated with an
altered hormonal profile during the early luteal phase, that
affect the follicular growth, determining lower ovulation
rate(OR), fertility and prolificacy(Fierroet al., 2011 ). Differ-
ent alternatives to improve this short-interval TAl protocol
such as reduction in the dose of PG, an increase in the inter-
val between PG injections (7-8 d). inseminating only the
ewes that showed oestrus behaviour after PG treatment
(Olivera-Muzante et al, 2011b), the inclusion of a GnRH
dose at Al moment (Olivera-Muzante et al, 2013), applying
a focus feeding between PG injection (Fierro et al, 2014),
or the inclusion of eCG at the second PG (Vilarifio et al.,
2017) were used, however, they have not been successful,
evidencing the needs for more research.

Based on the hypothesis that the extension of the inter-
val between PG injections may increase the time that
follicles destined to ovulate are exposed to adequate pro-
gesterone levels during its growth phase, improving the
reproductive performance of these PG based protocols
(Fierro et al., 201 3), recent studies reported that the admin-
istration of two PG 10, 12, 14 or 16 d apart. determined
different oestrus response and duration of the luteal phase,
that affected the functionality of the follicles. The protocols
based on two PG injections administered 14 or 16 d apart
(long interval) presented lower oestrus synchronicity but
better hormonal profile compared to 10 or 12 d (short or
mid interval respectively; Fierro et al., 2016). Furthermore,

the pregnancy rate after TAl was enhanced when 12, 14 or
16 d compared to 7 or 10 d interval PG protocol was used
(Fierro et al., 2017), possibly by the longer extension of the
luteal phase prior to mating, that was associated with a
better reproductive outcomes (Folman et al., 1973; Fairnie
et al, 1977; Loubser and van Niekerk, 1981

The aim of this study was to compare the ovarian and
reproductive response in randomly cycling ewes synchro-
nized with mid (12 or 13) or long (14, 15 or 16 d) interval
between PG and to a conventional P4-eCG based protocol,
after cervical TAl during breeding season. We hypothe-
size that long PG interval determine a better reproductive
performance than mid PG interval, and similar than the
conventional P4-eCG based protocol. To the best of our
knowledge this is the first report that proposes this com-
parison under the same experimental conditions.

2. Materials and methods

The experiment was carried out at Escuela Agraria "La
Carolina®, Flores, Uruguay (33° S — 57° W), during the
breeding season (April to June). The experimental proce-
dures were approved by the Animal Ethics Committee of
the Facultad de Veterinaria — Universidad de la Repiblica
(CUEA, Exp: 111400-000079-12).

21. Animals and nutrition management

Multiparous (older than 2.5 y old, and at least one par-
turition; n-440) Corriedale ewes were used. Ewes had a
moderate body condition score (3.1 £ 0.4, mean £ 5D; scale
0-5, Russel et al., 1969), and weighed 54.2+ 5.5 kg. Ewes
were maintained under field conditions grazing natural
pastures with 1956 kg DM available per hectare (6.7% CP
and 2.3 Mcal ME/kg DM) and with water ad libitum.

2.2, Experimental design

Eweswere balanced with regard to body condition score
and body weight, assigned randomly to six groups, and
then synchronized with two injections of PG (Delproste-
nate im, 160 g per injection, Glandinex™, Universal Lab,
Montevideo, Uruguay) administered 12, 13, 14, 15 or 16
d apart (PG12, PG13. PG14, PG15 and PG16 respectively)
orwith Medroxi-progesterone acetate impregnated intrav-
aginal sponges (MAP 60 mg; Syntex Lab,, Uruguay) take in
place for 14 d, with an im injection of eCG (380 IU; Novor-
mon 5000%; Syntex Lab., Uruguay) at sponge withdrawal
(P4-2CG). In order to reach the adequate Al time, using
the same semen and making the insemination randomly
between groups. each PG group received the first injection
on adifferent correlative d and the second PG at the samed
and time. The sponge withdrawal in ewes of P4-eCG group
was done & h later from second PG injection of the PG based
protocols (a schematic representation of the experimental
design is shown in Fig. 1).

2.3. Semen collection. evaluation and dilution

Semen was collected from nine Corriedale adult rams
(checked for normal breeding soundness) using an artifi-
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Fig 1. Experimental design, PGI2, PG13, PG14, PG15 and PGI6: ewes synchroniced with two doses of prostaglandin (PG: Delprostenate im: 160 pg per
dose) given 12, 13, 14, 15 or 16 d apart respectively, P4-2CG: ewes synchwonized with Medroxi-progesterone acetate impregnated sponges (MAP GDOmg)
inserted intravaginally for 14 d and eCG {380 IU im) after sponge withdrawal TAI [Day 0; cervical artificial insemination at fixed time with fresh pooled
semen. Ovanan-US; ovaran rons-recial vitrasonography on Day 8 fo evaluate ovulated ewes and ovulztion rate, Refurn fo service: assessed by painied
rams from Day 13-21. Abdominal-US; rans-abdominal witrasonography on Day G0 to evaluate pregrancy and profificacy.

cial vagina and assessed as described by Evans and Maxwell
{1987a). Two consecutive ejaculates from each ram were
collected, evaluated for approval and pooled according to
the individual sperm concentration, so that each ram con-
tributed with similar number of spermatozea to the pool.
Soon after pooling, the semen pool was extended with UHT
skim milk with antibiotics {Enrofloxacin 250mg/L) to the
final sperm concentration. Semen was assessed for pro-
gressive motility (80%) for approval for its use.

2.4, Artificial insemination

Cervical Al (Day 0) was performed using a specu-
lum equipped with a light source and an insemination
device (Walmur” Veterinary Instruments, Montevideo,
Uruguay) by two teams of technicians, as described by
Evans and Maxwell (19870). Ewes were inseminated ran-
domly between groups and technicians. The insemination
dose was 0.15 cc and contained 170 = 10° spermato-
roa, slowly released as deep as possible into the cervix.
Extended semen was maintained at room temperature and
protected from sunlight until Al. On the basis of previ-
ous reports describing ovulation and Al time, ewes were
inseminated at 564+ 1.5 h after second PG injection in all
PG groups (Acritopoulou-Fourcroy et al.. 1982; Fierro et al.,
2016, 2017)and 50 £ 1.5 h after sponge withdrawal (Evans
and Maxwell, 1987c).

2.5. Ovarian response, non-return and fertility rates
The percentage of ovulated ewes (ewes that ovulated

after treatment/total ewes x 100; OE), and OR (num-
ber of corpus luteum/ovulated ewe) were evaluated on

Day 8 by rrans-rectal ultrasonography (7.5MHz linear
array, ALOKA S5D-500, Overseas Monitor Corp. Ltd., Tokyo,
Japan), as described by Vifioles et al. (2010). The non-
return rate to service at Day 21 (ewes no returning to
service/total ewes = 100; NRR-21) was detected from Day
13-21 with Corriedale painted rams (3 rams/100 ewes).
Pregnancy rate | pregnant ewes/ total ewes* 100), prolificacy
(foetuses/pregnant ewes), and fecundity (foetusesftotal
ewes x 100) were evaluated on Day 60 by ultrasonography
with a 3.5MHz convex array trans-abdominal transducer
(ALOKA, Tokyo, Japan).

2.6. Starstical analyses

Data were analysed by logistic regression using the Gen-
mode procedure in SAS (SAS 9.2V; SAS Institute Inc., Cary,
NC, USA), considering a binary response (0and 1 or =1) and
protocol of synchronization as the explanatory variable.
Data of OR and prolificacy are presented as means+5D;
OE, NRR-21, pregnancy and fecundity are presented as per-
centage. Differences were considered significant if P< 0.05.

3. Results

Similar percentage of OE were observed among groups
(97.2, 100, 97.4, 98.6, 100 and 98.6%: PG12, PG13, PG14,
PG15. PG16 and P4-eCG respectively: P> 0.05), however,
P4-eCG achieved higher OR(P < 0.05) compared to PG based
protocols, withourt differences among them (P> 0.05). The
NNR-21, pregnancy and fecundity of PG15, PG16 and P4-
eCG were higher than PG12 and PG13 groups (P<0.05;
Table 1). No differences were found in these variables
among PG15, PG16 and P4-eCG or between PG12 and
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Table 1

Reproductive performance in multiparous Corriedale ewes synchronized with two prostaglandininjections administered 12 or 13 d (mid interval} or 14-16
d apart (long interval protocals), or progestagens plus eCG based protocol for cervical timed Al with fresh pooled semen,

Group () OR NRR-21 Pregnancy Prolificacy Fecundity
PGI2(73) 1.54 40,65 4257 397= 13140543 5213
PG13(75) 1.50 40,60 440: an.0: 12040413 4810
PC14(76) 165+0.622 500 4874 1404050 6843
PG15(70) 1.58 £0.65° 64.3% 2,05 134048 8430
PG16G(72) 1.57 +0,50° 507k 50,78 1.30+0.46% 77,8
P4-eCG (74) 1.88+0,67" 703 6.2 145+ 0,54 05,0

Groups PG12, PG13, PG14, PG15 and PG1G; ewes synchronized with two doses of prostaglandin (PG: Delprostenate im 160 g per dose) given 12, 13, 14,
15 or 16 d apart respectively, and timed Al at 56+ 1.5h after second PG dose. P4-eCG: ewes synchronized with Medroxi-progesterone acetate impregnated
intravaginal sponges (MAP G0mg for 14 d) plus eCG (380 IU im) at sponge withdrawal, and then inseminated at 50 + 1.5h. OR: ovulation rate {number
of corpus luteum/ovulated ewe) measurement by rans-rectal ulirasonography on Day 8 (Day 0 =cervical timed Al). NRR-21: non-retum rate to service
between Days 13 and 21 assessed by painted rams {ewes no returning to serviceitotal ewes « 1007}, Pregnancy rate (pregnant ewes/total ewes » 100},
Prolificacy (foetuses/pregnant ewes), and Fecundity {foetuses/total ewes » 100) evaluated on Day G0 by trans-abdominal ultrasonography. Data of OR and
Prolificacy are presented as means +50; OF, NRR-21, Pregnancy and Fecundity are presented as percentage. * vs, ¥ in the same column; P< 0,05,

PG13 groups (P> 0.05). Group PG14 achieved intermediate
results compared to the other groups (P>0.05). No dif-
ferences were found on prolificacy among groups, except
PG13 who was lower compared to P4-eCG group (P< 0.05).

4. Discussion

The hypothesis that long PG intervals determine bet-
ter reproductive performance in ewes after cervical TAl
than mid interval, and similar as P4-eCG based protocol
was partially accepted. Long PG interval determined higher
NRR-21, pregnancy and fecundity compared to mid inter-
val, and similar reproductive rates compared to P4-eCG.
However, OR was higher in P4-eCG treated ewes, but no
significant differences in OE or prolificacy were observed
among groups. In our knowledge, thisis the first report that
validates the use of PG based protocols as a feasible alter-
native to P4-eCG for cervical TAl in sheep, with acceptable
reproductive outcomes.

Long PG interval (15 and 16 d) determined a higher
MRR-21, pregnancy and fecundity rates compared to mid
interval protocols (12 and 13 d). The differences in fertility
between intervals are already evident at Day 21, therefore
were generate prior to or at the time of maternal recog-
nition. These results supported the hypothesis suggested
by Fierro et al. (2013 ) that increasing the interval between
PG injections may be a possibility to enhance the time that
follicles destined to ovulate are exposed to adequate pro-
gesterone levels during its growth phase, improving the
reproductive performance of short and mid interval PG
based protocol. Higher fertilization rates were reported
when the interval between PG injections was increased
from 8 to 14 d (Fairnie et al., 1977) and from 9 to 11 d
(Greyling and van der Westhuysen, 1980a). Furthermore,
an extra P4 source provided by anintravaginal impregnated
device 8 d before the PG injection increased the number
of ewes in oestrus and the pregnancy rate compared with
untreated ewes (Loubser and van Niekerk, 1981). In this
sense, Cuadro et al. (2016) improved oocyte viability and
embryo quality when a 7 d PG protocol was supplemented
with progesterone during the follicular development of the
Wave 1, at embryo transfer programs in sheep. On the other
hand, Hawk and Cooper (1977) found that the number of
spermatozea in the uterine horn was increased in ewes

treated with a 16 d in comparison with a 10 d PG inter-
val, also suggesting alterations in the sperm transport. The
interval between PG injections has been defined as critical
by Fairnie and Wales (1980) and other reports indicated
that it should not be reduced to less than 11 d (Greyling
and van der Westhuysen, 1980a), or 13 and 14 d (Fairnie
et al., 1976, 1978), if satisfactory fertility at TAI want to
be assured. Nevertheless, all these reports take into con-
sideration the estrus cycle phase of the ewes when the
first PG injection was given, making sure to injected ewes
in the luteal phase, and not randomly cycling ewes as in
our experiment, which seems somewhat more common
to occur under field conditions. In previous reports of our
group. the use of protocols with 14 or 16 d between PG
injections (long interval), showed lower estrus synchronic-
ity but better hormonal profile compared to short (10d) or
mid (12 d) PG interval (Fierro et al.,, 2016), and reached
better NRR-21, pregnancy and fecundity at cervical TAl
compared to short interval (7 or 10 d; Fierro et al.,, 2017).
The higher levels and numbers of d with elevated proges-
terone observed in long PG interval prior to mating, but
not after this moment (Fierro et al., 2016), may be respon-
sible for the greater conception and fertility rates observed
(Folman et al., 1973; Fairnie et al,, 1977; Loubser and van
Niekerk, 1981). The alteration of the steroidogenesis in
ewes from short and mid PG interval (lower progesterone
and estradiol levels compared to long interval PG; Fierro
et al, 2016), affects oocyte development and transport, fer-
tilization rate and early embryo development in sheep and
cattle, reinforcing the importance of the hormonal milieu
during the follicular phase to support early embryo dewvel-
opment (Gustafsson and Pléen, 1986; Greve et al., 1995;
Gonzilez-Bulnes et al., 2005; Garcia-Palencia et al., 2007;
Sosaetal., 2008). Finally, it is possible that the second PG in
long intervals (15-16 d apart) may be apply in some ewes
that are having a natural luteolysis and oestrus, biasing the
results. However, this should not be seen as something to
avoid, because it might increase the pregnancy at TAL In
summary, the progesterone and estradiol profiles observed
when a long interval (no lower than 15 d) is used in a TAl
program improve the overall reproductive outcome of the
PG based protocols.

Long PG interval (15 and 16 d) determined simi-
lar reproductive outcome at TAl compared to P4-eCGC
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based protocol, achieving these protocols acceptable
results considering the insemination way used (Le Roux,
1976; Gordon, 1983; Abecia et al., 2012). Different stud-
ies reported information about the reproductive rates
obtained following PG or P4 based protocols in sheep
{Fierro et al., 2013). Most of the reports apply the first
PG injection during the luteal phase, not using randomly
cycling ewes as in our experiment. Boland et al. (1978a)
using a 9 or 14 d PG interval with natural mating, reached
a pregnancy rate numerically lower, but not significantly
different compared to a P4 based protocol (with or without
eCG in both protocols). Greyling and van der Westhuysen
{1980b,c), inseminating after detected estrus, obtained
lower or similar pregnancy and fecundity rate using a 9
or 10 d PG interval compared to the P4 based protocol
(without eCG). With TAL a 10 d PG interval had a similar
fertility, prolificacy and fecundity than a P4 based protocol
{without eCG; Greyling and van der Westhuysen, 1980c);
but 7 (Olivera-Muzante et al., 2011a; Vifoles et al., 2011)
or 11 d interval PG had lower reproductive outcome than
a P4-eCG based protocol (Boland et al., 1978b). However,
Acritopoulou-Fourcroy et al. {(1982) using a 12 d PG inter-
val and inseminating at fixed time 56 h after second PG
injection, reach higher fertility and similar fecundity than
P4-eCG based protocol. To sum up, when the stage of the
estrous cycle at the moment of the first PG in unknown, the
use of a long PG interval (as least 15 d between PG injec-
tions) is necessary to equate the reproductive outcome of
P4-eCG based protocol after cervical TAI with fresh semen.

Finally, without differences in OE, OR was higher in
P4-eCG based protocol, but no significant differences in
prolificacy were observed between PG or P4-eCG based
protocols. The OE was high in all groups, validating the pro-
tocols used to induce ovulation (Abecia et al,, 2012; Fierro
etal,2017). The moment when the second PG injection was
given in our experiment (mid or late luteal phase) does not
appear to have an effect on the OR or in prolificacy. Some
authors argue that follicular dominance during the mid
luteal phase is lower than observed in the late luteal phase,
probably explained by development of a pre-ovulatory fol-
licle with a lower steroidogenic capacity, which maintained
FSH concentrations above the threshold to stimulate the
selection of multiple ovulatory follicles from a single fol-
licular wave (Letelier et al., 2011). However, in a previous
report with similar experimental conditions, no differences
in OR and prolificacy were observed in ewes induced to
ovulate during early, mid or late luteal phase (Fierro et al,,
2017}, confirming the present results. On the other hand,
the inclusion of an average dose of eCG (380 Ul) at the end of
the P4 based protocol, with its FSH and LH activity ( Gordon,
1999; Abecia et al, 2012), determines the growth and
ovulation of follicles of more than one ovulatory wave. Con-
sequently, a higher OR with the P4 protocol and this eCG
dose is expected (Boland et al., 1979). In spite of this, similar
prolificacy was obtained in P4-eCG and PG based proto-
cols, with similar percentage of reproductive failure or
embryo-foetus losses between protocols. The high molec-
ular weight and long half-life in blood of eCG (Menchaca
and Rubianes, 2004) could lead to an increased estradiol
production of the ovulatory follicles {Barret et al., 2002},
improve the development of follicular cysts (Vifioles et al,,

2001}, and achieved a higher percentage of unfertilized or
degenerate embryonic structures in embryo transfer pro-
grams {Kelly et al., 1997; Olivera et al., 2001 ). In addition,
the possibility of ovulation of aged follicles when long P4
protocols are used (Ungerfeld and Rubianes, 1999; Vifioles
et al., 2001), could lead to the development of oocytes and
embryos with lower quality, determining higher reproduc-
tive failures, which could explained the higher OR but the
similar prolificacy observed in the present study.

5. Conclusion

Under this trial conditions, long interval between PG
injections (15 or 16 d) determined better reproductive out-
come that mid interval (12 or 13 d), equating the P4-eCG
based protocol after cervical TAI with fresh semen during
the breeding season in sheep.
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6. DISCUSION GENERAL

La hipoétesis general planteada de que intervalos de mayor duracion entre las
dosis de PG determinarian diferencias en la respuesta estral, desarrollo folicular
ovarico, y niveles plasmaticos de progesterona y estradiol, conllevando a obtener
mejores resultados reproductivos que intervalos de menor duracién, y similares a un
protocolo basado en P4-eCG, fue parcialmente aceptada. La administracion de dos
dosis de PG a intervalos cortos (10 dias), medios (12 dias) o largos (14 y 16 dias)
determino diferencias entre ellos en la concentracion de progesterona y estradiol, y
en la respuesta estral hasta las 96 horas luego de administrada la segunda dosis de
PG. EI NRR-21, la fertilidad y la fecundidad a la IATF de protocolos de intervalos de
larga duracion entre dosis de PG (15 y 16 dias) fueron mayores respecto a intervalos
cortos (7 y 10 dias) o medios (12 y 13 dias), logrando resultados similares a un
protocolo de P4-eCG. Sin embargo, los cambios morfoldogicos de los foliculos pre-
ovulatorios, los intervalos PG-estro y PG-ovulacion, la TO y la prolificidad fueron
similares en los protocolos de PG evaluados.

Intervalos mas prolongados entre la administracion de las dosis de PG
determinaron un incremento en la fertilidad y fecundidad en servicios de IATF,
respecto a protocolos de menos dias de separacion entre dosis (Fierro et al., 2017,
Fierro y Olivera-Muzante, 2017). La fertilidad obtenida estuvo relacionada a los
perfiles hormonales observados (Fierro et al., 2016). La mayor concentracion de
progesterona y la cantidad de dias con progesterona alta previo al servicio en los
protocolos de 14 y 16 dias entre dosis de PG (Fierro et al., 2016), podrian ser los
responsables de la mayor fertilidad observada con estos intervalos largos (Loubser y
van Niekerk, 1981, Fairnie et al., 1977, Folman et al., 1973). A pesar de la alta
respuesta estral y sincronia del momento de ovulaciéon (Fierro et al., 2016, 2011,
Menchaca et al., 2004, Rubianes et al., 2003), el uso de intervalos cortos (7 y 10
dias) resultdé en una fertilidad inferior a la IATF (Fierro et al., 2017). Bajas
concentraciones de progesterona durante la fase luteal del ciclo estral previo al
servicio han sido asociados a alteraciones en la funcidén esteroidogénica de los
foliculos pre-ovulatorios (Fierro et al., 2016, Coleman y Dailey, 1983), lo cual podria

afectar el desarrollo y transporte de los ovocitos, la tasa de fertilizacion y el
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desarrollo embrionario temprano (Fierro et al., 2011, Gonzalez-Bulnes et al., 2005,
Greve et al., 1995, Ashworth et al., 1989, Gustafsson y Ploen, 1986, Folman et al.,
1973), disminuyendo la fertilidad y la fecundidad (Fierro et al., 2017, 2016, 2011,
Folman et al., 1973).

A pesar de no observarse diametros foliculares finales significativamente
diferentes entre los foliculos pre-ovulatorios de los intervalos de PG comparados, se
registraron diferentes concentraciones de estradiol secretadas por ellos. Los foliculos
pre-ovulatorios de las ovejas sincronizadas con protocolos de mayor extension entre
las dosis, produjeron mayor cantidad de estradiol que los foliculos de los protocolos
de intervalo medio (Fierro et al., 2016). El crecimiento final del foliculo esta
relacionado con la frecuencia de pulsos de LH, la cual es negativamente regulada por
la progesterona (Ginther et al., 1995). A pesar de que la frecuencia de pulsos de LH
no fue evaluada, se observaron diferencias en las concentraciones de progesterona y
en el nimero de dias con niveles superiores a 3,18 nmol/L (a favor de los protocolos
largos), por tanto se esperaria en ellos menor frecuencia de pulsos de LH y pon ende
diferente crecimiento folicular. La secrecion de estradiol por los foliculos esta
asociada a la frecuencia de pulsos de LH (Vinoles et al., 1999, Stock y Fortune,
1993, Sirois y Fortune, 1990), reforzando esto la existencia de diferencias
fisiologicas en los foliculos dominantes entre los grupos comparados, sin poder
determinarse diferencias morfologicas mediante ultrasonografia. Los didmetros
similares de los foliculos pre-ovulatorios observados entre protocolos, y la menor
produccion de estradiol de los foliculos de ovejas de los protocolos de 10 y 12 dias
de intervalo, podrian indicar una capacidad esteroidogénica alterada (White et al.,
1987). Esto ha sido descrito como consecuencia de inadecuados niveles previos de
progesterona (Deaver et al., 1986, Coleman y Dailey, 1983), y de una menor
cantidad de receptores a LH en las células de la granulosa (McNatty et al., 1984).

La alteracion de la esteroidogénesis observada en los grupos de 10 y 12 dias de
intervalo entre las PG (menores concentraciones de progesterona y estradiol
comparado con grupos de mayores intervalos), ha sido previamente relacionada a
alteraciones en el desarrollo y transporte del ovocito, la tasa de fertilizacion y el

desarrollo embrionario temprano en vacas (Greve et al., 1995, Gustafsson y Ploen,
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1986). El estradiol induce el desarrollo de las células secretoras del oviducto, lo cual
afectaria la fertilizacion y el desarrollo embrionario temprano (Nancarrow y Hill,
1995, Murray, 1992), y menores concentraciones de estradiol han sido asociadas a
una disminucidén en la tasa de fertilizacion en ovejas con estros sincronizados
(Gonzalez-Bulnes et al., 2005). Ademads, las concentraciones de progesterona y
estradiol regulan la expresion génica de sus receptores en el utero (Ing y Ott, 1999,
Ing et al., 1996, Clark y Mani, 1994), y previamente ha sido sugerido que las fallas
reproductivas en ovejas sincronizadas con progestagenos, podrian estar relacionadas
a una disminucién en la expresion génica de receptores de progesterona y estradiol
(Garcia-Palencia et al., 2007). Es posible que estas alteraciones observadas cuando
los progestagenos son utilizados para la sincronizacién de estros, hayan contribuido a
los resultados reproductivos obtenidos por las ovejas de los protocolos de corta y
media duracién entre las dosis de PG (Fierro et al., 2017, 2016). Sin embargo, para
determinar las causas de esta alteracion de la funcion esteroidogénica de los
foliculos, deberian realizarse estudios morfologicos y funcionales de los mismos, asi
como de calidad de los ovocitos y los embriones generados.

Reportes previos han demostrado una mejora de la fertilidad cuando se
incrementa el intervalo entre las dosis de PG (Fairnie y Wales, 1980, Greyling y van
der Westhuysen, 1980b, Fairnie et al., 1978, Greyling, 1978), sin embargo esos
trabajos evaluaron diferentes intervalos entre las dosis, aplicando la primera dosis en
ovejas en fase luteal definida, utilizaron diferentes métodos y momentos de servicio
(monta natural, estro detectado y/o IATF), y diferentes formas de evaluar la fertilidad
obtenida (tasa de fertilizacion, no retorno al estro, desarrollo de ubre), respecto a la
metodologia utilizada en la presente tesis. A pesar de las diferencias metodologicas
mencionadas, la relacion positiva entre un mayor intervalo en dias entre las dosis de
PG y la mejora de los resultados reproductivos, fue observada nuevamente. El
intervalo entre las dosis de PG ha sido reportado como critico por Fairnie y Wales
(1980), y otros autores han indicado que no deberia ser menor a 11 dias (Greyling y
van der Westhuysen, 1980b) o a 13 - 14 dias (Fairnie et al., 1978, 1976), para
alcanzar adecuados resultados reproductivos. En resumen, el uso de protocolos de

mayor duracidon entre las dosis de PG determina una mejora de los resultados
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reproductivos luego de la deteccion de estros (Fierro et al., 2016), o a la IATF (Fierro
et al.,, 2017, Fierro y Olivera-Muzante, 2017), relacionado esto a un ambiente
hormonal mas favorable durante el desarrollo folicular. Cuando no se conoce el
momento del ciclo estral de las ovejas al aplicar la primera dosis de PG, el menor
intervalo entre las dosis para utilizar el estro inducido hormonalmente con éxito seria
de 15 dias, lo cual aseguraria una duracién minima necesaria de la fase luteal previa
al servicio, como para generar niveles y perfiles de progesterona adecuados, y
obtener resultados reproductivos aceptables.

El uso de protocolos de PG con intervalos largos entre las dosis determin6
una menor concentracion de los estros, observandose estros previos a la
administracion de la segunda PG (Fierro et al., 2016). Esto seguramente es debido a
lo extenso del intervalo entre las dosis, lo cual podria estar determinando que algunas
ovejas presenten lutedlisis natural. A pesar de ello, cuando el servicio es realizado
mediante [IATF (sin detecciéon de estros), los resultados reproductivos de los
protocolos de 15 y 16 dias fueron superiores a los intervalos medios y cortos, y
similares al protocolo P4-eCG. Esto indicaria una mayor fertilidad en los
mencionados protocolos, que podria estar determinado también por una mayor
proporcion de ovejas en estro “espontaneo”, a pesar de estar inseminando menos
ovejas en el momento 6ptimo de inseminacion. En suma, el extenso intervalo entre
dosis de PG (15 y 16 dias) podria llevar a la ocurrencia de lutedlisis natural en un
porcentaje de ovejas con la consiguiente mejora de la fertilidad a la IATF.

El intervalo entre la administracién de la PG y el inicio del estro ha sido
asociado con la edad del CL (Houghton et al., 1995) y con el estatus folicular de cada
oveja al momento de la administracion de la PG (Vinoles y Rubianes, 1998). Sin
embargo, los intervalos PG-estro y PG-ovulacion fueron similares entre los
protocolos comparados (Fierro et al., 2016), respaldados por una similar tasa de
disminuciéon de progesterona observada en todos los grupos luego de la
administracion de la segunda PG (Fierro et al., 2016). Una duraciéon similar en el
intervalo PG-ovulacion luego de la administracion de dos dosis de PG separadas 8 o
14 dias también ha sido reportada previamente (Fairnie et al., 1977). Existen diversos

reportes, bajo diferentes condiciones experimentales, que han evaluado el intervalo
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PG-estro aplicando dos dosis de PG separadas 7, 9, 10 u 11 dias (Fierro et al., 2013),
no obstante, intervalos de mayor duracion como por ejemplo de 14 o 16 dias entre
dosis, no han sido evaluados bajo las mismas condiciones experimentales como en el
actual estudio, de alli el interés de incluirlos. Sin embargo, es posible que el disefio
experimental planteado en el presente trabajo no fuera el mas apropiado para detectar
diferencias entre los grupos en estas variables, debido al intervalo de tiempo en que
fueron realizadas las observaciones (cada 12 horas). A pesar de ello, los resultados
obtenidos en esta tesis permitieron definir un momento adecuado de inseminacion
con semen fresco (56 horas pos segunda PG; Fierro et al., 2016) para los grupos
evaluados a la IATF (Fierro et al., 2017, Fierro y Olivera-Muzante, 2017). Estas
posibles diferencias en los intervalos PG-estro y PG-ovulacién parecerian no ser
inconveniente si es utilizado semen fresco en la 1A, sin embargo podrian ser factor de
disminucion de fertilidad en caso de uso de semen preservado debido a su menor
vida media en el tracto reproductivo (Salamon y Maxwell, 2000), lo cual conllevaria
a la necesidad de realizar més estudios para determinar horas de inseminacion
Optimas para semen preservado.

Los intervalos medios y largos utilizados en la presente tesis determinaron
que al momento de la segunda PG, la edad del CL de las ovejas que respondieron a la
primera dosis varie entre 7 y 14 dias (fase luteal media o tardia), siendo sensibles a la
accion luteolitica de la PG (Contreras-Solis et al., 2009, Rubianes et al., 2003,
Houghton et al., 1995). Esto conllevé a que todos los protocolos en base a PG
evaluados presentaran un similar y elevado porcentaje de ovejas que ovularon pos
tratamiento (Fierro et al., 2017, 2016). Aun existiendo diferencias en la funcionalidad
folicular durante la fase folicular previa, el o los CL generados tuvieron una vida
media normal luego de la administracion de la segunda PG en todos los intervalos
comparados (Fierro et al., 2016, 2011). Estos resultados, sumados a la mejor
fertilidad obtenida por los intervalos largos, refuerzan la importancia del ambiente
hormonal durante la fase folicular previa a la ovulacion sobre la calidad del ovocito y
sobre el ambiente uterino, asi como para el desarrollo embrionario temprano (Garcia-
Palencia et al., 2007, Gustafsson y Ploen, 1986). La deficiencia esteroidogénica pre-

servicio de protocolos cortos y medios no pudo ser revertida por la presencia de
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niveles fisiologicos de progesterona durante la fase luteal media posterior a la
ovulacion.

En cuanto a la TO y la prolificidad, ambas son variables con resultados
contradictorios en ovinos cuando se utilizan protocolos en base a PG (Fierro et al.,
2013). En los presentes trabajos no se detectaron diferencias en TO entre los
protocolos comparados, resultados diferentes a los esperados, ya que ha sido
reportado un incremento en la TO cuando la PG es administrada en la fase luteal
media (Letelier et al., 2011, Bartlewski et al., 1999, Gibbons et al., 1999). El nimero
de ovejas utilizadas para evaluar esta variable, podria ser una limitante para emitir
conclusiones contundentes de la misma.

Respecto a la comparacion de los protocolos de PG con el de P4-eCG, los
protocolos con 15 o 16 dias de intervalo entre las dosis de PG obtuvieron, a
excepcion de la TO, resultados reproductivos similares al protocolo P4-eCG (Fierro
y Olivera-Muzante, 2017). No fue posible encontrar en la literatura comparaciones
de protocolos con 15 o 16 dias de separacion entre las dosis de PG y un protocolo en
base a P4-eCG. En términos generales, y teniendo en cuenta las diferencias
metodoldgicas utilizadas, los reportes previos existentes de comparacidon entre
protocolos en base a PG y P4-eCG sefialan mejores resultados con el uso de P4-eCG,
independientemente del intervalo entre dosis de PG utilizado (Olivera-Muzante et al.,
2011b, Vifoles et al., 2011, Boland et al., 1978a, 1978b). Ha sido sugerido un efecto
nocivo de los tratamientos largos con progestagenos sobre los foliculos pre-
ovulatorios (Vifioles et al., 2001, Ungerfeld y Rubianes, 1999), con alteraciones en la
calidad de los ovocitos y en el desarrollo embrionario (Berlinguer et al., 2007,
Gonzalez-Bulnes et al., 2005). También se han descrito efectos negativos del uso de
la eCG sobre la calidad de los foliculos, ovocitos y tasa de fertilizacion (Olivera et
al., 2001, Kelly et al., 1997), conllevando al desarrollo de ovocitos y embriones de
inadecuada calidad y por ende a un deterioro de la fertilidad y prolificidad, lo cual
podria explicar la TO superior pero la prolificidad similar del protocolo P4-eCG
respecto a los protocolos de PG empleados. Los presentes trabajos indican que los
protocolos largos de PG (intervalos de 15 y 16 dias) permitirian al menos igualar los

resultados de fertilidad, prolificidad y fecundidad de un protocolo de 14 dias de P4
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con adicion de eCG, generando una alternativa mas practica en su implementacion a
campo, menos costosa y con menos residuos ambientales o tiempo de espera.

Los disefios experimentales utilizados en esta tesis, permitieron una mayor
comprension de los efectos causados por diferentes intervalos entre dosis de PG, en
ovejas bajo similares condiciones experimentales. En concreto, todos los protocolos
de PG determinaron una buena respuesta estral, generando los de menor intervalo
entre las dosis una presentacion de estros mas sincronica. Los protocolos de mayor
intervalo entre las dosis de PG (15 y 16 dias) generaron ambientes hormonales maés
favorables, conllevando a mejores resultados reproductivos, y equiparando los
obtenidos con un protocolo en base a P4-eCG. Los resultados de esta tesis indican
que el uso de protocolos en base a dos dosis de PG para IATF con semen fresco, es
una alternativa valida de aplicacion durante la estacion reproductiva en nuestros
sistemas de produccién. Se sugiere que cuando no se conoce el momento del ciclo
estral de las ovejas al aplicar la primera dosis de PG, el menor intervalo entre las
dosis de PG para utilizar el estro inducido hormonalmente sea de 15 dias, el cual
aseguraria una duracion minima necesaria de la fase luteal previa a la inseminacion,
como para generar niveles y perfiles de progesterona adecuados y obtener aceptables

resultados reproductivos.
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7. CONCLUSION

En nuestras condiciones de experimentacion los protocolos de intervalos
largos (15 y 16 dias), obtendrian mejores resultados reproductivos en programas de
IATF via cervical con semen fresco, respecto a intervalos cortos o medios entre las

dosis de PG, e igualarian reproductivamente a un protocolo en base a P4-eCG.

52



8. IMPLICANCIAS PRACTICAS

En nuestro conocimiento estos trabajos son los primeros reportes que logran
validar el uso de protocolos en base a PG para IATF en ovinos, obteniendo
resultados que equiparan a los tradicionales protocolos de P4-eCG. Esta informacion
genera una nueva opcion para el manejo reproductivo de la majada durante la
estacion reproductiva, siendo mas econdémica y con menos implicancias practicas.
Genera ademds nuevas opciones para el uso del estro inducido por las PG (pre-
sincronizaciones y sincronizaciones), y su asociacion con servicios a campo o IA a
estro detectado. Es importante remarcar que el éxito de estas herramientas de manejo
reproductivo se basa en su aplicacion en animales aptos para la reproduccion, con
manejos nutricionales (estado corporal, suplementacion pre-servicio y pre-parto),
sanitarios (control de parasitosis y afecciones podales) y aplicacion de
recomendaciones adecuadas (correcta eleccion de época de servicio, uso de la
informacion aportada por la ecografia, abrigos a la paricidon), que potencien los

beneficios de la concentracion de estros y por ende de las pariciones.
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10. ANEXOS: EFFECTS OF PROSTAGLANDIN ADMINISTRATION ON
FOLLICULAR DYNAMICS, CONCEPTION. PROLIFICACY AND
FECUNDITY IN SHEEP
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RESUMEN

Dos experimentos fueron realizados para determinar los efectos de la
administracion de PG sobre la dindmica folicular, concepcion, prolificidad y
fecundidad en ovejas. Durante la estacion reproductiva, ovejas Corriedale multiparas
fueron asignadas aleatoriamente a dos grupos: 1) Grupo PG (n= 15 y 135,
Experimento I y II respectivamente): sincronizadas con dos inyecciones de DL-
Cloprostenol (125 ug) administradas a un intervalo de 7 dias e inseminadas a tiempo
fijo (Dia 0), 48 horas luego de la segunda PG; y 2) Grupo Control (n= 15 y 73,
Experimento I y II respectivamente): ovejas en estro espontaneo inseminadas a estro
detectado. La IA fue realizada via laparoscopica con una dosis seminal conteniendo
100 x 10° espermatozoides. Se evalué el crecimiento del foliculo pre-ovulatorio, la
TO, concepcion y prolificidad al Dia 30 y 60 mediante ultrasonografia. Las ovejas
del grupo PG presentaron un foliculo pre-ovulatorio de mayor tamafio (4,8 = 0,5 mm,
media + SEM; P<0,05) con mayor tasa de crecimiento (1,2 + 0,3 mm/dia; P=0,08) y
menor TO (1,37 = 0,1; P<0,05) comparadas con el grupo Control (3,9 + 0,2 mm, 0,7
+ 0,2 mm/dia y 1,61 = 0,1 respectivamente). Las concentraciones plasmaticas de
progesterona entre los Dias -6 a 1 fue menor en el grupo PG (P<0,05), pero la
concentracion de estradiol fue similar entre grupos (P> 0,05). La concentracion de
progesterona fue similar entre grupos durante la fase luteal temprana y en los Dias 12
y 17 (P>0,05). La tasa de recoleccion embrionaria (Dia 7) tendié a ser menor en el
grupo PG (39 vs 64%; P=0,08), pero la calidad embrionaria fue similar entre grupos.
La concepcion, prolificidad y fecundidad fueron menores en el grupo PG respecto al
grupo Control (P<0,05). Las pérdidas reproductivas acumuladas fueron similares
entre grupos, pero una mayor cantidad de gestaciones dobles se perdieron en el grupo
PG (P<0,05). Se concluydo que en ovejas sincronizadas con dos dosis de PG
separadas 7 dias, los menores resultados reproductivos estuvieron asociados a bajas
concentraciones de progesterona que determind un mayor crecimiento del foliculo
pre-ovulatorio, y esto fue asociado a menor TO, concepcion, prolificidad y
fecundidad.
Palabras clave: foliculo ovulatorio, inseminacion artificial a tiempo fijo, pérdidas

embrionarias, fertilidad, oveja.
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Ahbstract

Two experiments were conducted to determine the effects of prostaglandin administration on ovarian follicular dynamics, conoep-
tion, prolificacy, and fecundity in sheep. During the breeding season, multiparous Corriedale ewes were randomly allocated 1o two
groups: 1) PG group (n = 15 and a = 135 in Experiments [ and I1, respectively): synchronized with two injections of DL-Cloprostenol
(125 pg) given 7 d apant, and inseminated o a fixed time (Day 0), 48 h after the second injection; and 2) Control group (a = 15 and
n = 73 in Experiments | and I): ewes in spontancous estrus inseminated at detected estrus. Ewes received 100 = 10° sperm by
intraviering Al. Ultrasonography was used 10 evaluale growth of the ovulatory follicle, ovulation rate (OR), conception raie, and
prolificacy on Days 30 and 60. Ewes from the group PG had a larger (4.8 = 0.5 mm, mean = SEM; P < (005) ovulatory follicle that
grew faster (1.2 = 0.3 mm/d, P = 0.08), and a lower OR (137 = 0.1, P < 0,05), compared 1o ewes from the Control group (3.9 =
0.2 mm, 0.7 = 0.2 mm/d, and 1,61 = 0.1 respectively). Plasma progesterone concentrations from Days —6 to | were lower in the PG
group (P < 0.05), but plasma estradiol concentrations were similar between groups (P = 0.05). Progesicrone concentrations were similar
between groups during the early luteal phase and on Days 12 and 17 (P > 0.05). The embryo recovery rale (Day 7) tended to be lower
in the PG group (39 vs 64%, P = 0.08), but embryo quality did not differ between groups. Conception, prolificacy and fecundity, were
lower in the PG than in the Control group (P < 0.03). Cumulative reproductive losses were similar betwieen groups, bul more (wins were
lost in the PG group (P < 0.05), We concludad that in ewes synchromzed with PGE,, given twice, 7 d aparl, lower reproductive
performance was assoctated with an environment dominated by lower progesterone concentrations that stimulated the preovulatory
follicle to grow faster and hecome larger; this wos associated with lower rates of ovalation, conception, prolificacy, and fecundity.
© 2011 Elsevier Inc. All nights reserved.

Kevwords: Ovulatory folhcle; Timed antificid insemination; Embeyo loss; Reproductive performance; Ewe

1. Introduction

Timed artificial insemination (TAI) i1s a practical
tool in genetic programs, but requires hormonal treat-

* Comesponding author, Tel.: + 598 (472) 41282; fax: + 598 (472)
27950,
E-mail address: sherrod3 @ gmail com (8. Ferro),

0093-691 X5 - see front matier © 2011 Elsevier Inc. All rights reserved.

doi: 10,1016/ theriogenology. 201 1.03.016

ments 10 ensure synchronized ovulation and acceptable
pregnancy rates. Until the development of a synchro-
nization protocol that included two injections of pros-
taglandin (PGF,,) 7 d apart (Synchrovine®), TAI of
ewes with PGF,, protocols was not viable [1,2]. Al-
though this protocol induced good synchrony of estrus
and ovulation, fertility was poor [3]. Despite substantial
reseaich to identify reproductive losses n ewes syn-
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chronized with PGF,,, the cause and timing of loss
remained unclear [4—8]. The poor fertility in PGF,_-
synchronized ewes was associated with alterations in
the steroidogenic capacity of the ovulatory follicle [9].
Steroids prepare the oviducts and uterus for fertilization
and embryo transport. inducing appropriate muscular
contractions to improve fertility [10,11].

Follicles induced to ovulate following PGF,,, treat-
ment developed into a CL that secreted less progester-
one (P4) [9], which may be mnsufficient to stimulate
embryo development and interferon tau production,
thereby compromising maternal recognition of preg-
nancy [12]. Conception and fertilization rates were of-
ten decreased in ewes synchronized with PGF,,,, com-
pared to the classical protocol of progestagens plus
eCG [4.5,13,14]: however. in other studies, fertilization
rates were not affected [15.16]. Data on the number of
embryos recovered and their quality were contradic-
tory. Mutiga and Baker [13] and Gonzalez-Bulnes et al
[16] reported similar recovery rates, conversely Schiewe
et al [17] reported reduced recovery rates in PGE,,-
treated ewes. Hawk [15] found no differences in em-
bryo quality (number of cells), whereas Gonzalez
Bulnes et al [ 16] reported a tendency for better viability
when ewes were synchronized with cloprostenol com-
pared to progestagens. It 1s noteworthy that consumers
worldwide are beginning to demand products that are
“clean, green and ethical™ [18]; due to its rapid meta-
bolism, PGF,, represented a better option than P4-
impregnated sponges for reproductive management of
sheep [19]. To promote its use, 1l is important to de-
termine the causes of poor reproductive performance
when PGF,,, 1s used in TAI programs.

In the present study, we tested the hypothesis that
synchronization with a PGF,,, analogue affects the ste-
roidogenic capacity of the ovulatory follicle, inducing
the development of a CL with reduced capacity to
produce P4. Decreased P4 during the early luteal phase
would reduce embryo quality and conception rate.
Therefore, the objective of this study was to evaluate
the effects of prostaglandin administration on ovarian
follicular dynamics, conception, prolificacy, and fecun-
dity in sheep.

2. Materials and methods

Two experiments were carried out at Escuela
Agraria La Carolina, Flores, Uruguay (33 S-57 W),
during the breeding season (March to Apnl. 2009).
These experiments were approved by the Animal Ethics
Committee of the Faculty of Veterinary Medicine.

2.1. Animals

Multiparous Corriedale ewes (= 2.5 y), in moderate
body condition (3.1 = 0.06 and 3.2 = 0.02. Experi-
ments | and Il respectively: scale 1 to 5 [20]) and
weighing 457 = 09 and 47 = 0.3 kg were used in
Experiments 1 and II, respectively.

2.2, Management

In both experiments, ewes grazed natural pastures
with = 1,000 kg dry matter available per hectare (8%
CP and 8.5 MJ ME/Kg dry matter). In Experiment [,
ewes were housed indoors at night with water available
ad libifum, to allow for a fasting period before collect-
ing the blood samples. thus avoiding the decrease in
circulating progesterone concentrations induced by
feed intake [21]. which could have varied among ani-
mals, depending on their grazing patterns.

2.3. Experimental design

Two expenments were conducted. In Experiment I,
with the objective to determine reproductive losses
from the beginning of the Synchrovine® protocol to
Day 7 (Day 00 = day of Al Fig. 1), plasma P4 concen-
trations (from Days —6 to 6), plasma estradiol concen-
trations (E2; 48 h before to the beginning of estrus),
ovulation rate (OR), and embryo quality (Day 7) were
assessed. Experiment 1 evaluated reproductive losses
between Day 0 and Day 60 of pregnancy (Fig. 1) by
measuring: plasma progesterone concentrations until
Day 17. OR, conception, prolificacy, and fecundity at
Days 30 and 60. In both experiments, ewes were ran-
domly assigned to a Control group (n = 15 in Exper-
iment I and n = 73 in Experiment 1T} and a prostaglan-
din group (n = 15 in Experiment | and n = 135 in
Experiment II). In the Control group, ewes were pre-
synchronized with two injections of DL—Cloprostenol
im (125 pg each: Sincron®, Laboratorio, Uruguay S.A,
Montevideo, Uruguay), given 8 d apart, starting 27 d
before Al (Fig. 1). with the objective to increase the
number of ewes in spontaneous estrus at Day 0. In the
prostaglandin group (PG), ewes were synchronized
with two injections of DL—Cloprostenol im (125 pug
each). given 7 d apart (Synchrovine® protocol), start-
ing on Day —9 (Fig. 1).

Estrus was detected in all ewes every 12 h. using
Corriedale androgenized wethers (given 100 mg cyclo-
pentylpropionate, on three occasions, 7 d apant; Testos-
terona Ultra Fuerte®, Laboratorio Dispert S.A. Monte-
video, Uruguay), with marker paint, at a rate of six

wethers/ 100 ewes.
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Fig. 1. Overview of the experimental design, Control group: ewes pre-synchmnized with two injections of 125 pp DL-Cloprostencl (PG) im,
given 8 d spart, 27 d before Al (Day 0. PG group: ewes were synchroaized with two injections of DL-Cloprostenol im (125 ug), given 7 d apan
(Days —9 and —2). US Fol. growth: follicle growth assessed by transrectsl ulirasoaozraphy. ED, estrus detection; Al day of intranterine AL ER.
embryo fecovery by uterine Aushing: OR, ovulation mte measurement by ultrssosography on Day 7; US 30, US &0, conception, prolificacy and
fecundity evaluated by ultrisonography on Days 30 and 60; Shadow, blood samples (B) 1aken daily from Days —6 o 6 (Expeniment [) and on

Days 0, 5, 12, and 17 (Experiment 110

2.4. Blood collection and hormone assays

Blood sample were collected (into glass tbes with
heparin) by venipuncture of the jugular vein. In Expe-
riment I, blood samples were collected once daily
(morning) from Days —6 to 6 (Fig. 1). In Experiment
IL, blood samples were collected on Days 0 (25 ewes/
group), 5, 12, and 17 (57 ewes/group, Fig. 1). Ewes
selected for blood collection in the PG group in Exper-
iment I1, were those that demonstrated estrous behavior
on the day of TAL

Blood samples were kept at 5 °C until centrifuged
at 2100 g for 15 min: plasma was separated and
stored at —20 °C, pending assays. Plasma P4 and E2
concentrations were determined by radioimmunoas-
say (RIA). as described [22]. Progesterone concen-
trations were determined by a direct solid-phase RIA
(Diagnostic Products Corporation, Los Angeles, CA,
USA), with a sensitivity of 0.3 nmol/L. In Assay 1
(Experiment 1), the intra-assay coefficients of varia-
tion for low (2.5 nmol/L), medium (6.4 nmol/L) and
high (23.8 nmol/L) controls, were 13.5, 5.4, and
6.2%, respectively. [n Assay Il (Experiment 11), the
intra-assay coefficients of variation for low (2.5
nmol/L), medium (6.7 nmol/LL) and high (24.2
nmol/L) controls, were 134, 4.7, and 6.2%. Concen-
trations of 17 estradiol were determined by a liquid
phase RIA (DPC) in samples collected from 48 h
before to the beginning of estrus, and were analyzed
in duplicate in the same assay. The sensitivity of the
assay was 3.6 pmol/L. The intra-assay coefficients of
varation for low (6.0 pmol/L) and high (21 pmal/L}
controls, were 22.3 and 3.7%, respectively.

2.5. Collection, evaluation, and dilution of semen

Three Comedale odults mms (verified breeding
sound) were used. Semen was collected using an arti-
ficial vagina, and evaluated as described [23]. Two
consecutive ejaculates from each ram were collected,
evaluated and pooled according to the individual sperm
concentration, so each ram contributed similar numbers
of sperm. The pool was extended with UHT skim milk
and 5% egg yolk with antibiotics. The dilution rate was
1 to 5 (volume of semen to extender).

2.6. Artificial insemination

Intrauterine Al was performed by laparoscopy
{Medil. Manitoba, Canada; and Karl Storz®, Hopkins,
Tutilingen, Germany) by two technicians, as described
[23]. Ewes were inseminated randomly between groups
and technicians. The insemination dose was 0.2 mL and
contained 100 % 10° sperm. Semen was maintained at
room temperature and protected from sunlight prior to
Al Ewes of the Control group were inseminated at
detected estrus, whereas ewes in the PG group were
mseminated at a fixed tme, 48 h alter the second
PGF;, injection (87% of ewes in the PG group were
detected in estrus prior to Al).

2.7, Uterine statiis

During Al uterine tone was recorded for each ewe
as: 1) poor (low contractility, that made it difficult to
stab the vterine homs with the aspic®); 2) normal
(normal contractility, the wterine horns were stabbed
with less difficulty); and 3) high (high contractility, the
uterine homs were easily stabbed),
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2.8. Embrvo recovery and classification

In Experiment 1. embryos were collected by flushing
the uterus on Day 7. During the procedure, ewes were
maintained under general anesthesia using a combina-
tion of acepromazine maleate (Prequillan®, Laboratorio
Fatro, Uraguay, 10 mg/ml.) and xylazine im (Seton®, Labo-
ratorio Calier, Urnguay, 20 mg/mL), and acepromazine
maleste - ketamine 1v (Vetanarcol®, Laboratorio
Kdénig, Uruguay. 50 mg/mL).

An endoscopic surgical technigue was used to flush
the uterus from the utero-tubal junction to the uterine
homs [24]. The number and location of corpora lutea were
evaluated by laparoscopy, Then, an Adbocal® was in-
serted near the utero-tubal junction, kept fixed by the
operator’s fingers to avoid backilow, and 20 to 25 mL of
flushing medium were infused into each hom. A 9 FG
Foley® catheter was introduced into the uterine lumen
near the bifurcation of the homs and the medium collected
directly into a Petri dish. Embryos were recovered and
maintained in PBS-BSA 04% (Emcare® [ICPbio NZ
Laboratorio Syntex) at 38 °C. Embryos were visualized
with a siereomicroscope (Arcano 600& x 20-40), and
maintained separately by ewe in NUNC® dishes
(Bioniche®, Omntario, Canada) with DMPBS-BSA
04% (Laboratorio Nutricell) at room temperature,
pending evaluation and classification, The stage of em-
bryo development and its quality were determined as
described [25.26]. The scale used 1o classify the em-
bryos was: 1) excellent: 2) good; 3) poor: 4) degener-
ated, oocytes or 1-cell embryos (non-viable).

2.9 Ultrasonograpihy

In Experiment 1, ovulatory follicle growth was as-
sessed (both groups) by daily transrectal ultrasonogra-
phy from Days —Yto —1, using a 7.5 MHz linear array
transducer designed for examination of the human pros-
tate (ALOKA S8D-500, Overseas Monitor Corp. Lid.,
Richmond, BC, Canada), using the methodology de-
scribed by Vifioles et al [27]. The number, diameter and
relative position of all ovanian follicles with a diameter
of = 2 mm and CL on both ovaries were recorded
daily. The following follicle definitions were used in
this study: the day of emergence of the ovulatory fol-
licle was the day it was retrospectively identified at 2-3
mm in diameter; the diameter at emergence was defined
as the diameter (mm) measured al the day ol emer-
gence; and the day of maximum diameter was the day
after emergence that the ovulatory follicle reached its
maximum diameter. The growth rate was calculated as
the size difference from emergence to maximum size,
divided by the numbers of days it took to reach the

maximum size (mm/d). The lifespan of the ovulatory
follicle was calculated as the number of days from
emergence to the last measurement, the day before Al

Ultrasonographic examinations were done with ewes
restrained (standing position) in a metal cradle. Feces
were removed from the rectum and a lubricant gel was
introduced, o avoid damage (o the mucosa, and improve
contact between the transducer and the mucosa [27).

In Experiment Il, ovulation rate (OR = CLftotal
cyclic ewes) was evaluated on Day 7 in a sub-sample of
ewes from each group (n = 57) by transrectal ultra-
sonography. using a 7.5 MHz linear-array transducer.
Ewes selected for evaluation of OR in the PG group.
were those that demonstrated estrous behavior at Al
For evaluation of embryo losses, only Control ewes that
started estrous behavior the same day than ewes in the
PG group were used.

Conception (pregnant ewes/inseminated ewes™*100),
prolificacy (embryos/pregnant ewe) and fecundity (em-
bryos/inseminated ewe) on Days 30 and 60 was evaluated
by ultrasonography, using all ewes of Expenment [1 (n =
73 in the Control group and n = 135 in the PG group), On
Day 30, ultrsonography was performed transrectally, us-
ing a 7.5 MHz linear-array transducer. whereas on Day
60. it was done by transabdominal ultrasonography using
a 3.5 MHz, convex-array transducer.

2.10. Statistical analvses

Continuous data with repeated measurements, e.g..,
follicle growth and plasma concentrations of P4 and
E2, were compared by ANOVA, using the mixed pro-
cedure in SAS [28]. The model included the fixed
effects of group, day and their interactions. Ewe within
group was considered as the random effect. The cova-
riance was modeled to consider the correlation between
successive measurements of the same amimal. with the
option autoregressive order | (AR(1)). Progesterone
and E2 were analysed after log and log-1 transforma-
tion of the data, respectively.

Categorical data were analysed using the genmod
procedure in SAS. Ovulation rate (1, 2. or 3). concep-
tion (0 or 1), prolificacy (1, 2, or 3) and fecundity (0 or
1} were analysed after log transformation of the data
nnd assuming a binomial distribution. The fixed effects
in the model were group (PG and Control) and Day (7,
30, and 60) and their interactions. The effect of insem-
inating technician was included as a random effect. To
analyze embryo losses, ewes were allocated into 10
categonies, based on their reproductive outcome: 1)
ewes with OR = 1, prolificacy on Day 30 (P30) = 0
and prolificacy on Day (P60) = 0; 2) OR = 1, P30 =
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LPO=0:3)OR = 1.P30= L. P60 = 1: H OR =
2.P30=0,P60 = 0;5) OR = 2, P30 = 1, P60 = O
6)OR=2,P30=1P60=1;7I0R = 2, P30 = 2,
P60 = 0:8)OR = 2, P30 = 2, P60 = [: 9) OR = 2,
P30 = 2, P60 = 2; 10) OR = 3, P30 = 3, P60 = 3,

Reproductive looses were calculated as ewes that had
no losses (Total retention -TR- = equal OR as embryos
on Day 30 and 60), partial embryo losses (PL = higher
OR than embryos at either Day 30 -PL30- and 60 -PL60-)
or total embryo losses (TL = OR of | or 2 and absence of
embryos on Day 30 -TL30- or 60 -TL60-). The model
included the fixed effects of category, group and their
interactions. All values are presented as mean = SEM.
Differences were considered significant if P < 0.03,

3. Results
3.1, Hormonal concentrations and follicle growth

In Experiment I, plasma P4 concenirations were
lower (P < 0.05) in PG than in the Conirol ewes from
Day —6 to Day | but there were no significant differ-
ences during the early luteal phase (Days 2 to &; Fig. 2).

171 - Estradiol (pmol1.)

PG -

Progesterone (mmal/1,)
by
Diameter of Follicle (mm)

T T —— )
4 -5 4 -3-2-1 01 23 4 356

Day

Fig. 1. Plasma progesterne concentratinns () from Days —6 to
6, ovulatory follicle growth (== ===} and plasma estradiol concen-
trations relative 1o Al (Day 0), in ewes synchronized with DL-
Cloprostenol (s -PG group- n = 15) or sponiancous estrus (i
Control group- 1 = 135). Untransformed dota ame presented as
mesns = SEM, Plasma progesterone concentrations from Days —6 1o
1. and ovulstory follicle growth on Days —<2 and —1: P < 0,05,

BRE Y

-
=

Progesterone (nmolfl)

= i

Day

Fig. 3. Plusma progesterone concentrtions in sheep synchrunized
with DL-Cloprosteno] (=Q PG proup-) of in sponlanesis estris
(= Control group-b. Day 0= day of anificial insemination (e =
25fgroup). Days 5, 12, and 17 (n = 5T/group). Untmnsformed data
are presented a5 means + SEM.

In Experiment II, plasma P4 concentrations were
similar (P = 0.05) between groups on Days 0, 5, 12,
and 17 (Fig. 3).

Ewes from the PG group had a larger ovulatory
fiollicle at the last ultrasonographic examination (P < 0.05),
that reached a higher maximom diameter (P < 0.05),
because it tended to grow at a faster rate (P = 0.08)
compared 10 follicles in the Control group (Table 1),
Differences in ovulatory follicle diameter in ewes from
the PG group were not associated with a greater ste-
roidogenic capacity (P = 0.05; Fig. 2).

3.2. Ovulation rate, recovery rate, fertilization rate
and embrvo guality

Ovulation rate was lower in ewes synchronized with
PGF,, (1.37 = 0.1) compared to Control ewes (1.61 =
0.1; P < 0.05) in Experiment II. However, it was
similar between groups in Expeniment 1 (1.53 = 0.2 vs
1.79 = 0.1, PG vs Control respectively). The rate of
embryo recovery tended to be lower in the PG group
(30% ) compared to the Control group (64%: P = 0.08),
but the fertilization rate of the structures recovered
were similar between groups (93 vs 93%, P = 0.05).
The majority (80%) of the structures collected were
morulae and blastocysts (4.5 o 6.5 d old). whereas
there were fewer underdeveloped or degenerated em-
bryos (20%). Although embryo quality was poorer in
the PG group compared to the Control group (Table 2).
the difference was not significant (P = 00.2).

1.3, Conception, prolificacy, and fecundiry

Conception, prolificacy, and fecundity on Days 30
and 60 were lower in ewes from the PG group com-
pared to ewes from the Control group (P << 0.05, Table
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Table |

Characteristics of the ovulatory follicle in ewes synchronized with
DL-Cloprostenol (two injections. 7 d apart: PG group, s = 15),
snd ewes in spontancous estrus (Control group, o = 15).

Ovulatory folficle PG Control P
Day of emergence 30=05 -30+04 09
Diagmeter al emergence (mm) 28=01 27x01 026
Day of maximum diameter 18=03 18+03 098

5207 40x03 0053
48+05" 39+02" 004

Maximum diameter (mm)

Dinmeter in the last ultrasound
examinution (mm3}

Growth rate (mm/d)

Lifespan (d)

1.2=203
30=05

07 +02 008
1604 042

The day of emergence was retrospectively analysed from the day of
Al (Day O). Data are presented as means * SEM.

3), and differences remained unchanged until Day 60.
The decrease in conception rate between Days 30 and
60 was similar between groups (1.6% vs 3.4%, PG vs
Control group, respectively). Ewes from the PG group
lost more twins at Day 30 (823 vs 4/41. PG and
Control group respectively. P < 0.05) and there was a
tendency for a higher total loss of embryos at Day 30
compared to the Control ewes (Table 4).

The cumulative embryo losses were similar between
groups (P > 0.05; Table 4). The percentage of ewes
that had high P4 concentrations on Day 17 but were not
pregnant on Day 30 was similar between groups (2.2 vs
4.1%, PG vs Control respectively: P = 0.05).

3.4. Uterine tone

Uterine tone was lower in ewes from the PG group
(2.1 + 0.04) than in the ewes from the Control group
(2.3 = 0.04 P < 0.05).

4. Discussion

Our hypothesis that synchronization with a PGF,
analogue would affect the steroidogenic capacity of the

Table 2

Quality of embryos collected (rom ewes synchronized with a doable
imection of DL-Cloprostenal (7 d apant, PO group, n = 15) and
Centrol gnup (spontancous estus, n = 15),

Embryo Quality Score Total embryos
1 2 3 4
Control 7 3 4 2 16
PG I 2 5 I 9

The scale used 1o classify embryos was: 1) excelleat: 2) good: 3)
poor: 4) degenerated or underdeveloped. Data are presented as
MEans.

Tahle 3

Conception {pregnant ewes/inseminated ewes=100), prolificacy
(number of embryos/number of pregnant ewes), and fecundity
(number of embryosiotsl number of ewes). evaluated by
ultrasonography (US) in ewes syachronized with DL-Cloprostenol
(two injections. 7 d apart: PG group), and ewes i sponlaneous
estrus (Contral group) on Days 30 and 60 after AL

US Day 30 US Day 60
Control PG Cantrol PG
Conception (%) B8 63" £ 62"
Prolificacy 1.58* L2 1.50¢ 125"
Fecundity L4 D& L3 08

Ewes in the PG group (n = 135) were inseminated at fixed timed,

whereas Control ewes (n = 73) were inseminated al detected spon-

taneous estrus. Data on prolificacy and fecundity are presented as

means.

*“* Within a row and day. means without a common superscript
differed (P < 0.05).

ovulatory follicle and further induce the development
of a CL with reduced capacity to produce P4, thus
reducing embryo quality, was not supporied. However,
estrus synchronization with two injections of PGF.,,
7 d apart (Synchrovine® protocol), induced a reduction
in P4 concentrations during development of the ovula-
tory follicle, that affected its growth rate and size,
which induced a reduction in OR. Moreover. PGF,,,-
synchronized ewes had lower rates of conception, pro-
lificacy. and fecundity compared to ewes inseminated
at spontaneous estrus.

In this study, ewes synchronized with PGF,, had a
lower OR compared to ewes in spontaneous estrus, a
result that was not expected. Our finding was opposite
to previous reporis [8] suggesting that OR was not
affected by a single PGF, , regime (two injections. 3 h
apart), It has been reported that the endogenous FSH
secretion could be altered after PGF, . -induced luteoly-
sis [20,30], which may reduce the number of follicles
recruited into the ovulatory wave. Barrett et al [20]
reported that 30% of the follicles induced 1o ovulate
after a PGF,, protocol would not form a new CL.
Rubianes et al [1] confirmed the ovulation by the dis-
appearance of the ovulatory follicles; however they did
not evaluate OR as the number of CL that subsequently
developed. In the present study, OR was determined by
evaluation of the number of CL 7 d after Al and
ovulatory follicles were retrospectively tracked to the
day of their emergence. Although we cannot exclude
the possibility of an altered FSH pattem, that would
have affected follicle recruitment, or an altered LH
surge that may have altered ovulation and the CL for-
mation, we can relate our findings to the growth profile
of the ovulatory follicle.
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"Tahle 4
Reproductive losses in [requency and percentage (in brackets), of ewes synchronized with two injections of DL-Cloprosienol 7 d apart (PG,
n = 57) and ewes in spontancous estrus (Control, n = 57).

PL 30 PL 30 - TL&D PL &0 TL2D TLAO ™ Total loss
Control 1 1(2) 4T B4y 00y 33(58) 2457 (42)
PG 70D 0 1{2} 18 a2y 112) 30(53) 27IST (4T)

*ws 7 P = 0.08. PL {partial embryo losses), higher OR than embryos at cither Days 30 and 60, or o decrease in the numbers of embryos from
Days 30 to 60 (PL 30 - TLAOK; TL (wtal embryo Jossest, OR of 1, 2, or 3 and absence of embryos on Days 30 or 60; TR (Total netention), equal

OR a5 embryos on Days 30 and 60,

The ovulatory follicle had a faster growth rate and
larger size in PGF, -synchronized than in Control
ewes. These results contrasted previous reports descri-
bing similar [31] or smaller ovulatory follicle in ewes
treated with PGF,,, [8]. A larger follicle produced more
E2, with greater suppression of FSH, which reduced the
probability of other follicles of the wave to ovulate
|32-34]. The final stages of growth of a follicle depend
on the LH pulse frequency that is down-regulated by P4
concentrations, Although we did not measure LH pulse
frequency, we inferred that low P4 concentrations pro-
moted development of a larger follicle in PGF,_-treated
ewes,

Ewes synchronized with PGF,, had lesser P4 con-
centrations during the growing phase of the ovulatory
follicle, and the P4 profile was opposite between PG
and Control ewes. It is well known that the first folli-
cular wave emerges when P4 concentrations are rising
[35-37]. In contrast, the last wave of the cycle emerges
in the late luteal phase. when P4 concentrations are
declining [36,37]. Increased progesterone concentra-
tions suppressed LH pulse frequency, which is relevant
to final growth and maturation of the follicle [38—40].
Perhaps reduced P4 concentrations induced by PGF,
synchromization favored development of a single folli-
cle, in contrast to the situation in the Control ewes.

Although PG ewes developed a larger follicle, this
was not associated with a higher steroidogenic capa-
city. There results seemed contradictory with previous
observations reporting follicles that developed under
decreased P4 concentrations were larger, had a longer
lifespan, and produced more E2 [41-45]. It also dif-
fered with previous reports that follicles induced 1o
ovulate after PGF,, treatment produced less E2 [9],
However, the present results were in agreement with
earlier observations reporting that plasma estradiol con-
centrations following prostaglandin-induced luteolysis
were similar to those occurring at the end of a physio-
logic cycle [46-48]. In the present study, ewes from
the PG group had less uterine tone than Control ewes at
Al White et al [9] reported lower E2 concentrations
produced by follicles after PGF,, treatment; in our

study, the similar plasma E2 concentrations between
groups of ewes were not consistent with the decreased
uterine tone observed. Perhaps decreased wterine tone
was due to decreased uterine sensitivity to E2, asso-
ciated with a reduction in the concentration of E2 re-
ceplors. Since blood sampling was not [requent enough
to provide a comprehensive assessment of E2 produc-
tion, the hypothesis that lower E2 induced the decrease
in ulenine contractility cannot be excluded. Therefore,
in future experiments, senial plasma samples should be
collected (e.g., every 10—15 min) to determine whether
plasma E2 concentrations were altered when the Syn-
chrovine® protocol was applied.

The present results confirmed that the follicle in-
duced to ovulate after the second PGF,,, injection re-
sulted in formation of a CL with a normal lifespan that
had the capacity to synthesize normal P4 concentra-
tions. This was in agreement with the results reported
by Acritopoulou et al [38], but opposite to those pub-
lished by others [9,30]. However, it has been suggested
that a normal CL could coexist with an altered CL in
the same or contralateral ovary [49-531]. If plasma P4
concentration was a good indicator of fertility, this may
not be cause of reproductive failure in ewes synchro-
nized with PGF,,,.

Conception and prolificacy were lower in the ewes
synchronized with PGF,, compared to Control ewes
(spontancous estrus). Low P4 concentrations during the
luteal phase of the estrus cycle prior to mating and
around the time of ovulation are associated with de-
creased fertility [52,53], consistent with hormonal pro-
files in the present study. The lower prolificacy ob-
tained in the ewes from the PG group on Day 30 and 60
were in agreement with other reports [54], and was
explained by their lower OR and greater loss of twins.
Since plasma P4 concentrations in the periovulatory
period (Day 0 o 1) were positively associated with
embryo survival [53]. reduced concentrations in the PG
ewes may have contributed to additional embryo losses.
I cattle, follicles that develop under a low P4 environ-
ment released an oocyte capable of being fertilized, but
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embryo development was altered resulting in lower
pregnancy rates by Day 35 of pregnancy [55].

In this study. embryo quality assessed on Day 7 wus
not affected by PGF,, treatment, consistent with Troun-
son et al |56]. who compared ewes given PGF,, plus eCG
versus those only given ¢CG. However, the numbers of
embryos collected were low, reducing the chances to
detect significant differences. Moreover., perhaps capacity
of the embryo to continve development after Day 7 may
have been altered, in spite of appropriate P4 concentra-
tions on Days 12 and 17, thus failing to induce matemal
recognition of pregnancy [37].

The rate of embryo recovery tended to be lower in
the PG group (P = 0.08) compared to the Control
group. Schiewe et al [17] associated the decrease in the
rate of embryo recovery to a shortened CL lifespan
induced by PGF,,, treatment. However, this is not the
case in our study, since the lifespan and P4 production
of the CL were similar between groups. However, de-
creased uterine tone in PGF, -treated ewes may have
altered oocyte, sperm and/or embryo transport, thus
decreasing the chances of reproductive success.

In conclusion ewes synchronized with two PGF,,
injections, 7 d apari, poorer reproductive performance
was associated with an environment dominated by
lower P4 concentrations that resulted in a preovulatory
follicle with a faster growth rate, and a larger maximal
diameter. Furthemore, there were lower rates of ovula-
tion, conception, prolificacy, and fecundity.
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