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RESUMO

A gonadotrofina coribnica equina (eCG) é comumente utilizada nos protocolos de inseminagdo
artificial em tempo fixo (IATF) no momento da remocao do dispositivo de P4, com o intuito de
estimular o crescimento final, maturacéo e ovulacdo do foliculo dominante. Ha relatos de que
esta gonadotrofina permanece ativa na circulacéo por 5 a 7 dias ap0s sua aplicacdo. Além disso,
também se busca adequar a dose deste hormonio para as diferentes categorias animais e grupos
genéticos. Este estudo objetivou avaliar os efeitos da antecipagéo, reducéo e fracionamento da
dose de eCG em protocolos de IATF, sobre o crescimento folicular, taxas de cio e prenhez de
vacas de corte em anestro pds-parto. Foram realizados 3 experimentos com vacas taurinas,
multiparas, com cria ao pé e em média 60 dias de pds-parto, aciclicas submetidas a protocolos
de sincronizacdo da ovulagdo para IATF. Em todos os experimentos no DO os animais
receberam um dispositivo intravaginal de P4 e 2mg de BE. No experimento 1, 81 animais foram
divididos em 4 grupos: G300D9 (n=20), G200D7 (n=21), G300D8 (n=20) e G200D6 (n=20).
Nos grupos G300D9 e G200D7 o dispositivo de P4 permaneceu por 9 dias e administrou-se 25
mg de cloprostenol no D7. No D9 removeu-se o dispositivo de P4 e administrou-se 0,6mg de
CE. O grupo G300D9 recebeu 300Ul de eCG no D9 e o grupo G200D7, 200Ul de eCG no D7.
Nos grupos G300D8 e G200D6 o dispositivo de P4 permaneceu por 8 dias e administrou-se 25
mg de cloprostenol no D7. No D8 removeu-se o dispositivo de P4 e administrou-se 0,6mg de
CE. O grupo G300D8 recebeu 300Ul de eCG no D8 e o grupo G200D6, 200UI de eCG no D6.
No experimento 2, 449 fémeas receberam 12,5mg de dinoprost trometamina no D7 e 0,6mg de
CE no D9 associado a remogao do dispositivo P4. As vacas ciclicas (n=326) e grupo G300D9
(n=130) receberam 300Ul de eCG no D9. O grupo G200D7 (n=167) recebeu 200Ul de eCG no
D7. E o grupo G200+100 (n=152) recebeu 200Ul de eCG no D7 mais 100Ul no D9. No
experimento 3, 618 animais receberam o0 mesmo protocolo de sincronizagdo da ovulagdo
utilizado no experimento 2. Também foram utilizados os mesmos grupos de tratamento
(Ciclicas, n=152; G300D9, n=161; G200D7, n=154; G200+100, n=153) com a adi¢do do grupo
G300D7 que recebeu 300Ul de eCG no D7. Em todos os experimentos, aplicou-se bastdo de
cera marcador na base da cauda no momento da remocéo do dispositivo de P4 para avaliar a
ocorréncia do estro no momento da IATF que foi realizada 48h ap6s a remocao do dispositivo
de P4. Realizou-se a medicdo do didmetro do FD por ultrassonografia transretal, no momento
da remocdo do dispositivo de P4 e da IATF nos experimentos 1, 2 e 3, e no experimento 3 esta

avaliacdo também foi realizada no D7. O diagnostico de gestacéo foi realizado 30 dias ap0s a



IATF. A anélise estatistica foi realizada usando os modelos GLM de STATISTICA 13.3
(TIBCO Software) para Windows (P<0,05). No experimento 1, os grupos G300D9 e G200D7
apresentaram maior diametro do FD que os grupos G300D8 e G200D6, tanto na retirada do
dispositivo P4, quanto no momento da IATF (G300D9=10,38 e 14,53; G200D7=10,46 e 14,74,
G300D8=9,87 e 13,16; G200D6=10,34 e 14,01 respectivamente; P<0,05). Além disso,
apresentaram também maior taxa de crescimento folicular entre esses dois momentos
(G300D9=1,49; G200D7=1,60; G300D8=1,28; G200D6=1,60 respectivamente; P<0,05). No
experimento 2, o didmetro do FD na retirada do dispositivo de P4, na IATF e a taxa de
crescimento folicular ndo diferiram entre os grupos de tratamento (P>0,05). No experimento 3,
a antecipagéo da aplicagéo da eCG proporcionou maior didmetro do FD no momento da retirada
do dispositivo de P4 e maior taxa de crescimento folicular entre os dias 7 e 9 (Ciclicas=10,0,
1,4; G300D9=9,8, 1,4; G200D7=10,1, 1,6; G200+100=10,3, 1,8; G300D7=10,4, 1,8; P=0,04 ¢
P=0,03, respectivamente). O diametro do FD no momento da IATF foi semelhante entre os
tratamentos (P=0,14). As taxas de demonstracao de estro e prenhez foram superiores nas vacas
ciclicas e o grupo de tratamento que recebeu a dose de eCG fracionada (G200+100) demonstrou
resultado similar a estas, tanto no experimento 2 como no experimento 3 (Experimento 2 —
Ciclicas=85,3% e 63,5%; G300D9=68,5% e 454%; G200D7=71,9% e 50,3%;
G200+100=75,0% e 51,3%, respectivamente; P<0,05. Experimento 3 - Ciclicas=82,2% e
61,1%; G300D9=67,7% e 38,5%; G300D7=72,0% e 41,3%; G200D7=64,3% e 35,7%;
G200+100=68,0% e 42,5%, respectivamente; P<0,05). Em conclusdo, a utilizacdo da dose
fracionada de eCG possibilitou taxa de prenhez similar a das vacas ciclicas, demonstrando
potencial de induzir em vacas em anestro pos-parto, resultado similar ao de animais que ja
reestabeleceram o ambiente hormonal adequado naturalmente. A antecipacdo de 300Ul ou
200U de eCG proporcionou taxas de crescimento folicular, demonstracdo de estro e prenhez
semelhantes ao tratamento convencional no momento da retirada do dispositivo de P4. Apesar
de ndo incrementar os indices de prenhez como esperado, a antecipacdo de 200U1 de eCG pode
ser utilizada para reduzir o custo do programa reprodutivo, visto que a eCG é o hormonio de

maior custo no protocolo de IATF.

Palavras-chave: Bos taurus. Gonadotrofina Coriénica Equina. Crescimento folicular. Taxa de

prenhez



ABSTRACT

Equine chorionic gonadotropin (eCG) is commonly used in fixed-time artificial insemination
(FTAI) protocols at the P4 device removal, in order to stimulate the final growth, maturation
and ovulation of the dominant follicle. There are reports that this gonadotropin remains active
in the circulation for 5 to 7 days after its application. In addition, it is also sought to adapt the
dose of this hormone to the different animal categories and genetic groups. This study aimed to
evaluate the effects of anticipation, reduction and fractionation of the eCG dose in FTAI
protocols, on follicular growth, estrus and pregnancy rates of beef cows in postpartum anestrus.
Three experiments were carried out with suckled anestrous taurine cows, multiparous, with
mean of 60 days postpartum. In all experiments at DO the animals received an intravaginal
device of P4 and 2mg of EB. In experiment 1, 81 animals were divided into 4 groups: G300D9
(n=20), G200D7 (n=21), G300D8 (n=20) and G200D6 (n=20). In groups G300D9 and G200D7
the P4 device remained for 9 days and 25 mg of cloprostenol was administered on D7. On D9,
the P4 device was removed and 0.6 mg of EC was administered. The cows of the G300D9 group
received 300Ul of eCG on D9 and those in G200D7 group, received 200Ul of eCG on D7. In
groups G300D8 and G200D6 the P4 device remained for 8 days and 25 mg of cloprostenol was
administered on D7. On D8, the P4 device was removed and 0.6 mg of EC was administered.
The cows of the G300D8 group received 300Ul of eCG on the D8 and those in the G200D6
group received 200Ul of eCG on the D6. In experiment 2, 449 females received 12.5 mg of
dinoprost tromethamine on D7 and 0.6 mg of EC on D9 associated with the removal of the P4
device. Cyclic cows (n=326) and those of the group G300D9 (n=130) received 300Ul of eCG
at D9. The animals of the G200D7 group (n=167) received 200Ul of eCG at D7. And those of
the G200+100 group (n=152) received 200Ul of eCG in D7 plus 100Ul in D9. In experiment
3, 618 animals received the same ovulation synchronization protocol used in experiment 2. The
same treatment groups were also used (Cyclic, n=152; G300D9, n=161; G200D7, n=154;
G200+100, n=153) with the addition of the G300D7 group in which the cows received 300Ul
of eCG in D7. In all experiments, cows had their tailneads marked with chalk at the time of
removal of the P4 device to assess the occurrence of estrus at FTAI, which was performed 48
hours after the removal of the P4 device. The measurement of the diameter of the FD by
transrectal ultrasound was performed at P4 device removal and at FTAI in experiments 1, 2 and
3, and in experiment 3 this assessment was also carried out on D7. The pregnancy diagnosis

was made 30 days after FTAI. The statistical analysis was performed using the GLM models



of STATISTICA 13.3 (TIBCO Software) for Windows (P <0.05). In experiment 1, the groups
G300D9 and G200D7 had a larger DF diameter than the groups G300D8 and G200D6, at P4
device removal and at FTAI (G300D9= 10.38 and 14.53; G200D7= 10.46 and 14.74; G300D8=
9.87 and 13.16; G200D6= 10.34 and 14.01 respectively; P <0.05). In addition, they also showed
a higher follicular growth rate between these two moments (G300D9= 1.49; G200D7= 1.60;
G300D8=1.28; G200D6= 1.60 respectively; P <0.05). In experiment 2, the DF diameter at P4
device removal, at FTAI and the follicular growth rate did not differ between the treatment
groups (P> 0.05). In experiment 3, the anticipation of eCG application provided a larger DF
diameter at P4 device removal and a higher follicular growth rate between days 7 and 9 (Cyclic=
10.0, 1.4; G300D9= 9.8, 1.4; G200D7= 10.1, 1.6; G200+100= 10.3, 1.8; G300D7= 10.4, 1.8;
P=0.04 and P=0.03, respectively). The DF diameter at FTAIl was similar between treatment
groups (P=0.14). The estrus and pregnancy rates were higher in Cyclic cows and the treatment
group that received the fractionated eCG dose (G200+100) demonstrated a result similar to
these, both in experiment 2 and in experiment 3 (Experiment 2 - Cyclic = 85.3% and 63.5%;
G300D9 = 68.5% and 45.4%; G200D7 = 71.9% and 50.3%; G200 + 100 = 75.0% and 51.3%,
respectively; P <0.05. Experiment 3 - Cyclic = 82.2% and 61.1%; G300D9 = 67.7% and 38.5%);
G300D7 = 72.0% and 41.3%; G200D7 = 64.3 % and 35.7%; G200 + 100 = 68.0% and 42.5%,
respectively; P <0.05). In conclusion, the use of the fractional dose of eCG enabled a pregnancy
rate similar to that of cyclic cows, demonstrating the potential to induce cows in postpartum
anestrus a result similar to that of animals that have already reestablished the adequate hormonal
environment naturally. The anticipation of 300Ul or 200U1 of eCG provided rates of follicular
growth, estrus and pregnancy rates similar to conventional treatment at the P4 device removal.
Although not increasing pregnancy rates as expected, anticipating 200Ul of eCG can be used
to reduce the cost of the reproductive program, since eCG is the most costly hormone in the
FTAI protocol.

Keywords: Bos taurus. Equine chorionic gonadotropin. Follicullar growth. Pregnancy rate.
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1 INTRODUCAO

Segundo dados do Instituto Brasileiro de Geografia e Estatistica (IBGE, 2020), em 2019
0 rebanho bovino nacional foi estimado em aproximadamente 214,7 milhGes de cabecas,
caracterizando-se como o maior rebanho comercial do mundo. Deste total, foram abatidas 43,3
milhdes de cabecas e produziu-se em torno de 10,5 milhGes de toneladas equivalentes de
carcaca (TEC), a segunda maior producdo mundial. O Brasil também ocupa o 1° lugar no
ranking mundial de exportacdo de carne bovina, com aproximadamente 2,5 milhdes TEC
exportadas em 2019 (ABIEC, 2020). Apesar do cenario positivo, quando se considera o rebanho
expressivo e a vasta area disponivel para criacdo (em torno de 160 milhGes de hectares), se
torna evidente que o Brasil possui um potencial de produgdo maior do que apresenta atualmente.
Neste sentido, sabe-se que os indices de producdo estdo intimamente relacionados com a
eficiéncia reprodutiva das fémeas bovinas (BARUSELLI et al., 2018). E também, que um
manejo reprodutivo eficiente € uma importante ferramenta para produzir maior quantidade de
carne na mesma extensdo de terra.

A eficiéncia reprodutiva pode ser definida como a capacidade das fémeas bovinas de
produzir um terneiro por ano. Para isto, as mesmas devem se tornar gestantes com até 75 a 85
dias pds-parto, com o minimo de coberturas e respeitando o periodo de involucdo uterina
(CROWE et al., 2014). Um dos principais fatores que afetam a eficiéncia reprodutiva do
rebanho é o anestro pds-parto prolongado, causado pela ma condi¢do nutricional das matrizes,
pela lactacdo e presenca do terneiro. Estas condi¢Oes atuam via feedback negativo sobre o
hipotalamo, reduzindo a secre¢cdo do hormoénio liberador de gonadotrofinas (GnRH) e
consequentemente bloqueando a liberagdo do hormdnio luteinizante (LH). A deficiéncia de LH
impede o crescimento, maturacdo final e ovulagdo do foliculo dominante (FD), retardando o
restabelecimento da ciclicidade (GONCALVES et al., 2004; YAVAS; WALTON, 2000). Desta
forma, se faz necessario utilizar ferramentas que contribuam para acelerar o retorno da atividade
ovariana no pos-parto.

Os protocolos de sincronizacéo do estro e da ovulacdo para Inseminacao Artificial em
Tempo Fixo (IATF) sdo técnicas consagradas por excluir a necessidade de deteccdo de estro,
possibilitando a inseminacdo de um grande nimero de fémeas (incluindo as aciclicas), em um
curto periodo de tempo. Atualmente, os protocolos hormonais mais utilizados para bovinos de
corte na América do Sul s&o baseados em estradiol (E2) e progesterona (P4; BO; BARUSELLI,
2014).
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Dentro dos protocolos hormonais a Gonadotrofina Coriénica Equina (eCG) é
comumente utilizada no momento da retirada do dispositivo de P4 (BO; BARUSELLI, 2014).
Este horménio possui duas caracteristicas importantes que sdo sua acdo semelhante as
gonadotrofinas hipofisarias (FSH e LH) e sua meia vida longa (ha relatos da sua permanéncia
na circulacdo por até 120 horas ap6s a aplicagdo) (MENZER; SCHAMS, 1979; MURPHY;
MARTINUK, 1991; SCHAMS et al., 1978; SIDDIQUI et al.,, 2002). Devido a estas
caracteristicas, 0 objetivo da utilizacdo desta gonadotrofina nos protocolos de IATF é estimular
o0 crescimento, maturacdo final e ovulacao do FD, principalmente nas fémeas em anestro e com
baixa condicio nutricional (PESSOA et al., 2016; PITALUGA et al., 2013; SA FILHO et al.,
2010a, 2010b).

Tendo em vista sua importancia no protocolo hormonal, a eCG ainda é alvo de diversos
estudos que visam determinar a dose (NUNEZ-OLIVEIRA et al., 2014; PESSOA et al., 2016;
PINTO et al., 2020) e momento de administracio (ALVAREZ et al., 2018; ARAUJO et al.,
2019; ROMAN et al., 2016; TORTORELLA et al., 2013; VELASQUEZ et al., 2016) mais
eficientes desta gonadotrofina. No inicio dos estudos para desenvolvimento dos protocolos de
IATF a eCG ja foi utilizada antes da remocdao do dispositivo de P4 (BASTOS et al., 2004). E
mais recentemente, estudos foram desenvolvidos neste sentido, com resultados variaveis para
vacas de corte e leite em diferentes condices fisiologicas submetidas a diferentes protocolos
hormonais (ARAUJO et al., 2019; TORTORELLA et al., 2013).

Com base nas caracteristicas de acao e meia-vida longa da eCG associado aos resultados
ja existentes, acredita-se que a antecipacdo da dose de eCG para antes da remocéo da fonte
exogena de P4 possa contribuir para um maior periodo de acdo (de 48h para 96h) e
consequentemente, potencializagéo de seus efeitos no protocolo de IATF. Por isto, o objetivo
deste estudo foi determinar os efeitos da antecipacéo, reducéo e fracionamento da dose de eCG
sobre o desenvolvimento folicular, taxas de cio e prenhez de vacas de corte taurinas em anestro

pos-parto.
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2 REVISAO DE LITERATURA

2.1 Ciclo estral em bovinos

O ciclo estral é caracterizado por um padrdo ciclico de atividade ovariana envolvendo
uma sequéncia de eventos enddcrinos, morfolégicos e comportamentais, que permitem o
acasalamento e possivel estabelecimento de uma gestacdo (FORDE et al., 2011; HAFEZ,
HAFEZ, 2004). Nas fémeas bovinas, tem duracdo média de 21 dias podendo variar de 18 a 24
dias. Neste periodo, os foliculos ovarianos se desenvolvem em um padrdo denominado ondas
de crescimento folicular, podendo haver de 2 a 4 ondas por ciclo. Cada onda envolve a
emergéncia, selecdo e dominancia, culminando em atresia ou ovula¢do dos foliculos em
crescimento (ADAMS; SINGH, 2014; AERTS; BOLS, 2010).

O ciclo pode ser dividido clinicamente em fase luteal e folicular. A fase luteal (14 a 18
dias) inicia-se apds a ovulacéo e é caracterizada pela formacdo e atividade plena do corpo luteo
(CL) apresentando altas concentracdes séricas de P4. A fase folicular (4 a 6 dias) compreende
o periodo entre a lise do CL (lutedlise) e uma nova ovulagdo. E caracterizada pelo
desenvolvimento final do foliculo dominante e altas concentracGes de E2 (FORDE et al., 2011).

Os eventos que acontecem durante o ciclo estral (crescimento folicular, luteolise,
ovulacdo e luteinizacdo) sdo regulados principalmente por hormdnios endocrinos do
hipotalamo (GnRH), hipdfise anterior (FSH e LH), ovarios (P4, E2, inibina) e Utero
(prostaglandina F2a - PGF) (GONCALVES; FIGUEIREDO; FREITAS, 2008).

A ovulacéo pode ser considerada como o dia zero (DO0) do ciclo estral e marca o inicio
da fase luteal. Apos este evento, ocorre formacdo do CL que produz P4 e eleva as concentracdes
desse hormonio na circulacdo. Simultaneamente, um pico de FSH promove a emergéncia de
um grupo de foliculos (<5 mm de didmetro), caracterizando uma nova onda de crescimento
folicular (AMSTALDEN; WILLIAMS, 2014; MIHM; BLEACH, 2003). Por cerca de 2 a 3 dias
apos a emergéncia, este grupo de foliculos cresce simultaneamente (BARUSELLI; GIMENES;
SALES, 2007) até que, na grande maioria dos ciclos, um anico foliculo € selecionado para
continuar seu desenvolvimento. O mecanismo de selecdo e divergéncia do FD ainda néo est4
completamente elucidado, mas tem sido relacionado com uma maior taxa de crescimento, maior
producdo de E2, maior expressao de receptores de LH deste em relacdo aos subordinados
(AERTS; BOLS, 2010; FORTUNE; RIVERA; YANG, 2004; GINTHER, 2016; SARTORI et
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al., 2001). A divergéncia folicular ocorre em torno de 2,5 e 2,8 dias ap6s a ovulagéo, quando o
FD atinge aproximadamente 6 mm e 8,5 mm de didmetro, para fémeas Bos indicus (GIMENES
etal., 2008; SARTORELLI et al., 2005) e Bos taurus (GINTHER et al., 1996) respectivamente.

A medida que o FD aumenta de tamanho, também aumenta a quantidade de receptores
de LH nas células da teca e da granulosa e este passa a responder ao estimulo do LH para
continuar seu desenvolvimento. Este aumento de tamanho também eleva as concentragdes de
E2 e inibina no fluido folicular. O E2 e a inibina atuam via feedback negativo sobre a hipdfise
anterior e suprimem a liberacdo de FSH, fazendo com que os foliculos subordinados que sao
dependentes deste hormonio entrem em atresia (FORDE et al., 2011).

Os foliculos que se desenvolvem na presenca do CL e no ambiente de altas
concentragfes de P4 que este produz, ndo chegam a ovulacdo. A presenca da P4 atua via
feedback negativo sobre o hipotalamo, bloqueando a liberacdo de GnRH e consequentemente
impedindo que o LH seja liberado na amplitude e frequéncia necessarios para a ovulagédo
(AMSTALDEN; WILLIAMS, 2014; GONCALVES; FIGUEIREDO; FREITAS, 2008).
Independentemente do nimero de ondas gque se desenvolvem durante o ciclo, somente o FD da
Gltima onda chegaré a ovulacao.

A principal funcdo do CL e da P4 durante o ciclo estral é estar presente em
concentragOes suficientes para manter a gestagéo. Se por volta dos 16 a 18 dias do ciclo estral
o sinal para reconhecimento materno da gestac¢ao néo for identificado (interferon-tau produzido
e liberado pelo embrido), o utero libera PGF que provoca a lise do CL e consequentemente, a
gueda das concentracOes de P4 para niveis basais (AMSTALDEN; WILLIAMS, 2014; FORDE
etal., 2011).

A lutedlise marca o inicio da fase folicular do ciclo estral. A partir deste evento, ocorre
a gqueda das concentracbes de P4 e o aumento das concentracGes de E2, devido a intensa
proliferacdo do FD presente no ovario. O pico de E2 induz a manifestacdo do comportamento
estral, quando as fémeas se tornam receptivas ao macho e aceitam a monta. Além disso, 0 E2
atua sobre o hipotalamo via feedback positivo e estimula a secre¢cdo de GnRH (FORDE et al.,
2011). O GnRH por sua vez, atua sobre a hipéfise anterior e promove a liberagdo de LH em
amplitude e frequéncia suficientes (um pulso a cada 40-70 minutos por 2 a 3 dias) para a
ovulacédo do foliculo dominante (AMSTALDEN; WILLIAMS, 2014; FORDE et al., 2011,
GONCALVES; FIGUEIREDO; FREITAS, 2008; HAFEZ; HAFEZ, 2004). A ovulagéo ocorre
de 10 a 14 horas ap6s a demonstracdo do estro e coincide com o inicio de um novo ciclo estral
(FORDE et al., 2011).
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O FD adquire capacidade ovulatoria ao atingir aproximadamente 8 e 10 mm de diametro
em fémeas Bos indicus e Bos taurus, respectivamente (GIMENES et al., 2008; SARTORI et
al., 2001). Porém, a ovulacédo ocorre quando este foliculo atinge 10-12 mm e 14-20 mm de
diametro para estes mesmos grupos genéticos (BO; BARUSELLI; MARTINEZ, 2003).

O maior didmetro folicular no momento da ovulacdo esta relacionado a maiores
concentragbes séricas de E2 no periodo pré-ovulatério (PERRY et al., 2005; 2014,
VANSCONCELOS et al.,, 2001). Isto parece ter influéncia positiva sobre as taxas de
demonstracdo de estro (SA FILHO et al., 2010a), preparagdo do ambiente uterino (PERRY:;
PERRY, 2008) e transporte dos gametas neste ambiente (HAWK, 1983), proporcionando
maiores taxas de concepgdo (PERRY et al., 2005; 2014; SA FILHO et al., 2010a). A ovulagéo
de foliculos maiores também possibilita a formacdo de um CL de maior volume, que esta
relacionado a maiores concentracdes de P4 apds a ovulacdo (MUSSARD et al., 2007,
VASCONCELOS et al., 2001) e maior probabilidade de sobrevivéncia embrionaria/fetal
(COOKE et al., 2019; PERRY et al., 2005).

2.2 Anestro pds-parto em vacas de corte

A eficiéncia reprodutiva é caracterizada pela producdo de um terneiro/vaca/ano.
Considerando que a gestacdo das fémeas bovinas dura em média de 280 a 290 dias (Bos taurus
e Bos indicus, respectivamente) e o periodo de involugcdo uterina se prolonga ate,
aproximadamente 45 dias pds-parto (HAFEZ; HAFEZ, 2004), restam em torno de 30 a 40 dias
para que uma nova gestacdo se estabeleca. Em rebanhos de corte, um dos principais fatores que
afetam a eficiéncia reprodutiva é o anestro pds-parto prolongado (BARUSELLI et al., 2004;
GONCALVES et al., 2004).

Na fémea bovina, 0 anestro pos-parto pode ser definido como o periodo entre a pari¢ao
e o0 reestabelecimento da atividade ovariana ciclica normal. A duracdo desta condicdo é
dependente de diversos fatores ambientais, genéticos, fisiologicos e metabdlicos (HAFEZ;
HAFEZ, 2004). Nas vacas de corte, o estado nutricional, a lactacdo e a presenca do terneiro sao
considerados as principais causas de prolongamento do anestro no periodo p6s-parto.

Durante a gestacdo, os pulsos de FSH e a emergéncia de ondas de crescimento folicular
se mantém, até em torno de 21 dias pré-parto (ADAMS; SINGH, 2014). A partir dai os altos
niveis de P4 e E2 provenientes do ovario e da placenta provocam um intenso feedback negativo
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sobre o hipotalamo e a hipofise anterior, suprimindo a producédo e secre¢do de GnRH, FSH e
LH e cessando a atividade ovariana (AMSTALDEN; WILLIAMS, 2014; YAVAS; WLATON,
2000). Apos o parto, a pulsatilidade de FSH se reestabelece rapidamente e em torno de 10 dias
as ondas de crescimento folicular recomegcam (GONCALVES et al., 2004; WILTBANK;
GUMEN; SARTORI, 2002). Porém, a ovulacio do foliculo dominante depende do
reestabelecimento do estoque de LH na hipdfise anterior, que se esgota durante a gestacdo. A
frequéncia e amplitude de liberacdo deste hormoénio aumentam gradualmente, atingindo as
concentracBes necessarias para a ovulagdo em torno de 25 a 30 dias pds-parto (YAVAS;
WLATON, 2000). Desta forma, pode-se dizer que em condicdes fisiologicas normais, a
atividade ovariana das fémeas bovinas pode ser retomada por volta dos 30 dias p6s-parto. No
entanto, conforme exposto acima, alguns fatores podem prolongar este periodo.

Em condicdes de restricdo nutricional, como no periodo pds-parto inicial ou em sistemas
de criacdo extensivos com pastagens de baixa qualidade, as vacas passam por um periodo de
balanco energético negativo. Este é caracterizado pela reducdo de glicose disponivel e
consequentemente, mobilizacdo das reservas corporais para manutengdo das funcdes corporais
basicas. O metabolismo basal, atividade, crescimento e reservas béasicas de energia sdo
priorizadas frente as funcbes reprodutivas e a ciclicidade € comprometida (MEIKLE et al.,
2018; YAVAS; WLATON, 2000). Vérios estudos destacam a importancia da condicdo
nutricional das fémeas no pré e pos-parto. Animais com maior escore de condigdo corporal
(ECC) apresentam menor intervalo entre o parto e a primeira ovulacdo (D’OCCHIO;
BARUSELLI; CAMPANILE, 2019; EMERICK et al., 2009; MEIKLE et al., 2018). O
comprometimento da condicdo nutricional esta associado a uma reducdo da liberacdo de GnRH
pelo hipotdlamo e consequentemente, diminuicdo na frequéncia de pulsos de LH
(BARUSELLI; GIMENES; SALES, 2007; WILTBANK; GUMEN; SARTORI, 2002;
YAVAS; WLATON, 2000).

Outros fatores que impactam o retorno da atividade ovariana no p6s-parto sao a lactaco
e a presenca do terneiro. A partir do momento em que os estoques de LH sdo reestabelecidos
na hipofise anterior, estes fatores também parecem afetar a duracdo do anestro pos-parto através
da reducdo da liberacdo de GnRH e secrecdo de LH (BARUSELLI; GIMENES; SALES, 2007).
N&o somente a amamentagdo propriamente dita, mas também os estimulos visuais e olfatorios
da presenca da cria demonstram ter efeito sobre a liberagdo de LH pela hipéfise anterior
(EMERICK et al., 2009).

Os impactos sobre a secrecdo de LH causados pelas diferentes condicdes citadas,

resultam em falha no crescimento final e maturacdo do foliculo dominante, ocasionando a nao
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ovulacdo ou ovulacdo de foliculos pequenos e imaturos que iniciam novos ciclos de curta
duracdo (YAVAS; WLATON, 2000). Desta forma estes eventos impactam a duracdo do anestro

pos-parto e consequentemente, a eficiéncia reprodutiva do rebanho.

2.3 Programas de Inseminacdo Artificial em tempo Fixo

O anestro pos-parto prolongado é considerado um dos principais fatores que impacta
negativamente o desempenho reprodutivo das fémeas bovinas. Uma alternativa para contornar
esta condicdo € a utilizacdo de protocolos hormonais que sincronizam a ovulagdo para IATF.
Existem dois tipos de tratamentos hormonais para este fim, aqueles baseados em GnRH que
sdo mais utilizados na América do Norte, Europa e Nova Zelandia ou as associa¢@es de P4 e
E2 que sdo mais utilizadas na América do Sul, para vacas de corte (BARUSELLI et al., 2004;
BO et al., 2016).

Os programas hormonais que associam P4 e E2 em geral, consistem na inser¢do de um
dispositivo intravaginal de liberacéo lenta de P4 (DIP) e administracdo de 2mg de benzoato de
estradiol (BE) no DO (para induzir atresia e sincronizar o crescimento de uma nova onda de
crescimento folicular). Uma dose de um andlogo de PGF (cloprostenol ou dinoprost
trometamina) no momento da retirada do DIP (para promover a luteélise), associada a aplicacao
de um indutor da ovulacdo neste mesmo momento ou algumas horas ap6s, dependendo do
principio (cipionato de estradiol - CE; BE ou GnRH) (BO et al., 2016).

Estes protocolos vém sendo estudados e desenvolvidos ha mais de 40 anos (LAMB et
al., 2009), para serem adaptados as diferentes condicdes fisioldgicas dos grupos genéticos (Bos
indicus e Bos taurus) e das categorias animais que compdem um rebanho. Por isso, existem
pequenas variacdes no tempo de permanéncia do DIP, momento de administracdo do analogo
de PGF, principio ativo, dose e momento de administracdo do indutor de ovulacao.

O tempo de permanéncia do DIP pode variar de 5 a 9 dias. Durante este periodo, o
dispositivo mantém as concentracfes de P4 em niveis subluteais, estimulando o aumento de
pulsos de LH e o crescimento do foliculo dominante, mesmo em vacas em anestro (DAY, 2004).
Uma série de estudos ja realizados demonstraram ndo haver influéncia significativa do tempo
de permanéncia do DIP sobre o desempenho reprodutivo de novilhas e vacas de corte lactantes,
apesar de o tratamento por 9 dias apresentar maiores taxas de demonstracdo de estro em alguns
casos (SANTOS M. H. et al., 2018; PRATA et al., 2020; SANTOS R. et al., 2018).
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A administracdo dos analogos de PGF pode ser feita 48h antes ou no momento da
retirada do DIP, ou ainda dividida em meia dose no momento de insercédo e a outra meia dose
no momento da retirada do DIP. Os beneficios da antecipacdo da lutedlise parecem ser mais
evidentes para as fémeas que se encontram ciclicas no inicio do protocolo de IATF, pois ocorre
a reducdo dos niveis de P4 enddgena (CAVALIERI; GAINA; HEPWORTH, 2018). Carvalho
et al. (2008) demonstraram que novilhas Bos indicus, Bos indicus x Bos taurus e Bos taurus
ciclicas, apresentaram maior diametro do foliculo dominante e maiores taxas de ovulacédo
quando receberam uma dose de dinoprost trometamina na insercdo e na remocao do DIP, ao
invés de somente na remocdo. Nufez-Oliveira, Cuadro e Menchaca, (2019) obtiveram
resultados semelhantes em novilhas Bos taurus. Peres et al. (2009) também demonstraram que
novilhas p6s-pUberes e vacas ndo lactantes que receberam PGF 48h antes da remocéo do DIP,
apresentaram maior foliculo dominante no momento da IATF, maiores taxas de ovulagéo,
concepcao e prenhez.

Com relagdo ao indutor de ovulacdo, Sa Filho et al. (2011) obtiveram resultados
semelhantes de prenhez quando utilizaram 1mg de BE 24h ap6s a remocédo da P4, 0,5mg de CE
no momento da retirada da P4 ou 100ug de gonadorelina (andlogo de GnRH) no momento da
IATF, concluindo que os trés principios podem ser utilizados para este fim em protocolos de
IATF.

Além dos tratamentos citados acima, um fator essencial que contribui para diminuir o
intervalo parto-concepcao e aumentar as taxas de prenhez, principalmente de vacas em anestro,
é a utilizacdo da Gonadotrofina Cori6nica Equina (eCG). Atualmente, este hormdnio € utilizado
no momento da retirada do DIP, com o intuito de promover crescimento e maturacéo final do
foliculo dominante. Por ser o foco deste trabalho, os mecanismos de acédo, funcdes e beneficios

desta gonadotrofina serdo explorados no topico a seguir.

2.4 A importéncia da eCG nos protocolos de Inseminacao Artificial em Tempo Fixo

A eCG é uma glicoproteina produzida pelos calices endometriais das fémeas equinas,
entre 40 e 130 dias de gestacdo. Nesta espécie, causa a ovulagdo ou luteinizacdo de foliculos
formando corpos lGteos acessérios, que elevam as concentracBes de P4 contribuindo para a

manutencdo da gestacdo. Quando aplicada em outras espécies, atua com funcéo de LH e FSH
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estimulando crescimento e maturacdo folicular, para posterior ovulacdo (MURPHY;
MARTINUK, 1991; MURPHY, 2012).

Esta molécula é composta por duas subunidades, a - com 96 aminoacidos e B - com 149
aminoacidos e grande quantidade de carboidratos (destacando-se o &cido siélico). Estas
caracteristicas conferem a eCG um alto peso molecular e uma meia-vida longa (MURPHY;
MARTINUK, 1991; MURPHY, 2012). Estudos relatam que a meia-vida da eCG em bovinos é
de aproximadamente 48 horas. No entanto, ha relatos da sua permanéncia na circulagéo por até
120 horas ap06s a aplicacdo (MENZER; SCHAMS et al., 1978; SCHAMS, 1979; SIDDIQUI et
at., 2002).

Em protocolos de IATF aplicados a bovinos a eCG é atualmente utilizada no momento
da retirada do dispositivo de P4. Como beneficios de sua utilizacdo, estudos desenvolvidos
demonstraram o aumento na taxa de crescimento folicular, maior didmetro folicular no
momento da IATF, aumento nas taxas de demonstracio de cio e prenhez (SA FILHO et al.,
2010b; SALES et al., 2016; SILVA FILHO et al., 2013; PESSOA et al., 2016). E estes efeitos
sdo observados principalmente em fémeas lactantes, em anestro p6s-parto, e com baixo ECC
(BARUSELLI et al., 2004; BARUSELLI et al., 2008).

Outros estudos mostraram que a aplicacdo de eCG em programas hormonais também
tem efeitos significativos sobre o CL formado apds a ovulagado. Pitaluga et al. (2013) e Alvarez
et al. (2018) demonstraram que vacas lactantes apresentaram CL com maior area e
vascularizacdo quando tratadas com eCG. Sa Filho et a. (2010c) obtiveram resultados
semelhantes em novilhas que apresentaram ainda, maiores concentracdes circulantes de P4.
Estes fatores parecem estar relacionados a alteragdes morfologicas como, maior proliferagdo
das células luteais grandes e pequenas e angiogenese (MOURA et al., 2015; RIGOGLIO et al.,
2013; SOUZA et al., 2016). Além disto, a acdo estimulatoria da eCG também foi associada a
alteracdes na densidade vascular do endométrio e miomeétrio, que contribuem para melhores
indices reprodutivos (MONA E PINTO et al., 2014).

Com relacdo a dose utilizada no momento da remocao do dispositivo de P4, inicialmente
utilizava-se 400Ul de eCG (BARUSELLI et al., 2008; NUNEZ-OLIVEIRA et al., 2014).
Porém, estudos recentes mostram que esta dose pode ser reduzida para 200Ul em novilhas
(PERES et al., 2009) e vacas Bos indicus (DOROTEU et al., 2015), para 200Ul em novilhas
Bos Taurus (PINTO et al., 2020), e 300Ul em vacas Bos taurus (PESSOA et al. 2016) sem
qualquer prejuizo no desempenho reprodutivo. A importancia do ajuste da dose de eCG
utilizada esta relacionada ao custo elevado desta gonadotrofina, sendo que a dose de 300Ul

representa entre 40 e 50% do valor total do protocolo hormonal utilizado para IATF.
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Em estudos iniciais realizados para desenvolvimento dos protocolos de IATF, a eCG ja
foi utilizada antes da remocao da fonte exdgena de P4 (BASTOS et al., 2004). Posteriormente,
visando explorar sua caracteristica de meia-vida longa, alguns estudos recentes vém sendo
desenvolvidos para determinar os efeitos da antecipacao deste hormonio. Tortorellaetal. (2013)
avaliaram o efeito de 400Ul de eCG administrada 48h (D6) antes da remocao do dispositivo de
P4 em vacas taurinas em anestro pds-parto. A antecipagdo da eCG resultou em maior diametro
folicular no momento da aplicacdo do indutor de ovulacdo (GnRH) no D9, maior volume do
CL e concentracdes séricas de P4 nos dias 10 e 15 apds a IATF. Ainda, apesar das taxas de
prenhez terem sido baixas em geral (eCG no D6=27,3% e eCG no D8=16%; P<0,05), o grupo
em que a eCG foi antecipada apresentou maiores resultados. Por outro lado, Aradjo et al. (2019)
obtiveram resultados semelhantes de crescimento e diametro folicular, area do corpo luteo e
taxa de prenhez para vacas leiteiras que receberam a administracdo de eCG no momento da
retirada do dispositivo de P4, 24h ou 48h antes.

Diante do exposto, a importancia da utilizacdo da eCG em programas de IATF ¢
incontestavel, principalmente quando aplicada em animais com a liberacdo de gonadotrofinas
comprometida por qualquer fator citado anteriormente nesta revisdo. O histdrico de utilizacdo
da eCG, sua importancia, suas caracteristicas e os resultados ja existentes, levam a crer que
mais estudos devem ser desenvolvidos em busca de avaliar alternativas para 0 momento de
administracdo deste hormonio e adaptacOes da dose, para que 0 mesmo possa desenvolver sua
funcdo plena em diferentes categorias, condicdes fisiologicas e grupos genéticos com o melhor

custo-beneficio.
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3 OBJETIVOS

3.1 Objetivo geral

Avaliar o efeito da antecipacao, reducéo e fracionamento da dose de eCG utilizada em
protocolos de sincronizacdo da ovulagdo para IATF aplicados a vacas de corte Bos taurus, em

anestro pos-parto.

3.2 Objetivos especificos

Avaliar o efeito da antecipacdo (300Ul, 48h antes da remocéao do dispositivo de P4),
reducdo (200Ul, 48h antes da remocéo do dispositivo de P4) e fracionamento (200U, 48h antes
da remocéo do dispositivo de P4 + 100Ul no momento da remoc¢édo do dispositivo de P4) da
dose de eCG normalmente aplicada no momento da retirada do dispositivo de P4 do protocolo
de sincronizagao da ovulacgdo para IATF, sobre:

- O crescimento do foliculo dominante do momento da administracéo da eCG até a IATF;
- A taxa de demonstracdo de estro no momento da IATF;

- A taxa de prenhez 30 dias apds a IATF.
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4 ARTIGO CIENTIFICO

Os resultados que fazem parte desta dissertacdo estdo apresentados sob a forma de
artigo cientifico. As se¢bes Materiais e Métodos, Resultados, Discussdo e Referéncias
Bibliograficas encontram-se no proprio manuscrito, que esta apresentado da mesma forma

que serd submetido ao periodico Theriogenology.
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Effect of dose and time of equine chorionic gonadotropin application in fixed-time
artificial insemination protocols on ovarian follicular growth and pregnancy rates of

suckled beef cows in postpartum anestrus

Abstract

This study aimed to evaluate the effects of anticipation, reduction and fractionation of the eCG
dose in FTAI protocols, on follicular growth, estrus and pregnancy rates of suckled beef cows
in postpartum anestrus. Three experiments were carried out with Bos taurus suckled beef cows,
multiparous, on average 60 days postpartum, acyclic. In experiment 1, all animals (n=81)
received an intravaginal P4 device and 2mg of BE, at DO. In groups in which the P4 device
remained for 8 days, 25 mg of cloprostenol was administered on D6. On D8, the P4 device was
removed and 0.6 mg of EC was administered. The G200D6 group (n=20) received 200Ul of
eCG in D6 and the G300D8 group (n=20) 300Ul of eCG in D8. In groups that the P4 device
remained for 9 days, 25 mg of cloprostenol was administered on D7. On D9, the P4 device was
removed and 0.6 mg of EC was administered. The G200D7 group (n=21) received 200Ul of
eCG on D7 and the G300D9 group (n=20) received 300Ul of eCG on D9. In experiment 2, 449
animals received a P4 device and 2mg of BE in D0, 12.5mg of dinoprost tromethamine in D7
and 0.6mg of EC in D9 associated with the removal of the P4 device. The G300D9 group
(n=130) received 300Ul of eCG at D9. The G200D7 group (n=167) received 200Ul of eCG at
D7. And the G200+100 group (n=152) received 200Ul of eCG in D7 plus 100Ul in D9. In
experiment 3, 618 animals were distributed among the same treatment groups (G300D9, n=161;
G200D7, n=154; G200+100, n=153) used in experiment 2 with addition of the G300D7 group
that received 300Ul of eCG in D7. In all experiments, cows had their tail heads marked with
chalk at the P4 device removal to assess the estrus occurrence. The FTAI was performed 48h
after the P4 device removal. Measurement of DF diameter by ultrasonography was performed
at the time of P4 device removal and at FTAI in experiments 1 and 2. And in experiment 3, also
in D7. The pregnancy diagnosis was performed 30 days after FTAI. Also, in experiments 2 and
3 the cyclic cows were included as a control group. The statistical analysis was performed using
the GLM models of STATISTICA 13.3 (TIBCO Software) for Windows (P<0.05). Was
observed an effect of P4 device permanence on ovarian follicular growth (P<0.05). The
anticipation of eCG provided a greater follicular diameter at the P4 device removal (P=0.04),
and similar at FTAI (P=0.14). The estrus and pregnancy rates were higher in cyclic cows and

fractionation of the eCG dose (G200+100 group) showed results similar to these (Experiment
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2: P<0.05; Experiment 3: P=0.006 and P=0.01, respectively). In conclusion, the anticipation of
eCG in the FTAI protocol provided follicular growth, estrus and pregnancy results similar to
the conventional treatment, at the P4 device removal. However, fractionation of the eCG dose
was able to induced pregnancy rates similar to those of cyclic cows. In addition, the anticipation
of 200U of eCG can be considered as an alternative to be used.

Keywords: Bos Taurus; eCG; Bovine; Estrus occurrence; Pregnancy rate; FTAL.

1. Introduction

Postpartum anestrus is one of the main condition that negatively affects the reproductive
performance of beef cattle herds [1]. Increasing the interval between parturition and conception
is mainly related to poor nutritional conditions, lactation and the calf presence. These factors
impact the release of GhnRH and consequently reduce the frequency of LH pulses. Cows under
these physiological conditions show impaired ovarian follicular development, without
ovulation or with ovulation of small follicles [2—4].

The owvulation synchronization protocols for fixed-time artificial insemination (FTAI)
have been widely used to eliminate the need for estrus detection and to allow artificial
insemination (Al) of a larger number of animals at the same moment. The protocols that
associate progesterone (P4) and estradiol (E2) treatments are most used in South America, for
beef cows [1,5]. In these P4 plus E2 based protocols, the use of equine chorionic gonadotrophin
(eCG) plays an important role, especially for cows that start a breeding season in anestrus and
with poor nutritional condition [1,6].

The eCG is a glycoprotein molecule produced by the cells of the endometrial cups of
pregnant mares, between 40 and 130 days of gestation. In this species, it induces the formation
of accessory luteal bodies, which increase P4 concentrations, contributing to the maintenance
of pregnancy. When applied to other species such as cattle, it has activity of both the follicle
stimulating hormone (FSH) and the luteinizing hormone (LH) [7,8]. In addition, this hormone
also has a long half-life of approximately 48 hours or more in cattle, with reports of its
permanence in the circulation until around 120 hours after application [7,9,10].

In the FTAI protocols for beef cattle, eCG is currently used at the P4 device removal in
order to stimulate maturation, final follicular growth, and ovulation and to increase estrus

occurrence and pregnancy rates [6]. Due to its importance in the hormonal protocol, many
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studies are developed in order to establish the most efficient dose and time of administration of
the eCG for different animal categories. The most used dose initially was 4001U [1,6,11] but it
has already been demonstrated that the dose of 2001U for Bos indicus heifers and cows [12,13]
and for Bos taurus heifers [14] can be used with similar results. In the same way, the dose of
300 I1U was used for Bos taurus cows [15]. Also, due to its characteristic of long half-life, some
studies have also been developed anticipating the eCG dose to before the P4 device removal
with varied results [16,17].

Based on the important eCG characteristics and the results of studies already carried out
that demonstrate that adjustments in dosage and time of administration are important, our
hypothesis is that the anticipation of the eCG dose to before the P4 device removal will allow
its benefits to be enhanced and also to reduce the dose to 2001U. The present study aims to
evaluate the effects 1) of the anticipation of eCG (3001U) administration for 48 hours before
removal of the P4 device; 2) reduction of the anticipated dose (3001U to 200IU); 3) or
fractionation of the eCG dose (2001U plus 1001U), on follicular development and reproductive

performance of purebred and crossbred taurine suckled beef cows in postpartum anestrus.

2. Material and methods

Herd and animal management

Three experiments were carried out on five commercial farms, located in two distinct
regions (Southwest and Centerwest) of Rio Grande do Sul, Brazil. Experiments 1 and 2 were
developed during the 2018/2019 breeding season and experiment 3 during the 2019/2020
breeding season. A total of 1148 purebred and crossbred taurine suckled beef cows (Angus,
Brangus, Braford and Hereford), multiparous, in postpartum anestrus were used. The cows were
maintained in a native pasture, with free access to water and mineralized salt. All animal
handling procedures in this trial followed general guidelines for animal welfare. Information of
breed, category and body condition score (BCS) at the beginning of the FT Al protocol for each
lot, in the different properties are shown in Table 1. All experimental procedures and protocols
described in this manuscript were approved by the Committee for Ethics in Animal

Experimentation of the Universidade Federal de Santa Maria (protocol number 9446240419).
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Table 1. Descriptive analyses according to the different lots.

Region of Lots N°of BCS Mean With Without Estrus P/AI
state cows (1-5) CL% (n)* CL % (n)° % (n)° % (n)d

Experiment 1

Southwest A 81 2.41 0 (0) 100 (81) 69.1 (56) 49.4 (40)

Overall 1 81 2.41 0 (0) 100 (81) 69.1 (56) 49.4 (40)
Experiment 2

Southwest B 74 2.85 36.5(27) 635(47) 824 (61) 62.2 (46)

C 255 2.72 40.8 (104) 59.2(151) 67.8(173) 47.8 (122)

D 248 2.81 31.5(78) 68.5(170) 82.3(204) 60.5 (150)

E 198 3.11 59.1 (117) 40.9(81) 82.3(163) 55.5 (110)

Overall 4 775 2.62 42.1(326) 57.9 (449) 77.5(601) 55.2 (428)
Experiment 3

Southwest F 137 2.55 175 (24) 825(113) 77.4(106) 54.7 (75)

G 195 2.57 12.3(24) 87.7(171) 57.9(113) 45.1 (88)

H 242 2.71 40.1 (97) 59.9 (145) 75.2(182) 54.1 (131)

Center-west I 118 2.43 34(3) 96.6(114) 92.4(109) 27.1(32)

J 78 2.48 3.8(3) 96.2 (75)  44.9 (35) 14.1 (11)

Overall 5 770 2.58 19.7 (152) 80.3(618) 70.8 (545) 56.2 (433)

Abbreviations: BCS, body condition score;

aAnimals that started the fixed-time artificial insemination (FTAI) protocol with a corpus luteum (cycling);
bAnimals that started the FTAI) protocol without a corpus luteum (anestrous);

®Occurrence of estrus between progesterone device removal and FTAI;

dPregnancy per Al (P/Al) 30 days after FTAL.

Reproductive management and experimental design

Experiment 1

Experiment 1 aimed to evaluate the anticipation and reduction of the eCG dose in FTAI
protocols with 8 or 9 days of exposure to P4 device. The animals were distributed among 4
treatment groups, being considered as control groups those that received 300IU of eCG at P4
device removal (D8 or D9). The treatment groups received 2001U of eCG 48h before the P4
device removal (D6 or D7). A total of 81 suckled beef cows, multiparous, with mean of BCS
2.41+0.18 on a scale from 1 to 5 (where 1=emaciated and 5=0bese), with an average of 60 days
postpartum, acyclic were used. The animals were randomly assigned by BCS and postpartum
days among four treatment groups according to the time of permanence of progesterone (P4)
device (8 or 9 days), moment of administration (48h before or at the P4 device removal) and
dose of eCG (200Ul or 300Ul). In the groups in which the intravaginal progesterone device
(Sincrogest® 1g; Ourofino) remained for 8 days, this was inserted on day 0 (DO0) associated
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with an intramuscular application (IM) of 2mg of estradiol benzoate (EB; Syncrodiol®;
Ourofino) in all animals. Those in the G300D8 group (n = 20) received 25 mg of cloprostenol
IM (Sincrocio®; Ourofino) on day 6 (D6). On day 8 (D8), P4 device was removed and 0.6 mg
of estradiol cypionate IM (EC; SincroCP®; Ourofino) and 300Ul of eCG IM (SincroeCG®;
Ourofino) were administered. For the G200D6 group (n = 20), 25 mg of cloprostenol IM
(Sincrocio®; Ourofino) and 200Ul of eCG IM (SincroeCG®; Ourofino) were administered in
D6. On D8, the P4 device was removed and 0.6mg of EC IM (SincroCP®; Ourofino) was
applied. In the groups in which the P4 device (Sincrogest®; Ourofino) remained for 9 days, it
was inserted in all females in the DO associated with 2mg of EB IM (Sincrodiol®; Ourofino).
The G300D9 group (n = 20) received 25 mg of IM cloprostenol (Sincrocio®; Ourofino) on day
7 (D7). Onday 9 (D9), the P4 device was removed and 0.6mg of EC IM (SincroCP®; Ourofino)
and 300Ul of eCG IM (SincroeCG®; Ourofino) was administered. In the G200D7 group (n =
21) cows received on the D7, 25 mg of cloprostenol IM (Sincrocio®; Ourofino) and 200U1 of
eCG IM (SincroeCG®; Ourofino). The P4 device was removed at D9 associated with the
application of 0.6mg of EC IM (SincroCP®; Ourofino). At the time of P4 device removal, all
females had the tail head marked with chalk to detect estrus. The FT Al was performed 48 hours
after the DIP removal in all groups (Figure 1). All animals were submitted to transvaginal
ultrasound examination at the time of P4 device removal and at the FTAI to measure the

diameter of the dominant follicle (DF).
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Experiment 1

300IU eCG
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G300D8 | | | | !
Anestrous cows :
P4 device
(n=20) : : eh / |
200lU eCG
2mg EB 25mg Cloprostenol  0.6mg EC  FTAI PD
G200D6 | | } | |
Anestrous cows Blaovica
(n=20) \ : = g // ’
Day 0 6 8 10 40
DF DF
300IU eCG
2mg EB 25mg Cloprostenol 0.6mg EC  FTAI PD
G300D9 | | | | }
Anestrous cows :
(n=20) : P4 device { _ 48h p a
200lU eCG
2mg EB 25mg Cloprostenol 0.6mg EC  FTAI PD
G200D7 ! | | | |
Anestrous cows P4 device 48 h
(n=21) | i : i /! |
Day 0 7 9 11 41
BCS DF DF
and
CL/WCL

Figure 1. Experimental design 1. EB= estradiol benzoate; EC= estradiol cypionate; Cloprostenol=
prostaglandin analog; eCG= equine chorionic gonadotropin; FTAI= fixed-time artificial insemination performed
48 hours after the progesterone (P4) device removal; BCS= body condition score; CL/WCL= ultrasound
examination to identify the cows with a corpus luteum (CL)/ cows without a CL at the beginning of FT Al protocol;
PD= ultrasound examinations for pregnancy diagnosis; DF= measurement of the dominant follicle diameter
through ultrasound evaluation.

Experiment 2

In experiment 2, only the protocol with 9 days of P4 device permanence was used. The
animals were distributed into three groups and the group that received 3001U of eCG on day 9
was considered as a control group. The two treatment groups consisted of anticipating 2001U
of eCG to day 7 (48 h before the P4 device removal/96h before FTAI) or fractioning the dose
of eCG between day 7 (2001U; 48 h before the P4 device removal/96h before FTAI) and day 9
(1001U; at P4 device removal). A total of 449 suckled beef cows, multiparous, with BCS
2.79+0.22 on a scale from 1 to 5 (where 1=emaciated and 5=obese), with 60 days postpartum,
acyclic, were randomly assigned between three treatment groups. And the cycling cows
(n=326) at the beginning of the FTAI protocol were included in this experiment as a control
group. All animals received the same ovulation synchronization protocol which consisted of
inserting a P4 device (DIB® 0,5g; Zoetis) plus 2mg of EB IM (Gonadiol®; Zoetis) on DO,
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12.5mg of Dinoprost Tromethamine IM (Lutalyse®; Zoetis) on D7 and 0.6mg of EC IM
(ECP®; Zoetis) on D9 associated with the P4 device removal. The difference among the
treatment groups consisted on the dose and time of eCG administration. The cyclic cows
(n=326) received 300Ul of eCG IM (Novormon®; Zoetis) at the time of P4 device removal
(D9). The G300D9 group (n=130 anestrous cows) also received 300Ul of eCG IM
(Novormon®; Zoetis) at the D9. The G200D7 group (n=167 anestrous cows) had the eCG dose
(Novormon ®; Zoetis) reduced to 200Ul and anticipated to 48 hours before the P4 device
removal (D7). And the G200+100 group (n=152 anestrous cows) had the dose of eCG
(Novormon®; Zoetis) fractionated between D7 and D9, with 200Ul IM applied on D7 plus
100UI IM on D9. Still on D9, all animals had the tail heads marked with chalk to detect estrus.
The FTAI was performed 48 hours after P4 device removal (D11). A sample of animals from
each group (G300D9, n=7; G200D7, n=14; G200+100, n=12) was submitted to transvaginal
ultrasound examination on D9 and D11 to measure the diameter of the DF (Figure 2).

Experiment 2

300IU eCG

2mg EB 12.5mg Dinoprot  0.6mg EC  FTAIl PD
Cyclic cows ! | | | |
(n=326) P4 device 48 h
[ : f f // {
300IU eCG
2mg EB 12.5mg Dinoprot  0.6mg EC ~ FTAI PD
G300D9 | | | ) |
Anestrous cows ;i
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200IU eCG
2mg EB 12.5mg Dinoprost 0.6mg EC  FTAI PD
G200D7 | ! ! ! !
Anestrous cows P4 device
(n=167) : ; —A8h // =
200IU eCG 100IU eCG
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Day 0 7 9 11 41
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and
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Figure 2. Experimental design 2. EB= estradiol benzoate; EC= estradiol cypionate; Cloprostenol=
prostaglandin analog; eCG= equine chorionic gonadotropin; FTAI= fixed-time artificial insemination performed
48 hours after the progesterone (P4) device removal; BCS= body condition score; CL/WCL= ultrasound
examination to identify the cows with a corpus luteum (CL)/ cows without a CL at the beginning of FT Al protocol;
PD= ultrasound examinations for pregnancy diagnosis; DF= measurement of the dominant follicle (FD) diameter
through ultrasound evaluation.



32

Experiment 3

Experiment 3 had the same groups as experiment 2, but an alternative treatment group
was added, which received the conventional dose of eCG (3001U) on day 7 (48 h before the P4
device removal and 96h before FTAI). A total of 618 suckled beef cows, multiparous, with
BCS 2.62+0.30 on a scale from 1 to 5 (1=emaciated and 5=obese), ranging from 45 days
postpartum, acyclic were used. And cycling cows (n=152) at the beginning of FTAI protocol
were also included as a control group. Cows were randomly distributed among five treatment
groups. As in experiment 2, all animals received the same ovulation synchronization protocol
that consisted of inserting a P4 device (DIB®; Zoetis) plus 2mg of EB IM (Gonadiol®; Zoetis)
on DO, 12.5mg of Dinoprost Tromethamine IM (Lutalyse®; Zoetis) on D7 and 0.6mg of EC
IM (ECP®; Zoetis) on D9 associated with the P4 device removal. The same treatment groups
from experiment 2 (Cyclic cows, n=152; G300D9, n=161; G200D7, n=154; G200+100, n=153)
were used and the G300D7 group (n=150) was added, which received 300Ul of eCG IM
(Novormon®; Zoetis) on D7, 48 hours before the P4 device removal. On D9 all animals had
the tail heads marked with chalk to detect estrus. The FTAI was performed 48 hours after the
P4 device removal (D11), with semen from 12 different bulls. A sample of animals from each
group (Cyclic, n=37; G300D9, n=34; G300D7, n=32; G200D7, n=42; G200+100, n=39) was
submitted to transvaginal ultrasound examination on D7, D9 and D11 to measure the diameter
of the DF (Figure 3).
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Experiment 3
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Figure 3. Experimental design 2. EB= estradiol benzoate; EC= estradiol cypionate; Cloprostenol=
prostaglandin analog; eCG= equine chorionic gonadotropin; FTAI= fixed-time artificial insemination performed
48 hours after the progesterone (P4) device removal; BCS= body condition score; CL/WCL= ultrasound
examination to identify the cows with a corpus luteum (CL)/ cows without a CL at the beginning of FT Al protocol;
PD= ultrasound examinations for pregnancy diagnosis; DF= measurement of the dominant follicle (FD) diameter
through ultrasound evaluation.

Semen

The bulls used in these experiments were chosen at the discretion of the properties on
which the management was carried out. All batches used were previously evaluated. Only
samples with sperm quality characteristics that met the minimum requirements of the Brazilian
College of Animal Reproduction [18] were used, which consist of 35% of progressive sperm

motility and maximum of 30% in total, of abnormal sperm after thawing.

Estrus detection
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The cows had their tailheads marked with chalk (Raidl-Maxi; RAIDEX GmbH,
Dettingen/Erms, Germany) at the P4 device removal. The occurrence of estrus was evaluated
at FTAI and was determined on the basis of the removal of the tailhead mark. Estrus was

deemed to have occurred in cattle without a tailhead.

Ultrasound examination

For all experiments, all animals were evaluated immediately before the beginning of the
TAI protocol (DO) to access the ovarian activity. Transvaginal ultrasound examination of the
ovaries was carried out to verify the presence or absence of the corpus luteum (CL). Cows that
did not presented a CL at this time were considered acyclic and those that presented a CL were
considered cyclic cows. Regarding the follicular dynamics evaluations, in experiments 1 and 2,
measurements of the DF were performed at the time of P4 device removal and at the FTAI
moment. In experiment 3, these measurements were made at the time of administration of the
prostaglandin analogue (D7), P4 device removal (D9) and at the FTAI moment (D11). The
growth of the DF (mm/day) was determined by the difference in diameter between the days on
which it was measured (D10-D8 or D11-D9 in experiment 1; D11-D9 in experiment 2; D9-D7,
D11-D9 and D11-D7 in experiment 3), divided by the total number of days between the first
and the last measurement (2 days for experiments 1 and 2; 2 or 4 days for experiment 3). The
pregnancy diagnosis was performed by ultrasound 30 days after FTAI. The rate of P/Al was
defined as the number of pregnant cows, divided by the total number of cows submitted to FTAI

for each treatment group.

Statistical analysis

Statistical analysis was performed using the GLM models of STATISTICA 13.3 (TIBCO
Software) for Windows. Continuous variables were analyzed by ANOVA procedure fitted to
normal distribution. Categorical data were analyzed by logistic regression with models fitted to
binary distribution. The occurrence of estrus and P/Al were analyzed using the GLM
procedures. The variables that were initially included in the models were the treatments, farm,
cow breed (purebred or crossbred Bos taurus) and BCS at the first day of the synchronization
protocol (categorized as <2.75 or >2.75), and their interactions. For the analysis of P/Al, the
bull sire within each breeding group in each farm location was included as a random effect. In

the subset of cows subjected to ovarian response evaluation by ultrasound, continuous variables
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(i.e., diameter of the LF at D6 or D7, P4 insert removal (D8 or D9), diameter of the LF at FTAI,
and LF daily growth rate) were analyzed by GLM procedure. The cows within each breeding
group were considered as a random effect. Response variables were tested according to their
homogeneity and normality of variances using and transformed if necessary to reach the
normality. An additional retrospective analysis, regarding the impact of occurrence of estrus
between the P4 device removal and FTAI, was performed. Information from individual cows
was compiled into a single data set for statistical analysis. Data were analyzed by logistic
regression using the GLIMMIX procedure. Means (standard error) and percentages were used
to describe all the response variables. Differences with P<0.05 were considered statistically
significant.

3. Results

Experiment 1

At the time of P4 device removal, cows in G200D6, G200D7 e G300D9 groups had
greater (P<0.05) follicular diameter; at FT Al the groups in which the P4 device remained for 9
days had larger (P<0.05) follicular diameter; the follicular growth rate was higher (P<0.05) for
the groups G200D6, G200D7 e G300D9 (Table 2). Occurrence of estrus (P=0.63) and P/Al

(P=0.67) was similar among treatment groups (Table 2).

Table 2. Experiment 1 - reproductive response of suckled beef cows in postpartum anestrus
after FTAI, according to the P4 device permanence, time of application and eCG dose.

Treatment groups

Item P4 9 days P4 8 days vaFI)ue
G300D9 G200D7 G300D8  G200D6

N° of animals 20 21 20 20 -

BCS (1-5 scale) 2.42+0.1 2.42+0.1 2.40+0.2 2.42+0.1 0.12
LF diameter at P4 device removal (mm) 10.3882 10.462 9.87° 10.342 <0.05
LF diameter at FTAI (mm) 14.532 14,742 13.16°¢ 14.06° <0.05
FGR P4 device removal to FTAI (mm/day) 1.492 1.602 1.28° 1.602 <0.05
Estrus occurrence (%) 65.0 (13) 76.1(16) 60.0(12) 75.0(15) 0.63
P/AI (%) 50.0 (10) 52.3(11) 45.0(9 50.0(10) 0.67

Abbreviations: P4, progesterone; FTAI, fixed-time artificial insemination; eCG, equine chorionic gonadotropin;
P/Al, pregnancy per artificial insemination; BCS, body condition score; LF, largest follicle; FGR, follicular growth
rate between de P4 device removal and FTAL.

a.b.cOn the same line, means without a common superscript differed (P<0.05).
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Experiment 2

There was no difference in the follicular diameter at the P4 device removal (P=0.37), at
the TAI moment (P=0.42), or in follicular growth rate (P=0.67) among treatment groups. The
estrus occurrence was also similar among the treatment groups (Figure 4). The P/Al was higher
(P<0.05) in cyclic cows when compared to G300D9 or G200D7. However, the G200+100

presented results similar to cyclic cows (Figure 4).
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Figure 4. Experiment 2 - occurrence of estrus and pregnancy per artificial insemination (P/Al) in purebred and
crossbred taurine suckled beef cows according to treatment with different doses and time of administration of eCG
at the TAI protocol (Cyclic cows = 300Ul at P4 device removal on day 9; G300D9 = 300Ul at P4 device removal
on day 9; G200D7 = 200Ul 48h before P4 device removal, on day 7; G200+100 = 200Ul 48h before plus 100Ul

ate the P4 device removal). Cyclic cows = cows with a corpus luteum at day 0; G300D9, G200D7 and G200+100
= cows without a corpus luteum at day O; Different letters between columns indicate statistical difference (P<0.05).

Experiment 3

The follicular diameter at day 7 was similar (P=0.44) between treatments (Table 3). At
the P4 device removal, G300D7 group presented superior (P=0.04) follicular diameter, and the
cyclic cows, G200D7 and G200+100 groups showed similar results to these (Table 3). At the
TAI moment, the follicular diameter was similar (P=0.14) among treatments. The G300D7
group also presents the highest (P=0.03) follicular growth rate from day 7 to day 9. From day
9 to day 11, the cyclic cows showed greater (P=0.01) follicular growth rate. From day 7 to day
11 follicular growth rate did not differ (P=0.34) among treatment groups (Table 3). Cyclic cows
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showed higher estrus (P=0.006) and pregnancy rates (P=0.01). However, among the treatment
groups the results of estrus occurrence for G300D7 and P/Al for G200+100 was similar to those
shown by cyclic cows (Figure 5).

In addition, it was observed that cows with BCS < 2.75 presented pregnancy rates
significantly lower (P=0.0001) than those with BCS > 2.75 (Table 4). The ovarian function (CL
or W/CL) at the beginning of the FTAI protocol and estrus occurrence also showed significant
effect on P/Al (Table 4).

Table 3. Experiment 3 - ovarian follicular growth of purebred and crossbred taurine suckled
beef cows in postpartum anestrus in response to different moment of administration and dose
of eCG, at the FTAI protocol with 9 days of P4 device permanence.

Treatment groups

P
ftem %3\','5" G300D9 G200D7 G200+100 G300D7 Vvalue
Ne° of animals 37 34 42 39 32 -
LF diameter at day 7 (mm) 7.2+¥1.5 7.1+1.3 6.7+1.2 6.7+1.3 6.7+1.2 0.44
(Lnfrgiame"” at P4 removal 10.041.0® 9.8+0.9° 10.1+0.8% 10.3+0.7% 10.4+1.1* 0.04
LF diameter at FTAI (mm) 127416 12.6+1.8 120418 125+15 12.0+18 0.14
FGR day 7-9 (mm/day)° 14407  1.4+05° 1.6+0.7%®  1.8+0.6®  1.8+0.8*  0.03
FGR day 9-11 (mm/day)* 1.4+0.62  0.9+0.5°  0.6+0.5° 0.7+0.4° 0.740.5°  0.01
FGR day 7-11 (mm/day)® 1.4+0.4  1.4204  1.30.6 1.440.5 1.4+05  0.34

Abbreviations: P4, progesterone device; FTAI, fixed-time artificial insemination; LF, largest follicle; FGR,
follicular growth rate between days 7 and 9¢, between days 9 and 119 and between days 7 and 11°.

a>0n the same line, means without a common superscript differed (P<0.05). Data was presented as mean + standart
deviation of the mean.
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Figure 5. Experiment 3 - occurrence of estrus and pregnancy per artificial insemination (P/Al) in taurine suckled
beef cows according to treatment with different doses and time of administration of eCG at the TAI protocol
(Cyclic cows = 300Ul at P4 device removal on day 9; G300D9 = 300Ul at P4 device removal on day 9; G300D7
= 300UI 48h before P4 device removal, on day 7; G200D7 = 200Ul 48h before P4 device removal, on day 7;
G200+100 = 200U1 48h before plus 100Ul ate the P4 device removal). Cyclic cows = cows with a corpus luteum
at day 0; G300D9, G200D7 and G200+100 = cows without a corpus luteum at day 0. Different letters between
columns indicate statistical difference (P<0.05)

Table 4. Experiment 3 - pregnancy rates of purebred and crossbred taurine suckled beef cows
in postpartum anestrus according to the BCS and presence or absence of a corpus luteum at the
beginning of FTAI protocol, and the estrus occurrence rate at FTAI.

Item N° of animals P/AI %d P values
BCS (scale 1-5)
2,00 81 24,7¢ (20)
2,50 525 41,7° (219)
2,75 24 54,22 (13) 0,0001
3,00 112 60,72 (68)
3,50 28 60,72 (17)
Presence or absence of CL®
Without CL 618 39,6 (245)
) < 0,0001
With CL 152 63,12 (96)
Occurrence of estrusf
No estrus 225 23,5 (53)
< 0,0001
Estrus 545 61,72 (336)

Abbreviations: BCS, body condition score; CL, corpus luteum; P/Al, pregnancy per artificial insemination.
a.b.cOn the same column, means without a common superscript differed. ¢ Data are presented as average pregnancy
rate (number of cows that became pregnant/number of cows submitted to fixed-time artificial insemination).

¢ Pregnancy rate of cows that presented or not presented a CL on day 0 of the FTAI protocol. fPregnancy rate of
cows that presented estrus or not on day 0 at the FTAI.
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4. Discussion

The use of eCG in FTAI protocols stimulates follicular growth, promoting greater estrus
occurrence and pregnancy rates [6]. The anticipated administration of this gonadotropin may
contribute to a longer period of action and, consequently, potentiation of these benefits. In
addition, dose reduction due to anticipation allows for a reduction in the cost of the FTAI
protocol. Among all the experiments carried out in this study to evaluate the effect of different
doses and time of eCG administration in FTAI protocols applied to purebred and crossbred
taurine suckled beef cows in postpartum anestrus, the main results found were: 1) the protocols
with 9 days of P4 device permanence were able to induce a higher follicular growth rate and a
DF of greater diameter at TAI, regardless of the dose and time of application of the eCG; 2) the
anticipation of the eCG dose to 48h before de P4 device removal (day 7) on TAI protocol
induced a higher follicular growth rate between days 7 and 9, enabling a larger DF at P4 device
removal; 3) the fractionation of the eCG dose was the only treatment capable of inducing a
pregnancy rate similar to that of cyclic cows that showed the greatest results; 4) the anticipation
of 2001U of eCG presented similar results of follicular development, estrus occurrence and
pregnancy rates that the conventional treatment (3001U on day 9).

This study started by evaluating the anticipation (to 48h before the P4 device removal
and 96h before FTAI) and reduction (3001U to 2001U) of the eCG dose in TAI protocols with
different times of P4 device permanence (8 or 9 days). It was observed that regardless of the
dose and time of eCG application, the protocol in which the P4 device remained for 9 days
enabled a larger DF at FTAI (mean of >214,5mm). This result is similar to that found in another
study of our research group [19,20], in which different doses of eCG (3001U and 4001U) were
used at the time of P4 device removal in protocols with different exposure times to P4 device
(8 or 9 days), and the DF diameter at FT Al also was largest when the P4 device remained for 9
days, regardless de eCG dose. This result could be expected since the DF had an extra day of
development. When the progesterone device remained for 8 days, the anticipation (to day 6)
and reduction (to 200Ul) of the eCG dose enabled a follicular diameter at FTAI similar
(approximately 14mm) to that of the protocol with 9 days of P4 device permanence while the
conventional treatment (3001U on day 8) presented a lower result (approximately 13mm).
Based on this, it is important to highlight that the DF acquires ovulatory capacity when reaching
approximately 8 and 10 mm in diameter in Bos indicus and Bos taurus cattle, respectively
[21,22]. However, ovulation happens when this follicle reaches 10-12 mm and 14-20 mm in
diameter for these same genetic groups [23]. Ovulation of a larger diameter DF is related to
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higher serum E2 concentrations in the pre-ovulatory period [24-26]. In turn, high
concentrations of E2 are related to higher estrus demonstration rates [27], preparation of the
uterine environment [28], transport and viability of sperm in this environment [29], contributing
to the highest conception rates [24,25,27]. Larger ovulatory follicles are also related to the
formation of a larger CL volume and higher concentrations of P4 after ovulation [26,30], which
contributes to a greater probability of embryonic/fetal survival [24,31]. Tortorella et al. [17]
also observed greater follicular growth when anticipated the eCG dose (4001U) to day 6 of a
protocol with 8 days of P4 device permanence. However, the follicular diameter at the time of
application of the ovulation inducer (GnRH on day 9) was low for all animals, as well as the
estrus and pregnancy rates. Despite presented numerical difference in our study, the estrus
occurrence and pregnancy rates were similar between groups (G200D6, G300D8, G200D7 and
G300D9), but were evaluated in a small number of animals.

In experiments 2 and 3, only the protocol with 9 days of P4 device permanence was
used based on its larger DF at FTAI presented on experiment 1. Still, in experiment 1, the
reduction in the dose of eCG applied on day 7 showed results of follicular diameter similar to
the conventional dose applied on day 9. Additionally, in experiment 2 the same dose (2001U on
day 7) also showed a numerically lower result, so it was decided to introduce one more
treatment group, anticipating the conventional eCG dose (3001U) to day 7. When the
application of eCG is anticipated to 48 hours before P4 device removal (96h before FTAI) it
can happen before the follicular divergence and dominance. The follicular divergence occurs
when the FD reaches approximately 6 mm and 8.5 mm in diameter for Bos indicus [22,32] and
Bos taurus females [33] respectively. When eCG is administered before follicular deviation it
can stimulate the growth of more than one follicle presented in the ovaries [34], causing a higher
incidence of multiple ovulation and twin pregnancies. However, in the present study this was
not observed.

The results of follicular development in experiments 2 and 3, showed that anticipation
of eCG induced a larger DF diameter at P4 device removal and a higher follicular growth rate
between days 7 and 9. The DF diameter at FT Al did not differ between treatments. Additionally,
the follicular growth rate between days 9 and 11 or 7 and 11 also did not differ. Despite
remaining in circulation for 120 hours after application as shown in other studies [7,9,10], our
results seem to confirm that the peak action of eCG is around 48 hours after application, since
the anticipation of the eCG dose (2001U or 3001U to day 7) demonstrated follicular diameter at
FTAI similar to conventional treatment (at P4 device removal) and not an increase in these

results as expected. Another study evaluated the effect of 400 IU of eCG 48h before removal
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of the P4 device (day 6) [17]. However, these authors used GnRH as an ovulation inducer 24 h
after the P4 device removal and the FTAI was performed 16 h after GhnRH application.
Although the anticipation of eCG showed better results of follicular growth, these were low for
both groups in the same way as the estrus and pregnancy demonstration rates. When compared
to our results, it may be explained by the longer duration of the ovulation synchronization
protocol used for FTAI in our study, that allowed follicular growth for a longer period and
greater DF diameter at FTAI. Still based on the results of follicular growth, Aradjo et al. [16]
did not observe improvement in the results of follicular growth, CL development and pregnancy
rate when they anticipated 4001U of eCG for 24h or 48h before the P4 device removal in
Holstein cows. However, the results of these authors showed a significant numerical difference
and the study was carried out with dairy cows that have higher hepatic steroid metabolism and
consequently lower serum P4 concentrations during the estrous cycle [35]. This stimulates
follicular growth and a larger ovulatory follicle diameter, causing milk cows not to show so
many benefits when treated with eCG [36].

Our results of estrus occurrence and pregnancy rates were greater cyclic cows and the
only treatment group capable of inducing similar results was the one that received the
fractionated eCG dose between days 7 (200IU) and 9 (100IU). Cyclic cows were used as a
comparative because it has been shown in other studies that they have better reproductive
performance in FTAI programs when compared to anestrus cows. This is generally related to
the hormonal environment associated with the first ovulation after the anestrus period and the
fact that the first luteal phase after this period has a shorter duration due to the ovulation of
small follicles [37,38]. Suckled anestrous cows and cows with poor nutritional condition
presenting insufficient LH pulsatility, compromising follicular development and causing non-
ovulation or ovulation of small follicles [4]. The benefits of using eCG in ovulation
synchronization protocols for FTAI, mostly in cows in this conditions are related to its ability
to bind to both FSH and LH receptors [1,6]. The treatment with eCG increase final follicular
development, follicular diameter at FTAI, estrus occurrence, ovulation and pregnancy rates
[15,39-41]. In addition, the use of eCG is also related to the formation of a larger CL after
ovulation and higher concentrations of circulating P4 [39,42,43]. Therefore, we consider the
similar result between the fractionation of the eCG dose and the cyclic cows to be very positive,
because it allowed cows in less favorable physiological conditions to achieve results close to
those of females who have already reestablished the appropriate hormonal environment for
reproduction. Despite having demonstrated follicular diameter similar to other treatments at

FTAI, we can infer that fractionation of the eCG dose kept its concentrations high for longer
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and this provided a better follicular environment and stimulated oocyte maturation [44].
Therefore, only the group that received the fractionated eCG dose between days 7 (2001U) and
9 (1001V) had a pregnancy rate similar to cyclic cows.

Still, it is important to note that there are studies showing that the reduction of the eCG
dose applied at P4 device removal, to 2001U of eCG in Bos indicus heifers [12] and cows [13]
2001U of eCG in Bos Taurus heifers [14], and 300 IU of eCG in Bos taurus cows [15] can be
used without any loss in reproductive performance. However, when Marquezini et al. [45] used
2001U of eCG at the P4 device removal in purebred and crossbred taurine suckled beef cows,
did not obtain any improvement in pregnancy rates, as compared with no treatment with eCG,
in a GnRH-based treatment regimen. In our study, the anticipation of 2001U of eCG for 48h
before the P4 device removal demonstrated results of follicular growth, estrus and pregnancy
rates similar to the conventional treatment of 3001U at the P4 device removal. This confirms
part of our hypothesis that anticipating the application of eCG would allow a dose reduction
and consequently a reduction in the cost of the FTAI protocol.

Other important results of our study regardless of treatment were pregnancy rates
according to different BCS, reproductive status at the beginning of the TAI protocol and the
occurrence or not of estrus. It was possible to observe that cows with BCS <2.75 had a
pregnancy rate lower than those with BCS >2.75. Approximately 80% of the cows used in our
study had BCS between 2 and 2.5, which may be related to not so great pregnancy rates. Similar
results have been demonstrated in other studies [1,46]. Likewise, cows that did not show estrus
at FTAI also had lower pregnancy rates. According to Cooke, et al. [31] the non-occurrence of
estrus until the FTAI moment is related to a smaller follicular diameter, lower circulating E2
concentrations in pre-ovulatory period, smaller CL after ovulation and, consequently, lesser

pregnancy rates.

5. Conclusions

In conclusion, the fractionation of the eCG dose between days 7 (2001U) and 9 (1001U)
was the only treatment group that demonstrated pregnancy rates similar to its of cyclic cows,
demonstrating the potential to induce in suckled beef cows in postpartum anestrus a result
similar to that of animals that naturally present an adequate hormonal environment for
reproduction. The anticipation of 3001U or 200IU presented results of follicular growth, estrus
occurrence and pregnancy rates similar to de conventional treatment with 3001U applied on P4

device removal and not an increase in results as expected. The anticipation of 200Ul (applied
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96h before FTAl) has not shown superior results to the conventional treatment as expected, but
the similar results are an indication that the dose reduction can be applied as an alternative to

reduce the costs of the FTAI protocol.
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5 CONCLUSAO

- A antecipacdo da aplicacdo de 300Ul de eCG para 48h antes da remogéo do dispositivo de P4
(i.e. 96h antes da IATF) apresentou resultados de crescimento folicular, cio e prenhez
semelhantes ao tratamento convencional de 300Ul no momento da remocéao do dispositivo de
P4, ndo justificando a adicdo de um manejo para sua utilizagéo;

- A antecipacdo de 200Ul de eCG para 48h antes da remocéo do dispositivo de P4 apresentou
resultados de crescimento folicular, cio e prenhez semelhantes ao tratamento convencional de
300Ul no momento da remocédo do dispositivo de P4, mostrando-se uma alternativa a ser
utilizada para reducdo do custo do protocolo de IATF;

- O fracionamento da dose de eCG (200UI 48h antes da remocao do dispositivo de P4 + 100Ul
no momento da remocéo do dispositivo de P4) apresentou resultados de prenhez semelhantes

ao das vacas ciclicas.
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6 PERSPECTIVAS

A partir dos resultados obtidos, futuros estudos podem ser realizados para:
- Expandir o nimero de animais comparando o fracionamento da dose de eCG e o tratamento
convencional de 300Ul no momento da remocao do dispositivo de P4 para avaliar os efeitos
com menos grupos de tratamento;
- Expandir o nimero de animais comparando a antecipacdo de 200Ul de eCG e o tratamento
convencional de 300Ul no momento da remogéo do dispositivo de P4 para viabilizar a reducéo

da dose em vacas de corte em anestro;
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