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RESUMO

SILVA, Shara Eliete Davi, M.Sc., Universidade Federal de Vigosa, julho de 2025.
Uso de gonadotrofinas recombinantes na superovulagédo e producéo in vivo de
embrides caprinos. Orientador: Jeferson Ferreira da Fonseca. Coorientadores:
Lucas Machado Figueira e Luiz Gustavo Bruno Siqueira.

O objetivo deste estudo foi avaliar os parametros relacionados a producdo de
embrides in vivo em cabras superovuladas com FSH de diferentes fontes. Foram
utilizadas vinte e uma cabras mesticas da raca Alpina, distribuidas uniformemente
em dois grupos. Os animais receberam dispositivos intravaginais de progesterona
por seis dias, além da administracdo de cloprostenol e GnRH, 12 horas antes e 36
horas apés a remocao do dispositivo, respectivamente. O tratamento superovulatério
foi iniciado 60 h antes da remocé&o do dispositivo, com primeira dose de FSH (333 Ul
divididos fracionadas em seis doses decrescentes de 25-25-15-15-10-10%) no grupo
G-pFSH (n=10) e 100 pg de FSH bovino recombinante roFSH (rbFSH) no grupo G-
roFSH+reCG (n=11), que recebeu dose adicional de 200 Ul de eCG recombinante
24 horas antes da remocao do dispositivo. As cabras foram acasaladas naturalmente
por seis machos férteis a intervalos de 12 horas durante o cio. A recuperacao nao-
cirirgica de embribes foi realizada sete dias apds o estro. Ambos 0s grupos
apresentaram 100% de manifestacdo de cio. Nao houve diferenca (P>0,05) em
nenhuma das respostas avaliadas de manifestacdo de estro, resposta ovulatoria e
producdo de embrides. A duracdo média do estro foi de 32,72 + 4,30 e 37,00 + 3,32
respectivamente. O nimero médio de corpos lateos e embrides viaveis foi de 13,45
+ 158 e 45 + 1,3 em G-rbFSH+reCG e 1550 £ 2,01 e 6,6 + 2.1 em G-pFSH,
respectivamente. A taxa de recuperacdo de embribes por via transcervical foi de
52% e 59%, respectivamente. O protocolo simplificado de superovulacédo de duas
doses utilizando rbFSH e reCG foi tao eficiente quanto o protocolo tradicional de seis
doses na producao de embriées em cabras.

Palavras-chave: cabras; superovulagcéo; hormonioterapia



ABSTRACT

SILVA, Shara Eliete Davi, M.Sc., Universidade Federal de Vigosa, July, 2025. Use of
recombinant gonadotrophins in superovulation and in vivo embryo production
in goats. Adviser: Jeferson Ferreira da Fonseca. Co-advisers: Lucas Machado
Figueira and Luiz Gustavo Bruno Siqueira.

The objective of this study was to evaluate parameters related to in vivo embryo
production in goats superovulated with FSH from different sources. Twenty-one
multiparous dairy goats were uniformly distributed into two groups. Animals received
intravaginal progesterone devices for six days, in addition to cloprostenol and GnRH
administration, 12 hours before and 36 hours after device removal, respectively.
Superovulatory treatment was performed at 12 h interval, starting 60 h before device
removal with the first dose of p-FSH (333 IU divided into six decreasing doses of 25-
25-15-15-10-10%) in the G-pFSH group (n=10) and 100 pg of recombinant bovine
FSH (rbFSH) in the G-roFSH+reCG group (n=11), which received an additional dose
of 200 IU of recombinant eCG 24 hours before device removal. Goats were naturally
mated by six fertile males at 12-hour intervals during estrus. Non-surgical embryo
recovery was performed seven days after estrus onset. Both groups showed 100%
estrus. There was no difference (P>0.05) in any of the evaluated responses for
estrus, ovulatory response, and embryo production. The average estrus duration was
32.72 + 4.30 and 37.00 £ 3.32 hours to G-pFSH and G-rbFSH+reCG, respectively.
The average number of corpora lutea and viable embryos was 13.45 = 1.58 and 4.5
+ 1.3 in G-rbFSH+reCG, and 15.50 + 2.01 and 6.6 £ 2.1 in G-pFSH, respectively.
The transcervical embryo recovery rate was 52% and 59% to to G-pFSH and G-
roFSH+reCG, respectively. The simplified two-dose superovulation protocol using
roFSH and reCG was as efficient as the traditional six-dose protocol for embryo
production in goats.

Keywords: caprine; superovulation;; hormone therapy.
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1. INTRODUCAO GERAL

A caprinocultura no Brasil tem se destacado nas ultimas décadas com crescimento
progressivo, impulsionado pela ado¢do de tecnologias voltadas a melhoria da producdo e
reproducdo dos rebanhos. O setor leiteiro, em especial, ganhou projecéo a partir da década de
1990 com a fundacdo da Associacdo Brasileira de Criadores de Caprinos (ABCC) (Fonseca;
Bruschi, 2009). Entre 2019 e 2023, houve aumento do rebanho caprino, alcangando cerca de
12,8 milhdes de cabecas em 2023, das quais aproximadamente 93% estdo concentradas na

regido Nordeste, com a Bahia representando cerca de 30% do total nacional.

O comeércio da caprinocultura leiteira é significativo na regido Sudeste, representando
24,7% do leite produzido no pais, e destes, 73,1% é destinado ao comércio. A cada quatro litros
produzidos, trés litros sdo comercializados, tendo impacto no setor econdémico (IBGE, 2018).
O alto potencial das cabras é observado quando analisados os dados da média anual de producéo
de leite em propriedades com producdo acima de 3000 mil litros /ano, com a média de 722
litro/ano/cabra. (IBGE, 2018).

Apesar do crescimento, o Brasil ainda ocupa a 212 posi¢do no ranking mundial (ano
de 2022), reforcando a necessidade de avancos tecnoldgicos para competitividade e eficiéncia
(Monteiro et al., 2025). A insercao e criacao de programas de melhoramento genético, como o
Capragene®, tém sido fundamentais para a selecdo de animais superiores, promovendo ganhos
em produtividade leiteira e fornecendo suporte técnico por meio de avaliagdes genéticas e
reprodutivas (L6bo et al., 2017). Nos machos, o enfoque é a aplicacdo da inseminacao artificial
associada ao teste de progénie, viabilizando a multiplicacdo de material genético de alta
qualidade. J& nas fémeas, a técnica de multipla ovulacgéo e transferéncia de embrides (MOTE)

é a principal ferramenta para esse fim (Khan et al., 2023).

A superovulacdo (SOV) baseia-se na manipulagédo da dinamica folicular por meio da
administracdo extra de gonadotrofinas, como o hormdénio foliculo-estimulante (FSH),
promovendo o aumento da resposta ovulatdria das fémeas (Fonseca; Oliveira, 2020). A eficacia
do tratamento depende também do inicio sincronizado com a emergéncia da onda folicular
durante o protocolo de sincronizagéo (Figueira et al., 2020; Arrais et al., 2021), ou a partir da
sincronizacao do estro e ovulacdo (Menchaca et al., 2007), sendo que a regulacdo adequada
dessa dinamica folicular favorece a producdo embrionéria e o sucesso das biotecnologias
aplicadas. No Brasil, duas formulagdes comerciais de FSH de origem suina (pFSH) sdo
utilizadas com sucesso, sendo apresentadas em unidades internacionais (Fonseca et al., 2013)

ou em miligramas (Fonseca et al., 2022). Pesquisas recentes demonstram que doses reduzidas
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do pFSH, como 133 mg, também podem ser eficazes em ragas nativas como Canindé e Moxotd
(Fonseca et al., 2021). Ainda assim, protocolos com doses muito baixas (<80 mg) ndo séo

recomendados por apresentarem baixa taxa de embrides vidveis (Sanchez-Davila et al., 2014).

As etapas da técnica de multipla ovulagao consistem na indugéo e sincronizagéo de estro
das doadoras e receptoras, estimulacdo ovariana seguido do acasalamento ou ainda inseminacao
artificial; recuperacdo dos embrifes, transferéncia ou congelamento dos mesmos (Ramos;
Silva, 2018; Fonseca, 2021). Em protocolo superovulatorio de seis aplicagdes de 133 mg de
pFSH, a média de embribes viaveis obtidos apds coleta transcervical foi cerca de cinco por
doadora; reforcando a viabilidade do método de recuperacdo de embrides nao cirdrgico apos o
tratamento de superovulagdo (SOV) para producdo in vivo (Fonseca et al., 2021). No entanto,
apesar da relativa eficacia do pFSH, ainda ha grande variabilidade de respostas nos animais e
seu uso pode afetar a qualidade dos odcitos e resposta folicular (Khan et al., 2023; Ferreira et
al., 2020). Além disso, o surto global de peste suina africana comprometeu a cadeia de
fornecimento de pFSH, gerando impactos negativos na industria suinicola e nos programas de
reproducdo que dependem desse insumo (Nguyen-Thi et al., 2021). Com isso, alternativas
biotecnoldgicas vém sendo exploradas, como o uso do FSH bovino recombinante (rbFSH), uma
proteina produzida em cultivo celular. O uso de rbFSH, por ser administrado em dose Unica,
reduz os custos e 0 manejo animal, promovendo melhor bem-estar e menores niveis de estresse

durante os protocolos reprodutivos (Carvalho et al., 2014; Gutiérrez-Reinoso et al., 2022).

2. REVISAO BIBLIOGRAFICA
2.1 Ciclo estral

Os caprinos sdo considerados poliéstricos estacionais de dias curtos, com um periodo
de reproducdo natural e outro de anestro estacional tipico (Balaro et al., 2019). Durante o
periodo de atividade reprodutiva sdo observados os ciclos estrais. O ciclo estral é definido como
um evento fisioldgico que ocorre em fémeas que ja atingiram a maturidade sexual e néo
gestantes; sendo regulado pelo eixo hipotalamo-hipofise-ovario devido a modificacbes
hormonais. Diferentes fases do ciclo sdo marcadas por um perfil enddcrino e morfolégico
préprio. O ciclo estral compreende o intervalo de tempo entre dois estros consecutivos, com
duracdo média de 21 dias em cabras. Durante o ciclo estral, varias ondas foliculares podem ser
observadas. As primeiras ondas crescem sob efeito predominante da progesterona (P4)
produzida pelo corpo luteo (fase progesterdnica), ao passo que na Gltima onda, na qual foliculos
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crescem em ambiente de queda da P4 e aumento de estrogénio (fase estrogénica) é que sao

formados os foliculos ovulatérios (Ginther et al., 1996; De Castro et al. 1999).

A estacionalidade exerce influéncia significativa no ciclo reprodutivo de cabras (Balaro
et al., 2019). Os mecanismos regulatorios da estacionalidade em cabras envolvem o tempo de
exposicao a luz solar, raca e regido de criagdo (Delgadillo et al., 2021). Por meio da captagdo
solar pela retina ocular e do nervo éptico, sinais sdo emitidos para o hipotalamo em uma regido
especifica (nucleo supraquiasmatico), que ocorre o controle do ciclo circadiano e estacional.
Este nucleo é responsavel por emitir os sinais para a glandula pineal, que na auséncia de
luminosidade, aumenta a liberagdo da melatonina, sendo este o horménio responsavel por
regular o eixo hipotalamo-hipéfise-gonadal (Pinto; Brand&do, 2025). Em baixa luminosidade, a
secrecdo de melatonina € aumentada, sendo um fator sinalizador para que aja a secre¢do do
GnRH, que por sua vez, faz feedback positivo na liberacdo de LH e FSH (Clarke et al., 2009;
Barrell et al., 1992).

Nas regides equatoriais, subtropicais e tropicais a sazonalidade tem efeito menos
marcante na reproducéo; sendo observado animais com ciclo regular ao longo de todo o ano;
logo, os fatores nutricionais exercem maior influéncia na reprodugéo nessas regides (Carvalho-
de-Paula et al., 2020).

2.2 Ciclo folicular ovariano

Os eventos que ocorrem durante o desenvolvimento folicular, desencadeiam alteragdes
nos perfis hormonais (Medan et al., 2005). Esta fase do ciclo, proestro, compreende um periodo
médio de 3-4 dias, na qual inicialmente ocorreu a emergéncia de uma onda com diversos
foliculos em desenvolvimento (2-3 mm) sendo recrutados sob estimulo do FSH, ao fim da
maturacdo folicular é estabelecida a dominancia na onda pré-ovulatéria em que
aproximadamente 2 a 3 foliculos continuam seu crescimento com diametro de médio de 5 mm
(De Castro et al., 1999). Torna-se dominante o foliculo selecionado, que passa a expressar
receptores de LH nas células da granulosa e produzem a inibina. O aumento da concentragdo
de inibina promove feedback negativo na hipéfise para a liberacdo de FSH pela adenohipofise,
marcando a fase de emergéncia folicular, o que faz um grupo de foliculos se desenvolverem e
outros entrarem em atresia. A fase de dominancia, é consequéncia da selecdo dos foliculos que
contém maior expressao de receptores aos hormonios gonadotréficos passando a ser dominante,

e continuar o seu crescimento e secrecao de estrégeno (E2). Seu tamanho até a ovulagdo é de
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aproximadamente 4 a 8 mm; e alguns fatores séo importantes para propiciar a ovulacdo, como
baixos niveis de progesterona (P4) e alto nivel de E2 (Ginther et al., 1996; Ginther et al., 2000).
Esse padrdo hormonal é responsavel por fazer um feedback positivo no hipotalamo para haver
liberacdo GnRH e o pico pré-ovulatorio de LH, e apds aproximadamente 18-24 horas ocorrer a
ovulacdo; além de propiciar as alteracfes comportamentais do estro na espécie (Fatet et al.,
2011). A fase lutea, tem duracdo média de 17 dias, periodo em que ocorre a formagéo do corpo
luteo (CL) a partir das células remanescentes do foliculo ovulatério, através do processo de
luteinizacdo pelas células da granulosa e células da teca interna. O CL é uma estrutura vascular,
que atua com acdo enddcrina na secrecdo de progesterona (P4), sendo este hormonio
responsavel por inibir efetivamente a ovulacdo, bloqueando o aumento do hormdnio
luteinizante (LH), impedindo assim a ovulacéo de todos os foliculos. Como consequéncia, esses
foliculos entram processo atrésico, ou seja, eles ndo se desenvolvem e sofrem degeneracéao, o
que garante que somente um ou dois foliculos dominantes sejam selecionados e continuem seu
crescimento a cada ciclo (De Castro et al., 1999). Caso ndo ocorra a implantacdo do embrido,
inicia-se o processo de luteolise pela acdo da prostaglandina F2a (PGF2a), produzida pelas

células endometriais (Ginther et al., 1996).

2.3 Dinamica folicular ovariana

As ondas foliculares ocorrem quando Vvarios foliculos tém seu crescimento em conjunto,
levando a formagdo de um ou mais foliculos, com tamanho maior ou igual 5 mm de didmetro
(De Castro et al., 1999). Este evento ocorre em fases, estro, metaestro, diestro e proestro, sendo
esta Ultima em que diversos foliculos em desenvolvimento séo recrutados sob estimulo do FSH,
LH e fator de crescimento (fator de crescimento semelhante a insulina tipo I, IGF-1), que
propiciam a segunda fase da onda folicular (Costa et al., 2014). Durante a fase subsequente,
ocorre o desenvolvimento folicular, e apenas alguns foliculos passam pela selecdo para
tornarem-se dominante. Estes foliculos dominantes apresentam tamanho de 4 mm e continuam
seu crescimento sob acdo do LH até o periodo pré-ovulatoério, quando atingem o tamanho maior
que 6 mm de diametro (Rubianes e Menchaca, 2003; Uribe-Velasquez et al., 2015).

Na fase folicular, ocorre a expressdo de receptores de LH nas células da granulosa,
aumento da concentracdo dos hormonios inibina e E2 promovendo feedback negativo sobre a

hipofise para a liberacdo de FSH pela adeno-hipdfise o que faz um grupo de foliculos se



14

desenvolverem e outros entrarem em atresia (Bao e Garverick, 1998). A ovulagédo na espécie é
marcada como o dia 0 do ciclo, tempo em que € observada a emergéncia da primeira onda. As
cabras normalmente apresentam de duas a quatro ondas dependendo da duracdo do ciclo e de
fatores individuais (Ginther, 1994).

A dominancia folicular é consequéncia da selecdo dos foliculos que contém maior
expressao de receptores aos hormoénios gonadotroficos, passando a ser dominante e continuar
0 seu crescimento até a ovulacdo. Durante a fase litea a secrecdo de P4 bloqueia a ovulacéo,
acarretando na regressdo do foliculo. Entretanto, em algumas situacfes, pode haver a
codominancia, com o desenvolvimento simultaneo de mais de um foliculo dominante
(Driancourt, 2001; Rubianes e Menchaca, 2003; Ginther e Kot, 1994). Em estudos com cabras
da raca Saanen, através da ultrassonografia ovariana, foi descrito de forma detalhada estes
eventos ao longo do ciclo estral, sendo observadas na primeira e ultima onda folicular foliculos
com maior didmetro, indicando maior dominancia nessas fases; e é na tltima onda em que surge

o foliculo ovulatério e ocorre a ovulagdo (Ginther e Kot, 1994).

2.4 Superovulagéo

Considerando a dindmica folicular ovariana, a superovulagéo (SOV) tem como principio
basico interferir nesse processo de forma a permitir que mais foliculos completem o seu
desenvolvimento até a ovulagdo. Essa biotécnica baseia-se na administracdo de FSH exdgeno
préximo a emergéncia de uma onda folicular, para que haja o maior numero de foliculos em
desenvolvimento potencialmente responsivos, levando-os ao estadgio pré-ovulatorio e
subsequente ovulacdo (Gongalves et al., 2001). A SOV é uma ferramenta fundamental nos
programas de multiplicacdo genética de pequenos ruminantes, especialmente em caprinos,
visando aumentar o nimero de odcitos ovulados e, consequentemente, embrides produzidos.
Dentre as formula¢es mais utilizadas, destaca-se o FSH de origem hipofisaria suina (pFSH),
geralmente administrado em doses decrescentes por trés a quatro dias consecutivos em
intervalos de 12 h (Fonseca & Oliveira, 2020).

Apesar de eficaz, o pFSH apresenta limitages como meia-vida curta, necessidade de
multiplas aplicaces, risco de reacdes imunologicas e presenca de contaminantes hormonais,
como LH (Holtz, 2005; Gutiérrez-Reinoso et al., 2022). Nos protocolos de SOV, o uso deste
hormdnio tem mostrado resultado eficientes, obtendo altas taxas de ovulacéo (até cerca de 16
corpos luteos) e numero significativo de embrides viaveis e transferiveis, alcancando até 9,3

embrides transferiveis em alguns estudos (Goel e Agrawal, 2005). Na superestimulagéo visando
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a producdo in vitro de embribes, a sua associacdo com eCG em dose Unica ou com menos
aplicacdes vem sendo usada; uma tnica injecao de 70 mg de pFSH mais 200 Ul de eCG resultou
em 10,8 COCs, numero semelhante ao obtido com cinco doses de 120 mg de FSH (Avelar et
al., 2018).

Diversos autores tém buscado simplificar os protocolos de superestimulacdo, mas
desempenho inferior dos protocolos simplificados tem sido observado, com menor resposta
ovariana com FSH + eCG comparado ao protocolo tradicional com FSH em multiplas doses
(Lehloenya et al., 2013). Também foram avaliados protocolos com FSH em dose Unica,
dissolvido em substancias de liberagdo lenta, como o acido hialurénico ou polivinilpirrolidona
(PVP), que tém mostrado bons resultados em bovinos e ovinos, mas ainda ha escassez de dados
conclusivos em caprinos (Kimura et al., 2007; Panyaboriban et al., 2018). Protocolos de SOV
com o uso de FSH + hCG, para inducdo e sincronizagéo tem demonstrado maior precisdo da
ovulacgdo e maior obtengdo nimero de embrides transferiveis quando comparado com o uso de
eCG com hCG. O protocolo com FSH + hCG durante 8 dias, resultou em 11,8 ovulagdes, 8
embrides totais e 5,2 transferiveis, valores superiores aos obtidos com eCG + hCG (Goel &
Agrawal, 2005).

Com o avanco da biotecnologia, alternativas mais modernas foram desenvolvidas, como
0 FSH bovino recombinante (rbFSH), ovino (roFSH), humano (Cinnal-f®), menotropinas
(hMG) e bscrFSH (produzido em células CHO - Chinese Hamster Ovary) (Cabeza et al., 2024).
Estudos comparativos entre diferentes fontes de FSH tém demonstrado que os efeitos desse
hormdnio sobre o desenvolvimento folicular variam conforme sua origem e o estagio de
desenvolvimento dos foliculos. Ferreira et al. (2020) avaliaram os impactos do FSH pituitario
(pFSH), bovino recombinante (rbFSH) e humano recombinante (rhFSH) no desenvolvimento
promoveu maior taxa de extrusdo e degeneracao folicular, além de reduzir o crescimento, a
producdo de estradiol e a retomada meidtica, especialmente nos foliculos pré-antrais. Por outro
lado, o rbFSH proporcionou melhor crescimento folicular, maior formacdo de antro e
preservacdo da competéncia meidtica dos oocitos, sendo considerado o mais eficaz. O rhFSH
teve efeito positivo restrito aos foliculos antrais, promovendo maior maturacao oocitaria. No
contexto da superovulacdo in vivo, os protocolos baseados em FSH recombinante de longa acao
tém se destacado pela eficiéncia reprodutiva e pela praticidade no manejo. Cabeza (2024)
avaliou o0 uso do FSH bovino recombinante de cadeia simples em diferentes protocolos para

bovinos. Inicialmente, um protocolo com oito doses de 0,5 mg aplicadas a cada 12 horas, que
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resultou em média de 22,5 £ 2,5 foliculos maduros por animal. No entanto, ndo houve
recuperacdo de embrides. Um protocolo intermediario com 7 doses de 0,3 mg, também a cada
12 horas, obteve melhor desempenho, com média de 9 embrides viaveis, superando 0s
resultados do pFSH. Com base nesses dados, ajustes foram feitos nos esquemas hormonais,
reduzindo-se o nimero de aplicacOes para 4 doses com intervalo de 24 horas. As doses testadas
(0,137 mg e 0,163 mg) foram eficazes, com producdo média de 9,4 a 11,2 embrides viaveis por
doadora, respectivamente, evidenciando a eficiéncia do brscFSH em protocolos simplificados

de SOV em ruminantes.

De forma semelhante, 0 uso do FSH ovino recombinante de longa agdo (roFSH) em
aplicacdo Unica demonstrou resultados promissores em bovinos. Em protocolo padronizado, o
roFSH foi administrado no dia 0 (300 mg para vacas de corte, 150 mg para vacas Jersey, e 120
ou 160 mg para novilhas Holandesas), associado a aplicacdo de eCG (400 Ul para bovinos de
corte e 200 Ul para leiteiros). Em novilhas Holandesas, as doses de 120 mg e 160 mg de roFSH
resultaram em médias de 5,8 a 7,3 embrides viadveis por coleta, com viabilidade de até 86,6%.
Em vacas Jersey lactantes tratadas com 150 mg, a média foi de 5,9 embriGes transferiveis, com
taxa de viabilidade de 64,2% (Sanderson; Martinez, 2020).

2.5 Métodos de colheita de embrides em caprinos

Uma das opcdes para acelerar processo genético dentro de um rebanho e a insercéo de
biotecnologias dentre elas a transferéncia de embrido, que além de alavancar o processo, acelera
a selecdo genética além de otimizar o uso de fémeas de alto valor zootécnico. Neste contexto a
aplicacdo das biotécnicas requer dominio ndo apenas de protocolos hormonais e de inseminacgao
artificial, mas também de métodos que viabilizam a recuperacdo de embriGes viaveis. De forma
estratégica, a recuperacdo embrionaria € realizada entre o sexto e o sétimo dia ap0s o inicio do
estro, periodo em que os embrides ja se encontram no Utero. A resposta superovulatoria varia
entre as fémeas, 0 que impacta diretamente na eficiéncia da coleta (Oliveira et al., 2022).
Diferentes técnicas podem ser empregadas para coleta de embrides, mas em caprinos trés
metodologias foram e ainda séo utilizadas; dentre elas procedimento cirirgico de laparotomia,
a laparoscopia como o método semi-cirdrgico, e mais recentemente a técnica transcervical ndo

cirdrgica.

Considerando os impasses do uso das técnicas cirurgicas e semi-cirurgicas; a busca por
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técnicas menos invasivas tem consolidado a técnica de recuperag@o nao-cirurgica de embrides
(NSER) de eleicdo para o procedimento. Essa técnica representa uma estratégia sustentavel,
atenta as diretrizes de bem-estar animal e com resultados de exceléncia na producdo de
embrides viaveis (Fonseca et al., 2022). A principal vantagem da NSER reside em seu carater
minimamente invasivo, eliminando a necessidade de intervencgdes cirirgicas abdominais. Com
isso, pode-se reduzir significativamente o risco de complicacdes associadas, permitindo a
repeticdo das coletas ao longo de diversos ciclos reprodutivos do mesmo animal, sem
comprometer sua fertilidade futura. Ha ainda vantagens econdmicas importantes, uma vez que
dispensa o uso de equipamentos complexos e infraestrutura cirdrgica, o que contribui para sua

ampla acessibilidade em diferentes contextos produtivos (Fonseca; Oliveira; Viana, 2011).

Para esse procedimento é realizada a dilatacdo cervical, com a administracdo de
prostaglandina cerca de 12 a 16 horas antes da colheita. Para auxiliar na transposic¢éo cervical
é feito protocolo anestésico com acepromazina, além de anestesia epidural com lidocaina. E
realizada a antissepsia da regido da vulva com alcool 70% prévia a insercdo do espéculo vaginal
tipo Collins, lubrificado com gel. E utilizada uma pinca de Allis modificada e duas pingas Pozzi
para a fixacdo e tracdo da cérvix, o que permite a introducdo de dilatadores e subsequente a
passagem da sonda de coleta. E utilizado um circuito fechado que é acoplado a sonda para fazer
a infusdo e recuperacdo dos embrides, sendo usado um volume de liquido que varia entre 180
a 240 ml em cada corno para garantir a recuperagdo dos embrides, tendo uma duragdo média
de 30 a 40 minutos, com a obtengdo de taxas de recuperacdo de fluido superiores a 95%
(Fonseca; Oliveira; Viana, 2011).

Estudo recente, conduzido por Souza-Fabjan et al. (2022), reportou a eficiéncia da
NSER v.s laparotomia na recuperacdo embrionaria em cabras Canindé com resultados
semelhantes entre as técnicas (NSER 86,8% + 5,6% e laparotomia 92,8% + 4,0%) e sem haver
diferencas no numero de embrides viaveis. Isto reforca a viabilidade do procedimento
utilizando instrumentos simples, o que torna a técnica acessivel; reforcando sua aplicabilidade

em programas de reprodutivos.

3. HIPOTESE

O uso do horménio foliculo-estimulante bovino recombinante (rbFSH) em dose Unica

em protocolo simplificado associado a gonadotrofina coridnica equina recombinante (reCG) é
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tdo eficiente quanto protocolo tradicional utilizando multiplas doses FSH de origem porcina

(pFSH) para a producéo in vivo de embrides caprinos.

4. OBJETIVOS

4.1 Objetivo geral

Desenvolver um protocolo eficiente de superovulacdo utilizando de FSH bovino
recombinante e eCG recombinante (rbFSH e reCG) para a producdo in vivo de embries em
caprino.

4.2 Objetivos especificos

1) Avaliar a dinamica folicular pré-ovulatoria de cabras superovuladas com FSH de

diferentes origens;

2) Verificar a eficiéncia do rbFSH associado ao reCG sobre a resposta superovulatéria e a

producdo in vivo de embribes caprinos.
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6. CAPITULO1

Article: Use of recombinant gonadotrophins in superovulation and in vivo production of

goat embryos

ABSTRACT

The objective of this study was to evaluate parameters related to in vivo embryo production in
goats superovulated with FSH from different sources. Twenty-one multiparous dairy goats were
uniformly distributed into two groups. Animals received intravaginal progesterone devices for
six days, in addition to cloprostenol and GnRH administration, 12 hours before and 36 hours
after device removal, respectively. Superovulatory treatment was performed at 12 h interval,
starting 60 h before device removal with the first dose of p-FSH (333 IU divided into six
decreasing doses of 25-25-15-15-10-10%) in the G-pFSH group (n=10) and 100 pg of
recombinant bovine FSH (rbFSH) in the G-rbFSH+reCG group (n=11), which received an
additional dose of 200 IU of recombinant eCG 24 hours before device removal. Goats were
naturally mated by six fertile males at 12-hour intervals during estrus. Non-surgical embryo
recovery was performed seven days after estrus onset. Both groups showed 100% estrus. There
was no difference (P>0.05) in any of the evaluated responses for estrus, ovulatory response,
and embryo production. The average estrus duration was 32.72 £ 4.30 and 37.00 + 3.32 hours
to G-pFSH and G-rbFSH+reCG, respectively. The average number of corpora lutea and viable
embryos was 13.45 + 1.58 and 4.5 £ 1.3 in G-rbFSH+reCG, and 15.50 + 2.01 and 6.6 £ 2.1 in
G-pFSH, respectively. The transcervical embryo recovery rate was 52% and 59% to to G-pFSH
and G-rbFSH+reCG, respectively. The simplified two-dose superovulation protocol using
rbFSH and reCG was as efficient as the traditional six-dose protocol for embryo production in

goats.

Keywords: caprine; superovulation; goats; hormone therapy.



28

1 INTRODUCTION

In Brazil, a major advance in goat reproduction began in 2005, with the creation of the
Dairy Goat Genetic Improvement Program — CapraGene®, through the selection of males from
progeny tests and the use of artificial insemination and since then, an increasing trend in milk
production has been observed, driven by the introduction of genetically superior animals, with
performance comparable to high-production countries, such as France, Greece and Spain This
approach allows a more accurate genetic characterization of the animals through the careful
selection of breeding animals. The genetic values for traits of interest are analyzed based on

statistical and genetic methods (L6bo et al., 2017).

With the integration of a validated progeny testing program with artificial insemination,
the possibility of multiplication, also of females of high genetic standard, becomes possible
through the technique of multiple ovulation and embryo transfer (MOET) (Khan et al., 2023).
Multiple ovulation is dependent on superovulatory treatment, which is based on ovarian
follicular dynamics and the administration of gonadotropins, with follicle stimulating hormone
(FSH) being the most commonly used, which generates an increase in the female's ovulatory
capacity (Fonseca & Oliveira; 2020). With the possibility of predicting follicular conditions, it
was possible to determine that the initial moment for superovulatory treatment with FSH should
be close to the occurrence of a follicular wave during progesterone/progesterone-based estrus
synchronization protocols (Figueira et al. 2020; Arrais et al., 2021). Regulation of preovulatory
follicular dynamics is essential for optimal embryo production, as it directly affects the
follicular response to FSH and subsequent ovulation. Technigues such as superovulation (SOV)
and estrus synchronization are used to achieve higher embryo viability and successful recovery
rates, enabling commercial applications and genetic preservation programs for small ruminants,
thus maximizing the number of embryos that can be recovered for breeding and conservation

purposes (Arrais et al., 2021).

In a recent study, our research group compared two superovulation protocols (SOV) in
goats, using intravaginal progesterone devices (P4) for 6 days or 9 days (Cortes et al., 2023).
Sixty hours before device removal, the SOV protocol was started with six decreasing doses of
pFSH every 12 hours.The animals also received 25 pg of GnRH 24 hours after device removal.
No significant differences were observed between the different times evaluated regarding the
estrus response rate, interval to estrus, estrus duration and successful recovery rate. Although,
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the 9-days protocol presented a higher number of corpora lutea, the group 6-days protocol had

a higher embryo recovery rate and more viable embryos (7.3 vs 3.9).

The SOV protocols still face challenges, such as multiple applications, lengthy duration,
and individual variation in ovarian response (Holtz, 2005). Two commercial forms of short
half-life porcine FSH (pFSH) exist—one in U, another in mg—both requiring six injections
(Fonseca & Oliveira, 2020). To address issues like hormonal contaminants, short half-life, and
immunogenicity, recombinant FSH variants have emerged, including bovine (rbFSH), ovine
(roFSH), human (Cinnal-f®), menotropins (hMG), and bscrFSH (Cabeza et al., 2024). Cinnal-
f® and hMG vyielded 5.1 and 6.3 transferable embryos, respectively (Khodadadi et al., 2022).
BscrFSH protocols with four 24-hour interval doses achieved 8-12 embryos per cow (Cabeza
et al., 2024), showing high potential. Long half-life recombinant FSHs have been effective in
cattle, improving embryo quality (Gutiérrez-Reinoso et al., 2022), and may benefit goat
protocols. Gutiérrez-Reinoso et al. (2022) compared pFSH (280 mg, 8 injections) to rbFSH
(170 pg, 4 injections), both with similar hormonal timing and Al schedule. The rbFSH produced
more viable embryos and better quality, with fewer injections, offering a promising alternative
for SOV in cattle. Single-inection of rbFSH preliminary studies showed responses comparable
to traditional eight doses of pFSH in heifers, which allowed new protocols with reduced
injections (Carvalho et al., 2014). It has recently been demonstrated that a single recombinant
FSH administration provides SOV outcomes comparable to eight doses of pFSH in cows (Frata
et al., 2025).

The use of conventional eCG in superovulation protocols allows pFSH dose reduction
in sheep (Maciel et al., 2019). Its use in bovine SOV protocols has also been associated with
positive effects on the superovulatory response and embryo quality (Sanderson & Martinez,
2020). Currently, most products on the market are partially purified eCG preparations derived
from the blood of pregnant mares, with disadvantages and concerns regarding animal welfare.
They present batch-to-batch variations due to the glycosylation profile, affecting the hormone's
half-life and efficacy, in addition to the risk of contamination. In this scenario, recombinant
eCG (reCG) emerges as a promising alternative, with greater production control, batch-to-batch
consistency and elimination of bioethical issues. (Cattaneo et al., 2024). However, the literature
is incipient regarding the use of recombinant eCG associated with superovulatory treatment
with recombinant bovine FSH in superovulation of goats. We hypothesize that the two-

application strategy with rbFSH associated with reCG represents a promising alternative,
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allowing simplified management, less stress to animals and welfare, while maintaining embryo

production compatible with traditional protocols.

This study aimed to evaluate the efficiency of embryo production by comparing a SOV
protocol with a single dose of recombinant bovine follicle-stimulating hormone (rbFSH 100
ug) plus reCG 48 h later; and the conventional protocol in six applications of porcine pituitary
follicle-stimulating hormone (pFSH, 333 I1U), the control group initiated 60 h after device
removal and the treatment group (rbFSH) initiated 60 h before device removal in a 6-day

progesterone-based estrus synchronization protocol.

2 MATERIALS AND METHODS
2.1 Experimental location and conditions

The project was submitted to the Animal Experimentation Committee of Embrapa Dairy
Cattle (number 2909260324). The experiment was carried out at “José¢ Henrique Bruschi”
Experimental Field of Embrapa Dairy Cattle, located in Coronel Pacheco, Minas Gerais (MG),
southeastern Brazil, at the geographic coordinates of 21°33'25” S and 43°15'43” W longitude,
during non-breeding season. Twenty-one (n=21) multiparous Alpine crossbreed goats
underwent clinical and ultrasound evaluation, attesting to their health status and suitability for
the procedures. The animals were weighed, with an average weight of 54.33 + 3.08 and 52.70
+ 2.98 in treatment group and group control, respectively. The condition score (ECC; 1 = lean
to 5 = obese) 2.78 + 0.07 and 2.73 + 0.08 in treatment group and group control, respectively.
All animals were fed corn silage and balanced concentrate twice a day, cornmeal and soybean

meal mixture, free mineral salt in the trough; and water available ad libitum.

2.2 Experimental design

The goats were randomly divided into two groups, corresponding to the treatments G-
rboFSH+reCG (n=11) and G-pFSH (n=10). In both treatments, the animals (n=21) received
intravaginal devices (DO - insertion) containing 0.3 g of progesterone (P4; Eazi-Breed CIDR®
Pfizer, Sdo Paulo, Brazil) for six days (D6 — removal), and 125 pg d-cloprostenol (Estron,
TECNOPEC, S&o Paulo, Brazil) intramuscular (i.m.) at 12 hours before device removal. In G-
rboFSH+reCG, 60 hours before removal of the P4 device, a single dose of 100 pg rbFSH

(ripafolitropina alfa - Zimbria®, Ceva Santé Animale, France) was administered i.m.. In


https://www.agroline.com.br/produto/zimbria-ripafolitropina-alfa-bovina-rbfsh-6ml-ceva-108111
https://www.agroline.com.br/produto/zimbria-ripafolitropina-alfa-bovina-rbfsh-6ml-ceva-108111
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addition, a dose of 233 IU of recombinant eCG (reCG, FOLI-REC®, Santé Animale, France)
were i.m. applied 24 hours before device removal, respectively. In G-pFSH, SOV protocol
consisted of 333 IU of porcine FSH diluted in 10 ml of physiological saline solution (pFSH;
Pluset®, Biogénesis Bago, Curitiba, Brazil) administered i.m. at 60 h before device removal,
in six decreasing doses (25, 25, 15, 15, 10 and 10%) at twelve-hour intervals. The sixth dose
was applied, followed by removal of the P4 device; and after 12 hours, natural mating began in
both treatments. Estrus was observed twice a day at 12-hour intervals for three consecutive
days. Six males were used in a rotation system so that each female was mated with two different
males in each mating session and so that there was no repetition on the same day. Goats that
were not observed in estrus during the period were given priority in the following mating period.
Each male mounted four females per day. On D7 (24 hours after device removal), a single dose
of 25 pg of GnRH (Gestran Plus®, Tecnopec, Sdo Paulo, Brazil) was i.m. administered in both

groups.

In order to prevent premature luteal regression (Maia et al., 2024), three doses of 75 mg
of flunixin meglumine (Flumax®; JA Salde Animal, Sdo Paulo, SP, Brazil) were i.m.
administered every 24 hours on D10, D11, D12.

2.3 Ultrasound and ovarian evaluation and non-surgical embryo recovery (NSER)

The ovarian evaluation commenced on D3 in both study groups, following CIDR (Eazi,
Zoetis, Madison, NJ, USA insertion, using a Z60 Vet® ultrasound (Mindray, Shenzhen, China)
in B-mode and Doppler. Subsequent evaluations were performed on days 4 and 6. On D13,
luteal assessment was conducted to select females with vascularized CL for non-surgical
embryo recovery (NSER) on D14. Sixteen hours prior to embryo collection, a dose of d-
cloprostenol (Estron®, Unido Quimica, Sdo Paulo, Brazil) was administered to all animals. The
NSER protocol was initiated 20 minutes before collection, with intravenous (i.v.)
administration of oxytocin (50 IU, Oxytocin Forte®; UCB, SP, Brazil). Additionally,
acepromazine 1% (Acepran 1%®, Vetinil/Univet, S&do Paulo, Brazil) was administered i.m.ly
(i.m.) at a dose of 1 mL/100 kg; dipyrone and hyoscine (Buscofin®, Agener Unido-Saude
Animal, Sdo Paulo, Brazil) were given at doses up to 5 mL i.m. and 5 mL i.v. For
sacrococcygeal epidural anesthesia, 1 mL of 2% lidocaine hydrochloride without
vasoconstrictor was used. A cotton swab soaked in 5 mL of lidocaine hydrochloride was
inserted into the vaginal canal opening for local relaxation. The NSER technique was performed

as described by Fonseca et al. (2022). For embryo evaluation, classifications from the
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International Embryo Technology Society (IETS, Stringfellow and Givens, 2010) were used,

with grade I, I, and 111 embryos considered as viable.
2.4. Endpoints and statistical analysis

The following parameters were evaluated in both treatments: estrus interval (time
between removal of the hormonal device and the signs of estrus); estrus duration (period in
hours that the animals remained in estrus behavior). The ovarian response evaluation was
performed on D13 evaluating the following parameters: number of corpora lutea in the right
ovary and left ovary; and the sum of these structures representing the total number of CL (CL
Total) used as an indicator of superovulatory response; at least one regressing CL without
vascularization on Doppler mode. Another parameter analyzed was the number of luteinized
anovulatory follicles (LAF) and the percentage of goats with premature regression of CL (at
least one regressing CL). After collection, the following were evaluated: uterine fluid recovery
efficiency (%); degenerated embryos; unfertilized oocytes; the recovery rate (quantity of
structure/number of corpora lutea x 100), number of viable embryos, viability rate data, number
of unfertilized, number of delayed embryos. The number of embryos in each stage of
development was performed following the IETS standards, classifying morulae and blastocysts
(morula, compact morula, initial blastocyst, expanded blastocyst, and hatched blastocyst). For
parametric data, the Shapiro-Wilk test, ANOVA with Tukey's test were used; and for
nonparametric data, the Fisher's exact test and Mann-Whitney test were employed. The
numbers of follicles according size classes were evaluated as repeated measures using
generalized mixed model, considering Poisson distribution and log link function. The
compound simmetry (CS) matrixes were applied, in a model which included group, day, goat
(as a random variable), and interaction where necessary. For pairwise multiple comparisons
were used the Tukey’s test. All analyses were performed using Statistical Analysis System®
(SAS Insitute, Cary, USA)) software version 9.3. The results were presented as mean + standard

error of the means (SEM), and differences with P< 0.05 were considered significant.

3 RESULTS
3.1. Estrus responses

The responses estrus interval (h) and estrus duration (h) did not differ (P>0.05) between
treatments (Table 1). In G-rbFSH+reCG, 72.72% of the goats manifested estrus within 24 hours
after device removal; 27.27% within 12 hours. In G-pFSH, 60%, 20% and 20% showed estrus
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in 24, 12 and 48 hours, respectively. In G-rbFSH+reCG there was a greater amplitude of estrus
duration (12 to 60 h), while the variation of G-pFSH was limited between 24 to 48 h. The most
frequent estrus duration was 36 h in G-rbFSH+reCG (45.5%) and 48 h in G-pFSH (40.0%)
(Table 2).

3.2 Superovulatory response

Both treatments provided a good superovulatory response. The total number of corpora
lutea counted by transrectal ultrasonography on the day before embryo collection was
135+ 1.6 in G-rbFSH+reCG and 15.5+ 2.0 in G-pFSH, with no statistical difference
(P > 0.05). The number of CL per ovary (left or right) and the number of luteinized anovulatory
follicles (LAF) also did not differ (P > 0.05) between treatments (Table 1).

3.3 Assessment of follicular development

Follicular populations, categorized by size class, were evaluated on Days 3 (D3), 4 (D4),
and 6 (D6) of the superovulation (SOV) protocol in both experimental groups. No significant
differences (P > 0.05) were observed between treatments for any of the follicular size classes
assessed. Small follicles, defined as those with a diameter < 3.0 mm, are shown in Figure 1A.
A gradual decrease in the number of follicles within this class was observed over the course of
the evaluation period. Statistical analysis revealed a significant effect of time across both
treatments (P = 0.002), with D6 differing significantly from D3 and D4, as indicated by the
different superscript letters. Follicles measuring 3.1-5.0 mm (Figure 1B) and those >5.0 mm
(Figure 1C) showed a progressive increase in number over the evaluation period. Statistically,
the number of follicles differed significantly among days, with the highest counts observed on
D6 compared to D3 and DA4.

3.4 Embryo recovery

Fluid recovery reached 100% in both treatment groups (Table 1). There were no
significant differences (P > 0.05) between treatments in the number of recovered structures,
viable embryos, unfertilized structures, recovery rate, or viability rate. Similarly, no significant

differences (P > 0.05) were observed in the number of delayed embryos, the distribution of
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embryos across different morula and blastocyst stages. The percentage of goats that had viable
embryos recovered was 81.8 % (9/11) in G-rbFSH+reCG and 70% (7/10) in G-pFSH.
4 DISCUSSION

From the best of our knowledge this is first study using recombinant bovine FSH in
superovulation in goats. The present data confirm the possibility of simplifying ovarian
superstimulation protocols with recombinant FSH also in goats, as already observed in other
studies with cattle (Gutiérrez-Reinoso et al., 2022; Gutiérrez-Reinoso et al., 2023). The
application of FSH in a single dose associated with a low dose of reCG 24 h before removal of
the intravaginal device allowed to obtain a good superovulatory response in both treatments,
and in association with the non-surgical method of embryo recovery and treatment for the
prevention of premature regression of corpora lutea (PRCL), allowed to obtain embryo
production results comparable to reported previously in dairy goats (Maia et al., 2020; Fonseca
el al., 2022). According to Gutiérrez-Reinoso et al. (2022), the high purity and stability of the
long-acting molecule are the factors responsible for allowing the reduction of applications and
the simplification of SOV protocols with predictable results.

The duration of exposure to progesterone (P4) for estrus induction used in the protocol
was 6 days, and associated with gonadotropic superstimulation 60 hours before removal of the
intravaginal device, allowed the detection of estrus in all goats in the study, indicating the
effectiveness of the treatments applied. The 6-day protocol is capable of inducing estrus
efficiently when prior exposure to gonadotropins 24 hours before removal of the device,
regardless of the gonadotropin used (Fatet et al., 2011; Balaro et al., 2017). The estrus intervals
occurred within the expected range for the superovulated goats (Baril & Vallet, 1990),
concentrating between 12 and 48 hours after the synchronization protocols.

According to the statistical data, the evaluation of follicular population according size
classes on days D3, D4, and D6 of the SOV protocol indicated statistical differences between
the days of evaluation, without differences between treatments. There was a decrease in the
number of smaller follicles and growth in the classes of medium and large follicles consistent
with gonadotropic support in both groups, which sustains follicular development for a longer
period (Adams et al., 1992; Ginther, 2014).

Non-surgical (transcervical) embryo recovery proved to be effective and feasible (Maia
etal., 2020), with a satisfactory number of recovered structures. No significant differences were
observed in the occurrence of luteinized anovulatory follicles. The use of flunixin meglumine

as a preventive treatment for premature regression of the corpus luteum (PRCL) proved to be
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effective, corroborating previous studies in goats (Salles et al., 1998) and sheep (Maia et al.,
2024). Although 76% of the does involved in the experiment produced viable embryos, only
20% of them produced only viable ones, without the occurrence of unfertilized oocytes or
delayed embryos. There was an occurrence of delayed embryos in almost 30% of the goats, a
percentage similar to that observed in goats with hydrometra that were treated and subsequently
superovulated (Maia et al., 2020).

In general, both recombinant bovine FSH and pFSH were effective in inducing
superovulation and producing viable embryos after non-surgical recovery. The two-application
strategy with rbFSH associated with reCG represented a promising alternative, allowing
simplified management, less stress to animals and welfare, while maintaining productivity
compatible with traditional protocols. Studies in cattle (Gutiérrez-Reinoso et al., 2022; 2023)
support the effectiveness of roFSH in a smaller number of applications with results similar to
pFSH, although they observed a slight reduction in response when used in only two
applications. The literature reinforces that maintaining circulating pFSH levels for at least 2-3
days is essential for an ideal ovarian response in small ruminants (Menchaca et al., 2017). A
general trend toward replacing animal hormone sources with synthetic analogs produced by
recombinant DNA technology is steadily growing, including the need for a reliable supply of
FSH for superovulation in livestock.

Frata et al. (2025) compared two SOV protocols in cows using 8 doses of pFSH and a
single dose of rbFSH, evaluating the efficacy of the treatments according to the total number of
structures recovered, unfertilized oocytes, degenerated embryos, and transferable embryos. The
study period was long (2023-2024), with a sample size of 291 in the control group (pFSH) and
279 in the treatment group (rbFSH). Seven days after estrus identification, embryos were
collected by uterine lavage. The results demonstrate the efficacy of rbFSH, equivalent to those
of the protocol with pFSH; there were no statistical differences in the evaluated parameters. In
both groups, the rate of transferable embryos and structures recovered was 60%. The number
of unfertilized oocytes was higher in the tested group (0 (0—31)) compared to the control group
(0 (0-26)). The number of degenerated embryos was higher in the control group (2 (0-18))
compared to the treatment group (1 (0-24)). The results corroborate the premise of an efficient
alternative for the variables evaluated in SOV protocols, allowing for the inclusion of short
protocols using recombinant FSH, in addition to reducing labor and the risk of administration
errors. However, recombinant hormones likely differ in pharmacodynamics and

pharmacokinetics, requiring specific doses and protocols (Viana et al., 2024). Adjustments in
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type, dosages and timing of application can further optimize results with recombinant FSH in

goats.

5 CONCLUSIONS

In the present study, both recombinant bovine FSH and pFSH were able to promote
good superovulatory response and production of viable embryos after non-surgical embryo
recovery. The two-management superstimulatory protocol has the potential to contribute to
multiple ovulation and embryo transfer programs in small ruminants, and by simplifying
management, it contributes to reduced stress, managements and potential benefices to animal

welfare.
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Table 1: Parameters analyzed in goats submitted to the 6-day estrus synchronization protocol with intravaginal
progesterone device associated with administration of roFSH (100 pg, single dose) in G-rbFSH+reCG; and FSH
(333 1U, six decreasing doses) in G-pFSH; and non-surgical embryo recovery eight days after removal of the
device (Mean £ SEM).

Variable (G-rbFSH+reCG) (G-pFSH) P-value
Estrus interval 20.7+1.7 [12.0 - 24.0] 26.4+3.9 [12.0 - 48.0] 0.18
Duration of estrus 32.7+£43 [12.0 - 60.0] 37.2+£33 [24.0 — 48.0] 0.41
CL in left ovary(n) 6.8+1.0 [1-12] 83+1.0 [5-15] 0.43
CL in right ovary 59+1.0 [0-11] 7210 [3-12] 0.45
(n)

Total CL (n) 135+16 [7-23] 155+20 [8-27] 0.45
LAF (n) 22+09 [0-8] 09+04 [0.00 — 3.00] 0.2
Ewes with 9.1+0.0 [1/11] 0.0+0.0 [0/10] 1.00
PRCL (%)

Fluid Recovery (%)  100.0+0.0 [100] 100.00 + 0.00 [100] 1.00
Recovered 85+15 [0-17] 105+2.7 [0-24] 0.77
Structures (n)

Recovery Rate (%) 525+7.4 [0.0 — 82.5] 58.9£11.0 [0.0 —100.0] 0.63
Viable embryos (n) 45+13 [0-13] 6.6+£21 [0-19] 0.72
Viability Rate (%) 52.6+124 [0.0 - 100.0] 50.0+ 1238 [0.0 —100.0] 0.8
Unfertilized (n) 41+1.6 [0-17] 29+1.7 [0-17] 0.55
Embryos with 05+04 [0-4] 05+0.3 [0.00 — 3.00] 0.96
delayed

development

embryos (n)

Morula 05+0.3 [0+3] 1.2+04 [0.00 + 4.00] 0.18
Compact morula (n) 1.4+0.6 [0-7] 1.0+05 [0-5] 0.76
Total morulae (n) 1.9+0.38 [0-9] 22+0.9 [0-8] 0.97
Initial blastocyst (n) 02+0.1 [0-1] 0.10+£0.1 [0-1.0] 0.64



Blastocyst (n)

Expanded
blastocyst (n)

Hatched blastocyst
(n)

Total blastocyst (n)

1.4+05

1.1+05

0.0+0.0

2.63£0.9
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[0 4] 24+11 [0-12] 0.53
[0.00 —4.00] 17+15 [0 - 15] 0.50
[0] 01+0.1 [0.00 - 1.00] 0.34
[0-9] 40+2.0 [0 - 18] 1.0

Note: * Results were expressed as mean + standard error of the means (SEM), and differences were accepted as

statistically significant when P < 0.05.
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Figure 2. Endpoints of ovarian antral follicle populations according to size classes: (A) small - < 3.0
mm, (B) medium - 3.1 to 5.0 mm, and (C) large > 5.0 mm) during the superovulatory treatment period

(days 3, 4 and after device insertion) in a 6-day progesterone-based protocol for estrus synchronization.

Table 2. Percentage of goats according to estrus duration (h) after removal of the intravaginal
progesterone device in a 6-day estrus synchronization protocol associated with administration of rbFSH
(100 pg) single dose in G-rbFSH+reCG; and G-pFSH (333 IU) in six decreasing doses.

G-rbFSH+reCG G-pFSH
Duration (h) Frequency Percentage Frequency Percentage
12 2 18.2% 0 0%
24 2 18.2% 3 30%
36 ) 45.5% 3 30%
48 1 9.1% 4 40%

60 1 9.09% 0 0%
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Origemn: Campo Experimental José Henrigue Bruschi

Espécie: Caprinos sexa: Machos idade: 1 a5 anos Quantidade: 30
Linhagem: Mestica Peso: 30a80kg

Juiz de Fora, 05 de setembro de 2024

N
C}ﬁvwv\' BWW\

4
Dr. Rui da Silva Verneque Marcelo Porto Bemquerer

Coordenador da Comissao de Etica no Uso de Animais  Vice-Coordenador da Comissao de Etica no Uso de Animais
Embrapa Gado de Leite Embrapa Gado de Leite

44



