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RESUMO

Os primeiros estudos com estimulacao e producdo embrides em bezerras pré-puberes
foram realizados na década de 1990. Como naquela época néo era possivel predizer
o valor genético de um animal antes do inicio da vida produtiva, o tema recebeu pouca
atencdo. Com o advento dos marcadores genéticos e a evolucdo na eficiéncia da
Producéo in vitro de Embrides (PIVE) esse tema voltou a ser alvo de estudos. O
objetivo desse trabalho foi avaliar uma molécula de horménio foliculo estimulante
recombinante humano (rhFSH) de longa acéo, a alfacorifolitropina, em bezerras da
raca Nelore (Bos taurus indicus) e novilhas pré-puberes utilizada em um programa de
PIVE. O presente experimento foi desenvolvido em trés etapas, objetivando
inicialmente definir a dose resposta e posteriormente estabelecer o protocolo de pré-
estimulacdo com rhFSH a ser utilizado para aspiragao folicular (OPU) em bezerras e
em novilhas pré-puberes. Foi realizado um ensaio preliminar de resposta para definir
a dose a ser utilizada, definida em 10 mcg. Em seguida, bezerras foram alocadas
aleatoriamente para receber rhFSH por via SC (n=5) ou IM (n=5). O desenvolvimento
folicular ovariano foi monitorado diariamente por ultrassonografia por cinco dias. Em
ambos os grupos o diametro médio do foliculo aumentou (P<0,0001) de Oh a 96h apos
o tratamento, estabilizando-se a partir de entdo. No experimento 2, bezerras (n=90)
foram distribuidos aleatoriamente em 5 grupos: 1) GC: bezerras sem pré-estimulacao;
2) rhFSH-96h: rhFSH SC e OPU 96h depois; 3) rhFSH-120h: rhFSH SC e OPU 120h
depois; 4) eCG-96h: 300 Ul eCG IM e OPU 96h depois; e 5) eCG-120h: 300 Ul eCG
IM e OPU 120h depois. Vacas nelore (n=10) foram utilizadas como referéncia para os
resultados do PIVE. O pré-tratamento com rhFSH aumentou a proporcdo de
complexos cumulus-oécitos (COC) grau | em comparacdo com eCG ou controles
(P<0,0001), e no rhFSH-120h a taxa de blastocisto foi semelhante a de vacas maduras
(P>0,05). No entanto, rhFSH aumentou a proporcao de COC expandidos e diminuiu a
proporcdo de COC vidveis (P<0,0001). No Experimento 3, novilhas pré-puberes
(n=60) foram tratadas ou né&o (grupo controle) com rhFSH, e a OPU foi realizada 72
ou 96 horas depois. O intervalo de tratamento a aspiracdo ndo afetou nenhuma
variavel analisada. Novilhas pré-tratadas com rhFSH apresentaram maior proporcao
de COC grau | (P=0,0188) e taxa de blastocisto (P<0,0098). No entanto, este grupo
apresentou menor numero de COC viaveis (P=0,0264), resultando em quantidade
semelhante (P=0,5869) de embrides produzidos por doadora/OPU. A taxa de prenhez
também foi semelhante entre os grupos controle e rhFSH (19,3 vs. 25,0%, P=0,4142).



Em resumo, o tratamento com uma Unica injecdo SC de alfacorifolitropina foi eficaz
para promover a superestimulacdo em bezerras. No entanto, os potenciais beneficios
dos protocolos pré-estimulatérios usando rhFSH foram mitigados por diminuicdo no
namero total de COC vidveis recuperados, ndo aumentando o niumero de embrides

produzidos por doadora/OPU

Palavras-chave: Producéo in vitro de embrides; puberdade; gonadotrofina

recombinante.



ABSTRACT

The first studies with stimulation and embryo production in prepubertal heifers were
carried out in the 1990s. As at that time it was not possible to predict the genetic value
of an animal before the beginning of its productive life, the topic received little attention.
With the advent of genetic markers and the evolution in the efficiency of In Vitro Embryo
Production (IVP) this topic was once again the target of studies. The objective of this
work was to evaluate a long-acting recombinant human follicle stimulating hormone
(rhFSH) molecule, corifollitropin alfa, in Nelore (Bos taurus indicus) heifers and
prepubertal heifers used in an IVP program. The present experiment was carried out
in three stages, initially aiming to define the dose response and later to establish the
pre-stimulation protocol with rhFSH to be used for follicular aspiration (OPU) in heifers
and prepubertal heifers. A preliminary response test was performed to define the dose
to be used, defined as 10 mcg. Then, heifers were randomly allocated to receive rhFSH
SC (n=5) or IM (n=5). Ovarian follicular development was monitored daily by
ultrasound for five days. In both groups the mean diameter of the follicle increased
(P<0.0001) from Oh to 96h after treatment, stabilizing thereafter. In experiment 2,
calves (n=90) were randomly assigned to 5 groups: 1) CG: calves without pre-
stimulation; 2) rhFSH-96h: rhFSH SC and OPU 96h later; 3) rhFSH-120h: rhFSH SC
and OPU 120h later; 4) eCG-96h: 300 IU eCG IM and OPU 96h later; and 5) eCG-
120h: 300 IU eCG IM and OPU 120h later. Nelore cows (n=10) were used as a
reference for the PIVE results. Pretreatment with rhFSH increased the proportion of
grade | cumulus-oocyte complexes (COC) compared to eCG or controls (P<0.0001),
and in rhFSH-120h the blastocyst rate was similar to that of mature cows (P >0.05).
However, rhFSH increased the proportion of expanded COCs and decreased the
proportion of viable COCs (P<0.0001). In Experiment 3, prepubertal heifers (n=60)
were treated or not (control group) with rhFSH, and OPU was performed 72 or 96 hours
later. The interval from treatment to aspiration did not affect any of the variables
analyzed. Heifers pre-treated with rhFSH had a higher proportion of COC grade |
(P=0.0188) and blastocyst rate (P<0.0098). However, this group had a lower number
of viable COCs (P=0.0264), resulting in a similar amount (P=0.5869) of embryos
produced per donor/OPU. The pregnancy rate was also similar between the control
and rhFSH groups (19.3 vs. 25.0%, P=0.4142). In summary, treatment with a single

SC injection of corifollitropin alfa was effective in promoting overstimulation in calves.



However, the potential benefits of pre-stimulatory protocols using rhFSH were
mitigated by decreasing the total number of viable COC recovered, not increasing the

number of embryos produced per donor/OPU

Keywords: In vitro embryo production; puberty; recombinant gonadotropin.
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CAPITULO 1

INTRODUCAO, OBJETIVOS E REVISAO DE LITERATURA
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INTRODUCAO GERAL

A taxa de progresso genético é parcialmente determinada pela intensidade de
selecao (quanto maior, melhor) e o intervalo de geragbes (quanto menor, melhor).
Para acelerar a taxa de avanc¢o genético ha o interesse em reproduzir os melhores
animais em idade mais jovem. Em bovinos, as primeiras tentativas de produzir
embrides in vivo a partir de bezerras superovuladas tiveram resultados frustrantes. No
inicio da década de 90, com o advento da Fecundac&o in vitro (FIV) e a laparoscopia
como método de coleta de odcitos de pequenos ruminantes foram realizadas
tentativas de produzir embrides in vitro a partir de oocitos recuperado de bezerras,
porém com resultados considerados ruins.

Naquela época, era extremamente dificil de prever o valor genético de um
animal pré-pubere. Associado ao baixo sucesso da técnica, isso explica porque a
tecnologia recebeu pouca atencdo apds alguns anos. Duas décadas depois, as
bezerras voltam a ser alvo de estudo devido ao desenvolvimento de marcadores
genéticos que permitem prever o fenotipo de producéo dos animais, sem necessidade
de esperar até que o animal tenha idade produtiva para expressar seu potencial. Com
isso, aumentou O interesse na cadeia produtiva em desenvolver ferramentas de
reproducdo assistida que permitam a propagacdo de animais geneticamente
superiores em idade pré-pubere.

Tecnologias de produgdo in vitro de embrides (PIVE) evoluiram
significativamente nos ultimos 20 anos, melhorando a taxa de embrides transferiveis.
Estudos anteriores com animais adultos demostraram que estimula¢cdo com Horménio
Foliculo Estimulante (FSH) resulta em maior competéncia de desenvolvimento dos
oocitos, o que foi associado a uma maior propor¢cao de foliculos maiores que 5mm.
No entanto, os resultados com animais pré-puberes ainda sdo controversos, € 0s
protocolos convencionais dificeis de serem incluidos em uma rotina comercial. Nesse
sentido, o surgimento de novas moléculas de FSH, baseadas na tecnologia do DNA
recombinante, abre a oportunidade para o desenvolvimento de protocolos alternativos

para a preparacdo de doadoras de odcitos pré-puberes .



40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

OBJETIVOS

Objetivo Geral

O objetivo geral desta dissertacéo foi, no primeiro momento definir a dose a ser
utilizada de alfacorifolitropina, testar vias de aplicacdo desta molécula e o
desenvolvimento de um protocolo alternativo de priming com alfacorifolitropina alfa

para melhoria na producé@o de embrides em animais pré-puberes

Objetivos Especificos

- Estabelecer uma dose a ser utilizada

- Caracterizar a resposta ovariana a alfacorifolitropina em bezerras;

- Estabelecer um protocolo de superestimulacdo ovariana utilizando a
alfacorifolitropina ;

- Avaliar o numero e qualidade dos complexos cumulus-oécito recuperados apés o
uso do protocolo na preparacao de bezerras e novilhas pré-puberes;

- Avaliar a producéo in vitro de embrides subsequente ao uso da pré-estimulacdo com

alfacorifolitropina em bezerras e novilhas pré-puberes.

HIPOTESE

A alfacorifolitropina € capaz de promover uma superestimulacdo ovariana em
dose Unica, e resultar em aumento na taxa de producédo de embrides em bezerras e
novilhas pré-puberes e, portanto, pode ser utilizada como alternativa dos protocolos

ja existentes.
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REVISAO DE LITERATURA

Puberdade em bovinos

O inicio da puberdade coincide com a primeira oportunidade de uma novilha
conceber e deve ser definido como o primeiro estro ovulatério seguido por uma fase
ltea de duracdo normal (Perry, 2016). Embora o estro pubere seja a primeira
oportunidade para uma novilha se tornar gestante, a fertilidade ndo é 6tima neste
momento (Byerley, 1987). A puberdade € atingida no momento em que o0 animal se
torna capaz de liberar gametas e demonstrar comportamento sexual completo. Na
puberdade, as gbnadas assumem a esteroidogénese e gametogénese. Em condicdes
normais de criacdo, a puberdade ocorre ao redor de 12 meses em bovinos (Hafez,
1982). A puberdade € um processo, variavel, que depende de varios fatores, como
ambientais, genéticos e nutricionais, que se interagem e influenciam todo o eixo
nervoso e endocrino, podendo alterar a idade a puberdade do animal (Amann e
Schambacher 1983).

Ainda quando feto, os ovarios das fémeas bovinas ja apresentam foliculos. No
nascimento a bezerra possui um namero de ovacitos pré-determinado, e por isso a
importancia e preocupacdo em melhor aproveita-los, visto que os o0citos ndo tem
estoque renovavel e menos de 0,1% dos foliculos chegam a ovular (Gosden, 1998) .A
idade a puberdade define uma expectativa de vida produtiva do animal, e essa
depende de fatores genéticos e nutricionais. De acordo com Patterson et al., 1992 as
novilhas precisam parir aos 24 meses de idade para alcancar a produtividade maxima
ao longo da vida. Freetly 2011 relatou que, em varias ragas, as novilhas tinham 55 a
60% do peso corporal de um animal adulto quando a puberdade foi alcancada

A puberdade é uma série complexa de eventos que requer a maturacao do eixo
hipotalamo-hipofise-ovariano. E necessario um feedback estimulador para a indugéo
de um pico de Horménio Luteinizante (LH), e consequente ovulacdo, e embora a
ovulacdo possa ocorrer induzindo um pico de LH durante o estagio pré-pubere, o
retorno dos animais ao anestro e a atividade normal de ciclo € ndo sustentado
(McLeod et al., 1995).

Ha um aumento no diametro uterino das bezerras em crescimento até trés

meses de idade, de 9 a 14mm (Jacqueline A et al., 2013). Com 6 meses esse diametro
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se estabiliza com 16mm (Honaramooz et al., 2004. Entre 8 a 15 meses de idade o
didmetro uterino retorna ao crescimento. O crescimento e desenvolvimento uterino é
influenciado pelo estrogeno presente no foliculo dominante. O comprimento e 0 peso
do Utero aumentam desde o nascimento (7,7 cm e 6 g, respectivamente até os 12
meses de idade (24,3 cm e 150 g, respectivamente) (Desjardins, 1969)

Desjardins, 1969 e Hafs, 2004 relataram um periodo de rapido aumento do
peso ovariano durante os primeiros 5 meses em novilhas seguido de um platd até os
8 meses e uma retomada do crescimento até os 12 meses de idade. Durante os trés
primeiros meses de vida, ha um aumento no numero de foliculos dominantes
presentes nos ovarios (Desjardins, 1969). Na subespécie Bos taurus, existe
correlacao positiva entre o numero total de foliculos e a contagem de foliculos antrais.
( Erickson 1996). Além disso, a contagem de foliculos antrais (23 mm) é repetivel
dentro de um animal, mas varia entre os animais. (Evans, 2010). Ainda ndo ha
evidencias de quais fatores afetam a contagem dos foliculos antrais. Trabalhos
relatam efeito da programacao fetal, exercendo efeito na contagem desses foliculos
(Weller et al,. 2016). Esses efeitos podem perdurar por toda a vida pés fetal deste
animal, influenciando na eficiéncia reprodutiva. Deficiéncia nutricional no inicio da
gestacdo afeta o desenvolvimento da placenta, alterando sua vascularizacao, e a
guantidade de células reprodutivas do feto (Tsuneda et al., 2017).

Taxas de prenhez de embrides produzidos in vitro aumentaram quando 0s
odcitos foram recuperados de bezerros de grupos com foliculos maiores. A contagem
de foliculos antrais foi positivamente correlacionada a fertilidade em bovinos
(Cushman 2009)

Producdo de embrides em animais pré-puberes

A producdo in vitro de embribes em animais pré-puberes seguido pela
transferéncia de embribes em receptoras representa um grande potencial para ganho
geneético, visto que o intervalo entre geracbes € encurtado. Em um programa de
melhoramento genético, quanto menor o intervalo de gerac¢des, mais rapido se evolui
(Baldassare et al., 2018). A producgéo in vitro de embrides em animais pré-puberes
acelera esse melhoramento, visto que, ha possibilidade de produzir embrides de
animais pré-puberes. Bezerras pré-puberes podem contribuir em aumentar o ganho

genético, pois além de diminuir o intervalo de geragcbes hd um ganho no
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aproveitamento dos od0citos disponiveis nos ovarios logo apés o nascimento, que
entrariam em atresia caso nao fossem aproveitados. Desse modo um animal de alto
valor genético produz mais filhos na vida reprodutiva. Animais pré-puberes
representam uma fonte rica e inexplorada de germoplasma (Lohuis, 1995). Com o
desenvolvimento comercial da PIVE, disponibilidade de profissionais, equipamentos e
laboratorios, o sucesso dessa producéao depende de fatores individuais da doadora de
odcitos. Fatores animais como subespécie, raca, idade, estado fisioldgico e
populacbes de foliculos, juntamente com fatores externos, incluindo nutricéo,
estresse, tratamento hormonal e frequéncia de aspiragao folicular podem influenciar o
crescimento do foliculo e a qualidade do Complexo Cumulus Odcito (COC) (Baruselli,
2016). Em vista disso, bezerras pré-puberes podem ser utilizadas em programas de
melhoramento animal, contribuindo para aumentar o ganho genético e diminuir o
intervalo entre geracdes, proporcionando assim maior aproveitamento dos odécitos
disponiveis, explorando o potencial de animais de alto valor zootécnico.

O desenvolvimento de embrides produzidos in vitro a partir de odcitos de
doadoras pré-puberes tem sido variavel. Armstrong et al., 1998 N&o observou
diferenca significativa nas taxas de fecundacéo e desenvolvimento de odcitos de vaca
e bezerras maturados em in vivo ou in vitro. Relatou também uma taxa de gestacdo
de 43% e 33% de nascimentos de embribes produzidos in vitro por odécitos de
bezerras. Revel et al., 1995. Relatou taxa de gestacdo de embrides PIVE de bezerras
pré-puberes que foram semelhantes aos de vacas adultas; no entanto encontrou uma
maior perca fetal tardia

O namero de foliculos antrais variam amplamente dentro da mesma raca, mas
tem alta repetibilidade no mesmo individuo. Essa populacao folicular € estabelecida
durante a gestacao da fémea, e ao nascimento, esse numero de o0citos ja esta pre-
determinado. (Burns , 2005) Em bovinos adultos, a estimulagdo com FSH, recrutara
foliculos com didametro de 2mm, e estimulara o seu crescimento, mas ndo aumenta o
numero total de foliculos disponiveis para aspiracéo folicular (Driancourt, 2001). Em
contraste, a administracdo de FSH a bezerras de 5 meses de idade parece recrutar
foliculos do pool menores que 2 mm de didmetro e aumentar significativamente o
namero disponivel para aspiracdo folicular, pelo menos em seus programas de
estimulacao inicial (Findlay, 1996; Fry, 1997; Taneja , 2000). Isso pode explicar em
parte, a menor competéncia do desenvolvimento COC coletados de animais jovens
(Landry, 2016; Sirard 2006)
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Alguns trabalhos obtiveram embries viaveis, gestacdes e bezerros nascidos,
provenientes de odcitos de bezerras pré-puberes em diferentes idades (Kajihara et al.,
1991; Armstrong et al., 1992; Revel et al., 1995; Fry et al., 1998; Bols et al., 1999;
Brogliatti et al., 1999; Malard, 2000; Taneja et al., 2000). Entretanto, os o00citos
coletados de bezerras sdo menos competentes para se desenvolver em embrides que
os de vacas (Seidel et al., 1971; Palma et al., 1993; Lévesque & Sirard, 1994; Revel
et al., 1995; Damiani et al., 1995, 1996; Khatir et al., 1996; Kuwer et al., 1999); Odcitos
de bezerras sdo menores, possuem zonas pellcidas mais finas, a migracdo e
redistribuicdo dos granulos corticais séo tardias, tém configuracdes anormais de
cromatina e microtubulos e oscilagdes irregulares de calcio, em comparacdo com
vacas (Damiani et al., 1995). Além disso, tem perfis proteicos e metabdlicos diferentes
em comparacao com ovocitos de vaca. (Armstrong 2001) esta competéncia parece
aumentar com a idade da bezerra (Presicce et al., 1997). Damiani et al., 1995
atribuiram, em parte, a baixa competéncia de desenvolvimento dos odcitos de
bezerros a maturacdo citoplasmatica incompleta ou tardia. O o0Qcito adquire
competéncia de desenvolvimento imediatamente antes da ovulagao (Luciano, 2018).
Um indicador de competéncia oocitaria é a remodelacdo da cromatina em grande
escala. Em vacas foram descritos quatro configuracdes de cromatina correspondentes
a diferentes estagio de competéncia de desenvolvimento, GVO a GV3. EM GVO0 a
cromatina aparece ndo condensada e dispersa. Ao decorrer da condensacdo marca
a transicao para os estagios subsequentes. O maior nivel de condensacgéo ocorre no
estagio de GV3 (Gilchrist, 2016). Foliculos antrais médios (2-8mm) tem a maioria dos
ol0citos em estagios avancados GV1, GV2 e GV3. Estes foliculos sdo os mais
utilizados para a producdo in vitro apés a maturacao in vitro (MIV). Khatir et al., 1997.
demonstraram a incapacidade dos o6citos de bezerros em responder a
suplementacdo de soro ou fluido folicular durante a maturacdo in vitro para uma
melhora subsequente no desenvolvimento durante a cultura. Eles especularam que a
falta de receptores para gonadotrofinas ou fatores de crescimento era 0 motivo da
falta de resposta. Diferencas significativas entre o0citos de vaca e bezerro em termos
de seus respectivos tamanhos, bem como diferencas em seu metabolismo energético
durante a MIV, também foram relatadas por Gandolfi et al 1998

Estudos de estimulagcdo ovariana com gonadotrofinas com objetivo de
aumentar o0 numero de o0citos para  Aspiracdo Folicular Orientada por

Ultrassonografia (OPU) tem sido realizados em diferentes protocolos e obtendo
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resultados variaveis (Kajihara et al., 1991; Stubbings et al., 1992, 1993; Armstrong et
al., 1992, 1994; Revel et al., 1995; Looney et al., 1995; Damiani et al., 1996; Tervit et
al., 1997; Presicce et al., 1997; Fry et al., 1998; Malard, 2000; Taneja et al., 2000). O
priming realizado antes da OPU melhorou a producdo de embrides, comparado a
bezerras da mesma idade e sem estimulacdo (Presicce et al,. 1997). Estudos ja
realizados mostram que bezerras necessitam de um priming de gonadotrofinas antes
da OPU, para melhoria do numero e qualidade de ovdcitos aspirados e,
consequentemente maior taxa de producdo de blastocistos (Revel, 1995). A
subespécie (Bos taurus indicus), representante da maior parte dos bovinos no Brasil,
tem como caracteristica o alcance da puberdade entre 19,9 a 28,7 meses (Silva &
Romano, 1991; Restle et al., 1999; Rodrigues et al., 1999), por isso sdo de extrema
importancia estudos nessa subespécie, visto que a grande parte dos trabalhos foram

realizados em animais Bos taurus taurus.

Estimulacdo exdgena do desenvolvimento folicular em bovinos

A tecnologia reprodutiva revolucionou a produc¢éo na industria de carne e leite
durante o século passado. Primeiramente com a inseminacdo artificial,
criopreservacdo de sémen, protocolos de superovulacdo e o cultivo in vitro de
embrides (Moore et al., 2017). As primeiras estimulacdes exdégenas datam de 1943
por Céasida et al., Mais tarde, em 1951, Tim Rowson desenvolveu métodos para
induzir a estimulacao folicular e a producéo de oécitos usando gonadotrofina coriénica
equina. O resultado foi bastante variavel, com odcitos ndo ovulados e recuperacéo de

embrides de baixa qualidade (Moore et al., 2017)

Logo apds o nascimento, os ovarios de uma fémea bovina sdo povoados por
milhares de foliculos, entretanto, pequena parte desenvolvem, maturam e chegam até
0 estagio de dominancia para atingir a ovulacdo durante a vida reprodutiva (Evans,
2012). Quando em puberdade, a cada ciclo estral, apenas um foliculo do pool de
o0citos consegue chegar ao estagio de dominancia e alcancar a ovulacdo. Do grupo
de foliculos que iniciam a onda, um deles é selecionado e continua se desenvolvendo,
enguanto que o restante dos foliculos entra em atresia. Esses foliculos que entrariam
em atresia podem ser aproveitados pela estimulacdo exdgena com hormdnios como

FSH ou a Gonadotrofina Coriénica Equina (eCG) (Chupin et al, 1984). A estimulagao
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exdgena pode ser definida entdo, como sendo o resultado do tratamento hormonal de
foliculos terciarios até o estagio de pré-ovulacédo seguida de multiplas ovulacgdes.

A maioria das vacas hoje em dia s&o superestimuladas com extratos
hipofisarios contendo FSH. Foi relatado que extratos hipofisarios purificados com
baixa contaminacéo por LH melhoram a resposta superovulatoria em bovinos (Chupin
et al, 1984). A meia vida do FSH em bovinos foi estimada por 5 horas ou menos
(Laster, 1972), com isso, torna-se necessario a aplicacdo duas vezes ao dia. O
protocolo mais utilizado tem sido o tratamento por via intramuscular duas vezes ao
dia, por quatro ou cinco dias, com produtos como o extrato hipofisario parcialmente
purificado ( Folltropin-V; Vetoquinol). 48 a 72 horas ap0s o inicio do tratamento é
administrado uma dose de prostaglandina 2a, induzindo a lutedlise. O estro ocorre em
36 a 48 horas, com ovulagdes comegando 24 a 36 horas depois (Mapletoft, 2012)

A competéncia de desenvolvimento dos odcitos depende do tamanho e dos
estagios dos foliculos, e o priming do FSH antes da OPU pode promover o
crescimento folicular e melhorar a competéncia de desenvolvimento dos odcitos.
Quando as doadoras séo superestimuladas, observa-se um aumento significativo na
taxa de blastocisto, mas pode variar de 50 a 80% (Luciano, 2018). A competéncia de
desenvolvimento é definida como a capacidade de um odcito de adquirir maturacéo
nuclear, citoplasméatica e molecular e, portanto, a capacidade para produzir um
blastocisto apés a fecundacdo que resultara em uma prole saudavel apés a
transferéncia do embrido (Luciano, 2018). Embora a maioria dos odcitos em foliculos
antrais imaturos (= 2 mm, didmetro do odcito: aproximadamente 110 ym) adquira
competéncia para a maturacao nuclear (Fair, 1995) , a maioria dos o6citos nao tera
adquirido competéncia citoplasmatica e/ou molecular quando comparados com
oocitos maiores (120 ym ) de foliculos suficientemente crescidos in vivo (Hagemann
1999, Otoi 1997). Para aumentar o crescimento folicular e a competéncia de
desenvolvimento dos odcitos, a administracdo de FSH antes da OPU (FSH-priming)
foi realizada em muitos estudos (Sugimura, 2017 e Sirard 2016). Estudos anteriores
sugeriram que a competéncia de desenvolvimento dos odécitos pode ser melhorada
pela adicdo de uma etapa de pré-maturacao in vitro (pré-MIV), antes da MIV. A pré-
MIV inibe a quebra da vesicula germinativa (VG) e mantém os odcitos no estagio de
VG para adquirir a competéncia de desenvolvimento completa dos odécitos in vitro

durante a meiose (Gilchrist, 2016). Em casos de superestimulacdo ovariana, um
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suporte de gonadotrofina por alguns dias geralmente permite a recuperacdo de

oocitos totalmente competentes (Kovacs, 2006).

Desenvolvimento e uso da alfacorifolitropina na medicina humana

Como parte do tratamento de FIV/ injecdo intracitoplasmatica de
espermatozoide (ICSI), a estimulacdo ovariana controlada com gonadotrofinas € o
primeiro passo, esse processo e considerado um fator chave para o sucesso da FIV
e ICSI. O horménio glicoproteico foliculo estimulante é usado clinicamente em homens
para induzir a espermatogénese e em mulheres para induzir o crescimento do foliculo
ovariano e promover a maturacao para um foliculo pré-ovulatério contendo um odécito
competente para a fecundacdo (Casarini, 2016). Atualmente um dos grandes
problemas do tratamento para estimulacdo ovarina em pacientes com ICSI sdo as
injecOes diarias de gonadotrofinas. Com o advento da biologia molecular de producéo
de DNA recombinante permitiu a sintese de proteinas terapéuticas in vitro e foi
possivel produzir um FSH de longa acdo, chamado de alfacorifolitropina. A tecnologia
recombinante melhorou ainda mais o processo de purificacdo, diminuindo a
complexidade do material de partida. A folitropina foi produzida por muito anos atraves
de métodos de DNA recombinante e foi usada clinicamente, independente do estado
de glicosilacdo. Uma primeira geracao foi referida como folitropina alfa. Outra
folitropina também preparada por métodos de DNA recombinante foi genericamente
rotulada folitropina beta (de Leeuw R, 1996) . A folitropina alfa foi a mais parecida com
o FSH enddgeno e foi relacionada a uma maior taxa de gravidez em mulheres
(Orvieto, 2009). Orvieto estudou ciclos de fecundag&o in vitro em pacientes com
prognéstico favoravel, 75% pacientes com folitropina alfa e 25% pacientes com
folitropina beta. Os dois grupos alcancaram numero comparavel de odcitos
recuperados, mas 0 uso da beta folitropina foi associado a uma tendéncia a uma
menor taxa de gravidez e a niveis de estrogeno significativamente mais altos, apesar

do uso de uma dose total de gonadotrofina significativamente menor

Com esta molécula, apenas uma injecao é capaz de substituir injecbes diarias
de FSH, o que torna o tratamento mais simplificado, j& que a paciente ndo precisa

levar as injecOes para aplicacdo em casa.
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A alfacorifolitropina € uma nova molécula hibrida com atividade estimuladora
de foliculos. Tem uma meia vida mais longa, com uma meia vida plasmatica de
aproximadamente 65 horas (Duijkers et. Al, 2002). A alfacorifolitropina compreende
uma subunidade alfa, que é idéntica a do FSH, e uma subunidade beta, que é
produzida pela fusdo do peptideo C-terminal da subunidade beta da Gonadotrofina
Coridénica Humana (hCG) com a subunidade beta do FSH (Schanke 2010)

A dose ideal de alfacorifolitropina foi calculada em 100 pg para mulheres com
peso corporal < 60 kg e 150 ug para mulheres com peso corporal > 60 kg,
respectivamente. As taxas de gravidez mdultipla ou sindrome de hiperestimulacéo
ovariana com alfacorifolitropina ndo aumentaram em relacéo ao regime diario de FSH.
A molécula de alfacorifolitropina ndo parece ser imunogénica e ndo induz a formacéao
de anticorpos neutralizantes. A hipersensibilidade ao medicamento e as reacdes no
local da injecao ndo sdo aumentadas. A incidéncia e a natureza dos eventos adversos
e eventos adversos graves sao semelhantes as injecdes diarias de FSH, tornando
assim a alfacorifolitropina uma alternativa para tratamento de estimulacdo ovariana

em mulheres.
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Abstract

The aim of this study were to evaluate the use of a long-acting recombinant
human FSH (rhFSH, corifollitropin-alpha) to induce superstimulation in Nelore breed
(Bos taurus indicus) calves and pre pubertal heifers used for ovum pick-up (OPU) and
in vitro embryo production (IVEP). A preliminary dose-response trial was performed to
define the dose (10 mcg) of rhFSH used in subsequent experiments. In Experiment 1,
calves were randomly allocated to receive rhFSH either SC (n=5) or IM (n=5). Ovarian
follicular development was monitored daily by ultrasonography for five days. We did
not observe an effect of route (P=0.1348) nor an interaction route x time (P=0.8336).
In both groups the average follicle diameter increased (P<0.0001) from Oh to 96h after
treatment (growth rate 1.0+£0.1 mm/day), stabilizing thereafter. In Experiment 2, calves
(n=90) were randomly allocated into 5 groups: 1) CG: calves with no pre-stimulation;
2) rhFSH-96h: rhFSH SC and OPU 96h later; 3) rhFSH-120h: rhFSH SC and OPU
120h later; 4) eCG-96h: 300 IU eCG IM and OPU 96h later; and 5) eCG-120h: 300 1U
eCG IM and OPU 120h later. Nelore mature cows (n=10) were used as a reference for
IVEP outcomes. The pre-treatment with rhFSH increased the proportion of grade |
cumulus-oocyte complexes (COC) compared with eCG or controls (P<0.0001), and in
the rhFSH-120h blastocyst rate was similar to the one from mature cows (P>0.05).
However, rhFSH increased the proportion of expanded COC and decreased the
proportion of viable COC (P<0.0001). In Experiment 3, prepubertal heifers (n=60) were
treated or not (control group) with rhFSH, and OPU was performed 72 or 96 h later.
The interval from treatment to follicle aspiration did not affect any OPU-IVEP endpoint.
Heifers pre-treated with rhFSH presented a greater proportion of grade I COC
(P=0.0188) and blastocyst rate (P<0.0098). However, this group had less viable COC

(P=0.0264), resulting in a similar (P=0.5869) number of embryos produced by
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donor/OPU. Pregnancy rate was also similar between control and rhFSH groups (19.3
vs 25.0%, P=0.4142). In summary, treatment with a single SC injection of corifollitropin-
alpha was effective to promote superstimulation in calves. However, the potential
benefits of pre-stimulatory protocols using rhFSH have been overshadowed by a
decrease in the total number of viable COC recovered, failing in increase the number
of embryos produced per donor/OPU.

Keywords: In vitro embryo production, puberty, recombinant gonadotropins, Zebu
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1. Introduction

It is well known that calves and pre-pubertal heifers may be used for in vitro
embryo production (IVEP) (Brogliatti et al. 1996[1]; Armstrong et al. 1997[2]; Majerus
et al. 1999[3]). However, the selection of potential donors based on phenotype and
production traits hastened the use of calves in animal breeding programs, particularly
considering the lower developmental potential of the oocytes recovered and
consequent lower IVEP from such animals (Revel et al. 1995[4]; Salamone et al.
2001[5]). The recent development of genome selection (Jiang et al. 2019[6]) boosted
the demand for the use of calves as oocyte donors, and thus the development of
strategies and protocols to increase blastocyst rates.

Pre-stimulatory protocols using porcine FSH (pFSH) have been proposed to
improve oocyte yield and in vitro embryo production from calves (Armstrong et al. 1994
[7]; Landry et al. 2016[8]; Baldassare et al. 2018[9]). However, results are still
inconclusive (Fry 2020[10]). This inconsistency can be partially explained by the fact
that pFSH is extracted and purified from hypophyses recovered at slaughterhouse,
which results in significant variation in biological activity from batch to batch (Murphy
et al. 1984[11]). Moreover, due to its short half-life, treatments with pFSH usually
require multiple injections over time, which is both labor-demanding and stressful for
the calves. In this regard, evidences that long-stimulatory protocols could improve the
developmental competence of oocytes from calves (Currin et al. 2017[12]) foster the
demand for new ways to simplify treatment schedules.

The development of an alternative protocol for superstimulating with a single
treatment has long been pursued by researchers (B6 et al. 2018[13]). The use of eCG

(Sendag et al. 2008[14]), pFSH diluted in slow releasing vehicles such as hyaloronan
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(Vieira et al. 2016[15]; Ongaratto et al. 2020[16]), and even alternative injection sites
(Sakaguchi et al. 2018[17]), have been evaluated in pubertal cattle. In the human
medicine, a long-acting recombinant FSH (rhFSH) molecule (corifollitropin-alpha) was
engineered by the combination of the alpha and beta aminoacid chains of the FSH,
aiming to improve patient wellbeing by reducing the number of injections required to
obtain ovarian superstimulation (Ben-Menahem 2018[18]). To our best knowledge, this
molecule has not been tested in cattle yet.

Thus, we hypothesized that 1) a single SC injection of corifollitropin-alpha can
be used to promote ovarian superstimulation in calves, and 2) this treatment improves
embryo yield in calves and prepubertal heifers used as oocyte donors for IVEP. The
aims of this study were to evaluate the route of administration on the ovarian follicular
response to corifollitropin-alpha, and the effects of different pre-stimulatory protocols

using rhFSH on OPU and IVEP outcomes in prepubertal cattle.

2. Material and Methods
Unless otherwise indicated, all reagents were purchased from Sigma-Aldrich

(St. Louis, MO, USA).

2.1. Animals and location

The study was performed at the Embrapa’s Experimental Station in Planaltina,
DF, and in the private commercial farms Agropecuéaria GA, in Damiandpolis, GO
(14°28'58.2"S 46°18'13.3"W) and JBS Agropecuéria, Posse, GO, Brazil. Prepubertal
Nelore (Bos taurus indicus) calves (circa 6 to 8 months old, n=100) and heifers (12
months old, n=60) were used. All animals were raised on Brachiaria SP pasture with

ad libitum access to water and minerals. The experimental procedures were conducted
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in accordance with the Brazilian Ethics, Bioethics, and Animal Care Committee
(CEBEA) guidelines and were approved by the Embrapa’s Ethics in the Use of Animals

Committee (Protocol CEUA-800-4372/2020).

2.2. Experimental design

This study was subdivided in three experiments. Experiment 1 evaluated
the effect of the route of administration on the ovarian follicular response to a long-
acting human recombinant FSH (rhFSH, corifollitropin-alpha, Elonva, Shering-Plough,
Brazil). Due to the lack of previous information regarding the use of corifollitropin in
cattle, we run a preliminary dose-response trial run to define the doses to be used. The
calves (n=10, 205.6+4.0 days of age and 175.4+5.2 Kg body weight) were randomly
allocated to receive 0 to 22.5 mcg, with 2.5 mcg increments, of rhFSH, diluted in 1 mL
saline and injected via im (0 h). Ovarian follicular development was monitored daily, by
ultrasonography, for five days. The average follicle diameter at 120 h was considered
to define the dose (10 mcg) to be used in subsequent experiments. The calves were
then randomly allocated to receive 10 mcg rhFSH either SC (n=5) or IM (n=5). Follicle
development was monitored by daily ultrasonography, during five days, and compared
between groups. At 120 h, samples of follicular fluid were collected by transvaginal
ultrasound-guided follicle aspiration and stored for further estradiol (E2) analysis by
electrochemiluminescence (ECL).

In Experiment 2, we evaluated oocyte recovery and in vitro embryo production
(IVEP) in Nelore calves previously submitted to ovarian stimulation with 10 mcg SC
rhFSH and undergoing OPU after a conventional (96 h) or a long interval (120 h) after
treatment. Calves receiving no pre-treatment or 300 IU IM eCG (Novormon, Zoetis,

Séao Paulo, Brazil) at the same intervals (96 and 120 h) were used as negative and
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positive controls, respectively. The calves (n=90, approximately 240 days of age) were
randomly allocated into 5 groups: 1) control (CG), no pre-stimulation; 2) rhFSH-96h:
rhFSH and OPU 96h later; 3) rhFSH-120h: rhFSH and OPU 120h later; 4) eCG-96h:
eCG and OPU 96h later; 5) eCG-120h: eCG and OPU 120h later. As the stimulation
protocols started on the same day, the control group was subdivided (n=15+15) to be
aspirated at 96 h or 120 h. Nelore mature cows (n=10) were used as a reference for
IVEP outcomes. Ovaries were considered as superstimulated if average follicle size at
OPU was >7 mm. OPU and IVEP were performed by the same team of technicians,
using standard commercial procedures.

In Experiment 3, we evaluated oocyte yield, IVEP and subsequent pregnancy
rates in Nelore prepubertal heifers submitted to ovarian stimulation with 10 mcg SC
rhFSH. The heifers (n=60, 12.7+0.1 months old and 326.1+4.7 Kg body weight) were
randomly allocated into three groups: 1) control (CG), no pre-stimulation; 2) rhFSH-
72h: rhFSH and OPU 72h later; and 3) rhFSH-96h: rhFSH and OPU 96h later. The
control group was subdivided (n=15+15) to undergo OPU at the same moment of
rhFSH-72h or rhFSH-96 h, as described in Exp. 2. Embryos produced were
cryopreserved by vitrification, and later thawed and transferred to previously
synchronized recipients. OPU, IVEP and embryo transfers (ET) were performed by the

same team of technicians.

2.3. Ultrasonography and oocyte recovery

In Experiment 1, the sonographic exams were performed using a portable
ultrasound device equipped with a 7.5 MHz linear rectal probe or (MyLab 30 Gold Vet,
Esaote, Genova, Italy). Two calves had a narrow pelvis and rectal manipulation of the

ovaries were not possible, in these animals the ultrasound probe was mounted in a
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plastic guide and the exam was done as described for small ruminants. In the
remaining calves, ovarian scans were performed as routinely done for cows. A
videoclip of each ovary was recorded and later used to measure the number and size
of all follicles >1.5 mm. The collection of follicular fluid samples was performed using
an 8.0 MHz micro-convex human vaginal probe and an adapted OPU guide. Vacuum
was generated using a 20 mL syringe and the fluid was recovered in 1.5 mL Eppendorf
tubes.

In Experiments 2 and 3, OPU were done using a portable ultrasound equipped
with 6.5 MHz micro-convex probe (DP 30, Mindray, Sao Paulo, SP, Brazil) mounted in
a polyethylene aspiration handle made for heifers (WTA Tecnologia Aplicada,
Cravinhos, Brazil). Due to the low stature of the calves, a platform was placed in the
squeeze chute floor. Before OPU, the ovaries were scanned and those presenting an
average follicle size > 7 mm were subjectively classified as superstimulated. The
presence of mucus in the uterine or vaginal lumen was also recorded. Sonographic
visible follicles were then aspirated using 20 G threaded needles (WTA Tecnologia)
and a vacuum pressure of 80 mm/Hg. The aspirated fluid was recovered into 50 mL
tubes (Corning, Acton, MA, EUA) containing DPBS supplemented with 1% FCS and
125 IU/mL of sodium heparin. COC quality was evaluated under a stereomicroscope
at 40 X magnification and those morphologically classified as viable were transferred
to 1.2 mL cryotubes (Corning, New York, USA) containing maturation medium and
transported in a portable incubator (WTA Tecnologia) at 380C to the IVEP laboratory

(Bio Biotecnologia da Reproducao, Brasilia, DF, Brazil).

2.4. In vitro embryo production (IVEP) and cryopreservation
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The general protocols used for IVEP in this study were described elsewhere
(Malard et al. 2020[2019]). Briefly, the COC collected from each donor were in vitro
matured for 20 h in TCM199 (Gibco, New York, USA) supplemented with 0.05 IU/mL
FSH (Pluset, Hertape-Calier, Barcelona, Spain), 1 mg/mL estradiol, and 10% FCS.
Expanded COC were then partially denuded and transferred to Tyrode’s albumin
lactate pyruvate (TALP) medium supplemented with 10 pg/mL heparin, 20 uM D-
penicillamine, 10 uM hypotaurine, and 1 uM epinephrine, and co-incubated with 1 x
106 spermatozoa/mL for 18 h to be fertilized. Semen from a single Nelore sire was
used in all fertilization batches. Presumptive zygotes were cultured in 50 uL droplets
of synthetic oviduct fluid (SOFaa) supplemented with essential and non-essential
amino acids, 0.34 mM sodium tricitrate, 2.77 mM myo-inositol, and 10% FCS under
mineral oil. Cleavage and blastocyst rates were determined at 72 and 168 h post-
insemination. In vitro maturation, fertilization and culture took place in a humidified
incubator at 5% CO2 in air and 38.5 °C. Blastocysts produced at day 7 were
cryopreserved by the slow freezing method, following the standard procedures of the

laboratory.

2.5. Embryo cryopreservation, thawing, and transfer

Embryos were transferred immediately after thawing (direct transfer) to
previously synchronized crossbred recipients in a commercial farm (Fazenda
Macauba, (14°29'31.39"S 46°40'53.88"W) Posse, GO, Brazil). The synchronization
protocol consisted of the insertion of an intravaginal progesterone device (1.0 g, Repro
Neo, GlobalGen, Jaboticabal, SP, Brazil) and injection of 2 mg estradiol benzoate IM
(Gonadiol, GlobalGen) at day -8; removal of the device and injection of 0.526 mg

sodium cloprostenol (Induscio, GlobalGen), 200 IU eCG (eCGen, GlobalGen) at day -
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2, and 0.5 mg estradiol cypionate (Cipion; GlobalGen) at day O (expected ovulation).
Suitable recipients were selected based on the presence and location (right or left) of
a corpus luteum at day 7. Embryos were non-surgically transferred to the uterine horn
ipsilateral to the CL. Pregnancy was diagnosed 23 days later by ultrasonography

(Mindray).

2.6. Hormonal assays

Follicular fluid samples were centrifuged at 1,500 X g for 20 min under
refrigeration (50C), transferred to 1.5 mL microtubes, and stored at -800C until
analysis. Follicular fluid concentrations of estradiol were determined using an
electrochemiluminescence commercial kit (Immulite Estradiol, Siemens, Llanberis,
UK) at a commercial veterinary analysis laboratory (Evora, Brasilia, DF, Brazil). Inter-

and intra-assay coefficients of variation were xxx% and xxx%, respectively.

2.7. Data analysis

In Experiment 1, data on the follicle diameter were tested for type of distribution
using the Univariated Procedure of SAS and compared among doses or between
injection routes using the Glimmix procedure of SAS (SAS Studio 3.8, University
Edition; SAS Institute Inc., Cary, NC, USA) with a repeated statement to account for
measurements over time. The model included the effects of route (IM or SC), time
(hours after treatment), and their interactions. In Experiment 2, OPU and IVEP
endpoints were compared among experimental groups using the Glimmix procedure
of SAS. The model was adjusted for the type of distribution of each variable (gamma
for grade | COC, lognormal for viable COC, gaussian for the remaining). Binomial

variables such as cleavage and blastocyst rates were compared by the Chi-squared
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method, using the Frequency Procedure of the SAS. In Experiment 3, data was tested
for type of distribution and initially analyzed as a 2x2 factorial (OPU at 72 or 96 h x use
or not of rhFSH). As there was no effect of the moment of OPU, data were pooled
according to the use of pre-stimulation (control or rhFSH), and analyzed using the
MIXED Procedure of SAS and Tukey’s as a post hoc test. Binomial variables were
compared by the Chi-squared method, as previously described. Results are shown as

mean+SEM.

3. Results

3.1 Experiment 1

In the dose-response trial, a consistent ovarian response (mean follicle diameter > 6
mm 96h after treatment) was obtained with all doses greater than 10 mcg, whereas
lower doses resulted in a mean follicle diameter similar (P>0.05) to control (O mcg), as
shown in Figure 1. Therefore, this dose was chosen to be used in the subsequent
experiments.
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Figure 1. Changes in follicle diameter over time in a dose-response superstimulation
trial with rhFSH (corifollitropin-alpha) in Nelore (Bos taurus indicus) calves. After 120
h, follicle diameter in calves treated with = 10 mcg rhFSH was greater (P<0.05) than

in the control group.

When we compared the administration of rhFSH via SC or IM, there was no
effect of route (P=0.1348) nor an interaction route x time (P=0.8336) (Fig. 2). Time
after treatment affected follicle growth in both groups (P<0.0001), with the average
follicle diameter increasing from 3.6+0.1 to 7.6£0.1 mm at Oh to 96h (growth rate
1.0£0.1 mm/day). Thereafter, follicle development stabilized and no further growth
occurred from 96h to 120h (7.6+0.1 vs. 7.8+0.1 mm; P>0.05). Samples of follicular fluid

collected at 120 h presented similar (P>0.05) estradiol concentrations between groups.
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_ sc P=0.8668
£ seatieee |M 35
E 8- 0.0005 .
E L 30
]
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Figure 2 A, B. Effect of the route of administration (SC or IM) of rhFSH on ovarian
stimulatory response in Nelore (Bos taurus indicus) calves. A) Average follicle diameter

over time; B) Intrafollicular estradiol (E2) concentrations 120 h after treatment.

3.2 Experiment 2
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The OPU-IVEP outcomes are summarized in Table 1. There was no difference
in data from controls calves undergoing OPU Only calves receiving rhFSH presented
effective ovarian superstimulation (P<0.0001). Vaginal mucus discharge was more
frequently observed for FSH-120 calves than FSH-96, eCG-96 or eCG-120
(P<0.0001). The use of rhFSH increased the proportion of grade | COC compared with
eCG or controls (P<0.0001). However, rhFSH also increased the proportion of
expanded COC (P<0.0001), resulting in a lower proportion of viable COC in rhFSH-
treated groups (P<0.0001). Moreover, total COC were lesser for FSH120 compared
with calf control (P=0.0034), though similar (P>0.05) to the other groups. Data on IVEP
of FSH96 COC was discarded due to contamination during IVEP. Blastocyst rate using
mature cows COC was similar to FSH120 (54.5% vs 41.4%; P>0.05), but greater than

eCG-96, eCG-120 and CG (P<0.01).
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Table 1. OPU-IVEP outcomes in Nelore (Bos taurus indicus) calves submitted or not
to previous stimulation protocols with rhFSH (corifollitropin-alpha) or eCG. Multiparous,

non-stimulated and non-synchronized adult cows were used as controls.

Group P-value

Endpoint Control calves ~ rhFSH-96h  rhFSH-120h eCG-96h eCG-120h Control cows

OPU (n) 32 15 13 15 15 10

Total COC 21.6+1.9a 17.7+2.6a 9.3+1.2b 16.1+3.5ab  15.7+2.2ab 17.9+2.6a 0.0167
COC Grade | 3.0£0.6b 6.7+1.4a 2.340.8b 1.7+0.5b 2.1+0.9b 2.1+0.8b 0.0025
COC Grade | (%) 16.4c 52.4a 37.0b 12.3c 15.3c 20.4c <0.0001
COC Grade Il 15.4+1.5a 6.1+1.1c 4.1+1.1c 12.4+3.2ab  11.8+1.8ab 8.2+0.6hc <0.0001
Viable COC 18.4+1.8a 12.7+2.0bc 6.2+1.2c 14.1+43.4ab  13.9+2.1ab 10.3t1.1bc 0.0033
Viable COC (%) 85.5a 71.8b 66.9b 88.0a 88.6a 57.5¢ <0.0001
Denuded 0.440.2 0.740.3 0.240.2 0.240.1 0.310.2 0.1+0.1 0.5297
Degenerated 2.340.3b 2.5+0.7b 0.840.3b 1.3+0.3b 1.7+0.3b 7.5+1.9a <0.0001
Expanded COC 0.0+0.0b 1.8+0.6a 2.1+0.5a 0.340.3b 0.340.3b 0.0£0.0b <0.0001
Expanded COC (%) 0.0c 10.2b 22.3a 1.7¢c 1.7¢c 0.0c <0.0001
Superstimulation (%) 0.0b 100.0a 92.3a 13.3b 0.0b 0.0b <0.0001
Presence of mucus (%) 0.0c 20.0b 69.2a 6.7bc 20.0b 0.0c <0.0001
Clivage rate (%) 73.0a * 84.5a 68.1b 58.4b 86.4a <0.0001
Blastocyst rate (%) 35.4b * 41.4ab 30.8bc 24.9¢c 54.5a 0.0088

* Data lost due to contamination during in vitro culture.

abc Means with different superscripts, in the same row, differ (P<0.05)

3.3 Experiment 3

There was neither difference (P>0.05) between control heifers undergoing OPU
at 72 h or 96 h, nor between groups rhFSH-72 or rhFSH-96. Thus, data from 72 h and
96 h was pooled for heifers receiving (rhFSH) or not (Control) ovarian pre-stimulation.
Treatment with rhFSH increased (P<0.05) the proportion of Grade | COC and

blastocyst rates. However, there was a trend (P<0.07) towards decreasing the total
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number of COC retrieved, as well as a reduction (P<0.05) in the number of viable COC
and of cleaved zygotes, resulting in a similar (P>0.05) number of blastocysts produced

per donor/OPU.

Table 2. OPU-IVEP outcomes in prepubertal Nelore (Bos taurus indicus) heifers

submitted or not to previous stimulation protocols with rhFSH (corifollitropin-alpha).

Endpoint Control rhFSH P-value
OPU (n) 30 30 -

Total COC 18.7£3.0 12.0£1.3 0.0648
COC Grade | 3.540.7 4.1+0.6 0.5718
COC Grade | (%) 18.8+2.9 (111/599) 35.3+4.2 (115/335) 0.0188
COC Grade Il 11.1+2.4 3.81£0.6 0.0076
Viable COC 14.6£2.6 7.910.9 0.0264
Viable COC (%) 76.0+2.6 (466/599) 66.0+3.5 (221/335) 0.0149
Degenerated 4.2+0.6 4.1+0.7 0.9954
Cleavage 11.7+1.8 6.8+0.8 0.0284
Cleavage rate (%) 81.1+4.8 (374/466) 83.0+3.9 (184/221) 0.8572
Blastocysts 2.8+0.7 2.3+0.4 0.5869
Blastocyst rate (%) 16.4+2.9 (88/466) 31.6+4.8 (62/221) 0.0098
Pregnancy rate (%) 19.3 (16/83) 25.0 (15/60) 0.4142

4. Discussion

Although the demand for the use of calves as oocyte donors has increased in
the past few years, IVEP from prepubertal cattle remains a challenge. In the current
study, we evaluated the use of a long-acting rhFSH (corifollitropin-alpha) as a pre-

stimulatory treatment in calves. Our results support or hypothesis that a single SC
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injection of rhFSH would induce ovarian supestimulation. However, our hypothesis that
the use of rhFSH would improve IVEP outcomes was only partially confirmed, as
improvements on oocyte quality and blastocyst rates were counterbalanced by a lower
recovery of COC.

To our knowledge, no previous studies tested corifollitropin-alpha for ovarian
stimulation in cattle. Therefore, we first run a curve-response trial to define the doses
to be used in the subsequent experiments. All doses from 10 mcg on resulted in
ovarian superstimulation, characterized by the predominance of large (> 7 mm) follicles
in the ovaries. Moreover, a single injection of such doses promoted a progressive
follicle growth up to 96 h after treatment, similarly to what is observed after multiple
injections of porcine FSH (pFSH) (Garcia-Guerra et al. 2015[20]). Ovarian
superstimulation can be induced in cattle with a single injection using eCG (Sendag et
al. 2008[14]) or pFSH conjugated with a controlled releasing vehicle (Vieira et al.
2016[15]; Ongaratto et al. 2020[16]). However, results tend to be inconsistent,
particularly due to the expected variation among batches of biological extracts.

In the current study we demonstrated that the route of administration (IM or SC)
does not interfere in the superstimulatory effects of rhFSH in cattle. Thus, the SC route
could be used in this species, similarly to what is done in humans (Pouwer et al.
2015[21]). In this regard, the use of a single, SC injection of rhFSH is an alternative to
reduce labor and animal stress during the preparation of donors for OPU, particularly
in Bos indicus breeds. In fact, the concern with patient wellbeing was one of the
reasons for the development of long-acting rhFSH (Huang et al. 2018[22]). Animals
under stress have higher plasma cortisol concentrations (Dobson & Smith 2000[23]),

which negatively impact reproduction. Moreover, in large-scale IVEP programs
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enrolling tens of donors, pre-stimulatory treatments based on multiple FSH injections
may be simply not feasible.

Donor stimulation with FSH before OPU was shown to improve blastocyst rates
(Fry 2020[10]), and similar protocols have been used in prepubertal cattle (Baldassarre
et al. 2018[9]). However, in both cases previous evidences suggest better results are
obtained with longer stimulation protocols (Nivet et al. 2012[24]; Dias et al. 2018[25];
Krause et al. 2020[26]). In this regard, we investigated whether the Corifollitropin could
be used to increase the interval between treatment and OPU, whereas avoiding
multiple injection schedules. Or results demonstrate that the rhFSH resulted in more
calves superstimulated at the moment of OPU, when compared to eCG, and that when
COC are aspirated 120 h after the use of a long-acting FSH, blastocyst rates are similar
to those obtained with adult cows. In fact, the higher incidence of expanded COC, as
well as of mucus, suggest higher estradiol and LH concentrations. Such endocrine
status is observed close to the moment of ovulation (Mihm & Bleach 2003[27]), when
oocytes achieve the later stages of maturation and greater developmental potential
(Walker & Biase 2020 [28]). Coherently, in Experiment 1 we observed a stabilization
in follicular diameter after 96 h, as previously reported for preovulatory follicles in
Nelore (Figueiredo et al. 1997[29]). However, the rhFSH-120h group also yielded less
total and viable COC than the calf control group, what overshadowed the potential
benefits of this protocol. Due to the number of donors used in this experiment (n=90),
it was not possible to individually measure AFC and, thus, to calculate the recovery
rate after OPU. Nevertheless, it is likely that a low recovery rate was the main cause
of the difference in the number of COC collected from this group. Oocyte recovery

decreases as follicle size increase (Seneda et al. 2001[30]). Additionally, cumulus
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expansion is known to make COC more prone to stick in the aspiration line or in the
filter and therefore to be lost during manipulation.

Due to the possibility of reduction in recovery rate after long-stimulatory
protocols, we designed Experiment 3 to evaluate the effect of rhFSH in prepubertal
heifers using shorter (72 h or 96 h) treatment to OPU intervals. According to the results
of Experiment 1, follicles were expected to be in the growing phase during this time-
window. In fact, we observed no differences in OPU-IVEP endpoints between heifers
collected at 72 h or 96 h, and data were pooled for the control and rhFSH groups. As
observed for calves, rhFSH pre-treatment increased the proportion of grade | oocytes
and blastocyst rates in prepubertal heifers. Once again, however, the use of rhFSH
was associated with a reduction in the number of viable oocytes recovered, resulting
in a lack of difference in the number of blastocysts produced by donor/OPU.

In summary, or results show that a single, SC injection of Corifollitropin-alpha
promotes consistent ovarian follicle superstimulation in calves, with follicle growth
being observed up to 96 h after treatment, and thus can be an alternative for priming
of oocyte donors. We also demonstrated the potential benefits of rhFSH treatment
before OPU on oocyte quality and subsequent blastocyst rates, but also highlight that
adaptations in the aspiration procedure are necessary in order to avoid a drop in oocyte

recovery rates, particularly if long protocols are to be used.
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CONSIDERACOES FINAIS

Diante de todo o exposto e ao longo dos experimentos e objetivos deste
trabalho, é possivel afirmar que a alfacorifolitropina € uma molécula de aplicacao Unica
capaz de promover a estimulacéo e crescimento folicular em bezerras assim como 0s
protocolos padrbes de multiplas aplicacdes ja estabelecidos. Reduzindo assim, o
manejo e estresse com esses animais em um protocolo hormonal.

A molécula recombinante de FSH se mostrou eficaz tanto por via IM e SC,
facilitando a aplicacdo e manejo dos animais. O rhFSH aumentou a proporcdo de
COC grau | em comparacédo a outros farmacos e grupo controle, no entanto também
aumentou a proporc¢édo de rhFSH expandidos. Houve uma tendéncia de diminuigcéo do
namero total de COC recuperados em animais tratados com rhFSH.

Por fim, é possivel afirmar que o rhFSH é capaz de estimular o crescimento
folicular e melhorar a proporcao de odcitos grau |. Sendo necessario ainda ajustes no
momento da OPU para melhoria nas taxas de recuperacéo. O tratamento com rhFSH

€ vantajoso em compara¢ado aos demais por necessitar de aplica¢édo Unica.
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Certificamos que a proposta intitulads “Estratégas de antecipagio da reprodugdo de
bovinos de corte: oimizagdo de iotécnicas para multiplicacio de bezermas ¢ novilhas™,
registrada com o n°. $00-4372-1/2020. sob a responsabihidade de Carlos Fredenco Martins -
que envolve a produgio, manulencdo ou ulilizagho de animms pertencentes ao filo
Chordata, subfilo Vertebeata (exceto humanos) pam fins de pesquisa caentifica, encontra.se
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6.899, de 15 de julho de 2009, ¢ com as normas edstadas pelo Consclho Nacional de
Controle de Experimentagio Anmmal (CONCEA). ¢ foi APROVADA pela COMISSAO
DE ETICA NO USO DE ANIMAIS DA Embrapa Cerrados (CEUA/Cerrados), em
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2. Resumos submetidos a congressos

EFFECT OF THE ROUTE OF ADMINISTRATION OF RECOMBINANT HUMAN F5H ON OVARIAN
SUPERESTIMULATORY RESPONSE IN CALVES

Rodrigo Martins de Moura ! Leticia Prates Mariins 1, Luiz Gustavo Bruno Sigueira 2: Carlos
Autores  Antonio Carvalho Fernandes 2, Carlos Frederico Martins 4, Ricardo Alamino Figueiredo 5:
Joao Henrigue Moreira Viana -

Instituic&o ! Ung - Universidade de Brasilia (Brasilia - DF), 2 Embrapa Gado de Leite - Embrapa Gado
de Leite (Juiz de Fora - MG), 2 Universidade de Alfenas - Universidade de Alfenas (Alfenas -

MG}, 4 Embrapa Cerrados - Embrapa Cerrados (Brasilia - DF), 5 Embrapa Recursos
Genéticos e Biotecnologia - Embrapa Recursos Genéticos e Biotecnologia (Brasilia - OF)

Resumo

A number of pre-stimulatery protocols using porcine FSH (pFSH) have heen proposed to improve
oocyte vield and in witro embryo production from calves. However, results are still inconclusive. The
pFSH is purified from hypophysis recovered at slaughterhouse, which results in significant variation in
biological activity between drug batches. Moreover, due to its short hal-life, treatments with pFSH
usually reguire multiple injections over time. Recently, long-acting recombinant human FSH (rhFSH)
formulations have been developed fo induce superstimulation in women using a single-injection. The
aim of the present study was to evaluate the effect of treatment route (IM or SC) on ovarian response to
long-acting rhFSH in calves. Prepubertal Melore (Bos faures indicus) calves (M=10) with 205.6+4.0 days
of age and 175.4+5 2 Kqg of body weight were enrolled. A preliminary dose-response trial was performed
o determine the dose to be used in this study as follows. The calves were randomly allocated to receive
0 to 22.5 mecg, with 2.5 mcog increments of rhFSH (Corifollitropin Alpha, Shering-Flough, Brazil), via im.
Cwarian follicular develepment was monitored daily by ultrasenography (MyLab 30 Gold, Esaote, ltaly)
for five days. A videoclip was recorded from each ovary and used to measure size of individual follicles.
A consistent ovarian response (measure the size of individual mean follicle diameter = 6 mm at 98h
after treatment) was obtained with doses greater than 10 mcg, whereas lower doses resulted in 8 mean
follicle diameter similar (F=0.05) to contral (0 mcg). A subseguent trial has been performed to evaluate
fhe treatment route. The calves were randomly allocated to receive 10 mcg rhFSH either SC (n=5) or IM
(n=5). Follicle development was monitored by ultrasonography as previously described. Data was
analyzed using the Glimmix Procedure of 3AS. We did not observe an effect of route (P=0.1348) nor an
interaction route x time (P=0.8336). Time after treatment affected follicle growth in both groups
(P=0.0001), with the average of follicle diameter increasing from 3.6£0.1 to 7.6+0.1 mm from 0h to 98h
(growth rate 1.0+0.1 mmiday). Thereafter, follicle development stabilized and no further growth occurred
from 2Gh to 1200 (7.6£0.1 ve. 7.820.1 mm; P=0.05) In summary, the SC route can be successfully
used to induce ovarian superstimulation in calves treated with a single doze of long-acting rhFSH.



