LAIS MENDES VIEIRA

Exogenous gonadotropin supplementation to increase vitro

embryo production in Holstein donors

Sao Paulo
2016



LAIS MENDES VIEIRA

Suplementacio exdgena com gonadotrofinas para aumentar a producio in
vitro de embrides em doadoras Holandesas

Tese apresentada ao Programa
em Reprodug¢do Ani daGFae

Medicina  Veterinafia /botecnia  da
Universidade de,S3p P ra obtencdo do
titulo de Doutou&cias

Depa :

% ca@”Animal

ea de concentrac¢iao:

a Q Reprodugdo Animal
; ! Orientador:

% Prof. Dr. Pietro Sampaio Baruselli

De acordo:

Orientador

Sdo Paulo
2016

Obs: A versao original se encontra disponivel na Biblioteca da FMVZ/USP



Autorizo a reproducéo parcial ou total desta opaaa fins académicos, desde que citada a fonte.

DADOS INTERNACIONAIS DE CATALOGAGAO NA PUBLICACAO

(Biblioteca Virginie Buff D’'Apice da Faculdade deddicina Veterinaria e Zootecnia da Universidad&ge Paulo)

T.3385 Vieira, Lais Mendes
FMVZ Exogenous gonadotropin supplementation to incréasétro embryo production in Holstein
donors / Lais Mendes Vieira. -- 2016.
77 f 0l

Titulo traduzido: Suplementacdo exdégena comadotrofinas para aumentar a produgéo
vitro de embriGes em doadoras Holandesas.

Tese (Doutorado) - Universidade de S&do PaulculBade de Medicina Veterinaria e
Zootecnia. Departamento de Reprodugdo Animal, $&dP 2016.

Programa de P6s-Graduacéo: Reprodugdo Animal.

Area de concentracéo: Reproducéo Animal.

Orientador: Prof. Dr. Pietro Sampaio Baruselli.

1. Bovino. 2. Embrido. 3. FSH. 4. OPWBI 5. Superestimulagao. I. Titulo.




(2

UNIVERSIDADE DE SAO PAULO

FACULDADE DE MEDICINA VETERINARIA E ZOOTECNIA

Comissao de Etica no Uso de Animais =L

CERTIFICADO

Certificamos que o Projeto intitulado "Suplementacado exdgena com gonadotrofinas para aumentar a producdo in vitro de embrides
em doadoras Holandesas", protocolado sob o CEUA n? 7738051015, sob a responsabilidade de Pietro Sampaio Baruselli
equipe; Lais Mendes Vieira - que envolve a produgao, manutengao e/ou utilizagao de animais pertencentes ao filo Chordata, subfilo
Vertebrata (exceto o homem), para fins de pesquisa cientifica ou ensino - estd de acordo com os preceitos da Lei 11.794 de 8 de
outubro de 2008, com o Decreto 6.899 de 15 de julho de 2009, bem como com as normas editadas pelo Conselho Nacional de
Controle da Experimentacdo Animal (CONCEA), e foi aprovado pela Comissdo de Etica no Uso de Animais da Faculdade de
Medicina Veterindria e Zootecnia da Universidade de Sdo Paulo (CEUA/FMVZ) na reunido de 16/02/2016.

We certify that the proposal "Exogenous gonadotropin supplementation to increase in vitro embryo production in Holstein donors",
utilizing 303 Bovines (303 females), protocol number CEUA 7738051015, under the responsibility of Pietro Sampaio Baruselli
and team; Lais Mendes Vieira - which involves the production, maintenance and/or use of animals belonging to the phylum
Chordata, subphylum Vertebrata (except human beings), for scientific research purposes or teaching - is in accordance with Law
11.794 of October 8, 2008, Decree 6899 of July 15, 2009, as well as with the rules issued by the National Council for Control of
Animal Experimentation (CONCEA), and was approved by the Ethic Committee on Animal Use of the University of Sao Paulo
(CEUA/FMVZ) in the meeting of 02/16/2016.

Finalidade da Proposta: Pesquisa
Vigéncia da Proposta: de nov/201 a mar/201 Area: Reproducdo Animal
Procedéncia: Animais provenientes de estabelecimentos comerciais

Espécie: Bovinos sexo: Fémeas idade: a N: 303
Linhagem: Holandesa Peso: a

Resumo: Nos Ultimos anos, o uso da aspiracao folicular (OPU) e a producao in vitro de embrides (PIVE) em rebanhos bovinos tem
aumentado em todo o mundo, sendo o Brasil lider mundial na producado desses embrides. A OPU-PIVE é uma biotecnologia que
permite a rdpida multiplicacdo de individuos baseado na genética da doadora de odcito e do doador de sémen. No entanto,
algumas peculiaridades das fémeas Bos taurus de leite (populacdo de foliculos antrais e qualidade de odcitos) foram determinadas
como fatores responsaveis pela reduzida eficiéncia da técnica (OPU-PIVE) entre estes rebanhos. Dadas as dificuldades de
estabelecer programas de OPU-PIVE com alta eficiéncia em vacas leiteiras, quatro estudos serao realizados envolvendo diferentes
tipos de tratamentos de superestimulacao folicular em doadoras da raca Holandesa lactantes e nao-lactantes, com o objetivo de
otimizar o desempenho desses animais na técnica em questdo. O primeiro estudo visa aumentar a PIVE de doadoras raca
Holandesa (lactantes e nao-lactantes) apés serem submetidas ao tratamento superestimulatério tradicional com quatro aplicacdes
de pFSH (hormonio foliculo estimulante porcino) a cada 12 h. Para este efeito, 30 doadoras (15 em lactacdo e 15 vacas ndo
lactantes) receberao o protocolo de sincronizacao da onda de crescimento folicular [protocolo a base de benzoato de estradiol (BE)
e progesterona (P4)] e serdo submetidas ao tratamento de superestimulagdo em um design cross-over. Apds o primeiro estudo,
outros trés experimentos serdo realizados (Exp. 2: n = 23 novilhas da raca Holandesa, Exp. 3: n = 90 vacas ndo lactantes da raca
Holandesa e Exp. 4: n = 160 vacas nao lactacao da raca Holandesa) para avaliar o efeito de diferentes diluentes para o pFSH ou
hormonios foliculo estimulantes, visando superestimular as doadoras com apenas uma Unica injecao. Em geral, o presente estudo
avaliard o efeito da superestimulacdo no perfil plasmatico de FSH, na proporcao do tamanho dos foliculos presentes no momento
da OPU e a producdo in vitro de embrides ap6s os tratamentos.

Local do experimento:

Sao Paulo, 19 de julho de 2016

Av. Prof. Dr. Orlando Marques de Paiva, 87, Cidade Universitaria: Armando de Salles Oliveira CEP 05508-270 S&o Paulo/SP - Brasil - tel: 55 (11) 3091-7676/0904 / fax: 55 (11) 3032-2224
Horério de atendimento: 22 a 62 das 8h as 17h : e-mail: ceuavet@usp.br
CEUA N 7738051015



UNIVERSIDADE DE SAO PAULO

FACULDADE DE MEDICINA VETERINARIA E ZOOTECNIA

Comissao de Etica no Uso de Animais P
h -
y
Profa. Dra. Denise Tabacchi Fantoni Roseli da Costa Gomes
Presidente da Comiss&o de Etica no Uso de Animais Secretaria Executiva da Comissdo de Etica no Uso de Animais
Faculdade de Medicina Veterinaria e Zootecnia da Universidade Faculdade de Medicina Veterinaria e Zootecnia da Universidade
de Sao Paulo de Sao Paulo

Av. Prof. Dr. Orlando Marques de Paiva, 87, Cidade Universitaria: Armando de Salles Oliveira CEP 05508-270 S&o Paulo/SP - Brasil - tel: 55 (11) 3091-7676/0904 / fax: 55 (11) 3032-2224
Horério de atendimento: 22 a 62 das 8h as 17h : e-mail: ceuavet@usp.br
CEUA N 7738051015



UNIVERSIDADE DE SAO PAULO

@

FACULDADE DE MEDICINA VETERINARIA E ZOOTECNIA

Comissao de Etica no Uso de Animais =P

Sdo Paulo, 02 de setembro de 2016
CEUA N 7738051015

IImo(a). Sr(a).

Responsavel: Pietro Sampaio Baruselli
Area: Reproduc&o Animal

Pietro Sampaio Baruselli (orientador)

Titulo da proposta: "Suplementacdo exdgena com gonadotrofinas para aumentar a producdo in vitro de embrides em doadoras
Holandesas".

Parecer Consubstanciado da Comissao de Etica no Uso de Animais FMVZ/USP

A Comissdo de Etica no Uso de Animais da Faculdade de Medicina Veterinaria e Zootecnia da Universidade de S3o Paulo, no
cumprimento das suas atribuicdes, analisou e APROVOU a Emenda (versao de 02/setembro/2016) da proposta acima referenciada.

Resumo apresentado pelo pesquisador: "Houve um erro de digitacdo na data de vigéncia da proposta. Dessa forma, para manter as
informacdes corretas no certificado, solicito a atualizacdo dessas informacdes. Todas as demais informacdes, bem como o
cronograma do projeto foram mantidos.".

Comentario da CEUA: "O pesquisador confirma o periodo de vigéncia da proposta e pede sua correcao, uma vez que o certificado
saiu com um erro de digitacdo. Onde |é-se: de nov/201 a mar/201 Leia-se: 11/ 2015 a 3/2016.".

I\ [
B
Profa. Dra. Denise Tabacchi Fantoni Roseli da Costa Gomes
Presidente da Comiss&o de Etica no Uso de Animais Secretaria Executiva da Comissdo de Etica no Uso de Animais
Faculdade de Medicina Veterinaria e Zootecnia da Universidade Faculdade de Medicina Veterinaria e Zootecnia da Universidade
de Sao Paulo de Sao Paulo

Av. Prof. Dr. Orlando Marques de Paiva, 87, Cidade Universitaria: Armando de Salles Oliveira CEP 05508-270 S&o Paulo/SP - Brasil - tel: 55 (11) 3091-7676/0904 / fax: 55 (11) 3032-2224
Horério de atendimento: 22 a 62 das 8h as 17h : e-mail: ceuavet@usp.br
CEUA N 7738051015



FOLHA DE AVALIACAO

Autor: VIEIRA, Lais Mendes

Titulo: Exogenous gonadotropin supplementation to increase vitro embryo production

in Holstein donors

Tese apresentada ao Programa de Pos-
Graduacdo em Reproducdo Animal da
Faculdade de Medicina Veterinaria e
Zootecnia da Universidade de S&o Paulo para
a obtencao do titulo de Doutor em Ciéncias

Data: [/
Banca Examinadora

Prof. Dr.:

Instituicdo: Julgamento:
Prof. Dr.:

Instituicdo: Julgamento:
Prof. Dr.:

Instituicdo: Julgamento:
Prof. Dr.:

Instituicdo: Julgamento:
Prof. Dr.:

Instituicdo: Julgamento:




Agradecimento
Acknowledgment

Aos meugpais que sempre estiveram e estdo ao meu lado, medipeiaonfiando nas
minhas decisdes ao longo da vida. Agradeco peta@ihique nos deram e o constante e
incansavel amor de todos os dias. Obrigada, MomDsdely! Vocés séo mais do que
exemplos, sem VOcés eu ndo estaria aqui hoje.

Aos meusrmaos, Tais e Roberval Jr.,por acreditarem na trajetoria da irma cacula de
vocés. Mesmo sendo algo totalmente diferente didada de vocés, sempre tentaram
compreender o caminho e me apoiaram em todos osmasyMuito obrigada. Agradeco
também aos irméos que ganhei algo longo da@il@, e Tony, cunhados mais do que
queridos. Vocés alegram e energizam a familiagantaipor me darem a oportunidade de
compartilhar esse momento com vocés.

Ao meu namorado, amigo e companhdwéo. Esse sem dlvida merece 0S meus mais
profundos agradecimentos. Ele € a “linha de fremieprimeiro a enfrentar a luta.
Independentemente do dia, dias maravilhosos, timg,ilos, ruins, cansativos, exaustivos,
era ele que tinha que estar com toda a paciéa@nae amor para comemorar junto ou me
confortar. E ele sempre fez com extrema sabedssasatez. Obrigada pela compreenséo e
por sempre estar ao meu lado, me apoiando e enclaraj seguir. Obrigada, amor!

Ao Prof. Pietro, exemplo de profissionalismo e dedicacdo, serdaivha das pessoas que
mais me ensinou na vida. Os ensinamentos erarartesstiesde ensinamento técnico, mas
acima de tudo, ensinamentos da vida, ética, pogirofissionalismo, tranquilidade e
sabedoria. Sem duvida, parte da minha carreiraaduagcimento pessoal se deve aos seus
valiosos exemplos e conselhos. Obrigada Profeslaaientacéo, confianca, oportunidades,
paciéncia e encorajamento. Com certeza meu etgaateeimento e meu eterno Orientador.

Ao meugrande amigo Carlos Alberto Rodrigues (Carlag)pois sem ele hoje eu néo
estaria aqui. Foi ele que me mostrou que a exgiaréadémica poderia ser muito diferente
do que eu imaginava, e eu agradeco todos os dias @i essa incrivel experiéncia durante
esses Ultimos anos. Agradeco o constante apramdascdconstantes orientacbes e as
inimeras oportunidades que me foram concedidaga@oipor ter acreditado e confiado
em mim e no meu trabalho. Digo que tenho o mebiglégico, Roberval, e 0 meu pai
“veterinario”, Carldo. Muito obrigada!!

A queridaHarumi por todo apoio durante esses anos de VRA. Pgooefissional € nos
esportes, foram inUmeros relatorios, conversaspbabs. Parabéns pela sua eficiéncia e
exemplo profissional, aprendi muito com vocé!



A minha queridamiga e companheira de apto Ju (Gleycifudo comegou por acaso, mas

resultou em uma amizade sincera e duradoura!! &@larigelos indmeros momentos de

alegria, descontracéo, discussoes, reflexbes|igaigs, enfim... obrigada pela sua amizade!
Aprendi e aprendo muito com vocé!!

Aos amigos do grupo,Mili, Cecilia, Bruna Guerreiro, Bruno GongalvesdB, Marcos e
Romulo. A diversidade potencializa o nosso crestoneobrigada pelo constante
aprendizado e as incansaveis ajudas durante taicedio. \Vocés sdo dez!!

Aos meus amigo®lanoel Sa Filho, Alexandre Souza, José Nélio, Adesdra Ambrdsio

e Robertinha que nunca mediram esforcos para me ensinar. &paraente grata a todos
0S momentos em que pararam o que tinham que daaenpitas vezes me explicar desde as
coisas mais simples do mundo da reproducéo atiegrdiscussdes do mundo da estatistica.
Obrigada pela paciéncia, pelos conselhos, sugestdesussoes. Vocés séo exemplos
profissionais.

Ao meu amigoMarcio Mendanha gque mesmo dos bastidores sempre esta por perto
guerendo saber se estava tudo bem, se tudo estdarain conforme o planejado. Obrigada
pela amizade e pelos inUmeros bate-papos. Muiadal

Agradeco adr. Gabriel Bo e Dr. Mapletoft que desde o primeiro contato nunca hesitaram
em ajudar. Grande parte do mérito desse trabattevea experiéncia e sabedoria de vocés.
Muito obrigada pela imensa colaboracéo, paciécastante atencao.

A todos dafazenda Sata Rita — Agrindus em especial, ao Roberto Jank, por terem
disponibilizado os animais da fazenda que estdoestidesse ser realizado; Beco, Thiago,
Micky, Laércio, obrigada pelo companheirismo e pelarme apoio.

Ao Fininho por todo apoio técnico durante os projetos, aeenorme paciéncia durante a
conducéo dos trabalhos, mesmo diante de imprevistos

A todos ddazenda S&o José — Bela Vistam especial, ao Luiz Gustavo e a Kelly, por
terem disponibilizado o servico, os animais e or&brio da fazenda para que este estudo
pudesse ser realizado; Nivaldo e Zetinho, obrigatta companheirismo e pelo enorme

apoio.



RESUMO

VIEIRA, L. M. Suplementacdo exdégena com gonadotrofinas para aumana producao

in vitro de embrides em doadoras Holandesagxogenous gonadotropin supplementation
to increase in vitro embryo production in Holsteionos]. 2016. 77 f. Tese (Doutorado em
Ciéncias) - Faculdade de Medicina Veterinaria et@oua, Universidade de Sao Paulo, Sdo
Paulo, 2016.

Nos ultimos anos, o emprego da aspiracao folidi@U) e producéan vitro de embrides
(PIVE) tém crescido mundialmente nos rebanhos losvidh OPU-PIVE viabiliza a rapida
multiplicacdo do material genético, utilizando taatbase genética da fémea como do macho.
No entanto, fémeas de leilos taurus apresentam algumas peculiaridades, como menor
populacao de foliculos antrais e inferior qualidadeitaria, as quais foram apontadas como
fatores responsaveis pela reduzida eficiéncia daidg® nesses rebanhos. Frente as
dificuldades para o estabelecimento de program&3Ri¢-PIVE eficientes em vacas de leite
Bos taurus, trés experimentos foram conduzidos envolvenderelites tipos de tratamentos
superestimulatorios em doadoras de odcitos lagantéio lactantes. O primeiro estudo teve
como objetivo aumentar a PIVE em doadoras da raglandesa lactantes e ndo lactantes
submetidas ao tratamento tradicional de superstigdol com doses decrescentes de FSH
porcino (FSHp) a cada 12 h, previamente a OPU. éNestido, as doadoras (n = 15 vacas
lactantes e n = 15 néo lactantes da raca Holandsseg)eram protocolo para sincronizacéao da
emergéncia da onda folicular [protocolo a baseatetato de estradiol (BE) e progesterona
(P4)] e foram submetidas aos tratamentos de supewdscdo em um delineamento
experimentaktross-over. Os outros dois estudos (n = 23 novilhas da radartdesa e n = 72
vacas nao lactantes da raca Holandesa) foram degelogs para avaliar diferentes diluentes
para o FSHp com o objetivo de viabilizar a superegacdo com apenas uma aplicacao de
FSHp. No geral, os estudos avaliaram o efeito gerestimulacdo no perfil plasméatico de
FSH, na propor¢ao de foliculos classificados comgupnos (<6mm), médios (6-10mm) ou
grandes (>10mm), conforme diametro folicular, n&EPke no estabelecimento gestacional
apos transferéncia de embrides. A superestimulacdieentou a proporcdo de foliculos
médios, aumentou a competéncia oocitaria e resettounaior producéo de blastocistos por
sessdo de OPU. A aplicacdo unica de FSHp assoatmdiduente de liberagédo lenta (acido
hialurénico), resultou em semelhante area sob wacde FSH, semelhante proporcdo de
foliculos pequenos, meédios e grandes e semelhaht& RBomparado ao tratamento
superestimulatorio tradicional com doses de FSHpmiridtradas a cada 12h.
Independentemente do diluente e da dose de FShifadidi, o tratamento superestimulatério



resultou em maior producdo de blastocistos porasede OPU comparado as vacas nao
tratadas com FSHp. Adicionalmente, semelhante thxastabelecimento gestacional foi
observada, independentemente do tratamento ubtlizadioadora. Portanto, os dados obtidos
no presente estudo permitem concluir que indepeeawmte do tipo de tratamento (diluente
para FSHp ou dose utilizada de FSHp), a superdstpdo previamente ao processo de OPU,
aumentou o desenvolvimento de embri@edgtro, nimero de blastocistos por sessdo de OPU
e resultando em semelhante taxa de estabelecingasiacional apds transferéncia de

embrides.

Palavras-chave: Bovino. Embrido. FSH. OPU-PIVE.e&8egtimulacéo.



ABSTRACT

VIEIRA, L. M. Exogenous gonadotropin supplementation to increas@ vitro embryo
production in Holstein donos [Suplementacédo exdgena com gonadotrofinas para éamaen
producaoin vitro de embrides em doadoras Holandesas]. 2016. 7ésk [Doutorado em
Ciéncias) - Faculdade de Medicina Veterinaria et&oua, Universidade de Sao Paulo, Sao
Paulo, 2016.

In the last years, the use ofum pick-up (OPU) andin vitro produced embryo (IVEP)
technology has worldwide increased in cattle heftie OPU-IVEP enable a rapid individual
multiplication based on the female and male donemegic. HoweverBos taurus dairy
females present some peculiarities, as reducealdotticle population and lower oocyte
quality, and these factors have been awarded gmomnsible to the reduced technique
efficiency among these herds. Given the difficslid establishing OPU-IVEP programs with
high efficiency inBos taurus dairy cows, three studies were carried out, invajwvifferent
types of superstimulation treatments in lactating aon-lactating Holstein donors. The first
study aimed to increase IVEP in lactating and ramtating Holstein dairy donors submitted
to the traditional twice-daily porcine FSH (pFSH)psrstimulation treatment prior to the
OPU. For this purpose, donors (n = 15 lactating and 15 non-lactating Holstein cows)
received the follicular wave synchronization pratodestradiol benzoate (EB) and
progesterone (P4) based protocol] and were sulimitiesuperstimulation treatment in a
cross-over design. Other two experiments were performed 23 Holstein heifers and n = 72
non-lactating Holstein cows) to evaluate differpRSH diluents to enable superstimulation
with a single injection. In general, these studiealuated the effect of superstimulation on the
plasmatic FSH profile, proportion of follicles siprevious to OPU (small: <6mm; medium:
6-10mm; and large follicles: >10mm), om vitro embryo production and pregnancy
establishment after the produced embryo transfiee. Superstimulation treatment improved
the proportion of medium sized-follicles, improveocyte competence and resulted in greater
amount of blastocyst per OPU session. A singlectiga of pFSH combined with a slow
release carrier (hyaluronan), resulted in simil@8HFarea under curve, proportion of follicles
sizes previous to OPU anth vitro embryo production compared to the twice-daily
superstimulating treatment. Regardless pFSH dil@mt dose, superstimulating hormone
resulted in greater number of blastocysts per O&ddisn compared to the non-pFSH treated
donors. Additionally, similar pregnancy establisiminevas observed, regardless embryo
donor treatment. Therefore, with the present datacan conclude that regardless treatment

type (pFSH diluent or dose), the superstimulatiomcedure prior to the OPU, enhanded



vitro embryo development, increased the number of ldgstgper OPU session and resulted
in similar pregnancy establishment after embryodfer.

Keywords: Bovine. Embryo. FSH. OPU-IVEP. Superstation.
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1 GENERAL INTRODUCTION

In the last 20 years, the worldwide bovine embryodpction market underwent
significant changes regarding the prevalence oftdobnology used to produce embryos.
From 2000 to 2012 thie vitro embryo production (IVEP) method went from 17.49388%
of representativeness compared toithevo technology (IETS, 2013). Moreover, this global
increase was related to the remarkable improvenmetite Brazilian IVEP market. Brazil
enlarged over twenty times the bovine IVEP from @Q02,500 embryos) to 2014 [348,468
embryos; (SARTORI et al., 2016)].

Considering thein vitro embryos produced in Brazil, in 2014, 70.2% (244,686
embryos) were obtained from dairy donors (SARTOR&le 2016). For the first time, the
number of IVEP produced from dairy breeds exced¢dedhumber of embryos produced from
beef breed. And, interestingly, the increased oleskim IVEP market was also related to the
increased in IVEP amorps taurus donors (Figure 1; VIANA et al. 2016 Out of 244,686
embryos produced in dairy cows, 229,727 came figwa taurus donors (VIANA et al.
2015).

Figure 1 — Braziliann vitro embryo market. Adapted from Viana et al. unpulgicsdata
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RegardingBos taurus dairy donors, these animals are usually represdddolstein
cows with high yield production and therefore haseveral physiologic and metabolic
peculiar characteristics. Considering the OPU aft€P procedures, antral follicle population
[AFP; (GUERREIRO et al., 2014)] and oocyte compete(FERREIRA et al., 2011) have
been cited as important factors to obtain a subweasd efficient OPU-IVEP outcome. In
this context, previous studies have already redottaver AFP inBos taurus females
compared tdos indicus, hampering the IVEP efficiency (PONTES et al., ZQOBATISTA et
al., 2014; BATISTA et al., 2015). Additionally, f@ting dairy cows have peculiar metabolic
system, linked to nutrition (WILTBANK et al., 200&nd modified endocrine profiles
(SARTORI et al., 2004), which has been associatéith & suboptimal fertility, with
compromised oocyte and embryo quality (SARTORIIgt2002); also negatively associated
to IVEP (FERREIRA et al., 2011). Therefore, seveesearchers initiated studies aiming to
enhance the OPU-IVEP outcomes in this challengmignal category.

Aware of thein vitro embryo market positioning and knowing the needtwaase the
efficiency of IVEP inBos taurus dairy donors, the present study evaluated diffesanplified
superstimulation treatments aiming to recover cexwuitable for IVEP procedures followed

homogeneous follicular growth.
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2 HYPOTHESES

All hypotheses are described below and illustrateéigure 2.

2.1 The superstimulation with four (twice-daily) pFShactions in synchronized donors
(lactating and non-lactating cows) increase medisized-follicles and thereby

enhancen vitro embryo production.

2.2 Regardless treatment group, synchronized non-lagtatonors present greatem

vitro embryo production compared to lactating Holstaws.

2.3 A single injection of 200 or 300 mg of pFSH comldn&ith hyaluronan present
similar plasma FSH support compared to the tradkfidreatment (four decreasing

doses, 12 h apart).

2.4 A single injection of 200 or 300 mg of pFSH comhineith hyaluronan in
synchronized donors (non-lactating cows) increasediom sized-follicles and
thereby enhancen vitro embryo production, being comparable to the tradél
treatment (four decreasing doses, 12 h apart) eeatey than the non-superstimulated

donors.



Figure 2 - Hypothetical model design.
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3 OBJECTIVES

3.1 Evaluatein vitro embryo production in synchronized donors (lactatand non-

lactating cows) superstimulated with four (twicehg)goFSH injections.

3.2 Evaluate plasma FSH profile after single injectioh 200 or 300 mg of pFSH

combined with hyaluronan in Holstein heifers.

3.3 Evaluatein vitro embryo production and pregnancy establishmentyctgonized
donors (non-lactating cows) superstimulated witingle injection of 200 or 300 mg

of pFSH combined with hyaluronan.



4 SUPERSTIMULATION PRIOR TO THE OVUM PICK-UP TO
IMPROVE IN VITRO EMBRYO PRODUCTION IN LACTATING
AND NON-LACTATING HOLSTEIN COWS

23



24

ABSTRACT

The present study evaluated the efficacy of supentition with pFSH (Folltropifi) prior to
the ovum pick-up (OPU) om vitro embryo production (IVEP) in lactating and non-édtg
Holstein donors. A total of 30 Holstein cows (16t&ing and 15 non-lactating) was blocked
by lactation status to one of two groups (ContmolpgSH), in a cross-over design. On a
random day of the estrous cycle, all cows recemedntravaginal progesterone device and
2.0 mg IM of estradiol benzoate (Day 0). Cows im thontrol group received no further
treatment, while cows in the pFSH group receivéota dosage of 200 mg of pFSH on Days
4 and 5 in four decreasing doses 12 h apart (57,437and 43 mg). On Day 7, the
progesterone device was removed and OPU was cautlircboth groups (40 h after the last
pFSH injection in the pFSH-treated group). Theres \wwa difference between groups (P =
0.92) in the numbers of follicles that were asgidaper OPU session (17.2 + 1.3 vs. 17.1 +
1.1 in Control and pFSH-treated cows, respectiyeigwever, pFSH-treated cows had a
higher (P < 0.001) percentage of medium-sizeddeli (6 to 10 mm) at the time of the OPU
(55.1%; 285/517) than Control cows (20.8%; 107/5hough recovery rate was lower
(60.0%, 310/517 vs. 69.8%, 359/514; P = 0.002),HbE8ated cows had a higher blastocyst
production rate (34.5%, 89/258 vs. 19.8%, 55/278;0P001) and more transferable embryos
per OPU session were produced in the pFSH group £30.5 vs. 1.8 £ 0.4; P = 0.02).
Regardless of treatment, non-lactating cows hajfzeh blastocyst rate (41.9%, 106/253 vs.
13.4%, 38/283; P = 0.001) and produced more traasie embryos per OPU session (3.5 £
0.5vs. 1.3 £ 0.3; P = 0.003) than lactating coWsus, superstimulation of Holstein donors
with pFSH prior to OPU increased the efficiencyldEP. In addition, non-lactating donors
had higher percentage of vitro blastocyst development and produced more embrgos p
OPU session than lactating cows.

Keywords: Bovine. Holsteirin vitro embryo production. Oocyte competence.
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4.1 INTRODUCTION

The success of dairy operations is related to aszé genetic gain, reproductive
efficiency and milk yield per cow. Among the repuctive biotechnologiesn vitro embryo
production (IVEP) has been considered an imporatternative to rapidly enhance genetic
progress through the female lineage in dairy catdewever, oocyte quality has been
considered an important factor (LEROY et al., 2Q0BARTORI; BASTOS; WILTBANK,
2010; BARUSELLI et al.,, 2012; LEROY et al., 2012pntributing to the low fertility
reported for high producing lactating dairy cafféALSH; WILLIAMS; EVANS, 2011). In
addition, regardless the significant variation withnimal (MERTON et al., 2003; PONTES
et al., 2009), IVEP efficiency has been reportedaolower in lactating Holstein cattle as
compared to Holstein heifers (FERREIRA et al., 20d41id beef cattle (RATTO et al., 2011).
Therefore, further studies are required to evaludternative strategies to improve the
efficiency of IVEP in Holstein donors, especialhpte that are lactating.

The outcome of IVEP programs has also been asedcwith the stage of follicular
growth at which ovum pick-up (OPU) is performed {RAOK; LUCAS-HAHN; NIEMANN,
1992; BLONDIN; SIRARD, 1995; FAIR; HYTTEL; GREVE,95; HAGEMANN et al.,
1999; HENDRIKSEN et al., 2004). The acquisitiond#velopmental potential of oocytes
(e.g., the ability of the oocyte to reach the ldagst stage) has been associated with follicular
growth, i.e., developmental competence continuedbdoenhanced as follicular diameter
increases and approaches the LH surge (LONERGAA.,e1994; ARLOTTO et al., 1996;
SIRARD et al., 2006; CAIXETA et al., 2009; SIRARRQ11; SIRARD, 2012). It has been
shown that during oocyte growth in cattle mMRNA gmiteins are stored in the oocyte
(BREVINI-GANDOLFI; GANDOLFI, 2001) and the compogith of RNA is essential to
sustain the first few cell cycles of early embryevelopment (DIELEMAN et al., 2002).
Therefore, there may be an ideal range during ciddir development where IVEP is
optimized; and in that context, the use of protedor follicular wave synchronization, and
superstimulation prior to OPU may be a strategyrprove the efficiency of this technology
in dairy cattle.

Superstimulation with porcine FSH (pFSH) priorhe OPU has been used successfully
for IVEP programs in non-lactatinBos taurus donors, resulting in increased total embryo
yields per OPU session (GOODHAND et al., 1999; SERE&Det al., 2008), possibly due to
the greater follicular diameters of the aspiratetlides. Another important and positive
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aspect regarding the improved efficiency of IVEMoleing superstimulation is associated
with the “coasting” period (i.e., a period of FSHthdrawal/starvation) in Holstein heifers
and lactating cows (BLONDIN et al., 2002; NIVET a&t, 2012). Similar to the effect of
follicular stage, the effect of gonadotropin stdiwa on the efficiency of IVEP has been
reported to be a simulation of the physiologicderations observed immediately prior to
ovulation, resulting in improved oocyte compete(BEONDIN et al., 2002). However, the
efficacy of “coasting” following superstimulatiorsed in IVEP in lactating donor cows has
yet limited data. Considering the concerns reldatethe oocyte developmental competence
(e.g., the oocyte capacity to yield into blastorystd donor lactational status, adjustments
were studied to ascertain a follicular synchronaraprotocol for OPU which encompasses
the beneficial effects of superstimulation (higipeoportion of medium-sized follicles) and
gonadotropin withdrawal (coasting), with the overjective of improving the use of this
biotechnology, especially in lactating dairy cattle

Thus, the challenge is to promote the growth obadgeneous follicle population and
to recover competent oocytes suitable for IVEP edoces. The present study evaluated the
effect of superstimulation with pFSH in Holsteincgte donors (lactating and non-lactating
cows) submitted to an OPU-IVEP program. The hypsithevas that superstimulation with
pFSH prior to OPU in lactating and non-lactatingdtein donors would alter the proportion
of medium-sized follicles available for OPU and ante thein vitro competence of the
recovered oocytes, increasing the general effigiedVEP programs (number of embryos
produced per OPU). We also hypothesized that OPERI\procedures would result in a
higher number of blastocysts per OPU session inlactating than in lactating donors.

4.2 MATERIALS AND METHODS

421 Farm and animals

The present experiment was conducted in a comnhela@ily farm in southeast Brazil
(2201'27"S/4753'19”W) during January to March, 2013. The herdsacomposed of 1,500
lactating Holstein cows housed in free stall faed, milked three times daily and with an
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average milk production of 30.1+0.3 kg per day. Toe-lactating cows were maintained in
dry lot pens.

Lactating cows enrolled in the experiment trial &aormal cycling cows with 172.9 +
24.9 DIM (£SEM), had a daily milk production of 80t 1.3 (+SEM), and were on lactation
number 1.7 £ 0.2 (tSEM). Non-lactating cows werenmal cycling and on lactation number
2.2 + 0.4 (+SEM).

All animals were fed a TMR formulated to meet ocead the minimum nutritional
requirements for lactating and non-lactating Hatstsows (NRC, 2001). Briefly, the main
ingredients were corn silage and Tifton hay asdgerand a corn, soybean, and cottonseed

meal-based concentrate.

4.2.2 Experimental design

A total of 30 Holstein donors (15 lactating cowsdatb non-lactating cows) were
enrolled in cross-over experimental design, so tiatfemales were submitted to both
treatments: Control and pFSH. On random days ofe#imus cycle (Day 0; AM) all cows
received an intravaginal progesterone device (Pdnd?®, Tecnopec, Brazil) and 2.0 mg
intramuscular (IM) of estradiol benzoate (RIC-BE®ecnopec, Brazil). The Control group
received no further treatments, while the pFSH pgraoaceived 200 mg NIH-FSH-P1
(Folltropin®, Bioniche Animal Health, Belleville, &, Canada) divided into four decreasing
doses (57, 57, 43 and 43 mg, 12 h apart) on Daysd4. On Day 7 AM (40 h of “coasting”
period in the pFSH group), the P4 devices weredsival immediately before OPU (Figure
3).

Figure 3 - Superstimulation protocol to evaluate tlse of pFSH prior to the ovum pick-up (OPU) ictdding (n
= 15) and non-lactating (n = 15) Holstein donoraioross-over experimental design. EB = 2.0 mg
estradiol benzoate; P4 device = intravaginal deemetaining 1.0 mg of progesterone; pFSH = 200
mg porcine follicle-stimulating hormone (57, 57, &3 43 mg; 12 h apart)

WITH (n=30) OR WITHOUT (n=30)

EB oo [  p-FsH200mg | OPU
< 40h >
Lactating donor cows (n=15) ¢ ¢ ¢ ¢ ¢ ¢
OR L P4 DEVICE |
Non-lactating donor cows (n=15)

Day 0 4 5 7

Fonte: Vieira, L. M. (2016).
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4.2.3 Ultrasonography examinations

Immediately before the OPU session, both ovariesewexamined by transrectal
ultrasonography using a portable scanner (Aloka\53SDO; Aloka, Tokyo, Japan) with 5
MHz convex array transducer housed in a plastianagrobe. All visible follicles were
quantified and classified according to their diaene{small (SF < 6 mm), medium (MF = 6 to

10 mm) and large (LF = > 10 mm) follicles].

4.2.4 Ovum pick-up (OPUV)

All donors were subjected to OPU in the morningDeEy 7 (40 h after the last
treatment in the pFSH group or “coasting” peridehr the oocyte collection procedure, cattle
were restrained in a chute and epidural anesthesia administered with lidocaine
hydrochloride 2% (Lidovet®, Bravet, Brazil) to fatate the handling of the ovaries through
the rectum. The perineal area was cleaned usingrwdried and sprayed with alcohol prior to
each session. All follicles 2 mm were aspirated using the portable scannér av-MHz
convex array transducer housed in a plastic vagirae with a stainless steel needle guide
connected to aspiration equipment and a vacuunersydtollicular aspirates were recovered
via a 1.1 mm i.d. by a 120 cm length circuit (Waiia@ Tecnologia Aplicada, Cravinhos, SP,
Brazil), connected directly to a disposable 20-gaug inch hypodermic needle (0.9 x 50
mm; Terumo Europe NV — Belgium ) and a 50 mL cohnicdoe containing 15 mL of
Dulbecco PBS (DPBS; Nutricell Nutrientes Celular€smpinas, SP, Brazil) supplemented
with 1% (vol/vol) fetal calf serum (FCS; Gibco Lifeechnologies, Grand Island, NY) and
5,000 IU/mL sodium heparin (Parinex, Hipolabor, @Elorizonte, MG, Brazil) at 35 to 37°C.
The vacuum connected to the needle was set at 8% nam Hg. All retrieval procedures were
performed by the same veterinarian. The conicad ttdntaining the follicular aspirate was
transported to a field laboratory and cumulus—amaydmplexes (COCs) were recovered
using a 75um filter (Watanabe Tecnologia Aplicada) and DPBSptemented with 1% FCS.
The COCs were washed once in DPBS supplemented ®ith FCS at 37°C and
morphologically evaluated under a stereomicroscaip&-20X magnification). The COCs
were morphologically classified based upon the nemdf cumulus cell layers as follow:
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Grade 1, more than three layers of compact cumedlis; Grade 2, at least one layer of
cumulus cells; Grade 3, denuded; and Grade 4jatweth dark cumulus cells and signs of
cytoplasmic degeneration (SENEDA et al., 2001)eAé&valuation, only Grade 4 COCs were
considered non-suitable to culture and discardé®® TOCs considered suitable to culture
were transported to the IVEP laboratory in 1.5 nmotubes containing HEPES-buffered
tissue culture medium 199 (TCM-199; Gibco Life Teglogies, Grand Island, NY), 10%
FCS, 49.4 mg/mL sodium pyruvate (Sigma-Aldrich CrleainCo.; St. Louis, MO), and 50
mg/mL gentamycin at 37 to 39°C.

4.2.5 In vitro embryo production (IVEP)

Prior toin vitro maturation (IVM), COCs were washed 3 times in HERfffered
TCM-199, supplemented with 10% FCS andsmL gentamycin, and once in maturation
medium, composed of bicarbonate-buffered TCM-199ib¢® Life Technologies)
supplemented with 10% FCS, p@/mL LH (APL, Ayerst, Rouses Point, NY), ®/mL FSH
(Folltropin-V, Bioniche Animal Health, Canada), Qud/mL estradiol (Estradiol B/ Sigma-
Aldrich Chemical Co.), 22g/mL sodium pyruvate, and 5@/mL gentamycin. The COCs of
each cow were cultured separately for 24 h inuZOdrops of maturation medium under
mineral oil (D’Altomare, Sdo Paulo, SP, Brazil) 38°C in an atmosphere of 5% ¢
humidified air. After IVM, the COCs were washed autjected tan vitro fertilization (IVF)
in 70 uL drops of IVF medium under mineral oil. The IVF diem was Tyrodes albumin
lactate pyruvate (TALP; BAVISTER; YANAGIMACHI, 199 /&upplemented with 10g/mL
heparin, 22ug/mL sodium pyruvate, 5(0g/mL gentamycin), 6 mg/mL fatty acid-free BSA,
and PHE solution (M penicillin, 1 uM hypotaurine, and 0.25M epinephrine).

For IVF, semen straws were thawed for 30 s in &C3@ater bath and semen was
deposited on a 90 to 45% Percoll gradient preparighl sperm wash medium (modified
Tyrode medium) and centrifuged at 320 x g for 3@ ol separate the motile sperm and to
remove the diluents and seminal plasma. Then, pleens pellet was evaluated for motility
and concentration. Each fertilization droplet rgedi 5 uL of sperm, to achieve a final
concentration of 1 x fOive sperm/mL. Sperm and COCs were incubated @&°88in an
atmosphere of 5% CQOn humidified air for 18 to 20 h. The same sireswsed with each
donor during theross-over.
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Approximately 18 h after insemination, presumptaygotes were stripped of cumulus
cells by mechanical pipetting in TALP medium. Greugf presumptive zygotes were co-
cultured on a monolayer of cumulus cells that hiached to the surface of the plate during
IVM. Thus, to maintain the maximum amount of cunsutells, the IVM medium was gently
replaced with 5QiL of CR2aa medium (WATANABE et al., 1999) supplersshwith 2%
FCS and 30 mg/mL BSA for embryo culture at 39°Cam atmosphere of 5% GQOn
humidified air for 48 to 72 h, at which time 3Q of fresh culture medium was added (first
feeding). Cleavage rate was recorded after 3 dvdfrgo culture. The second feeding was
done on the sixth day of embryo culture and thstbtayst rate (total number of blastocysts
divided by total number of cultured oocytes) wasorded on the seventh day of embryo

culture.

4.2.6 Statistical Analysis

Statistical analyses were performed using the GLIMMrocedure of the Statistical
Analysis System for Windows 9.3 (SAS 9.3). The ables evaluated were the number of
follicles in each size category at the time of O@hall, medium and large), total number of
follicles aspirated, total number of COCs recovematovery rate (total number of COCs
recovered per total number of follicles aspiratedinber and percentage of cultured COCs
(number of COCs cultured per total structures reoed), cleavage rate (number of cleaved
zygotes per total number of COCs cultured), blasbrate (number of blastocysts produced
per total number of COCs cultured) and number dfrgnos produced per OPU procedure.

For the analysis, a binomial distribution was assdinfor the categorical response
variables. Continuous data were tested for norgnalitthe residues and homogeneity of
variances using the Guided Data Analysis, and foam&d when necessary. The fixed effects
included in the model were treatment (Control VSSH), lactation status (lactating vs. non-
lactating) and their interactions. The individutieet was included as a random effect.

Means (xSE) are used to describe all of the respuasables. Differences with €
0.05 were considered statistically significant, @5 < P < 0.10 were designated as a

tendency.
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4.3 RESULTS

There were no significant interactions between rimeat and donor lactational status
for any response variable (Table 1). There wasffexte(P = 0.92) of treatment on the total
number of follicles aspirated; however, pFSH-trdadenors had a lower proportion of small
(P < 0.001) and large follicles (P = 0.03), andighér proportion of medium follicles (P <
0.001) at the time of OPU (Figure 4). Also, duatiendency for a reduction in the number of
COCs recovered from pFSH- treated donors (P = 0.t® lower recovery rate was
significant (P < 0.001; Table 1).

Although there was no treatment effect on the nunab€OCs considered suitable to
culture (P = 0.52), a higher percentage (P = 0dd5yOCs from pFSH-treated donors was
considered viable to use in IVEP (Table 1). Althlmubgere were no differences in cleavage
rates (P = 0.81), the pFSH group had a higherdigst rate (P < 0.001; Table 1), and as a
result, superstimulated Holstein donors producedenembryos per OPU session (P = 0.01;
Table 1).

Regardless of treatment groups, donor lactatistatus did not affect any of the
follicular, COCs or cleavage characteristics (TableHowever, non-lactating cows produced
a higher blastocyst rate (P = 0.001) and a higherber of transferable embryos (P = 0.003)

than lactating Holsteins cows (Table 1).



Table 1- Summary of oocyte and embryo results (mean €&Ej OPU-IVEP in Control and pFSH-treated dontastéting and non-lactating Holstein cows)

Lactating donors Non-lactating donors P-value®
Control pFSH Control pFSH Treatment Lactation Treat*Categ

No. 15 15 15 15

Total follicles aspirated 17.6£1.6 18.2+2.1 16. 51 16.3+£1.6 0.92 0.52 0.62

Total oocytes retrieved 13.0£1.7 10.7£1.5 10.9+1.6 9.9+1.5 0.10 0.51 0.54
73.9 59.0 65.6 61.1

Recovery rate, % <0.001  0.89 0.08
(195/264) (161/273) (164/250) (149/244)

COCs cultured 10.0£1.3 8.9+1.3 8.5+1.4 8.3+1.3 .520 0.58 0.57
76.9 82.6 78.0 83.9

COCs culture rate, % 0.05 0.77 0.88
(150/195) (133/161) (128/164) (125/149)
65.3 63.2 72.7 72.8

Cleavage rate, % 0.81 0.16 0.69
(98/150) (84/133) (93/128) (91/125)
10.8 17.3 31.3 52.8

Blastocyst rate, % <0.001  0.001 0.16
(15/150) (23/133) (40/128) (66/125)

Embryos produced per OPU 1.0+0.4 1.5+0.5 2.7+0.6 4018 0.01 0.003 0.17

Fonte: Vieira, L. M. (2016).

! No. COCs /no. follicles aspiratetiNo. COCs cultured /no. total COCs retrievddjo. cleaved zygotes /no. oocytes cultureNp. blastocysts /no. oocytes culturéd:
Treatment = effect of treatment (Control vs. pFStgctation = effect of donor lactation status (@ictg vs. non-lactating); Treat*Categ = interactimtween treatment and

donor lactation status.

[43
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Figure 4 - Proportion of small (< 6 mm), mediunt@6L0 mm) and large follicles (> 10 mm) immediatké&fore
OPU (Day 7) in lactating (A; n=30), non-lactating; (h=30) and both lactating and non-lactating
Holstein donors (C; n=60) submitted to OPU with amithout pFSH superstimulatior? values
within follicle size < 0.05 differ significantly. No donor lactation siator interaction between
treatment and lactation status was observed (P35 0.

HE Small follicles
A [ Medium follicles
I Large follicles

100 A
80 4
60
40 +

20 A

Aspirated follicle size proportion, %

Control

100 A

80

60

40 q

20 A

Aspirated follicle size proportion, %

Control p-FSH

100 A
P=0.03

80 1 — P <.0001
60 -

40 4

20 A [—— P <.0001

Aspirated follicle size proportion, %

Control p-FSH

Fonte: Vieira, L. M. (2016).
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4.4 DISCUSSION

The results of the present study confirm the pasigifect of superstimulation of
bovine donors with pFSH on the overall efficiendyttee OPU-IVEP technology (BLONDIN
et al., 2002; MERTON et al., 2003; NIVET et al.,12). Donors treated with pFSH in the
present study had a greater proportion of mediweédsfollicles, an increased proportion of
COCs suitable to culture and higher developmensaésr of recovered COCs (higher
blastocyst rate and numbers of embryos per OPUosgstowever, the lower recovery rate
in pFSH treated donors lessened the overall beteeuperstimulation. These data provide
support for an alternative method to enhance thHePI6roduction among lactating and non-
lactating Holstein donors.

Previously, it was shown that 70 to 80% of the $rfalicle (< 5 mm) population
viewed at the beginning of the superstimulationatireents responded to exogenously
administered (SINGH et al., 2004; DUROCHER; MORBLONDIN, 2006) and in another
study, became available for OPU (DUROCHER; MORINLCBNDIN, 2006). Accordingly,
the FSH treatments have been used to superstinddai@s forin vitro embryo production
(GOODHAND et al., 1999; BLONDIN et al., 2002; MONTHD et al., 2009). Therefore, the
reasoning for increasing the proportion of mediured follicles for aspiration, as reported
previously (ALLER et al., 2010; NIVET et al., 2012nd as observed in the present study
was based on the observation that oocyte develdpemnpetence following OPU was
influenced by the stage of follicular developmesitRARD, 2012).

The acquisition of oocyte developmental potentias$ lbeen shown to be associated
with follicular growth (LONERGAN et al., 1994; ARLOO et al., 1996; CAIXETA et al.,
2009). A sequence of molecular and transcriptoritatagions during follicular (and oocyte)
growth has been related to final oocyte developmmtential (BREVINI-GANDOLFI,
GANDOLFI, 2001; SIRARD, 2012; LABRECQUE; SIRARD, 28), indicating that oocyte
development competence is acquired gradually duotiggle growth. Mourot et al. (2006)
have reported differences in oocyte gene expresgiofiles according to the size of the
follicle from which the oocyte was retrieved e.gigher mRNA levels for PSMB2, SKIIP,
CDC5L, RGS16, and PRDX1 in oocytes of follicles mdhan 8 mm. In addition, Chu,
Dufort and Sirard (2012) demonstrated increasquession of PTTG1, BTG4, PAPOLA
and LEO1 genes in oocytes retrieved from supersited donors compared to untreated

donors. Considering that these genes are relatgdrtscription and cell cycle regulation, the



35

authors suggested that stimulation with exogendid Eould allow for the accumulation of
more messenger which would result in the presemaif oocyte quality. Collectively, these
observations suggest that potential factors affgatiocyte developmental competence might
be altered by superstimulation with exogenous F8bt o the OPU.

The oocyte quality concept involves the competdaggeld a viable blastocyst within
anin vitro production system (MERTON et al., 2003). In thastext, donors superstimulated
with pFSH in the present study had increased kdgstgoroduction rates compared to the
untreated donors. Similar results were reporte@londin et al. (2002) in a study performed
in Bostaurus beef cattle, also treated with exogenous FSH. Heweaecent report has shown
that the oocyte quality gained after an optimalstiog period has limited lifespan, possibly
due to an intensification of the transcript degtasa mechanism (LABRECQUE et al.,
2013). Therefore, the present data suggest thaihtimeasedn vitro embryo production of
donors superstimulated with pFSH prior to OPU welated to the gonadotropin stimulus
effect. However, it is important to highlight thidis positive effect can be a response to an
associative influence of the pFSH treatment addetd fact that all pFSH-treated donors had
a 40 h coasting period.

Although oocyte quality has been shown to improvién viollicle growth (FAIR;
HYTTEL; GREVE, 1995), follicle size was negativetgrrelated with the recovery rate in
Bos taurus cows (SENEDA et al., 2001) and heifers (GOODHANDak, 1999). Similar
results were observed in the present study withstdisl donor cows. Seneda et al. (2001)
suggested that the reduced volume and viscositfolo€ular fluid and the lower intra-
follicular pressure of small follicles might favéihe OPU procedure (i.e., increased COCs
recovery rates following intra-follicular needlesartion) compared to the large follicles.
Therefore, as a matter of necessity, the mechatosretrieve the maximum proportion of
COCs with optimal development potential and withawlversely affecting recovery rate
needs to be studied and established to enhance $y&éms.

Despite the improvement in thie vitro embryo production in lactating donors
following pFSH treatment in the present study, effeciency of thein vitro system was even
greater in non-lactating Holstein donors. Superatwoih and embryo production has also been
reported to be higher in non-lactating cows or drsifcompared to lactating Holstein cows
(SARTORI et al., 2002; SARTORI; BASTOS; WILTBANK,020; VIEIRA et al., 2014b).
Dairy cows present a peculiar metabolic systemkelinto nutrition and disruption of
endocrine profiles. Lactating dairy cows metabpliofile are commonly characterized by the

lower concentrations of progesterone and estrgtNdLTBANK et al., 2006) and increased
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concentrations of NEFA (nonesterified fatty acidejl BHBA [B-hydroxybutyrate (LERQOY,
2005)]; and this peculiar metabolism has been #&ssoc with a suboptimal follicle
microenvironment, compromising oocyte quality arebulting in a failure to conceive
(SARTORI; ROSA; WILTBANK, 2002; SARTORI et al., 280 WILTBANK et al., 2006;
LEROY et al.,, 2008a,b; WALSH; WILLIAMS; EVANS, 20])1 Therefore, the greater
challenge of lactating cows to maintain an optimggdroductive efficiency might be part of
the explanation to the lower results observed ainhvitro embryo production. Althoughn
vitro embryo production was improved following treatmeurith pFSH in lactating donors,
lactation results in such highly modified metabmlishat it will be difficult to completely
overcome treatment strategies. Accordingly, notalatg donors may be considered the
preferred donor to be enrolled in OPU-IVEP progradue to the higher yield of embryos per
OPU session.

In conclusion, superstimulation with pFSH increa#iesl proportion of medium-sized
follicles available for the OPU procedure. Consedye the treatment also enhanced the
proportion of COCs suitable for culture and resiilite greater blastocyst rates and embryo
yield per OPU-IVEP session. Regardless of gonagotriveatment, non-lactating donors had
higherin vitro oocyte competence and produced more embryos pdrgession, resulting in
an overall higher OPU-IVEP efficiency compareddcotating donors. It can be concluded that
pFSH superstimulation treatment can effectivelynowe embryo yield ofn vitro production
systems in lactating or non-lactating Holstein dsndmportantly, non-lactating donors
should be the elective lactation status to be usedPU-IVEP programs, regardless

superstimulation treatments.
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5 EFFICACY OF A SINGLE INTRAMUSCULAR INJECTION OF
PORCINE FSH IN HYALURONAN PRIOR TO OVUM PICK-UP IN
HOLSTEIN CATTLE
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ABSTRACT

Plasma FSH profiles, in vitro embryo production R)Mollowing ovum pick-up (OPU) and
establishment of pregnancy with IVP embryos wemngared in untreated Holstein oocyte
donors and those superstimulated with multiplecinpgs or a single intramuscular (IM)
injection of porcine FSH (pFSH) in hyaluronan (HRJasma FSH profiles were determined
in 23 heifers randomly allocated into 1 of 4 graupentrols received no treatment, while the
F200 group received 200 mg of pFSH in 4 doses, Hpdrt. The F200HA and F300HA
groups received 200 or 300 mg pFSH in 5 mL or 715 maspectively of a 0.5% HA solution
by a single IM injection. Plasma FSH levels wertedained before the first pFSH treatment
and every 6 h over 96 h. All data were analyzeduyogonal contrasts. Circulating FSH area
under curve (AUC) in pFSH-treated animals was gretiian in the Control group (P = 0.02).
Although the AUC did not differ among FSH-treatadps (P = 0.56), the total period with
elevated plasma FSH was greater in the F200 groaip in the HA groups (P < 0.0001).
However, the F300HA group had a greater AUC thanRROOHA group (P = 0.006), with a
similar total period with elevated plasma FSH (B.£7). The IVP was performed in 90 non-
lactating Holstein cows randomly allocated to 1tleé 4 treatment groups as in the first
experiment. A greater proportion of medium sized @6mm) follicles was observed in cows
receiving pFSH, regardless of treatment group (0601). Also, numbers of follicles (P =
0.01), cumulus oocyte complexes (COCs) retrieved=(B.01) and matured (P = 0.02),
cleavage rates (P = 0.002) and blastocysts produee®PU session (P = 0.06) were greater
in cows receiving pFSH, regardless of treatmenugrdCows in the F200HA group had a
greater recovery rate (P = 0.009), number of COdtued (P = 0.04) and blastocysts
produced per OPU session (P = 0.06) than cowsanF800HA group. Similar pregnancy
rates were observed 50 to 60 d after transferhifigy émbryos from donors in the different
treatment groups (P > 0.05). In conclusion, a syl injection of pFSH combined in 0.5%
HA resulted in similar plasma FSH profiles as twitzely pFSH treatments. Treatment of
non-lactating donors with pFSH, with or without HAesulted in increased IVP over
untreated controls. A single dose of 200 mg of pk$b.5% HA resulted in greater IVP than
300 mg pFSH in HA. Finally, pregnancy rates withPI\émbryos were similar, regardless

donor treatment.

Keywords: Bovine.Bos Taurus. FSH half-life. In vitro embryo production. Oocyte

competence.
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5.1 INTRODUCTION

Genetic improvement has led the effort to enharagy ctattle productivity. Among
breeding alternativesn vitro produced embryo transfer is a robust tool use@nioance
genetic progress through both the female and nredade. However, large scale efficient use
of this reproductive strategy in dairy cattle haeib a challenge. The main factors affecting
the efficacy of ovum pick-up (OPU) amalvitro embryo production (IVP) include: 1) reduced
oocyte quality (LEROY et al., 2008a; SARTORI; BAS$O WILTBANK, 2010;
BARUSELLI et al., 2012; LEROY et al., 2012), maintylactating Holstein cows compared
to Holstein heifers (FERREIRA et al., 2011) andfbesdtle (RATTO et al., 2011); 2) low
antral follicle populations, especially Bos taurus breeds (BATISTA et al., 2014); and 3)
variation between females (MERTON et al., 2003; HEGH et al., 2009). Therefore, various
strategies have been designed to improve the sdsaih IVP programs with Holstein donors.

Among the strategies used, ovarian antral follicteints in the donors, evaluated
directly by ultrasonography (BURNS, 2005; IRELANDas., 2007; IRELAND et al., 2008;
SILVA-SANTOS et al., 2014a,b) or indirectly by thmoncentrations of anti-Mullerian
hormone (RICO et al., 2009; MONNIAUX et al., 20BALDRIGHI et al., 2014; BATISTA
et al., 2014; GUERREIRO et al., 2014) are beginrtmge applied in the field. Another
alternative is the use of follicular wave syncheation protocols associated with
superstimulation treatments prior to the OPU (GO@DID et al., 1999; SENDAG et al.,
2008; VIEIRA et al., 2014a). Earlier studies repdrassociations between IVP outcomes and
the stage of follicular growth at which OPU is penied (PAVLOK; LUCAS-HAHN;
NIEMANN, 1992; BLONDIN; SIRARD, 1995; FAIR; HYTTEL; GREVE, 1995;
HAGEMANN et al., 1999; HENDRIKSEN et al., 2004). fing follicular and oocyte growth,
the oocyte acquires its developmental potentiagmssively (LONERGAN et al., 1994;
ARLOTTO et al., 1996; SIRARD et al.,, 2006; CAIXET@&t al., 2009; SIRARD, 2011,
SIRARD, 2012) due to the constant increase in t®ptasmic storage of mRNA and
proteins (BREVINI-GANDOLFI; GANDOLFI, 2001), esseat for early embryo
development (DIELEMAN et al., 2002). Superstimwatitreatments with porcine FSH
(pFSH) prior to the OPU has improved IVPBos taurus donors, resulting in increased total
embryo yields per OPU session (GOODHAND et al.,, 299E ROOVER et al., 2008;
SENDAG et al., 2008; VIEIRA et al., 2014a), posgidle to healthier and more competent
oocytes recovered from the greater proportion adiora-sized follicles.
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Traditional superstimulatory treatments consistvate daily IM injections of pFSH
for in vivo (MAPLETOFT; BO, 2012) oiin vitro (ROOVER et al., 2005; VIEIRA et al.,
2014a) embryo production. The need of frequent iegipbns to induce ovarian
superstimulation (DEMOUSTIER et al., 1988; MALHI &t, 2008) is due to the short half-
life of FSH (5 h) in cattle (LASTER, 1972; DEMOU&ER et al., 1988). Explicitly,
superstimulation protocols require precision arémditon to minimize mishandling during the
treatments. Therefore, the application of traddlosuperstimulatory protocols in large scale
programs can lead to failures and poor resultsgesting the need for simplified protocols
that can be implemented efficiently and easily e tfield by reducing handling and
consequently, the incidence of potential errors.

Considering the need to develop a simplified supetdation protocol, studies have
focused on alternative methods to maintain FSHassleduring a prolonged period of time.
An alternative that has been studied iflorvivo embryo production is the use of a single
injection of pFSH in a hyaluronan (HA) solution (fRRILO et al., 2011). The HA is a
biodegradable polymer that apparently results isustainable slow release of hormones.
Previous studies reported a similar number of feaable embryos when a single (in 2% HA)
(TRIBULO et al., 2011) or two (in 0.5 or 1% HA) (TBRULO et al., 2012) IM injections of
pFSH was administered compared to the traditiomadetdaily IM injection protocol. The
same authors emphasized that the need for thedagention is related to the concentration
of HA; the lower concentrations are less viscous @asier to mix with pFSH, but are not as
efficacious in sustaining circulating FSH levelsR{BULO et al., 2011, 2012). Therefore,
considering the shorter period of FSH support meguifor superstimulation prior to OPU
(BLONDIN et al., 2002; VIEIRA et al., 2014a) compdrto traditional multiple ovulation
andin vivo embryo procedures [reviewed by Mapletoft and BAL@] the use of a single
injection of pFSH in 0.5% HA (5 mg/mL) might be aalternative to simplify the
superstimulatory protocol for OPU-IVP programs.almpreliminary study performed in beef
donor cows, the administration of 160 mg of pFSHutdd in 0.5% HA resulted in a
comparable number of COCs recovered and blastopystikiced as the administration of 160
mg pFSH in twice daily IM injections (ONGARATTO at., 2011).

Thus, the objectives of the present study weréo tpbmpare plasma FSH profiles when
two different doses of pFSH were combined with 0.B% with twice daily injections of
pFSH in saline; 2) to evaluate the FSH support egdd obtain growth of a homogeneous

population of medium-sized follicles for OPU; 3) tmmpare OPU-IVP outcomes after
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superstimulation with two different doses of pFSdinénistrated as a single IM injection in
0.5% HA with twice daily injections of pFSH in sadi, and; 4) to determine the viability of

IVP embryos following superstimulation by transtersynchronous beef heifer recipients.

5.2 MATERIALS AND METHODS

5.2.1 Experiment 1: plasma FSH profiles

5211 Farm and animals

The experiment was conducted during July and Augtig014, on a state research
farm (Institute of Animal Science) located in No@alessa, Sao Paulo, Brazil. The heifers
enrolled in the experiment were maintained in ditypens and fed with a TMR formulated to
meet or exceed the minimum nutritional requiremdatsHolstein heifers (NRC, 2001). All
heifers had free access to water and mineralizéd@a the first Day of the trial, animals
were on average of 330.0 + 52.9 Kg (x SD) in weidl3t5 + 2.2 months (= SD) of age and a
body condition score of 2.7 £ 0.3 (BCS; 1 — 5 s¢AN¥RES et al., 2009).

5.2.1.2 Experimental design

A total of 23 Holstein heifers were randomly alltechto one of four groups (Control,
F200, F200HA or F300HA groups). On a random dayshef estrous cycle (Day 0), all
heifers received a Norgestomet ear implant (Cr@staMSD Animal Health, The
Netherlands), 2.0 mg IM of estradiol benzoate (BE®, Tecnopec, Brazil) and 0.150 mg of
cloprostenol (ESTRON®, Tecnopec, Brazil). On Dawlbheifers received another 0.150 mg
of cloprostenol and on Day 7 were submitted to #rasound evaluation to obtain the
diameter of the largest visible follicle presenttive ovaries (average diameter of 10 £ 0.7
mm). Control heifers received no further treatmei@s Days 8 and 9, the F200 group

received a total dosage of 200 mg of pFSH (14.3mhgin saline diluent; Folltropin®,
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Bioniche Animal Health, Belleville, ON, Canada) adistrated IM in four doses (57.1, 57.1,
42.9 and 42.9 mg), 12 h apart. The HA treated rerfieceived a single dose of pFSH (IM) on
Day 8 AM in 5.0 mL (F200HA) or 7.5 mL (F300HA) of3% hyaluronan (40 mg/mL of
FSH; MAP-5°, Bioniche Animal Health, Belleville, ON, Canadan@ay 12 AM, the

Norgestomet ear implant was removed after theblastd sample (Figure 5).

Figure 5 - Experiment 1 design. Heifers were asgigio one of four groups to compare plasma FSHipsof
Holstein heifers were not treated (Control, n =td@ated with 200 mg of pFSH divided into twice
daily injections (F200, n = 6) or 200 or 300 mgpsfSH in 0.5% hyaluronan as a single injection
(F200HA, n = 6 and F300HA, n = 6). EB = 2.0 mg afradiol benzoate; PGF = 0.150 mg of
cloprostenol; US = ultrasound evaluation to obttia largest follicle diameter; pFSH = porcine
follicle-stimulating hormone; HA = Hyaluronan
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Fonte: Vieira, L. M. (2016).

The methodology used to suppress endogenous FSeéhseelwas based on
reproductive physiology and knowledge of endocoggl The synchronization of follicular
wave emergence permitted the initiation of FSHtinemts 4 days after follicular wave
emergence, when a growing dominant follicle shohlave been selected and when
endogenous FSH concentrations should be at bagetviewed by Baruselli et al. (2012)].
As reviewed by Mapletoft, B6 and Baruselli (2008))dogenous FSH is suppressed by
estradiol and inhibin, hormones produced by thewagrg follicles, and especially the
dominant follicle. Additionally, two doses of claymtenol were administered to ensure low

progesterone levels and, thus, support the domifddintle growth. Lastly, recommended
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doses of Norgestomet ear implant are associatddgrtater LH support of the development
of the dominant follicle (BO et al., 2002).

5.2.1.3 Blood sample collection and plasma FSH quantifisati

Starting on Day 8 (immediately before the first pF8eatment) blood samples were
collected from the jugular vein at 0, 6, 12, 18, 24, 36, 42, 48, 54, 60, 66, 72, 78, 84, 90 and
96 h (n = 23) for plasma pFSH concentrations. Appnately, 8 mL were collected into
heparinized tubes and immediately placed in icasih was separated by centrifugation
(2,000 x g for 15 min at room temperature), andest@t —20-C until assayed. Quantification
of FSH was performed by radioimmunoassay (RIA)datkd for bovine FSH using USDA-
bFSH for iodination and reference standards, anBD¥lanti-oFSH antiserum (BOLT;
ROLLINS, 1983). Two assays were performed on eachpe; sensitivity was 0.03 ng/mL
and intra- and inter-assay coefficients of varmtiwere 20.3% and 10.5% for high
concentrations and 9.2% and 18.4% for low conceatrs. The analyses were performed in
the Laboratory of Animal Endocrinology at the Unsigy of the State of Sdo Paulo
(UNESP), Aracatuba, S&do Paulo.

5.2.2 Experiment 2: ovum pick-up, in vitro embryo production and establishment of

pregnancy

5221 Farm and animals

This experiment was conducted on two commercialyd@rms in southeast Brazil
(2201'27"S/4753'19”W) during October of 2013 and February of120 The herds were
composed of approximately 1,500 lactating Holsteaws housed in free stall facilities,
milked three times daily and with an average mibduction of 30.1+0.3 kg per day.

The donors were non-lactating Holstein cows setebtegenetic merit, 5 years of age

with two to three previous lactations, maintainedliy-lot pens and fed a TMR formulated to



49

meet the minimum nutritional requirements for naotating Holstein cows (NRC, 2001).
Briefly, the main ingredients were corn silage diftbn hay as forage, and corn, soybean and
cottonseed meal-based concentrate. The embrydeetspere crossbre®dgs indicus x Bos
taurus) beef heifers maintained oBrachiaria decumbens pastures. All animals had free

access to water and mineralized salt.

5.2.2.2 Experimental design

A total of 90 non-lactating Holstein donors wergolled at random in one of the four
groups: Control (n=22); F200 (n=23); F200HA (n=22d F300HA (n=23). On random days
of the estrous cycle (Day 0), all cows receivedir@mavaginal progesterone device (P4;
Primer®, Tecnopec) and 2.0 mg of estradiol benz¢@ke RIC-BE®, Tecnopec) IM. The
Control group received no superstimulatory treatm@n Days 4 and 5, the F200 group
received total dosage of 200 mg of pFSH (Folltr8pim saline divided in four doses (57.1,
57.1, 42.9 and 42.9 mg), administered 12 h ap&e. groups containing pFSH in hyaluronan
(40 mg/mL; MAP-%, received a single dose (IM) on Day 4 AM, 5.0 nf2Q0HA) and 7.5
mL (F300HA). Immediately before OPU (Day 7 AM) tRd devices were withdrawn (Figure
6).
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Figure 6 - Experiment 2 design. Non-lactating Halstcows were allocated to one of four groups fovitro
embryo production following OPU. Cows were not tegl(Control, n = 22), treated with 200 mg of
pFSH (F200, n = 23) in twice daily injections or026r 300 mg of pFSH combined with 0.5%
hyaluronan solution (F200HA, n = 22 and F300HA, B33} as a single intramuscular injection. EB =
2.0 mg of estradiol benzoate; pFSH = porcine flgdistimulating hormone; HA = 0.5% hyaluronan;
OPU: ovum pick-up
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Fonte: Vieira, L. M. (2016).

5.2.2.3 Ultrasonography examinations

Immediately before the OPU session, both ovariesewsxamined by transrectal
ultrasonography using a portable scanner (Aloka\53D0; Aloka, Tokyo, Japan) with 5
MHz convex array transducer housed in a plasticinegguidance device. All follicles
suitable to be punctured (diamete2 mm) were quantified and classified accordinghieir

diameters [small (SF < 6 mm), medium (MF = 6 torith) and large (LF = > 10 mm)
follicles].

5.2.2.4 Ovum pick-up (OPU)

For the cumulus—oocyte complexes (COCSs) collectows were restrained in a chute
and epidural anesthesia was administered with 2%cé#ine hydrochloride (Lidovet®,
Bravet, Brazil) to facilitate the handling of theavies through the rectum. The perineal area

was cleaned using water, dried and sprayed with &0@bhol prior to each session. All
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follicles > 2 mm were aspirated using the portable scanndr wi6-MHz convex array
transducer housed in a plastic vaginal guidancecdewith a stainless steel needle guide
connected to aspiration equipment and a vacuunersydtollicular aspirates were recovered
via a 1.1 mm i.d. by a 120 cm length circuit (Waitia@ Tecnologia Aplicada, Cravinhos, SP,
Brazil), connected directly to a disposable 18-gan? inch hypodermic needle (0.9 x 50
mm; Terumo Europe NV — Belgium ) and a 50 mL cohnicdoe containing 15 mL of
Dulbecco PBS (DPBS; Nutricell Nutrientes Celular€smpinas, SP, Brazil) supplemented
with 1% (vol/vol) fetal calf serum (FCS; Gibco Lifeechnologies, Grand Island, NY) and
5,000 IU/mL sodium heparin (Parinex, Hipolabor,®elorizonte, MG, Brazil) at 35 to 37°C.
The vacuum connected to the needle was set at M®g1 To avoid reduced recovery rate
in superstimulated donors (VIEIRA et al., 2014a)greater needle diameter (18-ga) and
vacuum pressure (100 mmHg) was used based on Bals(@996). All retrieval procedures
were performed by two veterinarians. The conichktaontaining the follicular aspirate was
transported to a field laboratory and COCs werevered using a 7am filter (Watanabe
Tecnologia Aplicada) and DPBS supplemented withA®&. The COCs were washed once
in DPBS supplemented with 1% FCS at 37°C and eteduander a stereomicroscope at 8—
20X magnification). The COCs were morphologicallgssified based upon the number of
cumulus cell layers as follows: Grade 1, more thiaee layers of compact cumulus cells;
Grade 2, at least one layer of cumulus cells; GBadkenuded; and Grade 4, atretic, with dark
cumulus cells and signs of cytoplasmic degeneraiS&ENEDA et al.,, 2001). After
evaluation, only Grade 4 COCs were considered taidei and discarded. The remaining
COCs were considered suitable for culture, maiethin maturation medium and transported
to the commercial IVP laboratory (Bioembryo Biotetogia da Reprodugcdo Animal, Bauru,
SP or Neogen Reproducéo Assistida, Tabiratiba,58) &0 39°C.

5.2.25 In vitro embryo production (IVEP)

Thein vitro maturation (IVM) medium was composed of bicarberauffered TCM-
199 (Gibco Life Technologies) supplemented with 1B&S, 50ug/mL LH (APL, Ayerst,
Rouses Point, NY), fug/mL pFSH (Folltropin-V), 0.1ug/mL estradiol (Estradiol 37
Sigma-Aldrich Chemical Co.), 2@g/mL sodium pyruvate, and 53y/mL gentamycin. The
COCs of each cow were cultured separately for 2dohsidering the transport period to the
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lab) in 100uL drops of maturation medium under mineral oil (Anare, S&o Paulo, SP,
Brazil) at 39°C in an atmosphere of 5% Q0 humidified air. After 24 h of IVM, the COCs
were washed and subjecteditovitro fertilization (IVF) in 100uL drops of IVF medium

under mineral oil. The IVF medium was Tyrodes albuntactate pyruvate (TALP)

supplemented with 10g/mL heparin, 221g/mL sodium pyruvate, 5Ag/mL gentamycin), 6

mg/mL fatty acid-free BSA, and PHE solutiony® penicillin, 1 uM hypotaurine, and 0.25
uM epinephrine; (BAVISTER; YANAGIMACHI, 1977).

For IVF, semen straws of three sires, homogengadalistributed among experimental
groups, were thawed for 30 s in a 35°C water bathssemen was deposited on a 90 to 45%
Percoll gradient prepared with sperm wash mediunod{fied Tyrode medium) and
centrifuged at 320 x g for 30 min to separate tlo¢ilensperm and to remove the diluents and
seminal plasma. Then, the sperm pellet was evaludateconcentration and motility by the
addition of IVF medium. Each fertilization dropletceived SuL of sperm, to achieve a final
concentration of 1x FOlive sperm/mL. Sperm and COCs were incubated &°88in an
atmosphere of 5% COn humidified air for 18 to 20 h (starting 24 hieafOPU procedure).

Approximately 18 h after IVF, presumptive zygotesre stripped of cumulus cells by
mechanical pipetting in TALP medium. Groups of praptive zygotes were co-cultured on a
monolayer of cumulus cells that had attached tcsthi&ace of the plate during IVM. Thus, to
maintain the maximum amount of cumulus cells, ¥l Imedium was gently replaced with
CR2aa medium (WATANABE et al., 1999) supplementéith \#% FCS and 30 mg/mL BSA
for embryo culture in 10QL drops at 39°C in an atmosphere of 5%,@©humidified air for
48 to 72 h. During the first (Day 3 of culture) asecond feeding (Day 5 of culture), half of
the drop volume (50 pL) was replaced by fresh nradiuring all embryo culture procedures.
Cleavage rate was recorded after 3 d of embryamlinumber of cleaved zygotes divided
by number of cultured COC) and blastocyst rateraftal of embryo culture (number of

blastocysts divided by number of cultured COC).

5.2.2.6 Embryo transfer and pregnancy diagnosis

A subset of the fresin vitro produced embryos (Control: n = 18, F200: n = 23,
F200HA: n = 11 and F300HA: n = 20) were transfemed-surgically into the uterine horn
ipsilateral to the CL of recipients based on dédecof estrus synchronous with the stage of
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development of the embryos, as previously describetbtail by Rodrigues et al. (2010). On
the day of embryo transfer, recipients were asselgeectal palpation for the presence of
corpus luteum (CL). Pregnancy diagnosis was pesddriny transrectal palpation 50 to 60
days after embryo transfer. The detection of asytrnym& the uterine horns and amniotic

vesicle were used as indicator of pregnancy.

5.2.2.7 Statistical Analysis

Statistical analyses were performed using Stagils#malysis System for Windows
(SAS 9.3). In Experiment 1, area under the curdid@)of plasma FSH was calculated by the
trapezoid methodTotal period with elevated plasn&SH concentration was determined as
the time interval from the onset of the increasd=8H (baseline concentration before the
increase in FSH concentration induced by the fMSEH treatment) to its last return to
baseline concentrations after the last pFSH treattmiéhe increase in FSH was defined as
twice the standard deviation above the overall witow mean of FSH concentrations. In the
control group, one heifer had an increased FSH erdnation at 72 h, therefore, it was
excluded from the analysis. In Experiment 2, thealdes evaluated were: number of follicles
suitable to be punctured in each size categorgaatitne of OPU (small, medium and large),
number of follicles suitable to be punctured, numbé COCs recovered, recovery rate
(number of COCs recovered per number of folliclegable to be punctured), number and
percentage of cultured COCs (number of COCs cultpex structures recovered), cleavage
rate (number of cleaved zygotes per number of CQMMsired), blastocyst rate (number of
blastocysts produced per number of COCs culturagyber of embryos produced per OPU
procedure and pregnancy rate after embryo transfer.

For the analysis, a binomial distribution was assdinfor the categorical response
variables. Continuous data were tested for norgnalitthe residues and homogeneity of
variances using the Guided Data Analysis, and toam&d when necessary. The fixed effect
included in the model was treatment. The OPU sassftect was included as a random
effect. The data were analyzed by orthogonal cetdral’he contrasts established were: C1
(Superstimulation effect): Control vs (F200+F200HZ800HA); C2 (HA effect): F200 vs
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(F200HA+F300HA); and C3 (Dose effect): F200HA vs30BHA. Means (xSE) or

percentages were used to describe the responsblesti

5.3 RESULTS

5.3.1Experiment 1: plasma FSH profiles

The plasma FSH concentration profiles differed agnteatment groups (Figure 7).
Heifers receiving pFSH treatment had grealer (0.002; C1) area under the curve (AUC) of
plasma FSH; however, although F200 group was rftgrdnt from HA groupsR = 0.56;
C2), the F300HA group had greater AUC compareth¢oR200HA groupK = 0.006, Figure
3; C3). Heifers receiving the F200 treatment hadeatended period of greater plasma
concentration of FSH compared to the groups thagived a single dose of pFSH in HR €
0.0001; C2), while both HA groups were similer£ 0.17, C3; Figure 8).
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Figure 7 - Mean * SEM (upper graph) and area undere (AUC, ng*h/mL; lower graph) in Holstein haife
following no superstimulation treatment (Controf) teeatment with pFSH in twice daily injections
(F200) or combined with 0.5% hyaluronan as a singieamuscular injection (F200HA and
F300HA). Circulating FSH concentrations were detead by RIA at 6 hour intervals for 96 hours
after the first treatment. For statistical analysithogonal contrasts were applied: C1 (FSH Effect
Control x (F200+F200HA+F300HA), P = 0.02; C2 (HAfét): F200 X (F200HA+F300HA), P =
0.56; and C3 (Dose Effect): F200HA x F300HA), P.6(D6
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Figure 8- Total period (in hours) that plasrR&H concentrations were elevated in Holstein heifierated with
four doses of pFSH (F200) 12 h apart or two difiér@oses (200 and 300 mg) of pFSH as a single
injection in 0.5% hyaluronan (HA; F200HA and F300HAhetotal period with elevated plasma
FSH concentration was determined as the time iatdrem the onset of the FSH increase (baseline
concentration before the increase in FSH concéotranduced by treatment) to its return to
baseline concentrations after the last pFSH tre@tnimata are presented as mean + standard error of
the mean. For the duration of pFSH treatment tligogonal contrasts were used: C1 (HA Effect):
F200 X (F200HA+F300HA), P <0.0001and C2 (Dose Hjfde200HA x F300HA, P = 0.17
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Fonte: Vieira, L. M. (2016).

5.3.2 Experiment 2: ovum pick-up, in vitro embryo production and establishment of
pregnancy

The numbers of follicles suitable for puncture awtytes retrieved were greater in
superstimulated group® (= 0.01 andP = 0.01, C1, respectively), but were similar among
groups that received four doses of pFSH or a sidgte of pFSH in HAR = 0.97 andP =
0.78, C2, respectively; Table 1). The number of G@&rieved in the F300HA group tended
to be lower than in the F200HA group € 0.09, C3; Table 1). In addition, pFSH-treated
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donors had a lower proportion of small follicléd € 0.001, C1) and a higher proportion of
medium follicles P < 0.001, C1) at the time of OPU than the Controug (Figure 9). Cows
that received four doses of pFSH had a greatergptiop of small follicles compared to the
cows that received a single dose of pFSH in HA (E2; 0.08, Figure 9). Proportions of
medium P = 0.32) and large folliclesP(= 0.42; C2) did not differ between cows that
received four doses of pFSH or a single dose otHpiRIHA (Figure 9).

Additionally, the F300HA group had a greater prajoor of large follicles compared
to the F200HA groupR = 0.05, C3). Lastly, no difference was observetharecovery rate
between cows in the control group and superstiradlatonors R = 0.80, C1), and no
difference was observed in the recovery rate betwe200 and the F200HA and F300HA
groups P = 0.67, C2). However, cows in the F300HA group haddwer recovery rateP(=
0.009, C3) than those in the F200HA group.

A greater number of COCs were considered suitaisleulture in pFSH-treated donoi (
= 0.02, C1) that in the Control group, but theresvm@ difference among pFSH treatment
groups P = 0.56, C2). Within single injection with HA grosipthe number of COCs suitable
to culture was lower in the F300HA group than ie EROOHA groupF = 0.04, C3; Table 1).
Similar (C1:P = 0.34, C2P = 0.46 and C3P = 0.30) percentages of COCs were considered
suitable to use in IVP among pFSH-treated groupbl@1).

A greater cleavage rat® (= 0.002, C1) was obtained in COCs collected framnads
treated with pFSH, regardless of treatment groupthnse from cows in the Control group
(Table 1) and there was no effect of pFSH treatrgemip on cleavage rate (= 0.99 and
C3: P =0.97). Although, there was no difference in tdagst production rate among groups
(P = 0.42, C1;P = 0.80, C2; and® = 0.16, C3), superstimulated donors produced more
embryos per OPU sessioR € 0.06, C1) than the Control group. Among theessiimulated
cows, there was no difference between twice daigction and single injection groupB €
0.61, C2), but the number of blastocysts produed)PU session was lower in the F300HA
than in the F200HA groupP(= 0.06, C3; Table 1). Finally, similar pregnan@&es were
observed among groups after transferring the sutfsette freshin vitro produced embryos
(C1: P=0.42,C2: P=0.82and C3: P =0.82; Tahle



Table 2 -Summary of cumulus-oocyte complex (COC) yield amdiiro embryo production (mean + SE or percentagepn-lactating Holstein cows that were not teelat
(Control), treated with 200 mg of pFSH (F200) indsvdaily injections or 200 or 300 mg of pFSH asrayle injection in 0.5% hyaluronan (F200HA and 688\

Treatments P-value®
Control F200 F200HA F300HA C1 C2 C3

No. 22 23 22 23

Total follicles suitable to be punctured 16.1+1.1 204+1.4 23.2+23 19.6+1.6 0.01 0.97 0.24

Total oocytes retrieved 13.1+1.0 16.5+1.2 151 154+1.4 0.01 0.78 0.09
80.8 81.0 84.0 78.7

Recovery rate, % 0.80 0.67 0.009
(287/355) (379/468) (429/511) (355/451)

COCs cultured 9.3+0.7 122+1.2 156+1.7 11142 0.02 0.56 0.04
71.4 74.1 80.0 74.1

COCs culture rate, % 0.34 0.46 0.30
(205/287) (281/379) (343/429) (263/355)
75.6 85.1 79.6 79.4

Cleavage rate, % 0.002 0.99 0.97
(155/205) (239/281) (273/343) (210/263)
25.9 30.3 30.3 27.0

Blastocyst rate, % 0.42 0.80 0.16
(53/205) (85/281) (104/343) (71/263)

Embryos produced per OPU 24+£05 3.7+£0.7 4077+ 3.1+£0.6 0.06 0.61 0.06
33.3 39.1 54.6 60.0

Pregnancy per ET, % 0.42 0.82 0.82
(6/18) (9/23) (6/11) (12/20)

Fonte: Vieira, L. M. (2016).

1 No. COCs /no. follicles suitable to be puncturdjo. COCs cultured /no. total COCs retrieved;®3 8leaved zygotes /no. COC cultured; 4 No. blastisc/no. COC cultured; 5 Orthogonal contrasts(fE3H Effect)
Effect): F200 X (F200HA+F300HA); and C3 (Dose Effe¢200HA x F300HA).

: Control x (F200+F200HA+F300HA); C2AH

89
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Figure 9 - Proportion of small (< 6 mm), mediumt¢10 mm) and large (> 10 mm) follicles suitablebi®
punctured immediately before OPU (Day 7) in nornidéing cows (n=90) submitted to OPU without
previous superstimulation treatment (Control), rafteeatment with pFSH (F200) or pFSH in
Hyaluronan (F200HA and F300HA). Orthogonal consasCl (FSH Effect): Control x
(F200+F200HA+F300HA); C2 (HA Effect): F200 X (F208HF300HA); and C3 (Dose Effect):
F200HA x F300HA

100 A~

80
60

40 ~

Folicles size proportion, %

20

0 -
Control F200 F200HA F300HA
P-value
C1: FSH effect C2: HA effect C3: Dose effect B Small follicles
small follicles <0.0001 0.08 0.24 1 Medium follicles
Medium follicles < 0.0001 0.32 0.94 B | arge follicles
Large follicles 0.08 0.42 0.05

Fonte: Vieira, L. M. (2016).

5.4 DISCUSSION

The present study confirmed that pFSH treatmentltsesu greater plasma FSH
concentrations compared to the non-pFSH treatedr@enin particular, the administration
of a single dose of pFSH in HA provided comparaplasma FSH concentrations (as

measured by AUC) to the twice-daily pFSH treatmdiie maintenance of elevated plasma
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FSH concentrations differed among treatment grol§®&d concentration in HA groups
reached baseline in approximately 32-37 hours afeatment which was before the twice-
daily pFSH treatment over 2 days. Moreover, in Expent 2, pFSH treatment of cows (with
or without HA) increased the efficiency OPU-IVP qoaned to the untreated Control donors.
Although plasma FSH concentrations in HA groupsched baseline before the traditional
twice-daily treatment, FSH support seemed to haesulted in similar overall
superstimulation and efficiency of the OPU-IVP teslogy, suggesting plasma FSH
concentration does not need to be elevated for iiame 36 h to superstimulate donors for
OPU-IVP.

Additionally, it is important to highlight that the@gher dose of pFSH in HA (300 mg)
resulted in greater proportion of large follicldsjt reduced COCs recovery rate and the
number of embryos produced per OPU session comparid group that received only 200
mg of pFSH combined with HA. Regardless, these dataforce the benefits of the
superstimulation treatment in the Holstein breedrtbance the IVP production and that only
one injection of 200 mg pFSH diluted in 0.5% HAgguired, reducing animal handling and
the potential noncompliance during the hormonatqual.

The traditional superstimulatory protocol utilizesline as a diluent and due to the
short half-life of the FSH (LASTER, 1972; DEMOUSREet al., 1988) twice daily IM
injections are required fdn vivo (MAPLETOFT; BO, 2012) oiin vitro (ROOVER et al.,
2005; VIEIRA et al., 2014a) embryo production. Bhsa the rapid clearance of FSH (=5 h;
DEMOUSTIER et al., 1988), regardless of dose of iathtered (HIRAIZUMI et al., 2015),
an alternative could be to modify hormone absorptModifications examined have included
changing the route administration (subcutaneoteciign - BO et al., 1994; KELLY et al.,
1997; HIRAIZUMI et al., 2015) or mixing the pFSH tWi polymers, such as
polyvinylpyrrolidone (CHASOMBAT et al., 2013), alunum hydroxide gel (HASHIMOTO
et al., 2007) or hyaluronan (TRIBULO, A. et al.,12) in order to reduce the rate of
absorption. Tribulo et al. (2012), reported satifey superovulatory results after treating
donors with a single dose of pFSH combined withi286 However, 2% HA was viscous and
difficult to mix with pFSH, especially in the fieldA 0.5% solution of HA was much less
viscous and easy to work with and resulted in alarnmumber of transferable embryos as
twice-daily treatments when divided into two admetration 48 h apart. Although a two
injection protocol seemed to be required to supdedg donor cows forn vivo embryo
production, the results of the present study suppernotion that only one injection of pFSH

diluted in 0.5% HA is required fan vitro embryo production following OPU in non-lactating
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Holstein donors. These results are also in agreeméh those obtained after a single
injection of pFSH diluted in 0.5% HA in beef coWBNGARATTO et al., 2011). The present
data verify a shortened, but extended period ofadésl plasma concentrations of FSH in HA
groups. The extended period of elevated plasma iRSEimales treated with the traditional
twice-daily treatment protocol is no doubt relatedhe continued administration of pFSH.

As previously reported (ALLER et al., 2010; NIVET al., 2012; VIEIRA et al.,
2014a) and reinforced in the present study, treatiwih pFSH increases the proportion of
medium-sized follicles for OPU. The reasoning furreasing the proportion of medium-sized
follicles for OPU has been based on the observdtiah oocyte developmental competence
was influenced by the stage of follicular developl@ONERGAN et al., 1994; ARLOTTO
et al., 1996; CAIXETA et al.,, 2009; SIRARD, 2012puring follicle growth, several
morphological, molecular, metabolic and epigenetianges occur in the COCs (KRISHER,
2014). These changes, including molecular and drgst®nal alterations, have been
correlated with final oocyte development competefBREVINI-GANDOLFI; GANDOLFI,
2001; MOUROT et al., 2006; SIRARD, 2012; LABRECQUHERARD, 2013). In addition,
others have shown positive differential gene exgpoes[genes related to transcription and cell
cycle regulations (CHU; DUFORT,; SIRARD, 2012)] oOCs retrieved from superstimulated
donors compared to untreated females. However tinegdifferential gene expression (genes
related to matrix remodeling, disturbance of angragsis, apoptosis, and oxidative stress
response (DIAS et al., 2013) has also been repamt€DCs retrieved from superstimulated
donors. Although the present study did not revédérénces in pregnancy rates after transfer
of the in vitro-produced embryos, additional triaise required to clarify and confirm the
beneficial effects of superstimulation treatmenttmsoverall outcomes.

Although oocyte quality has been shown to improvieh viollicle growth (FAIR;
HYTTEL; GREVE, 1995), follicle size has been regartto adversely affect COC recovery
rate in Bos taurus cows (SENEDA et al., 2001; VIEIRA et al., 2014a)daheifers
(GOODHAND et al., 1999). Seneda et al. (2001), sstgd that the increased volume and
viscosity of follicular fluid and the greater intfallicular pressure of larger follicles
following superstimulation may hamper COC recovémythe present study, similar recovery
rates were observed among superstimulated and &€ @noups. However, it is important to
note that a greater needle diameter (18-ga) anguva@ressure (100 mmHg) was used in the
present trial, which may have resulted in a greegeovery rate. In another earlier study a
greater recovery rate was observed when QRid performed with larger needles but a

similar vacuum pressure (BOLS et al., 1996). Tleeeefmore detailed studies are necessary
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to establish an ideal approach to retrieve the mam proportion of COCs with optimal
development potential and without adverse effeités auperstimulation of donors for OPU.

The oocyte development potential can be evaluayethé capacity of the COC to
become a viable blastocyst within an IVP system RMBEN et al.,, 2003). Although the
present study reports similar blastocyst rates gmoeatment groups, donors treated with
pFSH, regardless of diluent type (with or withowd)Hhad increased cleavage rates compared
to the control (untreated) donors. Other studiegehalso reported increased blastocyst
production rates ifBos taurus beef (BLONDIN et al., 2002; DE ROOVER et al., 20@8)d
dairy cattle (VIEIRA et al., 2014a) following sugémulation with pFSH. Although
considerable variation has been reported, an isete@ocyte developmental competence
(cleavage and/or blastocyst rate) was apparent stualies, reinforcing the beneficial effects
of the superstimulation treatment during OPU-IVBgrams.

Although different gene expression and a possiblahse in the quality of embryos
produced after ovarian stimulation has been reganenice (FAUQUE et al., 2007), humans
(SATO et al.,, 2007) and cattle (MUNDIM et al., 200%he present study indicates that
pregnancy rates after the transfer of fraskitro-produced embryos are likely to be similar,
regardless of donor treatment. However, futureistudith larger numbers of embryos and
recipients are required to confirm these results.

Finally, a greater efficiency of OPU-IVP was obtdnin donors treated with a single
injection of 200 mg of pFSH in 0.5% HA as comparedhose treated with 300 mg of pFSH
in 0.5% HA. As reported previously (ROOVER et aDP5), the larger dose of pFSH resulted
in an increased follicular diameter but no increase¢he number of visible follicles. As
expected a greater proportion of large-sized flelialso resulted in reduced COC recovery
rates and consequently, fewer COCs retrieved alidred and reduced blastocyst production
per OPU. Furthermore, the higher pFSH dosage séemesult in more rapid growth rates
which may result in altered gene expression in gasa cells (GARCIA GUERRA et al.,
2015) and compromise the efficiency of OPU-IVP. rEfere, to optimize OPU-IVP
improved approaches must be designed to more gloséhe the pFSH dosage used as a
single injection with HA in potential donors.

In conclusion, the administration of a single do$gFSH in 0.5% HA provided a
comparable plasma FSH concentration (as measuredlUsy of FSH) to the twice-daily
pFSH treatment. Regardless of diluent type and midimation schedule, superstimulation
with pFSH enhanced the overall efficiency of thePI¥rogram in non-lactating Holstein

cows. The pFSH diluted in HA appears to be an radere to extend plasma FSH
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concentrations, maintaining the beneficial effeatsthe superstimulation treatment with a
simplified protocol and reduced labor. Under thedibon of the current trial, 200 mg of
pFSH seems to be a more appropriate dosage tham@@then combined with HA in OPU-
IVP programs of non-lactating Holstein donors. baspregnancy establishment wiiln

vitro-produced embryos was similar, regardless donatrtrent prior to OPU.
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6 GENERAL CONCLUSIONS

6.1 The superstimulation with four (twice-daily) pFShactions in synchronized donors
(lactating and non-lactating cows) increased medaired-follicles andin vitro

embryo productionlnitial hypothesis was confirmed.

6.2 Regardless treatment group, synchronized non-iagtatonors had greateén vitro
embryo production compared to lactating Holsteinvsol nitial hypothesis was

confirmed.

6.3 A single injection of 200 or 300 mg of pFSH comhineith 0.5% hyaluronan
presented similar AUC of plasma FSH compared totthditional treatment (four
decreasing doses, 12 h apart). However, the totaiogp with elevated FSH
concentration was lower among donors treated wi8Hp in Hyaluronan compared

to the traditional treatmenititial hypothesis was not confirmed.

6.4 A single injection of pFSH in 0.5% hyaluronan imskironized donors (non-lactating
cows) increased medium sized-follicles amd vitro embryo production; being
comparable to the traditional treatment (four dasmeg doses, 12 h apart) and greater
than the non-superstimulated group. However, aesimgection of 200 mg of pFSH
in 0.5% hyaluronan in synchronized donors (nonalety cows) resulted in greater
vitro embryo production compared to the dose of 300 fyd=8H.Initial hypothesis

was not confirmed.
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7 PRACTICAL IMPLICATIONS

Considering increased IVEP outcome observed amarigtéin donors submitted to
superstimulation prior to OPU, the treatment carabealternative strategy to enhance the
technology efficiency and viability in dairy farmédditionally, an increased embryo per
OPU session was observed in non-lactating donarggesting thatin vitro embryo
production might be even greater when opting fquesstimulated non-lactating Holstein
donors. However, it is important to highlight thatthe literature there are many discrepancy
result regarding the benefits of superstimulatioiorpto OPU (Table 3), therefore more
studies are required to specify in which situatmal protocol the superstimulation treatment

could be recommended.

Still, although the possible positive effect of teBaperstimulation treatment, the
increased animal handling due to the need of camisecpFSH administrations (12 h apart)
hamper the treatment use in large scale in thd.fieherefore, the use of pFSH in a slow
carrier diluent (i.e. hyaluronan) as a superstitiaatreatment enable an effective follicular
response and IVEP with half of the managementst(sithree handling) required with the
traditional twice-daily injections. Therefore, thaperstimulation protocol has been adjusted
aiming to maintain the possible superstimulatiosiipee results associated to a practicality

field application.

Lastly, if the results presented herein are maietdi the superstimulation treatment
could be considered profitable to be applied infiblel. Considering the present study results
and actual market scenario: 1. Increased numbebladtocysts per OPU session in
superstimulated donors (2.7 and 4.4); 2. Similaggpancy establishment (45.8%) after
transferringin vitro produced embryo; 3. R$ 160.00 per pFSH (200mgjddedonor; and 4.
R$400.00 per pregnancy. Simulating 100 OPU sesgiamuld be observed 440 instead of
270 produced blastocysts and 202 instead of 124nprecies established. Therefore,
considering total return with established pregnafir$80,800.00versus R$49,600.00), even
including the total pFSH cost (R$16,000.00),vitro lab would still have greater return
(R$64,800.00) compared to the one obtained witsuperstimulated donors (R$49,600700)

* Commercial product prices obtained in Brazil during September 2016 with current USDBRL
exchange rate of 3.27ssL.



Table 3 - Effect of superstimulation treatment ptmOPU

. Numbe Donors treatment .
Treatment prior to Result relative to
Reference Breed/Category r of .
OPU OPU Superstimulated Control control group
GOODHAND et al. (1999) 6 decreasing doses of Simental heifers 8 2.1 transferable 1.0 transferable +
FSH (9.0mg) embryos embryo
6 decreasing doses of Beef x Friesian 2.5 transferable 2.0 transferable _
GOODHAND et al. (2000) FSH (9.0mg) cows 64 embryos embryos -
MERTON et al. (2003) 4 eq“?g%";‘;? of FSH - 30 3.3 embryos 1.5 embryos +
4 equal doses of FSH  Belgian Blue
DE ROOVER et al. (2008) (9.0mg) Breed 640 3.4 embryos 0.7 embryos +
, 1.0
Single dose of eCG  Pregnant Angus 2.2 .
ALLER et al. (2012) (1,6001U) COWS 30 COC/donor/session COC/d(())rr]]or/sesa +
GERHARDT et al. (2013) 1 dose of FSH (40mg) von-lactating 68 1.8 embryos 1.3 embryos =
Girolando cows
4 decreasing doses of : _
MARTINS et al. (2013) FSH (200mg) Gir cows 12 3.5 embryos 2.8 embryos =
3 decreasing doses of 0 0
LIMA MARTINS et al. (2013) FSH (200mg), 24h  Sindhi cows g  Sl-2%of blastocyst  27.1% of -
apart rate blastocyst rate
4 or 6 decreasing doses Non-lactating _
SILVA et al. (2014) of FSH (200mg) Holstein cows 36 3.4 embryos 3.8 embryos =
GUERREIRO et al. 4 decreasing doses of . .
unpublished data (2015) FSH (180mg) Holstein Heifers 6 3.5 embryos 1.3 embryos +
OLIVEIRA et al. (2016 in 6 equal doses of FSH  Non-lactating 35 3.0 embryos 2.6 embryos _

pressy

(240mg) Holstein cows

*OLIVEIRA, L. H.; SANCHES, C. P.; SEDDON, A. S.; VS, M. B.; LIMA, F. A;; MONTEIRO, P. L. J., JR.; WITBANK, M. C.; SARTORI, R. Short communication:

follicle superstimulation before ovum pick-up forvitro embryo production in Holstein cowkurnal of Dairy Science 2016. In press.
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