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CACERES, Mirela Brochado Souza. Aspectos moleculares de odcitos de fémeas
bos indicus e bos taurus submetidos ao estresse térmico. 2018. 162 f. Tese
(Doutorado em Ciéncia Animal) — Universidade Estadual de Londrina, Londrina,
2018.

RESUMO

Com o objetivo de avaliar a influéncia do estresse térmico sobre a competéncia
oocitaria, bem como sobre parametros fisioldgicos de fémeas bovinas de diferentes
racas, foram realizados trés experimentos. No experimento |, foram avaliados
complexo cumulus-oécitos (COCs) de vacas da raga Simental maturados in vitro em
diferentes temperaturas (37°C, 38,5°C ou 40°C). Antes da maturagdo, os odcitos
foram corados com Brilhante Cresilblue (BCB) e, classificados em BCB+ e BCB-. Os
COCs marcados (BCB+) eram considerados de melhor qualidade. Apos a
maturagao, foram produzidos embrides in vitro e os odcitos foram avaliados através
de PCR em tempo real e imunofluorescéncia, para avaliagdo das sirtuinas, BCL11A
e p53. A alteragdo da temperatura (+1,5°C) de maturagdo do odcito afetou
negativamente a taxa de blastocisto apds a fertilizagdo in vitro, além de influenciar a
expressao de gene importantes para a protegcado celular. A expressao dos genes
SIRT1, SIRT2, SIRT3, SIRT5, BCL11a e p53 foi alterada pela temperatura de
maturagcdo, em odcitos e células da granulosa. No experimento |l foram avaliados
complexo cumulus-oécitos (COCs) de fémeas da raga Nelore (Bos Taurus indicus)
maturados in vitro em diferentes temperaturas (37°C, 38,5°C e 40°C). Apds esse
periodo parte dos COCs foram submetidos a fecundacéao e cultivo dos embrides e a
outra parte, apdés determinacdo da taxa de maturagdo, foram fixados em
paraformoldeido para analise de HSP70 e HSP90 por western blott. O estresse
térmico nao influenciou a taxa de maturagcédo nuclear dos odcitos, porém influenciou
a taxa de clivagem e de blastocisto. A intensidade do sinal da HSP70 foi aumentado
nos oocitos submetidos a estresse, em relagédo ao grupo controle, além disso as
células cumulus mostraram um aumento significativo da intensidade de sinal dessa
proteina a 40°C. A HSP90 mostrou maior quantidade em odcitos maturados a 37°C,
porém se mantendo estavel nas demais temperaturas. A menor taxa de blastocistos
e a acao paralela das HSP’s demonstram que a producgdo in vitro de embrides é
afetada quando a maturagao in vitro ocorre em situagdes de estresse cronico (24 hs
de MIV; 37°C e 40°C). E no experimento lll foram avaliados complexos odcitos-
cumulus (COCs) recuperados através da aspiragdo folicular guiada por
ultrassonografia (OPU), de vacas Bos taurus x Bos indicus (Girolando) e Bos taurus
(Pantaneira). Parte dos COCs viaveis foram submetidos a anadlise de
imunofluorescéncia sob microscopia confocal para identificacdo das proteinas
HSP70 e HSP90. Antes da realizacdo de cada OPU, foi aferida a temperatura retal
(TR) e frequéncia respiratoria (FR) de cada animal. O estresse térmico foi estimado
pelo Indice de Temperatura do Globo e Umidade (ITGU) que foi calculado de acordo
com a férmula descrita por Buffington et al. (1981) e classificados de acordo com o
National Weather Service, 90 dias antes de cada OPU. A rusticidade das racas
Girolando e Pantaneira pode ser confirmada pela manutencao da TR e FR em nivies
fisiologicos em ITGUs de até 94. A HSP nos odcitos foi influenciada pelo ITGUs para
as duas ragas, porem com comportamentos contrarios. No entanto, a raga
Pantaneira sofreu efeitos negativos em ITGUs <78 demonstrando estresse em



temperaturas mais amenas. Por outro lado, observa-se que ITGUs >78 apresentam
efeito deletério na qualidade do odcitos de vacas Girolando. Aparentemente a raca
Pantaneira reage negativamente em temperaturas mais baixas, ja que apresentou
menor viabilidade oocitaria com ITGUs <78. Por outro lado observa-se que ITGUs de
>79 aos 90 dias antes da OPU apresentam um efeito deletério na qualidade do
oocitos de vacas Girolando.

Palavras-chave: Girolando. Heat Shock protein (HSP). ITGU. Nelore. Pantaneira.
Simmental. Sirtuinas. Viabilidade oocitaria.



CACERES, Mirela Brochado Souza. Molecular aspects of gametes and
embryos submitted to thermal stress. 2018. 162 p. Thesis (Doctorate in
Animal Science) — Universidade Estadual de Londrina, Londrina, 2018.

ABSTRACT

Aiming to evaluate the effects of in vivo and in vitro thermal stress on oocyte
competence and early embryonic development as well as on physiological
parameters of cows of different breeds, they were conducted three experiments.
In the experiment |, the cumulus-oocyte complex (COCs) of Simmental cows
matured in vitro at different temperatures (37°C, 38.5°C and 40°C) were
evaluated. Before maturation the oocytes were stained with Brilliant Cresilblue
(BCB) and then categorized according to staining in BCB + and BCB-. The
labeled COCs (BCB +) were considered to be of better quality. After maturation,
embryos were produced in vitro and oocytes were evaluated by real-time PCR
and immunofluorescence, for the evaluation of sirtuins, BCL11A and p53. The
change in temperature (+1,5°C) of oocyte maturation adversely affects the
blastocyst rate after in vitro fertilization, in addition to influencing gene
expression important for cell protection. Expression of the SIRT1, SIRTZ2,
SIRT3, SIRT5, BCL11a and p53 genes were influenced by the maturation
temperature in oocytes and granulosa cells. In the experiment IlI, cumulus-
oocyte complexes (COCs) of Nellore (Bos Taurus indicus) females were
evaluated in vitro at different temperatures (37°C, 38,5°C and 40°C). After this
period part of the COCs were submitted to embryo fertilization and culture and
the other part, after determining the maturation rate, were fixed in
paraformoldeido for analysis of HSP70 and HSP90 by western blot. Thermal
stress did not influence the maturation rate of oocytes, but influenced the rate of
cleavage and blastocyst. The signal intensity of HSP70 was increased in
stressed oocytes compared to the control group, and cumulus cells showed a
significant increase in the signal intensity of this protein at 40°C. HSP90 showed
higher numbers in oocytes matured at 37 ° C, but remained stable in the other
temperatures. The lower rate of blastocysts and the parallel action of HSPs
demonstrate that the in vitro production of embryos is affected when in vitro
maturation occurs in situations of chronic stress (24 hours of IVM) by cold and
heat. In the experiment lll, cumulative oocytes (COCs) recovered through
ultrasound-guided follicular aspiration (OPU), Bos taurus x Bos indicus
(Girolando) and Bos taurus (Pantaneira) cows were evaluated. Part of the
viable COCs were submitted to immunofluorescence analysis under confocal
microscopy for identification of HSP70 and HSP90 proteins. Before each OPU,
the rectal temperature (RT) and respiratory frequency (RF) of each animal were
measured. Thermal stress was estimated by the Black Globe Humidity Index
(BGHI) which was calculated according to the formula described by Buffington
et al. (1981) classified according to the National Weather Service, 90 days
before each OPU. The rusticity of the Girolando and Pantaneira breeds can be
confirmed by the maintenance of the RT and RF in physiological levels in
BGHIs of up to 94. The HSP in the oocytes was influenced by the BGHIs for
both breeds, but with opposite behaviors. However, the Pantaneira breed had



negative effects on BGHIs <78 demonstrating stress at warmer temperatures.
On the other hand, it is observed that BGHIs >78 have a deleterious effect on
the quality of Girolando cow oocytes. It appears that the Pantaneira breed
reacts negatively at lower temperatures, since it presented lower oocyte viability
with BGHI <78. On the other hand it is observed that ITGUs of> 79 at 90 days
before OPU have a deleterious effect on the quality of Girolando cow oocytes.

Key words: BGHI. Girolando. Heat stress. HSP. Immunofluorescence.
Nelore. Oocyte viability. Simmental. Sirtuins.
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1. INTRODUCAO

O estresse térmico calérico (ETC) faz com que bovinos reduzam o
consumo de alimentos, fato que prejudica o seu crescimento, desempenho
produtivo e reprodutivo (Brown-Brandl et al., 2005). Nesse sentido, o ETC esta
associado a mortalidade embrionaria precoce (Edwards et al., 2005), queda na
taxa de concepcdo (Garcia-Ispierto et al., 2007), alteracbes de hormdnios
esteroides (Wolfenson et al., 2000; Jasnic et al., 2010), mudancas nos padrdes
de ondas foliculares e alterac¢des fisioldgicas e moleculares de odcitos (Zeron et
al., 2001; Torres-Junior et al., 2008; Ferreira et al., 2011).

Diante do estresse térmico, os animais podem reagir de diferentes
formas. Sabe-se que o modo de defesa molecular contra o estresse térmico de
oocitos e embribes baseia-se na ativacdo de proteinas com funcdo de
recuperacdo do DNA danificado devido ao estresse, entre elas sirtuinas e as
heat shock proteins (HSPs) (Michan e Sinclair, 2007; Chen et al., 2015). As
sirtuinas sdo fundamentais para algumas funcées celulares, como deacetilacédo
de histonas, acetilacdo e deacetilacdo de proteinas, causando alteracdes no
metabolismo (Chen et al., 2015). Essas proteinas, apresentam outras funcdes
(funcBes antioxidante, atuacdo mitocondrial, apoptose etc) além de participar do
processo de reparacdo de danos no DNA (Nakagawa e Guarente, 2011). Além
disso, as sirtuinas podem atuar como um interruptor entre o0 metabolismo
energético e outras vias de sinalizacdo para processos fisiologicos especificos
das células (Singh et al., 2017).

As sirtuinas Sirtl e Sirt2 sdo distribuidas principalmente no citoplasma
e estdo envolvidas na regulacéo da expresséo de enzimas e genes gue regulam
as deacetilases e outras; as sirtuinas Sirt3 e Sirt5 estdo localizadas nas
mitocondrias e ligadas diretamente ao metabolismo energético (Bai e Zhang,
2016; Grabowska et al., 2017). No entanto, pouco se sabe neste contexto o seu
envolvimento com a reproducdo de fémea (Tatone e Di Emidio, 2015a).
Considerando sua ligadacdo com o processo de apoptose e reparo do DNA, é
provavel que exista uma relagcéo entre sirtuinas nos complexos cumulus-oocitos
(COC) e a resposta a adaptacao ao calor em fémeas bovinas. A apoptose e 0o
reparo eficiente do DNA podem afetar a qualidade dos odcitos, especialmente a

competéncia e o desenvolvimento de embrides apos a fertilizagao in vitro (FIV).
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As HSPs sdo conhecidas principalmente pela protecdo contra o
estresse térmico agudo em nivel celular, através da sua funcdo chaperona
(Maloyan et al., 1999; Daugaard et al., 2007) e que séo divididas em diferentes
grupos de acordo com o tamanho molecular (Romanucci et al., 2006; Beachy et
al., 2007). Em particular, a HSP70 e HSP90 sao interessantes porque, além de
sua atividade complementar, elas também estdo envolvidas em circuitos de
controle com Sirtl e, portanto, modulam a atividade génica dentro da resposta
ao estresse (Westerheide et al., 2009).

Outro fator importante € que animais B. taurus indicus sao
considerados mais termotolerantes, no entanto podem sofrer injdrias na
producdo e reproducéo diante do estresse térmico (Paula-Lopes et al., 2003).
Desta forma a escolha de racas mais adaptadas as regifes de clima quente tem
sido uma alternativa para manejar os efeitos de estresse térmico caldrico (ETC)
sobre a producgéo animal. As racas Girolando, Pantaneira e Nelore se enquadram
nessa categoria. Nesse sentido, acredita-se que as ragas criadas sob diferentes
condicBes climéaticas reagem de forma diferente ao estresse por calor. Diante
disso, procurou-se investigar as proteinas HSP70, HSP90 e Sirtuinas em COCs
maturados in vitro em diferentes temperaturas de fémeas da raca Simental e
Nelore e em odcitos, obtidos por OPU, de fémeas da raca Girolando e
Pantaneira. Ainda buscou-se investigar os efeitos fisioldgicos dos animais

estudados na dependencia do nivel de estresse causado pelo ambiente.
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2. REVISAO DE LITERATURA

2.1.ESTRESSE TERMICO EM BOVINOS

O clima é um dos componentes ambientais que exerce maior
influéncia sobre o bem-estar animal (Pereira, 2005), influenciando
negativamente na sanidade, reproducao e producao de leite (Sartori et al., 2002;
Bilby et al., 2009). O estresse térmico é definido como acdo dos componentes
do ambiente térmico sobre um organismo, causando nele uma reacéo fisioldgica
e a capacidade do organismo em compensar 0s desvios causados pela
ambiente, ou seja, resisténcia (Silva, 2000). O conhecimento da interagcéo entre
0s animais e o ambiente é fundamental para a andlise critica, e consequentes
decisfGes quanto a estratégias de manejo a serem utilizadas para maximizar as
respostas produtivas do rebanho (Ferreira et al., 2009).

Animais homeotérmicos, como 0s mamiferos, possuem uma zona de
termoneutralidade, isto €, uma faixa de temperatura em que o animal n&o precisa
produzir ou perder temperatura corporal e seu metabolismo € minimo, para
manter seu conforto térmico, expressando assim o maximo do seu potencial
genético (Silanikove, 2000). Foi definido um limite de zona de conforto térmico
(ZCT) entre —1 e 16°C para bovinos europeus adultos e entre 10 e 27°C para
zebuinos adultos (Baéta e Souza, 1997). A capacidade de homeotermia dos
animais tem sido avaliada fisiologicamente por alterac6es da temperatura retal e
das frequéncias cardiaca e respiratéria, segundo esses dados é possivel explicar
se a tentativa do animal em perder e absorver calor esta sendo eficiente
(Azevedo et al., 2005). O estado fisiol6gico em que se encontram 0s animais,
como a lactacdo, também influenciam a capacidade do animal realizar
adequadamente a termorregulacdo (Azevedo e Alves, 2009).

Nas regides de clima tropical, as racas de origem europeia possuem
grandes problemas na adaptacédo ao clima, sofrendo alteracdes fisiol6gicas e
comportamentais causadas pelo estresse térmico (Silva et al., 2002). Estudos ja
relataram a influéncia do aumento da temperatura do trato genital feminino,
devido ao ETC, sobre a mortalidade embrionéaria precoce (Edwards e Hansen,
1997). Garcia-Ispierto et al. (2007) observaram que animais que sofreram

estresse térmico caldrico no periodo pré-inseminacdo apresentaram queda na
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taxa de concepcédo de 11,4% comparado com o periodo de temperaturas
amenas.

Vacas de alta producéo leiteira sdo consideradas termossensiveis,
guando manejadas em condi¢cdes de estresse térmico reduzem o consumo de
matéria seca e como consequéncia observam-se perdas produtivas e
reprodutivas. Porém, animais tidos como termotolerantes, como é o caso de
animais zebuinos, também sofrem perdas reprodutivas como consequéncia do
ETC, mas séo perdas menos evidentes, comparadas aos taurinos (Paula-Lopes
et al., 2003).

Altas temperaturas combinadas com alta umidade do ar, podem
prejudicar a capacidade de dissipacdo do calor para o ambiente, e isso pode
provocar diminui¢do da producdo. O indice de Temperatura e Umidade (ITU) foi
desenvolvido para medir o nivel de estresse promovido pelo ambiente
combinando temperatura ambiente e umidade. Esse indice foi amplamente
utilizado para avaliar o ambiente térmico no qual o animal esta inserido (Silva,
2000; Bohmanova et al., 2007). Entretanto outros fatores, como velocidade do
vento, radiacdo, entre outros influenciam a sensacgéao térmica (Collier et al., 2006;
Dikmen e Hansen, 2009). Animais criados em campo aberto sofrem grande
influéncia da radiacéo solar, e assim a utilizacao do ITU pode n&do ser o melhor
indice para a avaliagcdo do ambiente em que esses animais sao criados (Silva,
2000). Devido a isso, desenvolveu-se o indice de Temperatura de Globo e
Umidade (ITGU) (Buffington et al., 1981), que a principio foi elaborado para
vacas leiteiras criadas a pasto, e posteriormente utilizado na avaliacdo do
ambiente térmico de outros animais de producdo. O ITGU é baseado na
associacao das medidas da temperatura de globo negro (TNG) e temperatura do
ponto de orvalho (TPO). A equacgéo sugerida foi: ITGU= Tgn + (0,36 x Tpo) +
41,5; em que: Tgn € a temperatura do globo negro (°C), e o Tpo é a temperatura
do ponto de orvalho (°C) (Buffington et al., 1981).

A TNG indica a combinacdo da energia radiante, temperatura do ar e
velocidade do vento, e a forma de obté-la € por meio de um globo negro, que
consiste em uma esfera oca de cobre, com aproximadamente 0,15m de diametro
e pintada de preto fosco para maximizar a absorcao da radiacéo solar, e em seu
interior € posicionado um termémetro para a leitura da temperatura (Kadzere et

al., 2002). A esfera de cobre possui um alto custo, diante disso, na area da
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bioclimatologia, tem-se buscado materiais alternativos de baixo custo, como
isopor, que apresenta resultados semelhantes e satisfatorios, com alto valor de
correlacdo (Souza et al., 2002).

Uma desvantagem do uso do ITGU para o diagnéstico bioclimatico de
uma determinada regido € a inexisténcia de medi¢cfes da temperatura de globo
negro nas esta¢des meteoroldgicas distribuidas ao longo do pais (Yanagi Junior,
2006). Dessa forma, foi proposta uma equagéo para estimar a temperatura de
globo negro a partir da temperatura do bulbo seco, para animais criados ao ar
livre, possibilitando calcular a TGN com um bom indice de confiabilidade (Abreu
et al., 2011).

Os valores obtidos a partir da equacdo de ITGU sdao comumente
classificados no modelo definido pelo National Weather Service (Nwscr, 1976) e
confirmado por Baéta (Baéta, 1985) onde: em situacdo de conforto o ITGU atinge
valor até 74, em situacdo de alerta de 75 a 78, em situacao de perigo de 79 a 84
e em situacdo critica ultrapassa 84. No entanto, esses valores devem ser
analisados com cuidado, pois foi definido principalmente para a raca Holandesa.
Na literatura ainda sao escassos 0s dados que associam o ITGU critico para
bovinos de diferentes racas, tornando-se necessaria a busca do entendimento e
relacdo desse indice para racas especificas criadas no Brasil.

Diante da sensibilidade dos animais ao estresse térmico e a
manutencdo dessa situacao estressora em regides tropicais, as biotecnologias
da reproducdo podem possibilitar a utilizacdo dos embriées no melhor momento
possivel, quando o clima esta favoravel ao bem-estar das receptoras, fazendo
com gue haja um melhor desempenho reprodutivo dos animais. Desta forma, a
aspiracao folicular guiada por ultrassonografia (ovum pick up — OPU), a producéo
in vitro de embrides (PIVE) e a criopreservacao de embrides associadas podem
alavancar o mercado da pecuéaria mundial, pois tornam possivel a multiplicacdo
de material de alto valor genético em periodo pré determinado com o clima

propicio a produgéo e reproducao de determinadas racgas bovinas.

2.2. ESTRESSE TERMICO EM DIFERENTES RACAS BOVINAS
Para as regiodes tropicais do Brasil, principalmente no Pantanal, racas
como Pantaneira, Nelore e Girolando tem-se destacado, produzindo e

reproduzindo-se sob estresse térmico por calor. O bovino Pantaneiro (Bos taurus
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taurus) passou por um longo processo de selecdo natural que lhes permitiu
adaptar-se ao ambiente peculiar de zonas alagadicas, como o Pantanal,
suportando condi¢des climaticas e hidrolégicas extremas, caracterizadas por
elevadas temperaturas no verdo, com maximas absolutas ultrapassando 40°C,
e alternancia entre periodos secos e enchentes (Mazza et al., 1994).

Jé foi descrita a boa producao de leite da raca, a qual foi indicada para
0 uso em assentamentos e comunidades quilombolas, devido a sua rusticidade
(Lopes, 2014; Oliveira, 2015). Além disso, em avaliacdo a dinamica folicular, a
raca Pantaneira demonstrou algumas peculiaridades, como o intervalo entre a
retirada do dispositivo de progesterona e a ovulagéo (77 horas) superior ao de
outras racas (Ferreira et al., 2017). Ainda sabe-se que os parametros fisiol6gicos
e a viabilidade oocitaria de fémeas da raca Pantaneira ndo foram afetados
negativamente por ITUs entre 72 e 78 (Fialho et al., 2018). Considerando a
importancia da manutencéo do material genético dessa raca, atualmente em risco
de extincdo, e seu potencial de resistencia a condi¢bes climaticas extremas, é
essencial que suas caracteristicas especificas sejam melhor comprrendidas para
gue estratégias de manejo sejam desenvolvidas com a possibilidade de alcancar
o seu melhor potencial reprodutivo e produtivo.

A raca Girolando vem sendo amplamente utilizada para a producao
de leite do pais e da regido pantaneira (Westerheide et al., 2009). Esta raca
possui condi¢cbes corporais que lhe atribuem grande resisténcia e adequacéao
aos mais diversos tipos de ambientes, inclusive excelente capacidade de
regulacdo do calor corporal (Ruas et al., 2004). Ja foi relatado que ITUs entre
72 e 78, considerados pela classificacdo de ....... como estresse térmico, nao
alterou os parametros fisiologicos e viabilidade odcitaria de animais da raca
Girolando (Fialho et al., 2018).

Araca Nelore é a de maior destague na pecudria nacional e apresenta
indices de desempenho reprodutivo e produtivo de grande competitividade em
climas tropicais (Oliveira et al., 2002). Animais dessa raga sdo mais tolerantes
ao calor devido a sua superficie corporal ser maior em relagdo ao corpo e por
possuir maior numero de glandulas sudoriparas. As caracteristicas de seus pélos
também facilitam o processo de troca com o ambiente e o trato digestivo € 10%
menor em relacdo aos europeus. Portanto, seu metabolismo € menor e gera

menor quantidade de calor (Acnb, 2011). Experimentos in vitro tém mostrado
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gue embrides de animais Bos indicus submetidos ao estresse térmico até os
estagios iniciais de desenvolvimento sdo mais habeis para sobreviver em
comparacao ao embrido Bos taurus (Paula-Lopes et al., 2003). Eberhardt et al.
(2009) demonstraram consequéncias menos deletérias do ETC sobre o
desenvolvimento embrionario de animais da raca Nelore quando comparados
com taurinos ou mesticos (Bos taurus x Bos indicus). Além disso, odcitos de
vacas Holandesas foram mais termorresistentes quando fertilizados com sémen
de Nelore do que com sémen de Angus (Block et al., 2002). Demosntrando assim
o potencial de resisténcia da raca Nelore.

A raca simental é criada em todos os continentes, devido a sua grande
adaptabilidade e fertilidade (Schmitt et al.,, 2011). No Brasil, é mais utilizada
visando cruzamentos, principalmente com animais da espécie zebuina,
proporcionando excepcional adaptabilidade, vigor e habilidade materna (Mota,
2012). O interesse econémico neste gado, logo ultrapassou as fronteiras suicas,
sendo que paises vizinhos, como a Austria, Itdlia, Franca e Alemanha
naturalizaram animais com genétipos Simental. Estes paises acabaram
desenvolvendo linhagens préprias, sendo que hoje a raca Simental €
cosmopolita, estando presente em todos o0s continentes, destacando-se
principalmente na Europa, onde apresenta alta representatividade, chegando a
80% do rebanho leiteiro na Sérvia e Austria e a 30% na Alemanha (Thom, 1959).
Dentre as varias linhagens derivadas do Simental, a Montbeliarde presente na
Franca caracteriza-se por ser de dupla aptiddo, destacando-se na producéo de
carne e leite bem como, pela precocidade produtiva e reprodutiva dos animais
(Abcss, 2011).

Além da producdo de leite com elevado teor de sdlidos, a raca
Simental também se destaca pelo bom desempenho reprodutivo. Vacas da raca
Simental tiveram 89% de prenhez ap0s a segunda cobertura e 70,7 dias de
intervalo do parto primeira cobertura, contra 59% de prenhez apds a segunda
cobertura e 77,4 dias de intervalo do parto até a primeira cobertura para as vacas
Holandés (Ravagnolo e Misztal, 2002). Na Republica Tcheca foi observado
indice de 52,52% de prenhez na primeira cobertura e intervalo entre partos de
372,75 dias para vacas Simental (Morris et al., 2011). Resultado similares foram
reportados na Turquia com 371 dias para intervalo entre partos e 87 dias periodo

parto primeira cobertura (Giralt e Villarroya, 2012).
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2.3.EFEITO DO ESTRESSE TERMICO SOBRE A REPRODU(;AO DE FEMEAS
BOVINAS

Como descrito acima o ETC pode afetar a reproducdo em varios

aspectos, no entanto nessa revisao serdo descritos os efeitos sobre o ciclo estral,

odcitos e embrides.

2.3.1. CICLO ESTRAL

O estresse térmico pode comprometer o comportamento sexual da
vaca. Em geral, as vacas leiteiras possuem estro com duragdo de
aproximadamente 14 a 18 horas durante o periodo frio e 8 a 10 horas em
periodos quentes, o que dificulta o diagndstico de cio (Barbosa e Damasceno,
2002). Nos meses mais quentes do ano, o indice de falha na detecc¢éo de estro
de vacas de leite chega a 75-80%, pois o calor reduz tanto a duragéo do estro
quanto o numero de montas (Hansen, 2007).

Vacas em condicbes de ETC sofrem um decréscimo nas
concentracbes de hormoénio luteinizante (LH) (Lee, 1993), e 0s pulsos pré-
ovulatérios de LH sdo menores quando ha baixas concentracdes de estradiol
(Gilad et al., 1993). Ja foi demonstrado que foliculos ovarianos (em estagio inicial
de crescimento antral e pré-ovulatérios), de animais previamente estressados
pelo calor, possuem células da granulosa menos eficientes do que animais que
estdo em conforto térmico, e como consequéncia, apresentam menor producao
de estradiol (Roth et al., 2001). Além disso no verao, as concentracdes de inibina
estdo reduzidas, e consequentemente sdo observadas altas concentracdes do
horménio foliculo estimulante (FSH) e menores de LH no periodo pré-ovulatorio
(De Rensis e Scaramuzzi, 2003). Todas essas altera¢cdes hormonais em situacao
de ETC culminam com alteracdes no fenbmeno ovulatério ( ausencia de
ovulacéo ou alteracédo dos padrdes de horario e numero de ovulacées).

Ja foi relatado que o risco de faléncia da ovulacdo de vacas leiteiras €
3,9 vezes maior para inseminacdes realizadas no verdo do que no inverno, com
consequente reducdo na taxa de prenhez no verédo e que ha um maior numero
de duplas ovulacdes na estacgéao fria do ano (Lopez-Gatius et al., 2005). Isso se

explica pelo fato de que o perfil hormonal, e consequentemente o crescimento e
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desenvolvimento folicular, sdo afetados por mudancas da temperatura corporal
(Zeron et al., 2001).

2.3.2. OOCITOS E EMBRIOES

Embora o crescimento folicular seja controlado principalmente por
gonadotrofinas e fatores de crescimento produzidos localmente, uma série de
fatores ambientais, como o estresse térmico, pode influenciar o desenvolvimento
folicular e a qualidade do odcito, e, portanto, a fertilidade (Garnsworthy e Webb,
1999; Webb et al., 2003).

Sabe-se que ocorrem injurias em consequéncia do ETC diretamente
nos odcitos, porém ainda ndo esta claro o mecanismo que prejudica a qualidade
dos odcitos (Roth et al., 2001). Em vacas de alta producao leiteira, ha maior
qguantidade de foliculos e odcitos no inverno do que no verao, e a viabilidade
oocitaria também é maior nos periodos de menor temperatura, 85% no inverno
e de 65% no verdo (Zeron et al., 2001). A ma qualidade dos odcitos no periodo
do veréo foi associada a altas taxas de fragmentacéo de blastocisto produzidos
in vitro (Ferreira et al., 2011). Um dos métodos de avaliacdo da qualidade e
competéncia dos odcitos é a avaliacdo da capacidade de clivar e se tornar
blastocisto apés a fecundacgédo. Diversos estudos demonstraram que o estresse
térmico ndo afeta a taxa de clivagem apos trés dias da fecundacéo, porém, afeta
de forma negativa a taxa de blastocisto (Al-Katanani et al., 2002; Torres-Junior
et al., 2008; Ferreira et al., 2011).

O controle da maturagao meiética do odcito ocorre em funcéo de uma
intima e complexa interagdo entre células sométicas e germinativas envolvendo
uma série de vias metabdlicas (Fulka et al., 1998). Constatou-se que ha uma
deficiéncia na esteroidogénese das células da teca e granulosa previamente
estressados pelo calor, e isso gera uma reducdo nas concentracbes de
estradiaol no fluido folicular. Essa reducdo pode afetar a secrecdo de
gonadotrofinas que estejam envolvidas na aquisicdo de competéncia meiodtica
dos odcitos. Assim é possivel supor que a comunicagdo entre células da
granulosa e do cumulus também pode causar prejuizos na competéncia oocitaria
(Roth et al., 2001). Esse fato leva a um comprometimento nutricional do oécito
e, por consequéncia (Thompson et al.,, 2007), a um impacto negativo na

retomada da meiose do odcito (Van Soom et al., 2007).
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Edwards et al. (2005) verificaram que o estresse de 41°C por uma
hora durante a maturacdo in vitro de o0citos bovinos ndo comprometeu a
capacidade dos odcitos completarem a maturagdo nuclear e citoplasmatica,
porém fez com que o tempo necessario para estes fenbmenos fosse menor
(Edwards et al., 2005). Assim o aumento da temperatura durante a fase de
maturacdo oocitaria pode induzir ao envelhecimento precoce dos odcitos, e
reduzir assim a vida fértil dos mesmos.

Em ruminantes, estudos confirmaram que leva meses para um foliculo
primordial atingir o estagio pré-ovulatério (Campbell et al., 2000) (Figura 1).
Sabe-se que odcitos de foliculos pré-antrais estdo em crescimento, e com uma
intensa sintese de RNA (Li et al., 2015), o que os torna sensiveis a mudancas
ambientais. Estudos demonstram a influéncia dos efeitos do estresse térmico
calorico (41°C; 8 - 16 horas) sobre o progresso da maturacdo nuclear
(capacidade de prosseguir de profase | até metéfase IlI) e citoplasmética
(alteracbes no cito esqueleto, reorganizacdo das organelas, alteracdo do
metabolismo, reducado nos niveis de mMRNA e alteracdes nos perfis de proteinas

sintéticas) dos odécitos (Edwards et al., 2005).
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Figura 1 — Figura esquematica representando o crescimento folicular desde o foliculo
primordial até a ovulacéo e sua relagdo com horménios e fatores de crescimento em cada
fase do desenvolvimento (Webb et al., 2004).

O ETC afeta foliculos antrais e pré-antrais de vacas, que tendem a
produzir oécitos de menor capacidade de fertilizacdo, e caso haja a fertilizacéo,
os embribes passam a ter desenvolvimento anormal (Hansen, 2005).E
considerando o tempo de desenvolvimento folicular desde a fase primordial (90
dias), os efeitos negativos do estresse térmico caldrico do verdo podem
influenciar na fertilidade na estacao de outono (Zeron et al., 2001; De Rensis e
Scaramuzzi, 2003). Ja foi relatado que odécitos que se desenvolvem em foliculos
antrais previamente estressados pelo calor, continuam sendo sensiveis mesmo
gue sejam cultivados in vitro (Nabenishi et al., 2012).

Embrides em fases iniciais de desenvolvimento, produzidos in vivo ou

in vitro, SG0 mais sensiveis a exposicdo a altas temperaturas (Edwards e
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Hansen, 1997). O choque térmico durante o periodo de zigoto compromete a
capacidade destes atingir as fases de morula e blastocisto, embora néo
comprometa a capacidade de clivagem até 16 células (Rivera e Hansen, 2001;
Sakatani et al., 2012; Ortega et al., 2016). Blastocistos que sofreram choque
térmico tendem a ter um menor nimero de células do trofoblasto. A taxa de
blastocistos foi menor quando o estresse térmico ocorreu durante a fase de
zigoto, entretanto, quando o estresse ocorreu durante a fase de morula, ndo
causou efeito sobre o desenvolvimento até a fase de blastocisto (Sakatani et al.,
2012).

2.4.FISIOLOGIA DO ESTRESSE TERMICO

O conhecimento do comportamento e das mudancas fisiolégicas nos
animais, diante do estresse térmico, € importante para a busca de maior
eficiéncia na producdo (Baéta e Souza, 2010). Em temperaturas que
ultrapassam os limites da zona de conforto térmico (ZCT), ocorre uma perda da
eficiéncia produtiva (Azevedo et al., 2005), pois afetam direta e indiretamente os
animais através de importantes reagdes bioldgicas, como variagdes enddcrinas,
hematoldgicas e bioquimicas (Faco et al., 2002). Estas ocasionam alteracdes
metabdlicas, em busca da manutencdo da homeostase (Facanha et al., 2013),
e, consequentemente, impactam negativamente na sanidade, producdo e
reproducao (Head, 1995; Mader et al., 2010; Souza et al., 2010).

Os mecanismos fisioldégicos e comportamentais que se alteram com
0 estresse térmico sdo: aumento de taxa respiratéria, aumento dos batimentos
cardiacos, aumento da taxa de sudorese, aumento na ingestdo de agua e
diminuicdo na ingestédo de alimentos (Azevedo e Alves, 2009). A vasodilatacéo
€ 0 primeiro mecanismo acionado para a perda de calor (Robinson, 2004),
seguido pela sudorese e aumento da frequéncia respiratoria. A reducdo de
ingestdo de alimentos € uma estratégia usada pelo animal na busca de manter
a temperatura corporal constante, pois resulta em decréscimo do incremento
calérico proveniente da alimentacdo (Hooda e Singh, 2010). O principal
termorregulador do organismo é o hipotalamo, e por uma série de mecanismos,
ocorre ativacdo hormonal e do sistema nervoso autbnomo, com o intuito de
preservar a integridade do organismo, mantendo a homeostasia (Cruz et al.,
2011).
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O aumento ou a diminuicdo da FR depende da intensidade e duracao
do estresse ao qual os animais estdo submetidos (Martello, 2006). Nos bovinos
expostos ao estresse térmico, 30% de suas perdas evaporativas ocorrem por
meio dos movimentos respiratorios e 70% pela sudorese (Silva, 2000). O
comportamento respiratério pode ser caracterizado em movimentos rapidos e
superficiais ou lentos e profundos, além disso, em casos extremos, pode ocorrer
respiracdo bucal acompanhada de salivacdo intensa e protusdo da lingua
(Baccari Jr, 2001). O aumento da frequéncia respiratoria por periodos longos,
causa prejuizos ao organismo animal, tais como: redu¢cdo no consumo de
forragens, producdo de calor enddgeno adicional devido ao exercicio da
ofegacao, desvio de energia para outros processos metabdlicos e reducédo de
géas cabonico (CO2) (acarretando em alcalose respiratoria pelos baixos niveis de
acido carbénico no sangue) (Matarazzo et al., 2006).

A temperatura corporal depende do equilibrio entre a termogénese e
a termdlise, ou seja, a relagdo entre a utilizacdo da energia de mantenca para
produzir ou dissipar calor, e em casos de ineficiéncia de perda de calor pelos
mecanismos de termélise, ocorre um aumento da temperatura retal acima dos
valores fisioldgicos, caracterizando um quadro de hipertermia (Baccari Jr, 2001;
Souza e Batista, 2012). Para Hansen (2005), a mensuragao da temperatura retal
€ amelhor forma para se determinar o estresse térmico em vacas. A temperatura
retal média em bovinos leiteiros € igual a 38,6°C, aceitando-se o intervalo de 38
a 39,3°C (Cunningham, 2004), havendo variacdes de acordo com a idade, sexo,
nivel nutricional, lactacdo e estagio reprodutivo (Martello et al., 2004; Matrtello,
2006).

As vacas de alta producéo, em inicio de lactacdo, sdo mais sensiveis
ao estresse por calor, e a producao de leite e eficiéncia reprodutiva diminuem
significativamente quando a temperatura retal excede 39°C e frequéncia
respiratéria 60 mov/min (Kadokawa et al., 2012).

2.5.RESPOSTA MOLECULAR AO ESTRESSE
2.5.1. HSP70 E HSP90

A primeira resposta de um organismo a qualquer estresse ambiental

acontece bioguimicamente. A resposta ao estresse compreende a atuacao de
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proteinas denominadas proteinas de choque térmico (HSP), sendo esta uma das
respostas primarias de protecdo celular (Lindquist e Craig, 1988). Inicialmente,
as HSPs foram identificadas como proteinas produzidas sob indu¢éo do estresse
térmico (Ritossa, 1962), contudo foi verificado que se trata ndo s6 de um
componente critico de um mecanismo de defesa complexo e altamente
conservado, como também desempenha papel fundamental tanto durante a
sintese, montagem, dobramento e degradacdo de proteinas, quanto na
preservacao da sobrevivéncia celular sob condicbes ambientais adversas (Gupta
et al., 2007). As HSPs podem ser classificadas de acordo com suas sequéncias
de aminoacidos e o seu peso molecular em KD, sendo distribuidas em seis
familias: pequenas HSP, HSP 40, HSP 60, HSP 70, HSP 90 e HSP 100 (Fuller
et al., 1994).

Em condicbes adversas, como por exemplo o aumento de
temperatura, estresse osmético ou oxidativo, os niveis de HSP sédo aumentados,
auxiliando, desta forma, na sintese e maturacdo de novas proteinas que irdo
substituir aquelas afetadas pelo estresse metabodlico (Bukau e Horwich, 1998).
As HSP também fornecem subsidio as células para identificar e facilitar o
restauracdo de proteinas danificadas ou destind-las a um sistema proteolitico
adequado, facilitando a eliminacao de proteinas, cujos danos néo sédo passiveis
de restauracéo (Mayer e Bukau, 2005).

As HSPs sdo ativadas da seguinte maneira: logo apés um estresse
térmico, ocorre uma resposta ao choque térmico (HSR), em que um fator
transcricional, conhecido como fator de choque térmico | (HSF1), que se
encontra na sua forma inativa, passa rapidamente por uma trimerizacao,
permitindo que se ligue a uma regido promotora dos genes que codificam as
HSPs. Tal regido € descrita como elemento de choque térmico (HSE). Dessa
forma, ocorre um aumento da expressdo dos genes para HSP (Castro et al.,
2013) (Figura 2).
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REGULACAO DE PROTEINAS DE ESTRESSE TERMICO
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Figura 2 - Regulagdo e mecanismo de agéo das proteinas do choque térmico
(HSPs). Adaptado de Tomanek e Somero (2002).

O aumento de HSP nas células lesadas, além de auxiliar no reparo de
proteinas, apresenta um importante papel na manutencao da viabilidade dda
mesma. A HSP 70 atua modulando as vias da apoptose. Essa proteina regula a
apoptose tanto na via intrinseca como na extrinseca. Na via intrinseca, ela atua
na prevencdo da perda de potencial da membrana mitocondrial externa.
Resumidamente, a HSP 70 impede a translocacdo da proteina Bax para a
membrana mitocondrial, evitando que ela crie poros na membrana (Mosser et
al., 1997; Castro et al., 2013). Na via extrinseca, a HSP 70 atua inibindo a
ativacdo de moléculas apoptoticas, tais como JNK, caspase-8, Bax, AlF, Apaf-I
e a caspase-3 (Castro et al., 2013; Wang et al., 2014; Vasaikar et al., 2015).

As proteinas de choque térmico, além de atuarem modulando as vias
da apoptose, podem também ser utilizadas como marcador de estresse celular
e, por consequéncia, influenciar na competéncia oocitaria (Camargo et al., 2007).

J& foi descrito que complexos odcitos-cumulus (COCs) de bubalinos

(Yadav et al.,, 2013) e bovinos (Paynton et al., 1988), quando submetidos a
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elevadas temperaturas durante a maturacao in vitro (MIV), respondem a esse
estresse incrementando a expressao de RNAm para HSP 70.

Apesar da inducgdo destas proteinas ter sido inicialmente interpretada
como um sinal para a deteccédo de estresse atraves da alteracao de funcdes
fisiologicas, esta bem estabelecido que a inducéo é fundamental nos processos
de reparo que seguem diferentes tipos de danos e na prevencédo contra a
agregacdo e coagulacdo de proteinas (Santoro, 2000), que € o principal
mecanismo através do qual as HSP conferem citoprotecéo, evitando dobraduras
e interacdes incorretas entre as proteinas. Em condi¢cdes fisioldgicas, os
segmentos predominantemente hidrofébicos das cadeias polipeptidicas, que
formam as proteinas corretamente dobradas, localizam-se no interior da
molécula, enquanto os segmentos hidrofilicos voltam-se para o exterior. Esta
disposicéo possibilita a solubilidade das proteinas em meio aquoso e impede a
formacao de agregados que ocorreriam pela interacdo das partes hidrofobicas
de diferentes moléculas (Meyer e Silva, 1999).

O papel citoprotetor das HSPs (Figura 3) e, em patrticular, das HSP70,
tem sido extensivamente documentado tanto in vitro como in vivo, em uma
variedade de doengas humanas, incluindo: distirbios metabdlicos, inflamacéo,
infeccdo e isquemia (Oliveira Jr., 2005). Dentre os genes da familia de resposta
ao choque térmico, a HSP70 € um dos genes altamente conservados e 0
primeiro a ser induzido em resposta a diversos fatores estressantes
(Mukhopadhyay et al., 2003).

As HSP70 compb6em uma grande familia de proteinas comumente
associadas a tolerancia a temperatura (Mayer e Bukau, 2005). Kawarsky e King
(2001) demonstraram nao haver alteracdo da distribuicio de HSP70 no
ooplasma de odcitos bovinos submetidos a xxx graus C por xxxx horas durante
a maturacdo in vitro, mas relataram uma intima relacdo dessa protéina com o
fuso meidtico, indicando um possivel papel da HSP 70 com a estabilizacdo dessa
estrutura.

Matwee et al. (2001) observaram que a presenca do anticorpo anti-
HSP70 em meio de cultura do dia 3 ao dia 9 do cultivo in vitro de embrides de
camundongos aumentou a apoptose e reduziu significativamente a taxa de

blastocistos. No mesmo trabalho observou-se que a proporgdo de células
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1  apoptéticas em blastocistos bovinos foi significativamente menor apos cultivo in
2 vitro com exposicao prévia ao aumento da temperatura (42°C, 6 horas).

3

HSP70,HSP90
Sinalizacdo, acompanhamento
e ativacdo da transcrigcdo

Mabhcins ) oy

|

o -W‘

HSP70,HSP60, HSPA0 =

e
redobramento l
\ BSP10

Eesolubidizagdo ¢
peevencho do
desdobramento

4 .

5 Figura 3 - Esquema do mecanismo de ac¢édo das proteinas do choque térmico
6 (HSPs) (Wang et al., 2004).

8 Quando as células sofrem estress térmico, acontece a denaturacao

9 proteica, danificando a célula. Desta forma, sabe-se que HSP70 e HSP90
10 interagem com proteinas lesadas pelo estresse para evitar a agregacao e iniciar
11 o redobramento do substrato de maneira dependente de ATP e cochaperona
12 (Liberek etal., 2008). Nesses casos observa-se que o aumento de HSP70 resulta
13 na reducdo da formacdo de agregados via estimulacdo de proteassoma,
14  protease dependente de ATP usada para destruir proteinas danificadas (Dul et
15 al., 2001). Em ultima analise, oécitos envelhecidos tem menor capacidade de
16  produzir HSPs e apresentam maior numero de proteinas danificadas agregadas
17  em funcéo do estresse oxidativo (Mihalas et al., 2017).
18 A HSP90 é uma chaperona abundante e representa de 1 a 3% do total
19 de proteinas citosolicas em condigdes fisiologicas (Welch e Feramisco, 1982).

20 Essa proteina participa da estabilizacéo, ativacdo e maturacdo de mais de 200
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proteinas, denominadas proteinas clientes (ou substrato), que dependem dela
para atingir e/ou manter sua conformacéo funcional, sendo que, muitas dessas
células alvo sdo essenciais para sinalizacdo e transcricdo celular, além de
respostas adaptativas a situacdes de estresse (Mayer e Bukau, 2005; Da Silva
e Ramos, 2012).

Como a HSP90 é responsavel pela ativacdo de uma gama de
proteinas clientes, essa chaperona evoluiu para formar uma variedade de
complexos com co-chaperonas, que por sua vez, regulam o ciclo funcional da
HSP90 (Prodromou, 2012). O repertério de proteinas alvo da HSP90 implica na
interacdo com diferentes co-chaperonas reguladoras e proteinas de sinalizacéo,
incluindo as proteinas quinases e fatores de transcricdo, que estdo envolvidos
no controle da proliferacao, diferenciacéo celular e apoptose (Roe et al., 2004;
Da Silva e Ramos, 2012). Portanto, a HSP90 € uma proteina essencial para
viabilidade e integridade celular e é tida como um mediador chave da
homeostase, fungdo que realiza sendo um facilitador de diversas interagdes
proteina-proteina do tipo transiente e de baixa afinidade (Pratt et al., 2008). Em
contraste com outras chaperonas moleculares, a HSP90 parece ser
relativamente especifica em relagéo a interacdo com suas células alvo; contudo,
as bases moleculares dessa especificidade ainda ndo sdo bem compreendidas.
A resisténcia a insulina tem sido relacionada com expresséao alterada da HSP90
(Piccinini et al., 2006). HSP90 é bem controlada por varias modificacdes poés-
traducionais, incluindo fosforilagéo, acetilacao e nitrosilagdo. Essas modificagcoes
influenciam a atividade chaperona de HSP90 e, portanto, a maturacao de
proteina alvo (Li et al., 2012).

A acetilacdo e a fosforilacdo podem afetar a funcdo da HSP90 por
varios mecanismos diferentes, incluindo efeitos sobre a atividade ATPase, a
ligagcdo de co-chaperonas e a ligagdo de proteinas alvo. Além dessas
modificacdes pos-traducdo, a HSP90 também pode ser ubiquitinada, embora
seja menos conhecida nesta modificacdo covalente particular, o foco da maioria
dos estudos esté na ubiquitinagéo e posterior degradacéo das proteinas alvo de
HSP90. H4& também evidéncias de que, além disso, para as modificacdes pos-
translacionais regulatérias, a HSP90 pode reagir com varios nucleofilos de
pequenas moléculas celulares, tais como aldeidos reativos produzidos como

resultado de dano oxidativo aos lipidios, que pode desempenhar um papel em
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alguns estados de doenca (Sakamoto et al., 2013).

Schirling et al. (2004) avaliando odécitos de anfibios observaram baixo
nivel de HSP90, enquanto a HSP70 estava no seu pico, em 00citos imaturos.
Quando no final do ciclo, ja com odcitos maduros o oposto era verdadeiro. Diante
disso, afirmaram que os niveis de proteinas de estresse refletem o estagio de
maturidade dos odcitos. Avaliando ovarios bovinos, Velazquez et al. (2010),
observaram que a HSP70 e HSP90 apresentaram padrédo semelhante de
imunomarcacdo, com expressdo génica moderada em foliculos primarios e
secundarios. Observaram ainda um aumento da expressdao em foliculos
terciarios e atrésicos com maior expressao génica em foliculos cisticos. As HSPs
também foram localizadas no corpo luteo, corpus albicans, tecido intersticial e
tunica albuginea. Diante disso, concluiram que o aumento da expressao de
genes HSP diminui a apoptose na parede folicular.

Ja foi observado por Pennarossa et al. (2012) que COCs de suinos
isolados de ovérios coletados no veréo apresentaram o mesmo padrdo de HSPs
dos coletados no inverno. Apés estimulos térmicos ou variacdes sazonais, a
expressao génica relacionada a célula do cumulus, a HSP néo sofre variacao, e
apenas od0citos ativam uma resposta, sugerindo que esse mecanismo €

insuficiente para preservar a competéncia do odcito in vitro e in vivo em suinos.

2.5.2. SIRTUINAS

As sirtuinas sdo reguladores importantes de uma ampla variedade de
processos celulares e fisioldgicos, tais como proliferacdo celular, diferenciacéo,
resposta ao estresse, estabilidade do genoma, sobrevivéncia celular,
metabolismo e homeostasia energética e processo de envelhecimento (Michan
e Sinclair, 2007). Estas participam também na regulacéo de diversas patologias,
tais como neoplasias, doencas inflamatérias crbnicas, diabetes, doencas
cardiovasculares e doencas neurodegenerativas (Michan e Sinclair, 2007).

As sirtuinas fazem parte de um expressivo grupo de enzimas (Tabela
1), da familia das histonas desacetilases ou HDACs, cujo papel principal é
reverter a acetilagdo regulatéria das proteinas histonas, influenciando
diretamente na estrutura dos nucleossomos e consequentemente na transcricao

génica (Gregoretti et al., 2004).
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Tabela 1 - Principais caracteristicas das sirtuinas de mamiferos, adaptado de
Pereira (2016).

Sirtuina Localizacao Atividade Processos bioldgicos
intracelular envolvidos

SIRT 1 Nucleo/Citoplasma* Desacetilase  Metabolismo/inflamacao/
Neurodegeneracao/Apoptose/
Proliferacéo celular/
Regeneracao
SIRT 2 Citoplasma/Nucleo* Desacetilase  Metabolismo/ Ciclo celular/
Neuroinflamacéao
SIRT 3  Mitocondria/Nucleo* Desacetilase  Metabolismo/ Estresse
oxidativo
SIRT 4  Mitocondria ADP-ribosil Metabolismo
transferase
SIRT5  Mitocondria Desacetilase?, Metabolismo
Demalonilase
e
Desuccinilase
SIRT 6  Nucleo Desacetilase e Reparo DNA/ Inflamacao
(heterocromatina) ADP-ribosil
transferase
SIRT 7 Nucleo (nacleolo) Desacetilase  Transcricdo DNAr

*Localizagdo secundaria; (?) Funcédo pouco proeminente

A SIRT1 €&, sem duvida, a representante mais estudada do grupo.
Encontra-se predominantemente no ndcleo, mas com capacidade de deslocar-
se ao citosol, e atua em inUmeros processos do metabolismo como na secre¢ao
de insulina, mecanismos de neuroprotecéo, regulacéo do sistema imune, cancer,
estresse oxidativo e apoptose (Stunkel e Campbell, 2011). A SIRT2 esta
presente prioritariamente no citoplasma, mas também pode deslocar-se ao
ndcleo. Esta envolvida na diferenciacdo de adipdcitos, resposta celular ao
estresse e regulacao do ciclo celular (Mahlknecht e Zschoernig, 2012).

As SIRT 3, 4 e 5 estdo localizadas nas mitocondrias e estao
associadas ao metabolismo energético e a respostas relacionadas ao estresse
oxidativo e sinalizacao celular (Baur et al., 2012). Dentre estas, a SIRT3 vem se
destacando devido a sua capacidade desacetilase ser a mais robusta entre as
sirtuinas mitocondriais, atuando em um maior numero de alvos metabdlicos e,
consequentemente, atraindo muito interesse em sua potencial acao benéfica em
complicagbes associadas ao envelhecimento, homeostase metabodlica e

protecdo ao estresse oxidativo (Houtkooper et al., 2012).
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A SIRT4 é a unica sirtuina sem substrato para desacetilacao
conhecida, porém, possui acdo de ADP-ribosil transferase. Sua relevancia
fisiolégica e acéo precisa no metabolismo ainda € pouco entendida, entretanto
ja foi proposto que atue como potente supressor tumoral em camundongos e
células humanas (Osborne et al., 2014). Recentemente, a SIRT5 é a Gnica com
outras duas atividades identificadas, desuccinilase e demalonilase, as quais sé&o
aparentemente mais relevantes que sua funcédo desacetilase na regulagdo do
metabolismo celular na mitocondria (Baur et al., 2012).

O estudo das sirtuinas fez um progresso notavel e ampliou o
conhecimento acerca destas moléculas. No entanto, a compreensdo acerca da
biologia e mecanismos das sirtuinas ainda esté longe de estar completa e muitas
perguntas ainda necessitam de respostas. Emergindo da pesquisa sobre as
sirtuinas, existe uma crescente compreensdo de que elas sdo um sistema de
resposta bioldégica muito complexo, que influencia muitas outras moléculas
reguladoras e vias de sinalizacdo (Soares, 2014).

De acordo com Tatone e Di Emidio (2015b) recentemente, descobriu-
se o0 papel crucial para SIRT1 e SIRT3, sdo como sensores e guardides do
estado redox em o0citos, células da granulosa e embrides iniciais. J& Di Emidio
et al. (2014) observou que a SIRT1 desempenha um papel crucial na resposta
adaptativa de odécitos de camundongos, principlamente na fase de vesicula
germinativa (GV), que sofrem o estresse oxidativo. Zhang et al. (2015) utilizaram
inibidores de sirtuinas (nicotinamida e sirtinol) durante a maturacao de o4citos
suinos, e observaram os fusos da meiose anormais e 0S Cromossomos
desalinhados. Entretanto, Okamoto et al. (2013) avaliando ovarios de
camundongos idosos observaram que os odécitos expressavam altos niveis de
SIRT6, enquanto as expressdes de SIRT1, SIRT2, SIRT4 e SIRT6 eram altas
nas células do cumulus. Ao comparar amostras de camundongos jovens e
idosos, os niveis de RNAm de SIRT1 e SIRT7 em odcitos ndo foram diferentes.
No entanto, SIRT2 e SIRT6 foram menores nas células do cumulus de
camundongo idosos. Sugerindo uma possivel associacdo da SIRT2 e SIRT6 em
células do cumulus com comprometimento da qualidade do odcito em

camundongos idosos (Okamoto et al., 2013).

2.5.3. OUTRAS PROTEINAS (BCL11A e P53)
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O gene BCL11A, chamado oncogene, ja foi identificado em embrides,
em que determinadas mutacbes do gene podem apresentar auséncia de
linfoctios B e alteracdes em varias linhagens de linfocitos T, demonstrando sua
funcdo para o desenvolvimento normal dos linfocitos (Liu et al., 2003). Além
idsso, esse gene, tem expressdao estagio-especifica na ontogenia das
hemoglobinas, e os progenitores eritrides embrionicos e fetais, que tem altas
concentragbes de hemoglobina F, tem baixas expressdes do gene BCL1lla
(Sankaran et al., 2009).

O gene BCL11A funciona como silenciador da gama-globina, atuando
através da interagcéo a distancia com o cluster da B-globina e de interagdo em
nivel local com a proteina SOX6, que funciona como co-fator (Xu et al., 2010).
Além disso, o gene BCL11A tem sido associado como o principal agente
repressor dos genes HBG (gene globinico fetal), sendo demonstrado que
eritrécitos adultos com niveis elevados de HbF apresentam reducdo da
expresséo de mRNA do BCL11A. Os mecanismos moleculares envolvidos nessa
regulacdo ainda ndo foram completamente elucidados, entretanto, acredita-se
que a proteina BCL11A se ligaria a um sitio especifico localizado préximo a
regido promotora dos genes HBG, reprimindo sua expresséo. Polimorfismos em
HGB tem sido associados a um fenoétipo de sintese continuada de hemoglobina
F, em individuos normais e em portadores de hemoglobinopatias como a HbSS
(Uda et al., 2008). Entretanto, BCL11A é altamente expresso em cancer de
mama (Khaled et al., 2015). Avaliando células da granulosa humanas, Perlman
et al. (2006), observaram que a BCL11A é regulado pelo horménio FSH,
sugerindo a participagdo do gene na foliculogénese. Esses resultados
demonstram que apesar de ainda pouco conhecido, essa proteina esta envolvida
com fend6menos da reprodugéo.

O p53 € um gene supressor tumoral, que codifica uma fosfoproteina
nuclear que desempenha um papel importante no controle do ciclo celular, no
reparo do DNA e na inducdo da apoptose. Em condicbes de stress,
particularmente por indugdo de dano no DNA, a proteina p53 bloqueia o ciclo
celular, permitindo dessa forma o reparo do DNA ou promovendo a apoptose.
Estas funcdes sao efetuadas pela capacidade transcricional da proteina p53 que
ativa uma série de genes envolvidos na regulacdo do ciclo celular (Cavalcanti
Janior et al., 2002).
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O gene p53 é considerado como o “guardido do genoma”, dentre
todos aqueles reconhecidamente envolvidos nos processos de carcinogénese,
€ 0 de maior importancia. O gene é ativado em resposta a sinais de dano celular.
Embora seja considerado um gene supressor de tumor, porgue a maioria das
mutacdes leva a perda de funcédo, o p53 quando sofre alguns tipos de mutacdes
pode exercer um efeito negativo dominante, ou seja, o produto do Unico alelo
mutado interage e inativa o alelo normal, induzindo o cancer e atuando, portanto,
como um oncogene (Levine, 1997).

Apesar das mutacdes em p53 serem observadas principalmente em
células sométicas, as que ocorrem em ceélulas germinativas sdo responsaveis
pela Sindrome de Li-Fraumeni. O p53 mutado pode ser observado em cerca de
75% das familias, cujos portadores apresentam aumento dos niveis da proteina
p53 em tecidos normais e neoplasicos (Hodgson e Maher, 1999). Na rara
Sindrome de Li Fraumeni, existe uma predisposicdo hereditaria ao cancer,
incluindo vérios tipos de neoplasias malignas, tais como leucemias agudas,
sarcomas em criancas e adultos jovens e cancer de mama em mulheres jovens.
Nos individuos acometidos por esta sindrome, foi demonstrado que os pais
possuiam em suas células germinativas o gene p53 mutado. Os pacientes
afetados apresentam mutacdo do gene p53 em um dos alelos demonstrando
desta forma a acdo desse gene na patogenese desta sindrome (Li et al., 1988;

Preudhomme e Fenaux, 1997).
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3. HIPOTESE

O estresse térmico promove altera¢cdes moleculares em 00citos e embrides
bovinos, além de alterar padrbes fisiologicos e reprodutivos em fémeas

adaptadas as tropicos.
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4. OBJETIVOS

4.1.OBJETIVO GERAL

Avaliar a influéncia de mudancas moderadas de temperatura durante
a maturacdo de odcitos in vitro sobre a competéncia de desenvolvimento do
embrido e a influéncia do estresse térmico sobre parametros fisioldgicos,

moleculares e reprodutivos de fémeas bovinas

4.2.OBJETIVOS ESPECIFICOS

Investigar a influéncia das mudancas de temperatura durante a
maturacao in vitro na competéncia de desenvolvimento de odécitos bovinos, da
raca Simental, bem como a expressdo e abundancia de sirtuinas e proteinas
BCL1l1lal e p53.

Investigar a influéncia das mudancas de temperatura durante a
maturacao in vitro de odcitos, bem como a producédo de embrides e a abundancia
de HSPs 70 e 90 em bovinos da raca Nelore.

Avaliar a influéncia do estresse térmico sobre parametros fisiologicos,
viabilidade oocitéria e presenca de HSP 70 e 90 em od4citos de racas adaptadas

aos tropicos.
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Abstract

With the objective of investigating the influence of temperature changes during in vitro
maturation on the development competence of bovine oocytes, as well as the expression
and abundance of sirtuins and proteins involved in inflammatory processes. The cumulus-
oocyte complex (COCs) of simian cows matured in vitro at different temperatures (37°C,
38.5°C e 40°C). Before maturation, the oocytes were stained with Cresilblue Brilliant
(BCB) and then categorized as labeled BCB (BCB +) and unlabelled BCB (BCB-). After
maturation, in vitro embryos were produced and the oocytes were evaluated for the
extrusion rate of the polar body, and also undergoing real-time PCR and
immunofluorescence, to determine the sirtuins, BCL11A and p53. The different
maturation temperatures did not significantly influence the proportion of oocytes that had
the first polar corpuscle and the cleavage rate in Simental animals, however, there were
significant differences in the rate of blastocysts. COCs matured at 38.5 ° C (control) had
the highest blastocyst rate (37%), in contrast to that at 37 ° C and 40 ° C, which showed
a partially significant reduction in the blastocyst rate (33.2% and 21.5%). In all three
maturation groups, the blastocyst rates were higher for BCB + oocytes than for BCB-
oocytes. In BCB + oocytes the expression of SIRT1, SIRT2, SIRT3 and SIRT5 genes
were higher after maturation than before maturation. The maturation temperature proved
to have an effect on the expression of SIRT1, SIRT2, SIRT3, SIRT5 and BCL11al genes
in BCB+ oocytes. When the cumulus cells were evaluated, only the SIRT2 gene had no
effect on temperature in BCB + oocytes. And cumulus cells from BCB- oocytes had a
temperatem effect only on the SIRT3 gene. In summary, the change in temperature (+
1.5°C) of oocyte maturation adversely affects the blastocyst rate after in vitro fertilization,
in addition to influencing gene expression important for cell protection.

Keywords: Embryo, In vitro maturation, Simmental, Sirtuins, Temperature.
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Introduction

Climate is one of the environmental components that has the greatest
influence on animal welfare (Pereira 2005), negatively influencing the health,
reproduction and production of milk (Bilby et al. 2009; Sartori et al. 2002). The
combination of all environmental factors characterize animal comfort or thermal stress.
Thermal stress leads to adverse effects on animal production and reproduction (Garcia-
Ispierto et al. 2007; Piccand et al. 2013), resulting in serious economic problems and
compromising animal welfare.

The first response of an organism to any environmental stress happens
biochemically, which implies all the effects of a higher organizational level (Lindquist
and Craig 1988). The stress response comprises the action of (Michan and Sinclair 2007),
HSPs and other proteins and protein complexes. Sirtuins are important regulators of a
wide variety of cellular and physiological processes, such as stress response, genome
stability, apoptosis, cell survival, metabolism, among others (Michan and Sinclair 2007).
The sirtuins also participate in the regulation of several pathologies, such as neoplasias
and inflammatory diseases (Michan and Sinclair 2007).

Histones are known to play a role in the structure of chromatin, being essential
for gene expression. Thus, modifications of acetylation, deacetylation and
phosphorylation of histones may result in repression or increase of transcription genes
(Jenuwein and Allis 2001). These modifications are controlled by histone deacetylase
(HDAC) and histone acetyltransferase (HAT) enzymes. Any mismatch in this system can
cause damage to the development of the oocyte or embryo, and lead to the appearance of
diseases (Taddei et al. 2005). SIRT, for example, belongs to the NAD-dependent histone
deacetylase family and is involved in regulating the activation of transcription and
apoptosis related to the p53 (tumor suppressor gene) (Blander and Guarente 2004). In
addition, in stressed cells, SIRT1 promotes cell survival by inhibiting p53-dependent
apoptosis. This sirtuin can directly modify the cellular chromatin, silence the gene
transcription, modulate the meiotic point and promote anti-aging effect (Luo et al. 2001;
Voelter-Mahlknecht and Mahlknecht 2006), thus directly influencing oocyte quality and
embryo development.

The study of sirtuins made remarkable progress and expanded knowledge
about these molecules. However, understanding about the biology and mechanisms of
sirtuins is still far from complete and many questions still need to be answered. Emerging

from sirtuin research there is a growing realization that they are a very complex biological
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response system, which influences many other regulatory molecules and signaling
pathways (Soares 2014).

Thus, the objective of this study was to investigate the influence of
temperature changes during in vitro maturation on bovine oocyte developmental
competence, as well as the expression and abundance of sirtuins and proteins BCL11al
and p53.

Material and Methods
The experiment was conducted at the Leibniz Institute for Farm Animal

Biology (FBN) in Dummerstorf - Germany.

Animals

Ovaries from Simental (Bos taurus taurus) were used, which came from
commercial properties in Germany (Franconia) and were slaughtered in a commercial
slaughterhouse during the months of January to March 2017. The ovaries collected were

transported to the laboratory within 3 hours on PBS plus antibiotics (37°C).

In vitro maturation of oocytes

The follicles were aspirated with a syringe (18G needle) and transferred to
petri dishes (PBS, 0.3% w / v BSA, pyruvate, heparin, penicillin and streptomycin). We
used only COCs classified by stereomicroscopy as grade 1 or 2 (Alm et al. 2005).

The selected COCs were stained by Cresilblue Brilliant (BCB) as described
in the literature (Alm et al. 2005; Lima et al. 2016) and then categorized as BCB (BCB
+) and BCB (BCB) labeled. COC maturation was performed on a 4-well plate with 420
ul of maturation medium (TCM199 with Earl salts, 5% v / v estrus cow serum, 0.5 ng /
ml estradiol, 0.01 mIE / ml HCG, 200 mM L-glutamine, 0.01 mg / ml streptomycin, 10
U / ml penicillin) under mineral oil in incubators (HeracellTM, ThermoScientific, Bonn,
Germany) with 5% CO 2, and different temperatures (37°C, 38,5°C (control) and 40°C)
for 24 hours. A group of immature oocytes was not maturated to be used as comparison
samples.

The mature COCs, after evaluation of the presence of the polar body, were
washed (1x) and transferred to fertilization medium (supplemented with heparin with
TALP medium, 6 mg / ml BSA). Simmental cryopreserved semen was used for in vitro



N oo oo BN

0o

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

26
27
28
29
30
31
32
33

58

embryo production. The mobile spermatozoa were separated by the Swim-up method and
fertilization was performed at the final concentration of 1x106 sperm / ml. COCs and
sperm were co-incubated for 22 hours at maximum humidity, 38.5°C and 5% CO 2. After
washing, the zygotes were transferred to 4 well plates containing medium SOF (Minitib,
Tiefenbach, Germany, 10% v / v estral cow serum). Embryo culture was performed at

39° Cin 5% CO2, 5% O, and maximum maoisture.

Preparation of DNA, RNA and cDNA synthesis

Total RNA from the oocytes and cumulus cell samples were isolated with the
Nucleo Spin® RNA Il Kit (Macherey-Nagel, Duren, Germany) following the
manufacturer’s instructions. Therefore, matured and unmatured COCs were separated
mechanically (frequent pipetting, 100 ml automatic pipette) into naked oocytes and
cumulus cells. The pure Oocytes were removed and washed (3x) in PBS. 30 Oocytes per
group (3 repetitions) were transferred with a minimum (smallest possible, not more than
5 ul) of PBS into lysis buffer. The cumulus cells belonging to the respective oocytes were
group wise collected and washed (3x) in PBS. The precipitates of the last washing steps
were resuspended in lysis buffer. RNA concentration was measured with a
NanoDrop1000 Spectrophotometer (Thermo Scientific, Bonn, Germany). Synthesis of
cDNA was performed with M-MLVreverse transcriptase and RNasin ribonuclease
inhibitor (M3683 and N2515, Promega Mannheim, Gemany) using oligo-(dT) primers (2
ng / pul, #10814270001) mixed with random hexamer primers (4 ng / ul, #11034731001;
both Roche, Mannheim, Germany) according to the manufacturer’s advice. Afterwards,
cDNA was cleaned with the High Pure PCR Purification Kit (#11732676001, Roche) and
eluted in 115 pl elution buffer.

Real-time quantitative PCR

Real-time PCR was performed with SensiFast ™ SYBR No-ROX (# B10-98020,
Bioline, Luckenwalde, Germany) and gene-specific primers (Table 1). Each transcript
was quantitated in triplicate on a LightCycler® 480 instrument (Roche) with the
following cycle conditions: preincubation at 95°C for 5 min, 40 denaturation cycles at
95°C for 20 sec, annealing at 60°C for 15s, extension at 72°C for 15s and acquisition of
single point fluorescence for 10s. The analysis of the melting points of all samples was
done to ensure the amplification of correct products. The length of the PCR products was
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checked after each run by agarose gel electrophoresis (3%, stained with ethidium
bromide). Initially, all amplifications were sequenced to verify authenticity. The cloned
PCR products of the studied transcripts were used as external standards. Fresh dilutions
of these were used to obtain five different concentrations of standards (5 x 10-12-5 x 10-
16 g DNA / reaction) that were co-amplified. Levels of transcript abundance were

generally normalized to the transcripts of RPS18.

Table 3- Primer sequences used for rtPCR

Name Sequence RefSeq Bp

SIRT1F TGGTTCCTTTGCAACAGCATCTTGC NM_001192980.1 100
SIRT1R AGGACATCGAGGAACCACCTGATT

SIRT2F ACTTACAGCTCTTTTCTGGGGAGCT NM_001113531.1 400
SIRT2R TTTCAGAGTTGGAGGCAGAGGCG

SIRT3F ACACCAGAGGTTACTTGGGAGTCAC NM_001206669.1 100
SIRT3R GTGTCCTGGTTCAGCCACAATTTGT

SIRT4F TCTGACCGAGGCTTACCAACTGTA NM_001075785.1 100
SIRT4R AACTCCTGAGCTCTGAAACCTGCT

SIRT5F TGTGGATGGTGAGCCAAATACTGGA NM_001034295.2 100
SIRTSR CTGTTGCTTCCAAGTCCCCATCAA

TP53F TCTCCACAGCCAAAGAAGAAACCAC NM_174201.2 100
TP53R AGGCATCATTCAGCTCTCGGAACA

BCL11aF ATGCCCCGCAGGGTATTTGTAAAG NM_001076121.1 100
BCL11aR TGTGCGTGTTGCAAGAGAAACCA

RPS18 GAGGTGGAACGTGTGATCACCATT

forward

RPS18 TGTATTTCCCGTCCTTCACGTCCT

reverse

Immunofluorescence

The mature COCs, oocytes and cumulus cells were partially but not completely
separated (frequent pipetting) under microscopic control. The resulting complexes (20
per group, 3 replicates) were washed (3x) in PBS and fixed in 3% v / v Paraformaldehyde
+ 2% w /v Sucrose in PBS (4°C, 4h).

The complexes were washed in wash buffer (TBS + 0.5% v /v + 0.05% v / v Triton
X100) for 10 min at room temperature and permeabilized in permeabilization buffer (20
mM HEPES, sucrose 300 mM, 50 mM NaCl 3 mM MgCI2, 0.5% v / v Triton X100, pH
7.4, 10 min, 0°C adjustment). After washing in wash buffer (5 min), the non-specific
binding was blocked by incubation with Roti® Block (Carl Roth, Karlsruhe, Germany;
1:50 in H2 O, 2 hours, room temperature). Immediately thereafter, incubation with the
first antibodies diluted in TBS (0.05% v / v Tween 20, 2% v / v Roti® Block) at 4 ° C
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overnight (Table 2). COCs were then washed in wash buffer (4 x 10 min, room
temperature) and incubated with the second appropriate antibody (Table 2) for 5 h in the
dark at room temperature. The complexes were washed again (4x, wash buffer, room
temperature) and the SYBR1 green-challenged nuclei (S-7563, Molecular Probes,
Thermo Fisher, Dreieich, Germany) in a 1. 500 dilution in PBS. (1 hour, room
temperature). After washing (wash buffer, 4x 10 min, room temperature) and a second
fixation (2% v / v paraformaldehyde in PBS, 4°C overnight) the complexes were mounted

on cover sheets with glycerin gelatin, cooled and stored in 4°C until microscopy.

Table 4 - Antibodies and dilutions of antibodies used for western blotting and
immunofluorescence staining (more information: ABIN: Antibodies-Online,
CST: CellSignaling Technology, A: Invitrogene / Thermo Fisher Scientific).

Proteina Antibody ID Description fi 'mmuno-
uorescence
BCL11A ABIN462216  primary rabbit anti human 1:200
BCL11A (polyclonal)
p53 ABIN184527  primary mouse anti bovine 1:100
p53 (monoclonal)
Sirtl ABIN729853  primary rabbit anti human 1:100
SIRT1 (polyclonal)
Sirt2 ABIN493462  primary rabbit anti bovine 1:100
SIRT2 (polyclonal)
2. Ab A-11035 secondary goat anti rabbit 1:100
Alexa® 546
2. Ab A-32723 secondary goat anti mouse 1:100
Alexa® 488

Confocal laser scanning microscopy

The stained COCs were analyzed using a laser scanning confocal microscope
(LSM 5 Pascal) attached to an Axiovert 200M inverted microscope (Carl Zeiss, Jena,
Germany). For the measurement of the red (AlexaFluor® 555) and green (SYBR®1,
AlexaFluor® 488) fluorescence combinations, a multitrack procedure was used [Line 1:
488 nm of an argon laser (458, 488, 514 nm; mW), 505-530 nm filter; Lane 2: 543 nm
line of a HeNe laser (543 nm, 1 mW), 560 nm long pass filter]. Stacks of images (40
images, Az = 4 pm, 1024x1024 pixels) were recorded using a 40x lens (oil immersion)
and software provided by Carl Zeiss. The distribution and intensities of the fluorescent
staining were studied in the different compartments, oocytes and cumulus cells
individually, by sieving the stacks of images. As a homogeneous approach, a level was
selected on the cell, which revealed oocytes with the largest diameter (medium). At this
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level, computer assisted analyzes were performed using ImageJ (open source) with a
macro adapted to create two regions of interest (ROIs), one involving exactly the oocyte,
the second involving the cumulus cells and reading the intensities (per channel) and x / y

coordinates for each pixel in ROI (Poehland et al. 2008).

Statistic

The R (open source) software package was used to analyze the date and
calculate the average intensities integrated by ROI. This method of evaluation is based
on the methodology of Poehland et al. (2008). First, the normality of the data was
evaluated by the Shapiro-Wilk test. Then, for parametric data, ANOVA was performed
and when a significant difference was found, the Tukey test with 5% probability was
performed. For non-parametric data, the Kruskal Wallis statistical test was performed
with 5% probability (software R).

Results

Oocyte maturation and early embryonic development

The different temperatures under which maturation occurred did not
significantly influence the proportion of oocytes that completed nuclear maturation, that
is, that presented the first polar corpuscle (91.9 - 96.9%, p = 0.7841, Table 3). Even when
the analysis took into account the quality of COCs (BCB+: better quality (p=0.8453) and
BCB- (lower quality; p=0.6543) no influence of maturation temperature on nuclear

maturation rate.

Table 3 - Maturation success: percentage of oocytes with
excluded first polar body after 24 hrs depending on maturation
temperature and BCB staining.

Temperature (°C) Maturation rate (%)

Total

37 95.1 (312/328)

385 96.9 (320/330)

40 91.9 (275/299)

P value 0.7841

BCB+

37 97.6 (165/169)

385 98.7 (161/163)

40 86.1 (124/144)

P value 0.8453
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BCB-
37 92.4 (147/159)
38.5 95.2 (159/167)
40 97.4 (151/155)
P value 0.6543

*No significant difference

No significant difference was found in the cleavage rate between the treated groups
(p = 0.5438), nor when BCB+ oocytes (p = 0.7869) and BCB- (p = 0.7683, table 4) were
evaluated. However, there were significant differences in the blastocyst rate (Table 4).
COCs matured at 38.5°C (control) had the highest rate of blastocysts (37%), in contrast
to those submitted to 40°C (21.5%), whereas those submitted to 37°C were not different
from the control group and treated at 40°C (p = 0.0498). When only BCB+ oocytes were
observed, a higher blastocyst rate (51.9%) was observed in the control group (38.5°C),
which was statistically different from the groups treated at 37°C (37.8%) and from the
40°C (23.6%) (p = 0.0276). When evaluated only oocytes BCB-oocytes treated at 40°C
had the lowest blastocyst rate (19.8%), when compared to the treated group at 37°C (28%)
and 38.5°C (22.7%) (p = 0.0344, table 4).

Table 4 - Number and percentage of blastocysts obtained from in vitro fertilized

oocytes (Simmental) matured at different temperatures (24 hrs; 37 °C, 38.5 °C and

40 °C).
Temperature (°C)

Cleaved rate (%)* Blastocysts rate(%o)

Total
37 73.8 (229/310) 33.2 (103/310) 2
38.5 74.8 (232/310) 37.0 (115/310) @
40 66.9 (174/260) 21.5 (56/260)
P value 0.5438 0.0498
BCB +
37 72.5 (119/164) 37.8 (62/164) ®
38.5 77.6 (118/152) 51.9 (79/152) 2
40 70.1 (80/114) 23.6 (27/114) ©
P value 0.7869 0.0276
BCB -
37 75.3 (110/146) 28.0 (41/146) @
38.5 70.8 (112/158) 22.7 (36/158) 2
40 63.6 (93/146) 19.8 (29/146) ©
P value 0.7683 0.0344

*No significant difference; ** lowercases differ significantly from each other in the column, within the set to which
they are inserted (P<0.05).

Gene expression
The results of the gene expression studies for sirtuins, BCL11al and p53 in oocytes

before and after maturation at different temperatures are shown in figure 1. It can be observed
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that the expression of the four sirtuin genes after maturation was greater than before maturation.
None of the maturation temperatures affected expression of the SIRT1, SIRT2, SIRT3, SIRT5
and p53 genes in BCB- oocytes. On the other hand, the control group presented the lowest level
of BCL11a when evaluated in BCB- oocytes. In general, in BCB+ oocytes the expression of the
sirtuins evaluated was higher in comfort (38.5°C). BCL11al was expressed in the same way under
stress conditions by heat and cold in BCB+ oocytes. Already the expression of p53 was not
influenced by the temperature at which BCB + and BCB- oocytes were matured, only immature
oocytes showed lower expression of the gene.
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Figure 1 - Transcripts of SIRT1, SIRT2, SIRT3, SIRT5, BCL11a and p53 genes in
relation to the house keeping gene RPS18 measured with rtPCR in samples of 30 purified
Oocytes (3 repeats) depending on maturation temperature and BCB staining. Different
uppercases or lowercases indicate significant differences.
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In contrast to oocytes, the temperature did not influence the expression of SIRT2 in
cumulus cells of BCB+ oocytes, cumulus cells of immature oocytes presented lower
results than the treated groups both BCB+ and BCB-. The maturation temperatures altered
the expression of the SIRT3 gene in cumulus cells of BCB- and BCB+ oocytes, so that
BCB- oocyte cumulus cells had higher gene expression. Furthermore, in SIRT3 there was
an increasing increase of expression in cumulus cells of oocytes labeled as BCB+ with
increasing temperature. Cumulus cells had lower expression of SIRT1 after maturation in
relation to immature oocyte cumulus cells. After maturation, in cumulus cells of BCB+
oocytes, a similar trend was observed for SIRT1 as described for oocytes, where the
control group showed higher expression of this gene. Increased transcript abundance at
higher temperature maturation can be found for SIRTS, also in cumulus BCB+ cells,
relative to immature oocyte cumulus cells. The BCL11al gene, only in the case of oocytes
stained with BCB+, showed reduced transcription levels in the corresponding cumulus
cells when matured at 38.5°C. Both labeled immature oocytes such as BCB+ and BCB-
resulted in a reduced correlation of BCL11al with respect to the treated groups. The
transcript of p53 was also increased during maturation in cumulus, of BCB+ oocytes is
40°C.
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Figure 2 - Transcripts of SIRT1, SIRT2, SIRT3, SIRT, BCL11aand p53 genes in relation
to the house keeping gene RPS18 measured with rtPCR in samples of cumulus cells
recovered from 30 COCs (3 repeats) depending on maturation temperature and BCB
staining. Different uppercases or lowercases indicate significant differences.
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Distribution and abundance of protein

Examples of confocal microscopy images after immunofluorescence staining are
shown in Figure 3 and the results after quantification of fluorescence intensities are shown
in Figure 4.

For oocytes SIRT1 showed higher fluorescence intensities at different control
temperatures (38.5°C). In addition, at 40°C, the distribution of SIRT1 in cumulus cells
was more evident, and the opposite occurred in the groups treated at 37°C and 38.5°C.

SIRT2 was not influenced by the maturation temperature, as was BCL11a and p53.

Figure 3 - Examples of confocal mycroscopic images of immunofluorescence stained
COCs after maturation at 37 °C (1), 38.5 °C (2) and 40 °C (3). The stained proteins are
Sirtl (A), Sirt2 (B), BCL11a (C) and p53 (D) in red, nuclear counter staining in green.
Row 4 display unspecific control.
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Figure 4 - Densitometric evaluation (mean channels & SD; n = 10 / group) of confocal
microscopic images of immunofluorescence stained COCs from Simental breed after
maturation at 37°C, 38.5°C, and 40°C. The stained proteins are Sirtl, Sirt2, BCL11a and
p53. Different uppercases or lowercases indicate significant differences (P<0.05).

Discussion

The results showed that COCs subjected to in vitro maturation at temperatures
below (37°C) and above (40°C) the conventionally recommended temperature (38.5°C)
during the 24 hours of maturation completed similarly to nuclear maturation at However,
with blastocyst. It is known that oocyte maturation comprises a series of events, both
nuclear and cytoplasmic, that will prepare the oocyte for the next step which is
fertilization (Shinmura et al. 2011). Therefore, the parameter “extrusion of the first polar
body", method used to determine the maturation rate in this experiment, does not provide
information on the competence of further development of oocytes or embryos resulting
after fertilization (D’Aquila et al. 2012; Horio et al. 2011; Pais et al. 2013). Thus, for
complete maturation of the oocyte it is necessary that intracellular events occur that
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include redistribution of cytoplasmic organelles, storage of mMRNA (messenger RNA),
protein synthesis and transcription factors (Ota et al. 2010). However, it is essential that
these events happen with excellence simultaneously, ensuring the success of embryonic
development.

The blastocyst rate was negatively affected when maturation occurred under
heat stress conditions. Nabenishi et al. (2012a) observed that IVM of bovine COCs was
performed at 40°C for 6 hours, there was a reduction in oocyte maturation rates (38.5°C:
72.7% and 40°C: 34.3%) and blastocyst (38.5°C: 31.4% and 40°C: 18.15%). In contrast,
authors reported that there was no influence of oocyte maturation at 40.5 ° C for 45
minutes on the rate of blastocysts, however a deleterious effect was observed when
maturation occurred at 43 ° C for a period of 45 minutes to 1 hour (Ju et al. 1999).
Corroborating Ju (2005) the duration of thermal stress plays a relevant role on the viability
of embryo development. Edwards and Hansen (1997a) found no effect on the rate of
blastocysts in oocytes matured at 41°C for 12 hours, but observed a significant reduction
in the rate of blastocysts when thermal stress was induced at the 2-cell stage. It is quite
possible that the time of exposure to high temperatures is the main reason for the
differences between the present work and the works cited above. The option to maturity
to a milder stress (40°C) than the experiments cited, refers to the fact that we consider
that the temperature at which the follicle is submitted is equal to or slightly below the
body temperature of the hyperthermic animal, considered the one that best represents the
reality of thermal stress in vivo. In this experiment, we investigated the effects of chronic
stress, that is, applied during the entire period of IVM. It has been reported that both
chronic and acute stress can be harmful to oocytes and result in low rate of blastocysts in
vitro (Gao et al. 2016; Prasad et al. 2016).

Evaluating the Brilliant Cresyl Blue (BCB) staining, the authors observed that
the maturation rate was significantly higher in BCB+ oocytes than in BCB- (Alm et al.
2005), different from the results found in the present experiment. BCB + oocytes
produced a significantly higher proportion of blastocysts (34.1%) than BCB- (19.2%)
oocytes (Alm et al. 2005), which was the same as found in the present experiment. Other
authors found results similar to the present experiment, where the rates of cleavage were
similar (75%) between the BCB + and BCB- groups, while the blastocyst rates were
higher (35%) in BCB + oocytes than in BCB- oocytes (10%) (Silva et al. 2013). Although
BCB staining is used as an efficient method for oocyte selection, the competence of BCB

+ oocytes can vary with oocyte diameter, sexual maturity of animals and stimulation with
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gonadotrophins together (Wu et al. 2007), which may present different results on adverse
weather conditions.

In the oocytes, all SIRT genes evaluated in this study had a higher amount of
their transcripts after maturation (MII) than before (immature), except for SIRT5 in
oocytes labeled BCB-. Similarly, in cumulus cells, all SIRT genes evaluated showed
higher expression before maturation. However, there was an inverse result in SIRT1,
whose abundance was higher in the cumulus cells of immature COCs. This result
confirms the importance of these genes in the process of in vitro maturation of bovine
oocytes.

It is important to note that the quality of the oocyte, identified by the brilliant
cresyl blue (BCB) marking, showed a direct relationship with the stress response
mescanisms and consequently with the blastocyst production indexes. It is known that
BCB staining is a marker of glucose-6-phosphatydrogenase activity (Stringfellow et al.
1999), a link to energy metabolism is evident. With a higher activity the G6PDH is able
to reduce the effects of a high temperature culture or only an indirect effect is responsible
for this observation should be clarified in following the investigations. Approximately
50% of COCs were BCB- and failure to identify this parameter could mask the effects
and mechanisms involved in the phenomena studied.

In the present experiment it was observed a greater abundance of transcripts
of all the sirtuins studied in mature oocytes in situation of thermal comfort. However,
cumulus cells SIRT3 and SIRT5 showed greater abundance when COCs were matured
under 40 ° C. SIRT 3 and 5 are located in mitochondria and are associated with energy
metabolism and responses related to oxidative stress and cellular signaling (Baur et al.
2012). It is possible that the first signaling in response to stress is given by these genes,
since the alteration of metabolism in organisms under stress is expected, such as the
establishment of oxidative stress as a consequence of thermal stress.

Considering that SIRT1 is a HDAC enzyme, and can directly modify the
cellular chromatin and modulate the meiotic spindle (Luo et al. 2001; VVoelter-Mahlknecht
and Mahlknecht 2006), it is suggested that the success of meiotic maturation was
mediated by SIRT 1. The apparently efficient response of oocytes to SIRT1 could explain
the observation of other research groups that the oocyte is less sensitive to caloric heat
stress compared with the early embryonic stages (Edwards and Hansen 1997b; Nabenishi
et al. 2012a).
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In general, the sites actively participate in the deacetylation of histone 3
(lysine 9 and 14) and histone 4 (lysine 16) (Imai et al. 2000). Considering that these
epigenetic events participate in the regulation of the initial development of the embryo
together with its genomic activation, the modification of the cytoplasmic sirtuins
according to the temperature of maturation could influence the initial embryonic
development.

The SIRT 2, BCL11a and P53 in the form of RNA and protein are present in
all studied VM conditions, but their demand does not stand out in any of them.
Apparently they do not participate directly in the stress response in in vitro maturation,
however, such mMRNAs may be stored for action during early embryonic development,
when the embryos still use the maternal MRNAs (Crocomo et al. 2014).

Unlike oocytes, cumulus cells have no storage mechanism for RNAs, and
therefore the mechanism of exchange of these substances with oocytes becomes even
more important. P53 can induce apoptosis of cells under stress conditions by activating
pro-apoptotic genes. SIRTL, in turn, can bind directly to p53 in vivo and in vitro, allowing
the survival of cells under stress, by repressing the p53-dependent apoptotic response,
due to its HDAC function (reviewed by Alm et al. 2005). In the present experiment,
greater abundance of p53 was observed in cumulus cells when COCs were matured under
heat stress condition, demonstrating a clear signal of stress, corresponding to the
apoptosis of these cells. Corroborating with the results of this study, authors have
suggested that failures in bovine oocyte maturation are not related to oocyte apoptosis or
DNA damage, but to cumulus cell apoptosis (Nabenishi et al. 2012a; Nabenishi et al.
2012b). This fact leads to a nutritional impairment of the oocyte (Thompson et al. 2007),
which may compromise vital functions for the early development of the embryo.

Cumulus cells are hypothesized to act as thermoprotectants and to modulate
the transfer of the substances to the oocytes according to the demand, by means of a
cooperation mediated by junctions communicating between the oocyte and the granulosa
cells (Bhojwani et al. 2007; Nabenishi et al. 2012a). A significantly higher amount of
SIRT2 protein can be observed in oocytes and cumulus cells when COCs were matured
at 40 C, probably in an attempt to control the accumulation of p53 protein, which was
partially obtained, since the amount of this protein in oocytes and cumulus cells were not
superior in COCs matured at 37 and 38.5 C. The behavior of BCL11 was similar to that
of p53, which indicates that this gene possibly also participates in the pathway of response

to thermal stress in vitro during maturation.
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In summary, we can conclude that the increase in oocyte maturation
temperature of bovine Bos taurus taurus at = 1,5°C for 24 hours negatively affects the
rate of blastocysts after in vitro fertilization. The maturation at altered temperatures leads
to several cellular biochemical alterations, such as the expression of the sirtuins, BCL11a

and p53 genes in BCB + bovine oocytes and granulosa cells.
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Abstract

The objective of this study was to investigate the influence of temperature stress during
in vitro maturation (IVM) of oocytes as well as in vitro embryo production (IVP) and
abundance of HSP 70 and 90 in Nellore cattle. Viable cumulus-oocytes-complexes
(COCs) were incubated for 24 hours at 37°C, 38.5°C and 40°C for maturation. The
different temperatures of IVM did not affect nuclear maturation of oocytes (p=0,8563).
However the IVP was negative affected when IVM occurred at 37 and 40°C (p=0.001).
The higher amount of HSP70 in cumulus cells according to maturation temperature
increase indicates its oocyte protection function, whereas HSP 90 appears to prepare the
cells for the action of HSP 70. The higher level of HSPs at 37°C suggests that COCs of
Nellore cows are more stressed at lower temperatures.

Keywords: Heat shock proteins, Nelore, Western Blot.

Introduction

The high environmental temperatures provoke a low performance in cattle,
reduce the consumption of food, impairing the productive and reproductive performance
(Brown-Brandl et al. 2005). Heat stress (HS) is associated with early embryonic mortality
(Edwards et al. 2005), drop in conception rate (Garcia-Ispierto et al. 2007), changes in
steroid hormones (Wolfenson et al. 2000; Jasnic et al. 2010), changes in follicular wave
patterns and physiological and molecular alterations of oocytes (Zeron et al. 2001; Torres-
Junior et al. 2008; Ferreira et al. 2011).

It has already been reported that heat stress causes negative effects on oocyte
maturation, both in vivo (Gendelman and Roth 2012) and in vitro (Nabenishi et al. 2012).
Among the negative effects, there is an increase in the rates of apoptosis and increase of
reactive oxygen species (ROS) (Nabenishi et al. 2012), as well as reduction in the rates of
oocytes that reach metaphase Il (MIl) in vitro (Nabenishi et al. 2012; Maya-Soriano et al.
2013). It has been reported that heat stress can accelerate germinal vesicle breakdown,

however, there appears to be a compensatory effect with the blockade of these oocytes in
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metaphase |, anaphase | and telophase I, consequently reducing the rates of MII (Roth
and Hansen 2005).

Cumulus cells provide essential metabolites to growing oocytes, such as
glucose, and regulate the resumption of meiotic division into mature oocytes (Gilula et
al. 1978; Hussein et al. 2006; Thompson et al. 2007). Thus, damage to these cells may
negatively influence oocyte development (Van Soom et al. 2007). In cattle, cumulus cells
increased mMRNA expression for HSP 70, but the same did not occur with oocytes,
suggesting that the damage caused during IVM of bovine oocytes can be mediated by
cumulus cells (Payton et al. 2011). Further, demonstrating the importance of the
relationship between oocytes and cumulus cells, an increase in the expression of heat
shock proteins (HSP), when cumulus-oocyte complexes (COCs) were subjected to high
temperatures during maturation (12 hours) in vitro (IVM) (Payton et al. 2011). In
addition, it was observed that only the cumulus cells of bovine COCs that were heatly
stressed during IVM were in the process of apoptosis (Nabenishi et al. 2012).

HSPs are extremely important proteins, which play a key role in cell survival,
modulating the pathways of anti-heat stress apoptosis (Castro et al. 2013). HSPs are
molecular chaperone proteins, so-called because they can be reversibly bound to other
proteins, which act together in forming, folding and regulating trans-membrane transport
(Castro et al. 2013). Heat shock proteins, besides modulating apoptosis pathways, can
also be used as a marker of cellular stress and, as a consequence, influence on the oocyte
competence (Camargo et al. 2007).

The Nellore breed accounts for almost 80% of the Zebu herd in Brazil and
represents the largest genetic heritage in the Western world (ABCZ 2015). The great
expression of zebu breeds in national livestock breeding is due to the strong resistance to
internal and external parasites as well as high temperatures, low food requirement, and
the good fertility that these animals present (Macedo 2006). The biological effects
involved in the responses of zebu cows to thermal stress are not really known.

The objective of this study was to investigate the influence of temperature
changes during the in vitro maturation of oocytes, as well as on the embryo production
and the abundance of HSPs 70 and 90 in Nellore cattle.

Material and Methods
The experiment was carried out in the Laboratory of Animal Reproduction

Biotechnologies, belonging to the State University of Mato Grosso do Sul - University
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Unit of Aquidauana (UEMS/UUA). Ovarieswere collected at a local slaughterhouse. The
ovaries were transported to the laboratory (saline solution + antibiotic, 37°C) and with
the aid of a syringe and needle (18G), the follicles were aspirated and transferred to petri
dishes (PBS + SFB ), for classification.Only COCs were classified in grade 1 or 2 by
stereomicroscopy. The selected COCs were matured for 24 hours in drops of 100 pul of
maturation medium (TCM199 with Earl's salts, FSB 5% v/v, 0,5ng/ml estradiol,
0,01mIE/ml LH, L-glutamin 200mM, streptomicin 0,01mg/ml, penicilin a 10U/ml) with
mineral oil in Incubator with low tension atmosphere of 02(5% de CO2, 5%02, 90% N2;
EVE - WTA, Brazil)and maximum humidity. The COCs obtained were divided into 3
groups according to incubator temperature (37°C, 38,5°C (control) and 40°C).

After 24 hours of maturation at the designated temperature for each group,
the COCs were stripped (successive pipetting) to observe the extrusion rate of the first
polar body(PB). Only oocytes whose PB was identified were considered mature and
collected for analysis.

Part of the COCs was designated for fertilization and in vitro culture. After
24 hrs of maturation the COCs were washed (1x) and transferred to fertilization medium
(supplemented with heparin with TALP and BSA 6mg/ml). Nellore cryopreserved semen
was used for in vitro embryo production. Spermatozoa were separated using the Percoll
method (Sigma®).The inseminating dose was 1x106sperm/ml. COCs and sperm were co-
incubated for 22 hours in a humidified incubator at 38.5 ° C and 5% CO2 in air. After
washing, the propably zygotes were transferred to 100 ul SOF (BME, MEM, Sodium
Tricitrate, Myoinositol, L-glutamin) beads covered with mineral oil. The culture of the
probably embryos was carried out for 7 days in an humidified incubator at 38.5 ° C, 5%
CO2in air.

Western blot analysis were performed as described by Poehland et al. (2008).
Cumulus cells were mechanically separated from the oocytes (frequent pipetting), and thus
were washed (3x) in PBS and stored separately. Twenty oocytes per group (3 replicates) were
used, these were transferred with a minimum (not more than 5 pl) of PBS in 1 ml of SDS sample
buffer (2x) in eppendorf tubes. All samples were stored at -80°C until the Western Blot.For this
SDS-PAGE 10% and 12,5% (p/p) (acrylamide and bisacrylamide 29,7: 0,3)were used (Laemmli
1970). After rapid thawing, the samples were lysed and denatured for 2 min at 95°C and
immediately placed into the gel. Electrophoresis was performed (30mA, 1-2 hours) using a
system MightySmall SE 250 (Hoefer, AmershamBiosciences, Freiburg, Germany). Proteins were

transferred to polyvinylidene difluoride membranes (PVDF) (Towbin et al. 1992), using a semi-
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dry electroblotting apparatus (OWL / peQLab, Erlangen, Germany, 1 mA /cm2, 1 h).

Oocyte samples were treated with antibodies to HSP70 (CST #4872; rabbit
primary antibody anti-human (polyclonal); 1:700) and HSP90 (CST #4874; rabbit
primary antibody anti-human (polyclonal); 1:700).The membranes were incubated with
5% (p/v) of milk powder in fat in Tween Tris-buffered saline (TTBS, 1h, room
temperature) to avoid non-specific binding. After incubation the membranes were washed
with TTBS (3x 10 min, TTBS pH 7,4, Tween 0,1% (v/v)). The incubation time for the
first antibodies was 1 hour at room temperature and the second antibody(AlexaFluor®
546; goat secondary antibodyanti-rabbit) for 2 hours at room temperature. The protein
bands were visualized with a kit ECL+ and ECL (Amersham Pharmacia Biotech,
Freiburg, Germany), in X-ray films (Kodak, Rochester, NY), with an improved
chemiluminescence kit (ECL).

The analysis of the images was performed using the packageFiji - ImageJ
(open source) with a self-adapted macro to create the region of interest (ROI). The
package software R (open source) was used to analyze the data and calculate the average
intensities integrated by ROI. This method of evaluation was based on the methodology
of Poehland et al. (2008).

The experimental design for the number of oocytesand embryos was
completely randomized. First, the normality of the data was verified by the Shapiro-Wilk
test. Then, for parametric data (evaluation of the amount of HSp70 and HSp90), ANOVA
was performed and when a significant difference was found the Tukey test 5% of
probability. For non-parametric data (maturation rate, cleavage rate, and blastocyst rate),
the Kruskal Wallis statistical test was used. The statistical package used was software R.

Results

The different temperatures at which the COCs of Nellore donors were matured in
vitro did not affect nuclear maturation of the oocytes, since the extrusion rate of the first
polar body was similar among groups (74% - 80%; p=0.8563; Table 1). However, the rate
of cleavage and blastocyst (Table 1) showed a significant difference in the dependence of
the maturation temperature. The cleavage rate of COCs matured at 37°C (35%) and 40°C
(26%) was lower when compared to the control group (38,5°C; 76%, p=0.025). Similarly,
the blastocyst rate of COCs matured at 37°C (14%) and 40°C (11%),was lower than the
control group (38,5°C), which presented a blastocyst rate of 32% (p=0,001).
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Table 1- Maturation rate (%), cleavage rate (%) andblastocyst rate (%) of Nellore
donors, submitted to in vitro maturation at different temperatures (37, 38,5 e 40°C).
Temperature (°C) Maturation rate(%)  Cleavage rate(%) Blastocyst rate(%)
37 75 (212/281) 35 (55/154)° 14 (23/154)°
38,5 80 (271/336) 76 (116/152)2 32 (50/152)2
40 74 (219/294) 26 (38/143)° 11 (16/143)°
P value 0,8563 0,025 0,001

*lowercase letters differ in the column at 5% probability by the Kruskal Wallis test.

The influence of the maturation temperature on the abundace of HSP70
identified in COCs was evident. Although signal intensity increased slightly in oocytes
(p=0.0497) at both low and high temperatures, cumulus cells showed a significant
increase in signal intensity when matured at 40°C (Figure 1; p=0,0134). The HSP90
showed a significant decrease in cumulus cells according to increasing of maturation

temperature (Figure 1; p=0,0176). In contrast, oocytes showed higher amounts of HSP90

© 00 N o u B WNPE

in oocytes matured at 37°C but remaining stable at other temperatures (Figure 1,
p=0,0438).
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Figure 1 - HSP70 and HSP90 abundance in oocytes and cumulus cells after maturation
of COCs maturated at 37 °C, 38.5 °C, and 40 °C. Examples of western blott images are
shown on top site (exposure time 2 min.). Quantitative evaluation is represented by the
diagrams (mean & SD; 3 biological repeats). Different upper cases or lower cases indicate
significant differences (p<0.05).

Discussion

The quality of the oocyte is closely related to the environment in which it is
found (Rocha et al. 2012). Therefore, it has been reported that temperature increases have
direct effects and leads to adverse consequences on cellular function compromising the
quality of the oocyte (Hansen 2002) and thus reducing the fertilization rate (Sartori et al.
2002). This fact was observed in the present experiment, where the in vitro maturation of
oocytes under heat stress caused changes in the rate of cleavage and in vitro production
of embryos (table 1). This study didn"t show differences on extrusion of polar body, thus,
although meiotic maturation was not affected, heat stress may caused a reduction in
steroidogenic capacity in cumulus and granulosa cells, which propably altered mRNA
expression of cholesterol receptors, luteinizing hormone (LH) and estradiol (De Rensis
and Scaramuzzi 2003), leading to lower competence of the oocyte (Al-Katanani et al.
2002). Another fact is that heat stress may cause cytoplasmic changes in the oocyte.
According to Rivera et al. (2004), the heat shock increases the number of edemaciated
mitochondria, disorganizes the microtubules and the actin filaments, causing
disorganization of the cytoplasm and consequently reduction in cellular competence.

Controversial results were observed when COCs were submitted to IVM at
40°C for 5 hours. (Nabenishi et al. 2012). In the mentioned research, the meiotic
maturation rate was lower in situations of in vitro stress (38.5°C: 72.7% and 40°C:
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34.3%). It is believed that different breeds show different behavior in response to stress.
It has already been demonstrated by Eberhardt et al. (2009), that there was minor
deleterious effect to the embryonic development in pure Nellore animals when compared
to crossbreed animals (Bos taurus vs. Bos indicus). Nellore COCs used at this study were
developed in the heat of Brazilian wetland region, and because of their probable
adaptation to the heat, presented effects of stress only in the early stage of embryonic
development. It is believed, however, that although no changes in maturation have been
identified, heat stress suffered by the oocyte may have altered important reactions in
cytoplasmic maturation causing effects on the development of the embryo (Rivera et al.
2004).

Several studies (Sakatani et al., 2008; Nabenishi et al., 2012; Sakatani et al.,
2012), as in the present experiment, observed lower rate of blastocysts when COCs were
submitted to heat stress during IVM. In the experiments above described, the COCs were
exposed to high temperatures for a maximum of 6 hours, while in the present experiment
stress occurred during the 24 hours of maturation and could, therefore, be considered as
chronic stress. This is probably the main reason for the differences between our study and
literature. Making it clear that both chronic and acute stress can be harmful to oocytes
and result in a low blastocysts rate.

Heat stress can cause apoptosis of some cells, so if the embryo is of higher
quality and has a larger number of cells, after heat stress there will still be a reasonable
number of cells able to allow the continuity of its development (Edwards and Hansen
1997). COCs of adapted breeds, such as the Nellore breed, can produce better-quality
embryos with higher numbers of cells, and it is possible to reduce a fraction of their cells
without further damage to the embryo. However, further analysis are necessary to confirm
this fact.

The heat resistance of the embryos may be associated to the acquisition of
biochemical mechanisms of cellular thermoprotein, such as the production of heat shock
proteins (HSP) (Lima et al. 2013). In the present experiment, the amount of HSP 70 and
90 was increased in oocytes and mainly in cumulus cells matured in vitro at stressful
temperatures (37°C and 40°C). The increase of HSP70 and HSP90 amount in stressful
situations demonstrates the requirement of activation of molecular mechanisms to
promote cellular protection and DNA repair.

HSP70 acts by modulating apoptosis pathways (Mosser et al. 1997; Castro et

al. 2013), protecting cells from elevated temperature by refolding damaged proteins,
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stabilizing ribosomal RNA (Duncan and Hershey 1989) and avoiding DNA
fragmentation, the main characteristic of apoptosis (Paula-Lopes and Hansen 2002). It is
known that bovine COCs when subjected to elevated temperatures during VM, respond
to stress by increasing MRNA expression for HSP70 (Paynton et al. 1988). Corroborating
with these results, in the present experiment oocytes and cumulus oocytes, showed an
increase in the amount of HSP70 at 37°C and 40°C, that means cold and heat stress.

An interesting fact is that cumulus cells had a higher amount of HSP70 in at
40°C and HSP90a higher amount when COC’s are matured at 37°C. This difference may
have occurred because HSP70 has as its main function cell cytoprotection. It acts mainly
against apoptosis, preventing the translocation of the Bax protein to the mitochondrial
membrane, avoiding the formation of pores in the membrane (Mosser et al. 1997; Castro
et al. 2013). In addition, it inhibits the activation of apoptotic molecules, such as JNK,
caspase-8, Bax, AlF, Apaf-1 and caspase-3 (Castro et al. 2013; Wang et al. 2014; Vasaikar
et al. 2015). HSP90 has the function of cell cytoprotection but also participates in the
stabilization, activation, and maturation of more than 200 proteins, called client proteins
(Mayer and Bukau 2005). Many of these client proteins are essential for cell signaling
and transcription (Da Silva and Ramos 2012). It is believed that HSP90 had a precursor
action to that of HSP 70, preparing the cell for the cytoprotective action, since both
proteins presented opposite responses to the different temperatures at which the COCs
were submitted. It is also speculated that HSP 90 is responsible for triggering mechanisms
responsible for protection against cold stress since a greater amount of this protein was
observed in oocytes when maturation occurred at 37 °C (Harris and Starnes 2001),
showing that possibly that maturation at lower temperatures promote a higher thermal
stress for Nellore.

It has been reported that during the IVM of bovine COCs under heat stress, a
significant increase of ROS was observed, as well as a reduction of glutathione levels,
mainly in the oocyte, leading to apoptosis of cumulus cells (Nabenishi et al. 2012). In this
sense, we can assume that the cumulus cells have a thermoprotective role for the oocyte,
since the increase in temperature leads to a response of both cells (oocyte and cumulus
cells), but with apoptosis only of cumulus cells (Nabenishi et al. 2012). This fact leads to
a nutritional impairment of the oocyte causing (Thompson et al. 2007) a negative impact
on embryo development.

In conclusion, the stress of 1,5°C less and more than the ideal oocyte

maturation temperature causes negative effects on the cleavage and blastocyst rates, but
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does not affect the rate of meiotic maturation of Nellore cows. The increase of HSP70
amount in cumulus cells according to maturation temperature increase indicates its oocyte
protection function, whereas HSP 90 appears to prepare the cells for the action of HSP
70. Considering that HSP70 amount was 57% higher than the control when oocytes were
matured at 37°C, while the abundance of this protein was only 39% greater than the
control when the COCs were matured at 40°C, it suggests that COCs of Nellore cows are
more stressed at lower temperatures.

There was no difference of HSP 70 and 90 abundance between oocytes
matured at 38.5 ° C and 40 ° C showing the cumulus cells cytoprotection promoted to the
oocytes. However not identified damages on the oocytes may be ocurred, since the
embryo development was negative afected.

The lower cleavage and blastocysts rates and the parallel action of HSPs
demonstrate that in vitro production of Nellore embryos is affected when in vitro
maturation occurs in situations of 24 hours thermal stress during IVM by low (37°C) and
high (40°C) temperatures.
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Abstract

In order to evaluate the influence of thermal stress on physiological parameters and the oocyte
quality of Crossbred milk cows (h = 12) and adapted Bos taurus taurus (Pantaneira; n = 12) cows,
twelve sessions of ultrasound guided follicular aspiration were performed, between January and
November/2014. The recovered cumulus-oocyte complexes (COCs) were selected and classified,
according to the viability, immediately after OPU. After, the oocytes were stored in 3% PAF until
immunofluorescence analysis under confocal microscopy for identification of HSP 70 and 90
proteins. Before each OPU, the rectal temperature (RT) and respiratory frequency (RF) of each
animal were measured. The thermal stress was estimated by the black globe humidity index
(BGHI), that was calculated on the day of the OPUs and 90, 60, 30 and 7 days before each OPU
session. Data were submitted to analysis of variance and regression by R program (version 3.3.1).
The averages were compared by the Tukey test, with a 5% probability. In twelve OPU routines,
272 oocytes from the Crossbred milk cows and 306 oocytes from the adapted Bos taurus taurus
cows were collected. The viability of oocytes from Crossbred milk cows, but not from the adapted
Bos taurus taurus cows, presented a linear effect and inversely proportional to BGHI of 90 days
before OPU. Adapted Bos taurus taurus breed presented a greater RT than the Crossbred milk
cows breed (p=0.0037), however, RT did not exceed normal values for cattle. RF of adapted Bos
taurus taurus breed showed no effect in relation to the BGHI on OPU day in the regression
analysis (p=0.3221). On the other hand, Crossbred milk cows presented a linear increase of RF in
relation to BGHI (p=0.0103). The HSP70 of adapted Bos taurus taurus cows had an inverse
proportional effect to the BGHI of the OPU day, and the opposite was true for the Crossbred milk
cows. In conclusion, BGHI>80 for 90 days before OPU session, negatively affect oocyte viability
of crossbred milk cows, but not of the adapted Bos taurus taurus (Pantaneira). BGHI>80 on the
day of the OPU session negatively affect the RF of crossbred milk cows and lead to a recrutiment
of HSP 70 to protect oocyte maturation. In adapted Bos taurus taurus the same occured when
BGHI was <80.

Keywords: Black globe humidity index, Heat shock protein, oocyte viability, respiratory
frequency, bovine.

1. Introduction
Bovine are homeothermic animals, maintaining the body temperature

constant through the heat flow determined by processes that depend on the temperature
and humidity of the environment. When animals are in the thermoneutral zone (TZ),

physiological imbalances are minimal and productivity is increased. However, the
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understanding of the relationship between animals and the environmental interactions
becomes difficult to evaluate, due to the intrinsic characteristics of each animal, such as
breed, age and sex [1].

One way to measure the comfort index of cattle under grazing is the black
globe humidity index (BGHI), which considers in a single value the effects of dry bulb
temperature, humidity and air movement, and the radiation level [2]. Dependent on the
intensity of the stress, the thermal discomfort can be considered alert, dangerous and
critical [2].

High environmental temperatures are recorded in the transition region
between brazilian savanah and wetland during most of the year. High humidity combined
with high temperatures lead to changes in the physiological behavior of the animal, which
promotes greater energy expenditure to maintain its homeostasis [3], interfering in the
food consumption [4-6], weight gain [7], milk production [5,8] and reproductive rates
[9,10], influencing folliculogenesis, oogenesis and maintenance of gestation, resulting in
the reduction of productive and reproductive indexes.

In this way, the deleterious effect caused by thermal stress can promote damage to
the oocytes and consequently to the embryos. The defense of the oocyte to stress comprises the
performance of proteins called thermal shock proteins (HSPs), representing primary cellular
protection responses [11]. In adverse situations, HSP levels are increased, thus helping in
the synthesis and maturation of new proteins, which will replace those affected by
metabolic stress [12,13].

Breeds more adapted to the regions of warm climate has been an alternative
to handle the effects of thermal caloric stress (TCS) on animal production. However, it
was demontrated that Bos taurus indicus, considered to be more thermotolerant, may also
suffer injury in production and reproduction when in TCS [14]. Girolando cows are
considered an adapted breed for milk production in the warm regions in Brasil and
Pantaneira, an adapted Bos taurus taurus breed is a genetic source of the brazilian wetland,
that resisted to intense climate changes during hunderts of years and is beeing rescue as
an alternative to improve animal production living in critical climate regions. Fialho et al.
[15] observed that the respiratory rate of Crossbred milk cows increased linearly as there
was an increase in the temperature and humidity index (THI), a fact not observed in the
adapted Bos taurus taurus breed.

A best understanding regarding the response of the oocyte development of
adapted cows under different stress conditions may support programs of genetic of these
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breeds.The present experiment aimed to evaluate the influence of thermal stress on
physiological parameters, oocyte viability and the presence of HSP 70 and 90 in oocytes
of breeds adapted to the tropics.

2. Material and methods

2.1 Animals

Bos taurus x Bos indicus cows (Crossbred milk cows , Holstein 3/4; n = 12)
and an adapted Bos taurus taurus (Pantaneira; n=12) were selected according to their
clinical-reproductive characteristics. The donors were vaccinated against diseases of the
mandatory calendar and reproductive diseases (Cattle Master®, vaccination performed at
least 60 days before the first session of ultrasound-guided follicular aspiration (OPU),
non-pregnant, aged 48 = 12 months and body score condition between 3 and 3.5 (scale
from 1 to 5) [16]. The experiment was carried out at the State Farm, located in lat. 20 °
30'S, long. 55 ° 50'W. The animals were maintained under rotational grazing, cultivated
with Tanzania grass (Panicum maximum), with mineral supplementation and water ad
libitum.

Twelve OPU sessions were held, with a minimum interval of seven and a
maximum of 54 days, between January and November of 2014. Each animal was
submitted to at least one and a maximum of twelve OPU sessions. All OPU procedures
were performed with the same number of donors for both breeds, being at least six and
most 10 animals per OPU session. All the procedures performed were approved by the
Committee on Ethics in the Use of Animals, through Protocol CEUA/UEMS 013/2013.

Before each OPU session, the rectal temperature (RT) and respiratory
frequency (RF) was measured on each donor. RT was measured with a digital
thermometer for veterinary use. The RF was counted according to the movements of the
flank in movements per minute. For reduction of peristaltic movements and less
discomfort of the animal, 5mL of a combination of lidocaine 2% and acepromazine 1%
in the epidural space were injected. For the aspiration of the follicles, disposable
hypodermic needles 20G (50mm x 9mm; Terumo®, Bio Brazil) and silicone hose with
2mm of internal diameter and 80cm of length were used.The vacuum pressure was 80mm
Hg, maintained with a suction pump (Aquila PRO®, Pie Medical, coupled to 8MHz
microconvex transducer and vacuum pump BV-003D WTA). The aspiration medium
consisted of DPBS plus 20,000 1U / L of sodium heparin, maintained at 30 ° C during

aspiration.
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The recovered complexes oocyte-cumulus (COCs) were screened and
classified immediately after OPU. COCs with one or more layers of compact cumulus
cells and homogeneous cytoplasm (Grade 1 and 2) were considered viable. Oocytes
considered viable were stored in 3% PAF plus 2% sucrose and conditioned at 4 ° C until

immunofluorescence analysis.

2.2. Analysis of HSPs in oocytes by immunofluorescence

For immunofluorescence analysis, most of the cumulus cells were removed
from viable COCs by frequent pipetting under stereomicroscopic control. The resulting
oocytes (minimum 5 and maximum 10 per group) were washed in PBS and fixed in
paraformaldehyde (3%) plus sucrose (2%) at 4 ° C. Oocytes were washed in wash buffer
(TBS + 0,5% p/v BSA + 0,05% v/v Triton X100) for 10 minutes at room temperature and
permeabilized in specific buffer (HEPES 20 mM, Sacarose 300 mM, NaCl 50 mM , 3
mM de MgCl2, 0,5% v/v Triton X100, pH 7,4, 10 min, 0°C). After the second wash in
buffer, nonspecific binding of the antibody was blocked by incubation with Roti Immuno-
Block® (Carl Roth, Karlsruhe, Germany; 1:50 in H20, 2 hours at room temperature).

Immediately thereafter, incubation with the first antibodies diluted in TBS (+
0,05% v/v Tween 20, 2% v/v Roti Immuno-Block®; 4°C, overnight). To mark HSP70 the
primary antibody rabbit anti-human HSP70 was used (polyclonal;Cell
SignalingTechnology® #4872; 1:100), and for HSP90 rabbit anti-human primary
antibody HSP90 (polyclonal; Cell Signaling Technology® #4874; 1:100).

The oocytes were then washed in wash buffer (4x 10 min, room temperature)
and incubated with the second antibody (Alexa-Fluor® 546, Secondary Antibody Anti-
rabbit Goat, Invitrogen / Thermo Fischer® # 11035) for 5 hours in the dark, at room
temperature. The oocytes were washed again (4x, wash buffer, room temperature) and
SYBR-GREEN® counterstained cores (S-7563, Molecular Probes, Thermo Fisher,
Dreieich, Germany) at a 1:500 dilution in PBS (1 hour, room temperature).After washing
(wash buffer, 4x 10 min, room temperature) and a second fixation (paraformaldehyde at
2% viv in PBS, 4°C, overnight), were mounted on cover slides with glycerinated gelatin
and stored at 4°C until analysis under microscopy.

The COCs labeled with immunofluorescence was analyzed with a laser
scanning confocal microscope (LSM 5 Pascal) attached to an Axiovert 200M inverted
microscope (Carl Zeiss, Jena, Germany). For the measurement of combinations of red
fluorescence (AlexaFluor® 546) and green fluorescence (SYBR GREEN®), a multiple
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lane procedure was used. The images (120 images, Az =4 um, 1024x1024 pixels) were
recorded using a 40x lens (oil immersion) and software provided by Carl Zeiss. The
distribution and intensities of fluorescence staining were evaluated in the different
compartments of the individual oocytes. Thus, computer aided analyzes were performed

using ImageJ for the measurement of the signal strength of HSPs [17].

2.3. Control of climatic conditions

The black globe humidity index (BGHI) was calculated based on data
obtained by the meteorological station of the State University of Mato Grosso do Sul
(UEMS / Inmet) [18]. To estimate Black Globe Temperature (BGT) the followed formula
[19] was used:

BGT = 0,456 + 1,0335*DBT,

at where: BGT = black globe temperature in °C and DBT = Dry bulb
temperature in °C.

The BGHI was calculated according to BUFFINGTON et al. [2] as followed:

BGHI= (BGT+0,36*DP+45,5),

at where: BGT= Black globe temperature (°C) and DP = Dew point.

The obtained values of BGHI were divided into two groups: BGHI values
less than 80, and BGHI values greater than 80. This dividion was done based on the
National Weather Service [20] and previou experiments of our group. Mean BGHI
measured 90 days before OPU was calculated to assess the effect of stress on viability of
recovered oocytes.In addition, the mean BGHI of the OPU day was calculated to observe
the effect of stress on the respiratory frequency (RF) and rectal temperature (RT) of cows
and the intensity of HSPs in oocytes. The calculation of the average BGHI was performed
hourly in the 24 hours of the day and in the 90,60,30 and 7 days before the OPU.

2.4. Statistical analysis

For statistical analysis, the data were submitted to ANOVA (oocyte viability
rate, rectal temperatura, respiratory frequency and signal intensity of HSP70 and 90) and
regression analysis, for which all polynomial decompositions were tested. When
necessary, the Tukey test was applied at 5% probability, using the statistical program R
(version 3.3.1).

3. Results
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The present study was carried out in a tropic region recognized by the high air
temperatures. In 2014, only in the months of May to August the average temperatures of
the day were lower than 25°C. The relative air humidity (RH) was, in general, high, but
showed great variation during the warmer months of the period. In the hottest months of

the year BGHI was above 80 (Figure 1).

35 100

% RH
BGHI

T RH e=ke=BGHI

Figure 1 - Climatic profile from October/2013 to November/2014, in the region of
brazilian high wetland. The temperature data (T, in °C) and relative humidity (RH, in%)
were obtained from the UEMS / Inmet meteorological station. The BGHI was calculated
according to the formula proposed by Buffington et al. [2].

At each OPU session it was possible to observe that during the 90 days
preceding the collection there were warmer days and colder days, the weather oscillated
a lot. In the collections that were performed with BGHI above 80 (heat; 1,2,3,4,10,12),
the animals suffered periods of intense heat and some periods of cold during the 90 days
preceding OPU. The opposite was also observed, for example, in the OPU 6, the
collection was performed during the period considered when BGHI <80, however 90 days

before OPU the animals experienced intense heat (Figure 2).
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Figure 2 - Profile of BGHI in each OPU session, from October/2013 to November/2014,
in the brazilian high wetland region. 90, 60, 30 and 7 days before the OPU session and
the day of the OPU session. The BGHI was calculated according to the formula proposed
by Buffington et al. [2].

90 days before the OPU the average BGHI was 77.83, in that period the
temperature was on average 23°C. When BGHI mean was 86.21, this value corresponds
to a mean temperature of 30°C. In this way, when we considered BGHI 90 days before
the OPU session, 9 OPU sessions were performed under BGHI>80 and 3 under BGHI<80
(Table 1). The viability rate of the adapted Bos taurus taurus breed was 52%, which was
not influenced by BGHI 90 days before OPU. The Crossbred milk cows presented mean
values of viability (51%) close to the adapted Bos taurus taurus breed, similarly it was
not influenced by the climate of 90 days before collection. Moreover, no difference was
found between the breeds and no interaction between the breed and the BGHI of the 90
days before OPU was observed (Table 1).

Table 1 - Oocyte viability rate of Crossbred milk cows and Adapted Bos taurus Taurus
cows 90 days before OPU, when BGHI was<80 or> 80.

Viability rate
BGHI>80 BGHI<80 Mean P value
(n=9) (n=3)

BGHI Mean 86,21+ 6,10 77,83+ 4,82 82,02 -
Girolando 53,14+ 25,78 50,17 + 6,14 51,65 0.9209
Pantaneira 55,63+ 27,70 50,20+ 23,23 52,91 '

Mean 54,38 50,18 -
P value 0,9844 0,9991

No significant difference or interaction between the factors was observed.
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However, when we looked individually for breeds using a regression analysis,
negative effect of the BGHI of 90 days before OPU on the viability rate in the Crossbred
milk cows (p=0.0291) was observed, the higher the BGHI lower the viability rate (Figure
3). The regression analysis was also performed with the adapted Bos taurus taurus breed,
although it did not present an BGHI effect of 90 days before OPU (p = 0.4552).

y =-1,1517x + 162,66
80 R2=0,99
75
2 ‘\w\
E \
>\ \
2 65 ——
S 60 “\N‘”
>
55
50
76,00 78,00 80,00 82,00 84.00 86,00 88,00 90,00
BGHI

Figure 3 - Regression analysis of the viability rate of Crossbred milk cows (p=0.0291) in
relation to the BGHI of 90 days before the OPUs were performed.

Considering the OPU day BGHI, 8 OPU sessions were performed when
BGHI was >80(mean BGHI = 87.67), and 4 sessions when BGHI was <80 (mean BGHI
= 75.56) (Table 2). The adapted Bos taurus taurus breed presented a greater RT than the
Crossbred milk cows (p=0.0037). However, RT did not exceed normal values for cattle,
showing particularities of the breeds. There was no effect of OPU day BGHI on RT and
there was also no interaction effect among the factors (Table 2). The respiratory frequency
also had a breed effect (p=0.0252), the Crossbred milk cows had a higher respiratory
frequency (Table 2).

Table 2 - Rectal temperature (RT) and Respiratory frequency (RF) of adapted Bos taurus
taurus and Crossbred milk cows in relation to BGHI of OPU day when BGHI was >80 or
<80.

RT
BGHI >80 BGHI<80 Mean P value
(n=8) (n=4)

BGHI Mean 87,67+ 7,02 75,56+ 6,74 81,61 -
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*
Pantaneira 38,89+ 0,15 38,58+ 0,34 38,73 a 0,0037
Mean 38,69 38,42 - -
P value 0,0637 0,4983
RF
BGHI >80 BGHI<80 Mean P value
(n=8) (n=4)
Girolando 40,28+5,73 31,06+3,59 35,67 a 0.0252*
Pantaneira 31,81+6,90 29,56+6,15 30,68 b ’
Mean 72,09 30,31 - -
P value 0,111 0,0879

*Lowercase letters differ in the column, in the Tukey test at 5% propability.

Similary, RT also had no significant effect on the regression analysis in
relation to the BGHI effect of OPU day (Crossbred milk cows p=0.4003; adapted Bos

taurus taurus p=0.6365). The adapted Bos taurus taurus breed had no RF effect in relation

to the OPU day BGHI in the regression analysis (p=0.3221). The Crossbred milk cows

presented a linear increase parallel to the BGHI increase of the OPU day (p=0.0103). That

means, the higher the BGHI the greater the respiratory frequency of the animals (Figure

4).
y =0,042x + 25,945
R?2=0,86
30
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Figure 4 - Regression analysis of the respiratory frequency of Crossbred milk cows
(p=0.0103) in relation to BGHI of OPU day.
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Figure 5- Confocal microscopic images of COCs of Crossbred milk cows and Adapted
Bos taurus taurus cows marked by immunofluorescence, according to BGHI, cold
(BGHI<80) and heat (BGHI>80). Red stained proteins, HSP70 and HSP90, and DNA
marking in green.

Both HSP70 and HSP90 had no interaction effect (p=0.1492, p=0.1570,
respectively). However, it was observed that the adapted Bos taurus taurus breed
presented higher amount of HSP70 when the OPU was on days in that BGHI<80
(p=0.0346, Figure 6). The Crossbred milk cows presented higher amounts of HSP70
when OPU was performed on days in that BGHI>80 (Figure 6). However, the HSP90 was
not influenced by the BGHI and neither by the interaction of the factors (breed and
BGHI). Adapted Bos taurus taurus breed presented a higher intensity of the HSP90 signal

in relation to the Crossbred milk cows (p=0.0466), regardless of the situation (Figure 6).
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Figure 6 - Graphic representation of the signal intensity of HSPs 70 and 90 of oocytes of
adapted Bos taurus taurus and Crossbred milk cows when BGHI<80 or BGHI> 80.

The HSP90 protein did not present a significant effect in the regression
analysis in relation to the OPU day BGHI in any of the breeds evaluated (Crossbred milk
cows p=0.4711; adapted Bos taurus taurus p=0.571). This analysis showed (Figure 7)
that adapted Bos taurus taurus breed produces almost double the HSP70 in relation to the
Crossbred milk cows. And, as an increase in BGHI occured, a lower amount of HSP70
was found in oocytes of adapted Bos taurus taurus cows (p=<0.0001). In addition, the
Crossbred milk cows linearly increases the amount of HSP70 in oocytes as BGHI
increases (p=0.048).
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Figure 7 - Regression analysis of the signal intensity of HSP70 from Crossbred milk
cows (p=0.048) and adapted Bos taurus taurus (p=<.0001) animals in relation to the
BGHI of the OPU day.

4. Discussion

In all OPU sessions, conditions of comfort and thermal stress were observed,
clearly demonstrating the climatic conditions to which animals are subjected for most of
the year (Figure 1). The climatic conditions of the brazilian high wetland are characterized
by high temperatures, a few winter days with an average annual temperature of 25°C,
with temperatures that can reach up to 42°C [18]. And such characteristics require the use
of adapted animals and strategies that allow to obtain their greater productivity without
harming the animal welfare. The search for strategies in this sense are evident and

necessary when one observes the world temperature increase in 0.17°C every decade [21].
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It was observed that during the 90 days preceding the OPU sessions, the
animals underwent different and extreme climatic conditions (Figure 2), passing through
intense heat and some periods of cold.

In the present experiment BGHI>80 or BGHI<80, 90 days prior to OPU, had
no effect on oocyte viability, based on morphological characteristics (Table 1). However
when a regression analysis was performed looking the breeds indiviadually, it was
possible to observe the negative influence of BGHI of 90 days before OPU on oocyte
quality only for Crossbred milk cows (Figure 3). Similarly, the influence of chronic stress
over 60 days on the viability of recovered oocytes had been reported by Fialho et al. [15].
Torres-Junior et al. [22 observed reduction of oocyte competence up to 119 days after
thermal stress induced in climatic chamber in Crossbred milk cows. Not published results
of our group showed no difference on morphological viabilty of recovered oocytes of
brazilian beef donors managed on areas with suficient and not suficient shade amount
during brazilian Summer, however a significativ difference could be seen on blastocyst
rates. That animals remained in the same shade conditions for around 6 months. This
result clearly show that cronic heat stress affect oocyte competence to develop embryos.

It is known that a follicle can take up to 90 days to pass from a primordial to
preovulatory follicle [23]. Growing bovine oocytes are sensitive to thermal stress, which
may lead to changes in maturity both in vivo [24] and in vitro [25]. Moreover, that ovarian
follicles of preantral follicles are growing, and present intense synthesis of RNA [26],
which makes them sensitive to environmental changes. Studies have demonstrated the
effects of heat stress on the progress of nuclear maturation (ability to proceed from
Prophase | to metaphase Il) and cytoplasmic (cytoskeletal changes, organelle
reorganization, metabolism alteration, reduction in mRNA levels and changes in profiles
of synthetic proteins) of oocytes [27], on the owvulation [28], and on pregnancy
maintenance [29]. Thus, raising the temperature during the follicular growth or oocyte
maturation phase may induce early aging of the oocytes, thereby reducing their fertile life
[30,31].

The RT can be considered an index of adaptability for hot environments [32],
The increase of RT indicates that the thermoregulatory mechanisms are not being efficient
[33]. In the present study, it was found a significant difference of the RT between the
breeds, where the Adapted Bos taurus taurus breed presented higher values in relation to
the Crossbred milk cows breed, however the values did not exceed the normal range for
the species in any of the OPU sessions, in which BGHIs reached up to 117. The same
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result was found by Fialho et al. [15]. Azevedo et al. [34] observed RT 40.29°C in
crossbred lactating cows when THI reached a value of 85. They then considered that the
animals were in severe stress, since the rectal temperature limit is 39.3°C [35], different
from the results found in the present experiment, demonstrating that Crossbred milk cows
handled in different environments can develop better adaptability. On the other hand,
Sousa Jr. et al. [36] observed that crossbred cows (B.taurus taurus x B. taurus indicus)
presented rectal temperature of 39,5°C when submitted to BGHI 92, demonstrating that
there was adptation of this breed in the Brazilian semi-arid region.

The RF is, in general, the first physiological parameter to be altered in
situations of heat stress, acting as an alternative of heat dissipation and control of body
temperature [32]. In the present study, the Crossbred milk cows showed an increase in
the RF when in heat stress, exceeding the reference values for adult cattle, which vary
from 12 to 36 mov/min [37]. Sousa Jr. et al. [36] found high RF (48 mov/min) in crossbred
cattle in the semi-arid region of Brazil, when the BGHI was above 90, and suggested
increasing the amount of shade for the animals to regulate the stress conditions. Azevedo
et al. [34] observed RF above normal when THI was equal to or higher than 60 in lactating
crossbred females, a category even more susceptible to heat stress [38]. According
Baccari Jr. et al. [39], the smaller the RF the more adapted the animal to heat stress. As
the adapted Bos taurus taurus breed remained within the normal range for both RT and
RF, we can consider this breed adapted to the climatic conditions of tropic regions,
brasilian high wetland, as previously reported [15,40].

In adverse conditions, such as in situations of temperature rise and/or
humidity, denaturation of proteins necessary for cellular metabolism may occur. Thus,
HSP levels may be increased, because this proteins are required for the synthesis and
maturation of new proteins that will replace those affected by metabolic stress [12].
Thermal stress induces apoptosis of oocytes and embryos [41], and thus, HSP70 also
plays an important role in modulating pathways of apoptosis [42], working against the
stress factors. It has been reported that both, bovine [43] and buffalo [44] COCs respond
to stress (>39,5°C) increasing the mRNA expression of HSP70 when subjected to high
temperatures during in vitro maturation. This demonstrates that thermal shock proteins,
besides modulating the pathways of apoptosis, can also be used as a marker of cellular
stress and, consequently, influence on oocyte competence [45].

HSPs show a rapid response, in hours or minutes, against a stress factor [11].

In the present study, the response of the recovered oocytes of Crossbred milk cows and
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adapted Bos taurus taurus breeds to thermal stress on OPU day was evaluated, loooking
for the presence of HSPs according to OPU day BGHI. The adapted Bos taurus taurus
showed higher levels of HSP70 in BGHIs<80, and the opposite happened to the Crossbred
milk cows that presented higher HSP70 intensities when BGHI>80 (Figure 5). HSP 70
appears in an attempt to aid the repair of proteins, important for oocyte maturation [42],
and that occurs in a different way for the studied breeds. In addition, this protective
process can avoid damages on further embryo development, however the adapted Bos taurus
taurus breed produces almost double the HSP70 in relation to the Crossbred milk cows. We
speculate that this higher response can be associated with the better adaptability of this breed to
tropic regions.

It is evident from the regression analysis (figure 6) that the adapted Bos taurus
taurus breed showed an inversely proportional behavior between the HSP70 and the
BGHI of the day of OPU, demonstrating that these protein are needed to trigger
mechanisms of protection against stress in an unlikely temperature range, considering the
known values for the taurine breeds, whose thermal comfort zone is between -1 and 16°C
[46]. When the BGHI was lower than 80 the average temperature was 23 ° C, which seems
to be characterized as a stress zone for the adapted Bos taurus taurus.

HSP90 is an essential protein for cellular viability and integrity and is
considered a key mediator of homeostasis, a function that performs as a facilitator of
several transient and low affinity protein-protein interactions [47]. The HSP90 was
detected in oocytes collected when BGHI was higher or lower than 80, but did not present
a significant effect in relation to the BGHI of the OPU day in any of the breeds evaluated.
Probably this protein is not involved in the directly response to heat stress in oocytes.

The results of this study demonstrated that the mechanisms of
thermoregulation of Crossbred milk cows and adapted Bos taurus taurus cows are
efficient in maintaining the rectal temperature, however, looking for RF and oocyte
viability, it is evident the need of alternatives of management that improve the thermal
comfort of Crossbred milk cows when the enviroment temperatures are about 30°C
(BGHI> 80).

On the other hand a higher adaptability of the adapted Bos taurus taurus to
the swings of the climate in the brazilian wetland could be seen. However, although RT
and RF not changed in the different climage situations, a kind of cold stress was observed,
since HSP 70 have been recruited when enviroment temperatures were below 23°C

(BGHI<80). Therefore, OPU day can be chosen with care so that these animals do not
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suffer from thermal stress. This information is relevant to the breed conservation nuclei,
which can more systematically program the in vitro production of embryos based on the
region's climatic history.

In conclusion, cronic heat stress, that means BGHI>80 for 90 days before
OPU session, negatively affects oocyte viability of crossbred milk cows, but not of the
adapted Bos taurus taurus (Pantaneira). The acute heat stress, that means BGHI>80 on
the day of OPU session, negatively affect the RF of crossbred milk cows and lead to a
recrutiment of HSP 70 to protect oocyte maturation. In adapted Bos taurus taurus the
same occurs when BGHI was <80. In addition, the Pantaneira breed produced almost
twice as much as HSP70 when compared to the Girolando breed, showing that this protein
must be involved in the mechanisms of apdatation to heat of pantanal.
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6. DISCUSSAO GERAL

A raca Pantaneira é de suma importancia para o aumento da
producdo de carne e leite no Pantanal. E uma raca considerada resistente ao
calor, com caracteristicas ideais para se manter produzindo no ambinete quente
da regido pantaneira. Da mesma forma, a raga Girolando foi criada para produzir
mais leite nas intempéries climéticas da regido tropical. Essa raca é responséavel
pela maior parte da producao de leite do Brasil. A raca Nelore € hoje a raca mais
utilizada para producéo de carne no pais, rustica, resistente e adaptada. Mesmo
sendo consideradas ragas resistentes ao ETC, todas elas apresentam sinas de
injurias quando submetidas a altas temperaturas in vivo ou in vitro.

A criacdo bovina no Pantanal € intensa e caracteriza-se por grandes
piquetes com arvores baixas e em pequena quantidade. Desta forma, os animais
nao conseguem abrigo quando em situagdo de ETC. Diante dos resultados
destes experimentos e sabendo que o ETC afeta a producdo e reproducéao,
desde foliculos até gestacéo, é possivel sugerir 0 aumento da area sombreada
nos piquetes. Ainda no presente experimento foi possivel observar o efeito
negativo do ETC na qualidade dos odcitos 90 dias antes da OPU. Mais uma vez,
demonstrando a importacia da sombra nos piquetes durante todo o ano. Para
tentar minimizar os efeitos do ETC, os bovinos realizam uma série de
mecanismos. A alteracdo da FR do animal € uns dos primeiros sinais de estresse
térmico, assim como a alter¢éo da TR. Sendo assim, foi possivel observar que a
raca Pantaneira ndo sofre ETC na regido pantaneira, pois ndo apresentou
alteracdo anormal da FR e da TR.

Foi possivel observar que a raca Pantaneira apresentou efeitos
negativos em temperaturas mais baixas. Este fato, pode ter acontecido pelos
poucos dias de frio no Pantanal. A raca se adaptou ao calor, desta forma os dias
de frio provocam estresse térmico nos animais. Ja a raca Girolando, mesmo
sendo criada para minimizar efeitos do ETC, é sensivel ao estresse cronico e
demonstra necessidade ainda maior do aumento do numero de sombra e
manejos para minimizar o estresse.

A PIVE a partir de oocitos obtidos por OPU é cada vez maior no Brasil
e é de suma importancia conhecer da influencia do ambiente em que os animais

vivem sobre a produgé&o de blastocistos, ou ainda, para conhecer os mecanismos
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gue podem ajudar no controle do ETC. Desta forma, as temperaturas de 37°C e
40°C in vitro, mostra como a temperatura e/ ou ETC afetam a qualidade dos
odcitos, e consequentemente a taxa de producdo de blastocisto. O ETC pode
causar reducao hormonal nos animais, diminuindo sinais de cio, influenciando a
ovulacdo e a retomada da meiose dos odcitos. O embrido é ainda mais sensivel
a esse estresse caldrico, de forma que, ao sofrerem estresse calérico, aumentam
a producdo de ROS nas células. Essas espécies reativas provocam danos no
DNA e desencadeiam o processo de apoptose celular. Neste momento, as HSPs
e sirtuinas, com o intuito de proteger a célula, atuam na reparacdo do DNA
danificado. Neste experimento, foi possivel observar uma alteracdo na
expressdo das sirtuinas e HSPs diante do grau de estresse sofrido. Apesar de
muitas pesquisas serem realizadas para avaliar a acdo dessas proteinas, pouco
se sabe sobre seus mecanismos contra o estresse térmico, sendo necessario,
mais pesquisas para que se possa elucidar esse mecanismos de agao em ragas
bovinas.

Para avaliar o ETC sofrido pelo animais no Pantanal, o ITGU se
mostra mais efetivo, pois sua formula foi desenvolvida baseada em resultados
de campo. Apesar deste fato, o ITGU é classificado para racas europeias, e
talvez seja necessério que se faca diferentes classificacfes para as diferentes
racas, ja que cada raca reage de maneira especifica e diferente ao ETC.

Em resumo, a temperatura de maturacdo do odcito ja levemente
aumentada (+1,5°C) afeta negativamente a taxa de clivagem e de blastocisto in
vitro, porém ndo afeta a taxa de maturagdo meiotica dos odécitos. A expressdes
dos genes da sirtuina séo influenciadas em odcitos e células da granulosa,
durante a maturacdo de odécitos em temperaturas alteradas. O aumento da
quantidade de HSP70 nas células do cumulus de acordo com o aumento da
temperatura de maturacao, indica sua funcéo de protecao aos odécitos, enquanto
a HSP 90 parece atuar preparando as células para a acdo da HSP 70. E que
apesar da raca Girolando ser considerada adaptada, claramente sofreu com a
alteracdo climatica, mesmo ndo estando em lactacdo. a raga Pantaneira,
também considerada uma raca adaptada, apresentou um comportamento
diferente. Nao apresentou alteracéo fisiologica da TR e FR em nenhuma das
condicdes climaticas estudadas. E diferente do esperado para uma raga taurina,

apresentou intensidade elevada de HSP 70 e 90 em ITGU de conforto e alerta e
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as melhores taxas de viabilidade oocitaria observadas foram em ITGUs de perigo
e critico 90 dias antes da OPU.

De fato a classificagao proposta por Buffigton et al. ndo se aplica para
as racas utilizadas no brasil, jA que a TR nao ultrapassou a fisiologica para a
espécie mesmo quando alcancgou niveis criticos de estresse, ou seja > 84, que
no caso de estudo chegou a 94. No entanto, mecanismos fisiolégicos precisaram
ser acionados para que a homeostase e consequentemente a TR fosse mantida.
Nesse estudo, a FR foi superior a fisiolégica quando ITGU foi superior a 84 e as
HSPs quando ITGU foi 75. E por fim a viabilidade oocitaria reduziu linearmente

de acordo com o aumento do ITGU 90 dias antes da OPU.



O o0 N o u b~ W N

W W W W N N N N N NN N NN NN P PR R, R R, R R
w N P, O VW 00 N O U B W N B O U 0O N o n B W N —» O

110

7. CONCLUSOES

Com esses experimentos foi possivel concluir:

¢ O aumento na temperatura de maturagcéo do odcito de bovinos Bos
taurus taurus a = 1,5°C por 24 horas afeta negativamente a taxa de blastocistos
apos a fertilizacado in vitro. A maturacéo a temperaturas alteradas leva a varias
alteracdes bioquimicas celulares, como a expressao dos genes das sirtuinas,
BCL11a e p53 em odcitos e células granulosas do BCB + bovinos.

e O estresse térmico de 1,5°C menor e maior que a temperatura ideal
de maturacdo do odcito causa efeitos negativos na taxa de clivagem e
blastocisto, mas ndo afeta a taxa de maturagcdo meiotica dos oo6citos. O aumento
da quantidade de HSP70 nas células do cumulus, de acordo com o aumento da
temperatura de maturacéao, indica a funcéo de protecdo do odcito, enquanto a
HSP 90 parece agir para preparar as ceélulas para a acdo da HSP 70.
Considerando o nivel de HSP no grupo controle (38,5°C) o limite, poderiamos
dizer que os odcitos se sentiram mais a temperatura de 37°C. Como ndo houve
diferenca entre os grupos 38,5°C e 40°C, € possivel que os odécitos ndo tenham
sido estressados pelo efeito citoprotetor por células do cumulus, no entanto, isso
ainda precisa ser melhor estudado. A menor taxa de blastocistos e a acao
paralela das HSPs demonstram que as vacas Nelore criadas em ambiente hostil,
como o pantanal brasileiro, afetam a producéo in vitro de embrides quando
ocorre a maturacdao in vitro em situacdes de estresse crénico (24 horas de MIV)
por temperatura mais baixa (37°C) e calor (40°C).

e O estresse por calor cronico, que significa BGHI> 80 por 90 dias
antes da sesséo de OPU, afeta negativamente a viabilidade ovocitaria de vacas
leiteiras mesticas, mas ndo do Bos taurus taurus adaptado (Pantaneira). O
estresse térmico agudo, que significa BGHI> 80 no dia da sessdo de OPU, afeta
negativamente o FR de vacas leiteiras mesticas e leva a um recrutamento de
HSP 70 para proteger a maturagdo do odcito. Em Bos taurus taurus adaptado, o
mesmo ocorre quando o BGHI era <80. Além disso, a raca Pantaneira produziu
quase o dobro da HSP70 quando comparada a raca Girolando, mostrando que
esta proteina deve estar envolvida nos mecanismos de apdatacdo ao calor do

pantanal.



W

111

8. ANEXOS

Durante a realizacao deste trabalho, foram gerados os artigos que seguem nos
anexos abaixo.
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Abstract

The aim of this study was to evaluate ovarian antral follicle populations (OAFP) of Nelore and
Girolando breed heifers (12—18 months old) and cows (24—60 months old). Animals were assigned to
four groups: (1) Nelore cows (n = 18), (2) Girolando cows (n = 20), (3) Nelore heifers (n = 7), and (4)
Girolando heifers (n = 7). Cows were treated to synchronize follicular wave emergence by implantation
of an intravaginal device containing 1.9 g of progesterone, as well as intramuscular administration of
2 mg of estradiol benzoate and 25 mg of dinoprost. This synchronization treatment was administered
at a random day of the estrous cycle of each cow, designated DO0. Intravaginal devices were removed
on D7, and on D11, OAFP counts were performed by transvaginal ovarian ultrasound. For each cow,
all follicles >3 mm in diameter were counted in both ovaries and counts were performed three times
at 35-day intervals. Counts were also obtained from heifers, but these animals were not treated for
synchronization of follicular wave emergence. Analysis of variance (ANOVA) with Tukey’s test and
Pearson’s correlation test were used to compare mean OAFPs between counts as well as mean OAFPs
between breed and age groups. No differences were observed in mean OAFPs between Nelore and
Girolando cows (30.9 vs. 26.7, respectively; P > 0.05) or heifers (16.2 vs. 18.1, respectively; P> 0.05).
However, within each breed, there were differences in mean OAFPs between heifers and cows (for
Nelore cattle: 16.2 and 30.9, respectively; for Girolando cattle: 18.1 and 26.7, respectively; both P <
0.05). In conclusion, OAFPs were similar between Nelore and Girolando breeds and were influenced
by age. Furthermore, we observed a high correlation for individual animals between the mean numbers
of follicles counted in both ovaries and total number of follicles counted in either the right or left ovary,
indicating that the evaluation of a single ovary is sufficient to estimate the OAFP of an individual.

Key words: Ovary, ultrasonography, bovine
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Resumo

Este estudo objetivou avaliar a populagao folicular antral ovariana (PFAQO) de novilhas (12 a 18 meses)
e vacas (24 a 60 meses) das racas Nelore e Girolando. Os animais foram divididos em quatro grupos: 1)
vacas Nelore (n = 18); 2) vacas Girolando (n=20); 3) Novilhas Nelore (n=7) e; 4) Novilhas Girolando
(n=7). Nos grupos das vacas, os animais receberam um dispositivo intravaginal com 1.9 g de progesterona,
2 mg de benzoato de estradiol IM e 25 mg de dinoprost IM, em um dia aleatdrio do ciclo estral (D0). No
D7 o dispositivo de progesterona foi retirado. Os animais foram submetidos a ultrassonografia ovariana
via transvaginal para contagem da PFAO no D11. Foram contados todos os foliculos > 3 mm de diametro
em ambos os ovarios. O procedimento de contagem da PFAO foi repetido trés vezes, com intervalos
de 35 dias entre as repetigdes. Para os grupos de novilhas foram adotados os mesmos procedimentos
descritos acima, porém estes animais ndo receberam o tratamento de sincronizagdo da emergéncia da
onda folicular. Para avaliagdo da PFAO entre as contagens e da média das contagens entre as ragas e os
grupos, foi realizada analise de variancia (ANOVA) seguida de Teste de Tukey a 5% de probabilidade
e correlagdo de Pearson, através do programa SAS, utilizando o Proc GLIMMIX. Nao foi observada
diferenca significativa (p>0.05) entre as médias das contagens da PFAO de vacas Nelore e Girolando
(30.9 e 26.7, respectivamente) e das novilhas Nelore e Girolando (16.2 e 18.1, respectivamente).
Porém, diferenca significativa (p<0.05) da PFAO entre as categorias de novilhas e vacas da raga Nelore
(16.2 e 30.9, respectivamente) e Girolando (18.1 e 26.7, respectivamente) foi observada. Com base
nestes dados, conclui-se que a PFAO em fémeas bovinas das racas Nelore e Girolando ¢ semelhante e
influenciada pela idade. Além disso, considerando a alta correlagao observada entre a média de foliculos
dos dois ovarios e a média de foliculos dos ovarios esquerdo e direito separadamente, sugere-se que a

avaliacdo de um unico ovario ¢ suficiente para estimar a PFAO do individuo.
Palavras-chave: Bovinos, foliculos antrais, ultrassonografia

Introduction

Girolando is a hybrid of Gir and Holstein breeds,
combining the hardiness of Bos taurus indicus to the
high productivity of Bos taurus taurus. Girolando
was officially recognized as a breed by the
Brazilian Agriculture Ministry relatively recently,
in 1996, which explains the lack of information on
reproductive physiology for this breed (SANTOS
FILHO et al., 2001).

There are increasing attempts to improve bovine
production through the development and application
of reproductive biotechnologies that increase
reproductive efficiency. Within the last five decades,
a negative association between high production and
fertility has been observed mainly in dairy cattle
(SARTORI et al., 2010; WALSH et al., 2011),
and there have been attempts to better understand
and reduce this association. A low population of
ovarian antral follicles has been associated with
certain characteristics of reduced fertility, including
smaller ovaries and low numbers of ovarian antral

follicles and oocytes (IRELAND et al., 2008), low

rates of pregnancy at the end of the breeding season
(MOSSA et al., 2012), diminished responsiveness
to superovulation (SINGH et al., 2004; IRELAND
et al., 2007), reduced progesterone and anti-
Miillerian hormone concentrations (IRELAND et
al., 2008; JIMENEZ-KRASSEL et al., 2009), and
diminished endometrial thickness between days
0 and 6 of the estrus cycle (JIMENEZ-KRASSEL
et al., 2009). Therefore, the reproductive potential
of bovine females can be correlated to the ovarian
antral follicle population — OAFP (IRELAND et al.,
2008; EVANS et al., 2010; IRELAND et al., 2011;
MOSSA et al., 2012) and this parameter could be
considered as an auxiliary tool for selection of cattle
with high reproductive efficiency.

An easy and reliable method for the selection
of animals with high reproductive efficiency would
contribute to improved livestock productivity.
Considerable  information = on  production
performance of Bos taurus taurus and Bos taurus
indicus animals is available, but little is known about

crossbred cattle. Because good milk production can
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be achieved at lower cost by using crossbred animals,
a better understanding of the physiology and genetic
selection of these cross breeds is necessary. This
study is a complement to reported data for purebred
cattle. Our aim was to evaluate OAFPs in Nelore and
Girolando cattle using transvaginal ultrasonography
and to compare OAFP values between breeds and
age groups. The relationship between OAFP values
from the right and left ovary in individual animals
was also evaluated.

Materials and Methods
Animals

Healthy, non-pregnant, non-lactating female
cattle with an average body condition score between
2.5 and 3.5 (5-point scale) were used. Animals were
maintained on pasture (Brachiaria brizantha and
Panicum maximum) and provided with water and
mineral salt ad libitum. The property where animals
were held was located in the Alto Pantanal region
of Mato Grosso do Sul State, Brazil (-20° 28" 16"
latitude; —55° 47" 14" longitude; 147 m above
sea level). For the period of the study, ambient
temperature varied between 19°C and 37°C, relative
air humidity was between 22% and 95%, and total
rainfall was 267 mm (INMET, 2013). Cattle were
assigned to four groups: (1) Nelore (Bos indicus)
cows (n = 18), (2) Girolando (Bos taurus indicus Y4
X Bos taurus taurus ¥s) cows (n = 20), (3) Nelore

heifers (n = 7), and (4) Girolando heifers (n = 7).
All cows were between 24 and 60 months old and
all heifers, between 12 and 18 months old during the
experimental period. All cows were post-pubertal,
cyclical, and non-lactating and had no contact with
bulls. Heifers were probably pre-pubertal, based on
evaluation of ovary characteristics and consideration
of animal age.

Experimental protocol

Cows were treated to achieve synchronization of
follicular wave emergence (Figure 1) at a random
day in the estrus cycle, designated DO of the
study. Cows were implanted with an intravaginal
device containing 1.9 g of progesterone (DP4-
CIDR®, InterAg, Hamilton, New Zealand) and
injected with estradiol benzoate (2 mg; EB-
ESTROGIN®, Farmavet, Brazil) and dinoprost (25
mg; LUTALYSE®, Zoetis, Sao Paulo, Brazil), both
intramuscularly. On D7, intravaginal devices were
removed and on D11, OAFP counts were performed.
Before each OAFP count, feces were removed from
the rectum and the perineal area cleaned with tap
water and 70% ethanol. The ovaries of each animal
were visualized using a 7.5-convex intravaginal
array transducer (Aquila PRO®, Pie Medical,
Maastricht, The Netherlands), and the total number
of antral follicles > 3 mm in diameter was recorded.
Counts were recorded from each animal three times
at 35 day intervals.

Figure 1. Protocol for synchronization of follicular wave emergence prior to OAFP counting in cows.

DO* D7* D11 D46 D81
+DP4 1? 2* 32
EB -DP4 OAFP OAFP OAFP
Dinoprost 1* count 2" count 3" count

* Heifers did not receive this treatment; DP4 intravaginal progesterone device implanted (+) and removed (-); EB, estradiol
benzoate; OAFP, Ovarian Antral Follicle Population.
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Counts were taken from heifers as described
above, except that in order to avoid early cycle
induction in pre-pubertal animals, synchronization
of follicular development was not carried out. The
timing of the first count in relation to each animal’s
stage of ovarian follicular development was
therefore random for heifers.

Statistical analysis

follicle
between counting events, as well as mean OAFPs
between breed and age groups, were compared
using an Analysis of variance (ANOVA) test with
Tukey’s post-hoc test and Pearson’s correlation test.
Tests were carried out at a level of significance of
5%, using SAS (SAS Institute Inc., Cary, NC, USA)
with Proc GLIMMIX software.

Ovarian antral population  values

Results

Mean OAFP counts for cows and heifers of
each breed are presented in Table 2. Counts were
performed three times for each individual animal
and repeatability in counts was observed, with a
positive correlation between counts regardless of
cattle breed or age (P < 0.05; Table 1).

No influence of breed on OAFPs was observed,
with mean OAFP values similar between Nelore
and Girolando cattle (P =0.632; Table 2). However,
within each breed, differences in the mean OAFPs
were observed between heifers and cows (P < 0.001
for both breeds; Table 2).

A high correlation was observed between the
mean number of follicles counted from both ovaries
and the total number of follicles counted in either
the right or left ovary of an individual animal (Table
3).

Table 1. Correlation of mean OAFPs between counts, regardless of breed and age.

FP 1 xFP2 FP 1 xFP 3 FP2 xFP3
Follicles Population Means 27.60 x 26.08 27.60 x 22.96 26.08 x 22.96
Correlation 0.54 0.55 0.48
(n=47) (n=151) (n=48)
Significance <0.0001 <0.0001 0.0005
FP 1, mean OAFP at first count; FP 2, mean OAFP at second count; FP 3, mean OAFP at third count.
Table 2. Adjusted mean OAFPs of cows and heifers (Nelore and Girolando breeds).
Groups Breed Adjusted Mean Standard Error
Cows .
(n = 20) Girolando 26.7 a 1.7
Cows
(n=18) Nelore 309a 1.8
Heifers Girolando 18.1b 2.8
(n=7)
Heifers
(n="7) Nelore 16.2b 2.8

a,b in the same column differ significantly (P < 0.05), Tukey’s test.
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Table 3. Correlation between the mean antral follicle population of the pair of ovaries and antral follicle population in
the left or right ovary at each evaluation.

LO1 LO2 LO3 RO1 RO2 RO3
Mean OAFP 13.96 12.47 11.69 13.64 13.60 11.26
Correlation 0.85787 0.80757 0.74665 0.79060 0.68977 0.56853
Significance <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

LO1, mean OAFP in the first count of the left ovary (LO); LO2, mean OAFP in the second count of the left ovary; LO3, mean
OAFP in the third count of the left ovary; RO1, mean OAFP in the first count of the right ovary; RO2, mean OAFP in the second
count of the right ovary; RO3, mean OAFP in the third count of the right ovary; Mean Fol — mean OAFP for the pair of ovaries

from all three counts.

Discussion

The evaluation of OAFPs is an excellent tool
for assisted reproductive programs (ART) in
women and increases the accuracy of predicting
high responsiveness of patients undergoing follicle
stimulating hormone (FSH) treatment. For cattle,
improved success of in vitro embryo production has
been associated with high numbers of recovered
cumulus oophorus complexes (COCs) from bovine
females (PONTES et al., 2011; SILVA-SANTOS
et al.,, 2014a, 2014b). However, high individual
and between-breed variations in oocyte production
have been observed and researchers seek to identify
mechanisms underlying such variability.

The estrus cycles of the cows were synchronized
prior to the first OAFP count so that the study was
initiated with all cows at the same stage of follicular
development. Subsequent counts were performed
twice at 35-day intervals without synchronization
and in accordance with other studies (CUSHMAN
et al., 2009; SILVA-SANTOS et al, 2014a), no
influence of stage of estrous cycle on OAFPs was
observed. However, based on consideration of
ovary characteristics as well as the historical age
at puberty for Girolando and Nelore breeds in the
study region, heifers were considered to be pre-
pubertal at the time of the study and were therefore
not subjected to the estrus synchronization treatment
administered to cows. This was done to avoid early
ovarian cycle induction of heifers and resulted in
evaluations of OAFPs in heifers at random time
points relative to the stage of ovarian development

for each individual animal. We demonstrated a
high within-breed correlation between OAFP
counts carried out at different time points (Table
1), in accordance with previous reports for Nelore
and Braford cattle (SILVA-SANTOS et al., 2014a,
2014b). We therefore conclude that a single count
of antral follicles at a random day during the estrus
cycle can be used to predict the OAFP of Girolando
cattle and to select individuals for breeding based
on this characteristic.

Approximately 24 antral follicles emerge at each
new follicular wave for Bos taurus taurus breeds
(GINTHER et al., 1996). In a study that evaluated
the first follicular growth wave in Bos indicus, a
great number of follicles (around 50) was reported
(BURATINI JUNIOR et al., 2000); in another study,
30-50 follicles have been recorded in Bos indicus
(LOUREIRO etal., 2012). A previous study reported
higher numbers of small follicles developing during
a wave emergence in Bos taurus indicus (33.4 +
3.2 follicles) compared to Bos taurus taurus cattle
(25.4 £ 2.5 follicles; CARVALHO et al., 2008).
Higher OAFPs in Bos taurus indicus cattle could be
associated with higher plasma levels of insulin-like
growth factor (IGF)-1 and free insulin, which are
responsible for increased granulosa cell sensitivity
to FSH, and the promotion of follicular recruitment
(ALVAREZ et al., 2000).

Historically, there is high variation in OAFPs
of cattle from different farms and different country
regions. This variation is probably related to
unintentional bias in selection of animals with high
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or low OAFPs in particular studies. In the present
study, OAFPs of Nelore (Bos taurus indicus) and
Girolando (Bos taurus taurus ¥a x Bos taurus
indicus ') cattle were comparable between the
two breeds for both cows and heifers under the
same environmental conditions. In a large-scale in
vitro embryo production program, recovery of 20.4
COCs per ovum pick-up (OPU) for 3/4 Girolando
cattle (Bos taurus taurus ¥a x Bos taurus indicus '4)
and 31.4 COCs per OPU for 1/2 Girolando females
(Bos taurus taurus 2 X Bos taurus indicus Y5) were
reported (PONTES et al., 2010). These same authors
also reported an average of 30.8 COCs for Nelore
females (PONTES et al., 2011). These values are
in agreement with those obtained from our study,
considering that OAFP is strictly related to COC
production.

The present study evaluated the influence of age
on OAFPs for Nelore and Girolando breed cattle.
Heifers were 12—18 months old (or 48-72 weeks)
during the study period and had significantly
different mean OAFPs when compared to cows of
the same breed (Table 2). A significant increase in
the number of follicles >3 mm in diameter in cattle of
age 660 weeks has been described for beef heifers
(HONARAMOOZ et al.,, 2004). Ovarian antral
follicles develop in a wave-like fashion in calves as
early as 2 weeks of age and this pattern resembles
that seen in adult cattle. Serum concentrations of
LH and FSH are high in cattle between 2 and 14
weeks of age, when numbers of ovarian follicles and
maximum diameters of follicles are also observed
to increase (EVANS et al., 1994a). In one study, no
dramatic changes in follicle growth or in endocrine
controlling follicle growth were
observed during the late pre-pubertal period, at the
time of first ovulation, or in pubertal cattle (EVANS
et al., 1994b). Marked growth of the reproductive
tract observed in cattle within the first few months

mechanisms

of age and prior to first ovulation reflects phases
of increased ovarian follicle numbers and size
(HONARAMOOZ et al., 2004). For beef heifers
and cows, OAFPs have been correlated to birth

weight and to age with an increased number of antral
follicles observed until 5 years of age, following
which decreasing OAFPs are seen (CUSHMAN et
al., 2009). These reports are in accordance with our
observation of differences in OAFPs between Nelore
heifers (16.2 follicles) and cows (30.9 follicles), and
between Girolando heifers (18.1 follicles) and cows
(26.7 follicles), confirming an increase in OAFPs in
cattle of these breeds between the ages of 12 and 60
months (Table 2). However, different results have
been observed in Braford cattle, which show similar
OAFPs from weaning to yearling ages in females
with either high or low OAFPs, (SILVA-SANTOS
et al., 2014a) as well as in Holstein cows and heifers
(BURNS et al., 2005). It is know that OAFP is
established under the influence of several factors,
including concentrations of circulating insulin,
insulin-like growth factor I, and anti-Miillerian
hormone (ALVAREZ et al., 2000; SATRAPA et al.,
2013; BATISTA et al., 2014). Suppression of serum
insulin-like growth factor I (IGFI) can be induced
by active immunization against growth hormone-
releasing factor or by chronic nutritional restriction,
with consequential alterations in FSH, LH, and
estradiol serum concentrations.
changes in numbers and mean diameter of ovarian
antral follicles and culminates in delayed puberty in
heifers (SCHOPPEE et al, 1996). In consideration
of these points endocrine mechanisms, environment
conditions, individual variability, or a combination
of these factors,

This results in

could explain discrepancies
observed between different studies as outlined
above.

In the present study, we observed a high
correlation between the mean number of antral
follicles based on counts of both ovaries, and the
number of antral follicles for each ovary — left or
right (Table 3). Estimation of OAFPs using the
weight of the ovary contralateral to that bearing the
corpus luteum (CL) has been described in heifers
(MURASAWA et al., 2005). In our study, although
the presence of the CL was not evaluated, the strong
positive relationship in the number of antral follicles
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between left and right ovaries is in agreement with
previous work by Erickson (1966) and Cushman
et al. (2009). Based on this, we propose that an
OAFP value can be determined for an individual
by ultrasound evaluation of a single ovary. This is
an important finding for the application of OAFP
counts in the field, as single-ovary counts will
reduce the time taken for ultrasonography of each
animal, improving efficiency and reducing the
welfare impact of prolonged restraint on individual
animals.

Conclusion

In summary, OAFPs of Nelore and Girolando
were found to be positively correlated between
counts within each breed, suggesting that one
ovarian ultrasound evaluation is adequate to
evaluate OAFPs of cattle. Mean OAFPs were
similar between Nelore and Girolando cattle and
in both breeds were influenced by animal age, with
lower OAFPs observed in heifers. Furthermore, the
OAFP of a single ovary can be used to determine the
OAFP of each individual, improving the practicality
of this technique for use in the field.
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ARTICLE INFO ABSTRACT
Article history: The production rates of viable embryos using sexed semen through the conventional
Received 17 December 2015 methodologies of multiple ovulation and embryo transfer are generally not satisfactory.
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However, the cryopreservation of these embryos is considered efficient. Knowledge of
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epigenetics can provide new tools or allow for adapting new protocols that could enhance the
efficiency of reproductive biotechnologies. The aim of this study was to characterize the

Ié;{gmggsiés pattern of trimethylation of histone 3 at lysine 4 (H3K4me3) in bovine embryos produced
H3K4 in vivo with sexed semen that were submitted to cryopreservation. Bos taurus x Bos indicus
semen cows (n = 5) were superovulated and inseminated with sexed (two sessions) or conventional
Superovulation (two sessions) semen. A portion of the embryos collected on Day 7 was immediately stored in
Cattle paraformaldehyde (3%) and another portion was stored in paraformaldehyde after cryo-

preservation/thawing. All embryos from the four groups (fresh, conventional semen; fresh,
sexed semen; cryopreserved, conventional semen; and cryopreserved, sexed semen; 15
embryos per group) were evaluated by immunofluorescence under confocal microscopy to
identify and quantify the H3K4me3 status. In total, 190 embryos were recovered, 100 of
which were produced with conventional semen and 90 with sexed semen. The use of
conventional semen after superovulation yielded 72% (72 of 100) viable embryos, which
were mostly (81%; 59 of 72) in advanced stages of development (blastocysts and expanded
blastocysts). Embryos produced with sexed semen had a lower viability rate (36.7%; 33 of 90),
and most of them were collected at earlier stages of development (morulae and early blas-
tocysts; P < 0.05). The H3K4me3 signal was similar among groups; however, there was a
difference between morulae and blastocysts. A high intensity of H3K4me3 was observed in
bovine embryos produced in vivo, and this pattern did not vary using sexed semen and the
slow cryopreservation process. The lower viability of bovine embryos produced with sexed
semen could be not explained by differences in H3K4me. Cryopreservation did not alter the
pattern of H3K4me3; in this sense, we suggest that it is a process that exerts minimal damage
to the embryos.
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1. Introduction

The production rates of viable embryos using sexed
semen with the conventional methodologies of multiple
ovulation and embryo transfer do not yield satisfactory
results. Therefore, it is necessary to use a greater number of
doses of semen per superovulated cow to obtain high
embryo production [1], including a change in the artificial
insemination (AI) schedule [2]. Semen sexing does not
affect the sperm’s ability to fertilize the oocytes, but it can
affect the ability of embryos to develop normally after
fertilization [3,4].

The progress of reproductive biotechnologies seems to
have reached a limit, and its implementation relies on basic
knowledge of the biology of gametes and embryos. These
limiting factors provide an opportunity for integration of
epigenetics knowledge. Gametes and embryos must pass
through a broad epigenetic reprogramming process to be
able to be fertilized and form a viable embryo [5,6].
However, epigenetic patterns may be susceptible to envi-
ronmental changes such as temperature stress and/or
physical and chemical processes [7].

Epigenetic modifications can occur through different
mechanisms by which chromatin is modulated, including
DNA methylation, that is, covalent modifications on
histones and chromatin remodeling factors. The regulation
of transcription can be accomplished through modifica-
tions in the amino terminal regions of histones, such as
methylation, phosphorylation, acetylation, and ubiquiti-
nation [8]. DNA methylation involves the addition of a
methyl group to the cytosine base in the DNA strand, which
promotes transcriptional repression and is especially
prevalent in mammals [9].

The high number of residues that can be modified on the
tails of histones and the correlation of individual changes
with various nuclear processes and specific combinations
of histone modifications characterize the “histone code,”
which determines specific functions for each cell [10]. In
this sense, the histone code has an important relationship
with the chromatin structure [11].

The start and end points of the epigenetic reprogram-
ming have not been well studied in many mammalian
species. Certain modifications of histones are known to be
essential for the establishment of meiotic maturation and
development of the oocyte [12].

In general, methylation of histones is associated with
transcriptional silencing, except in some cases such as
methylation of histone 3 at lysine 4 (H3K4me), which is
mainly associated with transcriptionally active chromatin,
in forms mono-, di-, or trimethylated. The dynamic alter-
ation of lysine methylation contributes to reversible and
plastic regulation of gene expression in varieties of the
cellular process, which contrasts with stable gene inacti-
vation by DNA methylation [13]. The importance of
H3K4me has been described for amphibian oogenesis [14],
swine folliculogenesis [15], and mouse embryogenesis
[16,17]. However, little is known about this epigenetic
target with respect to bovine reproduction.

Although the general rate of transcription decreases
during oocyte growth, histone acetylation and methylation
of H3K4, which are associated with transcriptional

activation, increase [12]. The need for increased transcrip-
tion in this period is justified by the need for formation of
an mRNA reserve for early embryo development [18].
However, the heterogeneous presence of histone modifi-
cations (H3K4me1, H3K9me2, H3K4me3, H3K79me2, and
H3K36me3) was reported in human sperm, and a potential
association of this pattern with sperm quality was pro-
posed [19].

In the mouse male pronucleus, there is a rapid
replacement of protamines by acetylated histones after
fertilization, which subsequently become methylated at the
H3K4 position [20,21]. H3K4 trimethylation (H3K4me3) is
associated with critical events such as differentiation and
activation of the embryonic genome, which has been
demonstrated in swine [22], human [23], and bovine [24]
embryos. Environmental factors and reproduction bio-
technologies such as in vitro culture, nuclear transfer, and
cryopreservation can modify the epigenetic profile of
gametes and embryos [25]. According to this background,
we hypothesized that H3K4me3 would be less frequent in
cryopreserved bovine embryos produced in vivo with sexed
semen, owing to stress, with a consequent negative influ-
ence on their quality.

The knowledge generated from studies on the epige-
netic patterns of embryos can be used to support the
development of new tools or to adapt new protocols that
enhance the efficiency of reproductive biotechnologies.
Thus, the aim of this study was to characterize the
pattern of H3K4me3 of bovine embryos produced in vivo
with sexed or conventional semen before and after
cryopreservation.

2. Materials and methods
2.1. Experimental design

The production of in vivo embryos was carried out at the
Dairy Cattle Department and the Laboratory for Biotech-
nology of Animal Reproduction of the State University of
Mato Grosso do Sul—Aquidauana University Unit (UEMS/
UUAQ). All procedures were approved by the Committee of
Ethic and Animal Use of the State University of Mato Grosso
do Sul, Aquidauana-MS (protocol CEUA-UEMS 012-2013).

Nonpregnant, nonlactating, cyclic Bos indicus x Bos
taurus cows (n = 5) were used. The mean age of the animals
was 7 years with an average body condition score of 3 (scale
of 1-5). The animals were maintained on a rotational
grazing system with Mombasa (Panicum maximum cv.
Mombasa) and Tanzania grass (P maximum cv. Tanzania),
with mineral supplementation ad libitum.

The animals were held for four sessions of superovula-
tion and insemination, including two sessions with sexed
semen and two with conventional semen. All animals were
subjected to Al with sexed (n = 2) and conventional (n = 2)
semen to minimize individual effects. The mean interval
between sessions was 60 days. Before this study, the ani-
mals were never submitted to superovulation procedures.

In each superovulation session, the collected embryos
were divided into four groups: fresh/conventional semen,
fresh/sexed semen, cryopreserved/conventional semen,
and cryopreserved/sexed semen. The embryos were also
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separated according to their stage of development. Morulae
and early blastocysts were considered as earlier stages of
development, and the blastocysts and expanded blasto-
cysts were considered as advanced stages of development.

Epigenetic analyses were conducted with 15 embryos
per group. Therefore, the number of thawed embryos was
established to be sufficient to achieve 15 viable embryos
after thawing.

2.2. Embryo production

The hormonal synchronization began at Day O (random
day, in the morning) of the estrous cycle using the intra-
vaginal device containig 1.9 g progesterone-P4 (Eazi Breed
CIDR; Zoetis) and an intramuscular injection of 2 mg of
estradiol benzoate (Estrogin; Biofarm). Starting 5 days later,
the animals received a total amount of 200 IU porcine pi-
tuitary extract of FSH (Foltropin; Tecnopec) intramuscularly
in eight decreasing doses every 12 hours (40, 40, 30, 30, 20,
20 10, and 10 IU); 48 hours after the first FSH injection (Day
6), animals received 25 mg of dinoprost tromethamine
(Lutalyse; Zoetis) intramuscularly. On Day 7, two doses of
200 IU eCG (Novormon; Zoetis) were applied with a 12-
hour interval. The progesterone devices were removed at
the same period as the second injection of eCG on Day 7.
Application of 12.5 mg LH (Lutropin; Tecnopec) took place
24 hours after withdrawal of the P4 device. Two Als, at 12
and 24 hours after LH injection, were carried out with
conventional or sexed semen from a single Bos indicus x B
taurus bull of proved fertility. Semen of a single ejaculate
was used in all procedures. Semen collection, sexing, and
cryopreservation were conducted in a commercial Al Cen-
ter (Semex Brazil). The experimental design and schedule
are summarized in Figure 1.

The uterine flushing was performed 7 days after the first
Al through nonsurgical transcervical uterine flushing. The
collection medium used was Dulbecco’s PBS (Cultilab) plus
5% fetal bovine serum (Sigma-Aldrich) previously heat
treated at 37 °C. After flushing, each donor was treated with
25 mg of a prostaglandin F2a analogue (Lutalyse; Zoetis).
The uterine content was transferred to sterile Petri dishes
(100 x 20 mm), and the embryo handling was performed
using a binocular stereomicroscope at fivefold magnifica-
tion. The embryos found were classified as unfeasible
(degenerate, not fertilized), morula, early blastocyst,
blastocyst, and expanded blastocyst, according to the

DO D4 D6 D7 pg D9 D16

PGF2u  2eCG
-P4

y —'—’ LH 27TAl Uterine
+P4 Flushing
+EB

Decreasing doses
in FSH

Fig. 1. Experimental design: superovulation protocol, TAI (twice on Day 9),
and uterine flushing. EB, estradiol benzoate; P4, progesterone-P4 intra-
vaginal device; PGF2a, prostaglandin F2o; TAI, time-fixed artificial
insemination.

specifications of the International Embryo Technology
Society [26]. Qualities 1 to 3 of Morulae and blastocysts
were considered to be viable. The embryos were random-
ized among groups to reduce the effect of the individual
animal on the results. An aliquot of embryos was stored at
4 °C in 3% paraformaldehyde (Sigma-Aldrich) in water
containing 2% sucrose (Sigma-Aldrich) for further analysis.
The other part was cryopreserved by a slow freezing
method. In brief, the embryos were exposed to the cryo-
protectant solution (1.5 M ethylene glycol; Vigro) for
10 minutes. During this period, the embryos were loaded
into 0.25-mL straws, with a central column containing the
embryo and adjacent columns containing Holding (Vigro).
The straws were placed in a freezing machine (Beltron In-
struments, EFT-3002 embryo freezer) at a cooling rate of
2 °C/min until reaching —6 °C, when seeding was performed.
Thereafter, the cooling rate was maintained at 0.6 °C/min
until reaching —30 °C. The embryos were then stored in
liquid nitrogen at —196 °C. The thawing was performed in a
water bath (35 °C) and then the embryos were reclassified
[15] and stored in groups of 15 embryos in 3% para-
formaldehyde plus 2% sucrose at 4 °C for further analysis.

2.3. Immunofluorescence staining of H3K4me3

The evaluations of H3K4me3 status were performed at
the Leibniz Institute for Farm Animal Biology (FBN, Dum-
merstorf, Germany); 15 embryos per group were used,
including five for the negative control and 10 for investi-
gation of H3K4mes3.

After washing (100 mL PBS, 0.5 g bovine serum albumin,
and 50 pL Triton X-100) at room temperature (RT), the
embryos were permeabilized (20 mM HEPES, 300 mM
saccharose, 50 mM NaCl, 3 mM MgCl,, 0.5% Triton X-100,
pH 7.4) at 0 °C for 15 minutes. After washing three times for
5 minutes each at RT (as mentioned earlier), the embryos
were blocked (Roti ImmunoBlock 1:50 in H;O; Carl Roth,
Karlsruhe, Germany) for 2 hours at RT. Subsequently, they
were exposed to a polyclonal antibody against methylated
H3K4 (Cell Signaling; 1:1000 in Roti ImmunoBlock 1:100 in
PBS + 0.02% Tween 20) overnight at 4 °C. After washing five
times for 10 minutes each at RT (as mentioned earlier), the
embryos were incubated with the secondary antibody
(anti-rabbit-Alexa647; Invitrogen A21245, 1:200 in Roti
ImmunoBlock (Carl Roth, Karlsruhe, Germany) 1:100 in
PBS + 0.02% Tween 20) for 5 hours at RT. After washing five
times for 10 minutes each at RT (as mentioned earlier), the
nucleus was counterstained (SYBR Green; Thermo Fischer,
Waltham, Massachusetts, USA; 1:500) and the embryos
were incubated at 4 °C for 15 minutes. Finally, after
washing four times for 10 minutes each at RT
(as mentioned earlier), the embryos were individually
mounted on coverslips.

2.4. Microscopic analysis of H3K4me3

For analysis of stained embryos, a confocal laser-
scanning microscope (Pascal 5; Zeiss, Oberkochen,
Germany) was used. Image stacks of individual embryos
with a distance of 1 um between images in the z-direction
were recovered in dual tracks (40-fold oil lens): track 1:
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Table 1
Viability of embryos produced in vivo with conventional or sexed semen
before and after cryopreservation.

Semen Viable
(viable/total)

Cryopreserved Viability after
embryos thawing (viable/total
of thawed embryos)“
88.2%° (15/17)
78.9%% (15/19)

Conventional  72%%(72/100) 57
Sexed 37.70%° (34/90) 19

Different lowercase letters indicate significant differences within the
column (P < 0.05).

¢ The number of thawed embryos was sufficient to achieve 15 viable
embryos after thawing for epigenetic analyses.

Laser: Argon 30 mW (458/488/514 nm) 488 nm/12%;
HFT/NFT: 488/545 nm; filter: BP 505- to 530-nm channel 1
(channel 2 closed); track 2: Laser: HeNe 1 mW (543 nm)
543 nm/60%; HFT/NFT: 543/545 nm; filter: LP 560-nm
channel 2 (channel 1 closed); pinhole: 1 AU, gain constant,
averaging: 2; resolution: 1024 x 1024.

For localization and quantification of H3K4me3, the
intensities of the fluorescence signals were analyzed by
three-dimensional densitometry (Image]) evaluating at
least 10 cells per embryo. Regions of interest (ROIs) were
defined around the relevant nuclei in the stack. For
background correction, an additional ROI was set outside
the nuclei but inside the embryo. The measured
intensities in these ROIs were subtracted from the
intensities of the measurements in the ROIs around the
nuclei. The fluorescence intensity depends on the location
in the z-direction in the stack. Nevertheless, the intensity
of nuclear staining (green channel, track 1) should be
constant. Therefore, the incident intensity of nuclear
staining (green channel) in the z-direction was used to
calculate the fluorescence fading in the z-direction. The
fading correction of the fluorophore (red channel) in-
tensity in the z-direction was calculated using this result.
The data were normalized to the controls (without the
first antibody). For blastocysts, only cells from the inner
cell mass (embryoblast, determined morphologically)
were analyzed.

2.5. Statistical analyses

The experimental design was completely randomized
and arranged in a factorial 2 x 2 structure (two treatments
[semen and conservation] by two embryo development
stages [morula and blastocyst]). First, the normality of the
data was checked by the Shapiro-Wilks test. Then, ANOVA
was performed, and when a significant difference was
found, the post hoc Tukey test was carried out at a 5%
probability (R Program).

3. Results

After all procedures (n = 4), 190 embryos (7.8 + 6.6
embryos per cow per session) were obtained, comprising
100 embryos from groups produced with conventional
semen and 90 produced with sexed semen. Thus, the pro-
duction of viable embryos with conventional semen was
superior to that of embryos produced with sexed semen
(72% [72 of 100] vs. 37.7% [33 of 90], respectively; P < 0.05;
Table 1). Fifty-seven viable embryos from the conventional
semen group and 19 from the sexed semen group were
cryopreserved. There were a sufficient number of thawed
embryos to achieve 15 viable embryos per group for further
analyses. The viability rate of embryos (qualities 1-3) after
thawing was 78.9% for embryos produced with sexed
semen and was 88.2% for embryos produced with con-
ventional semen (P > 0.05; Table 1).

Considering that flushing was always conducted on Day 7
in the morning, the procedures performed with sexed semen
generated more (P < 0.05) embryos at the early stages of
development (21.21% morulae and 21.21% early blastocysts)
compared with those produced with conventional semen
(4.16% morulae and 13.88% early blastocysts; Table 2).

H3K4me3 was detected in both morulae (Fig. 2) and
blastocysts (Fig. 3). A higher H3K4me3 signal intensity was
observed in morulae compared with blastocysts for all
groups, and there was no influence of cryopreservation or
the use of sexed semen on H3K4me3 levels (P > 0.05). In
addition, there was no interaction between treatments
(P > 0.05; Table 3).

4. Discussion

For many years, the superiority of conventional semen
for a higher embryonic viability rate has been observed,
regardless of the animal breed or category [27-29]. How-
ever, in spite of the smaller number of embryos produced
using sexed semen, the production of the desired sex of
calves makes this a feasible biotechnology [30,31]. In this
study, the number and viability of embryos were reduced
when sexed semen was used (Table 1), and in general, the
recovered embryos were at later stages of development
(blastocysts and expanded blastocysts; Table 2). It has been
reported that embryos of B taurus cattle obtained after
superovulation and Al with conventional semen are
generally in the early stages of development such as
morulae, compact morulae, and early blastocysts [32,33]. In
contrast, in zebu, it was observed that 80% of the collected
embryos were in advanced stages of development [34].
This difference may be related to some endocrine

-;?;gl:szof development of embryos obtained after uterine flushing 7 days after artificial insemination (Day 7), with sexed or conventional semen.
Semen D7
Mo Bi Bl Bx
Conventional 4.16%° (3/72) 13.88%° (10/72) 29.16%% (21/72) 52.77% (38/72)
Sexed 21.21% (7/33) 21.21%(7/33) 24.24% (8/33) 33.33%" (11/33)

Different superscript letters indicate significant differences within the column (P < 0.05).
Abbreviations: Bi, early blastocyst; Bl, blastocyst; Bx, expanded blastocyst; Mo, morula.
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i B

Negative Control

Sexed Semen and Fresh Embrvo

Sexed Semen and Cryopreserved Embryo

Fig. 2. Identification of H3K4me3 in morulae obtained after uterine flushing 7 days after artificial insemination with conventional or sexed semen. Immuno-
fluorescence analysis by confocal microscopy. Blue: anti-H3K4me3 antibody, green: SYBR Green, merge: anti-H3K4me3 + SYBR Green. (For interpretation of the
references to color in this figure legend, the reader is referred to the Web version of this article.)
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H3K4me3 Syber Green

Negative Control

Conventional Semen and Cryopreserved Embryo

Sexed Semen and Cryopreserved Embryo

Fig. 3. Identification of H3K4me3 in blastocysts obtained after uterine flushing 7 days after artificial insemination with conventional or sexed semen. Immu-
nofluorescence analysis by confocal microscopy. Blue: anti-H3K4me3 antibody, green: SYBR Green, merge: anti-H3K4me3 + SYBR Green. (For interpretation of
the references to color in this figure legend, the reader is referred to the Web version of this article.)
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Table 3

Mean =+ SD of the intensity of H3K4me3 signals in morulae and blastocysts
(embryoblasts) produced in vivo using sexed and conventional semen
before and after cryopreservation.

Semen Signal intensity P value

Sexed 178.51 + 32.89 0.4321
Conventional 191.10 + 25.26
Conservation

Fresh 180.67 + 25.95 0.6049

Cryopreserved 188.94 + 33.26

Stage
Morulae 209.26 + 10.95 0.0041°
Blastocysts (embryoblasts) 160.35 + 10.52

Interaction
Semen x conservation — 0.7637
Semen x stage — 0.7285
Conservation x stage - 0.6370
Semen x conservation x stage — 0.8522

@ Significant at 5% probability.

differences because zebu have a pre-ovulatory LH surge
closer to ovulation [35] than taurine females [36]. Conse-
quently, fertilization occurs earlier, allowing more time and
favorable conditions for embryos to develop [35].

In this study, the number of morulae and early blasto-
cysts was significantly higher when sexed semen was used
(Table 2). Higher pregnancy rates have been demonstrated
in crossbred cows when embryos were transferred at more
advanced stages of development (blastocysts and
expanded blastocysts) [37]. The different steps required for
the sperm sexing technique with flow cytometry may
generate some morphologic damage, including exposure to
the laser, the pressure during the passage through the cy-
tometer, the fall at high speed within the collection tube,
and holding for a few hours at RT before processing [38,39].
We speculate that changes in sperm chromatin because of
the sexing procedures could reduce the ability of embryos
to reach advanced stages of development or cause their
degeneration. This would explain the observed lower
pregnancy rates when sexed semen is used and the higher
rate of nonviable embryos found in the present study and
reported previously [27,40].

Some modifications of histones are essential for estab-
lishment of oocyte competence and development [12],
spermatogenesis, and embryogenesis [5]. During sper-
matogenesis in mammals, histones are replaced in part or
completely by specific nucleoproteins of spermatozoa
known as protamines, which have a structural character
[41]. Furthermore, after fertilization, protamines and
almost all paternal histones are degraded and replaced by
histones of the oocyte [42]. The presence of H3 was
described in both human spermatozoa and in the male
pronucleus of the zygote [43]. This pattern suggests the
possible importance of paternal histone in the embryo.
However, the presence of histone modification marks,
including H3K4me3, was found to be higher in poor func-
tional quality sperm, suggesting that defects in the process
of spermatogenesis may alter the correct epigenetic
programming in mature sperm [19]. Nevertheless, it is
unknown whether this feature has a specific function
during early embryonic development [19], and information
in this regard is particularly lacking for cattle. Considering

the small amount of histones identified in the spermatozoa
of humans and mice [44,45], little influence of paternal
histones in embryonic development is expected. However,
this does not rule out the possibility that the small amount
of histones present in the sperm might have a significant
function.

The results of this study reported no different pattern of
H3K4me3 among embryos produced with sexed and con-
ventional semen (Table 3), suggesting that this epigenetic
mark is not related to the stress experienced by the sper-
matozoa from the sexing procedure and its impact on
embryonic development. However, it is possible that other
epigenetic marks may be involved in the development of
embryos produced with sexed semen.

Cryopreservation favors the storage of embryos for
prolonged periods with little loss of the capacity of devel-
opment, allowing for the genetic material of interest to be
used as needed and at the most appropriate time for effi-
cient embryo transfer.

The classic freezing method is used worldwide for the
cryopreservation of embryos produced in vivo. This method
has the advantage of using low concentrations of cryopro-
tectants; however, it also permits the formation of ice
crystals to a greater or lesser extent, resulting in injury to
the membranes and organelles [46]. Despite this potential
for damage, the cryopreservation of embryos produced
in vivo is a well-established strategy and can yield embryo
survival, pregnancy, and birth rates similar to those ach-
ieved with fresh embryos [47,48]. However, basic research
is important to determine the metabolic pathways, mo-
lecular mechanisms, and epigenetic events most affected
by cryopreservation that could help to improve other
reproduction biotechniques. In this study, a high signal of
H3K4me3 was detected in morula and blastocysts obtained
7 days after Al Our results reported no significant differ-
ence in the signal intensity of H3K4me3 from blastocysts
and morulae, regardless of cryopreservation (Table 3, Figs. 1
and 2). It has been reported that there is no change in
pattern of H3K4me3, H3K9ac, and H3K9me3 in mouse
embryos, produced in vitro and in vivo, and cryopreserved
or not [48]. These authors concluded that cryopreservation
did not seem to have any additional effect on epigenetic
changes (histone, H3K4me3) and that it could be consid-
ered as a process that exerts minimal damage to the em-
bryos. The results of the present study corroborate these
previous findings because the process of cryopreservation
of the bovine embryos produced in vivo did not alter the
pattern of H3K4me3.

In vitro bovine blastocysts subjected to slow freezing
reported a reduction in the permissive mark of gene tran-
scription, H3K4me3, and an increase in the repressive mark
of gene transcription, H3K27me3, in comparison with fresh
embryos [49]. However, in mouse, contradictory results
were observed. After thawing and culturing to the blasto-
cyst stage, there was an increase in the permissive mark
H3K9ac and a decrease in the repressive mark, H3K9me2,
associated with an increase in expression of H19 and MEST
genes, important for embryo development, fetal growth,
placental function, and postnatal behavior [48].

In this study, the signal intensity of H3K4me3 was
higher in morulae than in the inner cell mass of blastocysts
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(Table 3, Figs. 2 and 3). These results differ from those re-
ported previously for mice, in which the H3K4me3 signal
intensity was highest in zygotes at the pronuclear stage and
two-cell embryos but significantly decreased at the eight-
cell stage and gradually increased from the morula to
blastocyst stages [50,51]. However, a higher signal intensity
of H3K4me3 in the inner cell mass from thawed hatched
blastocysts of mice in comparison with fresh hatched
blastocysts was reported [47]. The differences between the
present study and these mouse data may be because of
species-specific differences, but further studies are
required to elucidate the cause.

4.1. Conclusions

A high-intensity H3K4me3 signal was observed in
bovine embryos produced in vivo, and this pattern did not
vary depending on the use of sexed semen and the slow
cryopreservation process.

The production of viable embryos with conventional
semen was higher to that of embryos produced with sexed
semen, which were mostly in early stages of development.
This fact could be not explained by differences in H3K4me3.

Cryopreservation did not alter the pattern of H3K4me3,
and in this sense, we suggest that it is a process that exerts
minimal damage to the embryos.
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Resumo

A epigenética consiste no estudo de mudangas na funcdo génica que ndo dependem de mudangas na
estrutura primaria do DNA e que podem ser hereditarias. As mudangas epigenéticas desempenham um
importante papel no processo de diferenciacdo celular, permitindo que as células mantenham caracteristicas
estaveis diferentes, apesar de conterem o mesmo material genético. As histonas possuem uma importante fungéo
na estrutura do DNA, e alteragdes bioquimicas em sua cauda aminoterminal, alteram a estrutura da cromatina e
suas fungdes. Dessa forma sdo fundamentais para o controle da expressdo génica, ativacdo do genoma
embrionario, metilagdo do DNA e inativagdo do cromossomo X. O desenvolvimento oocitario ¢ embrionario
envolvem uma série de modificacdes epigenéticas importantes, incluindo as modificagdes pds-traducionais das
histonas, que sdo imprescindiveis para o desenvolvimento normal do embrido. O melhor entendimento a respeito
do epigenoma e sua influéncia sobre a oogénese e embriogénese podem permitir a otimizagdo das biotecnologias
da reproducdo.

Palavras-chave: epigenética, gametas, embriogénese, modificacdes pds-traducionais.
Abstract

Epigenetic is the study of changes in genetic function which do not depend on change in the primary
structure of DNA, and can be heritable. Epigenetic changes play an important role in cellular differentiation
process, allowing the cells to keep different stable characteristics, though they contain the same genomic
material. Histones are not only structural proteins, but are also critical to the control of gene expression,
embryonic genome activation, DNA methylation and inactivation of the X chromosome. The histones have an
important function in the structure of the DNA, consequently histone methylation can alter its structure and its
functions. The oocyte and embryo development involve several important epigenetic modifications, including
post-translation modifications of histones, which are essential for normal development of the embryo. The best
understanding of the epigenome and its influence on oogenesis and embryogenesis may allow the optimization of
reproduction biotechnologies.

Keywords: epigenetics, gametes, embryogenesis, post-translation modifications.
Introducao

O nucleossomo ¢ a unidade fundamental da cromatina, o qual ¢ composto de 147 pares de base de DNA
super-helicoidal, enrolado em 1,75 voltas em torno de um octdmero composto por duas moléculas de quatro
diferentes proteinas histonas (H2A, H2B, H3 e H4) (Kronberg et al., 1999; Mellor, 2006).

Ha diferentes mecanismos que podem modular a cromatina e consequentemente a fungdo génica, tais
como: metilagdo do DNA, modifica¢des covalentes nas histonas e fatores remodeladores da cromatina.

A metilacdo do DNA consiste na adigdo de um radical metil a base citosina na fita de DNA, fato que
geralmente promove a repressao da transcri¢do (Bird, 2007).

A regulagdo da transcricdo também pode ser realizada por meio de modificagdes nas regides amino
terminais das histonas, tais como metilacdo, fosforilagdo, acetilagdo e ubiquitinizagdo (Mellor, 2006; Strahl e
Allis, 2000). Essas modificagdes pos-traducionais das histonas, que estdo relacionadas a alteragdes na
conformacdo da cromatina, formam uma verdadeira linguagem molecular, conhecida como “Cdédigo das
Histonas” (Ferreira e Franco, 2012).

A metilacdo do DNA ¢ a mais bem estabelecida marca epigenética envolvida na determinacido da
expressdo alelo-especifica dos genes imprinted (Weaver et al, 2004) e sua relagdo com a reprodugéo foi revisada
por Ferreira ¢ Franco (2012).

As proteinas histonas desempenham papéis importantes na estrutura da cromatina (Huang et al., 2007).
As metilagdes dessas proteinas sdo consideradas marcas epigenéticas, as quais sdo caracterizadas pela ligagdo de
um, dois ou trés radicais metil a cauda amino terminal da histona. Essas marcas podem ter significado biologico
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diferente (Bottomley, 2004), e estdo associadas a uma maior compactagdo dos nucleossomos, a heterocromatina,
ou a sua menor compactagdo, eucromatina. Quando as alteragdes pds-traducionais das histonas favorecem a uma
maior compactagdo da cromatina, deixam inacessiveis os sitios de ligacdo dos fatores de transcri¢do. Dessa
forma, os genes sdo geralmente silenciados na heterocromatina e ativos na eucromatina (Mellor, 2006; Mistelli,
2007).

Considerando o impacto que as modificacdes epigenéticas podem exercer sobre a gametogénese e a
embriogénese, o melhor entendimento dessa ciéncia pode nos auxiliar na busca da melhor eficiéncia das
biotecnologias da reproducdo de mamiferos.

O objetivo dessa revisdo é descrever o perfil da metilagdo de histonas em oocitos e embrides de
mamiferos.

Metilagao de histonas

A metilagdo covalente das histonas ocorre nos residuos de arginina e lisina. Residuos de lisina podem
estar mono, di ou trimetilados, enquanto os de arginina podem estar monometilados (Bottomley, 2004). As duas
modificagdes da H3 mais associadas com metilagdo do DNA sao a metilagdo da lisina 4 ¢ a da lisina 9 (H3K4me
e H3K9me). Estes dois sitios de modificacdes da histona parecem desempenhar papéis importantes no
desenvolvimento e na diferenciacdo celular em mamiferos. Especificamente, a metilagdo do DNA esta associada
com a auséncia de metilacdo da H3K4 e a presenga de metilagdo na H3K9 (Eissenberg et al., 2010).

Em geral, a metilagdo de H3K9, H3K27 e H4K20, sdo associadas a condensacdo da cromatina e
repressdo da transcri¢do, enquanto a metilagdo de H3K4, H3K36 ¢ H3K79, sdo correlacionadas com a
descondensagdo e¢ o estimulo da transcri¢gdo (Ciccone e Chen, 2009). As regides da cromatina ativamente
transcritas sdo ricas em H3K4 mono-, di- ou trimetilada e em H3K36 trimetilada, sendo a distribui¢do destas
marcas ao longo das regides dos genes transcritos, desigual, com a extremidade 5’destes, enriquecida em H3K4
trimetilada, enquanto a extremidade 3’ é rica em H3K36 metilada (Jeppesen e Tuner, 1993).

As modificagdes covalentes nas histonas sdo mediadas por enzimas e consistem na adi¢do ou remogao
de grupos quimicos (Waggoner, 2007; Weidman et al., 2007) capazes de interferir na coesdo do DNA com as
histonas, basicamente por modificacdes de cargas elétricas (Seneda e Bordignon, 2007).

Histonas acetiltransferases (HATSs) e histonas metiltransferases (HMTs) adicionam grupos acetil e
metil, respectivamente. J4 as histonas desacetilases (HDACs) e as histonas desmetilases (HDMs) atuam
removendo esses grupos (Shi, 2007; Haberland et al., 2009). Apesar de ndo ser foco dessa revisdo, € importante
enfatizar que acetilacdo de histonas € uma marca epigenética associada a permissdo da transcri¢do, e portanto
participa ativamente na regulacdo da transcri¢do génica (Costa e Pacheco, 2013).

Existem fortes evidéncias de que as modifica¢cdes de histonas sdo herdadas durante as divisdes
celulares, porém essa transmissdo ¢ muito mais complexa que a vista para a metilagdo do DNA, principalmente
devido a replicagdo independente das moléculas de histonas. Ja foi demonstrado que grupos proteicos
importantes para a transmissdo de estados de cromatina silenciada (grupo Polycomb) ou ativa (grupo Trithorax),
durante o desenvolvimento embriondrio, podem estar relacionados com a manutengdo das modificacdes em
H3K27 e H3K4. Porém pouco se sabe sobre os mecanismos de heranga das modificagdes de histonas
(Schuettengruber et al., 2007; Kim et al., 2009).

A literatura sugere trés modelos da interdependéncia entre a metilacdo das histonas e a metilacdo do
DNA. O primeiro modelo relata que as DNA metil transferases (DNMTs) ao metilarem o DNA, recrutam
proteinas ligantes a metil-CpG, e logo as histonas sdo desacetiladas por enzimas histonas desacetilases (HDAC),
e podem ser metiladas por histonas metiltransferases (HTM). O segundo modelo sugere que a metilagdo das
histonas (metilagdo na lisina 9 da histona H3) ligadas a proteinas de heterocromatina podem recrutar DNMTs e
metilar o DNA (Jackson et al., 2002; Bannister ¢ Kouzarides, 2011). O terceiro modelo sugere que as proteinas
remodeladoras de cromatina dependentes de ATP e da atividade de DNA helicase aumentem o acesso da
estrutura do nucleossomo e facilitem a metilacdo do DNA e as modificagdes das histonas por agdo das DNMTs,
HDACs e HTMs (Li, 2002; Allis et al., 2007).

Metilaciao das histonas em odcitos de mamiferos

Durante a oogénese os o6citos aumentam significativamente de volume, passando de aproximadamente
20 pum de didmetro no foliculo primordial para 120 pm no foliculo pré-ovulatorio (Salha et al., 1998), esse
crescimento esta associado a um intenso acimulo de macromoléculas, como RNAs e proteinas, essenciais para
que o odcito possa adquirir competéncia (Crozet, 1989, Fair et al., 2007) ¢ para estabelecer uma reserva de
componentes maternais necessarios para o desenvolvimento embrionario precoce (Andreu-Vieyra et al, 2010).
Nesse sentido, a transcrigdo génica especifica para a demanda de cada etapa de desenvolvimento do odcito é
essencial.

Desde o nascimento até o momento em que o odcito de uma fémea pubere é submetido ao pico pré-
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ovulatorio de LH, este permanece estacionado em diploteno da profase I (VG) e € caracterizado por apresentar
cromatina de aspecto difuso e um padrdo relativamente constante de expressdo génica (Brown, 1999). Como
apenas 0,01% dos oocitos chegam a ovulagdo durante a vida 1til de mamiferos e portanto sofrem a maturagdo
final ap6s o pico de LH, a grande maioria dos oocitos da fémea permanecem a vida toda nesse estadio de
desenvolvimento meidtico (Griffiths, 1998).

Fair et al. (2007) relataram que genes de efeito materno sdo de extrema importincia para a precisa
coordenacdo de processos que ocorrem durante as primeiras divisdes celulares do embrido. Como exemplo cita-
se o gene MATER, cujo nocaute em camundongos inviabilizou o desenvolvimento embrionario a partir de 2
células, periodo de ativagdo do genoma embriondrio nessa espécie mamifera (Tong et al., 2000). Corroborando
com esse fato, a metilagdo da H3K4 e a acetilagio global de histonas, relacionadas a permissdo da transcrigo,
sdo encontradas em grande quantidade nas fases iniciais da oogénese bovina (Fig. 1). Confirmando a sugestio de
Schultz (2002) de que as modificagdes epigenéticas estdo associadas com a aquisi¢do de competéncia para o
desenvolvimento do odcito.

O desenvolvimento do odcito VG até a metafase II (MII), periodo denominado maturagdo oocitaria
final, ¢ caracterizado pela capacidade de reinicio da divisdo meidtica, de garantir a fecundagdo monoespermatica,
de descondensar a cabega do espermatozodide, de transpor a transi¢ao materno-zigotica (MZT) e prosseguir o seu
desenvolvimento (Coticchio et al., 2004). No periodo pré-ovulatorio, a transcricdo dos o6citos MII praticamente
cessa (Wrenzycki et al., 2007), fendmeno acompanhado por alteracdo das MPT's (De La Fuente et al., 2004;
Bouniol-Baly et al., 1999), como a metilagdo da H3K9 (Chen et al., 2016) e uma queda consideravel no grau de
metilacdo da H3K4 e acetilacdo de histonas (Fig. 1).

As alteracdes citadas acima sdo acompanhadas por alteragdo da configuracdo da cromatina ao longo da
oogénese. Ja foi descrito que quando o complexo de DNA esta altamente condensado e concentrado ao redor do
nucléolo (configuragdo SN), ha geralmente o silenciamento da transcri¢do. Ao passo que quando a cromatina
estd menos condensada e distante do nucléolo (configuragdo NSN), a transcrigdo ¢ ativada. Inicialmente, todos
os odcitos t€m a configuracdo de tipo NSN (Mattson e Albertini 1990; Debey et al., 1993) e a alteragdo da
configuracdo altera de acordo com o crescimento dos oocitos (Wickramasinghe et al., 1991; Debey et al., 1993;
Zuccotti et al., 1995).

Souza-Caceres ¢ Melo-Sterza. Metilagdo de histonas em o06citos e embrides mamiferos.
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Figura 1. Representacdo esquematica da metilagdo global da H3K4 e H3K9, e acetilagdo global de histonas em
odcitos e embrides bovinos de diferentes fases de desenvolvimento (Adaptado de Chen et al., 2016; Gaspar et al.,
2015; Heras et al., 2016; Kang et al., 2002; Lepikhov et al., 2008; Maalouf et al., 2008; Maldonado et al., 2015;
Racedo et al., 2009; Ross et al., 2008).

No periodo de maturacdo oocitaria os mRNA maternos e as proteinas sdo direcionados para os
processos que culminardo com a finalizagdo da maturacdo, fertilizacdo e clivagens iniciais até a ativagdo do
genoma embrionario (Wrenzycki et al., 2007). Acredita-se que a queda acentuada da transcricdo em odcitos de
MII até o momento da fecundacdo (Fig. 1) seja necessaria para que a meiose seja reiniciada e finalizada apods a
fecundacdo. O silenciamento da transcri¢@o ocorre paralelamente a condensagdo da cromatina em larga escala e
o seu rearranjo ao redor do nucléolo (De La Fuente et al., 2004; Bouniol-Baly et al., 1999). Em bovinos foi
observado um processo de remodelamento gradual da cromatina em odcitos VG. Analise do transcriptoma
permitiu identificar uma modulag@o dinamica do conteudo de mRNA, de modo que & medida que aumentava a
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compactacdo da cromatina, ocorria reducdo do numero de transcritos. Muitos transcritos acumulados nesse
periodo codificaram histonas. Acredita-se que presenca constante de SBPL2 no periodo de menor transcri¢do
(maior compactagdo da cromatina), é necessaria para prote¢do dos mRNAs de histonas de passarem por
translagdo precoce ou degradagdo, permitindo assim sua utilizagdo quando necessario durante as primeiras
divisdes embrionarias (Labrecque et al., 2015).

Murata et al. (2010) injetaram nucleo de células somaticas em odcitos em fase de VG com o objetivo de
avaliar a reprogramagdo nuclear. Algumas modificagdes, como o aumento da fosforilagdo e a reducdo da
acetilacdo de histonas, demonstraram estar relacionadas com caracteristicas de ativagdo geral da transcricdo de
odcitos em VG.

Esta claro que a mudanga na estrutura da cromatina desempenha um papel essencial na alteragdo da
expressdo génica durante o crescimento do 06cito e parece estar envolvida na remodelagdo do genoma global, no
entanto o controle das modificagdes epigenéticas nessa fase ainda precisa ser melhor elucidado (Kageyama et al.,
2007).

Metilaciao das histonas em embrioes de mamiferos

Durante todo o desenvolvimento pré-implantacional de embrides bovinos produzidos in vivo observa-se
expressao génica (Jiang et al., 2014), o que indica que em nenhum momento ocorre um silenciamento global da
transcrigdo, como acreditava-se anteriormente (Kageyama et al., 2007). Foi demonstrado, no entanto, que alguns
momentos do desenvolvimento embrionario se destacam pelo niimero de genes transcritos identificados por
RNA-Seq, momentos caracterizados em 4 ondas de mudangas transcricionais, assim caracterizadas: até a fase de
duas células, os genes expressos (166 down-regulated + 158 up-regulated) foram correlacionados com a
degradacdao do RNA materno; entre 4 ¢ 8 células, o grande nimero de genes expressos (1086 down-regulated +
945 up-regulated ) foi correlacionado com a ativagdo do genoma do zigoto (AGZ); entre 16 células ¢ moérula
inicial, os genes expressos (325 down-regulated + 88 up-regulated) foram correlacionados com o fenémeno de
compactacdo dos blastdmeros e entre mérula compacta e blastocisto, os genes expressos (354 down-regulated +
475 up-regulated) foram correlacionados com a blastulagdo, ou seja, a diferenciagdo dos blastomeros em
embrioblasto e trafoblasto (Jiang et al., 2014). A forma dindmica em que os genes sdo expressos durante o
desenvolvimento embrionario, ¢ controlada por modificagdes epigenéticas importantes, porém ainda pouco
conhecidas. Sabe-se no entanto, que o remodelamento das histonas ¢ imprescindivel para o desenvolvimento
normal do embrido.

O genoma materno e paterno de zigotos de camundongo exibe distribui¢des assimétricas das formas di e
tri-metiladas de H3K9, H3K4, H3K27 e H3K20 (Andreu-Vieyra et al, 2010). Alguns autores sugerem que antes
da ativagdo do genoma ndo existe transcri¢do, sendo a mesma bloqueada pelas metilagdes na histona 3 em
diferentes lisinas (K9, K27, K20) (Eissenberg et al., 2010). Por outro lado, a presenca de metilagdes na H3K4 ja
indicava a possibilidade de transcri¢do basal nessa fase (Andreu-Vieyra et al, 2010).

Ja foi demonstrada uma intima associagdo da metilagdo do DNA e a metilacdo da H3K9 em embrides
bovinos produzidos in vitro (PIVE), marcas essas relacionadas ao potencial de desenvolvimento do embrido
clone (Santos et al., 2003). Em embrides PIVE a H3K9me reduziu entre os estadios embrionarios de 2 e 4
células e uma metilagdo de novo foi observada no estadio de 8 células (Fig. 1). No estadio de blastocisto foi
identificada maior metilagdo de H3K9 e DNA nas células da massa celular interna ¢ menor metilacdo das
mesmas no trofoblasto (Santos et al., 2003).

Uma queda acentuada da metilagdo da H3K4 no estadio de 8 células combinado com a subida nos
proximos estagios de desenvolvimento (Fig. 1), pode estar relacionada com a ativagio do genoma do zigoto
(AGZ), que ocorre precocemente nos mamiferos (Schultz, 2002). Existem relatos de que AGZ ocorra entre o
desenvolvimento embrionario de 1 a 2 células em camundongos (Schultz, 2002) e entre 4 a 8 em humanos
(Niakan e Eggan, 2013). Em bovinos, por muito tempo foi aceita a afirmacéo de que AGZ ocorreria entre 8 a 16
células (Memili e First, 2000; Maalouf et al., 2008). No entanto, estudos mais recentes demonstraram que AGZ
ocorre entre 4 a 8 células em embrides produzidos in vivo e in vitro (Jiang et al, 2014; Graf et al, 2014).

A finalizagdo da AGZ ¢ essencial para que cada blastomero assuma sua caracteristica de totipoténcia,
perfil indispensavel para continuacdo do desenvolvimento do embrido, em especial da organogénese (Bultman et
al., 2006). A partir de oito células foi observado um aumento linear no sinal da metilacdio da H3K4 e queda
linear da metilagdo da H3K9, sendo este fato correlacionado com a ativag@o principal do genoma embrionario e
aumento da atividade transcricional do embrido bovino (Fig.1).

A tri-metilagdo da lisina 4 na histona H3 (H3K4me3) ocorre em grande quantidade em zigotos no
estadio pro-nuclear e em embrides de 2 células, mas diminui significativamente no estadio de 8 células, voltando
a aumentar gradativamente nos estadios de moérula e blastocisto em camundongos (Wu et al., 2012). A
dimetila¢do da lisina 9 da histona 3 (H3K9me?2), uma modificacdo associada a repressdo da transcri¢do, é baixa
em zigotos no estadio pro-nuclear e em embrides de 2 células, e comega a aumentar no estadio de 8-16 células
em bovinos (Fig. 1; Santos et al., 2003).
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Em embrides de oito células de camundongos, ocorre a hipometilagdo de H3K4 e a hipoacetilagdo de
H3K9, enquanto a metilacdo da histona H3K27 e a associa¢do da macro-histona H2A aparecem posteriormente,
entre os estadios de 16 células e morula inicial (Okamoto et al., 2004). A metilagdo da lisina 9 da histona 3
(H3K9) ocorre mais tarde, entre o estadio de 32 células e a fase de blastocisto (Okamoto et al., 2004).

Segundo Ciccone e Chen (2009), os genes imprinted integram o mecanismo de regulagdo da expressdo
génica que permite apenas a expressdo de um dos alelos parentais. Embora esses genes representem um pequeno
conjunto no genoma mamifero, eles sdo essenciais para o desenvolvimento normal do individuo, pois estdo
envolvidos no desenvolvimento e no crescimento fetal (Delaval e Feil, 2004; Bressan et al., 2009).

No gene IGF2 o alelo expresso € o paterno, o qual codifica um fator de crescimento semelhante a
insulina (Insulin Like Growth Factor II), um dos principais reguladores do crescimento fetal e pos-natal (Delaval
e Feil, 2004). Outro exemplo ¢ o gene H19, no qual apenas o alelo materno ¢ ativo, por isso desmetilado (Sasaki
et al., 2000). O H19, que produz um RNA nfo codificante, é fortemente expresso em tecidos embriondrios e
extraembrionarios durante o desenvolvimento, e sua transcrigdo ¢ expressamente diminuida apos o nascimento
(Ideraabdullah et al., 2008).

Atualmente, cerca de 200 genes sdo conhecidamente imprinted no genoma dos mamiferos. E possivel
dizer que aproximadamente 100 genes sdo imprinted em humanos, 120 em camundongos ¢ 20 em bovinos. No
entanto, ainda o namero exato de genes imprinted estd sendo discutido (www.geneimprint.org;
http://igc.otago.ac.nz) (Martucci et al., 2015).

Os mecanismos regulatorios que promovem o imprinting sdo complexos e tem sido objetos de muitas
investigacdes. A maioria, se ndo todos, os genes imprinted estio associados com uma ou mais regides
diferentemente metiladas nas histonas em alelos maternos ou paternos. Em embrides em fase de pro-nicleo, o
genoma materno e o paterno sofrem uma onda de desmetilagdes, o que apaga a maioria das marcas de metilagdo
herdadas dos pais (Kageyama et al, 2007). Essas informagdes demonstram a importante relagdo da metilagdo de
histonas com processos de estabelecimento e manutencao do imprinting genémico.

Estudos tém demonstrado que modificagdes de histonas sdo afetadas pela manipulacdo dos embrides e
pelo cultivo in vitro (Santos et al., 2003). Os referidos autores demonstraram que embrides bovinos produzidos
por transferéncia nuclear de célula somatica (TNCS) apresentam hipermetilagdo de H3K9. Outro estudo relatou
que a acetilagdo da lisina 5 na histona H4 (H4KS5ac) parece ser alterada dramaticamente durante o
desenvolvimento inicial de embrides produzidos in vitro, mas permanece constantemente elevada em embrides
bovinos produzidos por TNCS (Kang et al., 2002). Estas alteracdes poderiam contribuir para a explicacdo a
respeito da expressdo alterada de genes vitais ao desenvolvimento. Células bovinas cultivadas também
apresentam padrdo epigenético alterado, como a elevacdo da metilagdo de histonas (H3K9me2) e da acetilagéo
de H3K9 no trofectoderma (Enright et al., 2003; Santos et al., 2003).

A trimetilagdo de H3K4 esta associada com situagdes criticas, tais como a diferenciacdo e ativacdo do
genoma embrionario e isto foi demonstrado em suinos (Gao et al., 2010), humanos (Zhang et al., 2012) e
bovinos (Ross et al., 2008).

Foram observadas diferengas nos padrdes globais de H3K27 durante o desenvolvimento do embrido. A
acetilagao da H3K27 foi identificada na fase de VG e MII em odcitos, assim como em embrides nos estagios de
2 e 4 células. Houve marcada reducdo desta marca no estadio de 8 células, voltando a ser observada em
blastocistos de suinos produzidos in vitro. H3K27 mono-, di- e trimetilada foram identificadas nas fases de VG,
MII e em um dos pro-nticleos (PN), porém nao foram identificadas em embrides em estigios de 2, 4 e 8 células,
voltando a ser observada em blastocistos de suinos produzidos in vitro (Marinho et al., 2015a).

Marinho et al. (2015b) utilizaram um inibidor da trimetilacdo da H3K27 (DZNep - degrada a proteina
PRC2), durante a cultivo de embrides bovinos in vitro por 3 a 8 dias. Os autores observaram diminuigio da taxa
de blastocistos, do numero de células e atraso do desenvolvimento embrionario. Tais resultados demonstram a
importancia de PRC2 e H3K27me3 no desenvolvimento embriondrio inicial em bovinos.

Lepikhov et al. (2008) observaram grande desmetilagdo do DNA em pro-niicleo paterno durante a
matura¢do pronuclear de coelhos. Os mesmos autores, observaram que a dindmica das modificacdes da
cromatina sdo conservadas em zigotos de camundongos, bovinos e coelhos.

Souza-Céceres et al. (2016), observaram alta intensidade de H3K4me3 em embrides bovinos
produzidos in vivo, sendo esta maior em morula do que em blastocisto. Acredita-se que essa marca epigenética
esteja relacionada com o fendmeno de compactagdo dos blastomeros e preparagdo para a diferenciacdo celular.
Esse resultado corrobora com a maior expressao génica observada em morulas em relag@o a blastocistos bovinos
produzidos in vivo (Jiang et al, 2014).

Ja foi demonstrado que o padrdo da H3K4me3 nédo varia em fungdo da utilizagdo de s€émen sexado e o
processo de criopreservagao lenta tradicional, demonstrando que os embrides que sobreviveram ao estresse
dessas técnicas mantiveram o padrdo de metilagdo esperado (Souza-Caceres et al., 2016). Por outro lado,
Maldonado et al. (2015) observaram que blastocistos bovinos produzidos in vitro e submetidos a congelagao
lenta apresentam uma redugdo nos niveis de H3K4me3 e um aumento nos niveis de H3K27me3 quando
comparados aos embrides frescos. A diferenca do estado de metilagdo da H3K4 entre embrides bovinos

Rev. Bras. Reprod. Anim., Belo Horizonte, v.40, n.2, p.620-627, abr./jun. 2017. Disponivel em www.cbra.org.br 624



0y

%" Souza-Céaceres e Melo-Sterza. Metilagdo de histonas em odcitos € embrides mamiferos.

produzidos in vivo (Souza-Céceres et al., 2016) e in vitro submetidos a criopreservagdo (Maldonado et al.,
2015), nos permite especular que o cultivo de embrides in vitro altere a conformagdo da cromatina, mediada por
alteracdo das histonas e isso pode estar relacionado com as diferengas entre a criotolerdncia desses embrides. No
entanto, essa hipdtese ainda precisa ser estudada.

Consideracoes Finais

Eventos importantes da oogénese e do desenvolvimento embrionario pré-implantacional sdo mediados
pela metilagdo de histonas. Essa importancia € revelada pelo comportamento dindmico da transcrigdo génica nas
diferentes etapas de desenvolvimento oocitario e embrionario, as quais exigem uma modulagdo também
dindmica da cromatina. Novos estudos sdo necessarios para esclarecer melhor como as modificagdes nas caudas
terminais das histonas, podem afetar o desenvolvimento embriondrio, e também sobre a possibilidade de
manipular tais varia¢des, de forma a melhorar a eficiéncia das biotecnologias da reprodugdo de mamiferos.
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The aim of this study was to evaluate the performance of heifers from the Pantaneira
breed in FTAI programs and characterize follicular dynamics after induced estrus
synchronization programs. The pregnancy rate observed in an FTAI program (36,4%)

followed by the Al of estrus return was 45.5%. The study of follicular dynamics

Keywords:

Y revealed that females from this breed, on average, show ovulation 77 hours after the
Adapted breed withdrawal of the progesterone device, being therefore later than in other bovine
Conservation breeds. The results suggest that the late ovulation of the females submitted to estrus

Estrous cycle synchronization programs may negatively influence their pregnancy rates.

Reproduction

INTRODUCTION

Pantaneira cattle are at risk of extinction, with less than
1000 animals in the effective herd. The loss of a single
breed irreversibly prevents access to their genes in
breeding programs and future industrial crosses (EGITO;
MARINANTE; ALBUQUERQUE, 2002).

The Pantaneira breed has high ability to survive and
reproduce in rudimentary environments (SANTOS et al,,
2005). There are records that such animals are resistant
to trypanosomiasis, myiasis, worms and ticks, being able
to survive in extreme ecological conditions, in a region
where climatic conditions range from floods to drought
throughout the year (DANI; OLIVEIRA, 2013).

Reproductive biotechnologies are essential tools for
effective breed multiplication and conservation

* Corresponding author: fabiana.sterza@gmail.com

http://dx.doi.org/10.21708/avb.2017.11.2.6542

programs. However, preliminary results of the use of
Fixed Time Artificial Insemination (FTAI) and Multiple
Ovulation and Embryo Transfer (personal
communication) were below expectations when
compared to other bovine breeds. Based on this
information, it is believed that differences in the
reproductive physiology of these animals may justify the
lower efficiency of such biotechniques.

It is known that animals from different bovine breeds
have different physiological characteristics, including the
duration of estrus which is 18 hours for Bos taurus
(LOPEZ; SATTER; WILTBANK, 2004) and 12 hours for
Bos indicus (PIRES et al., 2003). Such differences directly
influence biotechnologies such as FTAI and ETFT
(embryo transfer at fixed time), since the time required
for the animals to respond to hormonal protocols will
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also be different (FERREIRA et al., 2012; SALES et al,,
2015; SOUZA, 2012).

According to our research this was the first scientific
study that characterized the ovarian dynamics and
progesterone concentrations in bovine females from the
Pantaneira breed submitted to hormonal treatment. So
far, there were only data from books whose reports had
been obtained from the pantaneiro population (MAZZA
etal, 1994).

The aim of this study was to report the reproductive
performance of the Pantaneira cattle in the FTAI
program and to characterize the follicular dynamics
induced by estrus synchronization programs.

MATERIAL AND METHODS

Eleven heifers from the Pantaneira breed, from a
contemporary 24-month-old, cyclical, single and with a
mean body score of 3.5 batch, were submitted to a
standard FTAI protocol for bovines, where: on day zero
(D0O) the introduction of the progesterone implant
(CIDR®) with 1.9 mg of progesterone and the
intramuscular application of 2 mg of estradiol benzoate
(BE) was carried out. On day eight (D8) the CIDR® was
withdrawn and 400Ul of Equine Chorionic
Gonadotrophin (eCG; Novormon®, MSD Animal Health)
and 0.15 mg of d-cloprostenol were applied. On day nine
(D9) 1 mg of EB was administered intramuscularly and
48-54 hours after the withdrawal of the progesterone
implant, the FTAI was done. The inseminations of return
were initiated 18 days after the procedure. In order for
this to be carried out, estrus was observed for 7 days,
and after 12 hours of their detection, the animals were
inseminated again. The inseminations were performed
with doses of semen coming from a single bull belonging
to one of the conservation groups of the breed. The
semen was evaluated according to CBRA standards
(1998).

In order to evaluate the follicular dynamics, fifteen cyclic
and with a body score of 3.5 (scale 1 - 5) Pantaneira
heifers were used, they underwent estrus hormonal
induction twice at a 28-day interval; thus obtaining 30
experimental units. The following synchronization
protocol was used: In the DO the ultrasound evaluation
of the ovaries was made, followed by the introduction of
CIDR® and the application of 2 mg EB and 25 mg of
dinoprost tromethamine (Lutalyse®, Zoetis) by
intramuscular injection. On day 7 (D7) CIDR® was
withdrawn, then we began the ultrasonographic
evaluation and the blood collection every 24 hours. From
day 9 (D9) the evaluations and collections of blood began
to be performed every 12 hours until the moment of
ovulation or until the D12, the last evaluation day.

Each ultrasonographic evaluation was performed
counting the follicles present and measuring the
diameter of the largest follicle present in each ovary. The
measurements were made with the aid of the resources
from the ultrasound equipment itself. The presence of
corpus luteum was also recorded. The following
parameters were evaluated: Daily follicular growth rate,
ovulatory follicle diameter, the interval between the
withdrawal of the progesterone device and ovulation
and serum progesterone levels (P4). The daily growth
rate (mm / day) was calculated by the formula: (Mfol -
mfol)/Nd, being Mfol: Diameter of the largest follicle
found; mfol, Diameter of the smallest follicle found; Nd:
Number of observation days (COUTINHO et al, 2007;
URIBE-VELASQUEZ; SOUZA; OSORIO, 2011). The
evaluation of serum P4 concentrations was done by
Radioimmunoassay, using the P4 Kit (TKP Genese®).

All the procedures performed in order for this study to
be carried out were approved by the Animal Ethics
Committee under the protocol 015/2014.

The results are expressed as means followed by standard
deviation.

RESULTS AND DISCUSSION

The pregnancy rate obtained with the FTAI management
was 36.4% (4/11). At the end of the program, 45.5%
(5/11) of pregnancy was obtained after the
inseminations of the return estrus.

The FTAI protocol used was the standard for beef cattle
and for which an average of 50% (43,2% a 67%)
pregnancy rate is expected (HILL et al,, 2014; SALES et
al, 2015). In the present study, the pregnancy rate of
FTAI and return insemination (Table 1) was below
desired, as observed for other cattle breed. In general,
pregnancy rates above 70% are expected when FTAI and
Al are associated (CAMPOS et al,, 2013; ESCALANTE et
al,, 2013). Similar results to the ones of this study have
been reported by researchers and collaborators of other
conservation groups of the breed (unpublished data).

We attempted to explain the low conception rates
obtained in FTAI programs by studying the follicular
dynamics of two induced estrus from Pantaneira
females. The P4 profile over the experimental period is
shown in figure 1, and it clearly indicates that when
concentrations of P4 reached concentrations less than or
equals to 1 ng / ml, the dominant follicle grew to its
maximum size (9.95 * 0.34), considered the pre-
ovulation size.
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Figure 1. Mean of dominant follicle size and progesterone concentration from Pantaneira females submitted to the estrus

synchronization protocol.
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Table 1 shows the parameters of the follicular dynamics
(Daily follicular growth rate, ovulatory follicle diameter
and the interval between the withdrawal of the
progesterone device and ovulation) of an induced
follicular wave in Pantaneira heifers.

Table 1. Parameters of follicular dynamics of an induced
follicular growth wave in Pantaneira heifers.

Parameters Results
Ovulation after withdrawal of P4 (hours)  77+13,2
Daily growth rate (mm / day) 2,19 +0,25
Preovulatory follicle diameter (mm) 9,95+0,34

The result of the interval between the withdrawal of the
progesterone implant and the ovulation was the most
expressive of this study (77 hours), because it is longer
than those described in the literature for other breed: 73
hours for the Nelore breed (SALES et al., 2015) and 72.2
for Holstein (FERREIRA et al, 2012). Souza (2012)
reported that, under the same environmental conditions
and management of this study, Girolando cows ovulated
63 hours after the withdrawal of P4.

Considering that the greatest fertility period of bovine
oocytes has an average of six hours after ovulation
(RIVIEIRA, 2009) and that the spermatozoids require
approximately 8 hours for their capacitation (RIVIEIRA,
2009) having a mean viability of 24 hours and their
maximum fertility being in the first hours, an average
delay of 5 hours in ovulation, as observed in this breed,
can significantly interfere the pregnancy rates. An
ovulation delay of 6 to 12 hours in regularly cyclical
females, is considered a pathology because oocytes from
these ovulations are considered incapable of being
fertilized (FISCHER et al, 2002). In the case of the

Pantaneira breed, it is believed that the upper interval
between the withdrawal of the progesterone implant
and the ovulation is not a pathology but a characteristic
of the breed in response to hormonal treatments. It is
noteworthy that the herd in this study were ex sito, and
there are reports that females of this breed were
submitted to natural mating, the birth rate (above 70%)
was satisfactory for animals raised in Pantanal (MAZZA
etal, 1989).

It is notable, on the other hand, that the standard
deviation of this variable demonstrates great individual
variability (60 and 108 hours), which may be related to
the fact that the above mentioned breed was not
subjected to genetic selection over the years. Despite
this, the result cannot be disregarded since the difficulty
to obtain satisfactory results with the artificial
insemination has been shared between the nuclei of
conservation of the breed.

CONCLUSION

The evaluation of the follicular dynamics of an estrus
hormonal induced from Pantaneira breed demonstrated
that the interval between the withdrawal of the
progesterone device and the ovulation (77 hours) is
superior to that of other breeds, which may have
influenced negatively the pregnancy rates of females
submitted to the FTAI programs.
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RESUMO

Nos tropicos, o uso de ragas adaptadas tem sido uma estratégia para minimizar o efeito do estresse
térmico caldrico (ETC). No entanto, faltam informagodes que quantifiquem o estresse e o seu efeito sobre
a reproducdo dessas racas. O objetivo deste estudo foi avaliar a qualidade do odcito recuperado e alguns
parametros fisiologicos indicadores de ETC em bovinos de racas adaptadas. Animais Bos taurus x Bos
indicus (n=6) e Bos taurus (raga Pantaneira; n=12), localizados na regido de transi¢go entre o Cerrado ¢ o
Pantanal brasileiro, foram submetidos & aspiragdo folicular guiada por ultrassonografia (OPU) em
diferentes condigdes climaticas. Foram realizadas oito sessdes de OPU, com intervalo minimo de sete
dias e maximo de 54 dias entre as coletas. Para caracterizagdo climatica, foi realizado o calculo do indice
de temperatura e umidade (ITU). Foram quantificados os ITUs do dia da OPU, sete dias antes e 60 dias
antes de cada sessao. Os parametros fisiologicos e a viabilidade oocitaria de fémeas das ragas Girolando e
Pantaneira ndo foram afetados negativamente por ITUs entre 72 ¢ 78. O ETC cronico (60 dias) parece
afetar a viabilidade oocitaria de doadoras na raga Pantaneira quando ITU ¢ superior a 75.

Palavras-chave: ambiente, bovinos, ITU, odcito
ABSTRACT

In tropical regions, the use of adapted breeds has been a strategy to minimize the effect of heat stress
(HS) in cattle. However, information quantifying stress and its effect on reproduction of these breeds is
lacking. The aim of this study was to evaluate the quality of the recovered oocyte and some physiological
parameters that indicate HS in adapted breed. Bos taurus x Bos indicus (n=6) and Pantaneira (n=12)
cows, located in the transition region between Cerrado and Brazilian Pantanal, underwent follicular
aspiration guided by ultrasound (OPU) in different weather conditions. Eight sessions of OPU were
carried out, with a minimum interval of 7 days and maximum 54 days between sessions. For weather
characterization, the temperature and humidity index (THI) was calculated. THI of the day of OPU, 7
days before and 60 days before each session were calculated. The physiological parameters and oocyte
viability of Girolando and Pantaneira cows were not negatively influenced under ITU between 72 and 78.
The chronic HS (60 days)may affect the oocyte viability of Pantaneira donors when ITU is over 75.

Keywords: bovine, environment, THI, oocytes
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INTRODUCAO

A maior parte do rebanho bovino brasileiro
encontra-se em regido tropical, com temperaturas
médias acima da zona de termoncutralidade
(Pires e Campos, 2008), onde os animais
permanecem longos periodos sob estresse
térmico caldrico (ETC). Independentemente da
origem genética, o estresse térmico por calor
prejudica a homeostase, o que leva a alteracdes
enddcrinas e a efeitos negativos sobre eventos
reprodutivos na fémea bovina (Macedo et al.,
2014). O ETC provoca alteragio do
desenvolvimento folicular, diminui¢do ou atraso
da expressio do comportamento do estro,
comprometimento da competéncia oocitaria
(Gendelman et al., 2010) e pode também atrasar
ou mesmo inibir o desenvolvimento embrionario
(Ferreira et al., 2011). O desenvolvimento
embrionario ¢ prejudicado quando as fémeas
sofrem de estresse por calor no dia da IA até sete
dias ap6s esse procedimento, o que acarreta
menor viabilidade embrionaria (Macedo et al.,
2014).

As regides tropicais tém problemas a serem
estudados e superados com pesquisas que
propiciem solugdes adequadas para uma perfeita
interacdo animal-ambiente, com vistas a maior
produtividade (Faria, 1999). Assim, a utiliza¢ao
de animais adaptados aos tropicos ¢ indicada
para melhorar a produtividade nessas regides.

Os animais Pantaneiros possuem acido
desoxirribonucleico (DNA) mitocondrial
essencialmente taurino, herdado de seus
ancestrais ibéricos (Issa et al., 2006), sendo
atualmente considerada uma raga Bos taurus
taurus genuinamente brasileira e localmente
adaptada ao bioma do Pantanal (Rufino Jinior et
al., 2014). Por outro lado, o Girolando é uma
raga sintética, resultante do cruzamento entre
bovinos Holandeses (Bos taurus taurus) com
animais da raca Gir (Bos taurus indicus), cujo
objetivo é buscar a complementaridade entre
essas ragas, de modo a aliar a produtividade das
vacas Holandesas a maior resisténcia do gado
Gir as condigdes climaticas dos tropicos.

A produgdo in vitro de embrides pode ser
considerada uma alternativa para manejar os
efeitos do ETC, pois etapas essenciais da
reprodugdo, tais como a maturagdo oocitaria e o
desenvolvimento inicial dos embrides, ocorrem
em ambiente controlado. No entanto, ndo esta
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claro o efeito do ETC sobre a foliculogénese ¢ a
oogénese, bem como o seu impacto sobre a
qualidade dos complexos cumulus-odcitos
(COCs) obtidos por OPU. Quedas na qualidade
dos COCs tém sido associadas a alteracdes das
condigdes fisiologicas dos animais (Bilby et al.,
2014), fato que estimula o estudo mais apurado
dessa questao.

Armstrong (1994) definiu niveis de estresse
(ameno a severo) para bovinos, de acordo com os
valores de ITU. No entanto, a aplicabilidade
desses valores para bovinos de ragas adaptadas
aos tropicos e a influéncia do estresse agudo e
cronico sobre pardmetros reprodutivos ainda
precisam ser avaliados.

O objetivo do presente estudo foi avaliar a
influéncia do ETC agudo e cronico sobre os
pardmetros fisiolégicos e o numero e a
viabilidade dos COCs aspirados de fémeas das
ragas Pantaneira e Girolando.

MATERIAL E METODOS

Animais das ragas mesticas Bos taurus x Bos
indicus (Girolando livro aberto; n=6) e
Pantaneira (n=12) foram selecionados de acordo
com suas caracteristicas clinico-reprodutivas. As
doadoras eram vacinadas contra doengas
infecciosas e reprodutivas (vacinagdo realizada
pelo menos 60 dias antes da primeira OPU), ndo
gestantes, com idade média de 48 meses e escore
corporal entre 3 ¢ 3.5 (escalade 1 a 5).

O experimento foi realizado na Universidade
Estadual de Mato Grosso do Sul, situada em lat.
20°30°S, long. 55°50°W. Os animais estavam em
regime de pastejo rotacionado, cultivado com
capim-tanzania (Panicum maximum), com
suplementagdo mineral e agua ad libitum.

Foram realizadas oito sessdes de OPU, com
intervalo minimo de sete dias e maximo de 54
dias entre as coletas, durante os meses de maio a
novembro de 2014. Cada animal foi submetido a,
no minimo, uma sessdo € a, no maximo, oito
sessdes de OPU. Todos os procedimentos de
OPU foram realizados com o mesmo numero de
doadoras para as duas ragas, sendo no minimo
seis € no maximo 10 animais por coleta. Todos
os procedimentos realizados foram aprovados
pela Comissio de Etica no Uso de Animais, por
meio do Protocolo Ceua/UEMS 013/2013.
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Para redugdo dos movimentos peristalticos e
menor desconforto do animal, foram injetados
SmL de uma combinacdo de lidocaina 2% e
acepromazina 1% no espago epidural. Para a
aspiracao dos foliculos, foram utilizadas agulhas
hipodérmicas descartaveis 20G (50mm x 9mm;
Terumo®, Bio Brasil) e mangueira de silicone
com 2mm de didmetro interno e 80cm de
comprimento. A pressdo de vacuo foi de 80mm
de Hg, mantida com uma bomba de aspiragdo
(Aquila PRO®, Pie Medical, acoplado a
transdutor microconvexo 8MHZ e bomba a
vacuo BV-003D WTA). O meio de aspiragao era
constituido por DPBS acrescido de 20.000UI/L
de heparina sodica, mantido a 30°C durante a
aspiragdo. Os COCs recuperados foram
rastreados e classificados imediatamente apos a
OPU. Foram considerados como viaveis os
COCs com uma ou mais camadas de células do
cumulus compactas e citoplasma homogéneo.

Antes da realizacdo de cada OPU, foi aferida a
temperatura retal, com termometro digital de uso
veterinario. A frequéncia respiratoria de cada
animal manejado era contada de acordo com os
movimentos do flanco em movimentos por
minuto. Tais procedimentos foram realizados em
todos os animais, em todas as coletas.

Para o calculo do indice de temperatura e
umidade (ITU), foram utilizados os dados de
temperatura do ar (T) e umidade relativa (UR),
provindos da estagdo meteorologica da
Universidade Estadual de Mato Grosso do Sul
(UEMS). O célculo do ITU foi feito de acordo
com Thom (1959), sendo: ITU= (0,8 x
T+(UR(%)/100) x (T -14,4)+46,4), em que: T=
temperatura (°C) ¢ UR = umidade relativa do ar.
Os valores obtidos a partir da equagdo foram
classificados no modelo definido por Armstrong
(1994) em ameno ou brando (72 a 78), moderado
(79 a 88) e severo (89 a 98). ITU abaixo de 72
caracterizaria um ambiente sem estresse por
calor. Foram calculados ITU de sete ¢ 60 dias
antes da OPU, e no dia da OPU, com o objetivo
de caracterizar o ETC cronico (60 dias) e agudo
(sete a zero dias). O ITU foi calculado de hora
em hora, durante todos os dias do periodo
experimental. Foram, assim, considerados o ITU
da manha (calculo médio entre oito ¢ 11 horas da
manhd), da tarde (calculo médio entre as 13 e 16
horas) ¢ do dia todo (caculo da média do ITU de
cada hora das 24 horas do dia).
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Para a andlise estatistica, os dados foram
submetidos a regressdo linear e a analise de
varidncia pelo programa R (versio 3.3.1).
Quando encontradas diferengas, as médias foram
comparadas pelo teste de Tukey, com 5% de
probabilidade.

RESULTADOS E DISCUSSAO

A regido de transicdo entre o Cerrado e o
Pantanal brasileiro ¢é conhecida pelas altas
temperaturas ambientais registradas em grande
parte do ano. O perfil climatico do periodo
experimental demonstrou que apenas nos meses
de maio, junho e julho as temperaturas do dia
foram inferiores a 25°C. A UR foi, em geral, alta,
mas apresentou grande variagdo nos meses mais
quentes do periodo (Fig. 1). Segundo Barros et
al. (2010), a alta umidade do ar, combinada com
elevadas temperaturas, acarreta mudancas no
comportamento fisiolégico do animal, o que
promove maior gasto de energia para
manutencdo de sua homeostase. Nesses casos,
ocorre redugdo dos indices produtivos e
reprodutivos do animal.

A grande variagao climatica que ocorre ao longo
do dia pode subestimar o ETC ao qual os animais
sdo submetidos. Navarini et al. (2009), Fialho
(2015) e Kischel (2016) relataram esse fato e
concluiram sobre a baixa eficiéncia da utilizagao
do ITU médio do dia para determinar o ETC. No
presente estudo, o ETC da manhd e da tarde
foram significativamente superiores ao ITU do
dia todo, e ndo foi verificada diferenca estatistica
entre o ITU do periodo da manha e o da tarde

(Fig. 2).

Na Fig. 2, pode ser observada a variagdo do ITU
60 e sete dias antes da OPU e no dia da OPU nas
oito sessdes de OPU.

Considerando-se o ITU médio do dia da OPU,
seria possivel afirmar que, nas coletas 1, 2,4 ¢ 5,
0s animais encontravam-se em conforto térmico,
no entanto o mesmo fato ndo foi observado para
os ITUs médios do dia da OPU nos periodos da
manhi e da tarde, o que confirma a necessidade
de considerar os horarios mais quentes do dia
para determinar o ETC. Considerando-se o ITU
dos sete dias anteriores a cada OPU e do dia da
OPU, somente em uma das coletas o ITU da
tarde foi inferior a 72. Observou-se, no entanto,
variagdo importante desse indice entre as sessdes
de aspiragdo folicular.
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Figura 1. Perfil climatico do periodo experimental - marco a novembro/2014. Os dados de temperatura
(T, em °C) e umidade relativa do ar (UR, em %) foram obtidos da estagdo metereoldgica da UEMS.
Foram considerados nesse grafico os periodos das oito as 11 horas e das 13 as 16 horas.
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Figura 2. Indice de temperatura e umidade (ITU) 60 e sete dias antes da OPU e no dia da OPU de vacas
das ragas Pantaneira e Girolando.
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A grande variagdo climatica observada
demonstra que a caracterizagdo do conforto
térmico baseada apenas nas estagdes do ano
também ¢ muito fragil (coleta 1 e 2: maio; coleta
3 e 4: julho; coleta 5 e 6: agosto; coleta 7:
outubro; coleta 8: novembro).

Ao observar o ITU médio dos 60 dias anteriores
a OPU, constata-se que, nas sessdes de OPU 1, 2,
7 e 8, 0s animais estavam em estresse cronico, ou
seja, foram submetidos a ITUs superiores a 72,
em média, durante 60 dias. Quando apenas o ITU
da tarde é considerado, observa-se que, em todas
as sessOes de aspiragdo, o ITU estava acima de
72.

A escolha de ragas mais adaptadas as regides de
clima quente tem sido uma alternativa para

manejar os efeitos de ETC sobre a produgdo
animal. As racas Girolando ¢ Pantancira se
enquadram nessa categoria.

Nao foi observada diferenga estatistica da
temperatura retal, frequéncia respiratoria e
frequéncia cardiaca entre as sessdes de OPU, o
que indica que, provavelmente, animais das ragas
estudadas ndo sofrem de ETC em ITUs entre 72
e 78 (ITU maximo observado no momento da
OPU). Os dados apresentados na Tab. 1
sdo oriundos das médias de todas as
coletas e afericdes no periodo experimental,
independentemente do ITU, sendo considerado
apenas o efeito da raga, ja que nenhum efeito do
ETC agudo foi observado sobre os parametros
avaliados.

Tabela 1. ParAmetros fisiologicos e qualidade de complexos odcitos - cumulus (COCs) obtidos por
aspiragdo folicular guiada por ultrassonografia das ragas Girolando e Pantaneira

Raca Temperatura retal Freq'uen,m.a Total de COCs COCs viaveis
respiratoria
Girolando 38,31+0,07* 32,114 6,7+0,8" 3,1+0,4°
Pantaneira 38,64+0,07° 28,6+1,4° 7,4+0,8° 3,7+0,4°

*Médias seguidas de letras distintas nas colunas diferem pelo teste de Tukey (P<0,05).

A temperatura retal ¢ usada, frequentemente,
como parametro de definicdo de adaptacdo
fisiologica ao ambiente quente, pois seu aumento
indica que os mecanismos de liberagdo de calor
tornaram-se  insuficientes para manter a
homeotermia (DuPreez, 2000). Apesar de ter
sido constatada diferenca na TR entre as ragas,
essa distingdo ndo superou a faixa de
normalidade para a espécie, em nenhum dos dias
em que a OPU foi realizada, o que confirma que
0s animais conseguiram manter a homeotermia
em ITUs de até 78. Em estudos anteriores, foi
relatado que bovinos que estdo em situacdo de
ETC apresentam TR com valores acima de 39°C
(Pires e Campos, 2008; Vasconcelos ¢ Demétrio,
2011), situagdo ndo observada neste estudo.

O fato de os parametros fisiologicos (TR e FR) e
reprodutivos (viabilidade de COCs) da raga
Pantaneira (taurina) serem semelhantes aos
animais Girolando, uma raga mestiga (Bos taurus
X Bos indicus) e moldada sinteticamente para as
condigdes tropicais, confirma a adaptacdo dos
animais Pantaneiros as condi¢des climaticas da
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regido do Alto Pantanal Sul-Matogrossense, ja
relatada anteriormente (Marques Jr et al., 2012).

A frequéncia respiratdria ¢, em geral, o primeiro
parametro fisiologico a ser alterado em situagdes
de estresse pelo calor, atuando como alternativa
de dissipagdo de calor e controle da temperatura
corporal (Costa et al., 2015). Azevedo et al.
(2005), ao avaliarem vacas mestigas, observaram
que a frequéncia respiratoria evidenciou ser um
indicador de estresse térmico melhor que a
temperatura retal, assim como no presente
experimento. Neste ensaio, a frequéncia
respiratoria em doadoras da raga Girolando foi
aumentando linearmente a medida que houve
aumento de ITU, fato n3o observado na raca
Pantaneira (Fig. 3 ).

De acordo com Moraes (2010), quanto menor a
FR mais adaptado ¢ o animal ao ETC. Apesar de
as doadoras da raca Girolando demonstrarem a
referida variagdo de FR, até ITU 79,5, a FR
manteve-se dentro da normalidade.
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Figura 3. Analise de regressdo da frequéncia respiratoria (FR) de animais da raga Girolando (P=0,02841)
e Pantaneira (P=0,1278) em relagdo ao ITU do periodo em que foram realizadas as OPUs.

Avaliagdes empiricas normalmente associam as
condi¢des climaticas aos resultados de OPU e da
multipla ovulagdo e transferéncia de embrides.
No entanto, s3o escassas as informagoes
cientificas a esse respeito. Considerando-se que
um foliculo antral de 0,13mm de diametro leva
aproximadamente 42  dias, ou  seja,
aproximadamente dois ciclos estrais para atingir
0 tamanho pré-ovulatério em uma vaca (Lussier
et al.,, 1987), acredita-se que o ETC cronico
possa impactar, de maneira significativa, sobre a
eficiéncia reprodutiva.

Chebel (2014) relatou que o estresse cronico ou
multiplos estresses agudos podem acarretar
alteragdes hormonais, o que prejudica a
qualidade do odcito e o desenvolvimento inicial
embrionario. Roth et al. (2001) relataram que
foliculos que se desenvolvem sobre condi¢des de
estresse térmico possuem uma deficiéncia na
esteroidogénese das células da teca e granulosa,
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e, como consequéncia, ocorre uma reducdo nas
concentragdes de estradiol no fluido folicular.
Essa redugdo pode afetar a secregdo de
gonadotrofinas que estejam envolvidas na
aquisi¢do de competéncia meidtica dos oocitos.

O nmumero de COCs obtidos neste experimento
foi semelhante entre as racas nas condigdes do
Cerrado-Pantanal. Todavia, o nimero de COCs
totais e viaveis obtidos da raca Girolando, no
presente experimento, foram inferiores aos
verificados por Pontes et al. (2010), que
obtiveram média de 15 COCs viaveis/doadora.
Vale ressaltar que a grande variag@o individual
de COCs aspirados da raga Girolando ja havia
sido relatada (Prado et al., 2007) e estd
relacionada a idade, a categoria, as condicdes
ambientais, ao status nutricional e até mesmo
aquelas inerentes a genética do proprio animal.
Sobre a raca Pantaneira, ainda ndo existem
relatos a esse respeito.
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Como esperado, ndo foi observada interferéncia
do ITU sobre a viabilidade oocitaria, quando
avaliados os dados de sete dias anteriores & OPU
e no dia da OPU. Porém, quando se avaliou o
estresse cronico (60 dias antes da OPU), pode-se
ver uma evidente queda na qualidade dos COCs
das doadoras da raga Pantaneira a medida que
houve o aumento do ITU (Fig. 4). As doadoras

da raga Pantaneira também produziram mais
COCs viaveis em periodos sem ETC. Esses
resultados corroboram os de Torres-Junior et al.
(2008), que observaram alteragdo da dinamica
folicular e reducdo da competéncia oocitaria até
119 dias depois do ETC de 28 dias induzido em
vacas Gir, em camara climatica.
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Figura 4. Analise de regressdo da viabilidade de COCs de doadoras da raga Pantaneira (P=0,01405) e
Girolando (P=0,8383) em relagdo aos valores de ITU, dos 60 dias antes da OPU.

O fato de a viabilidade oocitaria das fémeas
Girolando nao ter sofrido influéncia significativa
de ETC cronico pode estar relacionado ao
aumento da FR (observado nessa raga quando
houve aumento de ITU) associado a mecanismos
de regulacdo da temperatura do estroma ovariano
(Hunter e Einer-Jensen, 2005), o que auxilia na
termorregulagdo desses animais, de forma
suficiente a ndo interferir na qualidade do odcito.
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O valor do indice de temperatura e umidade a
partir do qual vacas Holandesas iniciam o
declinio na produgdo de leite ¢ igual a 72 (Silva
et al., 2002). Entretanto, na literatura nacional e
na estrangeira, ha poucas informagdes a respeito
dos niveis criticos desse indice para vacas
mestigas (Azevedo et al., 2005). Azevedo et al.
(2005) relataram que a temperatura retal de
animais mesticos sé ultrapassou os parametros
fisiolégicos normais quando valores de ITU
foram iguais a 80, 77 e 75 para os animais dos
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grupos  genéticos '/, 4 e /s HZ,
respectivamente. A frequéncia respiratoria s6 foi
alterada quando os valores de ITU foram iguais a
79, 77 e 76 para os animais dos grupos genéticos
Yo 3ae 7y HZ, respectivamente.

Os resultados obtidos neste ensaio permitem
sugerir que a classificagdo de ETC sugerida por
Armstrong (1994) ndo pode ser aplicada para
animais de ragas adaptadas aos tropicos. Neste
estudo, a TR e a FR ndo alcangaram valores
acima do padrdo de referéncia com ITU de 77 e
79 para as vacas Girolando e Pantaneira,
respectivamente. A viabilidade oocitaria s6
esteve abaixo de 60% quando ITU foi superior a
75 nos 60 dias anteriores a OPU, para as duas
ragas. Dessa forma, esta pesquisa sugere que as
equacdes de ETC ja existentes para outras ragas,
dependem de ajustes, assim como ja sugerido por
Lopes (2009).

Considerando-se  as  alteragdes  climaticas
frequentes, assim como o fato de que os meses
de dezembro, janeiro e fevereiro, classicamente
de altas temperaturas ¢ umidades, ndo foram
avaliados neste estudo e que, mesmo assim, o
efeito do estresse cronico foi observado sobre a
viabilidade oocitaria da raca Pantaneira, acredita-
se que o manejo do ambiente seja necessario para
racas adaptadas para evitar o ETC cronico e
garantir melhores resultados na produg@o in vitro
de embrides.

CONCLUSAO

Os parametros fisiologicos e a viabilidade
oocitaria de fémeas das ragas Girolando e
Pantaneira nao foram afetados negativamente por
ITUs entre 72 e 78. O ETC agudo ndo interferiu
na viabilidade oocitaria de fémeas das racas
estudadas. O ETC cronico (60 dias) afetou a
viabilidade oocitaria de doadoras na raga
Pantaneira quando ITU foi superior a 75.
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O Estado de Mato Grosso do Sul possui grande
potencial para a producdo leiteira em sistema de
pastejo. Porém, a atividade ainda é incipiente:
70% do leite produzido sdo provenientes de
rebanhos ndo especializados e conduzidos
principalmente de maneira extensiva (Banco...,
2015).

Segundo Egito et al. (2002), a raca Pantaneira
teve pequena interferéncia do homem e foi
moldada pelas condigdes ambientais indspitas do
Pantanal, gerando animais altamente resistentes a
temperaturas elevadas, condi¢bes de seca e
alagamento intermitentes e aptos a sobreviver
com pastagens de baixo nivel nutricional e a
precérias condigdes sanitarias. Todavia, hoje se
encontram em vias da extingdo, com menos de
500 individuos puros (Dani e Oliveira, 2013).

Nesse contexto, informagfes acerca da producéo
de leite da raca fazem-se necessérias, sobretudo
no que diz respeito a curva de lactacdo e a
persisténcia lactacional dela. Dessa forma,
objetivou-se determinar a persisténcia lactacional
e a composicao fisico-quimica do leite de vacas
da raga Pantaneira.

O experimento foi desenvolvido no Nuicleo de
Conservacdo de Bovinos Pantaneiros de
Aquidauana/MS  (Nubopan), pertencente a
Universidade Estadual de Mato Grosso do Sul
(UEMS) / Unidade Universitaria de Aquidauana,
regido do Alto Pantanal Sul-Mato-Grossense.
Foram utilizadas seis vacas da raga Pantaneira,

Recebido em 2 de fevereiro de 2017
Aceito em 29 de agosto de 2017
E-mail: nikolascaceres.zoo@gmail.com

com 4,5 anos de idade, peso corpéreo médio de
419,52+3kg e, na segunda ordem de lactacéo,
pesadas a cada 14 dias. O presente trabalho foi
aprovado pelo Comité de FEtica de Uso de
Animais da UEMS (017/2013).

Os animais foram manejados em sistema de
pastoreio rotacionado em capim-mombaga
(Panicum maximum), suplementados
individualmente com concentrado (3,8kg/dia),
ofertado em duas por¢des equitativas, ap6s as
ordenhas, e dgua ad libtum.

Apobs 0 nascimento, os bezerros foram pesados,
para a determinacdo do peso ao nascer. Os
bezerros foram acondicionados nas proximidades
dos piquetes em baias metélicas e teladas
lateralmente, de modo a manterem o vinculo
afetivo com a mée, porém sem que pudessem ter
acesso a glandula maméria. Além de agua, esses
animais também receberam livremente ragdo
concentrada e capim fresco apés 15 e 21 dias de
idade, respectivamente.

A coleta de dados iniciou-se logo apds o parto e
durou até o encerramento natural da lactogénese.
A mungidura foi realizada por meio de
ordenhadeira mecénica, duas vezes por dia, as
cinco e as 17 horas, sem a presenca do bezerro, e
a pesagem do leite foi efetuada diariamente. Para
facilitar a ejecéo do leite, foi realizada aplicagéo
de 0,3mL de ocitocina na veia mamadria,
utilizando-se agulha hipodérmica com 2,5mm de
didmetro.



Apo6s a ordenha, os bezerros foram colocados
com suas respectivas mdes por um periodo
equivalente a 30 minutos, para que pudessem
consumir o leite residual, sendo o leite ingerido
estimado por meio de pesagens do bezerro antes
e ap06s a amamentacdo. Posteriormente, 0s
bezerros receberam uma suplementacdo com
leite integral em mamadeira, a fim de suprir suas
exigéncias.

A composicdo fisico-quimica do leite foi aferida
a cada 14 dias, sendo realizada analise pelo
método da ultrassonografia (Brasil, 1981),
determinando-se os teores de proteina, gordura,
lactose, extrato seco desengordurado e pH. A
avaliacdo de mastite subclinica, por meio do
procedimento Califérnia Mastite Teste (CMT),
foi realizada semanalmente, porém ndo foi
observada a necessidade de tratamento em
nenhum animal.

As curvas de lactagdo individuais foram
inicialmente estimadas utilizando-se o parametro
univariavel e, em seguida, realizou-se uma
anélise de identidade de modelos de regressdo
linear com decomposicéo polinomial, conforme
Regazzi (1996). Para as demais varidveis, foi
realizada ANOVA, e, quando necessario, foi
realizado o teste de Tukey a 5% de
probabilidade, utilizando programa estatistico R.

O peso médio ao nascimento dos bezerros
pantaneiros foi de 27,3kg, sendo 25,0 e 29,6kg
para fémeas e machos, respectivamente, valores
esses muito proximos aos encontrados por
Biazolli (2014) (23,6kg) e por Santos et al.
(2005) (26,0kg), que avaliaram vacas primiparas
e multiparas, respectivamente, da raga
Pantaneira.

Segundo o0 NRC (Nutrient..., 2001), a quantidade
ideal de leite para suprir as exigéncias
nutricionais dos bezerros lactentes nas primeiras
semanas de vida é de 10% do peso corpéreo,
assim, no caso dos animais pantaneiros, é cerca
de 3,0kg de leite por dia.

O periodo lactacional das vacas Pantaneiras foi
de 180 dias, ou seja, de seis meses, quando
ocorreu 0 encerramento natural da lactogénese.
Neste trabalho, observou-se que a producdo de
leite no terco inicial da lactagdo das vacas
Pantaneiras foi suficiente para alimentar os
bezerros e ainda permitir a comercializacdo do
leite excedente (Tab. 1).

Provavelmente, o instinto de sobrevivéncia da
raca Pantaneira seja a explicacdo para o menor
tamanho ao nascimento do bezerro e,
consequentemente, a menor  persisténcia
lactacional em relacdo as racas especializadas na
producéo de leite.

Tabela 1. Média da producdo de leite diaria, em kg dia™, e desvio-padrdo das ordenhas matinal e
vespertina e do leite ingerido pelos bezerros apds a ordenha, nos periodos inicial (primeiro a 60° dia),
intermediério (61 a 120° dia) e final (121 a 180°) da lactacdo

Ordenha Ingerido bezerro Produgéo
Periodo (kg dia™) (kg dia™) total
Manha Tarde Manhé Tarde (kg dia™) *
Inicial 3,56+1,00 2,24+0,58 1,10+0,30 0,91+0,22 7,81+2,10 a
Intermediario 3,44+1,05 1,76+0,80 0,32+0,12 0,27+0,10 5,79£2,07 b
Final 1,89+1,38 0,47+0,17 0,03+0,09 0,02+0,02 2,40+1,66 C
Média 2,96x1,14 1,49+0,52 0,48+0,17 0,40+0,11 5,34+1,94

*Letras minGsculas diferem entre si na mesma coluna (P<0,05), pelo teste de Tukey.

A produgdo média de leite, em 180 dias, das
vacas Pantaneiras foi de 5,34kg/animal/dia (Tab.
1). Ajustando-se a producdo de leite dessas vacas
para 150 dias, verifica-se uma produtividade
média de 6,40kg/animal/dia, sendo esse valor
semelhante aos resultados encontrados por
Biazolli (2014) e Lopes (2014), que encontraram,
em 150 dias de lactacdo, uma produtividade
média de 6,27kg/animal/dia e 6,82kg/animal/dia,
respectivamente, para vacas Pantaneiras

primiparas. Nesse sentido, infere-se que néo
houve uma evolucdo na lactopoese desses
animais, Isso porque Biazolli (2014) e Lopes
(2014) utilizaram o0s mesmos animais, ainda
novilhas, e os animais utilizados neste ensaio
eram de segunda cria. Ressalta-se que, ao se
corrigir a producéo de leite para 3,5% gordura,
conforme sugerido por Evans et al. (1993),
verifica-se uma produtividade média, em 180
dias de lactacdo, de 6,44kg/animal/dia.



Ao se ajustar a producdo de leite diaria para 305
dias, verifica-se, portanto, uma producéo liquida
de 9774 e 1.166,4kg ou 3,21 e 3,82kgdia™,
respectivamente. Nesse sentido, a producdo de
leite do gado Pantaneiro estd muito aquém dos
niveis de producdo desejaveis em rebanhos
especializados em producéo de leite, como do
gado Holandés, de 7.570kg ano™, ou do gado
Jersey, de 4.670kg ano'l,ou ainda da raca
Girolando, de 3.790kg ano™. Todavia, foi similar
a producdo do rebanho leiteiro do estado de Mato
Grosso do Sul, da ordem de 984,1kgdia™ano™ e
uma produtividade média das vacas de 3,2kgdia™
(Banco..., 2015).

Nesse contexto, a raga Pantaneira pode
ser uma opg¢do interessante, especialmente

nos assentamentos rurais, nas comunidades
quilombolas e nas aldeias indigenas. Os dados do
ultimo Censo Agropecuario corroboram esse
fato, tendo em vista que, no Mato Grosso do Sul,
mais de 70% das propriedades rurais que
trabalham com leite como atividade principal s&o
de origem familiar, possuem até 50 hectares, e
52% produzem até 50 litros de leite por dia
(Banco..., 2015).

Infere-se que, nos primeiros 60 dias da lactacdo,
as vacas produziram, em média, 7,81kg animal
'dia™. Nessa fase, houve um aumento continuo
da producdo de leite e foi também o periodo em
que 0s animais atingiram o pico de lactagéo, do
51° ao 60° dia, com média de 11,3kg de leite

(Fig. 1).
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Figura 1. Curva de producao de leite de vacas Pantaneiras, periodo lactacional com 180 dias de duragéo,
com as equagdes de regressdo, com o eixo “X” indicando a produgio de leite diaria (kg dia™) e o eixo “Y”

os dias de lactacao.

No periodo intermediario, entre 0 61° e 0 120°
dia de lactagdo, iniciou-se um declinio natural da
producdo de leite, mantendo-se essa diminuicdo
constante (Fig. 1). Nesse periodo, as vacas
produziram, em média, 5,79kg leitedia™, o que
representou uma diminuicdo de 25,8% em
relacdo ao terco inicial (primeiro ao 60° dia).

Nesse periodo intermediario, a vaca com melhor
potencial leiteiro iniciou a fase produzindo
12,12kg dia™ e terminou com 5,28kg dia™, sendo
esses valores 52,1 e 84,8% superiores a vaca
menos produtiva.



O Ultimo periodo lactacional, representado pelo
intervalo entre 0 121° e o 180° dia de lactagéo,
apresentou uma producdo média de 2,41kg
animal™dia™, sendo observado um declinio linear
continuo na produgdo de leite, com uma queda
mais acentuada nos Gltimos 20 dias da lactagdo
(Fig. 1). Nesse periodo, o leite produzido
representou uma queda de 58,3% em relacdo ao
terco intermedidrio (61° ao 120° dia) e
representava 30,9% da producédo do terco inicial
(primeiro ao 60° dia).

Verifica-se, assim, que houve uma ampla
variacdo entre as vacas, com o animal mais
leiteiro produzindo 1.256,5 litro durante toda a
lactacdo, sendo esse valor 56,7% superior ao
leite produzido pela vaca menos produtiva.

Haja vista que esta é a primeira vez que a
producéo de leite, de vacas de segunda ordem de
lactacdo, é aferida de maneira cientifica e que,

até o momento, dentro do rebanho de bovinos
Pantaneiros, ndo ha linhagens selecionadas para
a producdo de leite. Os resultados obtidos neste
ensaio sdo de grande importancia técnica, pois
auxiliardo na identificacdo das vacas mais
produtivas e com maior a aptiddo leiteira,
facilitando os programas de selecdo e
melhoramento genético (Rebougas et al., 2008) e
a prépria conservacdo da espécie (Lopes, 2014).

A ampla diversidade na producdo de leite
observada neste trabalno pode ser ainda
correlacionada com o tamanho dos animais (Tab.
2). Nesse sentido, os animais com peso corporeo
superior também mostraram maior aptiddo
leiteira. Esse efeito define a relacdo de maior
capacidade toracica-abdominal, maior potencial
para ingestdo de alimentos e maior eficiéncia na
conversdo dos nutrientes absorvidos em leite.
Resultados  semelhantes  foram  também
observados por Lopes (2014) e Biazolli (2014).

Tabela 2. Peso corpdreo das vacas nos ter¢os inicial, intermediério e final da lactacdo e producédo de leite

maxima e minima

Periodo AITAE
V1 V2 V3 V4 V5 V6
Inicial — kg 428,3 369,8 377,6 415,4 377,0 459,8
Intermediério — kg 437,1 400,4 386,0 417,6 383,7 460,2
Final — kg 451,3 402,6 406,3 4415 400,6 504,0
Peso méedio — kg 438,9 390,9 389,9 422,7 387,1 474,7

Producdo leite:minima/méaxima 2,6/114 1,2/105 1,6/89 1,0/16,8 0,2/84 0,7112,3

A composicéo fisico-quimica do leite de vacas
da raca Pantaneira indica teores médios de 5,30%
de gordura, 3,71% de proteina, 6,04% de lactose
e 10,68% de extrato seco desengordurado
(Tab. 3). Nao houve diferenca na composicéo
fisico-quimica do leite entre os periodos de

exce¢do da gordura, sdo proximos aos relatados
por Lopes (2014), de 4,20, 3,79, 6,23 e 10,81%,
respectivamente, e por Biazolli (2014), de 4,26,
3,82, 6,23 e 10,84%, respectivamente, que
trabalharam com vacas primiparas da raca
Pantaneira.

producdo de leite (P>0,05). Esses valores, com

Tabela 3. Componentes fisico-quimicos do leite nos periodos inicial (primeiro ao 60° dia), intermediario
(61° a0 120° dia) e final (121° ao 180°) da lacta¢do

Periodo Gordura% Proteina % ESD'% Lactose % pH
Inicial 5,20+0,89 3,78+0,26 10,87+0,68 6,16+0,38 6,90+0,17
Intermediario 5,82+0,84 3,69+0,15 10,52+0,48 5,93+0,34 6,81+0,53
Final 5,14+0,85 3,75+0,15 10,69+0,44 6,04+0,32 6,98+0,06
Média 5,37+0,86 3,73+0,18 10,68+0,53 6,05+0,35 6,89+0,25

1ESD: extrato seco desengordurado; *N&o houve diferencas significativas, a 5% de probabilidade, pelo teste de
Tukey.

Provavelmente, o maior teor de gordura no leite
dos animais do presente estudo foi devido a
caracteristica da raca. Além disso, sabe-se que a
guantidade de leite produzida e sua composi¢do

4

fisico-quimica sdo inversamente proporcionais;
diante disso, a menor producdo de leite dos
animais da raca Pantaneira pode ter influenciado
na melhora da composicdo fisico-quimica



60° dia. Ndo houve diferenca na composicdo
fisico-quimica do leite nos diferentes periodos da
lactacdo.

quando essa raca foi comparada com outras racas
especializadas para a producéo de leite.

A lactacéo das vacas em segunda ordem de parto
encerrou-se naturalmente aos 180 dias, e o pico
de producéo de leite foi atingido entre 0 51° e 0

Palavras-chave: bovinos naturalizados, conservagéo,
curva de lactacao, persisténcia lactacional

ABSTRACT

The Pantaneira breed is in danger of extinction. Due to the lack of scientific information on the Pantanal
milk potential, this work had the objective of determining the lactation period and a physical-chemical
composition of the milk of cows in second order of parturition. The animals were managed in a pasture
system rotated in mombaca grass (Panicum maximum) and individually supplemented with concentrate.
The milking was performed mechanically twice a day and the milk weighed daily. The physical-chemical
characteristics of the milk were evaluated by the ultrasound method and the lactation curves were
estimated using the univariate parameter. The average milk yield was 5.34kg/milk/ day and the fat,
protein, lactose and total non-fat solids contents were 5.3, 3.7, 6.0 and 10.7%, respectively. Lactation of
the cows in second order of calving ended naturally at 180 days and the peak of milk production was
reached between 51 and 60 days. Furthermore, there was no difference in milk composition in the

different lactation periods.

Keywords: cattle naturalized, conservation, lactation curve, lactation persistence
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Anti-Mdllerian hormone (AMH) as a predictor of antral follicle population in heifers

Christopher Junior Tavares Cardoso’, Jair Sabio de Oliveira Junior?, Henrique Kischel®, Wilian Aparecido
Leite da Silva®, Elielton Dias da Silva Arruda®, Mirela Brochado Souza-Céceres’, Fernanda Amarante
Mendes de Oliveira®, Eriklis Nogueira®, Guilherme de Paula Nogueira’, Fabiana de Andrade Melo-Sterza**®

Federal University of Mato Grosso do Sul, Campo Grande, MS, Brazil.
2Veterinary Medicine, Biomedical Sciences Faculty of Cacoal, Cacoal, RO, Brazil.
3Laboratory of Animal Reproduction Biotechnologies, State University of Mato Grosso do Sul, Aquidauana, MS, Brazil.
“State University of Londrina, Londrina, PR, Brazil.
SFederal Institute of Education, Science and Technology of Amazonas, Tabatinga, AM, Brazil.
6Embrapa Pantanal, Corumbéa, MS, Brazil.
"State University of Sao Paulo, Aracatuba, SP, Brazil.

Abstract

Antral follicular population (AFP) and anti-
Miillerian hormone (AMH) concentration are strongly
associated. Thus, analyzing AMH concentration is a
reliable method to predict animals with high AFP, an
important feature to select donor cows for embryos and
oocytes. However, not much is known about this
parameter in heifers, particularly in crossbred animals.
The aim of this study was to assess AFP in heifers and
cows and its relation to serum AMH levels. Bos taurus
indicus cows (36—60-months-old; n = 30) and heifers
(12-14-months-old; n = 17) of the same breed were
evaluated. A single procedure of follicular counting was
performed by ultrasound for each animal. Random
sampling was performed to analyze serum AMH
concentration. Cows showed higher AFP than heifers;
nonetheless, plasma AMH concentration did not differ
between the categories. A high correlation of AFP with
plasma AMH concentration was observed in Girolando
heifers. Thus, it is suggested that AMH concentration
could be a reliable and less invasive method for
selecting heifers with high AFP.

Keywords: bovine, follicles, selection donors.
Introduction

Taking advantage of the rusticity of the Gir
breed and the dairy productivity of the Holstein breed,
Girolando cows are currently the main breed for milk
production in Brazil, comprising around 80% of the
dairy cattle in the country (Borges et al., 2012). To
improve dairy production, selection of females with
high productivity, better reproductive efficiency, and/or
better competence to respond to reproduction
biotechnologies is essential.

The first calving age is approximately 35
months for ¥ Holstein x ¥ Gir cows, (Silva et al.,
2014), however a high variability among herds
(lineages) has been observed. Taking that into account,
strategies are needed to reduce the age for first calving
and to select animals with higher genetic potential to
attain the desired traits.

Phenotypic traits linked to infertility are
associated with low ovarian antral follicle population

8Corresponding author: fabiana.sterza@gmail.com
Received: August 1, 2016
Accepted: January 18, 2018

(AFP) in B. taurus (Ireland et al., 2011). Nevertheless,
the relationship between AFP and fertility has not been
observed in B. indicus (Nellore) and crossbred beef
cows (Baruselli et al., 2015; Morotti et al., 2015; Silva-
Santos et al., 2014a). The number of recruited follicles
in each follicular wave is highly variable between
individuals; however, a high level of individual
repeatability is observed (Evans et al., 2010; Oliveira
Junior et al., 2015; Batista et al., 2014; Gobikrushanth
et al., 2017). High correlation of AFP with in vivo and
in vitro embryo production may be used as an auxiliary
tool to select donor cows for embryos and oocytes
(Silva-Santos et al., 2014a; Baruselli et al., 2015;
Ghanem et al., 2016).

AFP is positively correlated with anti-Mdllerian
hormone (AMH) (Baldrighi et al., 2014; Guerreiro et al.,
2014). The glycoprotein AMH, which belongs to the
transforming growth factor (TGF)-B family, is only
expressed in the gonads (Cate et al., 1986) and is
correlated to ovarian follicular development (Visser et al.,
2007). AMH expression is observed in granulosa cells of
growing preantral and antral follicles (Rico et al., 2011),
and it is described as a premature modulator of follicular
growth by controlling premature depletion of the
follicular reserve in ovaries (Monniaux et al., 2012;
Durlinger et al., 2002). Intrafollicular AMH expression
increases until the size of the follicle is 5 mm in cows
(Rico et al., 2011) and 4 mm in humans (Weenen et al.,
2004) and then starts decreasing in larger antral follicles
(Monniaux et al., 2008).

Furthermore, the positive association between
AMH and total number of follicles has been described
in the ovaries of mice (Durlinger et al., 2002), women
(Fanchin et al., 2003), and bovines (B. taurus and B.
indicus) (Guerreiro et al., 2014).

In cows, B. indicus is superior to B. taurus in
terms of AFP and plasma AMH concentration (Batista
et al., 2014). Considering the strong association
between AFP and plasma AMH concentration,
analyzing AMH concentration is a reliable method to
predict AFP (Ireland et al., 2011; Rico et al. 2011).

Plasma AMH concentration and ovarian
follicular population in heifers has been studied in
Nellore and Holstein pubertal heifers (Batista et al.,
2014), but not much is known about crossbred pre-
pubertal dairy cattle. Understanding the correlation
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between plasma AMH concentration and AFP in heifers
can validate a methodology for premature selection of
heifers with high AFP.

Thus, the aim of this study was to evaluate the
correlation between serum AMH plasma and AFP in
crossbred dairy heifers and cows.

Material and methods
Animals and Experimental Design

The study was performed at the State
University of Mato Grosso do Sul. Animals from three
different herds were used. Girolando breed cows (% B.
taurus x ¥ B indicus), 36-60-months-old (n = 30), and
heifers, 12-14-months-old (nh = 17), were used. None of
the heifers exhibited corpus luteum or ovarian follicles
above 8 mm at the time of ultrasonography analyses,
indicating a high probability of being pre-pubertal. All
animals showed a body score condition that ranged from
2.5 to 3.5 (on a scale of 1-5) (Houghton et al., 1990)
and were maintained in a grazing system with ad
libitum access to water and minerals. They were neither
pregnant nor lactating. All procedures were approved by
the Committee of Ethic and Animal Use of the State
University of Mato Grosso do Sul, Aquidauana, MS
(Protocol CEUA-UEMS 021-2013).

Ultrasonographic evaluations

A single procedure of follicular counting was
performed for each experimental animal. Transvaginal
ultrasonography was performed using ultrasound
equipment attached to a 7.5-MHz micro-convex
transducer (Aquila® Pie Medical, Maastricht, The
Netherlands). Before each procedure, feces were
removed from the rectum and the perianal area was
washed using tap water. Follicles of> 3 mm in diameter
in both ovaries were counted to characterize AFP. In
order to count the follicles, the operator promoted a
slow rotation of about 180° to make sure all follicles
were counted at once. Immediately after counting with
the help of a “cineloop” (an instrument of the ultrasound
that records images in few seconds), AFP was checked.
The same individual performed the counting procedure

in all animals.
Blood collection and hormonal analysis

Of the 47 evaluated animals, serum samples
from 11 cows and seven heifers were subjected to the
AMH quantification. Blood samples were collected by
the venipuncture flow method on the day of AFP
counting, were immediately placed in an icebox, and
then RT centrifuged at 3000 rpm for 10 min to allow
separation of the serum. After that, samples were frozen
at —20°C until further analysis. Plasma AMH
concentration was assessed using a kit for bovine AMH
(ELISA AL-114, Ansh Labs, Webster, TX, USA), and
the concentration was expressed as ng/mL. The inter-
assay coefficient of variation ranged from 0.28 to 3.15.
All assays were performed at the Animal Endocrinology
Laboratory of the Paulista State University (UNESP),
Aracatuba, SP.

Statistical Analyses

All data were assessed using the Statistical
Analysis System (SAS), wversion 9.3 and were
represented as means + SD (standard deviation), except
for correlation. Follicular population was analyzed
using the PROC MIXED option, and Pearson’s
correlation was determined using the PROC CORR
option of SAS 9.3. The data were assessed according to
the number of follicles, and AMH quantification was
performed to determine its effect in the animal category.
For all analyses, P < 0.05 was considered as significant.

Results

The number of antral ovarian follicles observed
through transvaginal ultrasonography was higher in
cows (P < 0.05) than that in heifers. AFP ranged from 5
to 70 follicles in cows and from 10 to 31 follicles in
heifers. However, plasma AMH concentration did not
vary (P = 0.19) between the categories (Table 1).

A high correlation between AFP and AMH
concentration (r = 0.87; P = 0.0102) was observed in
heifers; however, this correlation was not observed in
cows (r = 0.48; P = 0.1351; Figure 1).

Table 1. Number of follicles greater than 3 mm and plasma AMH concentration in Girolando cows and heifers

(Means + SD)
Cows (n) Heifers (n) Value P*
. 25,93+12,6 19,23 £ 5,34
Number of follicles (30) (17) 0,05
0,34 £0,17 0,59+04
AMH (ng/mL ' ' ' ' 0,19
(ng/mt) (11) 0

*Significant values at P < 0.05.
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Figure 1. Correlation of plasma AMH concentration and antral follicle ovarian population of cows (A) and

Girolando heifers (B).

Discussion
The present study showed a remarkable
difference in AFP between heifers and cows.

Nonetheless, no difference was observed in plasma
AMH concentration between both categories of
Girolando breed.

AMH is an excellent endocrine marker of small
antral follicle, which is the direct target of ovarian
stimulatory treatments. Plasma AMH concentration
before superovulation varies among animals and is
positively correlated to the number of ovulations and
transferable embryos produced (Monniaux et al., 2010;
Rico et al., 2009).

Animals with higher AFP have an increased
probability to produce higher numbers of in vitro
embryos (Silva-Santos et al., 2014b), thereby propelling
the application of this information as a selection trait.
Furthermore, high variability in AFP among individuals
(Silva-Santos et al., 2014b) and among distinct bovine
breeds has been well-documented (Rodrigues et al.,
2015; Oliveira Junior et al., 2015; Batista et al., 2014;
Guerreiro et al., 2014; Rico et al., 2011), indicating that
AFP is an important trait for animal selection.

In crossbred beef cows and heifers, AFP is
correlated to birth weight and age; an increase in AFP is
observed until five years of age, after which AFP
decreases (Cushman et al., 2009). In consonance with
these data, the present study attained higher AFP in
cows than that in heifers of the same breed. However,
some previous results do not conform to this
observation and did not observe any variation in AFP
between young and adult Braford heifers (Silva-Santos
et al., 2014b). This divergence between breeds may be
due to variations within the individuals of different
breeds, lineages, or selective pressure applied in a
particular herd.

High plasma AMH concentration is positively
associated with the total number of follicles in the
ovaries of mice (Durlinger et al., 2002) women
(Fanchin et al., 2003), and bovines (Batista et al., 2014).
Superior AFP (Holstein cows, 25 follicles; Nellore, 47
follicles) and plasma AMH concentration (Holstein
cows, 0.3 ng/mL; Nellore, 0.97 ng/mL) have been
observed in zebu heifers compared to those in taurine
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heifers (Batista et al., 2014). Moreover, higher plasma
AMH concentration in Nellore cows (2.3 ng/mL)
compared to that in Holstein (0.4 ng/mL) has been
observed (Guerreiro et al., 2014). In the present study,
plasma AMH concentration was 0.34 + 0.17 ng/mL,
which is close to that observed for taurine breed.

It is important to note that the animals used in
this assay were crossbreeds (32 B taurus x ¥4 B. indicus);
thus, it will be necessary to verify whether the trait
increases based on the crossing performed.

Several studies in women (Fanchin et al.,
2003) and bovines (Guerreiro et al., 2014) demonstrated
no variation in plasma AMH concentration across the
lifespan, particularly between young and adult
individuals.

Increasing reproductive biotechnological
methods have been performed in young heifers. Recently,
Ovum Pick-Up (OPU) has been performed in Holstein
calves (Bayeux et al., 2016). Despite the difficulty in
performing ultrasound examinations in young heifers and
considering animal welfare, our results stated that a single
plasma AMH analysis could help in selecting heifers with
higher AFP that would probably better respond to OPU.
The cost of AMH quantification is still the largest
limitation of this technique; however, an increased
demand could change this situation.

In conclusion, Girolando (% Hosltein x ¥4 Gir)
cows (24-60-months-old) have higher AFP than heifers
(12-14-months-old); however, plasma  AMH
concentration did not differ between the categories.
High correlation of AFP and plasma AMH
concentration was observed in Girolando heifers. Thus,
it is suggested that AMH quantification can predict AFP
in Girolando heifers.
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