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RESUMO

ROSA, Camila Oliveira. Comparacédo da producdo in vitro de embrides entre fémeas
Nelore (Bos indicus) de alta vs. média vs. baixa quantidade de foliculos antrais. 2015. 66f.
Dissertacdo (Mestrado em Ciéncia Animal) - Universidade Estadual de Londrina, Londrina.
2015.

Com o objetivo de comparar a producgéo in vitro de embrides a partir, de fémeas Nelore (Bos
indicus) com alta, média e baixa populacdo de foliculos antrais, ovarios foram obtidos aos
pares em abatedouro local e transportados até o laboratorio. Para a quantificacdo da média da
populacéo folicular antral obteve-se ovarios (n=336) de 168 fémeas Nelore. A classificacdo
dos grupos foi definida utilizando a média + desvio padrdo, em G-Alta (>92 foliculos), G-
Média (46-76 foliculos) e G-Baixa (< 31 foliculos). Para a produgao in vitro de embrides
foram utilizados 752 ovarios de 356 animais em 9 réplicas. Apds obtencdo, os ovarios
coletados foram levados ao laboratério para classificacdo nos grupos experimentais (alta,
média e baixa) e recuperacdo oocitaria. A quantidade de o6citos (n=15) por gota de meio e a
quantidade de odcitos cultivados por grupo em cada réplica foram padronizadas. A producao
in vitro de embrides foi comparada a partir das taxas de clivagem, blastocisto e eclosdo. A
analise estatistica foi feita pelo teste de regressdo logistica utilizando o pacote estatistico Car
do software "R" e as diferencas foram consideradas significativas se p<0,05. As taxas de
clivagem e blastocisto ndo diferiram entre os grupos, sendo respectivamente, 76,6% e 40,6%
em G-Alta (n= 617 odcitos), 77,5% e 36,3% em G-Média (n= 590 odcitos), e 79,5% e 38,6%
em G-Baixa (n= 536 o00citos). A taxa de eclosdo foi superior em G-Alta (16,5%) em
comparacao ao G-Média (11,5%; p= 0.0129) e G-Baixa (11,6%; p= 0.0179). A populacdo de
foliculos antrais ndo demonstrou influéncia na producao in vitro de embrides, porém, fémeas
Nelore com alta contagem de foliculos antrais (>92) influenciaram positivamente a taxa de
eclosdo in vitro de embriGes.

Palavras-chave: Bos indicus, contagem de foliculos antrais, Nelore e producédo in vitro de
embrides.



ABSTRACT

Rosa, Camila Oliveira. Comparison of in vitro production between female Nelore (Bos
indicus) embryos with high vs. medium vs. low quantity of antral follicles. 2015. 66f.
Dissertation (Master’s Degree in Animal Science) - University State of Londrina. Londrina.
2015.

In order to compare the in vitro production of embryos from Nelore females (Bos indicus)
with high, medium and low population of antral follicles, ovaries were obtained in pairs at a
local slaughterhouse and transported to the laboratory. To quantify the average antral
follicular population, ovaries (n=336) were obtained from 168 Nelore females. The groups
classification was defined using the average * standard deviation, in G-high (follicles >92),
G-Medium (46-76 follicles) and G-Low (< 31 follicles). To produce in vitro embryos, 752
ovaries from 356 animals in 9 replicates were used. After obtaining, the collected ovaries
were taken to the laboratory for classification in the experimental groups (high, medium and
low) and oocyte recovery. The number of oocytes (n=15) per drop of medium and the amount
of cultured oocytes per group in each replicate were standardized. The in vitro production of
embryos was compared from the cleavage, blastocyst and hatching rates. The statistical
analysis was performed through the logistic regression test using the statistical package Car
from the software "R" and the differences were considered significant if p<0.05. The cleavage
and blastocyst rates did not differ between the groups, respectively, 76.6% and 40.6% in G-
High (n=617 oocytes), 77.5% and 36.3% in G-Medium (n=590 oocytes) and 79.5% and
38.6% for G-Low (n=536 oocytes). The hatching rate was higher in G-High (16.5%)
compared to the G-Medium (11.5%; p=0.0129) and the G-Low (11.6%; p=0.0179). The
population of antral follicles did not influence the in vitro production of embryos, however,
Nelore females with high score of antral follicles (>92) influenced positively the in vitro
hatching rate of embryos.

Keywords: Bos indicus, antral follicle count, Nelore, in vitro production of embryos.
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1. INTRODUCAO

O Brasil é lider mundial absoluto na producéo in vitro de embriGes bovinos, apontado
como referéncia em outros paises, e sendo responsavel por 85% da produ¢do mundial de
embrides in vitro (Stroud, 2012; IETS, 2013). Esta biotécnica teve um crescimento
significativo nos ultimos anos, e tem sido um poderoso instrumento para a multiplicagdo e
disseminacdo de genética de alta qualidade.

Segundo dados da ABIEC (2013), o Brasil possui 0 maior rebanho comercial de
bovinos do mundo, e em média de 80% - 85% constituido de animais da raca Nelore (Bos
indicus). Este destaque do pais na producdo in vitro de embrides possui relagdo direta com o
ndmero de foliculos e oo6citos obtidos de fémeas Bos indicus. Estudos demonstraram
recuperacdo de odcitos superior em relacdo a de fémeas Bos taurus e consequentemente uma
maior producdo embrionaria (Pontes et al., 2009; 2011).

Buscando averiguar a possivel influéncia da populacdo folicular e a fertilidade em
bovinos, Ireland et al. (2011) constataram que fémeas com baixa contagem de foliculos
antrais (< 15 foliculos antrais), possuem inimeros aspectos geralmente associados a
fertilidade reduzida, como maior quantidade de marcadores relacionados a baixa qualidade
oocitéria (Ireland et al., 2009) e menor taxa de prenhez na inseminacao artificial (Cushman et
al., 2009) em vacas mesticas de corte.

Em fémeas da raca Holandesa (Bos taurus) a infertilidade em fémeas com baixa CFA
ja estd bem estabelecida. Mossa et al. (2012) relataram que fémeas Holandesas (Bos taurus)
com baixo nimero de foliculos antrais (<15 foliculos) nos ovarios possuem taxas mais baixas
de prenhez (84% vs 94%), maior intervalo entre partos (114 vs 100 dias) e maior nimero de
servicos por prenhez (2,7 vs 2,4) em comparacdo com as fémeas com maior nimero de

foliculos antrais (>25 foliculos).
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Na producdo in vitro e in vivo de embrides, foi relatada uma influéncia positiva em
fémeas Braford (Bos indicus-taurus; Silva-Santos et al., 2014a). Porém, dados sobre a
influéncia da PFA na PIVE de fémeas Nelore sdo escassos. Tendo em vista, que as diferencas
na fisiologia dos animais Bos taurus e Bos indicus devem ser levadas em consideracdo no
emprego das biotécnicas reprodutivas (Baruselli et al., 2007; Pontes et al., 2010), resultados
distintos aos relatados podem ser encontrados em fémeas zebuinas.

Diante deste quadro, sdo necessarios estudos para colaborar com a investigacdo da
influencia da CFA na fertilidade de fémeas Bos indicus. Desta forma, compreender as
implicacdes da populacédo folicular antral sobre a fertilidade poderd permitir uma associacdo
deste parametro com diferentes biotecnologias da reproducdo, maximizando os indices
reprodutivos. O objetivo do presente estudo foi comparar a producéo e eclosdo in vitro de
embrides na raca Nelore, a partir de ovarios obtidos de abatedouros de fémeas de alta, média

ou baixa contagem de foliculos antrais.
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2. REVISAO DE LITERATURA

2.1 FOLICULOGENESE

A foliculogénese € um processo fisioldgico de formacéo folicular, que inicia-se com a
formacdo do foliculo primordial e culmina com o estagio de foliculo maduro, também
denominado foliculo pré-ovulatoério ou foliculo de De Graaf (Saumande, 1981). Processo que
acontece simultaneamente ao crescimento e diferenciacdo do odcito e da camada de células da
granulosa (Adams; Jaiswal, 2008).

Os foliculos sdo classificados em pré-antrais ou ndo cavitérios (primordiais, primarios
e secundarios) e foliculos antrais ou cavitéarios (terciarios e pré-ovulatérios). O foliculo é a
estrutura primordial do ovario e € composto por um odcito envolto por uma ou mais camadas
de células somaticas, dependendo do estadio de desenvolvimento, apresenta zona peltcida e
cavidade antral preenchida por liquido folicular (Figueiredo et al., 2002; Seneda et al., 2008;
Aerts; Bols, 2010).

O desenvolvimento do foliculo primordial para foliculo primario € caracterizado pela
ativacdo e crescimento do foliculo, que se encontra em quiescéncia desde o periodo fetal,
ocorrendo a proliferacdo e diferenciacdo das células da granulosa, em células cubdides
(Hulshof et al., 1994). Para a formacdo do foliculo secundario acontece o aumento do
tamanho do odcito, a caracterizacdo da zona pelGcida, presenca das primeiras células da teca
(Van den Hurk et al., 2000) e aumento do numero de camadas das células da granulosa
(Hulshof et al., 1994). Ao fim deste estagio, a acdo gonadotréfica ja pode ser detectada (Van
Den Hurk et al., 2000).

Com o crescimento folicular, hd a formac&o da cavidade antral (Adams; Jaiswal, 2008;
Aerts; Bols, 2010). Os foliculos antrais incluem os foliculos terciarios e pré-ovulatorios,

possuem um od6cito circundado pela zona pellcida, envolto pela corona radiata e pelas células
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do cumullus que conectam o o06cito as varias camadas de celulas da granulosa, uma cavidade
antral contendo liquido folicular e duas camadas de células tecais (teca interna e teca externa;
Gordon 1994; Aerts; Bols, 2010).

Diferentemente do estagio pré-antral, o desenvolvimento folicular antral é dependente
da acdo de gonadotrofinas (Seneda et al., 2010), atuando por meio de mecanismos paracrinos

e endocrinos (Ginther et al., 2001; Fortune et al., 2004;).

2.2 INFLUENCIA DA POPULACAO FOLICULAR ANTRAL

A populacdo de foliculos antrais (PFA) possui grande variabilidade individual, mas a
contagem de foliculos antrais (CFA) possui alta repetibilidade no mesmo individuo,
independente do dia do ciclo estral, da idade, da raca, do estagio de lactacdo ou da época do
ano (Ireland et al., 2007, 2008;. Jimenez-Krassel et al., 2009; Silva-Santos et al., 2014c). A
raca ou subespécie pode exercer grande influéncia na CFA, principalmente quando se
compara Bos taurus e Bos indicus (Burns et al., 2005; Ireland et al., 2007).

A CFA deve incluir todos os foliculos >3 milimetros de didmetro em ambos os ovarios
(Evans et al., 2012). O ultrassom pode ser utilizado de forma segura durante ondas foliculares
para identificar a populagdo folicular antral em vacas taurinas (Holandesa), mesticas e
zebuinas (Nelore; Burns et al., 2005; Silva-Santos et al., 2014c). Entretanto, de acordo com o0
que inferem Fitzpatrick; Entwistle, (1997), a contagem visual dos foliculos em fémeas Bos
taurus possui uma alta correlagdo positiva (r=0,79) com a populacdo real de foliculos antrais
nos ovarios (Ireland et al., 2007; Cushmann et al., 2009).

Muitos trabalhos sugerem que a PFA afeta uma variedade de aspectos reprodutivos,
acabando por impactar direta ou indiretamente na fertilidade em bovinos (Ireland et al., 2008;

Jimenez-Krassel et al., 2009; Santos et al., 2012).



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

20

A influéncia da PFA em vacas Holandesas (Bos taurus) estd bem estabelecida em
alguns aspectos. Vacas com baixa CFA (<15 foliculos) possuem caracteristicas relacionadas a
baixa fertilidade, como os ovarios pequenos (Ireland et al., 2008), menor taxa de prenhez na
inseminacdo artificial (IA; Mossa et al., 2012), menor responsividade a superovulacdo
(Ireland et al., 2007), reduzida espessura endometrial (dia 0 ao dia 6 do ciclo estral) e
concentracdo de progesterona (dia 0 a 12 do ciclo estral; Jimenez-Krassel et al., 2009), e
maior quantidade de marcadores (Catepsina B e S) de células do cumulus associado a baixa
qualidade do odcito (Ireland et al., 2009).

Um estudo recente em vacas da raca Holandesa e Jersey (Bos taurus) com baixa CFA
(<20 foliculos), demonstraram menor taxa de concepcdo a primeira 1A (45,2 vs. 66,5%)
comparadas a vacas de alta CFA (>30 foliculos; Martinez et al., 2013). Resultados
semelhantes foram obtidos em novilhas mesticas de corte (Bos indicus-taurus) com baixa
CFA (<15 foliculos), de ovéarios obtidos de abatedouro e classificados pela contagem visual
dos foliculos (Cushmann et al., 2009).

Em fémeas Braford (Bos indicus-taurus) aos 24 meses, a CFA foi correlacionada
positivamente a resposta superovulatdria, a producdo in vivo de embrides foi maior em fémeas
com alta CFA (> 40 foliculos) em relagdo a de baixa CFA (< 10 foliculos; Silva-Santos et al.,
2014a). A mesma influencia foi encontrada em vacas de corte (Bos taurus) com baixa CFA
(<15) e alta CFA (>25; Ireland et al., 2007).

A PFA também esta positivamente correlacionada com a concentracdo de AMH no
plasma em novilhas Nelore (Bos indicus) e novilhas da raca Holandesa (Bos taurus; Batista et
al., 2014), o AMH é produzido exclusivamente por células da granulosa de foliculos
saudaveis em desenvolvimento (La Marca; Volpe, 2006).

A baixa CFA associada com a reducdo da fertilidade também ja foi relatada em seres

humanos (Baerwald et al., 2003). Entretanto, em fémeas Nelore com alta (>53 foliculos),
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intermediaria (34-53) e baixa CFA (<34), ndo foi encontrada influéncia da PFA sobre a taxa
de concepcao a IATF (29,27% vs 29,33% vs 29,34%), respectivamente (Rodrigues et al.,
2013).

Trabalhos recentes ndo encontraram diferencas no perfil lipidico de odcitos, em
fémeas Bos indicus e Bos indicus-taurus com alta (>30) e baixa (<15) CFA (Silva-Santos et
al., 2014d). Também néo foi encontrada correlacdo entre foliculos pré-antrais e antrais, em
fémeas Nelore (Bos indicus) com alta (>57) ¢ baixa (<21) CFA, e em fémeas Aberdeen Angus
(Bos taurus) com alta (>45) e baixa (<13) CFA (Silva-Santos et al., 2014b).

A influéncia da CFA em fémeas Bos taurus ja foi bem investigada, porém, trabalhos
com fémeas Nelore (Bos indicus) comparando a PFA ainda sdo escassos. Racas Bos indicus
possuem diferencas bem estabelecidas em seu comportamento reprodutivo em comparacao
com racas Bos taurus (Bo et al 2003; Baruselli et al. 2007; Sartori et al. 2010). Desse modo,
ndo se pode supor que as respostas em diversos parametros reprodutivos sejam oS mesmos,

sendo necessarios estudos para comparar a influéncia da PFA nestes animais.

2.3 DIFERENCAS ENTRE ANIMAIS BOS TAURUS VS. BOS INDICUS

Existem diferencas ja bem estabelecidas na fisiologia reprodutiva entre Bos indicus e
Bos taurus, que devem ser consideradas na introducdo de um protocolo hormonal no rebanho,
na aspiracédo folicular guiada por ultrassom (OPU) para produgéo in vitro de embrides (PIVE),
bem como nas diversas bioténicas reprodutivas. O conhecimento dessas particularidades é
fundamental para aumentar a eficiéncia reprodutiva dos rebanhos (Baruselli et al., 2007,
Sartori et al., 2010).

Fémeas Bos indicus apresentam peculiaridades que dificultam o manejo e a eficacia da

deteccdo de estro, por exemplo, novilhas Bos indicus atingem a maturidade sexual e
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puberdade mais tarde do que novilhas Bos taurus (Rodrigues et al., 2002), as zebuinas
apresentam estro de duracdo mais curta (aproximadamente 10 horas; B¢ et al., 2003). Mais de
50% dessas fémeas iniciam a manifestacdo de estro no periodo noturno e em média 30%
iniciam e encerram o estro durante a noite (Pinheiro et al., 1998).

Mizuta (2003) com auxilio de radiotelemetria (Heat-Watch) mostrou que a duracdo do
estro em Nelore é menor do que em Angus (12,9 + 2,9 horas em Bos indicus vs. 16,3 + 4,8
horas em Bos taurus), mas o intervalo entre o estro e a ovulacdo ndo apresentou diferencas
entre estas duas racas (Nelore, 27,1 + 3,3 horas vs. Angus, 26,1+ 6,3 horas). Fémeas Bos
taurus no geral possuem o periodo de gestacdo mais curto quando comparado com vacas Bos
indicus (Pascal et al., 1991).

Considerando o numero de ondas de crescimento folicular por ciclo estral, animais da
raca Holandesa apresentam predominancia de duas a trés ondas de crescimento folicular por
ciclo estral (Savio et al., 1988; Ginther et al., 1989; Wolfenson et al., 2004). Entretanto, em
zebuinos existem relatos que descrevem maior incidéncia de 3 ondas, sendo notificada a
presenca de até 4 ondas de crescimento folicular por ciclo estral (Brahman — Rhodes et al.,
1995; Nelore — Figueiredo et al., 1997; Gir — Viana et al., 2000). Além da diferenca no
namero de ondas, as fémeas Bos indicus tém uma populacdo folicular maior por onda de
crescimento folicular em comparagdo com Bos taurus (33,4 foliculos + 3,2 vs 25,4 + 2,5;
Carvalho et al., 2008).

O didmetro maximo alcangado pelo foliculo dominante em cada onda de crescimento
folicular também difere entre fémeas Bos taurus (17,1 e 16,5 mm para a primeira e segunda
onda; Ginther et al., 1989) e Bos indicus (11,3 e 12,1 mm, respectivamente; Figueiredo et al.,
1997). Para animais com trés ondas de crescimento folicular, os didmetros maximos foram de
16,0; 12,9 e 13,9 mm para Bos taurus (Ginther et al., 1989) e 10,4; 9,4 e 11,6 mm para Bos

indicus (Figueiredo et al., 1997). O didametro do corpo liteo também parece ser menor em Bos
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indicus (17 a 21 mm de diametro; Rhodes et al., 1995; Figueiredo et al., 1997) do que em Bos
taurus (20 a 30 mm de didmetro; Ginther et al., 1989; Kastelic et al., 1990). Da mesma
maneira, ha relatos de que a concentracdo de progesterona produzida pelo corpo lateo (CL)
também é inferior em zebuinos em relacdo aos taurinos (Segerson et al., 1984).

O numero de odcitos recuperados por procedimento OPU também é distinto entre
estes grupos. Em racas Bos indicus a recuperacdo € 3 a 4 vezes maior, recuperando 18-25
odcitos (Thibier 2004; Pontes et al. 2011) e 4-14 oocitos em fémeas Bos taurus (Rubin et al
2005;. Martins et al. 2007). Uma maior incidéncia de foliculos com menor didmetro é relatada
em fémeas Nelore (Figueiredo et al., 1997).

Em relacdo a sincronizacdo da ovulacdo de doadoras em protocolos de superovulagéo,
em fémeas Bos indicus a inducdo de ovulacdo pode ser melhor obtida precocemente em
relacdo as Bos taurus. A aplicacdo do indutor de ovulacdo 12 horas apds a Gltima aplicacdo de
horménio foliculo estimulante (FSH) ocasionou aumento na resposta ovulatéria e maior
ndmero de embrides transferiveis em fémeas zebuinas. Ao contrario do obtido em fémeas
taurinas, a administracdo do indutor 24 horas ap6s o ultimo FSH resultou em melhores
resultados (Martins et al., 2005; Rodrigues et al., 2005; Baruselli et al., 2006). Existem
relatos que confirmam que é possivel reduzir a dose de FSH para superovular fémeas Nelore
(Baruselli et al., 2003).

Batista et al. (2014) demonstraram que a CFA nos ovérios de fémeas Nelore é maior
do que em Holandesa e esta diferenca é semelhante ao encontrado por Segerson et al, (1984),
e Carvalho et al. (2008). Fémeas da raca Holandesa (Bos taurus) quando comparadas com
fémeas da raca Gir (Bos indicus) apresentam menor concentracdo plasmatica de AMH e
menor CFA (Baldrighi et al., 2014)

Pontes et al. (2010) em um experimento com vacas Gir e Holandesa compararam o

recuperacdo de odcitos, qualidade dos odcitos recuperados por OPU e a producdo in vitro de
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embrides. O nimero de odcitos totais, odcitos viaveis e embrides produzidos in vitro foram
maiores em Gir do que na raca Holandesa (17,1 vs 11,4; 12,1 vs 8,0; 3,2 vs 2,2,
respectivamente), as taxas de prenhez foram de 40% em Bos indicus e 36% em Bos taurus.

O conhecimento das diferencas fisiologicas entre racas Bos taurus e Bos indicus tem
sido util para desenvolver protocolos ou estratégias especificas para manejo reprodutivo,
maximando sua eficiéncia, e deve ser sempre levado em consideracdo na comparacgédo de taxas

e resultados entre diferentes ragas bovinas.

2.4 PRODUCAO IN VITRO DE EMBRIOES

A PIVE é um conjunto de procedimentos realizados em laboratério, envolve as etapas
de colheita, maturacdo e fertilizacdo in vitro de odcitos, bem como o cultivo in vitro de
zigotos e estruturas embrionarias. E uma biotécnica reprodutiva pelos quais odcitos imaturos
sdo utilizados para a producao de embrides (Viana et al., 2010).

A América do Sul é lider mundial na PIVE, uma biotecnologia de multiplicacdo rapida
e gque tem crescido significativamente nos Gltimos anos (Viana et al., 2012; Marinho et al.,
2013). O destaque do Brasil no cenario mundial de PIVE, certamente possui relacdo direta
com o nimero de foliculos e odcitos obtidos de fémeas Bos indicus (Pontes et al., 2009; 2011;
Max et al., 2013).

As taxas de clivagem, blastocistos e ecloséo, podem ser utilizadas para a avalia¢do da
eficiéncia da produgéo de embrides in vitro. Pontes et al. (2009) relataram taxa de blastocisto
de 41,4%, e 33,5% de prenhez, apos a transferéncia dos embrides Nelore PIV. Resultados
semelhantes aos de Pontes et al. (2011) para a mesma categoria, de 37.3% de blastocisto e
36,5% de prenhez. Dados de Gimenes et al. (2010) apresentaram taxa de clivagem de 82,4% e

a taxa de blastocistos de 28,5% em novilhas Nelore.
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A influéncia da CFA na producdo in vitro de embrides, foi relatada em fémeas Bos
indicus-taurus, a taxa de clivagem e blastocistos foram respectivamente, 56% e 9,4% em
fémeas com baixa (<10 foliculos antrais), e 61,2% e 16,3% em fémeas com alta (>40) CFA
(Silva-Santos et al., 2014a).

Em uma pesquisa recente, Santos et al. (2014) compararam diversas parametros na
PIVE entre vacas Nelore com alta (>40 odcitos), média (18-25 o06citos) e baixa (<7 odcitos)
CFA. A percentagem de odcitos viaveis foi de 80% (G-Alta), 69% (G-Média) e 71% (G-
Baixa; P<0,05), a taxa de clivagem foi de 79% (G-alta), 74% (G-Média) e 71% (G-Baixa;
P<0,05), a taxa de blastocistos foi de 42% (G-Alta), 32% (G-Média) e 13% (G-Baixa;
P<0,05), e a percentagem de embriBes vitrificaveis de 81% (G-Alta), 77% (G-Média) e 58%
(G-Baixa; P<0,05). Esses resultados demonstram uma correlacdo positiva da producéo in
vitro de embrides com a PFA.

Considerando todas as informac6es citadas, constata-se a necessidade de uma proposta
para se estudar as categorias de foliculos antrais em indicus, bem como a producdo de

embrides neste contexto.
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3. HIPOTESE

A populacdo de foliculos antrais presente nos ovarios de fémeas Nelore (Bos indicus)

influencia a producéo in vitro de embrides.
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4. OBJETIVOS

3.1. OBJETIVO GERAL

e Verificar a influéncia da populagdo folicular antral sobre a produgéo in vitro de
embrides de fémeas Nelore com alta vs. média vs. baixa quantidade de foliculos

antrais.

3.2 OBJETIVOS ESPECIFICOS

e Quantificacdo da média da populacdo folicular antral a partir de uma amostragem de
fémeas Nelore (Bos indicus) para classificagcdo dos grupos experimentais;

e Comparar a producédo in vitro de embrides (taxas de clivagem e blastocistos) entre
fémeas Nelore (Bos indicus) com alta vs. média vs. baixa quantidade de foliculos
antrais;

e Comparar a taxa de eclosdo de embrides produzidos in vitro entre fémeas Nelore (Bos

indicus) de alta vs. média vs. baixa quantidade de foliculos antrais;
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5. ARTIGO PARA PUBLICACAO

IMPACTO DA POPULACAO FOLICULAR ANTRAL SOBRE A PRODUCAO IN

VITRO E TAXA DE ECLOSAO DE EMBRIOES BOS INDICUS

Laboratorio de Reproducdo Animal, Universidade Estadual de Londrina, Londrina, Parana,
Brasil

RESUMO

A influéncia da populacéo folicular na fertilidade de fémeas bovinas ja foi relatada por
diversos autores, porém resultados comparando a producéo in vitro de embriGes em fémeas
Bos indicus ainda sdo escassos. Com o objetivo de comparar a influéncia da populacéo
folicular antral na produgéo in vitro de embrides em fémeas bovinas da raga Nelore (Bos
indicus), ovérios foram obtidos aos pares em abatedouro local. Para a quantificacdo da média
da populacdo folicular antral obteve-se ovarios (n=336) de 168 fémeas Nelore. A
classificacdo dos grupos foi definida utilizando a média £ desvio padrdo, em G-Alta (>92
foliculos), G-Média (46-76 foliculos) e G-Baixa (< 31 foliculos). Para a produgao in vitro de
embribes foram utilizados 752 ovarios de 356 animais em 9 réplicas. A quantidade de odcitos
(n=15) por gota de meio e a quantidade de odcitos cultivados por grupo em cada réplica foram
padronizadas. Foram comparadas as taxas de clivagem, blastocistos e eclosao entre 0s grupos.
A anadlise estatistica foi realizada pelo teste de regressao logistica utilizando o pacote
estatistico Car do software "R" (R Development Core Team — 2008), e as diferencas foram
consideradas significativas se P<0,05. As taxas de clivagem e blastocisto ndo apresentaram
diferengas entre os grupos (76,6% e 40,6% em G-Alta; n= 617 odcitos; 77,5% e 36,3% em G-
Média; n= 590 odcitos; 79,5% e 38,6% em G-Baixa; n= 536 00citos). A taxa de eclosdo foi

superior no G-Alta (16,5%) em comparagdo a G-Média (11,5%; P= 0.0129) e G-Baixa
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(11,6%; P= 0.0179). Sugere-se que a producdo in vitro de embrides de fémeas Nelore, ndo
sofre influencia da populacéo folicular antral. Entretanto, a contagem de foliculos antrais pode

gerar influencia na eclosdo de embrides, quando o método in vitro € utilizado.

Palavras-chaves: Bos indicus, Nelore, populacdo folicular antral, producdo in vitro de
embrides.

1. INTRODUCAO

A busca por individuos de potencial genético elevado e alta eficiéncia reprodutiva se
faz cada vez mais necessaria na cadeia produtiva da carne e do leite. A producdo in vitro de
embrides é uma biotécnica que vem crescendo significativamente nos ultimos anos. O Brasil é
lider mundial na producéo de embrides e isto se deve a grande populacdo de bovinos no pais,
e devido a maior parte do rebanho ser composta por animais da raca Nelore (Bos indicus;
STROUD, 2012; IETS, 2013; ABIEC, 2013).

Fémeas Bos indicus possuem maior populacdo de foliculos antrais (PFA) em
comparacdo a fémeas Bos taurus (Viana; Camargo, 2007; Batista et al., 2014), gerando uma
maior recuperacao de odcitos (3 a 4 vezes maior) e producdo de embrides (Thibier et al.,
2004; Pontes et al., 2011). As particularidades na fisiologia reprodutiva entre fémeas Bos
taurus e Bos indicus podem gerar respostas distintas a producdo in vivo e in vitro de embrides
(Baruselli et al., 2007).

Diversas pesquisas estdo sendo realizadas com o intuito de evidenciar a influéncia da
contagem de foliculos antrais (CFA) na fertilidade de fémeas bovinas. Sabe-se que a PFA

possui grande variabilidade entre individuos e a CFA possui alta repetibilidade (0,85-0,95) no
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mesmo individuo (Burns et al., 2005; Ireland et al., 2007, 2008; Mossa et al., 2010; Silva-
Santos et al., 2014).

Fémeas Holandesas (Bos taurus) com baixa contagem de foliculos antrais (<15
foliculos), possuem aspectos geralmente associados a baixa fertilidade (Burns et al., 2005;
Mossa et al., 2010; Ireland et al., 2011), como taxas menores de prenhez (84% vs 94%), maior
intervalo entre partos (114 vs 100 dias) e maior nimero de servicos por prenhez (2,7 vs 2,4)
em comparagdo com a fémeas com alto numero de foliculos antrais (>25 foliculos; Mossa et
al., 2012).

Em um trabalho recente Silva-Santos et al. (2014), demonstraram que em fémeas
Braford (Bos indicus-taurus) aos 24 meses, a CFA pode influenciar positivamente a producéo
in vitro e in vivo de embrifes, em fémeas com alta (> 40 foliculos) em comparagdo as de
baixa CFA (< 10 folliculos).

Ainda sdo necessarias pesquisas para averiguar a influencia da PFA na fertilidade de
fémeas Bos indicus. Com 0 objetivo de colaborar com essa investigacdo, o presente estudo
comparou a producdo in vitro de embrides e a taxa de eclosdo em fémeas Nelore com alta,

média ou baixa contagem de foliculos antrais.

2. MATERIAL E METODOS

Todos os reagentes utilizados neste estudo foram adquiridos da Companhia Sigma-
Aldrich (St Louis, MO, USA), a ndo ser quando especificado. Foram produzidos embrides in
vitro no decorrer de 9 réplicas a partir de oocitos provenientes de foliculos de ovarios de

abatedouro.
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2.1 Animais

Ovérios de vacas Nelores (Bos indicus; 72-96 meses), com escore de condi¢do
corporal entre 3 e 3,5 (escala de 1 a 5) foram coletados de um abatedouro local. O par de
ovarios de cada animal foi coletado, acondicionado separadamente por animal e transportado

em solucdo salina 0,9% a 30-35°C até o laboratorio (trajeto de duracdo média de 20 minutos).

2.2 Classificacdo dos animais pela contagem de foliculos antrais

Previamente foi realizado um experimento piloto para quantificacdo da meédia da
populacdo de foliculos antrais, para possibilitar uma classificacdo dos grupos experimentais
mais fidedigna (n=168 fémeas), realizado pela contagem dos foliculos antrais (CFA) visiveis
na superficie dos ovarios e considerando o par de ovarios de cada animal (Fitzpatrick;
Entwistle, 1997; Cushmann et al., 2009). A CFA de todos os animais foi feita pelo mesmo
operador previamente treinado.

A distribuicdo das fémeas de acordo com a média da CFA esta demonstrada na Figura
-1. A média geral da quantificacdo da populacéo de foliculos antrais encontrada foi de 61,14 +
30,43, e com base nos dados de media de CFA obtidos, os animais foram classificados em
trés grupos.

O grupo de alta CFA foi obtido pela média da populagéo folicular + 1 desvio padrao
(G-Alta: >92 foliculos antrais). As fémeas com CFA intermediaria compreendem no intervalo
dos grupos G-Alta e G-Baixa (32-91 foliculos antrais), entretanto, o grupo de média CFA foi
obtido pela média + %2 do desvio padréo possibilitando um intervalo de maior confiabilidade
entre os grupos (G-Média: 4676 foliculos antrais). O grupo de baixa CFA, pela média - 1

desvio padrdo (G-Baixa: <31 foliculos antrais). A média da PFA encontrada dentro dos
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1  grupos foi de 25, 60 e 113 foliculos antrais para os grupos G-Baixa, G-Média e G-Alta,
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5 Figura 1- Distribuicdo das fémeas Nelore (Bos indicus; n=168) de acordo com a média da
6  contagem visual de foliculos antrais considerando o par de ovarios.
7
8 Essa classificacédo foi utilizada como padrdo para separacdo dos grupos experimentais

9 para a producdo in vitro de embrides (PIVE). Na recuperacdo de odcitos para producdo in

10  vitro de embrides bovinos, apés a chegada dos ovérios ao laboratério, foi realizada a CFA
11 visual do par de ovérios por animal (n=356 fémeas), e a classificacdo destes nos grupos
12 experimentais.

13

14 2.3 Recuperacao oocitaria

15

16 Cada foliculo visivel do par de ovarios foi aspirado com agulhas hipodérmicas 30x8
17  acopladas a seringas de 10 ml (BD Medical, Becton Dickinson & Company, Franklin Lakes,
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NJ; Rizos et al., 2002), e os complexo cumulus oophorus (CCOs) foram recuperados

separadamente para cada grupo.

2.4 Maturacao in vitro (MIV)

Os CCOs circundados por um minimo de 3 camadas de células do cumulus e com
citoplasma homogéneo (graus 1 e 2; Seneda et al., 2001) foram selecionados para a maturagéo
in vitro. Antes da MIV, os odcitos foram lavados trés vezes em TCM-HEPES 199 (Gibco
Life Technologies) suplementado com 10% de soro fetal bovino (SFB; Gibco Life
Technologies), 0,20 mM de piruvato de sddio, e 83,4 mg/mL de gentamicina (Instituto
Bioquimico, Rio de Janeiro, Brasil). Cada grupo foi cultivado separadamente em meio de
maturacdo em gotas de 100 mL sob 6leo mineral, em atmosfera de 5% de CO; e 95% de ar, e
umidade saturada a 38,5°C, por 24 horas.

O numero de odcitos foi padronizado em 15 por gota de 100 mL de meio, e em cada
réplica (n=9 réplicas) foram cultivados 0 mesmo nimero de odcitos por grupo experimental,

possibilitando uma melhor comparacéo entre 0s grupos.

2.5 Fecundacdo in vitro (FIV)

Apds a maturacdo, os odcitos foram lavados em meio TCM-199 pré-fertilizacdo
(suplementado com HEPES 25 mM e 0,3% de BSA), e uma vez em meio FERT-TALP
suplementado com 10 mg/mL de heparina e 160 mL de solugéo de penicilamina, epinefrina e
hipotaurina (PHE; Parrish et al., 1986; Bavister 1989). Os odcitos foram transferidos para as

gotas com sémen e meio de fecunda¢do FERT-TALP suplementado com heparina e PHE.
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Para inseminacdo das gotas de 100 mL de meio durante todo o experimento foi
utilizado sémen de um dnico touro Nelore, previamente testado. O sémen armazenado em
nitrogénio liquido foi descongelado a 36°C por 30 segundos. A selecdo dos espermatozoides
foi realizada pelo gradiente de Percoll (Percoll 45% na parte superior e 90% na parte inferior)
por centrifugacdo (12.100 g, por 2 minuntos), o sobrenadante (600 pL) foi descartado e o
pellet espermatico foi ressuspendido em 300 pL de meio de fecundagédo e homogeneizado.

O sémen foi novamente centrifugado (8.127 g, por 45 segundos) e, ap0s o descarte do
sobrenadante, a concentracdo espermatica foi ajustada para a obtencdo de uma concentracédo
final de 1x10° espermatozoides vivos/gota de 15 odcitos, co-incubados por 22 horas na

incubadora. O dia da fertilizacdo foi considerado o dia zero (DO).

2.6 Cultivo in vitro (CIV)

Apbs a fecundacdo, os provaveis zigotos (G-Baixa n= 536; G-Média n= 590; G-Alta
n= 617) foram lavados e as células do cumulus foram removidas. Os provaveis zigotos foram
transferidos para o meio de cultivo in vitro (D1) constituido por fluido de oviduto sintético
modificado (SOFaa BSA contendo 8 mg/mL de BSA livre de acido graxo e glutamina 1 mM),
sob a mesma temperatura e condi¢des atmosféricas gasosos utilizadas nas etapas anteriores.

No terceiro dia de cultivo (D3) foi realizada a substituicdo (1° feeding) de 50% do
meio de cultivo com 0 mesmo meio utilizado inicialmente, e a taxa de clivagem foi avaliada
para cada grupo. No quinto dia de cultivo (D5), a substituicdo de 50% do meio (2° feeding)
foi realizada da mesma maneira, mas com o mesmo meio de CIV acrescido de glicose. A taxa

de blastocistos e de eclosdo foram avaliadas no D7 e D8, respectivamente.
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2.7 Analise estatistica

Para as taxas de clivagem, blastocistos e eclosdo, as respostas foram apresentadas
como percentagem e submetidas a um teste de regressdo logistica, utilizando o pacote
estatistico Car do software "R" (R Development Core Team - 2008). As diferencas foram

consideradas significativas se p<0,05.

3. RESULTADOS

Né&o foram encontradas diferencas (P>0,05) entre os grupos para as taxas de clivagem
e blastocistos. Na comparacédo das taxas de eclosdo houve diferenca (P<0,05) entre 0s grupos.
O grupo G-Alta (> 92 foliculos antrais) apresentou maior taxa de eclosdo em comparagédo ao
grupo G-Média (46-76 foliculos; P=0.0129) e G-Baixa (< 31 foliculos; P=0.0179; Tabela 1)
Tabela 1 — Taxas de clivagem, blastocisto e eclosdo de embrides bovinos produzidos in vitro

a partir de odcitos provenientes de vacas Nelore com alta, média e baixa contagem de
foliculos antrais.

Odcitos Clivagem Blastocistos Ecloséo
Grupos CFA
n n % n % N %
G-Alta (>92) 617 473 76,6 251 40,6 102 16,5
G-Média (46-76) 590 457 77,5 214 36,3 68 11,5°
G-Baixa (<31) 526 418 79,5 203 38,6° 61 11,6
Total 1.733 1.348 77,8 668 38,5 231 13,3

% |_etras diferentes na mesma coluna indicam diferenca estatistica (P < 0,05).

4. DISCUSSAO

A taxa de eclosdo obtida no grupo G-Alta foi superior aos demais grupos. Apesar de

ndo ter sido avaliada a viabilidade embrionaria, nossos resultados podem sugerir uma maior
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capacidade de gerar prenhez nos embrides oriundos de fémeas Nelore de alta CFA (=92
foliculos antrais), considerando a estimativa da habilidade de implantacdo uterina a partir da
taxa de eclosdo (Sanches et al., 2013). Este aspecto estd em acordo com o relatado para vacas
da raca Holandesa (Bos taurus), em que fémeas de alta CFA (=25 foliculos antrais)
apresentaram maior taxa de prenhez (94%) a inseminacéo artificial, em comparacdo com as
de baixa CFA (84%; <15 foliculos; Mossa et al., 2012). Segundo Pontes et al. (2011),
doadoras da raga Nelore com elevada producdo de odcitos (>24), obtiveram maior taxa de
prenhez de embrides PIV, em comparacdo a fémeas <15 odcitos.

Diferente do encontrado em nosso estudo, Ireland et al. (2007) ndo relataram
influéncia da PFA sob a taxa de eclosdo em embrides PIV de novilhas mesticas (Bos indicus-
taurus). As taxas de eclosdo obtidas foram de 14 e 14,8% nos grupos de alta (>25 foliculos
antrais) e baixa (<15 foliculos) CFA, respectivamente.

As taxas de clivagem e blastocistos obtidas no presente estudo encontram-se dentro da
média esperada para um protocolo e sistema eficiente de producdo in vitro de embrides. A
clivagem geral (77,8%) do experimento foi semelhante ao encontrado por Pontes et al. (2010),
que obtiveram 78% em vacas Holandesas e 68% em vacas Gir. A taxa de blastocistos geral
(38,5%) foi similar a encontrada por Pontes et al. (2009) de 41,4% em odcitos de fémeas da
mesma raca e categoria do estudo apresentado.

As percentagens de clivagem e blastocistos dos grupos avaliados (Tabela 1) néo
apresentaram diferenca estatistica entre os grupos, corroborando com os resultados relatados
em novilhas indicus-taurus, nos quais ndo houve diferenca na producdo in vitro de embrides
(PIVE), comparando fémeas de alta (>25 foliculos antrais) e baixa (<15 foliculos) CFA
(Ireland et al., 2007).

Entretanto, os resultados do presente trabalho diferem dos de Santos et al. (2014) nos

quais estes autores demonstraram que fémeas Nelore com alta CFA (>40 odcitos recuperados
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por OPU), apresentaram maior producéo in vitro de embrides em comparacdo aos grupos de
média (18-25 o0citos) e baixa CFA (<7 odcitos). As taxas de clivagem e blastocistos relatadas
foram, respectivamente, 79% e 42% no grupo de alta CFA, 74% e 32% no grupo de média e
71% e 13% no grupo de baixa.

Silva-Santos et al. (2014) em novilhas Braford (indicus-taurus), também obtiveram
uma maior PIVE em fémeas com maior numero de foliculos antrais. As taxas de clivagem e
blastocisto foram, respectivamente, 61,25% e 16,53% em novilhas de alta CFA (> 40
foliculos) e 56,03% e 9,48% de baixa CFA (< 10 foliculos).

Vale ressaltar que os trabalhos publicados na literatura sobre a influéncia da PFA na
PIVE (Ireland et al., 2007; Silva-Santos et al., 2014; Santos et al., 2014) possuem algumas
diferencas na metodologia, em comparacdo ao nosso experimento. Os autores adotaram
diferentes classificacdes dos grupos de foliculos, metodologia distinta para quantificacdo
folicular (ultrassom), e outras formas para recuperacdo dos oocitos (OPU), além do grupo
racial. Consideramos alguns aspectos favoraveis em nosso modelo experimental, como a
padronizacdo das fémeas para a condi¢do do abate, rebanhos variados (condigdo mais préxima
da realidade) e o maior nimero de animais utilizados (n=356), quando comparamos com
todos os artigos citados (105, 10, 16 e 40 animais; Ireland et al., 2007; 2009; Mossa et al.,
2012; Silva-Santos et al., 2014).

A classificacdo dos animais em alta, média e baixa CFA n&o é padronizada, e diversas
classificagOes séo relatadas na literatura para a mesma categoria de animais. Desse modo, néo
podemos deixar de destacar a relevancia do nosso estudo piloto para quantificacdo da media
da PFA, e o nimero de animais utilizados nesse experimento piloto (n=168), possibilitando
uma classificacdo mais confiavel. Os dados obtidos (Figura-1) seguem a distribuicao de 15% -

20% dos animais nos grupo de alta e de baixa contagem de foliculos antrais, intervalos
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também relatados por outros grupos dedicados ao tema (Ireland et al., 2011; Mossa et al.,
2012).

Fémeas Nelore (Bos indicus) possuem maior incidéncia de foliculos antrais pequenos
nos ovarios (Figueiredo et al., 1997) e maior PFA (Batista et al., 2014), em comparacdo a Bos
taurus. Essas caracteristicas podem sugerir uma dificuldade na contagem real dos foliculos
antrais por ultrassonografia transretal em fémeas Nelore, podendo ser subestimada devido a
sobreposicdo dos foliculos na imagem do exame de ultrassom, e pela dificuldade de
delimitacdo da parede dos foliculos.

Consequentemente, a contagem visual dos foliculos antrais na superficie dos ovarios
pode propor uma quantificacdo dos foliculos antrais mais fidedigna, quando em comparacao
com relatos obtidos por ultrassonografia. De acordo com o que inferem Fitzpatrick; Entwistle,
(1997), a contagem visual dos foliculos em fémeas Bos taurus possui uma alta correlacéo
positiva (r=0,79) com a populacdo real de foliculos antrais nos ovarios. Além disso, em
ovarios provenientes de abatedouro, os foliculos <2 mm podem ser aspirados (Tan e Lu,
1990; Pavlok et al., 1992), uma situacdo que geralmente ndo ocorre na OPU em decorréncia
da resolucdo média da imagem ultrassonogréfica (Bungartz et al., 1995).

A classificacdo dos grupos pela CFA e recuperacdo dos odcitos no presente estudo,
forem realizadas pela mesma metodologia utilizada por Cushmann et al. (2009) e Ireland et al.
(2007) em vacas mesticas. Para uma melhor comparagéo entre 0s grupos, no presente estudo
foi feita a padronizacdo de 15 odcitos por gota de meio, e a quantidade de odcitos iguais nos
trés grupos em cada replica.

Sabe-se, que as particularidades na fisiologia reprodutiva entre fémeas Bos taurus e
Bos indicus podem gerar respostas distintas a producdo in vivo e in vitro de embrifes
(Baruselli et al., 2007). Pontes et al. (2010), em um experimento com vacas Gir (Bos indicus)

e Holandesa (Bos taurus), compararam o nimero de o0citos totais, odcitos viaveis, embrides
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produzidos in vitro e taxa de prenhez, que foram maiores em Gir em relacdo a Holandesa
(17,1 vs 11,4; 12,1 vs 8,0; 3,2 vs 2,2,; 40% vs 36%, respectivamente). Trabalhos esses que
podem colaborar para explicar as diferencas dos nossos resultados com os obtidos por Silva-
Santos et al., (2014).

No contexto da investigacdo da influéncia da populacdo folicular na fertilidade de
fémeas Bos indicus, nossos resultados corroboram com o0s encontrados recentemente por
Pinheiro et al., (2015), que ndo encontraram influéncia da populacdo folicular sobre a taxa de
prenhez a IATF em vacas Nelores. As taxas de prenhez obtidas foram: 32.6% no grupo de alta
CFA (=38 foliculos), 42.9% no grupo de média (28- 38 foliculos) e 46.6% no grupo de baixa
(<28 foliculos; P = 0.144).

Em conclusdo, a comparacdo da taxa de clivagem e de blastocistos de embriGes Nelore
PIV, ndo diferiu entre os grupos de alta (> 92 foliculos antrais), média (46-76) e baixa (<31)
CFA. Entretanto, os embrides de fémeas Nelore de alta populagdo folicular (> 92 foliculos
antrais), demonstraram taxa de eclosdo superior aos demais grupos. A producdo in vitro de
embrides Nelore (Bos indicus) ndo sofreu influéncia da populacéao folicular, porém, a eclosdo

dos embrides foi influenciada pela populacgéo de foliculos antrais.
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6. CONCLUSOES

A média da contagem dos foliculos antrais em fémeas Nelore (Bos indicus) foi de
61,14 foliculos. Os grupos experimentais foram classificados em G-Alta (>92
foliculos antrais), G-Média (46-76) e G-Baixa (<31 foliculos);

As taxas de clivagem e blastocistos ndo diferiram entre os grupos de contagem de
foliculos antrais. A populacdo de foliculos antrais ndo apresentou influencia na
producdo in vitro de embrides Nelore (Bos indicus);

A taxa de eclosdo foi superior no grupo de animais com alta contagem de foliculos
antrais (>92 foliculos) em comparacdo aos demais grupos. A populacdo de foliculos

antrais pode influenciar a taxa de eclosdo de embrides Nelore (Bos indicus);



o1

7. ANEXOS

Os dois artigos anexados a seguir foram realizados durante o periodo do mestrado.
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The objectives of this study were to compare populations of preantral follicles between
purebred Bos indicus and Bos taurus cows with high or low antral follicle counts (AFC)
and to correlate the number of preantral follicles with the population of antral follicles.
Nelore (Bos indicus, n=100) and Angus (Bos taurus, n=100) cow ovaries were collected at
abattoirs and examined using ultrasonography. Antral follicles >3 mm were counted, and
the cows ovaries were assigned to high (G-High) or low (G-Low) AFC groups based on the
mean number (1 SD) of ovarian antral follicles: Bos indicus with high AFC (>57 follicles,
n=8) or low AFC (<21 follicles, n=8) and Bos taurus with high (>45 follicles, n=10) or
low AFC (<13 follicles, n=10). The ovaries were processed, and the number of preantral
follicles was estimated. Between-groups comparisons were performed using a Kruskal-
Wallis test, and the correlation between preantral and antral follicles was evaluated using
a Pearson’s correlation test (P < 0.05). A large variation in the number of preantral follicles
was observed among the animals. Although there was a correlation between the population
of preantral follicles and the number of antral follicles, there was no difference between
the mean number of preantral follicles in the Bos indicus G-High (48,349 +30,149) and
G-Low groups (33,037 £31,710) or between the Bos taurus G-High (35,050 +36,060) and
G-Low groups (30,481 +43,360). Therefore, the preantral follicle population did not differ
between purebred Bos indicus and Bos taurus cattle with high or low AFC but was correlated
with the number of antral follicles. In addition to the large within-groups variation in the
number of preantral follicles, some cows with high AFC had lower populations of preantral
follicles compared to the low AFC group, and the highest population of preantral follicles
was observed in both Bos indicus and Bos taurus with low AFC.

© 2014 Elsevier B.V. All rights reserved.
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1. Introduction

More oocytes can be obtained by ovum pick up (OPU)
in Bos indicus compared to Bos taurus cattle (Pontes
et al., 2009, 2010), and researchers wish to identify the
underlying mechanism that determines this larger oocyte
production. Bos indicus cows typically have many follicular
waves (Figueiredo et al., 1997; Viana et al., 2000), follicles
per wave (Carvalho et al., 2008) and antral follicles <5 mm
in diameter (Segerson et al., 1984) but small corpora lutea
(CL; Rhodes et al., 1995; Sartorelli et al., 2005) compared
to Bos taurus females. However, no studies have explained
the differences in oocyte production between these breeds.

Variation in the number of antral follicles in female
bovine ovaries has been associated with anti-Miillerian
hormone (AMH) concentrations (Ireland et al., 2008, 2009;
Rico et al., 2009,2011; Ereno et al., 2012). AMH has been
used to predict ovarian response to a stimulatory treat-
ment in women (Van Rooij et al., 2002; Gruijters et al.,
2003; Broer et al., 2009) and antral follicle count (AFC)
has also been used to predict poor ovarian response prior
to in vitro fertilization (IVF) in women with the identical
level of accuracy and clinical value as AMH (Hendriks et al.,
2005, 2007; Broer et al., 2009). In cattle, both AMH and
AFC can be used to determine embryo production capacity
(Monniaux et al., 2010; Rico et al., 2009, 2011, 2012). The
number of antral follicles observed during a follicular wave
is a repeatable observation (Singh et al., 2004; Burns et al.,
2005; Ireland et al., 2007, 2008, 2009, 2011; Silva-Santos
et al., 2014a,b), which allows females to be ranked accord-
ing to reproductive capacity using transvaginal ultrasound.
An earlier study has also shown that cows with a low AFC
exhibit lower fertility (Mossa et al., 2012).

Preantral follicle numbers are also highly variable
among females (Erickson, 1966; Silva-Santos et al.,
2011,2014a,b). A correlation has been observed between
the antral follicle population and the number of healthy fol-
licles and oocytes in Bos taurus females with high and low
AFC (Ireland et al., 2008). However, a comparison between
different purebred cattle with high vs. low AFC was not
conducted in this study. We hypothesize that there is a
correlation between populations of preantral and antral
follicles in cattle with high or low AFC. Therefore, the aim
of the present study was to compare ovarian populations
of preantral follicles in purebred Bos indicus (Nelore) and
Bos taurus (Aberdeen Angus) females with high or low AFC
and to correlate the preantral follicle population with the
number of antral follicles.

2. Materials and methods
2.1. Ovary collection and antral follicular count

Ovaries (n=200) from 72- to 96-month-old cycling and
non-pregnant purebred cows (Nelore, Bos indicus, n=100,
and Aberdeen Angus, Bos taurus, n=100) were collected
at abattoirs. Prior to slaughter, the females were main-
tained on cultivated pasture and fed mineral salt ad libitum.
At slaughter, the mean body condition was 4+ 0.5 (scale,
1-5; Lowman et al., 1976). All cattle were carefully eval-
uated according to body condition and health parameters

before slaughter. The ovaries were transported to the labo-
ratory in saline at 32-35 °C within three hours of collection.
Immediately upon arrival, the ovaries were evaluated using
ultrasonography, and follicles >3 mm were counted (Silva-
Santos et al., 2014a,b). Each ovary was scanned with a
7.5-mHz convex-array transducer (Aquila PRO, Pie Medi-
cal, Maastricht, The Netherlands) from end-to-end to count
antral follicles >3 mm. The AFC per pair of ovaries was
determined for each animal. Following the ultrasound eval-
uation, the females were assigned to two groups according
to the number of antral follicles >3 mm: females with a
high (G-High) or low AFC (G-Low). The number of follicles
per group (G-High vs. G-Low) was defined using the mean
number of antral follicles per animal +1 standard devia-
tion (SD): Nelore cows with G-High (> 57 follicles; n=8)
or G-Low (< 21 follicles; n=8) and Aberdeen Angus cows
with G-High (> 45 follicles; n=10) or G-Low (< 13 follicles;
n=10). Animals with an intermediate AFC (Nelore, 22-56
follicles; Angus, 14-44 follicles) were eliminated from fur-
ther analysis.

Following the antral follicle count, the ovaries were
halved longitudinally and fixed in Bouin’s fixative for 24 h.
The ovaries were then placed in 70% alcohol. For an esti-
mate of the preantral follicles, only ovaries without CL
were used to provide histological sections with ovarian
parenchyma and follicular population. Only one ovary per
female was analyzed (Silva-Santos et al., 2011).

2.2. Histological evaluation and preantral follicle
classification

The ovarian halves were dehydrated in alcohol, cleared
with xylene and embedded in paraffin, and all tissue
was serially sectioned at 7 um with a rotating microtome
(Leica®, Wetzlar, Germany). In all ovaries, each 120° his-
tological section (Cahill et al., 1979) was mounted and
stained with periodic acid Schiff (PAS) and hematoxylin.
All sections were used to evaluate the number of healthy
follicles. Preantral follicles were classified according to
developmental stage, primordial (one layer of flattened or
flattened-cuboidal granulosa cells surrounding the oocyte),
primary (a single layer of cuboidal granulosa cells around
the oocyte), or secondary (oocyte surrounded by more than
one complete layer of cuboidal granulosa cells; Hulshof
etal., 1994; Carambulaetal., 1999) and as normal or degen-
erated according to their morphological appearance. The
follicles were considered degenerated if they had one or
more of the following aspects: a condensed oocyte nucleus,
a shrunken oocyte, pyknotic bodies in the granulosa cells,
low cellular density, or basement membrane breakdown.
Based on these parameters, only morphologically healthy
follicles were evaluated (Lucci et al., 2002). The sections
were examined and photographed using a light microscope
(Nikon®, Tokyo, Japan). Using an ocular micrometer, we
determined the mean diameters of the oocytes by measur-
ing two follicles in each category (primordial, primary, and
secondary) per section in which the nucleolus of the oocyte
was observed (equatorial section). Each follicle and its asso-
ciated oocyte were measured in two dimensions, and the
arithmetic mean of the two measures was determined. The
strategy used to identify oocyte nuclei was important to
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Table 1

Mean (+ SD) number of preantral follicles per ovary and antral follicles per female of Bos indicus (Nelore) and Bos taurus (Aberdeen Angus) cows (72-96 mo)

with high (G-High) vs. low (G-Low) AFC.

Groups No. preantral follicles per ovary No. antral follicles per
- - - female
Primordial Primary Secondary Total

Bos indicus G-High AFC 31,6392 12,714 3,996 48,349 663 +8°
(> 57 follicles, n=8) (+22,398) (+14,341) (+3,288) (+30,149)

Bos indicus G-Low AFC 18,7662 9,116 5,155 33,037 115+5P
(< 21 follicles, n=8) (+18,493) (+£9,359) (+6,794) (+31,710)

Bos taurus G-High AFC 19,777% 11,337 4,174 35,288 552+72
(= 45 follicles, n=9) (+25,412) (+11,568) (+2,893) (+38,239)

Bos taurus G-Low AFC 11,273 15,617 3,591 30,481 111+3b
(< 13 follicles, n=10) (£20,713) (+21,383) (+ 3,200) (+43,360)

a-¢ Within a column, means without a common superscript differ (P < 0.05).

prevent the identical follicle from being counted in two
sections. All procedures were performed by one operator.

2.3. Preantral follicle estimation

The number of preantral follicles was estimated by
counting all follicles in all histological sections that cor-
responded to the entire ovary. Counting was performed
by one operator in a blind trial. To avoid counting one
follicle twice within a section, the border of the histologi-
cal section was marked with a pen. The evaluation began
from this point and followed a clockwise direction until
the cortical portion was evaluated entirely. A follicle was
counted only if the oocyte nucleus was visible in that his-
tological section. The nucleus of the oocyte was used as
a marker, according to the correction factor described by
Gougeon and Chainy (1987) and the following formula:
Nt=(No x St x ts)/(So x do), where Nt =the estimated total
number of follicles in each category; No=the number of
follicles observed in the ovary; St=the total number of
cuts performed on the ovary; ts=the cutting thickness;
So=the total number of sections evaluated; and do=the
mean diameter of the follicle nucleus for each category.

2.4. Statistical analysis

The results are presented as the means =+ SD. Minitab 16
was used to test sample normality. The numbers of antral
follicles were compared using a Kruskal-Wallis test with
the Dunn test for between-group comparisons. The corre-
lation between antral and preantral follicles was analyzed
using a Pearson’s Linear Correlation test and a log-10 trans-
formation. For all analyses, at least a 5% level of probability
was required.

3. Results

Based on the ultrasound evaluation of 200 ovaries from
Bos indicus (n=100) and Bos taurus females (n=100), the
mean number of antral follicles was 63 &8 (G-High AFC)
and 15 £ 5 (G-Low AFC) in Bos indicus cows and 59 + 23 (G-
High AFC) and 11 £3 (G-Low AFC) in Bos taurus females
(Table 1).

The mean number of preantral follicles per ovary was
similar (P>0.05) for Bos indicus and Bos taurus females.
There were 48,349 + 30,149 (mean + SD) preantral follicles

in Bos indicus ovaries with high AFC and 33,037 +£31,710
in those with low AFC. In Bos taurus females, there were
35,050 + 36,060 and 30,481 + 43,360 preantral follicles in
ovaries with high and low AFC, respectively (Table 1).

The number of preantral follicles varied among indi-
viduals within a group (high or low) and breed (Fig. 1).
Variation within Nelore females ranged from 13,660 to
87,638 (G-High) and 2462 to 93,560 follicles (G-Low). For
Angus females, the number of preantral follicles ranged
from 5388 to 120,493 (G-High) and 1348 to 147,006
(G-Low; Fig. 1). We observed contrasting situations for pre-
antral and antral follicle populations, as shown in Fig. 1.
Some animals with low AFC presented higher numbers of
preantral follicles and vice versa. Additionally, in 37.5% of
G-High AFC Nelore cows, the mean number of preantral fol-
licles was smaller than that of the mean G-Low population,
and 25% of G-Low AFC Nelore cows had the largest mean
number of preantral follicles compared to the mean popu-
lation of the G-High Nelore group. For Angus cows, 60% of
the G-High AFC group had the smallest population of pre-
antral follicles compared to the mean number of G-Low in
Angus, and 20% of the G-Low AFC preantral follicle popula-
tion in Angus cows was greater than the mean number in
the G-High Angus group (Fig. 1).

Despite the within-group individual variation for the
number of follicles, AFC was positively correlated with the
number of primordial follicles (r=0.43; P<0.05) and the
total number of preantral follicles in the ovaries (r=0.38;
P<0.05; Table 2).

Among the ovaries assessed (n=26), 14 (54%) had
multi-oocyte follicles (primordial, primary and secondary).
Multi-oocyte follicles were observed in 25% of Bos indicus
with high AFC, 50% of Bos indicus with low AFC, 40% of Bos
taurus with high AFC and 40% of Bos taurus with low AFC.
The number of oocyte nuclei varied (2-5) within the multi-
oocyte follicles. Ovigerous cords were observed in two Bos
taurus cows: one from the high AFC group and one from the
low AFC group (Fig. 2).

The histological classifications of polyovular follicles
and ovigerous cords. Ovigerous cords (A) and multi-oocyte
follicles (B) in the ovary of a Bos taurus cow with low AFC
and multi-oocyte follicles in the ovary of a Bos indicus cow
with low AFC (C). The presumptive nucleus of oogonias
(arrows) within the ovigerous-like cords and presumptive
nucleus of oocytes (Nu) were enclosed within a follicle-
like cell with a single layer of granulosa cells (GC). The
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Table 2

Pearson correlation coefficients for populations of preantral and antral follicles.

AFC No. primordial No. primary No. secondary No. total preantral
follicles follicles follicles follicles
AFC 1 043 0.18 0.24 0.38
No. Primordial follicles 1 0.67" 0.40° 090"
No. Primary follicles 1 0.75" 0.88""
No. Secondary follicles 1 0.70"

No. Total preantral follicles

1

* P<0.05.
"P<0.01.
" P<0.001.

sections were stained with periodic acid Schiff (PAS) and
hematoxylin. Bars = 50 wm. Original magnification X400.

4. Discussion

To our knowledge, this is the first comparative study
examining populations of preantral ovarian follicles sub-
sequent to antral follicle counts in ovaries retrieved
from many cycling and non-pregnant purebred cows
(Nelore-Bos indicus and Aberdeen Angus-Bos taurus) at
slaughter. Although there are remarkable variations in the
number of antral follicles during follicular waves among
cattle, repeatability in antral follicle populations allows
the identification of cattle with high or low antral follicle
counts based on AFC (Singh et al., 2004; Burns et al., 2005;
Ireland etal.,2007,2008,2011; Silva-Santos et al., 2014a,b).
The antral follicle population is constant within individuals
regardless of age, season, lactation stage or management
conditions (Burns et al., 2005; Ireland et al., 2007, 2008;
Silva-Santos et al., 2014a,b). AFC has an identical accuracy
level and clinical value as AMH in predicting responses to
assisted reproduction therapy (ART) in women (Hendriks
et al,, 2005; Broer et al., 2009) and can be used to pre-
dict the number of antral follicles in Bos indicus and Bos
taurus females (Batista et al., 2014). These results suggest
that AFC can be used in cattle because it is an inexpensive,
easy-to-use tool that can improve field results.

In the present study, the mean number of preantral fol-
licles was similar for Bos indicus and Bos taurus females
with high and low AFC, although the ovaries were obtained
from many cows (100 per breed) and the high or low AFC
groups that only included females with antral follicle popu-
lations corresponding to extremes of 8% in Bos indicus and
10% in Bos taurus. Similar to previous studies by our group
(Silva-Santos et al., 2011, 2014a,b), the preantral follicle
populations showed considerable between- (Nelore and
Aberdeen Angus of different ages — fetuses, heifers and
cows; and Nelore and 1/2 Nelore x Angus cows with high or
low AFC) and within-group variation among females. Con-
versely, differences have been observed in the number of
preantral follicles in Bos taurus females between high and
low AFC groups (Ireland et al., 2008). Breed might have
generated this difference. In the present study, we eval-
uated the ovaries of purebred cattle that were genetically
selected over several generations, whereas an earlier study
compared preantral follicle populations between crossbred
beef cattle. Bos taurus females within the high AFC group
presented herein had >45 antral follicles and corresponded
to 10% of Angus cows, whereas Ireland et al. (2008 ) reported
>25 antral follicles, which corresponded to approximately
20% of the total individuals.

Previous studies have reported the total number of pre-
antral follicles in cattle ovaries (Erickson, 1966; Ireland
et al., 2008; Silva-Santos et al., 2011), but none have
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compared the ovarian reserve (preantral follicle popula-
tion) of two purebred beef cows with remarkably high or
low AFC selected from many animals. The mean number
of preantral follicles in Bos taurus females with high AFC
(35,050 follicles) in the present study was slightly higher
than previously reported for Bos taurus cows with high AFC
(29,056 follicles; Ireland et al., 2008).

In this study, we confirmed that preantral follicle popu-
lations were similar between Bos indicus and Bos taurus,
regardless of the number of antral follicles in the ovaries,
breed or age (Silva-Santos et al., 2011). However, there was
a correlation between the AFC and number of primordial
and total preantral follicles (Table 2). G-High AFC cows had
an average of 15,312 (Bos indicus), or ~32%, and 4,807 (Bos
taurus), or ~14%, more follicles than G-Low AFC cows. Most
likely, the large variation in the number of preantral folli-
cles accounted for this situation, which makes statistical
comparison difficult, as has been previously observed in
most bovine ovaries (Silva-Santos et al., 2011). The corre-
lation observed between AFC and the primordial and total
preantral follicles was to be expected because primordial
follicles account for the majority of the preantral follicle
population. However, although the cows were methodi-
cally assigned to groups of high or low AFC, the proportion
of primordial follicles to total preantral follicles in Bos indi-
cus (65% in the High- and 57% in the Low-AFC group) was
similar to the result observed previously in Bos indicus
cows, regardless of AFC (62%; Silva-Santos et al., 2011). In
this context, it is noteworthy that Bos indicus females have
more follicular waves (Viana et al., 2000), more follicles per
wave (Carvalho et al., 2008) and more oocytes recovered by
OPU (Pontes et al.,2009,2010) than Bos taurus females. Fur-
thermore, fewer antral follicles are associated with lower
reproductive performance and suggest suboptimal fertility
(Burns et al., 2005; Ireland et al., 2007, 2008, 2009, 2011;
Jimenez-Krassel et al., 2009; Mossa et al., 2012). However,
whether a high number of antral follicles per follicular wave
is positively associated with fertility is still to be deter-
mined.

It has been previously suggested the oocyte genera-
tion in postnatal mammalian adult ovaries (Johnson et al.,
2004, 2005; Zou et al., 2009) and the epigenetic regula-
tion of histone 3 at lysine 4 (H3K4) in folliculogenesis
(Seneda et al., 2008), as occurs in mammalian spermato-
genesis (Godmann et al.,, 2007). Additionally, the lineages
of Bos indicus and Bos taurus females may have influenced
our results. Large variations were observed within both
groups (high and low) although the individuals used in
this study were purebred, and only 8-10% of cows at each
extreme (high or low AFC) were selected. Some cows with
high AFC (37.5% in Nelore and 60% in Angus) had the low-
est preantral follicle populations compared to the mean of
the low AFC group, and some females with low AFC (25%
in Nelore and 20% in Angus) had more preantral follicles
compared to the mean of the high AFC group (Fig. 1). The
first scenario (females with high antral follicle counts and
few preantral follicles) is noteworthy. Why the numbers of
antral follicles are repeatable in cows with low numbers
of preantral follicles is not clear. The opposite observation
(females with low antral follicle counts and many preantral
follicles) can be understood. In this scenario, females do not

recruit these follicles to grow and develop until the antral
stage. In addition to these observations, the highest popu-
lation of preantral follicles was observed in both Bos indicus
and Bos taurus cows in the low AFC group.

In the present study, we observed ovigerous cords and
multi-oocyte follicles in Bos indicus and Bos taurus cows
with high and low AFC (Fig. 2). The highest frequency of
multi-oocyte follicles was observed in Bos indicus ovaries
with low AFC (50%). Conversely, in an earlier study, higher
frequencies of multi-oocyte follicles were observed in Bos
taurus fetuses, heifers and cows compared to Bos indicus
cattle of identical age (Silva-Santos et al., 2011). These
structures are typically described in fetuses undergoing
primordial follicle formation (Diniz et al., 2005; Yang and
Fortune, 2008; Silva-Santos et al., 2011). Currently, the
roles of ovigerous cords and multi-oocyte follicles in the
ovaries of adult cows are not well understood, although
they have both been reported in young and adult cattle
(Ireland et al., 2008; Silva-Santos et al., 2011)

In conclusion, although there was a correlation between
preantral and antral follicle populations, there was no dif-
ference in the number of preantral follicles between Bos
indicus and Bos taurus cows with high and low numbers
of antral follicles during follicular waves, which may be
because of the large variation in the number of preantral
follicles among individuals in the identical group. Further-
more, some cows with high AFC presented few preantral
follicles compared to the low AFC group, while the highest
population of preantral follicles was observed in cows with
low AFC.
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The aim of the present study was to compare the lipid profile
in oocytes of indicus and 1/2 indicus x taurus cows with high
and low antral follicle count (AFC)/oocyte yields. After an
OPU procedure (DO0), antral follicles >3 mm were counted by
ultrasonography (D4, 19, 34, 49, 64), and cows were assigned
to groups with either high AFC (=30 follicles; indicus, NH
group; 1/2 indicus x taurus, AH group) or low AFC (<15
antral follicles; indicus, NL group; 1/2 indicus x taurus, AL
group). The lipid profiles of the oocytes were determined by
MALDI-MS. For GI, GII and GIII oocytes, the indicus
samples tend to cluster separately from the 1/2 indicus x taurus
samples. The lipid species [PC (P-38:5) + H]" and/or [PC (P-
36:2) + Na] ™, [PC (38:2) + H]", [PC (38:5) + Na]™ and
[TAG (60:8) + NH*|* were more abundant in indicus (NH
and NL groups) than 1/2 indicus x taurus. The higher lipid
content in the indicus oocytes likely reflects differences in the
rate of lipid metabolism and may contribute to oocyte
competence and embryo development.

Introduction

Bos indicus cows usually produce more oocytes than Bos
taurus donors (Machado et al. 2006; Pontes et al. 2009;
Pontes et al. 2010). Good oocyte yield can be obtained
from B. indicus and B. taurus crosses (Pontes et al.
2010). The adaptability of indicus-taurus cross-bred
females to tropical climates has encouraged their use
in tropical and subtropical areas. There is, however,
great variation in oocyte production among individuals
(Pontes et al. 2009, 2011). Although it is possible to
produce more embryos and pregnancies following OPU/
in vitro embryo production (IVP) than superovulation/
embryo transfer (ET) in indicus cows (Pontes et al.
2009), individual variation is observed in the oocyte
production of cows with indicus and indicus-taurus
backgrounds. There is, however, little information
about the oocyte differences between these cattle types.

Triacylglycerides (TAG) predominate the lipid con-
tent of the cytoplasm of mammalian cells, forming lipid
droplets (Ferguson and Leese 1999; Hulbert 2003;
Aardema et al. 2011; McKeegan and Sturmey 2011).
These lipids are crucial for oocytes and embryos because
they function as a form of energy storage (Sturmey et al.
2009). In eukaryotic cell membranes, phospholipids
(PL) are the most abundant lipids, and phosphatidylch-
olines (PCs) and sphingomyelins (SMs) influence fluid-
ity, permeability, and thermal phase behaviour (Edidin
2003).

In mammalian gametes, immature oocytes have much
lower mitochondrial activity than in vitro-matured
oocytes (Van Blerkom et al. 2002; Tarazona et al.
2006), and developmental competence does not seem
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to be influenced by the number of active mitochondria
in immature bovine oocytes (Castaneda et al. 2013). In
oocytes with low-developmental competence, early
activation of mitochondria may be triggered by lipids
(Castaneda et al. 2013).

The developmental capacity of oocytes to undergo
maturation, fertilization and early cleavage is influenced
by both lipid content and mitochondrial activity (McE-
voy et al. 2000; Cummins 2004). During maturation,
lipase activity remains constant (Cetica et al. 2002),
whereas triacylglyceride and cholesterol stores are
reduced (Kim et al. 2001; Ferguson and Leese 1999)
and mitochondrial activity increases (Tarazona et al.
2006). These trends suggest that lipids are used as a
cellular energy source. In addition, lipid—organelle
interactions likely occur during oocyte maturation
because the mitochondria, lipids and smooth endoplas-
mic reticulum remain in clusters (Fleming and Saacke
1972; Hyttel et al. 1997).

Among the analytical techniques for lipid analysis of
mammalian oocytes and pre-implantation embryos,
mass spectrometry (MS) is emerging as a powerful tool.
MS has been used to obtain lipid structural information
from individual or small pools of oocytes (2-5) from
human, bovine, sheep, mouse, canine and feline species
as well as from individual pre-implantation embryos
obtained from cattle and mice (Ferreira et al. 2010,
2012a,b; Apparicio et al. 2012; Sudano et al. 2012). The
most commonly used MS technique for lipid profiling in
oocytes and embryos is matrix-assisted desorption/
ionization (MALDI; Ferreira et al. 2010). A more direct
approach using an ambient desorption/ionization tech-
nique (DESI) has also been demonstrated recently
(Ferreira et al. 2012b). MALDI-MS has been used
under conditions that favour the detection of PC, SM
and TAG.

In the present study, MALDI-MS lipid profiles of
oocytes from B. indicus and 1/2 indicus x taurus donors
with high and low oocyte yields were compared to
identify significant lipid structural differences. We pre-
dict that lipids have potential as biomarkers for early
diagnosis of high-oocyte-yield animals and that lipid
analysis may contribute to the elucidation of the
molecular mechanisms underlying higher oocyte yields.

Materials and Methods
Animals

Nelore females (B. indicus, n = 20) and 1/2 Nelore x
Angus females (indicus/taurus, n = 20) that were 6—
8 years old and had a body weight of 450 + 10 kg and a
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body condition score of 3.5 + 0.5 (scale, 1-5; Lowman
et al. 1976) were subjected to follicular aspiration on
random days during the oestrous cycle (D0) to promote
the ablation of all follicles >3 mm and the beginning of a
new follicular wave. Animals were maintained in a
Brachiaria brizantha pasture supplemented with mineral
salt ad libitum. Some of the animals were selected for
lipid profile evaluation based on the antral follicle count
(described below).

Antral follicular counting

Ovaries from each animal were monitored with a 7.5-
convex intravaginal array transducer (Aquila PRO; Pie
medical, Maastricht, The Netherlands) at 15-d intervals
after OPU (Days 4, 19, 34, 49, and 64), and antral
follicles were counted as described previously (Burns
et al. 2005; Ireland et al. 2008). Each ovary was
scanned from end to end to identify positions of the
CL and antral follicles >3 mm, which were drawn on
an ovarian map. Each follicle was measured, and the
diameter was averaged and recorded next to the
appropriate follicle on each ovarian map. The antral
follicle count (AFC — total number of antral follicles
>3 mm in diameter) per pair of ovaries was determined
for each animal. After five ultrasound evaluations
performed by the same operator, females were assigned
to two groups based on the number of antral follicles
>3 mm in diameter: females with a consistently high
(>30 follicles; indicus, n = 3; 1/2 indicus x taurus, n = 5)
or low AFC (<15 follicles; indicus n = 4; 1/2 indicus x
taurus, n = 4) in all ultrasound scans. Animals with
intermediate AFC (>15 and <45 follicles) were not
studied further.

Follicular aspiration and oocyte recovery

Oocytes were obtained by follicular aspiration from
indicus and 1/2 indicus x taurus females with high and
low AFC. Briefly, each visible follicle was aspirated
using a real-time B-mode ultrasound scanner (Aquila
PRO; Pie medical), a 7.5-MHz convex array transducer
fitted into the intravaginal device (Pie Medical) and a
stainless steel guide. Follicular puncture was performed
using a disposable 19-gauge 1/2” hypodermic needle
(Becton Dickinson, Curitiba, PR, Brazil) connected to a
50-ml conical tube (Corning, Acton, MA, USA) via
silicon tubing (0.8 m; 2 mm id). Aspiration was per-
formed using a vacuum pump (WTA, Watanabe,
Cravinhos, Sao Paulo, Brazil) with a negative pressure
of 75 mm Hg. The collection medium was phosphate
buffer solution (PBS-Nutricell, Campinas, SP, Brazil)
with 10 000 IU/l sodium heparin (Sigma H-3149;
Sigma-Aldrich, St. Louis, MO, USA). Immediately after
recovery, the aspirated material was washed and filtered
through an Emcon embryo filter (Immuno Systems Inc.,
Spring Valley, WI, USA) with a phosphate buffer
solution (PBS-Nutricell). The cumulus oocyte complexes
(COCs) were classified according to the presence of
cumulus cells and the oocyte quality using the following
criteria: (1) COCs from pre-antral follicles, (ii) grade I
(GD), (i) grade II (GII), (iv) grade III (GIII), (v)
denuded, (vi) expanded and (vii) atretic oocytes.

Experimental design

Of the 83 oocytes recovered by OPU, only oocytes
classified as GI, GII and GIII (total n = 53; 23 mass
spectra) were considered in the lipid profile and statis-
tical analysis for the breed and oocyte yield comparison.
The four experimental groups were defined as follows:
oocytes from indicus cows with high AFC (NH group;
n = 31; 10 mass spectra), indicus cows with low AFC
(NL group; n = 5, 3 mass spectra), 1/2 indicus x taurus
cows with high AFC (AH group; n =12, 6 mass
spectra) and 1/2 indicus x taurus with low AFC (AL
group, n = 5, 4 mass spectra).

Lipid analysis by MALDI-MS
Sample preparation

Each indicus or 1/2 indicus x taurus cumulus oocyte
complex with cumulus cells and homogeneous cytoplasm
was denuded of cells by gentle pipetting in 0.5%
hyaluronidase. All oocytes were washed three times in
drops of a PBS solution containing 0.1% polyvinyl
alcohol and stored in microtubes containing 100 ul of a
50% aqueous methanol solution (ACS/HPLC grade;
Burdick and Jackson, Muskegon, MI, USA)/ultrapure
water (Millipore, Bedford, MA, USA) at —80°C for
transportation and immediate analysis. Sample prepa-
ration involved placing each oocyte in a given spot of
the target plate under the stercomicroscope. Samples
were allowed to dry at room temperature, and their
location was recorded to place the laser at the correct
location during analysis. Just before analysis, 1 ul of
1.0 m 2,5-dihydroxybenzoic acid (DHB) in methanol
was placed in each target spot and allowed to dry at
room temperature.

MALDI-MS data acquisition

Oocytes were washed in ultrapure H,O/methanol 1:1 (v/
v) and placed (one to four oocytes of the same quality/
spot) in the MALDI target plate. After drying at room
temperature, samples were then covered with 1 ul of 2,5-
DHB 0.5 m dissolved in pure methanol as the MALDI
matrix. The MALDI target plate was then immediately
placed in a Q-ToF Premier (Synapt HDMS) mass
spectrometer (Waters, Manchester, UK) equipped with
a 200 Hz solid-state laser in the m/z 700-1200 range,
operated in the reflection and QTOF modes. The
instrument operating conditions were a laser energy of
250 a.u. and a sample plate voltage of 20 V. Unmodified
(i.e. no extraction procedure) oocytes were directly
analysed. All mass spectra were manually collected for
approximately 1 min in positive ion mode. Mass spectra
were processed with MassLynx 4.1 software (Waters
Corp. Milford, MA, USA).

Statistical analysis

A list of the relative ion abundances of the samples
organized in columns was constructed using Excel
software. The data were uploaded as a .cvs file in the
online software MetaboAnalyst (Xia et al. 2009; Xia
et al. 2011a; Xia et al. 2012) as a peak intensity table in
unpaired columns. Because relative ion abundances
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(and not absolute ion counts) were used, no further
normalization was performed. The data were submitted
to a partial least squares-discriminant analysis (PLS-
DA). This analysis is a supervised clustering method in
which previous knowledge of the classes is used during
the classification process. PLS-DA projects the data
into a low-dimensional space that maximizes the
separation between the different groups of data in few
dimensions (called latent variables), which are ranked
by how well they explain the variance of the data. PLS-
DA in MectaboAnalyst produces the variable impor-
tance measures by weighting a sum of squares of
the PLS loadings that takes into account the amount of
explained variance of each component (Xia and
Wishart 2011b,c). The average values of lipid ion
abundance and the standard deviation were calculated
using Excel software.

Results

Bovine oocytes recovered by OPU were classified
according to their quality in (i) COCs from pre-antral
follicles, (ii) GI, (iii) GII, (iv) GIII and (v) expanded
oocytes. When only information on oocyte quality —
regardless of breed and oocyte yield/antral follicle
count — was plotted in PLS-DA analysis, the pre-antral
and expanded samples were separated from the other
groups (Fig. 1). COCs from the pre-antral follicles
presented the lowest abundance of SM [SM
(16:0) + Na]* at m/z 725.4; PC [PC (38:2) + H]" at
m/z 814.8; plasmalogen [PC (P-38:5) + H]" and/or [PC
(P-36:2) + Na] " at m/z 792.8; and [PC (38:7) + H]"
and/or [PC (36:4) + Na]*™ at m/z 804.4; and higher
abundances of [PC (32:1)+ Na]™ at m/z 754.4

4 Expanded
A Gl
A Gl

Gl

& preantral =

L

8

15
b

Fig. 1. Tridimensional PLS-DA
score plot of the oocytes collected
by OPU for use in this study

(n = 83, 31 mass spectra). The
analysis considered the lipid profile
according to oocyte quality
independent of breed or oocyte
yield. Expanded oocytes (n = 8, 3
spectra) are represented by red
triangles; GI oocytes (n = 10, 4
spectra) by green triangles; GII w
oocytes (n = 12; 5 spectra) by dark
blue triangles; GIII oocytes

10

Component 3 ( 3.6 %)

(n = 31, 14 spectra) by light blue e

triangles; and COCs from pre-
antral follicles (n = 23; 5 spectra)
by pink triangles. Each component &
indicates the percentage of the T
variability of the data that is N
explained

© 2014 Blackwell Verlag GmbH

Table 1. Lipid species presenting the highest PLS-DA scores in the
MALDI-MS lipid profiles of bovine oocytes used in this work

Attribution [class (number of carbons/unsaturated carbons)

m/z + proton/adduct] ™

725.4 [SM (16:0) + Na]*®

754.4 [PC (32:1) + Na] ™

792.4 [PC (P-38:5) + H]", [PC (P-36:2) + Na] *®
804.4 [PC (38:7) + H]" and/or [PC (36:4) + Na]**
814.4 [PC (38:2) + H]*®

830.8 [PC (38:5) + Na]*®

990.8 [TAG (60:8) + NH*™°

SM, sphingomyelin; PC, phosphatidylcholine, TAG, triacylglycerol.

An error of up to 0.3 Da was considered acceptable due to the TOF resolution.
The ‘P-’ prefix is used for the 1Z-alkenyl ether (Plasmalogen) substituent.
#Attribution has been performed based on our previous work using the same
methodology of lipid analysis in mammalian oocytes (Ferreira et al. 2010;
Sudano et al. 2012).

®Attribution has been performed based on LipidMaps (The LIPID MAPS
Lipidomics Gateway, http://www.lipidmaps.org/) considering that MALDI in
positive ion mode with DHB as an organic matrix is highly selective for SM, PC
and TAG detection.

(Table 1), whereas the expanded oocytes presented
higher abundances of m/z 725.4, 814.8, 792.8 and
804.4 and lower abundances of m/z 754.4. The lipid
profiles of oocytes from GI, GII and GIII were similar
and could not be distinguished based on their lipid
profiles. Figure 2 shows representative MALDI mass
spectra. To eliminate interference due to oocyte quality
in further PLS-DA analysis of the four experimental
groups, only GI, GII and GIII oocytes were considered.

When considering only GI, GII and GIII oocytes,
indicus samples tended to cluster separately in the PLS-
DA plot from 1/2 indicus x taurus samples, particularly
the NH group (Fig. 3), whereas 1/2 indicus x taurus

LTI
nn®® LLT
o

g A -
% .
iy .
-. . 4
. H
. = .
» R
B i
) . .
P g Toag
. - :
- R
’
» e iy
. " -
. . , e
., r . T
L] % A A - &
R ) H o
. . .. ;
. y % & : s
A e . A e
- . A . -
H o~
s E
- $
I' (=]
" o
et E
. <3
was® o
0 50 100

Component 1 ( 69.7 %)



714 KC Silva-Santos, CR Ferreira, GMG Santos, MN Eberlin, LS Siloto, CO Rosa, TN Marcantonio and MM Seneda

7824

‘1@

ik

8556
o] alle . 248

7824

8818
e
B0 &0 00

1 (e) 7824

808 4

Fig. 2. Representative MALDI-
MS of (a) expanded oocytes; (b)
L GI; (c) GII; (d) GIII oocytes; (e)
B 880 B0 BD COCs from pre-antral follicles

.
-3

oocytes (AH and AL group) were mixed. The most abundantin the NH and NL groups than in the AH and
important ions that explain this variability are those atm/ AL groups.

z 792.8, 814.8, [PC (38:5) + Na] ™", at m/z 830.8, and The relevance of the four most abundant ions present
[TAG (60:8) + NH4] " at m/z 990.8, which were more in indicus oocytes was further confirmed by plotting the
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Fig. 3. Tridimensional PLS-DA
score plot of representative oocytes
from each of the four experimental
groups. 1/2 indicus x taurus cows
with high AFC (AH group, n = 12,
6 mass spectra) are represented by
red triangles; 1/2 indicus x taurus
with low AFC (AL group,n = 5, 4
mass spectra) by green triangles;
indicus cows with high AFC (NH
group; n = 31; 10 mass spectra) by
dark blue triangles; and indicus
cows with low AFC (NL group; 8+
n = 5, 3 mass spectra) by light blue

triangles. Each component o |
indicates the percentage of the g
variability of the data that is
explained
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Fig. 4. Line graphic showing the relative ion abundances (y-axis) in the lipid mass spectra of each sample of 1/2 indicus x taurus (AH group
samples: Al to A6; AL group samples: A7 to A10) and indicus (NH group: N1 to N10; NL group: N11 to N13)

respective relative ion abundances in individual samples

(Fig. 4). Figure 5 shows representative spectra for the
four experimental groups.

Discussion

Herein, we report the first comparative MALDI-MS-
based study of lipid profiles of immature oocytes
recovered by OPU from B. indicus and 1/2 indicus-
taurus females with remarkably high or low antral
follicle count/oocyte yield.

Lipids have been studied and may represent reliable
biomarkers for oocyte development because they play
many significant roles, such as energy storage and cell
structure (by tuning the physical properties of the cell;
Kim et al. 2001). In the present study, independent of

© 2014 Blackwell Verlag GmbH

the breed and oocyte yield/antral follicle count, COCs
from pre-antral follicles and expanded oocytes tended
to be separated from the other groups (Fig. 1) due to
substantial differences in their lipid profiles. COCs
from expanded oocytes presented high abundance of
some ions that were in lower abundance in COCs from
pre-antral follicles. Conversely, the ion that was
present in low quantity in COCs from expanded
oocytes presented higher abundance in COCs from
pre-antral follicles (Fig. 2). These changes in lipid
molecular design observed in the COCs from pre-antral
follicles could be related to metabolic status, reduced
cytoplasmic membrane content or membrane special-
ization in oocytes at growing stages compared with
oocytes in the antral follicles, because differences in
the lipid profile between COCs from pre-antral or
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expanded follicles were mainly related to the PC lipid
species.

Large amounts of intracellular lipids, represented by
lipid droplets, are present in the oocyte cytoplasm
(Kim et al. 2001). Lipid droplets store neutral lipids,
such as TAG, and are surrounded by a monolayer of
phospholipids and associated proteins (Bartz et al.
2007). Indeed, the majority of the intracellular lipids
in oocytes are TAG (Homa et al. 1986; McEvoy et al.
2000). A metabolic role of TAG in the in vitro

Fig. 5. Representative MALDI-
MS of the (a) NH group; (b) NL
group; (c) AH group; and (d) AL
group

maturation of pig and bovine oocytes has been
demonstrated (Ferguson and Leese 1999; McEvoy
et al. 2000), which indicates that oocytes may use
lipids as an energy source, providing ATP for the
protein synthesis that is necessary for the continuation
of cytoplasmic maturation and meiosis (Kruip et al.
1983). During in vitro maturation, the TAG content of
pig oocytes decreases (Sturmey and Leese 2003).
Similarly, higher amounts of triglyceride have been
measured in immature oocytes compared with in vitro
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matured oocytes (Kim et al. 2001; Ferguson and Leese
1999). Conversely, a study has found no lipid variation
in bovine oocytes after in vitro maturation (Aardema
et al. 2008).

TAG can also be used as a source of energy during
early embryo development (Hillman and Flynn 1980;
Waterman and Wall 1988; Khandoker and Tsujii 1998;
Spindler et al. 1999; Gomez et al. 2001, 2002). It was
reported that in vitro-produced bovine zygotes were able
to cleave in the complete absence of exogenous nutrients
(Ferguson and Leese 1999). Indeed, substrate oxidation
by five- to eight-cell embryos was continuous (Ferguson
and Leese 2006), which suggests the use of lipid internal
stores. In the present study, the oocytes of indicus
females clustered separately from the oocytes of 1/2
indicus x taurus, particularly the NH group, when only
the GI, II and III oocytes were considered, whereas the
1/2 indicus x taurus oocytes (AH and AL groups) were
mixed (Fig. 3). This difference was due mainly to the
greater abundance of four ions in the NH and NL
groups compared with the AH and AL groups, most of
them corresponded to PC lipid species (Fig. 4). These
findings indicate different metabolic rates among indicus
and 1/2 indicus x taurus oocytes and that indicus females
with high AFC/oocyte yields have an energy store
advantage over 1/2 indicus x taurus donors with high
and low oocyte yields. These PC lipid species may be
associated with lipid droplets and other cellular mem-
branes and have an active role in the metabolism of
stored lipids during oocyte maturation.

A recent study (Pontes et al. 2011) demonstrated that
oocytes recovered by OPU from indicus donors with
high oocyte production produced significantly more
embryos and more pregnancies compared with females
with low oocyte production. The greater abundance of
the four lipid ions observed in the present study could be
related to the differences between indicus donors with
high and low oocyte yields reported by Pontes et al.

(2011). However, great variation in the lipid droplet
number in oocytes from the same ovary has been
observed (Aardema et al. 2008).

Because PC lipids are involved in the bilayer mem-
brane structure, the present results indicate membrane
structural differences between indicus and 1/2 indicus x
taurus oocytes from females with high and low AFC/
oocyte yields. The physiological significance of the
greater abundance of the four lipid species in indicus
oocytes compared with 1/2 indicus x taurus oocytes
could be related to membrane metabolic rate differences
and may contribute to oocyte competence and embryo
development. The results also suggest that expanded
oocytes may have lipid metabolic changes related to pre-
ovulation. This intriguing possibility will be further
investigated by MALDI-MS with a larger set of
samples.
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