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RELATIONSHIPS OF PREPUBERTAL SOMATIC DEVELOPMENT AND
MORPHOLOGICAL/ULTRASONOGRAPHIC ATTRIBUTES OF THE
REPRODUCTIVE ORGANS IN NELLORE HEIFERS WITH THE TIMING OF THE
FIRST CALVING

RESUMO - A determinacéo de potenciais preditores de fertilidade em fémeas
bovinas pode favorecer a selecdo de fémeas mais férteis nos rebanhos. O presente
estudo avaliou parametros reprodutivos como a contagem de foliculos antrais (CFA),
biometria ovariana e uterina, caracteristicas ecotexturais do tecido uterino, area de
vascularizacéo do pediculo ovariano e morfometria vulvar, que poderiam predizer se
novilhas Nelore pré-puberes terdo melhor eficiéncia reprodutiva nas estagbes
reprodutivas subsequentes. Trinta e nove novilhas Nelore pré-puberes de 22,5 +0,2
meses de idade foram avaliadas quanto ao peso, escore corporal, morfometria vulvar,
biometria uterina e ovariana, ecogenicidade uterina e parametros de ecotextura,
contagem de foliculos antrais (CFA) e diametro do foliculo dominante em cinco
diferentes fases aleatérias da onda folicular. Apds a puberdade, as novilhas foram
introduzidas em uma estacdo de monta natural e todas as variaveis avaliadas na pré-
puberdade foram comparadas entre novilhas que pariram e aguelas que nao pariram
durante as duas primeiras estacfes de monta apés a puberdade, bem como entre
novilhas que pariram durante a primeira estacdo reprodutiva, durante a segunda
estacao reprodutiva e novilhas que n&o pariram em nenhuma estacéo reprodutiva. A
analise estatistica foi realizada usando variancia unidirecional (ANOVA) e todos o0s
procedimentos de comparacdo multipla aos pares (método Holm-Sidak) para valores
meédios com efeitos principais significativos ou interacdes de efeitos principais. Todos
0S animais que pariram apresentaram maior peso corporal no inicio (294,2 + 6,4 kg) e
no final do periodo de estudo (284,9 + 6,0 kg). Além disso, fémeas que pariram na
primeira estacao reprodutiva apresentaram maior peso corporal (304,8 + 5,9 kg) em
relacdo as fémeas que ndo pariram em nenhum momento (273,5 + 7,2 kg). Ao
comparar 0os parametros reprodutivos como potenciais preditores de fertilidade em
novilhas que pariram ou ndo pariram, observamos que caracteristicas como a
contagem de foliculos antrais (CFA) diferiu entre os grupos avaliados (P=0,003), de
modo que as novilhas que pariram tiveram maior CFA quando comparadas as
novilhas que nao pariram. No entanto, quando a CFA foi observada nos grupos de
novilhas que pariram na primeira estacdo, segunda estacdo ou que nao pariram,
notou-se que novilhas que pariram na primeira estagéo reprodutiva e novilhas que nao
pariram em nenhuma estacao apresentaram menor CFA do que novilhas que pariram
na segunda estacao reprodutiva. O diametro ovariano foi maior (P=0,03) em novilhas
que pariram em uma das duas estacdes. A area dos vasos sanguineos do pediculo
ovariano também diferiu entre os grupos de novilhas (P=0,03). J&a a largura vulvar foi
menor nas novilhas que ndo pariram em nenhuma estacéo reprodutiva (P= 0,005),
demonstrando que este pode ser um bom preditor para a selecdo de fémeas
potencialmente mais férteis. As caracteristicas de ecogenicidade e ecotextura uterina
nao diferiu entre grupos avaliados, mas foi diferente entre os dias de avaliacao.
Nossos resultados demonstram que as caracteristicas avaliadas como possiveis
preditores de fertilidade para a selecédo de novilhas Nelore mais férteis ainda na vida
pré-pubere da fémea e no momento aleatério da onda folicular s&o influenciadas por
fatores possivelmente relacionados ao momento da onda, necessitando de estudos
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complementares para determinar de forma segura esses fatores influenciadores e
prever com seguranga a fertilidade dessas fémeas nas estagbes reprodutivas
subsequentes.

Palavras-chave: bovinos, contagem de foliculos antrais, fertilidade, morfometria
vulvar, preditores, ultrassonografia
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RELATIONSHIPS OF PREPUBERTAL SOMATIC DEVELOPMENT AND
MORPHOLOGICAL/ULTRASONOGRAPHIC ATTRIBUTES OF THE
REPRODUCTIVE ORGANS IN NELLORE HEIFERS WITH THE TIMING OF THE
FIRST CALVING

ABSTRACT - The determination of potential fertility predictors in bovine
females may favor the selection of more fertile females in herds. The present study
evaluated reproductive parameters that could predict whether prepubertal Nellore
heifers will have better reproductive efficiency in subsequent breeding seasons. Thirty-
nine prepubertal Nellore heifers were evaluated for weight, body condition score,
vulvar morphometry, uterine and ovarian biometry, uterine echogenicity and
echotexture parameters, antral follicle count (AFC) and dominant follicle diameter at 5
different random phases of the follicular wave. After puberty, heifers were introduced
in a natural breeding season and all variables evaluated at prepuberty were compared
between heifers that calved and those that did not calve during the first two breeding
seasons after puberty, as well as between heifers that calved by first time during the
first breeding season, during the second breeding season and heifers that did not calve
in any breeding season. Statistical analysis was performed using one-way variance
(ANOVA) and all pairwise multiple comparison procedures (Holm-Sidak method) for
mean values with significant main effects or main effect interactions. All animals that
calved had higher body weight (P<0.05) at the beginning and end of the study period.
In addition, females that calved in the first breeding season had higher body weight
(P<0.05) compared to females that did not calve at any time. When comparing
reproductive parameters as potential predictors of fertility in heifers that calved or not
calved, we observed that characteristics such as antral follicle count (AFC) differed
between the evaluated groups (P=0.003), so that heifers that calved had greater CFA
when compared to heifers that did not calve. However, when CFA was observed in
groups of heifers that calved in the first season, second season or that did not calve, it
was observed that heifers that calved in the first breeding season and heifers that did
not calve in any season had lower CFA than heifers that calved in the second breeding
season. The ovarian diameter was higher (P=0.03) in heifers that calved in one of the
two seasons. A area dos vasos sanguineos do pediculo ovariano também diferiu entre
os grupos de novilhas (P=0.03). Vulvar width was smaller in heifers that did not calve
in any breeding season (P=0.005), demonstrating that this may be a good predictor for
the selection of potentially more fertile females. The characteristics of echogenicity and
uterine echotexture did not differ between the evaluated groups but were different
between the evaluation days. Our results demonstrate that the characteristics
evaluated as possible predictors of fertility for the selection of more fertile Nelore
heifers still in the prepubertal life of the female and at the random moment of the
follicular wave are influenced by factors possibly related to the moment of the wave,
requiring further studies to reliably determine these influencing factors and reliably
predict the fertility of these females in subsequent breeding seasons.

Keywords: antral follicle count, cattle, fertility, predictors, ultrasound, vulvar
morphometry
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CAPITULO 1 - Consideracdes Gerais

1. INTRODUCAO

O rebanho brasileiro é considerado o segundo maior do mundo, e constituido
principalmente de racgas zebuinas, sendo a Nelore equivalente a 90%, e apesar
desses animais serem considerados adaptados as condi¢des climaticas tropicais, um
fator de desvantagem é que s&o considerados sexualmente tardios (ARAUJO, et al.,
2018). Por este motivo, estudos que visem identificar e selecionar fémeas
sexualmente precoces e mais férteis dentro do rebanho brasileiro é altamente
desejado por trazer grande retorno econdmico para o0s sistemas pecudrios brasileiro.

Fémeas que tem o primeiro parto mais cedo terdo em toda sua vida produtiva
um maior numero de bezerros nascidos, trazendo maior retorno financeiro ao produtor
(ARAUJO et al., 2018). Novilhas selecionadas pela idade ao primeiro parto podem
contribuir para rebanhos com puberdade precoce, uma vez que podem produzir
progénies com esta caracteristica (MONTEIRO, 2011). Para isso, parametros de
avaliacdo como peso e escore corporal, quando em conjunto com informacdes de
parametros reprodutivos podem ser utilizados como preditores para o potencial
reprodutivo da fémea bovina.

A hipétese do presente estudo € de que caracteristicas reprodutivas avaliadas
de forma néo invasiva como o peso corporal, escore de condi¢cdo corporal (ECC), a
contagem de foliculos antrais (CFA), o didametro ovariano, a area de vascularizacédo
no pediculo ovariano, morfometria vulvar e ecogenicidade e ecotextura uterina podem
predizer a fertilidade nas estacées de monta natural subsequentes de novilhas Nelore
guando avaliadas durante a fase de pré-puberdade em momento aleatério da onda
folicular. Portanto, o presente estudo teve como objetivo avaliar caracteristicas
reprodutivas ndo invasivas que possam predizer se novilhas Nelore pré-puberes terdo

nas esta¢cfes de monta subsequentes melhor eficiéncia reprodutiva.



2. REVISAO DE LITERATURA
2.1.Dinamica folicular na pré-puberdade em novilhas

A puberdade € o momento no qual o animal se torna capaz de reproduzir, sendo
resultado de uma série de eventos que regulam o eixo reprodutivo endocrino,
passando de um estado de inatividade ovariana para um estado de ovulacdes
regulares (DOBSON; KAMONPATANA, 1986; KINDER; DAY; KITTOK, 1987; LANNA,
2004). A atividade ovariana envolve sinalizacdo extraovariana e fatores
intrafoliculares, os estagios iniciais da foliculogenese pode se dar na auséncia de
gonadotrofinas, no entanto, a partir do estagio de foliculo antral (de 1 para 4mm de
diametro) ha dependéncia das gonadotrofinas, principalmente o horménio foliculo
estimulante (FSH), ja a partir da fase de selecéo folicular a dependéncia passa a ser
principalmente de horménio luteinizante (LH). Além disso, ha dependéncia dos fatores
intrafoliculares, como fatores de crescimento local (OLIVEIRA; FERREIRA; MINGOTI,
2011).

O estimulo para ocorréncia da puberdade se d& por uma cascata de eventos,
a qual é regulada por mecanismos que controlam a liberacdo do hormonio liberador
de gonadotrofinas (GnRH) pelo hipotalamo, induzindo aumento da liberacdo de LH
pela hipdéfise (DAY; ANDERSON, 1998). O mecanismo neuroendoécrino envolvido no
evento de puberdade consiste em reducdo da sensibilidade do hipotalamo a
esteroides sexuais durante periodo de pré-puberdade, devido a diminuicdo de
receptores de estrégeno no hipotalamo, fator este que permite o0 aumento da secrecao
de gonadotrofinas, especialmente de LH como fator primario, estimulando assim o
desenvolvimento folicular e a sintese de estrogeno (DAY et al., 1987). A elevacao da
concentracdo de estrogeno, além de induzir comportamento de estro, também induz
um pico pré-ovulatério de LH, responsavel por induzir a ovulacao (DAY et al., 1987,
SEMMELMANN; LOBATO; ROCHA, 2001).

Normalmente racas pertencentes a espécie Bos taurus indicus em média se
tornam puberes, apresentando ciclicidade ovariana e desenvolvimento folicular com
manifestagcdo de estro aos 24 meses (ROMANO et al., 2007; WILLIAMS;
AMSTALDEN, 2010). Isso porque 0s zebuinos passaram por menor pressao de
selecdo para caracteristicas relacionadas a precocidade e fertilidade sexual quando
comparados com animais taurinos (CHENOWETH, 1994).



Os foliculos ovarianos séo formados ainda durante a fase fetal, a crista
gonadal é a primeira manifestacdo de desenvolvimento das gbnadas nos mamiferos,
formando um relevo na parte medial dos tubulos mesonéfricos (MACKAY, 2000). As
células germinativas primordiais (CGP) surgem extragonadal, no saco vitelinico e
migram via endoderma do intestino posterior até o mesentério, dai para as pregas
mesonéfricas, até atingirem a crista gonadal, onde se proliferam de forma intensa
entre 5 e 6 semanas, se tornam hiperplasicas e de aspecto ameboide, espalham-se
entre o epitélio celébmico e 0 mesénquima, no interior da gbnada em formacéo as CGP
iniciam a diferenciacdo em oogonias, dividindo-se por mitose (PETERS, 1970). O
processo de mitose cessa entre 150 e 180 dias, quando a maioria dos odcitos atingem
a fase de dictiéteno, em paquiteno da préfase meidtica, e envolvidos nos foliculos
primordiais aos 170 dias (ERICKSON, 1966). Os foliculos primordiais assim séo
denominados quando possuem uma Unica camada de células foliculares planas que
circundam odcitos esféricos, constituindo assim a reserva ovariana (ERICKSON,
1966; BASSO; ESPER, 2002; LIMA-VERDE; ROSSETTO; FIGUEIREDO, 2011).

O ovério fetal apresenta foliculos primordiais, primarios e secundarios aos 90
dias de gestacdo, aos 140 e aos 210, respectivamente (ARAUJO et al., 2010). O
foliculo primério é formado quando o odécito esta envolto por uma camada completa
de 11 a 20 células da granulosa cuboide (HULSHOF et al., 1992). Ja os foliculos
secundarios possuem duas ou mais camadas de células da granulosa cuboides
(BASSO; ESPER, 2002; LIMA-VERDE; ROSSETTO; FIGUEIREDO, 2011). Com o
desenvolvimento e crescimentos dos foliculos secundarios, hd uma organizacdo das
células da granulosa em varias camadas, e forma-se o antro, denominado assim por
consistir em uma cavidade repleta de liquido (MARTINS et al., 2008; SARAIVA et al.,
2010; LIMA-VERDE; ROSSETTO; FIGUEIREDO, 2011). E entdo os foliculos passam
a ser chamados de terciarios e passam a ter desenvolvimento das camadas da teca
interna e externa, lamina basal e células do cumulus. Ja os foliculos pré-ovulatérios
possuem diametro maior, bem como cavidade e sdo assim designados por estarem
proximo a fase de ovulacdo (LEITAO et al., 2009).

Vacas e novilhas podem ter duas ou trés ondas por ciclo, com um foliculo
tornando-se dominante em cada uma delas (SIROIS; FORTUNE, 1988; FIGUEIREDO
et al., 1995; FIGUEIREDO et al., 1997; SARTORI et al., 2010; SARTORI; BARROS,



2011). Os ciclos com uma e quatro ondas foliculares raramente s&o observados
(SIROIS; FORTUNE, 1988). A onda folicular € caracterizada pelo crescimento de um
determinado grupo de foliculos antrais na fase denominada recrutamento, com
posterior selecéo (fase de selecdo) de um foliculo dominante (fase de dominancia), e
consequente regressao dos foliculos subordinados e ovulagédo ou atresia do foliculo
ovulatorio (ADAMS; EVANS; RAWLINGS, 1994; GINTHER et al., 1996; BARUSELLI
et al., 1997; AERTS; BOLS, 2010).

O recrutamento e selecao de foliculos dependem de alguns fatores. O aumento
nos niveis de FSH permite que os foliculos mantenham seu crescimento e proliferagéo
celular (ADAMS et al., 1992). A regressdo do foliculo dominante durante a onda
folicular, causa um aumento dos niveis de FSH, com diminui¢do dos niveis de estradiol
e inibina, com isso, esse FSH liberado pela hipofise, € responsavel pelo recrutamento
de um novo grupo de foliculos antrais (AERTS; BOLS, 2010).

A dominéancia folicular por parte do maior foliculo (foliculo selecionado) faz com
gue ocorra a supressao dos foliculos recrutados na mesma onda, e inibicdo do
recrutamento de novos foliculos, até que ocorra uma nova onda (BARUSELLI et al.,
1997; AERTS; BOLS, 2010). Essa inibicao ocorre através da supressao de FSH, na
qual tem como responsaveis o estradiol, inibina-A e inibina-B (MELO, 2009). Ao que
parece, todos os foliculos pequenos em crescimento na onda, produzem a inibina,
suprimindo o FSH durante os dois primeiros dias da onda emergente, posteriormente
o estradiol secretado pelo foliculo dominante torna-se o supressor mais importante do
FSH (MELO, 2009; AERTS; BOLS, 2010). Na ocorréncia da divergéncia folicular o
foliculo dominante passa a ter menor dependéncia de FSH e maior de LH, e por isso
os foliculos sédo considerados dependentes de FSH até a ocorréncia da dominancia
(FORTUNE et al., 2001; MIHM et al., 2006; BURATINI Jr., 2007). De acordo com Aerts
e Bols (2010) os foliculos antrais de bovinos adquirem receptores de LH quando chega
a 8 mm de diametro.

Anterior ao evento de puberdade o crescimento folicular tem inicio, mas o maior
potencial de liberacdo de LH na qual vai permitir a ovulacéo é apenas quando a fémea
atinge a puberdade sexual (NASCIMENTO et al., 2003; RAWLINGS et al., 2003).
Portanto, em novilhas pré-puberes, semelhante a vacas ciclicas, o recrutamento

folicular é concebido por um aumento na liberagdo FSH, promovendo crescimento dos



foliculos em padrdo de ondas (EVANS; ADAMS; RAWLING, 1994) e
consequentemente aumentando a capacidade de sintese de estradiol (ADAMS et al.,
1992; BAO; GARVERICK et al., 1998). Porém, nesses animais que ainda nao
atingiram a puberdade o foliculo dominante cresce e atinge seu diametro maximo
durante a onda, no entanto, ndo ovula, sofre atresia, e com iSso inicia-se uma nova
onda folicular (LUCY et al., 1992). O que ocorre nesses animais na pré-puberdade é
uma reduzida liberacéo de GnRH devido a acao do estradiol (E2) por exercer feedback
negativo sobre o eixo hipotalamico-hipofisario, ndo desencadeando a ovulacdo (DAY
et al., 1987; MARSON; GUIMARAES; MIRANDA NETO, 2004). O mecanismo de
feedback positivo entre o estradiol e o hormdnio luteinizante (LH), ndo é bem
estabelecido em fémeas pré-puberes, tornando o foliculo dominante atrésico e
emergindo uma nova onda folicular (BERGFELDT al., 1994; EVANS; ADAMS;
RAWLING, 1994). O aumento na secrecdo de LH ocorre no inicio da pré-puberdade
e outro aumento no momento de transicdo para a peripuberdade (CARDOSO;
NOGUEIRA, 2007). Culminando no aumento nas concentracdes de E2 ao final da fase
de crescimento do foliculo dominante (EVANS; ADAMS; RAWLING, 1994). Em estudo
anterior foi demonstrado que o momento de didmetro maximo do foliculo dominante,
no qual ocorre aumento dos niveis de E2 em fémeas pré-puberes da raca Gir ocorreu
aos 22 meses e o diametro maximo foi de 9,4 mm (SILVA et al., 2005).

Portanto, a diferenca entre fémeas puberes e fémeas na pré-puberdade se da
pelas caracteristicas de ondas foliculares que culminam em ovulacdo do foliculo
selecionado nas fémeas puberes, enquanto nos animais pré-puberes as ondas
foliculares sdo anovulatérias. Possivelmente porque fémeas pré-puberes nao
conseguem produzir concentracfes suficientes de LH, enquanto animais que ja
passaram pela puberdade possuem essa competéncia (HOPPER et al., 1993;
ADAMS; EVANS; RAWLINGS, 1994; EVANS; ADAMS; RAWLING, 1994).

2.2.Peso a puberdade

Inimeros fatores influenciardo na fertilidade de fémeas bovinas, como a raca,
idade e peso a puberdade (LANNA, 2004). A idade a puberdade determinara a
competéncia da fémea em seu primeiro manejo reprodutivo, no entanto, 0 peso

associado a deposicdo de gordura é o fator mais importante para a puberdade, uma



vez que novilhas entram em fase reprodutiva quando atingem 55 a 60% do peso
corporal adulto (MARTIN et al,1992; FREETLY; KUEHN; CUNDIFF, 2011,
MONTEIRO, 2011). O peso é mais importante para o evento de puberdade do que a
idade da fémea, ja que novilhas com ganho médio diario baixo sdo mais velhas e ainda
assim podem ter peso semelhante a novilhas mais novas que tiveram maior ganho
médio diario no momento do evento de puberdade, de forma que o ganho diario maior
faz com que ocorra antecipacédo da puberdade (HALL et al., 1995; QUINTANS et al.,
2004), melhorando assim taxa de concepcdo e prenhez (BUSKIRK; FAULKNER;
IRELAND, 1995). Em contrapartida, situacdes em que o ganho de peso dos animais
€ prejudicado, como a falta de forragem ou de suplementacdo alimentar podem
atrasar o inicio da vida reprodutiva, porque a deficiéncia nutricional suprime a
secrecdo de LH no hipotadlamo, atrasando a primeira ovulacdo (RAWLINGS et al.,
2003; COUTINHO; ROSARIO; JORGE, 2010).

Ao que se sabe, alteracdes metabdlicas dependentes do status nutricional e do
nivel de gordura corporal estdo envolvidas com mecanismos de regulacdo da
liberacdo pulsatil de LH. Entre esses mecanismos, 0os hormdnios metabdlicos como o
fator de crescimento semelhante a insulina do tipo | (IGF-1), a insulina, a glicose, a
leptina e o neuropeptidio Y sé@o os envolvidos com a nutricdo da fémea e o evento de
puberdade (BARASH et al., 1996; DE SOUSA et al., 2018). Os niveis de IGF-1 se
elevam na peripuberdade e tem a capacidade de acelerar a puberdade da fémea, uma
vez que € capaz de promover a elevacdo nas concentracdes intrafoliculares de
estradiol (YELICH et al., 1996).

Ja a leptina, esté relacionada a reservas corporais da fémea e associada a
puberdade, sua producdo € regulada pela insulina e pelos glicocorticoides nos
adipécitos, e sua acao ocorre promovendo aumento na producdo de esteroides
sexuais e também por meio de agdo no eixo hipotalamico-hipofisario-gonadal,
informando sobre o estado nutricional e permitindo que os mecanismos reprodutivos
deem sequéncia nos eventos quando em condigbes adequadas de reservas
energéticas (BARASH et al., 1996; LENTS et al., 2005). A leptina é encontrada em
areas do cérebro e outros tecidos, incluindo os ovéarios (BOLAND; LONERGAN,;
O'CALLAGHAN, 2001). Tem acéao neuroenddcrina com efeito estimulatorio sobre o

eixo hipotalamico-hipofisario-gonadal, e sinalizador da condi¢ao nutricional para o eixo



reprodutivo (ZIEBA et al., 2004). Ela age no eixo hipotadlamico-hipéfisisario por meio
de receptores e do neuropeptideo Y, o qual € o mediador primario da acédo da leptina
no hipotadlamo sobre a regulacdo do LH, com efeitos estimulatorios ou inibitorios,
dependendo da condicdo corporal da fémea. Apesar do neuropeptideo Y mediar
estimulando a liberacdo de LH em animais com dieta sem restricdo, os efeitos sao
maiores durante estresse nutricional, com supressao da expressao dos receptores de
leptina e elevacdo dos receptores de neuropeptideo Y, o que resulta em supressao
da liberacdo de LH (WILLIAMS et al., 2002). A leptina também estimula o aumento da
producao de horménio alfa melanécito estimulante (a-MSH) atuando na sensacgéo de
saciedade (WILLIAMS et al., 2002).

Portanto € de extrema importancia que fémeas pré-puberes atinjam peso
minimo para conceberem, o que pode ser alcancado durante a fase de recria, quando
submetidas a manejo nutricional que permita maior ganho de peso (DAY et al., 1987,
SILVA; DIAS; ALBUQUERQUE, 2005)

2.3.Contagem de foliculos antrais (CFA)

A determinacdo do numero de foliculos ovarianos em fémeas bovinas é
realizada por meio da ultrassonografia e utilizado em estudos com o objetivo de
mostrar que o crescimento folicular na espécie bovina ocorre em ondas (SAVIO et al
1988; SIROIS; FORTUNE 1988; EVANS; ADAMS; RAWLING, 1994).

A CFA inclui a contagem de todos os foliculos = 3mm de didmetro de ambos os
ovarios. Estudos anteriores demonstraram que o numero de foliculos nas ondas
foliculares ovarianas séo altamente variaveis entre individuos, porém, altamente
repetiveis dentro do mesmo individuo (BURNS et al., 2005; IRELAND et al., 2007,
IRELAND et al., 2008; JIMENEZ-KRASSEL et al., 2009; MOSSA et al., 2010). Pelo
fato de ser uma caracteristica de alta repetibilidade foi considerada confiavel para
selecdo de fémeas potencialmente mais eficientes no aspecto reprodutivo (BURNS et
al., 2005).

No entanto, € necessario considerar a variagdo na populacdo folicular entre
individuos e os fatores que influenciam. A formagé&o dos foliculos durante a vida fetal,
condi¢cbes patoldgicas maternas, restricoes alimentares da propria mée e efeitos do

genotipo podem influenciar a variabilidade na populacao folicular. Até mesmo raca da



fémea avaliada interfere, ja que fémeas zebuinas e taurinas apresentam diferencas
na populacéo folicular (BURNS et al., 2005; IRELAND et al., 2007; IRELAND et al
2010; MOSSA et al., 2010; SILVA-SANTOS et al 2011). Como demonstrado por
Batista et al. (2014) fémeas Bos taurus indicus apresentaram variacao na CFA de 18
a 85 foliculos, enquanto em Bos taurus taurus essa variacao ficou entre 8 e 51 foliculos
antrais.

A formacéao dos foliculos em bovinos ocorre durante a vida fetal, a populacéo
de oogbnias em desenvolvimento atinge um namero maximo estimado de 2,1 milhdes,
diminuindo rapidamente do meio para o final da vida fetal devido a apoptose, de forma
que a populacéo de foliculos reduz ao nascimento para aproximadamente 130.000
com variacdo entre individuos (ERICKSON 1966; AERTS; BOLS 2010). Acredita-se
gue no momento do desenvolvimento ovariano dos fetos 0 ambiente materno afeta a
proliferacdo de oogbnias durante a gestacdo e consequentemente o numero de
foliculos pés-natal. Vacas leiteiras que apresentaram infeccfes cronicas durante a
gestacao diminuiram a reserva ovariana e o desempenho reprodutivo da futura prole
(IRELAND et al., 2010). Outro fator importante de ser destacado sdo os desafios
nutricionais aos quais as maes sao submetidas durante a gestacdo, que também
afetam a populacéo folicular dos fetos, uma vez que bezerras nascidas de mées com
restricdo nutricional tiveram CFA e concentracdes circulantes de AMH menores em
comparacdo com bezerras nascidas de méaes que ndo passaram por desafio
nutricional (MOSSA et al., 2010). Logo, o namero de foliculos antrais nos ovarios
reflete o tamanho da reserva ovariana (IRELAND et al.,, 2008), no entanto é
demonstrado que a reserva ovariana € impactada negativamente pelo ambiente
materno durante a gestacao.

Portanto, é importante ponderar que ha variacao entre individuos na CFA, mas
que tal caracteristica reprodutiva parece refletir no processo de selecdo de fémeas
reprodutivamente superiores, uma vez que a populacdo folicular demonstra o
potencial reprodutivo desses animais (IRELAND et al., 2007; SILVA-SANTOS et al.,
2014). E por isso, um meio eficaz de avaliar e identificar animais reprodutivamente
superiores de forma ndo invasiva seria realizando a CFA com auxilio da
ultrassonografia (OLIVEIRA et al., 2002).



A CFA tem sido bem reportada em estudos que acerca da producdo de
embrides, seja in vitro ou in vivo (IRELAND et al., 2007; IRELAND et al., 2011; SILVA-
SANTOS et al., 2014; Santos et al., 2016). A maior CFA foi relacionada de forma
positiva com 0 sucesso da producéo de embrides (TANEJA et al., 2000; IRELAND et
al.,2008; IRELAND et al., 2007). Silva- Santos et al. (2014) observaram que a
producdo de embrides nas fémeas com alta CFA na producéao in vivo foi de 6,95 +
5,34 vs. 1,9 + 2,13, enquanto na produgéo in vitro foi 6,10 + 4,51 vs. 0,55 + 0,83
embrides; P < 0,05, quando comparado com fémeas de baixa CFA. Estes autores
constataram que apenas um exame ultrassonogréfico para determinacdo da CFA,
realizado ainda na fase pré-pubere pode ser utilizado como um preditor para a
producdo embrionaria. Para programas de producdo de embribes € inegavel a
importancia da CFA e de comum utilizacdo como ferramenta prévia para selecao de
potenciais doadoras, de forma a selecionar as fémeas que tenham alta CFA
(MOROTTI et al., 2015).

Vacas com baixa CFA ja foi observado e relacionado a menores concentracées
de progesterona (30 a 50%) durante o ciclo estral quando comparado a fémeas com
alta CFA, como demonstrado por Jimenez-Krassel et al. (2009). Isso porque as
fémeas com baixa CFA possuem funcdo reduzida do CL devido a alteragdo na
capacidade de resposta das células luteinicas ao LH, ocorre reducéo na proteina de
regulacdo aguda da esteroidogénese (STAR) no CL, a capacidade de resposta da
granulosa e células luteais ao 25-hidroxicolesterol € menor, e ha uma responsividade
baixa das células da granulosa do foliculo dominante no processo de luteinizacédo
(JIMENEZ-KRASSEL et al., 2009).

Porém, apesar de bem documentado em fémeas taurinas que a baixa CFA esta
associada a caracteristicas de baixa fertilidade, como menor numero de embrides
viaveis (IRELAND et al., 2007), menores concentracdes circulantes de progesterona
e AMH (IRELAND et al.,, 2011), reduzida espessura do endométrio (JIMENEZ-
KRASSEL et al.,, 2009), menor indices de prenhez ao final da estagcdo de monta
(MOSSA et al.,, 2012), maior intervalo entre partos (MARTINEZ et al., 2016). Os
estudos em zebuinos e em animais de cruzamento no Brasil ndo associou a baixa
CFA a baixos resultados reprodutivos (MENDONCA et al., 2013; RODRIGUES et al.,
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2013; SANTOS et al., 2013; MOROTTI et al., 2014; MORAES, 2016; SANTOS et al.,
2016).

Portanto, é possivel observar que a CFA como ferramenta preditora de
fertiidade em fémeas bovinas ainda € um desafio devido a alta variabilidade de
respostas nos estudos ja existentes, provavelmente devido a grande diversidade de
rebanho, manejos distintos, critérios de classificacdo da CFA ainda ndo padronizados

2.4.2.4 Ecogenicidade e ecotextura uterina

O tecido uterino é constituido de trés camadas; a interna ou de revestimento
chamada endométrio. A serosa, sendo a camada mais externa do Utero. E por fim, o
miométrio que a camada mais espessa de musculo (HAFEZ; HAFEZ, 2004).
Conforme se aproxima o evento da puberdade, mudancas na morfologia uterina séo
necessarias, e isso acontece pela interacdo entre estrogeno e progesterona, para que
produza um ambiente propicio para o estabelecimento de uma possivel implantacéo
embrionaria e futura gestacdo (BERGFELD et al., 1994).

Os padrbes de ecogenecidade e ecotextura do Utero podem sofrer alteracfes
a depender da fase do ciclo estral, seja ap6s o estro ou na fase lutea (SCHMAUDER
et al., 2008; PIERSON; GINTHER, 1987). Como demonstrado por Pierson e Ginther
(1988) durante a fase de diestro é possivel observar uma ecogenicidade altamente
uniforme, diferente das fases de proestro, estro e metaestro. No proestro, a
ecogenicidade do Utero é reduzida, com regifes anecoicas maiores resultado de
edema uterino e fatores de fluido intrauterino esperados durante o estro (PIERSON;
GINTHER, 1988; DESCOTEAUX; COLLOTON; GNEMMI, 2010). No estro, o
enovelamento € minimo dos cornos uterinos, o aumento dos fluidos intrauterinos
comeca 3 a 4 dias antes do estro, e atinge o maximo, por volta do estro, declinando
até o terceiro dia do ciclo estral, assim tornando a ecotextura mais variavel (PIERSON;
GINTHER, 1988; DESCOTEAUX; COLLOTON; GNEMMI, 2010). Ja no diestro o
enovelamento dos cornos uterinos é maximo, sendo a ecotextura uterina
relativamente uniforme (DESCOTEAUX; COLLOTON; GNEMMI, 2010).

As mudancas relacionadas ao tecido uterino podem ser visualizadas por
ultrassonografia modo B (PIERSON; GINTHER, 1987; SCHMAUDER et al., 2008).

Ainda como ferramenta complementar para avaliacdo da ecogenicidade e ecotextura
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uterina, a analise por meio de software computadorizado permite uma medida mais
objetiva (HERZOG; KIOSSIS; BOLLWEIN, 2008; SCHMAUDER et al., 2008). O valor
de pixel em uma imagem varia de 0 (preto, imagem anecoica) a 255 (branco, imagem
hiperecoica) (TOM; PIERSON; ADAMS, 1998). Na avaliacdo de imagens do tecido
uterino os valores numéricos dos pixels demonstram a ecogenicidade uterina, ja o
desvio padrdo dos valores numéricos dos pixels expressam a ecotextura uterina
(TOM; PIERSON; ADAMS, 1998; VRISMAN, et al., 2018).

2.5. Morfometria Vulvar

A vulva é a por¢éo externa do trato reprodutivo da fémea, parte final do trato do
trato genital tubular (KHATON; SARDER; GOFUR, 2015; KONIG; LIEBICH, 2016). E
constituida de grossos labios vulvares, que se unem nos angulos dorsal e ventral
(KONIG; LIEBICH, 2016). A distancia entre as bordas laterais da vulva a partir do
ponto médio da rima vulvar, em um &angulo de 90° determina a largura vulvar
(MACULAN et al., 2018). J4 a medicdo da rima vulvar se da pela fissura entre os
grandes labios vulvares, e seu comprimento € determinado pela distancia entre as
comissuras dorsais e ventrais, a rima vulvar possui de 7 a 10 centimetros de
comprimento (OLBRYCH; SZARA, 2011; MACULAN et al., 2018).

De acordo com estudos anteriores, as medidas de genitalia externa em fémeas
bovinas estdo associadas a parametros de fertilidade, por possuir relacdo com a CFA
e pelo fato de a medida da largura vulvar estar ligada a eficiéncia reprodutiva do animal
(EBORN; CUSHMAN; ECHTERNKAMP, 2013; MESQUITA et al., 2016; MACULAN et
al., 2018). Como demonstrado por Mesquita et al. (2016) fémeas Tabapu& com maior
largura de vulva e comprimento de rima em relacdo ao tamanho do corpo apresentam
maior CFA.

Até mesmo a eficiéncia da producao de embrides em bovinos é beneficiada ao
selecionar doadoras com base em indicadores como a CFA e a largura vulvar
(VASCONCELOS et al, 2020). Por este motivo, estudos demonstram que
caracteristicas relacionadas a morfometria vulvar devem ser consideradas na hora de
selecionar vacas para a producao de embrides in vitro (MESQUITA et al., 2016;
MACULAN et al., 2018).
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Todavia, pardmetros de avaliacdo de genitdlia externa devem ser
cuidadosamente avaliados quando na escolha de sua utilizacdo para sele¢éo, pois €
necessario considerar que fatores como a genética do animal, o periodo do ciclo
reprodutivo, uma possivel gestacao e tamanho corporal da fémea influenciaréo nestas
medidas (MACULAN et al., 2018).
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ABSTRACT

The present study aimed to evaluate reproductive parameters that can predict
whether prepubertal Nellore heifers will have better reproductive efficiency in
subsequent breeding seasons. Thirty-nine pre-pubertal Nelore heifers were examined

to evaluate possible predictive parameters of fertility such as body weight, ovarian and
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uterine biometry, AFC, uterine heterogeneity and cogenicity and vulvar morphometry.
Subsequently, the heifers were placed in the breeding season for two consecutive
years to relate the evaluated parameters and fertility. All animals that calved as well as
females that calved in the first breeding season had higher body weight (P<0.05) at
the beginning and end of the study period. When comparing reproductive parameters
as potential predictors of fertility in heifers that calved or not, it was observed that
heifers that calved had higher AFC when compared to heifers that did not calve
(P=0.003). However, when AFC was observed in heifers that calved in the first season,
second season or that did not calve, it was observed that females that calved in the
first season and that did not calve had lower AFC than heifers that calved in the second
breeding season. The mean ovarian diameter was higher in heifers that calved
(P=0.03). The vulva width also differed between the evaluated groups and was smaller
in heifers that did not calve in any breeding season (P= 0.005). Echogenicity and
uterine echotexture showed differences only between the assessment days. Our
results demonstrate that the characteristics evaluated as possible fertility predictors for
the selection of more fertile Nelore heifers still in the prepubertal life of the female and
at the random moment of the follicular wave are influenced by factors possibly related
to the moment of the wave, requiring further studies. That isolate such factors to
reliably predict the fertility of prepubertal females during subsequent breeding seasons.

Keywords: antral follicle count, fertility predictors, ultrasound, vulvar morphometry

1. INTRODUCTION
Brazilian cattle herds consist primarily of zebu breeds (Bos indicus) and, within
these breeds, the Nellore genotype, which constitutes approximately 90% of all

animals (Santos, 1999; ABIEC, 2018), and is best adapted to the country’s climatic
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conditions (Teixeira et al., 2006; De Sousa et al., 2018). The traditional reproductive
management of Brazilian beef herds entails the natural breeding period (~ 90 days),
during which cows and bulls (usually at a 25:1 ratio) are kept together (Campos et al.,
2005). Heifers and cows that become pregnant at the beginning of the breeding period
will give birth at the beginning of the calving season and then will have a longer
recovery period before the next breeding period (Cushman et al., 2007; Cushman et
al., 2013). To improve the reproductive efficiency of the herd is essential to select and
retain the most productive females (Vaz and Lobato, 2010); therefore, early
identification of prepubertal females with superior reproductive potential would also be
highly beneficial. Determination of the markers of future fertility is, however, singularly
challenging since pre- and peripubertal animals utilize nutritional energy intake for both
somatic growth and establishing reproductive function (Bitencourt et al., 2020).

To predict future fertility and select animals that are more reproductively
efficient, the non-invasive ultrasound evaluation of the reproductive organs is a very
valuable tool (Honaramooz et al., 2004; Camargo and Bardén, 2012). An array of
reproductive features such as uterine morphometry (Mihura and Casaro, 1999;
Gomez-Leobn et al., 2019; Binelli et al., 2021) and ovarian activity (Sirois & Fortune,
1988; Knopf et al., 1989) can be determined ultrasonographically. In recent years,
antral follicles count (AFC) has been the main focus of studies aiming to identify reliable
predictors of mammalian female fertility (Morotti et al., 2015; McNeel and Cushman et
al., 2015; Mossa et al., 2012; Ireland et al., 2008). Quantification of ovarian antral
follicles =2 2 mm in diameter in ultrasonographically monitored heifers and cows
revealed that AFCs exhibited tremendous variation in cattle despite their high

repeatability in the same individual (Burns et al., 2005; Ireland et al., 2007).
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Antral follicle counts in cattle have also been described as positively associated
with several functional fertility measures (Ireland et al., 2008), such as pregnancy rate,
duration of the inter-calving interval (Mossa et al., 2012), as well as oocyte yields, and
embryo production after superovulatory treatments (Ireland et al., 2008). McNeel and
Cushman (2015) found that for each additional day of the calving interval, there was a
reduction in the number of antral follicles detected by ultrasound, and it was evident
that heifers that calved later had lower AFC; these findings demonstrate that this
reproductive characteristic is associated with duration calving interval in beef heifers.
The number of antral follicles is also associated with parameters of animal
development and growth, as well as precocious puberty manifestation in crossbred
and taurine heifers (Morotti et al., 2017; Santa Cruz et al., 2018). Thus, females with
lower AFC have reduced body weight, hip height, and loin eye area, in addition to
slower growth that leads to later puberty (Patterson et al., 1992; Santa Cruz et al.,
2018). However, some studies contradict this theory, since they have not identified a
positive relationship between AFC and puberty in cattle (Cushman et al., 2014; Cunha
et al., 2020). Although the fact that taurine heifers are heavier and have better body
condition at the same time that they have a high AFC was observed, this characteristic
was negatively associated with the development of the reproductive tract (Cunha et
al., 2020). For this reason, further studies are needed to prove the relationship between
puberty and AFC in heifers.

The AFC has been directly related to morphometric indices such as uterine
(Ireland et al., 2008; Jimenez-Krassel et al., 2009; McNeel et al., 2017; Morotti et al.,
2018) and vulvar dimensions (Mesquita et al., 2016; Maculan et al., 2018). However,

there is a paucity of information linking AFC and uterine/genital morphometrics with
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fertility in young cattle. It was also proposed that various functional changes in the
reproductive tracts of prepubertal females can be predicted from the results of
computer-assisted analyses of ovarian and/or uterine ultrasonograms, by determining
their first-order echotextural characteristics (i.e., pixel intensity and heterogeneity;
Chandolia et al.,, 1997). A repeatable predictive model utilizing quantitative
relationships among these metrics and the reproductive potential of Bos indicus cattle
is urgently needed (Morotti et al., 2015).

The present study was carried out to evaluate whether non-invasively recorded
somatic and reproductive parameters including body mass and animals’ condition
scores, vulvar morphometry, uterine biometry, echogenicity and echotexture, ovarian
biometry, and AFC in prepubertal Nellore heifers are indicative of their reproductive
performance in subsequent breeding seasons. Determination of fertility predictors in
prepubertal bovine females will allow for the early selection of more fertile heifers and

cows in the herd.

2. Material and Methods

Location, ethics, and research facility

The present study was conducted in southeastern Brazil, at the Beef Cattle
Research Center, Institute of Animal Science in Sertdozinho, SP, Brazil (21°10’S and
48°5’'W). This project was approved by the Ethics Committee of the School of
Agricultural and Veterinarian Sciences of the S&o Paulo State University (protocol
number 15.953/18). Systematic evaluation of reproductive parameters was carried out
in September 2018, while ultrasound examinations for pregnancy diagnosis in the two
subsequent seasons took place in March and April of 2019 and 2020, respectively.

The animals were managed in a rotational paddock system, based on forage
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availability, with the pasture being composed mainly of Brachiaria grasses, and had

free access to clean water and mineral supplements.

Animals and experimental design

Thirty-nine prepubertal Nellore heifers (22.5+0.2 mo of age) were examined by
B-mode ultrasound to confirm the condition of prepubertal anestrus (i.e., absence of
corpora lutea), in September 2018. Assessments started on a random day of ovarian
follicular activity, considered as Day 0, and the assessment intervals were
approximately 5 days (Days 0, 5, 9, 14, and 19) to assess reproductive parameters
(vulvar morphometry, uterine biometry, echotextural characteristics, ovarian biometry,
and AFC). The mean age of heifers at the beginning of the observation period was
22.5 + 0.1 months and on the last day of examinations, it was 23.2 + 0.1 months.

All females studied had two natural breeding seasons, from November 2018 to
February 2019 and from November 2019 to February 2020, respectively. During
breeding seasons, the heifers remained in paddocks in the presence of bulls with
confirmed fertility, at the rate of 1 bull to 25 females. Nellore bulls used (aged over 22
months and with body condition scores between 3 and 4, on a scale of 1 to 5) were
submitted to andrological evaluation 30 days before the breeding season began.
Approximately 40 days after the end of each reproductive period, heifers/cows were
submitted to pregnancy diagnosis by ultrasound examination using a Mindray Z5®
device (Shenzhen, China) connected to a 7.5 MHz linear transrectal transducer; the
positive pregnancy diagnosis was confirmed by visualization of the embryo and

extraembryonic membranes.
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B-mode and color Doppler ultrasonographic assessments

Transrectal ultrasound assessments were performed at five random times, on
Days 0, 5, 9, 14, and 19 in all prepubertal heifers studied. The ultrasound examinations
were performed with the Mindray Z5® (Shenzhen, China) connected to a linear
transrectal transducer (at a frequency of 7.5 MHz). The evaluations were performed
by a single trained technician, and the heifers were contained in an appropriate
squeezer and kept in a quadrupedal position during the examinations.

Ultrasound examinations of the uterine horns were performed to determine the
thickness and echotextural characteristics of the uterine wall. Uterine thickness (cm)
was measured on a slice made with the transducer in the middle third of the right
uterine horn and was defined as the distance from one edge to the other of the uterine
wall using Image J® Software (National Institute of Health, NIH, USA). The uterine
echogenicity and echotexture were analyzed in digital images (bitmap) at a resolution
of 768 x 576 pixels using the Image Pro Plus® 7.0TM software (Media Cybernetics Inc.,
San Diego, CA, USA), with numerical pixel values in grayscale from 0 (absolute black)
to 255 (absolute white). Through this analysis, the numerical values of the pixels
(uterine pixel intensity; echogenicity) and the standard deviation of the numerical
values of the pixels (uterine pixel heterogeneity; echotexture) were obtained.

For the ovarian biometry, the measurements were taken of mean diameter (mm)
(an average of vertical and horizontal dimensions of the ovaries at their largest cross-
sectional area) with Image J® software (National Institute of Health, NIH, USA). To
determine the AFC, all detectable antral follicles (= 2 mm of diameter) were quantified

by mapping their position as previously described by Ireland et al. (2008). The
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dominant follicle (DF) was defined as the follicle = 6.2 mm (mean of the vertical and
horizontal diameters recorded from its largest cross-section; Gimenes et al., 2008).
The vascularization of the ovarian pedicle was evaluated with the aid of a color
Doppler ultrasound. Analyzes were performed on both ovaries and measurements
were performed on images in which there was sufficient blood flow to measure three
distinct areas of the blood vessel, totaling six areas per animal. After measuring the
areas, the averages of the three blood vessel areas of each ovary were calculated to
obtain the blood vessel area (mm) present in the ovarian pedicles at each time of
observation. The standardized settings of the ultrasound equipment were as follows:
B-mode (depth: 6.5 cm; main gain: 98%; frame rate: 55 frames/sec; and dynamic
range: 45 dB) and Doppler mode (frequency: 7.5 MHz; main gain: 56%; color wall filter:

277; and pulse repetition frequency: 1.7 kHz).

Vulvar morphometry

Vulvar measurements were performed with a pachymeter to obtain the rima
height and vulva width. The rima height (mm) was obtained from the distance between
the dorsal and ventral commissures and the measurement of the vulva width (mm) was
taken from one lateral edge of the vulvar labia majora to the other, at the midpoint of

the rima height at a 90° angle, as described by Maculan et al (2018).

Statistical analysis

All single time-point variables were compared between all heifers that calved
(n=23) and those that did not calve (n=16) during the first two pubertal breeding
seasons as well as between the heifers that calved for the first time during the first

season (1%t season calving; n=13), during the second season (2" season calving;
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n=10), and those that did not calve (no calving; n=16) by one-way analysis of variance
(ANOVA). Subsequently, all pairwise multiple comparison procedures (Holm-Sidak
method) for mean values with significant main effects or interactions of the main effects
were completed (SigmaPlot® statistical package; Systat Software Inc., San Jose, CA,
USA). Similarly, the differences before all the subsets of heifers for variables
determined over five examination days were assessed by two-way ANOVA (main
effects of breeding outcome and examination day: Days 0, 5, 9, 14, and 19). All values
are expressed as the mean standard error of the mean (SEM) and a P value < 0.05

was considered statistically significant.

3. RESULTS

During the time points evaluated, no ovulation or corpora lutea were observed
in the heifers studied, however, 74.3% of prepubertal females (22.5 + 0.2 mo of age;
mean + SEM) had large antral follicles classified as DF on all evaluation days. On Day
0, only two heifers did not have a DF; on Day 5, three females did not have DF; on Day
9 and Day 14 of evaluation, five and four heifers did not have DF, respectively; and on
Day 19, eight heifers had only small follicles.

Regarding the age, weight, and body condition score (BCS) recorded in Nellore
heifers of the present study, all animals that calved had a greater (P<0.05) body weight,
at the beginning and the end of the study period, compared with those that did not
calve; however, there was no significant difference for BCS between groups of heifers
that calved or did not calve later (Table 1). In addition, prepubescent females that
calved in the first calving season had higher body weight (P<0.05) both at the
beginning and end of the observation period compared to females that did not calve

(Table 2).
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The reproductive parameters that presented significant main effects of time of
observation/group (females that had positive pregnancy and those that had negative
pregnancy) are shown in Figure 1. The AFC of the right and left ovaries, and total were
greater (P<0.05) in females that calved compared with those that did not calve. Left
ovary diameter and mean ovary diameter were higher (P<0.05) in females that calved
compared to those that did not calve. The left ovary diameter also differs (P<0.05)
among days (on Day 0 was greater than on Day 14). The average ovarian pedicle
blood vessel area was greater (P<0.05) in females that did not calve compared with
those that calved, as well as it was greater (P<0.05) on Day 0 than on Days 9 and 14.
The left ovarian pedicle blood vessel area differs (P<0.05) among days. The vulva
width was greater (P<0.05) in females that calved compared with those that did not
calve, while the intensity and heterogeneity of uterine pixels differed only between
evaluation days (P<0.05).

The reproductive parameters that presented significant main effects of time of
observation/group (females that calved in the first or second calving season or that did
not calve) are shown in Figure 2. The AFC of the right and left ovaries, and total were
greater (P<0.05) in females that calved in the second season calving compared with
both other groups. The left ovarian diameter was smaller (P<0.05) in females that did
not calve compared with both other groups, as well as it was shown a difference
(P<0.05) among days. The left and average ovarian pedicle blood vessel areas differ
(P<0.05) over days. The vulva width was greater (P<0.05) in females that calved in the
first season calving compared with females that did not calve on Day 19. The intensity

and heterogeneity of uterine pixels differ (P<0.05) among days.
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There were no main effects of time of observation/group for the diameter of the
dominant follicle (9.0 £ 0.1 mm), rima height (84.2 £ 0.6), right ovary diameter (17.3 +
0.1 mm), right ovarian pedicle blood vessels area (1.5 £ 0.1 mm) and uterine thickness

(0.8 £ 0.0 cm).

4. DISCUSSION

The present study evaluated potential predictors of reproductive performance in
prepubertal Nellore females to favor the selection of heifers with greater fertility
potential before the beginning of their reproductive life. Among the first findings, the
strong relationship between weight and reproductive performance was confirmed
(Wettemann et al., 2003). Body weight reflects the animal's energy reserves and body
fat can modulate the release of reproductive hormones, such as LH (Schillo et al.,
1982), directly influencing puberty (Patterson et al., 1992) and, consequently, the
cyclicity of the female. Richards et al. (1989) demonstrated that when cows were
subjected to a weight loss of 1% of body weight per week, luteal activity was absent
after 26 weeks of weight loss, due to the reduced frequency of LH pulses. Another
factor involved in the relationship between weight and reproductive activity is the
concentration of leptin since the increase in body reserves provides an increase in the
levels of leptin secreted by adipocytes, promoting, in turn, early puberty of heifers and
reproductive success (Garcia et al., 2002; Lents et al., 2005). The modulation of
reproductive activity is also influenced by the concentration of IGF-1, a metabolic signal
that reinforces the action of estrogen, stimulating the release of GnRH and
consequently of LH (Yelich et al., 1996; Garcia et al., 2002; Hashizume et al., 2002).
Thus, the selection of prepubertal Nellore heifers with higher weights can be a good

indicator of better performance at the beginning of their reproductive life.
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The determination of the follicular population present in bovine females can be
of great importance to predict the reproductive performance of these animals (Burns
et al., 2005; Morotti et al., 2015). In this sense, AFC has been the focus of many studies
with the great promise of relating this count to female fertility, especially because it is
non-invasively determined, has high variability between individuals, and has high
repeatability within the same individual (Burns et al., 2005; Ireland et al., 2007; Ireland
et al., 2008; Mossa et al., 2010). Such stability in the number of follicles in the same
animal can be a good resource for the selection of females according to the AFC
classification (Burns et al., 2005; Ireland et al., 2008; Morotti, 2015). In the present
study, the AFC also remained constant between the five days of evaluation and was
higher in females that calved in one of the subsequent calving seasons compared to
those that did not calve.

Jimenez-Krassel et al. (2009) reported that Holstein cows with low AFC present
endometrium with reduced thickness, as well as a lower circulating concentration of
progesterone during diestrus. Other studies have also shown that Angus heifers with
a larger AFC, in addition to having a higher uterine size and weight, produce and
secrete a higher concentration of uterine protein, providing an even more appropriate
environment for embryonic development (McNeel et al., 2017). In the present study,
however, the uterine thickness did not differ between the groups of females that calved
and those that did not. We believe that the absence of this relationship is possibly due
to the time when the endometrial thickness measurement was performed (Souza et
al., 2011) since the evaluations were conducted at random moments of the follicular
wave and this may vary due to hormonal changes signaled between ovaries and uterus

(Baerwald and Pierson, 2004).
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When comparing the efficiency between the two calving seasons, a strangely
higher AFC was seen in females that calved in the second calving season compared
to those that calved in the first or did not calve in any of the calving seasons. Once
again, studies have shown contradictions in stating whether the relationship between
AFC and reproductive efficiency is direct or indirect in cattle. Most of the works confront
the AFC against the performance in the biotechniques of assisted reproduction, as
reviewed by Morotti et al. (2017), while in the present study, reproductive performance
was evaluated under the management of a natural breeding season (i.e., without the
use of hormonal protocols for synchronization and control of the follicular wave or
controlled mating strategies). Additionally, the indication of AFC as a predictor of
fertility is already well established in Bos taurus taurus regardless of the reproductive
biotechnology used, but it has still been controversial in Bos taurus indicus (Ireland et
al., 2011; Silva-Santos et al., 2011; Morotti et al., 2017).

When the analysis was performed isolating only the observation day, the AFC
did not differ similarly between the reproductive performance groups for the five
observation days, which shows that factors intrinsic to the animals, possibly related to
ovarian dynamics, influence the relationship between AFC and reproductive
performance. Since we evaluated heifers of the same breed and age, kept under the
same environmental and nutritional conditions, without ovarian control strategies, we
excluded possible causes that could interfere with follicular counts between the
evaluation days. For this reason, we hypothesized that the stage of the follicular wave
may have had an effect on our findings and influenced the way AFC varied between
the groups and days evaluated, reinforcing the doubt about the relationship between

AFC and fertility in zebu females in unknown phases of the wave.
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Ovarian biometry was higher in females that later calved. However, when
comparing females that calved in the first or second season and females that did not
calve, differences were observed for these groups only in the diameter of the left ovary.
It is possible to say that the differences in diameters at the time of sexual development
in heifers reflect the development of the ovarian stroma, as well as an increase in the
number and size of follicles during the development of follicular waves (Honaramooz
et al., 2004). As the females were on random days of the follicular wave, the presence
of dominant follicles in some of the females may have interfered with the ovarian
diameter. Just as a greater ovarian cortical mass is required to support the growth of
a large number of follicles (Cushman et al., 2009), we believe that both the presence
and the size of the dominant follicle determine the ovarian biometric variables. This
same reasoning can be used to explain the differences in the mean area of the ovarian
pedicle. The arterial branch that supplies the dominant or pre-ovulatory follicle is
expected to increase along the ovarian pedicle, so females with more advanced
follicular waves are likely to have larger pedicle areas. However, establishing that this
increase is correlated with the presence of a preovulatory follicle was not possible.
More specific assessments are needed to establish this relationship.

Studies indicate that the morphometry of the external genitalia is associated
with the fertility characteristics of bovine females, as well as directly associated with
CFA (Mesquita et al., 2016; Maculan et al., 2018). Our results demonstrate that vulvar
width was greater in heifers that calved in subsequent seasons, demonstrating that
this is a possible fertility predictor for the early selection of potentially more fertile
females. As well as, Vasconcelos et al. (2020) demonstrated that vulvar width improves

efficiency in the production of bovine embryos, being an important fertility indicator for
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the selection of donor bovine females, Maculan et al. (2018) also observed in heifers,
primiparous cows, and Tabapuad multiparous cows that vulvar measurements indicate
association with fertility characteristics. In addition, there is a relationship between the
width of the vulva and body size, suggesting that characteristics of the external
genitalia are indicative of weight gain (Morotti et al., 2015). In our study, body weight
showed to be a good predictor of fertility, as also observed by Mesquita et al. (2016)
that body size is a good predictor of ovarian follicular reserve in cattle.

The results of echogenicity and echotexture of the uterine tissue in the present
study did not show differences between the groups but between the evaluation days.
Honaramooz et al. (2004) evaluated the development of the reproductive tract in
prepubertal Hereford heifers and revealed a strong correlation between the
development of reproductive tract segments with the pattern of change in the maximum
diameter of the ovarian follicle and the heterogeneity of uterine pixels increasing
transiently. In the present study, it was possible to observe that throughout the
evaluations there was a decrease in uterine echogenicity, as well as in uterine
heterogeneity when observing the group of females that calved in the first, second
season, or did not calve. We believe that the females evaluated were possibly at a
stage of follicular wave development with increased vascularization and/or secretory
activity, resulting in increased fluid in the reproductive tract, causing a decrease in pixel
intensity in the uterine tissue (Pierson and Ginther, 1988; DesCoteaux et al., 2010).
Also, during the most estrogenic phase of the cycle, fluid is deposited in the
endometrial tissue spaces which, being hypoechogenic in relation to other tissues,

reduces overall uterine echogenicity (Schmauder et al., 2008), which was also verified
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in our findings of lower echogenicity according to the evaluation days between the

groups.

5. CONCLUSION

In conclusion, body weight can be used as a fertility predictor in prepubertal
Nellore heifers, while the AFC parameter was inconclusive as a reliable predictor in
prepubertal Nellore heifers in the present study. Pre-pubertal Nellore heifers, when
evaluated at a random moment of the follicular wave were influenced by some factor

not yet well determined that may have interfered in the result.
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Table 1. Mean (+SEM) age, weight, and body condition score (BSC) of Nellore heifers that subsequently calved or did not calve

during the first two pubertal breeding seasons.

Variables Cows that calved (n=23) Cows that did not calve (n=16)
Age at first USG examination (months) 22.7+0.2 22.3+0.2
Age at calving (months) 41.9+2.3 -

Weight at the beginning of the observation period (kg) 294.2+6.42 273.5+7.2°

Weight at the end of the observation period (kg) 284.9+6.02 263.9+6.0°
BCS at the beginning of the observation period (1-5) 3.4140.1 3.0£0.2
BCS at the end of the observation period (1-5) 3.41+0.1 3.1+0.1
BCS at the end of the observation period (1-5) 3.440.1 3.1+0.1

Within rows, mean values followed by different superscripts (2°) are significantly different (P<0.05).
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Table 2. Mean (+SEM) age, weight, and body condition score (BSC) of Nellore heifers that subsequently did not calve or calved for

the first time in the first or second pubertal breeding season.

Cows that calved for the
Variables first time in the first

Cows that calved for the
first time in the second

Cows that did not calve

breeding season (n=13) breeding season (n=10) (n=16)
Age at first USG examination (months) 22.740.2 22.6+0.2 22.310.2
Age at calving (months) 37.54+0.22 48.1+0.3° -
Weight at the beginning of the b b
observation period (kg) 304.845.92 280.4+12.42 273.5+7.2
Weight at the end of the observation b b
period (kg) 290.6+8.52 277.0+7.8% 263.946.0
BCS at the beginning of the observation
period (1-5) 3.5+0.1 3.310.2 3.0+0.2
BCS at the end of the observation 3.540.1 3.3+0.2 3.140.1

period (1-5)

Within rows, mean values followed by different superscripts (2°) are significantly different (P<0.05).
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Figure 1. Main effect of the group of prepubertal heifers that calved or did not calve in
subsequent breeding seasons, the effect of evaluation days, and interaction between
effects for characteristics of antral follicle count (AFC), ovarian diameter, area of

ovarian pedicle blood vessel area, vulva width, uterine echogenicity (NPV — numerical

pixel values) and uterine echotexture (standard deviation of NPV).
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Figure 2. Main effect of the group of prepubertal heifers that calved in the first breeding
season, second breeding season, or heifers that did not calve in the subsequent
seasons, the effect of assessment days and interaction between effects for
characteristics antral follicle count (AFC), ovarian diameter, area of ovarian pedicle
blood vessel area, vulva width, uterine echogenicity (NPV — numeric pixel values) and

uterine echotexture (NPV standard deviation).
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