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RESUMO

NOVAES, Marco Aurélio Schiavo, D.Sc., Universidade Federal de Vigosa,
janeiro de 2019. Dieta e ordem de ejaculagao na qualidade seminal do
macho caprino e potencial uso do homeopatico Arnica montana na
maturacgao in vitro de oécitos bovinos. Orientador: Ciro Alexandre Alves
Torres. Coorientadores: Cristina Mattos Veloso e José Domingos
Guimaraes.

Foram realizados trés experimentos, independentes entre si, com vistas a
estudar temas associados a eficiéncia reprodutiva de caprinos e bovinos.
Foram objetivos, respectivamente: 1) estudar o efeito da oferta de uma dieta
em nivel de manutengdo, em comparacado com a ingestéao ad libitum, sobre o
comportamento sexual e a qualidade seminal do sémen criopreservado de
machos caprinos; 2) comparar a qualidade seminal do primeiro e do
segundo ejaculados de machos caprinos do sémen fresco e criopreservado;
e, 3) a adicdo do homeopatico Arnica montana 6 CH ao meio de maturagao
de odcitos bovinos submetidos ou ndo ao estresse térmico. No primeiro
experimento, foi fornecida uma mesma dieta padrdo em manutengéo (n = 5)
e ad libitum (n = 5) a dez bodes jovens da raga Alpina. Foram avaliados
parametros  nutricionais, fisiologicos, biométricos, histolégicos e
espermaticos pos-descongelacado. Nesse estudo, o fornecimento da dieta em
manutengdo resultou em menor (p <0,05) escore corporal, volume
espermatico e circunferéncia testicular e aumento (p < 0,05) do numero de
defeitos espermaticos menores e totais. Entretanto, ndo houve diferencga
entre os tratamentos (p > 0,05) quanto a sintese de testosterona,
comportamento sexual, marcadores de estresse oxidativo no testiculo,
turbilhonamento, motilidade, vigor, concentragédo espermatica, integridade
funcional da membrana plasmatica, termorresisténcia, integridade das
membranas plasmatica e acrossomal, presenga de espécies reativas de
oxigénio (ERO) e peroxidagéo lipidica da membrana plasmatica. Portanto, o
fornecimento da dieta em manutencdo ndo compromete a capacidade
reprodutiva de caprinos jovens, podendo, ainda, reduzir custos de producgao.
No segundo experimento, foram comparadas as qualidades seminais do
primeiro e segundo ejaculados frescos e congelados de machos caprinos

jovens por citometria de fluxo. O primeiro ejaculado apresentou maior
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porcentagem (p < 0,05) de defeitos menores e totais no sémen fresco e pos-
descongelagéo. Entretanto, os tratamentos nao diferiram (p > 0,05) quanto a
cor, aspecto, volume, turbilhonamento, motilidade, vigor, concentragao
espermatica, termoresisténcia, reatividade no meio hiposmatico, integridade
das membranas plasmatica e acrossomal, presenca de ERO e peroxidacao
lipidica da membrana plasmatica. Entretanto, apesar de demonstrarem
qualidade seminal similiar, os ejaculados apresentaram diferengcas quantos
aos fatores que comprometem a viabilidade espermatica pés-congelamento.
No terceiro experimento, foi avaliado o efeito da adicdo do homeopatico
Arnica montana ao meio de maturagao in vitro (MIV) de odcitos bovinos
submetidos ou n&o ao estresse por calor (EC). O experimento foi dividido em
duas etapas: com ou sem EC. O controle (sem estresse) consistiu em
maturagao a 38,5 °C por 24 h, enquanto no EC a maturacao foi procedida a
41 °C por 12 h seguidas de 12 h a 38,5 °C. Exceto pelo tratamento controle,
em ambas as condi¢cdes foram adicionados aos meios de MIV alcool (veiculo
homeopatico, 30 % v/v) ou Arnica montanahomeopatica 6 CH. Foram
avaliados presengca de ROS nos meios de MIV, configuracdo da cromatina
dos odcitos, taxas de clivagem e formacado de embrides no sétimo dia de
cultivo (D7), classificagdo embrionaria e total de células nos blastocistos. Na
maturacdo na auséncia do EC, a Arnica montana 6 CH reduziu (p < 0,05) as
taxas de clivagem e blastocistos em D7 em relacdo aos demais tratamentos.
Contudo, na presenca do EC, o tratamento Arnica montana 6 CH apresentou
a maior (p < 0,05) contagem de blastdmeros dentre todos os tratamentos. O
EC resultou em menores taxas de embribes em D7 e blastocistos
expandidos que os demais tratamentos (p < 0,05). Portanto, a homeopatia
apresentou resposta diferentequando aplicado ou ndo o estresse térmico,
sendo prejudicial a maturagao oocitaria e ao desenvolvimento embrionario
na auséncia do estresse, mas benéfica na presenca do EC, demonstrando,

assim, potencial termoprotetor na MIV de odécitos bovinos.
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ABSTRACT

NOVAES, Marco Aurélio Schiavo, D.Sc., Universidade Federal Vigosa,
January, 2019. Effect of nutritional level and ejaculation order on the
reproductive efficiency of male goats and the potential use of Arnica
montana homeopathy on the in vitro maturation of bovine oocyte.
Advisor: Ciro Alexandre Alves Torres. Co-Advisors: Cristina Mattos Veloso
and José Domingos Guimaréaes.

Three independent experiments were carried out to study the reproductive
efficiency of goats and cattle. The objectives were, respectively: 1) to study
the effect of maintenance diet versus an ad libitum intake diet, on the sexual
behavior and seminal quality of bucks; 2) to compare the seminal quality of
the first and second ejaculates of bucks; and, 3) the addition of homeopathic
Arnica montana 6 CH to the maturation medium of bovine oocytes submitted
or not to heat stress. In the first experiment, the same standard diet was
given in maintenance and ad libitum dietto ten young bucks. Nutritional,
physiological, biometric, histological and sperm parameters after thawing
were evaluated. In this study, the maintenance diet supply resulted in a lower
(p < 0.05) body score, seminal volume and testicular circumference, and an
increase (p < 0.05) in the number of minor and total sperm defects. However,
there was no difference between the treatments (p > 0.05) for testosterone
synthesis, sexual behavior, oxidative stress markers in the testis, gross
motility, sperm motility, sperm vigor, sperm concentration, reactivity to
hyposmotic medium, thermoresistance, plasma and acrosomal membrane
integrity, reactive oxygen species (ROS) presence and lipid peroxidation of
the plasma membrane. Therefore, the maintenance diet supply does not
compromise the reproductive capacity of bucks, and can also reduce
production costs. The writing and formatting of this article were done
according to the standards of the Animal Reproduction Science Journal, for
which it will be submitted. In the second experiment, the seminal qualities of
the fresh and frozen ejaculates of young bucks were compared by flow
cytometry. The first ejaculate presented a higher percentage (p < 0.05) of
minor and total defects in fresh and post-thawed semen. However,
treatments did not differ (p > 0.05) regarding color, appearance, seminal

volume, gross motility, sperm motility, sperm vigor, sperm concentration,
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thermoresistance, reactivity to hyposmotic medium, plasma and acrosomal
membranes integrity, reactive oxygen species (ROS) presence and lipid
peroxidation of the plasma membrane. However, despite showing similar
seminal quality, the ejaculates presented differences by the factors that
compromise the post-freezing sperm viability. The writing and formatting of
this article were done according to the standards of the Animal Reproduction
Journal, for which it will be submitted. The third experiment was evaluated
the effect of homeopathic Arnica montana addition to maturation medium in
vitro (IVM) of bovine oocytes submitted to heat stress (HS) or not. The
experiment was divided into two stages: with or without HS. The control
(without HS) consisted of maturation at 38.5 °C for 24 h, while the HS
maturation was proceeded at 41 °C for 12 h followed by 12 h at 38.5 °C.
Except for the control treatment, in both conditions the IVM medium were
supplemented with alcohol (homeopathic vehicle, 30 % v/v) or homeopathic
Arnica montana 6 CH. The presence of ROS in the IMV medium, oocyte
chromatin configuration, the rates of cleavage and embryo formation on the
seventh day of culture (D7), embryonic classification and total cells in
blastocysts were evaluated. During maturation in the absence of HS, the
Arnica montana 6 CH reduced (p < 0.05) the rates of cleavage and
blastocysts in D7 in relation to the other treatment. However, in the presence
of HS, Amica montana6 CH presented the highest (p < 0.05) blastomere
count among all treatments. The HS resulted in lower embryo rates in D7 and
expanded blastocysts than the other treatment (p < 0.05). Therefore,
homeopathy presented a different response whensubmitted or not to HS,
being detrimental to oocyte maturation and embryonic development in the
absence of stress, but beneficial in the presence of HS, demonstrating

thermoprotective potential in IVM of bovine oocytes.
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INTRODUGAO GERAL

Eficiéncia reprodutiva € um somatdério de fatores de ordem genética,
como a sintese e a ativagado de genes, a producao de proteinas com agéo
hormonal, ativagdo ou inibicdo de receptores e fungbes das organelas
(Roche and Diskin, 1995), e ambiental, como nutricdo e condi¢do corporal
(Gallego-Calvo et al., 2015), temperatura ambiental (Hansen, 2009), manejo
(Pala et at., 2015), dentre outros.

Dos fatores que afetam a eficiéncia reprodutiva, a nutricdo destaca-se
por seu alto custo, podendo chegar a 70 % do custo de produgdo, o que
pode acarretar em prejuizos quando mal manejada (Gionbelli et al., 2014).
Além disso, pode prejudicar a reprodugao pela agao direta sobre a condigcao
corporal (Gallego-Calvo et al., 2015), sintese hormonal (Martin and Walkden-
Brown, 1995), biometria testicular (Martin et al., 2004), eficiéncia da
espermatogénese e libido (Boshoff, 2014).

A eficiéncia reprodutiva pode ser mensurada por eventos como a
idade ao primeiro parto e o intervalo de partos (Diskin and Kenny, 2014). A
reducdo desses intervalos de tempo pode variar de acordo com a condi¢cao
tecnologica adotada, investimento inicial, taxa de retorno de capital, dentre
outros fatores. Uma das estratégias para aumentar essa eficiéncia é a
adocao de biotécnicas da reproduc¢ao animal.

Tecnologias simples e de baixo custo tém sido adotadas em campo
para aumento da eficiéncia reprodutiva, como a inseminacao artificial (I1A),
reduzindo intervalos de partos e maximizando a difusao de material genético
de qualidade superior nas proles (Freitas, 2015). Nesta técnica,
espermatozoides sao coletados, manipulados, armazenados e introduzidos
artificialmente nos 6rgaos reprodutivos femininos no momento apropriado
para a concepgao (Patel et al., 2017). Para isso, é fundamental que o sémen
utilizado seja de boa qualidade, cujo processamento e armazenamento
devem preservar ao maximo carateristicas como viabilidade e motilidade.

Uma das técnicas mais utilizadas para conservacdao dos
espermatozoides € a criopreservagao. Entretanto, este processo causa
diminuicdo da viabilidade espermatica, devido a acdo de diversos eventos

estressantes, como reducdo de temperatura, desidratagcdo celular,
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congelagao, descongelagéo e reidratacédo (Lemma, 2011). Em virtude dessa
realidade, se faz necessario compreender os aspectos que comprometem a
qualidade seminal antes e ap0s a criopreservacgao.

Um relevante aspecto a ser considerado é o repouso sexual. Depois
de produzidos, os espermatozoides ficam armazenados na cauda do
epididimo, onde realizam a etapa de maturacdo espermatica, passando por
intensas modificagdes bioquimicas e morfofisiolégicas, que conferem
capacidade fecundante a estes gametas. Os espermatozoides permanecem
armazenados até a ejaculagao, ou até serem fagocitados ou eliminados na
urina (Jones, 2004; Mann and Mann, 2012). Entretanto, o armazenamento
do sémen por periodos prolongados, mesmo no epididimo, pode causar
danos aos espermatozoides (Jones, 1999; Reinhardt, 2007).

Uma possivel solugédo € descartar o primeiro ejaculado para melhorar
a qualidade seminal e reduzir contaminantes no sémen (Aquino et al., 2014;
Eljarah et al., 2017), principalmente quando se destina a congelacdo
(Gibbons et al., 2009). Porém, a literatura € inconclusiva quanto a qualidade
seminal apds esse descarte, uma vez que alguns trabalhos demonstram
decréscimo da qualidade espermatica apds o primeiro (Martins et al., 2006)
ou quarto ou quinto ejaculados (Shamsuddin et al., 2000).

Outra biotécnica utilizada para melhoria da eficiéncia reprodutiva é a
producao in vitro de embrides (PIV), permitindo aprodu¢cdo de um grande
numero de embrides a partir de doadores com potencial genético superior,
reduzindo o intervalo de geragdes e o tempo para teste de progénie (Nandi
et al., 2006). Além disso, esta técnica pode ser utilizada para elucidar
eventos fisioldgicos relacionados a maturagao e fertilizagdo de odcitos e
desenvolvimento de embrides (El-Aziz et al., 2016).

Muitos estudos tém sido realizados na tentativa de determinar as
condicbes mais adequadas para a maturacdo oocitaria, fertilizacdo e
desenvolvimento in vitro, a fim de maximizar a taxa de producdo e a
qualidade de embrides (Souza-Fabjan et al., 2014). Entre os diferentes
fatores que afetam os resultados da PIV estdo aqualidade dos
espermatozoides (Hansen, 2006) e do odcito (Souza-Fabjan et al., 2014).

Dentre os fatores associados ao comprometimento da qualidade do

oocito, o estresse térmico € um dos mais frequentemente descritos na
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literatura (Roth and Hansen, 2005; Nabenishi et al., 2011; Rispoli et al.,
2013). Estudos in vitro (Nabenishi et al., 2011; Paes et al., 2016)
demonstraram efeitos deletérios do estresse térmico sobre a maturacio
oocitaria (Nabenishi et al., 2011; Maya-Soriano et al., 2012), tais como
aumento de espécies reativas de oxigénio (ERO), na taxa de apoptose (Roth
et al., 2001; Soto and Smith, 2009; Nabenishi et al., 2011) e redugéo da
viabilidade oocitaria (Hansen, 2009; Xiang et al., 2009).

Metodologias de baixo custo que mitiguem os efeitos deletérios do
estresse térmico na maturacdo oocitaria sdo escassas. Uma possivel
alternativa, com baixo custo e auséncia de residuos quimicos, € a adogao de
compostos naturais como drogas homeopaticas. Nesse campo, a Arnica
montana destaca-se por seu potencial para atenuar situacdes de estresses
fisicos ou térmicos (Macedo, 2004; Das et al., 2010; Kawakami, 2011;
Camargo, 2013). Entretanto, ndo existem pesquisas avaliando o efeito
termoprotetor desse medicamento na maturagdo de oocitos submetidos a
condicao de estresse térmico.

Diante do exposto, trés experimentos, independentes entre si, foram
propostos no intuito de contribuir para o entendimento da eficiéncia
reprodutiva de machos e fémeas, pela aplicacdo de biotécnicas da
reprodugao animal, sendo seus respectivos objetivos:

1. Estudar o efeito da oferta de uma dieta em nivel de manutencéo, em
comparagao a ingestao ad libitum, sobre o comportamento sexual e a
qualidade seminal de machos caprinos;

2. Comparar a qualidade seminal do primeiro e do segundo ejaculados
de machos caprinos; e,

3. Avaliar a adicdo do homeopatico Arnica montana ao meio de
maturagcdo de odcitos bovinos submetidos ou ndo ao estresse

térmico.
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REVISAO DE LITERATURA

O MACHO REPRODUTOR

Anatomia do sistema reprodutor do macho

Os orgaos reprodutores do macho sdo constituidos externamente por
orgao copulatério (pénis), escroto, testiculos e epididimo. Internamente, é
composto pelo ducto deferente e glandulas acessérias (Stanbenfeldt and
Edqvist, 1996).

De maneira geral, as fungdes essenciais dosérgaosreprodutores
masculinos dependem dos testiculos, responsaveis pela produgao
espermatica, nos tubulos seminiferos, e de horménios sexuais pelas células
intersticiais e de Sertoli. Na cabeca e corpo do epididimo ocorrem o
transporte e a maturacdo dos espermatozoides. Este evento confere
capacidade fertilizante a esses gametas, por meio de mudangas no padrao
de motilidade, alteragbes das caracteristicas de membrana e do
metabolismo espermatico (Hafez and Hafez, 2008).

Apos maturados, os espermatozoides sao armazenados na cauda do
epididimo até a ejaculagdo ou até serem naturalmente eliminados na urina
(Jones, 2004; Mann and Mann, 2012).

Aspectos da fisiologia do macho

As funcdes testiculares sdo controladas pela secreg¢ao pulsatil de
GnRH pelo hipotalamo, que estimula a liberagdo de horménio foliculo-
estimulante (FSH) e horménio luteinizante (LH) pela adenohipéfise.A
producdo de hormdnios esteroides no testiculo é regulada pela ligacdo do
LH com receptores especificos na membrana das células de Leydig.

O FSH, por sua vez, atua estimulando a producdo de ativinas e

inibinas pelas células de Sertoli. A secreg¢do desses hormoénios, juntamente



com os androgenos, auxiliam na regulagao hipotalamica de GnRH, que leva
a liberagdo de LH e FSH (Hafez and Hafez, 2008).

A espermatogénese € dependente das células de Sertoli, que sao
responsaveis por fungbes nutritivas e regulatérias (Johnson, 1991;
Stanbenfeldt and Edqvist, 1996). Mediante a estimulagdo pelo FSH, essas
células traduzem sinais hormonais para as ceélulas germinativas, que néo
possuem receptores para FSH e testosterona (Kretser et al., 1998).

O FSH estimula a secrecdo da proteina ligadora de andrégenos
(ABP) pelas células de Sertoli, proteina com grande afinidade pela
testosterona e di-hidrotestosterona (Dadoune and Demoulin, 1993), que é
secretada no lumen dos tubulos seminiferos, formando um complexo com
andrégenos, aumentando a concentragao intratestitcular desses horménios
(Stanbenfeldt and Edqvist, 1996), estimulando a maturagdo das células
germinativas, que resulta nos espermatozoides (Hafez and Hafez, 2008).

Nas células de Sertoli ocorre, também, a aromatizagcdo da
testosterona em estrogenos, que migram para compartimentos dos tubulos
seminiferos, de onde podem ser secretados na corrente sanguinea
(Stanbenfeldt and Edqvist, 1996).

As céulas de Sertoli atuam, ainda, na conversao de testosterona em
di-hidrotestosterona, androgénio com atividade biolégica mais potente que a
testosterona e que atua no desenvolvimento e manutencdo da libido
(Kaltenbach and Dunn, 1982), maturacdo dos 6rgaos sexuais masculinos e
na expressao de caracteristicas sexuais secundarias de macho
(Stanbenfeldt and Edqvist, 1996), assim como estimula as glandulas sexuais
acessorias a produzirem secre¢des que compdem o fluido seminal. Ainda,
determina alta taxa de crescimento em machos, em conjunto com carcaga
mais magra e maior massa muscular, o que resulta em maior exigéncia de

energia (Paulino et al., 2009), o que pode levar a variagdes no consumo.

Nutrigdo

A nutricdo pode influenciar diretamente a fertilidade, interferindo na

secrecao de hormdnios e no suprimentodos nutrientes necessarios para o



desenvolvimento oocitario e espermatico, ovulagdo, fertilizacao,
estabelecimento da prenhez e sobrevivéncia do embrido (Pires et al., 2011).

A superalimentagdo pode resultar em machos obesos e letargicos,
com baixa libido (Smith, 1986). Porém, deficiéncias nutricionais também
podem comprometer a reproduc¢do, atrasando o inicio da puberdade e
prejudicando a fungdo espermatogénica dos testiculos e as caracteristicas
seminais (Boshoff, 2014).

Machos adultos alimentados insuficientemente sao, ainda, capazes de
manter a mesma producdo espermatica e a testosterona necessarias para
suportar a espermatogénese (Boshoff, 2014).

No entanto, reprodutores jovens, que ainda estdo em crescimento,
podem apresentar retardo no crescimento e no desenvolvimento sexual,
vez, retardara o crescimento e a fungdo secretora dos 6rgaos reprodutivos
masculinos (Hafez and Hafez, 2008). Ainda, pode ocorrer redugao da libido e
da producao de testosterona, mesmo antes de ser verificada reducédo da
qualidade do sémen (Boshoff, 2014). Neste caso, nem sempre os danos
causados as células germinativas dos testiculos podem ser revertidos em
machos adultos (Hafez and Hafez, 2008).

Carneiros recebendo dietas que atenderam a 80 %, 100 % ou 120 %
da demanda energética foram comparados quanto a qualidade seminal e
fertiidade. Os animais que receberam 100 % e 120 % apresentaram
melhores caracteristicas seminais, como maior integridade e funcionalidade
da membrana espermatica, maior potencial de membrana mitocondrial
espermatica, maior numero de espermatozoides ligantes a od0citos e

concentracéo plasmatica de IGF-1 (Selvaraju et al., 2012).
Condicéao corporal

Reservas corporais influenciam fortemente a eficiéncia deproducao.
Uma alternativa para verificagcdo desse status € o escore de condigcao

corporal, que varia de 1 a 5, onde 1 € considerado muito magro e 5, obeso.

Para o melhor desempenho reprodutivo, devem ser utilizados animais que
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estejam em uma condigdo corporal moderada a boa (escores 3-3,5)
(Mellado, 2016).

Carneiros magros submetidos a rapida mudanga energética (duas
vezes a energia de mantenca) durante sete dias, apresentaram pulsos
aumentados de LH em relagdo a animais com escore de condi¢do corporal
normal (Zhang et al., 2005).

Comportamento sexual

O termo libido é usado para descrever o desejo sexual em machos
inteiros e pode ser avaliado observando o tempo decorrido (tempo de
reagcao) entre a exposicdo de um macho a uma fémea em estro até a
ejaculacédo (Chenoweth, 1981).

A libido €& frequentemente correlacionada com a concentragcao
circulante de testosterona (Kaltenbach and Dunn, 1982) e a um bom
desempenho reprodutivo (Parkinson, 1998).

Acondicao nutricional pode afetar a concentragcdo sérica de
testosterona e o diametro testicular, comprometendo quantitativamente e
qualitativamente a producdo e a fertilidade seminal (Ghorbankhani et al.,
2015). Consequentemente, a concentragcao de testosterona pode afetar a
espermatogénese, assim como as caracteristicas sexuais secundarias ea
expressdo do comportamento sexual (Roselli et al.,, 2002; Perkins and
Roselli, 2007).

Entretanto, poucos estudos foram conduzidos relacionando a
concentracdo de testosterona circulante com o desempenho sexual em
machos jovens (Preston et al., 2012).

O desempenho sexual pode variar com a experiéncia, idade e tempo
da primeira exposi¢cao a fémea em estro (Perkins and Roselli, 2007). Em
geral, machos mais velhos apresentam maior eficiéncia de ejaculagéo (Kridli
and Said, 1999) e menor tempo de reagdo (Darwish and Mahboub, 2011)

gue machos mais jovens.

Repouso sexual
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Repouso sexual pode ser caracterizado como o periodo de inatividade
sexual, podendo ser ocasionado naturalmente ou por condigdes clinicas
(Mann and Mann, 2012). Entretanto, a literatura é escassa em informacgdes
que precisem o periodo minimo necessario para caraterizar a inatividade
sexual como repouso sexual.

Um dos fatores que levam ao repouso sexual, em condi¢cdes naturais,
€ a sensibilidade a duracao do fotoperiodo, caracterizando, assim, estacdes
de reprodugao natural e de repouso sexual. Manipulagdes fotoperiddicas em
espécies sazonais permitem a coleta de sémen durante todo o ano (Leboeuf
et al., 2000).

Bodes sujeitos a ritmos de alternancia de curta duragao entre dias
longos e curtos produzem melhores doses de sémen, evitando o
aparecimento de uma estagcdo de repouso (Delgadillo et al., 1995;
Chemineau and Leboeuf, 1999). Delgadillo et al., (1991) observaram maior
concentracado de espermatozoides durante a estagcédo de repouso sexual que
durante a estagado de reproducado natural, provavelmente devido ao menor

uso do reprodutor.

Biometria testicular

A capacidade reprodutiva do macho pode ser avaliada pela libido e
pela analise seminal, também por exame clinico e pelos 6rgaos reprodutores
(Monteiro et al., 2014).

O processo de selegao de machos reprodutores envolve a avaliagcao
de diversas variaveis correlacionadas positivamente com a fertilidade
(Regeet al., 2000), pela avaliacdo das medidas biométricas testiculares,
como: circunferéncia escrotal, largura, comprimento e volume testicular
(Notteret al., 1981; Unanian et al., 2000).

Essas medidas podem ser afetadas por diversos fatores, como: idade
(Forni and Albuquerque, 2004), peso corporal (Braun et al., 1980; Freitas et
al., 1991), desenvolvimento corporal (Santana et al., 2001) e nutrigdo (Martin
et al., 2004).

A circunferéncia escrotal € uma mensuracgao facilmente obtida e uma

caracteristica que possui herdabilidade moderada a alta (Dias et al., 2003),
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sendo correlacionadacom ganho de peso (Valentim et al., 2002), produgao
espermatica (Palasz et al., 1994; Santos et al., 1998; Kastelic et al., 2001,
Pant et al., 2003) e qualidade seminal (Silva et al., 2002).

AVALIAGAO DO SEMEN

A célula espermatica

Espermatozoides s&o células alongadas, revestidas por uma
membrana plasmatica e sdo morfologicamente divididos em cabeca, pega
intermediaria e cauda (Garcia and Fernandez, 2001; Singh, 2006).

A integridade destas estruturas, incluindo a membrana plasmatica, €
fundamental para que haja adequada fecundagdo e desenvolvimento
embrionario (Moraes et al., 1998; Silva and Gadella, 2006). E primordial,
também, o conteudo de DNA retido no nucleo com as informacdes
genéticas, que constituirdao o genoma do novo individuo, apdés a fecundagao
(Garcia and Fernandez, 2001).

Além do nucleo, a cabega € constituida, ainda, na sua regido apical,
pelo acrossoma, organela originada a partir do complexo de Golgi com
enzimas hidroliticas em seu interior (Pesch and Bergmann, 2006). Tais
enzimas sao liberadas durante a reagdo acrossomal, fazendo com que haja
a fusdo entre as membranas acrossomal e plasmatica. Esta reacido é
essencial para que haja a fertilizacdo do odécito (Pesch and Bergmann, 2006;
Silva and Guerra, 2012).

A integridade dessas estruturas espermaticas e suas caracteristicas
biofisicas e bioquimicas podem ser comprometidas pelo processo de

criopreservagao (Hafez and Hafez, 2008).
Avaliagdo macroscopica do sémen
Algumas caracteristicas seminais sdo avaliadas macroscopicamente,

como volume, aspecto e coloragcdo. Isso permite inferir sobre o carater

normal ou anormal do sémen para reprodutores daquela espécie e raga,
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conforme critérios definidos no Manual Para Exame Androldgico e Avaliagéo
de Sémen Animal (CBRA, 2013).

Em geral, maior volume seminalesta relacionado a fertilidade, maior
numero de doses por ejaculado (Foxcroft et al., 2008), e com a estimacéo da
concentragcéo espermatica (Sieme, 2009).

O volume do ejaculado pode orientar a melhor metodologia para
manipulacdo do sémen. Ejaculados com volume muito reduzido podem ser
aproveitados com estratégias adequadas de diluicdo (Watson, 2000). Em
geral, coletas de sémen pelo método da vagina artificial apresentam valores
mais proximos ao fisiologico (CBRA, 2013).

O aspecto e a coloragao estao relacionados a composigao quimica do
sémen e a concentragao espermatica (Estrada and Samper, 2007; Catunda
et al., 2011). Sémens caprinos mais brancos foram associados a maior
concentracdo espermatica (Catunda et al.,2011), enquanto sémens mais
amarelos sao relacionados a maior concentracao de riboflavinas, frutose e
acido citrico (Mendonza et al., 1989). Esses fatores sédo afetados, ainda, pelo

periodo do ano (Aguiar et al., 2013).

Avaliagdo microscopica do sémen

Algumas caracteristicas seminais sao avaliadas microscopicamente,
como turbilhonamento, motilidade, vigor e concentragdo espermatica.
Quando avaliadas visualmente apresentam carater mais subjetivo,
dependendo da experiéncia do avaliador (Varner et al., 1991). Podem, ainda,
serem avaliadas objetivamente por avaliagdo computadorizada (Salviano
and Souza, 2008).

O turbilhonamento ou movimento de massa é um fendmeno inerente
ao sémen fresco de ruminantes. Possui aparéncia de ondas, é observado
em uma gota do ejaculado e classificado subjetivamente em uma escala de
zero a cinco. Pode ser afetado por fatores extrinsecos, como método de
coleta, condicdes de preservagao e temperatura da amostra, ou intrinsecos,
como motilidade, vigor e concentracdo espermatica. O sémen pode ser
considerado apto quando o turbilhonamento for igual ou superior a trés
(CBRA, 2013).
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A motilidade espermatica é aproporgcdo percentual de
espermatozoides moveis em uma amostra de sémen (CBRA, 2013), sendo
umelemento importante na avaliagao da fungdo espermatica (Pickett, 1993),
devido ao seu papel indispensavel na fertilizacdo (Varner et al., 1988).
Segundo o CBRA (2013), é necessario o minimo de 70 % de motilidade
progressiva para o sémen caprino ser considerado apto.

O vigor representa a intensidade do movimento, que resulta na
velocidade espermatica, sendo classificado de zero (auséncia de
movimento) a cinco (maximo movimento vigoroso e veloz). Em geral, é
necessario minimo de trés na escala de vigor para o sémen ser considerado
apto (CBRA, 2013).

A concentracdo espermatica €& obtida verificando o numero de
espermatozoides por milimetro cibico (mm?®) ou centimetro cubico (1,0 cm?
= 1,0 mL), geralmente pelo uso de uma camara de Neubauer, que
multiplicado pelo volume, expressa o total de espermatozoides no ejaculado
(CBRA, 2013).

Hafez and Hafez (2008) apresentaram concentragdo espermatica
variando de 2 x 10° a 6x 10° sptz/mL para o sémen fresco caprino. S&o
fatores extrinsecos, que afetam a concentracdo, o métodode coleta,
frequéncia de atividades do reprodutor e condicionamento. E intrinsecos, a
idade, tamanho e estado de higidez testicular (CBRA, 2013).

Termorresisténcia

O Teste de Termoresisténcia (TTR) é capaz de avaliar a longevidade
dos espermatozoides in vitro, supondo-se que estes estariam nos 6rgaos
sexuais da fémea (Santos et al., 2006; Castilho et al., 2009).

Uma das formas de se realizar esse teste é pelo acondicionamento
das amostras seminais, cobertas por 6leo mineral, em microtubos de
polietileno e incubagdo em banho-maria sob temperatura pré-estabelecida e
por um periodo de tempo determinado, avaliando-se, posteriormente, a
motilidade progressiva e o vigor espermatico a cada 30 min, até totalizar 3 h
(Santos et al., 2006; Barros et al., 2013).
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Teste hiposmético (THO)

O teste hiposmdtico avalia a integridade funcional da membrana
espermatica, que permite o transporte seletivo de moléculas (Oliveira et al.,
2013). Quando a célula espermatica esta exposta a um meio hipotdnico
ocorre entrada de agua pela membrana plasmatica, de maneira a
restabelecer o equilibrio osmoético entre o meio intra e extracelular
(Jeyendran et al., 1984).

Em virtude do efeito osmodtico, ocorre aumento de volume do
espermatozoide, sendo particularmente visivel na cauda, pois a membrana
plasmatica que a envolve parece ser mais frouxamente aderida que a
membrana que envolve a cabega. Por isso, a regiao enrola-se com facilidade
(Amorim, 2008).

Jeyendran et al. (1984) verificaram correlagdo positiva entre o
enrolamento das caudas e a penetracdo do espermatozoide em odcitos,
indicando boa funcionalidade da membrana da cabeca.

Correa and Zavos (1994) relataram correlagdo positiva entre a
porcentagem de espermatozoides que enrolam a cauda no teste hiposmético
e motilidade espermatica em sémen de bovinos.

Entretanto, apesar das citadas correlagcbes, membranas fisicamente
intactas podem ser bioquimicamente afuncionais. O THO apresenta-se como
um bom teste complementar, contudo, ndo deve ser utilizado como unico

teste para avaliagdo da qualidade espermatica (Penitente-Filho et al., 2017).

Morfologia espermatica

Alteragbes morfolégicas podem ocorrer nas estruturas do
espermatozoide, como acrossoma, cabecga, colo, peca intermediaria, cauda
(Mies Filho, 1987), caracterizando defeitos maiores, durante o processo
espermatogénico, ou menores, depois de formado (Blom, 1950).

Quanto maior a porcentagem decélulas espermaticas
morfologicamente anormais, menor a fertilidade do sémen (Pantke et al.,
1995). Em particular, células com defeitos de cabega e acrossoma estao
associadas com infertilidade (CBRA, 2013).
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Diversos fatores podem levar a alteracdo da morfologia espermatica,
como a peroxidacgao lipidica (Hammerstedt, 1993) e altera¢cdes na cromatina
espermatica (Royere et al., 1991), principalmente apos a criopreservagao
(Lemma, 2011).

Citometria de fluxo

A citometria de fluxo permite analisar, simultaneamente e com
precisdo, milhares de células em pouco tempo, podendo contabilizar 10.000
células por segundo ou 600.000 imagens de 10.000 células em cinco
minutos (Basiji et al., 2007).

Pelo uso de sondas fluorescentes, células que incorporam o fluoréforo
sao excitadas num comprimento de onda especifico pertinente ao
fluorescente, e entdo uma emissao de fluorescéncia é observada (Gillan et
al., 2005).

Assim, diversos aspectos especificos da qualidade seminal podem
ser avaliados por citometria de fluxo, como a integridade e a peroxidagao
lipidica das membranas plasmatica e acrossomal, e ainda a producédo de
espécies reativas de oxigénio (ERO), que sado potencialmente danosas as
membranas e ao metabolismo do espermatozoide (Baumber et al., 2000).

As ERO desempenham papel fisioldgico quando produzidas em
pequena quantidade, promovendo a cascata de fosforilacdo da tirosina,
essencial paraa capacitacdo espermatica. Entretanto, quando a sua
produgdo excede a capacidade antioxidante da célula, ocorre estresse
oxidativo, que se caracterizapor peroxidagdo da membrana espermatica e
danos importantes ao DNA celular (Guthrie and Welch, 2012), prejudicando
a viabilididade e a fertilidade espermatica (Aitken et al., 2010).

A viabilidade espermatica pode ser determinada na citometria de fluxo
mensurando células que apresentem membrana plasmatica intacta versus
células com danos de membrana. Dupla coloragdo € um método comum de
avaliar a integridade do acrossoma de espermatozoides. Na dupla
coloragdo, um corante acrossomal e um corante nuclear sdo combinados,

permitindo contraste na regido posterior da cabeca, e também, reduzindo a
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quantidade de corante acrossomal levado para cima pelo nucleo (Cross and
Meizel, 1989).

A integridade da membrana plasmatica do espermatozoide pode ser
avaliada por meio da sonda iodeto de propideo (IP), sonda a qual a
membrana é impermeavel, que cora o nucleo celular de vermelho quando a
mesma encontra-se lesionada (Matyuset al., 1984). Para avaliagdo da
integridade acrossomal, conjuga-se a aglutinina Pisum sativum com
isotiocionato de fluoresceina (FITc-PSA), sonda incapaz de penetrar a
membrana acrossomal intacta, corando em verde somente aqueles
espermatozoides reagidos ou com acrossoma lesionado (Cross et al., 1986)
ao se ligar em moléculas de a-manose dispostas na matriz acrossomal
(Celeghini et al., 2007).

A produgéo de peroxido de hidrogénio intracelular pode ser avaliada
mediante a utilizacdo do fluoréforo diacetato de diclorodihidrofluorosceina
(DCFDA), que, ao penetrar na célula, é oxidado pelo peréxido de hidrogénio
intracelular, emitindo fluorescéncia verde, conforme descrito por Macias-
Garcia et al. (2012).

A avaliacdo da peroxidacdo da membrana espermatica pode ser
realizada mediante utilizacdo do fluoréforo acido 4,4-difluoro-5-(4-fenil-1,3-
butadienil)-4-bora-3a,4a-diaza-sindaceno-3-undecanoico(C11-
BODIPY**"*") " sonda que se incorpora prontamente em membranas
biologicas (Neild et al., 2005) e que se liga as ROS em uma reacgao
irreversivel, que é quantificada pela citometria de fluxo como fluorescéncia
verde (Aitken et al., 2007).

Criopreservagdo espermatica

Criopreservagao seminal consiste na inibicdo do metabolismo celular
por temperaturas muito baixas, desidratagdo e congelagdo do
espermatozoide (Barbas and Mascarenhas, 2009).

Os primeiros espermatozoides caprinos foram congelados por Smith
and Polge (1950). Desde entéo, inUmeras pesquisas tém sido realizadas no
intuito de melhorar a técnica de congelagdo do sémen caprino. Boa taxa de
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sobrevivéncia espermatica pos-aquecimento depende de velocidades
adequadas de resfriamento e reaquecimento (Watson, 2000; Maia, 2014).

O binbmio tempo-temperatura, nessas etapas, pode afetar as
membranas plasmaticas e o metabolismo celular estrutural e funcionalmente
(Gilmore et al., 1998; Purdy, 2006). Isso pode prejudicar a motilidade
espermatica e producao de ATP, além de aumentar a susceptibilidade a
peroxidagao lipidica e reduzir a capacidade fecundante, podendo levar a
morte celular (Siqueira, 2004; Celeghini, 2005).

A criopreservacéo e a descongelagcdo causam danos irreversiveis as
células espermaticas (Purdy, 2006), devido a cristalizacdo da agua e
mudangas osmoticas no meio extracelular, alterando componentes da
bicamada lipida da membrana plasmatica, aumentando a sua
permeabilidade. Isso pode provocar redugao da atividade metabdlica, maior
numero de patologias, danos no acrossoma e em outras estruturas,
fragmentacao do DNA espermatico e alteracdoda concentragao de eletrélitos
intracelulares, reduzindoa capacidade fecundante (Barbas and
Mascarenhas, 2009; Kuguk et al., 2014).

No entanto, a adequada condugao dos protocolos de congelamento e
0 uso diluidores seminais pode proporcionar um ambiente adequado aos
espermatozoides, protegendo-os durante o0 armazenamento e a
criopreservacao, conservando a fertilidade destes gametas (Kiglk et al.,
2014).
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PRODUGCAO IN VITRO DE EMBRIOES

Producgéo de embribes e maturagéo in vitro

A produgéo in vitro de embrides (PIV) permite aproducdo de um
grande numero de embrides a partir de doadores com potencial genético
superior, reduzindo o intervalo de geragdes e o tempo para teste de progénie
(Nandi et al., 2006; Fowler et al., 2018).

Diversos fatores influenciam a taxa de producdo e a qualidade
embrionaria, como a qualidade dos espermatozoides (Hansen, 2006) e dos
oocitos (Souza-Fabjan et al., 2014) utilizados.

Embrides sao rotineiramente produzidos in vitro, por meio da
aplicacédo de trés técnicas subsequentes: maturagdo in vitro (MIV) de
odcitos, seguida de capacitacdo espermatica e fertilizagao in vitro (FIV) e o
cultivoin vitro (CIV) dos odcitos maturados e fertilizados até o estagio de
blastocisto (El-Aziz et al., 2016; Paramio and Izquierdo, 2016).

A maturacdo oocitaria € o evento fisiolégico que antecede e é
fundamental para o sucesso da fertilizagdo e desenvolvimento embrionario.
Em mamiferos, durante a vida fetal, os odécitos iniciam seu desenvolvimento,
estacionando noestadio dictiéteno da profase |, até serem recrutados ou
entrarem em atresia. Com o pico de LH, ocorre a retomada da meiose e a
progressao da maturagéo, que para no estagio de metafase Il, caracterizado
pela extrusdo do primeiro corpusculo polar. Apds a penetracao
doespermatozoide ocorre aformagao de um embrido diploide e a extrusao do
segundo corpusculo polar (Lonergan and Fair, 2016).

Além da maturacdo nuclear, o oo6cito deve realizar, ainda, a
maturacao citoplasmatica, o que envolve a redistribuicdo de varias organelas
celulares, incluindo granulos corticais, preparando-o para a fertilizacdo
(Hyttel et al., 1986; Hyttel et al., 1989).

20



Estresse térmico na maturagéo in vitro

Diversos fatores podem comprometer a maturagao citoplasmatica e
nuclear de odcitos, como o estresse térmico (Andreu-Vazquez et al., 2010;
Maya-Soriano et al., 2013; Paes et al., 2016).

Para essa condi¢ao, sao descritos aumento da fragmentagao do DNA
do odcito (Ispada et al., 2011), um indicativo de apoptose, acompanhada de
reducdo da maturacdo nuclear, clivagem e taxa de blastocisto apds
exposicao ao estresse térmico (Paula-Lopes et al., 2008), reducdo da
atividade mitocondrial do odcito (Soto e Smith, 2009; Ispada et al., 2011;
Gendelman and Roth, 2012), aumento de ERO e indugao de apoptose (Soto
and Smith, 2009).

Diversas substancias com potencial antioxidante tém sido adicionadas
ao meio de maturacao oocitaria parareduzir o aumento do estresse oxidativo
associado ao estresse térmico, como antocianinas (Sakatani et al., 2007),
acido folico (Koyama et al., 2012), o polifenol verbascosideo (Martino et al.,
2016) e IGF-I (Ispada et al., 2011; Ascari et al., 2017), reduzindo as ROS e a
lipoperoxidagdo do odcito, e diminuindo a apoptose e aumentando a
formacgao de blastocistos.

A adicaode astaxantina, uma substancia carotenoide encontrada em
algas vermelhas e frutos do mar, adicionada ao meio de cultivo embrionario
melhorou significativamente a taxa de formacao de blastocistos e diminuiu
os valores relativos de ERO dos embrides submetidos ao estresse térmico
(Kuroki et al., 2013).
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HOMEOPATIA E REPRODUGAO ANIMAL

A homeopatia surgiu como ciéncia no final do século XVIII com os
pioneiros trabalhos de Hahnemann, sendo direcionada para tratar condigdes
patolégicas (Ramey et al., 1999). As primeiras pesquisas de ciéncia basica
sobre homeopatia foram reportadas no século XIX (Gongalves et al., 2017).

Nas ultimas trés décadas, o numero de publicagdes revisadas por
pares nesse campo aumentou cerca de 3,5 vezes (Clausen et al., 2014). Do
ponto de vista quimico, ultradiluigbes homeopaticas sdo, até entéo,
indistinguiveis do veiculo (agua ou etanol, por exemplo). Por isso, ha uma
grande resisténcia por parte da comunidade cientifica em aceitar que essas
solugdes possam apresentar qualquer efeito clinico além do placebo (Hirst et
al., 1993; Singh and Ernst, 2008).

Entretando, diversas pesquisas demonstraram alteracdes fisicas
mensuraveis em solugbes ultradiluidas, com o uso de técnicas e
propriedades como termoluminescéncia (Rey, 2003), espectroscopias de
fluorescéncia (Sharma and Purkait, 2012) e de luz ultravioleta (Wolf et al.,
2011; Marschollek et al., 2013), retardo da luminescéncia (Lenger et al.,
2008) e dispersao dielétrica (Maity et al., 2010; Mahata, 2013).

Foram observadas, ainda, propriedades magnéticas (Botha and Ross,
2008), propriedades elétricas (Assumpcgao; Smith; Holandino et al., 2008),
formacdo de nanodominios aquosos (Czerlinski and Ypma, 2010) e
diferentes tempos de relaxamento protdnico em ressonancia magnética
nuclear (Demangeat, 2013).

Porém, para além de diferengas quimicas ou fisicas, agcdes bioldgicas
das solugcbes homeopaticas em experimentos in vitro, modelos livres do
confundimento gerado pelo efeito placedo, também tém sido estudadas e
reportadas em periddicos cientificos.

Em uma extensa revisdo sobre efeitos de ultradiluicbes homeopaticas
em modelos in vitro, Waisse (2017) verificou 61 artigos demonstrando
diferencas bioldgicas, dos quais 28 foram incluidos no trabalho. Destes, 19
experimentos foram realizados com solugbes acima do numero de
Avogadro. Por fim, a autora concluiu que o conhecimento gerado no ambito

celular auxilia no entendimento de mecanismos de regulagdo celular
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deflagrados por tratamentos homeopaticos (Waisse, 2017). Entretanto, ndo
foi possivel, ainda, determinar com precisdao como altas diluicdes funcionam
em nivel celular e molecular (Gongalves et al., 2017).

No campo da reprodugédo animal, um experimento in vivo realizado
por Silva et al. (2001) com Pulsatilla nigricans, um composto homeopatico,
demonstrou redugao do puerpério em 35 % do total de bovinos em estudo.
Kumar et al. (2004) induziram estro em vacas e bufalas com medicamentos
homeopaticos (Calcarea phosphorica, Aletris farinosa, Pulsatilla nigricans,
Aurum muriaticum natronatum, Seppia e Phosphorus - 30 CH), verificando
estro em 68 % das fémes bovinas e 50 % das bubalinas. Rajkumar et al.
(2006), também estudando um composto homeopatico, observaram indugao
de estro em 100 % das fémeas e aumento na concentragdo de estradiol no
grupo tratado.

Estudos in vitro com o uso de solu¢gbes homeopaticas na reprodugao
animal também foram reportados a comunidade cientifica. Lima et al. (2013)
utilizando diluicbes homeopaticas de FSH (6, 12 e 30 cH) no cultivo de
foliculos preantrais ovinos, demonstraram aumento de sobrevida,atividade
folicular, crescimento de foliculos e odcitos em comparagao ao controle,
manutencao da viabilidade e integridade ultraestrutural dos foliculos apds
sete dias de cultivo.

Em outro experimento da mesma equipe estudando o
desenvolvimento de foliculos preantrais ovinos suplementados com FSH (6
cH), Lima et al. (2016a) observaram aumento do diametro folicular, aumento
da taxa de sobrevivéncia folicular e maior taxa de ativagao folicular no
primeiro dia de cultivo. Em um terceiro experimento dessa equipe, cultivando
foliculos preantrais ovinos isolados, com ou sem adicdo do FSH (6 cH)
homeopatico ao meio de cultivo, Lima et al. (2016b) verificaram que o
veiculo homeopatico (alcool) apresentou maior efeito sobre a proliferagao
celular que o FSH (6¢cH), sendo ambos superiores ao controle.A producéao de
estradiol aumentou em todos os tratamentos e o FSH (6¢cH) aumentou

aexpressao de conectina 43.
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Abstract

Excessive intake of nutrients can damage the reproductive efficiency of male
goats and increase production costs. Therefore, we aimed to compare the
reproductive qualities of young Alpine bucks based on whether they were fed
via maintenance intake or ad libitum intake. Ten young, uniform bucks
between four to five months of age were used, with five animals being fed
maintenance and five in ad libitum level, in a completely randomized design.
Samples of blood and semen, as well as metabolic and hormonal
evaluations, were collected per animal every two weeks until nine collections
were completed. Fresh semen was evaluated, processed, frozen, and later
analyzed in a flow cytometry in order to compare the sample's reactive
oxygen, plasma membranes, acrosomal integrity, and lipid peroxidation of

the cell membrane. Body condition score, sexual behavior, the
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measurements and histomorphometry of the testis, as well as oxidative
enzymes and carbonylated proteins were evaluated.lt was verified that the
animals in ad libitum presented higher body condition score (3.32 + 0.08 x
2.88 + 0.05), sperm volume (0.68 + 0.04 x 0.52 + 0.03 mL), and testis
circumference (25.2 + 0.21 x 24.5 + 0.24 cm) and volume (121 + 5.83 x 107
+ 4.38 cm?, left testicle; 116 + 5.26 x 100 + 3.75 cm?, right testicle). The
ejaculates of the maintenance fed bucks presented an increase number of
minor (3.88 + 0.33 x 3.44 + 0.29) and total (7.75 + 0.55 x 7.20 + 0.42)
defects. No difference was verified in testosterone synthesis and expression
of sexual behavior. Based on the results of this experiment, the provision of a
maintenance diet can be used to reduce animal production costs and does

not impair the sexual behavior or seminal quality of young Alpine bucks.

Keywords: animal reproduction, feeding level, flow cytometry, seminal

quality; ad libitum.

1. Introduction

The production cost of the meat of small ruminants seems to remain a
factor of great financial impact, representing 60 to 70 % of the total costs [1].
To optimize production systems, diets must be adjusted to meet the
nutritional, compositional, and quantitative needs of the animals, while
avoiding excessive spending and compromising animal performance [2].

In goat farms, poorly managed breeding animals ingest nutrients in
quantities and proportions that are inadequate for their needs, often in
excess [3,4]. Ad libitum feeding can implicate in overfeeding, which increases
production costs and can result in reproductive problems [5,6], such as
difficulty in effecting courtship and mating, alteration of gametes production
[7], reduction of sperm production [8] and reduction of sexual activity [9].

The study aimed to observe the effect of the maintenance versus ad
libitumintake of young Alpine bucks in the areas of sexual behavior, oxidative
stress status, histomorphometry of the testis, as well as seminal, sperm, and

metabolic parameters.
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2. Materials and methods

2.1 Ethics committee

All procedures of animal handling were approved by the local Ethics
Committee for Animal Use (case no. 027/2017) and were performed
according to the Ethics principles of animal experimentation as established

by the Brazilian Animal Experimentation College and the current law.

2.2 Local of experiment and animals

The animals were housed in Vigosa, Minas Gerais, Brazil, in the
Caprine Sector of the Universidade Federal de Vigosa.Ten healthy Alpine
bucks were used, with an initial mean body condition score of 2.5 to 3.0, with
initial age between five and six months, with five animals per treatment. The
bucks were kept in individual stalls, having free access to mineral salt and
water. Before starting the experimental period, the animals were adapted for
30 days and weighed at the end of the adaptation phase, for four to five
months. The control of endo and ectoparasites was carried out according to

the sanitary program of the sector.

2.3 Treatments and food

The animals were randomly assigned to one of the treatments, in a
completely randomized design. The total diet was formulated according to
the Agricultural and Food Research Council (AFRC) [10], and composed of
Tifton hay and concentrate based on corn and soybean meal (Table 1).

The same diet was provided for the animals of both treatments,
varying only the amount supplied to the animals of each treatment. The dry
matter intake (DMI) was initially estimated from body weight (BW), by the
equation suggested by AFRC (1998): DMI = 0.522 + 0.0135 * BW. The
treatments: i) maintenance intake (meeting the nutritional requirements for

the category, according to AFRC, 1998); ii) ad libitum intake.
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To obtain the maintenance consumption of the animals from the
maintenance treatment, daily weighings were carried out until weight
stabilization. From that moment, weekly weighings were carried out to adjust
the consumption of these animals and to monitor bucks development. The

hay and concentrate intake were recorded daily.
2.4 Processing of the Samples and Laboratory Analysis

On a daily basis, samples of hay and concentrate were collected,
conditioned in plastic bags and, then, frozen. Concentrate ingredient samples
were collected, which were also placed in plastic bags and frozen for further
analysis. The same was made for the hay. The daily orts samples were
clustered proportionally, every seven days, which consisted of one composed
sample for each experimental diet. Then, the samples were partially
dehydrated in a forced ventilated oven at 55 °C for 72 h; they were grounded
in a knife mill using a one mm sieve, and were preserved in a jar with a lid
and saved for future analysis. The chemical composition was analyzed
according to Detmann (2010)[11].

2.5 Apparent Intake and Digestibility of Dry Matter and Dietary Nutrients

Two digestibility trials were done on the 31% and the 61 experimental
days and lasted for ten days each: five days were designated for the animals’
acclimation to titanium dioxide and the other five days for fecal and urine
collection on the 6™, 8" and 10"days for digestibility trial aiming to obtain
total samples from each animal. The indicator was provided from the first to
the 10" days in the digestibility trial. The titanium dioxide was included in the
concentrate in the ratio of 10 g of titanium dioxide to 990 g of concentrate
aiming to obtain the ratio of hay and concentrate in the fecal excretion.

2.6 Blood collection and analysis

Blood samples were collected per animal every two weeks until nine

collections were completed, by jugular vein puncture, using collection tubes
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without anticoagulant, with clot activator. For further glucose analysis,
another blood sample was collected in a collection tube with potassium
fluoride. Immediately, the blood samples were centrifuged at 4000 g for 15
minutes, and serum samples were then taken and packed in microtubes
(Eppendorf®) and frozen at -15 °C for determination of plasma glucose, total
cholesterol, triglycerides, high density lipoprotein (HDL), total protein,
albumin and urea nitrogen in an automatic biochemical analyzer (BS200E,
Mindray, China) using Bioclin® kits. It was also analyzed the concentration of
testosterone by immunoassay technique (Access® 2, Beckman Coulter)

using Beckman Coulter kits®.
2.7 Semen collection, sexual behavior, and analysis of fresh semen

Samples of semen were collected in the morning using an estrus
female restrained in a trunk for the goat species. At the same time, sexual
behavior was observed and recorded, according to [12]. Progressive sperm
motility and vigor were evaluated as recommended by CBRA (2013) [13].

The fresh semen samples were submitted to the hyposmotic test to

determine the functional integrity of the sperm plasma membrane.
Spermatozoa that responded to the test (reactive) with coiling or tail folding
were considered normal after the addition of the hyposmotic solution,
subtracting from this value the percentage of spermatozoa that presented a
folded tail in the morphological evaluation. The methodology used was
described by Bittencourt et al. (2005) [14].
For the sperm concentration, a 10 pL aliquot of the semen was taken, which
was diluted in 1.99 mL of saline formaldehyde solution, resulting in a dilution
factor of 1:200 (semen:solution). The number of spermatozoa was quantified
using a Neubauer chamber and the total concentration of ejaculation was
calculated. The value was found in cm® (sperm/cm?®), being converted to mL
in a ratio of 1:1 (sperm/mL).

The longevity of fresh semen was evaluated by the thermoresistance
test (TRT) consisting of placing 0.5 mL of diluted semen in a preheated
microtube at 37 °C, evaluating the motility and vigor of the sperm every 30
min in a bath of 37 °C, totaling three h.
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2.8 Semen cooling

The ejaculates were diluted in commercial medium (Botubov®), which
was previously evaluated for their osmolarity. The osmotic pressure of the
media used in the experiment was always as close as possible to the osmotic
pressure of the seminal plasma (282 mOsm). After obtaining the final dilution,
the ejaculates were packed in 0.25 mL plastic tube (IMV®) at room
temperature and frozen in liquid nitrogen at -196 °C, at a concentration of
25x10° of sperm per straw. Ten straws were stored per animal at each
harvest.

The plastic straws were placed in a glass test tube (15 mL), which was
hermetically sealed. Subsequently, this tube was placed inside a plastic tube
(240 mL) containing 120 mL of absolute alcohol, both kept at room
temperature (24 °C), and placed in a refrigerator at 5 °C for 3 h, following the

cooling curve (45 min) and equilibrium time of 2 h and 15 min.
2.9 Semen freezing

Freezing was carried out in liquid nitrogen vapor phase (-179 °C),
placing the straws that were in equilibrium at 5 °C, on a platform screened at
a height of five centimeters from liquid nitrogen for 15 min. After this period,
the straws were immersed in tonitrogen. Afterward, the straws were
conditioned in an appropriate canister and stored in criogenic container for

further analysis.
2.10 Thawing and semen analysis

The straws were thawed in a 37 °C water bath for 30 sec, packed in
1.5 mL plastic tubes (Eppendorf®) and homogenized for immediate analysis
of progressive motility and sperm vigor by a phase contrast microscopy,
increasing by 200 X [15]. A semen sample from each harvest, after thawing,
was submitted to the TRT to evaluate its motility after thermal stress.
Progressive motility and sperm vigor were evaluated every 30 min until
completetotal of 3 h incubation in a water bath at 37 °C (VLOGER et al.,
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1991).The hyposmotic swelling test and sperm morphology were performed

as described for the evaluation of fresh semen.

2.11 Flow cytometry

These analyses were performed in a FACSVerse™ Flow Cytometer
(BD Biosciences) equipped with a 488 nm and 640 nm excitation lasers. The
flow cytometer was calibrated using a fresh semen aliquot without any probe.
The detected non-spermatic particles (debris) were eliminated, sorting the
population of interest.Particles with similar dispersion characteristics to
spermatozoa but without sufficient DNA content were also excluded. All
samples had 10,000 cells analyzed, at a rate of approximately 200 cells/sec.

All the probes were conjugated with propidium iodide (Pl),to evaluate
the production of intracellular hydrogen peroxide (Figure 1 — A and B) by
DCFDA probe [16]. The plasma and acrosomal membrane integrity (Figure 1
— C and D) was evaluated by FITCprobe, conjugated with PSA. In the end,
the sperm membrane peroxidation (Figure 1 — E and F) was evaluated by
C11-BODIPY**"**"probe[17].

2.12 Testicular biometry

The scrotal perimeter was measured by means of a tape measure in
the middle region of the testicles, and, the testicular length and width were
measured by a pachymeter. To measure the length, the testicles were
considered and the tail of the epididymis discarded in the dorsoventral
direction. The width was measured in the middle portion of the testis in the

lateromedial direction.

2.13 Oxidative stress markers in the testis

For analysis of antioxidant enzymes, 100 mg of frozen testis were
homogenized in phosphate buffered saline (PBS) and centrifuged at 3,500 x
g (5 °C) for 10 min. The supernatant was used to analyze the activities of

superoxide dismutase (SOD), catalase (CAT) and glutathione S-transferase
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(GST). SOD activity was estimated by the pyrogallol method based on the
ability of this enzyme to catalyze the reaction of superoxide (O2) and
hydrogen peroxide (H20;) [18]. CAT activity was assessed by measuring the
rate of decomposition of H,O2[19]. In addition, GST activity was estimated by
spectrophotometry as described by [20], and calculated from the oxidation
rate of NADPH. Lipid peroxidation was evaluated in the testis tissue by the
levels of malondialdehyde (MDA). For this, the 100 mg aliquots were
homogenized in PBS and incubated with thiobarbituric acid to evaluate the
levels of thiobarbituric acid reactive substances [21]. Protein oxidation was
also analyzed by quantification of carbonyl proteins in testicular pellets using
the 2,4-dinitrophenylhydrazine (DNPH) method [22]. The concentration of
total protein was obtained by using Bradfordmethod [23].

2.14 Histological processing and tubular morphometry

The testiswas completely immersed in Bouin solution for 24 h.
Testicular fragments were selected from the testis periphery and were
dehydrated in crescent ethanol series (70, 80, 90, and 100 %) and
embedded in histological paraffin. Thickness of 7 ym was obtained using a
rotary microtome (RM 2255, Leica), stained with hematoxylin and eosin, and
qualitatively analyzed using Olympus CX40 optical microscope. Ten digital
images of testicular parenchyma were obtained per animal using a
photomicroscope (Olympus BX-50). They were used to measure
seminiferous tubule and luminal diameters, as well as epithelium height,

using the ImagedJ software (Figure 2 — A and B).

2.15 Statistical analysis

The linear statistical model used was: Yij = y + Ti + eij, where:

Yij = experimental response measured under treatment i, in the j
replications of treatment i, where j > 1.

M = general mean;

Ti = treatment effects (feeding level);

eij = random error.
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The data results were analyzed by SPSS analysis software (Statistical
Package for the Social Sciences), using 0.05 as critical level of probability for

a type error |.

3. Results

3.1 Diet intake

The dry matter intake (P = 0.006) and Tifton hay intake (P = 0.001)
were higher in the ad libitum fed bucks, however, the concentrate intake was
similar for both treatment animals. When the diet nutrients were compared,
the crude protein (P = 0.003) and neutral detergent fiber intake (P = 0.01)
were higher too in the ad libitum fed bucks. Similarly, the digestibility of the
crude protein (P = 0.015) and neutral detergent fiber (P = 0.049) was higher

for the same treatment animals (Table 2).

3.2 Body condition score and blood parameters

Body condition score (P = 0.0001) and serum levels of glucose (P =
0.0001) and triglycerides (P = 0.022) were higher in ad libitum fed bucks,
while urea (P = 0.002) and albumin (P = 0.019) were lower in these same
animals (Table 3). The other metabolic and hormonal parameters did not

differ among the animals of both treatments.

3.3 Testis biometry and sexual behavior

Scrotal circumference (P = 0.040) and volume of the left (P = 0.038)
and right (P = 0.002) testicles were higher in ad libitum fed bucks. Among the
parameters for evaluating sexual behavior (Table 4), only the reaction time
(Figure 3) differed between treatments (P = 0.0182), which were higher in ad

libitum bucks.
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3.4 Oxidative stress markers in testis and histomorphometry of the

seminiferous tubules

Tissue fragments of the bucks left testicle for carbonylated protein,
MDA, and for SOD, CAT and GST proteins were evaluated. Only the
concentration of MDA differed (P = 0.035) among the animals of the two
dietary treatments (Table 5), demonstrating that the diet does not interfere in
the metabolism of the other antioxidant enzymes and carbonylated and total
proteins in young Alpine bucks.

The tubular (P = 0.0001) and luminal diameter (P = 0.002) and
epithelium height (P = 0.0001) were higher in ad libitum fed bucks than in the

animals receiving maintenance diet (Table 5).

3.6 Seminal parameters and thermoresistance test

Sperm volume was higher in the ad libitum fed bucks (P = 0.0001).
The color and appearance of the semen differed among the animals from
both treatments, however, there was no difference regarding gross motility,
sperm motility and vigor, and sperm concentration (Table 6).Sperm motility
and vigor at 0 and 30 min times were higher than at other times (Table 7),
indicating a gradual reduction of sperm motility and vigor for both animals
from treatments over time. These parameters were higher in ad libitum fed

bucks.

3.7 Sperm count in hyposmotic medium and spermatozoa defects

Fresh and frozen buck semen were more reactive in hyposmotic
medium test (Table 8) in the maintenance than ad libitum fed animals. When
compared by sperm morphology (Table 8), the fresh semen of maintenance
bucks had 11 % and 7 % of minor and total defects than ad libitum bucks,
respectively. In thawed semen, only the percentage of minor defects differed

between treatments animals, being 7 % higher in maintenance bucks.

3.8 Flow Cytometry
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Three fluorescent probes conjugated with Pl were: DCFDA, FITC, and
BODIPY (Figure 4). The PI label cells that are not viable. BODIPY is
incorporated into biological membranes and responds to the attack of free
radicals with an irreversible reaction that is quantified by flow cytometry
(NEILD et al., 2005). The FITC-PSA indicates the integrity of the acrosomal
membrane [24]. The FITC-PSA combined with PI indicates viable cells, cells
with both plasma and acrosomal membrane intact. In this experiment data,
there was no difference between treatments with the analyzed probes,
indicating that none of the nutrients in the treatments interferes with
membrane lipids. DCFDA measure intracellular hydrogen peroxide. Upon
penetration into the cell, it is oxidized by intracellular hydrogen peroxide
emitting fluorescence that is detected by flow cytometer. No difference
between groups in the spermatozoid population in DCFDA analysis,
indicating that the treatments did not influence in hydrogen peroxide

formation.

4. Discussion

The analysis of sexual behavior, oxidative stress status,
histomorphometry of the testis, seminal, sperm, and metabolic analysis of
young Alpine bucks submitted to maintenance and ad libitumfeed intake
treatments were evaluated. Shortly, the ad libitum fed bucks showed higher
dry matter intake, body condition score, scrotal circumference and testis
volume than the maintenance treated animals. However, sexual behavior,
oxidative stress markers in testis, histomorphometry of the seminiferous
tubules, seminal parameters, thermoresistance test, and sperm damages
assessed by flow cytometry were similar between both treatments.

Goats constantly self-regulate crude protein and neutral detergent
fiber levels, with minimal daily variations [25], tending to select dense diets.
These diets can mitigate the fibrous carbohydrates intake, once high fibrous
diets may affect energy intake since forage intake is lower [26]. The highest
intake of dry matter and Tifton in the ad libitum fed bucks indicate a

compensation of this animals consumption, possible by self-regulation to
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meet the nutritional demand, mainly energy consumption. This was
evidenced by the higher CPI and NDFI by these same goats, but not by EEI,
which is the energetically more concentrated fraction of the diet.

The body score is the most practical way to evaluate the deposition of
reserves by animals, especially fat [27]. Despite the significant difference in
body score between treated animals, diet ad libitum did not cause overweight
or characterized overfeeding in this experiment. Mellado (2014) suggests that
for the best reproductive performance, the body score should be between
moderate and good (scores 3-3.5) [28]. The mean of the ad libitum fed bucks
was in this range and was higher than that of the maintenance animals,
which was close to three. This difference did not compromise sexual activity
in any aspect.

Nutrition can affect reproductive function in domestic ruminants [29].
Live weight and testicular size have been pointed out as general indicators of
the production of viable spermatozoa in males. Our analysis showed that the
circumference and volume of the left and right testicles were higher in the ad
libitum fed bucks, which can be caused by the effect of higher nutrient intake
on the gonads size. Additionally, these animals presented higher measures
in the seminiferous tubules and sperm volume compared to maintenance
animals. The scrotal circumference was similar to those described by Agga et
al. (2011) and Lacuesta et al. (2015) for young Saanen male goats [30,31].
The testicular size is apractical variable to evaluate the reproductive growth
status, spermatogenesis and seminal characteristics [32], characterizing
changes in seminiferous tubule measurements and spermatogenesis
efficiency, parameters directly influenced by nutrition [33]. When unbalanced
or insufficient, nutrition can affect the quality and the seminal quantity [34].
Moreover, the testosterone concentration found in our study did not differ
among treatment animals,which is similar to that found by Lacuesta et al.
(2015), in young Saanen goats, and superior to that described by Farshad et
al. (2012) [31,35]. However, serum testosterone concentration was positively
correlated with increased sexual behavior and scrotal circumference [36],
and may also affect spermatogenesis [37,38].

In the stress oxidative analysis, was observed an alteration only in

MDA concentration, that was higher in maintenance fed bucks. However, the

45



membrane peroxidation evaluation by BODIPY though flow cytometry
analysis showed no statistical difference in any of the nutrient available in the
treatments. This indicates that none of them did changes in membrane lipids
peroxidation. It is possible that MDA results indicate an already expected
biochemical stress by cryopreservation [39], perhaps influenced by the
controlled availability of nutrients in the maintenance treatment. Despite this,
the other analyzes did not differ statistically. The production of antioxidant
enzymes in the testicular cells prevents oxidative damage that could harm
spermatozoid and reduce male fertility [40]. This reinforces the maintenance
treatment as a viable alternative for goat reproductivity.

The conservation of sperm structures integrity was well observed in
this study. The hyposmotic test is characterized by the influx of fluids into the
spermatozoid in the hyposmotic condition until equilibrium is established [41].
Although fresh and frozen buck semen were more reactive in the
maintenance group, flow cytometry showed no differences in the integrity of
sperm and acrosomal membranes between treatment spermatozoa,
measured by BODIPY and FITC-PSA, respectively. These analyses are
important because they showed that maintenance treatment as a possible
condition in breeding farms. The seminal longevity was also investigated.
The functional status of the spermatozoa, following motility and vigor
parameters, was evaluated through TRT [42]. In thawed semen, with 30 % of
motility and 2 of vigor are the minimum values recommended [13]. These
requirements were met only in the first 30 min in this data, possibly due to
variations in semen quality of young goats [43].

In general, the analyzed spermatozoa presented low viability when
compared with data from the literature on adult goats [12], however,
oscillations in semen quality of young goats were already reported [43]. The
ROS increase is known to be a cause of sperm cells damage [44], which
reduce sperm viability. The analyzed semen showed high ROS production
and a low percentage of peroxidation and rupture of sperm membranes.
Increased ROS levels are commonly described in cryopreserved semen [45].
Therefore, this increase was not affected by the diet supply in this

experiment.
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In conclusion, our study identified that the maintenanceintake is a

viable alternative to replace thead libitum-level intake without compromising

seminal and reproductive quality, which can reduce the production costs of

young Alpine bucks.
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SUPPLEMENTS

Tables

Table 1 — Composition of experimental diet on natural matter basis

Component (%) (% total diet)
Forage 60.00
Tifton hay 100.00 60.00
Concentrate 40.00
Cornmeal 75.54 30.22
Soybean meal 23.96 9.58
Calcareous 0.50 0.20
Chemical characteristics Nutritional composition (% DM)
CP 14.37

NDF 5, 44 .31

EE 0.74

MM 4.71

CP = crude protein; NDF,, = neutral detergent fiber (ashes and protein free); EE = ether

extract; MM = mineral matter.
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Table 2 - Mean and standard error of the mean of intake and digestibility
of young Alpine bucks fed a standard diet

Variable Maintenance Ad libitum P-value
Intake (g/day)
Dry matter 557.2 + 26.8 825.6 + 67.4 0.006*
Tifton hay 441.8 +11.9 802.1 +74.0 0.001*
Concentrate 142.0 + 3.16 149.7 + 10.4 NS
Crude protein 76.5 +2.83 107.7 + 6.90 0.003*
Ether extract 4.08 +0.19 5.40 + 0.65 NS
Neutral detergent fiber 278.8 +20.4 4426 +44.3 0.010*
Digestibility (%)
Dry matter 93.2 95.3 NS
Crude protein 78.5 86.6 0.015*
Ether extract 58.7 63.8 NS
Neutral detergent fiber 79.7 86.1 0.049*

*Significant by ANOVA test (P < 0.05). NS = not significant.
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Table 3 -

Mean and standard error of the mean of the body condition

score and blood parameters of young Alpine bucks by diet

supply
Variable Unit Maintenance  Ad libitum P-value
Body score - 2.88+0.05 3.32+0.08 0.0001*
Glucose (mg/dL) 57.5+1.40 64.7+1.42 0.0001*
Urea (mg/dL) 374+111 33.0+1.09 0.002*
Cholesterol (mg/dL) 71.8+259 68.3+1.84 NS
Triglycerides (mg/dL) 20.1+1.18 23.7 +1.61 0.022*
HDL (mg/dL) 418+1.18 39.7 +1.51 NS
Total protein (g/dL) 593+0.08 6.00+0.06 NS
Albumin (g/dL) 3.39+0.03 3.31+0.02 0.019*
Testosterone (ng/mL) 7.76 +0.66 6.70+0.73 NS

*Significant by Student's t-test (P < 0.05). HDL = high density lipoprotein. NS = notsignificant.
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Table 4 -

and sexual behaviour of young Alpine bucks by diet supply

Mean and standard error of the mean of the testicular measures

Testicular measures Maintenance Ad libitum P-value
Scrotal circunference (cm) 245 +0.24 25.2 +0.21 0.040*
Volume of left testicle (cm®) 107 + 4.38 121 +5.83 0.038*
Volume of right testicle (cm?) 100 + 3.75 116 + 5.26 0.002*
Sexual behaviour (%) (%) P-value
e oomae | M4028)  moas NS
Flehmen response 11.4 (4/35) 2.9 (1/35) NS
;i:iggo‘:r scraping the hull on 17.1 (6/35) 28.6 (10/35) NS
Nudging the female 20.0 (7/35) 34.3 (12/35) NS
Vocalization 0.0 (0/35) 5.7 (2/35) NS
z::g:)'fa“o” and tongue 42.9 (15/35) 62.9 (22/35) NS
Erection and penis exposure 91.4 (32/35) 94.3 (33/35) NS
Mounting reflex 88.6 (31/35) 88.6 (31/35) NS
22’;3::';;“”‘9“ after mating 14.3 (5/35) 14.3 (5/35) NS
Number of false mounts 1.00 + 0.24 1.49+0.35 NS

*Significant by Student's t-test (P < 0.05). NS = not significant.
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Table 5- Mean and standard error of the mean of reactive oxygen species,
carbonylated protein and malondialdehyde, and total testis and
histomorphometry of seminiferous tubules in testis of young goats
of the Alpine buck by diet supply

Parameters of oxidative status  Maintenance Ad libitum P-value
Superoxide dismutase 142 +0.11 1.01+0.19 NS
Catalase 4,44 + 0.41 4.34 + 0.57 NS
Glutathione S-transferase 23.9+4.05 17.9+2.05 NS
Carbonylated protein 2.86 + 0.33 4.32 +1.96 NS
Malondialdehyde 4.35+ 0.69 2.04 + 0.41 0.035*

Histomorphometry

Tubular diameter (um) 135.4 + 1.30° 142.4 +1.47%  0.0001**
Lumen diameter (um) 60.9 + 1.00° 68.2 + 2.12° 0.002**
Epithelium height (um) 39.32 + 0.50° 443 +0.66° 0.0001**

2PDifferent superscript letters in the same row indicate difference between these
measurements. *Significant by Student's t-test (p < 0.05). **Significant by ANOVA (p < 0.05).
NS = not significant.
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Table 6 - Mean and standard error of the mean of the seminal parameters of young Alpine bucks by diet supply

Diet supply
Variable P-value
Maintenance Ad libitum
Sperm volume (mL) 0.52 +0.03 0.68 +0.04 0.0001*
Color A (8.60 %). B (49.5 %) e C (41.9 %) A (31.5%).B (51.1 %)e C (17.4 %) 0.0001**
Appeareance A (10.8 %). B (63.4 %) e C (25.8 %) A (29.3 %). B (59.8 %) e C (10.9 %) 0.0001**
Gross motility (1-5) 2.69+0.12 2.33+0.15 NS
Sperm motility (0-100) 74.8 +1.95 68.9 +2.92 NS
Sperm vigor (1-5) 3.37 +0.09 3.18 +0.12 NS
Sperm concentration (10° sperm/mL) 2.39 +0.17 217 + 017 NS

*Significant by Student's t-test (p < 0.05); ** Chi-square (p < 0.05). Color (A: yellowish; B: yellow-whitish; and C: white). Appearance (A: watery; B: milky; and
C: creamy).
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Table 7 - Mean and standard error of the mean of the sperm motility and vigor by thermoresistance test of young Alpine

bucks by diet supply

Sperm motility Sperm vigor

Evaluation time

Maintenance Ad libitum Maintenance Ad libitum
0 36.6 + 2.38" 33.3 +2.64" 2,67 +0,13% 2,57 + 0,13
30 28.1 + 2.68%8 25.5 + 2.56"8 2.29 + 0.16™® 2.30 + 0.15%8
60 21.8 + 2.558¢ 19.2 + 2.348¢ 1.94 + 0.175C 2.13 +0.158
90 16.3 + 2.37%CPE 15.2 + 2.30°°PE 1.61 + 0.18°CPE 1.63 + 0.1925¢P
120 12.6 + 2.143CPE 10.0 + 1.63°PF 1.23 + 0.17°PE 1.33 +0.18%P
150 9.35 + 1.75° 8.00 + 1.43P 1.03 + 0.16°° 1.17 + 0.17%°P
180 5.97 + 1.24%F 5.83 + 1.22°F 0.65+0.11F 0.87 +0.16°

*Significant by Tukey test (p < 0.05). Lowercase letters differ on the same line, while uppercase letters differ in the same column.
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Table 8 - Mean and standard error of the mean of the sperm count in hyposmotic medium and major, minor and total
sperm defects of young Alpine bucks by diet supply

Sperm count Sperm defects
Semen
Reactive Major Minor Total
Fresh
Maintenance 23,6" 3.86 + 0.34" 3.88 +0.33" 7.75 + 0.55"
Ad libitum 22,38 3.74 + 0.64" 3.44 + 0.29° 7.20 + 0.428
Thawed
Maintenance 25,4" 4.96 + 0.35% 5.70 + 0.22" 10.7 + 0.41%
Ad libitum 19,98 5.25 + 0.40" 5.30 + 0.328 10.6 + 0.40"

* Significant by Student's t-test (P < 0.05). Uppercase letters differ in the same column.
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Figure 1. Spermatozoa populations analyzed by flow cytometry for plasma membrane integrity using propidium iodide (Pl) probe
conjugated with fluorescein isothiocyanate (FITC) probe for acrosomal membrane integrity (A and B), with dichlorofluorescein
(DCF) probe for hydrogen peroxide presence (C and D), and with boron-dipyrromethene (BODIPY) probe for lipid peroxidation (E
and F). A, C and E = maintenance diet. B, D and F = ad libitum diet.
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maintenance diet. B =

epithelium height (b) and seminiferous tubule diameter (c) by diet supply. A =

Figure 2. Luminal diameter (a)

ad libitum diet.
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Figure 4. Intracellular hydrogen peroxide presence, acrosomal membrane integrity and membrane lipid peroxidation of the semen of
young Alpine bucks fed two different diet supply by flow cytometry. DCFDA = dichlorofluorescein (A); FITC = fluorescein
isothiocyanate (B); BODIPY = boron-dipyrromethene (C). Significant by ANOVA (P < 0.05).
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ABSTRACT

Discarding the first ejaculate as an alternative for improving seminal quality is
recommended, especially when semen should be used for cryopreservation. This
recommendation has not been used for young bucks. Therefore, the aim of this
study was to compare the quality of the first and second ejaculates by flow
cytometry. Ten young and uniform bucks were used, between five and six months of
age, in a completely randomized design. Semen samples were collected from the
bucks every three or four days until a total of five samples were collected from each
animal per treatment. The collected semen was processed fresh and frozen, which
were later analyzed by flow cytometry to evaluate the production of reactive oxygen
species, plasma and acrosomal membrane integrity and lipid peroxidation of the
plasma membrane. None of these analyses differed among treatments. The
ejaculates also did not differ for the macro and microscopic seminal parameters, the
resistance test or the reactivity in the hyposmotic medium. However, the first

ejaculate had a higher percentage of minor and total defects. The first and second
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ejaculates showed similar seminal qualities but appeared to be affected by different

factors reducingthe viability.

Keywords: cryopreservation; ejaculate order; flow cytometry; lipid peroxidation;
ROS

1. Introduction

The discard of the first ejaculate has been used as an alternative to improve
seminal quality of several species and reduce seminal contaminants, aiming an
adequate cryopreservation (Gibbons et al., 2009, Aquino et al., 2014; Eljarah et al.,
2017). Non-ejaculated sperm are stored in the tail of the epididymides and
ampulla of ductus deferens, and are gradually eliminated by urine or undergo cellular
degeneration (Hafez, 1995), therefore, reducing the seminal viability of the first
ejaculates after a period of sexual rest.

Despite discarding the first ejaculate be a common practice, previous
researches point a decrease in sperm quality after the first, fourth and fifth ejaculates
(Shamsuddin et al., 2000; Martins et al., 2006), therefore, the evaluation of seminal
quality between the first and second ejaculates seems to lack studies that are more
conclusive.

The flow cytometry (FC) allows the analysis of seminal quality through
multiple surface and intracellular parameters. The FC uses fluorescent probes to
evaluate the integrity and peroxidation of plasma and acrosomal membranes,
mitochondrial potential and the production of reactive oxygen species (ROS)
(Baumber et al., 2000; Hossain et al., 2011), with high reproducibility and capable of
analyzing a large number of samples (Basiji et al., 2007). This allows the correlation
between cell parameters and potential fertilizer capacity more accurately (Hossain et
al., 2011).

For these reason, we aimed to compare the seminal quality of the first and
second ejaculates of the young Alpine bucks submitted to maintenance diet

treatment using flow cytometry analysis.

2. Materials and methods
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2.1 Local and animals

The experiment was conducted in the Goat Production Sector of the
Universidade Federal de Vigosa from June to October 2017. Ten clinically healthy
Alpine bucks were used, with a mean body condition score of 2.5 to 3.0, with initial
age between five and six months. The bucks were kept in individual stalls, having
free access to mineral salt and water, being adapted for 30 days. The control of endo
and ectoparasites was carried out according to the sanitary program of the sector. All
procedures of animal handling were approved by thelocal Ethics Committee for
Animal Use (case no. 030/2017).

2.2 Diet

The diet was formulated according to theAFRC (1998), and was composed of
Tifton hay and concentrate based on corn and soybean meal, in order to simulate a
standard diet (Table 1).

2.3 Semen and treatments

Before the experimental period, the animals were submitted to andrological
examinations according to the Andrological Examination and Evaluation of Animal
SemenManual of the Brazilian College of Animal Reproduction (CBRA, 2013). The
animals were assigned to one of the treatments, in a completely randomized design
(CRD). The treatments were (i) first ejaculate and (ii) second ejaculate. The semen
collection was carried out every three or four days, in a total of five ejaculates per

animal.
2.4 Semen collection and analysis of fresh semen

Samples of semen were collected in the morning using an estrus females
restrained in a trunk for the goat species, according to the method described by Dias

et al.(2017). The first and second ejaculates were collected sequentially. Progressive

sperm motility and vigor were evaluated as recommended by CBRA(2013).
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The fresh semen samples were submitted to the hyposmotic test to determine
the functional integrity of the sperm plasma membrane. Spermatozoa that responded
to the test (reactive) with coiling or tail folding were considered normal after the
addition of the hyposmotic solution, subtracting from this value the percentage of
spermatozoa that presented a folded tail in the morphological evaluation. The
methodology used was described by BITTENCOURT et al. (2005).

For the sperm concentration, a 10 uL aliquot of the semen was taken, which
was diluted in 1.99 mL of saline formaldehyde solution, resulting in a dilution factor of
1:200 (semen:solution). The number of spermatozoa was quantified using a
Neubauer chamber and the total concentration of ejaculation was calculated. The
value was found in cm® (sperm/cm?®), being converted to mL in a ratio of 1:1
(sperm/mL).

The longevity of fresh semen was evaluated by the thermoresistance test (TRT)
consisting of placing 0.5 mL of diluted semen in a preheated microtube at 37 °C,
evaluating the motility and vigor of the sperm every 30 min in a bath of 37 °C,

totaling three h.
2.5 Semen cooling

The ejaculates were diluted in commercial medium (Botubov®), which was
previously evaluated for its osmolarity. The osmotic pressure of the media used in
the experiment was always as close as possible to the osmotic pressure of the
seminal plasma (282 mOsm). After obtaining the final dilution, the ejaculates were
packed in 0.25 mL plastic tube (IMV®) at room temperature and frozen in liquid
nitrogen at -196 °C, at a concentration of 25x10° of sperm per vial. Ten reeds were
stored per animal at each harvest.

The plastic straws were placed in a glass test tube (15 mL), which was
hermetically sealed. Subsequently, this tube was placed inside a plastic tube (240
mL) containing 120 mL of absolute alcohol, both kept at room temperature (24 °C),
and placed in a refrigerator at 5 °C for three h, following the cooling curve (45 min)

and equilibrium time of two h and 15 min.

2.6 Semen freezing
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Freezing was carried out in liquid nitrogen vapor phase (-179 °C), placing the
straws that were in equilibrium at 5 °C, on a platform screened at a height of five
centimeters from liquid nitrogen for 15 min. After this period, the straws were
immersed in to nitrogen. Afterward, the straws were conditioned in an appropriate

canister and stored in criogenic container for further analysis.
2.7 Thawing and semen analysis

The straws were thawed in a 37 °C water bath for 30 sec, packed in 1.5 mL
plastic tubes (Eppendorf®) and homogenized for immediate analysis of progressive
motility and sperm vigor by a phase contrast microscopy, increasing by 200 X
(CBRA, 2013). A semen sample from each harvest, after thawing, was submitted to
the TRT to evaluate its motility after thermal stress. Progressive motility and sperm
vigor were evaluated every 30 min until complete total of 3 h incubation in a water
bath at 37 °C (VLOGER et al.,, 1991). The hyposmotic swelling test and sperm

morphology were performed as described for the evaluation of fresh semen.
2.8 Flow cytometry

These analyses were performed in a FACSVerse™ Flow Cytometer (BD
Biosciences) equipped with a 488 nm and 640 nm excitation lasers. The flow
cytometer was calibrated using a fresh semen aliquot without any probe. The
detected non-spermatic particles (debris) were eliminated, sorting the population of
interest.Particles with similar dispersion characteristics to spermatozoa but without
sufficient DNA content were also excluded. All samples had 10,000 cells analyzed,

at a rate of approximately 200 cells/sec.

2.8.1 Evaluation of plasmatic and acrosomal membrane integrity (PI/FITC-PSA)
To evaluate the integrity of the plasmatic and acrosomal membrane, the

protocolwas followed with modifications(Oliveira et al., 2012). An aliquot of 150 pL of

semen diluted in PBS (5x10°sperm/mL) was incubated with 10 uL of FITC-PSA (100

Mg/mL), to analyze acrosomal integrity, and 3 uyL of Pl (0.5 mg/mL), to analyze
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spermatic plasma integrity, in plastic microtubes (2 mL) placed in a 37 °C water bath

for 10 min. Then, 150 uL of PBS was added and read out on the flow cytometer.

2.8.2 Evaluation of the production of intracellular hydrogen peroxide
(DCFDA/PI)

In order to evaluate the production of intracellular hydrogen peroxide, a
protocol was proposed by Macias-Garcia et al. (2012). Briefly, an aliquot of 500 uL
of the sample diluted in PBS medium (5 x 10°sperm/mL) was added to a microtube
(2.0 mL) in a heated water bath (37 °C) and stained with 0.5 yL DCFDA (1 mg/mL)
for 30 min. After this period, 150 uL of the incubated sample was stained with 3 uL of
Pl, remaining incubated for another fivemin, 150 pL of PBS was then added and

read by the flow cytometer.
2.8.3 Evaluation of sperm membrane peroxidation (BODIPY)

For the analysis of membrane peroxidation, the protocol proposed by (Oliveira
et al., 2012) was followed. A 500 pL aliquot of the semen diluted in PBS medium (5 x
10%sperm/mL) was added to a microtube (2.0 mL) in a heated water bath (37 °C) and
stained with 0.5 pL of the C11-BODIPY**"**" (1 mg/mL, Annex A) for 30 min at 37
°C, to analyze the attack of free radicals in biological membranes. After this period, a
150 pL aliquot of the sample was stained with 3 pyL of Pl (0.5 mg/mL) as a marker of
the damaged plasma membrane cells, remaining incubated for 5 min. Subsequently,

150 pL of PBS medium was added to the sample for reading at the flow cytometer.
2.9 Statistical analysis

The linear statistical model used was: Yij = y + Ti + eij, where:
Yij = experimental response measured under treatment j, in the j replications of
treatment i, where j > 1.
M = general mean,;
Ti = treatment effects (first or second ejaculate);

eij = random error.

69



The data results were analyzed through SPSS software (Statistical Package

for the Social Sciences), adopting 0.05 as critical level of probability for a type | error.

3. Results

3.1 Semen analysis

3.1.1Semen analysis and thermoresistance test

The sperm concentration was higher for the first ejaculate. The other macro
and microscopic parameters were not different (Table 2) among the ejaculates.
Motility and vigor were evaluatedby a thermoresistance test through 30 min for a
total of 3 hours. There was a gradual reduction on these parameters in time. All

times were different from each other but were equal among ejaculates (Table 3).

3.1.1 Plasmatic membrane integrity and sperm morphology

The evaluation of fresh and frozen semen in hyposmotic medium (Table 4)
identified differences between the percentage of reactive and non-reactive
spermatozoids, both in the first and second ejaculates. Although, there was
nodifference between treatments.When compared by morphology (Table 5), the
second ejaculate did not differ from fresh semen for any of the variables evaluated.
However, the first ejaculate had a higher percentage of minor and total defects than

the second one.

3.2 Flow Cytometry

3.2.1Plasmatic and acrossomal membrane integrity

Propidium iodide (Pl) (Matyus et al., 1984), and fluorescein isothiocyanate-
labeled Pisum sativum agglutinin (FITC-PSA) (Cross et al., 1986) were used for
analyze the integrity of the spermatic plasma and acrosomal membranes (Fig. 1A —
B).
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There was only difference between the ejaculates in the population where the
spermatozoa were alive and with membrane damage, which was higher in the
second ejaculate. When compared to the populations, the spermatozoa in this
analysis presented the most part dead and with damage to the plasma and

acrosomal membranes (Table 6).
3.2.2 Intracellular hydrogen peroxide production

The production of intracellular hydrogen peroxide was evaluated using the
fluorophore dichlorodihydrofluorescein diacetate (DCFDA), which, upon penetration
into the cell, is oxidized by intracellular hydrogen peroxide emitting green
fluorescence (Fig. 1C — D).

There was only a difference in the population of spermatozoa that was dead
and without hydrogen peroxide, being higher in the first one than in the second
ejaculate. In this analysis, most spermatozoa were dead and had hydrogen peroxide,

which did not differ between treatments (Table 6).
3.2.3 Sperm membrane peroxidation

The evaluation of sperm membrane peroxidation was performed using the
C11-BODIPY*>®"*" (4, 4-difluoro-5-(4-phenyl-1,3-butadienyl)-4-bora-3a,4a-diaza-s-
indacene-3-undecanoic acid), a probe that is readily incorporated into biological
membranes(Neild et al., 2005) and responds to the attack of free radicals with an
irreversible reaction that is quantified by flow cytometry as green fluorescence(Aitken
et al., 2007) (Fig. 1E — F).

All populations differed between the first and second ejaculates. The second
ejaculate presented a higher number of live spermatozoa, but also a higher
peroxidation. When the populations of each ejaculate were evaluated within each

probe, all of them differed for all probes and ejaculates (Table 6).

4. Discussion
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Variations in seminal quality reflected directly in reproductive capability.
Ejaculate volume, sperm motility, morphology, and concentration are used to
achieve this qualification. The analysis of sperm thermoresistance and morphology,
plasmatic and acrossomal membrane integrity, intracellular hydrogen peroxide
production and sperm membrane peroxidation was evaluated to the first and second
cryopreserved ejaculates of young Alpine bucks. Shortly, the sperm concentration,
and minor and total spermatozoa defects was higher to the first ejaculate. The
percentage of live spermatozoa was superior in the second ejaculate, however the
lipid peroxidation was also higher in these treatment. All the other parameters
evaluated by flow cytometry were similar for both treatments.

Studies indicate variations in sperm motility and concentration after periods of
sexual rest. In the same way, it was verified that during the collection periods, the
percentage of viable cells decreased (Valenga et al., 2007). Mayorga-Torres et al.
(2016) verified a reduction in sperm volume, motility, and concentration from one
collection to another, in a short period of time, as in the present study, demonstrating
the existence of two seminal profiles. The first collection was more concentrated and
bulky in relation to the second one (Azevedo et al., 2000). Sperm volume, motility,
and concentration in both ejaculates were above the minimum recommended by the
CBRA and the last two parameters were in agreement with the literature about
young Alpine bucks (CBRA, 2013; Turri et al., 2016).

In the present data, recommendations were met only within the first 30 min of
TRT. The presence of spermatozoa in the semen of young goats is very variable
(Trejo et al., 1988), as well as their quality. In this case, this is corroborated by the
low reactivity of these cells to the hyposmotic test, both in fresh and frozen semen,
thus evidencing low cell membrane integrity, as defined by Santos et al. (2001). The
data was lower than the values obtained by Santos et al. (2006), but similar to those
obtained by (Oliveira et al. (2013), working with adult goats.

The production of ROS by spermatozoa is a normal physiological process
necessary for the occurrence of sperm capacitation and the acrosomal reaction
(Olivares et al., 2015). However, excessive ROS can generate oxidative stress and
consequent DNA damage, as well as the lipid peroxidation of the sperm membrane,
leading to a reduction in sperm motility (Silva, 2011). The integrity of the plasma and
acrosomal membranes is also of paramount importance for the evaluation of the

animal's reproductive capability (Borg et al., 1997).
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To perform the freezing, the semen is pre-cooled, reducing the temperature
from approximately 37 °C to 5 °C, which often causes alteration of normal patterns of
sperm motility and vigor, as well as damage to plasma and acrosomal membranes
(Squires et al., 1999). The evaluation of the longevity of the semen is made through
the TRT (Santos et al., 2006), in which the functionality of the plasma membrane is
verified. The CBRA recommends that the thawed semen has to be used only when it
has sperm motility above 30 % and vigor above 2 (CBRA, 2013).

Sperm viability was lower in the first ejaculate, which presented higher
sensitivity for membrane integrity. The morphology analysis demonstrated a higher
percentage of minor and total spermatozoa defects in the first ejaculate compared to
fresh semen and second ejaculate. This indicates that the development of these
spermatozoa may have been compromised in the spermatogenesis (Garcia, 2004)
or have had increased susceptibility of these to cryopreservation (N6thling and Irons,
2008), especially with respect to the integrity of plasma and acrosomal membranes
(Ozkavukcu et al., 2008).

The second ejaculate although it presented greater number of viable cells,
also had the higher membrane peroxidation. Some studies indicate that the
increased frequency of ejaculation can reduce spermatozoal exposure to harmful
ROS (Mashburn et al., 2010). However, this also can generate a deficient antioxidant
defense system in semen due to the short period of storage in epididymis for
adequate recovery of this system. Additionally, the cryopreservation reduces the
sperm quality (Watson, 2000). Freezing of semen results in the production of ROS
and the formation of ice crystals, which can generate lipid peroxidation and loss of
sperm function (Azevedo et al., 2000; Valenca et al., 2007).

Our data indicate decreased cellular or dead cell damage in the second
ejaculate compared to the first, however, increased membrane peroxidation. Lipid
peroxidation can be used as an indicator of the ROS action (Del Rio et al., 2005),
associated with oxidative stress and its pathologies (Bagis et al., 2005). However, in
response to lipid peroxidation of the membrane, cells can also promote defense
systems of antioxidants that stimulate cellular survival or activation of signaling
pathways. An increase in the regulation of antioxidant proteins occurs in response to
oxidative stress (Ayala et al., 2014), which can be directly related with the results of
DCFDA analysis, despite the BODYPI analysis.
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5. Conclusion

The first and second ejaculates have similar seminal qualities. However, the
first ejaculate seems to have more sensitivity to cryopreservation, presenting more
minor and total defects. In other words, the second ejaculate was more viable and
had less membrane damages, nonetheless the presented higher lipid peroxidation.

The ejaculates seem to be affected by different factors of viability.
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SUPPLEMENTS

Tables

Table 1. Composition of experimental dieton natural matter basis

Component (%) (% total diet)
Forage 60.00
Tiftonhay 100.00 60.00
Concentrate 40.00
Cornmeal 75.54 30.22
Soybean meal 23.96 9.58
Calcareous 0.50 0.20
Chemical characteristics Nutritional composition (% DM)
CP 14.37
NDF, 44 .31
EE 0.74
MM 4.71

CP = crude protein; NDF;,= neutral detergent fiber (ashes and protein free); EE = ether extract; MM = mineral matter.
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Table 2. Mean +SEM of the macro and microscopic evaluations of first and second cryopreserved ejaculates of young Alpine bucks

. Ejaculate

Variable p-value
First Second

Macroscopic parameters

Ejaculate volume (mL) 0.77+0.05 0.68 + 0.04 0.007*

Color

Appeareance

(24.0 %), B (52.0 %), and C (24.0 %) A (28.8 %), B (57.7 %), and C (13.5 %) 0.0001**
(28.0 %), B (66.0 %), and C (6.00 %) A (30.8 %), B (61.5 %), and C (7.69 %) 0.0001**

Microscopic parameters

Gross motility (1-5)
Sperm motility (0-100)
Sperm vigor (1-5)

Sperm concentration (10°

sperm/mL)

2.82+0.15 2.67 +0.16 NS
78.6 +1.37 74.7 + 2.56 NS
3.22 +0.09 3.11+0.11 NS
2.25+0.16 1.83+0.12 0.007*

*Significant by Student's t-test (p < 0.05); ** Chi square (p < 0.05). Color (A: yellowish; B: yellow-whitish; and C: white). Appearance

(A: watery; B: milky; and C: creamy).
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Table 3. Mean + SEM of thethermoresistance test in the first and second cryopreserved ejaculates of young Alpine bucks

Time Sperm motility Sperm vigor
First Second First Second

0 38.7 + 1.78" 35.8 + 1.83" 2.88 +0.07* 2.79 +0.08"
30 33.2+1.818 33.3 +1.878 2.72 + 0.09° 2.66 + 0.10°
60 28.3 +2.08° 29.4 +2.15° 2.52 +0.13° 2.38 +0.13°
90 24.0 +2.18° 22.3+2.25° 2.22+0.15° 1.96 + 0.15°
120 21.3 +2.18F 19.9 + 2.25F 1.86 + 0.16F 1.49 + 0.16F
150 17.3 + 2.00° 14.90 + 2.06" 1.57 + 0.147 1.06 + 0.15°
180 13.0 + 1.73° 10.3 + 1.78° 1.13 +0.13° 0.76 + 0.13°

*Significant by Student's t-test (p < 0.05). Uppercase letters differ in the same column.

82



Table 4. Mean + SEM of the spermatozoa count in hyposmotic medium in the first and second cryopreserved ejaculates of young

Alpine bucks
Ejaculate
Semen
First (%) Second (%)
Fresh
2R 234
Reactive
Thawed
, 274 26"
Reactive

*Significant by F test (p < 0.05). Uppercase letters differ on the same line.
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Table 5. Mean + SEM of the major, minor and total spermatozoa defects in the first and second cryopreserved ejaculates of young

Alpine bucks
Spermatozoa defects
Semen
Major Minor Total
Fresh 4.78 + 0.34" 4.86 + 0.30" 9.65 + 0.57*
First 5.65 + 0.52" 6.45 + 0.28° 12.1 + 0.64B
Second 4.40 + 0.30" 5.55 + 0.16" 9.95 + 0.44"

*Significant by Tukey test (p < 0.05). Uppercase letters differ in the same column.
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Table 6. Mean + SEM of the fluorescent probes in the first and second cryopreserved ejaculates of young Alpine bucks by flow

cytometry

DCFDA FITC BODIPY

First Second First Second First Second

Variable

Pl+/probe+ 73.5+2.18%® 73.0+201%® 57.1+234® 550+289*® 36.1+367%% 24.0+3.92"®

Pl+/probe- 278 +0.56%¢ 1.92+0.42°° 18.1+1.22°¢ 17.2+1.42°C 0.91+0.26° 0.03 +0.02*°
Pl-/probe+ 19.4 +2.00** 205+1.77%" 3.00+1.54** 6.13+2.73"* 37.6+3.77%" 54.7+3.19"
Pl-/probe- 428+0.79%° 458+0.79° 219+1.44°® 217+1.96° 254+264%° 21.3+1.75°

*Significant by Tukey test (p < 0.05). Lowercase letters differ on the same line, while uppercase letters differ in the same column.
DCFDA = dichlorofluorescein (hydrogen peroxide presence); FITC = fluorescein isothiocyanate (acrosomal membrane integrity);

BODIPY = boron-dipyrromethene (membrane lipid peroxidation).
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Figure 1.Spermatozoa populations analyzed by flow cytometry for plasma
membrane integrity using propidium iodide (Pl) probe conjugated with
fluorescein isothiocyanate (FITC) probe for acrosomal membrane integrity (A
and B), with dichlorofluorescein (DCF) probe for hydrogen peroxide
presence(C and D), and with boron-dipyrromethene (BODIPY) probe for lipid
peroxidation (E and F). A, C and E = first ejaculate. B, D and F = second

ejaculate.
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CAPITULO IlI

Adicao de Arnica montana homeopatica (6CH) ao meio de maturagao in

vitro de oécitos bovinos submetidos ou ndo ao estresse por calor

RESUMO

O estresse por calor acarreta redugcdao do desempenho reprodutivo, da
maturagao oocitaria in vitro e aumento das espécies reativas de oxigénio.
Metodologias de baixo custo que atenuem esses efeitos sdo necessarias. Na
homeopatia, a Arnica montana é utilizada para tratamento de danos fisicos,
entretanto, suas diluicbes homeopaticas ainda nao foram testadas como
termoprotetores de odcitos em estresse por calor.Por isso, objetiva-se
estudar seu efeito na maturacao in vitro de odcitos bovinos e no cultivo in
vitro de embrides. Dois experimentos foram realizados, o primeiro comos
seguintes tratamentos: controle, alcool (AL; veiculo homeopatico) e Arnica
montana homeopatica 6 CH (AM). No segundo experimento, os tratamentos
foram: controle sem (SEC) e com estresse (C-EC), mais estresse com
adicao de alcool (AL-EC) ou Arnica montana 6 CH (AM-EC). O estresse por
calor aplicando consistiu em maturagao por 12 h a 41 °C, seguidas de mais
12 h a 38,5 °C. No primeiro experimento, o tratamento AM apresentou as
menores taxas de clivagem, percentual de embrides no sétimo dia (D7) e
numero de blastdbmeros quando comparado aos demais tratamentos. No
segundo experimento, o tratamento C-EC foi inferior aosdemais quanto ao
percentual de embribes no D7, total de blastébmeros e blastocistos
expandidos. O tratamento AM-EC apresentou a maior contagem de
blastdmeros dentre os tratamentos avaliados. A Arnica montana 6 CH
apresentou comportamento diferente na presenca e na auséncia do estresse
por calor, apresentando potencial como termoprotetor em meio de

maturagao in vitro de odcitos bovinos.

Palavras-chave: estresse térmico, efeito ndo linear, homeopatia, livre de

placebo, qualidade embrionaria
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ABSTRACT

Heat stress (HS) results in reduced reproductive performance, decreasing in
vitro oocyte maturation, and increased reactive oxygen species. Low-cost
methodologies that relieve these effects are necessary. In homeopathy, the
Arnica montana is used to treat physical damage, however, its homeopathic
dilutions have not yet been tested as thermoprotectants of oocytes under HS.
Therefore, the objective was to study the effect of Arnica montana on the in
vitro maturation (IVM) of bovine oocytes and on in vitro culture (IVC) of
embryos. Two experiments were carried out. The first one with the following
treatments: control, alcohol (AL, homeopathic vehicle) and Arnica montana
homeopathic 6 CH (AM). In the second experiment, the treatments were:
control without (WHS) and stress (C-HS), plus stress with alcohol addition
(AL-HS) or Arnica montana 6 CH (AM-HS). The HS applied consisted of
oocyte maturation for 12 h at 41 °C, followed by a further 12 h at 38.5 °C. In
the first experiment, AM-treatment had the lowest cleavage rates, percentage
of embryos on the seventh day (D7) and number of blastomeres when
compared to the other treatments. In the second experiment, the C-HS
treatment was inferior to the others in the percentage of embryos in D7, total
of blastomeres and expanded blastocysts. The AM-HS treatment presented
the highest blastomer count among the evaluated treatments. Then, the
Arnica montana 6 CH showed different behavior in the presence and
absence of HS, presenting potential as a thermoprotector in maturation

medium in vitro of bovine oocytes.

Key-words: embryo quality, heat stress, homeopathy, non-linear effect,

placebo-free
INTRODUGCAO

Em bovinos, a temperatura corporal ideal varia de 38 °C e 39 °C, no
entanto, condicbes ambientais estressantes podem desencadear condi¢cdes

hipertérmicas acima de 41°C, evento denominado estresse térmico ou
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estresse por calor (EC). O EC esta diretamente ligado ao comprometimento
da homeostase animal e sua atividade reprodutiva (Oliveira et al, 2012).

Estudos in vitroem fémeas (Nabenishi et al., 2012, Paes et al., 2016)
tém demonstrado os efeitos deletérios do EC sobre a maturagao oocitaria
(Nabenishi et al., 2011; Maya-Soriano et al., 2012), tais como aumento das
espécies reativas de oxigénio (ERO) e da taxa de apoptose (Roth et al,,
2001; Soto and Smith, 2009; Nabenishi et al., 2012), aumento da produg¢ao
de progesterona nas primeiras 12 h de maturacdo (Rispoli et al., 2013) e
reducao da viabilidade oocitaria (Hansen, 2009; Xiang et al., 2009).

Visando contornar estes efeitos deletérios do EC, substéncias tém
sido adicionadas ao meio de maturacao oocitaria, como IGF-| (Ascari et al.,
2017) e polifenol verbascosideo (Martino et al., 2016), diminuindo a
apoptose de blastocistos. Entretanto, essas metodologias sdo caras,
carecendo altenativas de baixo custo.

Nesse sentido, tém sido estudados compostos naturais, como
astaxantina (Kuroki et al., 2013), resveratrol (Wang et al., 2014) e
curcaciclinas A e B (Barakatet al., 2016), melhorando as taxas de metafase |l
dos odcitos e reduzindo a geragado de ERO, porém, sdo compostos de dificil
obtencado. Uma possivel alternativa, com baixo custo e auséncia de residuos
quimicos, € a adog¢ao de outros compostos naturais, como drogas
homeopaticas.

Homeopatia consiste no tratamento de pacientes utilizando o principio
da "semelhanga", com baixas doses ou altas diluicdes (dinamizacdes) de
diferentes compostos (Bellavite et al., 2015). Sabe-se, também, que a
utilizacdo de substadncias homeopaticas em individuos saudaveis pode
desencadear efeitos colaterais similares aos sintomas da doenca a ser
tratada.

Drogas homeopaticas tém sido utilizadas com sucesso em diversas
aplicagcbes, como na reproducao animal, promovendo efeitos na
sincronizagao de estro, redugao do puerpério e, mais recentemente, sobre a
fisiologia ovariana, por meio de estudos in vitro. Damasceno (2018) estudou
o efeito do homeopatico Folliculinum na maturagdo oocitaria. Lima et al.
(2016a; 2016b) verificaram efeitos benéficos do homeopatico FSH 6 CH

sobre o didametro, sobrevivéncia e ativagcado folicular, proliferacédo celular
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eproducédo de estradiol. Apesar dos recentes avangos, poucos compostos
homeopaticos tém seu efeito conhecido sobre a reproducéo.

Dentre estes compostos, € destacado o extrato da planta Arnica
montana, apresentando agdes anti-inflamatérias (Macedo, 2004; Kawakami,
2011), de protecdo contra a permeabilidade da membrana mitocondrial
(Camargo, 2013) e regulatoria da expressao de genes reparadores de DNA
(Usui et al., 2016). Desta forma, a Arnica montana apresenta potencial na
prevencao de injurias do tecido ovariano, tais como o EC.

Entretanto, ndo existem pesquisas avaliando o efeito termoprotetor da
adicdo de medicamentos homeopaticos ao meio de maturacdo oocitaria.
Portanto, com o presente trabalho, visa-se estudar o efeito da adicdo da
Arnica montana ultradiluida e dinamizada (6 CH), com e sem EC, no meio de

maturacao in vitro (MIV) de oécitos bovinos.

MATERIAL E METODOS

Desenho experimental

Dois experimentos foram realizados (Figura 1 A e B). O primeiro
experimento (Figura 1A) teve como objetivo avaliar o efeito da adicdo de
Arnica montana 6 CH ao meio de maturagao de odcitos bovinos. Para isso,
os complexos cumulus-odcito (CCO; n = 969) foram distribuidos iguale
aleatoriamente nos seguintes grupos: 1) maturados em meio de MIV
sozinhos (Controle - C); 2) suplementado com AL (AL, 30 % de alcool v/v)
ou; 3) Arnica montana homeopatica 6 CH (AM). Depois disso, os CCO foram
submetidos a fertilizagdo (FIV) e cultivo in vitro (CIV) até o estadio de
blastocisto.

O segundo experimento (Figura 1B) teve como objetivo estudar os
efeitos da suplementagéo de Arnica montana 6 CH ao meio de MIV de CCO
submetidos ou ndo a EC, que consistiu em expor os CCO a 41 °C por 12 h,
seguidos de maturagdo a 38,5 °C até o fim do cultivo (24 h). Neste
experimento, uma parcela dos CCO recuperados (n = 1096) foi distribuida
igual e aleatoriamente nos seguintes grupos: 1) maturados na auséncia de

EC, que foi o controle negativo (sem EC - SEC); 2) submetido ao EC e
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cultivado no meio controle (C-EC, apenas no meio de MIV); 3) submetido ao
EC e suplementado com AL (AL-EC, 30 % de alcool v/v); ou 4) submetido ao
EC e suplementado comArnica montana homeopatica 6 CH (AM-EC). Apos
cada MIV, o meio de cultivo foi armazenado para avaliar os vaores relativos
de espécies reativas de oxigénio (ERO) e uma parte dos odcitos foi avaliada
quanto a configuragdo da cromatina. Os demais CCO foram submetidos a

FIV e subsequente CIV. Cada experimento foi replicado cinco vezes.

Tratamento Temperatura da MIV ( °C) FIV Clv
C

oh 24h 233 62 a 106
AL \ oocitos/  embrides/

I o |
\ 28,5 1 tratamento tratamento
AM
Tratamento Temperatura da MIV ( °C)
Oh 24h
SEC ;7 38,5° ;
194 32a77
C-EC . 24h oocitos/  embrides/
| " | ) | tratamento tratamento
AL-EC | 41 L —
AM-EC

Figura 1 - Representagdo esquematica dos experimentos | (A) e Il (B). C =

controle; AL = alcool; AM = Arnica montana 6 CH. SEC = controle negativo

(sem estresse térmico); C-EC = controle positivo (com estresse térmico); AL-EC

= alcool (com estresse térmico); AM-EC = Arnica montana 6 CH (com estresse

térmico).MIV = maturagéo in vitro; FIV = fertilizagao in vitro; CIV = cultivo in vitro.

Meios de cultivo e manipulagdo

Exceto quando mencionado, os meios de cultivo e suplementos

utilizados nos experimentos foram comprados da Vitrogen (Cravinhos-SP,
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BR), com exce¢ao da solugdo homeopatica e do seu veiculo (agua-alcool),

que foram comprados de outra fonte.

Preparacéo da Arnica montana 6 CH

A preparacdo da Amica montana ultradiluida e dinamizada foi
realizada na Farmacia Homeopatica Naturalis (Fortaleza-CE, BR).
Resumidamente, o extrato alcodlico (tintura-mae) foi preparado a partir da
planta inteira, usando planta fresca colhida em flor (ESCOP, 2003). Primeiro,
diluiu-se 1 mL de tintura-mée em 99 mL de agua-alcool (etanol da
fermentacao de graos) a 30 % (v/v), sequencialmente foram procedidas 100
sucussoes (agitagdes) para produzir a primeira dinamizagao. Entdo, 1 mL da
solugdo resultante (1 CH) foi adicionado novamente a 99 mL de agua-etanol,
com o mesmo procedimento de sucussdo para compor a segunda
dinamizacdo (2 CH). Sequencialmente, foram realizadas sucessivas

diluicdes e sucussdes até a 62 centesimal Hahnemanniana (AM 6 CH).

Colheita de oocitos

Ovarios bovinos (n = 266) foram colhidos de um abatedouro local
imediatamente apds o abate, sendo transportados para o laboratério em
solugédo salina 0,9 % (NaCl) a 33-35 °C por 2 h e lavados duas vezes
emsolucao salina no laboratorio (Shabankareh et al., 2014). Os CCO foram
puncionados de foliculos (4-8 mm) usando agulhas de 18 G conectadas a
seringas descartaveis de 10 mL. Os CCO foram selecionados em meio TCM
199 (Gibco) suplementado com 10 % de soro fetal bovino (SFB), sob um
estereomicroscopio (SMZ 645 Nikon, Toquio, Japéo; aumento de 100x).
Apenas CCO com citoplasma homogéneo e claro, circundados por duas ou
mais camadas compactas de células do cumulus e zona pelucida intacta,

foram selecionados para MIV.

Maturacé&o in vitro (MIV)
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Os CCO seleccionados foram lavados duas vezes em DPBS e trés
vezes em meio IVM sem horménio, previamente equilibrado durante pelo
menos trés horas a 38,5 °C sob 5 % de CO,. O meio utilizado para MIV foi o
TCM-199 suplementado com 10 % de soro fetal de bezerro (FCS), 5ug/mL
de FSH, 50 pg/mL de LH (eCG) e 1 ug/mL de estradiol (TCM-199 +). Para
MIV, os COC foram cultivados em TCM-199 + (controle) ou TCM-199 +
suplementado com alcool (veiculo; 10 %) ou Arnica montana 6 CH (10 %).
Cada repeticao foi cultivada em uma placa de 60 mm com um total de 30
CCO por gota de 100 yL em cada meio de maturagdo, depois incubada por
24 horas sob 5 % de CO, em ar.

Fertilizac&o in vitro (FIV)

Os espermatozoides foram obtidos a partir do sémen descongelado,
colhido de um touro fértil. Os espermatozoides descongelados foram lavados
em gradiente descontinuo de Percoll a 45/90 % a 700 xg durante 30 min em
temperatura ambiente, e o pellet foi inicialmente ressuspenso com 5 mL de
meio Sperm-TALP. O pelletfinal foi ressuspenso em meio FIV-TALP
suplementado com 30 ug/mL de penicilinamina, 15 yM de hipotaurina, 1 uM
de epinefrina e 10 ug/mL de heparina. Apés 24 h de MIV, metade dos CCO
foram processados para FIV e lavados duas vezes em meio FIV-TALP e,
entdo, transferidos em grupos de 30 CCOs em 70 uL de meio FIV-TALP
contendo 1x10° sptz/mL em placas de 60 mm. Os espermatozoides e CCO

foram incubados por 18 h a 38,5 °C em atmosfera umida a 5 % de COa.
Cultivo in vitro (CIV)

Os presumiveis zigotos foram colhidos do meio de FIV-TALP,
desnudados mecanicamente por pipetagem repetida e lavados duas vezes
em meio CR4 modificado (meio de controle de CIV), adicionado com soro
fetal bovino (SFB) e albumina sérica bovina (BSA). Grupos de 30
presumiveis zigotos foram transferidos para gotas de 100 yL do mesmo
meio de lavagem, sob 6leo mineral, em placas de Petri de 60 mm e

cultivados em incubadora de bancada (Eve - WTA®) por sete dias a 38,5 °C,
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em atmosfera umida de 5 % de CO; no ar. Metade do meio foi substituido a
cada dois dias. A clivagem foi avaliada no terceiro dia (Dia 3) apos a FIV
(Dia 0 = FIV), e os blastocistos foram avaliados no sétimo dia (Dia 7 - D7).
Os blastocistos no D7 foram colhidos e fixados em solugdo de 0,5 % de

glutaraldeido para posterior analise em fluorescéncia.

Avaliagdo da viabilidade oocitaria, configuragdo da cromatina e contagem de

blastémeros

Apos a MIV, os CCOs foram desnudados mecanicamente por
pipetagem repetida e a configuragdo da cromatina foi avaliada por
microscopia de epifluorescéncia (Nikon, Eclipse 80i, Téquio, Japao). Os
o6citos foram incubados por 30 min em 500 pL de PBS suplementado com
0,5 % de glutaraldeido e 10 uM de Hoechst 33342 (emissdo a 483 nm). De
acordo com a configuragdo da cromatina, os odcitos foram classificados
como: vesicula germinativa (VG), quebra da vesicula germinativa (VGBD),
metafase | (Ml), metafase Il (Mll) ou degenerada (DEG) quando a cromatina
apresentou configuragao anormal (Brito et al., 2014).

Os embrides armazenados em glutaraldeido foram lavados e
incubados durante 30 min em 500 yL de PBS suplementado com 10 mM de
Hoechst 33342 (emissdo de 483 nm). Os blastocistos foram
microfotografados com o auxilio de um microscépio de fluorescéncia (Eclipse
80i, Nikon, Japao) a 483 nm. A contagem total de blastémeros foi realizada

com o software ImagedJ (NIH).

Valores relativos de espécies reativas de oxigénio (ERO)

Os valores relativos de ERO foram mensurados no meio de cultivo por
um método espectrofluorimétrico usando o ensaio diacetato 2'7'-
diidrodiclorofluoresceina (DCHF-DA). Uma aliquota de amostra (50 pL) foi
incubada com 10 yL de DCHF-DA (1 mM). A oxidagdo de DCHF-DA em
diclorofluoresceina fluorescente (DCF) foi medida para a detecgéo de ERO.
A emissao da intensidade de fluorescéncia do DCF (IF) foi registrada em 520
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nm (com excitagao de 480 nm), duas h apds a adigdo de DCHF-DA ao meio
de cultivo (Castro et al., 2014).

Analise estatistica

As analises estatisticas foram realizadas utilizando o
SigmaPlotversion 11 (Systat Software Inc., San José, CA, EUA). A
comparagao das médias entre tratamentos foi analisada por One-way
ANOVA e pelo teste de Tukey. As taxas de metafase Il, clivagem e
desenvolvimento embrionario foram analisadas pelo teste do Qui-quadrado.
Os dados foram apresentados como média (+ EPM) e porcentagem, e o

nivel de significancia associado ao erro tipo | foi de5 %.

RESULTADOS

Experimento Um

A Tabela 1 mostra as taxas de odcitos degenerados e em metafase |
ou Il, assim como os valores relativos de espécies reativas de oxigénio no
meio de maturacdo. Nao foram observadas diferencas entre ostratamentos
(P>0,05).

Em relacdo a taxa de clivagem (Tabela 2), o tratamento AM
apresentou o menor percentual de zigotos clivados (P<0,05) quando
comparado aos demais tratamentos. No tocante ao desenvolvimento
embrionario, o tratamento AL promoveu a maior taxa de blastocistos
produzidos apods sete dias de cultivo (P<0,05) quando comparado aos
demais tratamentos, bem como o tratamento AM promoveu a menor taxa de
desenvolvimento embrionario (P<0,05; Tabela 2). Adicionalmente, o numero
de blastébmeros foi inferior no tratamento AM (P<0,05) quando comparado
aos demais tratamentos. Nao foram observadas diferencas entre os

tratamentos controle e AL.
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Experimento Dois

A Tabela 3 demonstra a taxa de degeneragéo, o estadio meidtico e os
valores relativos de ERO apoés MIV de CCO. Nao foram observadas
diferengas (P>0,05) nos parametros avaliados, independente do tratamento.

Nao foram verificadas diferengas entre os tratamentos na taxa de
clivagem (P>0,05; Tabela 4). Em relagdo ao desenvolvimento embrionario
(Tabela 4), o tratamento C-EC apresentou o menor percentual de embrides
(P<0,05),quando comparado aos demais tratamentos. Nao foram
identificadas diferencas (P>0,05) quando comparados os embrides dos
demais tratamentos. Em relagdo ao numero de blastbmeros (Tabela 4), o
grupo AM-EC apresentou o maior numero total de células (P<0,05)
comparado aos demais tratamentos. Os grupos C-EC e AL-EC
apresentaram total de blastémeros similar, porém, inferior ao grupo SEC.

O estadio de desenvolvimento dos embrides (Tabela 5) apresentou
reducao no percentual de embrides expandidos no tratamento C-EC, quando
comparado aos tratamentos AL-EC e AM-EC(P<0,05). No entanto, nao
foram observadas diferengcas entre as demais categorias embrionarias,

independentemente do tratamento (P>0,05).

DISCUSSAO

Foi investigado o efeito da adicdo de alcool e Arnica montana
ultradiluida e dinamizada na maturagdo in vitro de oocitos bovinos,
desafiados ou ndo com estresse por calor. Tratamentos homeopaticos
podem apresentar efeitos nao lineares em diferentes condi¢cdes, ocasiando
resultados diferentes (Bellavite et al., 2015).

Substancias homeopaticas atuam segundo o principio da “lei dos
semelhantes”, de modo que sintomas produzidos por uma mesma
substancia em um organismo saudavel, atua como agente curador em um
organismo doente, apresentando os mesmos sintomas (Hahnnemann,
1983).
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Essa relacio foi observada nestes experimentos. No primeiro, sem a
presenca do estresse térmico, a Arnica montana homeopatica ocasionou
prejuizo na clivagem e desenvolvimento embrionario, assim como no
numero total de blastémeros.

Costa Filho (2003) recuperou odcitos bovinos por aspiragdo, que
foram submetidos a FIV e ao cultivo dos embrides com a adicdo de um
composto homeopatico e seu veiculo. Entretanto, ndo foram observadas
diferengas entre o controle e tratamento com adigcdo do homeopatico.

No cultivo de odcitos ovinos, Damasceno (2018) observou
comprometimento do estadio de maturagcdo nuclear com a adicdo do
homeopatico Folliculinum ao meio oocitario, quando comparado ao controle.

Estes resultados evidenciam que o uso de um homeopatico, na
auséncia de um agente estressor, pode nio afetar, ou mesmo comprometer,
o desenvolvimento oocitario e embrionario. E possivel, neste caso, que a
Arnica montana 6 CH tenha atuado como um agente estressor na maturagéo
oocitaria.

Odcitos cultivados emcondicbes de estresse podem incorrer em
alteragdes que sdo mais expressas nos estagios iniciais do desenvolvimento
embrionario. Nestes casos, blastocistos que se desenvolvem a partir de
odcitos estressados expressam um padrao de transcriptoma comprometido,
sugerindo baixa competéncia do desenvolvimento embrionario (Roth, 2018),
conforme verificado.

Dos fatores estressores que levam ao comprometimento da funcao
ovariana, o0 estresse térmico € o mais estudado e documentado, por
provocar redugcao da competéncia do desenvolvimento odcitario e
embrionario (Alemu et al., 2018). Também, redugédoda produgao de estradiol
(Rothet al., 2001) e disfuncao das células da granulosa (Tatone et al., 2008).
Ainda, reducgédo da taxa de formagado de embrido no sétimo dia de cultivo
(Silva et al., 2013) e do numero de células nos blastocistos (Sakatani et al.,
2012).

Entretanto, no segundo experimento, quando aplicado o estresse por
calor,o tratamento Arnica montana igualou-se ao controle nao estressado em
todos os parametros avaliados. Sendo, ainda, superior a todos os

tratamentos quanto ao numero total de blastémeros.
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Uma possivel causa € a atuacdo da lactona helenalina
sesquiterpénica, um dos principais componentes da Arnica montana,
cujaatividade bioldgica inibe o fator de transcricdo nuclear kappa B (NF-
kappap), um mediador central da resposta imune, por meio daalquilagdo da
subunidade p65, impedindo assim sua ligacado ao DNA (Lyss et al, 1997,
LYR et al, 1998; Klaas et al., 2002). O NF-kappa} desempenha um papel
primordial na parada transcricional materna, necessaria para o estadio de
metafase I da maturagcdo nuclear oocitaria, e no desenvolvimento
embrionario, através da ativacado de genes (Paciolla et al., 2011).

A Arnica montana também esta relacionada com a regulagao positiva
da chaperona HSP70 (Usui et al., 2016), uma proteina com fung¢ao de reparo
de DNA, da familia das proteinas do choque térmico (HSPs). A indugao da
expressdo dessasproteinas por estressores € regulada em nivel
transcricional via fator de choque térmico-1 (HSF-1) (Morimoto, 1998). Essa
regulacao positiva, particularmente da HSP70, confere resisténcia celular a
estressores (Morimoto e Santoro, 1998). A HSP70 ainda exerce, também,
uma acao antinflamatéria, através de seu efeito inibitério sobre o NF-kappaf3
(Tang et al., 2007; Wiess et al., 2007).

Ademais, outros resultados positivos foram verificados com a adigao
de compostos em diluigdo muito baixa na maturagao oocitaria. Martino et al.
(2016) adicionaram uma concentracdo namomolar do polifenol antioxidante
verbascosideo no cultivo de odcitos ovinos. Foi verificado que o composto
nao afetou a maturagcdo meidtica oocitaria, porém, melhorou o
desenvolvimento embrionario no sétimo dia de cultivo e o numero total
blastémeros, conforme verificado no segundo experimento. E possivel,
portanto, que, neste caso, a Arnica montana 6 CH tenha atuado como

antioxidante, promovendo o desenvolvimento e a qualidade embrionaria.

CONCLUSAO

A Arnica montana 6 CH apresentou comportamento diferente na

presenca e na auséncia do estresse térmico, apresentando potencial como
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termoprotetor em meio de maturacdo in vitro de odcitos bovinos,

promovendo o desenvolvimento e a qualidade embrionaria.
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Tabelas

Experimento 1

Tabela 1 - Efeito da adigdo de alcool e Arnica montana homeopatica no
meio de maturacgéo in vitro sobre a configuracdo da cromatina
de odcitos bovinos e espécies reativas de oxigénio do meio de

maturagao
Tratamento DEG (%) Ml (%) MIl (%) ERO
C 14,7 11,8 73,5 33,16 + 0,84
AL 22,0 11,0 67,0 31,08 + 1,87
AM 22,7 18,2 59,1 30,75 +0,80

C = controle; AL = alcool; AM = Arnica montana 6 CH. DEG = degenerado; M| =
metafase I; MIl = metafase Il. ERO = espécies reativas de oxigénio. (* P>0,05).

Tabela 2 - Efeito da adicdo de alcool e Arnica montana homeopatica no
meio de maturagao in vitrosobre a taxa de clivagem e formacgao

de embrides no sétimo dia de cultivo e total de blastbmeros

Formacéao de

Odcito Clivagem Total de
Tratamento embrides no D7
(numero) (% clivagem) _ blastbmeros
(% embrides)
C 233 187 (80,3) A 82 (35,2) B 110,5+4,1A
AL 233 185 (79,4) A 106 (45,5) A 111,7+ 3,6 A
AM 233 166 (71,2) B 62 (26,6) C 91,8+3,8B

C = controle; AL = alcool; AM = Arnica montana 6 CH. Letras diferentes na mesma
coluna indicam diferenca significativa a 5 %.
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Experimento 2

Tabela 3 - Efeito da adigdo de alcool e Arnica montana homeopatica no
meio de maturacdo in vitro sob estresse térmico sobre a
configuragdo da cromatina de odcitos bovinos e espécies

reativas de oxigénio do meio de maturagéo

Tratamento DEG (%) MI (%) MII (%) ERO

SEC 21,4 8,6 70,0 30,16 + 1,51
C-EC 25,6 7,7 66,7 31,79 +1,38
AL-EC 23,2 9,8 67,1 29,46 +3,48
AM-EC 18,8 15,6 65,5 28,39 +3,88

SEC = controle negativo (sem estresse térmico); C-EC = controle positivo (com
estresse térmico); AL-EC = alcool (com estresse térmico); AM-EC = Arnica
montana 6 CH (com estresse térmico). DEG = degenerado; MI = metafase |; Mll =

metafase Il. ERO = espécies reativas de oxigénio. (* P>0,05).

Tabela 4 - Efeito da adigdo de alcool e Arnica montana homeopatica no
meio de maturacao in vitro sob estresse térmico sobre a taxa de
clivagem, de formacao de embrides no sétimo dia de cultivo e

total de blastdbmeros

Formacéao de

Odcito Clivagem Total de

Tratamento embrido no D7
(numero) (% clivagem) . blastobmeros

(% embrides)
SEC 194 137 (68,3) A 77 (39,3) A 104,4+3,1B
C-EC 194 130 (67,0) A 32(16,9)B 929+39C
AL-EC 194 127 (66,0) A 64 (32,4) A 932+3,3C
AM-EC 194 140 (70,9) A 77 (36,9) A 116,8 + 3,9 A

SEC = controle negativo (sem estresse térmico); C-EC = controle positivo (com
estresse térmico); AL-EC = alcool (com estresse térmico); AM-EC = Arnica
montana 6 CH (com estresse térmico). Letras diferentes na mesma coluna indicam
diferenca significativa a 5 %.
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Tabela 5 - Efeito da adi¢cao de alcool e Arnica montana homeopatica no
meio de maturacdo in vitro sob estresse térmico sobre a

classificagdo embrionaria no sétimo dia de cultivo

Classificacdo embrionaria

Tratamento
Bi BL BX BE

SEC 50,0 A 312 A 15,0 AB 3,7A

(40/80) (25/80) (12/80) (3/80)

48,7 A 358 A 76B 76 A
C-EC

(19/39) (14/39) (3/39) (3/39)

42 3 A 26,9 A 250 A 57A
AL-EC

(22/52) (14/52) (13/52) (3/52)

48,6 A 222 A 250 A 41 A
AM-EC

(35/72) (16/72) (18/72) (3/72)

SEC = controle negativo (sem estresse térmico); C-EC = controle positivo (com
estresse térmico); AL-EC = alcool (com estresse térmico); AM-EC = Arnica
montana 6 CH (com estresse térmico). Bi = blastocisto inicial; BL = blastocisto; BX
= blastocisto expandido; BE = blastocisto eclodido. Letras diferentes na mesma
coluna indicam diferencga significativa a 5 %.
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APENDICE

1. Marcha das sondas fluorescentes

1.1 — lodeto de propidio - IP

e Preparo da solugédo-estoque (25 mg/mL = 40 mM): adicionar 10 mg de IP
em 0,4 mL de dimetilsulféxido (DMSO);

e Preparo da solugédo de trabalho (0,5 mg/mL = 0,8 mM): dilur 20 yL da
solugao estoque em 980 uL de PBS.

1.2 - Isotiocionato de fluoresceina (FITC) conjugada com aglutinina
Pisum sativum (PSA) — FITc-PSA
e Preparo da solugéo-estoque (0,5 mg/mL): adicionar 2 mg de FITC-
PSA em 4 mL de PBS;
e Preparo da solugdo de trabalho (100 ug/mL):diluirt mL de azida
sédicaa 1 % em 19 mL de PBS.

1.3 — Diacetato de 2',7'-diclorofluoresceina- DCFDA

e Preparoda solugao-estoque | (50 mg/mL): adicionar 1 g DCFDA em 20
mL de DMSO;

e Preparo da solugao-estoque Il (5 mg/mL): diluirl mL da solucéo-
estoque | em 9 mL de DMSO;

e Preparo da solugdo de trabalho (1 mg/mL): diluir 1 mL da solugao
estoque Il em 4 mL de DMSO.

1.4 — Acido 4,4-difluoro-5-(4-fenil-1,3-butadienil)-4-bora-3a,4a-diaza-

sindaceno-3-undecanoico - C11-BODIPY %"

e Preparo da solugdo de trabalho: adicionar1 mg de C11-BODIPY>8"/°"

em 1 mL de etanol.
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2. Planilha de avaliagao do comportamento sexual (Dias, 2016)

* Tempo de reacéo (periodo entre a introdugcdo do bode na sala de coleta
com observacdo da fémea em estro e a ejaculagdo na vagina artificial)
= seg

» Ato de cheirar e lamber a regido anogenital da fémea =( )sim( )nao

* Reflexo de Flehmen =( )sim( )nao

* Ato de bater e raspar o casco no chdo=( )sim( )néo

* Acotovelamento e escoiceamento da fémea = ( )sim ( ) n&o

» Emissao de som caracteristico =( ) sim ( )nao

» Exteriorizagao e retragao da lingua=( )sim( )néao

* Erecéo/exposi¢céo do pénis =( )sim( )nao

* Reflexo de monta (contracdo seguidas da regido posterior do macho com
ou sem exposic¢ao do pénis) = ( )sim( )nao

* Numero de falsas montas =

* Interesse sexual apds a monta (servigo*) = ( ) sim ( ) nao

*Servico = monta acompanhada por introdu¢cdo do pénis na vagina artificial e
ejaculacao, caracterizada por um impulso pélvico com a cabecga jogada para
tras, seguido ou ndo por um curto periodo durante o qual o bode ndo mostrou

interesse pela fémea (periodo de refratariedade).
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