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RESUMO

Objetivou-se avaliar as caracteristicas adaptativas e reprodutivas do grupo genético Soinga em
épocas chuvosa e seca. Essa Tese é composta de trés capitulos. O primeiro € um estudo das
Perfil adaptativo de ovinos do grupo genético Soinga avaliado através das variaveis fisiologicas
e bioguimicas. O segundo trata-se de um estudo da avaliagdo hormonal e de parametros
espermaticos de sémen fresco de ovinos do grupo genético Soinga em distintos periodos no
semiarido brasileiro. O terceiro é um estudo das caracteristicas do sémen de ovinos do grupo
genético Soinga pds-congelacdo nos periodos chuvoso e seco no semiarido nordestino
brasileiro. Oito carneiros do grupo genético Soinga sexualmente maduros com um bom
histdrico de fertilidade foram usados. O peso vivo médio 42 + 5 kg e idade entre um * dois
anos, submetidos a sistema de producéo semi-intensivo com agua ad libitum. O experimento
foi realizado em duas épocas do ano, chuvosa (maio e junho) e seca (setembro e outubro) na
Fazenda Soledade, localizada no municipio de lelmo Marinho, Rio Grande do Norte, Brasil.
Foram registrados dados climatoldgicos, assim como frequéncia respiratoria, frequéncia
cardiaca, temperatura retal, temperatura superficial, parametros metabolicos, parametros
hormonais, perimetro escrotal, avaliagdo do sémen fresco e pds-congelamento. A estacdo seca
e o0 turno da tarde influenciaram as médias da frequéncia respiratoria, temperatura retal e
temperatura superficial, sendo maiores quando comparadas a estagdo chuvosa e ao turno da
manh&. Perimetro escrotal, comprimento do testiculo direito e comprimento do testiculo
esquerdo ndo diferiram, independentemente da época ou turno. Entre os parametros seminais,
apenas defeitos menores apresentou diferenca significativa entre 0s momentos, o inicio da
época seca foi superior ao inicio da época chuvosa. N&o houve diferenca entre o0s
espermatozoides pos-descongelados quanto a integridade da membrana plasmatica, alto
potencial de membrana mitocondrial e integridade da membrana acrossomal dos ovinos Soinga
em diferentes momentos. Os ovinos do grupo genético Soinga foram capazes de manter a
homeotermia em condigdes climaticas do semiarido nas diferentes épocas do ano (chuvosa e
seca). Apesar de terem ocorrido alteracdes nos parametros do perfil bioquimico, a maior parte
desses parametros permaneceu dentro dos padrdes preconizados para a espécie, confirmando a
adaptabilidade fisioldgica desse grupo genético as condicGes do semidrido brasileiro. Na
resposta hormonal, ndo apresentaram grandes variacfes durante as duas épocas, exceto em
relacdo a testosterona que se mostrou elevada na estacdo seca. Todavia, a qualidade seminal
permaneceu dentro da normalidade para espécie ao longo dos periodos avaliados, considerada
satisfatoria para a atividade reprodutiva. Na avaliacdo do sémen descongelado, néo
apresentaram diferencas entre épocas na qualidade seminal pds-descongelamento explorados
em ambiente tropical.

PALAVRAS-CHAVE: Pequenos ruminantes; hormonios;, sazonalidade; parametros
fisiologicos.



ABSTRACT

The objective was to evaluate the adaptive and reproductive characteristics of the Soinga
genetic group in rainy and dry seasons. This thesis consists of three chapters. The first is a study
of the adaptive profile of sheep of the Soinga genetic group evaluated through physiological
and biochemical variables. The second is a study of the hormonal evaluation and sperm
parameters of fresh semen of sheep of the genetic group Soinga in different periods in the
Brazilian semiarid region. The third is a study of the semen characteristics of sheep of the
genetic group Soinga post-freezing in the rainy and dry seasons in the semi-arid northeast of
Brazil. Eight sexually mature Soinga rams with a good history of fertility were used. Mean live
weight 42 + 5 kg and age between one * two years, submitted to a semi-intensive production
system with water ad libitum. The experiment was carried out in two seasons, rainy (May and
June) and dry (September and October) at Fazenda Soledade, located in the municipality of
lelmo Marinho, Rio Grande do Norte, Brazil. Climatological data were recorded as well as
respiratory rate, heart rate, rectal temperature, surface temperature, metabolic parameters,
hormonal parameters, scrotal circumference, evaluation of fresh and post-freezing semen. The
dry season and the afternoon shift influenced the means of respiratory rate, rectal temperature
and surface temperature, being higher when compared to the rainy season and the morning shift.
Scrotal circumference, right testis length and left testis length did not differ, regardless of season
or shift. Among the seminal parameters, only minor defects showed a significant difference
between the moments, the beginning of the dry season was superior to the beginning of the
rainy season. There was no difference between post-thawed spermatozoa regarding plasma
membrane integrity, high mitochondrial membrane potential and acrosomal membrane
integrity of Soinga sheep at different times. Sheep of the Soinga genetic group were able to
maintain homeothermy in semi-arid climatic conditions at different times of the year (rainy and
dry). Although there were changes in the parameters of the biochemical profile, most of these
parameters remained within the standards recommended for the species, confirming the
physiological adaptability of this genetic group to the conditions of the Brazilian semiarid
region. In the hormonal response, they did not show great variations during the two seasons,
except for testosterone, which was high in the dry season. However, the seminal quality
remained within the normal range for the species throughout the evaluated periods, considered
satisfactory for reproductive activity. In the evaluation of thawed semen, there were no
differences between times in post-thawed semen quality explored in a tropical environment.

KEY-WORDS: Small ruminants; hormones; seasonality; physiological parameters.
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INTRODUCAO GERAL

A ovinocultura é uma pratica bastante difundida no Brasil, a criagdo de ovinos esta
ligada, principalmente, ao seu poder de adaptacgdo a diferentes climas, alimentacdo e manejos.
Segundo dados do IBGE (2019), o rebanho ovino cresceu 4,1% em comparagdo ao ano de 2018,
totalizando 19,7 milhdes de animais e o Nordeste detém 68,5% do total do plantel da espécie
ovina.

A maior parte do consumo da carne ovina no pais se da através de importacdo de paises
pertencentes a0 MERCOSUL, o que acarreta a desvalorizacdo da producdo nacional (NUNES,
2017). Os obstaculos na producédo animal vém de uma série de fatores, dentre eles o clima, fator
genético, manejo, nutri¢do e reproducao.

Para os animais de producao, a adaptabilidade ¢ um dos principais fatores para um bom
desenvolvimento corporeo e reprodutivo. Para Oliver (2000) a avaliagdo de uma determinada
espécie ou grupo genético ndo pode ser baseada apenas no desempenho nutricional, mas
também associada a sua adaptabilidade, eficacia reprodutiva e porcentagem de sobrevivéncia.

A reproducdo eficiente dos rebanhos deve ser o objetivo em todos os sistemas de
criacdo, uma vez que 0 sucesso econdmico acontece de sua multiplicagdo adequada. Existem
duas maneiras para se considerar a resposta reprodutiva dos animais eficaz: aspectos
unicamente quantitativos, isto €, ampliacdo numérica dos rebanhos e uma excelente resposta
produtiva do rebanho (BICUDO, 2006; ARAUJO, 2013). Deste modo, em qualquer sistema de
producdo, é essencial uma avaliacdo da fertilidade de machos e fémeas, a escolha de um
reprodutor que possui sémen de qualidade e com caracteristicas zootécnicas e genéticas
desejaveis, o que significa melhoramento no rebanho e assim rapido retorno financeiro (SILVA,
2014).

Dentro dos critérios utilizados para pesquisar indicadores confiaveis do potencial
reprodutivo dos animais estdo: o comportamento sexual, os pardmetros do sémen, defeitos
morfoldgicos e andlise computadorizada do sémen (SOUZA et al., 2012). A biotecnologia
apresenta grande importancia na reproducdo animal, com técnicas de criopreservacao de sémen,
mostrando resultados benéficos em programas de melhoramento animal, e assim, melhor
rendimento do rebanho (WATSON, 2000).

As técnicas de criopreservacdo do sémen visam 0 armazenamento e viabilizacdo de seu
uso futuro, pretendendo, dessa forma, estimular o metabolismo espermatico e manutengéo de
suas caracteristicas por um periodo de tempo prologando (CELEGHINI, 2005). Esse processo,

além de proporcionar sua utilizagdo por um tempo indeterminado (congelado), diminui riscos
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e custos com compra e transportes de reprodutores, favorecendo, ainda, uma rapida difusdo do
material genético para locais distantes (CASTELO; FROTA; SILVA, 2008).

De acordo com Siqueira et al. (2001), nenhum sistema de criacdo certifica a eficiéncia
produtiva e reprodutiva nas diversas regides, por isso, deve-se sempre ponderar fatores como
as condicBes climaticas, localizacdo, manejo, disponibilidade de alimentos e a raca a ser
utilizada.

Segundo Monteiro et al. (2014), o macho é o principal responsavel na selecdo do
melhoramento genético de um rebanho. Além disso, com a utilizacdo de diferentes ragas, dentre
elas nativas, torna-se possivel ampliar a producdo ovina em diferentes ambientes, podendo
variar do confinamento ao pasto, em grande ou pequena escala, maior ou menor tecnificacdo e
com producdo destinada ao mercado consumidor ou ao consumo familiar, com a finalidade de
se obter carne, leite, 14 e/ou pele (NASCIMENTO JUNIOR; CAIERAO; MORI, 2014).

As caracteristicas adaptativas dos ovinos possibilitam sua exploracdo em diversos
sistemas de criacdo, variando dos mais extensivos aos mais intensivos, com tudo, podem ocorrer
variacdes no desempenho produtivo e reprodutivo, tanto positivo como negativo (OTTO DE
SAetal., 2007).

O ovino Soinga é conhecido como a raca do semiarido, originado do cruzamento entre
Bergamacia, originaria da Italia, Morada Nova Branca, selecionada no Nordeste do Brasil, e
Somali Brasileira, da Africa do Sul. Sendo considerado bastante resistente as condicdes da
regido semiarida, assim como rustico, precoce, pesado e prolifero (MEDEIROS et al., 2019).

Conforme descrito por Capril virtual (2014), em 1988, José Paz de Melo (médico
veterinario), deu inicio ao desenvolvimento deste grupo genético. A ideia principal era
organizar o mercado, que naquela época ndo havia ovinos de qualidade, os animais eram
pequenos e a producao de carne era baixa. Depois de anos de pesquisas, o resultado foi a criacdo
de animais rusticos (resistente as regides aridas), que podem ser facilmente adaptadas a outros
climas e de carne marmorizada e saborosa (CAPRILVIRTUAL, 2014).

A Soinga j& é considerada por criadores como uma raca nobre, devido a sua carne
marmorizada, o que significa que a gordura entremeada nas fibras da carne pode ser vista no
corte. Além disso, também é considerada por especialistas como uma carne de excelente sabor.
“O sabor da carne e a resisténcia do animal sdo o carro chefe do Soinga, mas tem outras
caracteristicas muito boas como autossuficiéncia de leite, a mortalidade reduzida, € um animal
muito prolifero, precoce e tem habilidades maternas muito boas”, explica Jose Salustino

(CAPRILVIRTUAL, 2014).
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De acordo com o presidente da Associacdo Brasileira de Criadores Soinga
(ABCSOINGA), Inécio José Salustino, a associacdo estima que no Rio Grande do Norte ja
existam cerca de 10 mil cabecas de ovinos Soinga distribuidos principalmente entre os
municipios: Mossoro, Santa Cruz e Caicd. Além desses criadores, j& existem outros em estados
como Paraiba, Pernambuco, Bahia, Maranhdo, Piaui e Ceard (CAPRIL VIRTUAL, 2014).

Segundo Ferreira (2017) nenhum estudo sob condicBes experimentais foi realizado até
0 presente momento para avaliar e validar as caracteristicas produtivas, adaptativas e
reprodutivas do grupo genético Soinga. Observa-se, assim, a necessidade de estudos referentes
as caracteristicas adaptativas e reprodutivas do grupo genético Soinga em diferentes épocas do
ano, para selecdo de reprodutores mais férteis e adaptados, considerando que este grupo é
bastante promissor para a regido semiarida.

O clima da regido semiarida é um dos principais fatores agravantes para a producao
animal, por este motivo, conhecer o potencial genético e adaptativo das racas é extremamente
importante para a sustentabilidade econémica e produtiva do sistema de criacdo. Assim,
pesquisadores procuram identificar a melhor raca para producédo na regido semiarida.

Segundo a Associacdo de Criadores da raga Soinga, estes animais apresentam oOtima
adaptabilidade, precocidade produtiva e reprodutiva, alcangando a sua maturidade sexual e peso
ao abate aos seis meses de idade, porém, sdo apenas relatos de produtores, e ndo ha nenhuma
publicacdo cientifica que confirme tais informac6es. Dessa forma, necessita-se de pesquisas
para comprovar a adaptabilidade produtiva e reprodutiva deste grupo genético. Diante disto, o
objetivo da tese € o de avaliar as caracteristicas adaptativas e reprodutivas do grupo genético

Soinga em épocas chuvosa e seca.
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CAPITULO I:
Perfil adaptativo de ovinos do grupo genético Soinga avaliado através das variaveis
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ABSTRACT: The objective was to evaluate the adaptive profile of the Soinga genetic
groupthrough physiological and biochemical variables. Eight male sheep, not castrated,
from the Soinga genetic group were used. The experiment was carried out at two times
of the year, rainy (May and June) and dry (September and October) in 20109.
Climatological data were recorded, as well as respiratory rate, heart rate, rectal
temperature, surface temperature and the metabolic parameters. The dry season and the
afternoon shift influenced (p <0.05) the averages of respiratory rate, rectal temperature
and surface temperature, being higher when compared to the rainy season and the
morning shift. There was a statistically significant difference (p <0.05) in the means of
glucose and ureabetween the seasons, and there was no significant effect of cholesterol,
albumin, total protein, sodium, potassium and calcium between the seasons. Sheep of
the Soinga genetic group were able to maintain homeothermy in semi-arid climatic
conditions at different times of the year (rainy and dry). Although there were changes
in the parameters of the biochemical profile, most of these parameters remained within
the standards recommended for the species, confirming the physiological adaptability
of this genetic group to the conditions of the Brazilian semiarid region.

Keywords: Physiological responses, blood metabolites, adaptability.
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1 INTRODUCAO

Os produtores de animais ruminantes buscam melhorar a eficiéncia produtiva optando
por adquirir animais mais tolerantes ao ambiente, ao sistema de criacdo e a alimentacéo de fontes
mais econémicas, sendoeste 0 motivo principal para utilizacdo de racas localmente adaptadas,
por apresentarem alta capacidade adaptativa (Barros et al. 2011).

Os ovinos do grupo genético Soinga se destacam dentro a espécie, por apresentar
capacidade de conviver no clima semiarido do Nordeste brasileiro e 0 mesmo apresenta bons
indicesde produtividade, dentre eles, o ganho de peso e uma carne de excelente qualidade
(Cavalcante 2018).

O Soinga é conhecido como a ragca do semiarido, a referida raca € originada do
cruzamento entre Bergamacia, originéria da Italia, Morada Nova Branca, selecionada no
Nordeste do Brasil, e Somalis Brasileira, da Africa do Sul. Sendo considerado bastante
resistente as condicGes da regido semiarida por ser rustico, precoce, pesado e prolifero
(Medeiros etal. 2019).

Para tornar o processo produtivo eficiente, faz-se necessario a realizacdo de pesquisas
para determinar a susceptibilidade dos animais as condi¢des climaticas em queos animais serdo
submetidos, visto que esses fatores sdo essenciais e promovem a melhora e adequacdo as
praticas de manejo e adequar as praticas de manejo do sistema de producéo (Torres et al. 2017,
Polli et al. 2020).

A ocorréncia de falhas no processo adaptativo em fungdo de altera¢cdes homeostéaticas é
indicada por respostas fisioldgicas, como mudancas na temperatura corporal, metabolismo e
hormdnios termogénicos, sendo a avaliagdo dos parametros fisioldgicos bastante relevantes,
principalmente para os que sdo criados em ambientes quentes, como o semiérido brasileiro
(Costa et al. 2015; Costa et al. 2018). Além das variaveis fisioldgicas, os indicadores
homeostaticos relacionados a bioquimica sanguinea sdo importantesdentro do contexto da
adaptacdo ao ambiente (Helal et al. 2010).

Poucas sdo as informacdes sobre a sazonalidade nas respostas fisiologicas e bioquimicas
do grupo genético Soinga. Portanto, o objetivo deste estudo foi avaliar o perfil adaptativo do

grupo genético Soinga através das variaveis fisioldgicas e bioguimicas.
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2 MATERIAL E METODOS

2.1 Comité de ética

O presente estudo foi submetido & avaliacdo pela Comissdo de Etica e Pesquisa
(CEUA) do Centro de Saude e Tecnologia Rural (CSTR) da Universidade Federal de
Campina Grande (UFCG), Campus de Patos - PB e aprovado com o numero de protocolo
n°068/2019, seguindo as orientagOes do Conselho Nacional de Controle de Experimentacéo
Animal (CONCEA, Lei 11.794 de 8 de outubro de 2008) e demais subsequentes resolucdes

regulamentares.

2.2 Local

O experimento foi realizado em duas épocas do ano, chuvosa (maio e junho) e seca
(setembro e outubro) na Fazenda Soledade, localizada no municipio de lelmo Marinho, Rio
Grande do Norte, Brasil (5° 48' 40" Sul, 35° 33' 10" Oeste, 100 m de altitude), caracterizado
por apresentar clima tipo Aw, de acordo com a classificacdo de Koppen, com temperatura
média 31,4 °C e minima de 21,5 °C e umidade relativa média de 73% (Climate-data.org 2022).

A precipitacdo pluvial médiana época chuvosa é de 244 mm e na época seca de 12 mm.

2.2 Animais e manejo

Foram utilizados oito ovinos, machos, ndo castrados, do grupo genético Soinga, com
idade média entre 1 a 2 anos, com peso médio na época chuvosa de 42 kg e na época seca de
41kg.Todos os animais foram submetidos a exame clinico geral seguido do exame androldgico.

Os animais foram mantidos no sistema de criacdo da fazenda (sistema semi-intensivo).
Na época chuvosa se alimentavam no pasto e recebiam suplementacéo no cocho, na época seca,
recebiam tanto a silagem como a suplementacgéo no cocho. As dietasexperimentais estao descritas

nas Tabelas 1 e 2. A 4gua foi fornecida ad libitum.

2.3 Variaveis ambientais
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Durante o periodo experimental, foram registrados os dados climatoldgicos nas
épocas chuvosa e seca, por meio de um datalogger tipo HOBO, com cabo externo
acoplado ao globo negro, o datalogger foi programado, através de seu software, para
registrar os dados a cada hora, durante 24 horas e durante todos os dias de experimento,
foram utilizados para analise estatistica os horarios no turno da manhd das 08h as 09 horas
e no turno da tarde, das 15 as 16 horas. Os equipamentos foram instalados em local de sol
e sombra no ambiente experimental, a uma altura semelhante a dos animais. Com os dados
ambientais foi calculado o indice de temperatura do globo negro e umidade (ITGU)
utilizando-se da férmula: ITGU = TGN + 0,36 x Tpo + 41,5, descrita por Buffington et
al. (1981), onde Tgn é a temperatura do globo negro e Tpo é a temperatura do ponto de

orvalho.

2.4 Variaveis fisiolégicas

As variaveis fisiologicas foram aferidas quinzenalmente com duas medidas diérias: as
8 e as 15 horas, foram aferidos a frequéncia cardiaca (FC), frequéncia respiratéria (FR),
temperatura retal (TR) e temperatura superficial (TS), segundo metodologia de Dantas et al.
(2019).

2.5 Avaliagéo dos parametros metabolicos

Para avaliacdo das varidveis metabolicos, foram realizadas coletas de amostrasde sangue
de todos os animais, no inicio e final da época chuvosa e seca, no turno da manhd, foram
colhidos 4 ml de sangue por puncéo da veia jugular, mediante a utilizacdo de seringa descartavel
de 5 ml. Foram avaliados osniveis séricos de colesterol (mg/dL), glicose (mg/dL), ureia
(mg/dL), proteinas totais (g/dL), aloumina (g/dL), sédio (mmol/L), potassio (mmol/L) e célcio
(mmol/L).

O sangue foi acondicionado em tubos plasticos, para avaliacdo da glicose, os tubos
continham fluoreto de sodio. Posteriormente, as amostras foram centrifugadas (centrifuge
model 90-1, Coleman Equipamentos para Labolatério Comp. E Imp. Ltda, Brasil) a 3000
rotacbes por minuto em 15 minutos e o plasma colocado em microtubos tipo ependorf
identificados e armazenados em freezer a -20 °C. As analises foram mensuradas em analisador

Bioquimico Automético (Cobas c111 Analyzer, Roche Diagnostics®) usando ensaios
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enzimaticos ou colorimétricos de kits especificos, no Laboratério de Patologia Clinica do

Hospital Veterinario, Campus de Patos-PB.

2.6 Analise estatistica

Os dados das variaveis ambientais e fisiologicos foram submetidos a analise de
variancia, por meio do programa estatistico SAEG 9.1 e as médias comparadas pelo teste Scott-
Knott e ao nivel de significancia de 5% de probabilidade e os dados dos parametros bioquimicos

pelo teste Post Hoc ao nivel de significancia de 5% de probabilidade.

3 RESULTADOS

A época seca foi caracterizada por temperatura ambiente (TA), temperatura do globo
negro (TGN) e indice de temperatura de globo e umidade (ITGU) mais altas e umidade relativa
do ar (UR) mais baixa (Tabela 3). A TA nas duas épocas, apresentou-se acima da zona de
conforto térmico. A UR na época seca ficou abaixo da zona de conforto térmico (Tabela 3). A
TGN se apresentou equivalente a TA ao longo do dia, no entanto, com valores superiores,
devido a influéncia do calor incorporado ao mesmo, captado pelo globo negro, a média foi
superior na época seca, assim como da TA (Tabela 3). Os valores de ITGU obtidos nesse
trabalho indicaram uma situacéo de desconforto térmico (Tabela 3.

Dentre os horéarios avaliados, no periodo da tarde, no horério das 15 horas, foi registrada
as maiores médias de TA, TGN e ITGU e menor média para UR, e no horariodas 8 horas, foi
registrado os menores valores para TA, TGN e ITGU e maior médiada UR (Tabela 4).

Apesar da diferenca da TA nos horarios da manhd e tarde, a média das maiores
temperaturas ndo excederam a temperatura critica (Tabela 4). Nos horarios estudados, todas as
médias da UR permaneceram dentro da zona de conforto (Tabela 4). As médias da TGN
permaneceram dentro do intervalo considerado como regular (Tabela 4).

Dentre os fatores estudados, a época seca e o turno tarde influenciaram (P < 0,05) as
médias da FR, TR e TS, sendo superiores, quando comparado com a época chuvosa e o turno
da manhd (Tabela 5). A FC ndo apresentou diferenca significativa (P > 0,05) nas épocas hem
nos turnos, no entanto, as medias, tanto nas eépocas quantos nos turnos, permaneceram acima

dos valores de referéncia (Tabela 5).
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Constatou-se diferenca estatisticamente significante (P < 0,05) nas médias de glicose e
ureia entre as épocas, e ndo houve efeito significativo dos metabolitos: colesterol, albumina,
proteina total, sodio, potassio e calcio entre as épocas (Tabela 6). Embora tenha havido efeito
significativo para os niveis de glicose circulante, a mesma esta dentro dos valores de referéncia
para a espécie (Tabela 6).

Os niveis de colesterol, sddio e célcio ficaram abaixo do limite de referéncia nas duas
épocas (Tabela 6). O nivel de albumina na época seca apresentou-se levemente menor que o

padrdo para a espécie.

4 DISCUSSAO

De acordo com Baéta e Souza (1997), a zona de conforto térmico para ovinos varia entre
25 °C a 30 °C, no entanto, a TA ficou abaixo da temperatura critica de tolerancia ao calor para
a espécie, que é acima de 34 °C (Baéta; Souza 1997) (Tabela 3).

Na regido tropical do Brasil, durante a maior parte do ano, a temperatura ambiente é
alta, que pode limitar a producdo animal, uma vez que, os animais homeotérmicos quando
permanecem em um ambiente termoneutro, o0s custos fisiolégicos sdo minimos e a
produtividade é méaxima, este mecanismo é eficaz quando as condi¢cdes ambientes estdo dentro
de certos limites (Silva et al. 2010; Faganha et al. 2013).

Pequeno et al. (2017) relataramm que as condic¢des climéaticas do semiarido podem
comprometer a produgdo animal, devido principalmente, as elevadas temperaturas, que
acontecem ao longo do ano. Resultados semelhantes foram encontrados nos estudos de Borges
et al. (2018) e Nascimento (2019).

Segundo Baéta e Souza (1997) a UR adequada para ovinos deve estar entre 50% a 80%
(Tabela 3). De acordo com Barros Junior et al. (2017), a umidade relativa do ar temimpacto
significativo no balan¢o calérico em um ambiente quente, onde a perda de calorpela evaporacéao
é essencial para a manutencédo da temperatura corporal.

De acordo com Motta (2001) a TGN entre 27 °C e 34 °C é considerada como regular e
acima de 35 °C, considerado como critica (Tabela 3). Apesar da diferenca estatistica entre as
épocas avaliadas, a variavel TGN, esta classificada como temperaturaregular para os animais
segundo Motta (2001).

De acordo com Souza (2010) ainda néo existe uma tabela que indique os valores ideais
do ITGU para ovinos e caprinos. O mesmo afirmou que o valor de ITGU igual a 83 pode indicar

uma condicdo de estresse medio-alto para ovinos (Tabela 3). Para Cezar et al. (2004) em
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condicBes de clima semiarido, o ITGU de 82,4 define situacdo de perigo térmico para ovinos
Santa Inés, Dorper e seus mesticos.

Costa et al. (2015) avaliaram as respostas fisioldgicas de ovelhas Morada Nova das
variedades vermelha e branca as condi¢fes termoestressantes do semiarido brasileiro,os valores
de ITGU encontrado na época seca foi de 84,5 e chuvosa de 82,1. No estudo de Ribeiro et al.
(2017) o valor de ITGU diferiu estatisticamente entre as estacdes, com maior valor na estacdo
seca.

No trabalho de Silva (2018), foi avaliada a adaptacdo de ovelhas morada nova ao
ambiente semiarido, as médias da TA foram todas acima de 30 °C, durante todo o periodo
experimental (Tabela 4).

No momento em que a TA chega a um ponto critico de desconforto, a UR é fundamental
para 0s mecanismos evaporativos de dissipacdo de calor, se a mesma estiver elevada, acontece
inibicdo da evaporacéo através da pele e do trato respiratorio, fazendo com que ocorra um
aumento as condi¢Oes estressantes ao animal (Ferro et al. 2010). Na medidaem que a UR e a
TA ultrapassam a zona de confortotérmico, ha um aumento da sensibilidade dos ovinos ao
estresse térmico, essa situacdoprejudica a dissipacdo do calor, aumentando a temperatura
corporal (Borges et al. 2018).

As médias do ITGU ficaram abaixo de 83 que de acordo com Souza (2010) podeindicar
uma condicédo de estresse para a espécie (Tabela 4).

Os valores considerados como adequados para a FC na espécie ovina sdo de 70 bat/min
a 80 bat/min (Tabela 5) (Queiroz et al. 2015). A FC pode ser influenciada por diversos fatores:
espécie, raca, individualidade, idade, tamanho, peso, temperamento, trabalho muscular,
alimentacdo, condices fisiologicas, grau de excitacdo do animal e elementos climaticos(Silva
Gondim 1971; Dukes e Swenson 1996; Sousa Janior et al. 2008).

Conforme Silanikove (2000) a FR pode quantificar a severidade do estresse pelo calor,
em que uma frequéncia de 40-60, 60-80, 80-120 mov/min caracteriza um estresse baixo, médio-
alto e alto para os ruminantes, respectivamente; e acima 200 para ovinos, 0 estresse €
classificado como severo (Tabela 5). Leite et al. (2018) avaliaram o perfil adaptativo de ovelhas
Morada Nova durante a estagdo chuvosa e seca, observaram que durante a estacdo seca ocorreu
maior frequénciarespiratoria.

O aumento da FR pode ser explicado devido ao aumento da temperatura ambientenesses
periodos, resultando em uma diminui¢cdo do gradiente térmico entre o animal e 0 meio,
ocorrendo uma menor eficiéncia na dissipacdo de calor pela forma sensivel quandocomparada a

forma insensivel (Dantas et al. 2019).
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Conforme Cunningham (2004) a TR dos ovinos pode variar de 38,5 °C a 39,9 °C (Tabela
5). Ainda segundo o mesmo autor, algumas condi¢Ges podem provocarvariagdes na temperatura
corporal, entre os quais: periodo do dia, estacdo do ano, exercicio, idade, sexo e ingestdo e
digestédo de alimentos. Dantas et al. (2019) observaramvariacdo na temperatura retal de trés
grupos genéticos de ovinos, onde no periodo da manha a temperatura retal foi menor quando
comparada ao periodo da tarde.

Segundo Leite et al. (2016) a temperatura superficial do corpo depende, sobretudo,das
condigbes ambientais (temperatura ambiente, umidade relativa do ar e ventilacdo) e das
condicBes fisiologicas (como vascularizagdo e evaporagdo pelo suor). Nascimento (2019)
avaliando a adaptabilidade de ovinos Soinga e Santa Inés em funcdo da dieta e doambiente
térmico constatou que a temperatura superficial da raca Santa Inés ultrapassoua do gendtipo
Soinga.

No estudo de Costa et al. (2015), foi observado que os niveis de colesterol foram
superiores no periodo chuvoso. Esse fato esta relacionado com um maior consumo de volumoso
de melhor qualidade associado a ragdo, o que melhora o escore corporal, favorecendo para um
melhor equilibrio energético e proteico. Nos animais do presente estudo, o escore corporal
médio foi de 2,5 e a dieta ndo foi rica em carboidrato ou gorduracom alto teor de energia, o que
pode ter induzido o baixo nivel de colesterol (Tabela 6).

Assim como no presente estudo, Soysal et al. (2011) também nado observaram diferencas
significativas ou valores elevados para o colesterol em ovinos das racas Merinoe Kivircik, tanto
em sistema de criagdo convencional quanto em sistema de criagdo organico.

Segundo Cardoso (2018), a albumina pode variar por varios fatores como a adaptacéao
fisioldgica e genética (Tabela 6). Para Gomide et al. (2004) a analise do perfilbioguimico,
depende de varios fatores, dentre eles, raca, idade, estado fisiologico, estresse, dieta, manejo,
clima e estado fisioldgico.

Rabassa et al. (2009) avaliaram o perfil metabdlico de ovinos Corriedale mantidasem
pasto nativo na regido Sul do Brasil sobre efeitos da época do ano e do escore corporal,
encontraram valores plasmaticos de glicose, colesterol, triacilglicerol e ureia superiores
(quando havia maior disponibilidade de alimento) e albumina apresentou comportamento
inverso. Suntorn et al. (2009) também relataram em seus estudos reducdo na albumina em
cabras durante o veréo.

Al-Eissa et al. (2012), encontraram a concentracdo de albumina mais baixa durante o
verdo. Abdelatif et al. (2009) concluiram que mudancas sazonais no ambiente térmico e fatores

nutricionais influenciaram os indices eritrociticos e albumina sérica emcaprinos.
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O valor do nivel da ureia da época seca ficou abaixo do intervalo de referéncia,o que
pode ser explicado pelo fato de que, assim como a ureia, a albumina também ficouabaixo nesse
periodo, o que pode estar associado a um baixo consumo da relagdo energia/proteina da dieta
(Tabela 6).

Os niveis sanguineos, tanto da albumina quanto da ureia, sdo indicadores do
metabolismo proteico em ruminantes, no qual, a ureia demonstra o estado proteico em curto
prazo nos niveis proteicos da dieta e a aloumina em longo prazo (Payne e Payne, 1987). A
concentracdo de ureia plasmética esta de modo direto, relacionada com os niveisproteicos da
racao e da relacdo energia/proteina da dieta (Wittwer et al. 1993).

Ferreira et al. (2009), ao avaliarem os parametros bioquimicos de bovinos submetidos
ao estresse caldrico no verdo e inverno, observaram que o estresse calérico agudo afetou os
niveis de proteinas totais, albumina, creatinina, ureia, y-glutamil transferase (GGT) e aspartato
aminotransferase (AST), ions sodio, ions potassio e ions cloretos, com aumento de todas essas
variaveis no periodo da tarde. Houve também efeitoda estacdo, que resultou em valores mais
elevados no verdo, exceto para a concentracao de potassio e de cloretos. Fato esse ndo observado
no presente estudo, demonstrando queos animais ndo apresentaram estresse térmico agudo.

Sao varios os fatores que podem influenciar os niveis de sodio, dentre eles, a idade,o0s
niveis de potéssio e cloreto, 0 estresse, a lactacdo, a prenhez, o crescimento e altera¢cbesno
equilibrio hidroeletrolitico e osmotico (Henry, 1995; Barioni, 1999).

Os parametros bioguimicos modificam-se dentro da mesma espéecie em virtude defatores
como a idade, o estado fisioldgico, a raca, o nivel de producdo, o manejo e especialmente o
estresse climético (Ribeiro et al. 2016). A diminuicao dos niveis de sédiodo presente estudo pode
estar associado ao fator nutricional, do que a ao estresse térmico,visto que, foram poucas as
alteracdes sobre esses metabdlicos, e em especial ao sodio, nogual, ndo houve aumento dessa
variavel entre as épocas (Tabela 6).

Estes resultados diferem dos obtidos por Al-Haidary et al. (2012), que relataram um
aumento significativo no soro nas concentra¢fes de proteina total, globulina, glicose,sédio e
cloreto em ovelhas sob condi¢des quentes de verdo.

Gonzalez e Scheffer (2002) relataram que os niveis de calcio podem diminuir pela
deficiéncia de vitamina D, doencas intestinais e renais, deficiéncias dietéticas ou gestacdoe
lactacdo. A diminui¢do do nivel de albumina causa reducdo do valor de célcio na corrente
sanguinea (Challa et al. 1989). Os animais apresentaram uma reducdo nos niveisde albumina e

0s mesmos podem ter influenciado os niveis de céalcio, em funcdo da alimentacéo (Tabela 6).



33

Denek et al. (2006), estudaram o efeito da carga de calor na utilizacdo de nutrientes e
nos parametros do sangue de cordeiros Awassi, alimentados com diferentes niveis e tipos de
forragens e observaram que as concentragdes de calcio no soro foram afetadas pelo tipo e nivel

da forragem, mas ndo pela carga de calor.

5 CONCLUSAO

Os ovinos do grupo genético Soinga foram capazes de manter a homeotermia em
condicgdes climaticas do semiarido nas diferentes épocas do ano (chuvosa e seca). Apesar de
terem ocorrido alteraces nos parametros do perfil bioquimico, a maior parte desses parametros
permaneceu dentro dos padrfes preconizados para a espécie, confirmando a adaptabilidade

fisiologica desse grupo genético as condicBes do semiérido brasileiro.
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Tabela 1. Composicdo quimica dos ingredientes da dieta experimental.

Ingredientes

Composicédo quimica (g/kg na MS)

Epoca Chuvosa

Concentrado MS
Milho, grdo moido 953,8
Soja, farelo 912,50
Volumoso

Capim massai 504,90
Epoca Seca

Concentrado

Milho, grdo moido 908,40
Soja, farelo 912,50
VVolumoso

Sorgo, silagem 305,40

MM
18,3
68,00
91,50
24,20

68,00

60,90

PB
74
444,80

74,60

82,57
444,80

40,80

FDN
306,5
291,60

767,00

295,13
291,60

637,90

FDA
177
233,30

337,40

40,87
233,30

341,40

MS= Matéria seca, MM= Matéria mineral, PB= Proteina Bruta, FDN= Fibra de
Detergente Neutro, FDA= Fibra de Detergente Acido.
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Tabela 2. Proporc¢édo dos ingredientes e composi¢cdo quimica do concentrado.

Proporcéo dos ingredientes (g/kg na MS)

Milho, grdo moido 682
Soja, farelo 275
Sal mineral 43
Composic¢édo quimica (g/kg na MS)

MS MM PB FDN FDA
Epoca chuvosa 9444 74,2 172,8  289,2 184,9
Epoca seca 913,4 78,2 1786 2814 92

MS= Matéria seca, MM= Matéria mineral, PB= Proteina Bruta, FDN= Fibra de
Detergente Neutro, FDA= Fibra de Detergente Acido.
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Tabela 3. Médias dos dados meteorolégicos: Temperatura Ambiente (TA °C), Umidade
Relativa (UR%), Temperatura de Globo Negro (TGN), Indicie de Temperatura de Globo e
Umidade (ITGU) em funcdo das épocas seca e chuvosa.

Epoca TA°C UR % TGN ITGU
Chuvosa 31.85b 67.28a 31.20b 81.62b

Seca 33.51a 49.36b 33.75a 83.01a

CV% 8.14 20.77 7.58 2.98

Meédias seguidas de letras diferentes na coluna diferem estatisticamente entre si pelo teste de
Scot-Knott (P < 0,05).
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Tabela 4. Médias dos dados meteorolégicos: Temperatura Ambiente (TA °C), Umidade
Relativa (UR%), Temperatura de Globo Negro (TGN), Indicie de Temperatura de Globo e

Umidade (ITGU) em funcdo dos horarios.

Horarios TA°C UR% TGN ITGU

8 29.21d 73.17a 29.26d 79.32d

9 31.2b 65.96b 30.98¢c 81.14b

15 32.58a 55.83d 32.72a 82.28a

16 30.61c 60.73¢ 31.65b 81.1c
CV% 8.14 20.77 7.58 2.98

Médias seguidas de letras diferentes na coluna diferem estatisticamente entre si pelo teste de

Scot-Knott (P < 0,05).
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Tabela 5. Medias dos parametros fisioldgicos: fisiologicos: frequéncia cardiaca (FC)
frequéncia respiratoria (FR), temperatura retal (TR), temperatura superficial média (TS) em
funcéo das épocas chuvosa e seca e dos turnos manha e tarde.

Epoca Turno
Parametros Chuvoso Seca Manha Tarde CV (%)
FC bat/min 94.6a 90.8a 93.1a 92.4a 19.1
FR mov/min 42.2b 53.2a 44.3a 51.1a 29.0
TR (°C) 39.1a 39.1a 38.9b 39.4a 0.68
TS (°C) 35.2b 37.0a 35.9b 36.3a 1.30

Médias seguidas de letras diferentes na linha diferem estatisticamente entre si pelo teste Scot-

Knott (P < 0,05).
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Tabela 6. Médias dos pardmetros metabolicos: colesterol, glicose, albumina (ALB),
proteina total (PT), ureia, sodio (Na), potassio (K) e calcio (Ca) em funcdo das épocas

chuvosa e seca.

Epoca Intervalo de

Metabdolitos Chuvosa Seca referéncia*

Colesterol (mmol/L) 1,12+0,252 1,00+0,16a 1,35-1,97

Glicose (mmol/L) 3,40+0,49? 2,99+0,37b 2,78 — 4,44
Albumina (g/dL) 2,45+0,282 2,24+0,19a 2,4-3,0

Ureia (mmol/L) 2,97+0,602 1,37+0,30b 2,85-7,13

Proteinas Totais (g/dL) 6,83+0,382 6,41+0,67a 6-79

Sédio (mmol/L) 136,5+3,562 138,5+9,27a 139 — 152
Potéassio (mmol/L) 4,31+0,332 4,62+0,25a 39-54

Célcio (mmol/L) 2,34+0,112 2,00+0,19a 2,87 -3,19

Meédias seguidas de letras diferentes na linha diferem estatisticamente entre si pelo teste

Post Hoc (P < 0,05). *Kaneko et al. (2008).
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ABSTRACT
The objective was to evaluate the hormonal levels and sperm parameters of fresh semen

from sheep of the genetic group Soinga in the rainy and dry seasons in the Brazilian semiarid
region. Eight sexually mature Soinga rams with a good fertility history were used. Average live
weight 42 + 5 kg and age between one + two years, submitted to a semi-intensive production
system with water ad libitum. The experiment was carried out in two seasons, rainy (May and
June) and dry (September and October). Data on environmental variables, air temperature,
relative humidity, were recorded using a datalogger. Rectal temperature and testicular surface
temperature, for the two periods evaluated, and the physiological variables were measured
fortnightly, in the morning and afternoon shifts. Scrotal circumference was measured at the
beginning and end of the wet and dry seasons. Blood and semen samples were also collected at
the beginning and end of both evaluated seasons. The hormones measured were: total
triiodothyronine, total thyroxine, testosterone and cortisol. The afternoon period influenced
(P<0.05) the rectal temperature averages, being higher when compared to the morning shift,
and between the seasons (rainy and dry) there were no significant differences (P<0.05). Among
the hormones evaluated, testosterone increased in the dry season (P<0.05). Scrotal
circumference, right testis length and left testis length did not differ (P>0.05), regardless of
season or shift. Among the seminal parameters, only minor defects showed a significant
difference (P<0.05) between the seasons, the beginning of the dry season was higher than the
beginning of the rainy season. It is concluded that the rams of the Soinga genetic group did not
show great hormonal variations during the two seasons, with the exception of testosterone in
the dry period. However, the seminal quality remained within the normal range for the species

throughout the evaluated periods, considered satisfactory for reproductive activity.

Keywords: Sperm evaluation; hormones; small ruminants; seasonality.
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1 INTRODUCTION

The productive and reproductive efficiency in a production system is directly linked to
the genetic quality of the animals that make up the herd. Thus, accurately estimating the fertile
potential of rams determines the success of the enterprise, as the sires are notorious for their
greater potential to produce offspring (Hitit et al., 2021). In this way, the performance of an
andrological examination is indispensable in the evaluation of the clinical and reproductive
conditions of a sire, as it is a method where seminal quality, libido, scrotal circumference and
sperm pathologies can be evaluated (CBRA, 2013).

The use of methods like these become increasingly valid with the intensification of
aggressive and stressful situations to animals arising from climate change. Thus, it is necessary
to identify the genotypes with greater resilience (Pantoja et al., 2017). Critical climate change
has focused on the warmest areas of the world, such as the semi-arid climate, which covers a
considerably large area (De et al., 2017).

This scenario represents a challenge even for species that are naturally considered
adaptable to this climate, such as sheep. In this species, factors such as season, genetics, breed,
place of exploitation, hormonal influence, diet and climatic variations interfere in the expression
of the genetic potential of the animals, with a reduction in productive and reproductive
parameters (Barkawi et al., 2006; Rocha et al., 2018).

Additionally, heat stress is a limiting factor in arid and semi-arid regions (Hansen,
2004), and can alter hormone levels, and impair reproductive performance. This occurs because
as sex hormones are restricted, there is a reduction in libido and impairment of their fertile
capacity, by negatively affecting the main seminal characteristics (Brown et al., 1994; Silva et
al., 2015; Nagqvi et al., 2012).

The Soinga genetic group was developed by crossing the Bergamacia, Morada Nova
Branca and Somalis Brasileira breeds and is considered very resistant to the conditions of the
semi-arid, rustic, precocious and prolific region. In addition, the presence of marbled meat and
the ability to use 20% more pasture than other breeds and/or genetic groups have contributed
to the spread of these animals in the northeastern semi-arid region (Medeiros et al., 2019).

In this context, and due to the limited knowledge about this genetic group, it is essential
to obtain information, mainly regarding the hormonal and reproductive profile of these animals,

in order to prove the qualities already described and to optimize their production. Therefore,
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the objective was to evaluate the hormonal levels and sperm parameters of fresh semen of sheep

of the genetic group Soinga in the rainy and dry season in the Brazilian semiarid region.

2 MATERIALS AND METHODS
2.1 Ethical considerations

This study was carried out in accordance with the recommendations in the Guide for the
National Council for the Control of Animal Experimentation and all procedures were approved
by the Committee on the Ethics of Animal Experiments of the Federal University of Campina
Grande (Permit Number: 68-2019).

2.2 Location, animals and experimental design

The experiment was carried out in two seasons, rainy (May and June) and dry (September
and October) at Fazenda Soledade, Rio Grande do Norte, Brazil (5° 48' 40" South, 35° 33' 10"
West, 100 m altitude), characterized by having an Aw climate, according to the Kdppen
classification, with an average temperature of 31.4 °C and a minimum of 21.5 °C and an average
relative humidity of 73% (Climate-data .org 2022). The average rainfall in the rainy season is
244 mm and in the dry season 12 mm.

Eight male, non-castrated Soinga sheep, average body weight 42 + 5 kg and aged between
1 and 2 years, were used in a semi-intensive production system with water ad libitum. The diet
offered to the animals was different in the two seasons (Table 1), being offered in the rainy
season as forage of Massai grass (Panicum maximum cv. Massai) and in the dry season the
forage offered was sorghum silage (Sorghum bicolor). The concentrate offered had the same
composition in both seasons (Table 2), as recommended by the NRC (2007).

The experimental animals were grouped in a completely randomized design, with two
treatments (period of the year) and eight replications (animals), and previously submitted to
general clinical examination and andrological examination. During the examination and
measurements of the physiological variables, the animals remained fasting and without access
to water.

For the two periods evaluated, the physiological variables were measured throughout the
experimental period, fortnightly, in the morning and afternoon shifts, between 8:00 am and 8:30

am in the morning shift and between 3:00 pm and 3:30 pm in the afternoon shift.
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2.3 Data collect
2.3.1 Environmental variables

Data on environmental variables, air temperature (AT °C) and relative humidity (RH
%), were recorded using a HOBO U12-012 ONSET Comp® data logger, with an external
channel and an internal channel coupled to a black globe placed at a height of 1.5 meters from
the ground (similar to the height of the animals' back) in the collection environment. Data were

collected and stored daily every hour throughout the experimental period.

2.3.2 Physiological variables

Rectal temperature (RT) was recorded by introducing a digital veterinary clinical
thermometer into the animal's rectum with the bulb close to the rectal mucosa until the reading
stabilized.

Testicular surface temperature (TST) was obtained through the arithmetic mean of
different regions of the scrotum of the animal, obtained through an infrared thermographic
camera (Fluke Ti 25). Subsequently, the thermograms were analyzed using the Smartview
software version 4.1, through which the average body surface temperature of the animals was
obtained, considering an emissivity of 0.98.

Lines were drawn in different regions of the scrotum: neck (P1); proximal (P2); testis
medial (P3) and epididymal cauda (P4) and assigned the maximum (MA), average (ME) and

minimum (MI) values of each delimited area.

2.3.3 Dosage of triiodothyronine (T3), thyroxine (T4), testosterone and cortisol hormones

To evaluate hormonal variables, after previous antisepsis, blood samples were collected
from all animals, at the beginning and end of the rainy and dry season, in the morning (between
7:30 am and 8:00 am), by puncture of the jugular vein, using of 20 ml disposable syringe. The
hormones total triiodothyronine (T3), total thyroxine (T4), testosterone and cortisol were

evaluated.

The blood was placed in 5ml plastic tubes. Subsequently, the samples were centrifuged
at 1107 G. After obtaining the blood serum, the aliquots were transferred to 1.5 mL microtubes
previously identified with the number of each animal. Subsequently, the samples were placed
in their own packaging and kept frozen at a temperature of -20° C until the moment of their

analysis.

The measurement of total testosterone was performed by commercial quantitative

radioimmunoassay (RAI) in the 1470 Wizard Wallac Meditecno equipment. Cortisol, T3 and
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T4 measurements were performed by commercial quantitative chemiluminescent immunoassay

in the Access Beckman Coulter® equipment.

2.3.4 Andrological assessment
The scrotal perimeter was measured at the beginning and end of the rainy and dry season

with the aid of a tape measure, measured in centimeters, in the median position of the scrotum,
involving the two gonads and the scrotum. Testicular consistency was also evaluated by
palpation, according to the criteria proposed by the Brazilian College of Animal Reproduction
(CBRA, 2013).
2.3.5 Semen collection

The collections were carried out at the beginning and end of the rainy and dry season, in
the morning, with an automatic electroejaculator device (autojac v3, neovet, Uberaba, MG-
Brasil) coupled to a 25 mm rectal transducer, with two longitudinal electrodes.

Initially, the digital removal of the feces present in the rectal ampulla was performed,
followed by the introduction of the probe with electrodes, previously lubricated, through the
anus of the animal. A maximum limit of 10 intermittent shock waves was stipulated to obtain

the ejaculate of each individual.

2.3.6 Evaluation of sperm characteristics

The semen was evaluated for mass movement (swirling), progressive motility, sperm
vigor, concentration and morphology of sperm cells according to the criteria recommended by
the Brazilian College of Animal Reproduction - CBRA (2013). After being collected, the
ejaculate was measured in the collection tube itself. The semen was kept at 37 °C in a water
bath and immediately evaluated for mass movement characteristics (swirling) on a pre-heated
slide.

To evaluate the progressive motility and vigor of sperm cells, the analysis was performed
on a slide, under a coverslip, under optical microscopy at 10X magnification. Cell mass
movement was classified on a scale ranging from 0 (absent movement) to five (maximum).
Progressive motility was determined as a function of the proportion of cells with progressive
movement. A coverslip previously heated to 37 °C was placed over the semen drop, and at 40X
magnification, in the best of the evaluated fields (%). Sperm vigor was estimated concomitantly
with the assessment of progressive motility, and the result was given by estimating the strength
of individual progressive movement of the mobile ejaculate cells and its classification was on

a scale from 0 (absent) to 5 (maximum).



51

For sperm concentration, an aliquot of 10uL of semen diluted in 4 mL of buffered saline
formalin was used. Cell counts were performed in a Neubauer hematimetric chamber, under
optical microscopy at 40X magnification.

To assess sperm morphology, semen samples were diluted in 2 mL of buffered saline
formol solution and kept in a refrigerator at 5 °C. At the time of analysis, an aliquot of 7uL of
the sample with formalin was placed between the slide and the coverslip and the wet preparation
was observed in phase contrast microscopy under 1000X magnification and using immersion
oil, where 200 spermatozoa were counted per sample analyzed.

For the morphological classification of the cells, the contour, structure, positioning and
integrity of the following sperm regions were considered: head, acrosome, midpiece and tail.
When present, structures with duplication, cells with teratological forms, in addition to cells
less common in the ejaculate (red blood cells, leukocytes, epithelial desquamation cells, giant
cells and immature cells of the germ line) were also noted and the result was expressed in
percentage and agreement. with the criteria recommended by the CBRA (2013) in animals
suitable for reproduction or not.

2.4 Statistical analyses
Data from physiological parameters were submitted to analysis of variance using the

SAS 9.1 statistical program and the means were compared using the Tukey test at 5%
significance. In the evaluation of data regarding the dosage of hormones, analyzes were
performed between different groups (dry and rainy) through two-way ANOVA followed by
post hoc Bonferroni test in GraphPrism® (GraphPad Software Inc., San Diego, CA, USA).

3 RESULTS

Regardless of the shift (morning = 30.20 °C, afternoon = 32.94 °C) or season (rainy =
31.85 °C; dry = 33.51 °C), the average ambient temperature remained above the recommended
thermal comfort zone for sheep. The relative humidity of the air (morning = 69.56%, afternoon
= 58.28%; rainy season = 67.28, dry season = 49.36%), in general, remained within the range
considered normal.

Among the factors studied, the afternoon period influenced (P < 0.05) the RT averages
(Table 3), being higher when compared to the morning shift. There was no significant difference
between the rainy and dry seasons (P < 0.05).

Testicular surface temperatures (TST) were between 2 to 6 °C below body temperature
(Table 3). Among the regions studied, P1 and P2 differed (P<0.05) between seasons and shifts,
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with the dry season and the afternoon shift showing superiority in relation to the rainy season
and the morning shift (Table 3). Points P3 and P4 differed (P < 0.05) in the season factor, being
higher in the dry season.

Scrotal circumference, right testis length and left testis length did not differ (P > 0.05)
(Table 4). Among the seminal parameters (Table 5), only DMe showed a significant difference
(P < 0.05). The beginning of the dry season was higher than the beginning of the rainy season.
There was no significant difference (P > 0.05) in the means of vortex, motility, vigor and sperm
concentration, Dma and total defects.

Although no significant difference was observed (P > 0.05), the motility means were
slightly below the reference value for the species at the end of the rainy season, beginning and
end of the dry season. However, the values of total defects did not exceed the desirable seminal
standards for the species. Among hormones (Table 6), only testosterone differed (P < 0.05)
between seasons. The levels were higher in the dry season, compared to the beginning and end

of the rainy season.

4 DISCUSSION

When evaluating the environmental parameters, it was observed that the TA affected the
homeostasis of the animals. This parameter, for this species, must be between 20 and 30 °C,
with relative humidity between 50 and 70% (Eustaquio Filho et al., 2011). Sheep kept in
stressful environments, with high AT and low RH, increase their endogenous and superficial
heating, causing behavioral, metabolic, physiological and reproductive dysfunctions,
compromising the maintenance of homeostasis (Darcan and Silanikove, 2018; Sejian et al.,
2019). This causes an increase in physiological variables, with the potential to compromise the
performance and reproduction of animals (Furtado et al., 2020; Marcone et al., 2021). However,
RH values found in the present study (50 to 70%) favored heat exchange by evaporation, a fact
that helped the animals to minimize stress and its effects (Facanha et al., 2020; Eustaquio Filho
etal., 2011).

Rectal temperature is one of the critical physiological indices to identify thermotolerance
in sheep (Fonseca et al., 2019; Furtado et al., 2020). In this research, even under stressful
environmental conditions, this parameter remained in compliance for the species (38.5 and 39.7
°C) (Shilja et al., 2016), and similar to existing reports in the literature (Dantas et al. 2019;

Oliveira et al., 2013). This demonstrates the adaptability of these animals to the climatic
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conditions of the Brazilian semiarid region, as a result of the pressure of natural selection to
which they were subjected during their formation (Fonseca et al., 2019; Furtado et al., 2020).

The environment did not interfere with the testicular thermoregulation process of the
experimental animals, as the surface temperature of the testes remained below the range
considered ideal 2 to 6 °C (Klein, 2014) for the occurrence of adequate sperm production. This
situation indicates that heat dissipation in this area occurred effectively, and that as the skin of
the scrotum moved away from the spermatic cord towards the tails of the epididymis, it led to
a reduction in local temperature, as the ventral areas of the scrotum are cooler. in relation to the
more dorsal areas (Kastelic et al., 1996). This corroborated the findings of Vieira Neto et al.
(2021) who found that the surface temperature of the testes of small ruminants decreased as
they moved away from the spermatic cord.

Studies in sheep show that scrotal circumference has an influence between breeds
(genotype), age, body weight, management and nutritional factor (Monteiro et al., 2014; Cevik
et al., 2017). However, in this research such factors did not influence the SC of the animals,
whose values described are within the standards for the age group of the species, according to
CBRA (2013). Benmoula et al. (2017) also did not observe a significant difference between
seasons in terms of scrotal circumference in rams in the same age range. However, it is known
that outside the breeding season, smaller testicular measures 0.5 to 1.5 cm smaller are common
(Pugh, 2005).

Motility at certain times was below the recommended by CBRA (2013). The influence of
several factors on this variable makes it difficult to determine the exact cause, as both
endogenous factors (age, sperm maturation, energy stock - ATP and active agents) and
exogenous factors (biophysical and physiological factors, suspending fluids and stimulus-
inhibition) interfere with motility (Hafez and Hafez, 2004). But hairless sheep, with proper
management, well adapted to climatic conditions, suffer little influence of the time of year on
the quality of the semen and the changes that may occur in the seasons are within the limits for
a good quality semen. Therefore, it does not compromise the animal's ability to fertilize (Maia
etal., 2011).

According to Colas (1981) and Rege et al. (2000) the semen pathology is the best
indicator of the effect of the time of year, especially in situations of high temperatures, as it is
directly linked to the fertility test, but in this study significant sperm alterations were not

observed. A similar result was reported by Monreal et al. (2012) who also did not observe
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significant changes in the percentage of abnormal sperm over a year in native rams in Mato
Grosso do Sul.

As for hormone dosage, testosterone was found to be higher in the dry period, regardless
of the shift, corroborating other findings in the literature (Gastel et al. 1995; Santiago-Moreno
et al. 2005; Milczewski et al. 2015, Martinez-Madrid et al., 2021). According to McDonald and
Pineda (1989) testosterone levels may vary between times and individuals, depending on
several factors such as secretion rate, release, metabolic clearance, age, frequency and sampling
conditions. In addition, testosterone levels may increase with advancing age of animals as a
result of gonadal stimulation and differentiation of testicular cells (Porto et al., 2009).

According to Gonzéles and Silva (2017), the values of T3 and T4 are within the reference
range for the species, but there was no distinction of this hormone, regardless of the season.
According to the same authors, one of the most relevant activities of the thyroid gland is its
control over O, consumption and heat generation.

Martinez-Madrid et al. (2021) evaluated the concentration of T4 and observed that there
was an increase in thyroxine levels coinciding with a decrease in plasma testosterone levels in
goats. This was observed in the present study. The same authors also observed that plasma
thyroxine levels in sheep showed a significant increase in December (64.8 £ 0.9 ng/mL). It is
noteworthy that the hormone levels varied between the two seasons, which revealed the
combined action of meteorological factors and physiological parameters of the animals.

According to McDonald and Pineda (1989), cortisol levels for small ruminants range
from 8-19 mg/mL. Only the average of the beginning of the rainy season was slightly above
this range. This fact may be associated with the animals' adaptation to the research (blood
collection), which may have caused this change, since circulating cortisol levels change easily.

It should be noted that cortisol is a biomarker of physiological function in response to
stress, including thermal stress, and its level can vary by several factors (temperature or
humidity, management and diseases) (Nejad et al., 2014). However, the environmental
conditions in this research did not result in stress to the point that cortisol levels showed a
significant difference, showing that the animals are adapted to the conditions of the study.

Kruger et al. (2016) when evaluating the effect of environmental factors and husbandry
practices on stress in goats showed that the mean cortisol concentration did not differ
significantly from the basal concentration. Furthermore, exposure to temperatures above 30 °C
in direct sunlight for three hours did not elicit a stress response in goats in this trial, as well as
in this research.
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5 CONCLUSION

Sheep of the Soinga genetic group did not show high hormonal variations during the
two seasons, except for testosterone, which was high in the dry season. However, seminal
quality remained within the normal range for the species throughout the evaluated periods,

considered satisfactory for reproductive activity.
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Table 1. Chemical composition of ingredients used in experimental diets

Ingredients Chemical composition (g/kg DM)
Rainy season
Concentrate DM Ash CP NDF ADF
Ground corn 953 18,3 74.0 306 177
Soybean meal 912 68.0 444 291 233
Roughage
Massai grass

g 504 oLE 74.6 767 337
Dry season
Concentrate
Ground corn 908 24.2 82.5 295 40.8
Soybean meal 912 68.0 444 291 233
Roughage
Sorghum silage 305 60.9 40.8 637 341

DM= Dry matter, CP= Crude protein, NDF= Neutral detergent fiber, ADF= Acid

detergent fiber.
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Table 2. Ingredient proportion and chemical compositions of concentrate

Ingredient proportion (g/kg DM)

Ground corn 682
Soybean meal 275
Mineral mixture 43,0
Chemical composition (g/kg DM)

DM Ash CP NDF ADF
Rainy season 944 74.2 172 289 184
Dry season 913 78.2 178 281 92,0

DM= Dry matter, CP= Crude protein, NDF= Neutral detergent fiber, ADF= Acid
detergent fiber.
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Table 3. Means of rectal temperature (RT) and testicular surface temperatures (TST) of sheep
of the Soinga genetic group at different times and shifts in the Brazilian semiarid region.

Season Shift
Item Rainy Dry Morning Afternoon CV%
RT °C 39.1a 39.1a 38.9b 34.9a 0.68

P1 ME 35.5b 36.9a 35.9b 36.5a 1.77
MA 36.3b 37.5a 36.5b 37.3a 1.69
P2 ME 35.0b 36.2a 35.4b 35.9a 1.67
TST°C MA 35.7b 36.8a 36.0b 36.6a 1.74
P3 ME 34.0b 35.1a 34.5a 34.7a 1.62
MA 34.7b 35.8a 35.1a 35.4a 1.69
P4 ME 32.6b 33.9a 33.1a 33.4a 2.24
MA 33.1b 34.3a 33.5a 33.9a 2.15
Means followed by different letters on the line differ statistically from each other by the
Tukey test (P < 0.05). P1 = neck region; P2 = proximal region; P3 = medial testis; P4 = tail of
the epididymis.
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Table 4. Means of scrotal circumference (SC) (cm), left testis length - CTE (cm), right testis
length - CTD (cm) of sheep of the Soinga genetic group at the beginning and end of the rainy
and dry season in the Brazilian semiarid region.

Rainy season Dry season

Item Early Late Early Late SEM
SC (cm) 30.87a 31.00a 31,37a 31,50a 0.76
CTE (cm) 11.62a 11.37a 11.50a 11.62a 0.40
CTD (cm) 12.25a 12.25a 12.50a 12.62a 0.26

Means followed by different letters in the line differ statistically from each other by the Tukey
test (P < 0.05). SEM = standard error of the mean
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Table 5. Means of swirl (0-5), motility (%), Vigor (0-5), concentration (10%mL), major defects
(DMa), minor defects (DMe) and total sperm defects (%) of sheep in the group genetic Soinga
in the beginning and end of the rainy and dry season in the Brazilian semiarid region.

Rainy season Dry season
Item Early Late Early Late EPM
Swirl (0-5) 3.75a 3.12a 3.12a 3.75a 0.28
Motility (%) 80.62a 77.50a 76.25a 78.75a 2.94
Vigor (1-5) 4.00a 3.75a 4.12a 3.62a 0.21
Concentration (10%/mL) 239a 239a 220a 252a 38.1
DMa (%) 1.00a 1.83a 0.50a 2.87a 0.61
DMe (%) 0.37b 1.16ab 3.00a 1.12ab 0.60
Total (%) 1.37a 2.33a 3.50a 4.00 a 0.87

Means followed by different letters in the line differ statistically from each other by the Tukey
test (P < 0.05). SEM = standard error of the mean.
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Table 6. Means of hormones Triiodothyronine - T3 (ng/mL), Thyroxine - T4 (ng/mL), cortisol

(ng/mL) and testosterone (pg/mL) of sheep of the genetic group Soinga at the beginning and
end of the rainy and dry season in Brazilian semiarid.

ltem Rainy season Dry season
Early Late Early Late
T3 (ng/mL) 1.38+0.33a  1.37+0.33a 0.49+0.07a 0.47+0.09a
T4 (ng/mL) 59.5+0.92a 45.8+0.81a 25.1+0.62a 25.8+0.40a
Cortisol (ng/mL) 22.8+1.74a 16.7+1.66a 15+0.78a 14.7+£0.80a
Testosterone ¢ 6613 204h  6.66+4.894b 8.79t5.68ab  11.065.74a
(pg/mL)

Means followed by different letters in the line differ statistically from each other by the Tukey
test (P < 0.05).
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Figure 1. Thermogram demonstrating the location of markers to assess temperature of the ram's
testicular surface.



Highlights
e Testosterone levels were higher in the dry season.

e Seminal quality showed little variation in the evaluated times.

e Soinga sheep proved to be satisfactory for reproductive activity.
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ABSTRACT
The objective was to evaluate the semen characteristics of sheep of the genetic group Soinga
after freezing in the rainy and dry seasons in the semi-arid region of Northeast Brazil. Eight
sexually mature Soinga rams with a good fertility history were used. Average live weight 42 +
5 kg and age between one + two years, submitted to a semi-intensive production system with
water ad libitum. The experiment was carried out in two seasons, rainy (May and June) and dry
(September and October). Semen was collected and frozen at the beginning and end of the wet
and dry season, totaling four semen collections per animal. Thawed semen was subjected to
Kinematic evaluation using computer-assisted sperm analysis, mitochondrial membrane
potential, plasma membrane integrity, and acrosomal membrane integrity. The Tukey-Kramer
test was performed to compare the means. There was a significant difference (p < 0.05) only
for the variable BCF between the end of the rainy season and the beginning of the dry season
and there was no difference (p > 0.05) in the other parameters of sperm kinetics (MT, MP, LCV,
VSL, VAP, LIN, STR, WOB and ALH) of post-thawed sperm from Soinga rams at different
times. Plasma membrane integrity, high mitochondrial membrane potential and acrosomal
membrane integrity of Soinga sires at different times did not differ (p > 0.05) among post-
frozen sperm. Sheep from the Soinga genetic group did not show differences between seasons
in post-thaw seminal quality in a tropical environment.

Keywords: kinematic parameters, small ruminants, seasonality, fluorescent probes.
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1 INTRODUCTION

The cryopreservation of ram semen is a valuable tool for the distribution of genetic
material, improving the quality of the herd in terms of genetic, zootechnical and economic
values [5]. This biotechnology allows significant advances in the preservation and
multiplication of several species and use for several studies [14].

To increase male performance, biotechniques involving the cryopreservation of sheep
semen have been gaining more and more attention because, in addition to providing an easily
accessible genetic bank, they allow the best use of males with favorable productive
characteristics.

The productive and reproductive performance can be influenced by some factors,
especially in tropical and subtropical conditions, among them, the plasma testosterone
concentration, sexual behavior, weight and testicular volume, which can vary throughout the
year, and interfere in the parameters of semen quality [2, 3, 25, 29].

Knowing these characteristics, the evaluation of semen quality becomes essential. In the
in vitro evaluation of seminal quality, it is possible to verify the potential of this or the sire and
the results are likely to be used not only in research, but also for artificial insemination programs
[14]. Furthermore, fertility may differ between sheep and between ejaculates from the same
animal. Modifications of seminal plasma components can be attributed to semen freezing
periods (dry or rainy) and to the availability of food that compromise viability and fertility [24].

The evaluation of the quality of a seminal sample through the execution of joint
techniques for the different sperm characteristics is the best way to indicate whether this semen
has fertilizing potential [7, 26].

The Soinga genetic group is already considered by breeders as a noble breed, with
characteristics suitable for breeding in the Brazilian semi-arid region, with emphasis on
resistance and precocity. However, research is still needed to prove all the responses described
by the producers, for better knowledge and production [18].

Thus, due to the lack of data on this genetic group, as well as characteristics of semen
cryopreserved at different times, the objective was to evaluate semen characteristics of sheep

of the genetic group Soinga after freezing in the rainy and dry periods in a semi-arid region.
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2 MATERIAL AND METHODS

2.1 Ethical considerations

This study was carried out in accordance with the recommendations in the Guide for the
National Council for the Control of Animal Experimentation and all procedures were approved
by the Committee on the Ethics of Animal Experiments of the Federal University of Campina
Grande (Permit Number: 68-2019).

2.2 Location, animals and experimental desing

The experiment was carried out in two seasons, rainy (May and June) and dry
(September and October) at Fazenda Soledade, Rio Grande do Norte, Brazil (5° 48' 40" South,
35° 33' 10" West, 100 m altitude), characterized by having an Aw climate, according to the
Kdppen classification, with an average temperature of 31.4 °C and a minimum of 21.5 °C and
an average relative humidity of 73% (Climate-data .org 2022). The average rainfall in the rainy
season is 244 mm and in the dry season 12 mm.

Eight male, non-castrated Soinga sheep, average body weight 42 + 5 kg and aged
between 1 and 2 years, were used in a semi-intensive production system with water ad libitum.
The diet offered to the animals was different in the two seasons (Table 1), being offered in the
rainy season as forage of Massai grass (Panicum maximum cv. Massai) and in the dry season
the forage offered was sorghum silage (Sorghum bicolor). The concentrate offered had the same
composition in both seasons (Table 2), as recommended by the NRC (2007).

The experimental animals were grouped in a completely randomized design, with two
treatments (period of the year) and eight replications (animals), and previously submitted to

general clinical examination and andrological examination.

2.3 Collection, evaluation and cryopreservation of semen

The ejaculate was obtained using an electroejaculator (Autojac®, Neovet®, Uberaba,
Brazil) in manual automatic mode. Semen was collected at the beginning and end of the rainy
and dry season, totaling four semen collections per animal.

Immediately after collection, ejaculates were evaluated using macroscopic and
microscopic analysis under a standard light microscope (10x magnification, Olympus, Japan).
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Then, ejaculates with > 70 % motility were subjected to evaluation of sperm concentration
according to [5].

After evaluation, the semen was diluted in Bovimix® (Nutricell, Campinas, Sdo Paulo,
Brazil) to a final concentration of 200 x 106 spermatozoa/mL, packed in 0.25 mL straws and
frozen in an automated system (TK 3000®, TK Freezing Technology Ltd., Uberaba, Brazil).
The cooling curve was adjusted for a temperature reduction from — 0.25 °C/min to 5 °C,
remaining at this temperature for 120 min (stabilization time). Then, the freezing curve was
started, with a reduction of — 20 °C/min until reaching — 120 °C, at which time the straws were

immersed and stored in liquid nitrogen (— 196 C) [4].

2.4 Thawing and semen analysis

At the time of analysis, two samples from each animal were thawed in a water bath (37
°C for 30 s), pooled and incubated at 37 °C for 5 min. Then, the samples were diluted (1:3) in
Tris buffer (375 mM Tris, 124 mM citric acid, 41.6 mM fructose, pH 6.8) Sigma-Aldrich (St.
Louis, MO, USA) and subjected to evaluation for kinematics using computer-assisted sperm
analysis (CASA), mitochondrial membrane potential (MMP), plasma membrane integrity
(PMi) and acrosomal membrane integrity (ACi).

To study the kinematic parameters, an aliquot (2.5 puL) of semen was placed on a slide
and covered with a coverslip (18 x 18 mm); both were preheated (37 °C) and evaluated under
a common optical microscope (100x magnification, Eclipse 50i, Nikon, Japan). Sperm images
were captured with a Basler A312FC digital camera (Basler Vision Technologies, Germany).

At least five random fields were chosen, recording at least 500 sperm. The parameters
evaluated using the SCA™ software version 5.1 (Microptics, SL, Barcelona, Spain) were: total
motility (MT, %), progressive motility (MP, %), linearity (LIN, %), straightness (STR, %) ,
sway index (WOB, %), curvilinear velocity (VCL, pum/s), straight line velocity (VSL, um/s),
average trajectory velocity (VAP, um/s), lateral displacement of the head (ALH, um) and
crossbeat frequency (BCF, Hz).

Mitochondrial membrane potential (PMM) was assessed, using a lipophilic cationic
fluorochrome (JC-1). For each treatment an aliquot (10 puL) of the sample was diluted in 30 uL
of Tris buffer, stained with 5.0 pL JC-1 and incubated for 10 min (25 »C). Two hundred sperm
were evaluated using BP 450-490 nm excitation and LP 515 nm emission filters at x400

magnification using an epifluorescence microscope (Carl Zeiss, Gottingen, Germany). Sperm
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with an orange-stained midpiece were considered to have high PMM, while sperm with a green
midpiece were considered to have a low PMM [4].

Plasma membrane integrity (iMP) was assessed by the double staining method [4], using
carboxyfluorescein diacetate (DCF) and propidium iodide (PI). For each treatment, an aliquot
sample (10 puL) was diluted in 30 pL of Tris buffer, stained with 5.0 uL of DFC and 5.0 uL of
PI and incubated for 10 min (25 °C). Two hundred sperm were evaluated using excitation filters
biparietal diameter (DBP) 485/20 nm and DBP 580-630 nm at 400x magnification using an
epifluorescence microscope (Carl Zeiss). Sperm stained green were considered intact and those
stained red were considered membrane damaged.

For each treatment, an aliquot (10 pL) of the sample was used to make a smear, air dried,
stained with 30 uL FITC-PNA and incubated in a humid chamber at 4 °C for 15 min in the dark.
Then the slides were immersed in phosphate buffer saline (PBS) twice and air dried.
Immediately before evaluation, 5 pl of mounting medium (4.5 ml glycerol, 0.5 ml PBS and 5.0
mg p-phenylenediamine) was placed on the slide and then covered with a coverslip. Two
hundred sperm were evaluated using an excitation filter BP 450-490 nm and emission LP 515
nm at 400x magnification using an epifluorescence microscope (Carl Zeiss). Spermatozoa in
which the acrosome was stained fluorescent green were considered to be intact acrosome. When
only the equatorial region of the sperm head was green fluorescent or when fluorescence was

absent, the spermatozoa were considered to be damaged acrosome [4].

2.5 Statistical analysis

Statistical analyzes were performed using GraphPad prism (version 5.0). Data were
tested for normality and variable homogeneity using the Kolmogorov — Smirnov method.
Subsequently, data from each experimental group were subjected to analysis of variance
(ANOVA) to determine the effects of treatments, with the significance level set at 5%. When
significant, the Tukey-Kramer test was performed to compare the means. Results were

expressed as mean + standard deviation.

3 RESULTS

Among the variables studied, there was a difference (p < 0.05) only for the variable BCF
between the end of the rainy season and the beginning of the dry season. There was no
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difference (p > 0.05) for the other kinetic parameters (MT, MP, VCL, VSL, VAP, LIN, STR,

WOB and ALH) of post-thawed sperm from Soinga sheep in different seasons (Table 3).
There was no difference (p > 0.05) between post-thawed spermatozoa regarding plasma

membrane integrity, high mitochondrial membrane potential and acrosomal membrane

integrity of Soinga sheep in different seasons (Table 4).

4 DISCUSSION

In the present study, it was shown that the BCF was lower in the dry season and higher
in the rainy season. This is potentially related to the reduction in sperm activation levels, due
to the decrease in cross-flagellar beating, which occurred due to sperm hyperactivation, a
characteristic fact of the sperm capacitation process [34]. Furthermore, BCF in the dry season
is already something that occurs in the Brazilian Northeast [13] and the values evidenced in this
research are similar to others performed under these same conditions [6, 8].

Although total sperm motility did not differ, it should be noted that at all times after
thawing it was greater than 29%. These results were satisfactory, as only 20-30% of the sperm
remained biologically intact after the freezing and thawing process [28].

A feature of frozen semen is a decline in motility, vigorous progression is exhibited to a
lesser extent, and most have a varying degree of impairment [35]. The damages that
cryopreservation can cause in sperm are ultrastructural, biochemical and functional and lead to
reduced motility and loss of sperm viability [28].

The drop in total motility may be involved by the cryopreservation stress that the cell is
subjected to. During the cryopreservation process, sperm damage may occur, which causes
reduced motility and morphological integrity, due to the excessive production of reactive
oxygen species [32].

It was noticeable that the averages of the variable total motility studied by the CASA
system were reduced after cryopreservation. This fact was reported by some authors when
evaluating the cryopreservation of ram semen in powdered coconut water-based extender
medium (acp-102c) where they found a reduction in almost all motility variables evaluated in
the CASA system in cryopreserved semen [9] . In studies involving the dilution of goat semen
with TRIS-egg yolk and TRIS-BSA (0.25%, 0.50% and 1.00%), they also found that after the
cryopreservation period there was a loss of total sperm motility in all groups: 31.58%, 47.39%,
52.69% and 45.69%, respectively [27].
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However, there are reports that total motility and progressive motility tend to present the
same pattern, regardless of the season when using Tris-yolk as a diluent [13]. In comparative
evaluations of the freezeability of sheep semen in extender based on TRIS-egg yolk with 0%,
0.5% and 1% of OEP (orvus es paste - Equex), in the TRIS extender, the total and progressive
motility were of 34% and 24%, respectively [16].

The parameters VCL, VSL, VAP, LIN, STR, WOB, ALH and BCF were constant in the
periods evaluated throughout all collections. This indicates that the animals managed to
maintain the same pattern in the rainy and dry seasons.

However, the analysis of the parameters ALH, BCF and LIN have to be observed
together, as these values are normally used for the Kinetic differentiation of sperm
subpopulations with high and low progressivity. Higher and lower LIN values of ALH show
high progressivity, unlike subpopulations with non-progressive sperm with a movement pattern
similar to hyperactivation, which have low LIN and high ALH [11, 22].

The averages of LIN values at close levels express that there were no major changes
between collections. The LIN variable is associated with the linear movement pattern of the
sperm cell, so the statistical similarity in this variable indicates that both animals maintained a
similar pattern of spermatic movement at different times of the year [20]. It should be noted
that LIN is linked to the efficiency of sperm in migrating in cervical mucus [21].

These results are quite satisfactory, considering that, for a good fertility rate, the sperm
membrane must be intact so that fertilization is possible [14]. With these characteristics, it can
be said that fertility rates are high, as the presence of integral membranes is a prerequisite for
events related to fertilization, sperm capacitation, penetration of the oocyte lining, binding to
the zona pellucida and the fusion with the oolemma [31]. Animals with high prevalence of
sperm with acrosome defects have reduced fertility [12].

In thawed semen, low fertility is largely correlated with the changes (plasma, acrosomal
and mitochondrial) through which the sperm membranes undergo during the freezing and
thawing processes [19].

In the evaluation of Tris extender supplemented with Mauritia flexuoxa oil on the quality
of goat semen after cryopreservation, the control group presented means of seminal
characteristics of plasmatic membrane, mitochondrial and acrosome integrity, 49.72, 34.28 and
39.25, respectively, [14]. These values were lower than those of the present study, showing that
the acrosome was well preserved and that the seasons did not influence the quality of

spermatozoa submitted to cryopreservation.
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The assessment of motility is subjective and limited and still does not correspond solely
to the ability of male gametes to fertilize. For this reason, it is extremely important to carry out
evaluations of the sperm structure, and although the spermatozoa show movement, their
membranes may not be intact [17], as cryopreservation may have affected the percentage of
spermatozoa with structural and functional membrane integrity [9].

Additionally, there are reports that freezing and thawing procedures generate negative
effects on motility, plasma membrane integrity, acrosome integrity and DNA integrity [1].
However, in the present research this did not occur, and the cryopreservation process did not
cause major changes in sperm morphology. This fact raises the hypothesis that these differences
observed in previous studies are possibly due to the quality of the semen, as well as the different
processing methodologies used.

Sperm generally need to contain their membrane components, organelles and haploid
genome intact for conception to occur [30]. Therefore, it is worth emphasizing the importance
of evaluating the semen by means of fluorescent probes, which help in the study of the
fertilizing potential of the ejaculate. They found that the highest pregnancy rates are obtained
when samples with intact plasma and acrosomal membranes and high mitochondrial function

are used in artificial insemination [23].

5 CONCLUSION
Sheep breeders of the Soinga genetic group did not show differences between seasons

in post-thaw seminal quality exploited in a tropical environment.
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Table 1- Chemical composition of the experimental diet ingredients.

Ingredients Chemical composition (g/kg in MS)

Rainy season

Concentrate MS MM PB FDN FDA
Corn, ground grain 953,8 18,3 74 306,5 177
Soybean bran 912,50 68,00 44480 291,60 233,30
Voluminous

Massai grass 504,90 91,50 74,60 767,00 337,40
Dry season

Concentrate

Corn, ground grain 908,40 24,20 82,57 295,13 40,87
Soybean bran 91250 68,00 44480 291,60 233,30
Voluminous

Sorghum, silage 305,40 60,90 40,80 637,90 341,40

MS= Dry Matter, MM= Mineral Matter, PB= Crude Protein, FDN= Neutral Detergent Fiber, FDA=
Acid Detergent Fiber.
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Table 2- Proportion of ingredients and chemical composition of the concentrate.
Proportion of ingredients (g/kg in DM)

Corn, ground grain 682
Soybean bran 275
Mineral salt 43
Chemical composition (g/kg in MS)

MS MM PB FDN FDA
Rainy season 944.,4 74,2 172,8 289,2 184,9
Dry season 913,4 78,2 178,6 2814 92

MS= Dry Matter, MM= Mineral Matter, PB= Crude Protein, FDN= Neutral Detergent Fiber, FDA=
Acid Detergent Fiber.
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Table 3- Kinetic parameters (CASA) of post-thawed spermatozoa from sheep of the Soinga
genetic group at the beginning and end of two distinct seasons in the Brazilian northeastern

semi-arid region.

Rainy

Variables Onset Finale Onset Finale
™ (%) 32,7+18,01a 31,5+17,7a 29,7+16,5a 40,4+11,7a
PM (%) 11,06+8,02a 7,83+7,57a 13,5+9,35a 12,4+4,70a
VCL (um/s) 70,6+20,1a 74,2+22,04a 70,3+9,35a 78,5+15,07a
VSL (um/s) 38,8+13,6a 36,8+10,20a 43,2+9,72a 41,6+8,48a
VAP (um/s) 56,4+20,8a 55,2+19a 56,02+10,80a  59,2+12,01a
LIN (%) 54,1+10,4a 49,8+5,72a 61,6+12,5a 53,7+9,61a
STR (%) 69,1+9,48a 68,2+6,48a 76,6+6,54a 70,6+7,95a
WOB (%) 78,4+11,2a 73,3+6,46a 79,7+11,6a 75,8+9,89%a
ALH (um/s) 2,06+0,68a 2,68+0,33a 2,1+0,82a 2,47+0,40a
BCF (Hz) 8,15+1,72ab 9,88+1,24a 7,52+1,41b 9,12+0,82ab

Different letters on the same line indicate statistical differences (p<0,05). TM: total
motility, PM: progressive motility, VCL: curvilinear velocity, VSL: straight speed, VAP:
average trajectory speed, LIN: linearity, STR: straightness, ALH: lateral displacement of

the head, BCF: frequency of cross beat.
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Tabela 4- Integrity of plasma membrane (MPi), high potential of mitochondrial membrane
(MMP), and acrosomal membrane integrity (ACi) of post-thawed spermatozoa from sheep of
the Soinga genetic group at the beginning and end of two distinct seasons in the Brazilian
northeastern semiarid region.

Rainy Dry
Variables Onset Finale Onset Finale
MPi (%) 45,3+18,3a 48,4415 5a 43,2412 4a 42,6+10,16a
MMP (%) 44,1+22,03a 61,08+12,9a 51,7+17,06a 52,25+13,16a
ACi (%) 91+7,99a 81,4+18,2a 83,6+19,25a 85,5+17,7a

Different letters on the same line indicate statistical differences (p<0.05).



Highlights
e Observation of kinematic parameters and fluorescent probes were performed.
e Evaluation of seminal quality in two freezing seasons in a tropical environment.

e Soinga sheep showed no differences in post-thaw seminal quality.
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CONCLUSAO GERAL

Os ovinos do grupo genético Soinga foram capazes de manter a homeotermia em
condicBes climaticas do semiarido nas diferentes épocas do ano (chuvosa e seca). Apesarde
terem ocorrido alteragdes nos parametros do perfil bioquimico, a maior parte desses parametros
permaneceu dentro dos padrbes preconizados para a espécie, confirmando a adaptabilidade
fisioldgica desse grupo genético as condicdes do semidrido brasileiro.

Na resposta hormonal, ndo apresentaram grandes variacdes durante as duas épocas,
exceto em relacédo a testosterona que se mostrou elevada na estacdo seca. Todavia, a qualidade
seminal permaneceu dentro da normalidade para espécie ao longo dos periodos avaliados,
considerada satisfatoria para a atividade reprodutiva. Na avaliacdo do sémen descongelado, ndo
apresentaram diferencas entre épocas na qualidade seminal pos-descongelamento explorados

em ambiente tropical.



