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Impacto Potencial da Pesquisa

A presente pesquisa apresenta contribui¢des relevantes para a area da biotecnologia reprodutiva
animal, ao investigar de forma pioneira os efeitos do estresse térmico testicular agudo sobre a
cinética e a resisténcia de espermatozoides ovinos submetidos ao armazenamento refrigerado a
5 °C. Considerando o contexto atual de intensificagao dos sistemas de producao e das mudancas
climaticas globais, que favorecem a ocorréncia de episodios frequentes de estresse térmico em
animais domésticos, os resultados deste estudo tém implicacdes praticas e cientificas
importantes para a reproducdo de pequenos ruminantes, especialmente em regides tropicais e
subtropicais.

A demonstracdo de que a hipertermia escrotal compromete significativamente a cinética
espermatica e a morfologia seminal, ainda que ndo afete de forma imediata a resisténcia ao
armazenamento refrigerado, amplia o entendimento sobre a fisiopatologia do estresse térmico
reprodutivo e seus reflexos na fertilidade. Além disso, a validacdo da termografia infravermelha
como ferramenta auxiliar no diagndstico precoce de alteragdes testiculares representa um avango
na adogdo de técnicas ndo invasivas, rapidas e economicamente vidveis para a avaliacdo da
funcao testicular em reprodutores.

Do ponto de vista aplicado, os achados podem subsidiar estratégias de manejo e selecdo de
animais mais adaptados ao estresse térmico, promovendo melhorias nos indices reprodutivos da
ovinocultura e contribuindo para o uso mais eficiente das biotecnologias da reprodugdo, como a
inseminacao artificial com sémen refrigerado. No campo cientifico, a pesquisa abre novas
perspectivas para estudos futuros sobre os mecanismos moleculares envolvidos na recuperacdo
testicular pos-insulto térmico, bem como sobre o desenvolvimento de protocolos mais eficazes

de conservacao e utilizagao do sémen em programas de melhoramento genético animal.
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ROSSI, E.S. IMPACTO DO ESTRESSE TERMICO TESTICULAR NA CINETICA E
NA RESISTENCIA DO SEMEN ARMAZENADO A 5 °C EM CARNEIROS (OVIS
ARIES). Botucatu — SP. 2022. 62p. Universidade Estadual Paulista “Julio de Mesquita

Filho” - Faculdade de Medicina Veterinaria e Zootecnia

RESUMO

Eduardo dos Santos Rossi. Impacto do estresse térmico testicular na cinética e na
resisténcia dos espermatozoides ovinos armazenados a 5 °C [Impact of testicular heat
stress on the kinetics and resistance of ovine sperm stored at 5 °C]. Botucatu-SP. 2022. 42f.
Dissertagdo (mestrado em Biotecnologia Animal) - Faculdade de Medicina Veterinaria e
Zootecnia da Universidade Estadual Paulista “Julio de Mesquita Filho” (UNESP — FMVZ,

Botucatu, Sao Paulo, Brasil).

Objetivo: Este estudo avalia o efeito do estresse térmico testicular agudo na
resisténcia do sémen refrigerado de ovinos. Além disso, utilizou-se a termografia
infravermelha como ferramenta no auxilio diagndstico dos efeitos do estresse térmico
testicular. Metodologia: Oito carneiros mesticos aprovados em exame androlégico foram
usados. A temperatura testicular foi aumentada por insulacdo escrotal (fraldas descartaveis)
por 51 h, aumentando a temperatura da superficie escrotal ~3 - 5°C, mas ndo afetando a
temperatura retal. O sémen foi coletado por vagina artificial antes (Controle; CO) e nos dias
(D) 7, 14, 21, 28, 35, 47 e 62 apos a insulag@o. A termografia infravermelha do escroto e area
do globo ocular foi aplicada momentos antes da insulacdo e imediatamente apds a retirada.
Além disso, a temperatura retal foi monitorada por termdmetro digital nos mesmos momentos
da termografia. O sémen foi avaliado via Analise Computadorizada da Célula Espermatica
(CASA) imediatamente apos a coleta (MO0), retirou-se uma fragdo para morfologia e, na
sequéncia, foi diluido com BotuBOV® (400 x 10° espermatozoide/mL), resfriado a 4°C e
avaliado em 0, 12, 24, 36, 48 ¢ 72 h. Os dados do estudo foram considerados normais e foram

analisados por medidas repetidas da ANOVA usando GraphPad Prism® considerando dias de
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coleta ou tempo de armazenamento de resfriamento. A diferenca estatistica foi considerada
quando P<0,05 e os resultados sdo apresentados como Média £+ SEM. Resultados: Houve
redugdo nos parametros de cinética espermatica e aumento de morfologia anormal ja nos
primeiros 7 dias ap6s insula¢do, no entanto a resisténcia foi preservada. Os piores momentos
de cinética e morfologia foram nos dias 14, 21 e 28 e, comecaram a melhorar em D35, mas
ainda com impacto na resisténcia espermatica. Em D47 houve uma melhora importante na
cinética, morfologia e integridade de membrana plasmadtica, além disso, a resisténcia se
manteve. A recuperacao completa de todos os pardmetros avaliados foi feita aos 62 dias apos
a pos insulagcdo. Ademais, uma grande diferenca estatistica foi observada entre 0 momento
pré e pos-HS com a termografia. Conclusio: O estresse térmico testicular agudo prejudicou a
cinética do sémen refrigerado levando a necrospermia. Contudo, a resisténcia do sémen
refrigerado a 5 °C por 72 h nao foi comprometida. Além disso, a termografia infravermelha
foi uma ferramenta valiosa no auxilio diagnéstico de alteragdes no testiculo associadas a

baixa qualidade seminal.

Palavras-chave: Hipertermia testicular, criopreservacao de sémen, CASA, viabilidade

espermatica, termografia, carneiros.
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ROSSI, E.S. IMPACT OF TESTICULAR HEAT STRESS ON THE KINETICS AND
RESISTANCE OF OVINE SPERM STORED AT 5 °C. Botucatu — SP, Brasil. 42p.
Faculdade de Medicina Veterinaria e Zootecnia da Universidade Estadual Paulista “Julio de

Mesquita Filho” (UNESP — FMVZ, Botucatu, Sao Paulo, Brasil).

ABSTRACT

Objective: This study evaluates the effect of acute testicular heat stress on the strength
of refrigerated semen in rams. Furthermore, infrared thermography was used as a tool to aid
in the diagnosis of the effects of testicular heat stress. Methodology: Eight crossbred rams
that passed an andrological examination were used. Testicular temperature was increased by
scrotal insulation (disposable nappies) for 51 h, increasing scrotal surface temperature ~3 -
5°C, but not affecting rectal temperature. Semen was collected through an artificial vagina
before (Control; CO) and on days (D) 7, 14, 21, 28, 35, 47 and 62 after insulation. Infrared
thermography of the scrotum and eyeball area was applied moments before insulation and
immediately after withdrawal. In addition, rectal temperature was monitored by a digital
thermometer at the same times as thermography. The semen was evaluated via Computerized
Sperm Cell Analysis (CASA) immediately after collection (MO0), a fraction was removed for
morphology and, subsequently, it was diluted with BotuBOV® (400 x 106 sperm/mL), cooled
to 4°C and evaluated at 0, 12, 24, 36, 48 and 72h. Study data were considered normal and
were analyzed by repeated measures ANOVA using GraphPad Prism® considering days of
collection or cooling storage time. The statistical difference was considered when P<0,05and
the results are presented as Mean £ SEM. Results: There was a reduction in sperm kinetic
parameters and an increase in abnormal morphology within the first 7 days after insulation,
however resistance was maintained. The worst moments of kinetics and morphology were on
days 14, 21 and 28, and they started to improve in D35, but still with impact on sperm
resistance. On D47 there was an important improvement in plasma membrane kinetics,
morphology and integrity, furthermore, resistance was maintained. Complete recovery of all

evaluated parameters was performed 62 days after post-insulation.
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Furthermore, a large statistical difference was observed between pre- and post-HS time with
thermography. Conclusion: Acute testicular heat stress impaired the kinetics of refrigerated
semen leading to necrospermia. However, the resistance of semen cooled at 5 °C for 72 h was
not compromised. In addition, infrared thermography was a valuable tool in aiding the

diagnosis of alterations in the testis associated with poor seminal quality.

Keywords: Testicular hyperthermia, semen cryopreservation, CASA, sperm viability,

thermography, rams.
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1. INTRODUCAO E JUSTIFICATIVA

E esperado que a populagdo mundial aumente de 7,2 para 9,6 bilhdes até o ano
de 2050 (FAO, 2009), um aumento da ordem de 33%. Atrelado ao crescimento
populacional estd o aumento da demanda de produtos de origem animal em cerca de
70% para o mesmo periodo (Marin et al., 2016).

A produgdo animal ¢ muito importante para a segurancga alimentar global, pois
prové 17% do consumo global de quilocalorias e 33% do consumo global de proteinas
(Rosegrant et al., 2009). Em aspectos gerais, o setor pecudrio emprega cerca de 1,1
bilhdes de pessoas no mundo (Aguiar e Hurst et al., 2005) e, tendo em vista a crescente
demanda de produtos de origem animal e o rdpido crescimento dos paises em
desenvolvimento, foi considerado a “revolucao pecuaria” (Thornton 2010).

No Brasil, pais de pecuaria forte, a crescente demanda na producao de ovinos
tem chamado a aten¢do nos ultimos anos (Magalhaes et al., 2018), contudo, este setor
enfrenta algumas dificuldades como baixas taxas de concep¢ao, principalmente com a
inseminacao artificial cervical (Kumar et al., 2014), onde parte dos baixos indices de
fertilidade sdo atribuidos ao uso de sémen congelado (O’Meara et al., 2008; Maia
2015).

O uso de biotecnologias a campo ainda ¢ pouco difundido na ovinocultura,
comparados as outras espécies. Este cenario torna esta area muito promissora e,
portanto, implica na necessidade de estudos, especialmente sobre a qualidade e
longevidade do s€men pds-criopreservacao (Cseh e al., 2012; Paul et al., 2020).

O clima, principalmente quando se considera o estresse térmico (ET), exerce
grande influéncia sobre a saude e a reprodu¢do animal (Rojas-Downing et al., 2017).
Em condig¢des fisioldgicas a maioria dos mamiferos, incluindo os ovinos, mantém a
temperatura testicular 3 e 5 °C inferior a corporal (Kastelic et al., 1995), condig¢ao
essencial para a adequada espermatogénese (Kim et al., 2013; Abi Saab et al., 2011).

E possivel dizer que a elevacio da temperatura ambiente contribui para a selecio
de animais mais resistentes as mudancas climdticas e, consequentemente, ird reduzir o
numero de animais menos adaptados (Parmesan et al., 2006). Entretanto, considerando
que a tendéncia ¢ de aumento na temperatura, sabe-se que existem variagcdes regionais,
principalmente em regides tropicais e subtropicais que sdo associadas a quadros de

subfertilidade em ruminantes (Takahashi et al., 2012).
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Apesar dos varios estudos dos efeitos do estresse térmico sobre a qualidade e a
congelabilidade seminal (Kastelic et al., 1999; Alves et al., 2016; Armengol et al.,
2018), nao ha relatos descrevendo os impactos do ET na resisténcia do sémen ao
processo de refrigeracgao.

Portanto, a partir da hipdtese em que carneiros, submetidos a insulacdo escrotal
terdo reduzida a qualidade e resisténcia das amostras seminais refrigeradas ao longo do
processo de recuperagdo do insulto resultante do estresse térmico testicular agudo o
presente estudo teve como objetivo avaliar em os efeitos do ET testicular agudo na
qualidade, cinética e viabilidade espermatica durante o armazenamento a 5 °C por 72

horas ao longo do processo de recuperagao do estresse térmico.

2. Revisao de literatura

2.1. Aspectos anatdomicos importantes para a termorregulacio testicular

Na maioria dos mamiferos domésticos, os testiculos estdo localizados fora da
cavidade abdominal, alojados dentro do escroto (Hansen, 2009), apesar de haver
algumas particularidades, como a dos elefantes, que tem os testiculos dentro da
cavidade abdominal (Gaeth et al., 1999).

A origem do escroto ¢ amplamente debatida (Kleisner et al., 2010). A hipotese
mais aceita baseia-se na “cooling hypothesis”, que postula que para a espermatogénese
fisiologica ocorrer, os testiculos precisam obrigatoriamente estar a uma temperatura
inferior a corporal. Para tanto, ¢ importante que os testiculos fiquem externamente a
cavidade abdominal (Moore 1926). Contudo, algumas espécies tém os testiculos dentro
da cavidade abdominal e apresentam espermatogénese normal (Glover e Sellars 1973).

Além disso, existe hipdtese de que a bolsa testicular sofreu redugdes ao longo da
evolucdo em mamiferos, tendo em vista e associado ao alto gasto energético no
processo de descida dos testiculos (Werdelin e Nilsonne 1999), assim como sugerem
que havera reducdes adicionais, tendo em vista e, principalmente, a maior resisténcia
adaptativa dos testiculos a altas temperaturas.

Ainda, Kleisner (2010) afirmam que a pressdao de selecdo foi fundamental no
processo de evolucdo resultando na heterogeneidade onde os testiculos sdo alojados
entre as espécies e, portanto, tornando possivel o adequado desenvolvimento testicular

com espermatogénese fisiologica, assim como protecdo da gdénada contra injarias
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internas e externas ao organismo e consequentemente preservacdo do DNA paterno
(Kleisner et al., 2010), bem como modificacdes vasculares que possibilitaram melhor
desenvolvimento metabdlico das mitocondrias, especialmente nos processos oxidativos
dando maior suporte para metabolismo aerdbico e consequentemente maior atividade
nos processos de divisdo para as células germinativas (Setchell et al., 1998).

Embora existam inumeras hipoteses sobre a origem e evolugdo anatomica dos
testiculos, na maioria dos mamiferos incluindo humanos a espermatogénese adequada
ocorre quando a temperatura dos testiculos estd inferior a corporal (Hansen, 2009).
Neste sentido, a localizagao dos testiculos na maioria dos mamiferos incluindo ovinos é
externa a cavidade abdominal o que permite a manutengdo da temperatura inferior a
corporal através do processo denominado termorregulacdo testicular (Kastelic et al.,
1995).

Os mecanismos de termorregulagdo testicular possibilitam manter a temperatura
dos testiculos entre 3 e 5 °C inferior a corporal (Skinner e Louw, 1966). Para uma
termorregulacdo testicular adequada a tinica muscular dartus e o musculo cremaster,
plexo pampiniforme, superficie escrotal e glandulas sudoriparas do escroto sdo
essenciais (Blazquez et al., 1988).

O plexo pampiniforme, presente no funiculo espermatico, por meio de um
mecanismo de troca de calor artéria e as enoveladas veias testicular, diminui
progressivamente a temperatura do sangue da artéria antes dele entrar no testiculo
(Kastelic et al., 1996; Barros et al., 2011). Da mesma forma, a tinica dartus, 6rgao
formado por fibras musculares lisas e localizado logo abaixo da pele escrotal, auxilia na
manuten¢do da temperatura testicular; neste, nervos sensoriais coordenam a contragdo
ou relaxamento dependendo da temperatura escrotal (Senger 2003). J& o musculo
cremaster localizado no corddo espermatico cumpre também importante funcdo
regulatoria do fluxo sanguineo pelos movimentos de contragdo e relaxamento do cordao
durante o processo de termorregulacao (Senger 2003; Hansen 2009).

Outra estrutura fundamental ¢ a superficie escrotal dada sua importancia na troca
de temperatura entre o ambiente interno e externo do escroto (Kastelic et al., 1997),
principalmente pela presenca das glandulas sudoriparas, muito importantes para a
evapotranspiracao e, consequente resfriamento escrotal/testicular (Moule e Waites,
1963; Pérez-Crespo et al., 2008). Do mesmo modo da tinica dartus, a taxa de sudorese
¢ regulada por meio das informagdes colhidas pelas terminagdes nervosas

termossensiveis distribuidas na superficie do escroto (Senger, 2003).
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2.2. Modelos experimentais de insulacio testicular

Hé muitos anos se estuda os efeitos do ET na reprodugao de carneiros (Waites et
al., 1961). Além da agdo testicular local, o ET também afeta a reproducdo e o consumo
alimentar, prejudicando o equilibrio energético (Skinner e Louw, 1966; Hansen, 2009).

Inimeros modelos experimentais de ET foram desenvolvidos, no entanto,
existem duas formas mais comuns de promover o insulto térmico testicular, que ¢
promovendo o aquecimento do corpo inteiro ou apenas da bolsa testicular. O modelo
mais completo de ET ¢ aquecer o corpo inteiro, assim ¢é possivel detectar os efeitos de
todas as modificagdes fisioldgicas, metabdlicas e enddcrinas e, além da resposta das
glandulas sudoriparas escrotais (Setchell et al., 1998).

O outro modelo de promover o ET nos testiculos ¢ a insulagdo local (Setchell et
al., 1998). Um dos métodos mais utilizados de insulacdo escrotal envolve o uso de
fraldas infantis descartaveis e fita adesiva, sendo facil de confeccionar, barato e,
principalmente, eficaz em promover a hipertermia elevada (Rahman et al., 2018; Vieira-
Neto et al., 2019). Contudo, a extensao dos efeitos deletérios da hipertermia testicular
ndo esta totalmente clara (Shahat et al., 2020) o que torna fundamental mensurar a

extensdo de calor promovido durante o insulto (Waites 1970; Brito et al., 2004).

2.3. Degeneracio testicular

Considerando os estudos anteriores, o incremento caldrico da gonada masculina,
desencadeia um processo de degeneracdo da estrutura testicular (Kastelic et al., 1996)
em consequéncia de varios fatores, mas principalmente pela hipertermia e / ou perda da
capacidade de termorregulacdo dos testiculos (Moule e Waites, 1963). Esse quadro ¢
um dos mais incriminado nos casos de subfertilidade e at¢ mesmo infertilidade em
espécies domésticas e de producao (Rahmam et al., 2018).

A elevagdo da temperatura ambiental por mudangas climaticas, hipertermia
sist€émica decorrente de processos inflamatorios, infecciosos e toxicos; as dermatites
escrotais, edema, hidrocele e excesso de gordura escrotal tém potencial de causar
degeneracdo testicular (Setchell et al., 1998; Alvarenga e Papa, 2009; Hansen 2009;
Shahat et al., 2020). Além disso, outros fatores como deficiéncia nutricional,

especialmente de vitamina A e outras, assim como lesdes vasculares e consequente
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perda de termorregulagcdo também podem levar a degeneracdo testicular (Zervos et al.,
2005).

Ademais, considerando a degeneragao testicular uma doenga multifatorial, vale
lembrar os fatores fisicos e quimicos que podem causar lesdo da barreira
hematotesticular, assim a aplicagdo de farmacos esterdides e anabolizantes podem
comprometer severamente os testiculos levando a degeneracao testicular (Nascimento e
Santos 2003; Alvarenga e Papa, 2009; Almasiova et al., 2012).

O impacto da degeneracdo testicular na libido nao estd totalmente esclarecido,
contudo os prejuizos sobre a qualidade espermatica sdo bem conhecidos (Péres-Crespo
et al.,, 2008; Kastelic et al., 2017), portanto, o comprometimento da qualidade
espermatica de forma transitoria ou até mesmo irreversivel representa um distirbio
reprodutivo classificado como impoténcia generandi, um importante problema do ponto
de vista reprodutivo (Lagerlof 1938), pois causa enormes prejuizos econdomicos
(Alvarenga e Papa, 2009).

Outros fatores importantes que podem influenciar direta ou indiretamente os
impactos da hipertermia testicular sdo: raga, aptiddo, cor do pelame e até mesmo
presenga ou auséncia de 12 (Armengol et al., 2015). Cada um deles tem potencial
negativo distinto sobre o tecido testicular, que pode variar de modifica¢des
microscopicas a totalmente perceptivel ao exame clinico visual (Cavalcante et al., 2014;
Garcia 2017).

E possivel graduar a DT em leve, moderada ou grave, de acordo com a
intensidade da lesdo e qualidade espermatica (Lagerlof 1938; Bicudo et al., 2007).

Nas condi¢des leve ou moderada, normalmente ha reducdo de fertilidade com
morfologia prejudicada discretamente ou de forma importante no caso do 2° grau,
contudo, em ambas as situagdes células da linhagem germinativa: espermatogonias,
Leydig e Sertoli permanecem, na maioria dos casos com suas funcdes preservadas
sendo fundamental a remocao do agente causal (Moule e Waites 1963; Bicudo et al.,
2007). Em condigdes graves onde o diagnostico da DT ndo foi possivel nos estagios
iniciais, achados clinicos severos podem ser encontrados € em muitos casos
potencialmente irreversivel, como impactos negativos sobre a qualidade do ejaculado,

morfologia e concentragdo espermatica (Lagerlof 1938; Bicudo et al., 2007).

2.4. Métodos de diagnostico da degeneracio testicular
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Os métodos de diagnodstico da DT envolvem um detalhado exame clinico
androlégico, sendo fundamental a colheita e avaliacdo espermatica. O uso do ultrassom
e da termografia infravermelha podem auxiliar no diagnostico (Lagerlof 1938; Bicudo

et al., 2007; Hansen 2009).

2.4.1. Avaliaciao espermatica para diagndstico da degeneracio testicular

Os achados seminais mais caracteristicos da DT relacionam-se a diminui¢ao da
motilidade espermdtica e ao aumento de espermatozoides com danos morfolégicos
(Kastelic et al., 1995). Esse quadro seminal impacta severamente a fertilidade (Garcia
2017). Os defeitos morfologicos mais comuns relacionados @ DT sdo os de cabega e
cauda, cabeca isolada e gotas citoplasmaticas proximais (Lagerlof 1938; Bicudo et al.,
2007; Hansen 2009).

A avaliagdo da cinética espermatica ¢ uma ferramenta indispensavel para
diagnoéstico de baixa qualidade seminal, uma vez que possibilita detectar alteragdes
iniciais nos ejaculados sob efeito do estresse térmico agudo e/ou cronicos (Moreira et
al., 2001; Vieira et al., 2008).

Ha particularidades entre as espécies, por exemplo em touros Bos taurus sao
altamente sensiveis aos efeitos negativos do estresse térmico sobre a qualidade,
morfologia e fertilidade do sémen (Kastelic et al., 2001; Brito et al., 2003). No entanto,
a espécie caprina, cujo escroto bipartido possui maior superficie de area escrotal e maior
distribuicao de glandulas sudoriparas, ¢ menos sensivel aos efeitos do estresse térmico.
Contudo, quando existem condi¢des severas de ET e perda de homeostase metabolica e
deficiéncia dos mecanismos de termorregulacdo ocorre a perda de qualidade seminal,
queda da concentragdo espermatica, prejuizos nos padroes de cinética e diminui¢do no
volume do ejaculado (Coelho et al., 2008; Archbald et al., 1990).

Além disso, ¢ fundamental conhecer as particularidades de cada espécie
incluindo o ciclo do epitélio seminifero, pois dessa forma serd possivel compreender a
extensdo e possivelmente a cronologia da DT (Swierstra 1968; Rahman et al., 2011;
Garcia-Oliveros et al., 2020). Ademais, métodos de avaliacdo subjetiva (motilidade,
concentracdo e morfologia espermatica) nem sempre fornecem informagdes realisticas
e, portanto, o uso de métodos menos subjetivos nestas condicdes como por exemplo a
andlise computadorizada da célula espermatica avaliando pardmetros de cinética e a

avaliacdo da integridade de membrana, aumentam a confiabilidade no diagnostico
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(Ericsson et al., 1993; Arruda et al., 2011), visto a importancia desta ultima nos
processos relacionados a viabilidade espermatica (Borges et al., 2011).

Por fim, ressaltando a dificuldade de tragar um prognoéstico para a DT tendo em
vista os disturbios multifatoriais e suas consequéncias, a realizagao de exames clinicos
androldgicos em curtos intervalos e de exames complementares ¢ fundamental para
compreender a extensdo dos efeitos (Coulter et al., 1988; Arteaga et al., 2005;

Alvarenga e Papa, 2009).

2.5. Exame complementar para auxilio diagndstico de degeneracao testicular

O uso de ferramentas que auxiliem na avaliag¢do clinica androlégica de DT, como
a termografia infravermelha e a ultrassonografia testicular tem se tornado cada vez mais
frequente e, esses exames t€m a capacidade de complementar os achados clinicos e
seminais na busca de um diagnostico (Coulter et al., 1988; Brito et al., 2004; Alves et
al., 2014; Junior et al., 2017), assim como outros métodos como ultrassom Doppler
(Hedia et al., 2019), biopsia testicular (Sartori et al., 2002), proteomica do sémen
(Abdelnour et al., 2019), sondas fluorescentes (Gillan et al., 2005) e expressao génica

(Collier et al., 2008; Rizzoto et al., 2020)

2.5.1. Termografia infravermelha na superficie escrotal

A termografia infravermelha capta o calor emitido pela superficie corporal e
representa o seu gradiente com diferentes cores, permitindo o seu uso como método
diagndstico especialmente no sistema reprodutor masculino (Coulter et al., 1988; Brito
et al., 2004).

Apesar de ser um método rapido, fécil e eficaz no diagnéstico de alteragdo de
temperatura (Coulter et al., 1988), a termografia tem varias limitagdes como presenga de
pelo, umidade e sujidades que podem prejudicar a confiabilidade dos resultados (Basile
2012; Damacena et al., 2019). Neste sentido, ¢ fundamental o conhecimento técnico na
utilizacdao da termografia especialmente por ser uma técnica amplamente utilizada nas
espécies domésticas e de produgdo (Gazvani et al., 2000; Capraro et al., 2008;
Alvarenga e Papa, 2009).

Sabe-se que a extensdo dos danos causados pelo estresse térmico nos testiculos

esta relacionada ao tempo e intensidade da sua duragdo, que influenciard o grau de DT
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(Brito et al., 2003; Fernandes et al., 2008). Dessa forma, considerando a importancia da
termografia no auxilio diagnodstico de alteragdes reprodutivas em machos, ¢
fundamental a realizag¢do de estudos que associam a funcionalidade da técnica na pratica
clinica de disturbios testiculares em consequéncia do estresse térmico (Alves et al.,

2014; Gonzaga et al., 2017).

2.5.2. Ultrassonografia testicular em ovinos

O exame de ultrassom bidimensional utilizando a escala de cinza permite
interpretar a funcionalidade da estrutura/orgdo avaliado e ¢ amplamente utilizado
(Ginther 1995) principalmente por auxilio precoce no diagnostico de patologias
testiculares complementando o exame clinico androlégico (Nepomuceno et al., 2013) e
além disso, este método permite a diferenciacdo de alteragdes extratesticulares e
intratesticulares, com sensibilidade de 98% a 100% Siegel (2003).

As avaliagdes da degeneracdo testicular utilizando o ultrassom bidimensional
analisando as escalas de cinza sdo descritas a mais tempo, contudo, novos desafios estao
sendo langados explorando outras ferramentas ultrassonograficas como Doppler
colorido, Power e Espectral, mostrando-se importante para a avaliagdo da integridade

vascular e fisiologica no testiculo (Ginther 2007; NEPOMUCENO et al., 2013).

2.6. Refrigeracdo do sémen ovino

O sémen ovino colhido pode ser usado diluido a fresco, congelado ou refrigerado
(Maia et al., 2010). A refrigeragdo tem como vantagens principais o armazenamento
barato e otimizacao do uso de reprodutores (Vishwanath e Shannon, 2000). Além disso,
reducdo de motilidade e morfologia normal sdo menos pronunciadas no sémen
refrigerado comparado ao congelado-descongelado (revisado por Salamon e Maxwell,
1979).

Em linhas gerais, a refrigeragao consiste em reduzir a temperatura do ejaculado

diluido para estabilizagdao a 5 °C e, consequentemente, adaptagao devido reducdo do
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metabolismo espermdtico (Mazur, 1984). A adaptacdo do sémen diluido ¢ também
popularmente conhecida como fase de equilibrio, caracterizada pelo tempo em que os
espermatozoides permanecem em contato com o glicerol e outros componentes do
diluente o que resulta em interacdo do meio intra e extracelular pré congelacao
(Salamon e Maxwell, 2000). Apos dilui¢do completa para refrigeragdo, a interagao entre
o glicerol e a célula espermatica tem inicio aos 30°C e ¢ recomendada pelo menos cerca
de 90 a 120 min de refrigeracdo a 5°C, se a intengdo for a congelagdo (Evans e
Maxwell, 1987).

Ha alguns estudos que empregam diferentes taxas de refrigeragdo na espécie
ovina, uma hora e meia (Gonzalez 1996), quatro horas (Mathur 1991), de vinte e quatro
a setenta e quatro horas (Camara et al., 2011) sendo, contudo, imprescindivel a atengao
quanto a taxa de refrigeragdo, intervalo de temperatura e o limite de temperatura, tendo
em vista a alta vulnerabilidade da célula espermatica ao choque térmico, inferindo
queda de motilidade e capacidade de fertilizagao de forma irreversivel (Watson 2000).
Assim sendo, o processo de refrigeracdo obrigatoriamente precisa seguir uma constante,
o suficiente, que torne possivel os espermatozoides reduzirem a quantidade de 4gua
intracelular, no entanto, sem excesso ¢ adequado para que a motilidade ¢ as fungdes
celulares nao sejam comprometidas (Mazur 1984; Watson 2000).

E importante considerar também que durante a refrigeracdo ocorre uma reagio
das cadeias hidrocarbonadas, conhecida como fase de transi¢do dos lipideos de
membrana que resulta na modificacdo da membrana do seu estado liquido-cristalino
para gel, passo limitante devido ao aumento da peroxidagdo lipidica podendo levar a
lesdes celulares e consequentemente perda de motilidade e da capacidade fertilizante do
sémen, além de aumento da permeabilidade celular (Parks 1997).

A auséncia de equilibrio da permeabilidade celular em fun¢do da ma organizacao
das proteinas integrais, tem como consequéncia o transporte facilitado de intimeras
substancias e perda de ATP, acidos nucléicos, fosfolipidios, enzimas, potéassio e
magnésio componentes fundamentais de membrana intracelulares além da redug@o na
manuten¢do de célcio intracelular; atrelado a isto esta o choque térmico que prejudica a
glicolise anaerdbica e o metabolismo aerdbico, restringindo a producao de ATP pela

célula espermatica prejudicando suas fungdes celulares (Watson 1995; Parks 1997).
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Abstract

Testicular thermoregulation in rams maintained between 3 and 5 °C lower than body
temperature is essential to preserve sperm quality and morphology, enabling the use of
semen in reproductive management. The use of biotechnologies, especially refrigerated
semen (RS), has grown considerably due to the numerous advantages when compared
to frozen semen. However, despite numerous studies with semen biotechnologies that
investigate the effects of heat stress (HS) on semen in rams, there are no reports that
accompany the post-HS sperm pathophysiology demonstrating the impacts on the
quality and resistance of semen stored at 5 °C for 72 hours and, therefore, that justifies
the use of RS post-HS. Eight rams approved in andrological examination were used.
Pre-ET ejaculates constituted the control group (CO). Testicular temperature was
increased by scrotal insulation using disposable diapers and duct tape for 51 h. The
scrotal temperature was monitored by infrared thermography and Data logger,
confirming the elevation of the scrotal surface temperature ~5.2 °C£ 0.2 (P < 0.05),
without affecting body temperature (P > 0.05). Ejaculates were collected using artificial
vagina on days (D) 7, 14, 21, 28, 35, 47 and 62 post-HS and evaluated in the
computerized sperm cell analysis system (CASA) immediately after collection, diluted
with BotuBov® up to (400 x 10%mL), refrigerated (5 °C) and then evaluated every 0,
12, 24, 36, 48 and 72h. There was an effect of insulation, time and the interaction of
insulation vs. time for motile, morphologically normal sperm and refrigeration survival
(P < 0.05 for each). The deleterious effects were seen between D7 and 47 post-ET, with
the kinetic parameters; normal morphology and viability in refrigeration decreasing on
average from 90 to 00%; 15 to 55%; 90 to 00% respectively and with plasma membrane
defect increasing from 5 to 90% (P < 0.05). In conclusion, acute testicular heat stress
resulted in irreversible damage to sperm kinetics leading to necrospermia and making
the use of chilled semen unfeasible. However, the resistance was not impaired, while in
the recovery process it was established before the complete return of the parameters
evaluated.

Keywords: Heat stress, refrigerated semen, kinetics, biotechnology, thermography,
rams.
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Introduction

The increases in ambient temperature due to climatic changes has led to
worldwide impacts [1,2], being the cattle industry one of the most impacted sectors
[3,4]. The main reason for this scenario is the heat stress (HS). An animal is considered
to be under heat stress when the ambient temperature exceeds its physiological
capability for thermoregulation. The HS, according to the duration of exposure, can be

categorized as acute or chronic [5].

In males, HS impairs the testicular thermoregulatory capacity, increasing the the
testicular temperature that should be 3-5 °C bellow body core, which is of uttermost
need for physiologic spermatogenesis [6,7]. The increase in testicular temperature
causes the testicular degeneration, which is characterized by impairment on sperm
quality and transient or irreversible infertility or subfertility [8-12]. In tropical or
subtropical regions HS is a common cause of ruminant subfertility [13].

The study of the possible utilization of cooled sperm samples is a goal in several
reproductive programs in domestic species [14-16]. More specifically in cattle, there are
reports of higher conception rates when comparing cooled to frozen-thawed sperm,
likely due the higher membrane integrity and cellular viability [17-19].

Compared to frozen-thawed semen operations, artificial insemination with 5 °C
cooled semen is the most used biotechnology [20, 21] due to its greater sperm motility
and viability [22]. However, several factors can impair the pregnancy rates in cervical
Al programs using chilled semen, such as semen quality, management of sires and
ewes, seasonality, estrous synchronization protocols, and technical skill of the
inseminator [23-26].

Heat shock and structural damages inherent to cryopreservation processes can

affect semen quality [27], decreasing its viability; however, such damages are less
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severe in cooled than frozen-thawed semen [28]. Although there are studies regarding
the impacts of HS on sperm quality and freeze ability in rams [29-31], there are no
reports regarding the effects of HS on the viability of sperm undergoing cooled storage
(5 °C). Therefore, our objective was to evaluate the impacts of acute HS on the viability

of ram sperm stored at 5 °C for 72 h.

Material and methods

The experiment was performed during the sheep reproductive season (May -
July) in South America. All the activities performed were approved by the local animal
care committee (FMVZ — UNESP, Botucatu, Sao Paulo, Brazil — permit number
041/2021 - CEUA). Eight mix-bred rams (Santa Inés x Dorper), ~1 yo and 55 kg with
body condition score > 3.5 [32], were used.

All rams were allocated in stalls in groups of 2-3, and fed concentrated and hay,
according to NRC (1998), with ad libitum access to during water. Immediately before
the study, all rams were subjected to a standard breeding soundness evaluation and
deemed acceptable according to the Brazilian College of Animal Reproduction (CBRA)
[33].

The ambient temperature and relative humidity of air were monitored every 30
minutes throughout the experimental period by data collection systems OTT Hydromet
(Lufft OPUS 20 THI — Alemanha, Germany), allocated the stalls. The temperature and
humidity index (THI) was calculated using the following: THI = (0.8 x Tdb) +
[(RH/100) x (Tdb — 14.4)] + 46.4; in which Tdb = dry bulb temperature and RH —
relative humidity.

To increase the testicular temperature, scrotal insulation was performed [12, 34]

(Fig. 1), for 51 h, using a double layer of disposable diapers, which were fixed in the


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/breeding-soundness

46

scrotum using simple skin sutures and covered with silver tape (Silver Taper, Scotch®,
Sao Paulo, Brasil).

The scrotal surface temperature was measured by a data recording device
(HOBO®, Onset Computer Corporation, Bourne, MA, USA) placed between the

scrotum and the diapers.

| = I 1
{ Crossbred rams n=8 J
co * DO D7 D4 D2l D2 DI D47 DR
,_I _PréHS I. INSULATION / 51 hours ,I . PosHS l l l l l l
13| C 2 3 "’ 3

Collection, preliminary evaluation, dilution and refrigeration
CASA at times 0, 12, 24, 36, 48 and 72h of cooling
Plasma Membrane Integrity Analysis

Analysis of Sperm Morphology and Concentration

Y% Start of scrotal insulation

D0 Termination of scrotal insulation

Fig 1. Representative scheme of the experimental design using 8 crossbred rams (Santa
Inés vs. Dorper). For each day (control, CO pre-HS and D 7, 14, 21, 28, 35, 47, and 62
days post-HS) the ejaculates were subjectively evaluated (preliminary judgment),
diluted (BotuBov®, final concentration 400 x 10° spermatozoa). /mL); refrigerated at 5
°C and evaluated at times (0, 12, 24, 36, 48 and 72 hours of refrigeration) by
Computerized Sperm Analysis (CASA). On the same days of the seminal evaluation, an
aliquot of the sample was taken to evaluate the integrity of the plasma membrane and
another aliquot for morphological analysis.

Immediately before and after the insulation, scrotal and ocular surface
thermograms were performed (Flir E53, MSX®, Termovisor Brazil®, Atibaia-SP, Brazil,

and the rectal temperature was assessed. The top, middle, and bottom temperatures were

recorded in the scrotal thermograms.
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Sperm samples were collected through artificial vagina 24 h before the
insulation (Control - CO) and at days (D) 7, 14, 21, 28, 35, 47, and 62 posts insulation.
The ejaculates were immediately evaluated, processed, and stored at 5 °C, as described
below.

In the preliminary assessment, all samples were subjected to subjective
evaluation of sperm volume (mL), total motility (%), vigor (0-5), mass sperm motility
(0-5), and concentration (x 10° sptz/mL). Then, the ejaculates were diluted to the final
concentration of 400 x 10° sptz/mL using a commercial semen extender (BotuBov®™;
Botupharma®, Botucatu-SP, Brazil), stored at 34 °C for 10 min in water bath, and
subjected to sperm kinetics evaluation.

For sperm morphology assessment, a 10 pL of sperm sample was mixed with
500 pL of formol-saline 4 % (37 °C) and stored. All samples were evaluated under
differential interference contrast microscopy (DIC, Leica® Leica Microsystems,
Wetzlar, Germany) (1000x), and 200 cells were ranked as morphologically normal or
abnormal [35].

After that, aliquots of 0.5 mL of diluted sperm samples were transferred to 2 mL
plastic tubes and transferred to a cooling device [36] previously kept at 34 °C. Then, the
cooling device was stored at 5 °C in a controlled temperature fridge (Minitiib 518C® -
Minitiib do Brasil Ltda). The sperm kinetic parameters were assessed after 12, 24, 36,
48 e 72 h of the start of storage.

All sperm kinetic analyzes were performed using a computed assisted sperm
analyzer (CASA; IVOS, version 14, Hamilton-Thorne Bioscience®, Beverly, MA,
EUA; Setup: frames/field: 30; minimum contrast: 60 pixels; minimum size: 6 pixels;
linearity: 70%; threshold motile speed: 30 um/s; threshold for average minimum speed:

40 pm/s; threshold for minimum linear speed: 20 um/s; head displacement: 90; size of
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head: 5 pixels; amplification: 1.95; temperature: 38 °C). The sperm samples were re-
diluted to 25 x 10% sptz/mL and an aliquot of 10 pL was placed in a Makler® chamber
(SEFI Medical Instruments Ltd ®, Haifa, Israel). In each sample 5 fields were randomly
analyzed for total motility (TM, %), progressive motility (PM, %), curvilinear velocity
(VCL, um/s), average path velocity (VAP, um/s), progressive velocity (VSL, um/s),
rapid (RM, VAP > 75 um/s), lateral head displacement (DCL, um/s), linearity (LIN),
straightness (STR), elongation (ELON, proportion of minor/principal axis x 100),
crossed beat frequency (BCF, Hz) and lateral head displacement amplitude (ALH,
um/s).

Plasma membrane integrity was assessed in slide smears stained by eosin-
nigrosin [37,38]. For this evaluation, 10 pL of sperm sample was mixed with 30 puL of
the stain in a slide. Then, this mixture was spread, dried, and the smear was analyzed
under phase-contrast microscopy (1000x; professional series BE3, Motic, Tokyo,
Japan). In each smear, 200 cells were randomly assessed.

For this study, a total of two treatments (pre- and post-HS), eight sampling days
(CO — pre-insulation and D 7, 14, 21, 28, 35, 47 e 62 posts insulation) and assessments
at 0, 12, 24, 36, 48 and 72 h for stored samples at every collection day, were considered
for the statistical analyzes. All parameters were analyzed by One-Way repeated
measures ANOVA followed by a post hoc Tukey test. All statistical analyses were done
with GraphPad Prism software, Version 6.0 (GraphPad Software Inc, La Jolla, CA,

USA). Differences were considered significant when P < 0.05.

Results

The average ITU during the experimental period was ~63.61 (Fig. 2). The pre-

insulation scrotal surface temperature, assessed by infrared thermography, was higher at
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the top vs. the bottom of the scrotum (P < 0.05; Fig. 3A). However, no difference was
observed at post-insulation time (P > 0.05; Fig. 3A). When the three scrotal surface
regions were grouped and pre- vs. post-insulation moments were compared, an increase
of ~5.2 °C was detected (30.84 £ 0.27 vs. 35.84 + 0.03; P = 0.0001). Furthermore, the
average scrotal surface temperature measured by the Data Loggers during the insulation
was 35.64 = 0.62 °C (Fig. 3A). Importantly, no difference (P > 0.05) was observed for
rectal and ocular surface temperature pre- and post-insulation (38.46 £ 0.07 ¢ 37.94 +
0.18 °C, respectively).
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Fig. 2. Mean (= SEM) of the Temperature and Humidity Index (TUI) of the

environment during the experimental period in crossbred rams (Santa Inés vs. Dorper)
subjected to testicular insulation (gray vertical bar = 51 hours). The data record started
two days (D) before the insulation (D-2), followed by measuring every 30 min during

HS (D0) and D7, 14, 21, 28, 35, 47 and 62 days post-HS.

After the insulation, a significant decrease in TM and PM (%) was observed

from D7 onwards (P < 0.05), reaching its nadir at D14, D21, D28 and D35 (P < 0,05).
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On D47, TM and PM increased, reaching values similar to those observed at D7, and at
D62, the values reached values similar to CO (P > 0.05).

Inversely, an increase in the morphological sperm defects was observed from D7
onwards (P < 0.05), with an additional boost at D14 and 21 (P < 0.05; Fig. 3C).
Although an improvement in sperm morphology started at D28, only at D62 the values
were similar to CO (P > 0.05).

Similarly, a decrease was observed in sperm concentration for D7 (P < 0.05),
maintaining similar levels until D47 and reaching similar levels to CO only at D62 (P <
0.05).

In addition, the variables regarding the sperm kinetics (VSL, VAP, and VLC) were kept
until D7, reducing significantly at D14 (P < 0.05), remaining low until D35. An increase
then was observed at D47, reaching similar levels to CO and D7 (P > 0.05) and
remaining high until the completion of the study.

The percentage of membrane integrity (Fig. 3B) decreased in the samples
starting at D7 (P < 0.05), with a further impairment at D14 (P < 0.05), reaching the
lowest values at D21-35 (P < 0.05). From D47 onwards, an improvement was observed,
reaching levels similar to D14 (P > 0.05), whereas at D62, the values were not different

from the observed at D7 (P > 0.05).
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Fig. 3. Mean (+ SEM) of (A) scrotal surface temperature analyzed by thermography at
pre- and post-testicular heat stress (THS) and by datalogger during the THS period (51
hours). The temperature averages analyzed by thermography were divided into top,
middle and bottom regions of each scrotal side; (B) plasma membrane integrity of sheep
submitted to THS pre- (control, CO) and D7, 14, 21, 28, 35, 47 and 62 days post-THS;
(C) sperm quality parameters (concentration, total and progressive motility (%) and
total morphological defects) of 8 crossbred rams (Santa Inés vs. Dorper) pre- (control,
CO) and post-THS (D7, 14, 21, 28, 35, 47 and 62 days, and (D) sperm kinetics
parameters in rams (n = 8) submitted to THS for 51 h, different letters indicate
statistical significance (P < 0.05).

Lastly, as no difference was observed between the sperm kinetics data evaluated
between 0-24 or 36-72 h during the 72 h of cooling (Table 1), the data were grouped
and averaged. When considering sperm kinetic parameters, starting values followed the
same indicated on Fig. 3C and D. Although no impact was observed regarding the time
of storage for all parameters at CO, D7, 35, 47, and 62, at D14, an interesting
phenomenon was observed where cellular viability reached 0 for all parameters at 36-

72h of storage when compared to 0-24 h (P < 0.05). Furthermore, at D21 and D28 the
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samples were necrospermic already at Oh (Fig. 3C) and therefore no changes were
observed during storage at 5 °C.

There was no difference when comparing the moments 0-24 h with 36-72 h (P >
0.05) of sperm storage at 5 °C for 72 hours, when the sperm kinetics variables (TM,
PM, VCL, ALH, LIN, STR, VSL, VAP, BCF and fast spermatozoa) on the Control, D7,
D35, D47 and D62 days, although on D7, D35 and D47 the variables were different
from those observed on the Control day (P < 0.05). On D14, the initial values differed
significantly from the Control and D7 days (P < 0.05), and storage at 5 °C led to total
sperm immobilization (P < 0.05). On D21 and D28 the samples were necrospermic
(Table 1).
Table 1. Mean (= SEM) of sperm kinetics of semen stored at 5 °C for 72 hours in
different periods and moments of rams submitted to testicular heat stress (THS).
Treatment effect and storage time effect were considered when (P < 0.05) represented

by different letters and *.

co D7 D14 D21 D28 D35 D47 D62

Total 0-24h 85.7+1.8% 554+485B 547+1.6C€ 0¢ 0¢ 9.4+29€ 55.8+5.18 85+2.34

motility (%) 36 -72h 83.1+1.84 58.9+4.58 0%¢ 0¢ 0¢ 73+33€ 66.1 +3.48B 81.3 £2.44

Progressive 0-24h 522+ 144 37.9+£3.78 3+£1.1€ 0¢ 0¢ 22+09¢€ 39.5+298 58.7+1.8%
motility (%)

36-172h 46.6+2.8"  30.7+27"° 0* ¢ 0¢ 0¢ 1.6+1€ 43.5+£33A 482 £ 1.94

VCL 0-24h 193 +6.14 198.2 +5.44 110.4 + 208 0P 0P 37.5+10.1¢ 191.4+724 199 £2.94

36-172h 189.1 £4.34 1943 +4.74 0* B 0B 0B 22.9+£938 182.3+3.34 192.6 + 44

ALH 0-24h 7.55+0244 8.1+024 43+1.68 08 08 29+0.88 82+044 774024

36-72h 7.7+£024 8.7+0.24 0* B 08 08 224088 8+0.34 8.2+0.24

LIN 0-24h 497 £134 479134 28.1 +4.98 0¢ 0¢ 32.7+8.58 51.7+2.94 492 £ 134

36—72h 43.6+1.94 4324094 0*C 0¢ 0¢ 19.5+7.18 445+ 1.54 432+ 1.14

STR 0-24h 80.1+334 83.5+£094 50.9 + 8.4B 0¢ 0¢ 35.9+938 83.53 £ 1.7A 81.1+1.24

36—72h 76+ 1.6% 78.4+0.84 0*C 0° 0° 2234798 78.8 + 1.6" 76.1+ 14

VAP 0-24h 110.7£294 108.6£2.94 60.5+10.48 0¢ 0¢ 33.7+9.1°B 105.9 +£2.24 115+ 1.64

36-72h 106.3 +2.64 1022 £2.64 0* ¢ 0° 0° 21.6+7.78 97.9 + 1.9 106 + 1.8

VSL 0-24h 90.61 £2.94 90.4+254 51.5+9.1¢ 0¢ 0¢ 2594758 89.5+3.154 945+ 8.94

36-72h 85.1+4.94 79.6+234 0*B 0B 0B 16.82 628 78.5+£2.54 81.4+10%

BCF 0-24h 35.1+0.64 343+0.74 12.1+2.68 0¢ 0¢ 25+0.5°€ 31.4+124 32.1+0.74

36— 72h 32,7 +0.8% 30.8 £ 0.6 0*B 0" 08 2+£0.78 30.5+£094 29.7 +0.8%

RAP 0-24h 67.88 +3.24 454+ 54 13.6+3.2°€ 0B 0¢ 122 +5.1€ 503 +4.64 7724234

36-—"72h 66.3+3.34 43.7+5.5% 0*®B 0B 0B 84+44P 56.5+3.34 70.7 £2.2%
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Different letters indicate difference within the line (day of collection) P < 0.05; Asterisk
(*) indicate difference (P < 0.05) between 0-24 and 36-72 h of storage for each
respective variable.

Discussion

Scrotal insulation, a validated model to mimic the HS effects on testes function
[7], was used successfully in this study to increase scrotal temperature causing a
profound impact on sperm function. The infrared thermography was a practical way to
monitor the scrotal surface temperature. Considering the data from infrared
thermograms and Data Loggers, the insulation caused an increase of ~5.2 °C in the
scrotal surface temperature, with no increase of rectal and ocular surface temperature.
Considering that the intratesticular temperature is ~ 4.5 °C superior to the scrotal
temperature [39], it’s possible to infer that in our study, intratesticular temperature was

roughly 40.2 °C.

The first deleterious impacts derived from increased intratesticular temperature
on the sperm quality, were at first observed at D7, when a significant decrease in total
and progressive motility, as well as sperm concentration and percentage of
morphologically normal cells. At this moment, the ejaculated sperm were the cells
presented in the epididymis at the time of testicular insulation, since the epididymal
transit is ~10.4d [40] The most common morphological abnormalities observed at D7
were cytoplasmic droplet, tail tightly bent/curled, curled on tail of head (CO = 9% e D7
= 19% - data not presented). In addition, at D7, increased lesions in sperm membrane

were observed.

The majority of the studies related to testicular insulation in rams, independently
o time of exposure, presented important reduction in sperm quality between 4 -10 d

from the start of insulation (e.g., decrease in total motility and %RAP, as well as
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increase in abnormal morphology rates) [41-43], similar results were also observed for
animals exposed to increased ambient temperatures in bioclimatic chambers [44]. On
the other hand, for B. taurus [45.46] and B. indicus [45], independently of the time of
insulation, the first signs of reduction in sperm quality were only observe between 9 and
18d after the start of insulation. Taken together, these findings indicate a higher

sensibility for the epididymal sperm in rams when compared to bulls.

The complete absence of sperm motility from D21 onwards, in association with
the decrease of morphologically normal cells starting at D14 and the drastic reduction in
sperm concentration from D7 onwards, indicate the severity of the impacts of HS on the
spermatogenesis in rams. The findings reported are similar to the observed in other
studies in which the insulation led to an increase of 4 and 5.7 °C in the scrotal surface
temperature, respectively [41,43]. However, in few other studies, the impact in sperm
cells was more subtle [47,13]. This difference probably reflects the efficiency of the
insulation method, hence in one of the studies, the increase in temperature was only of
1.68 °C [47]. Importantly, the increased incidence of defects observed in the 14-21d

interval post-insulation reflects the impact of HT on spermiogenesis [10].

The physiological spermatogenesis takes ~47d [40]. The first sign of sperm
quality recovery in our study was the reduction of the cells with defects from D28
onwards, followed by the increase in TM, PM, VSL, VAP and VSC from D47 onwards.
The recovery of the sperm quality to pre-insulation levels was only observed on D47 for
VSL, VAP and VCL, and on D62, For TM and PM. However, until the end of the
sampling, the results for membrane integrity were not recovered. In comparison with
other studies, the recovery os sperm quality was either after [13,18] or even before the

data herein described [41,43]. The comparison of the findings of this study with other
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manuscripts clearly indicates that earlier sperm quality recoveries are directly related to
exposure to lesser scrotal surface temperatures ~32-33 °C [47,18], while longer

recovery times were associated with exposure to higher temperatures ~38 °C [41,43].

In general, the effects of the testicular heat stress on the sperm characteristics
described in our study were similar to other reports, which indicated a lack of sperm
motility between 12 and 21d post-insulation [41-43], increased plasma membrane
damage from 15d onwards, as well as azoospermia from 18d onwards [41]. Our
findings in association with the data available in the literature reflect the extreme
sensibility of spermatocytes and spermatids to testicular HS, hence the cells match the

spermatogenic cycle interval evaluated in the study [48].

The storage at 5 °C is an important biotechnological resource to preserve sperm
for longer periods [49]. In the present study, considering the collected samples before
the scrotal insulation as well as the harvested on D47 and 62, the storage of sperm
extended with commercial media containing 20% egg yolk and 8% glycerol for 72h at 5
°C did not impact the sperm kinetic parameters studied TM, PM, VLC, VAP, VSL,
ALH, LIN, STR, BCF e RAP), similarly to the observed in studies that used medias
containing TES-TRIS + 10% egg yolk [22] and TRIS + methionine + 15% egg yolk
[50], where no differences in TM was observed after 96h of storage at 5 °C. However,
our results were superior to those observed in other models, which have used media
containing a Triladyl + 20% egg yolk [51], Tris + fructose + 20% egg yolk [52], or
sodium citrate + 20%egg yolk [53]. In these studies, the reduction of quality was

observed already at 72 h at storage at 4 °C.

An important difference between the extender used in our study when compared

to the other publications is the presence of glycerol (8%). Although the cryoprotectant
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aspect of glycerol has been known for more than 70 years [54], there’s not much
information about its effect on sperm cells under refrigerated storage. Although the
cytotoxic potential is described for glycerol under long-exposure time [55], reports have
indicated potential energetic contribution to the sperm metabolism [56,57]. Recent
studies have indicated that the presence of glycerol in the extender increased the time of
storage at 5 °C for sperm in bull and rams, respectively [58,59], besides increasing
pregnancy rate for cooled bovine sperm [60]. The presence of glycerol in the extender
used in our study could have impacted the sperm quality during storage at 5 °C;
however, as there was no experimental control in that regard, the statement is only

speculative.

Although TM and PM were already decreased at D7 post-insulation, the storage
of sperm cells for 72 h at 5 °C did not cause any further decrease in these variables. The
same was also observed at D47 when the TM and PM started to increase. Due to the
sperm on D7 and D47 post-HS have presented sperm motility results similar to the
acceptable in a breeding soundness examination and the good resistance to the storage
process, it’s possible that the samples could be used in an artificial insemination
protocol. Since the sperm were exposed to stress during storage and transit in the
epididymis, the cells will bear concerns about the genetic health of the offspring [61],
therefore it’s possible to infer that the utilization of sperm samples from animals in
early stages or recovering from HS exposure, even though presenting reasonable gross
quality, similarly to the observed in our study, has the potential to negatively impact

fertility and health of the progeny.

At the moment of lowest TM (D14), which preceded the establishment of

necrospermic (D21 and D28), the sperm cells didn’t resist the storage at 5 °C for 72h,
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and at the end of the experimental interval, no moving cell was observed. On D35,
although the low motility rate (~9.4%), the majority of sperm parameters were
maintained throughout the 72h of storage, with the exception being VCL, BCL, and
RAP. This result likely reflects the surge of a new generation of cells, which were less
impacted by HS and that at the moment of insulation, were undergoing the final mitotic

steps (primary spermatocytes) [62].

The extreme increase in testicular temperature (~5.2 °C) induced by the
insulation method employed in the present study, led to a rapid deterioration of the
sperm quality, culminating in necrospermic between 21 and 28d post-insulation, and
was followed by the progressive recovery in sperm quality until normospermia was
reached at D62. However, besides the important decrease in total and progressive
motility observed on D7 post-insulation, the resistance of the cells to the 5 °C storage
was not impacted. During the recovery of the HS impacts, the resistance to storage was

re-established even before the normospermia was regained.

Lastly, this study answers important questions, explaining for the first time, the
impacts of HS in storage sperm at 5 °C, supporting the utilization of this biotechnology
in breeding programs, however, there’s a need to further elucidate possible genetic and
epigenetic risks for the offspring, which can derive from the utilization of the sperm

samples on the fewer days after or during the recovery post-HS exposure.
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