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RESUMO

A temperatura de armazenamento pode afetar a motilidade e viabilidade espermética. Baixas
temperaturas de armazenamento podem ser uma alternativa ao uso de antimicrobianos; contudo,
sdo criticas para o espermatozoide suino devido as propriedades de sua membrana plasmatica.
Nesse contexto, algumas substancias com propriedades de protecdo de membrana tém sido
estudadas para viabilizar o armazenamento de doses inseminantes suinas em baixas temperaturas.
O objetivo do presente estudo foi avaliar o uso de fosfatidilcolina como protetor de membrana
espermatica em doses inseminantes suinas armazenadas a 6°C. Dezesseis ejaculados foram diluidos
em Beltsville Thawing Solution (BTS) e distribuidos em seis tratamentos. As doses inseminantes
foram armazenadas por 120 h em duas temperaturas diferentes (17 e 6°C) e trés taxas de
fosfatidilcolina foram aplicadas a elas (0, 0,5 e 2,0%; fosfatidilcolina:espermatozoide) em um
fatorial 2 x 3. As doses foram avaliadas nas 24, 72 e 120 h de armazenamento. A fosfatidilcolina
ndo afetou a motilidade total e progressiva ao longo do armazenamento (P > 0,064). Doses
armazenadas a 17°C apresentaram maior motilidade total do que doses armazenadas a 6°C (86,6%
e 73,3%, respectivamente; P < 0,0001). A motilidade progressiva também foi maior para doses a
17°C do que doses a 6°C (81,1% e 64,4%, respectivamente; P < 0,0001). Doses com 0%
apresentaram menor pH do que doses com 2,0% de fosfatidilcolina (7,2 e 7,3, respectivamente; P
< 0,05); no entanto, nenhuma diferencga foi observada com 0,5% (P = 0,285). Aos 300 min de
incubacdo a 38°C, ndo houve diferenca para a motilidade progressiva entre as taxas de
fosfatidilcolina em doses armazenadas a 6°C (P > 0.952). Ja para doses armazenadas a 17°C, aos
300 min de incubacdo foram observadas em doses com 2,0% de fosfatidilcolina maior motilidade
total (76,7% e 57,8%; P = 0,0026) e progressiva (69,1% e 49,0%; P = 0,0017) do que em doses
com 0%, respectivamente. Doses com 2,0 e 0,5% de fosfatidilcolina apresentaram maior
porcentagem de integridade de membrana do que doses com 0% (80,2%, 78,7% e 74,8%,
respectivamente; P < 0,0001). A integridade de acrossoma foi maior em doses com 2,0% de
fosfatidilcolina (95,23%, 96,41% e 97,62%; 0, 0,5 e 2,0% PC, respectivamente; P = 0,003). Doses
armazenadas a 6°C apresentaram menor integridade de membrana (69,2 e 84,8%) e acrossoma
(95,6 e 97,3%) do que doses armazenadas a 17°C (P <0,0001). Esses resultados sugerem que a

fosfatidilcolina mostra-se promissora para 0 uso como protetor de membrana em doses



inseminantes suinas armazenadas em baixas temperaturas. Além disso, a fosfatidilcolina foi eficaz

em manter a motilidade espermatica durante longa incubacéo a 38°C.

Palavras-chave: fosfatidilcolina; sémen suino; baixa temperatura, protetor de membrana.



ABSTRACT

Storage temperature impairs boar semen motility and viability. Low temperature may be an
alternative to antimicrobial use; however, low temperature is critical for boar spermatozoa due to
membrane properties. In this context, some membrane protective substances have been studied to
alow low temperature storage. The aim of the present study was to evaluate the
phosphatidylcholine (PC) as a membrane protector on boar semen doses stored at 6°C. Sixteen
normospermic ejaculates were diluted with Beltsville Thawing Solution (BTS) and assigned to six
treatments. Semen doses were stored for 120 h at two different temperatures (17 and 6 °C) and
three PC rates were applied to them (0, 0.5 and 2.0 %; PC:spermatozoa) in a 2 x 3 factorial
arrangement. Semen doses were analyzed at 24, 72 and 120 h of storage. Phosphatidylcholine did
not impair total and progressive motility during the storage time (P >0.064). Doses stored at 17°C
showed higher total motility than doses stored at 6°C (86.6% and 73.3%, respectively; P < 0.0001).
Progressive motility was also higher for doses at 17 than 6°C (81.1% and 64.4%, respectively; P
< 0.0001). Doses with 0% had lower pH values than doses with 2.0% PC (7.2 and 7.3, respectively;
P < 0.05), but no difference was observed with 0.5% (P = 0,285). At 300 min of incubation at 38°C
there was no significant difference of total and progressive motility among PC rates for doses
stored at 6°C (P >0.952). However, for doses stored at 17°C, at 300 min of incubation higher total
(76.7% and 57.8%; P = 0.0026) and progressive (69.1% and 49.0%; P = 0.0017) motilities were
observed in doses with 2.0% PC than doses with 0%, respectively. Doses with 2.0 and 0.5% had
higher percentages of spermatozoa with intact plasma membrane than doses with 0% (80.2%,
78.7% and 74.8%, respectively; P < 0.0001). Acrosome integrity was higher for doses with 2.0%
PC (95.23%, 96.41% and 97.62%; 0, 0.5 and 2.0% PC, respectively; P = 0.003). Doses stored at
6°C showed lower membrane (69.2 and 84.8%) and acrosome integrity (95.6 and 97.3%) than
doses stored at 17°C (P <0.0001). These results suggest that PC could be used as a membrane
protector for boar spermatozoa at low storage temperatures. Furthermore, PC seems to hold sperm

motility during long incubation at 38°C.

Keywords: phosphatidylcholine, boar semen, low temperature, membrane protector
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1. INTRODUCAO

O sémen suino é sensivel a baixas temperaturas e, por isso é armazenado em temperaturas
mais altas, em torno de 15-18°C (JOHNSON et al., 2000). Essa sensibilidade do espermatozoide
suino ao frio parece estar relacionada com a composicéo lipidica da membrana plasmatica, a qual
é composta por diferentes fosfolipidios e acidos graxos, acarretando a separacdo de fases da
membrana plasméatica quando o espermatozoide € submetido a temperaturas proximas a 5°C
(PARKES; LYNCH, 1992; YESTE, 2016). Outro fator que contribui para essa sensibilidade ao
frio é a distribuicdo assimétrica de colesterol ao longo da membrana plasmatica (JOHNSON et al.,
2000). Contudo, apesar do efeito deletério das baixas temperaturas sobre o espermatozoide suino,
é necessario salientar que o0 armazenamento hipotérmico propicia uma reducdo da carga microbiana
nas doses suinas (MENEZES, 2018; WABERSKI et al., 2019a), o que contribui para a diminui¢édo
da utilizacdo de antimicrobianos na cadeia produtiva de suinos.

Alguns estudos recentes evidenciam que doses inseminantes suinas podem ser armazenadas
a 5°C quando diluentes altamente protetores de membrana sdo utilizados (MENEZES, 2018;
WABERSKI et al., 2019a). No entanto, WABERSKI et al. (2019a) observaram que doses
inseminantes de suinos diluidas com Beltsville Thawing Solution (BTS, diluente de curta duracéao)
e armazenadas a 5 ndo conseguiram manter a motilidade maior que 70% durante 0 armazenamento,
e que doses armazenadas a 5°C diluidas com Androstar Premium (diluente de longa duracéo) néo
diferiram na porcentagem de células viaveis de doses armazenadas a 17°C com BTS ou Androstar
Premium. Esses resultados evidenciam a importancia da utilizacdo de substancias protetoras de
membrana, quando 0s espermatozoides suinos sdo submetidos ao choque térmico ou a baixas
temperaturas. Atualmente, as composi¢Ges dos diluentes ndo sdo disponiveis para consulta,
portanto ndo se sabe quais substancias estéo efetivamente sendo utilizadas.

Deste modo, alguns autores tém estudado diversas substancias que possuem acdes
protetivas ao espermatozoide suino, e nesse contexto pode-se citar a fosfatidilcolina. A
fosfatidilcolina é o fosfolipidio mais abundante e possui a capacidade de incorporagdo a membrana
plasmatica do espermatozoide suino (PARKES; LYNCH, 1992; KASIMANICKAM & BUHR,
2016). ALVAREZ-RODRIGUEZ, VICENTE-CARRILLO; RODRIGUEZ-MARTINEZ (2017) e
PEARODWONG et al. (2019) avaliaram a substituicdo da gema do ovo por diferentes tipos e

concentracdes de fosfatidilcolina na criopreservacdo de sémen suino. Em ambos os estudos a
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fosfatidilcolina ndo se mostrou eficaz na manutencdo da viabilidade espermatica. Contudo, a
criopreservacao é mais desafiadora para a células espermaticas do que o armazenamento ao redor
dos 5°C. Neste sentido, LONG; CONN (2012) avaliaram sémen de peru diluido com uma solugédo
de fosfatidilcolina em diferentes concentracfes e armazenado a 4°C. Os autores observaram que,
0,5 ou 2,5 mg/mL de fosfatidilcolina melhoraram a fertilidade do sémen de peru apds 24 h de
armazenamento. Esse resultado pode indicar uma capacidade de protecdo de acrossoma por parte
da fosfatidilcolina. No entanto, poucos estudos utilizando esse fosfolipidio em doses de sémen
suino refrigeradas estdo disponiveis. Nesse contexto, a fosfatidilcolina poderia se caracterizar como
um protetor de membrana plasmatica do espermatozoide suino em doses inseminantes armazenadas
a baixas temperaturas (abaixo de 10°C). Assim, 0 objetivo do presente trabalho foi avaliar os
parametros espermaticos de doses inseminantes suinas adicionadas de duas quantidades de

fosfatidilcolina, quando armazenadas a 6°C em diluente de curta agéo.
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2. REVISAO BIBLIOGRAFICA

2.1. Metabolismo energético e composicdo lipidica da membrana plasmatica do

espermatozoide suino

2.1.1. Metabolismo energético do espermatozoide suino

O espermatozoide é uma célula que interage com 0 meio extracelular e, por isso, é alterado
pelo meio que o circunda e, nesse contexto, sua membrana plasmatica atua como um mecanismo
de comunicacdo bidirecional (LEAHY; GADELLA, 2011). No entanto, o espermatozoide possui
caracteristicas muito distintas de uma célula somaética, e caracteriza-se por ser uma célula
extremamente especializada. Apesar de tamanha especializacdo para a fecundagdo, o
espermatozoide perde grande parte do citosol e uma gama de organelas ao final de sua maturacao.
Organelas como o complexo de Golgi, reticulo endoplasmatico, os lisossomos, peroxissomos e
ribossomos sdo perdidas, pois ndo sdo necessarias para a manutencao da célula espermética ou para
a fertilizacdo do odcito. Deste modo, 0 espermatozoide ndo é capaz de sintetizar proteinas de novo,
nem realizar a reciclagem de proteinas superficiais (GADELLA; LUNA, 2014).

Para que ocorra a fecundacdo, um dos principais fatores limitantes é a motilidade do
espermatozoide, fazendo com que a regulacdo do metabolismo energético da célula espermaética
seja fundamental para que a célula fiqgue movel durante o intervalo cobertura-ovulacdo
(RODRIGUES-GIL; BONET, 2015). A manutencdo da energia espermatica é baseada na obtencéo
de energia de fontes externas ou na utilizacdo de reservas internas. O principal mecanismo para a
utilizacdo de fontes externas de energia é a utilizacdo de monossacarideos pela via glicolitica e a
subsequente metabolizacdo dos produtos dessa reacdo pela fosforilagdo oxidativa na mitocondria.
J& a utilizacdo das reservas energéticas do espermatozoide consiste na quebra de glicogénio em
glicose, para posterior utilizacdo na via glicolitica (RODRIGUES-GIL; BONET, 2015).

A dependéncia do espermatozoide da via glicolitica, contudo, ndo visa somente a producao
de ATP, mas também a producéo de lactato que € a principal fonte da acetil-Coa mitocondrial
(JONES; BUBB, 2000). A oxidacdo via mitocondria é de suma importancia para a obtengédo de
energia pelo espermatozoide; no entanto, corresponde a uma via secundaria quando comparada a

glicolise.
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Além desses principais mecanismos de obtencdo de energia, existem outras fontes
energéticas que o espermatozoide suino pode utilizar, como di ou triglicerideos e o fosfolipidios de
membrana. Em estudo realizado por JONES; BUBB (2000), foram avaliados espermatozoides
suinos coletados do epididimo e incubados a 34°C em PBS por um periodo de 10 h sem fontes
exogenas de energia. Os autores observaram que quando se adicionou ao meio uma substancia que
impede a fase 2 da glicolise ((R,S)-a-bromohydrin phosphate), as concentracdes de glicerol 3-
fosfato no meio aumentaram cerca de trés vezes apds 4 h de incubacédo, o que sugere a ocorréncia
de um bloqueio da via glicolitica e, também, uma reducéo nas concentragdes de glicerol, indicando
a sua metabolizacdo pela célula através da gliconeogénese.

No mesmo estudo, os autores constataram que as concentracfes de triglicerideos
diminuiram de 40-69 nmol/mg de proteina para 8-17 nmol/mg de proteina apds 5 h de incubacao.
Também foi observado que os principais acidos graxos na hora zero foram o C16:0, C18:0e o
C18:1 e apds 5 h de incubacéo as concentracBes quase dobraram e, além dos demais acidos graxos,
0 C20:1 foi identificado. Assim, é possivel que os di ou triglicerideos contenham alguns acidos
graxos de cadeia curta que sao metabolizados apos a liberagdo, deixando os &cidos graxos de cadeia
longa (JONES; BUBB, 2000). Deste modo, quando em condi¢des adversas, os fosfolipidios
configuram uma fonte energética para os espermatozoides através da sua quebra e producdo de

glicerol 3-fosfato e glicerol.

2.1.2. Composicao lipidica da membrana plasmética do espermatozoide suino

A sensibilidade do espermatozoide suino ao frio parece estar relacionada com a composicao
fosfolipidica da membrana plasmatica. O fosfolipidio mais abundante é a fosfatidilcolina, seguido
da fosfatidiletanolamina. A membrana plasméatica do espermatozoide também é composta por
acidos graxos, sendo os mais abundantes o acido docosapentaenoico (22:5), palmitico (16:0),
estearico (18:0) e o acido docosaexanoico (22:6) (PARKES; LYNCH, 1992). Conforme a
temperatura diminui, os fosfolipidios apresentam maior restricdo no movimento lateral ao longo da
membrana plasmatica, o qual é dependente da temperatura de mudanca de fase (fase fluida e fase
gel) dos &cidos graxos das cadeias laterais dos fosfolipidios (WATSON, 1996).

A transicao entre fases ocorre de maneira gradual de acordo com a variagao de temperatura,

e cada &cido graxo muda de fase em uma determinada temperatura. Assim, devido a diversidade
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na composicao lipidica da membrana, pode ocorrer a separacao de fases e consequentemente dano
a célula espermaética (YESTE, 2016). A fluidez da membrana aumenta conforme ocorre o0 aumento
da temperatura. Contudo, na faixa de temperatura que varia de 10-30°C, ocorre uma
descontinuidade desse efeito linear entre temperatura e fluidez de membrana, o que indica a
transicdo de fases e uma reestruturacdo da membrana plasmatica do espermatozoide suino
(SCHMID et al., 2013). No entanto, Yeste (2016) afirma que essa mudanca de fase da membrana
plasmética do espermatozoide sé ocorre quando a temperatura se aproxima de 5°C.

O colesterol € o principal esteroide e um componente majoritario da membrana plasmatica
dos espermatozoides de diferentes espécies, sendo capaz de influenciar o comportamento dos
lipidios, ampliando a transicéo entre fases e, assim, prevenindo mudancas bruscas na membrana e
minimizando a separacdo das fases (PARKES; LYNCH, 1992; WATSON, 1996). O suino é a
espécie que apresenta a menor proporcédo colesterol:fosfolipidios quando comparado com espécies
mais resistentes ao resfriamento, como bovinos e equinos (WATSON, 1996). Além disso, 0
colesterol se apresenta de maneira assimétrica ao longo da membrana do espermatozoide suino
(JOHNSON et al., 2000). Essas caracteristicas de composicao e distribuicdo do colesterol conferem
maior sensibilidade do espermatozoide suino a baixas temperaturas.

Como a composicao lipidica do espermatozoide suino apresenta um alto nivel de acidos
graxos insaturados, a peroxidacdo lipidica pode ser um dos fatores responsaveis pelo dano as
células espermaticas ao longo do armazenamento (CEROLINI et al., 2000). A peroxidacao lipidica
ocorre atraves da reacdo das espécies reativas ao oxigénio (ERO), com as ligacdes duplas dos
acidos graxos constituintes dos fosfolipidios de membrana. Produzidas em pequenas quantidades,
as ERO sdo funcionalmente importantes para funcdes associadas a capacitacdo espermatica. No
entanto, quando a producdo de ERO excede as defesas antioxidantes do espermatozoide, um estado
de estresse oxidativo é induzido, resultando em dano oxidativo & membrana plasmatica do
espermatozoide e na quebra da fita de DNA no nucleo (GUTHRIE; WELCH, 2012). Em estudo
realizado por CEROLINI et al. (2000), os autores observaram que doses inseminantes armazenadas
a 19°C sem protetor antioxidante apresentaram uma reducdo na porcentagem de acidos graxos poli-
insaturados ao longo do armazenamento e um aumento proporcional na porcentagem de acidos

graxos satu rados.
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Desta maneira, 0 espermatozoide suino caracteriza-se por ser sensivel ndo s6 as mudancas
de temperatura, mas também a peroxidacéo lipidica, em decorréncia da composicao lipidica de sua

membrana plasmatica.

2.2. Influéncia do armazenamento sobre a qualidade da dose inseminante de suinos

2.2.1. Tempo de armazenamento

As mudancas funcionais e estruturais do espermatozoide durante 0 armazenamento na
forma liquida parecem estar relacionadas a um envelhecimento natural das células espermaticas
que pode ser influenciado pelas condi¢des e tempo de armazenamento (JOHNSON et al., 2000).
HOU; MA; YANG (2002) avaliaram a integridade espermaética de doses inseminantes armazenadas
a 17°C ao longo de 15 dias em diferentes diluentes (BTS, KIEV, Zorlesco e Androhep). A
viabilidade espermética analisada com SYBR-14/Pl diminuiu ao longo do tempo de
armazenamento independentemente do diluente utilizado. No entanto, aos trés dias de
armazenamento, essa queda foi menos pronunciada nos diluentes Androhep (97,8% para 88,2%) e
Zorlesco (97,8% para 88,9%), quando comparada com BTS (97,1% para 85,8%) e KIEV (97,1%
para 78,4%). O decréscimo da atividade mitocondrial também foi observado ao longo do
armazenamento; no entanto, ao 5° dia de armazenamento, a porcentagem de espermatozoides com
atividade mitocondrial foi superior a 80% para todos os diluentes. A integridade de acrossoma foi
superior a 80% no dia 7 e superior a 70% no dia 11 de armazenamento para todos os diluentes, no
entanto o KIEV apresentou menor desempenho quando comprado aos demais diluentes em ambos
0S momentos.

PAULENZ; KOMMISRUD; HOFMO (2000) avaliaram doses inseminantes suinas diluidas
com BTS e armazenadas durante 96 h a 15°C. Houve uma reducéo significativa na motilidade da
hora zero (77,8%) para as 96 h (50,9%), e 0 mesmo comportamento também foi observado para a
integridade de acrossoma (95,8% e 81,5%). No entanto, além do impacto sobre a motilidade, o
tempo de armazenamento também pode afetar outras fun¢des do espermatozoide. Nesse sentido,
WABERSKI et al. (1994) observaram que doses inseminantes diluidas com BTS ou Androhep
tiveram ndo s6 uma reducdo da motilidade a partir de 48 h de armazenamento, mas também uma
reducdo no percentual de células com acrossoma integro a partir das 72 h de armazenamento. Além

disso, os autores observaram que a taxa de prenhez foi menor quando as fémeas foram inseminadas



19

com doses armazenadas por 96 ou mais horas, e que a taxa de fertilidade ja apresentou diminuicao
quando utilizadas doses armazenadas por 24 ou mais horas. No entanto, uma diminuicdo mais
acentuada foi observada a partir de 72 e 96 h de armazenamento.

A peroxidagdo lipidica é outro fator deletério as células espermaticas ao longo do
armazenamento. No estudo de CEROLINI et al. (2000) foi observado que doses inseminantes
elaboradas com BTS e armazenadas por cinco dias apresentaram uma diminuicao no percentual de
celulas viadveis a partir do terceiro dia de armazenamento; enquanto que doses inseminantes
elaboradas com BTS e com adi¢do de a-tocoferol, um antioxidante, conseguiram manter a
viabilidade celular ao longo dos cinco dias de armazenamento. Além disso, foi observado que nas
doses tratadas com a-tocoferol, houve uma incorporacdo da substancia nos espermatozoides;
enquanto que nas doses controle houve um aumento das substancias reativas ao &cido barbiturico,
indicativo de peroxidacao lipidica. Deste modo, a susceptibilidade a peroxidacdo lipidica diminuiu

61 e 77% nos dias 3 e 5 de armazenamento, respectivamente, com a adi¢do de a-tocoferol.

2.2.2. Temperatura de armazenamento

A temperatura é um dos fatores que mais afeta a funcionalidade do espermatozoide apds a
ejaculacdo e durante o armazenamento das doses inseminantes. Esse efeito é consequéncia da
sensibilidade do espermatozoide suino ao choque térmico, pois conforme a temperatura diminui,
h& uma reducdo no nimero de espermatozoides com membrana integra e capazes de manter sua
ultraestrutura e seus componentes bioguimicos. Por esse motivo, o sémen suino é armazenado em
temperaturas mais altas, em torno de 15-18°C, evitando-se quedas bruscas de temperatura desde o
processamento até o armazenamento (JOHNSON et al., 2000).

Segundo MENEZES (2018), a motilidade das doses armazenadas a 5°C diluidas com
Androstar Premium foi menor quando comparada as doses armazenadas a 17°C (P < 0,05). Além
disso, as doses mantidas a 5°C apresentaram uma queda na motilidade nas 72 h de armazenamento
(P < 0,05), enquanto que as doses mantidas a 17°C apresentaram essa diminuicdo apenas nas 120
horas de armazenamento (P < 0,05). No entanto, apds 300 minutos de incubacdo a 38°C, as doses
armazenadas a 5°C apresentaram motilidade superior aguelas armazenadas a 17°C. Além disso, em
trabalho realizado por WABERSKI et al. (2019a), doses armazenadas a 5°C e diluidas com BTS

apresentaram motilidade menor ao longo de 144 horas de armazenamento, quando comparadas
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com doses armazenadas a 5°C e diluidas com Androstar Premium e, também, com doses
armazenadas a 17°C com ambos os diluentes (P < 0,05). Cabe salientar que, em ambos 0s
experimentos, as doses diluidas com Androstar Premium e armazenadas a 5°C apresentaram
motilidade superior a 70%, a qual seria o limite de motilidade aceitivel para realizacdo da
inseminacao artificial. Além disso, no trabalho de WABERSKI et al. (2019a) nao houve diferenca
significativa para a variavel integridade de membrana dos espermatozoides nas doses armazenadas
a 5°C e diluidas com Androstar Premium (89,2,%) e doses armazenadas a 17°C com ambos 0s
diluentes (BTS: 90,3,% e Androstar Premium: 92,1,%; P > 0,05). No entanto, as doses armazenadas
a 5°C e diluidas com BTS apresentaram menor percentual de células integras quando comparadas
com os demais tratamentos (82,8%; P < 0,05).

No contexto de protecdo de membrana espermatica, JAKOP et al. (2019) observaram que
doses contendo acido palmitoleico (C16:1) e armazenadas a 6°C apresentaram maior viabilidade
espermatica e maior percentual de atividade mitocondrial quando comparadas a outros acidos
graxos e com doses sem aditivos, sugerindo que essa substancia tem um poder antioxidante, mesmo
sendo um substrato para a peroxidacdo lipidica, devido a sua ligacdo dupla. Esses resultados
evidenciam que quando ha a utilizacdo de protetores de membrana, o efeito deletério das baixas
temperaturas pode ser amenizado e bons parametros espermaticos podem ser observados.

Apesar do efeito negativo de baixas temperaturas sobre o espermatozoide, a diminuicao da
temperatura de armazenamento reduz o metabolismo celular e permite o armazenamento a longo
prazo de células germinativas, embrides e tecidos (YESTE, 2016). Além disso, a utilizacdo de
baixas temperaturas de armazenamento pode reduzir a contaminacdo bacteriana das doses
inseminantes, inclusive de doses sem antimicrobianos (MENEZES, 2018). Corroborando com
esses resultados, WABERSKI et al. (2019a) constataram que doses inseminantes suinas
armazenadas a 5°C, sem antimicrobiano, mantiveram 0 crescimento bacteriano constante ou
tiveram uma diminuicdo de 2 a 20 vezes na contagem de UFC/mL, enquanto que nas doses
armazenadas a 17°C houve um aumento da populacdo bacteriana, mesmo com antimicrobiano. A
presenca de bactérias no sémen € um achado comum no sémen in natura ou diluido e pode ter
efeitos deletérios sobre a qualidade e longevidade do sémen (ALTHOUSE; LU, 2005). MENEZES
(2018) observou que doses inseminantes com mais de 1000 UFC/mL apresentam reducdo da

motilidade total e progressiva nas 120 horas de armazenamento (P < 0,05).



21

2.3. Constituintes protetores nos diluente de sémen suino

A inseminacdo artificial ¢ a biotecnologia mais aplicada na reproducdo de suinos
mundialmente, e o sémen liquido continua sendo a principal forma de preservacdo (WABERSKI
et al., 2019b). Segundo JOHNSON et al. (2000), posteriormente a temperatura, 0 meio de diluicdo
€ o maior fator que afeta a funcionalidade da célula espermética ap0s a coleta e durante o
armazenamento do sémen. E, segundo esse mesmo autor, os fatores basicos de um diluente sdo
capacidade tamponante, e a pressdo osmotica do meio.

O diluente tem por finalidade permitir a viabilidade da célula espermatica até o momento
da inseminacdo artificial e para isso sdo adicionadas substancias que apresentam diferentes
funcionalidades. Na Tabela 1, é possivel visualizar a formulacdo de alguns diluentes. Dentre as
substancias presentes no diluente, a glicose tem lugar de destaque por atuar como principal fonte
de energia para a célula. Além disso, a presenca de tampdes € necessaria para a manutencdo do pH
do meio (FERREIRA et al., 2005). Os tamp®es mais utilizados séo o bicarbonato de sodio, citrato
de sédio (JOHNSON et al., 2000). O tampéo bicarbonato possui pouca capacidade tamponante,
nédo prevenindo oscilagdes bruscas de pH; enquanto que o HEPES suporta maiores flutuac6es de
pH. Além disso, alguns antimicrobianos podem ser adicionados aos diluente a fim de evitar ou
reduzir o crescimento bacteriano ao longo do armazenamento (FERREIRA et al., 2005).

A variabilidade da composicdo quimica dos diluentes confere a eles propriedades
diferentes. Em funcédo dessas caracteristicas, atualmente os diluentes sdo comumente classificados
como de longa ou curta acdo. Os diluentes de longa acdo permitem maior flexibilidade na utilizacao
de doses inseminantes e maior protecdo para transportes de longas distancias. Doses inseminantes
diluidas com diluentes de curta acdo sdo utilizadas em até quatro dias; enquanto que doses diluidas
com diluentes de longa a¢do sao utilizadas em até sete dias de armazenamento (WABERSKI et al.,
2019b). Essa diferenca entre diluente de curta e longa acdo esta relacionada com a presenca de
substancias estabilizantes de membrana. Alguns exemplos de estabilizantes sdo a albumina sérica
bovina (BSA), butilato de hidroxitolueno (BHT) e o acido etilenodiamino tetra-acético (EDTA),
que atua como quelante de célcio, prevenindo mudancas semelhantes a capacitacdo espermatica
(FERREIRA et al., 2005). No passado, as formulas dos diluentes eram reveladas e, portanto, eram
evidentes quais substancias eram utilizadas, bem como as suas quantidades. No entanto, as

férmulas dos diluentes comercializados atualmente sdo confidenciais, o que dificulta o
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conhecimento das substancias utilizadas (GADEA, 2003). No cenério atual, cada empresa
desenvolve seus proprios protetores de membrana, os quais sdo usados em conjunto com
antioxidantes, em suas formulagdes. O Androstar® Premium (Minitub GmbH, Tiefenbach,
Alemanha), por exemplo, é um diluente de longa duracdo que ndo contém BSA, mas moléculas
inovadoras chamadas de ingrediente protetor de membrana (MENEZES, 2018). Além disso, alguns
autores tém estudado novas substancias protetoras de membrana como o a-tocoferol, &cidos graxos,
e também a fosfatidilcolina (CEROLINI et al., 2000; ALVAREZ-RODRIGUEZ, VICENTE-
CARRILLO; RODRIGUEZ-MARTINEZ, 2017; JAKOP et al., 2019).

Tabela 1 - Composicdo de diluentes comerciais para preservacdo liquida de sémen (ndo sao
apresentadas as quantidades de antimicrobianos).

Diluentes
Ingrediente (g/L) ANDROSTAR
BTS! KIEV IVT ZORLESCO ANDROHEP BTS?
PLUS
Glicose 37 60 3 11,5 26 79,36 76,06
EDTA 1,25 3,7 243 2,3 2,4 3,05 2,65
Citrato de sodio 6 3,7 2,4 11,7 8 12,38 15,89
Bicarbonato de
o 1,25 1,2 0,4 1,25 1,2 2,66 3,31
sodio
Cloreto de
o 0,75 - - - - 1,6 1,59
potéssio
TRIS - - - 6,5 - - -
HEPES - - - - 9,0 - -
Acido Citrico - - - 4,1 - - -
Cisteina - - 0,05 0,1 - 0,42 -
BSA - - - 5 2,5 - -

Fonte: adaptado de JOHNSON et al., (2000) e MENEGAT (2016).

1 e 2 sobrescritos indicam a fonte da composicéo citada, PURSEL; JOHSON (1975) e MINITUBE, respectivamente
BSA: albumina sérica bovina; EDTA: o acido etilenodiamino tetra-acético; TRIS: Tris-(hidroximetil)-aminometano;
HEPES: 4cido 4-(2-HidroxiEtil)-1-PiperazinEtanolSulfonico.



23

2.3.1. Fosfatidilcolina como protetor de membrana espermatica

Considerando que o ao longo do armazenamento o espermatozoide suino fica exposto a
danos de membrana e acrossoma (WABERSKI et al.,1994), peroxidacéo lipidica (CEROLINI et
al., 2000), a acdo de metabolitos e ions do meio, e, quando armazenado em baixas temperaturas,
h& uma reorganizacdo da membrana plasmatica acentuando esses danos (JOHNSON et al., 2000),
alguns autores avaliaram o uso de fosfatidilcolina como protetor de membrana sob condicdes de
criopreservagdo na espécie suina (ALVAREZ-RODRIGUEZ, VICENTE-CARRILLO;
RODRIGUEZ-MARTINEZ, 2017; PEARODWONG et al., 2019), e refrigeracdo em perus
(LONG; CONN, 2012).

Recentemente, ALVAREZ-RODRIGUEZ, VICENTE-CARRILLO; RODRIGUEZ-
MARTINEZ (2017) avaliaram se a substituicdo da gema de ovo por fosfatidilcolina derivada do
ovo ou da soja poderia melhorar os efeitos oxidativos oriundos da criopreservacdo nos
espermatozoides da fracdo rica ou da cauda do epididimo de machos suinos. Dois tipos diferentes
de fosfolipidios foram testados: (I) natural: fosfatidilcolina de gema de ovo e de lecitina de soja; e
(1) sintético: fosfatidil-glicerol. Em geral, os fosfolipidios testados ndo foram capazes de manter a
motilidade espermatica nem a viabilidade pds-descongelamento, devido ao aumento da producao
de ERO e peroxidacdo lipidica.

Corroborando com esses resultados, PEARODWONG et al. (2019) avaliaram o efeito da
substituicdo da gema de ovo por lecitina (fosfatidilcolina extraida da soja) sobre as caracteristicas
do espermatozoide suino criopreservado. Quinze ejaculados foram diluidos em trés diluentes
diferentes. O diluente | era um diluente comercial de sémen suino. O diluente 11 foi classificado em
2 grupos: a base de gema de ovo (80 ml de solucdo de lactose a 11,0% e 20 ml de gema de ovo) e
a base de lecitina (80 ml de solucéo de lactose a 11,0%, 80,0 g de lecitina e 20 ml de agua destilada).
O diluente 111 continha o diluente Il mais 10,0% de glicerol e 1,5% de pasta Equex STM. Todos 0s
parametros espermaticos medidos (motilidade total, viabilidade, integridade da membrana
plasmatica, atividade mitocondrial e integridade de acrossoma) foram melhores no diluente a base
de gema de ovo do que nos diluentes a base de lecitina. Os autores concluem que a substitui¢ao da
gema de ovo por fosfatidilcolina comprometeu a qualidade do sémen congelado.

LONG; CONN (2012) realizaram dois experimentos utilizando fosfatidilcolina extraida da

gema do ovo de galinha em sémen de peru congelado. O primeiro experimento consistiu na
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determinacéo da incorporacao da fosfatidilcolina na membrana plasmatica do espermatozoide. Para
tanto, os autores marcaram as moléculas de fosfatidilcolina com uma substéncia fluorescente, as
quais foram adicionadas a 45 ejaculados em diferentes quantidades (0; 0,5; 2,5; ou 10,0 mg/mL) e
as amostras foram analisadas por citometria de fluxo. Os autores observaram que o espermatozoide
do peru incorporou a fosfatidilcolina na membrana plasmatica de uma maneira tempo- e dose-
dependente, sendo que a quantidade de 2,5 mg/mL foi mais eficiente na incorporacdo. Em um
segundo experimento, foram acrescidas diferentes quantidades de fosfatidilcolina (0; 0,5; 2,5; ou
10,0 mg/mL) em 75 ejaculados os quais foram armazenados a 4°C. Nas 24 h de armazenamento as
amostras foram avaliadas para integridade de membrana, motilidade e fertilidade. Os autores
observaram que ndo houve diferenca para viabilidade de membrana e motilidade entre as
quantidades de fosfatidilcolina. No entanto, 0,5 ou 2,5 mg/mL de fosfatidilcolina melhoraram a
fertilidade do sémen de peru apds 24 h de armazenamento, indicando melhor capacidade de
protecdo acrossomal.

Apesar de os estudos com fosfatidilcolina em sémen resfriado serem escassos e dos
resultados obtidos com a criopreservacdo do sémen suino nao serem promissores, a utilizacao de
temperatura menos extrema do que o congelamento demonstrou um resultado positivo sobre a
fertilidade do sémen de peru, aparentemente por uma acdo de protecdo ao acrossoma, 0 que nos
leva a pensar que a utilizacdo dessa faixa de temperatura seja mais promissora para o estudo do
sémen suino. Além disso, a fosfatidilcolina é capaz de se incorporar a membrana do espermatozoide
do peru (LONG; CONN, 2012). Corroborando com esse resultado KASIMANICKAM; BUHR
(2016) observaram que um pool de fosfolipidios (fosfatidilcolina, fosfatidiletanolamina,
esfingomielina, fosfatidilserina e fosfatidilinositol) foi capaz de se incorporar a membrana de 90%
dos espermatozoides suinos, de uma maneira tempo e dose dependente. Esta eficacia de fusdo pode
ser usada para alterar a composicdo da membrana plasmatica do espermatozoide e, com isso, as

respostas funcionais da membrana.
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ABSTRACT

Storage temperature impairs boar semen motility and viability. Low temperature may be an
alternative to antimicrobial use; however, low temperature is critical for boar spermatozoa due to
membrane properties. In this context, some membrane protective substances have been studied to
alow low temperature storage. The aim of the present study was to evaluate the phosphatidylcholine
(PC) as a membrane protector on boar semen doses stored at 6°C. Sixteen normospermic ejaculates
were diluted with Beltsville Thawing Solution (BTS) and assigned to six treatments. Semen doses
were stored for 120 h at two different temperatures (17 and 6 °C) and three PC rates were applied
to them (0, 0.5 and 2.0 %; PC:spermatozoa) in a 2 x 3 factorial arrangement. Semen doses were
analyzed at 24, 72 and 120 h of storage. Phosphatidylcholine did not impair total and progressive
motility during the storage time (P > 0.064). Doses stored at 17°C showed higher total motility than
doses stored at 6°C (86.6% and 73.3%, respectively; P < 0.0001). Progressive motility was also
higher for doses at 17 than 6°C (81.1% and 64.4%, respectively; P < 0.0001). Doses with 0% had
lower pH values than doses with 2.0% PC (7.2 and 7.3, respectively; P < 0.05), but no difference
was observed with 0.5% (P = 0,285). At 300 min of incubation at 38°C there was no significant
difference of total and progressive motility among PC rates for doses stored at 6°C (P > 0.952).
However, for doses stored at 17°C, at 300 min of incubation higher total (76.7% and 57.8%; P =
0.0026) and progressive (69.1% and 49.0%; P = 0.0017) motilities were observed in doses with
2.0% PC than doses with 0%, respectively. Doses with 2.0 and 0.5% had higher percentages of
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spermatozoa with intact plasma membrane than doses with 0% (80.2%, 78.7% and 74.8%,
respectively; P <0.0001). Acrosome integrity was higher for doses with 2.0% PC (95.23%, 96.41%
and 97.62%; 0, 0.5 and 2.0% PC, respectively; P = 0.003). Doses stored at 6°C showed lower
membrane (69.2 and 84.8%) and acrosome integrity (95.6 and 97.3%) than doses stored at 17°C (P
<0.0001). These results suggest that PC could be used as a membrane protector for boar
spermatozoa at low storage temperatures. Furthermore, PC seems to hold sperm motility during

long incubation at 38°C.

Keywords: phosphatidylcholine, boar semen, low temperature, membrane protector

INTRODUCTION

Boar semen is sensitive to low temperatures; thus, it is stored at temperatures around 15-
18°C (JOHNSON et al., 2000). The cold sensibility of boar spermatozoa seems to be related with
plasmatic membrane lipidic composition, which is composed by different phospholipids and fatty
acids that lead to membrane phase separation at temperatures around 5°C (PARKES; LYNCH,
1992; YESTE, 2016). Another factor that contributes to boar spermatozoa cold sensitivity is the
cholesterol asymmetric distribution through the plasmatic membrane (JOHNSON et al., 2000).
However, despite deleterious effects of low temperatures on boar sperm cells, hypothermic storage
provides a reduction in semen doses bacterial load (MENEZES, 2018; WABERSKI et al., 2019),
contributing to the decrease in antimicrobial use on swine industry.

Some recent studies highlight that boar semen can be stored at 5°C, when diluted with
highly protective extenders (MENEZES, 2018; WABERSKI et al., 2019). However, WABERSKI
etal. (2019) have observed that boar semen doses extended with Beltsville Thawing Solution (BTS,
short-term extender) did not hold the motility above 70% during storage, and doses storage at 5°C
extended with Androstar Premium (long-term extender) did not differ in the percentage of viable
sperm cell compared to doses stored at 17°C with BTS or Androstar Premium. These results
emphasize the importance of using membrane protective substances when boar spermatozoa are
submitted to cold shock or to low temperatures of storage. Today, extender compositions are not

available, therefore the protective substances used are publicly unknown.
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Therefore, several substances have been studied regarding their protective attributes in boar
spermatozoa, such as phosphatidylcholine (PC). The PC is the most abundant phospholipid in
sperm cell and is able to be incorporated into the boar spermatozoa plasma membrane (PARKES;
LYNCH, 1992; KASIMANICKAM; BUHR, 2016). ALVAREZ-RODRIGUEZ, VICENTE-
CARRILLO; RODRIGUEZ-MARTINEZ (2017) and PEARODWONG et al. (2019) have reported
no advantages for replacing egg yolk by different types and concentrations PC under
cryopreservation conditions. However, cryopreservation is more challenging to sperm cells than
hypothermic storage. In this way, LONG; CONN (2012) evaluated extended turkey semen with
different concentrations of a PC solution to be stored at 4°C. Those authors showed that 0.5 or 2.5
mg/mL of PC improved turkey semen fertility after 24 h of storage. This result indicates an
acrosomal protective capacity by PC. Few studies using PC on boar semen under hypothermic
storage are available. Therefore, PC could be a membrane protector for boar spermatozoa stored at
low temperatures. Thus, the objective of this study was to evaluate the protective capacity of PC in

boar semen under hypothermic storage diluted with short-term extender.

MATERIAL AND METHODS

Animals and facilities

The study was conducted in the research barn of the Swine Sector of Universidade Federal
do Rio Grande do Sul. Sixteen ejaculates from four mature boars (sireline 337, Agroceres PIC,
Laranjeiras do Sul, Brazil) were used. The boars were healthy, mature (> 24-month-old) and were
housed in individual pens. All boars had ad libitum access to water and were fed a corn-soybean
meal diet with 3.15 Mcal ME/kg, 15.0% crude protein (CP), and 0.68% standardized ileal digestible

lysine (SID Lys). The boars had a weekly interval between collections.

Experimental design, semen collection and processing

The ejaculate was collected by the gloved hand method into a pre-warmed (37°C) collection
cup equipped with a filter for removal of the gel fraction. Raw semen was weighed, and motility

and concentration were assessed by using a Computer-Assisted Semen Analysis (CASA system,
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AndroVision®, Minitiib GmbH, Tiefenbach, Germany). Only ejaculates that fulfilled the criteria of
at least 70% of total motility and a minimum of 80% of morphologically normal spermatozoa were
used in the study.

Each ejaculate was diluted in a split sample design in Beltsville Thawing Solution (BTS,
Minitib GmbH, Tiefenbach, Germany) by using the isothermic one-step dilution. Semen doses
were produced with a final concentration of 1.5 x 10° sperm cells. A total of 18 semen doses were
produced from each ejaculate to meet both storage temperatures and analysis moments. The semen
was stored in 100 mL plastic bottles (Minitib GmbH, Tiefenbach, Germany) with a total volume
of 50 mL. Before closing the bottles, PC (LIPOID S100, 98% pure soybean phosphatidylcholine,
LIPOID GmbH) was added into the semen doses as described below.

The treatments consisted of the combination of two storage temperatures (17 and 6 °C) and
three PC rates (0, 0.5 and 2.0 %) in a 2 x 3 factorial arrangement.

Semen doses were mantained at room temperature (22 - 24°C) for two hours until the
storage at 17°C or 6°C. Doses stored at 17°C were placed in a temperature-controlled cabinet
(Biotecno Refrigeracdo Médica BT-1100, RS, Brazil), and doses stored at 6°C in another
temperature-controlled cabinet (Minitib GmbH, Tiefenbach, Germany). All semen doses remained
under controlled temperatures for 120 hours of storage. A data logger (Akso AK176, RS, Brazil)
was placed into an extra semen dose to control the temperature. For each moment of analysis (24,72

and 120 h), a different sealed bottle was used to avoid the influence of manipulation.

Phosphatidylcholine preparation

To guarantee total solubilization into the semen doses, a work solution of PC was prepared
using BTS at 50°C to reach a final concentration of 5% wi/v. Aliquots of 20 mL were stored at -
20°C until use. Before each semen processing, the sample was thawed and held at 34°C.

A volume of 150 and 610 puL of the PC solution was added into the semen doses to obtain
0.5% or 2%, respectively. Bottles were closed removing the air and gently rotated 10 times to
guarantee the PC homogenization. The control group had no addition of PC.

Sperm motility analysis
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The CASA system was used to assess sperm motion traits at 15 min after dilution and 24,
72, and 120 h of storage. For stored doses, a thermo block was used to incubate an aliquot of 1 mL
of semen dose at 37 °C for 20 minutes. A 3-pL sample was loaded by capillary flow into a chamber
slide (Leja® 20 um chamber depth, Nieuw Vennep, The Netherlands) and then analyzed at x200
magnification under a phase contrast microscope (Axio Scope.Al, Zeiss®, Germany) equipped
with a warm stage set on 37 °C.

The CASA system generated data regarding total and progressive motility as well as the
following kinematic parameters: VCL, curvilinear velocity (um/s); VSL, straightline velocity
(um/s); VAP, average path velocity (um/s); ALH, amplitude of lateral head displacement (um);
BCF, beat-cross frequency (Hz); LIN, linearity (VSL/VCL); STR, straightness (VSL/VAP); and
WOB, wobble (VAP/VCL). Software settings were adjusted for cell detection with a minimum
head size of 15 pm and a maximum of 100 pm. Sperm with ALH <1 pm and VCL <24 pm/s were

considered immotile. Progressive motility was defined as VCL >40 um/s and VSL >10 pum/s.

Acrosome integrity

Acrosome integrity was assessed at 72 h of storage. An aliquot of extended semen (300 pL)
was fixed in formalin-citrate solution (1 mL) and 200 spermatozoa were evaluated under phase
contrast microscopy at x1000 magnification. The acrosomal region of the spermatozoa was
characterized according to acrosome integrity as normal or defective with the latter comprising of

irregular shaped, disrupted, and detached acrosomes (PURSEL et al., 1972).

Membrane Integrity

Membrane integrity assessment was performed at 72 h of storage using a double-staining
method with the fluorescent probes SYBR14 and propidium iodide, Pl (LIVE/DEAD® Sperm
Viability kit, Thermo Fisher Scientific, Waltham, MA, USA). Samples were prepared in a dark
room by adding 2.5 pL of SYBR14/PI to 50 pL of extended semen subsequent to which they were
incubated at 37 °C for 15 min in a thermo block. Two hundred stained spermatozoa were manually

counted (sperm in green as intact; sperm in orange as disrupted membrane).
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Thermo-resistance test (TRT)

A thermoresistance test (TRT) was performed at 120 h of storage. A 15-mL aliquot of semen
dose was incubated at 38°C for 300 minutes in water bath (DeLeo BMED, RS, Brazil) using a
protocol adapted from Schulze et al. (2017). Sperm motility was assessed at 30 and 300 minutes of

incubation using the CASA system as described above.

pH analysis

The semen doses were subjected to pH measurements at 24, 72, and 120 h of storage. A
previously calibrated digital pH-meter (Kasvi, PR, Brazil) was used for this purpose. The pH

electrode was thoroughly washed with distilled water and wiped between samples.

Statistical analysis

Data resulting from the study were analyzed using the Statistical Analysis System software
(SAS, version 9.3; SAS® Institute Inc., Cary, NC, USA). All variables obtained for sperm motility
traits and pH of stored doses were analyzed as repeated measures using the GLIMMIX procedure.
For 15-min analysis, the amount of PC was included as a fixed effect. For stored doses, temperature
of storage, amount of PC, storage time and their interactions were included as fixed effects in the
model. Data from the TRT assay at 120 h of storage were analyzed as repeated measures,
considering the incubation times at 38 °C (30 and 300 min). When the interaction among fixed
factors was significant, the results were explored accordingly, hence the effects of main factors
were not discussed. Boar and week of collection were included as random effects in all models.
Sperm motility, acrosome and membrane integrity were considered as binomial distribution. Sperm
kinematic traits and pH were fitted as normal distribution. Values are expressed as the mean +
standard error of the mean. Temperature, PC amount, and storage time were compared using the

Tukey-Kramer test at a significance level of 5%.
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RESULTS

Overall, percentages of total motility and progressive motility in raw semen were 95.7% +
0.5and 93.4% + 0.7, respectively. After 15 minutes of dilution, total and progressive motility were
higher (P < 0.01) for doses with 0 (94.3 and 91.8%, respectively) and 0.5% PC (93.7 and 91.0,
respectively) when compared to doses with 2% PC (92.4 and 89.7, respectively).

Cooling curves

During the period of stabilization at room temperature, the temperature decreased in a rate
of 1.62°C/h; whereas after storage, the cooling rate was 1°C/h for doses stored at 6°C. For doses
stored at 17°C, during the period of stabilization the cooling rate was 1.98°C/h and after storage

the cooling rate was 1.68°C/ h. Cooling curves for both temperatures are shown in Figure 1.

Motility and kinematic traits

Total motility was affected by storage time (P = 0.008) and temperature (P < 0.0001). Doses
stored at 17°C had greater total motility than doses stored at 6°C (86.6% and 73.3%, respectively;
P < 0.0001). Total motility was higher at 72 h compared with doses of 24 h and 120 h of storage
(80.1%, 81.5% and 80.6%, total motility at 24, 72 and 120 h of storage, respectively; P < 0.040;
Figure 2), while no difference was observed between 24 h and 120 h of storage (P = 0.340). No
effect was observed for PC and interactions (P > 0.064). Progressive motility was affected by the
temperature of storage. Doses stored at 17°C had higher progressive motility than doses stored at
6°C (81.1% and 64.4%, respectively; P <0.0001; Figure 3). PC, time of storage and their interaction
did not influence progressive motility (P > 0.086).

All the kinematic variables are shown in Figure 4. The parameters VCL, VSL, VAP, LIN
were affected by the interaction of storage temperature and time (P < 0.007). The VCL of doses
stored at 6°C was lower at 24 h compared to 72 h and 120 h (90.9, 105.8 and 103.5 pm/s,
respectively; P < 0.0001), with no effects observed at 17°C (109.1, 111.2 and 108.0 pm/s,
respectively; P > 0.24). Also, VCL was lower at 6 °C than at 17 °C at 24 h of storage (P < 0.0001).
The VSL of doses stored at 6°C and 17°C was lower at 24 h compared to at 120 h (P <0.04), with
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no difference for 72h (P > 0.33). The VSL was lower in doses stored at 6 °C, when compared to
those stored at 17°C during the whole storage (P < 0.0001). In doses stored at 6 °C, VSL was higher
at 24 h than at 120 h (P = 0.044); while at 17°C, VSL was lower at 24 h than at 120 h (P = 0.022).
Besides this interaction, VSL was greater for doses with 0 and 0.5% PC compared to doses with
2% PC (38.5, 38.5 and 35.3 um/s, respectively; P = 0.008). Doses stored at 6°C had lower values
of VAP at 24 h compared to 72 and 120 h (44.1, 48.7 and 48.3 um/s, respectively; P < 0.0001),
with no effect observed at 17°C (P >0.27). The VAP was lower in doses stored at 6°C than at 17°C
during the whole storage (P < 0.005). Although doses stored at 17 °C did not show influence by
the temperature, VAP was greater at 72 h and 120h (P < 0.0001) than at 24h in doses stored at 6°C.
VAP was also influenced by the PC amount, with lower values found in doses with 2% PC (51.3,
51.4 and 47.3 um/s, for 0, 0.5 and 2.0%, respectively; P <0.009). At 24 h, LIN was similar between
the temperatures of storage, but was decreased in doses stored at 6°C at 72 and 120 h of storage. In
doses stored at 17°C, LIN was reduced at 120h of storage (P < 0.003). In the other hand, at 6°C of
storage, LIN was already reduced at 72h of storage (P < 0.0001).

The BCF was affected by storage time and temperature (P < 0.0008). BCF values were
lower at 120 h (P < 0.005), with no difference between 24 and 72 h (P = 0.815) (17.2, 17.0 and
16.3 Hz, for 24, 72 and 120 h of storage, respectively). Doses stored at 6°C had lower BCF
compared to doses stored at 17°C (14.8 and 18.9 Hz, respectively; P < 0.0001). No effect of PC
amount and interactions were found. The STR was affected by the interaction between storage time
and temperature (P < 0.0001), and also by the interaction between PC rate and temperature (P =
0.020). STR was negatively affected by the temperatures throughout the storage. However, semen
doses stored at 17°C showed an increased STR at 120h (78.7, 78.46 and 80.6%, for 24, 72 and 120h
of storage, respectively), while those stored at 6°C had reduced STR at 72h (76.8, 67.2 and 65.8%
for 24, 72 and 120h of storage, respectively). Within each PC rate, STR was greater in semen doses
stored at 17°C than at 6°C (P < 0.0001), with more pronounced difference in 2% of PC. There was
no effect of treatment and other interactions for STR (P > 0.251). The WOB was affected by the
interaction between storage time and temperature (P < 0.0001), and also by the interaction between
storage time and PC rate (P = 0.037). At 24 h of storage, WOB was greater at 6°C than at 17°C
(48.9 vs 47.6%, respectively). However, at 120 h, higher value was found in doses stored at 17°C
(46.9 vs 49.8% for 6°C and 17°C, respectively). Doses with 0% PC had no changes in WOB values
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throughout the storage. In doses with 0.5 and 2% PC a slight reduction in WOB was found at 72 h.

There was no effect of treatment and other interactions for STR (P > 0.112).

pH

There was an effect of storage time and PC rate on the pH (P < 0.021; Figure 5). Doses with
0% had lower pH values than doses with 2% PC (7.24 and 7.27, respectively; P < 0.05), with no
difference to the rate 0.5% (P > 0.05). The pH was higher at 72 h than 24 and 120 h of storage,
while 120h was higher than 24 h of storage (7.24, 7.29, 7.25, pH values of 24, 72 and 120 h of
storage, respectively; P <0.05). No significant effect was observed for temperature and interactions
(P >0.087).

Thermo-resistance Test

The total and progressive motility at TRT analysis were affected by the 3-way interaction
among storage time, temperature and PC rate (P < 0.05; Figures 6 and 7). Regardless of the PC
rate, total and progressive motility were higher at 30 min than 300 min of incubation for doses
stored at 17°C (P < 0.0001), but were similar at 6°C (P > 0.095). At 30 and 300 min of incubation
there was no significant difference of total and progressive motility among PC rates for doses stored
at 6°C. However, at 300 min of incubation of doses stored at 17°C, higher total and progressive
motilities were observed in doses with 2.0% PC than doses with 0% (76.7% and 57.8% total
motility of doses with 2 and 0% of PC, respectively; 69.1% and 49.0% progressive motility for
doses with 2 and 0% of PC, respectively; P < 0.05). There was no difference of total (64.5%) and
progressive motility (55.2%) for 0.5% of PC (P > 0.05).

Plasma Membrane Integrity

There was an effect of temperature and PC rate on membrane integrity at 72 h of storage (P
< 0.0001, Figure 8), with no significant interaction between them (P > 0.627). Doses stored at 6°C
had lower percentage of spermatozoa with intact plasma membrane than doses stored at 17°C
(69.2% vs. 84.8%, respectively; P < 0.0001). Doses with 2 and 0.5% had a higher percentage of
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spermatozoa with intact plasma membrane than doses with 0% (80.2%, 78.7% and 74.8%,

respectively; P < 0.0001).

Acrosome integrity

There was an effect of temperature and PC rate on acrosome integrity at 72 h of storage (P
< 0.0001, Figure 9), with no significant interaction between them (P > 0.979). Acrosome integrity
was different among 0, 0.5% and 2.0% PC rates (95.23%, 96.41% and 97.62%, respectively; P <
0.003). Doses stored at 6°C had lower percentage of intact acrosome than doses stored at 17°C
(95.6% and 97.3%, respectively; P < 0.0001).

DISCUSSION

Motility traits

Reduction in sperm motility in low-temperature storage has already been reported by other
studies (KATZER et al., 2004; SCHMID et al., 2013; MENEZES, 2018; WABERSKI et al., 2019).
It is important to consider the threshold for swine artificial insemination is defined as 60% of motile
sperm (JOHNSON et al., 2000). In a recent study, WABERSKI et al. (2019) showed high sperm
motility in semen doses with BTS and stored at 17°C or with Androstar Premium and stored at
17°C and 5°C. In contrast, the total motility was reduced in semen doses stored at 5°C with BTS.
Moreover, total motility of doses at 5°C — Androstar Premium was higher than 80% throughout the
144 h-storage. These results highlight the more protective characteristics of this new long-term
extender with a combination of highly effective membrane protecting agents and specialized
antioxidants that maintain optimal storage conditions for at least 7 days. On the other hand, BTS,
the extender used in our study, is a simpler extender without specialized buffer and protecting
agents that maintains the shelf life of semen for 3 days. In the present study, although extended
with BTS, doses stored at 6°C showed at least 70% of total motility at 120 h of storage. This great
result may be due to the cooling rate. MENEZES et al. (2018) achieved 70% of total motility in
doses stored at 5°C with a cooling rate of 1.6°C/hour, agreeing with our study that reached a cooling

rate of 1.68°C/hour after storage at 6°C. Semen handling has an important role on sperm membrane
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integrity (LEAHY; GADELLA, 2011), and, because the boar spermatozoa is very sensitive to cold
shock, it is also important to ensure that the temperature curve has no abrupt changes (JOHNSON
et al., 2000).

The increase in total motility at 72 h of storage observed in the present study is unusual,
since the aging process and reduced motility throughout storage is well documented (JOHNSON
et al., 2000; PAULENZ; KOMMISRUD; HOFMO, 2000; HOU; MA; YANG, 2002).
Nevertheless, there was a slightly increase of 1% in total motility and this result may not be
biologically significant. Besides, MENEZES (2018) observed that semen doses extended with
Androstar Premium stored at 17°C showed a decrease in total motility at 120 h of storage, and no
difference was observed between 24 and 72 h of storage. Furthermore, semen doses stored at 5°C
showed higher total motility at 24 h of storage than at 72 and 120 h of storage. WABERSKI et al.
(2019a) have observed that sperm motility of doses stored at 5°C and extended with BTS
significantly declined during storage, while sperm motility of doses stored at 17 or 5°C extended
with Androstar Premium did not significantly decline during storage. Those results suggest that
some long-term extenders may prolong boar sperm shelf-live.

Results regarding PC in boar extended semen are scarce for liquid preservation. In turkey
semen, LONG; CONN (2012) observed no effect on motility from semen stored at 4°C with
different PC concentration (0.5, 2.5 or 10 mg/mL). These findings corroborate with the present
study, since PC did not show any effects on total and progressive motility. These results show that
despite the protection of plasma membrane and acrosome properties the addition of PC was not
able to affect sperm motility. In contrast, under cryopreservation conditions, PC was not able to
improve boar semen quality after thawing, when compared to egg yolk (ALVAREZ-
RODRIGUEZ, VICENTE-CARRILLO; RODRIGUEZ-MARTINEZ, 2017; PEARODWONG et
al., 2019).

pH

Semen doses with 0% PC showed a slightly lower pH than semen doses with 2% of PC.
Such finding may be related to the pH of the PC solution (8.22) added into the semen doses in small
quantities. Despite the significative difference in pH, this finding is not biologically relevant since

in freshly ejaculated boar semen the pH varies between 7.2 and 7.5, and just below this values the
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motility and metabolism of spermatozoa are reduced (JOHNSON et al., 2000). Indeed, the variation
of pH was not able to interfere in the sperm motility throughout storage in the present study.

In addition to PC rate effect, the pH increased 0.05 from 24 to 72 h (7.24 to 7.29) in the
present study. This result corroborates with VYT et al. (2007) who observed that boar semen doses
extended with BTS and stored with a minimum content of air increased the pH (0.06) at 82 h of
storage at 17°C. The BTS is a short-term extender that contains sodium bicarbonate buffer
(JOHNSON et al., 2000). During storage, the extender medium may lose CO, to the air
compartment within the semen tube. This phenomenon decreases as the amount of air within the
semen tube decreases, indicating the influence of small amounts of air on pH (VYT et al., 2007).
These results are supported by VERONEZ et al. (2016); doses without air content in the semen
tube showed lower pH values than those with 25% and 50% of air content, semen extended with
50% of air showed the highest values. PAULENZ et al. (2000) observed that boar semen doses
extended with BTS and stored at 25 and 20°C had a significantly decrease in pH during 96 h of
storage, whereas boar semen doses at 15 and 10°C had a slightly increase in pH during 96 h of
storage. The authors suggest that pH variation may be temperature-dependent and possibly related
to the spermatozoa metabolism: as the temperature reduces, the spermatozoa metabolism also
reduces. However, in our study we found no difference in pH variation between storage
temperatures during the storage.

A study of DZIEKONSKA et al. (2017) indicated that sperm metabolism is influenced by
storage temperature. In that study, semen doses stored for 72 h at 5°C presented a marked reduction
in sperm mitochondrial activity, lower oxygen consumption, lower mitochondrial membrane
potential and ATP production. Sperm mitochondria has an important role on energy and reactive
oxygen species production, maintenance of sperm motility and other fundamental functions. All
these actions are carried out despite the low ability to energy production of the mitochondria
(RODRIGUEZ-GIL; BONET, 2016). The anaerobic glycolysis is another main energy pathway
used by the sperm cell, which along with the mitochondrial respiratory process are considered the
major source of energy for the spermatozoa. The major metabolites originated from the glycolysis
are pyruvate, lactate, and CO2> (MANN; LUTWAK-MANN, 1981). According to KAMP et al.
(2003), boar semen doses stored at 15°C accumulated lactate in the extra cellular fluid at rates of
0.5 + 0.1 nmol/min/10° spermatozoa, at the same time that the pH decreases during 20 h of storage.

We speculate that this pattern may explain the decrease in pH from 72 to 120 h of storage in our
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study. Additionally, as BTS is a short-term extender, the buffering capacity may be overcome at

120 h, leading to the pH decrease.

Thermo-resistance Test

Thermo-resistance test consists of exposing spermatozoa to a long-time incubation (300
min) at 38°C to simulate the time and temperature conditions of the sperm into the female
reproductive tract (SCHULZE et al., 2019). MENEZES et al. (2018) evaluated sperm motility of
boar semen after TRT in doses stored under low temperature (5°C) or at 17°C, with or without
antimicrobials. Semen doses with antimicrobials stored at 17°C had higher motility after TRT than
doses stored at 5°C. Furthermore, total and progressive motility were higher at 30 min than 300
min of incubation at 38°C for both temperatures. Those results corroborate in parts with results of
the present study, where at 30 min of incubation, the total and progressive motility were higher
than at 300 min of incubation for doses stored at 17°C. On the other hand, semen doses stored at
6°C did not differ in total and progressive motility between 30 and 300 min of incubation at 38°C
in our study. Such findings may be related to the PC rate applied in the semen doses in the present
study, or possibly, with the energy metabolism of the sperm cells. Boar spermatozoa under 35°C
consumes oxygen at rates of 14.4 + 2.4 nmol O2 min! 1078 per spermatozoon, whereas
spermatozoa stored at 15°C reduced oxygen consumption by 90%to 1.4 + 0.2 (KAMP et al., 2003).
Those results indicate that the storage of semen at lower temperatures may reduce even more
oxygen consumption, and as a consequence, a higher decrease of spermatozoon metabolism will
occur. In this way, we can speculate that spermatozoa could save energy during storage at 6°C,
being able to resist further on incubations for 300 min at 38°C. In addition, the effect of PC rates
on doses stored at 17°C indicates that PC might be a source of energy to the spermatozoa. This
speculation is supported by JONES; BUBBS (2000), who observed that boar spermatozoa
incubated in the presence of (R,S)-a-bromohydrin phosphate, an inhibitor of the FAD-linked
mitochondrial glycerol 3-phosphate dehydrogenase, an inhibitor of stage two of the glycolytic
pathway, produced measurable amounts of glycerol 3-phosphate after 5 h of incubation at 34°C. A
source for glycerol 3-phosphate could be the degradation of phospholipids present in the
membrane, which leads to the production of the compound (JONES; GILLIAN, 1996). In this

respect, spermatozoa stored at 17°C with 2% PC may have used the phosphatidylcholine as an
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energy source during the 300 min of incubation at 38°C. This explains the fact that a higher total
and progressive motility at 300 min of incubation was observed, in contrast to semen doses
prepared without PC. Likewise, this could be the reason for the maintenance of total and
progressive motility during 300 min of incubation at 38°C of doses stored at 6°C.

Membrane and acrosome integrity

Boar spermatozoa are sensitive to temperatures below 15°C which is related to phospholipid
composition and phase transition of the boar spermatozoon membrane (WATSON, 1995). In this
way, MENEZES (2018) observed that acrosome integrity increased according to temperature being
the highest for semen doses stored at 17°C (96,8%, 94,3 and 93,6%, 17°C, 10°C and 5°C,
respectively). Likewise, the percentage of intact membrane was lower for semen doses extended
with Androstar Premium stored at 5°C and 10°C than 17°C (83.4%, 83.7% and 87.1%,
respectively). In contrast, WABERSKI et al. (2019) did not observe difference among semen doses
extended with Androstar Premium, stored at 17°C and 5°C, with semen doses extended with BTS
and stored at 17°C (92.1%, 89.2%, 90.3%, respectively). The only difference was observed in
semen doses extended with BTS and stored at 5°C, which presented lower membrane integrity.
Such results corroborate with the results from the present study, in which semen doses stored at
6°C showed lower membrane and acrosome integrity than semen doses stored at 17°C.
Furthermore, it was observed that semen doses with 2% and 0.5% PC presented a higher level of
membrane integrity than semen doses without PC, regardless the temperature. Acrosome integrity
was also improved with the increased of PC rate. In addition, doses with 2% PC stored at 6°C
reached similar values for acrosome integrity than doses with 0% PC stored at 17°C (97.0% and
96.3%, respectively). These results reveal the membrane protective capacity of PC on boar
spermatozoa stored under low temperatures. Also, these findings are similar with recent studies
using Androstar Premium, a new extender with highly effective membrane protecting agents and
specialized antioxidants.

Conversely to our results, some authors tried to use PC on boar semen cryopreservation;
however, results were not promising (ALVAREZ-RODRIGUEZ, VICENTE-CARRILLO;
RODRIGUEZ-MARTINEZ, 2017; PEARODWONG et al., 2019). Phosphatidylcholine were

unable to prevent cryodamage when compared with the egg-yolk based extender in both studies.
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Furthermore, LONG; CONN (2012) evaluated the use of PC for turkey semen storage at 4°C. It
was observed that PC was incorporated in a dose-dependent manner in turkey spermatozoon
membrane during the first 12 h of storage. Sperm motility and viability at 24 h of storage were not
improved with the addition of PC, but a concentration of 0.5 or 2.5 mg PC/mL markedly improve

the overall fertility traits of turkey semen stored for 24 h.

CONCLUSION

Phosphatidylcholine increased membrane and acrosome integrity in boar sperm cells stored
at 6°C and 17°C. Furthermore, total and progressive motility were higher after TRT in semen doses
stored at 17°C with 2% of phosphatidylcholine. This study proposes the use of phosphatidylcholine
as a membrane protector for boar semen stored at 6°C and 17°C.
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Figure 1 - Cooling curves of doses stored at 17°C and 6°C.
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Figure 2 - Total motility according to PC rates during storage at both temperatures (6 and 17°C).
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Figure 3 -Progressive motility according to PC rates during storage at both temperatures (6 and 17°C).
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x and y indicate significant difference between storage temperatures (P < 0.0001).



Figure 4 - Kinematic traits according to PC rates during storage at both temperatures (6 and 17°C).
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Storage time (P < 0.05) = BCF

Phosphatidylcholine rate (P < 0.05) = VSL, VAP

Interaction storage temperature x storage time (P < 0.05) = VCL, VSL, VAP, LIN, STR.
Interaction storage temperature x phosphatidylcholine rate (P < 0.05) = STR.

Figure 5 — pH according to PC rates during storage at both temperatures (6 and 17°C).
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Figure 6 - Total Motility of TRT according to PC rates during storage at both temperatures (6 and 17°C).
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Effect: 3-way interaction - storage temperature x storage time x phosphatidylcholine rate (P = 0.03).

Figure 7 - Total Motility of TRT according to PC rates during storage at both temperatures (6 and 17°C).
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Effect: 3-way interaction - storage temperature x storage time x phosphatidylcholine rate (P = 0.05).
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Figure 8 - Membrane integrity according to PC rates at 72 hours of storage at both temperatures (6 and 17°C).
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a and b indicate significant difference among phosphatidylcholine rates (P < 0.0001).
x and y indicate significant difference between storage temperatures (P < 0.0001).

Figure 9 - Acrosome integrity according to PC rates at 72 hours of storage at both temperatures (6 and 17°C).
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a, b and c indicate significant difference among phosphatidylcholine rates (P < 0.0001).
x and y indicate significant difference between storage temperatures (P < 0.0001).
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4. CONCLUSAO

Tendo em vista que o0 armazenamento de doses inseminantes de suinos em baixas
temperaturas é dependente de diluentes que promovam alta prote¢cdo de membrana plasmatica,
atualmente novas substancias estdo sendo estudadas a fim possibilitar o armazenamento
hipotérmico dessas doses. A fosfatidilcolina possui a capacidade de se incorporar @ membrana do
espermatozoide suino e, em perus, consegue melhorar a fertilidade pela protecdo que confere ao
acrossoma (LONG; CONN, 2012; KASIMANICKAM; BUHR, 2016). No presente trabalho foi
observado que a fosfatidilcolina melhorou a integridade de membrana e acrossoma em doses
armazenadas tanto a 6 quanto a 17°C. Além disso, a motilidade total e progressiva foram maiores
ap6s o TTR para doses inseminantes armazenadas a 17°C com 2% de fosfatidilcolina. Ainda é
importante salientar que para as doses armazenadas a 6°C a motilidade se manteve constante ao
longo da duracdo do TTR. Ndo foi evidenciado efeito da fosfatidilcolina sobre a motilidade total e
progressiva das doses avaliadas. Assim, com base nesses resultados, a fosfatidilcolina caracteriza-
se por apresentar acdo protetora sobre a membrana plasmatica e acrossoma de espermatozoides
suinos em doses armazenadas a 6 e 17°C. Contudo, mais estudos sdo necessérios a fim de
determinar qual a concentracdo ideal de fosfatidilcolina a ser adicionada nas doses inseminantes de

suinos.
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