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RESUMO

“ADICAO DE L-CISTEINA SOBRE PARAMETROS ESPERMATICOS DE DOSES
INSEMINANTES DE SEMEN SUINO ARMAZENADAS A 5 °C”

Autor: Guilherme Dos Santos
Orientadora: Prof 2 Dr* Ana Paula Goncalves Mellagi

Coorientador: Prof. Dr. Rafael da Rosa Ulguim

O armazenamento hipotérmico na preservacdao de sémen suino é um método proposto para
reduzir a carga bacteriana e consequentemente promover o uso prudente de antibidticos em
diluentes. No entanto, a reducdo da temperatura pode levar a danos devido ao choque pelo frio
e estresse oxidativo, causando perda na qualidade seminal e reducdo da fertilidade. O sémen
suino tem uma sensibilidade especial para danos por estresse oxidativo devido a composicao
da membrana plasmatica e ao baixo sistema de defesa antioxidante no plasma seminal. Este
estudo teve como objetivo verificar o efeito de protecdo da L-cisteina e identificar a melhor
dose-resposta desta suplementacao em doses de sémen armazenadas a 5 °C por 120 horas. Vinte
e um ejaculados normospérmicos (21 reprodutores) foram diluidos em Beltsville Thawing
Solution (BTS) em amostra dividida entre os tratamentos: Pos_Cont (armazenamento a 17 °C
sem suplementacéao de L-cisteina); e os grupos com 0, 0,5, 1 e 2 mmol/L de suplementacdo de
L-cisteina (L-cysO; Lcys-0,5; L-cysl e L-cys2, respectivamente) armazenados a 5 °C. As
variaveis obtidas foram analisadas como medidas repetidas, considerando o tratamento, o
tempo de armazenamento e sua interacdo como fatores principais. Nas analises dose-resposta,
o efeito da suplementacéo de L-cisteina em doses de sémen armazenadas a 5 °C foi investigado
por meio de contrastes ortogonais polinomiais. As motilidades espermaticas e o pH das doses
foram superiores no grupo controle positivo, em comparagdo as doses armazenadas a 5°C (P <
0,05). Nos modelos de dose-resposta, a motilidade total foi afetada pela interacéo entre a dose
de L-cisteina e tempo de armazenamento (P = 0,0400) com aumento linear da motilidade ao
aumentar a quantidade de L-cisteina as 72 e 120 h de armazenamento. A motilidade progressiva
aumentou linearmente com inclusdo de L-cisteina (P = 0,0013). No teste de termorresisténcia
apo6s 120 horas, as motilidades total e progressiva de armazenamento aumentaram
quadraticamente até o nivel 1 mmol/L L-cisteina (P < 0.05). A quantidade de espécies reativas
ao oxigénio aumentou quadraticamente até 0,5 mmol/L de L-cisteina (P = 0.0276), mas sem
afetar a integridade da membrana plasmatica, defeitos acrossémicos, peroxidacgéo lipidica e o
contetdo sulfidrila. Em conclusdo, a suplementacdo de L-cisteina tem efeito positivo na
motilidade espermaética e na manutencdo da motilidade apds teste de termorresisténcia até 120
horas de armazenamento a 5 °C.

Palavras-chave: Antioxidantes. Armazenamento hipotérmico. Espécies reativas de
oxigénio



ABSTRACT

“ADDITION OF L-CYSTEINE ON THE SPERMATIC PARAMETERS OF BOAR EXTENDED
SEMEN DOSES STORED AT 5 °C”

Author: Guilherme Dos Santos
Advisor: Prof @ Dr? Ana Paula Gongalves Mellagi
Co-advisors: Prof. Dr. Rafael da Rosa Ulguim

Hypothermic storage in preserving swine semen is a proposed method to reduce the bacterial
load and promote the prudent use of antibiotics in extenders. However, reducing temperature
can lead to damage due to cold shock and oxidative stress, causing loss of seminal quality and
reduced fertility. Pig semen has a particular sensitivity to damage by oxidative stress due to the
composition of the plasma membrane and the low antioxidant defense system in seminal
plasma. This study aimed to verify the protective effect of L-cysteine and identify the best dose-
response of this supplementation in doses of semen stored at 5 °C for 120 hours. Twenty-one
normospermic ejaculates (21 boars) were diluted in Beltsville Thawing Solution (BTS) in a
sample divided between treatments: Pos_Cont (storage at 17 °C without L-cysteine
supplementation); and the groups with 0, 0.5, 1 and 2 mmol/L of L-cysteine supplementation
(L-cys0; Lcys-0.5; L-cysl and L-cys2, respectively) stored at 5 °C. The variables obtained were
analyzed as repeated measures, considering treatment, storage time, and interaction as main
factors. In the dose-response analyses, the effect of L-cysteine supplementation on semen doses
stored at 5 °C was investigated using polynomial orthogonal contrasts. Sperm motility and dose
pH were higher in the positive control group compared to doses stored at 5°C (P < 0.05). In
dose-response models, total motility was affected by the interaction between L-cysteine dose
and storage time (P = 0.0400) with a linear increase in motility when increasing the amount of
L-cysteine at 72 and 120 h of storage. Progressive motility increased linearly with the inclusion
of L-cysteine (P = 0.0013). In the heat resistance test after 120 hours, the total and progressive
storage motility increased quadratically up to the 1 mmol/L L-cysteine level (P < 0.05). The
amount of reactive oxygen species increased quadratically up to 0.5 mmol/L of L-cysteine (P =
0.0276), but without affecting plasma membrane integrity, acrosomal defects, lipid
peroxidation and sulfhydryl content. In conclusion, L-cysteine supplementation has a positive
effect on sperm motility and the maintenance of motility after heat resistance testing up to 120
hours of storage at 5 °C.

Keywords: Antioxidant. Hypothermic storage. Reactive oxygen species.
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1. INTRODUCAO

A inseminacao artificial (IA) teve o seu inicio na suinocultura na década de 30, porém
a sua utilizacdo s6 ganhou notoriedade apds as melhorias obtidas até a década de 90
(BORTOLOZZO et al., 2015). De acordo com Waberski et al., (2019a), a possibilidade de obter
um melhor controle sanitario, o desenvolvimento de diluentes modernos que mantém a
viabilidade seminal por varios dias e a evolucdo na técnica propriamente dita foram os fatores
decisivos para a globalizagdo da IA.

A faixa de temperatura usual para o armazenamento do sémen suino é de 15-18 °C,
nesta faixa, o0 metabolismo celular é reduzido, prolongando a vida util das doses inseminantes
(JOHNSON et al., 2000). Entretanto, nesta temperatura de armazenamento é necessaria a
utilizacdo de antibitticos nas doses inseminantes, visto que o crescimento bacteriano ainda é
mantido (YESTE, 2016). Devido a isto, a reducdo da temperatura de armazenamento para 5 °C
é uma das alternativas para a retirada dos antibioticos em diluentes comerciais (WABERSKI et
al., 2019b). Todavia, essa reducdo da temperatura promove o choque pelo frio, gerando danos
significativos para a célula espermaética, reduzindo a sua fertilidade.

O estresse oxidativo € um dos principais fatores envolvidos na perda da qualidade
seminal, especialmente em doses inseminantes que passaram por uma reducdo drastica de
temperatura, como na criopreservacdo (GROSSFELD et al.,, 2008; CHANAPIWAT;
KAEOKET 2020). Dentre os principais efeitos promovidos pelo estresse oxidativo, pode-se
citar a peroxidacdo lipidica, a fragmentacdo do DNA e a reducdo da motilidade espermética
(AWDA; MACKENZIE-BELL; BUHR, 2009; JOHN AITKEN, 1995). Uma das alternativas
para reduzir os impactos do estresse oxidativo sobre a qualidade seminal é a adicdo de
antioxidantes nas doses inseminantes (BANSAL; BILASPURI, 2011).

Desta forma, diversos estudos ja descreveram efeitos positivos da adicdo de
antioxidantes sobre a qualidade seminal em doses inseminantes no armazenamento tradicional
ou para criopreservacdo (RIBAS-MAYNOU et al., 2021), entretanto, até onde sabemos,
nenhum estudo descreveu sobre os efeitos protetivos do antioxidante L-cisteina para o
armazenamento de 5 °C. Devido a isto, 0 objetivo do presente estudo foi avaliar os efeitos
obtidos pela suplementacdo do antioxidante L-cisteina sobre a qualidade seminal de doses

inseminantes com sémen suino armazenadas a 5 °C por até 120 horas.
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2. REVISAO BIBLIOGRAFICA

2.1 Evolucao dos diluentes

Entre as décadas de 30 e 40 a inseminac&o artificial iniciou na suinocultura utilizando
diluentes isosmoticos simples, a base de glicose e sulfato de sodio ou tartarato de sédio e
potassio, capazes de manter a qualidade seminal por apenas poucas horas (FOOTE, 2002). Isto
ocorria, pois, a coleta de sémen e a inseminacdo eram realizados na mesma granja, sem a
necessidade de transporte e armazenamento. Apds a tecnificacdo do sistema e a necessidade de
centralizar as unidades produtoras de sémen, a utilizacdo de diluentes modernos que
permitissem a manutencdo da qualidade seminal por varios dias se fez necessario (KNOX,
2016).

A composicdo dos principais diluentes comercializados é desconhecida, devido ao
interesse comercial por parte das empresas que os desenvolvem. Entretanto, para que um
diluente seja eficiente ele deve possuir alguns constituintes basicos, como: uma molécula
energética, sistema tampao, antibidtico, protetor de membranas e uma molécula que mantenha
a osmolaridade do meio (YESTE, 2017).

Diferentes moléculas energéticas foram avaliadas para a utilizacdo nos diluentes
(galactose, frutose, ribose ou trealose), todavia, a glicose é a molécula que apresenta 0s
melhores resultados sobre a manutencéo da qualidade seminal. Muitas vezes, a concentragao
de glicose adicionada € superior ao necessario para o metabolismo celular, isto para auxiliar na
manutencdo da pressdo osmética dos meios (GADEA, 2003; MARIN et al., 2003).

Alguns fatores como a producéo de metabolitos pelos espermatozoides, contaminacao
bacteriana e a quantidade de ar nas doses podem promover alteragdes significativas do pH
durante o armazenamento (PINART et al., 2017; VYT et al., 2007). Devido a isto, a utilizagdo
de um sistema tampéo é fundamental para manter o pH estavel. Os primeiros tampdes utilizados
foram o bicarbonato de sodio e o citrato de sddio, que apesar de uma boa acao, possuem um
aspecto de atuacdo limitado. Os tampdes Mops, Tris e HEPES s&o tamp&es modernos que
possuem uma ampla faixa de atuacdo, permitindo um melhor controle do pH e sofrem baixa
influéncia da temperatura (GADEA, 2003; YESTE, 2017).

A manutencédo da pressdo osmotica é fundamental para que a estabilidade das células
seja mantida durante todo o armazenamento. Apesar dos espermatozoides tolerarem uma

grande amplitude osmotica (240 — 380 mOsm), oscilagcdes podem reduzir a qualidade seminal
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ao longo do armazenamento. Além da molécula energética, alguns sais como o cloreto de sddio
ou cloreto de potéssio sdo utilizados para que o controle da pressdo osmotica seja mantido
(GADEA, 2003).

A membrana plasmatica dos espermatozoides de mamiferos possui uma grande
quantidade de acidos graxos poli-insaturados, esta composi¢ao bioquimica torna as membranas
mais susceptiveis a lesdes. A utilizacdo de EDTA e BSA promovem a estabilizacdo da
membrana plasmatica, mantendo a fluidez necessaria para a manutengéo do equilibrio hidrico-
eletrolitico (JOHNSON et al., 2000).

Além disso, hd a contaminagdo bacteriana em doses inseminantes, a qual pode ser
originada pela coleta ou pelo processamento no laboratério (GOLDBERG et al., 2013;
SCHULZE et al., 2015). Fatores como a alta quantidade de nutrientes no diluente e a
temperatura de armazenamento sdo fatores que favorecem o desenvolvimento de bactérias. Em
virtude disto, é fundamental a necessidade da utilizacdo de um antibidtico nas doses
inseminantes. Muitas moléculas podem ser utilizadas para manter a inocuidade das doses
inseminantes, como a gentamicina, cloranfenicol, estreptomicina, penicilina e a lincomicina
(MORRELL; WALLGREN, 2014; PEZO et al., 2018).

2.2 Redugéo da temperatura de armazenamento

A utilizacdo de temperaturas hipotérmicas de armazenamento (abaixo de 12 °C) visa
reduzir a proliferacdo bacteriana nas doses inseminantes, visto que a temperatura tradicional de
armazenamento (17 °C) ainda possibilita condi¢es adequadas para o crescimento de bactérias
(YESTE, 2017).

Contudo, a reducdo da temperatura de refrigeracdo promove sérios danos as células
espermaticas devido ao choque pelo frio. Este evento desestabiliza a dupla camada lipidica da
membrana plasmatica dos espermatozoides, reduzindo a sua fluidez e alterando a sua
permeabilidade (DROBNIS et al.,1993). Com a reducdo de temperatura abaixo dos 12 °C é
descrito um aumento na fragmentacdo do DNA, reducédo da motilidade espermatica de forma
irreversivel, alteracdo da morfologia espermatica, perda da permeabilidade da membrana
plasmaética e reacdo acrossomal precoce (ALTHOUSE et al., 1998; FRASER; STRZEZEK,
2004; GACZARZEWICZ et al., 2015).

Com o desenvolvimento de diluentes comerciais mais recentes, estudos direcionados ao

armazenamento hipotérmico foram retomados. Buscando avaliar a eficacia do armazenamento
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hipotérmico de doses inseminantes frente ao uso de antibidticos, Waberski et al. (2019b)
identificaram que 88.9% das doses inseminantes armazenadas a 5 °C sem antibioticos possuiam
uma carga bacteriana de < 10° UFC/mL ap6s 72h, contra 97.2% das doses inseminantes
armazenadas a 17 °C com a adicao de antibidticos, evidenciando que a reducdo de temperatura
é capaz de diminuir a proliferacdo bacteriana, sendo uma ferramenta importante na reducéo do
uso de antibidticos. Os autores ndo identificaram diferencas significativas nos parametros
espermaticos ou na fertilidade in vivo entre os tratamentos.

Buscando identificar os efeitos pela presenca ou ndo do antibidtico, Menezes et al.
(2020) avaliaram trés diferentes temperaturas de armazenamento (5, 10 e 17 °C) sobre a
qualidade espermatica e a carga bacteriana de doses armazenadas por até 120 h. Como
principais resultados, os autores relataram que apesar da motilidade total reduzir com a reducéo
da temperatura de armazenamento, ela se manteve em niveis aceitaveis, superior a 75%, durante
todo periodo de armazenamento. Em relacdo a contaminacdo bacteriana, a reducdo da
temperatura para 5°C foi efetiva para promover reducéo na carga bacteriana.

Outro fator importante é a influéncia da reducdo da temperatura sobre a performance
reprodutiva in vivo. Pensando nisso, Jékel et al. (2021) realizaram um estudo com 194 fémeas
multiparas divididas em dois grupos: fémeas inseminadas com doses com antibidtico e
armazenadas a 17°C vs. fémeas inseminadas com doses inseminantes sem antibidtico e
armazenadas a 5°C. Como resultados, os autores ndo observaram diferenca entre a taxa de
prenhez (98.9 vs. 98.9%), taxa de parto (96.8 vs. 98.9%) e numero total de nascidos (15,3 £0.4
vs. 15.8+0.3 leitdes) entre os grupos 17 °C e 5 °C, respectivamente; evidenciando que ndo ha
perda nos indicadores reprodutivos ao se utilizar doses inseminantes armazenadas em
temperaturas hipotérmicas. Vale ressaltar que estes estudos foram conduzidos com o uso do
diluente Androstar Premium, considerado um diluente tecnoldgico e de longa duracdo; pois
possui componentes como antioxidantes, protetores de membranas e um sistema tampao mais
eficiente do que os diluentes de curta duragdo. Assim, o uso de armazenamento hipotérmico de
doses de sémen de suino ainda possui desafios, como o uso de diluente de custo mais elevado,
diferenca de resposta entre machos (MENEZES et al., 2020; JAKEL et al., 2021),
estabelecimento de curva de resfriamento adequada (PASCHOAL et al., 2020) e adequacéo da

rotina da central a essa nova técnica, para que os resultados in vitro e in vivo sejam mantidos.
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2.3 Formacao das espécies reativas de oxigénio

A molécula de oxigénio absorvida pelos organismos aerdbicos (O2) é um biradical que
contém dois elétrons desemparelhados e possuem um spin paralelo entre si. Essa estrutura
atbmica protege as moléculas organicas da acdo do oxigénio, evitando com que ocorram reacdes
indesejadas, degradando-as. Neste cenario, apenas radicais que também contenham elétrons em
spin paralelos sdo capazes de reagir com o Oz, 0 que ndo ocorre com as moléculas organicas,
visto que a maioria destas moléculas ndo sdo radicais (Chow, 1988).

Desta forma, para que o O seja utilizado pelos organismos aerdbicos na respiracéo
celular, é fundamental que uma intervencdo no spin aconteca. No processo de reducdo do
oxigénio para a formacéo de energia, sao inseridos quatro elétrons na molécula de O, apds cada
adicdo de elétron, ha a formacdo de uma molécula transitoria denominada de espécie reativa de
oxigénio (ERO) (MAGNANI; MATTEVI, 2019; SNEZHKINA et al., 2020).

Figura 1: Reducao tetravalente do oxigénio molecular até a formacao de agua, demonstrando a

formacéo das espécies reativas de oxigénio.

1) Oz+e +H" = HO; (radical hidroperoxila)

2) HO;" & H*O;" (radical superdxido)
pKa 4.8

3) HO: +e + H* = H20 (Peréxido de hidrogénio)

4) HyO2+e = OH + OH’ (radical hidroxila)

5) OH +e +H*= H,0

Adaptado de: Chow, 1988.

As espécies reativas de oxigénio (EROs) incluem todos os radicais livres e ndo radicais
derivados do metabolismo de oxigénio, sendo considerados eletronicamente instaveis e reativos
ao contato com componentes celulares, promovendo a oxidagdo e desestruturacdo destes
compostos.

O radical superdxido é o primeiro radical produzido pela cadeia de rea¢des do oxigénio,
sendo considerado muito abundante e pouco reativo com moléculas organicas (CHEESEMAN;
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SLATER, 1994). Sem a capacidade de atravessar membranas lipidicas, ele possui uma acéo
localizada no compartimento celular onde foi originado.

Embora o perdxido de hidrogénio ndo seja considerado um radical livre por ndo possuir
elétrons desemparelhados em sua estrutura atbmica (TREMELLEN, 2012), esta molécula é
extremamente nociva aos organismos por possuir a habilidade de atravessar membranas e
permanecer por longos periodos, atuando como precursor do radical hidroxila (SCHOONEN et
al., 2010). O radical hidroxila é considerado a espécie reativa mais prejudicial as células,
promovendo a oxidacdo de diversas biomoléculas e a capacidade de permear membranas
celulares, gerando grandes prejuizos ao funcionamento celular, mesmo possuindo uma meia
vida curta (CHEESEMAN; SLATER, 1994).

A producdo excessiva de EROs pelo metabolismo celular, ou ainda, a reducdo da
guantidade ou atividade dos antioxidantes, promove um evento conhecido como estresse
oxidativo. Este evento € relacionado com grandes perdas da qualidade espermatica, sendo
descritos: perda da permeabilidade da membrana plasmatica, reducdo da capacidade
fertilizante, diminuicdo irreversivel da motilidade, alteracdo da morfologia espermatica,
fragmentacdo do DNA nuclear e mitocondrial, reducao de proteinas e enzimas intracelulares e
inibicdo da respiragéo celular (SILVA, 2010; GUTHRIE; WELCH,2012).

As mitocondrias sdo as organelas com maior producdo de EROs em todo o
espermatozoide, devido ao intenso metabolismo respiratério (BARJA, 2007). Espermatozoides
imoveis, ou pouco maveis, e linfocitos presentes no sémen tém a maior producdo de EROs que
células espermaticas normais (MAIA; BICUDO 2009).

Contudo, apesar das EROs estarem diretamente relacionadas com o estresse oxidativo
e danos celulares, elas possuem funcées organicas importantes para a viabilidade e fertilidade
dos espermatozoides, estando envolvidas no transporte de elétrons da cadeia respiratéria, no
processo de hiperativacao da cauda, capacitacdo e reacdo do acrossoma e nos mecanismos de
fixacdo ao odcito. Em situacbes de homeostase celular, a concentracdo de EROs é mantida a
niveis baixos; isto ocorre devido a agdo de mecanismos antioxidantes (ANDRADE et al., 2010;
SILVA, 2010).

2.4 Espécies reativas de nitrogénio

Assim como as EROs, as espécies reativas de nitrogénio (ERNs) possuem um papel

fundamental na fisiologia espermatica, atuando como reguladores e sinalizadores de processos
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bioquimicos intracelulares (DOSHI et al., 2012). As principais a¢des das ERN’s sdo:
capacitacdo, reacdo acrossomal, motilidade e ligacdo do espermatozoide na zona pellicida
(KOTHARI et al., 2010). As principais ERNs sdo: 6xido nitrico (NO"), 6xido nitroso (N203),
acido nitroso (HNOy), nitritos (NO?), nitratos (NO*) e peroxinitritos (ONOO") (BARREIROS;
DAVID; DAVID, 2006). O estresse oxidativo é promovido simultaneamente pela acdo das
ERNs e EROs, causando peroxidacdo lipidica, danos em DNA, diminuicdo da motilidade,
reducdo da capacitacao e ligacéo odcito espermatozoide (KOTHARI et al., 2010; DOSHI et al.,
2012).

2.5 Influéncia dos metais de transicéo sobre o status oxidante

Os ions metélicos possuem a capacidade de alterar o seu status oxidante pela simples
transferéncia de um elétron, sendo assim, a restricdo imposta pelo spin, como comentado
anteriormente, n&o se aplica a estas moléculas. E comum a utilizacdo de fons como o ferro e o
cobre como catalisadores em reacGes bioguimicas no ambiente extracelular, promovendo a
eliminacdo do perdxido de hidrogénio (CHOW, 1988).

A principal agdo redox induzida pelos ions metalicos é a reacdo de Fenton, no qual o
Ferro atua como um catalisador. Embora ocorra a eliminacéo do perdxido de hidrogénio, ha a
formacdo do radical hidroxila, que é um radical extremamente reagente com 0S compostos
organicos. Desta forma, os metais de transi¢do possibilitam com que o radical hidroxila seja
formado em uma quantidade superior ao desejado, promovendo o estresse oxidativo
(KREMER, 1999).

Figura 2: Reacdo catalitica do ferro e perdxido de hidrogénio, formando o radical hidroxila
(reacédo de Fenton).

Fe?* + H,O, = Fe®* + OH + OH’

Adaptado de: Chow, 1988.

2.6 Sistema de defesa antioxidante

Em um sistema bioldgico, existem diversos mecanismos de defesa antioxidante,

atuando em diferentes locais e contra agentes distintos. Desta forma, o termo “antioxidante”
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pode ser utilizado para definir qualquer substancia que previna, atrase ou remova 0s danos
promovidos pelo estresse oxidativo (CHOW, 1988).

Os principais mecanismos de defesa antioxidante sdo: remocéo direta do O, ou de
EROs, eliminacdo de ions metalicos pro-oxidantes, agentes que controlam a formacédo das
EROs, agentes que protegem/reparam as biomoléculas dos danos oxidativos e ‘agentes de
sacrificio’ que reagem preferencialmente com as EROS no lugar de moléculas importantes ao
funcionamento celular (HALLIWELL; GUTTERIDGE, 2015).

O sistema de defesa antioxidante pode ser dividido em duas categorias: sistema
antioxidante enzimatico e o sistema antioxidante ndo-enzimético. O sistema enzimatico é
composto pelas enzimas superéxido dismutase (SOD), glutationa redutase (GR), glutationa
peroxidase (GPx) e catalase (CAT). O sistema antioxidante ndo-enzimatico é constituido por
uma gama de substancias; alguns exemplos sdo: glutationa reduzida (GSH), a-tocoferol, acidos
organicos, carotenoides, resveratrol, L-carnitina, taurina e L-cisteina (BIRBEN et al., 1997,
SIES, 1993).

2.6.1 Sistema de defesa enzimatico

Os antioxidantes enzimaticos sao proteinas especializadas em remover o excesso de
EROs, mantendo-as em baixos niveis. Cada enzima deste sistema é responsavel pela eliminacéao
de algumas EROs especificas, ou seja, ha uma seletividade de acdo entre as diferentes enzimas.

A SOD é uma metaloenzima que possui uma estrutura dependente do tipo de metal que
se origina (CHOW, 2019; ORZOLEK et al., 2013). A superdxido dismutase é uma das
principais moléculas do sistema de defesa enzimético do sémen suino; sua acdo se da pela
dismutacdo de duas moléculas do radical superéxido em peroxido de hidrogénio e oxigénio
(MAIA; BICUDO, 2009).

Figura 3: Reacdo de dismutacdo do radical superoxido pela acdo da Superdxido Dismutase.

0"+ 0y + 2H* SOD H.O, + Oy
—

Adaptado de: Halliwell; Gutteridge, 2015.

As glutationas possuem um importante papel na defesa enzimatica contra agentes

oxidantes, atuando tanto na transformagdo do peréxido de hidrogénio em agua e oxigénio
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molecular, quanto na transformacéo de outros radicais como o lipoperoxido em &lcool. As
glutationas atuam principalmente como doadoras de elétrons nas reagdes metabdlicas da cadeia
respiratoria, tornando os radicais eletricamente instaveis em substancias estaveis e ndo reativas
(VASCONCELOS et al., 2007).

Figura 4: Reacdo da Glutationa Peroxidase para a reducgdo de peroxidos até alcoois.

LOOH + 2 GSH GPx 2 HO + GSSG + H20 + LOH

peroxido B alcool

Adaptado de: Halliwell & Gutteridge, 2015.

A CAT atua principalmente sobre o peroxido de hidrogénio, realizando uma dismutacgéo
de duas moléculas de H2O2 em duas moléculas de H.O mais uma molécula de O». Tanto a CAT
quanto as glutationas possuem grande influéncia sobre a qualidade seminal, por atuarem
diretamente sobre o peroxido de hidrogénio que € o precursor do radical hidroxila, considerado
o0 mais prejudicial para as células (NORDBERG; ARNER, 2001).

Figura 5: Reacdo da decomposicdo do peréxido de hidrogénio em agua mais oxigénio por

intermédio da enzima catalase.

H,O, Catalase H0 + 0>
—_—

Adaptado de: Halliwell; Gutteridge, 2015.

2.6.2 Sistema de defesa ndo-enzimatico

A segunda defesa antioxidante é o sistema ndo-enzimatico, que atua em associa¢éo com
o sistema de defesa enzimético para a prevencgéo do estresse oxidativo. O principal antioxidante
ndo-enzimatico é a glutationa reduzida (GSH) que atua como um doador de elétrons,
neutralizando as EROs e ERNs. A acdo dos antioxidantes ndo-enzimaticos estd mais
relacionada com a sua atividade como cofatores e coenzimas, ou até mesmo COmo precursores
de enzimas antioxidantes (BATHGATE, 2011).
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Figura 6: Reacdo da Glutationa para a decomposi¢do do perdxido de hidrogénio em duas
moléculas de &gua e concomitando com a oxidagdo da glutationa reduzida.

H20> GSH 2 H20 + GSSG
>
Adaptado de: Halliwell; Gutteridge, 2015.

2.7 Efeitos das espécies reativas sobre a célula espermatica

Embora as EROs possuam funcgdes importantes no desenvolvimento e maturacéo do
espermatozoide, a sua producdo exacerbada promove danos irreversiveis a célula. Em
comparacdo com as demais células do organismo, 0 espermatozoide possui maior
suscetibilidade aos danos oxidativos, devido ao seu ineficiente sistema de reparo, e devido a
limitada quantidade de antioxidantes presentes no conteudo citoplasmatico (DUTTA;
MAJZOUB; AGARWAL, 2019).

A membrana plasmatica € um dos principais alvos do estresse oxidativo. Isto ocorre
devido a sua alta composic¢do de acidos graxos poli-insaturados, que sdo moléculas facilmente
oxidaveis (VALENCA, 2007). A peroxidacao lipidica promove a perda da permeabilidade e
fluidez da membrana, permitindo que ions transitem livremente entre os ambientes intra e
extracelular. Outro efeito promovido pela peroxidacdo lipidica é inibicdo de importantes
receptores e enzimas na membrana plasmatica (AITKEN, 1995).

O estresse oxidativo é capaz de causar danos significativos tanto no DNA mitocondrial
guanto no DNA nuclear. Os efeitos relacionados aos danos mitocondriais levam a uma reducéo
na producdo de ATP, ocasionando a perda irreversivel da motilidade espermatica. J& os danos
relacionados ao DNA nuclear levam a um aumento das perdas embrionarias (AITKEN;
KOOPMAN; LEWIS, 2004; AITKEN; BAKER, 2006).

Um dos efeitos discutidos das EROs sobre a célula espermatica é a inducéo de apoptose,
a ruptura induzida pelas EROs entre as faces interna e externa da membrana mitocondrial
liberam citocromo C, que por sua vez, ativa as caspases apoptoticas e induz a cascata de reagdes
que promovem a morte celular (AGARWAL et al., 2014; AITKEN; BAKER; NIXON, 2015).
Outro efeito importante é a alteracdo da fluidez da membrana plasmatica, um fator
predisponente para que ocorra o influxo de célcio intracelular e gere uma cascata de reacoes até
a capacitacdo do acrossoma (AWDA; MACKENZIE-BELL; BUHR, 2009).
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2.8 Sistema de defesa antioxidante do sémen suino

Em comparacdo com outras espécies de animais domésticos, o sistema de defesa
antioxidante enzimético do sémen suino apresenta uma menor eficiéncia. Isto ocorre devido a
uma menor presencga de enzimas como a GR, GPx e CAT que o tornam mais suscetivel aos
danos exercidos pelas EROs (STRZEZEK; LAPKIEWICZ; LECEWICZ, 1999).

De acordo com o estudo realizado por Koziorowska-gilun et al. (2011), a presenca de
enzimas antioxidantes varia conforme a regido do trato reprodutivo. Dentre as enzimas do
sistema de defesa antioxidante, a SOD é a mais frequentemente encontrada no trato reprodutivo
masculino e, aparenta ser a de maior relevancia no combate ao estresse oxidativo no sémen
suino.

A atividade da SOD possui uma influéncia da idade e da estagéo do ano, Kowalowka et
al. (2008) descreveram que a SOD esta presente em alta atividade no plasma seminal ja no
inicio da vida reprodutiva dos machos suinos (8 — 12 meses) e possui uma queda significativa
apos os 25 meses de idade. No entanto, ha relatos de que a atividade da SOD sofre influéncia
sazonal. Em um estudo conduzido na Polonia por Kowalowka et al. (2008), o plasma seminal
de ejaculados coletados na primavera e outono apresentaram maior atividade enzimatica do que
nas demais estacdes do ano. Em contrapartida, o estudo realizado no Brasil por Argenti et al.
(2018) demonstrou uma maior atividade da SOD nas células espermaéticas durante o periodo de
verdo em relacéo ao outono e inverno.

Devido a sua comprovada importancia no sistema de defesa antioxidante, alguns grupos
de pesquisa buscam utilizar a SOD como um fator preditivo da fertilidade. De acordo com o0s
estudos realizados por Pipan et al. (2014), a atividade da SOD no dia O de armazenamento
possui uma correlacdo significativa com a motilidade progressiva (r = -0.686; P < 0.05) e a
viabilidade celular (r = -0.513; P < 0.05) ap6s 3 dias de armazenamento. Em contrapartida,
apesar de Barranco et al. (2019) também encontrarem uma influéncia da SOD sobre os
parametros de qualidade seminal (motilidade espermatica e H2O; intracelular) apds 72h de
armazenamento, a atividade da SOD dos ejaculados ndo demonstrou efeito sobre a taxa de parto
e nascidos totais.

Da mesma forma, a enzima GPx apresenta grande importancia no sistema de defesa
antioxidante enzimatico do sémen suino. Jelezarsky et al. (2008) realizaram um estudo imuno-
histoquimico e localizaram esta enzima no aparelho reprodutor de machos suinos como:

vesiculas seminais, prostata, glandulas bulbouretrais e na célula esperméatica. Embora a GPx


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Kowalowka%2C+M
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possa ser encontrada em todo o aparelho reprodutor, a sua atividade esta mais concentrada na
cauda do epididimo (KOZIOROWSKA-GILUN et al., 2011).

A enzima CAT pode ser encontrada nos fluidos presentes no sistema reprodutor dos
suinos, sendo a prostata o local de maior concentracdo. Entretanto, a catalase nao é detectada
dentro da célula espermética, exercendo baixa contribuicdo para o sistema de defesa
antioxidante (KOZIOROWSKA-GILUN et al., 2011).

2.9 Origem das espécies reativas de oxigénio no sémen

A producdo de EROs é fundamental em alguns processos de maturacdo espermatica e
durante a fecundacdo propriamente dita. Entretanto, a sua producdo exacerbada é responsavel
pelo fendmeno denominado de estresse oxidativo. Os espermatozoides podem produzir EROs
em duas vias distintas: na membrana plasmatica via sistema NADPH oxidase e, na mitocondria,
pela reacdo redox NAD-dependente (DUTTA; MAJZOUB; AGARWAL, 2019). A disfuncéo
mitocondrial € relatada como a principal geradora de EROs pelo espermatozoide e, a membrana
mitocondrial € um dos principais alvos do ataque do estresse oxidativo, promovendo um ciclo
matuo entre lesdo e produgdo de EROs (SANOCKA; KURPISZ, 2004; BEDARD; KRAUSE,
2007).

A presenca de células com defeitos morfologicos e células imaturas sdo fontes de EROs
no sémen. Entre as anormalidades celulares, as gotas citoplasmaticas sdo descritas como as
principais geradoras de EROs no sémen humano (ZINI et al., 2000). O excesso residual de
citoplasma é capaz de ativar o sistema NADPH, liberando elétrons para a formacdo das EROs
(RENGAN et al., 2012). O estudo realizado por Martinez-alborcia et al. (2012) demonstrou
que ejaculados de suinos que possuem uma populacdo de células ndo funcionais apresentam
maiores danos oxidativos em células funcionais, do que ejaculados que ndo possuam estas
populacoes.

Processos inflamatorios nos 6rgdos do sistema reprodutor, que cursem com a liberagdo
de leucédcitos junto ao sémen, sdo grandes geradores de EROs. Estima-se que células
polimorfonucleares e macrofagos ativos produzem 100 vezes mais EROs, quando estdo ativos,

facilitando o aparecimento do estresse oxidativo (FEDDER, 1996).

2.10 Uso da L-cisteina como antioxidante
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A L-cisteina é um aminoéacido semi-essencial, obtido principalmente pela via
nutricional, possuindo um papel importante na manutencéo da homeostase intracelular, sintese
proteica e producdo de GSH. No meio extracelular esta presente na forma L-cistina e, quando
transpassa a membrana plasmatica, é reduzida até L-cisteina. O desbalanco entre L-cistina/L-
cisteina € considerado uns dos fatores predisponentes para o estresse oxidativo (YIN et al.,
2016).

A enzima GSH ¢ produzida através da sintese “de novo”, no qual ocorre a ligagdo entre
a L-cisteina com o aminoécido L-glutamato através da enzima glutamato-cisteina ligase,
formando o composto y-glutamilcisteina. Em seguida, a enzima GSH sintase realiza a unido
entre o aminoacido glicina com a y-glutamilcisteina, formando a GSH (CHEN et al., 2013;
RIBAS; GARCIA; CHECA, 2014).

Alguns estudos demonstraram uma melhora na manutencdo da qualidade seminal
quando ¢é adicionado L-cisteina ao diluente. De acordo com Kaeoket et al. (2010), a adicdo de
5a 10 mmol/L no meio de criopreservagdo, melhorou a motilidade progressiva, viabilidade e a
integridade do acrossoma apds o descongelamento. Chanapiwat et al. (2012) encontraram um
efeito positivo da adicdo de 10 mmol/L de L-cisteina associado com 290 mg de acido docosa-
hexaenoico. Neste estudo, houve uma melhora na motilidade (34.7 vs. 22.3%, P < 0.001),
viabilidade (45.0 vs. 28.1%, P < 0.05) e na integridade acrossomal (46.9 vs. 36.2%, P < 0.05)
apos o descongelamento.

Os efeitos protetivos da L-cisteina também foram avaliados no armazenamento de
sémen refrigerado. Funahashi and Sano (2005) avaliaram a adi¢cdo de 5 mmol/L de L-cisteina
em doses inseminantes contendo 20% de plasma seminal, armazenadas a 10 °C por até 14 dias.
As amostras suplementadas com o aminoacido apresentaram maior Vviabilidade e
penetrabilidade em odcitos do que o grupo controle ndo suplementado. Chanapiwat and
Kaeoket (2021) avaliaram o efeito da adicdo de 2,5, 5 e 10 mmol/L em doses inseminantes
armazenadas em até sete dias a 18 °C. A adicao de 2,5 mmol/L apresentou a melhor motilidade
espermatica (71.3 +4.8,57.5 £ 8.7, 46.3 + 18.9) e viabilidade (72.8 £ 12.8,54.1 £ 14.1, 66.0 £
15.0) em comparagdo com as amostras suplementadas com 5 e 10 mmol/L, respectivamente. A
adicdo de 2,5 mmol/L manteve a qualidade espermatica similar ao de diluentes de longa duracao

como o Androstar® Plus e Modena™.
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ABSTRACT
Hypothermic storage has been proposed as a method to reduce bacterial loads and promoting
prudent use of antibiotics. Reducing temperature, however, can lead to cold shock damage and
oxidative stress in boar semen. This study verified the effect of L-cysteine on the quality of
semen stored at 5°C for 120 h. Twenty-one normospermic ejaculates were diluted in Beltsville
Thawing Solution into five treatments: Positive control (Pos_Cont, storage at 17°C without L-
cysteine) and groups with 0, 0.5, 1, and 2 mmol/L of L-cysteine supplementation stored at 5°C.

Variables were analyzed as repeated measures, considering treatment, storage time, and
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interaction as main factors. The effects of different L-cysteine concentrations were also
evaluated using polynomial orthogonal contrasts. Sperm motility and pH were higher in the
Pos_Cont compared to the groups stored at 5°C (P < 0.05). In polynomial orthogonal contrast
models, total motility was affected by the interaction between L-cysteine and storage time (P
= 0.04), with a linear increase in motility when increasing the amount of L-cysteine at 72 and
120 h. Progressive motility increased quadratically as the L-cysteine reached 1 mmol/L (P <
0.01). In the thermoresistance test at 120 hours, sperm motility increased quadratically up to an
L-cysteine dose of 1 mmol/L (P < 0.05). Sulfhydryl content linearly increased with L-cysteine
supplementation (P = 0.01), with no effect on intracellular ROS and sperm lipid peroxidation
(P >0.06) in 5°C-stored doses. In conclusion, L-cysteine supplementation has a positive effect
on sperm motility up to 120 h of storage at 5°C.

Keywords: Antioxidant; Hypothermic storage; Reactive oxygen species.

3.1 Introduction

Commonly, liquid boar semen is preserved at a temperature of 15-18°C to reduce sperm
metabolism, prolonging sperm lifespan (Johnson et al., 2000). Nonetheless, at this temperature,
the addition of antibiotics is still required since bacterial growth is not prevented (Yeste, 2016).
The use of hypothermic storage (< 10°C) has therefore recently attracted attention as an
alternative for the antibiotic-free storage of liquid boar semen (Waberski et al., 2019; Menezes
et al., 2020b; Jakel et al., 2021). Studies regarding the hypothermic storage were performed
with a novel boar semen extender. Even so, there are some limitations, such as different semen
resistance to hypothermic storage at 5°C among boars (Menezes et al., 2020a; Jékel et al., 2021),
and a suitable cooling curve (Paschoal et al., 2020). Thus, boar semen storage at 5°C still needs

to be explored to be adopted by the boar studs and sow farms.
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Oxidative stress is considered one of the primary factors responsible for the loss of
sperm quality, increasing lipid peroxidation and DNA fragmentation, and, subsequently,
reducing sperm motility (Aitken and Baker, 2006). Reactive oxygen species (ROS) are by-
products derived from aerobic cellular metabolism. These molecules act in physiological
processes important for the survival and fertility of spermatozoa and are electron donors in
processes such as respiratory metabolism, acrosome capacitation, and hyperactivation (De
Lamirande et al., 1997). However, ROS are electronically unstable, changing the molecule
conformation and reducing the functionality of organelles (Cheeseman and Slater, 1993). The
imbalance between ROS production and the antioxidant defense are the key factors responsible
for oxidative stress. In both liquid storage and cryopreservation, boar sperm is likely to undergo
lipid peroxidation due to the generation of large amounts of ROS and decreased antioxidant
levels (Yeste, 2016; Ribas-Maynou et al., 2021). Furthermore, boar semen is more prone to
oxidative stress than semen from other species because of its high concentration of
polyunsaturated fatty acids in the plasma membrane and the low antioxidant capacity in seminal
plasma (Strzezek et al., 1999; Cerolini et al., 2000). Under field conditions, boars with a high
seminal plasma antioxidant capacity are more fertile (Barranco et al., 2021). Therefore, studies
investigating the use of antioxidant supplementation in boar semen extenders focused on
prolonging sperm quality in liquid storage or improving cryopreservation results (Ribas-
Maynou et al., 2021). There is, however, little information available on the use of antioxidant
agents in the storage of boar semen at 5°C (Jakop et al., 2019).

As a non-essential amino acid with a low molecular weight, L-cysteine penetrates the
cell membrane to participate in the intracellular glutathione synthesis, it is one of the essential
enzymes in the antioxidant defense against oxidative stress (Coyan et al., 2011). It also protects
the plasma membrane and biomolecules via indirect ROS scavenging (Coyan etal., 2011; Chen

et al., 2013). The use of L-cysteine in boar semen has been described for cryopreservation
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(Chanapiwat et al., 2012) and liquid preservation at 10 and 17°C (Funahashi and Sano, 2005;
Chanapiwat and Kaeoket, 2021), with an increase in motility, acrosome integrity, and sperm
viability. Supplementation of L-cysteine may help to reduce the loss of sperm motility in semen
doses stored at 5°C and facilitates antibiotic-free hypothermic storage with short-term
extenders. In this study, we hypothesized that L-cysteine supplementation mitigates oxidative
stress in boar semen doses stored under hypothermic conditions. To test this hypothesis, we
investigated the effects of different levels of L-cysteine supplementation on boar semen quality

and oxidative status over120 h of liquid preservation at 5°C.

3.2 Materials and Methods

The study was conducted with approval from the Veterinary Research Committee of
the Federal University of Rio Grande do Sul (project number 40473).
Chemicals

Unless otherwise indicated, the reagents used in this study were purchased from

Sigma-Aldrich (St. Louis, USA).

Animals and facilities

In total, ejaculates were collected from 21 different sexually mature boars (AGPIC
337®, Agroceres PIC, Patos de Minas, Brazil) with an average age (mean + SD) of 16 + 8.2
months, from a commercial boar stud. The boars were housed in individual crates (0.7 x 2.4 m)
in a temperature-controlled barn (16-18°C) and fed a commercial corn-soybean meal diet,
having ad libitum access to water. The boars were routinely used to produce semen doses, with

a weekly interval between collections.

Semen collection and processing
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All ejaculates (n = 21) were collected, using a semi-automatic system (BoarMatic®,
Minitube, Tiefenbach, Germany), into a pre-warmed (37°C) vessel equipped with a filter to
remove the gel fraction. After collection, sperm motility and concentration were analyzed with
a computer-assisted semen analysis system (CASA System; SpermVision® Professional,
MOFA Global, Verona, USA). Only normospermic (at least 75% morphologically normal
spermatozoa) ejaculates with a total sperm motility of more than 70% were used. Semen doses
were produced with 1.5 x 10° spermatozoa and stored in 60-mL tubes (QuickTip Flexitube®,
Minitube), with a total volume of 50 mL. The extended semen doses were placed in a
temperature-controlled (22—24°C) box (Klimabox fur Ebersamen, Minitube) until the arrival at
the laboratory for storage and further analysis (2.5 £ 0.12 h). On each evaluation day, a different

sealed tube was used to avoid manipulation.

Experimental design

Semen was one-step isothermally diluted in a split sample design in Beltsville thawing
solution (BTS, Minitube) at 34°C. Four different levels of L-cysteine (Sigma-Aldrich) were
included (0, 0.5, 1.0, and 2 mmol/L - L-cys0, L-cys0.5, L-cysl, and L-cys2, respectively). The
L-cysteine was added to the BTS extender prior to dilution. Semen doses with no L-cysteine
and stored at 17°C were used as a Pos_Cont group. Groups with L-cysteine supplementation
(L-cys0, L-cys0.5, L-cysl, and L-cys2) were stored at 5°C.

A data logger (LogBox-AA, Novus, Canoas, Brazil) was placed into an extra extended
semen dose for the temperature monitoring of each temperature-controlled cabinet. Once in the
laboratory, semen doses from the Pos_Cont group were immediately placed into a temperature-
controlled cabinet at 16.4 + 0.4 °C (mean £ SD). The cooling-rate used in the groups stored at
5°C was according to Paschoal et al. (2020). Thus, semen doses were placed into a cardboard

box (45 x 25 x 20 cm) inside the 5°C unit. The temperature of the extended semen doses was
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reduced from 30°C to 10°C, with a cooling rate of 0.035 °C/min; after 10°C, the cooling rate
was 0.015°C/min. The final temperature of 6.9 + 0.4 °C (mean = SD) was reached at 23 h after

exposure to 5°C.

Sperm motility analysis

Sperm motility was evaluated using a CASA system (AndroVision®, Minitube).
Briefly, the extended semen sample (1 mL) was incubated on a heated thermo block at 37°C
for 20 min. A 3-pL sample was placed into a chamber slide (Leja®, Leja Products B.V., Nieuw-
Vennep, Netherlands) with a depth of 20 um and then analyzed at x 200 magnification under a
phase-contrast microscope (Axio Scope.A1®, Zeiss, Oberkochen, Germany). For each sample,
five successive fields in the central axis of the chamber were recorded. The software settings
were adjusted for boar spermatozoa detection, according to the manufacturer’s
recommendations, with a minimum head size of 15 um? and a maximum of 80 um?, with a form
factor from 1.2 to 5. Immotile cells were considered when sperm amplitude lateral head
displacement < 1 um and curvilinear velocity < 24 um/s. Progressive motility was defined as
curvilinear velocity > 40 um/s and straight-line velocity > 10 pum/s. The motility of semen doses

was evaluated at 24, 72, and 120 h of storage.

Thermoresistance test

The thermoresistance test (TRT) was performed at 72 and 120 h of storage, using an
aliquot of 10 mL of extended semen incubated for 30 and 300 min in a water bath at 37°C,
under air access, using open tubes. Sperm motility was evaluated using the CASA system

described above.
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pH analysis

The pH of the semen doses was assessed with a pH-meter (Kasvi, S&o José dos Pinhais,
PR, Brazil) in extended semen doses at 24, 72, and 120 h. The pH meter was calibrated prior to
analysis, using a buffer solution with pH 7.0. The pH meter was also adjusted for use in the
temperature of semen doses. In addition, the electrode was cleaned with distilled water between

samples.

Sperm morphology and acrosome integrity analyses

Sperm morphology was investigated in raw semen to assess abnormal acrosomes, heads,
and midpieces, proximal or distal cytoplasmatic droplets, and folded or coiled tails. An aliquot
(25 pL) of raw semen was fixed in 1 mL of pre-warmed (36°) formaldehyde-citrate solution
(2.94%), and acrosome integrity analyses were performed at 24, 72, and 120 h of storage. An
aliquot (200 pL) of extended semen was fixed in 1 mL of formaldehyde-citrate, and 200
spermatozoa were evaluated under a phase-contrast microscope (Olympus®, BX41, Olympus
Latin America Inc., Miami, USA) at 1,000 x magnification and classified as normal and

abnormal acrosome spermatozoa (Pursel et al., 1972).

Plasma membrane integrity analysis

The plasma membrane integrity analysis was performed at 72 and 120 h of storage,
using a double-staining method with the LIVE/DEAD® Sperm Viability Kit (Thermo Fisher
Scientific, Waltham, USA). Samples (100 pL of extended semen) were prepared in a dark room
by adding 2.5 pL of SYBR-14/PI and incubated at 37°C for 10 min in a thermo block. Analysis
was performed using a fluorescence microscope (Axio Scope.A1® HAL 100FL, Filter Set 09,

BP 450-490, Zeiss), at 200 x magnification. Green-fluorescent spermatozoa were considered
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viable, and red-fluorescent ones were considered non-viable. Per sample, 200 cells were

evaluated.

Intracellular ROS oxidative stress

At 72 and 120 h of storage, 1 mL of extended semen was centrifuged for 2 min at 1,500
x g, and the pellet was re-suspended in neutral solution (205.37 mM glucose, 20.4 mM sodium
citrate, 3.36 mM EDTA, and 10.01 mM potassium chloride). After three washes to remove all
extender compounds, the aliquot was incubated with 100 uM of DCFH-DA (Molecular Probes,
Eugene, USA) for 1h. The microplates were read in a fluorescence microplate reader
(Spectramax® i3, Molecular Devices, San Jose, USA) using a wavelength of 485 nm for
excitation and 532 nm to read the emission (Menegat et al., 2017). The results are expressed as
RFU/108 motile cells. The DCFH-DA is enzymatically hydrolyzed by intracellular esterases to
form nonfluorescent dichlorofluorescein (DCFH). When reactive oxygen species are present in
intracellular media, DCFH reacts with ROS and is transformed into high-fluorescent

dichlorofluorescein (DCF) (Keller et al., 2004).

Sperm lipid peroxidation

To evaluate sperm lipid peroxidation, one aliquot of semen doses (15 mL) stored for 72
and 120 h was prepared as described by Menegat et al. (2017). Briefly, the aliquot was
centrifuged at 2,000 x g for 10 min to form the sperm pellet, which was then re-suspended in
10 mL of 50 mM PBS (pH 7.2). This process was repeated three times to remove all extender
compounds that may interfere with the analysis. The last pellet was re-suspended in 1 mL of
50 mM PBS, homogenized, and stored at -80 °C until analysis.

Sperm lipid peroxidation was determined using thiobarbituric acid reactive substance

(TBARS). The method was first described by Ohkawa et al. (1979) for animal tissue and was
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then adapted for semen samples by Nichi et al. (2006). It is based on the reaction with
thiobarbituric acid to measure the malondialdehyde content, an end-product of lipid
peroxidation. This reaction uses a sample incubation with high temperature and low pH,
resulting in a compound with pink color that can be quantified in a spectrophotometer. The
results are calculated according to the Beer-Lambert Law and expressed as nmol/10° cells.
Briefly, the sample prepared as described above (250 pL) was thawed at room temperature (20-
25°C) and sonicated (Ultra 80, Ultra Stirrer) on ice for 30 s at 8,000 rpm. Subsequently, the
sample was mixed with 500 pL of a 10% solution (w/v) of trichloroacetic acid and then
centrifuged (18,000 x g at 15 min). After centrifugation, 500 uL of the supernatant and 500 pL
of 1% (wi/v) thiobarbituric acid (TBA, 1%) were placed in a glass tube and incubated in a water
bath at 100°C for 1 h, followed by cooling in an ice bath to stop the reaction. Absorbance was
measured in a microplate reader (Spectramax® i3, Molecular Devices) at a wavelength of
532 nm. The aliquot for positive control was obtained from a pooled sample of the Pos_Con
group, from all boars analyzed on the plate. All reagents were used for the analysis of the
positive control, and the addition of hydrogen peroxide (4.2mM) was necessary to promote the
lipid peroxidation reactions. The negative control consisted of only all reagents used in the

analysis. The intra- and inter-assay CV were 2.47% and 3.35%, respectively.

Sulfhydryl content

In this method, the glutathione is oxidized by 5,5-dithiobis-(2-nitrobenzoic acid)
(DTNB) and then reduced by glutathione reductase with NADPH as a hydrogen donor. During
the oxidation, the molecule 2-nitro-5-thiobenzoic acid is formed and quantified by absorbance
(Ellman, 1959). The samples used for this analysis were derived from semen doses stored for
72 and 120 hours, prepared as described above for the lipid peroxidation assay (250 pL), and

thawed at room temperature (20-25°C) and sonicated (Ultra 80, Ultra Stirrer) on ice for 30 s at
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8,000 rpm. The remaining sample was centrifuged for 10 min at 6,000 x g to separate the
supernatant (50 pL), which was subsequently incubated in 70 pL of PBS and 10 uL of DTNB
(10 mM) for 1 h at 20 to 25°C. After the incubation period, absorbance was measured in a
microplate reader (Spectramax® i3, Molecular Devices) at a wavelength of 412 nm (Menegat
et al., 2017). The results were calculated according to the Beer-Lambert Law and expressed as
nmol/10%cells. The positive and negative controls were performed as described in the sperm

lipid peroxidation item. The intra- and inter-assay CV were 8.02% and 9.35%, respectively.

Statistical analysis

The data were analyzed using the Statistical Analysis System Software (SAS®, version
9.4; SAS Institute Inc., Cary, USA). Differences were considered significant at P < 0.05. All
variables were analyzed as repeated measures, using the GLIMMIX procedure, and selecting
the adequate covariance structure. Residual assumptions were checked using standard
diagnostics on residual plot patterns. Plasma membrane integrity, acrosome integrity, and total
and progressive motility were analyzed as binomial distribution. The pH, intracellular ROS,
and TBARS were analyzed fitted as a normal distribution, while the sulfhydryl content was
analyzed as lognormal variable.

In the first analyses, the samples stored at 5°C (i.e., L-cys0, L-cys0.5, L-cysl, and L-
cys2) were compared to the Pos_Cont group (i.e., semen doses stored at 17°C with no L-
cysteine). Treatment, storage time, and their interaction were included in the model as fixed
effects, whereas boar and plate (oxidative stress assays only) were included as random effects.
When significant, Dunnett’s test was used to compare each treatment with the Pos_Cont group.
The Tukey—Kramer test was applied for multiple comparisons among storage times.

Polynomial orthogonal contrasts were used to determine the linear and quadratic effects

of L-cysteine supplementation in semen doses stored at 5°C. In these models, the Pos_Cont
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group was not included. The IML procedure was employed to adjust the coefficients after
accounting for unequally spaced measures. The repeated measure models included levels of L-
cysteine, storage time, and interaction as fixed effects, whereas boar was considered as random
effect. Differences in linear or quadratic responses, when the interaction was significant, were
investigated using the corresponding contrast coefficients. The P-values of slope comparisons
were obtained using the LSMESTIMATE statement.

For the TRT, total and progressive motilities were analyzed as repeated measures,
considering the incubation time (30 and 300 min). Treatments and their interactions were
considered as fixed effects. Polynomial orthogonal contrast models were also used accordingly
to investigate the linear and quadratic effects of L-cysteine supplementation in semen doses

stored at 5°C.

3.3 Results

The percentages of total motility, progressive motility, and morphologically normal
spermatozoa of raw semen were 90.19 + 0.5%, 79.30 + 1.1%, and 93.5 + 1.3%, respectively.
Comparison of L-cysteine supplementation for storage at 5°C and the control condition at
17°C

The interaction between treatment and storage time (Table 1) affected total (P < 0.01)
and progressive sperm motility (P < 0.01). Semen doses stored at 17°C had a higher sperm
motility than those stored at 5°C with or without L-cysteine supplementation throughout the
storage time. Semen doses stored at 17°C showed a decrease in total motility at 120 C and a
decrease in progressive motility at 72 h of storage. No effect of storage time was observed in
extended semen doses from groups L-cys 0, L-cys 0.5, and L-cysl for both sperm matilities.
However, in the L-cys2 group, a higher total motility (P < 0.05) was observed at 72 h compared

to 24 and 120 h, and a higher progressive motility (P < 0.05) was observed at 72 h compared to
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24 h, with no difference at 120 h. In the TRT performed at 72 and 120 h of storage, both sperm
motilities were reduced at 300 min compared to 30 min of incubation at 37°C (P < 0.0001,
Table 2). At 72 h of storage, total and progressive motility for all levels of L-cysteine
supplementation did not differ from that of the Pos_Cont group (P > 0.30). After 120 h of
storage, only treatment L-cysO had reduced total (P < 0.01) and progressive motility (P < 0.01)
values compared to Pos_Cont.

The pH of the semen doses was also affected by the interaction between treatment and
storage time (P = 0.04; Table 1). No difference was observed at 24 h (P > 0.78) between each
group and the Pos_Cont group. However, the pH of the semen doses at 72 and 120 h of storage
at 5°C (L-cys0, L-cys0.5, L-cys1, and L-cys2) was lower compared to that of Pos_Cont (P < 0.05).
Within each treatment, the pH increased from 24 to 72 h (P < 0.05), except in group L-cys2,
where the pH did not differ throughout the storage period.

The percentage of sperm cells with plasma membrane integrity was affected by
treatment (P < 0.01) but not by storage time (P = 0.18) or their interaction (P = 0.17). The
Pos_Cont group showed more sperm cells with an intact plasma membrane than the other
groups (78.84 £ 1.2 vs. 70.20 + 1.6, 73.72 £ 1.4, 73.09 + 1.5, 74.20+ 1.4%, for Pos_Cont, L-
cys0, L-cys0.5, L-cysl, and L-cys 2, respectively). Although the percentage of acrosome
defects was not influenced by treatment (P = 0.32), the percentage of sperm cells with acrosome
defects increased (P < 0.01) throughout storage time (0.80 £ 0.09, 2.40 + 0.09, and 3.19 +
0.09%, for 24, 72, and 120 h, respectively). The interaction between treatment and storage time
was not significant for acrosome defects (P = 0.97).

Intracellular ROS production was higher in boar semen doses stored at 5 °C than the
Pos_Cont group (62915 + 5623; 75748 + 5623; 79044 + 5623; 79866 + 5623; 75449 + 5623
RFU/108 motile cells for Pos_Cont, L-cys0, L-cys0.5, L-cys1, and L-cys 2, respectively; P <

0.01), with no significant effect of storage time (P = 0.26) and the 2-way interaction (P = 0.98).
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Lipid peroxidation (TBARS content), and the quantification of sulfhydryl groups (-SH) in
extended semen doses stored at 5°C did not differ from the Pos_Cont group (P > 0.14; data not
shown). Also, there were no significant effects of storage time (P > 0.11) and the interaction
between treatment and storage time for these variables (P > 0.30).

Polynomial orthogonal contrast models

Polynomial orthogonal contrasts analysis showed that total motility was affected by the
interaction between L-cysteine level and storage time (P = 0.04, Fig. 1A). In the first 24 h, the
addition of L-cysteine did not influence total motility, but after 72 and 120 h of storage, a linear
increase was observed as the supplementation of L-cysteine increased (P < 0.01). For
progressive motility, no significant interaction between L-cysteine supplementation and storage
time was observed (P = 0.14), but there was a significant effect of treatment (Pquad = 0.04) and
storage time (P < 0.01). Sperm progressive motility increased with increasing L-cysteine doses
up to 1 mmol/L (Fig. 1B). A slightly higher progressive motility was observed at 72 h (67.29 =
1.537%) compared to 24 h (65.01 + 1.588%) and 120 h (64.62 £ 1.597%). In the TRT performed
at 72 and 120 h of storage, total and progressive motility were quadratically increased (P <
0.05) by L-cysteine supplementation (Fig. 2), with higher motilities observed in the group L-
cysl.

Increasing the L-cysteine dosage did not affect the pH of boar extended semen doses
stored at 5°C (7.24, 7.26, 7.25, 7.26 = 0.02 for L-cysO, L-cys0.5, L-cysl, and L-cys2,
respectively; P >0.31). However, the pH was slightly higher at 72 and 120 h for storage at 5°C
(7.27 £ 0.02), compared to 24 h (7.21 + 0.02). The pH of semen doses stored at 5°C was not
affected by the interaction between L-cysteine supplementation and storage time (P = 0.92).
For the extended semen doses stored at 5°C, the addition of L-cysteine did neither improve
plasma membrane integrity (70.2%, 73.7%, 73.1%, and 74.2 £ 0.2% for L-cysO, L-cys0.5, L-

cysl, and L-cys 2, respectively; Piin = 0.07; Pquad = 0.30) nor decreased the percentage of sperm
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with acrosome defects (1.7%, 1.7%, 2.0%, and 2.0 = 0.1% for L-cys0, L-cys0.5, L-cys1, and
L-cys2, respectively; Piin = 0.16; Pquag = 0.49).

The addition of L-cysteine in semen doses stored at 5°C did not affect the intracellular
ROS and sperm lipid peroxidation (P > 0.06; Table 3). The sulthydryl content linearly increased

as the L-cysteine supplementation was increased in 5°C-stored doses (P = 0.01; Table 3).

34 Discussion

This study was performed to determine the protective effect of L-cysteine on liquid boar
semen stored under hypothermic conditions for a period of up to 120 h. The semen doses were
diluted in commercial BTS extender supplemented with L-cysteine at four different levels (O,
0.5, 1, and 2 mmol/L). Treatments were compared to a Pos_Cont group, i.e., without antioxidant
addition and stored at 17°C, which is the reference for the conventional storage conditions. Only
groups stored at 5°C were submitted to polynomial orthogonal analysis to verify the
effectiveness of L-cysteine supplementation on semen characteristics at hypothermic storage.
The findings of the present study show that, L-cysteine supplementation in doses stored at 5°C
did not result in similar sperm motility, pH after 72 h of storage, plasma membrane integrity,
and intracellular ROS compared to the Pos_Cont group. A positive effect, however, was found
with 1 and 2 mmol/L of L-cysteine supplementation on sperm motility during hypothermic
storage and after TRT, and on the sulfhydryl content. It is important to emphasize that the
differences observed throughout storage were slight and may not be biologically significant.
Considering the practical point of view, however, this difference can show an additive effect of
other factors, such as dilution rate, bacterial load, water quality, season, temperature oscillation
during storage, and handling.

The use of hypothermic storage has been proposed as an alternative method of boar

semen storage to reduce bacterial loads and, consequently, decrease the use of antimicrobials
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in semen extender (Waberski et al., 2019). Despite the maintenance of in vitro sperm quality
(Waberski et al., 2019) and satisfactory in vivo fertility (Jékel et al., 2021), some limitations
have been identified, such as different boar semen resistances (Menezes et al., 2020a) and the
necessity of a cooling curve (Paschoal et al., 2020). In addition, all these recent studies were
conducted with a modern long-term extender, evidencing the relationship between semen
extender compounds and sperm cold resistance. As extensively revised by Yeste (2016), cold
shock damages include the destabilization of plasma membrane, acrosome integrity, and
membrane lipid disorder. In the cryopreservation, sperm injuries are more evident, due to the
removal of natural antioxidants in the seminal plasma, making the spermatozoa more
susceptible to oxidative stress (Ribas-Maynou et al., 2021). Although the real impact of
oxidative stress on sperm is not clearly related to cold shock, lipid peroxidation and loss of
sperm quality are commonly reported after freezing/thawing (Gropfeld et al., 2008; Chanapiwat
and Kaeoket, 2020). However, cooling and freeze-thawing procedures can negatively affect the
antioxidant capacity of seminal plasma and the lipid peroxidation of the sperm membrane.
Thus, the addition of antioxidant substances in freeze-thawing protocols has shown positive
effects on sperm quality and functionality parameters (Yeste, 2016; Ribas-Maynou et al., 2021).

The BTS extender is used to maintain sperm quality for up to 3 days (Gadea, 2003).
However, in another study, 2.5 mmol/L of L-cysteine supplementation in BTS extender
prolonged boar semen quality for 7 days at 18°C, similar to the semen diluted in long-term
extenders (Chanapiwat and Kaeoket, 2021). To the best of our knowledge, the use of L-cysteine
in boar semen doses stored at 5°C has never been reported. Our results demonstrate that, at BTS
expiration (> 72 h of storage), there was a linear increase in total sperm motility with increasing
doses of L-cysteine. The lack of effect observed at 24 h may have been due to the low storage
challenge in the first hours after cooling. As the semen doses reached the final temperature after

23 h, there may not have been sufficient time for the potential protective action of L-cysteine.
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The dosage of L-cysteine seems to be dependent on the challenge that boar extended
semen is submitted. The use of L-cysteine at higher concentrations (5.0 mmol/L) in long-term
extender has been reported by Funahashi and Sano (2005), with beneficial effects on the
viability and functional status of boar spermatozoa preserved for a long period at 10°C.
However, in this study, the spermatozoa were washed and resuspended in a commercial
extender with 20% (v/v) boar seminal plasma. This procedure could impede the natural
antioxidant defense system, requiring a higher supplementation dose to maintain sperm quality.
It should be mentioned that the dose of 1.25 mmol/L resulted in similar values compared to that
of 5 mmol/L regarding the percentage of live sperm after 7 and 14 d of storage at 10°C.
Chanapiwat and Kaeoket (2021), who found better results for sperm motility in BTS
supplemented with 2.5 mmol/L L-cysteine, reported that 5.0 and 10.0 mmol/L showed
detrimental effects under storage at 18°C. The authors assumed that higher amounts of L-
cysteine could overwhelm the uptake capacity and processing by the spermatozoa. Since we
found linear effects of L-cysteine supplementation, for some variables, in semen doses stored
at 5°C, higher amounts should be tested in further studies. In addition, a study exploring the
interaction between L-cysteine and extender type could determine the minimal amount of this
amino acid to be added in each situation.

In our study, we detected a slight alkalization during storage at 17°C, with little
influence of L-cysteine. The lower pH value observed at 5°C could be associated to the reduced
sperm motility since sperm metabolism is reduced in more acidic media (Johnson et al., 2000).
Alkalinization has also been reported by Menezes et al. (2020a) for semen doses stored above
10°C. A negative correlation (r = -0.514) between sperm motility and pH of extended boar
semen was reported by Vyt et al. (2004), demonstrating that pH oscillations can compromise
sperm motility. Despite this oscillation, the pH values were maintained above 7.2, the threshold

for boar semen quality (Johnson et al., 2000).
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Gaczarzewicz et al. (2015) reported that boar sperm, diluted in long-term extender and
stored at 5°C, showed a reduced motility, a lower mitochondrial transmembrane potential, and
an impeded oxidoreductive capability, but with a similar plasma membrane integrity
(SYBR/PI) compared to sperm stored at 16°C. The aspartate aminotransferase test showed a
loss in sperm membrane integrity for the semen doses stored at 5°C, which was not revealed by
SYBR-14/PI staining or hypo-osmotic swelling testing. These findings suggest that the damage
by a reduction in temperature to 5°C may be subtle and difficult to identify in some specific
tests. In our study, the protective effects of L-cysteine on plasma and acrosomal membrane
were not significant.

Oxidative stress is one of the main causes of human infertility and reduced sperm quality
(Dutta et al., 2019). Mammalian spermatozoa are susceptible to oxidative damage due to the
high concentrations of polyunsaturated fatty acids in their plasma membrane, which can be a
substrate for ROS formation and a lipid peroxidation target (Cerolini et al., 2000). The
antioxidant system is strongly influenced by temperature variations; during cryopreservation,
the glutathione content can decrease up to 32% compared to fresh semen (Gadea et al., 2004).
In the study performed by Bamba and Cran (1992), the BHT antioxidant was effective against
cold shock only when spermatozoa were subjected to a slower cooling rate to 5°C,
demonstrating a clear effect of temperature on antioxidant efficiency. In addition, boar seminal
plasma has a limited antioxidant defense system compared to that of other animal species
(Strzezek et al., 1999), and some studies have demonstrated the benefits of using exogenous
antioxidants to preserve boar sperm quality during liquid preservation or cryopreservation
(Ribas-Maynou et al., 2021). Although the addition of L-cysteine showed a protective effect on
spermatozoa, maintaining motilities up to 120 h in hypothermic storage, our results suggest that
the mechanism of L-cysteine protection is not directly involved in the antioxidant system and

still needs to be elucidated. We assume that the protective effect is related to metabolic
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regulations; as glycolysis and oxidative phosphorylation can be regulated by ROS production,
the presence of antioxidants, such as L-cysteine, can indirectly help in this metabolism process

(Pefa et al., 2022).

35 Conclusions

The addition of L-cysteine to boar semen doses stored at 5°C improved total and
progressive motility up to 120 h of storage. However, no effect of L-cysteine was observed on

pH, plasma membrane integrity, acrosome integrity, lipid peroxidation, and sulfhydryl content.
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Table 1. Total and progressive motilities, and pH of boar semen doses stored up to 120 hours, according to

treatment (T) and storage time (ST).

Storage time P-value
Treatment 24 h 72h 120h SEM T ST TxST
Total motility (%) Pos_control ~ 82.73* 80.42”% 79.45% 131 <0001 0.0008 0.0004
L-cysO 70.88* 71.50* 68.70* 1.71
L-cys0.5 71.74% 72.76* 70.97* 1.64
L-cysl 72.34* 74.80* 73.23* 1.60
L-cys2 70.32*  76.698* 73.54** 1.66

Progressive motility (%) Pos_control ~ 77.78* 74.81® 73.90° 156 <0001 0.0019 0.0039

L-cysO 63.87* 64.24* 61.51* 1.90
L-cys0.5 65.98* 66.22* 64.39* 1.84
L-cysl 66.00* 68.77* 65.79* 1.80
L-cys2 64.147* 69.79%* 66.68"* 1.85
pH Pos_control 7.22% 7.358 7.36° 0.02 <0001 <.0001 0.0385
L-cys0 7.200  7.268* 7.27%* 0.02
L-cys0.5 7.22A7  7.28%*  7.27%* 0.02
L-cysl 7.21A  7.278*  7.27%* 0.02
L-cys2 7.22 7.28*  7.26* 0.02

Values are expressed as LSMeans. SEM: standard error of the mean.

Different uppercase letters within rows indicate significant difference among storage times (P < 0.05).

* Indicates a significant difference between each group with the Pos_Cont group for each variable (P < 0.05;
Dunnett’s test).

Boar semen (n = 21) was extended into split samples among the treatments: Pos_Cont (semen doses stored at
17°C, without L-cysteine supplementation), and L-cys0, L-cys0.5, L-cysl and L-cys2: extended boar semen

doses supplemented with 0, 0.5, 1.0, and 2 mmol/L L-cysteine, respectively, and stored at 5°C.



Table 2. Sperm motility after the thermoresistance test at 72 and 120 h of storage for 30 or 300 min of

incubation time (INC) at 38°C according to treatment (T).

72 h of storage INC P-value

Total motility (%) 30min 300 min SEM Mean T INC T x INC
Pos_control 70.16 41.00 441 56.11+3.28 0.3040 <.0001 0.1246
L-cysO 59.21  40.81 440  50.01+3.33

L-cys0.5 63.21  46.97 454  55.23+3.29

L-cysl 66.30  45.12 451  55.98+3.28

L-cys2 66.84 40.73 4.40 54.06 + 3.31

Mean 65.23 42.91 2.92 -

Progressive motility (%)

Pos_control 63.64 30.25 4.24 46,56 +3.59 0.3170 <.0001 0.0854
L-cysO 51.11 30.97 4.29 40.65 + 3.48
L-cys0.5 56.22 37.81 4,72 46.91 £ 3.59
L-cysl 59.39 35.72 4.61 47.41 + 3.60
L-cys2 60.22 31.65 4.34 4557 £ 3.58
Mean 58.17 33.22 2.84 -
120 h of storage INC P-value
Total motility (%) 30min 300 min SEM Mean T INC T x INC
Pos_control 69.82 45.81 3.48 58.30+2.63 0.0014 <.0001 0.1270
L-cysO 57.40 44.29 3.45 50.86 +
2.708*
L-cys0.5 65.10 47.83 3.49 56.67 + 2.65
L-cysl 67.43 51.91 3.49 59.91 + 2.59
L-cys2 67.50 45.00 3.47 56.59 + 2.65
Mean 65.56 46.96 2.52 -

Progressive motility (%)

o1



Pos_control
L-cysO
L-cys0.5
L-cysl
L-cys2

Mean

63.14

48.97

57.81

60.36

60.76

58.27

35.12

34.38

38.93

43.27

36.34

37.56

3.40

3.36

3.54

3.65

3.45

2.49

49.06 £2.87 0.0013 <.0001 0.0709

41.49 + 2.78*

48.31 + 2.86

51.87 +2.86

48.46 + 2.86

Values are expressed as LSMeans. SEM: standard error of the mean.

* Within the column indicates a significant difference (P < 0.05) Pos_Cont (Dunnett’s test).

Boar semen (n = 21) was extended into split samples among the treatment groups: Pos_Cont, Pos_Cont

(semen doses stored at 17°C, without L-cysteine supplementation); L-cys0, negative control (semen doses

stored at 5°C, without L-cysteine); groups with L-cysteine supplementation L-cys0.5; L-cys1, and L-cys2

(with 0.5, 1, and 2 mmol/L, respectively) and stored at 5°C.
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Table 3. Effects of L-cysteine supplementation (Cys) and storage time (ST) on oxidative stress parameters of extended boar semen doses, stored

at 5 °C, evaluated at 72 and 120 h of storage.

ST P-value

Cys 72h 120 h Mean (Cys) SEM ST CysL CysQ ST xCys
Intracellular ROS L-cysO 78357 72868 75612 6271.83 0.3621 0.7235 0.0610 0.8600
(RFU/10° motile cells) L-cys0.5 80680 77138 78909 6271.83

L-cysl 81247 78215 79731 6271.83

L-cys2 74609 76019 75314 6271.83

Mean (ST) 78723 76060
Sperm lipid peroxidation  L-cysO 0.4350 0.4331 0.4340 0.01649 0.8565 0.1003 0.9081 0.5472
(TBARS; nmol/10°8cells) L-cys0.5 0.4139 0.4411 0.4275 0.01649

L-cysl 0.4355 0.4147 0.4251 0.01649

L-cys2 0.4097 0.4138 0.4118 0.01649

Mean (ST) 0.4235 0.4257
Sulfhydryl content L-cysO 3.5575 3.5928 3.5751 0.07552 0.4669 0.0124  0.1419 0.5371

L-cys0.5 3.5641 3.6494 3.6065 0.07552
(log umol/10%cells) L-cysl 3.7061 3.6512 3.6786 0.07552
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L-cys2 3.6496 3.6824 3.6660 0.07552

Mean (ST)  3.6188 3.6438

Values are expressed as LSMeans. SEM: standard error of the mean.

Cys L: Probability of linear effect. Cys Q: Probability of quadratic effect.

Boar semen samples (n = 21) were extended into split samples among the treatments: L-cys0, L-cys0.5, L-cys1, and L-cys2: extended boar semen
doses supplemented with 0, 0.5, 1.0, and 2 mmol/L L-cysteine, respectively. TBARS = thiobarbituric acid reactive substance; ROS = reactive

oxygen species
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Figure 1. Slope responses of total sperm motility to L-cysteine levels according to the
interaction between L-cysteine supplementation and storage time.
Cys L: Probability of linear effect. Cys Q: Probability of quadratic effect.

ST: Storage time (24, 72 and 120 h).



Boar semen samples (n = 21) were extended into split samples among the treatments: L-
cys0.5, L-cysl, and L-cys2: extended boar semen doses supplemented with 0, 0.5, 1.0, and
2 mmol/L L-Cysteine, respectively, and stored at 5°C.

a, b Different letters indicate that slopes in response were different (P < 0.05).
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Figure 2. Effect of L-cysteine addition in boar semen doses stored at 5 °C on sperm motilities
in the thermoresistance test.

Boar semen samples (n = 21) were extended into split sample among the treatments: L-cysO0,
L-cys0.5, L-cysl, and L-cys2: extended boar semen doses supplemented with 0, 0.5, 1.0, and
2 mmol/L L-cysteine, respectively, and stored at 5°C.

Cys L: Probability of linear effect. Cys Q: Probability of quadratic effect.

Inc: Incubation time (30 and 300 min).

A: Total and progressive motility after TRT at 72 h of storage.

B: Total and progressive motility after TRT at 120 h of storage
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4. CONCLUSOES

A suplementacdo de doses inseminantes de sémen suino com o aminoacido L-cisteina
demonstrou uma boa protecéo frente ao desafio do armazenamento hipotérmico a 5 °C. A adicéo
de L-cisteina melhorou as motilidades espermaticas de forma linear, até as 120 h. No teste de
termorresisténcia, a motilidade melhorou de forma quadratica, com os melhores resultados para
o grupo 1 mmol/L. Entretanto, ndo houve efeito do antioxidante sobre o pH, integridade de
membrana plasmatica, acrossoma, peroxidacdo lipidica, conteudo sulfidrila e producdo de

EROs intracelular.
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APENDICE A - Protocolo: integridade de membrana plasmatica

Principio do método:

A integridade de membrana plasmatica € avaliada pelo método de fluorescéncia em dupla
coloracdo, utilizando os corantes SYBR-14/lodeto de propidio (PI). O SYBR-14 é um corante
de DNA que possui a capacidade de permear a membrana plasmatica, mesmo que integra,
corando a célula espermatica de verde. O iodeto de propidio também é um corante de DNA,

porém so consegue permear a membrana plasmatica quando esta se encontra lesionada.

Reagentes:
O SYBR-14/PI é encontrado no kit LIVE/DEAD® Sperm Viability Kit (L7011, Thermo Fisher

Scientific, Waltham, MA, USA)
S Diluicdo do SYBR-14: 1:50 em DMSO
& Diluicdo do PI: 1:1 em DMSO
Observacdo: Realizar todo o preparo no escuro, longe da presenca de luz intensa.

O SYBR-14 néo deve ser congelado apo6s a diluicéo.

Método:
Uma aliquota de 100 pL da dose inseminante é incubada com 2.5 pL da solucdo de SYBR-

14/P1 diluida, a 37 °C por 10 min no banho-maria seco. Apds o processo de incubacéo, 3 uL da
amostra deve ser avaliada entre 1amina e laminula em microscépio de fluorescéncia (Axio
Scope.Al HAL 100FL, Filter Set 09, BP 450-490, Zeiss® Germany).

A contagem deve ser realizada imediatamente, sendo preconizada a contagem de pelo menos
200 ceélulas de forma manual ou 1.000 células utilizando o sistema CASA. As células coradas
em verde possuem a membrana plasmatica integra e as células coradas em vermelho possuem
a membrana plasmatica lesionada.

Utilizar [aminas e laminulas novas!

Observacdo®: Realizar todo o processo de incubacéo e avaliagdo no escuro

Observagao?: Utilizar luvas durante toda a manipula¢do do SYBR-14/Pl e DMSO;

Resultados:
Os resultados sdo expressos em porcentagem de células com a membrana integra.
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APENDICE B — Protocolo: potencial de membrana mitocondrial (Aym)

Principio do método:
Para a avaliacdo do potencial da membrana mitocondrial é utilizado o corante fluorescente JC-

1. Apds transpassar as membranas e se direcionar até a mitocéndria, o corante fluorescente JC-
1 é transformado em J-agregados quando h& um alto potencial mitocondrial. Na forma natural
de mondémero, o JC-1 possui a fluorescéncia na coloracéo verde; ja na forma J-agregado, o JC-

1 possui a coloracdo alaranjada.

Reagentes:
Solucdo de trabalho JC-1 (T3168, Thermo Fisher Scientific, Waltham, MA, USA): deve-se

diluir 0 JC- 1 em DMSO ate a concentracdo de 1.53 mM.

& Pesar 0.00498 g de JC-1

S Diluirem 5 mL de DMSO
Observacdo: Caso haja a pretensdo de realizar a avaliacdo em microscopio de fluorescéncia,
deve-se diluir o0 JC-1 para a concentracdo de 153 mM.
Pode-se utilizar a calculadora no site da Sigma Aldrich para a realizacdo do célculo:
https://www.sigmaaldrich.com/BR/en/support/calculators-and-apps/mass-molarity-calculator.
Observacéo!: Realizar todo o preparo no escuro, longe da presenca de luz intensa.

Observagdo?: Utilizar luvas durante toda a manipulacio do JC-1 e DMSO;

Método:
Uma aliquota de 200 pL da dose inseminante deve ser incubada junto a 1 uL de JC-1, na
temperatura de 37 °C por 40 min. Apds o periodo de incubacdo, deve-se realizar a leitura da
placa de 96 pocos na leitora de microplacas (Spectramax® i3, Molecular Devices, Sunnyvale,
USA). Observacdo: Todo o procedimento deve ser realizado no escuro.
Na leitora:

1) Selecionar a opgao “Settings”, depois fluorescéncia “FL” e “Endpoint”;

2) Selecionar os comprimentos de onda 485/595 nm para excitagdo/emiss&o;

3) Identificar “96 Well Standart crlbtm” como a placa utilizada

(Quando a placa for transparente!);
4) Na aba “More Settings”, desmarcar a op¢ao “Show Pre-Read Optimization Options”.

Resultados:

Na avaliacdo, utilizamos os resultados da fluorescéncia Laranja (J-agregados) para comparar
0s grupos, além de ter sido utilizada a quantidade de células presentes no poco para expressar
os resultados em RFU/10° Espermatozoides.
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APENDICE C - Protocolo: espécies reativas de oxigénio intracelular

Principio do método:

Para a quantificacdo das espécies reativas de oxigénio no ambiente intracelular, € utilizado o
corante DCFH-DA. Neste método, o DCFH-DA ¢ absorvido pelas células espermaticas vidveis
e hidrolisado enzimaticamente pelas esterases intracelulares, formando a molécula néo
fluorescente dichlorofluorescein (DCFH). Quando ha a presenca de espécies reativas de
oxigénio o DCFH se transforma na molécula fluorescente dichlorofluorescein (DCF), sendo

quantificada pela leitora de microplacas.

Reagentes:

Solucéo estoque de DCFH-DA (D399, Molecular probes, Eugene, USA): deve-se diluir o
DCFH-DA em DMSO até a concentragdo de 10 mM.

Pode-se utilizar a calculadora no site da Sigama Aldrich para a realizagdo do célculo:
https://www.sigmaaldrich.com/BR/en/support/calculators-and-apps/mass-molarity-calculator
Observagéo!: Realizar todo o preparo no escuro, longe da presenca de luz intensa.

Observagio?: Utilizar luvas durante toda a manipulacio do DCFH-DA e DMSO;

e Solucao neutra:
& 205.37 mM glicose, 20.4 mM citrato de sédio diidratado, 3.36 mM EDTA, 10.01 mM
cloreto de potassio.
& 37 g/L glicose, 1.25 g/L, EDTA, 6 g/L citrato de sodio diidratado, 0.75 g/L cloreto de
potéssio, 1 L de agua destilada.

& *Seguir a mesma proporgao quando preparar volumes menores.

e Peroxido 4,2 mM
S 4,29 pL de peroxido (9,78 M) em 10 mL de agua destilada.

Método:

1. Adicionar 1 mL da dose inseminante em um eppendorf;
2. Centrifugar a 1500 x g por 2 min;
3. Descartar o sobrenadante e secar a boca do eppendorf com papel;
4. Adicionar 1 mL da solugdo neutra;
& lavagem do pellet para retirar qualquer residuo que reaja com DCF (principalmente o

bicarbonato de sodio do diluente);
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5. Centrifugar a 1500 x g por 2 min;

6. Descartar o sobrenadante e secar a boca do eppendorf com papel;

7. Adicionar 1 mL da solucao neutra contendo DCF 100 uM (concentracdo final);

8. Ressuspender o pellet com ajuda de uma pipeta;

9. Pipetar 200 pL das amostras na placa em triplicata

10. Adicionar o DCFH-DA (stock solution) em todos 0s pocos

11. Realizar a incubacdo de uma triplicata de controle positivo, contendo solugéo neutra + pL
de DCFH-DA (stock solution) + 10 pL perdxido de hidrogénio 4,2 mM (para verificar se o
DCFH-DA esté funcionando);

12. Realizar a incubacéo do branco: solucdo neutra + DCFH-DA e realiza a leitura apds 1 h de

incubacdo a 37 °C;

Na leitora:
1) Selecionar a opgao “Settings”, depois fluorescéncia “FL” e “Endpoint”;
2) Selecionar os comprimentos de onda 485/532 nm para excitagdo/emiss&o;
3) Identificar “96 Well Standart crlbtm” como a placa utilizada
(Quando a placa for transparente);
4) Na aba “More Settings”, desmarcar a opgdo “Show Pre-Read Optimization Options”.

Observacéo: Realizar todo o preparo no escuro, longe da presenca de luz intensa.

Resultados:
Os resultados s3o expressos em RFU/10° espermatozoides, utilizando a quantidade de células

espermaticas do poco para realizar o calculo.
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APENDICE D - Protocolo: peroxidacéo lipidica (TBARS)

Principio do método:

A peroxidagdo lipidica é determinada pelo método de TBARS (thiobarbituric acid reactive
substance) que foi descrito por Ohkawa et al. (1979) para tecido animal e adaptado por Nichi
et al. (2006) para amostras de sémen. Neste método, o acido tiobarbitirico reage com o
malondialdeido (um dos produtos finais obtidos na reacdo de peroxidacdo de lipidios) e
promove a alteragdo da cor para rosa. Para que esta reacdo ocorra, € necessario que as amostras
sejam expostas a alta temperatura (100 °C) e baixo pH. Apos a reacdo, a alteracdo de cor pode

ser quantificada por espectrofotometria.

Reagentes:
Acido tricloroacético (TCA) 10%;

& Adicionar 10 g de TCA em 100 mL de agua destilada;

& Realizar a diluicdo no momento da anélise, ndo guardar a solucdo pronta!

S Acondicionar o TCA no dessecador com silica pois os cristais sdo altamente
higroscopicos!

Acido tiobarbitdrico (TBA) 1% ;

& Adicionar 1 g de TBA em 100 mL de agua destilada;

& Aguecer a solucdo até 60 — 80 °C por 1 h para dissolver completamente o TBA

*Utilizar a mesma proporcao para fazer volumes menores!

Método:

1. Realizar a sonicagem da amostra (250 uL) em gelo por 30 s (8.000 rpm);

2. Adicionar 500 pL de TCA,;

3. Centrifugar por 60 s a 13.000 rpm;

4. Retirar 500 pL do sobrenadante e adicionar 500 pL de TBA,

5. Incubar em banho-maria por 1 hora a 100 °C.

6. Refrigerar as amostras em banho-maria de gelo por 10 min para parar a reacao;

7. Plaquear 200 pL, em placa de 96 pogos, e realizar a leitura no comprimento de onda de 535

nm;

Na leitora:
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1) Selecionar a opgao “Settings”, depois absorbancia “ABS” ¢ “Endpoint”;

2) Selecionar o comprimento de onda 535 nm;

3) Identificar “96 Well Standart crlbtm” como a placa utilizada (Quando a placa for
transparente!);

4) Na aba “Speed Read”, desmarcar a opgao de leitura rapida;

5) Na aba “More Settings”, desmarcar a opgao “Show Pre-Read Optimization Options”.

Resultados:

Os valores da leitura sdo utilizados no calculo para transformacdo de absorbancia para
concentracéo, utilizando a lei de Beer-Lambert.

Os valores sdo expressos em mmol/108 espermatozoides (utilizar a quantidade de células do

poco da placa de 96 pocos).

Conc. (nmol /Sptz) = ( Absorbancia — Absorbancia do branco) x 1000000 x F.D
¢ X Pathlength

¢ = Coeficiente de extingdo molar do MDA na leitura de 535 nm = 1.56 x 10° Mt cm™?
Pathlength = E o comprimento do percurso que a luz atravessa a amostra, no caso de TBARS
¢ 0.57 porque foi plaqueado 200 pL de volume na placa de 96 pocos e isso corresponde a uma
altura de 0.57 cm no poco.

Observacdo: se o volume plaqueado for de 350 puL o comprimento do percurso é de 1 cm, isso
significa que pode utilizar a regra de trés para descobrir o pathlength quando plaqueia volumes
diferentes.

x1000000 = A multiplicacdo é realizada para transformar de mol/L para nmol

F.D = Fator de diluicdo. E o quanto a amostra é diluida pelos reagentes do teste, no caso do
TBARS, o conteldo total do ensaio (reagentes + amostra) é de 1200 pL, sendo que 200 pL é a
amostra. Entdo o fator de diluigdo é 1200/200 = 6

F.D=6

Os valores devem ser ajustados pela concentracdo espermatica do pogco para expressar 0S

resultados em nmol de MDA/108 espermatozoides.
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APENDICE E - Protocolo: contetido de sulfidrila

Principio do método:

O conteudo de sulfidrila esta relacionado a concentracdo de glutationa da amostra. Neste
método, a glutationa é oxidada pelo 5,5-dithiobis (2-nitrobenzoic acid) (DTNB) e depois
reduzida pela glutationa redutase. Durante a oxidacdo da glutationa, a molécula 2-nitro-5
thiobenzoic acid (NTB) é formada, podendo ser quantificada por espectrofotometria pela

coloracdo amarela. Este método foi descrito por Ellman (1959).

Reagentes:

e PBS 10 mM (pH 7,4)

e Tampéo forte SH (pH 8,5)
& 100 mM écido bérico = (0,1236 g/20 mL)
S 0,2 mM EDTA (0,00148 g/20 mL)

e DTNB (acido 5,5’-ditio-bis-2-nitrobenzoico) 10 mM
& 0,0081 g de DTNB em 2 ml de etanol 95%
S passar no vortex

o diluir sé na hora, ndo armazenar pronto

Método:

1. Realizar a sonicagem da amostra em gelo por 30 s (8.000 rpm);
2. Pipetar 50 pl de amostra na placa;
3. Pipetar 70 pl de PBS;
4. Pipetar 35 pL de tampéo forte;
5. Pipetar o branco com 120 puL PBS + 35 pL tampdo forte;
6. Adicionar 10 uL DTNB 10 mM;
a. colocar no espectrofotdmetro para dar shake
7. Incubar por 1 hora em temperatura ambiente;
8. Lera4l2nm;

Na leitora:
1) Selecionar a opgao “Settings”, depois absorbancia “ABS” ¢ “Endpoint”;

2) Selecionar o comprimento de onda 412 nm para a leitura;
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3) Identificar “96 Well Standart crlbtm” como a placa utilizada (Quando a placa for
transparente!);
4) Na aba “Speed Read”, desmarcar a opgao de leitura rapida;

5) Na aba “More Settings”, desmarcar a op¢ao “Show Pre-Read Optimization Options”.

Resultados:
Os valores da leitura sao utilizados no calculo para transformacdo de absorbancia para

concentracdo, utilizando a lei de Beer-Lambert.

Conc. (nmol /Sptz) = ( Absorbancia — Absorbancia do branco) x 1000000 x F.D
¢ X Pathlength

¢ = Coeficiente de extingdo molar do NTB na leitura de 412 nm = 14.15 mM™*

Pathlength = E o comprimento do percurso que a luz tem de atravessar na amostra, no caso de
NTB é 0.47 porque foi plaqueado 165 uL de volume na placa de 96 pocos e isso corresponde a
uma altura de 0.47 cm no pogo.

x1000000 = A multiplicacdo é realizada para transformar de mol/L para nmol

F.D = Fator de diluicdo. E o quanto a amostra é diluida pelos reagentes do teste; no caso da
dosagem do conteudo de sulfidrila, o conteudo total do ensaio (reagentes + amostra) é de 165
uL, sendo que 50 microlitros é a amostra. Entdo o fator de diluicdo € 165/50 = 3.3 F.D = 3.3
Os valores devem ser ajustados pela quantidade de células esperméticas do poco para expressar

os resultados em nmol de NTB/10° espermatozoides.



