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RESUMO

O objetivo principal do presente estudo foi estabelecer um protocolo eficiente de
criopreservacao seminal em Sapajus apella para a manutencao da viabilidade espermatica.
Para isso, foi comparado o desempenho dos diluidores TES-TRIS, ACIN e ACP-118® para
escolher do melhor diluidor durante a dissolucdo do coagulo seminal e resfriamento, para
posteriormente ser estabelecido a melhor concentragdo de glicerol (3; 5 e 7%) a ser
adicionado no diluidor, bem como avaliar a suplementacdo do antioxidante catalase (10 pg
e 50 pg) no meio de congelacdo seminal, no intuito de melhorar os parametros
espermaticos. Foram utilizados seis machos adultos de S. apella oriundos do Centro
Nacional de Primatas. As coletas do sémen foram realizadas por eletroejaculacdo com
probe retal, apos a contencdo quimica dos animais com Cloridrato de Ketamina e Cloridrato
de Xilazina. Na primeira fase do projeto, o sémen obtido foi diluido em TES-TRIS, ACIN e
ACP®-118, mantido em banho-maria a 37 °C. Apos dissolucdo do coagulo, o sémen foi
resfriado em geladeira a 4°C por 90 minutos, e avaliadas ap6s 28h quanto a motilidade, o
vigor, e o percentual de integridade de membrana antes e apos o resfriamento. ACP®-118
foi o melhor diluidor para preservar a motilidade dos espermatozoides e integridade de
membrana plasmética ap6s 28 horas de incubacdo. A partir desse resultado, foi realizada a
criopreservacdo avaliando diferentes concentracbes de glicerol (3, 5 e 7%). Os
espermatozoides criopreservados a 3% de glicerol apresentaram melhores resultados. Na
segunda fase do projeto, foi realizada a criopreservacdo do sémen de S. apella em diluidor
ACP®-118 suplementado ou ndo com antioxidante catalase (10ug/mL e 50ug/mL). Todos
os tratamentos foram eficazes na manutencao de parametros espermaticos, sendo possivel a
recuperacdo da motilidade pds-descongelamento. O tratamento catalase 50 foi o melhor de
manutencdo do vigor durante apds resfriamento, e na integridade de membrana plasmatica
apos a descongelacdo espermatica. Em conclusdo, ACP-118® pode ser usado de forma
eficiente como diluidor para a criopreservacdo de sémen S. apella adicionado de 3% de
glicerol, além de que a adi¢do do antioxidante catalase mostrou efeito benéfico durante esse
processo.

Palavras-chave: Resfriamento, Congelagdo, Sapajus apella, TES-TRIS, ACIN, ACP-
118®, glicerol, catalase.



ABSTRACT

The main objective of the present study was to establish an efficient semen
cryopreservation protocol in Sapajus apella for maintaining sperm viability. For this, we
compared the performance of TES-TRIS, CWS and ACP-118® extenders during the
seminal coagulum dissolution and cooling. Then, in order to improve the sperm parameters,
we also determined the glycerol concentration (3; 5 and 7%) as well as to evaluate the
effect of catalase antioxidant (10 pg and 50 pg). Therefore, six adult males of S. apella
from the National Primate Center were used. Semen was collected by electro-ejaculation
with rectal probe after chemical restraint of animals with ketamine and xylazine
hydrochloride. In the first phase of the project, the semen obtained was diluted in TES-
TRIS, CWS and ACP®-118 extenders, kept in a water bath at 37 °C. After coagulum
dissolution, the semen was cooled in the refrigerator at 4 °C for 90 minutes and evaluated
after 28h for motility, vigor and plasma membrane integrity percentage before and after the
cooling. ACP®-118 was the best extender to preserve the motility sperm and plasma
membrane integrity after 28 hours of incubation. Based on these results, cryopreservation
was performed by evaluation of different concentrations of glycerol (3, 5, and 7%). The
cryopreserved sperm to 3% glycerol had better results. In the second project phase was
performed S. apella semen cryopreservation in ACP®-118 extender supplemented or not
with catalase antioxidant (10 pg/mL and 50 pg /mL). All treatments were effective in
maintaining sperm parameters and was possible to recovery the post-thaw motility. The
catalase 50 treatment was the best for maintenance of the vigor after cooling and plasma
membrane integrity in post-thaw sperm. So, we concluded that ACP-118® extender can be
efficiently used for S. apella semen cryopreservation added 3% glycerol, moreover, the
addition of the catalase antioxidant showed beneficial effect during this process.

Keywords: Cooling, freezing, Sapajus apella, TES-TRIS, CWS, ACP-118®, glycerol,
catalase.
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1 INTRODUCAO

Atualmente, de acordo com o relatorio divulgado pela Unido Internacional para
a Conservacao da Natureza (do inglés International Union for Conservation of Nature -
IUCN), 49% de todas as espécies de primatas ndo-humanos (PNH) esta ameacada de
extincdo, sendo que duas espécies brasileiras: 0 macaco-caiarara (Cebus kaapori) e o
bugio-marrom (Alouatta guariba guariba) estdo listadas entre os 25 primatas mais
ameacados do mundo (IUCN, 2012). Nesse contexto, tecnologia de reproducéo assistida
(ARTs — do inglés Assisted Reproductive Technology) como a criopreservacao seminal
aliada a fecundacdo in vitro (FIV), vem sendo utilizada visando a conservacdo de
espécies em risco de extincdo e com linhagens de alto valor para pesquisa biomédica
(WOLF, D.P., 2009).

Em PNH, a criopreservacdo seminal ja foi descrita em diversas espécies como:
Pan troglodytes (KUSUNOKI et al., 2001), Saimiri sciureus (DENIS et al., 1976), S.
collinsi, S. vanzolinii, S. cassiquiarenses e Saimiri boliviensis (OLIVEIRA, K.G.,
2014), Macaca assamensis (LI et al., 2004), Macaca fascicularis (LI et al., 2005, 2006),
Macaca mulatta (YANG et al., 2011), Callithrix jacchus (O’BRIEN et al., 2003;
VALLE, R.R., 2007), Ateles paniscus e Ateles marginatus (SILVA et al., 2013), e
Sapajus apella (OLIVEIRA et al., 2011).

Entretanto, uma barreira na criopreservacdo seminal em S. apella é a
consisténcia coagulada do ejaculado (OLIVEIRA et al.,, 2011), que é de dificil
manipulacdo, ndo se liquefaz espontaneamente, sendo necessario a fragmentacao
mecanica do mesmo em solugdes tampdes para a recuperacdo dos espermatozoides
(NAGLE; DENARI, 1983; ARAUJO et al., 2009; OLIVEIRA et al., 2011). Logo, para
que se tenha sucesso no desenvolvimento de biotecnicas de criopreservacdo seminal
nesta espécie, é necessario o uso de diluidores que mantenham a viabilidade da célula
espermatica durante a liquefacdo do coagulo seminal, assim como o estabelecimento das
etapas seguintes: o resfriamento e a adi¢ao do crioprotetor permeavel.

Os diluidores comumente utilizado em PNH sdo a base dos tampdes TES e TRIS
(O’Brien et al., 2003; LI et al., 2004; DONG et al., 2010; OLIVEIRA et al., 2011,
YANG et al., 2011). Mais recentemente, diluidores a base de dgua de coco in natura
(ACIN; ARAUJO et al., 2009; OLIVEIRA et al., 2011) e em p6 (ACP-118%;
OLIVEIRA et al., 2010; LIMA et al.,, 2013; OLIVEIRA, K.G., 2014) vem sendo

empregados em S. apella apresentando bons resultados na dissolucdo do coagulo
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seminal. Sabe-se que o efeito do diluidor pode ser determinante sobre qualidade
espermatica jad durante o resfriamento (DONG et al., 2009b), sendo importante a
avaliacdo acurada dessa etapa, antes mesmo de proceder com a congelagédo
propriamente. Em NHP, sdo poucas as informacGes acerca dos resultados pds-
resfriamento de sémen, sendo esses dados apresentados apenas em estudos realizados
em Macaca mulatta (DONG et al., 2008; Sl et al., 2010) e S. apella (LIMA et al.,
2013).

O glicerol € o crioprotetor penetrante mais utilizado em PNH (LI et al., 2005),
sendo descrito o uso de concentracdes que variam de 2,5% (KUSUNOKI et al. 2001; LI
et al., 2005; OLIVEIRA et al., 2011) até 15% (LI et al., 2005b). Entretanto, em S.
apella, as concentragdes empregadas foram apenas 2,5% e 3,5% de glicerol em diluidor
ACIN e TES-TRIS, respectivamente, ndo havendo a recuperacdo da motilidade apos a
descongelacdo (OLIVEIRA et al., 2011). Desta forma, mais pesquisas sdo necessarias
acerca da melhor concentragcdo de glicerol a ser adicionado ao meio diluidor para a
espécie, no intuito de recuperar a motilidade espermatica pos-descongelacao.

Estudos tém demonstrado que a adicdo de antioxidantes no diluidor durante a
criopreservacao tém melhorado esses parametros espermatica em bovinos (BILODEAU
et al., 2000), equinos (BAUMBER et al., 2002) e ovinos (MAIA et al., 2007), visto que
durante esse processo ha um aumento na producdo de espécies reativas do oxigénio
(ROS - do inglés reactive oxygen species) (MICHAEL et al., 2007) e diminui¢do da
concentracdo de antioxidante no sémen, os quais podem afetar a motilidade e
viabilidade espermatice pds-criopreservacdo seminal devido estresse oxidativo e
lipoperoxidacdo lipidica (MARTI et al., 2008).

Recentemente o antioxidante catalase (FERNANDEZ-SANTOS et al., 2009) foi
utilizado no intuito de aumentar a motilidade espermética e reduzir a peroxidacao
lipidica de espermatozdides submetidos a criopreservacdo. Contudo, apesar de
antioxidantes ja terem sido testados em diferentes concentracdes nas espécies de
mamiferos visando o melhor resultado da acdo antioxidativa, somente um trabalho
relata 0 uso em primatas ndo-humanos visando a sobrevivéncia dos espermatozoides
com baixa criosobrevivéncia (DONG et al., 2010). Logo, a adi¢cdo de antioxidantes no
meio diluidor pode ser mais uma alternativa para transpor a baixa vitalidade espermatica
apos a criopreservacdo seminal em S. apella, e com isso, posteriormente o0 uso desta

espécie em outras biotecnicas da reprodugdo animal.

14



Nesse contexto, propde-se as seguintes hipdteses cientificas:

O uso do crioprotetor glicerol na criopreservacdo seminal em Sapajus apella ira
promover a recuperacao de motilidade espermatica ap6s a descongelacéo.

A adicdo de antioxidante no meio diluidor de sémen de Sapajus apella permitira
maior viabilidade dos espermatozoides durante a dissolucdo do coagulo seminal e
durante as etapas que compdem a criopreservacdo (resfriamento, congelacdo e

descongelacéo).
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2 OBJETIVOS
2.1 GERAL
e Aprimorar a biotecnologia de criopreservacdo de sémen para a espécie Sapajus
apella, estabelecendo um protocolo eficiente para a manutengdo da viabilidade

espermatica.

2.2 ESPECIFICO
e Estabelecer o melhor diluidor a ser utilizado no resfriamento de sémen da espécie
Sapajus apella, comparando o desempenho dos diluentes TES-TRIS, a base de agua
de coco in natura (ACN) e em p6 (ACP-118®)a 4 °C, com uma curva de -0,4 °C/mi.

e Estabelecer a melhor concentracédo de glicerol (3; 5 e 7%) a ser adicionado no meio
diluente, visando a recuperacdo da motilidade espermatica pos-descongelacao.

e Testar a melhor concentracdo dos antioxidante catalase (10 pg e 50 pug) no meio

de congelacdo do sémen, para melhorar a motilidade e manter a viabilidade

espermatica.
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3 REVISAO BIBLIOGRAFICA
3.1 A ESPECIE Sapajus apellla

A classificacdo taxonémica das espécies de primatas neotropicais do género
Cebus, popularmente conhecidas como macaco-prego (capuchin monkey), sofreram
uma revisdo e reorganizacdo (SILVA, JR., 2002; ALFARO et al., 2012a; 2012b;).
Hershkovitz (1949), Hershkovitz (1955) e Hill (1960) propuseram uma divisdo baseada
na presenca ou auséncia de tufo, a qual atualmente foi substituida pela classificacdo
morfologica (gracil e robusto), de acordo com a morfologia craniana e pds-craniana
desses animais (SILVA, J.R., 2001; 2002; ALFARO et al., 2012b) e caracteristicas
moleculares (CASADO et al., 2010). Desta forma, as espécies pertencentes ao género
Cebus - C. libidinosus, C. xanthosternos, C. nigritus, C. apella, C. robustus, C.
macrocephalus, C. cay e C. flavius foram reagrupadas no género Sapajus (SILVA, JR.,
2001)

No tocante a distribuicdo geografica, a espécie S. apella ocorre no centro-leste
da Colémbia, sul da Venezuela, Guianas e norte do Brasil (ALFARO et al., 2012a)
(Figura 1A). Séo animais de porte médio, os machos possuem entre 0,32 a 0,56 cm de
comprimento, e a cauda tem entre 0,30 a 0,55 ¢cm; pesam em média 4 kg quando
alcancam a maturidade sexual, por volta dos 8 anos de idade (KINDLOVITS;
KINDLOVITS, 2009), possuem um sistema poligdmico de acasalamento e as fémeas
reproduzem-se referencialmente com o macho dominante (ROWE, N., 1996). A
pelagem destes animais € comprida e densa, com o dorso apresentando uma faixa de
coloragdo marrom escura, sendo que os membros, o0 topete e a cauda sdo pretos
(KINDLOVITS; KINDLOVITS, 2009) (Figura 1B).

17
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Figura 1: (A) Distribuicdo geografica da espécie S. apella segundo Alfaro et al. (2012).

(http://pt.wikipedia.org/wiki/Ficheiro:Sapajus_apella) e (B) exemplar macho oriundo do Centro Nacional
de -Pa.

3.2 O MACHO DE Sapajus sp.

O sistema reprodutor do macho de Sapajus sp. é constituido por dois testiculos,
dois epididimos, dois ductos deferentes, duas vesiculas seminais, prostata, duas
glandulas bulbo-uretrais (TEIXEIRA, D.G., 2005), possui um pénis dotado de um
vestigio de 0sso peniano (baculo) e uma glande muito desenvolvida em formato de

prego, o que lhe conferiu o nome popular: “macaco-prego” (NAPIER; NAPIER, 1986;
HONEYSETT, 2006) (Figura 2).
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Funiculo Espermatico

Ducto Deforento

Glandulas Vesiculares
Uretra

Gldndula Bulburetral

Bulbo do Pénis

Figura 2: Trato reprodutor masculino de Sapajus apella. Fonte: Teixeira, D.G (2005).

3.3 O SEMEN DE Sapajus apella

De acordo com alguns autores, o sémen de S. apella é constituido de duas
fracbes, uma liquida e outra coagulada (NAGLE; DENARI, 1983; PAZ et al., 2006;
ARAUJO et al., 2009; OLIVEIRA, K.G., 2010).

A fragdo coagulada (Figura 3) é caracterizada por ter um aspecto gelatinoso de
dificil dissolucdo (NAGLE; DENARI, 1983; VANDERVOORT, C.A. 2004;
HERNANDEZ-LOPEZ et al., 2008, ARAUJO, L.L., 2009, OLIVEIRA, K.G., 2010),
sendo descrita como a fragdo que apresenta a maior concentracdo de espermatozoides
com média de: 1.6x108 + 9x10% (ARAUJO et al., 2009); 1,1x108 + 0,3x108 (OLIVEIRA
etal., 2010) e 1.806 + 367x10° (OLIVEIRA et al., 2011) espermatozdides/ml.

Em S. apella, protocolos visando a dissolucdo desse coagulo seminal ja foram
desenvolvidos utilizando solugéo salina a 0,9% (NAGLE; DENARI, 1983); TCM 199

acrescido de hialuronidase e tripsina (PAZ et al., 2006), diluidores a base de agua de
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coco in natura (ARAUJO et al., 2009) e 4gua de coco em po (ACP®-118; OLIVEIRA et
al., 2010; OLIVEIRA et al.,, 2011; LIMA et al.,, 2013), bem como TES-TRIS
(OLIVEIRA et al., 2011). Porem, esses autores relatam a presenca de espermatozoides
iméveis (NAGLE; DENARI, 1983; ARAUJO et al., 2009) ou com baixa viabilidade

espermatica (OLIVEIRA et al., 2010) apds a dissolucdo total do coagulo seminal.

Figura 3: Frag8o coagulado do sémen de S. apella coletado por eletroejaculacéo.

3.4. CRIOPRESERVACAO SEMINAL

A criopreservacdo seminal possui como principio congelar o espermatozoide,
reduzindo reversivelmente a sua atividade metabdlica por meio do frio (THURSTON et
al.,, 2002). Essa biotécnica envolve uma série de etapas sequenciais (diluicdo,
resfriamento, adicdo de crioprotetor e congelacdo/descongelacao), que iram determinar
0 sucesso desse processo (DONG et al., 200Db).

Em primatas ndo-humanos (PNH), diversas pesquisas tém sido realizadas com o
intuito de se obter o melhor protocolo de criopreservacdo seminal para a espécie em
estudo, dentre elas temos: Cercopithecus aethiops, Erythrocebus patas, Macaca
speciosa, Macaca mulata (ROUSSEL; AUSTIN, 1967), Pan troglodytes (ROUSSEL;
AUSTIN, 19677; KUSUNOKI et al., 2001), Papio anubis (KRAEMER;VERA CRUZ,
1969), Saimiri sciureus (DENIS et al., 1976) e S. collinsi, S. vanzolinii, S.
cassiquiarenses (OLIVEIRA, K.G., 2015), Macaca assamensiss (LI et al., 2004);
Macaca fascicularis (LI et al., 2005, 2006), Gorilla gorilla (LAMBERT et al., 1991),
Macaca thibetana (CHEN et al., 1994), Callithrix jacchus (O’BRIEN et al., 2003;
VALLE, R.R., 2007), Macaca fuscata (SANKAI et al., 1997; LI et al., 2005), Macaca
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mulatta (DONG et al., 2009a; Sl et al.,, 2010; YANG et al., 2011); S. apella
(OLIVEIRA, et al., 2011); Alouatta caraya (CARVALHO, F.M., 2012); Ateles
paniscus e A. marginatus (SILVA et al., 2013)

3.5. MEIOS DILUIDORES

Segundo Holt (2000), a existéncia de diferencas na composi¢do lipidica da
membrana plasmatica dos espermatozoides entre as espécies, ragas e ainda entre
individuos da mesma espécie, pode explicar o maior ou menor efeito protetor de um
diluente aos espermatozoides de um determinado individuo. Logo, a composicdo do
diluente é de suma importancia e deve ser especifica para cada espécie.

Um diluidor desejavel caracteriza-se por apresentar pressdo osmotica compativel
com o plasma seminal, fornecer energia e nutrientes, e ter a capacidade de neutralizar
produtos tdxicos originados do metabolismo espermatico, bem como possuir acao
tamponante para compensar as alteracbes de pH resultado da formacdo de ions
hidrogénio, que tornam o meio &cido, e sdo oriundos da atividade metabdlica dos
espermatozoides, proteger a célula contra os danos causados pelas mudancas de
temperatura, proporcionar a estabilidade da integridade da membrana plasmatica, além
de inibir o crescimento bacteriano, proporcionando desta forma o aumento da
longevidade espermatica (VISHWANATH; SHANNON, 2000; ALBERTI, K., 2004).

35.1 TES-TRIS

O diluidor TES-TRIS é composto pelos tampdes TES (&cido N-Trishidroximetil-
metil-2 aminometanosulfonico) e TRIS (hidroximetil aminometano) adicionado de uma
fonte de energia e antibidtico (OLIVEIRA et al., 2011).

Contudo, apesar de apresentar agdo tamponante, foi demonstrado que o TRIS
também atua na reducdo do metabolismo da frutose pelos espermatozoides,
contribuindo assim para a preservacdo de energia pela célula espermatica
(RODRIGUES, B.A.,1997).

O TES-TRIS tem sido utilizado em diferentes espécies de PNH, tanto do Velho
Mundo: Macaca assamensis (LI et al., 2005), M. fascicularis (LI et al., 200), Macaca
fuscata (SANKAI et al., 1997), M. mulatta (SANCHEZ-PARTIDA et al., 2000. DONG
et al., 2009a), Papio anubis (O’BRIEN et al., 2003) e Pan troglodytes (KUSUNOKI et
al., 2001; O’BRIEN et al.,, 2003), quanto do Novo Mundo: Callithrix jacchus
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(O’BRIEN et al., 2003), Ateles paniscus e A. marginatus (SILVA, K.S.M, 2005) e S.
apella (OLIVEIRA et al., 2011).

3.5.2 Diluidor a base de agua de coco in natura

A agua de coco é o endosperma liquido.encontrada dentro da cavidade do fruto
(Cocus nucifera), que ganhou popularidade na industria em diferentes areas devido ao
seu alto valor nutricional e potencial terapéutico (CAMPBELL-FALCK, 2000).

No tocante a tecnologia do sémen, a 4gua de coco in natura (ACIN) possui em
sua composicdo fisico-quimica substancias importantes para a conservacao da célula
espermatica, tais como sais (potéssio, sodio, calcio, magnésio), glicose e sacarose (TAN
et al., 2014) que agem estabilizando as membranas fosfolipidicas (HINCHA et al.,
2006); além de vitaminas (A, C e complexo B) (YONG et al., 2009) e do hormdnio
vegetal, o &cido-3- indol-acético (TONIOLLI et al., 1996; YAN et al., 2014). Chang e
Wu (2011) também relatam a presenca dos fitonutrientes (+)-catequina e (-)-
epicatequina que possuem atividades antimicrobianas e antioxidantes.

O uso de diluidores a base de agua de coco in natura (DBACIN) tem
proporcionado bons resultados na manutencdo dos parametros espermaticos em: porco
(TONIOLLI, R.,1989), carneiro e bode (NUNES; SALGUEIRO, 1999), cdes (UCHOA
et al., 2002; CARDOSO et al., 2006), macaco-prego (OLIVEIRA et al., 2011) e no
homem (NUNES, J.F., 1998).

3.5.3 Diluidor a base de 4gua de coco em pd (ACP®)

Os excelentes resultados obtidos nos primeiros estudos, em diversas espécies,
com a agua de coco in natura para a conservacdo da célula espermatica, levaram a
elaboracdo de um meio diluidor a base de &gua de coco em p6 (DBACP), visando
transpor barreiras que o DBACIN possui, como: a diferengca na composicdo e a
indisponibilidade do fruto C. nucifera em algumas regides ou paises; e o periodo da
colheita, ou seja, a idade do fruto que é utilizado no preparo do diluidor (CARDOSO et
al., 2007).

A 4gua de coco em pé (ACP®) é produzida a partir da extracdo do liquido
endospérmico do coco (a4gua de coco) (CARDOSO et al., 2007) por meio do processo de

atomizacdo pela técnica de spray dryer (SILVA et al., 2011). Essa tecnologia permite
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que as caracteristicas bioguimicas encontradas no fruto in natura sejam mantidas, nao
havendo também perdas durante o periodo de estocagem.

A ACP® possui como vantagem o fato de ser fabricada de acordo com as
caracteristicas seminais de cada espécie estudada (SILVA et al., 2011) e a praticidade de
uso a campo, pois o preparo € realizado apenas com a diluicdo ja estabelecida pelo
fabricante em agua destilada ou ultrapura (ACP® Biotecnologia) (Figura 4).

O DBACP ja foi utilizado como meio diluidor na criopreservacao de espermatozoides
de diferentes animais domésticos, como: cdo (CARDOSO et al., 2005; BARBOSA et al.,
2007; UCHOA et 1., 2012), gato (SILVA et al., 2007), carneiro (CAVALCANTE et al.,
2012), bode (OLIVEIRA et al., 2011), garanhdo (SAMPAIO-NETO et al., 2002), e em
animais silvestres como: cutia (SILVA et al., 2011), catetos (SILVA et al., 2012; SILVA
etal., 2013; CAMPOS et al., 2014) e macaco-de-cheiro (OLIVEIRA, K.G., 2015).

ACP-118 :
rimatas)
(conservante sémen p
Diluir em 50 mL de agua destilada

pH 6,42; 300 mOsm/Kg H,0;PL= 6,428
Data pesagem: 06 / 11 /2014

Figura 4: (A) Pacote contendo agua de coco em po especifica para primatas (Nimero de Registro: ACP®
118) fornecida pela empresa ACP® Biotecnologia, (B) e ap6s a dilui¢do em agua ultrapura.

3.6 RESFRIAMENTO

Sabe-se que os efeitos do diluidor sobre a qualidade espermatica desde a etapa de
resfriamento, podem determinar a capacidade fecundante do espermatozoide pds-
descongelacdo (DONG et al., 2009b). O que possivelmente pode ser devido ao fato de
que, quando o resfriamento é efetuado de modo inadequado ocorre um choque térmico na
célula espermatica, o qual induz a danos ao espermatozoOide, que se caracteriza por

padrdo anormal de movimento (movimento circular ou retrogrado), rapida perda da
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motilidade, lesdo acrossomal, dano a membrana plasmatica e reducdo da atividade
metabdlica dos espermatozoides (GRAHAM, J.K, 1996).

Em PNH, o resfriamento tem sido comumente realizado com uma curva de
temperatura que vai da ambiente a 4 °C em um refrigerador por duas horas (LI et al.,
2005 b; DONG et al., 2008; Sl et al., 2010). Esse protocolo tambem foi realizado na
criopreservagdo seminal em S. apella por Oliveira et al. (2011), entretanto dados
referentes aos pardmetros espermaticos pos-resfriamento ndo foram relatados pelos

autores, 0s quais ja poderiam indicar baixa eficiéncia do diluidor para a espécie.

3.7 CRIOPROTETORES

Os crioprotetores s&o utilizados no meio diluidor para proteger o0s
espermatozoides contra a formacdo de cristais de gelo intracelular, que resultam em
lesbes na membrana plasmatica e inviabilizam a célula espermatica (WATSON, P.F.,
2000). Sabe-se que a integridade da membrana plasmatica possui papel fundamental na
motilidade espermaética, assim como na viabilidade dos espermatozoides para eventos
futuros importantes na fecundacdo, tais como: capacitacdo, reacdo acrossomica e
penetracdo na membrana plasmatica oocitaria (SALAMON; MAXWELL, 2007; SAID
et al., 2010).

As substancias crioprotetoras sdo divididas em dois grupos: 0s permeaveis ou
intracelulares, e impermeaveis ou extracelulares. Essa classificacdo € realizada de
acordo com o peso molecular e a consequente propriedade de atravessar ou ndo a
membrana plasmatica dos espermatozoides. Os crioprotetores permeaveis sdo essenciais
no meio diluidor para minimizar ou prevenir a formagao de cristais de gelo intracelular,
sendo gue o glicerol, o etilenoglicol e dimetilsulfoxido sdo os mais utilizados. Enquanto
que os crioprotetores impermeaveis, como as lipoproteinas da gema do ovo e as
proteinas do leite, auxiliam na estabilizacdo da membrana plasmatica durante o processo
de congelacao/descongelacdo (MORRELL; HODGES, 1998).

O glicerol ou propano- 1,2,3 triol é o crioprotetor intracelular mais empregado
na congelacdo do sémen de diferentes espécies e possui a capacidade de penetrar através
das membranas celulares, permanecendo tanto na membrana quanto no citoplasma,
impedindo, dessa forma, a formagdo de grandes cristais de gelo intracelulares
(WATSON, P.F., 2000). Em PNH, as concentra¢Ges desse crioprotetor utilizadas no
meio diluente variam de 2,5% (KUSUNOKI et al., 2001; OLIVEIRA et al., 2011) a
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15% (LI et al., 2005), porém na espécie em estudo S. apella, somente um trabalho
relatou a congelacdo de sémen em &gua de coco in natura (ACIN) e TES-TRIS
(OLIVEIRA etal., 2011) a 2,5% e 3,5% de glicerol, respectivamente.

A escolha da concentracdo de glicerol é determinada de acordo com as
caracteristicas seminais que se quer criopreservar, visto que em altas concentracgdes,
esse crioprotetor exerce efeitos toxicos sobre os espermatozoides, como desnaturacdo
das proteinas, alteracdo nas interacdes de actina, em eventos citoplasmaticos devido ao
aumento da viscosidade intracelular pela presenca do glicerol, na polimerizacdo da
tubulina, na associacdo de microtubulos atuando diretamente na membrana plasmatica,
além de alteracdes no glicocalix e nas proteinas da superficie celular (ALVARENGA et
al., 2000; HOLT, W.V., 2000). Esses eventos resultam na desorganizacdo e lesdo da
membrana plasmatica e consequentemente (BUHR et al., 2001) perda da motilidade e
capacidade fecundante dos espermatozoides (LI et al., 2005).

Outro fator que pode implicar no sucesso da criopreservacdo seminal é o0 momento
em que o glicerol é adicionado no meio diluidor (glicerolizac&o), o qual pode ocorrer de
duas maneiras: no momento da dilui¢do inicial, a temperatura ambiente, ou apos a etapa
do resfriamento, a cerca de 4° C, protocolo este que visa reduzir o efeito tdxico do
glicerol por diminuir o periodo de exposicdo dos espermatozoides (KUMAR et al.,
2003). A adicdo do glicerol ap6s o resfriamento, j& tem sido utilizado com bons
resultados em cdes (CARDOSO et al., 2007; UCHOA et al., 2012), cateto (SILVA et

al., 2012) e em macaco cinomolgo (L1 et al., 2005).

3.8 ESPECIES REATIVAS DE OXIGENIO

Nos organismos aerobios a maior parte do oxigénio (O>) utilizado para a producao
de energia é reduzido em agua pelas mitocondrias por meio da acdo da enzima
citocromo oxidase (transferéncia de quatro elétrons para o oxigénio), e cerca de 2-5%
do O é reduzido enzimaticamente, resultando na geracdo de espécies reativas de
oxigénio (ROS do inglés reactive oxygen species) (GRISSA et al., 2007) (Figura 5). As
ROS sdo eletronicamente instaveis e, por isso, altamente reativos, tendo a capacidade de
reagir com um grande nimero de compostos que estejam proximos. Dentre elas temos:
anio superoxido (OY), radical hidroxil (OH?) e o peroxido de hidrogénio (H202)
(AGARWAL et al., 2003).
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Figura 5: Formacdo das ROS (SOD - Superoxido dismutase, Cat — Catalase, 02e- — Superéxido, Oz —
Oxigénio, GSSH — Glutationa Oxidada, GSH — Glutationa Peroxidase, H.O — Agua, OHe — Radical
Hidroxila, GSH — Glutationa Reduzida, H,O; — Peréxido de Hidrogénio).

O anido O - é gerado principalmente na membrana mitocondrial, por meio da
cadeia respiratéria e também por flavoenzimas, lipoxigenases e cicloxigenases
(NORDBERG; ARNER, 2001). Apesar de ser o primeiro radical livre a ser formado a
partir do oxigénio, é radipadamente catalisado pela superoxido dismutase para formar
H.0, (BURNAUGH et al., 2007). E caracterizado por ser pouco reativo e ndo ter
habilidade de penetrar nas membranas lipidicas, agindo apenas no compartimento onde
é produzido. Contudo, o0 H202 possui vida longa e é capaz de atravessar as membranas
biolégicas (NORDBERG; ARNER, 2001).
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O OHes ¢ considerado o radical livre mais reativo em sistemas biologicos, podendo
desencadear a peroxidacio lipidica. E formado a partir do peroxido de hidrogénio, em
uma reacgdo catalisada por ions metais (Fe++ ou Cu+), denominada reacdo de Fenton
(NORDBERG; ARNER, 2001).

Contudo, em condicoes fisioldgicas, ou seja, em concentracdes reduzidas, as ROS
mediam funcgBes espermaticas normais, como capacitacdo, hiperativacdo, reagdo
acrossémica e fusdo do espermatozoide-odcito, diminuindo a capacidade fecundante dos
espermatozoides (BARBAS; MASCARENHAS, 2009). Entretanto, em altas
concentracdes, podem causar injurias oxidativas em membranas lipidicas, proteinas
trans membranas e nos &cidos nucléicos (OCHSENDORF, F.R., 1999). O H.O: é o
responsavel pela deplecdo da adenosina trifosfato espermaética, com a consequente
diminuicdo da motilidade, ruptura da membrana plasmatica, lesdes na cromatina, assim

como a peroxidacao lipidica (PERIS et al., 2007).

3.9 FONTES DE ROS SEMINAL

Ha duas fontes principais de ROS no sémen: os leucocitos e 0s espermatozoides
imaturos (GARRIDO et al., 2004).

Os espermatozoides produzem ROS principalmente quando ha alteracdes durante a
espermatogénese, 0s quais resultam na presenca de citoplasma residual, como gota
citoplasmatica proximal e distal, fato este que estad relacionado com ao aumento na
producdo de nicotinamida adenina dinucle6tido fosfato (NADPH) pela célula
espermatica imatura, o qual é uma fonte de elétrons para a producdo de ROS
(RODRIGUES, M.P., 2009). Aitken (1995) sugere que a NADPH, seja a principal fonte
de elétrons responsaveis pela produgdo de Oz pelo espermatozoide humano com o
possivel envolvimento do sistema NAD(P)H-oxidase presente na membrana plasmatica
dos espermatozoides, como acontece em outros tipos de células.

Outro sitio de produgédo de ROS ¢ a mitocéndria presente na peca intermediaria dos
espermatozdides, devido esta organela ser a principal fonte de respiragdo e producdo de
energia celular (KOTHARI et al. 2010).

3.10 AGENTES ANTIOXIDANTES

Os antioxidantes s&o um conjunto de substancias formadas por vitaminas, minerais,

enzimas (STEDMAN et al., 2003) que regulam, removem e suprimem a formacéao de
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ROS ou impedem suas agdes (SIKKA, S.C., 2004), sendo classificados como
enzimaticos e ndo enzimaticos.

Os antioxidantes enzimaticos sdo composto pelas enzimas catalase, superdxido
dismutase, glutationa redutase e glutationa peroxidase (ANDRADE et al., 2010). Ja os
antioxidantes ndo enzimaticos incluem a vitamina E (a, B, v, ¢ 8-tocoferol), a vitamina A,
0 4cido ascorbico (Vitamina C) e selénio (NORDBERG; ARNER, 2001). Com exce¢io
da vitamina E, o qual € um antioxidante estrutural da dupla camada lipidica de
membranas celulares, a maioria dos antioxidantes esta localizada no meio intracelular
(FERREIRA; MATSUBARA, 1997).

Diferentemente da maioria das células, os espermatozoides perdem a maior parte
do seu citoplasma durante a maturacdo, 0 que acarreta na diminuicdo da defesa
antioxidante endogena celular, além de possuirem uma membrana plasmatica rica em
acidos graxos poli-insaturados, o que os torna vulneraveis a acdo das ROS (CARVALHO
etal., 2002; ZALATA et al., 2004).

Desta forma, a célula espermaética necessita da protecdo dos antioxidantes presentes
no plasma seminal (SIKKA, S.C., 2004). Entretanto, no processo de criopreservacao
seminal, a etapa de dilui¢do reduz a concentracdo dos antioxidantes naturais presentes no
plasma seminal, resultando no desequilibrio do sistema oxidante-antioxidante, e,
consequentemente, no estresse celular (BILODEAU et al., 2000; AGARWAL et al.,
2006). O processo de congelacdo-descongelacdo também causa peroxidacdo lipidica e
danos a membrana plasmatica, devido ao rapido aumento na utilizacdo de oxigénio pelas
células espermaticas, com maior producdo de radicais livres e lesdo no DNA (BALL;
VO, 2001).

A adicdo de antioxidantes ao diluidor de sémen tem sido descrito como uma
alternativa no intuito de neutralizar os efeitos toxicos dos ROS, garantindo a protecéo e
viabilidade da célula espermética (MAIA; BICUDO, 2009), em diferentes mamiferos
como cdes (KMENTA et al., 2011), gato de cabeca chata (THUWANUT et al., 2011),
touro (PAUDEL et al., 2010), carneiro (SILVA et al 2013; MATA-CAMPUZANO et
al., 2014), macaco rhesus (DONG et al., 2010) e no homem (TAYLOR et al., 2009,
MINAEI et al., 2012).
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3.10.1 Catalase

A catalase é uma enzima antioxidante intracelular encontrada na maioria dos
organismos nos peroxissomos, que sdo organelas envolvidas por uma membrana
vesicular presente no citoplasma, principalmente dos animais, responsavel pelo
armazenamento das enzimas que estdo relacionadas ao metabolismo do H202, o qual é
toxico a célula espermatica por ser o percursor na formacéo do radical OH (ORTEGA
et al., 2003).

Esse antioxidante pertencente a subclasse das enzimas oxidorredutases, que
destroem o H20., convertendo-o em &gua e oxigénio, prevenindo a formagdo de OH'
sendo encontrada principalmente no plasma seminal (BARREIROS et al., 2006;
SICHERLE et al.,, 2011). A atividade da catalase é dependente da membrana
espermatica que contem a enzima nicotinamina adenina dinocleotideo fosfato
(NADPH), o qual é uma enzima de ligacdo para proteger a catalase da inativacdo,
aumentando conseqlientemente sua atividade (SICHERLE et al., 2011).

Ball et al. (2000) verificaram a presenca da catalase no plasma seminal, oriundo
principalmente da glandula prostatica, e concluiram que praticas que podem remover 0
plasma seminal acarretam na diminuicdo da atividade enzimatica de remoc¢do do H203,
0 que expdem a célula espermatica ao estresse oxidativo. Desta forma, com o uso de
catalase no diluidor durante a criopreservacdo do sémen diminuem a exposi¢do dos
espermatozoides a niveis altos de ROS, evitando assim a peroxidacao lipidica e injarias
espermaticas (AWDA et al., 2009), melhorando desta forma a motilidade e viabilidade
dos espermatozoides (MOUBASHER et al., 2013).

A catalase tem sido usada na protecdo dos espermatozoides contra o estresse
oxidativo em garanhdo (BAUMBER et al., 2002), touro (KRZYZOSIAK et al., 2000;
BILODEAU et al., 2002), carneiro (SILVA et al., 2010) e no homem (MAIA et al,
2009)
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ABSTRACT

The objectives of the present study were to test the effect of coconut water solution
(CWS), TES-TRIS and ACP-118® on the seminal cooling and cryopreservation of
semen from capuchin monkeys (Sapejus apella). Semen was collected from six males
by electro-ejaculation, diluted in TES-TRIS, CWS or ACP-118®, and maintained at 4
°C for 28 hours. Semen was subsequently evaluated (Experiment I) or cryopreserved in
the presence of different glycerol concentrations (3%, 5% or 7%) (Experiment II). ACP-
118® was the preferred extender to preserve sperm motility and viability after 28 hours
incubation at 4 °C. Cooled sperm were successfully frozen-thawed in a medium
containing 3% glycerol. After thawing, sperm retained the capacity to fertilize oocytes
and zygotes were obtained. In conclusion, ACP-118® can be effectively and efficiently
used as extender for the cooling of S. Apella semen. Furthermore, cryopreservation
using ACP-118® by adding 3% glycerol is suitable to maintain sperm morphology and
the capacity of these cells to fertilize in vitro.

Keywords: Coconut; TES-TRIS; glycerol; capuchin monkey
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1. Introduction

Handling and preservation of semen from the Neotropical Non-Human Primate
(NHP) Sapajus apella is challenging due to characteristics of the coagulated ejaculated
semen that is collected (Oliveira et al., 2011). The seminal coagulum does not liquefy
spontaneously for harvesting sperm, but only under mechanical or enzymatic
fragmentation (Nagle and Denari, 1983; Oliveira et al., 2011). Hence, success with use
of the freezing protocol developed for this species depends on the use of extenders that
are able to promote seminal coagulum liquefaction without impairing sperm viability.

Most extenders used for NHP semen are based on TES-TRIS buffers (Si et al.,
2000; Li et al., 2004; 2005a; Dong et al., 2009a,b; Oliveira et al., 2011; Yang et al.,
2011). Extenders based on coconut water solution (CWS) (Oliveira et al., 2011), or
purified and lyophilized coconut water (ACP-118%; Lima et al., 2013) have been
successfully applied to S. apella. From both solutions, ACP-118® appeared to be the
more desirable solution for harvesting viable sperm from seminal coagulum (Lima et
al., 2013) as a candidate extender for chilling and freezing procedures.

Extender influences sperm quality during cooling, being one of the important
factors for retention of the capacity of the sperm cell to fertilize an oocyte (Dong et al.,
2009b). Information on NHP semen quality after chilling using extenders, however, is
scarce and limited to a few studies with Macaca mulatta (Dong et al., 2008; Si et al.,
2010), S. apella (Lima et al., 2013) and Saimiri collinsi (Oliveira et al., 2015). Prior to
freezing, cryoprotectant exposure is apparently another important factor affecting sperm
survival. Glycerol is commonly used as an intracellular cryoprotectant at concentrations
varying from 2.5% (Kusunoki et al. 2001; Li et al., 2005a; Oliveira et al., 2011) to 15%
(Li et al., 2005b). In a previous study, 2.5% and 3.5% glycerol was applied to the

extenders CWS and TES-TRIS, respectively, to cryopreserve S. apella semen. Sperm
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cell motility, however, was not recovered after thawing (Oliveira et al., 2011), probably
due to an insufficient permeation of glycerol into the cells.

The aim in the present study was to determine which extender is most desirable
for liquefying semen coagulum and maintaining seminal quality by comparing TES-
TRIS, CWS and ACP-118® during chilling, as well as to establish the optimal glycerol
concentration (3%, 5% or 7%) to be added to the extenders for semen freezing after the

cooling process.

2. Materials and methods
2.1. Animals

All experimental protocols were approved by the Ethical Committee in Animal
Research (n°. 013/2009/CEPAN/IEC/SVS/MS) and by the System of Authorization and
Information in Biodiversity (SISBIO/ICMBio/MMA n°. 34009-2). All procedures were
performed under the supervision of a veterinarian. Six healthy, sexually mature male S.
apella, ~ 10 years old, provided by the National Primate Centre (CENP), were used for
collecting semen. Length, width, height, circumference, and volume of both testes were
measured.

The animals were individually housed in cages of 90 cm x 80 cm x 80 cm (length,
width and height, respectively), under natural photoperiod (i.e., under 12 h of light and
12 h of dark) at CENP, Ananindeua, Brazil (1°22°57”’S, 48°22°52”W). The climate is
humid and tropical, with an average annual temperature of 28 °C. The diet consisted of
fresh fruits, vegetables, commercial pellet chow specific for neotropical non-human
primates (Megazoo® P18, 18% protein, 6.5% fibre, Brazil) and drinking water was
available ad libitum. To avoid stress effects of the anaesthesia, animals were previously

conditioned for 2 months as described by Oliveira et al. (2011).
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2.2. Semen collection and analyses

Semen was collected under hygienic conditions at the same period of the day (i.e.,
in the morning before feeding) and after anaesthesia with ketamine hydrochloride (12
mg/kg; IM; Dopalen 10%, Vetbrands, Paulina, Brazil) and xylazine hydrochloride (1
mg/kg; IM; Anasedan 2%, Vetbrands). Animals were stimulated with a modified rectal
electro-ejaculation (EEJ) procedure described by Oliveira et al. (2011). In brief, an EEJ
(Autojac-Neovet, Uberaba, Brazil) rectal probe (9 mm diameter and 15 cm long) was
introduced in the rectum (~5 cm deep), and electrical stimuli were delivered. A
stimulation session consisted of three series, composed of 35 electrical stimuli (10 —100
mA; 1 — 12 V) within an interval of 30 s before the next series. The intervals between
semen collections were 20 days. Ejaculates were collected into a micro centrifuge tube
(1.5 mL). Seminal volume, colour and viscosity were immediately evaluated. Sperm
motility, vigour, and morphology were evaluated after seminal liquefaction as
previously described (Oliveira et al., 2011). Sperm morphology and plasma membrane
integrity were evaluated by a smear prepared adding 5 pL eosin 1% (Vetec) and 5 pL
nigrosine 1% (Vetec) to 5 pL of semen on a pre-warmed (37 °C) glass slide.
Morphologic defects detected in the sperm were classified as primary or secondary.
Sperm concentration was recorded in a Neubauer chamber. All evaluations were
performed under a light microscope (Nikon E400, Japan) at a magnification of 100 x.
Only animals where sperm have 60% or greater motility, a vigour rating of 4, and a
maximum of 5% to 10% primary defects as well as 10% to 20% secondary defects were

used in the experiment.
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2.3. Extenders
Three extenders were tested for Experiment I: TES-TRIS (Morrell, 1998), in
natura CWS (Oliveira et al., 2011) and ACP-118® (Lima et al., 2013). Each extender

consisted of two fractions (A and B), as detailed in Table 1.

2.4. Semen liquefaction and dilution

Semen coagulum from each animal was divided into three aliquots of similar size
with a sterile bistouri blade (Suzhou Kyuan Medical Ltd, China) under a light
microscope. Each aliquot was diluted (1:1) as Fraction A in the tested extenders (TES-
TRIS, CWS or ACP-118®) and maintained at 37 °C in a water-bath. Subsequently, the
seminal coagulum in each extender was mechanically dissociated by repeated pipetting

(Oliveira et al., 2011).

2.5. Experimental design

This study comprised two experiments. In Experiment |, extenders (TES-TRIS;
coconut water solution — CWS; and purified and lyophilized coconut water - ACP-
118®) were tested as to capacity to maintain sperm viability during cooling. In
Experiment 1l, semen was frozen using the most desirable extender that was ascertained

in Experiment I and different concentrations (3%, 5% or 7%) of glycerol were used.

2.5.1. Experiment I: Semen cooling

After partial coagulum liquefaction in Fraction A of each extender, an aliquot of
the fresh semen was immediately evaluated (motility, vigour and plasma membrane
integrity) and the aliquot was submitted to a second dilution using Fraction B with each

respective extender at a ratio of 1:1. Thereafter, samples were drawn into 0.25 mL
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plastic straws (IMV Technologies, L’ Aigle, France), sealed with metal beads and cooled
down from 36 °C to 4 °C in 90 min (- 0.4 °C/min), and stored horizontally at 4 °C for 28
hours. The straws were subsequently warmed for 30 seconds at 37 °C and semen was

evaluated for sperm motility, vigour, plasma membrane integrity and morphology.

2.5.2. Experiment I1: Semen cryopreservation

Each sample was cooled utilizing the most optimal extender ascertained when
conducting Experiment | and samples were subsequently divided equally into three
aliquots. An equal volume of pre-cooled (4 °C) corresponding extender (Fraction B)
containing glycerol at three different concentrations (3%, 5% or 7%) was added
stepwise (three times) at intervals of 10 min within 30 min. During the last 10 min of
equilibration, the sperm were drawn into 0.25-ml plastic straws and sealed with metal
beads. Straws were then placed horizontally on a rack 10 cm above the surface of liquid
nitrogen and frozen. After 20 minutes, straws were submerged directly into liquid
nitrogen (LN2) for at least 1 week of storage. Subsequently, straws containing frozen
sperm were put in a 37 °C water bath for 30 seconds to thaw and submitted for sperm

analysis.

2.6. Sperm motility and vitality recovery rate

Analysis of sperm motility recovery rate and vitality maintenance rate
using different extenders during cooling were evaluated, and the use of different
glycerol concentrations in the freezing was estimated by Motility Recovery Rate (MRR)
and Vitality Maintenance Rate (VMR). MRR is the percentage of recovered motility

after cooling or freezing compared to the motility immediately after liquefaction (Li et
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al., 2006). VMR is the ratio of integrity of plasma membrane after cooling or freezing

when compared to control (fresh sperm).

2.7. Statistical analysis

Data are expressed as mean + SEM. Differences in sperm motility, morphology,
plasma membrane integrity, motility recovery rate and vitality maintenance rate were
compared between treatments using Student’s t-test, while vigour was compared with
Kruskal-Wallis. The effect of the extenders and glycerol concentration on the
percentage of plasma membrane integrity, sperm motility and vigour was evaluated
with one-was evaluated by ANOVA, and differences were located with a Fisher’s
protected least significant difference (LSD) post hoc test. A P < 0.05 was considered to

be statistically significant.

3. Results
3.1 Sperm quality is not affected by semen electro-ejaculation collection

Testicular width, height, length and volume averaged 1.6 cm £ 0.1 cm, 1.6 cm £
0.1 cm, 25 cm + 0.7 cm, and 3.4 cm® + 0.4 cm?®, respectively, without significant
differences between the left and right testis. Semen collection was successful in 23 of 34
attempts (67%), from which 14 samples were used in Experiment | (2 + 0.6
collection/animal) and nine samples in Experiment Il (2 = 0.3 collection/animal) (Table
2). Penile erection began in the first series of electrical stimuli, and ejaculation often
occurred in the second series (50%) (i.e., 13 min after electro-ejaculation started) and
30% and 20% of the ejaculates were recovered during first and third series, respectively.
Collection sessions lasted, on average, 30 min. Before liquefaction, semen was a

whitish and gelatinous coagulum. The collected volume was 0.6 £ 0.1 mL. Seminal
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coagulum liquefied within 2 + 1 h in all tested extenders. Complete liquefaction was not
achieved and some remaining micro coagula were observed in the samples, but without
interfere on the semen cooling or freezing-thawing. Sperm concentration during

liquefaction averaged 1199 + 608 x 10° sperm/mL.

3.2. Cooling negatively affects sperm motility and vigour

Immediately after liquefaction, sperm motility and vigour were preserved to a
greater extent (P < 0.05) in ACP-118® than in TES-TRIS. When compared to fresh
samples, cooling negatively affected sperm motility and vigour, whereas plasma
membrane integrity was not affected independently by the extender. Sperm cooled in
the presence of ACP-118® had a greater (P < 0.05) percentage motility, plasma
membrane integrity and motility maintenance rate when compared to use of TES-TRIS
and CWS. Motility was greater (P < 0.05) in the samples cooled in TES-TRIS than in
those cooled in CWS. There was no difference when using ACP-118®, TES-TRIS and
CWS for sperm cell vitality maintenance rate (Table 3). Three males had the greatest
sperm quality after cooling and were then selected for use in Experiment Il using ACP-

118® as extender.

3.2. Cooling without cryoprotectant followed by freezing in ACP-118® added by 3%
glycerol improves sperm motility

Cryopreservation impaired sperm motility and plasma membrane integrity, but
vigour and the percentages of morphologically normal sperm were unaffected. After
freezing-thawing, the sperm motility and motility maintenance were greater (P < 0.05)
when 3% or 5% GLY was added to the extender (ACP-118®), while the greatest

percentages of plasma membrane integrity were observed when sperm were frozen in
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the presence of 3% GLY. All the other variables were not influenced by the GLY
concentration (Table 4). Morphological abnormalities were decreased after

cryopreservation independent of GLY concentration (Table 5).

4. Discussion

This was the first successful attempt to obtain motile sperm after cryopreservation
of semen from S. apella. Furthermore, frozen-thawed sperm retained the capacity to
fertilize oocytes in vitro, resulting in the production of zygotes. Although no embryo
development was observed, information regarding the importance of extender and
cryoprotectant concentration in maintaining sperm viability was an important outcome
of the present study.

S. apella seminal coagulum dissolution can be performed with simple solutions
such as 0.9% saline (Nagle and Denari, 1983), or with the extenders TES-TRIS and
CWS (Oliveira et al., 2011). However, after removal from the seminal plug, sperm are
frequently immotile or have poor motility. In the present study, use of ACP-118® was
effective in improving the rates of sperm motility and vigour when compared with TES-
TRIS and CWS with use of CWS being more effective than TES-TRIS. This is probably
due the medium composition. TES-TRIS contains less buffers and fructose than CWS
and ACP-118® which are rich in membrane stabilizers (Tan et al., 2014) such as
potassium, sodium, calcium, magnesium, glucose and sucrose (Hincha et al., 2006; Yan
et al., 2014). Semen dilution results in a decreased concentration of natural antioxidants
present in the seminal plasma which results in a redox system imbalance, stress, and
subsequent impairment of sperm motility, viability and capacity for fertilization
(Agarwal et al., 2006; De Lamirande and O’Flaherty, 2008). Hence, presence of vitamin

C in CWS and ACP-118® might support the preservation of sperm quality. ACP-118®
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is produced by spray drying and stored as a powder, being more stable than CWS,
explaining the results of the present study.

Usually, cooling of NHP sperm is performed prior to freezing where specimens
are maintained under refrigeration at 4 °C for approximately 2 hours (Li et al., 2005b;
Dong et al., 2008; Si et al., 2010). In the present study, ACP-118® appeared to be the
preferred extender for preservation of sperm motility, vigour and membrane integrity
after cooling at 4 °C for 28 hours. The cooled semen alternative used in the present
study could be valuable for use in species with poor success rates of fertilization after
semen cryopreservation as well as for facilitating semen transport and handling in the
field.

Regarding cryopreservation, concentration of the cryoprotectant and the time of
its exposure affect the survival rates of sperm. In a previous study, exposure to glycerol
before cooling resulted in decreased sperm viability (Oliveira et al., 2011). In the
present study, glycerol was added after cooling with improved rates of sperm survival.
There were similar results when glycerol was used for semen storage in dogs (Uchoa et
al., 2012), collared peccary (Silva et al., 2012) and old-world NHP (Li et al., 2005ab,
2006; Si et al., 2010). Decreasing the exposure time to glycerol during cooling protects
the sperm cells from osmotic shock, toxicity of glycerol and plasma membrane damage
(Buhr et al., 2001). It is important to note that individual variations were observed not
only regarding semen quality after collection but also on the freezing capacity in the
present study. Similar results were described by Leibo et al. (2007) when studying the
cryopreservation of rhesus monkey semen. When frozen-thawed semen was compared
with fresh semen, there were no differences for the percentages of morphologically

normal sperm. It is suggested, based on the present and previous findings, that
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morphological analysis alone is not a reliable procedure to evaluate cryopreservation
efficacy and results from such studies can be misleading.

All glycerol concentrations used in the present study preserved sperm motility
after thawing, but 3% glycerol appeared as the most efficient. Results of Oliveira et al.
(2011) were not consistent with this finding when freezing S. apella semen with 2.5% to
3.5% glycerol. These previous results might be related to the types of extenders used
(i.e., CWS and TES-TRIS) showing that cryoprotectant and extender interaction is

important during semen preservation.

5. Conclusion
The extender ACP-118® is suitable for the maintenance of sperm motility and

viability after cooling, as well as after freezing when combined with 3% glycerol.
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Table 1

Composition, osmolarity and pH of fractions A and B from extenders

Fraction Composition Amount  Osmolarity pH
Fraction A

TES-TRIS

TES 490¢g

TRIS 1.06 g

Ultrapure water 100 mL

D-Fructose 0.20 g

Streptomycin 0.209

Penicillin 0.10g 327 mOsm 7.2

CWS

In natura coconut water 50 mL

Ultrapure water 25 mL

Citrate solution 5% 25 mL

Streptomycin 0.20g

Penicillin 0.10g 294 mOsm 6.5

ACP-118®

ACP-118® 5849

Ultrapure water 50 mL

Streptomycin 0.20g

Penicillin 0.10¢g 300 mOsm 6.5
Fraction B

TES-TRIS

Fraction A 30 mL

Skim milk solution 11% 30 mL

Egg yolk 40mL  520-540 mOsm 7.0

CWS

Fraction A 60 mL

Egg yolk 40 mL  580-590 mOsm 6.5

ACP-118®

Fraction A 60 mL

Egg yolk 40 mL  580-590 mOsm 6.5
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Table 2

Data on semen collection by electroejaculation and the distribution (number of samples

per animal) in Experiments | and |1

Semen collection

Animals Attempts Ejaculate Cooled semen  Frozen semen

1 9 8 (89%) 5 (63%) 3 (37%)

2 5 3 (60%) 3 (100%) 0 (0%)

3 5 4 (80%) 2 (50%) 2 (50%)

4 4 3 (75%) 2 (67%) 1 (33%)

5 5 3 (60%) 1 (33%) 2 (67%)

6 6 2 (33%) 1 (50%) 1 (50%)
Total 34 23 (67%) 14 (67%) 9 (33%)
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Table 3
Mean values (x SEM) of matility, vigour, plasma membrane integrity (PMI), motility
(MMR) and vitality (VMR) maintenance rates before and after 28h of S. apella semen

cooling using TES-TRIS, CWS or ACP-118® as extenders

Extender Motility Vigour PMI (%) MRR (%) VMR (%)

(%)

Fresh
TES-TRIS 50+ 428 38 76 + 624 - -
CWS 12 +52C 0 29 + 928 - -
ACP- 83 +23A 5aA 80 + 334 - -
118®

Cooled
TES-TRIS 24 + 6PB 0B  43+6*B  12+8B 64 + 24~
CWS opc QB 25 + 738 2+ 28 85 + 18~
ACP- 49 + 5bA 3bA 50 + 42 + 117 70 + 5°A
118®

1184

#dDjfferent lower-case letters indicate differences between means compared before and
after cooling within the same extender (P < 0.05)

ACDifferent upper-case letters indicate differences between means comparing extenders
within the same group (fresh or cooled) (P < 0.05)
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Table 4
Mean values (x SEM) of motility, vigour, plasma membrane integrity (PMI), normal

sperm, motility (MMR) and vitality (VMR) maintenance before and after freezing

ACP-118® Animal 1 Animal 2 Animal 3 Mean
Control*
Motility 67+9 95 800 80.6 + 8°
Vigour 3 5 4-3 32
PMI (%) 7217 60 79+1 70.3+5.5°
Normal sperm (%) 60+5 94 91+45 81.7 £10.92
MRR (%) - - - -
VMR (%) - - - -
+3% GLY
Motility 37+ 9 50 15+15 34.0+10.2°
Vigour 4 4 4.0 42
PMI (%) 52+ 14 10 51+18 37.7+13.8®
Normal sperm (%) 95+35 99 82+11 92.2+5.1°
MRR (%) 59+ 17 53 18 +18 43.3+12.8%
VMR (%) 70+ 16 17 45 £ 45 44.0 £ 1537
+5% GLY
Motility 25+8.7 60 5+5 30.0+16.1°
Vigour 4 4 3.0 42
PMI (%) 46 + 16 10 28+28 28.0 +£10.4°
Normal sperm (%) 94+3 100 955 96.3+1.8°?
MRR (%) 40+ 14 63 6+6 36.3+16.6%
VMR (%) 63120 17 36 £ 36 38.7+£13.3A
+7% GLY
Motility 10+29 0 0 3.3+33°
Vigour 4 0 0 32
PMI (%) 42 +16.2 2 27 + 27 23.7+11.7°
Normal sperm (%) 96+ 3 100 925+75 96 +2.3°
MRR (%) 17+7 0 3+3 6.7 +5.38
VMR (%) 57+21 3 35+35 31.7£15.7A

“Immediately after dissolution of seminal coagulum; Animal 1 (3 ejaculates); Animal 2 (1 ejaculate);
Animal 3 (2 ejaculates); ¢ Different lower-case letters indicate significant differences between control
and treatments within the same column (P < 0.05); ~B Different upper-case letters indicate significant
differences among treatments when comparing MMR or VMR (P < 0.05).
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Table 5

Morphological analysis of primary and secondary abnormalities in the Sapajus apella
sperm before (control) and after cryopreservation (3%, 5% and 7% glycerol in ACP-
118®); Mean percentages (£ SEM) of sperm with normal morphology or primary and

secondary abnormalities

Primary abnormalities Secondary abnormalities
ACP-118® Strongly coiled tail Benttail  Coiled tail
Control* 9+28 11 £ 52 7+2°
+ 3% GLY 4+ 2P 0P 1+0°
+5% GLY 3+1P 0P 2+1P
+7% GLY 4+ 2P 0P 2+1P

* Immediately after dissolution of seminal coagulum
abDifferent lower-case letters indicate significant differences between means within the
same column (P < 0.05)
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Summary

We aimed to evaluate the effect supplementation of ACP-118® extender with the
antioxidant catalase (10 and 50 pg/ml) on Sapajus apella sperm motility, vigor, and
plasma membrane integrity during the process of seminal liquefaction, cooling, and
freezing. Catalase did not affect none of the evaluated parameters after semen dilution
or cooling. However, cryopreserve sperm in the presence of 50 pg/ml catalase,
presented plasma membrane integrity similar to fresh sperm.

Keywords: antioxidant, monkey, semen, cell membrane

Introduction

Sapajus apella presents a high degree of seminal coagulation, which does not
liquefy spontaneously after ejaculation (Dixson and Anderson, 2002). Hence, sperm
from S. apella suffer stress during coagulum liquefaction, followed by the stress caused
by the freezing process (Oliveira et al., 2011; Ledo et al., 2015). Although seminal
freezing has been described in S. apella using TES-TRIS and coconut-derivate
extenders, sperm parameters such as motility and vigor decrease significantly after
seminal coagulum liquefaction, cooling, freezing, and thawing, sometimes being almost
null (Oliveira et al., 2011; Ledo et al., 2015). Similar effects were observed in other
species of neotropical primates as Saimiri collinsi (Oliveira et al., 2015, Oliveira et al.,
2016ab), S. vanzolinii, S. cassiquiarensis and S. macrodon (Oliveira et al., 2016ab). It is
known that the use of extenders will dilute the concentration of natural antioxidants
present in the seminal plasma (Agarwal et al., 2006), and cryopreservation leads to an
increased production of reactive oxygen species (ROS) (Aitken and Baker, 2006).
Consequently, a redox system imbalance causes impairment of sperm capacity to

fertilize due the injury in the plasma membrane (Taylor et al., 2009), and decrease in
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sperm motility (Kefer et al., 2009). Catalase is an antioxidant present in seminal plasma
and plays a role in counteracting oxidative stress (Mora-Esteves and Shin, 2013). The
beneficial effect of catalase on sperm viability and motility has been reported for human
(Moubasher et al., 2013). In non-human primates the use of catalase was investigated in
rhesus macaque Macaca mulatta (Dong et al., 2009; McCarthy and Meyer, 2011), being
able to decrease lipid peroxidation (McCarthy and Meyer, 2011), and to improve post-
thaw sperm motility (Dong et al., 2009). Our aim was to evaluate semen extender
supplementation with catalase at two different concentrations (10 and 50 pg/ml) on the
sperm morphology, motility, vigor, and plasma membrane integrity during the processes
of seminal liquefaction, cooling, and freezing-thawing.
Materials and Methods

This study was approved by the Ethical Committee in Animal Research (n°.
013/2009/CEPAN/IEC/SVS/MS) and by the System of Authorization and Information
in Biodiversity (SISBIO/ICMBio/MMA n°. 34009-3). Six S. apella males were
provided by the National Primate Centre (Ananindeua, Brazil). Length, width, height,
circumference and volume of both testes were measured. Animals were stimulated with
a rectal electro-ejaculation (EEJ) procedure (Oliveira et al., 2011). Two extenders were
prepared, representing A and B fractions. The A-fraction-A extender was used for the
liquefaction of the seminal coagulum and consisted of 5.84 g ACP 118® (ACP
Biotecnologia®, Fortaleza, Ceard, Brazil) diluted in 50 ml of ultrapure water. B-
Fraction was used for freezing and was composed by 60% A-fraction, with a final
concentration of 20% egg yolk, and 3% glycerol (Sigma Chemical Corporation, St.
Louis, MO, USA). Both A and B-fractions were either or not supplemented with the
antioxidant enzyme catalase (Sigma), as follow: i) fractions A and B without catalase

(control), ii) fractions A and B with 10 pg/ml catalase, or iii) fractions A and B with 50

63



pg/ml catalase. Both concentrations were reached after semen dilution in the extenders.
After collection, semen coagulum was divided into three equal parts, each one was
diluted (1:1) in the fraction A of the tested treatments (Control, or 10 pg/ml or 50 pg/mi
catalase) and maintained at 37 °C in a water-bath. Seminal coagulum in each extender
was mechanically dissociated (Oliveira et al. 2011) until a volume > 100 pul of liquid
fraction was obtained. Samples were cooled down from 37 °C to 4 °C within 90 min (-
0.4 °C/min). An equal volume of precooled (4 °C) corresponding to B fraction from
each treatment was added in three steps interspersed with 10 min. The spermatozoa
were drawn into 0.12 ml plastic straw (IMV, L’Aigle, France) and sealed with metal
beads. Straws were placed horizontally on a rack 10 cm above the surface of liquid
nitrogen. Twenty minutes later, they were submerged directly into liquid nitrogen for
one-week storage. For thawing, straws were kept in a water bath (37 °C) for 30 seconds,
and thawed semen was microscopically evaluated. Samples were evaluated for sperm
motility, vigor, plasma membrane integrity, and morphology. All evaluations were
performed under a light microscope (Nikon, Tokyo, Japan), at a magnification x 100.
Sperm vigor was evaluated on a scale of 0 to 5 (Oliveira et al., 2011). Sperm motility
was expressed as the percentage of cells actively moving in a forward direction (Dong
et al., 2008). Sperm plasma membrane integrity and morphology, including
morphologic defects, were evaluated as previously described (Oliveira et al. 2011).
Sperm motility, plasma membrane integrity and morphology were compared with
ANOVA and vigor was compared with Kruskal-Wallis test. P <0 .05 was considered
statistically significant. To avoid that one animal could influence the results more than
others, in case more ejaculates were obtained from a same animal, the mean value was

used for the statistical analysis as an unit, and not all the values from a single animal.
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Results

All the males (n=6) used in this study were health during the experiments and
presented symmetric testes with normal consistency and mobility. Mean (£SD) body
weight was 3.915 + 3 kg. Testicular biometry is presented in Supplementary Table 1. A
total of 26 semen collection trials (at least two attempts in each of the 6 males) were
performed resulting in seven ejaculates from four males (Table 1). Before liquefaction,
the seminal coagulum presented a yellowish colour and was opaque. Mean (xSD)
collected volume of coagulated semen was 410 = 129 pL (250-600 pL; min—max). After
liquefaction some seminal micro-cloths were still present, but without interfere on the
semen manipulation and cooling or freezing procedures. No significant effect of
liquefaction or cooling on the evaluated semen parameters was observed (Table 2).
However, freezing-thawing lead to a significant decreased in the sperm motility and
vigor, as well as impaired plasma membrane integrity. Exposure to catalase during
dilution and cooling did not improve sperm motility, or plasma membrane integrity.
Similar results were observed when sperm motility and vigor were evaluated after
freezing-thawing. However, cryopreservation solution supplementation with 50 pg/ml
catalase maintained plasma membrane integrity similar to fresh sperm (Table 2).
Liquefaction, cooling, and freezing-thawing did not affect sperm morphology,

independently on the extender supplementation with catalase (Table 3).

Discussion

The limited capacity of storing antioxidant enzymes due to small cytoplasm,
combined with a rich membrane with unsaturated fatty acids makes sperm susceptible
to oxidative stress and to lipid peroxidation (Aitken and Baker, 2006; Agarwal et al.,

2014). Thus, supplementation of the extender with antioxidant has been reported as an
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alternative to protect the sperm against ROS during semen cryopreservation. Usually
the targets are the plasma membrane integrity and sperm motility (Aitken and Baker,
2006; Moubasher et al., 2013). Catalase was efficient to maintain sperm motility after
the cryopreservation process. Differently from our findings, the use of catalase (200
IU/ml) was associated with an improved human sperm viability, increase in percentage
of progressive motility, as well as decrease in DNA damage, when compared with
ejaculates cryopreserved without catalase (Moubasher et al., 2013). In this study, all
treatments had partially recovered post-thaw sperm motility in S. apella, differently
from the data reported by Oliveira et al. (2011) who described absence of motility after
cryopreservation in TEST and in natura coconut water extender. These results may
have been due the extenders used by Oliveira et al. (2011), as well as the
cryopreservation protocol performed within 4.8 hours, while in the present study all
handling took 3.4 hours, a factor that influence ROS production (Kothari et al., 2010).
Considering that supplementation with catalase was effective in maintaining the plasma
membrane integrity in frozen-thawed sperm, this antioxidant may have minimized the
effects of lipid peroxidation on S. apella sperm membrane (Mccarthy and Meyers,
2011). However, it is not advised to simply supplement extender with catalase, and
other strategies or antioxidants should improve not only sperm membrane integrity, but

motility post-thaw.
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Table 1. Mean (+ SD) data of ejaculates (number), sperm motility (%), vigor (grade), and sperm plasma membrane integrity (PMI; %).

Animal Ejaculates Group Motility Vigour PMI
I 1 Control 90 5 71
I 1 Control 90 5 90
I 1 Control 50 4 51
v 4 Control 725+ 23 4 65+ 21
I 1 catalase 10 pg/ml 90 5 78
] 1 catalase 10 pg/ml 90 5 58
i 1 catalase 10 pg/ml 20 4 51
vV 4 catalase 10 pg/ml 74 + 23 5 51 + 26
I 1 catalase 50 pg/ml 90 5 60
] 1 catalase 50 pg/ml 90 5 80
I 1 catalase 50 pg/ml 0 0 27
1\ 4 catalase 50 pg/ml 72+ 23 4 69 + 24
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Table 2: Motility, vigor, and plasma membrane integrity (PMI) of Sapajus apella

sperm.
Motility Vigor PMI
Diluted
Control 77 + 194 5+ 1A 60 + 22A
Catalase
10 pg/ml 69 + 334 5+ 1A 59 + 194
50 pg/ml 63 + 43A 4+ 2° 39+ 12A
Cooled
Control 59 + 41A 3+ 2A 60 + 224
Catalase
10 pg/ml 54 + 424 3+ 24 59 + 20
50 pg/ml 51 + 384 3124 39+ 124
Frozen-thawed
Control 6 +12B 1+1B 11 +198
Catalase
10 pg/ml 4+ 8B 1+18 14 + 158
50 pg/ml 7+148 1+1B 15 + 294

A-B: Different uppercase letters indicate differences between means comparing
liquefied, cooled and freezing—thawing within the same group; P < 0.05.
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Table 3: Mean (x SD) percentages of morphologically normal sperm and sperm with major pathologic defects.

Diluted* Cooled Frozen-thawed
Catalase Catalase Catalase
Control 10 pg/ml 50 pg/ml Control 10 pg/ml 50 pg/ml Control 10 pg/ml 50 pg/ml

Sperm morphology
Normal spermatozoa 174 82+3 81+3 78+4 854 82+3 84+ 6 882 882
Primary abnormalities

Strongly coiled tail 51 4+1 21 62 20 31 31 51 31
Secondary abnormalities

Coiled tail 11+£3 10£2 10£2 10£2 6£2 9+2 914 51 61

Bent tail 71 4+1 71 71 6+2 4+1 4+1 2+1 3x1

*After liquefaction
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6 CONCLUSAO GERAL

O diluidor ACP®-118 conseguiu manter de forma mais eficaz a motilidade,
garantindo melhor viabilidade espermatica apos o resfriamento em relacdo ao TESTRIS
e ACIN. A criopreservacdo do sémen de Sapajus apella em diluidor a base ACP®-- 118
a 3% apresentou melhores resultados nos pardmetros espermaticos analisados. Contudo,
apesar de sémen descongelado ser capaz de fecundar o 6ocito e produzir zigoto, ndo
houve desenvolvimento de embrido.

No tocante a suplementacéo de antioxidande no meio de criopreservacao seminal, 0
uso de catalase mostrou efeito benéfico durante o processo, entretanto, novas
concentragfes devem ser testadas visando melhorar os parametros espermaticos pos-

descongelacéo.
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