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VITRIFICAQAO E CULTIVO IN VIVO DE TECIDO OVARIANO DE CUTIAS
(Dasyprocta leporina, Lichtenstein, 1823). Praxedes, Erica Camila Gurgel.
Vitrificacdo e cultivo in vivo de tecido ovariano de cutias (Dasyprocta leporina,
Lichtenstein, 1823). 2017. Dissertacdo (Mestrado em Ciéncia Animal: Morfofisiologia
e Biotecnologia Animal) — Universidade Federal Rural do Semi-Arido (UFERSA),
Mossordé-RN, 2017.

RESUMO: O objetivo do presente estudo foi utilizar a manipulacdo de odcitos
inclusos em foliculos ovarianos pré antrais (MOIFOPA) como ferramenta para o
resgate e conservacdo do uso de gametas femininos de cutias (Dasyprocta leporina). A
dissertacdo foi dividida em duas fases experimentais. Na primeira, foi realizada a
vitrificagdo em superficie solida (SSV) utilizando diferentes concentracdes de agentes
crioprotetores (ACPs), na qual foram verificados os efeitos das concentracdes de 3 e 6
M de dimetilsufoxido (DMSO) e etilenoglicol (EG), bem como a associa¢do de ambos
0s ACPs na concentracdo maior (6 M) sob a morfologia, viabilidade e apoptose celular
de foliculos ovarianos pré-antrais in situ (FOPAs). Um total de 865 FOPAs foi
analisado antes e ap0s a vitrificacdo. No grupo controle, foi observado 80,7 + 5,21%
de FOPA morfologicamente normais. Apds SSV, independentemente do ACP
utilizado, foram obtidos até 76,7% + 5,4 de FOPAS. Na analise de viabilidade, DMSO
3 M, DMSO 6 M, EG 3, EG 6 M (70,0%; 81,11%; 76,6% e 71,11%; respectivamente)
apresentaram valores semelhantes de FOPAS viaveis ao grupo controle (79,0%). Na
segunda fase, foi realizada a SSV utilizando a associacdo dos ACPs (DMSO e EG),
seguido do xenotransplante de tecido ovariano de cutias em camundongas C57BI/6
SCID. Através do monitoramento do lavado vaginal, observou-se que 80% das
camundongas do grupo controle e 42% do grupo vitrificado retornaram a atividade
ovariana, confirmada pela dosagem hormonal. Microscopicamente, foliculos
primordiais, primarios, transicdo e secundarios foram observados nos enxertos, e todos
tinham morfologia normal para as espécies estudadas. No entanto, os foliculos
primordiais e primarios foram observados em maior quantidade ap6s transplante. As
Regides organizadoras de nucléolos (NORs) revelaram que ap6s o transplante ocorreu
uma reducdo significativa de NORs no grupo vitrificado-xenotranplantado (1,66 *
0,25) quando comparados aos grupos controles (grupo controle fresco: 7,19 + 1,23;
grupo controle xenotransplantado: 9,10 + 0,64). As células apoptdticas (TUNEL
positivo) foram encontradas somente apds o transplante das amostras vitrificadas e
foliculos saudaveis foram encontrados nos outros grupos tratado (TUNEL negativo).
Assim, como concluséo geral, o uso da MOIFOPA em cutias permitiu o conhecimento
de aspectos relacionados a sua morfofisiologia reprodutiva, possibilitando tanto a
conservacdo do material genético, com a possibilidade de formacdo de bancos de
germoplasma; e ainda a elucidagcdo dos mecanismos relacionados a sobrevivéncia e ao
desenvolvimento dos FOPA in vivo.

Palavras-chaves: cutias, foliculos pré-antrais, vitrificacdo, xenotransplante.



VITRIFICATION AND IN VIVO CULTURE OF TISSUE OVARIAN OF
AGOUTI (Dasyprocta leporina, Lichtenstein, 1823). Praxedes, Erica Camila Gurgel.
Vitrification and in vivo culture of tissue ovarian of agouti (Dasyprocta leporina,
Lichtenstein, 1823). 2017. Thesis (Master degree in Animal Science:
Morphophysiology and Animal Biotechnology) — Universidade Federal Rural do
Semi-Arido (UFERSA), Mossor6-RN, 2017.

ABSTRACT: The objective of the present thesis was to use the manipulation of
oocytes enclosed in preantral follicles (MOIFOPA) as a tool for the female gametes
rescue and conservation, from wild species agouti (Dasyprocta leporina). The
dissertation was divided into two experimental phases. At first, it was performed solid
surface vitrification (SSV) using different concentrations of cryoprotectant agents
(CPAs) in which the effects of the 3 and 6 M concentrations of dimethylsufoxide
(DMSO) and ethylene glycol (EG) were verified, as well as the association of both
CPAs in the high concentration (6 M) under morphology, viability and apoptosis cell
on the in situ PFs. A total of 865 PFs was analyzed before and after vitrification, it was
observed an average of 80.7 £ 5.21% of morphologically normal follicles in the
control group and after SSV, indifferent the CPA used, it was possible to preserve
until 76.7% + 5.4 OF PFs. At viability analysis, DMSO 3 M, DMSO 6 M, EG 3, EG 6
M (70.0%, 81.11%, 76.6% and 71.11%, respectively) presented similar values to the
control group (79.0%). No apoptotic cells (TUNEL positive) were found before and
after vitrification. At second, vitrification was performed using the association of
CPAs, followed by xenografting of ovarian tissue in C57BI/6 SCID Black mice.
Through vaginal washing monitoring, was observed that 80% mice of the xeno-fresh
group and 42% of the xeno-vitrified group returned to ovarian activity, confirmed by
hormonal measures. Microscopically, primordial, primary and transitional follicles
were observed in the grafts, and all had normal morphology for the species studied.
However, major primordial and primary follicles were observed in transplants. The
NORs revealed that after transplantation a significant reduction (1.66 + 0.25) occurred
when compared to the control groups (group fresh control: 7.19 + 1.23 and xeno-fresh
group: 9.10 £ 0.64). Apoptotic cells (TUNEL positive) were found only after
transplantation of samples vitrified and the healthy follicles (TUNEL negative)
observed in other groups (TUNEL negative). Thus, as the general conclusion, the use
of MOIFOPA in agouti allowed the knowledge of aspects related to its reproductive
morphology and physiology, enabling the germplasm conservation, with the
possibility of germplasm bank formation, as the elucidation of mechanisms related to
the PF survive and in vivo development.

Keywords: agouti, preantral follicles, vitrification, xenografting.
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1. INTRODUCAO

O bioma caatinga possui diversas espécies animais ja catalogados 148 espécies
de mamiferos. Dentre estas, destacam-se as cutias (Dasyprocta leporina Lichtenstein,
1823), as quais tém sido cagadas pela populagéo local para serem utilizadas como uma
fonte alternativa de proteina animal, assim como para a producdo de pele, couro e
pelos (SILVA et al., 2010). Deste modo, esses animais apresentam um grande
potencial de mercado, devendo-se, para tanto, direcionar um maior fluxo de pesquisas,
no intuito de garantir sua conservacdo (SOUZA et al., 2003) e a formacdao de criatorios
para fins comerciais (BONAUDO et al., 2005).

Nesse contexto, o desenvolvimento de biotécnicas reprodutivas ¢ de suma
importancia, como a Manipulacdo de Odcitos Inclusos em Foliculos Ovarianos Pré-
antrais (MOIFOPA). Essa consiste no isolamento ou resgate de foliculos ovarianos
pré-antrais (FOPAS), como na sua conservacdo. Dentre os métodos de conservacao, a
vitrificacdo vem ganhando destaque nos dltimas anos (MOAWAD et al., 2012), bem
como o método de superficie solida (FAUSTINO et al., 2011).

No entanto, para que se tenha sucesso em protocolos de criopreservacéo, faz-se
necessaria a adicdo de ACPs. Os ACPs agem protegendo a célula a baixas
temperaturas, prevenindo a formacdo de gelo intracelular e os possiveis danos
causados pela desidratacdo (HAN et al., 2009). Assim dependendo do seu local de
acdo podem ser classificados em intracelulares e extracelulares. Dentre os ACPs
intracelulares destacam-se o dimetilsuféxido (DMSO) e o etilenoglicol (EG) e entre 0s
extracelulares, a sacarose.

Assim, diversos métodos de analise de foliculos pré-antrais criopreservados
vem sendo bastante utilizados, como a analise da morfologia mediada pelo método da
histologia classica, da viabilidade utilizando o corante azul de Trypan (MATOS et al.,
2007b), bem como analises de imunohistoquimica e agNOR, através da analise da
atividade proliferativa folicular das células da granulosa. Dentre esses, destaca-se 0
cultivo in vivo de tecido ovariano através da técnica de xenotransplante, capaz de
favorecer o crescimento e maturacdo de oocitos de varias especies, podendo garantir
também, a preservacdo de espécies ameacadas de extin¢do (KIKUCHI et al., 2011).

Em virtude da sua ampla aplicacdo na reproducdo assistida associada ao

transplante, a possibilidade de retomada da funcéo ovariana e a facilidade de manuseio
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do tecido, a maioria dos trabalhos tem se concentrado na criopreservacdo de tecido
ovariano (FAUSTINO et al., 2011). O xenotransplante compreende a coleta de um
tecido doador de certa espécie e a introducdo deste tecido em um receptor de outra
espéecie (AUBARD, 2003). Estudos relatam o uso da técnica em primatas, (CANDY et
al., 1995), marsupiais (WOLVEKAMP et al., 2001), e bovinos (HERNANDEZ-
FONSECA et al,. 2005)Resultados satisfatorios foram encontrados no xenotransplante
de tecido ovariano bovino em camundongas imunodeficientes, onde os foliculos pré
antrais mostraram viabilidade e ocorreu aumento na porcentagem de foliculos antrais
presentes no tecido xenotransplantado (BEZERRA, 2010).

Dessa forma, estudos relacionados a conservacdo de material genético sdo de
grande importancia para espécies silvestres, como a cutia, pois além de possibilitar o
estudo de suas particularidades fisiologicas, permitem a exploracdo de seu potencial
zootécnico, contribuindo ndo apenas para compreensao de mecanismos envolvidos na
foliculogénese inicial, como também gerando conhecimentos fundamentais para a
aplicacdo de outras biotécnicas, visando sua conservacao e sua multiplicacdo dentro de

um sistema produtivo.
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1. REVISAO DE LITERATURA

2.1. A Cutia (Dasyprocta leporina)

2.1.1. Importancia ecoldgica e produtiva

A cutia (Dasyprocta leporina, Lichtenstein, 1823) € uma espécie mamifera
silvestre pertencente a classe Mammalia e ordem Rodentia, com distribuicdo do
Tocantis a Leste dos Andes (REIS et al., 2006), habitando a floresta Amazonica,
Atlantica, Cerrado e Caatinga (KAISER et al., 2011).

Dentre as 148 espécies mamiferas encontradas no bioma caatinga, a cutia, €
considerada uma fonte alternativa de proteina animal (NOGUEIRA; NOGUEIRA —
FILHO, 2011), e vem sendo utilizada pela populacdo, também, para a extracdo da sua
pele, couro e pelos, sendo sua carne considerada, ainda, uma iguaria em alguns paises
da Ameérica Central (ROOPCHAND, 2002). Por essa razdo, vem sofrendo com a
crescente caca predatoria e destruicdo de seu habitat natural (HOSKEN; SILVEIRA,
2001), no entanto sua populacdo € considerada estavel e ndo preocupante
(CATZEFLIS et al., 2014).

Esta espécie é de suma importancia para o equilibrio da cadeia alimentar,
servindo de alimento para raposas e felideos (HOSKEN; SILVEIRA, 2001), bem
como atuam como dispersores de sementes através das fezes e por se alimentarem de
folhas, raizes, flores, sementes e especialmente de frutos caidos no solo, contribuem
com a disseminacdo de diversas espécies vegetais (LANGE; SCHMIDT, 2007). Ao
urinarem e defecarem em suas tocas auxilia no retorno dos nutrientes e sais minerais
para o solo, e por fazerem tocas no solo, promovem também a aeracdo do terreno
(COSTA et al., 2013).

Em decorréncia da sua adaptacdo a diversos ambientes, a cutia pode ser
explorada racionalmente, mediante a pratica de manejo que favoreca a sobrevivéncia
em seu habitat natural ou em cativeiro (PACHALY et al., 1999). A criagdo em
cativeiro surge, assim, como uma alternativa para a sua preservacgao, exploracéo de seu
potencial zootécnico, permitindo, ainda, o desenvolvimento de estudos sobre suas
particularidades fisioldgicas (PACHALY et al., 1999; LOPES et al., 2004).
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Além de sua importancia econémica e ecoldgica, esse roedor silvestre, pode ser
utilizado como modelo experimental para outras espéecies de roedores vulnerdveis a
extincdo como, por exemplo, a Dasyprocta ruatanica (ICMBIO, 2014), por
apresentarem baixo custo de manutencdo, curto periodo de gestacdo e pequeno porte
(PUKAZHENTHI et al., 2006). Espécies utilizadas como modelos experimentais
como animais domésticos e silvestres ndo ameacados sdo essenciais para 0
desenvolvimento de protocolos de reproducdo assistida que posteriormente possam ser

aplicados a estas, auxiliando na sua conservacao (WANDERLEY et al., 2012)
2.1.2. Caracteristicas gerais e reprodutivas

As cutias (Dasyprocta spp. Lichtenstein, 1823) fazem parte da ordem dos
roedores, constituindo o género Dasyprocta que engloba onze espécies, entre as
quais podemos destacar a espécie Dasyprocta leporina (Figura 1), a qual apresenta
distribuicdo do Tocantins ao leste dos Andes (LANGE, 1998; REIS et al., 2006),
ocupando a floresta Amazonia, Atlantica, Cerrado e Caatinga (KAISER et al., 2011).

Figura 1 Cutia adulta em cativeiro (Dasyprocta leporina Lichtenstein, 1823)

Fonte: arquivo LCGA

Sdo roedores silvestres de tamanho médio de 50 cm de comprimento
mensurados do focinho a base da cauda, sendo esta Gltima geralmente sem pelo;

apresenta altura média de 23 cm e peso variando entre 1,5 a 2,8 kg. Seu corpo é
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espesso e sua cabeca, levemente alongada, sendo suas orelhas, relativamente
pequenas. Os pelos que as revestem sdo &speros e duros, predominando as cores
marrons, claro ou escuro, amarelada ou dourada. Os membros sdo bem adaptados as
longas caminhadas, onde os toracicos sdo mais curtos possuindo cinco dedos,
enquanto os pelvicos sdo longos, apresentando apenas trés dedos, todos eles dotados
de fortes unhas semelhantes a cascos (OLIVEIRA et al., 2012).

Estes animais tém habitos diurnos e crepusculares e quando ameacgados, podem
apresentar habitos noturnos (SANTOS, 2005). Sdo naturalmente herbivoros,
alimentando-se de folhas, raizes, flores, fungos, sementes e, especialmente, de frutos
encontrados no solo (BOSSO, 2007).

Com relacdo as caracteristicas reprodutivas atingem maturidade sexual por
volta dos nove a dez meses de idade, podendo ser influenciada pela presenca do macho
(GUIMARAES et al., 2009). As fémeas tem ciclo estral poliéstrico continuo com
presenca de uma membrana de oclusdo vaginal, duracdo média de 28 dias, com
variacdo de 24 a 31 dias (CAMPOS et al., 2015) e periodo de gestacdo de 105 a 120
dias com ninhadas médias de um a trés filhotes, amamentados por um periodo de 20
semanas (NOWAK, 1999), tendo o sistema de acasalamento classificado como
monogamicos (KORZ; HENDRICHS, 1995).

Segundo Almeida et al. (2003), os ovarios (Figura 2), da espécie Dasyprocta
leporina estdo localizados na regido sublombar, caudalmente ao rim, na cavidade
abdominal apresentando um formato elipsdide ou ovalado, achatado dorso-
ventralmente. Possuem cor amarela clara e superficie externa lisa com pequenas areas
translicidas, sugestivas da presenca de foliculos em diferentes ordens.
Histologicamente, sdo revestidos por um epitélio cubico simples, tendo como base
uma camada de tecido conjuntivo rico em fibras, sendo descrita uma grande

quantidade de corpos luteos acessorios nessa espécie (WEIR, 1974).
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Figura 2. Par de ovérios de cutias (Dasyprocta leporina).
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Fonte: arquivo LCGA

De acordo com os dados morfométricos o ovéario direito apresenta em media
um peso de 0,082 g; comprimento de 0,83 cm; largura de 0,49 cm e espessura de 0,24
cm, enguanto que o ovario esquerdo possui um peso de 0,058 g; comprimento de 0,74
cm; largura de 0,45 cm e espessura de 0,23 cm (ALMEIDA et al., 2003). O foliculo
(Figura 3), unidade morfofuncional do ovério, apresenta dimensdes variando entre as
classes foliculares, onde o foliculo primordial apresenta-se com 18,62 + 3,40um de
comprimento com odcito de 12,28 + 2,37um e nucleo 6,10 £ 0,93um, foliculo
priméario, odcito e nucleo de 23,75 £ 5,70um; 14,22 + 3,00um e 6,70 + 1,24um,
respectivamente; e ainda foliculo secundario com 88,55 + 17,61 de comprimento,
o0cito 52,85 + 17,56um e nicleo de 22,33 £ 17,61um (SANTOS et al., 2012). Santos
et al. (2012) observaram, ainda, uma grande quantidade de foliculos pluriovulares,

representando um total de 7,51% dos foliculos encontrados.
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Figura 3. Caracteristicas histoldgicas do ovério de cutia (Dasyprocta leporina).
Foliculos primordiais (A) exibindo um odcito com um grande ndcleo, rodeado por
uma camada de células pavimentosas. Foliculos primarios (B) caracterizados por um
odcito que indica grande ndcleo e citoplasma homogéneo rodeado por uma camada
completa de células da granulosa cubdides. Foliculo secundério (C) mostrando duas ou
mais camadas de células da granulosa cubdides. (D) foliculos pluriovulares (seta)

contendo dois odcitos rodeados por uma unica camada de células da granulosa em

formato pavimentoso. Barra de escala: 50 um. (Fonte: LIMA, 2015)

No tocante a aplicacdo de biotécnicas reprodutivas em cutias, até 0 momento
foram descritas em fémeas a criopreservacdo lenta de FOPA in situ de D. leporina
criadas em cativeiro na Caatinga (WANDERLEY et al., 2012), bem como o
diagnostico de gestacdo por ultrassonografia em D. prymnolopha (SOUSA et al.,
2012); a caracterizacdo morfoldgica dos ovarios (ALMEIDA et al., 2003), das tubas
uterinas (FORTES et al., 2005) e a placentacdo (RODRIGUES et al., 2003). Em

machos, ja foram descritos alguns estudos acerca da validacdo de sondas fluorescentes
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(BEZERRA et al.,, 2014); estabelecimentos de protocolos de eletroejaculacéo
(CASTELO et al., 2015) e coleta, avaliacdo e criopreservacdo de espermatozoides
epididimarios (FERRAZ et al., 2011; SILVA et al., 2011) da mesma espécie.

Nesse contexto, devido a escassez de informacGes acerca das particularidades
morfofisioldgicas da cutia, o desenvolvimento de biotécnicas reprodutivas que
possibilitem a conservacdo do seu material genético é necessario, pois além de garantir
a otimizacdo destas biotécnicas reprodutivas a partir de um pequeno numero de
gametas femininos, permitem o aumento da variabilidade genética e do potencial

reprodutivo da espécie em estudo.

1.2. Aspectos gerais da criopreservacdo e da Manipulacdo de odcitos

inclusos em foliculos ovarianos pré-antrais (MOIFOPA)

O ovario da maioria das espécies domésticas e silvestres € constituido de
uma regido cortical e outra medular formada por uma grande quantidade de células,
que juntas, trabalham para exercerem as suas funcdes endocrinas e gametogénicas
(BRISTOL-GOULD; WOODRUFF, 2006). A regido cortical é responsavel por conter
milhares de foliculos em diferentes estagios de desenvolvimento e a medular, por
promover a sustentacdo e nutri¢do do ovario (HAFEZ; HAFEZ, 2004).

O foliculo é a principal unidade morfofuncional do ovario, cuja funcdo é
proporcionar um ambiente ideal para o crescimento, maturacdo oocitéria e producao
de hormdnios (GORDON, 1994; CORTVRINDT; SMITZ, 2001). E constituido por
um odcito circundado por células da granulosa e pode ser classificado como pré-antral
ou antral, dependendo da presenca ou auséncia de uma cavidade repleta de liquido
folicular circundando o odcito, denominada cavidade antral, respectivamente
(ARAUJO, 2014).

A foliculogénese (Figura 3) pode ser definida como o processo de formacéo,
crescimento e maturacdo folicular, iniciando com o desenvolvimento do foliculo
primordial e culminando para o estadio de foliculos pré-ovulatorios (VAN DEN
HURK; ZHAO, 2005), iniciando na vida fetal na maioria das espécies. Os foliculos
primordiais representam a grande maioria (95%) da populacdo folicular presente no

ovario, constituindo o pool de reserva de foliculos quiescentes e somente uma pequena
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parte (0,1%) dos foliculos primordiais chega a ovulagdo, pois a maioria (99,9%)
tornam-se atrésicos durante as fases de crescimento e maturacdo oocitaria (URBINA,
LERNER, 2008).

Figura 4. Representacdo esquematica da estrutura ovariana. Adaptado de
http://faculty.southwest.tn.edu/rburkett/ A&P2_reproductive_system_lab.htm

o Secundarios Antrais
Primarios

Primordiais

Regiao cortical

Corpos luteos

Assim, no intuito de evitar a perda folicular e recuperar uma maior quantidade
desses foliculos ovarianos, que possivelmente entrariam em atresia, surge a
Manipulacdo de Odcitos Inclusos em Foliculos Ovarianos Pré-Antrais (MOIFOPA).
Essa biotécnica consiste no isolamento ou resgate de foliculos pré-antrais a partir de
ovarios, sua posterior conservagdo visando a estocagem por um curto (resfriamento)
ou longo (congelacdo) periodo e no cultivo folicular, objetivando promover o
crescimento, maturacdo in vitro (MIV) e fecundacdo in vitro (FIV) dos od6citos
previamente inclusos em FOPA, uma vez que, esses eventos ndo poderdo mais ocorrer
no préprio ovario (FIGUEIREDO et al., 2007).

A aquisicdo do material genético feminino pode ser realizada através de
biopsias de tecidos ovarianos, pungdes foliculares, ovariectomia uni ou bilateral ou
ainda através de colheita de ovarios imediatamente ap6s a morte do animal, permitindo
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a conservacdo de tecido ovariano, dos foliculos isolados ou dos odcitos imaturos ou
maduros (DOMINGUES et al., 2007; LERMEN et al., 2009).

A criopreservacdo consiste na conservacdo de material bioldgico a baixas
temperaturas, na maioria das vezes, a temperatura criobioldgica do nitrogénio liquido
(-196°C), possibilitando a célula ou tecido permanecerem viaveis por tempos
indeterminados, podendo ser recuperados vidveis apds processo de descongelacéo
(BAKHACH, 2009) devido a reducdo do seu metabolismo, permanecendo em fase de
anabiose.

Buscando manter a viabilidade folicular até que seja realizado o cultivo in vitro
(CIV) ou transplante ovariano, a criopreservagdo de tecido ovariano surge como uma
alternativa a qual permite a manutencdo da integridade estrutural das células
germinativas (FAUSTINO et al., 2010) e ndo somente por permitir salvaguardar o
material genético feminino, mas também por possibilitar a restauracdo da fertilidade
causada por falha ovariana prematura; tratamentos gonadotdxicos (quimioterapia e/ou
radioterapia) e até mesmo apds a morte do animal (FAUSTINO et al., 2011).

Todavia, para cada tipo celular existe uma temperatura ideal de
armazenamento e as crioinjurias estdo diretamente relacionadas a natureza e cinética
das células ao responderem as condicGes induzidas pela temperatura (FABBRI, 2006),
dependendo do método de criopreservacdo estabelecido.

Existem varios métodos de conservacdo celular, entretanto, ndo ha um método
ideal que garanta a conservacao perfeita das caracteristicas morfoldgicas, fisioldgicas e
genéticas do material a ser criopreservado. Portanto, € imprescindivel primeiramente
avaliar o material biologico a ser conservado para realizar a escolha do método de
conservacdo, considerando as vantagens e desvantagens de cada método (SOLA,
2012).

1.2.1. Métodos de criopreservacao

Basicamente, a criopreservacdo € realizada através de dois métodos principais,
a congelacéo lenta e a vitrificacdo.
A congelacdo lenta ou congelacdo convencional baseia-se na reducdo gradual

da temperatura sob a utilizacdo de um freezer programavel, com a utilizago de baixas
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concentragdes de ACPs, promovendo o0 aumento na concentracdo de solutos
extracelulares, levando a cristalizacdo da agua no interior da célula (PAYNTER,
2000). Esta caracteristica estd diretamente relacionada com o equilibrio osmaético,
determinando a velocidade com que a agua sai da celula (MAZUR, 1984; LUVONI,
2006). Na cutia (Dasyprocta leporina), espécie estudo do presente trabalho, este
método ja foi realizado com sucesso na criopreservacdo de tecido ovariano
(WANDERLEY etal., 2012).

Entretanto, esse método traz danos irreversiveis a célula através da formacéo
de cristais de gelo. Essa crioinjuria ocorre em decorréncia da alta instabilidade
provocada pelo super-resfriamento da dgua intracelular, sendo este fator principal para
o rompimento das membranas plasmaticas celulares e consequentemente perda da
integridade das mesmas, podendo induzir a morte celular por apoptose
(LIEBERMANN et al., 2002)

Com o intuito de evitar estes danos, protocolos de vitrificacdo tém sido
empregados, surgindo como uma alternativa ao processo de congelacdo lenta
(BANDEIRA et al., 2015). A vitrificacdo foi rapidamente adotada como um método
pratico alternativo a congelagdo lenta de espermatozoides, odcitos e embribes, tanto na
medicina reprodutiva humana quanto na veterinaria, devido & simplicidade na sua
execucdo, rentabilidade econémica e velocidade do procedimento de preservacao
(AMORIM et al., 2011), e principalmente pela ndo formacao de cristais de gelo, o que
permite maior preservagdo da morfologia celular ( WIEDEMANN et al., 2012).

Essa biotécnica consiste na reducdo ultra-rapida da temperatura, em uma
velocidade média de 20.000 a 40.000°C/min (WOWK, 2000). Utilizando altas
concentracdes de ACPs associadas a outros constituintes na solucdo de vitrificacao
(SV) por curtos periodos de tempo (25 segundos a 8 min), permite que o tecido ou a
célula assumam um formato amorfo de ndo equilibrio, sem cristalizacdo, denominado
estado vitreo (MUKAIDA; OKA 2012), em que partes das cadeias moleculares
encontram-se  desorganizadas, promovendo certa mobilidade as moléculas
(CARVALHO et al., 2011). Esta particularidade permite uma melhor acomodacao das
estruturas celulares (VAJTA et al., 1998).

Dentre as suas principais vantagens, destacam-se a ndo formacéo de cristais de

gelo devido a passagem rapida pelos estados criticos de reducdo da temperatura (-15 a
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5°C), a ndo utilizacgdo de maquina de congelacdo e a reducdo no tempo de
processamento (OLIVEIRA, 2013) e consequente reducdo de mao-de-obra com maior
custo-beneficio. Em geral, pode ser realizada em qualquer laboratorio ou até na sala de
cirurgia, simultaneamente a cirurgia do paciente/animal, e ainda a campo, até mesmo
imediatamente ap6s a morte do animal, sendo considerado o desenvolvimento mais
significativo na criobiologia até hoje (AMORIM et al., 2011).

Diversos métodos de vitrificacdo tém sido desenvolvidos objetivando a
reducdo da SV. Dentre as principais técnicas, destaca-se a vitrificagdo em superficie
solida (SSV) (TAKAHASHI et al., 2001; MIGISHIMA et al., 2003; CHEN et al.,
2006; SOMFAI et al., 2007; GUPTA et al., 2007; SANTOS et al., 2007; MOAWAD
et al., 2012). Esse método consiste na sobreposi¢cdo da amostra em uma superficie de
metal, a qual pode, inclusive, ser confeccionada artesanalmente com o uso de papel
aluminio (SANTOS et al., 2007). Esta superficie, posicionada acima do nitrogénio
liquido (N2), proporciona um rapido resfriamento da amostra, condigdo necessaria
para uma vitrificacdo eficiente.

Este método vem sendo utilizado com sucesso para a criopreservacdo de tecido
ovariano em espécies silvestres como catetos (LIMA et al., 2012) e em roedores em
como ratas (XING et al., 2010), camundongas (FATEHI et al., 2014) e preés (Galea
spixii spixii) (PRAXEDES et al., 2015) em que foi possivel preservar quase 70% dos
FOPAs ap0s aquecimentos de fragmentos vitrificados. Todavia, ndo ha relatos da
aplicacdo desta técnica em cutias (Dasyprocta leporina), o que seria uma biotécnica
promissora para a preservacdo do material genético da espécie em estudo, com
aplicacdo em outros roedores, ou até mesmo, em animais domésticos e silvestres
ameacados de extinc¢ao.

Por oferecer inlmeras vantagens, a criopreservacao de tecido ovariano, garante
a conservacdo de células germinativas femininas, primeiramente pelos ovarios
conterem um grande numero de odcitos inclusos em FOPAs, em que 90% sdo
foliculos primordiais, o que permitiria o estoque de uma grande quantidade de material
genético feminino (SANTOS et al., 2010) e segundo, por estes foliculos serem mais
resistentes as crioinjurias. Esta resisténcia se da devido ao pequeno tamanho do odcito,
auséncia do fuso meidtico, baixa taxa metabolica, estadio do ciclo celular parado em

préfase |, pequenas quantidades de lipideos, granulos da cortical e células de suporte e
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auséncia ou pequeno desenvolvimento da zona pellcida, além da alta permeabilidade
da membrana plasmética (SANTOS et al., 2010).

Muitos estudos vém demostrando com sucesso a conservacdo de material
genético feminino incluso em tecido ovariano utilizando o método de vitrificacdo em
animais selvagens como em catetos (Pecari tajacu) onde foi possivel preservar
morfologicamente mais de 70% dos FOPAs ap6s aquecimento (LIMA et al., 2012).
Estudos com lobos cinzentos (BOUTELLE et al., 2011), veados (Cervus elaphus
hispanicu) (GARCIA-ALVAREZ et al., 2011), cangurus (Macropus giganteus)
(RICHINGS et al., 2006) evidenciaram que os FOPAs se mantiveram vidveis quando
criopreservados em tecido ovariano. Em babuinos (AMORIM et al., 2013), os autores
relataram a sobrevivéncia folicular, crescimento e ovulacdo ap6s autotransplante de
tecido ovariano previamente vitrificado.

Assim, criopreservar tecido ovariano ainda é um desafio devido a diversidade
dos componentes do tecido, além dos vasos sanguineos e nervos essenciais para o
restabelecimento da funcdo ovariana apds transplante e protocolos devem ser
otimizados para lidar com essa diversidade (HAVOTTA, 2005). Em animais
silvestres, ainda ndo € uma técnica bem estabelecida, mas sua relevancia e indiscutivel,
constituindo-se de um elo entre os programas de conservagdo animal in situ e ex situ
(ANDRABI; MAXWELL, 2007).

No entanto, para se alcancar o sucesso em um protocolo de vitrificacdo
algumas propriedades principais precisam ser consideradas: a taxa de resfriamento,
resultando em queda da temperatura de centenas para dezenas de milhares de graus
Celsius por minuto; a viscosidade do meio, adquirida através dos constituintes da
solucdo de vitrificacdo e o volume, quanto menor o volume celular, mais rapido a
transferéncia de calor e consequentemente maior taxa de resfriamento (SARAGUSTY;
ARAV, 2011).

Diante disso, alguns fatores podem influenciar em um protocolo de
criopreservacdo e consequentemente em sua taxa de sucesso, seja através da
vitrificacdo ou da congelacdo lenta. Acredita-se que as principais estruturas a sofrerem
as crioinjdrias relacionam-se a membrana plasmatica por serem responsaveis pelo
fluxo de agua e ACPs e por apresentarem na sua composicdo a bicamada lipidica,

tornando-as mais sensiveis ao processo de desidratacdo celular (CASTRO et al.,
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2014b); as organelas celulares como as mitocondrias, reticulo endoplasmético
(LOWTHER et al., 2009; GUALTIERI et al., 2011; CASTRO et al., 2011; LEI et al.,
2014) e o nucleo (MARTINO et al., 2013). Mais recentemente, foi verificado que
algumas proteinas como as histonas, responsaveis pela instabilidade da cromatina,
expbe o acido desoxirribonucleico (DNA) as agdes nocivas de radicais livres e das
endonucleases, sendo possivel a ocorréncia significativas de lesdes ao DNA
(KOPEIKA et al., 2014).

Uma vez identificadas as crioinjarias, faz-se necessario encontrar alternativas
para diminuir, ou até mesmo, torna-las inexistentes, através da otimizacéo e ajustes
nos protocolos de criopreservacdo (CASTRO et al., 2014a), seja através da escolha do
melhor método, ou até mesmo, nos constituintes da solucdo de criopreservacdo, 0s
quais muitas vezes, possibilitam uma maior taxa de viabilidade celular. Desde modo, a
aplicacdo de determinadas biotécnicas reprodutivas tem evidenciado a necessidade de
preservacao de células e tecidos de diferentes espécies ou ragas de animais em vias de
extincdo, bem como a formacdo e manutencdo de bancos de germoplasma
(BOGLIOLO et al., 2007).

Entretanto, a capacidade do material biol6gico de sobreviver ao processo de
criopreservacao depende, principalmente, da sua tolerancia aos agentes crioprotetores,

além do processo de desidratacao celular, resfriamento e descongelacdo/aquecimento.

1.2.2. Agentes crioprotetores (ACPs)

O sucesso de um protocolo de criopreservacdo, na maioria das vezes,
relaciona-se diretamente com a escolha de concentracdes e crioprotetores ideais para
cada tipo de célula ou tecido, sendo necessaria uma selecdo criteriosa dos mesmos,
primeiramente devido a toxicidade gerada ap6s metabolizacdo e a permeabilidade
individual de cada agente (AGCA et al., 2012). Essas caracteristicas sdo essenciais
uma vez que a maior parte das células mamiferas ndo sobrevive a temperaturas
inferiores a 20°C (WHITTINGHAM, 1980).

Os ACPs sdo substancias que protegem as células contra a desidratacao,
resfriamento e danos causados pela redugédo extrema de temperatura (HAN, 2009). Em

geral, esses agentes podem agir penetrando nas células (crioprotetores intracelulares) e
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substituindo as moléculas de agua da célula, reduzindo o ponto de congelacéo; e ainda
protegendo as membranas celulares (crioprotetores extracelulares) por meio da sua
ligacdo as cabecas dos grupos fosfolipidicos, aumentando a viscosidade do meio, ou
diminuindo a concentracdo de eletrélitos durante a criopreservacdo, reduzindo, assim,
0 risco de danos osméticos (SANTOS, 2007).

Porém, para que um ACP apresente bons resultados, faz-se necessario que o
mesmo possua alta solubilidade, baixo peso molecular para proporcionar uma rapida e
eficiente penetracéo na célula ou tecido a fim de interagir e influenciar a dinamica dos
microfilamentos e microtibulos (DOBRINSKY, 2000), baixa toxicidade (PEGG et al.,
2007) e alta estabilidade as temperaturas reduzidas (DE LA VEJA; WILDE, 1991).

De acordo com a permeabilidade celular e dependendo do seu local de acéo, 0s
ACPs podem ser classificados em intracelulares ou penetrantes e extracelulares ou ndo
penetrantes. Dentre os ACPs intracelulares mais utilizados, destacam-se 0 DMSO e o
EG, e entre os extracelulares, a sacarose (SAC).

Os crioprotetores intracelulares sdo aqueles em que agem ligando-se a
moléculas de hidrogénio da agua no interior da célula, aumentando a viscosidade da
solugéo, deste modo, impedindo a formacdo de cristais de gelo, favorecendo o
processo de desidratacdo celular (RODRIGUES et al., 2006).

O DMSO, por ser um alcool dipolar com massa molar de 78,13 g/mol
(CARPENTER, 1994), vem sendo amplamente utilizado para solubilizar moléculas
organicas (CAMICI et al., 2006) e na vitrificacdo, por induzir muito facilmente o
estagio vitreo, além de preservar a integridade de proteinas isoladas e membranas
lipidicas (WOOD et al., 1993). Por interagir com as membranas celulares, passa
rapidamente por meio de difusdo, evitando a cristalizacdo da agua. Ao sofrer
metabolizacdo, acidifica 0 meio gerando metabdlitos de baixo potencial toxico,
quando comparado com os outros ACPs intracelulares, além de inibir a atividade da
catalase e peroxidase, diminuindo a producdo de radicais livres causada pela
congelagdo (RODRIGUES et al., 2012).

Por ser um alcool dipolar, o DMSO ¢ capaz de interagir ou combinar-se com
acidos nucléicos, carboidratos, lipideos, proteinas e muitas drogas sem alterar de
forma irreversivel a configuragdo das moléculas. O produto da sua metabolizagéo € o

dimetilsulfona (DMS02), também conhecida com metilsulfonilmetano (MSM), e tanto
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0 DMSO como seus metabolitos apresentam baixos efeitos toxicos (OTSUKI et al.,
2002).

Em caprinos, a utilizacdo de DMSO foi capaz de manter a morfologia dos
FOPAs ap0s a criopreservacdo (CASTRO et al., 2011). Resultados semelhantes foram
observados em hamster (KAGABU; UMEZU, 2000), bem como em bovino (LUCCI
et al., 2004), ovino (PINTO et al., 2008), coelho (HASEGAWA et al., 2006), suino
(GANDOLFI et al., 2006), cao (ISHIJIMA et al., 2006), rato (FATEHI et al., 2014) e
prea (PRAXEDES et al., 2015).

Por outro lado, 0 EG tem sido amplamente utilizado na criopreservacdo de
tecido ovariano de diversas espécies silvestres, como cutias (WANDERLEY et al.,
2012) em decorréncia do seu pequeno efeito osmético, manutencdo do tamanho ou
volume celular durante a criopreservacdo. Entretanto, devido ao seu baixo peso
molecular e ponto de fusdo, sua metabolizagdo origina metabdlitos tdxicos como o
acido glicélico e oxalato (CORLEY et al., 2005), sendo seus subprodutos
potencialmente tdxicos (CORLEY et al., 2005). Em relacdo aos outros crioprotetores,
possibilita uma maior penetracdo nas células devido ao seu baixo peso molecular
(62,07 g/mol).

Esse crioprotetor tem sido empregado na criopreservacgéo de tecido ovariano de
coelho (HASEGAWA et al., 2006), felino (LIMA et al., 2006), ovino (AMORIM et
al., 2006) caprino (CELESTINO et al., 2008), humano (HUANG et al., 2008), suino
(BORGES et al., 2009), macaco (SUZUKI et al., 2012), murino (AMORIM et al.,
2011) e bovino (LUNARDI et al., 2012).

Em animais silvestres como catetos (Pecari tajacu), o uso do EG e do DMSO
isolados na vitrificacdo de tecido ovariano em diferentes concentracBes (3 ou 6 M)
revelou que tanto o0 EG (3 M: 80,3 +£9,1; 6 M: 75,3 + 3,4) como 0 DMSO (3 M: 76,0 £
2,5, 6 M: 72,6 = 3,5 promoveram a preservacdo da morfologia dos FOPA
independente de concentracéo utilizada (LIMA et al., 2012b).

Dentre os ACPs extracelulares, destaca-se a SAC. Sua funcdo é atuar no
aumento da viscosidade da solucdo de vitrificacdo, ndo promovendo alteracGes nas
propriedades da criopreservacédo por ser utilizada em baixa concentracéo, além de agir
como um tampédo osmatico contra o estresse causado durante a adicdo e remoc¢édo do

ACP intracelular. Sdo agentes que se ligam aos fosfolipideos da membrana plasmatica
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através de ligacdes de hidrogénio, mantendo assim a integridade celular, auxiliando na
desidratacdo e reduzindo os efeitos toxicos provocados pelo ACP intracelular na
solucdo de vitrificacdo (FABBRI et al., 2001).

No entanto, a eficiéncia dessas substancias depende do tipo de célula ou tecido
a ser criopreservado, tempo de exposicdo e concentracdo utilizadas (FULLER, 2004)
Para a criopreservagao de tecido ovariano pode-se utilizar um crioprotetor isolado ou
em associacdo a outros crioprotetores (RODRIGUES et al., 2004; AMORIM et al.,
2006). Em associacdo, os crioprotetores tém seus efeitos toxicos equilibrados com a
finalidade de reduzir a toxicidade especifica de cada crioprotetor individualmente em
decorréncia do uso de concentragdes relativamente baixas (WUSTEMAN et al., 2004),
0 que pode consequentemente, maior preservacdo da morfologia e viabilidade celular.
Além disso, 0 uso de crioprotetores associados possui uma permeabilidade maior do
que o uso do crioprotetor individual (VICENTE; XIMENEZ, 1994).

Hasegawa et al. (2006), obtiveram duas crias de camundongos ap0s exposi¢do
e vitrificacdo do tecido ovariano, a uma solucéo de vitrificacdo contendo 15% de EG e
15% de DMSO. Além disso, a associacdo de ACPs ja foi realizada em espécies como
suinos (MONIRUZZAMAN et al., 2009), ovinos (TSURIBE et al., 2009), caprinos
(CARVALHO et al., 2014), bovinos (SRIPUNYA et al., 2014), camundongos (LEE et
al., 2015; ZHANG et al., 2015) e humanos (LIERMAN et al., 2015).

Assim diferentes estratégias estdo sendo utilizadas para minimizar os danos
osmaticos e toxicos, através da aplicacdo de ACPs menos toxicos, bem como a
combinacdo de dois ou trés ACPs (VAJTA, 2000), fornecendo a célula ou tecido
viabilidade apds exposicdo ao processo de criopreservacao para aplicacdo e otimizagéo
em outras biotécnicas reprodutivas. A reducdo da formacdo de cristais de gelo ou a
auséncia destes, ndo elimina a possibilidade da ocorréncia de danos de origem toxica
ou osmotica. Fahy (2004) relata que existem trés tipos de efeitos toxicos dos
crioprotetores sobre as células. O primeiro é denominado toxicidade especifica, que é
prépria de cada agente crioprotetor e o segundo a toxicidade indireta, mediada pelas
alteracdes na localizacdo da agua nas moléculas hidratadas e o uUltimo € o da
desnaturacdo das proteinas. Até mesmo, as diferencas estruturais entre as espécies
animais sdo também um fator que pode influenciar na eficacia de um ACP
(LUNARDI et al., 2012).
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1.3. Métodos de avaliagdo da morfologia e viabilidade folicular

ApOls criopreservacdo de tecido ovariano, diversas técnicas vém sendo
utilizadas para avaliar tanto a morfologia quanto viabilidade folicular ovariana através
da manutencéo da morfologia folicular (CASTRO et al., 2011; YOUM et al., 2014) e
do estroma (BANDEIRA et al.,, 2015); viabilidade (CASTRO et al., 2011;
CARVALHO et al., 2014); proliferacdo celular (BANDEIRA et al., 2015), capacidade
de desenvolvimento in vitro, ou até mesmo in vivo (SNOW et al., 2001) e detec¢édo de
apoptose celular (LIU et al., 2003).

Um método rapido, simples, com baixo custo e mais difundido para avaliar a
qualidade folicular é através da histologia classica que consiste na avaliacdo da
morfologia do citoplasma e do ndcleo, e permite, ainda, verificar a ocorréncia da
ativacdo folicular, através da observacdo das mudangas ocorridas na morfologia das
células da granulosa (MATOS et al., 2007b), assim como os sinais da atresia
(DEMIRCI et al., 2002). Além disso, tem grande relevancia por ser um método
quantitativo, no qual um grande nimero de foliculos pode ser avaliado (OLIVEIRA,
2013). Contudo, nem sempre pode ser correlacionada com a viabilidade e capacidade
de desenvolvimento folicular (MARTINEZ-MADRID et al., 2004).

Nesse contexto, por ndo estarem correlacionadas e devido a rupturas na
membrana plasmatica, muitas vezes ocasionada pelo processo de criopreservacéo, faz-
se necessario a avaliacdo da integridade dessas membranas utilizando corantes vitais
como o azul de Trypan ou atraveés de marcadores fluorescentes (MERDASSI et al.,
2011; SANFILIPPO et al., 2013), sendo ambos os métodos eficientes na identificacdo
da integridade da membrana (MERDASSI et al., 2011). A coloragdo com azul de
Trypan é um método rapido, de baixo custo, pratico e bastante eficiente na
identificacdo de rupturas de membranas plasmaticas, visto que penetra somente em
células com membrana rompida. Desde modo como as células mortas tem suas
membranas danificadas, ocorre o fluxo de corante para o interior da célula, fornecendo
uma coloracéo azul. Assim, celulas vivas ndo permitem a passagem do corante e, logo,
ndo adquirem nenhuma coloracdo o que tem sido muito utilizada para avaliar a
viabilidade de foliculos ovarianos (SANTOS et al., 2007).
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Outro método bastante adotado atualmente é a avaliacdo do desenvolvimento
in vivo de FOPAs ap0s criopreservacdo, através de transplantes. Dentre os tipos de
transplantes, pode-se destacar o Xxenotransplante, caracterizado pela utilizacdo de
animais imunosuprimidos como receptores objetivando a obtencao de odcitos maduros
aptos para FIV e posterior transferéncia de embrides (AUBARD, 2003). Esse método,
quando realizado com tecidos reprodutivos pode presumir para a contribuicdo da
manutencdo do potencial reprodutivo do animal doador e associado a criopreservacao,
as perspectivas para aplicacdo desta técnica, vdo desde a restauracdo da fertilidade
feminina (DONNEZ et al., 2004) a conservacdo de animais silvestres em risco de
extingdo (KIKUCHI et al., 2011; SANTANA et al., 2012).

Assim, a utilizacdo de tecido ovariano criopreservado em xenotransplante visa,
principalmente, desenvolver ou aperfeicoar os protocolos de criopreservacdo, uma vez
que lesdes foliculares ndo detectadas apds a descongelagdo ou aquecimento podem
evoluir e serem manifestadas ap6s um periodo de incubacdo (OLIVEIRA, 2013).
Vérios estudos tem sido realizado em diversas espécies como vombats
(WOLVEKAMP et al., 2001); marsupiais (MATTISKE et al., 2002); saguis (VON
SCHONFELDT V et al.,, 2011); leoas (WIEDEMANN et al., 2012); babuinos
(AMORIM et al., 2013); suinos (KANEKO et al., 2013); ovelhas (BARROS et al.,
2014) e humanos (DITTRICH et al., 2015).

Para a avaliacdo da proliferacdo celular, utiliza-se a quantificacdo das regides
organizadoras de nucléolos ap6s coloracdo com nitrato de prata (Ag-NOR). Estudos
realizados por Silva et al. (2003d) demonstraram que a técnica de Ag-NOR detecta o
namero de regides organizadoras de nucléolos (NOR) em células da granulosa e que o
aumento da quantidade de NOR nessas células é um sinal de proliferacdo celular. As
regides organizadoras do nucléolo (NOR) sdo &reas de DNA nucleolares, contendo
genes que codificam o RNA ribossomal e devido as proteinas ndo histonas associadas
a essas regides, apresentam uma alta afinidade por prata. Células em intensa atividade
mitotica necessitam produzir ribossomos suficientes para as células filha, isso implica
em maior transcricdo destes genes e consequentemente, um aumento no numero de
regides visualizadas (DERENZINI, 2000). Esse método ja foi utilizado em ratas
(SILVA et al., 2003); bovino (CASTRO et al, 2014) e em ovino (BANDEIRA et al.,
2015).
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Desde modo, o desenvolvimento e avango na biologia celular e molecular tem
proporcionado uma melhor compreensdo dos mecanismos bioldgicos, sendo o TUNEL
um método que vem mostrando eficiéncia na deteccdo da apoptose celular. Esse
método consiste na avaliacdo da fragmentacdo do DNA utilizando a enzima terminal
deoxinucleotidil transferase (TdT) em secc¢des histologicas, promovendo a deteccao do
grau de apoptose, bem como a avaliacdo histoldégica (PEDERSEN et al., 2003). A
coloracdo do ndcleo das células apoptdticas aparece mais escura ou marrom, engquanto
que as células normais ficam com uma coloracdo mais clara (LIU et al., 2003). Esse
método ja foi utilizado em algumas roedoras como camundongas (LEE et al., 2015;
ZHANG et al., 2015) e ratas (DAMOUS et al., 2015) apos transplante de tecido

ovariano.
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3. JUSTIFICATIVA

A cutia (Dasyprocta leporina) mesmo com sua populacdo mundial estavel,
vem apresentando diminuig&o significativa devido a sua caga predatoria e a destruigdo
de seus habitas naturais. Nesse contexto, a criagdo em cativeiro surge como uma
alternativa a sua conservacdo e multiplicacdo, bem como favorece uma maior
producdo comercial de carne, pele, couro e pelos.

Por apresentar pequeno porte, curto periodo de gestacdo, facil manejo e boa
adaptacdo em cativeiro, é considerada um excelente modelo experimental para
espécies silvestres como a Dasyprocta ruatanica e Dasyprocta coibae vulneraveis a
extincdo, e ainda, para a Dasyprocta mexicana, considerada criticamente ameacada. A
adaptacdo e aperfeicoamento de técnicas de reproducéo assistida poderia tanto elucidar
mecanismos relacionados a foliculogénese inicial das cutias, como ainda, contribuir
para 0 aumento do potencial reprodutivo das fémeas desta espécie e de outras
relacionadas a esta, surgindo como uma alternativa para a sua preservacdo e
exploracdo de seu potencial zootécnico, permitindo, ainda, o desenvolvimento de
estudos sobre suas particularidades fisiologicas.

Assim, estudos com o material genético de cutias, através do aperfeicoamento
ou desenvolvimento de protocolos de conservacdo, como a vitrificagdo do tecido
ovariano sdo necessarios, uma vez que garantem maiores ajustes nos protocolos de
criopreservacdo de espécies silvestres, visando a obtencdo de melhores taxas de
sobrevivéncia folicular. A vitrificacdo € considerada simples, pratica e econémica,
além de permitir uma répida conservacdo do material e, principalmente, por néo
permitir a formacdo de cristais de gelo, o que leva, consequentemente a morte celular.

Neste sentido, o uso de técnicas histoldgicas associadas a transplantes, bem
como, estudo acerca da fisiologia reprodutiva de cada espécie, podem assumir funcdo
primordial no avan¢o e aprimoramento dos protocolos ja desenvolvidos, com reflexos
positivos nas taxas de desenvolvimento embrionario. Ainda, o CIV e MIV de odcitos,
através do xenotransplante pode ser uma ferramenta para a analise de protocolos de
criopreservacao, disponibilizando uma maior quantidade de oocitos a serem utilizados

em outras biotécnicas reprodutivas como a FIV.

38



4. HIPOTESES CIENTIFICAS

» As concentracdes de 3 M e 6 M do dimetilsufoxido (DMSO) e do etilenoglicol
(EG), bem como a sua associacdo em menor concentracao (3 M) sao eficientes
para a manutencdo da morfologia e da viabilidade de foliculos ovarianos pre-

antrais in situ de cutias (Dasyprocta leporina) apoés vitrificacdo em superficie
solida;

» O xenotransplante de tecido ovariano fresco e vitrificado em camundongas

C57BI/6 SCID é eficiente para promover o desenvolvimento folicular.
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5. OBJETIVOS

5.1. Geral

e Conservar o tecido ovariano de cutias (Dasyprocta leporina) através do

método de vitrificagdo em superficie solida.

5.2. Especificos

e Comparar os efeitos do uso do dimetilsufoxido (DMSO) e etilenoglicol (EG)
em concentracdes de 3M e 6M, e sua associacdo, na solucdo de vitrificacdo

sobre a morfologia e viabilidade de foliculos ovarianos de cutias;

e Avaliar o desenvolvimento de tecidos ovarianos xenotransplantados de cutias
(Dasyprocta leporina) em camundongas SCID C57B1/6 antes e apos

vitrificacdo em superficie sélida;
e Relacionar os achados de citologia vaginal, mensuracdo hormonal com as

modificacdes na genitdlia externa em fémeas camundongas SCID C57B1/6

apés xenotransplante.
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Abstract

The objective of this study was to evaluate the effect of isolate use of
dimethylsulfoxide (DMSO) or ethylene glycol (EG) at 3 or 6 M, as well as its
association on the morphology and viability of vitrified in situ preantral follicles from
agoutis D. leporina. For this purpose, ovaries were obtained from nine female agoutis.
Each ovarian pair was divided into seven fragments, from which one was immediately
fixed for histology, constituting the control group, and the remaining fragments were
subjected to solid surface vitrification process (SSV), further submitted to the same
morphological analyses. Moreover, both fresh and vitrified samples were evaluated for
viability by the Trypan blue test and for apoptosis occurrence by TUNEL. A total of
865 FOPAs were analyzed before and after vitrification. At control group it was
observed 80.7 + 5.21% of morphologically normal PF. After SSV, regardless the ACP
used, up to 76.7% = 5.4 were obtained. At viability analysis, DMSO 3 M, DMSO 6 M,
EG 3, EG 6 M (70.0 %, 81.11 %, 76.6 % and 71.11 %, respectively) presented values
of viability similar to control group (79.0 %). Only negative TUNEL follicles were
found before and after vitrification. In conclusion, in the present study it was possible
to preserve PFs included in ovarian tissue of agoutis (Dasyprocta leporina) by the
solid surface vitrification method using concentrations DMSO 6 M; EG 3 M and their
association (3 M DMSO and 3 M EG).

Keywords: Preantral follicles, solid surface vitrification, cryoprotectants,
morphology, TUNEL assay

1. Introduction

The agouti (Dasyprocta sp.) is a Neotropical rodent found predominantly in South
America [1, 2]. The Dasyprocta leporine, commonly named red-rumped agouti is one
of the 11 agoutis’ species comprised into the Caviidae family [3]. This species
presents an important role on food chain, being involved in the spread of many plant
species [4]. Due to the interest on its meat and the destruction of its habitat, its
population has been reduced along the years [5]. In this context, captive breeding

programs are important for supporting meat demand, providing an alternative source
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of protein for humans, also helping the species preservation [6]. Studies focused on the
conservation biology, such as germplasm cryopreservation of red-rumped agouti,
would be helpful for the preservation of many threatened species as the D. ruatanica,
D. coibae and D. mexicana [1].

In this context, the development and adaptation of assisted reproductive techniques
are required [7], being important for the multiplication and preservation of agoutis.
However, most of the studies conducted in this species are focused on the males,
where promisor results are reported for epididymal sperm collection [8] and
cryopreservation [9]. Only recently, Wanderley et al. [10] gave the first step for female
germplasm preservation by using a slow freezing procedure for ovarian tissue
conservation. Due the possibility of the cryoinjuries caused by such method, mainly by
the ice crystal formation [11], some alternatives are required. Thus, the vitrification
arises as a viable alternative for ovarian tissue preservation, avoiding the ice crystal
formation [12]. It is considered a cheap and practical method that can be conducted
under field conditions with no need for special equipment [13]. In recent years, this
method has shown satisfactory results for several rodents as mice [14] and cavies
(Galea spixii spixii) [15].

The choice of the cryoprotectants agents (CPAs) is a critical step for the
vitrification efficiency [16], as the toxicity of cryoprotectant is one of the major
challenges in cryobiology studies. Among the intracellular CPAs, the dimethyl
sulfoxide (DMSQO) and the ethylene glycol (EG) are the most used due to their
relatively low densities and molecular weights, which allow an efficient perfusion into
the tissue [13]. These CPAs have been used for the cryopreservation of ovarian tissue
from various rodents as the rat [17], the mouse [18] and the Spix’s yellow-toothed
cavy [15]. Regarding agoutis, both DMSO and EG were successfully used in a slow
freezing protocol for its ovarian tissue preservation [10], but there is no report of their
use for ovarian tissue vitrification in this species.

The objective of this study was to evaluate the effect of different concentrations of
DMSO and EG, used separately or in association, on the morphology, ultrastructure,
viability, and apoptosis of D. leporine preantral follicles vitrified in situ.

2. Materials and methods
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The experimental protocols and the animal care procedures used in the present
study were approved by the Ethics Committee of Universidad Federal Rural do Semi-
Arido (UFERSA) (Opinion no. 23091.005916/2015-74). Unless stated otherwise, the
culture media and other chemicals used in the present study were purchased from
Sigma Chemical (St Louis, MO, USA).

2.1.Animals

The animals used in the present study were part of the population maintained by
the Centre of Multiplication of Wild Animals, UFERSA (Mossor6, Brazil; 58100S,
378100W). The climate in this region is a typical semi-arid climate, with an average
annual temperature of 27°C. A programmed slaughter is conducted every year for
population control and the animals are then allocated for use in different experiments.
In the present study, nine sexually mature (2-3 years of age) females of agouti
(Dasyprocta leporina) were used, weighting 2.42 + 0.19 kg (minimal 2.21 and
maximal 2.70 kg). Before they were euthanatized, the animals were kept in captivity

and fed with fruits and balanced ration produced at UFERSA and water ad libitum.

2.2. Source and preparation of ovaries

After slaughtering, the ovaries were collected and immediately washed in 70%
ethanol, followed by two washes in Minimum Essential Medium (MEM). Finally, the
ovaries were transported to the laboratory in MEM plus antibiotics (75mg/L penicillin

and 50 mg/L streptomycin) placed in insulated boxes.

2.3. Vitrification of ovarian tissue

For ovarian tissue vitrification, nine ovarian cortex were divided into seven
fragments (3 x 3 x 1 mm). One fragment was immediately fixed in Carnoy solution for
12 hours, constituting the control group. The remaining fragments were then
individually placed in 1.8 ml plastic tubes containing the vitrification solution (VS)
constituted of MEM supplemented with 10 mg/ml fetal bovine serum (FCS), 0.25M
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sucrose (SAC) and 3M or 6M ethylene glycol (EG) or dimethylsulfoxide (DMSO), or
the combination of both cryoprotectants at 3M each. After exposure in VS for 5 min,
samples were dried (using sterile gauze) and placed on an aluminum foil placed on the
liquid nitrogen (LN) surface for vitrification. Once vitrified, samples were transferred
(with nitrogen-cooled forceps) to cryovials for storage in LN, at -196°C [19].

After two weeks, samples were warmed at room temperature (~25°C) for 1 min
and then immersed in a water bath at 37°C for 5s. The cryoprotectants were removed
from the ovarian cortex by three consecutive washes for 5 min in MEM supplemented
with 10% FCS and decreasing sucrose concentrations (0.50, 0.25 and 0 M). Finally,
samples were fixed in Carnoy solution for 12 hours for subsequent histological

processing.

2.4. Morphological evaluation of preantral follicles

2.4.1 Histological evaluation

For morphological examination, after fixation in Carnoy solution for 12 h, the
ovarian fragments were dehydrated in increasing concentrations of ethanol, cleared in
xylene, and embedded in paraffin wax. Then, the agouti ovarian tissue samples were
serially sectioned at 7 um, mounted on a glass slide, and stained with hematoxylin and
eosin and evaluated under a light microscope (x100; Carl Zeiss Optical, Chester, VA,
USA). The preantral follicles (PFs) were classified according to their developmental
stage as primordial, primary or secondary [20]. Each PF was examined in each section
in which it appeared and matched with the same follicle on adjacent sections to avoid
double counting, thus ensuring that each follicle was only counted once, regardless of
its size. The morphology of PFs was also evaluated according to the integrity of the
oocytes, granulosa cells and basement membrane.

The PFs were also counted and classified as morphologically normal (if they
contained an oocyte with a regular shape and uniform cytoplasm, as well as organized
layers of granulosa cells) or degenerated (when the oocyte exhibited a pyknotic
nucleus and/or ooplasma shrinkage, and the granulosa cell layers became

disorganized, detached from the basement membrane and/or included enlarged cells).
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To avoid evaluating and counting a follicle more than once, PFs were analyzed only in
the sections where the oocyte nucleus was observed [20].

2.5. Viability analysis by Trypan Blue staining

Preantral follicles were isolated from the control and frozen-thawed ovarian
fragments using the mechanical method described by Figueiredo et al [21] adapted.
For that, four pairs of ovaries were used. The ovaries were divided into eight
fragments, one of which was immediately submitted to mechanical isolation for the
evaluation of follicular viability using the Trypan Blue (Sigma Chemical Co., St.
Louis, MO, USA) while the other fragments were subjected to vitrification protocol as
described before.

First, ovaries were sliced and the fragments were placed on a stirrer plus MEM for
10 min. After agitation, solution was filtered in a 500 um filtration screen and the
suspension was centrifuged at 40 g for 10 min. The suspension (90 pL) containing
isolated PFs was added of 10 ul of 0.4% Trypan blue and subsequently incubated at
room temperature for 5 min. Samples were evaluated under an inverted microscope
and classified as viable when the oocyte and <10% of granulosa cells remained
without staining or as non- viable when the oocyte and/or >10% of granulosa cells

were stained [22].
2.6. TUNEL procedure

The fragmentation of DNA in tissue sections was assessed using the kit
DeadEnd ™Fluorometric TUNEL System, Promega Corporation, Madison, Wisconsin,
EUA, with terminal Deoxynucleotidyl Transferase, Recombinant (rTdT). For
immunohistochemistry, the ovarian tissue fragments were fixed in 4%
paraformaldehyde, embedded in paraffin, serially sectioned at 5um and finally
mounted on positively charged poly-L-lysine coated slides (Starfrost, Kbnittel,
Germany). Samples from the control and vitrified groups were cleared and further
rehydrated with graded ethanol, fixed in 4% paraformaldehyde and finally stored in

phosphate-buffered saline (PBS). After washing, the samples were immersed in
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20pg/ml proteinase K at 37°C for 10 min. The slides were incubated in a humidified
chamber with 50 puL of TUNEL reaction mixture at 37°C for 60 min in the dark [23].
Negative control sections consisted of omitting the terminal deoxynucleotidyl
transferase recombinant enzyme and the samples were mounted with propidium iodide
(Sigma, P4170). TUNEL-positive (+) fragmented DNA appeared green owing to the
co-localization of Pl (red) and fluorescein (green). TUNEL-negative (—), non-
fragmented DNA appeared red. All tissue sections were examined and total follicle
numbers were recorded, along with the number of TUNEL positive follicles. TUNEL
control tissue and vitrified sections were included in all evaluations, according to the

manufacturer’s recommendations.

2.7. Statistical Analysis

All statistical analyses were carried out using the software Statview 5.0 (SAS
Institute Inc., Cary, NC, USA). Data were subjected to Smirnov-Kolmogorov and
Batlett tests to confirm normal distribution and homogeneity of variance, respectively.
The percentages of morphologically normal follicles in the control group and after
vitrification were evaluated by ANOVA followed by PLSD Fisher. Values were
considered statistically significant when P< 0.05. Follicles were taken as a pool and
analyzed by dispersion of frequency with Chi-square test. For all statistical analyses, P
< 0.05 was considered significant, and results were expressed as mean + standard error
(SE).

3. Results

3.1. Preantral follicles morphology

The results are shown in table 1. A total of 865 PFs were analyzed (~ 50 per
treatment), being 151 from the control group and 713 from the vitrified group. Most
PFs from the control group were classified as morphologically normal (80.7 + 5.2%).
After vitrification, a significant decrease on this parameter was observed (44 + 4.5%)
when DMSO 3M was used (P < 0.05). Moreover, the use of EG 6 M (60.0 £19.0 %)
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and DMSO 3 M (66.9 = 11.7 %) also decreased the percentage of morphologically
normal primary follicles in comparison to control group (P<0.05). Among treatments,
a significant reduction of morphologically normal primary follicles was observed
when EG 6M (60.0 £19.0%) was used in comparison of DMSO 6 M (88.7 £ 7.4 %).

Table 1

Percentage (normal/total) of morphologically normal ovarian preantral follicles from
agouti (Dasyprocta leporina) from control and after solid surface vitrification (SSV)
using 3 or 6M of dimethylsulfoxide (DMSQO), ethylene glycol (EG) or combination
(DMSO and EG)

category
3M 6M 3M 6M 6M
Primordial 81.7+53*  755+6.4*  56.9+7.0™ 38.3+5.9"" 49.3+10.3"* 76.9 + 4.3
(97/119) (91/122) (65/120) (48/120) (52/94) (68/88)
Primary 91.3+88"  751+10.7""  60.0+19.0"  66.9+11.7°® 88774 77.1+15.8%°A
(24/31) (24/33) (21/30) (23/35) (31/39) (23/32)
Secondary* 100 (1/1) 100 (1/1) - - - -
Total 80.7+521°  73.3+4.9% 61.3+9.6® 44 + 45° 55.3 +11.8% 76.7 +5.4°
(121/151) (115/155) (89/150) (71/155) (83/133) (91/120)

P.¢ \Within a row, means without a common superscript differed (P< 0.05);
AB Within a column, it means without a common superscript differ (P< 0.05);
*It was not possible to apply a statistic test because it was not found that follicular class.

The PFs showed morphologically normal spherical oocyte, with the nuclei
occupying most of the cytoplasm and positioned centrally or eccentrically in the
oocyte. The granulosa cells were well organized around the oocyte, forming concentric
layers. These features were found in normal PFs from both control (Figure 1A and 1B)
and vitrified groups (Figure 1C), regardless of the cryoprotectant used. After the
vitrification process, the main changes observed were the oocyte retraction,
detachment of granulosa cells from the basement membrane and pyknotic oocyte
nuclei (Figure 1D) in all treated groups, however, was evidenced in the DMSO 3M
group. We verified the presence of some polyovular follicles in both the control and
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vitrified groups. The presence of corpora lutea, occupying almost all the ovary area,
was determined in most ovaries (Figure 1E and 1F).

Figure 1
Histological characteristics from agouti (Dasyprocta leporina) before (A and B) and
after solid surface vitrification (C and D). (A) Aggregates of primordial (arrows), (B)

primary follicle, (C) secondary follicle (D) atretic follicles (arrows) (E) polyovular

follicles (arrows); (F) accessory corporea lutea (arrows). Scale bar: 100um




3.2.Preantral follicles viability

The percentage of viable preantral follicles (Table 2) was among fresh control
group and those using isolated CPAs, regardless of the concentration used (P>0.05).
Furthermore, the DMSO+EG association even differing (P<0.05) from the control
group, was able to maintain 59% of follicular viability.

Table 2
Percentage (viable/total) of viable ovarian preantral follicles from agouti (Dasyprocta

leporina) from control and after solid surface vitrification (SSV) using 3 or 6 M of

dimethylsulfoxide (DMSOQ), ethylene glycol (EG) or association (DMSO and EG)

Treatments % Viable
Control 79.00% (49/60)°
DMSO 3 M 70.00(34/60)®
DMSO 6 M 81.11(44/60)°
EG 3M 76.66(46/60)°
EG6M 71.11(45/60)
EG+DMSO 59.00(34/60)"

a,b — at the same column different superscript denotes significant differences (P < 0.05).

3.3. Analysis of ovarian tissue apoptosis

Only follicles with visible oocyte nuclei were analyzed. None of the negative
controls marked with TUNEL technigue showed any immunoreactivity, while signal-
positive TUNEL marked was observed in the positive controls (Figure 2A). The
healthy (primordial, primary and secondary) follicles were determined as TUNEL
negative for both the control group (Figure 2B) and vitrified groups (Figure 2C; 2D;
2E). TUNEL-positive signals, which would indicate fragmented nuclei of granulosa

cells in degenerate follicles, were not observed in the present study.
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Figure 2

Detection of apoptosis occurrence in agoutis’ (Dasyprocta leporina) ovarian tissue
using TUNEL assay. A cortex without counter staining (A - left) and with propidium
iodide staining (A’ - right) in the control group (B and B’) and vitrification group:
DMSO 3M (C and C’), DMSO 6M (D and D’), EG 3M (E and E’), EG 6M (F and F”),
DMSO and EG (G and G’). Arrows: primordial follicles; arrowheads: primary

follicles. Scale bar: 20pum
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4. Discussion

The present study is the first to describe the process of cryopreservation by solid
surface vitrification method (SSV) of red-rumped agouti (D. leporina) ovarian tissue.
In addition, it was the pioneer to verify the effects of different concentrations of CPAs
used isolate or in association on the morphological aspects of preantral follicles, their
viability and the incidence of apoptosis after vitrification.

In the current study, it was possible to preserve up to 76.7% (£ 5.4) of preantral
follicle morphology after SSV, which represents a significant progress for agoutis’
germplasm preservation. In a previous study, when the slow freezing process was
applied, only 64.0% PFs morphology was preserved [10], which could highlight the
advantages of SSV process when compared to slow freezing. In fact, the SSV has been
successfully applied for ovarian tissue preservation in many species, as mice [17], wild
rodents as the Galea spixii spixii [15]) and caprine [19, 24].

Among the advantages of using the SSV, it can be pointed out the rapid cooling of
sample, due the use of a metal as a heat conductor [25]. This method has low costs and
practicality, since an aluminum foil can be used as a metal surface [26]. Moreover, the
use of a programmable freezer is dispensable, making possible the conduction of the
process under field conditions [27]. Additionally, it avoids intracellular ice crystal
formation [28] which could explain the promising results observed at present study.

The exposure of agoutis’ ovarian fragments to DMSO 3M was insufficient to
provide an efficient preservation of PFs morphology when compared to control group.
Probably, the DMSO low concentration (3M) would take a longer time for total tissue
perfusion due to its higher density (1.1 g/cm®) and molecular weight (78.13g/mol)
when compared to EG (density: 1.1132 g/cm®; molecular weight: 62.07g/mol), for
example [29,30]. This characteristic was probably overtaken when it was used in
association with EG, in which a higher percentage of morphologically normal PFs was
found in comparison to the use of DMSO 3 M isolate.

The use of EG 6 M induced a significant decrease on the morphology of primary
PFs when compared to control group and to DMSO at same concentration. Although
the EG presented favorable effects for total PFs, it was previously reported that the

glycolic acid resulted from its metabolism leads to the intracellular acidification.
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Depending on the quantity of the EG, the glycolic acid formed could exceed the cell
buffering ability causing the pH reduction and, consequently, resulting in cell acidosis
[31]. Choi et al. [32] reported a major resistance of primordial follicle to cryodamage
in mice vitrified ovarian tissues when compared to other PFs categories. In addition,
the primordial follicles present more potential to repair organelles’ sublethal damage
during their growing phase [33]. In this sense, some studies report the high toxicity of
EG when compared to DMSO [34], being suggested that CPAs association would
increase PFs preservation as reported for many species as rabbit [35], rat [30] and
mouse [36].

The use of DMSO associated to EG provided a more effective agoutis’ PFs
morphology preservation when compared to isolate use of DMSO 3M. In fact, studies
conducted in mice by Ghavami et al. [37] revealed that the association between EG
and DMSO was more efficient on follicles morphology preservation than the isolate
use of such CPAs for vitrification. Therefore, the CPAs association seems to be most
effective alternative for the preservation of follicular morphology, once it promoted
enough penetration into cells, thus avoiding the intracellular ice formation, and
reducing the osmotic stress [37].

It is important to highlight that even the isolate use of DMSO 3 M or EG 6 M
preserved more than 40% or 60% of morphologically normal agoutis’ PFs,
respectively. Therefore, ilt still represents the conservation of a large number of
ovarian follicles, since the follicular population in this agouti’s species was estimated
in 4419.8 £ 532.26 and 5397.52 + 574.91 PFs for the right and left ovaries,
respectively [38].

In contrast to morphological analysis, when the samples vitrified in the use of
CPAs association were analyzed for follicular viability, a significant reduction in the
percentage of viable follicles (59%) compared to control group (79%), DMSO 6 M
(81%) and EG 3 M (76%) was verified. Such result could be attributed to the DMSO
property of inducing and expanding the phospholipid bilayer and increasing fluidity of
hydrophobic core [39]. This way, DMSO could have promoted an accentuated
diffusion of the EG into the oocyte membrane, leading to an excessive cell
dehydration when a high concentration was used. Since the use of CPAs association

was not efficient enough for the preservation of follicular viability, studies focused on
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other CPAs concentrations are suggested. In addition, the use of more specific
fluorescent markers as calcein [40], Hoescht [41] and propidium iodide [42] could be
adopted for the analysis of follicular viability, applying more accurate analysis on the
structural integrity of cellular components.

The TUNEL staining was used to identify apoptosis through the identification of
DNA fragmentation [43], thus allowing the quantification of PFs health. For agoutis,
the success of ovarian tissue vitrification was confirmed by the absence of apoptotic
cells in the control group and after SSV process. Similar results were obtained after
the vitrification of ovarian tissue from bovine [44] and human [45]. This result
suggests that cryoinjuries induced by the vitrification method occur mainly in cell
membranes and cytoplasmic organelles, thus preserving the nuclear compartment [46].
In this context, studies have shown that a high rate of apoptotic cells is directly related
to low rates of embryonic development [47]. Moreover, Bedaiwy and Hussein [23]
proposed that the combination of morphology analysis and TUNEL is a useful strategy
for the detection of apoptotic ovarian tissue, providing accurate information when
transplants are conducted. Actually, the damages caused by the cryoinjuries observed
in the present work may be related to aspects of necrosis instead of apoptosis, as it was
evidenced by the absence of TUNEL label. In fact, the necrotic cells do not maintain
the integrity of the plasma membrane in consequence to the progressive action of
enzymes [48]. Consequently, for the improvement of cryopreservation protocols, the
elucidation of species-specific variations found in the gametes physiology of red-
rumped agouti (Dasyprocta leporina), as well as other wild and domestic species, are
necessary.

In conclusion, the present study showed that solid surface vitrification is a
promising method to conserve the female germplasm from D. leporina. Although all
the CPA promoted great maintenance of DNA integrity, based on morphology and
viability analysis, it is recommended the use of DMSO 6M, EG 3M or the association
of DMSO 3M and EG 3M for the vitrification of red-rumped agouti ovarian tissue.
Besides more studies must be carried out in order to improve the vitrification
protocols, the present work represents a great alternative and improvement for the
female germplasm preservation in order to form female germplasm banking in such

species.
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Abstract. The objective was to evaluate the development of fresh and vitrified
agoutis’ ovarian tissue after xenografting to C57BI/6 SCID female mice. Ovaries were
obtained from five female agoutis and divided into 16 fragments. Five fragments were
immediately transplanted to SCID mice and the others were vitrified and transplanted
only after rewarming. Transplantation was performed under the renal capsule of the
recipients. Recipients’ ovarian activity return was monitored by observation of
external estrus signs and vaginal cytology during 40 days, when the grafts were
removed and evaluated for morphology, cell proliferation and apoptosis occurrence.
As the main results, we verified that 4/5 mice that received agoutis’ fresh ovarian
tissue and 1/6 that received vitrified tissue returned to ovarian activity at 20.6 + 8.6
days after the xenotransplantation. After graft removal, a predominance of primordial
and primary follicles was observed in all the grafts. However, vitrification provoked a
reduction in cell proliferation and increased the apoptosis occurrence in grafted
agoutis’ ovarian tissue. In conclusion, we demonstrated that xenografted agoutis’
ovarian tissue, as fresh or vitrified, is able to promote the ovarian activity return in
SCID C57B1/6 mice. However, the improvement of vitrification protocols for agoutis’

ovarian tissue is suggested.

Keywords: wildlife, hystricognath, rodent, xenotransplantation, preantral follicles.

INTRODUCTION

The agouti (Dasyprocta leporine Lichteinstein, 1823) is a Neotropical
hystricomorphic rodent of the Caviidae family. It presents an important ecological
function on the dynamics of plant and animal populations (Fontana et al. 2003). Due to
the interest on its meat and the destruction of its habitat, its population has been
reduced along the years, although they are not under imminent risk of extinction
(IUCN, 2017). In this context, captive breeding programs are important not only for
providing an alternative source of protein for local communities, but also for
preserving the species (Nogueira & Nogueira—Filho, 2011). Besides, conservative
studies conducted in a non-threatened agouti species as D. leporine could be
extrapolated for those endangered ones (Pukazhenthi et al. 2006) as D. ruatanica, D.
coibae and D. mexicana (IUCN, 2017).
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Captive breeding programs can be benefited from assisted reproduction
techniques, which can be applied for recovering and conserving the genetic material
from both wild and domestic animals (Stoops et al. 2011). Among them, artificial
insemination, in vitro fertilization, embryo transfer, gamete and embryo
cryopreservation, as well as xenotransplantation of gonadal tissues, can be highlighted
(Donnez et al. 2015). The germplasm banking stands out to prevent the total extinction
of vulnerable and critically endangered species, providing an effective means for germ
cell storage and fertility preservation (Motohashi & Ishibashi, 2016).

The association of ovarian tissue cryopreservation and grafting is a target of
many studies (Wiedemann et al. 2012; Lee et al. 2015; Damous et al. 2015; Damaésio
et al. 2016), once it can revive fertility (Tahaei et al. 2015). Grafts are a tool to
measure the survival of tissue after cryopreservation and for obtaining knowledge on
follicular dynamics of various species. It should be mentioned that studies directed to
the cryopreserved ovarian tissue transplant aim to develop or improve
cryopreservation protocols (Scalercio et al. 2015). After cryopreservation, oocytes can
be used for other assisted techniques as in vitro maturation (MIV), transplantation, or a
combination of both techniques. These factors allows xenografting an attractive
technique for animal assisted reproduction (Snow et al. 2001).

Several studies combining tissue cryopreservation and transplants have been
recently reported for several species such as marmosets (Von Schonfeldt et al. 2011),
lionesses (Wiedemann et al. 2012), baboons (Amorim et al. 2013), pigs (Kaneko et al.
2013), sheep (Barros et al. 2014) and humans (Dittrich et al. 2015). For agoutis, the
combination of these techniques could also be useful for promoting germplasm
conservation and multiplication, especially for those genetically valuable. Thus, the
aim of this study was to evaluate the development of fresh and vitrified agoutis’
ovarian tissue after xenograft to severe combined immunodeficiency (SCID) female

mice.

MATERIAL AND METHODS

The Ethics Committee of UFERSA (Opinion no. 23091.005916/2015-74)

approved the experimental protocols and the animal care procedures used in the
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present study. Unless stated otherwise, the culture media and other chemicals used in
the present study were purchased from Sigma Chemical (St Louis, MO, USA).

Ovary donors — the agoutis

The agoutis used in the present study were part of the population maintained by
the Centre of Wild Animals Multiplication, UFERSA (Mossoro, Brazil; 581008,
378100W). The climate in this region is a typical semi-arid climate, with an average
annual temperature of 27°C. A programmed slaughter is conducted every year for
population control and the animals are then allocated for use in different experiments.

For the present study, five sexually mature (2-3 years of age) females of agouti
(Dasyprocta leporina), weighting 2.42 + 0.19 (minimal 2.21 and maximal 2.70 kg),
were used as ovary donors. Before they were euthanatized, the animals were kept in
captivity and fed with fruits and balanced ration produced at UFERSA and water ad
libitum.

The females were anesthetized (Ketamine and Xylazine IV, 1 mg/kg each), and
subjected to an intracardiac administration of potassium chloride (1Ml/kg) (Castelo et
al. 2015). After euthanasia, the ovaries were collected and immediately washed in 70%
ethanol, followed by two washes in Minimum Essential Medium (MEM). Finally, the
ovaries were transported to the laboratory in MEM plus antibiotics (75 mg/L penicillin
and 50 mg/L streptomycin) placed in insulated boxes at 27°C. In the laboratory, each
ovarian pair was divided into 16 fragments. One fragment was immediately fixed in
4% paraformaldehyde solution during 12 h for subsequent histological analysis
consisting on the fresh control group. The other fragments were destined to immediate

xenografting or to vitrification then followed by xenografting.

Recipients — the SCID mice

Twelve immunodeficient C57BL/6 female SCID mice with assured sexual
maturity (60 days) and reproductive cyclicity were used. All the animals were kept on
shelves with mini-isolators designed to operate at a positive pressure at 22°C under a
14:10 h (light: dark) photoperiod. They were fed and watered ad libitum with

autoclaved sunflower seeds and filtered water, respectively. Mice were manipulated
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under aseptic conditions in a laminar airflow and daily monitored for possible changes
in behavior or health (Santos et al. 2016).

Experimental design

After recovered, the agoutis’ ovarian fragments were randomly distributed for
four groups: fresh control group; vitrified control group; xeno-fresh group and xeno-
vitrified group. For transplantation, each mouse received five fragments (1 mm?) of
fresh control and vitrified samples, which were implanted under its renal capsule. Five
days after surgery, mice were monitored for any reproductive manifestation by
observation of external estrus signs and vaginal cytology. After 40 days, the blood
collection was conducted for estrogen measurements and the agoutis’ ovarian tissue
fragments, which were adhered to the mice’ kidney, were recovered. The transplanted
and non-transplanted samples were analyzed for gross and microscopic morphology,

cell proliferation and occurrence of apoptosis.

Vitrification of agoutis’ ovarian tissue

Fragments (3 x 3 x 1 mm) of agoutis’ ovarian tissue were individually placed
in 1.8 mL plastic tubes containing the vitrification solution (VS) constituted of MEM
supplemented with 10 mg/mL fetal bovine serum (FCS), 0.25 M sucrose (SUC) and
added of 3.0 M dimethylsulfoxide (DMSO) plus 3.0 M ethylene glycol (EG) as
cryoprotectant agents (CPAs). After exposure to VS for 5 min, samples were dried
(using a sterile gauze) and placed on an aluminum foil placed on the liquid nitrogen
(LN>) surface for vitrification. Once vitrified, samples were transferred (with nitrogen-
cooled forceps) to cryovials for storage in LN, (Carvalho et al. 2013).

On the day of transplantation, the samples were warmed at room temperature
(~25°C) for 1 min and then immersed in a water bath at 37°C for 5 s. The CPAs were
removed from the ovarian fragments by three consecutive washes (for 5 min each) in
MEM supplemented with 10% FCS and decreasing sucrose concentrations (0.50, 0.25
and 0 M).

Xenografting procedure
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For this stage of the experiment, twelve sexually mature females of SCID
strain C57BL/6 mice were used as recipients. All SCID females were submitted to
prior bilateral ovariectomy, aiming to prevent possible interference from its hormonal
activity on ovarian tissue to be transplanted. Five females received the agouti
xenografts derived from the fresh control group. After two weeks of storage in LNy,
the vitrified samples were warmed and grafted on seven females of the same strain.

Before surgical procedure, mice were individually weighed to calculate the
anesthetic dose. Each recipient mice was anesthetized with 18 mL/kg Avertin (2.2.2-
tribromoethanol, 2.5%) that was administered intraperitoneally (Hoff, 2000). For the
surgical procedure, bilateral sublumbar incisions of 1 cm were conducted caudally to
the last rib. After identification of mice ovaries, they were removed using serrated,
curved dissecting forceps. The left kidney was then located and exteriorized, and five
cortical fragments (1 mm?®) of the agoutis’ ovaries were carefully grafted under the
renal capsule. Finally, the kidney was repositioned and the abdominal cavity was

closed.

Reproductive monitoring of the recipients

Five days after xenografting, mice were monitored for any reproductive
manifestation through observation of external genitalia and vaginal cytology. This
monitoring was conducted during 40 days.

For observation of external genitalia, every 12 h, recipients’ external genitalia
was monitored for any modification. Hyperemia, swelling and vulvar opening with
little mucus production and presence of urine characterized the proestrus phase, which
indicated the return of ovarian activity. The typical signs of estrus were verified as
vulvar intumescence and presence of mucous secretion. Metestrus was observed
through decreasing mucosal secretion and vaginal opening.

For vaginal washes, the recipients were subjected to vaginal washes with 0.9%
physiological saline every 12 h using a 20 mL micropipette with 10 to 100 mL tips.
The washings were evaluated using a light microscope, without staining, at a x20
magnification. Evaluations of the vaginal washes were conducted according to the
criteria established by Nelson et al. (1982) for mice, which identified round and

nucleated cells as epithelial cells; irregular ones without nucleus as the cornified cells;
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and the little round ones as the leukocytes. Regarding the relation among cells and
estrus cycle phases, authors suggested that a proestrus smear consisted of a
predominance of nucleated epithelial cells; an estrous smear consisted of a
predominance of anucleated cornified cells; a metestrus smear consisted of the same
proportion among leukocytes, cornified, and nucleated epithelial cells; and a diestrus
smear primarily consisted of a predominance of leukocytes and mucus.

At 40 days, just before the grafts removal, recipients were subjected to a
cardiac puncture for blood collection (Hoff, 2000) aiming the measurement of
estrogen profile. The total blood volume collected was approximately 1 mL per
individual. Samples were stored in graduated microtubes previously identified and
centrifuged at 2000 g for 10 min at room temperature to obtain the plasma. The
samples were run in duplicate and the concentrations of 17b-estradiol were measured
by amplified electrons chemiluminescence using an immunoassay system (Vitros
Eci/EciQ Immunodiagnostic System; Johnson & Johnson Company, Ortho-Clinical
Diagnostics, Buckinghamshire, UK) according to manufacturer’s instructions,
following a technique described by Bartoskova et al. (2014). The results obtained were

presented in pmol/L, which were transformed in pg/mL.

Grafts removal

Grafts were kept in the recipients for 40 days. After this period, mice were
submitted to general anesthesia with intraperitoneal administration of 2.2.2
tribromoethanol 2.5% (20 mL/kg) and euthanized by cervical dislocation. The
transplanted ovarian tissue was removed from the renal capsule together with the
surrounding tissues that served as the receptor site. All the collected material was
properly identified by animal, immersed in paraformaldehyde solution and destined
for the same analyzes conducted for the control groups.

Histology of agoutis’ ovarian fragments

Immediately after the agoutis’ ovaries recovery, Vitrification and xenografting,
ovaries’ fragments were fixed in paraformaldehyde for 48 h and destined to
histological analysis. The fragments included in paraffin blocks were serially

sectioned at 5 pum thickness. The sections were then stained with hematoxylin and

83



eosin. Preantral ovarian follicles were classified as morphologically normal or
degenerated, considering the presence or absence of pyknotic bodies, cytoplasmic
retraction and organization of granulosa cells (Lopes et al. 2009). Beside this
evaluation, the transplanted ovarian tissue was also assessed for integrity of the
parenchyma, quality and classification of preantral and antral ovarian follicles, as well
as vascularization (Santos et al. 2016).

Assessment of cell proliferation in agoutis’ ovarian tissue fragments

To estimate the cell proliferation index, a staining was conducted in order to
quantify the number of argentafins nucleolar organizer regions (Ag-NORs). For this
purpose, fragments of ovarian tissue derived from all the experimental groups were
fixed in paraformaldehyde solution. After histological processing, fragments were
sectioned at 5 um and placed in 1% metabisulfite potassium. Slides were stained with
50% silver nitrate solution in a colloid solution (2:1) in a dark room, then, the slides
were placed in a solution of sodium metabisulphite and sodium thiosulphate. For
quantification, the follicles were visualized under a light microscope (x1000), and the
NORs of all the nuclei of visible granulosa cells were counted in accordance with a
protocol adapted from Castro et al. (2014). To quantify the NORs, a total of 30

granulosa cells from five follicles (150 granulosa cells/group) were visualized.

Assessment of apoptosis in agoutis’ ovarian tissue fragments

The occurrence of fragmentation of DNA in tissue sections was assessed using
the kit DeadEnd™Fluorometric TUNEL System, PROMEGA with terminal
Deoxynucleotidyl Transferase, Recombinant (rTdT). For immunohistochemistry, the
ovarian tissue fragments were fixed in 4% paraformaldehyde, embedded in paraffin,
serially sectioned at 5 pum and finally mounted on positively charged poly-L-lysine
coated slides (Starfrost, Knittel, Germany). The slides were immersed in xylene,
rehydrated in decreasing concentrations of ethanol, fixed in 4% paraformaldehyde and
finally placed in phosphate buffered saline (PBS). After washing, the samples were
immersed in 20 pg/mL proteinase K (37°C, 10 min). Then the slides were incubated
with 50 puL of TUNEL reaction mixture and incubated at 37°C for 60 min in the dark,
inside a humidified chamber (Bedaiwy & Hussein 2004).
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Negative control sections consisted of omitting the terminal deoxynucleotidyl
transferase recombinant enzyme and the samples were mounted with propidium iodide
(Sigma, P4170). TUNEL-positive (+) fragmented DNA appeared green owing to the
co-localization of propidium iodide (red) and fluorescein (green). TUNEL-negative
(-), non- fragmented DNA, appeared red. All tissue sections were examined and total
follicle numbers were recorded, along with the number of TUNEL positive follicles.
TUNEL for control and vitrified samples were evaluated according to the

manufacturer’s recommendations.

Statistical Analysis

All statistical analyses were carried out using the software Statview 5.0 (SAS
Institute Inc., Cary, NC, USA). Data were initially subjected to Smirnov-Kolmogorov
and Batlett tests to confirm normal distribution and homogeneity of variance,
respectively. Difference in the number of NORs among experimental groups were
evaluated by ANOVA followed by PLSD Fisher’s test. The proportions of the
different ovarian follicles were compared by chi-square test. Values were considered

statistically significant when p < 0.05.

3. RESULTS

From the five C57BL/6 female SCID mice used as recipients for the graft
control group, all survived after 40 days; while six from the seven female used for the
graft vitrified group survived after receiving the graft under its renal capsule (Figure
1A). After removal, the transplanted tissues presented a gross morphology compatible
to parenchymal region of ovarian tissue (Figure 1B), as confirmed by histological
evaluation. Macroscopically, the presence of a hemorrhagic corporea was observed in

one individual from the xeno-fresh group (Figure 1C).
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Figure 1. Macroscopic morphological aspect of ovarian cortex fragments from agouti
(Dasyprocta leporina). (A) Fragment of ovarian tissue under the renal capsule, (B)
parenchymal region with ovarian tissue and (C) hemorrhagic corporea after

xenografting.

Reproductive monitoring of the recipients

According to the characteristics of external genitalia and the predominance of
cornified cells on the vaginal cytology, we observed that four females (4/5; 80%) from
the xeno-fresh group and one female (1/6; 16.7%) from the xeno-vitrified group
returned to ovarian activity at 20.6 + 8.6 days after the xenotransplantation. Typical
signs of proestrus (Figure 2A) and estrus (Figure 2C), which characterize the ovarian
activity return, included hyperemia, swelling, vulvar opening, the presence of mucous
secretion, associated to the cytological findings as the predominance of nucleated

superficial (Figure 2B) and cornified (Figure 2D) cells, respectively.
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Figure 2. Characteristics of recipients SCID mice’s external genitalia (A,C) and
vaginal cytology (B,D). (A) Proestrus characterized for the beginning of mucus
production and vulvar opening; (B) Vaginal washing showing nucleated epithelial
cells; (C) Estrus characterized for increased mucus production and complete vulvar

opening; (D) Vaginal washing showing cornified cells.

For occasion of grafts removal, we identified that three individuals from the
xeno-fresh group and one from the xeno-vitrified group were in estrus. Besides the
characteristics of external genitalia and vaginal cytology, we determine the increase in
estrogen values (Table 1). Moreover, one individual from the xeno-fresh group

presented metestrus signs.
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Table 1 Phase of estrous cycle and estrogen profile of mice C57BI/6 SCID submitted
to the xenografting of ovarian tissue of agouti (Dasyprocta leporina) for forty days.

Tratamentos Animal  Dia do retorno Apos 40 dias de xenotransplante
da atividade
ovariana
Fase do ciclo estral Valores de

estrogeno (pg/ml)

Grupo xeno-fresco 1 22 Estro 26,34
6 12 Estro 23,00
7 12 Metaestro** 16,56
11 32 Estro* 18,71
Grupo xeno-vitrificado 4 25 Estro 15,13

* Presenca de corpo luteo;
**Presenca de corpo hemorrégico e corpo luteo.

Histology of agoutis’ ovarian fragments

After removal and inspection of the fragments, we verified that the blood
supply to the transplanted tissue was reestablished and appeared not to have been
affected by the procedure. In four individuals from the xeno-fresh group (4/5) and one
from the xeno-vitrified group (1/6), there was revascularization of the ovarian tissue
due to the presence of blood vessels (Figure 3A).

The presence of preantral follicles classified as primordial (Figure 3B) and
primary (Figure 3C) was observed in all the groups analyzed, as well as transitional
follicles, except for the vitrified control group. Secondary follicles (Figure 3D) were
observed only in the control group and xeno-fresh group. In two individuals from the
xeno-fresh group (40%), corporea lutea were identified in the xenografts (Figure 3E).
The presence of a hemorrhagic corporea was noted in one animal from the xeno-fresh

group (Figure 3F). Data related to the morphologically normal follicles were expressed
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in percentage (%) and are presented in Figure 4, in which the predominance of

primordial follicles is highlighted.

Figure 3. Histological characteristics of agoutis’ (Dasyprocta leporina) ovarian tissue
submitted to xenotransplantation to SCID mice. Fresh (A and B) and vitrified (C) after
xenografting in mice C57BI/6 female SCID (A) blood vessels (arrows); (B) primordial
follicles (arrows); (C) primary follicles (D) secondary follicle; (E) Corporea lutea

(arrows); (F) hemorrhagic corporea. Scale bar: 40 um




Figure 4. Proportions of morphologically normal ovarian follicles (%) in agoutis’
(Dasyprocta leporina) ovarian tissue submitted to different treatments. *Asterisk

indicate statistical difference among experimental groups.
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Assessment of cell proliferation in agoutis’ ovarian tissue fragments

The Ag-NOR technique (Table 2) determined that the mean of the NORs
(Figure 5) was similar among the follicles from both fresh and vitrified groups (p <
0.05). However, the combination between xenografting and vitrification provoked a
significant decrease in the cell proliferation, as verified by a reduction in the mean
NORs (1.66 £ 0.25) when compared to the fresh control and xeno-fresh groups (p <
0.05).
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Table 2 Average number of nucleolar organizer regions (NOR) per nucleus of
granulosa cells derived from agouti (Dasyprocta leporina) growing preantral follicles
from fresh and vitrified ovarian tissues that were subjected to in vivo culture.

Treatments Number de NORs
Group fresh control 7.19+1.23°
Vitrified control 488+1.48%
Xeno-fresh group 9.10+0.64°
Xeno-vitrified group 1.66 +0.25°

2D Within a row, means without a common letter differed (P < 0.05).

Figure 5. Argentafins nucleolar organizer regions (Ag-NORs) in agoutis’ (Dasyprocta
leporina) preantral ovarian follicles submitted to different treatments. (A) Fresh

control group; (B) xeno-fresh group; (C) vitrified group; (D) xeno-vitrified group.

Scale bar: 100 um
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Only follicles with visible oocyte nuclei were analyzed. None of the negative
controls marked with TUNEL technique showed any immunoreactivity, while signal-
positive TUNEL marked was observed in the positive controls (Figure 6A — A”). The
healthy (primordial and primary) follicles were TUNEL negative observed in the
entire control fresh group (Figure 6B), vitrified control (Figure 6C) and xeno-fresh
group (Figure 6D). TUNEL-positive signals were detected in the degenerate follicles
as indicated by the fragmented nuclei of granulosa cells and oocyte nuclei, observed

after transplanted of samples submitted to the solid surface vitrification (Figure 6E).

Figure 6. Detection of apoptosis occurrence in agoutis’ (Dasyprocta leporina) ovarian
tissue using TUNEL assay. A.cortex without counter staining (A - left) and with
propidium iodide staining (A’ - right) in the control group (B and B’), vitrification
group (C and C’ ), xenograft control (D and D’) and xenograft group vitrified (E) with
TUNEL-positive signals (E”). Scale bar: 20 um.
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4. DISCUSSION

The efficiency of xenotransplantation has been reported in several rodents as
mice (Lee et al. 2015) and rats (Damous et al. 2015), but this is the first study to
demonstrate the xenografting of fresh or vitrified ovarian tissue derived from a
hystricognath wild rodent, the red-rumped agouti, to C57BI/6 SCID mice. The
satisfactory results obtained, demonstrated through the ovarian activity return and the
presence of a greater number of primordial follicles after graft, confirmed the
hypothesis that graft represents a useful tool to evaluate the ovarian function recovery
and to elucidate the revascularization mechanisms of fresh or cryopreserved tissues
(Youm et al. 2015). Nevertheless, fertility preservation using ovarian tissue banking
and transplantation is still in the experimental stages (Lee et al. 2015) and has been
slowly adapted to some animal groups as felids (Wiedemann et al. 2012), non-human
primates (Amorim et al. 2013) and ungulates (Damasio et al. 2016).

Trough observation of external signs associated to vaginal cytology findings,
we verify that four recipients from the xeno-fresh and one from the xeno-vitrified
groups exhibit proestrus followed by estrus at 20 days after xenografting surgery,
characterizing the return to ovarian activity. Similar studies conducted in other rodents
as mice (Cox et al. 1996) and rats (Damous et al. 2015) also obtained the ovarian
activity return at 15 to 20 days after xenografting, as evidenced by the estrus arising
detected through vaginal cytology.

After 40 days of xenografting, five mice, being four from the xeno-fresh and
one from the xeno-vitrified groups, presented external signs of estrus. These
observations assent with the use of vaginal cytology for reproductive monitoring o
recipients, since we identified the cell features previously described by Nelson et al.
(1982) and Byers et al. (2012). Many authors reported the successful application of
vaginal cytology for the evaluation of ovarian tissue xenografts derived from various
species as elephants (Guanasena et al. 1998), non-human primates (Schnorr et al.
2002) and cats (Santos et al. 2016). In addition, the five recipients exhibiting estrus for
occasion of agoutis’ grafts removal presented increased estrogen levels in blood,

which can be highlighted as the main reason for the alterations in the external genitalia
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and the predominance of superficial cells verified through the vaginal cytology
(Campos et al. 2015).

Xenograft involves tissue transfer between an individual donor and recipients
of different species (Santos et al. 2016), so the fabric is prone to rejection by the
recipient. At present study, female severe combined immunodeficiency (SCID) mice
were used in order to avoid rejection of agoutis’ xenograft tissue, as previously
reported by xenotransplantation studies conducted in mice (Aerts et al. 2008) and lions
(Wiedemann et al. 2012). The SCID mice devoid of humoral immune response, which
provides a great safety and efficient recovery of the transplanted organs (Pimentel et
al. 2015). In spite of this fact, one recipient did not survive for 40 days after the
xenografting procedure, probably because they did not resist to the surgery. In fact, the
recipient’s death after receiving a transplant due to the damage caused by the surgery
was described in several species as rabbits, swine, ovine and primates (Hamilton et al.
1984).

In present study, we were able to recover all the agoutis’ ovarian fragments
transplanted. Furthermore, the formation of blood vessels was noted, thus indicating
the vascularization of the agoutis’ ovarian tissue in the site where they were grafted in
the SCID mice. A similar vascularization of xenografted tissue was previously
described by when mice (Youm et al. 2015) and cats (Santos et al. 2016) were used as
tissue donors. The efficient tissue revascularization may be associated to the use of
kidney capsule as the transplantation site (Kaneko et al. 2013). Various authors (Aerts
et al. 2008; Lee et al. 2015; Santos et al. 2016) have chosen this site as the main
destiny of grafts because it is highly vascularized and provides good angiogenic
conditions for a rapid revascularization of the transplanted ovarian tissue (Youm et al.
2015). The tissue revascularization is indeed important in order to preserve the
viability of donors’ ovarian follicles (Youm et al. 2015), as observed in the present
study. Moreover, it is well known that there are angiogenic factors, as vascular
endothelial growth factor and angiopoietins, in ovarian tissue of rodents that can
stimulate the rapid migration of endothelial cells and allow the restoration of blood
flow (Israely et al. 2003), thus contributing for tissue revascularization.

The presence of primordial, transitional, primary and secondary follicles was

observed in the agoutis’ ovarian tissue after grafts’ removal. These findings
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demonstrated the ability of transplanted tissue to conserve viable follicles that are able
to develop for further stages, even if no antral ovarian follicles were observed in this
study. We emphasize, however, the presence of a hemorrhagic corporea and some
corporea lutea in the grafts, which are indicative of ovulation occurrence. Moreover,
the predominance of normal follicles characterized as primordial and primary ones in
the transplants is highlighted. This result could be attributed to the low metabolic rates
required by these follicular categories, which can contribute to their resistance to post-
transplant ischemia (Huang et al. 2010). Similar results were described for rats (Israely
et al. 2003), in which primordial and primary follicles present simple morphology and
are concentrated in the periphery of the ovarian cortex, which suggests that they are
the first to benefit from revascularization (Nugent et al. 1997).

After grafting of agoutis’ vitrified ovarian tissue, the number of viable follicles
decreased in comparison to the other groups. Probably, follicles were affected by
cryoinjuries originated from the vitrification procedure (Herraiz et al. 2014) associated
to the hypoxia present in the first days after transplantation (Laschke et al. 2003). It is
well known that cryoinjuries could affect the follicular development, through the
reduction of cellular respiration, increase of degeneration of the deoxyribonucleic acid
and release of intracellular material (Laschke et al. 2003). However, the current
consensus is that ischemia prior to graft revascularization rather than cryopreservation-
induced damage is the main cause of follicular loss (Gonzalez et al. 2012). We
emphasize that similar follicular densities among the fresh control and experimental
groups were verified, which ensures a large pool of follicles capable of growing after
the vitrification procedures if this would be improved.

Transplants are considered an efficient tool to measure tissue survival after a
cryopreservation process. In fact, the present study demonstrate that is possible to
recover normal agoutis’ PFs after 40 days of xenotransplantation of previously
vitrified ovarian tissue. This is an interesting result that highlights that activation of
preantral follicles (PFs) after transplantation of cryopreserved ovarian tissue is a
challenge. Some factors that hinder the success of the procedure include not only the
high variability between species, but also the challenges resulted from the exposure of
tissue to the vitrification solution (Fabbri et al. 2001) and the steps of the

cryopreservation procedure themselves (Faustino et al. 2011). Many authors have been
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reporting variable success at performing the transplantation of cryopreserved ovarian
tissue in several species as wombats (Wolvekamp et al. 2001), mice (Hemadi et al.
2009; Lee et al. 2015), lions (Wiedemann et al. 2012), rats (Damous et al. 2015) and
boars (Damasio et al. 2016). The common consensus, however, is that is necessary to
improve the vitrification protocols and to establish adequate in vivo culturing
procedures in order to obtain most satisfactory results.

When grafted agoutis’ ovarian tissue was evaluated for cell proliferation, it was
observed that a significant reduction in the number of NORs occurred after the
xenografting of vitrified samples. Bandeira et al. (2015) reported similar results in
goat. The decrease in the number of NORs may be related to the cryopreservation
process that increases the sensibility of cells to the culture conditions (Segino et al.
2005), thus exacerbating the toxic effect of CPAs (Huang et al. 2010). In fact, previous
studies conducted in mice demonstrated that excessive dehydration and exposure to
metabolites could increase the exposure of cells to the toxic effects of CPAs (Zhang et
al. 2009).

In addition, TUNEL revealed the occurrence of apoptosis mainly in the xeno-
vitrified group, which could also be a result from the damage associated to the
ischemia that occurs before tissue revascularization. These findings are similar to
those reported by Damasio et al. (2016) that attributed the presence of apoptosis in
wild boar ovarian follicles to structural changes consequently from the prolonged
ischemia suffered by the tissue since its removal from the donor to the
revascularization after transplant. In this context, studies have shown that presence of
apoptosis was not only related to the cryopreservation protocol and the cryoprotectants
used (Zhou et al. 2010), but also to the manipulation of the transplanted fragments
after removal (Damous et al. 2015). It is necessary to emphasize, however, that
apoptosis occurrence in transplanted ovaries is not yet completely understood (Abir et
al. 2011).

In general, we emphasize that xenografting of agoutis’ cortical ovarian tissue is
an excellent tool to increase knowledge about the development of follicular dynamics
in this species. Furthermore, it provides a validation method for other assisted
reproductive techniques as it investigates follicular growth in vivo. In addition, the

xenotransplantation method may allow preservation and multiplication of the genetic
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resources of this species, and serve as a method for PFs analysis that can be applied
for other hystricognath rodents that are threatened or vulnerable to extinction.

CONCLUSION

In conclusion, we demonstrate the efficiency of agoutis’ ovarian tissue to promote the
ovarian activity return in SCID C57B1/6 mice after xenografting of fresh and vitrified
fragments.  We believe that this promising technique represents a valuable
contribution for female germplasm conservation as for agoutis as for other valuable
wild hystricognath rodents. However, we emphasize that further studies must be
conducted in order to improve the combination between ovarian tissue vitrification

protocols and in vivo culture.
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9. CONCLUSOES GERAIS E PERSPECTIVAS

Com base no exposto, o uso de 6M do dimetilsufoxido, 3M do etilenoglicol e
associacao de ambos os ACPs (DMSO e EG), associado ao método de vitrificagdo em
superficie solida foi eficaz na preservacdo da integridade morfoldgica e viabilidade de
foliculos ovarianos pré-antrais in situ de cutias (Dasyprocta leporina).

As camundongas C57BI/6 SCID representaram bons modelos experimentais
para 0 Xxenotransplante de tecido ovariano de cutias, uma vez que o retorno da
atividade ovariana provou que os fragmentos transplantados ao formar o tecido
vascularizado foram capazes de produzir horménios suficientes para demonstrar
alteracOes nas caracteristicas da genitalia externa e diferencas na citologia vaginal. Isto
pode ser utilizado para preservacdo dos recursos desta espécie, mas também podera
servir de modelo para o uso da técnica em outros animais vulneraveis ou ameagados
de extincao.

Salienta-se que esse é o primeiro trabalho a descrever o processo de
criopreservacdo de gametas femininos de cutias seguido do cultivo in vivo, o que
demonstrou ser uma técnica simples e eficaz para tais gametas, abrindo vertentes para
a formacéo de bancos de germoplasma para a espeécie.

Nesse sentido, o desenvolvimento de novos protocolos, ou até mesmo o
aperfeicoamento dos ja existentes com utilizacdo de concentracdes de ACPs ideal para
cada tipo de célula sdo requeridos para 0 sucesso da criopreservacdo e posterior
transplante, no intuito de se obter maiores aplicacBes da técnica de xenotransplante em
roedores silvestres ou domésticos. Assim como, desenvolver novos estudos
moleculares e do perfil protebmico podem auxiliar na identificacdo da interacdo de
todos os constituintes celulares.
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