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CONSERVAÇÃO DE TECIDO SOMÁTICO DE PEIXE-BOI MARINHO, Trichechus 
manatus manatus (LINNAEUS, 1758) USANDO DIFERENTES TÉCNICAS E 

SOLUÇÕES DE CRIOPRESERVAÇÃO 
 
NASCIMENTO, Matheus Barbosa do. CONSERVAÇÃO DE TECIDO SOMÁTICO DE 
PEIXE-BOI MARINHO, Trichechus manatus manatus (LINNAEUS, 1758) USANDO 
DIFERENTES TÉCNICAS E SOLUÇÕES DE CRIOPRESERVAÇÃO. 2022. Dissertação 
(Mestrado em Ciência Animal: Morfofisiologia e Biotecnologia Animal) – Universidade 
Federal Rural do Semi-Árido (UFERSA), Mossoró, RN, 2022. 
 
RESUMO: Os criobancos de tecidos somáticos são importantes ferramentas para a 
conservação e conhecimento das espécies, especialmente aquelas ameaçadas de extinção 
como o peixe-boi marinho, que vem tendo sua população reduzida por ações antrópicas. 
Assim, faz-se necessário a otimização de protocolos para redução de danos ocasionados pelas 
técnicas de criopreservação. Diante deste cenário, o presente trabalho teve como objetivos 
avaliar o potencial da criopreservação para tecidos somáticos de peixe-boi marinho (Etapa 1), 
bem como aperfeiçoar o protocolo de vitrificação (Etapa 2). Para tanto, foram coletados 
fragmentos oriundos da pele de seis peixes-boi marinho mantidos no Centro Nacional de 
Pesquisa e Conservação de Mamíferos Aquáticos, na Ilha de Itamaracá, Pernambuco, e 
divididos em duas etapas. Na primeira etapa, fragmentos foram distribuídos nos grupos 
congelação lenta (CL) e vitrificação em superfície sólida (VSS). Já na segunda etapa, 
fragmentos foram alocados nos grupos vitrificados com diferentes soluções: 3M-EG+3M-
DMSO, 1,5M-EG+1,5M-DMSO, 3M-EG e 3M-DMSO. Tecidos não criopreservados foram 
utilizados como grupo controle nas duas etapas. Para todos os experimentos, fragmentos 
foram avaliados quanto à ultraestrutura, espessura da derme, quantificação de fibroblastos, 
percentual de fibras colágenas e potencial proliferativo tecidual. Além disso, células 
resultantes dos explantes cultivados foram avaliadas quanto à morfologia, aderência, 
viabilidade, atividade proliferativa, atividade metabólica, níveis de espécies reativas de 
oxigênio (EROs), potencial de membrana mitocondrial (ΔΨm) e níveis de apoptose. Na 
primeira etapa, a VSS não alterou a espessura da derme (P > 0,05), mas, ambas as técnicas 
diminuíram a quantidade de fibroblastos e aumentaram o percentual de fibras colágenas (P < 
0,05). A CL manteve o potencial proliferativo tecidual, semelhante aos tecidos não 
criopreservados. No cultivo in vitro, apenas fragmentos do grupo VSS não apresentaram 
crescimento celular no período de 60 dias. Para o grupo CL, células obtidas não apresentaram 
redução na sua viabilidade e atividade proliferativa (P > 0,05), entretanto, houve redução no 
metabolismo e aumento dos níveis de apoptose, EROs e ΔΨm em comparação com células de 
tecidos não criopreservados. Já na segunda etapa, não houve diferença na ultraestrutura, sendo 
observado aumento na espessura da derme no grupo 1,5M-EG+1,5M-DMSO. Em todos os 
grupos vitrificados houve redução nos fibroblastos e aumento da matriz colágena (P < 0,05). 
Contudo, a vitrificação com 3,0M-EG+3,0M-DMSO manteve o potencial proliferativo dos 
tecidos. Nenhum dos fragmentos vitrificados foram capazes de produzir células em cultivo in 
vitro. Em conclusão, tecidos somáticos de peixe-boi marinho podem ser criopreservados por 
congelação lenta, produzindo células viáveis após cultivo in vitro. Os tecidos quando 
vitrificados, mesmo com redução na concentração, bem como a associação dos crioprotetores 
intracelulares não permitiram a obtenção de células, o que evidencia necessidade do 
aperfeiçoamento de protocolos, visando aumentar a qualidade dos bancos de tecidos 
somáticos nesta espécie. 
 
Palavras-chave: criobanco, mamífero marinho, criopreservação tecidual, espécie ameaçada 



CONSERVATION OF SOMATIC TISSUE OF MARINE MANATEE, Trichechus 
manatus manatus (LINNAEUS, 1758) USING DIFFERENT CRYOPRESERVATION 

TECHNIQUES AND SOLUTIONS 
 

NASCIMENTO, Matheus Barbosa do. CONSERVATION OF SOMATIC TISSUE OF 
MARINE MANATEE, Trichechus manatus manatus (LINNAEUS, 1758) USING 
DIFFERENT CRYOPRESERVATION TECHNIQUES AND SOLUTIONS. 2022. 
Dissertação (Mestrado em Ciência Animal: Morfofisiologia e Biotecnologia Animal) – 
Universidade Federal Rural do Semi-Árido (UFERSA), Mossoró, RN, 2022. 
 
Abstract: Somatic tissue cryobanks are important tools for the conservation and knowledge 
of species, especially those threatened with extinction such as the Antillean manatee, whose 
population has been reduced by human actions. Thus, it is necessary to optimize protocols to 
reduce damage caused by cryopreservation techniques. Given this scenario, the present study 
aimed to evaluate the potential of cryopreservation for somatic tissues of marine manatee 
(Step 1), as well as to improve the vitrification protocol (Step 2). For this, fragments from the 
skin of six Antillean manatees kept at the National Center for Research and Conservation of 
Aquatic Mammals, on the island of Itamaracá, Pernambuco, were collected and divided into 
two stages. In the first step, fragments were distributed in the slow freezing (SF) and solid 
surface vitrification (SSV) groups. In the second step, fragments were allocated to groups 
vitrified with different solutions: 3M-EG+3M-DMSO, 1.5M-EG+1.5M-DMSO, 3M-EG and 
3M-DMSO. Non-cryopreserved tissues were used as a control group in both stages. For all 
experiments, fragments were evaluated for ultrastructure, thickness of the dermis, 
quantification of fibroblasts, percentage of collagen fibers and tissue proliferative potential. In 
addition, cells resulting from cultured explants were evaluated for morphology, adherence, 
viability, proliferative activity, metabolic activity, levels of reactive oxygen species (ROS), 
mitochondrial membrane potential (ΔΨm) and levels of apoptosis. In the first step, SSV did 
not change the thickness of the dermis (P > 0.05), but both techniques reduced the number of 
fibroblasts and increased the percentage of collagen fibers (P < 0.05). SF maintained tissue 
proliferative potential, similar to non-cryopreserved tissues. In the in vitro culture, only 
fragments of the SSV group did not show cell growth in the period of 60 days. For the SF 
group, cells obtained showed no reduction in their viability and proliferative activity (P > 
0.05), however, there was a reduction in metabolism and increased levels of apoptosis, ROS 
and ΔΨm compared to cells from non-cryopreserved tissues. In the second stage, there was no 
difference in the ultrastructure, with an increase in the thickness of the dermis being observed 
in the 1.5M-EG+1.5M-DMSO group. In all vitrified groups there was a reduction in 
fibroblasts and an increase in collagen matrix (P < 0.05). However, vitrification with 3.0M-
EG+3.0M-DMSO maintained tissue proliferative potential. None of the vitrified fragments 
were able to produce cells in in vitro culture. In conclusion, Antillean manatee somatic tissues 
can be cryopreserved by slow freezing, producing viable cells after in vitro culture. The 
tissues when vitrified, even with a reduction in concentration, as well as the association of 
intracellular cryoprotectants did not allow obtaining cells, which shows the need to improve 
protocols, aiming to increase the quality of somatic tissue banks in this species. 
 
Keywords: cryobanking, marine mammal, tissue cryopreservation, endangered species 
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CAPÍTULO 1 – CONSIDERAÇÕES GERAIS 1 

 2 

1. INTRODUÇÃO 3 

 4 

O peixe-boi marinho (Trichechus manatus manatus) é um importante mamífero 5 

aquático herbívoro, distribuído por mais de 15 países ao longo do continente americano, 6 

incluindo o litoral brasileiro (LUNA et al., 2012; ATTADEMO et al., 2021). Esta espécie 7 

possui um importante papel ecológico junto à cadeia alimentar do ecossistema que habita, 8 

sendo indicadora de qualidade ambiental (LUNA et al., 2008a). Contudo, segundo a União 9 

Internacional para a Conservação da Natureza (IUCN), encontra-se classificada atualmente 10 

como vulnerável (DEUTECHS et al., 2008), e do ponto de vista nacional como em perigo de 11 

extinção (LUNA et al., 2018) com perspectivas crescentes de redução populacional. 12 

Entre as causas responsáveis por essa redução do quantitativo populacional, destacam-13 

se as ações antrópicas, como a degradação dos ambientes, mudança e perda de habitats, 14 

elevação dos níveis de poluentes sólidos e líquidos e degradação do litoral (LIMA et al., 15 

2011). Nesse cenário, estratégias de conservação tornam-se essenciais para a garantia da 16 

biodiversidade mundial (OLIVEIRA et al., 2019). No Brasil, propostas de conservação têm 17 

sido desenvolvidas por meio do Plano de Ação Nacional para Conservação do Peixe-boi 18 

marinho (Trichechus manatus) denominado PAN Peixe-boi Marinho (portaria no. 249/2018, 19 

BRASIL, 2018) elaborado pelo Instituto Chico Mendes de Conservação da Biodiversidade 20 

(ICMBio). Entre as recomendações desse plano de ação têm-se a redução dos efeitos das 21 

atividades antrópicas sobre as populações naturais, ampliação do conhecimento aplicado a sua 22 

conservação e aperfeiçoamento de ações de conservação ex situ nos próximos cinco anos. 23 

Em geral, as ações ex situ envolvem dois tipos, a in vivo e a in vitro. As ferramentas in 24 

vivo consistem na conservação do animal vivo fora de seu habitat natural, geralmente em 25 

reservas ou parques ecológicos (ANDRABI; MAXWELL, 2007). Já as ferramentas in vitro 26 

consistem na criopreservação de recursos biológicos na forma de criobancos (COMIZZOLI, 27 

2017), sendo atualmente uma ferramenta altamente sugerida em virtude de poder conservar 28 

materiais biológicos de diferentes populações de uma espécie (PRAXEDES et al., 2019). 29 

 Os bancos de recursos biológicos podem ser constituídos de gametas, embriões, 30 

tecidos gonadais, tecidos e células somáticas mantidos em condições criogênicas de 31 

temperatura e armazenamento (LERMEN et al., 2009; MACHADO et al., 2016). Nos últimos 32 

anos, amostras somáticas têm despertado interesse na formação dos criobancos, em virtude 33 

destas amostras poderem ser coletadas de maneira menos invasiva, não se restringindo ao 34 
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gênero e idade do animal (PRAXEDES et al., 2018), bem como poderem ser empregadas em 35 

estudos de reprogramação nuclear por meio de clonagem por transferência nuclear de célula 36 

somática (TNCS) e indução de células pluripotentes (iPS; BORGES; PEREIRA, 2019a). 37 

 Para todas essas aplicações, o primeiro passo consiste em formar um criobanco 38 

adequado de tecidos somáticos. Nesse sentido, dois fatores são responsáveis pela eficiência 39 

desses bancos, a técnica de criopreservação e a solução de crioprotetores empregados. 40 

Estudos em outros mamíferos silvestres têm demonstrado variações quanto a esses dois 41 

fatores, mesmo quando utilizando o mesmo tipo tecidual (BORODA et al., 2015; BORGES; 42 

PEREIRA, 2019a; COSTA et al., 2020).  43 

 Portanto, o presente estudo tem como objetivo avaliar diferentes técnicas de 44 

criopreservação e crioprotetores intracelulares visando o estabelecimento de um banco de 45 

recursos somáticos para a conservação do peixe-boi marinho.  46 

 47 

 48 

 49 

 50 

 51 

 52 

 53 

 54 

 55 

 56 

 57 

 58 

 59 

 60 

 61 

 62 

 63 

 64 

 65 

 66 

 67 
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2. REVISÃO DE LITERATURA 68 

 69 

2.1. ASPECTOS FILOGENÉTICOS E IMPORTÂNCIA ECOLÓGICA DO PEIXE-BOI 70 

MARINHO 71 

 72 

Os sirênios são mamíferos aquáticos herbívoros, não-ruminantes, totalmente adaptados 73 

à vida aquática, pertencentes à ordem Sirenia, um grupo monofilético que taxonomicamente 74 

compreende duas famílias: Dugongidae e Trichechidae (Figura 1) (LUNA et al., 2008a). A 75 

primeira família é constituída por uma espécie vivente e uma espécie extinta: dugongo 76 

(Dugong dugon) e vaca-marinha-de-Steller (Hydrodamalis gigas), respectivamente. Já a 77 

segunda é composta por um único gênero com quatro espécies de peixes-boi (BARROS et al., 78 

2016).  79 

Figura 1. Espécies pertencentes à ordem Sirenia. Fonte: FREIRE (2016). 80 

 81 

A família Trichechidae por possuir sensibilidade e intolerância à água fria, necessita 82 

de uma temperatura mínima tolerável de 20 ºC, encontra-se distribuída nas regiões tropicais e 83 

subtropicais (BALENSIEFER et al., 2017; Figura 2): Trichechus inunguis (peixe-boi da 84 

Amazônia) se encontra ao longo da Bacia Amazônica; Trichechus manatus (peixe-boi 85 

marinho ou das Índias Ocidentais) ao longo do continente americano, desde a Flórida nos 86 

Estados Unidos, até a região Nordeste do Brasil, habitando as águas costeiras e rios; 87 

Trichechus senegalensis (peixe-boi africano) cuja distribuição abrange o continente africano, 88 

sendo encontrado ao longo da costa, estuários e rios desde o Senegal até Angola (MARSH; 89 
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LEFEBVRE, 1994; DOMNING, 2001). Há registros de hibridação de espécies encontradas na 90 

América do Sul (VIANNA et al., 2006; LUNA et al., 2021; OLIVEIRA et al., 2022).  91 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figura 2. Distribuição das espécies da família Trichechidae e Dugongidae, incluindo as 92 

subespécies derivadas do peixe-boi marinho (Trichechus manatus latirostris e T. manatus 93 

manatus). Fonte: HOULGUIN-MEDINA (2008) modificado. 94 

 95 

A espécie marinha de peixe-boi, Trichechus manatus (Linnaeus, 1758) é subdivida em 96 

duas (HATT, 1934): Trichechus manatus latirostris (peixe-boi da Flórida), presente nos 97 

Estados Unidos, do Texas ao estado da Virgínia, e Norte do Golfo do México; e Trichechus 98 

manatus manatus (peixe-boi das Antilhas), que se distribui ao longo do Caribe, costa atlântica 99 

do México, América Central e América do Sul. No Brasil, esta espécie ocorre de maneira 100 

descontínua do extremo norte do país até o litoral do nordeste, não estando presentes nos 101 

litorais dos estados de Sergipe, Bahia e Espírito Santo, provavelmente devido à caça do 102 

mesmo (LUNA et al., 2012). 103 

Em relação ao T. manatus manatus, Vianna et al. (2006) relataram que a população 104 

brasileira de T. m. manatus possui 2n = 48 (cariótipo não apresentado), com um conjunto 105 

diploide semelhante ao da Flórida. Mais detalhadamente, Barros et al. (2016) descreveram o 106 

cariótipo do peixe-boi marinho presente no Brasil, o qual identificou como 2n = 48 e 107 

composto de nove cromossomos metacêntricos, cinco submetacêntricos, oito subtelocêntricos 108 
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e um acrocêntrico. Tais informações tornaram-se cruciais para o conhecimento do perfil 109 

cromossômico da espécie, bem como a detecção futura de alterações cromossômicas.  110 

Os sirênios, assim como os outros grupos de mamíferos marinhos, sofreram diversas 111 

adaptações anatômicas e fisiológicas para se tornarem aptos a viver no ambiente aquático. As 112 

principais modificações foram relacionadas ao ambiente e à ecologia alimentar das espécies. 113 

O corpo de um sirênio é fusiforme e quase desprovido de pelos; não apresenta membros 114 

traseiros e pavimentos auriculares e possui nadadeiras peitorais reduzidas em forma de remo 115 

(MARMONTEL et al., 1997). 116 

A pele destes animais é finamente enrugada em toda sua extensão. A coloração do 117 

corpo varia de cinza a marrom, podendo ficar esverdeada em virtude do crescimento de algas 118 

verdes. Os escassos pelos dorsais parecem ser sensíveis às correntes e são receptivos a 119 

vibrações de baixa frequência ou pressão das ondas (KIPPS et al., 2002).  120 

Ecologicamente, os espécimes contribuem para a manutenção do ciclo de plantas e 121 

outros seres da biota. Suas fezes, ricas em nutrientes, fertilizam as águas e transformam-se em 122 

adubo para o crescimento de vegetais, tornando o ecossistema mais estável e produtivo 123 

(LIMA et al., 2015). O peixe-boi marinho pode ser considerado uma espécie-sentinela, na 124 

qual indica alterações que ocorrem no ambiente onde habita (BONDE et al., 2004), 125 

atribuindo-lhe importante função ecológica. Portanto, pesquisas e incentivos para conservação 126 

dessa espécie são fundamentais para o equilíbrio do ambiente (CHOI et al., 2011). 127 

 128 

2.2. QUANTITATIVO POPULACIONAL, RISCO DE EXTINÇÃO E ESTADO DA ARTE 129 

DA CONSERVAÇÃO DO PEIXE-BOI MARINHO 130 

 131 

A estimativa populacional, bem como detalhamentos da área de distribuição do peixe-132 

boi marinho no Brasil ainda carece de maiores informações (CHOI-LIMA et al., 2017). No 133 

ano de 2010, foi realizado um único sobrevoo entre os estados de Alagoas e Ceará, sendo 134 

estimado na região uma avistagem de 67 peixes-boi, resultando numa população entre 485 e 135 

2221 indivíduos, com média de 1104 (ALVES et al., 2016), denotando uma grande incerteza 136 

do tamanho populacional real. 137 

As causas para a diminuição populacional dos sirênios são variadas para cada espécie, 138 

assim como entre as áreas de ocorrência. A vaca-marinha-de-Steller, apenas 27 anos após sua 139 

descoberta foi extinta devido a caça indiscriminada (ANDERSON, 1995). Assim como a vaca 140 

marinha, as espécies brasileiras também sofreram grande exploração de caça no passado, fato 141 

que persiste ainda para a espécie amazônica (LUNA et al., 2008b). 142 



28 
 

 

A redução do quantitativo populacional do peixe-boi marinho ocorre principalmente 143 

em decorrência das atividades humanas (LUNA et al., 2008a), como as ações relacionadas às 144 

atividades petroquímicas, uso abusivo e inconsciente de agrotóxicos e fertilizantes, somado ao 145 

crescimento urbano desordenado, vêm intensificando a contaminação por agentes químicos, 146 

físicos e biológicos em enormes áreas utilizadas pelos sirênios no Brasil (PARENTE et al., 147 

2004; LIMA et al., 2011). Estes animais são especialmente afetados, pois possuem uma longa 148 

expectativa de vida e utilizam as águas costeiras, onde há uma maior concentração de 149 

poluentes em virtude da proximidade de áreas de uso e ocupação humana, favorecendo seu 150 

contato com a contaminação ambiental (ANZOLIN et al., 2012). 151 

Essas interferências antropogênicas, somado a fatores naturais ambientais, vêm 152 

contribuindo com um número crescente de encalhe de animais adultos e filhotes 153 

(MEIRELLES, 2008; ATTADEMO et al., 2021) causados especialmente devido à perda de 154 

habitat pela degradação ambiental até ingestão de lixo (SILVA; MARMONTEL, 2009). O 155 

aumento no número de embarcações determinou também um maior risco de traumas 156 

(BORGES et al., 2007), além de afastar a espécie da área de uso habitual. Estes fatores 157 

somados a contínua modificação da costa, seja ela de origem física, acústica, visual ou 158 

química, contribuíram para elevar os riscos relacionados à sobrevivência da espécie nas áreas 159 

costeiro-litorâneas (BALENSIEFER et al., 2017).  160 

Entre os fatores naturais que dificultam a reposição populacional dos sirênios, e os 161 

ameaçam de extinção está a ocorrência limitada da espécie, reprodução lenta, comportamento 162 

relativamente dócil, o que permite a aproximação de seres humanos e suscetibilidade a 163 

doenças infecciosas e agentes contaminantes, entre eles os metais pesados (BOSSART et al., 164 

2002; RECTOR et al., 2004; BOSSART, 2007).  165 

 Especialmente nos últimos anos, trabalhos envolvendo o peixe-boi marinho têm se 166 

direcionado principalmente para o entendimento das suas características fisiológicas e 167 

histológicas, bem como para doenças que acometem esses animais. Oliveira et al. (2019) 168 

descreveram o arco aórtico destes animais. Seguindo o mesmo raciocínio, a descrição 169 

histológica do trato reprodutivo destes animais e de seus anexos fetais foi observada por 170 

Bezerra et al. (2018). Estas descrições são essenciais no entendimento de anormalidades 171 

morfológicas, fisiológicas e histológicas, doenças, determinação da causa mortis de animais. 172 

Quanto aos estudos voltados para a compreensão da associação de doenças nestes 173 

animais, encontram-se trabalhos envolvendo a parasitologia da urina (PIRES et al., 2016), 174 

investigação de ervas marinhas na transmissão e soroprevalência de toxoplasmose 175 

(ATTADEMO et al., 2016; WYROSDICK et al., 2017), identificação de bactérias no sangue 176 
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(SILVA et al., 2017), ocorrência de endoparasitas (VÉLEZ et al., 2018) e microbiota fecal 177 

(SUZUKI et al. 2019). Estudos como estes indicam que contaminações microbianas são muito 178 

preocupantes para a saúde dos peixes-boi marinho. 179 

Além disso, foram realizados estudos que mostraram a distribuição do peixe-boi 180 

marinho no litoral norte do Brasil (LUNA et al., 2008b), histórico da presença deste animal na 181 

costa brasileira (BALENSIEFER et al., 2017), em especial no estado do Rio Grande do Norte 182 

(ATTADEMO et al., 2021), mostrando que o encalhamento de peixes-boi vivos ocorreu no 183 

litoral nordeste do Brasil, principalmente nos estados do Ceará e Rio Grande do Norte. 184 

Estudos vêm alertando sobre o encalhe de peixes-boi marinhos recém-nascidos e imaturos no 185 

Brasil, indicando que essa situação tem sido persistente ao longo dos anos (PARENTE et al., 186 

2004; LUNA et al., 2012). A partir de estudos como estes, pode-se entender o padrão de 187 

distribuição da espécie em nosso país, bem como acompanhar os índices de encalhamento. 188 

Dessa forma, vendo os resultados já obtidos nos estudos anteriores e as associações 189 

entre as causas e danos que impactam na saúde destes animais, bem como buscando contribuir 190 

na conservação do peixe-boi marinho, soma-se nas estratégias de conservação já realizadas a 191 

formação de bancos de recursos somáticos. Esses criobancos, quando apropriadamente 192 

estabelecidos, otimizam a amostragem da população e podem ser empregados em estudos 193 

como multiplicação, entendimento da espécie e medicina regenerativa (PEREIRA et al., 194 

2018).  195 

 196 

2.3. FORMAÇÃO DE BANCOS DE TECIDOS SOMÁTICOS APLICADOS AOS 197 

MAMÍFEROS MARINHOS 198 

  199 

Um criobanco de amostras somáticas é definido como a conservação de amostras 200 

(tecidos e células) criopreservadas sob temperaturas criogênicas (-196 °C) por tempo 201 

indeterminado (LERMEN et al., 2009). Tais criobancos têm se tornado ferramentas essenciais 202 

em estudos genéticos, citotóxicos, indução de células a pluripotência e conservação das 203 

espécies (PEREIRA et al., 2018, 2019).  204 

Em mamíferos marinhos, as informações sobre as condições adequadas de 205 

criopreservação de tecidos somáticos ainda são escassas (Quadro 1). Inicialmente, Sweat et 206 

al. (2001) criopreservaram linhagens celulares derivadas do epitélio renal do peixe-boi da 207 

Flórida. Posteriormente, em 2003, os mesmos autores criopreservaram linhagens celulares 208 

derivadas do tecido pulmonar da mesma espécie, evidenciando uma taxa de crescimento e 209 

morfologia celular adequada após a descongelação (SWEAT et al., 2003).  210 
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Em tecido somático proveniente da pele, o primeiro registo data de 2015, onde Boroda 211 

et al. criopreservaram pele de Golfinho-do-irrawaddy, Leão-marinho-de-Steller e Morsa por 212 

congelação lenta, obtendo fibroblastos dérmicos cultivados em meio enriquecido com soro 213 

fetal bovino, e aminoácidos.  214 

 215 

Quadro 1. Criopreservação por congelação lenta de diferentes amostras somáticas de 216 

mamíferos marinhos. 217 

Espécie 
Origem da 

amostra 
Amostra 

Solução de 
criopreservação 

Autores 

Peixe-boi da Flórida 
(Trichechus manatus 
latirostris) 

Rim 
Célula 
renal 

DMEM/Ham's F-12 
7,5% DMSO 
10% SFB 

Sweat 
et al. 
(2001) 

Pulmão 
Célula 
bronquial 

DMEM/Ham’s F-12 
10% DMSO 
50% SFB 

Sweat 
et al. 
(2003) 

Cachalote-pigmeu (Kogia 
breviceps) 

Pulmão 
Tecido 
pulmonar 

DMEM 
10% DMSO 
10% SFB 

Mancia 
et al. 
(2011) 

Golfinho-do-irrawaddy 
(Orcaella brevirostris), Leão-
marinho-de-Steller 
(Eumetopias jubatus), Morsa 
(Odobenus rosmarus) 

Cauda 
 

Derme 

DMEM 
I) 6% DMSO, 6% 
EG, 15 mg/mL 
sacarose 
II) 10% DMSO, 15 
mg/mL trealose 
10% SFB 

Boroda 
et al. 
(2015) 

Fibroblasto 
DMEM 
10% DMSO 
10% SFB 

Baleia jubarte (Megaptera 
novaeanglia) 

Cauda Fibroblasto 
DMEM 
10% DMSO 
90% SFB 

Burkard 
et al. 
(2015) 

Golfinho-pintado-pantropical  
(Stenella attenuata) 

Cauda Fibroblasto 
DMEM 
10% DMSO 
90% SFB 

Rajput 
et al. 
(2018) 

Orca pigmeia  
(Feresa attenuata) 

Cauda Fibroblasto 
DMEM 
10% DMSO 
90% SFB 

Yajing 
et al. 
(2018) 

Foca-pintada (Phoca largha), 
Leão-marinho-de-steller 
(Eumetopias jubatus), Morsa 
do Atlântico (Odobenus 
rosmarus), Golfinho-nariz-de-
garrafa (Tursiops truncatus), 
Beluga (Delphinapterus 
leucas), Lontra-marinha 
(Enhydra lutris) 

Nadadeira 
traseira 
(pinípedes), 
barbatana 
caudal 
(cetáceos), 
abdome 
(lontras 
marinhas) 

Derme 

DMEM 
6% DMSO 
6% EG 
15 mg/mL sacarose 
10% SFB 

Boroda 
et al. 
(2020) 
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 Portanto, observa-se que apesar dos níveis de ameaça a extinção em diversas espécies 218 

silvestres, estudos voltados para a criopreservação de amostras, especialmente as somáticas, 219 

ainda são escassos na literatura para mamíferos aquáticos e inexistentes para o caso do peixe-220 

boi marinho (T. manatus manatus), tornando necessário o estabelecimento destes criobancos 221 

para salvaguardar material genético e assim auxiliar nas estratégias de conservação para as 222 

espécies. 223 

 224 

2.4. PRINCÍPIOS FUNDAMENTAIS PARA A FORMAÇÃO DO BANCO DE TECIDOS 225 

SOMÁTICOS 226 

 227 

Para a obtenção de um banco de tecidos somáticos, faz-se necessário conhecer os 228 

componentes e estruturas histológicas da região que está sendo coletada, além do 229 

estabelecimento das condições adequadas de criopreservação tecidual (PEREIRA et al., 2018; 230 

BORGES; PEREIRA, 2019a). Em geral, a pele, órgão mais empregado para a formação 231 

desses bancos, possui uma composição e estrutura que variam entre espécies e entre regiões 232 

de colheita (HOSSAIN et al., 2016). Nesse contexto, o conhecimento da região da pele a ser 233 

recuperada torna-se essencial para a definição dos processamentos posteriores, como a 234 

escolha das substâncias crioprotetoras durante a criopreservação (BORGES et al., 2018b).  235 

Em um estudo realizado por Graham (2015) com o tegumento do peixe-boi da Flórida 236 

(Trichecus manatus latirostris), o autor descreveu um tegumento excepcionalmente espesso 237 

em toda a derme e epiderme, especialmente no estrato espinhoso e estrato córneo, falta de 238 

estrato granuloso, ausência de glândulas por toda a pele e presença de melanócitos na derme. 239 

Assim, as características da pele deste animal se diferencia dos demais mamíferos que tiveram 240 

seu tegumento estudado visando a criopreservação ou cultivo celular 241 

Na maioria dos estudos em mamíferos silvestres, a colheita da pele tem sido em 242 

indivíduos vivos, o que resulta na biópsia da pele de regiões menos invasivas do animal, 243 

como na região caudal (WANG et al., 2011; JIN et al., 2013; RAJPUT et al., 2018). Após a 244 

biópsia, amostras de pele são higienizadas com etanol 70% e transportadas ao laboratório em 245 

baixa temperatura (4 °C) em um menor intervalo de tempo possível (PEREIRA et al., 2018). 246 

No laboratório, as amostras são lavadas em meio de cultivo suplementado com antibióticos, 247 

tampões e fontes proteicas, e fragmentados em tamanhos variáveis  de 1,0 – 9,0 mm3 (WANG 248 

et al., 2011; RAJPUT et al., 2018). Após essas etapas, tecidos são submetidos ao processo de 249 

criopreservação.  250 

 251 
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2.4.1. Técnicas de criopreservação  252 

  253 

Fundamentalmente, dois tipos de técnicas são utilizados: a congelação lenta e a 254 

vitrificação, que divergem entre em si, principalmente pela taxa de redução de temperatura e 255 

concentração de crioprotetores (CASTRO et al., 2011). Em geral, para realização da 256 

congelação lenta, utilizam-se baixas concentrações de crioprotetores que promovem uma 257 

desidratação celular gradual que reduz a formação de cristais de gelo, associado a uma 258 

redução progressiva da temperatura de maneira controlada com o objetivo de reduzir o 259 

estresse térmico na fase de transição das soluções do estado líquido para o estado sólido 260 

(CAAMAÑO et al., 2008; GURRUCHAGA et al., 2019). O material biológico passa pela 261 

congelação sob o controle de um freezer programável ou recipientes adequados que permitam 262 

a redução gradativa da temperatura da amostra, em uma taxa média de -1 °C/min e, uma vez 263 

atingido uma adequada desidratação celular, a qual ocorre quando a temperatura se encontra 264 

entre -30 a -80 ºC, o material é estocado em nitrogênio líquido à -196 °C (CASTRO et al., 265 

2011). Um grande desafio a ser contornado nessa técnica consiste na formação de cristais de 266 

gelo intracelulares um dos principais responsáveis por danos celulares irreversíveis durante a 267 

criopreservação (MARTIN et al., 2000; CARVALHO et al., 2011).  268 

A congelação lenta já foi utilizada em mamíferos aquáticos por Boroda et al. (2015) 269 

para a criopreservação de amostras da pele de Golfinho-do-irrawaddy (Orcaella brevirostris), 270 

leão-marinho-de-Steller (Eumetopias jubatus) e morsa (Odobenus rosmarus), garantindo a 271 

recuperação celular posterior durante cultivo in vitro. 272 

Amostras da pele de Foca-pintada (Phoca largha), Leão-marinho-de-steller 273 

(Eumetopias jubatus), Morsa do Atlântico (Odobenus rosmarus), Golfinho-nariz-de-garrafa 274 

(Tursiops truncatus), Beluga (Delphinapterus leucas) e Lontra-marinha (Enhydra lutris) 275 

foram criopreservadas por congelação lenta em solução composta por DMEM + 10%  SFB + 276 

6% DMSO + 6% EG + 15 mg/mL sac. Células foram obtidas de tecidos criopreservados e 277 

submetidos duas abordagens diferentes para o isolamento celular: a desagregação mecânica e 278 

a desagregação mecânica seguida de desagregação enzimática (BORODA et al., 2022).  279 

Nos últimos anos, a vitrificação vem sendo empregada como método promissor de 280 

criopreservação, uma vez que consiste num procedimento de baixo custo, não requerendo 281 

equipamentos sofisticados e podendo ser aplicado em diferentes amostras biológicas (SILVA 282 

et al., 2015). Esta técnica consiste no método de criopreservação na qual a redução de 283 

temperatura ocorre de forma brusca (-2.500 °C/min), cujo objetivo é a obtenção de um sólido 284 
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amorfo ou em estado vítreo sendo necessário o emprego de altas taxas de crioprotetores 285 

(CARVALHO et al., 2011). 286 

A vitrificação em superfície sólida (VSS), a qual se realiza pela sobreposição da 287 

amostra em um cubo de metal, de fácil confecção, posicionado acima do nitrogênio líquido, 288 

que por ser um bom condutor de calor proporciona um rápido resfriamento da amostra, 289 

condição necessária para uma vitrificação eficiente (BORGES et al., 2017). Em estudos que 290 

realizaram a comparação das diferentes técnicas de vitrificação com amostras somáticas de 291 

mamíferos, foi evidenciado o bom desempenho da VSS na conservação destes tecidos sejam 292 

por análises histológicas como pelo cultivo in vitro (BORGES et al., 2017, PRAXEDES et al., 293 

2019). 294 

Em estudo que comparou a congelação lenta e a vitrificação direta em criotubos 295 

(VDC) para a conservação da pele do urso-pardo (Ursus arctos), Caamaño et al. (2008) 296 

observaram que vitrificação resultou numa menor proliferação e maior número de dias para 297 

atingir a subconfluência quando comparado a congelação. Portanto, observa-se que a técnica 298 

ideal pode sofrer variação entre as espécies, demonstrando que estudos são necessários para o 299 

estabelecimento da metodologia que provoque menos danos ao tecido. 300 

Já em onça-pintada (Panthera onca), ao se comparar a congelação lenta, vitrificação 301 

direta em criotubos (VDC) e a vitrificação em superfície sólida, foi possível observar que a 302 

VSS foi a técnica mais eficiente, tendo em vista que ela manteve a matriz de fibras colágenas 303 

similar ao grupo controle, bem como o potencial proliferativo do tecido. Com o cultivo in 304 

vitro, observou-se que a VSS foi mais eficiente para a recuperação de células somáticas, 305 

principalmente quanto a sua atividade metabólica (PRAXEDES et al., 2019). 306 

Costa et al. (2020), utilizando análises histológicas na comparação da VDC e VSS em 307 

tecido somático auricular de cutias (Dasyprocta leporina), observaram que a VSS se mostrou 308 

mais eficiente, tendo em vista que a mesma apresentou um maior quantitativo de fibroblastos 309 

e condrócitos normais, células essas de grande importância biotecnológica.  310 

Em jaguatirica (Puma concolor), amostras da pele submetidas a VSS mostraram-se 311 

viáveis e com a integridade do tecido mantida, com poucas alterações após o aquecimento, 312 

sendo capaz de manter o número de fibroblastos e potencial proliferativo do tecido. No 313 

cultivo in vitro, foi mantida a viabilidade, atividade proliferativa e níveis de apoptose, 314 

entretanto, as células apresentaram uma diminuição no seu metabolismo e potencial de 315 

membrana mitocondrial (LIRA et al., 2021). 316 

Dessa forma, observa-se que a técnica de criopreservação mais adequada, depende de 317 

diferentes fatores, como o tecido a ser criopreservado e sua espessura (BORGES; PEREIRA, 318 
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2019b), influenciando diretamente na eficiência da técnica, fazendo-se necessária a correta 319 

investigação da metodologia mais adequada. 320 

Independentemente do método empregado, a adição de um crioprotetor representa um 321 

fator chave para o sucesso da criobiologia, sendo indispensável sua presença para que as 322 

células possam resistir às injúrias resultantes do procedimento de criopreservação (YONG et 323 

al., 2020). Contudo, os metabólitos resultantes da degradação dos crioprotetores pela célula 324 

podem ser tóxicos para as células, sendo este um fator limitante para o sucesso da utilização 325 

dos mesmos (FAHY, 2010; RAJU et al., 2021). Portanto, o equilíbrio entre o tipo de 326 

crioprotetor escolhido, em combinação ou isolado, e a combinação ideal das concentrações 327 

para que não ofereçam danos as amostras biológicas são fatores determinantes para o sucesso 328 

da criopreservação e, consequentemente, da formação de bancos de amostras somáticas 329 

(LEÓN-QUINTO et al., 2014). 330 

 331 

2.4.2. Influência de crioprotetores intracelulares 332 

 333 

Os crioprotetores intracelulares são classificados como agentes de baixo peso 334 

molecular que conseguem penetrar nas células e são essenciais para a criopreservação dos 335 

sistemas biológicos (RAJU et al., 2021). Essas substâncias atuam substituindo parcialmente a 336 

água do interior das células, reduzindo o ponto de congelação a partir do aumento da 337 

viscosidade da solução de congelação (FAHY, 2010). Em geral, a eficiência dos 338 

crioprotetores intracelulares sobre a conservação de tecidos é influenciada por sua 339 

concentração, tempo de exposição, tipo de tecido, e organização molecular entre as espécies 340 

(CASTRO et al., 2011).  341 

O etilenoglicol (EG) e o dimetilsulfóxido (DMSO) são os crioprotetores intracelulares 342 

mais utilizados na criopreservação de tecidos (CASTRO et al., 2011). O EG é um álcool 343 

obtido a partir da hidrólise do óxido de eteno, apresenta baixo peso molecular (62,07 g/mol) e 344 

baixo ponto de fusão (-12,9 °C) (MARTINS; CARDOSO, 2005). Contudo, quando 345 

metabolizado pelo retículo endoplasmático, essa substância pode gerar componentes tóxicos, 346 

entre eles o ácido glicólico e oxalacetato (CASTRO et al., 2011). Quanto ao DMSO, este 347 

apresenta peso molecular mais elevado (78,13 g/mol), quando comparado ao EG, e 348 

temperatura de congelação de 18,5 °C (BRAYTON, 1986). As vias metabólicas utilizadas 349 

pelo DMSO na sua metabolização ainda não são completamente elucidadas, assim como os 350 

efeitos que causam em sistemas biológicos (OTSUKI et al., 2002). 351 
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A combinação de crioprotetores intracelulares na concentração de 2,82 M de DMSO e 352 

3,58 M de EG mostrou-se eficiente em processos de vitrificação de tecidos somáticos de 353 

diferentes animais, onde após o processo de criopreservação foi possível obter células com 354 

qualidade a partir dos fragmentos e a histologia não mostrou grandes danos nos tecidos 355 

criopreservados (CAAMAÑO et al., 2008; BORGES et al., 2017, COSTA et al., 2020). 356 

Borges et al. (2018a,b) testaram distintos crioprotetores intracelulares, 357 

individualmente  (3,0 M de EG e 3,0 M de DMSO) em associação com crioprotetores 358 

extracelulares (0,25 M de sacarose e 10% de SFB) na vitrificação de tecido somático de 359 

catetos (Pecari tajacu), e concluíram que a solução de criopreservação composta por 3,0 M 360 

EG e 0,25 M de sacarose com 10% de SFB permitiu a conservação de diversas características 361 

do tecido após o aquecimento, corroborando com Borges et al. (2017), que relataram que os 362 

crioprotetores mais utilizados para vitrificação tecidual são EG e DMSO, associados ou não a 363 

açúcares e proteínas. 364 

Já a combinação de 1,5 M de DMSO, 0,25 M de sacarose (sac) e 10% de SFB 365 

mostrou-se eficiente na criopreservação por congelação lenta, vitrificação direta em criotubos 366 

e vitrificação em superfície sólida da pele auricular de onça-pintada (Panthera onca), 367 

permitindo a recuperação de células após o aquecimento dos tecidos (PRAXEDES et al., 368 

2019). 369 

Diferentes combinações (DMSO e/ou EG) e concentrações (3,0 M e 1,5 M) de 370 

crioprotetores intracelulares associados ou não a um crioprotetor extracelular (sac) foram 371 

avaliados em fragmentos oriundos da pele auricular de cutias (D. leporina), sendo observado 372 

posteriormente que a solução composta por 1,5 M DMSO + 1,5 M EG + 0,25 M sac manteve 373 

parâmetros como espessura da derme e da pele, número de halos perinucleares, potencial 374 

proliferativo, número de lacunas vazias e condrócitos degenerados, sendo considerada a 375 

solução ideal (RODRIGUES et al., 2021). 376 

Assim, é possível observar uma certa diferença na composição e concentração dos 377 

agentes crioprotetores intracelulares empregados na conservação de amostras somáticas, 378 

fazendo-se necessária a correta investigação dos mesmos nos protocolos de criopreservação 379 

tecidual. 380 

 381 

 382 

 383 

 384 

 385 
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3. JUSTIFICATIVA 386 

 387 

 A redução do quantitativo populacional de peixes-boi marinho em níveis nacional e 388 

internacional, associado à sua importância nos ecossistemas como uma espécie-chave no elo 389 

populacional e integrante da cadeia alimentar, tem resultado em estudos que visam 390 

principalmente sua conservação no ambiente. Dessa forma, uma lacuna a ser estudada nesta 391 

espécie consiste no estabelecimento de bancos de amostras somáticas, especialmente de 392 

tecidos, visando a elucidação da estrutura tecidual bem como no estabelecimento dos 393 

procedimentos. Atualmente, tais bancos têm-se tornado importantes ferramentas na 394 

conservação de espécies silvestres que se encontram ameaçadas de extinção, devido a 395 

possibilidade de armazenar as amostras por tempo indeterminado e posteriormente empregá-396 

las em biotécnicas, como a TNCS e iPS, bem como seu emprego em estudos de 397 

ecotoxicológicos, importante nos esforços para diminuir a redução de sua população. 398 

 Portanto, visando à formação eficiente destes bancos de recursos somáticos e posterior 399 

utilização das amostras, faz-se necessário o adequado estabelecimento de protocolos 400 

otimizados desde a colheita e processamento da amostra, cultivo in vitro, técnica de 401 

criopreservação e crioprotetores intracelulares. Ainda para o peixe-boi marinho, faz-se 402 

necessário que estas amostras somáticas provenientes da pele sejam caracterizadas quanto aos 403 

seus aspectos histológicos, ultraestruturais e características celulares em cultivo, auxiliando 404 

assim na definição adequada de protocolos de criopreservação tecidual e cultivo in vitro.  405 

Atrelado às técnicas já empregadas para a conservação da espécie, a formação de 406 

criobancos, em especial os de tecidos somáticos, surge para potencializar as possibilidades de 407 

impedir a diminuição populacional, sendo mais uma ferramenta disponível para a conservação 408 

destes animais. 409 

 410 

 411 

 412 

 413 

 414 

 415 

 416 

 417 

 418 

 419 
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4. HIPÓTESES CIENTÍFICAS 420 

 421 

I) Ambas as técnicas de criopreservação promovem a conservação de tecidos somáticos de 422 

peixe-boi marinho com recuperação de células viáveis, sendo a vitrificação em superfície 423 

sólida uma metodologia interessante para aplicação a campo.  424 

 425 

II) A redução das concentrações de dimetilsulfóxido (DMSO) e etilenoglicol (EG) 426 

combinados garante a adequada proteção tecidual e celular durante a vitrificação, mantendo as 427 

características do tecido, otimizando a criopreservação tecidual. 428 

 429 

 430 

 431 

 432 

 433 

 434 

 435 

 436 

 437 

 438 

 439 

 440 

 441 

 442 

 443 

 444 

 445 

 446 

 447 

 448 

 449 

 450 

 451 

 452 
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5. OBJETIVOS 453 

 454 

5.1. OBJETIVO GERAL 455 

 456 

Estabelecer um criobanco de tecido somático da pele abdominal do peixe-boi marinho, na 457 

busca pelo seu aperfeiçoamento ao empregar métodos eficientes de criopreservação tecidual 458 

para conservação da espécie  459 

 460 

5.2. OBJETIVOS ESPECÍFICOS 461 

 462 

- Avaliar a técnica mais eficiente de criopreservação (congelação lenta vs. vitrificação em 463 

superfície sólida) para conservação da pele abdominal de peixe-boi marinho; 464 

 465 

- Avaliar diferentes combinações e concentrações de crioprotetores intracelulares (DMSO 466 

e/ou EG) na vitrificação em superfície sólida da pele abdominal de peixe-boi marinho.  467 

 468 

 469 

 470 

 471 

 472 

 473 

 474 

 475 

 476 

 477 

 478 

 479 

 480 

 481 

 482 

 483 

 484 

 485 

 486 
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Abstract 826 

 827 

The declining population of the Antillean manatee caused by ecosystem degradation and 828 

rising pollution has prompted interest in developing conservation strategies for this species. 829 

Given this scenario, somatic tissue banks are important tools for acquiring knowledge about 830 

the species, as well as for obtaining somatic cells for biotechnological and ecotoxicological 831 

applications. Therefore, we aimed to assess the effects of slow freezing (SF) and solid-surface 832 

vitrification (SSV) of the dermis of captive Antillean manatees on the histology and 833 

ultrastructure of the tissue and cell viability in culture. While the SSV did not change the 834 

dermis thickness, the SF maintained the tissue proliferative potential, assessed by the 835 

nucleolar organizer region area, similar to non-cryopreserved tissues. Moreover, both 836 

techniques reduced the number of fibroblasts and increased the percentage of collagen fibers. 837 

Nevertheless, only tissues cryopreserved with SF and non-cryopreserved tissues were able to 838 

produce cells after in vitro culture. Although SF did not alter cell viability and proliferative 839 

activity, cells derived from cryopreserved tissues showed decreased metabolism, altered 840 

apoptosis, increased levels of reactive oxygen species, and mitochondrial membrane potential 841 

compared to cells from non-cryopreserved tissues. In summary, we demonstrated for the first 842 

time that Antillean manatee somatic tissues can be cryopreserved by SF, and cells can be 843 

obtained after in vitro culture. Improvements in cryopreservation conditions, especially 844 

vitrification, of somatic samples are needed to increase the quality of somatic tissue banks in 845 

this species. 846 

 847 

Keywords: Marine mammals; biological resource banks; slow freezing; skin cell culture.  848 

 849 

 850 
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1. Introduction 851 

The Antillean manatee (Trichechus manatus manatus Linnaeus, 1758) is an important 852 

herbivorous aquatic mammal distributed along the American continent, including along the 853 

Brazilian coast [1,22]. This species has an important ecological role in the food chain of the 854 

ecosystem and is an indicator of environmental quality [23]. Different threats have been 855 

responsible for the declining population of this species, such as hunting, water pollution, and 856 

coastal degradation [18]. According to the International Union for Conservation of Nature 857 

(IUCN), the Antillean manatee is classified as endangered [11]. In Brazil, is also considered 858 

endangered with prospects of further population reduction [21,27]. 859 

 860 

One strategy for the conservation of marine species is to establish in vitro somatic cell culture 861 

systems. These instruments are important tools for studies in the fields of cell biology, 862 

physiology, ecology, molecular biology, genetics, and ecotoxicological applications in these 863 

species [5]. Moreover, as in other marine and wild species, these cells can be valuable tools in 864 

the study of cellular reprogramming [42], aiming at the production of induced pluripotent 865 

cells for the generation of gametes. For all these applications, the first step is to establish 866 

somatic tissue banks, as well as to obtain and evaluate the cells during in vitro culture. 867 

 868 

In general, systems of in vitro culture of cells of marine mammals have proven to be difficult 869 

because of the nature of the cells and the limitation of samples from protected species [15]. 870 

Reports on the cryopreservation of marine mammal skin are limited, and there is only one 871 

report on cryopreservation by slow freezing of skin samples from walrus (Odobenus 872 

rosmarus), Steller sea lion (Eumetopias jubatus), and Irrawaddy dolphin (Orcaella 873 

brevirostris), allowing the subsequent isolation of somatic cells [6]. Nevertheless, the authors 874 

reported difficulties in guaranteeing the culture and isolation of these cells, which shows the 875 
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need to improve protocols as well as apply other cryopreservation methodologies. Therefore, 876 

considering that slow freezing (SF) is a technique used in aquatic mammals, we examined the 877 

damage caused by this technique on Antillean manatee tissue integrity and cell recovery. 878 

Moreover, vitrification, especially solid-surface vitrification (SSV), has been used as a 879 

promising method for tissue cryopreservation because it is a low-cost procedure that does not 880 

require sophisticated equipment and can be applied to different biological samples [3,9]. 881 

 882 

Establishing a well-planned somatic sample bank requires the identification of adequate 883 

conditions for cryopreservation of somatic tissues and the study of cryoinjury [31]. The aim 884 

of this study was to evaluate the capacity of somatic tissues derived from the dermis of 885 

Antillean manatees to be cryopreserved using SF or SSV, to examine the maintenance of the 886 

morphological integrity of the tissue and quality of cells recovered from in vitro culture, and 887 

to establish a somatic tissue bank for the conservation of this species. 888 

 889 

2. Material and methods 890 

Unless otherwise indicated, all reagents, solutions, and media were obtained from Sigma-891 

Aldrich (St. Louis, MO, USA), Gibco-BRL (Carlsbad, CA, USA), or Labimpex (São Paulo, 892 

SP, Brazil). 893 

 894 

2.1. Compliance with ethical standards and animals  895 

All experimental protocols and procedures were carried out with the approval of the Ethics 896 

Committee for the Use of Animals of the Federal Rural University of Semi-Arid 897 

(CEUA/UFERSA, no. 14/2020) and Chico Mendes Institute for Biodiversity Conservation 898 

(ICMBio, no. 20685-5/2020). Six healthy Antillean manatees were used, which were in the 899 

process of recovery and adaptation in the Advanced Base of the National Center for Research900 
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and Conservation of Aquatic Mammals of the Chico Mendes Institute for Biodiversity 901 

Conservation (ICMBio/CMA, Itamaracá Island, PE, Brazil, 7°48'33″ S, 34°50'19″ W). Data 902 

on biological aspects, such as age, sex, date, place of birth, and stranding of Antillean 903 

manatees, are presented in Table 1. 904 

 905 

2.2. Skin biopsy collection, and experimental design 906 

Sample collection was conducted under the guidance of experienced veterinary professionals 907 

(Fig. 1). For collection, the animals were mechanically restrained and the area to be collected 908 

was sterilized with 70% alcohol and 2% iodine solution. Four skin samples from the 909 

abdominal region of each Antillean manatee were collected using an 8 × 150 mm disposable 910 

punch biopsy tool (Fig. 1a-b, Razormed Inc., Gurgaon, Haryana, India). After the procedure 911 

was completed, the manipulated region was treated with a local anti-inflammatory healing 912 

solution under constant medical observation. 913 

 914 

The collected samples (Fig. 1c) were placed in tubes containing sterile Dulbecco's Modified 915 

Eagle Medium/Nutrient Mixture F-12 medium (DMEM:F-12) supplemented with 20% fetal 916 

bovine serum (FBS) and 2% antibiotic-antimycotic solution (DMEM:F-12+ medium), 917 

transported to the laboratory during a period of 10 h at 4ºC, and immediately processed under 918 

sterile conditions (Fig. 1d). In the laboratory, the samples were washed in DMEM:F-12+ 919 

medium and separated into epidermis and dermis (Fig. 1e). Dermal tissue was sectioned to 6.0 920 

mm3 (Fig. 1f, 3 × 2 × 1 mm) using a scalpel blade and tweezers [42].  921 

 922 

 923 

 924 

 925 
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Table 1. Details of the main biological aspects of Antillean manatees used in this study. 926 

 

 

 

 

 

 

 

 

 

 

 

 927 

 928 

 929 

 930 

Animal Estimated 

age (years) 

Sex Stranded or born in 

captivity 

Date Estimated stranding 

age (days) 

Localization 

AM1 2 Male Stranded October 23, 2018 1–4 2°53'S, 41°36'W 

AM2 10 Male Stranded March 24, 2010 1–3 2°35'S, 3°27'W 

AM3 15 Male Stranded January 05, 2005 1 5°5'S, 36°27'W 

AM4 3 Female Stranded April 15, 2017 2 2°53'S, 41°36'W 

AM5 23 Female Born in captivity April 10, 1997 - 7°48'S, 34°50'W 

AM6 23 Female Born in captivity April 10, 1997 - 7°48'S, 34°50'W 



56 
 

 

Fig. 1. Collection and processing of somatic samples from the skin of Antillean manatees. a) Materials used to collect the samples. b) Moment of 931 

collection of the somatic tissues, where the disposable dermatological punch is inserted in the animal's skin. c) Post-recovery sample being 932 

removed from the dermatological punch. d) Skin samples obtained from one of the experimental animals. e) Sterilization and separation of the 933 

dermis from the fragments. f) Tissue fragments (6.0 mm3). 934 

 935 
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Sixteen fragments per animal were randomly distributed among the non-cryopreserved and 936 

cryopreserved by slow freezing (SF) and solid-surface vitrification (SSV) groups. Then, the 937 

morphology of non-cryopreserved and cryopreserved/warmed fragments, with emphasis on 938 

dermal thickness, fibroblast quantification, and collagen matrix, and the tissue proliferative 939 

activity were evaluated. The ultrastructure of the tissues was also evaluated. Other samples 940 

were subjected to in vitro tissue culture. Cells were analyzed for morphology, adhesion, 941 

confluence, viability, metabolism, proliferative activity, and population doubling time (PDT), 942 

oxidative stress, and apoptosis, as described below 943 

 944 

2.3. Cryopreservation by slow freezing and solid-surface vitrification for dermis preservation 945 

SF was performed according to the methodology described for the skin of aquatic mammals 946 

[6]. Fragments were inserted into cryotubes containing 2.0 mL of cryopreservation solution 947 

composed of DMEM:F-12 supplemented with 0.846 M dimethyl sulfoxide (DMSO), 1.074 M 948 

ethylene glycol (EG), 10% FBS and 0.04 M sucrose (SUC). Cryotubes were then transferred 949 

to a -80°C freezer in a Mr. Frosty system® container (Thermo Scientific Nalgene, Rochester, 950 

NY, USA) for 12 h at a cooling rate of 1°C/min. Subsequently, all cryotubes were stored in 951 

liquid nitrogen (-196°C). 952 

 953 

SSV was performed according to the methodology described for the skin of wild mammals 954 

[19]. The SSV medium used was DMEM:F-12 supplemented with 3.0 M DMSO, 3.0 M EG, 955 

10% FBS and 0.25 M SUC. Briefly, fragments were exposed to 2.0 mL cryoprotectant 956 

solution for 5 min, dried on absorbent paper, placed on a metal cubic surface partially 957 

immersed in liquid nitrogen, transferred to cryovials, and stored in liquid nitrogen. 958 

 959 
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After two weeks of storage in liquid nitrogen, all cryotubes were kept for 1 min at 25°C and 960 

then immersed in a water bath at 37°C. To remove the cryoprotectants, the fragments were 961 

washed three times for 5 min in DMEM:F-12 plus 10% FBS and SUC at decreasing 962 

concentrations (0.5 M, 0.25 M, and 0.0 M). 963 

 964 

2.4. Evaluation of somatic tissues by histological analysis 965 

For morphological evaluation through histological analysis, fragments derived from the non-966 

cryopreserved and cryopreserved groups were fixed with 4% paraformaldehyde, processed for 967 

inclusion in paraffin, and sectioned at 5.0 μm [19]. Subsequently, sections were stained with 968 

hematoxylin-eosin (HE), Gomori trichrome (GT), and silver nitrate to mark argyrophilic 969 

nucleolar organizer regions (AgNOR) for the analysis of morphometric aspects, collagen 970 

matrix, and tissue proliferative activity, respectively. Finally, 4×, 20× (HE), and 40× (GT, 971 

AgNOR) images were obtained using a light microscope (Leica DM500, Leica Microsystems, 972 

Wetzlar, Germany) with a coupled camera (Leica ICC50 HD, Leica Microsystems). 973 

 974 

For morphometric analysis, the thickness of the dermis (in μm) and the number of fibroblasts 975 

were determined in HE-stained sections [32]. For this analysis, 20 images per animal were 976 

acquired for each group, with a total of 120 images per group, and evaluated using ImageJ 977 

software (National Institutes of Health, Bethesda, MA, USA). 978 

 979 

GT was used to analyze the collagen matrix and quantify the collagen fibers in the dermis. 980 

The percentage of collagen fibers was calculated as the area of collagen divided by the total 981 

area of the image analyzed [19]. For this analysis, 10 images were obtained per animal for 982 

each treatment, with a total of 60 images per group using the threshold color plugin in ImageJ 983 
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software (National Institutes of Health, Bethesda, MA, USA), converted to 32-bit RGB 984 

format bits. 985 

 986 

To analyze tissue proliferative activity, the AgNOR assay was performed, where dark spots 987 

marked by silver nitrate bound to nuclear proteins were counted according to cell location 988 

[30]. In each group, 100 randomly selected labeled fibroblast nuclei were counted, and the 989 

AgNOR number/cell and AgNOR area/cell were quantified using the Image Pro Plus 990 

software. For this analysis, 10 images/animal were used, with a total of 60 images per group. 991 

 992 

2.5. Evaluation of somatic tissues by ultrastructural analysis 993 

Fragments were fixed in 2.5% glutaraldehyde solution in phosphate-buffered saline (PBS) at 994 

pH 7.4 for five days. After this period, the samples were post-fixed in 1% osmium tetroxide 995 

and dehydrated using increasing concentrations of ethanol (15, 25, 30, 50, 70, 90, and 100%). 996 

The dehydrated sample was mounted on a scanning electron microscopy sample holder (stub) 997 

and metallized with a thin layer of gold [35]. Finally, tissue ultrastructures were visualized 998 

using a scanning electron microscope TESCAN VEGA3 (Tescan Analytics, Fuveau, France). 999 

 1000 

2.6. Evaluation of primary cultures and subcultures in vitro  1001 

Four fragments per polystyrene plate were cultured in DMEM:F-12+ medium at 38.5°C and 1002 

5% CO2. The cultures were monitored every 24 h with total medium replacement. Once cell 1003 

growth started around the fragments, the medium was changed every 48 h. When the explants 1004 

were surrounded by a considerable number of cells, they were removed, leaving only cells 1005 

[38]. 1006 

 1007 
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At 70–80% confluence, the cells were trypsinized with trypsin-EDTA solution (0.25%/0.2%) 1008 

for 7 min and centrifuged at 600 × g for 10 min. The supernatant was removed, the cell pellet 1009 

resuspended in culture medium, and the cells were used for analysis [33]. 1010 

 1011 

2.6.1. Assessment of tissue and cell morphology 1012 

Primary cultures were evaluated using an inverted microscope (Nikon TS100, Tokyo, Japan). 1013 

The following parameters were evaluated for the explants: number of attached explants, day 1014 

at which all explants were attached, number of subconfluent explants, day at which the 1015 

explants had reached subconfluence, total time required to attain subconfluence, and total 1016 

culture duration [42]. 1017 

 1018 

The morphological characteristics of the cells were evaluated in terms of cell adhesion and 1019 

confluence, using an inverted microscope. Morphological characteristics were observed 1020 

during in vitro cell culture, including nuclear forms and cytoplasmic extensions [33]. 1021 

 1022 

2.6.2. Analysis of cell viability and metabolic activity 1023 

Cell viability was analyzed using the trypan blue assay. Briefly, an aliquot of suspended cells 1024 

(20 µL) was stained with 0.4% trypan blue (in PBS) in a 1:1 ratio and counted using a 1025 

Neubauer chamber. Unstained cells were considered viable, whereas cells stained with trypan 1026 

blue were considered nonviable. The percentage of viable cells was calculated by dividing the 1027 

number of viable cells by the total number of cells counted [42]. 1028 

 1029 

To evaluate metabolic activity, the cells were subjected to the 3-(4.5-dimethylthiazole-2yl)-1030 

2.5-diphenyl tetrazoline bromide (MTT) assay. Briefly, cells (5 × 104 cells/mL) were cultured 1031 

for 5 days in 5% CO2 at 38.5°C. After this period, the cells were incubated with 5 mg/mL 1032 
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MTT solution (in DMEM:F-12) for 3 h at 38.5°C and 5% CO2. Subsequently, DMSO was 1033 

added as the MTT solubilization solution, and the absorbance was recorded at 595 nm [39]. 1034 

 1035 

2.6.3. Analysis of proliferative activity 1036 

The proliferative activity of the cells was quantified by elaboration of the growth curve and 1037 

determination of the PDT. Cells (1 × 104 cells/mL) were seeded in 24-well plates, trypsinized, 1038 

counted, and recorded every 24 h for 216 h. The average of the counts every 24 h was used to 1039 

construct the growth curve [42] and the PDT was estimated (34) according to the following 1040 

equation: PDT = T ln2/ln (Xe/Xb), where PDT is the time of the culture (in hours), T is the 1041 

incubation time, Xb is the number of cells at the beginning of the incubation, Xe is the 1042 

number of cells at the end of the incubation time, and ln is the Napierian logarithm. 1043 

 1044 

2.6.4. Quantification of ROS and ΔΨm 1045 

To evaluate oxidative stress, trypsinized cells were labeled with the 2,7 -1046 

dichlorodihydrofluorescein diacetate (H2DCFDA) probe diluted in DMSO for 30 min at 1047 

38.5°C and 5% CO2, protected from light, centrifuged twice at 300 x g for 3 min to remove 1048 

excess probe, resuspended in PBS, and visualized by fluorescence microscopy (Olympus 1049 

BX51TF, Tokyo, Japan) to quantify reactive oxygen species (ROS) levels [19]. To assess 1050 

mitochondrial membrane potential (ΔΨm), the cells were labeled with 500 nM MitoTracker 1051 

Red® (CMXRos) following the same procedure as with the previous probe. 1052 

 1053 

For each probe, images of 100 cells from each animal were obtained a fluorescence 1054 

microscope. The average background signal intensity of each photograph was subtracted from 1055 

the fluorescence intensity values obtained from the cells. The mean fluorescence value 1056 

obtained from cells from the in vitro culture of non-cryopreserved fragments was used as the 1057 
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calibrator. Relative expression levels (arbitrary fluorescence units) were calculated by 1058 

dividing the value of cells derived from cryopreserved tissues by the mean of the calibrator 1059 

[19]. Images were evaluated using ImageJ software to quantify the fluorescence intensity of 1060 

each cell. 1061 

 1062 

2.6.5. Levels of apoptosis 1063 

An aliquot of 50 μL cells was resuspended in 2 μg/mL acridine orange and 10 μg/mL 1064 

ethidium bromide. Subsequently, cells were evaluated at 480 nm under a fluorescence 1065 

microscope, and 300 cells (from each animal and treatment) were counted at 200× 1066 

magnification [19]. The cells were then classified as (i) viable, with a light green uniform 1067 

nucleus; (ii) early apoptotic, with a non-uniform green nucleus; (iii) late apoptotic, with a 1068 

non-uniform bright orange nucleus; and (iv) necrotic, with a uniform orange nucleus. 1069 

Different cells were quantified using the ImageJ software. 1070 

 1071 

2.7. Statistical analysis 1072 

Data from six Antillean manatees were expressed as the mean ± standard error (one 1073 

animal/repetition) and analyzed using GraphPad Software (GraphPad Software, La Jolla, CA, 1074 

USA). All results were examined for normality using the Shapiro–Wilk test and 1075 

homoscedasticity using Levene’s test. As the data regarding the trypan blue test, metabolic 1076 

activity, and apoptosis did not show a normal distribution, they were arcsine-transformed. 1077 

Data from the morphometric analysis were analyzed by ANOVA (multiple comparisons) 1078 

followed by Tukey’s test. The results of AgNOR quantification and fibroblast numbers were 1079 

analyzed using Kruskal-Wallis and Dunn (multiple comparisons) tests. All in vitro culture 1080 

data were analyzed using ANOVA, followed by an unpaired t-test. Statistical significance was 1081 

set at P < 0.05. 1082 
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3. Results 1083 

3.1. Assessment of somatic tissues by histological and ultrastructural analysis 1084 

To evaluate the effects of cryopreservation on the conservation of the dermis of Antillean 1085 

manatees, 48 explants from six Antillean manatees were evaluated histologically. Using 1086 

hematoxylin-eosin staining, the morphometric characteristics of non-cryopreserved (Fig. 2a-1087 

a’) and cryopreserved by SF (Fig. 2b-b’) and SSV (Fig. 2c-c’) tissues were observed. SSV 1088 

(2626.45 ± 275.47 µm) did not change the dermis thickness when compared to non-1089 

cryopreserved tissues (2515.94 ± 216.71 µm), whereas SF increased its thickness (2671.23 ± 1090 

237.24 µm, Fig. 2d). Moreover, all cryopreserved fragments, regardless of the technique used, 1091 

showed a reduction in the number of fibroblasts (Fig. 2e, P < 0.05). Additionally, using 1092 

scanning electron microscopy, similarities were observed in the ultrastructural patterns of 1093 

non-cryopreserved (Fig. 2a’’) and cryopreserved (Fig. 2b’’-c’’) tissues. 1094 

 1095 

Staining of collagen fiber matrix using Gomori's trichrome (Fig. 3a-c) indicated an increase in 1096 

the collagen matrix (Fig. 3d). In the AgNOR proliferative activity assay (Fig. 4a-c), there was 1097 

a reduction in the number of AgNOR per cell of the cryopreserved fragments (SF and SSV, 1098 

Fig. 4d). In contrast, the AgNOR area was not reduced after warming the samples 1099 

cryopreserved by SF (P > 0.05, Fig. 4e). 1100 

 1101 

 1102 

 1103 

 1104 

 1105 

 1106 
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Fig. 2. Histological evaluation with hematoxylin-eosin and ultrastructural evaluation of non-cryopreserved tissues (a, a’, a’’), cryopreserved by 1107 

slow freezing (b, b’, b’’) and solid-surface vitrification (c, c’, c’’) derived from Antillean manatees. a, b, c) Tissue overview. a’, b’, c’) Close-up 1108 

view of the dermal layer identifying the fibroblasts (arrow). a’’, b’’, c’’) Photoelectromicrographs of tissues. d) Morphometric analysis to 1109 

measure the thickness of the dermal layer. e) Quantification of dermal fibroblasts. SF: Slow freezing. SSV: Solid-surface vitrification. Bars 1110 

indicate standard error. a,b,c: Values with different superscripts differ (P < 0.05). Magnification: (a–c) = 4×, (a’–c’) = 20×. Scale bar: (a–c) = 1111 

500µm, (a’–c’) = 100µm. 1112 
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Fig. 3. Quantification of collagen fiber matrix in the dermis of Antillean manatees subjected to different cryopreservation techniques stained with 1113 

Gomori Trichrome. a) Non-cryopreserved tissues. b) Slow freezing. c) Solid-surface vitrification. d) Quantification of the collagen fiber matrix. 1114 

Square exemplifies dermal area of evaluation. SF: Slow freezing. SSV: Solid-surface vitrification. Bars indicate standard error. a,b,c: Values with 1115 

different superscripts differ (P < 0.05). Magnification = 20×. Scale bar = 100µm. 1116 

 1117 

 1118 

 1119 

 1120 

 1121 

 1122 

 1123 

 1124 
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Fig. 4. Proliferative activity of Antillean manatee dermis subjected to different cryopreservation techniques. AgNORs labeled with silver nitrate 1125 

in a) non-cryopreserved fragments and cryopreserved by b) slow freezing or c) solid-surface vitrification. d) Quantification of AgNOR/cell 1126 

number. e) Measurement of AgNOR/cell area. AgNOR present in the fibroblast nucleus (arrow). SF: Slow freezing. SSV: Solid-surface 1127 

vitrification. Bars indicate standard error. a,b: Values with different superscripts differ (P < 0.05). Magnification = 40×. Scale bar = 50µm. 1128 

 1129 

 1130 

 1131 
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3.2. Assessment of somatic tissues by in vitro culture  1132 

After collection, processing, cryopreservation, and warming, eight explants per animal were 1133 

cultured in vitro. Only tissues cryopreserved with SF and non-cryopreserved tissues produced 1134 

cells after in vitro culture (Fig. 5). No difference (P > 0.05) was observed in the adhesion 1135 

capacity of non-cryopreserved and cryopreserved tissues (Table 2), with all tissues adhering 1136 

to the dish on the first day. Nevertheless, only 79.2% and 50% of explants in culture from 1137 

non-cryopreserved and SF cryopreserved tissues, respectively, showed cell growth around 1138 

them (P < 0.05, Table 2).  1139 

 1140 

Although SF did not alter cell viability or proliferative activity (Fig. 6), cells derived from 1141 

cryopreserved tissues showed decreased metabolism (31.8%, P < 0.05). Moreover, the cell 1142 

growth curve generated showed a typical “S” shape in all groups with a lag phase, exponential 1143 

phase, and steady phase (Fig. 6d), with cells derived from the SF cryopreserved tissues 1144 

showing a change in the growth curve between days 5 and 6.  1145 

 1146 

ROS levels (Fig. 7a-a’-d) cells from SF cryopreserved tissues (1.6 ± 0.7) showed an increase 1147 

when compared to that in cells from non-cryopreserved tissues (1.0 ± 0.4). An increase was 1148 

also observed in ΔΨm values (Fig. 7b-b’-e); they were 1.0 ± 0.3 and 2.1 ± 0.8 for non-1149 

cryopreserved and cryopreserved fragments. Finally, regarding apoptosis levels, there was a 1150 

reduction in the percentage of viable cells from the cryopreserved tissues (95.1 ± 1.0%; 89.2 ± 1151 

2.5%) and an increase in cells in the early apoptosis phase (0.4 ± 0.2%; 2.2 ± 0.5%) when 1152 

compared to cells from non-cryopreserved tissues (7c-c’-f).  1153 

 1154 

 1155 

 1156 
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Table 2. Establishment of primary and subculture of dermal cells derived from Antillean manatees after cryopreservation by slow freezing and 1157 

solid-surface vitrification. 1158 

Groups No. of 

initial 

samples 

Attached 

explants (%) 

Day all 

attached 

explants ± 

S.E. 

Fragments with 

subconfluence % 

± S.E. 

Day with cell 

growth around 

all fragments ± 

S.E. 

Total 

subconfluence 

time ± S.E. 

Total 

culture 

time ± 

S.E. 

Non-cryopreserved 

tissues 

24 24/24 (100)a 1.0 ± 0.0a 19/24 (79.2 ± 14)a 12.8 ± 1.7a 23.0 ± 4.1a 47.8 ± 5.8a 

SF 24 24/24 (100)a 1.0 ± 0.0a 8/24 (33.0 ± 15)a 29.0 ± 1.9b 38.5 ± 3.7a 81.0 ± 5.8a 

SSV 24 24/24 (100)a 1.0 ± 0.0a - - - - 

SF: Slow freezing. SSV: Solid-surface vitrification. S.E.: standard error. a,b: Within a column, values with different superscripts differ (P < 0.05). 1159 

 1160 

 1161 

 1162 

 1163 
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Fig. 5. In vitro culture of somatic samples obtained from the skin of Antillean manatees submitted to different cryopreservation techniques. 1164 

Primary culture of fragments a) non-cryopreserved and b) cryopreserved by slow freezing, with cell detachment and growth after 15 days. 1165 

Secondary culture and cell morphology obtained from fragments a’) non-cryopreserved and b’) cryopreserved by slow freezing. Primary culture 1166 

of cryopreserved fragments by solid-surface vitrification after c) 15 and c’) 60 days. (*) Tissue fragment. Arrow indicates the beginning of cell 1167 

detachment from tissue in primary culture. Magnification: (a, b, c, c’) = 20×, (a’, b’) = 40×. Scale bar = (a, b, c, c’) = 200µm, (a’, b’) = 100µm. 1168 
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Fig. 6. Evaluation of in vitro culture of non-cryopreserved and cryopreserved somatic tissues by slow freezing obtained of Antillean manatees. a) 1169 

Cell viability. b) Metabolic activity. c) Proliferative activity. d) Growth curve. SF: Slow freezing. Bars indicate standard error. *Values differ in 1170 

same time (P < 0.05). a,b: Values with different superscripts differ (P < 0.05). 1171 
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Fig. 7. Effect of slow freezing cryopreservation in somatic tissues of Antillean manatees on oxidative stress and cellular apoptosis levels. 1172 

Fluorescent H2DCFDA in cells from a) non-cryopreserved and a') cryopreserved fragments. MitoTracker™ Red CMXRos fluorescent in cells 1173 

from b) non-cryopreserved and b') cryopreserved fragments. Evaluation of apoptosis levels in cells from c) non-cryopreserved and c') 1174 

cryopreserved fragments. Quantification of levels of d) ROS, e) ΔΨm and f) apoptosis. Viable cells: thin arrow, early apoptotic cells: arrowhead, 1175 

late apoptotic: thick arrow, necrotic cells: triangle. SF: Slow freezing. Bars indicate standard error. a,b: Values with different superscripts differ (P 1176 

< 0.05). Magnification = 20×. Scale bar = 10µm. 1177 
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4. Discussion 1178 

To our knowledge, this is the first study to demonstrate the culture of somatic cells derived 1179 

from non-cryopreserved and cryopreserved dermis of Antillean manatees. In the present 1180 

study, we obtained somatic cells from tissues cryopreserved with SF, showing that this 1181 

cryopreservation technique allows the recovery of cells after in vitro culture. However, SSV 1182 

was not efficient in cell recovery, requiring improvements in its use in Antillean manatee skin 1183 

conservation.  1184 

 1185 

The establishment of somatic tissue banks for different species [3,10,19], especially those 1186 

threatened with extinction [6,32], is important for the development of conservation strategies 1187 

for the species of interest. Specifically for marine mammals, these banks can be used for 1188 

acquiring knowledge regarding the species [42], as well as for studying the influence of fuel 1189 

and its derivatives [41], the impact of chlorine derivatives [25], the toxicity of heavy metals 1190 

[40], and performing immunological and physiological studies [2]. Moreover, development of 1191 

primary cell cultures represents an interesting tool for elucidating the molecular etiology of 1192 

physiological modifications, a step in accelerating genome-to-phenome studies [17]. Despite 1193 

the notorious importance of somatic tissue banks for species conservation, few studies have 1194 

been conducted on tissue cryopreservation in marine mammals [4], and this study is the first 1195 

step towards the formation of such bank for Antillean manatee tissues. 1196 

 1197 

Vitrification is a simple and low-cost technique that can be used to collect somatic samples 1198 

[8]. Nevertheless, in the present study, SSV maintained dermis thickness, similar to non-1199 

cryopreserved tissues, but altered most other histological parameters of somatic tissues of 1200 

Antillean manatees. Rapid cooling, a striking feature of the technique, may have promoted the 1201 

maintenance of the dermis, as has also been observed in puma (Puma concolor) somatic 1202 
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tissues [19]. Nevertheless, the alteration in the other parameters of tissues cryopreserved by 1203 

SSV may have been caused by high concentrations of cryoprotectants. In a study by Caamaño 1204 

et al. [8], vitrification showed lower efficiency compared to SF and non-cryopreserved tissues 1205 

derived from brown bears (Ursus arctos), suggesting that high concentrations of 1206 

cryoprotectants affect the quality of vitrified tissues. 1207 

 1208 

Regarding the SF of somatic tissues of Antillean manatees, most histological parameters were 1209 

altered. This effect may be associated with the negative effects produced by the formation of 1210 

ice crystals in somatic tissues [12,29]. Nevertheless, the tissue proliferative activity assessed 1211 

by the AgNOR area did not differ between SF and non-cryopreserved tissues. The AgNOR 1212 

assay allows the analysis of possible changes in the tissue and its ability to induce ribosome 1213 

biogenesis in cells [28]. It is likely that warming with decreasing concentrations of sucrose 1214 

reduced the changes in these parameters. 1215 

 1216 

Moreover, both cryopreservation methods resulted in a reduction in fibroblasts and an 1217 

increase in collagen density. These changes may have occurred because cryopreservation 1218 

promotes tissue dehydration [15]. Because of this process, a greater condensation of the 1219 

collagen fibers present in the dermis was verified, which resulted in an increase in collagen 1220 

fibers after cryopreservation of the tissues. No differences were observed between 1221 

cryopreservation techniques (SF and SSV) in the ultrastructure of somatic tissues derived 1222 

from Antillean manatees. In general, the analysis of tissue ultrastructure by scanning 1223 

microscopy allows the analysis of damage induced by cryopreservation, which is a three-1224 

dimensional technique with details of cell surface and depth [26]. In this study, no differences 1225 

were observed in this parameter. 1226 

 1227 
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Interestingly, recovery of somatic cells after in vitro culture of tissues cryopreserved with SF 1228 

was observed. These cells derived from SF tissues reached confluence after 29.0 days of 1229 

culture. In contract, this cell recovery did not occur in the SSV group. In general, skin tissues 1230 

of aquatic mammals are cultured in the absence of the epidermis because no cells grow from 1231 

tissue fragments of dissected epidermal tissue or fat [7,42]. In our study, as cryopreservation 1232 

occurs in the absence of the epidermis, this factor may have been harmful to the tissues 1233 

cryopreserved by SSV due to the high concentrations of cryoprotectants. 1234 

 1235 

Cells recovered from tissues cryopreserved with SF showed similar viability values when 1236 

compared to cells recovered from non-cryopreserved tissues. In the present study, the mean 1237 

values of viability evaluated by trypan blue were above 80%, similar to those observed in 1238 

other species, such as the Hawaiian monk seal (Monachus schauinslandi), with a viability of 1239 

87% [20]. The culture medium used in the present study was based on studies on aquatic 1240 

mammals, and this factor may have guaranteed the quality of these parameters. Most studies 1241 

using somatic tissues in aquatic mammals have used 20% FBS in the culture medium, with 1242 

variations in the base media [7,20]. No difference was observed in the PDT of cells derived 1243 

from Antillean manatees between non-cryopreserved and SF tissues with values of 25.4–30.9 1244 

h. These values were still lower than those observed for cells derived from Hawaiian monk 1245 

seals with PDT values of 50 h [20] and humpback whales (Megaptera novaeangliae) with 1246 

values of ~41 h [7].  1247 

 1248 

Moreover, fibroblast-like cells were observed in both the cryopreserved and non-1249 

cryopreserved tissues. Similarly, fibroblast-like cells derived from the skin were observed in 1250 

media with 10% FBS [7], 15% FBS [15,42] and 20% FBS [20]. Additionally, Antillean 1251 

manatee cells reached confluence at 12.8 days after explant culture. In other species, 1252 
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confluence was observed at 5 days using explantation and enzymatic dispersion techniques 1253 

[20]. In the pygmy killer whale (Feresa attenuata), confluence was reached after 16 days of 1254 

tissue attachment using explantation [42]. In dolphins (Stenella coeruleoalba), bottlenose 1255 

dolphins (Tursiops truncatus), and common dolphins (Delphinus delphis), the first somatic 1256 

cells were observed after 7–21 days of explant culture, reaching 90% confluence in 15–20 1257 

days [24]. It is likely that methods of tissue dissociation before culture could be strategies to 1258 

accelerate the recovery of cells in these tissues.  1259 

 1260 

Nevertheless, cells derived from tissues cryopreserved with SF suffered damage in terms of 1261 

metabolism, levels of apoptosis, ROS, and ΔΨm compared to cells derived from non-1262 

cryopreserved tissues. The ideal temperature for culturing cells derived from cold-blooded 1263 

species is slightly higher than that preferred by intact animals, while an incubation 1264 

temperature of 37°C proved to be the preferred temperature for growing mammalian cells 1265 

[16]. The Antillean manatee is a warm-blooded marine animal, and we used a temperature of 1266 

38.5°C. We suppose that adjustments in the incubator temperature could reduce the oxidative 1267 

stress generated during in vitro culture.  1268 

 1269 

Studies using somatic cells derived from marine mammals have been conducted since the 1270 

1960s [13]. In manatees, cell types derived from multiple tissues have been obtained, such as 1271 

kidney epithelial cells [36] and bronchial cells [37] derived from the Florida manatee 1272 

(Tricheehus manatus latirostris). In this study, we performed the first culture of somatic cells 1273 

derived from the Antillean manatee dermis as a major step in the study of these cells as a 1274 

conservation strategy for the species. Nevertheless, it is evident that improvements in tissue 1275 

cryopreservation techniques necessary, especially regarding SSV and SF. Adjustments to the 1276 

combination of cryoprotectants used and technical procedures that guarantee greater 1277 
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efficiency in the recovered cells will ensure the use of these cells as banks of somatic 1278 

resources for the conservation and acquisition of knowledge regarding the species. 1279 

 1280 

5. Conclusions 1281 

In summary, we demonstrated for the first time that Antillean manatee somatic tissues can be 1282 

cryopreserved by slow freezing, resulting in viable cells after in vitro culture. However, cells 1283 

undergo alterations in most of the parameters evaluated. Therefore, based on the data 1284 

obtained, slow freezing showed to be most suitable technique for cryopreservation of dermis 1285 

derived from Antillean manatees when compared solid-surface vitrification. Improvements in 1286 

cryopreservation conditions, especially vitrification, of somatic samples are needed to 1287 

increase the quality of somatic tissue banks in this species. 1288 
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 1487 

Abstract 1488 

Cryopreservation of somatic tissue has been studied as a tool for the knowledge and 1489 

conservation of endangered species, such as Antillean manatees. Optimization of vitrification 1490 

protocols is an important step in the establishment of biological banks. To decrease the 1491 

damage caused by this technique, a reduction in the concentration of cryoprotectants has been 1492 

proposed. Therefore, we aimed to evaluate different combinations and concentrations of 1493 

intracellular cryoprotectants for the conservation of somatic tissues derived from Antillean 1494 

manatees. Dulbecco modified Eagle medium: F12 composed of 10% fetal bovine serum and 1495 
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0.25 M sucrose was supplemented with 3.0 M ethylene glycol (EG) plus 3.0 M dimethyl 1496 

sulfoxide (DMSO) or 1.5 M EG plus 1.5 M DMSO or 3.0 M EG or 3.0 M DMSO to produce 1497 

four solutions for solid-surface vitrification. Non-cryopreserved tissues were used as the 1498 

controls. After warming, dermal tissues derived from four Antillean manatees were evaluated 1499 

for ultrastructure, histology, and in vitro culture. No differences were observed among the 1500 

vitrified and non-vitrified tissues in terms of ultrastructure. The dermis thickness of the 1501 

vitrified fragments in solutions containing 3.0 M EG plus 3.0 M DMSO, 3.0 M EG, and 3.0 1502 

DMSO were similar to that of the control. None of the vitrified fragments in the different 1503 

solutions were able to maintain the number of fibroblasts and the percentage of collagen 1504 

fibers as compared to that of the non-vitrified fragments. Nevertheless, vitrification with 3.0 1505 

M EG plus 3.0 M DMSO maintained tissue proliferative potential. None of the vitrified 1506 

fragments in the different solutions were able to produce cells in vitro. In summary, even 1507 

reducing the concentration of intracellular cryoprotectants as well as their association did not 1508 

guarantee the maintenance of cells after in vitro culture. Further studies are needed to 1509 

optimize the vitrification protocols in Antillean manatee somatic tissues. 1510 

 1511 

Key words: cryobanking, solid-surface vitrification, endangered species, marine mammals 1512 

 1513 

Introduction 1514 

The cryopreservation of somatic tissues has been studied as an instrument for the knowledge 1515 

and maintenance of endangered mammals1,2. This tool allows the storage of somatic resources 1516 

for the establishment of somatic cells for applications in different studies, such as cell 1517 

biology, genetics, physiology, and other conservation actions1,3. Thus, the development of 1518 

suitable protocols for the preservation of somatic tissues is of great interest, especially when 1519 

cellular use is not immediately required4,5. Prompt access to laboratories with tissue culture 1520 
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facilities is a challenge for the ex situ conservation of somatic tissues6, and the development 1521 

of conservation methods for use in the field is essential for the construction of biobanks of 1522 

these somatic tissues. 1523 

 1524 

Somatic tissue conservation techniques include cryopreservation via slow freezing7 and 1525 

vitrification8. Among vitrification methods, solid-surface vitrification (SSV) has been 1526 

prominent for the conservation of somatic tissues9,10,11. SSV, as well as other vitrification 1527 

methods, have the main advantage of reducing the formation of ice crystals and their use in 1528 

the field, as they allow manipulation with low-cost materials12. Moreover, in SSV, the 1529 

somatic tissues are not in contact with a large amount of cryoprotectants, which decreases the 1530 

toxicity due to exposure to extreme temperature changes9. Nevertheless, cryoprotectants are 1531 

important factors for SSV in species of interest. 1532 

 1533 

In general, the toxicity of intracellular cryoprotectants is one of the main barriers to overcome 1534 

for the success of cryopreservation protocols13. Differences in the concentrations and 1535 

combinations of cryoprotectants can be observed among species and cell types14. The 1536 

cryoprotectants most commonly used for SSV in somatic tissues are ethylene glycol (EG) and 1537 

dimethyl sulfoxide (DMSO), in association with sugars and proteins15,16. In marine mammals, 1538 

information on combinations of cryoprotectants in somatic tissue cryopreservation is scarce. 1539 

In a single study by Boroda et al.7 on Walrus (Odobenus rosmarus), Steller sea lion 1540 

(Eumetopias jubatus), and Irrawaddy dolphin (Orcaella brevirostris), the authors applied the 1541 

association of EG and DMSO with sucrose in the cryopreservation of the skin somatic tissues 1542 

of these species using slow freezing. We are now interested in evaluating different 1543 

combinations and concentrations of intracellular cryoprotectants in SSV using Antillean 1544 

manatee somatic tissue.  1545 
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 1546 

Antillean manatees (Trichechus manatus manatus Linnaeus, 1758) are herbivores that weigh 1547 

more than 200 kg17 and belong to the order Sirenia, distributed in more than 15 countries18. 1548 

The Antillean manatee is one of the most endangered species of aquatic mammals in 1549 

Brazil19,20; conservation strategies, such as the formation of somatic tissue banks, are essential 1550 

for advances in population control of this species. Therefore, we aimed to evaluate different 1551 

combinations and concentrations of intracellular cryoprotectants for the conservation of 1552 

somatic tissues in Antillean manatees. 1553 

 1554 

Material and Methods 1555 

All protocols were approved by the Ethics Committee in the Use of Animals of the Federal 1556 

Rural University of Semi-Arid (CEUA/UFERSA, no. 14/2020) and the Chico Mendes 1557 

Institute for Biodiversity Conservation (ICMBio, no. 20685-5/2020). Reagents, media, and 1558 

solutions were obtained from Sigma-Aldrich (St. Louis, MO, USA), Gibco-BRL (Carlsbad, 1559 

CA, USA), and Labimpex (São Paulo, SP, Brazil). 1560 

 1561 

Animals and skin biopsy collection 1562 

In the course of this study, four healthy Antillean manatees were used; more specifically, two 1563 

females and two males at 20.8 ± 7.5 years of age and weighing 462.0 ± 126.9 kg, belonging to 1564 

the Advanced Base of the National Center for Research and Conservation of Aquatic 1565 

Mammals by Chico Mendes Institute for Biodiversity Conservation (ICMBio/CMA, 1566 

Itamaracá Island, PE, Brazil, 7°48'33"S 34°50'19"W). Abdominal region tissues derived from 1567 

mechanically restrained Antillean manatees were obtained using an 8 × 150 mm disposable 1568 

punch biopsy (Razormed Inc., Gurgaon, Haryana, ID) and transported to the Laboratory of 1569 

Animal Biotechnology (UFERSA) in Dulbecco's modified Eagle’s medium/nutrient mixture 1570 
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F-12 medium (DMEM: F-12) supplemented with 20% fetal bovine serum (FBS) and 2% 1571 

antibiotic-antimycotic solution (DMEM: F-12+ medium) at 4 °C for 10 h.  1572 

 1573 

Processing of skin biopsies, experimental design, and cryopreservation 1574 

In the laboratory, the samples were washed in DMEM: F-12+ medium and separated into 1575 

epidermis and dermis. Dermal tissue was sectioned to 6.0 mm3 (3 × 2 × 1 mm) using a scalpel 1576 

blade and tweezers21. Subsequently, 50 fragments derived from each animal were distributed 1577 

equally into five groups among non-vitrified (control) and vitrification solutions, which were 1578 

further divided for ultrastructural, histological analysis, and cell viability during the culture.  1579 

 1580 

Dermal tissues were cryopreserved using the vitrification solution proposed by Borges et al.15 1581 

and Rodrigues et al.22 with some modifications. Thus, DMEM: F-12 composed of 10% FBS 1582 

and 0.25 M sucrose was supplemented with EG, and/or DMSO to produce the following four 1583 

vitrification solutions: 3.0 M EG plus 3.0 M DMSO, 1.5 M EG plus 1.5 M DMSO, 3.0 M EG, 1584 

and 3.0 M DMSO. For SSV, fragments were exposed to a 2.0 mL cryoprotectant solution for 1585 

5 min, dried on absorbent paper, placed on a metal cubic surface partially immersed in liquid 1586 

nitrogen, transferred to cryovials, and stored in liquid nitrogen (-196 °C). For warming, all 1587 

cryotubes were kept at 25 °C for 1 min and immersed in a water bath at 37 °C. To remove 1588 

cryoprotectants, the fragments were washed three times for 5 min in DMEM: F-12 plus 10% 1589 

FBS and sucrose in decreasing concentrations (0.5 M, 0.25 M, and 0.0 M).  1590 

 1591 

Thus, non-vitrified and vitrified fragments were evaluated for ultrastructure and 1592 

morphological analysis, with an emphasis on dermal thickness, fibroblast quantification, 1593 

collagen matrix, and tissue proliferative activity. Other samples were subjected to in vitro 1594 

culture and subculture until the first passage. Cells were analyzed for morphology, adhesion, 1595 
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subconfluence, viability by trypan blue, metabolism by 3-(4.5-dimethylthiazole-2yl)-2.5-1596 

diphenyl tetrazolium bromide (MTT), and proliferative activity by determining the population 1597 

doubling time (PDT), as described below. 1598 

 1599 

Evaluation of somatic tissues using ultrastructure, morphometry, and histological stains 1600 

For ultrastructural analysis, two fragments from each group were fixed in 2.5% 1601 

glutaraldehyde solution in phosphate-buffered saline (PBS) for five days. After this period, 1602 

the tissues were post-fixed in 1% osmium tetroxide diluted in distilled water and dehydrated 1603 

with increasing concentrations of ethanol23. For scanning electron microscopy analysis, the 1604 

samples were conditioned in the drying equipment to the critical point of carbon dioxide 1605 

(K850 Critical Point Dryer; Quorum Technologies, Lewes, East Sussex, United Kingdom), 1606 

placed in a stub, and metallized with gold. Finally, tissue ultrastructure was visualized using a 1607 

scanning electron microscope (TESCAN VEGA3; Tescan Analytics, Fuveau, Bouches-du-1608 

Rhône, France). 1609 

 1610 

For morphometric analysis using histological staining, four fragments from each group were 1611 

fixed in 4% paraformaldehyde, processed for inclusion in paraffin, and sectioned at 5.0 μm8. 1612 

Histological sections were stained with hematoxylin-eosin (HE), Gomori trichrome (GT), and 1613 

silver nitrate to mark argyrophilic nucleolar organizing regions (AgNOR) to analyze the 1614 

morphological and morphometric aspects, the collagen matrix, and tissue proliferative 1615 

activity. Finally, images using the objectives of 4× (HE), 20× (HE, GT) and 40× (AgNOR) 1616 

were obtained using a light microscope (Leica DM500, Leica Microsystems, Wetzlar, HE, 1617 

Germany) with a coupled camera (Leica ICC50 HD, Leica Microsystems, Wetzlar, HE, 1618 

Germany). ImageJ software (US National Institutes of Health, Bethesda, MA, USA) was used 1619 

for all the analyses. 1620 
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 1621 

HE-staining was used to evaluate the thickness of the dermis (in μm) and quantify the number 1622 

of dermal fibroblasts using 20 images per animal for each group. GT was used to quantify 1623 

collagen fibers using 10 random photographic records of each slide (one slide/one animal/one 1624 

treatment). AgNOR was used for evaluating tissue proliferative activity using 10 1625 

images/animal in each group derived from 100 randomly selected labeled fibroblast nuclei for 1626 

quantification of AgNOR cell/number and AgNOR area/cell.  1627 

 1628 

Evaluation of somatic tissues using in vitro culture 1629 

Non-vitrified and vitrified fragments were seeded in culture dishes containing DMEM: F-12+ 1630 

medium at 38.5 °C, 5% CO2, and 95% air24. The culture medium was changed every day. The 1631 

cells were harvested when they reached 70% subconfluence and were subcultured into dishes.  1632 

 1633 

Primary culture was evaluated using an inverted microscope (Nikon TS100, Tokyo, Japan). 1634 

For the explants, the following parameters were evaluated: number of attached explants, day 1635 

on which all explants were attached, number of subconfluent explants, day on which the 1636 

explants had reached subconfluence, total time required to attain subconfluence, and total 1637 

culture duration21. Additionally, cells were evaluated for morphological characteristics under 1638 

a bright-field microscope throughout the culture period to trace cellular and nuclear shapes 1639 

and cytoplasmic extensions.  1640 

 1641 

Cell viability was evaluated using trypan blue assay. Briefly, cells were stained with 0.4% 1642 

trypan blue in PBS, and the dead cells were identified (blue), which allowed permeabilization 1643 

of the dye (nonviable cells). To analyze proliferative activity, cells seeded at a density of 1.0 1644 

× 105 cells/mL were trypsinized and counted at intervals of 8 days. The average cell counts 1645 
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recorded every 24 h were used to determine PDT. Subsequently, the cells were analyzed for 1646 

metabolic activity using the MTT assay. Cells (5.0 × 105 cells/mL) were cultured, and after 5 1647 

days, MTT solution (5 mg/mL in DMEM) was added, and the plates were incubated for 3 h. 1648 

The MTT solution was removed and DMSO was added for 5 min. The samples were analyzed 1649 

using a spectrophotometer (Shimadzu® UV-mini-1240, Kyoto, Japan) at 595 nm. 1650 

 1651 

Statistical analysis 1652 

Data from four Antillean manatees were expressed as the mean ± standard error (one 1653 

animal/repetition) and analyzed using GraphPad Software (GraphPad Software Inc., La Jolla, 1654 

CA, USA). All results were verified for normality using the Shapiro–Wilk test and for 1655 

homoscedasticity using Levene’s test. Data from the morphometric analysis were analyzed 1656 

via analysis of variance (ANOVA; multiple comparisons) followed by Tukey’s test. The 1657 

results of AgNOR quantification and fibroblast numbers were analyzed using the Kruskal-1658 

Wallis and Dunn tests. All culture data were analyzed using ANOVA, followed by an 1659 

unpaired t-test, with P < 0.05. 1660 

 1661 

Results 1662 

Initially, using scanning electron microscopy, ultrastructural analysis of non-vitrified (Fig. 1663 

1A) and vitrified tissues treated with different cryoprotectants revealed similar structural 1664 

patterns (Fig. 1B–E). In all images, the presence of fiber bundles was observed, which are 1665 

structural components of the dermis.  1666 

 1667 

The morphological features of non-vitrified somatic tissue after vitrification using four 1668 

different solutions are shown in Fig. 2. Regarding the effects of SSV on tissue morphometry, 1669 

the vitrified fragments in solutions composed of 3.0 M EG plus 3.0 M DMSO, 3.0 M EG, and 1670 
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3.0 DMSO were similar to the control for dermis thickness (Table 1). None of the vitrified 1671 

fragments in the different solutions were able to maintain the number of fibroblasts when 1672 

compared to that in the non-vitrified tissues, showing a reduction in all groups (Table 1). 1673 

Moreover, vitrified tissues, regardless of the solution used, presented a higher percentage of 1674 

collagen fibers compared to that of the non-vitrified tissues, with values varying from 89.0 ± 1675 

2.0% to 95.0 ± 1.0% (Fig. 3A–F).  1676 

 1677 

Additionally, for tissue proliferative potential evaluated by AgNOR number/cell and AgNOR 1678 

area/cell, tissues vitrified with 3.0 M EG plus 3.0 M DMSO were able to maintain the 1679 

proliferative potential when compared to that of the non-vitrified tissues (Fig. 4A–G). The 1680 

values observed for the vitrified group using 3.0 M EG plus 3.0 M DMSO were 1.14 ± 0.17 1681 

and 0.76 ± 0.15 µm2 for AgNOR number/cell and AgNOR area/cell, respectively, similar to 1682 

that observed in the non-vitrified group (1.25 ± 0.24 and 0.83 ± 0.16 µm2). In the other 1683 

groups, a reduction in tissue proliferative potential parameters was observed (Fig. 4G).  1684 

 1685 

Interestingly, none of the vitrified fragments in the different solutions produced cells in vitro 1686 

(Fig. 5A–E). For in vitro cultures, 16 explants per animal, distributed across the experimental 1687 

groups, were cultured in vitro for 50.8 days (Table 2). In the non-vitrified and vitrified groups, 1688 

all tissues were attached to the dish from 1.0 ± 0.0 days. Nevertheless, only the non-vitrified 1689 

tissues resulted in cells with a viability of 89.8%. Additionally, cells derived from the non-1690 

vitrified cells showed 100% metabolic activity and PDT of 34.3 ± 16.2 h (Table 2). Finally, 1691 

the cells showed morphological characteristics, such as fusiform shape and central oval 1692 

nucleus, similar to that of fibroblasts (Fig. 5A’).  1693 

 1694 

 1695 
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FIG. 1. Photoelectromicrographs for ultrastructural analysis of the dermis of Antillean manatees subjected to different vitrification solutions. (A) 1696 

Non-vitrified tissues. (B) 3M-EG+3M-DMSO. (C) 1.5M-EG+1.5M-DMSO. (D) 3M-EG. (E) 3M-DMSO. 1697 

 1698 

 1699 
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FIG. 2. Histological analysis of the dermis of Antillean manatees subjected to different vitrification solutions. (A–E) tissue overview, (A’–E’) 1700 

close-up view showing fibroblasts. (A, A’) Non-vitrified tissues. (B, B’) 3M-EG+3M-DMSO. (C, C’) 1.5M-EG+1.5M-DMSO (D, D’) 3M-EG. 1701 

(E, E’) 3M-DMSO. Fibroblasts (arrow). Magnification: (A–E) = 4×, (A’’–E’’) = 20×. Scale bar: (A–E) = 500 µm, (A’–E’) = 100 µm. 1702 



95 
 

 

Table 1. Dermal thickness and number of fibroblasts of Antillean Manatee skin subjected to vitrification with different concentrations and 1703 

combinations of intracellular cryoprotectants. 1704 

Groups 
Dermis thickness (μm) No. of fibroblast 

Mean ± S.E. Mean ± S.E. 

Non-vitrified tissues 2470.64 ± 232.02a 55 ± 10a 

3M-EG+3M-DMSO 2590.00 ± 262.19ab 40 ± 7b 

1.5M-EG+1.5M-DMSO 2834.08 ± 292.64b 37 ± 5b 

3M-EG 2704.62 ± 405.36ab 39 ± 5b 

3M-DMSO 2697.42 ± 361.93ab 40 ± 9b 

S.E.: standard error. Different letters indicate statistical difference within each column (P < 0.05). 1705 

 1706 

 1707 

 1708 

 1709 

 1710 

 1711 
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FIG. 3. Quantification of collagen fiber matrix in the dermis of Antillean manatees subjected to different vitrification solutions stained with 1712 

Gomori Trichrome. Photomicrographs of the tissue showing the measured area in non-vitrified tissues (A), 3M-EG+3M-DMSO (B), 1.5M-1713 

EG+1.5M-DMSO (C), 3M-EG (D), 3M-DMSO (E). (F) Quantification of the collagen fiber matrix. Bars indicate standard error. a,b: P < 0.05. 1714 

Magnification: (A–E) = 20×. Scale bar = 100 µm. 1715 

 1716 

 1717 

 1718 

 1719 

 1720 

 1721 
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FIG. 4. Quantification and measurement of AgNORs labeled with silver nitrate in the dermis of Antillean manatees subjected to different 1722 

vitrification solutions. Tissue photomicrography in non-vitrified (A), 3M-EG+3M-DMSO (B), 1.5M-EG+1.5M-DMSO (C), 3M-EG (D), 3M-1723 

DMSO (E). (F) Quantification of AgNOR/cell number. (G) Measurement of AgNOR/cell area. Bars indicate standard error. a,b: P < 0.05. 1724 

AgNOR present in the fibroblast nucleus (arrow). Magnification: (A–E) = 40×. Scale bar = 50 µm. 1725 

 1726 

 1727 

 1728 

 1729 

 1730 

 1731 

 1732 
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FIG. 5. In vitro culture of fragments derived from the skin of Antillean manatees subjected to different vitrification solutions. (A) Primary 1733 

culture of non-vitrified fragments, with cell detachment and growth after 15 days. (A’) Secondary culture and cell morphology obtained from 1734 

non-vitrified fragments. Primary culture of fragments, with no detachment and cell growth after 60 days of culture in 3M-EG+3M-DMSO (B), 1735 

1.5M-EG+1.5M-DMSO (C), 3M-EG (D), 3M-DMSO (E). (*) Tissue fragment. Arrow indicates the beginning of cell detachment from tissue in 1736 

primary culture. Magnification: (A–E) = 10×, (A’) = 20×. Scale bar: (A–E) = 200 µm, (A’) = 100 µm. 1737 

 1738 

 1739 

 1740 
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Table 2. Evaluation of in vitro culture of somatic tissues derived from Antillean Manatees subjected to vitrification with different concentrations 1741 

of intracellular cryoprotectants. 1742 

Groups Attached 

explants (%) 

Day all 

attached 

explants  

Fragments with 

subconfluence (%)  

Day with 

cell growth 

around all 

fragments  

Total 

culture 

time 

(days) 

Cell 

viability 

(%)  

Metabolic 

activity 

(%) 

PDT 

(h)  

Non-vitrified tissues 16/16  (100)a 1.0 ± 0.0a 11/16  (68.8 ± 18.8)a 14.8 ± 1.9 50.8 ± 8.8a 89.6 ± 2.9 100.0 ± 0.0 34.3 ± 

16.2 

3M-EG+3M-DMSO 16/16  (100)a 1.0 ± 0.0a 0/0  (0.0 ± 0.0)b - - - - - 

1.5M-EG+1.5M-DMSO 16/16  (100)a 1.0 ± 0.0a 0/0  (0.0 ± 0.0)b - - - - - 

3M-EG 16/16  (100)a 1.0 ± 0.0a 0/0  (0.0 ± 0.0)b - - - - - 

3M-DMSO 16/16  (100)a 1.0 ± 0.0a 0/0  (0.0 ± 0.0)b - - - - - 

Values are media ± standard error. Different letters indicate statistical difference within each column (P < 0.05). 1743 
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Discussion 1744 

Considering the importance of vitrification as a tissue cryopreservation technique for 1745 

endangered mammals, such as the Antillean manatees, to collect samples in the field in a 1746 

simpler way and with low-cost material, we hypothesized that reduced concentrations of 1747 

intracellular cryoprotectants (EG and DMSO) as well as combinations of these 1748 

cryoprotectants could guarantee adequate maintenance of tissue viability and cell recovery 1749 

after in vitro culturing of these tissues. Intriguingly, in the present study, none of the 1750 

combinations (EG and DMSO in association or not) and concentrations (6.0 M or 3.0 M) of 1751 

intracellular cryoprotectants were efficient in conserving Antillean manatee somatic tissues 1752 

for the recovery of somatic cells.  1753 

 1754 

SSV consists of a technique in which the sample is superimposed on a cubic hollow metal 1755 

surface partially submerged in liquid nitrogen, which causes vitrification followed by storage 1756 

in cryovials9. The main characteristic of this technique is the sudden temperature change 1757 

associated with high cryoprotectant concentrations12. In SSV, tissues are generally not 1758 

exposed to a large amount of cryoprotectants before undergoing a drastic change in 1759 

temperature. Different from what was observed in somatic tissues of other wild mammals, 1760 

such as collared peccaries9, red-rumped agouti10, jaguar11, and puma8, SSV was an efficient 1761 

method for conserving these somatic resources. In these studies, skin fragments containing 1762 

epidermis and dermis were cryopreserved; however, in the present study, only the dermal 1763 

fragments were vitrified. The epidermis, the outermost layer of the skin, along with several 1764 

layers of tissues and cells, protect the internally located cells, allowing their preservation after 1765 

cryopreservation25. In general, the skin of aquatic mammals is cultured in the absence of the 1766 

epidermis, as no cells grow in tissue fragments of epidermal tissue or fat21,26 and therefore, the 1767 

tissues without epidermis were cryopreserved. 1768 



101 
 

 

 1769 

Moreover, even without producing cells during in vitro culture, tissues vitrified with 3.0 M 1770 

EG plus 3.0 M DMSO maintained adequate values for epidermal thickness and tissue 1771 

proliferative potential, as depicted by the AgNOR assay. AgNOR is a good marker of cell 1772 

proliferation because it labels nucleolus organizer regions, which are nucleolar substructures 1773 

associated with ribosomal RNA transcription27. Additionally, no difference was observed in 1774 

the tissue ultrastructure, regardless of the SSV solution used, between the vitrified and non-1775 

vitrified tissues. These parameters were probably not altered because the combination of 1776 

cryoprotectants and their concentrations ensured the maintenance of these parameters by 1777 

conserving the vitreous stage that SSV promotes12. The combination of cryoprotectants (EG 1778 

and DMSO) at 6.0 M (3.0 M/3.0 M) with extracellular cryoprotectants (sucrose and FBS) has 1779 

already been shown to be efficient in the cryopreservation of somatic tissues from different 1780 

species, both domestic (goat, sheep, and cattle28) and wild (collared peccaries7, red-rumped 1781 

agoutis10), including the recovery of cells.  1782 

 1783 

Moreover, cells recovered from non-cryopreserved tissues were cultured for up to 50.8 days 1784 

showing viability and metabolic activity values above 80%. Similar values have been 1785 

observed for cells from other marine mammals, such as the Hawaiian monk seal29. 1786 

Additionally, the PDT value obtained was 34.2 h, which is lower than that in studies with 1787 

humpback whales26).  1788 

 1789 

In conclusion, SSV at different concentrations and combinations of cryoprotectants affected 1790 

the ability of Antillean manatee abdominal tissue and cells during in vitro culture. Although 1791 

3.0 M EG plus 3.0 M DMSO maintained dermal thickness and tissue proliferation potential 1792 

similar to that of the non-vitrified tissues, cells could not be recovered from these tissues in 1793 
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vitro. Further studies are needed to optimize the vitrification protocols in Antillean manatee 1794 

somatic tissues. 1795 
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CONSIDERAÇÕES FINAIS E PERSPECTIVAS 1894 

 1895 

 O presente trabalho apresentou pela primeira vez os parâmetros histológicos e de 1896 

cultivo in vitro com amostras somáticas derivadas da pele de peixe-boi marinho. O estudo é 1897 

pioneiro na criopreservação de tecidos somáticos desta espécie, onde eles podem ser 1898 

submetidos à congelação lenta, mantendo o potencial proliferativo tecidual quando 1899 

comparado a tecidos não criopreservados. As células obtidas de tecidos criopreservados por 1900 

congelação lenta não apresentaram alteração na viabilidade e atividade proliferativa, contudo, 1901 

apresentaram redução no metabolismo, níveis de apoptose alterados, bem como aumento nas 1902 

espécies reativas de oxigênio e potencial de membrana mitocondrial, o que denota a 1903 

necessidade de ajuste nos protocolos, como por exemplo na concentração dos crioprotetores 1904 

intracelulares, utilização de solução de equilíbrio antes da criopreservação. 1905 

 Além disso, foi também analisado se a vitrificação em superfície sólida, uma técnica 1906 

alternativa com custo reduzido e facilidade de realização em campo, ao ser realizada com 1907 

diferentes combinações e concentrações de crioprotetores intracelulares, seria capaz de 1908 

apresentar adequados resultados ao se comparar à congelação lenta. Quando comparado a 1909 

fragmentos não vitrificados, nenhum dos grupos criopreservados foi capaz de manter o 1910 

número de fibroblastos, e somente aquele com a maior concentração dos crioprotetores 1911 

manteve o potencial proliferativo tecidual. Ainda, mesmo com a redução da concentração e 1912 

associação dos crioprotetores intracelulares, nenhum dos fragmentos vitrificados foi capaz de 1913 

produzir células in vitro. Esses resultados demonstram que mais estudos devem ser 1914 

conduzidos visando a otimização dos protocolos de vitrificação em tecidos somáticos de 1915 

peixe-boi marinho, como por exemplo o emprego de outras substâncias crioprotetoras. 1916 

Finalmente, este estudo compreendeu o primeiro passo objetivando a formação de 1917 

bancos de tecidos somáticos de peixe-boi marinho, visando o uso destas amostras para 1918 

diferentes finalidades biotecnológicas no futuro, como a clonagem por TNCS, iPS, permitindo 1919 

salvaguardar uma amostragem genética de diferentes indivíduos. Essas amostras também 1920 

podem ser utilizadas na realização de estudos ecotoxicológicos, buscando compreender a ação 1921 

de substâncias, toxinas e poluentes nestes animais. Ainda, futuros estudos podem ser 1922 

direcionados no estabelecimento de linhagens celulares e a formação de bancos de células 1923 

somáticas, complementando o de tecidos, foco do presente trabalho. 1924 

Esses criobancos surgem para potencializar as possibilidades de impedir a redução 1925 

populacional, sendo mais uma ferramenta a ser empregada na conservação destes animais. 1926 

 1927 
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