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CRIOPRESERVACAO EM SEMEN DE PEIXES: REVISAQ DE PROTOCOLOS
EXPERIMENTAIS E NOVAS PERCEPCOES?

Autor: luri Moraes Neyrao
Orientadora: Vivian Fisher
Coorientador: Leandro Cesar de Godoy

Resumo: A criopreservacao de espermatozoides tem sido alcangada com sucesso
para muitas espécies aquaticas, especialmente em peixes. A utilizacao do leite em
p6 tem se mostrado uma alternativa interessante para criopreservacao
espermatica, e seu uso tem apresentado bons resultados apds o descongelamento
para diversas espécies de peixe. O zebrafish € um modelo biolégico popular para
estudos de diversas areas de pesquisa, apesentando particularidades satisfatorias,
por isso se faz necessaria a preservacao das linhagens existentes. Essa tese teve
como objetivo geral realizar um levantamento do histérico e do momento recente
sobre a criopreservacao de sémen em diversas espécies de peixes, bem como
conceituar uma avaliagcao critica das limitacdes, possiveis tendéncias e caminhos
a serem seguidos nesta area, além de realizar a analise do espermatozoide de
zebrafish em contato com diferentes crioprotetores e tempos de equilibrio, tomando
como ferramenta de estudo as relagfes estruturais, morfologicas e de integridade
de membrana do espermatozoide. Com os resultados obtidos no primeiro estudo,
foi possivel obter informacfes detalhadas sobre protocolos de criopreservacéo,
taxas de resfriamento e métodos de descongelamento, dispositivos utilizados, bem
como a associacdo do leite em pd com outros crioprotetores, além de conceituar
uma avaliacdo critica das limitacbes, possiveis tendéncias e caminhos a serem
seguidos na area da criopreservacao. A partir das respostas obtidas foi possivel
observar que a incluséo do leite em p6 na crioprotecdo de espermatozoides trouxe
respostas positivas, apresentando ganhos satisfatérios principalmente para
espécies pertencentes a ordem Siluriformes e Cypriniformes. No segundo estudo,
pode-se observar que o tratamento com concentracdo de 10% de metanol e 5
minutos de equilibrio foi 0 mais indicado, apresentado melhores resultados para a
realizacdo do processo de criopreservacao espermatica. A avaliagcao da relacéo de
simultaneidade entre os fatores crioprotetor, concentracdo do crioprotetor e tempo
de equilibrio ao crioprotetor € de suma importancia, pois a resposta é pratica e
objetiva, resposta essa que aumenta a taxa de sucesso experimental para a
criopreservacdo, além de servir como referéncia para novos e mais refinados
ensaios a serem desenvolvidos na area.

Palavras-chave: Leite em p0; revisdo sistematica; espermatozoide; Danio rerio;
morfologia; integridade de membrana

1Tese de Doutorado em Zootecnia — Producdo Animal, Faculdade de Agronomia,
Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brasil. (157 p.)
Marco, 2022.



CRYOPRESERVATION IN FISH SPERM: REVIEW OF EXPERIMENTAL
PROTOCOLS AND NEW PERCEPTIONS 2

Author: luri Moraes Neyréo
Supervisor: Vivian Fisher
Co-supervisor: Leandro Cesar de Godoy

Abstract: Sperm cryopreservation has been successfully achieved for many
aguatic species, especially fish. The use of powdered milk has shown to be an
interesting alternative for sperm cryopreservation, and its use has shown good
results after thawing for several species of fish. Zebrafish is a popular biological
model for studies in several areas of research, presenting satisfactory particularities,
SO it is necessary to preserve the existing lineages. This thesis had as general
objective to carry out a survey of the history and recent moment on the
cryopreservation of semen in several species of fish, as well as to conceptualize a
critical evaluation of the limitations, possible trends and paths to be followed in this
area, in addition to performing the analysis of zebrafish sperm in contact with
different cryoprotectants and equilibrium times, taking the structural, morphological
and membrane integrity relationships of the sperm as a study tool. With the results
found in the first study, it was possible to obtain detailed information about
cryopreservation protocols, freezing rates and thawing methods, devices used, as
well as the association of powdered milk with other cryoprotectants, in addition to
conceptualizing a critical assessment of the limitations, possible trends and paths
to be followed in the area of cryopreservation. From the results obtained, it was
possible to observe that the inclusion of powdered milk in the cryoprotection of
spermatozoa brought positive responses, showing satisfactory gains mainly for
species belonging to the order Siluriformes and Cypriniformes. In the second study,
it was observed that the treatment with a concentration of 10% methanol and 5
minutes of equilibrium was the most indicated, presenting better results for the
sperm cryopreservation process. The evaluation of the simultaneity relationship
between cryoprotectant factors, cryoprotectant concentration and cryoprotectant
equilibrium time is of paramount importance, since the answer is practical and
objective, a response that increases the experimental success rate for
cryopreservation, in addition to serving as a reference for new and more refined
tests to be developed in the area.

Keywords: Powdered milk; systematic review; sperm; Danio rerio; morphology;
membrane integrity

2Doctoral thesis in Animal Science, Faculdade de Agronomia, Universidade Federal
do Rio Grande do Sul, Porto Alegre, RS, Brasil. (157 p.) March, 2022.
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1. INTRODUCAO

O desenvolvimento do setor aquicola, ligado a necessidade de conservacao
de espécies ameacadas, tem estimulado cada vez mais o interesse na preservacao
de recursos genéticos de espécies com importancia econdmica e ecoldgica
(Martinez-Paramo et al., 2017). A técnica de armazenamento a longo prazo em
temperaturas baixas (Tsai & Lin, 2012) - se faz necessaria, induzindo as células a
parada das reacdes enzimaticas, possibilitando, apdés o descongelamento, a
restauracdo da atividade metabdlica (Mazur et al., 1984).

Diversos protocolos de criopreservacdo sao pesquisados e aprimorados
frequentemente (Chen et al., 2010; de Carvalho et al., 2014; Fabbrocini, et al.,
2014), todavia o processo de criopreservagao gera varias condicdes que podem
levar a danos celulares graves (Carmichael et al., 2009). Estes incluem danos
celulares, formacéo de gelo intracelular e extracelular e desidratacdo na presenca
do crioprotetor. Quando os tecidos séo resfriados lentamente, a agua se move para
fora das células e o gelo se forma no espaco extracelular (Meryman, 1956; Gage &
Baust, 1998; Robilotto et al., 2018). O movimento da agua para fora das células
pode levar a desidratacdo celular, e o excesso de gelo extracelular pode levar a
danos mecanicos por esmagamento (Mazur, 2004). Embora alguns organismos e
tecidos possam tolerar o gelo extracelular, os cristais de gelo intracelular quase
sempre danificam gravemente as células (Pegg, 1987; Fowler & Toner, 2006;
Nishiyama et al., 2016). Solutos que séo excluidos da estrutura do cristal de gelo
durante o congelamento afetardo o equilibrio da pressdo osmética (Honeyfield &
Krise, 2000).

Os riscos de dano celular podem ser bastante reduzidos pela adicdo de um
crioprotetor a solucdo de congelamento, que reduz a temperatura de congelamento
e aumenta a viscosidade do liquido (Cabrita et al., 2003).

Os crioprotetores podem ser divididos em duas categorias: crioprotetores
intracelular e extracelular. Os crioprotetores intracelulares, como o dimetilsulfoxido
(DMSO), metanol (MET), dimetilacetamida (DMA), dimetilformamida (DMF) e
glicerol, geralmente possuem peso molecular menor que 400 Da e podem cruzar
passivamente as membranas celulares, enquanto que o0s crioprotetores
extracelulares ndo séo difusiveis e, desta forma, ndo podem atravessar a

membrana celular devido ao seu alto massa molecular; como 0s constituintes do
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leite em po (Carmichael et al., 2009), o hidroxietilamido (HES) e o poli [N-vinil-2-
pirolidona] (PVP) (Karlsson & Toner, 1996).

Substancias diferentes foram investigadas com relacdo a eficiéncia para
atuar como crioprotetores, incluindo alcoois, didis, amidas, acicares e aminoacidos
(Freimark et al., 2011; Sun et al., 2012; Hofmann et al., 2015). No entanto, pouco
se sabe quao téxicos os crioprotetores podem ser para as células espermaticas
quando expostas a estes, mesmo que por um curto periodo de tempo.

Estudos foram realizados avaliando as diferentes solucbes de
criopreservacao sobre parametros quimicos e bioquimicos da qualidade do sémen
de peixes, integridade de membrana e estresse oxidativo (Li et al., 2010, 2013;
Wang et al., 2015; Martinez-Paramo et al., 2017). Os protocolos fazem a incluséo
de leite em p6 comercial em solugbes crioprotetoras, favorecendo inimeros
problemas, dentre eles a dificuldade da avaliacdo espermatica, assim como uma
falta de padronizacéo dos ingredientes, conforme observado em nosso laboratério.
Por exemplo, existem diferentes fontes de leite em po, de diferentes origens,
inclusive vegetal, que possuem maior suplementagédo de aminoacidos e vitaminas
em sua composicao que o leite em p6é mais comercialmente consumido, mas que
ainda ndo passaram por processos experimentais.

O zebrafish (Danio rerio) € um peixe de agua doce cujo tamanho pequeno,
fecundidade, transparéncia embrionaria e desenvolvimento rapido levaram a sua
selecdo como modelo experimental popular e de facil manejo (Van Eeden et al.,
1998; Briggs, 2002). Nos ultimos anos, o uso generalizado do zebrafish como
espécie modelo para varios campos nas ciéncias bioldgicas e similaridade genética
com humanos propiciou a geracao de individuos mutantes, assim como, a producao
de linhagens transgénicas (Brand et al, 2002; Bai et al., 2013). Isso levou a
necessidade de armazenar materiais genéticos, que uma vez congelados estariam
protegidos contra qualquer perda acidental da linhagem do animal, reduzindo assim
0 espaco necessario de manutencao das linhagens dos peixes que nao estdo em
utilizacgéo.

Os protocolos de criopreservacao do sémen de zebrafish atualmente usados
pela comunidade cientifica possuem pouca repetitividade. Aliado a questdo, as
taxas de fertilizacdo usando sémen criopreservado variam consideravelmente entre

laboratdrios, assim como o conhecimento do efeito toxico da criopreservagao com
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a combinacdo de crioprotetores permeaveis e ndo permeaveis, provavelmente
devido aos inumeros protocolos que foram desenvolvidos de maneiras diferentes.
Para o sucesso efetivo do uso desta tecnologia faz-se necessario um estudo
aprofundado da relagdo entre crioprotetor e espermatozoide, avaliando as
alteracbes e possiveis lesbes celular ao longo do tempo. A partir deste
conhecimento, pode-se entdo, determinar um protocolo viavel de criopreservacao

de espermatozoides de zebrafish que seja de facil reprodutibilidade.
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2. REVISAO BIBLIOGRAFICA

2.1 Zebrafish (Danio rerio)

O zebrafish (Danio rerio) é um teledsteo tropical de agua doce, originario da
Asia, pertencente a familia Cyprinidae (Engeszer et al., 2007). A espécie apresenta
pequeno tamanho, atingindo em torno de 4-5 cm de comprimento (Spence et al.,
2008). Possui habito alimentar onivoro, ndo possui estdtmago verdadeiro e tem
longo intestino com uma grande area de absorcéo (Ulloa et al., 2011). Na natureza,
o zebrafish se alimenta de larvas de mosquito e pequenos insetos (Spence et al.,
2008).

O zebrafish € encontrado comumente em rios, riachos pequenos e outros
canais, em aguas estagnadas ou |énticas perto de cdrregos e arrozais, com
larguras dos corpos d'agua variando de 1 até 12 m, e profundidades variando de
16 a 57 cm; com caracteristicas de agua relativamente calma, clara, apresentado
temperatura de 27 a 34°C e pH entre as faixas de 7,9-8,2; em substratos de argila
ou pedras (Engeszer et al., 2007). O Danio rerio € encontrado na natureza em
cardumes de diferentes tamanhos, em pequenos grupos de 6 ou 7 peixes em aguas
lentas, cardumes de 22 peixes em aguas paradas e chegando até de 300 peixes
aguas com grande fluxo (Graham et al., 2018).

A espécie possui dimorfismo sexual, com as diferencas na coloracéo
iniciando apds seis semanas de vida (Darrow & Haris, 2004), principalmente na
fase reprodutiva. Ao amanhecer os machos possuem coloracdo nitidamente
amarelo/dourado na parte ventral, e as fémeas apresentam cor prateada (Paull et
al., 2010). Na fase reprodutiva os machos apresentam padréao corporal mais afilado
gue as fémeas e sdo mais leves, no entanto, apresentam o mesmo comprimento
(Eaton & Farley, 1974; Lawrence, 2007).

O Danio rerio € um peixe ovuliparo, ou seja, sua fertilizacdo e o
desenvolvimento ocorrem no meio externo. O zebrafish possui condi¢cdes de se
reproduzir dos quatro meses de vida até os 3 anos, todavia, a capacidade
reprodutiva diminui com o avanco etéario, e a recomendacao de varios laboratérios
€ que a reproducdo seja realizada com animais entre 6 até 18 meses de idade
(Nasiadka & Clark, 2012; Nishimura et al., 2016). O testiculo do zebrafish é
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classificado como do tipo tubular anastomasado (Maack & Segner, 2003; Fenske &
Segner, 2004; Nash et al., 2004).

2.1.1 Importancia atual do zebrafish nas areas do conhecimento

O Danio rerio apresenta caracteristicas favoraveis a escolha como modelo
experimental, como a alta fecundidade, tamanho diminuto, rapido tempo entre
geracoes, transparéncia optica durante a embriogénese e homologia genética com
humanos (Lawrence, 2007; Spence et al., 2008); custos de manejo e manutencao
sao inferiores aos de outros animais utilizados na pesquisa, como 0os camundongos.
Com a grande homologia de seu genoma com o de outras espécies de vertebrados,
em especial os humanos, que apresentam cerca de 70% dos genes em comum
com o zebrafish (Howe et al., 2013; Johnston et al., 2018), estudos com a espécie
avancaram e se tornaram um organismo popular no estudo de genética, biologia
do desenvolvimento e biomedicina (Kalueff et al., 2014; Fontana et al., 2018). A
espécie vem sendo utilizada como modelo em pesquisas, como: testes de
seguranca com farmacos, avaliacdo de riscos ambientais e toxicidade durante o
desenvolvimento (Tanoue et al., 2015; Kristofco et al., 2015).

Existe interesse crescente na utilizagdo do zebrafish como organismo
modelo para pesquisas comportamentais, pois seu comportamento € influenciado
por manipulacdes ambientais e farmacoldgicas, podendo ser estudado baseado no
comportamento exploratério, e também em respostas do sistema endoécrino ao

estresse (Egan et al., 2009; Bengston et al., 2018).

2.2. Criopreservagao: Uso do zebrafish na criobiologia

A criopreservacgdo é uma biotecnologia que vem sendo bastante utilizada na
preservacdo do material genético de peixes, sendo de suma importancia na
preservacdo da diversidade de espécies e modelos de peixes utilizados em
pesquisas biomédicas (Lin et al., 2016). A criopreservacao € normalmente realizada
objetivando a estagnacdo do metabolismo, das atividades biologicas e reacbes
bioquimicas que causariam envelhecimento e morte celular (Mazur et al., 1984;
Sieme et al., 2015). Para uma taxa de resfriamento ser considerada ideal, a mesma

necessita ocorrer o0 mais rapido possivel, para se evitar os efeitos toxicos da
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solucéo crioprotetora, no entanto, lento o suficiente para que as células possam
desidratar o suficiente para evitar a formacdo de gelo intracelular (Mazur et al.,
1963, 1984; Jin et al., 2016).

O zebrafish possui grande participacdo em estudos relacionados a
criopreservacao, apresentando técnicas Uteis e eficientes para a preservacao de
valiosas linhas de pesquisa. Aliado a pesquisa, as relacbes processuais das
atividades de criopreservagao envolvem desenvolvimento inicial de protocolos de
criopreservacao, aplicacdo dos protocolos e aplicacdo em grande escala em

recursos genéticos e industria comercial (Yang & Tiersch, 2009; Yang et al., 2016).

2.3. Criopreservacao de sémen

2.3.1 Comparativo entre espécies de peixes

Desde as primeiras tentativas de criopreservar espermatozoides de peixes,
a potencial aplicacdo metodoldgica para espécies de agua doce e marinhas tem
atraido a atencdo dos pesquisadores. Protocolos de congelamento foram
desenvolvidos para diferentes espécies em todo o mundo e diversos estudos tém
se aprofundado em espécies de climas temperados com periodo reprodutivo de
forma sazonal.

O primeiro protocolo de criopreservacao para Danio rerio relacionado ao
sémen foi publicado em 1982 por Harvey et al. (1982), tendo embasado toda
comunidade cientifica da area na busca de novos protocolos (Morris et al., 2003;
Yang et al., 2007; Carmichael et al., 2009; Draper & Moens, 2009; Bai et al., 2013;
Wang et al., 2015; Yang et al., 2016; Matthews et al., 2018; Rodrigues et al., 2020,
2021). Os protocolos desenvolvidos até 0 momento variam desde o método de
coleta do sémen, a combinacdo de diferentes diluentes e crioprotetores, no
recipiente utilizado para o congelamento, no método de congelamento e curva de
resfriamento, produzindo, desta maneira, resultados variaveis (Tiersch, 2001;

Hagedorn & Carter, 2011), conforme apresentado na Tabela 1.
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A maioria dos estudos recentes, 0S quais apresentam analises mais
refinadas, é aplicada para salmonideos, ciprinideos e esturjdes. Todavia, apesar
de ainda pequeno, o interesse em realizar protocolos de criopreservagdo para
espécies de areas tropicais e subtropicais € crescente (Maria et al., 2006, 2015;
Viveiros & Godinho, 2009; Pastana et al., 2019; Neumann et al., 2019). Diversos
experimentos foram realizados para avaliar uma série de fatores como taxas de
congelamento, crioprotetores e solugdes diluidoras com o objetivo de desenvolver
protocolos de criopreservagdo para espécies como Salmo salar L. (Dziewulska et
al., 2011), Huso huso (Aramli et al., 2015), Acipenser baerii (Judycka et al., 2015),
Perca fluviatilis (Bernath et al.,, 2015; Judycka et al.,, 2019) e Colossoma
macropomum (Maria et al., 2015; Varela Junior et al.,, 2015). A avaliacdo da
qualidade do sémen de peixes apds o congelamento/descongelamento evoluiu,
permitindo melhor compreensdo dos mecanismos ligados a qualidade que era
comprometida durante o processo de criopreservacao.

A andlise de motilidade €& comumente realizada usando sistemas
informatizados (Martinez-Paramo et al., 2017). O uso da citometria de fluxo
melhorou a confiabilidade dos resultados sobre a qualidade da membrana e estado
mitocondrial (Arruda et al., 2007). O estresse oxidativo é avaliado utilizando
diferentes metodologias, assim como a integridade da cromatina, sendo este,
também considerado como uma avaliacdo importante (Cabrita et al., 2014,
Fernandez et al., 2019). Outras recentes tecnologias tém colaborado para a melhor
compreensao da fisiologia dos espermatozoides, como o uso de analises
protedmicas, que revelam mudancas nas proteinas relacionadas ao tréfico e
organizacdo da membrana, metabolismo ou transducao de sinal (Li et al., 2010,
2013; Nynca et al.,, 2015a). Além da taxa de fertilizagdo, diferentes estudos
avaliaram o desenvolvimento, a longo prazo, da progénie (Pérez-Cerezales et al.,
2011; Viveiros et al., 2012).

A reducao do estresse oxidativo nao foi alcancado pela adicdo de diferentes
compostos em solugdes diluidoras antes do congelamento. Existe um numero de
compostos naturais e antioxidantes sintéticos que apresentavam diferentes niveis
de eficiéncia, dependendo da espécie, concentragcdo ou se forem combinados com
outros reagentes (Martinez-Paramo et al., 2017). Lahnsteiner et al. (2011), testaram

10 solucbes antioxidantes contendo catalase, superéxido dismutase, peroxidase,
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glutationa reduzida, metionina reduzida, glutationa oxidase e metionina oxidase
mas nenhuma das solugdes mostrou melhora significativa na qualidade do
espermatozoide pos-descongelamento em Salvelinus fontinalis e Oncorhynchus
mykiss.

Progressos no congelamento de sémen em carpas incluem diferentes
modificacdes, técnicas e da adicdo de varios compostos para 0 meio de
congelamento, a fim de aumentar a crio-resisténcia. Nestas espécies, a protecdo
da membrana foi aumentada utilizando 1,5 mg por 120 x 108 espermatozoides de
ciclodextrina carregada de colesterol, que resultou em aumento significativo na
motilidade, viabilidade e fertilidade (Yildiz et al., 2015; Partyka et al., 2018). A adi¢cdo
de 20 mM de cisteina proporcionou maior motilidade, taxas de fertilidade e eclosdo
e menor nivel de danos no DNA (Ogretmen et al., 2015; Li et al., 2018).

Para salmonideos, taxas de fertilidade semelhantes as obtidas com
espermatozoides controle foram alcancadas em relacdo aos espermatozoides e
oocitos, obtendo os valores 50.000:1 para Thymallus thymallus (Horvéath et al.,
2015), 300.000:1 para S. fontinalis e Salmo trutta (Nynca et al., 2014, 2015b),
500.000:1 para Hucho hucho L. (Nynca et al., 2015c) e 600.000:1 para O. mykiss
(Ciereszko et al., 2014). A vitrificacdo € uma técnica raramente usada para sémen
de peixe, todavia possui aplicacées promissoras. A vitrificacdo de espermatozoides
diluidos em meio de Cortland com 10% de DMSO, 2% de BSA, 0,13 M sacarose e
50% de plasma seminal foram relatados como uma opc¢éo na criopreservagao para
S. salar L. (Figueroa et al., 2015). Os autores relataram boas condicbes para
integridade da membrana, motilidade e fertilidade e baixas taxas de fragmentacéo

do DNA nessas condicoes.

2.3.2 Principais dificuldades encontradas

Nos ultimos anos, ensaios relacionados a genética geraram milhares de
novas variedades de zebrafish (Driever et al.,, 1996; Haffter et al., 1996;
Kettleborough et al., 2013; Thyme et al.,, 2019). Além disso, varias novas
tecnologias tornaram-se disponiveis, como geracdo de linhas reporter
transgénicas, knockout dirigido de genes (Meng et al., 2008; Doyon et al., 2008;
Kok et al., 2015; Adamson et al., 2018), TILLING (Targeting Induced Local Lesions
In Genomes) (Draper et al., 2004; Amsterdam & Hopkins, 2006; Kidwell et al.,
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2018), insercdes baseadas em virus e transposon (Driever et al., 1996; Haffter et
al., 1996; Amsterdam et al., 1999; Lieschke & Currie, 2007; Donnarumma, et al.,
2018) e potencializadoras ou estratégicas de armadilha genética (Kawakami, 2005,
2007; White, et al., 2019). Véarios programas de mutagénese usardo essas novas
tecnologias para gerar, identificar e caracterizar milhares de genes em um futuro
proximo (http://www.zf-models.org/). Assim, 0 aumento adicional no numero e
variedade de linhagens de Danio rerio é assertivo.

Apesar do custo significativo para gerar essas linhagens, pouco esforgo tem
sido feito para preserva-las com seguranca para futuras geracbes de
pesquisadores. Normalmente, a capacidade dos laboratérios em manter 0s animais
é limitada pelo numero de pessoas e espaco reduzido das instalacdes (Carmichael
et al., 2009). Muitas linhagens correm o risco de se extinguirem sem um esforgo
para financia-las.

Atualmente, a criopreservacdo ¢ o método mais eficiente para preservar
amostras de espécies ameacadas e para armazenar materiais genéticos raros ou
importantes para manutencdo da diversidade genética. A criopreservacdo € a
melhor alternativa para os estoques vivos por varios motivos: 1) O espaco da
instalacéo é eficientemente utilizado; 2) O tempo reprodutivo efetivo dos machos é
prolongado; 3) Recursos importantes ndo se extinguem se uma linha nédo puder ser
mantida viva; 4) mutagéneses genéticas reversas, como TILLING, sdo mais viaveis
pois 0S peixes Vvivos nao precisam ser mantidos (Draper et al., 2004; Amsterdam &
Hopkins, 2006; Kidwell et al., 2018); 5) A criopreservacao é custo-efetiva, devido a
economia de recursos necessarios para eletricidade, agua, filtragem, limpeza de
tanques, reparos, alimentos e pessoal.

No entanto, os protocolos de criopreservacdo atualmente usados pela
comunidade cientifica para zebrafish podem ser relativamente dificeis de conduzir
e o0s laboratérios ndo podem adapta-los facilmente. Além disso, as taxas de
fertilizac&o variam consideravelmente entre laboratoérios, provavelmente devido aos
inumeros protocolos diferentes que foram desenvolvidos (Morris et al., 2003; Sood
et al., 2006; Jing et al., 2009; Marinovi¢ et al., 2018) como modificagbes do
procedimento original por Walker e Streisinger (Westerfield, 2007), que foi baseado
no método original de criopreservacao de Harvey et al. (1982). Essas modificacbes

foram amplamente testadas empiricamente, determinando se elas afetam ou néao
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as taxas gerais de fertilizacédo pos-descongelamento (Carmichael et al., 2009). Sem
um profundo entendimento dos principios biofisicos que governam a fisiologia das
células congeladas, ndo esta claro se a comunidade atualmente usa o0 método mais
pratico, confiavel e eficiente.

Os riscos de dano celular podem ser muitos reduzidos pela adicdo de um
crioprotetor a solucdo de congelamento, a qual reduz o ponto de congelamento e
aumenta a viscosidade do liquido; dessa forma, ao invés de cristalizar, a solugédo
forma gelo amorfo (vitrificacdo). A vitrificacdo da dgua também pode ser obtida
através de um resfriamento extremamente rapido, na auséncia de um crioprotetor
(Isachenko et al., 2005; Ozkavukcu et al., 2008; Hezavehei et al., 2018). Para
conseguir esses efeitos dentro da célula, os crioprotetores adentram rapidamente
na membrana celular. No entanto, 0s crioprotetores comuns tais como metanol,
glicerol, DMSO ou DMA em véarios momentos séo toxicos em altas concentragdes.
Portanto, um dos desafios para desenvolver um método eficaz de criopreservacao

€ limitar o dano produzido pelo proprio crioprotetor (Carmichael et al., 2009).

2.4. Avaliagdo da qualidade do sémen criopreservado

A analise de motilidade espermatica € bastante Gtil para a comparacao de
diferentes condicBes experimentais, como procedimentos de coleta, meios de
diluicho e armazenamento de sémen (Bobe & Labbé, 2010), em especial na
criopreservacdo. A motilidade j& possui avaliacdo de 340 espécies de peixes
(Gallego & Asturiano, 2019), sendo uma excelente andalise para a realizacdo apoés
0S processos de criopreservacao.

O estudo morfolégico das células espermaticas e sua relacdo com a
infertiidade dos machos alcancaram maior importancia através da inseminacao
artificial em mamiferos, especialmente na espécie bovina (Blom, 1973; Kavamoto
et al., 2018). A analise da morfologia espermatica tem por sua fungdo um
importante fator na avaliagdo da qualidade seminal, pois que o aumento das
patologias esperméticas provoca diminui¢cdo na motilidade e no vigor espermatico
(Lahnsteiner et al., 1998; Cosson et al., 1999; Streit Junior et al., 2018).

A avaliagdo de integridade de membrana auxilia no sucesso da
criopreservacdo, uma vez que as membranas sao suscetiveis as criolesées (Jun et
al., 2006; Kutluyer et al., 2016; Xin et al., 2018). A integridade da membrana é
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geralmente avaliada com a utilizacdo de corantes como eosina/nigrosina ou eosina
isolada e uma observacdo simples sob microscépio e utilizando kits com
marcadores especificos (Sybr-14/iodeto de propidio), permite uma observacao
simultanea de espermatozoides vivos ou mortos (Fauvel et al., 2010; Gallego et al.,
2013; Gallego & Asturiano, 2019). No entanto, diversas outras técnicas baseadas
no uso de outros corantes sdo encontradas na literatura, como o iodeto de propidio

(Fauvel et al., 2010) e azul de tripan (Lubzens et al., 1997).
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3. HIPOTESES E OBJETIVOS

3.1. Hipoteses

As hipoteses propostas pelo presente estudo seriam que (i) o leite em pd,

adicionado a solucdo crioprotetora, atua de maneira eficiente na protecdo dos

espermatozoides de peixes. Além disso, acredita-se que (ii) o equilibrio em

determinadas concentracfes e tempos de equilibrio possa levar a alteracdes na

qualidade dos espermatozoides de zebrafish apds o descongelamento das

amostras, principalmente danos morfolégicos, estruturais e de integridade de

membrana.

3.2. Objetivos

3.2.1. Objetivo Geral

Fornecer, por meio da revisdo sistematica, uma avaliacdo da historia e
cenario atual da criopreservacdo de sémen em diversas espécies de peixes
e avaliar e compreender as relagdes estruturais e de viabilidade do sémen
de zebrafish (Danio rerio) em contato com diferentes crioprotetores e tempos

de equilibrio.

3.2.2. Objetivos Especificos

Revisar, de forma sistematica, a compilacdo de dados de artigos cientificos
gue realizaram a utilizacdo de leite em pé em sua composicdo para
criopreservacao de sémen em diferentes espécies de peixes;

Reunir informacdes detalhadas sobre protocolos de criopreservacgéao, taxas
de resfriamento e métodos de descongelamento, dispositivos utilizados, bem
como a associacao do leite em p6 com outros crioprotetores;

Avaliar as principais andlises de viabilidade realizadas apés a
criopreservacéo, o efeito do leite em po através da agdo de suas diversas
substancias ao mesmo tempo e se de fato foram obtidos melhores resultados

ao adicionar leite em p6 na criosolucao;
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Analisar a relacdo estrutural e morfolégica do espermatozoide pos-
criopreservacgao para zebrafish;
Avaliar a viabilidade do sémen de zebrafish submetido a diferentes solu¢des

crioprotetoras e tempos de equilibrio.



CAPITULO IV
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4. CONSIDERACOES FINAIS

Pode-se avaliar que o leite em p6 como um complexo de varias substancias
importantes que agem de forma diferente e sincronizada, atuando na protegao do
espermatozoide quando combinado com solugbes protetoras das mais diversas
concentracdes, contra efeitos de radicais livres e exposicao a baixas temperaturas.

Apesar dos resultados benéficos, ressalta-se que as diferencas na
composicdo e qualidade das diferentes marcas de leite em pd6 disponiveis
mundialmente possam ser um fator limitante para a padroniza¢ao de protocolos de
criopreservagdo com este composto, e com isso, 0 estabelecimento de uma
composicao basica minima de um produto e a padronizacdo deve ser priorizada no
futuro, com o objetivo de realizar a aplicacdo dos protocolos nos mais diferentes
laboratorios do mundo. E conforme foi observado, as evidéncias cientificas
apresentadas podem contribuir e servir de ponto de partida para novos e mais
refinados estudos a serem desenvolvidos na area.

A utilizacdo de diferentes crioprotetores, concentracdes de crioprotetores e
tempos de equilibrio sdo encontrados em diversos protocolos de criopreservagao
voltados para o sémen de zebrafish, porém considerando cada variavel de forma
isolada, sem uma relacdo de simultaneidade entre os fatores, principalmente
levando em consideracao o tempo de equilibrio do crioprotetor em contato com o
material biolégico.

Dessa forma, encorajamos que mais testes possam ser feitos com o metanol
em diferentes concentracdes, diferentes tempos de equilibrio, mas também
verificando a atuacao e desempenho de outros crioprotetores, favorecendo a busca
de protocolos que possam reduzir a toxicidade do meio crioprotetor, além da busca
de protocolos que possam ser cada vez mais praticos, objetivos e aplicaveis nos
mais diversos laboratorios. Ao final, se espera que os resultados obtidos posam
contribuir e servir como referéncia para o desenvolvimento do aprimoramento de

mais protocolos para crioprotecao de sémen de zebrafish.
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UNIVERSIDADE FEDERAL Comisséo De Etica No Uso De Animais
DO RIO GRANDE DO SUL

CARTA DE APROVACAO

Comisséo De Etica No Uso De Animais analisou o projeto:

Numero: 35329

Titulo:
ulo ESTUDO DO COMPORTAMENTO DE ZEBRAFISH (Danio rerio) PROVENIENTE DE SEMEN
CRIOPRESERVADO

Vigéncia: 01/06/2018 a 31/12/2020

Pesquisadores:
Equipe UFRGS:

DANILO PEDRO STREIT JR - coordenador desde 01/06/2018

BRUNA BITENCOURT DA COSTA - Aluno de Doutorado desde 01/06/2018
Ana Amélia Nunes Fossati - Aluno de Doutorado desde 01/06/2018

Paula Graziela Lassen - Aluno de Doutorado desde 01/06/2018

Rdmulo Batista Rodrigues - Aluno de Doutorado desde 01/06/2018

Bruno da Silva Pires - Aluno de Mestrado desde 01/06/2018

Comisséo De Etica No Uso De Animais aprovou o mesmo , em reunido realizada em
17/09/2018 - Sala 330 do Anexo I do Prédio da Reitoria - Campus Centro - Av. Paulo
Gama,100/ Porto Alegre - RS, em seus aspectos éticos e metodolégicos, para a utilizagao de
545 zebra fish, oriundos de compra e de fertilizagdo,; de acordo com os preceitos das
Diretrizes e Normas Nacionais e Internacionais, especialmente a Lei 11.794 de 08 de
novembro de 2008, o Decreto 6899 de 15 de julho de 2009, e as normas editadas pelo
Conselho Nacional de Controle da Experimentagdo Animal (CONCEA), que disciplinam a
produgdo, manutengao e/ou utilizagdo de animais do filo Chordata, subfilo Vertebrata (exceto
o homem) em atividade de ensino ou pesquisa.

Porto Alegre, Sexta-Feira, 28 de Setembro de 2018 %7
4 %’da &( T

ALEXANDRE TAVARES DUARTE DE OLIVEIRA
Vice Coordenador da comisséo de ética




132

Apéndice 2 — Normas do periodico Biopreservation and Biobanking

Manuscript Submission Guidelines and Policies for Biopreservation and Biobanking
Last updated 2/16/2022 1:45:29 PM
Journal Information

Manuscript Submission Site: https://mc.manuscriptcentral.com/biopreservbiobank
Editorial Office Contact: ghewitt@liebertpub.com

Support Contact: prosupport@liebertpub.com

Journal Model: Hybrid (Open Access Option)

Blinding: Single Blind

File formatting requirement stage: Upon submission

Instant Online Option (immediate publication of accepted version): No
Submission Fee: None

Average time to initial decision: 29 days

About the Journal

Biopreservation and Biobanking is the first journal to provide a unifying forum for researchers from
academia, government, and industry in which rapid, authoritative, peer-reviewed communication of
recent advances is provided in the rapidly emerging field of biospecimen procurement, processing,
preservation, and banking. The Journal publishes a diversity of articles focusing on current issues
and problems related to the processing of macromolecules, cells, and tissues.

A wide range of topics related to the fundamentals of the basic biopreservation sciences, biosafety,
and the ethical, legal and societal issues surrounding biobanking and biorepository operation will be
addressed in the Journal.

Manuscript Types and Guidelines

e 3,000-word limit

e Structured abstract of no more than 300

Original Articles words

e Maximum total of eight (8) figures and/or
tables

e Review articles are summaries of
developments in the field.

e 5,000-word limit

Review Articles e Structured abstract of no more than 300
words

e Maximum total of ten (10) figures and/or
tables

1,000-word limit

No abstract is required

Minimum of one (1) figure or table

Maximum of 10 references

Editorials and commentaries may be on any
issue relevant to the field, but must be brief
and appropriately documented by data.
1,000-word limit

No abstract

No figures or tables

Maximum of 10 references

500-word limit

May include one figure OR table

Brief Reports and Case Studies

Editorials and Commentaries

Letters to the Editor
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o Reference citations are identical in style to
those of full original articles, but should not
exceed five (5)

Word limits do NOT pertain to the abstract, disclosure statements, author contribution statements,
funding information, acknowledgments, tables, figure legends, or references

References

The references should be cited in the text using the numerical order of citation method. The reference
list at the end of the paper should be double-spaced and organized numerically by order of citation.
List only the first three authors followed by "et al." For accepted papers not yet published, cite

the journal and add "in press." If references to personal communications or unpublished data are
used, cite them parenthetically in the text, not in the references. Sources for personal
communications must provide written approval at the time of submission. References should be
presented in Vancouver style as shown below:

Journal example
Ellis, P., Muller-Schweinitzer Maintenance of functional activity of human pulmonary arteries after
cryopreservation Br J Pharmacol 1991;103:1377-1380.

Book example:
Toner, M. Nucleation of ice crystals in biological cells. In: Steponkus PL, ed Advances in Low
Temperature Biology. London JAI Press; 199 1-52.

PaperPal Preflight

The Paperpal Preflight service is available for this journal. PaperPal Preflight allows authors to check
their Original Research manuscripts for common errors prior to submitting a manuscript for
consideration. Please note that this does not guarantee that your paper will pass all submission or
other checks, nor that it will be considered for review.

The checks are configured for Original Research manuscripts only and may not be applicable to
other manuscript types. There may be additional requirements for submission. Please review the full
instructions for authors for guidelines.

The basic service is free. PaperPal preflight offers an optional fee-based service that will provide a
report showing tracked changes and potential modifications. Please note that if this service is used,
a clean copy of the manuscript must be uploaded to the submission system.

There is no obligation to use either the free or paid service. No editorial, review, nor any other
decisions will be dependent on its use.

All manuscripts must be submitted through the journal’s ScholarOne Manuscripts site.

General Manuscript Submission Guidelines and Policies for Mary Ann Liebert Journals
Last updated 2/22/2022 11:07:31 AM
Submission Preparation

All manuscripts must be prepared in accordance with the Recommendations for the Conduct,
Reporting, Editing, and Publication of Scholarly Work in Medical Journals (icmje.org). Please consult
your specific journal’s requirements for additional information.

All Mary Ann Liebert, Inc. journals follow the standards, guidelines, and best practices set forth by
the Committee on Publication Ethics (COPE; publicationethics.org), the International Committee of
Journal Medical Editors (ICIJME; www.icmje.org), the World Medical Association (WMA);
www.wma.net), and the American Medical Association (www.ama-assn.org).

Mary Ann Liebert, Inc. recommends that submissions follow standard relevant reporting guidelines.
Please consult The Equator Network for more information.

Paper Pal Preflight
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The Paperpal Preflight service is available for most journals. PaperPal Preflight allows authors to
check their Original Research manuscripts for common errors prior to submitting a manuscript for
consideration. Please note that this does not guarantee that your paper will pass all submission or
other checks, nor that it will be considered for review.

There may be additional requirements for submission. Please review the full instructions for authors
for guidelines.

The basic service is free. PaperPal preflight offers an optional fee-based service that will provide a
report showing tracked changes and potential modifications. Please note that if this service is used,
a clean copy of the manuscript must be uploaded to the submission system.

There is no obligation to use either the free or paid service. No editorial, review, nor any other
decisions will be dependent on its use.

All manuscripts must be submitted through the journal’s ScholarOne Manuscripts site. Please refer
to the individual journal's instructions for more

information and to access the service.

Manuscript Structure

Specific journal requirements will vary, however the general order of elements in each manuscript
should be

e Title page* with full manuscript title, all contributing authors’ names and affiliations, a short
running title, a denotation of the corresponding author, and a list of 4-6 keywords/search
terms,

e Abstract,

e Main text without embedded figures or tables and with appropriate section headings, if
applicable. Most research papers should be organized as follows: Introduction, Materials and
Methods, Results, Discussion, and Conclusions.

e Acknowledgments,

Authorship confirmation/contribution statement (CRediT format is preferred)

Author(s’) disclosure (Conflict of Interest) statement(s), even when not applicable,

Funding statement, even when not applicable,

References,

Tables included in the text or as a separate document,

Figure legends at the end of the main text or in a separate Word file,

Figures uploaded as individual high-resolution files,

Supplemental files uploaded as individual files.

*Double-blinded journals require a separate title page with the title, all contributing authors’ names
and affiliations, a denotation of the corresponding author, author acknowledgements, disclosures,
and related identifying information.

Your individual journal may require

e An Institutional Review Board (IRB) approval (or waiver) statement and statement of patient
consent as a separate paragraph after the methods section,

Other relevant ethics attestations (see icmje.org for further guidance),

Data sharing statement,

Specific abstract and content sections, depending on manuscript type,

Word count limits, tables/figure limits, and reference format requirements. Please note that
paragraphs should be no longer than 15 lines once typeset.

Manuscript Formatting

Please check your journal’s requirements for file formatting. Many journals require formatting
compliance only on revision; however, unless stated, the file formatting should comply with the
following requirements on submission.

Manuscript Files
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The main text file, figure legends, and tables should be prepared in Microsoft Word. Some journals
may accept LaTex. Please consult your individual journal instructions for guidance.

File Naming

Figures

All file names should be in English and contain only alphanumeric characters.

Do not include spaces, symbols, special characters, dashes, dots, or underscores.

Title each file with the type of content contained in the file (e.g., manuscript.doc, tables.doc,
FigureLegends.doc, Figl.tif, SupplementalData.pdf, etc.).

Submission of high resolution .TIFF or .EPS figure files is preferred. Please upload as
individual files.

Cite figures consecutively in text within parentheses

Images should not reveal the name of a patient or a manufacturer

Figure Legends

Tables

A legend should be provided for each supplied figure.

All legends should be numbered consecutively.

Figure legends may be included at the end of the main text file or uploaded as a separate,
double-spaced Word file.

In each legend, provide explanations for any abbreviations or symbols that appear in the
figure.

If the figure is taken from a copyrighted publication, permission must be secured by the
author(s) and supplied at the time of submission with appropriate credit listed in the legend.
Permissions and associated fees are the responsibility of the author.

Tables may be included after the references at the end of the main text file, or uploaded as
a single, separate Word file. All tables should be editable.

Provide a title for each supplied table.

Cite tables sequentially in text within parentheses.

Explain abbreviations used in the body of the table in footnotes using superscript letters, not
symbols.

If a table is taken from a copyrighted publication, permission must be secured by the
author(s) and supplied at the time of submission with appropriate credit listed in the legend.
Permissions and associated fees are the responsibility of the author.

Supplemental Files

Supplemental files should be uploaded as individual files. Most text, photo, graphic, and
video formats are accepted. Ensure that patient identities are not revealed.

Supplemental Information will not be copyedited or typeset; it will be posted online as
supplied.

For journals that publish accepted versions of papers prior to copyediting and typesetting,
supplemental files will not be posted with the paper until after production has been
completed.

Pre-Publication Policies

Funding

Upon manuscript submission, the submitting agent will have an opportunity to enter funding/grant
information. If funding information is entered correctly, the publisher will deposit the funding
acknowledgements from the article as part of the standard metadata to Funder Registry. The entered
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information should include funder names, funder IDs (if available), and associated grant numbers.
Special care should be taken when entering this information to ensure total accuracy. Funding
information must also be provided within the manuscript.

Government Funded Research / Funder Requirements

Mary Ann Liebert, Inc., adheres to national and international funder requirements. Various funders,
such as the National Institutes of Health (NIH), Wellcome Trust, Howard Hughes Medical Institute
(HHMI), The Bill & Melinda Gates Foundation, and UK Research and Innovation (UKRI), have
specific requirements for depositing the accepted version and/or the article of record version in a
repository after an embargo period. Authors funded by these organizations should follow the self-
archiving terms and conditions of these separate agreements based on the policies of the specific
funding institutions. If you have questions, please contact us for more information.

Peer Review

All submissions are subject to peer review after initial editorial evaluation for suitability. A minimum
of two reviews are required for most journals if the manuscript proceeds to the review stage. Final
decisions on the manuscript are solely at the discretion of the Editor(s).

Exclusivity

Manuscripts should be submitted with the understanding that they have neither been published, nor
are under consideration for publication elsewhere, in the same form or substantially similar form.
Conference abstracts are excluded. If work was presented at a conference, supply the name, date,
and location of the meeting as a footnote on the title page of the submission.

Third-party Submissions and Integrity

If a third party is submitting the manuscript, the submitting agent designation must be used, with the
identity of the submitting agent disclosed. We reserve the right to reject any manuscript that does
not contain this disclosure. The authors are solely responsible for any manuscript submitted on
their behalf.

Confidentiality

Editors and reviewers must maintain strict confidentiality of manuscripts during the peer-review
process. Sharing a manuscript in whole or in part, outside the scope of what is necessary for
assessment, is impermissible prior to an accepted manuscript's official publication date. Reviewers
are not permitted to contact authors directly.

Sharing of Materials

Authors must honor any reasonable request for materials, methods, or data necessary to reproduce
or validate the research findings during peer review unless it violates the privacy or confidentiality of
human research subjects.

Conflicts of Interest by the Editor-in-Chief and/or Section Editors

The Editor-in-Chief and Associate Editors will recuse themselves from participating in the review
process of any manuscript in which there is a potential or actual competing interest.

Plagiarism, Peer Review, and Publication Integrity

Mary Ann Liebert, Inc., is committed to maintaining the integrity of the peer-review process by
upholding the highest standards for all published articles. All manuscripts will be analyzed and
evaluated for plagiarism, peer review integrity, and publication integrity. Image screening may be
applied at any point in the process. Plagiarized manuscripts or manuscripts with evidence of
publication, image, or peer review misconduct will be rejected immediately. If publication misconduct
is identified, we reserve the right to rescind acceptance prior to publication.
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Authorship

Authorship is defined by the International Committee of Medical Journal Editors in Roles &
Responsibilities. Contributors who do not meet all criteria for authorship should not be listed as
authors, but they should be acknowledged (with permission from the named parties) in the
Acknowledgments section with a description of their contribution to the work.

ORCID IDs
All submitting authors are required to complete their submissions using an ORCID identifier.
Corresponding Authors

One author should be designated as the corresponding author who will be responsible for
communication between the authors and the journal editorial office and publisher. This individual will
be responsible for ensuring all authors submit copyright forms, coordinating and responding to page
proofs, and managing any other necessary contact during the peer review and production processes.

The submission system permits only one author to be identified as the corresponding author of
record. However, we recognize that some submissions call for more than one corresponding author
to be noted. In such cases, select one author to be the main point of contact for all communications
regarding the peer review process of the paper, and on the title page of the manuscript, designate
additional co-corresponding authors by including an asterisk after the authors' names in the byline.
Include an accompanying footnote on the title page that reads, "*Co-corresponding authors." Please
ensure that the title page carries the full affiliation details and email address of any author who should
be noted as a corresponding author. If the paper is accepted for publication, the full contact
information for all designated co-authors will be listed at the end of the article as per usual journal
style.

Authorship Confirmation/Contribution Statement
An authorship contribution statement must be included with the manuscript. We strongly recommend

that the authorship contribution statement follow the CRediT Taxonomy guidelines.
(https://casrai.org/credit/)

e Conceptualization (Ideas; formulation or evolution of overarching research goals and aims.)

e Data curation (Management activities to annotate (produce metadata), scrub data and
maintain research data (including software code, where it is necessary for interpreting the
data itself) for initial use and later re-use.)

e Formal analysis (Application of statistical, mathematical, computational, or other formal
techniques to analyze or synthesize study data.)

e Funding acquisition (Acquisition of the financial support for the project leading to this
publication.)

¢ Investigation (Conducting a research and investigation process, specifically performing the
experiments, or data/evidence collection.)

e Methodology (Development or design of methodology; creation of models.)

e Project administration (Management and coordination responsibility for the research activity
planning and execution.)

e Resources (Provision of study materials, reagents, materials, patients, laboratory samples,
animals, instrumentation, computing resources, or other analysis tools.)

e Software (Programming, software development; designing computer programs;
implementation of the computer code and supporting algorithms; testing of existing code
components.)

e Supervision (Oversight and leadership responsibility for the research activity planning and
execution, including mentorship external to the core team.)

e Validation (Verification, whether as a part of the activity or separate, of the overall
replication/reproducibility of results/experiments and other research outputs.)
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e Visualization (Preparation, creation and/or presentation of the published work, specifically
visualization/data presentation.)

e Writing — original draft (Preparation, creation and/or presentation of the published work,
specifically writing the initial draft (including substantive translation).)

e Writing — review & editing (Preparation, creation and/or presentation of the published work
by those from the original research group, specifically critical review, commentary or revision
— including pre- or post-publication stages.)>

Example

Author 1: review and editing (equal). Author 2: Conceptualization (lead); writing — original draft (lead);
formal analysis (lead); writing — review and editing (equal). Author 3: Software (lead); writing — review
and editing (equal). Author 4: Methodology (lead); writing — review and editing (equal). Author 5:
Conceptualization (supporting); Writing — original draft (supporting); Writing — review and editing
(equal).

Changes in Authorship

Changes in authorship after submission, revision, or acceptance of a paper are generally not
permitted, but the editorial leadership recognizes that in rare circumstances, it may be required. The
policy for such cases is as follows:

e A request to alter authorship must be made in writing from the corresponding author to the
Editor-in-Chief, with a detailed explanation for the request, the nature of the changes, and
the names and affiliations of all authors.

e Written approval of all authors named on the manuscript, as well as any individual(s) being
added to or removed from the author list must be provided. The Publisher can provide a form
for this, if needed.

e Upon receipt of the request and all written approvals of all involved parties, the Editor-in-
Chief will consider the request, render a decision, and notify the corresponding author.

e Post-publication changes or alterations to conference abstracts are prohibited.

e If authors are added or removed upon revision submission, without accompanying
documentation of the request, the manuscript will be unsubmitted.

Name Change Policy

Mary Ann Liebert, Inc. supports the implementation of name changes for reasons including (but not
limited to) gender identity, changes to marital status, religious conversion, etc.

Please contact the Director of Production and Editorial to confidentially update your record.
Identification or documentation is not required, apart from confirmation that the change is on behalf
of yourself (requests cannot be made for other individuals).

Updates will be made to the online versions of the article, but without a formal correction notice and
without coauthors being notified.

We recommend authors update ScholarOne and ORCID records with any name changes.

Author Disclosure Statements

Upon submission, authors are required to fully disclose any interests, funding or employment that
may inappropriately influence or affect the integrity of the submission. Authors should disclose

e Competing Interests. A competing interest exists when an individual (or the individual's
institution) has financial or personal relationships that may inappropriately influence his
actions. These competing interests may be potential or actual, financial or other.

e Personal Financial Interests. Stocks or shares in a company that may gain or lose financially
from publication of the article; consulting fees or other remuneration from an organization
that may gain or lose financially from publication of the article; patents or patent applications
that are owned by or licensed to companies/institutions that may gain or lose value from
publication of the article.



139

e Funding. Research support by organizations that may gain or lose financially from
publication of the article. This support includes salary, equipment, supplies, honoraria,
reimbursement or prepayment for attending symposia, and other expenses.

e Employment. Recent (within the past 5 years), current, or anticipated employment by an
organization that may gain or lose financially from publication of the article.

e Other Competing Interests. Any personal relationship which may inappropriately affect the
integrity of the research reported (by an author) or the objectivity of the review of the
manuscript (by a reviewer or Editor), for example, competition between investigators,
previous disagreements between investigators, or bias in professional judgment.

Affiliations

Authors should identify as their institution(s) the facility where the work was performed and executed.
Changes in an author’s affiliation after the work was completed, but prior to the submission or
publication of the manuscript should be noted using a superscript asterisk in the author listing and a
footnote on the title page indicating “Current Address” and listing the new affiliation. Corrections to
affiliations or contact information due to relocation after publication is not permitted.

Permissions

When reproducing copyrighted material such as figures, tables, or excerpted text, the author(s) of
the submitted paper must obtain permission from the original publisher or owner of material and
submit it concurrently with the manuscript. The figure or table source must be listed in the reference
list.

With any copyrighted material, include a footnote with proper attribution (e.g. "Reprinted by
permission from Jones et al.") and the appropriate reference. All permissions must be supplied at
the time of submission. Authors are responsible for any fees that may be incurred by securing
permission to reproduce or adapt material from other published sources.

Ethics
Institutional Review Board Approvals/Waivers

When reporting research involving human data, authors should indicate whether the procedures
followed have been assessed by the responsible institutional and national review committee. If no
formal ethics committee is available; authors should indicate if research was completed in
accordance with the Declaration of Helsinki as revised in 2013. If doubt exists whether the research
was conducted in accordance with the Helsinki Declaration, the authors must explain the rationale
for their approach and demonstrate that the institutional review body explicitly approved the doubtful
aspects of the study. Approval by a responsible review committee does not preclude editors from
forming their own judgment whether the conduct of the research was appropriate.

If the study is judged exempt from review, a statement from the committee is required. Informed
consent by participants should always be secured. If not possible, an institutional review board must
decide if this is ethically acceptable. This information should be outlined in the cover letter
accompanying the submission, and a sentence declaring adherence should be included in the
Materials and Methods section of the main text.

Ethics of Experimentation

See the following resources for studies involving human fetuses, fetal tissue, embryos, and
embryonic cells:

¢ NIH Grants Policy Statement
¢ National Conference of State Legislatures Embryonic and Fetal Research Laws

Ethical Treatment of Animals

All peer-reviewed submissions containing animal experiments must comply with local and national
regulatory principles and contain a statement in the Materials and Methods section of the main text
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stating whether national and institutional guidelines for the care and use of laboratory animals were
followed.

Human Subjects: Patient Consent and Release

If applicable, it is incumbent upon the author(s) to obtain permission to reproduce any identifiable
images of patients. Any identifying information should not be published in descriptions or
photographs unless the information is essential for scientific purposes and the patient (or patients’
parent/guardian) gives written informed consent for publication. Informed consent for this purpose
requires that an identifiable patient be shown the manuscript to be submitted. Authors should
disclose to these patients whether any potential identifiable material might be available via the
Internet as well as in print after publication. Nonessential identifying details should be omitted.
Informed consent should be obtained if there is any doubt that anonymity cannot be maintained. For
example, masking the eye region in photographs of patients is inadequate protection of anonymity.
If identifying characteristics are de-identified, the manuscript should contain assurances/statements
that such changes do not distort scientific meaning.

In keeping with patients' rights of privacy, the Journal does not require the submission of patient
consent forms, but instead requires the author(s) to retain and archive all patient consent
documentation. Upon submission of a manuscript for review, the authors must make a statement in
the cover letter to the Editor/Journal which attests that they have received and archived written
patient consent in addition to providing the requisite statement in the manuscript.

Data Sharing

We recommend, but do not require, the sharing and archiving of data and any other artifacts that
define and support the results stated in a manuscript in a suitable public repository (in accordance
with valid privacy, legal, and ethical guidelines). We recommend that a data availability statement be
included in the manuscript in the Methods section or as a separate section at the end of the main
text file. Describe the location of the data, details on how it can be accessed and any licensing
information. If the data is not publicly available or accessible, that information should also be
provided.

Datasets should be cited in the reference list.

Important: Please check with your funding agencies to ensure that are you following their data
sharing polices. If your funding agency has additional requirements exceeding our policy, you must
follow the requirements of your funder.

Update: New NIH policies for data management and sharing are in effect as of January 25, 2023. If
your research has NIH funding, please refer to the guidelines for new requirements.

Preprint Servers

Mary Ann Liebert, Inc., allows for papers that were previously deposited on preprint servers to be
submitted to our journals, with the proviso that the author updates any preprint versions with a link
to the final published article. All submissions, even those deposited on preprint servers, are subject
to peer review and does not guarantee publication in any Mary Ann Liebert, Inc. journal.

The submitting author of a paper which was previously deposited to a preprint server should include
a disclosure on the title page of the manuscript indicating the name and website of the server and
include the DOI number of the preprint.

Referencing/citing non-peer-reviewed material that is found on any preprint server is generally
discouraged by Mary Ann Liebert, Inc., journals, but if it is necessary, the citation must indicate that
the content is not officially published in a journal, and can only be found on a preprint server.

Post-Publication Policies

Copyright

Published manuscripts for non-Open Access journals become the sole property of the Journal and
will be copyrighted by Mary Ann Liebert, Inc. The author(s) explicitly assign(s) any copyrighted

ownership in such manuscript to the Journal unless alternate arrangements are made prior to
publication, including CC-BY licensing or if the Journal publishes under an Open Access model.
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Upon acceptance, authors will receive a link to sign and complete the copyright transfer form (subject
to exceptions listed above). Authors not permitted to release copyright must still return the form
acknowledging the statement for not releasing the copyright.

Post Acceptance/Publication

All accepted manuscripts will go through copyediting, typesetting, figure sizing and placement, author
proofing, corrections, revisions (from corrected proofs), online-ahead-of-print release, and lastly,
issue assignment. Changes or alterations to a submission are not permitted after acceptance but
should be addressed in page proofs.

Instant Online Publication (Just Accepted Program)

Journals in the Just Accepted program (formerly known as Instant Online) publish all accepted
papers within 72 hours of receipt of all authors' signed copyright agreement forms in their unedited,
uncorrected format on our Just Accepted platform.

The information that is published online, and in all indexing services, is pulled directly from the data
that is populated into the fields in ScholarOne Manuscripts™ — NOT from the main text file — when
the paper is originally uploaded to the system for peer review. Consequently, any errors contained
in the system will remain on our website and all indexing services, including Medline, until the next
revision* of the article is published. As such, it is critical that authors enter all authors’ names correctly
into the system at the time of submission. Any omissions or errors will remain on our website

and in indexing services until the subsequent online version is published.

*The next revision will take place after the corresponding author reviews page proofs, makes any
necessary corrections, and returns the changes to the Publisher. Once the alterations are completed,
the revised version will be published on our website, and the newly corrected information will then
be released to Medline/PubMed, in addition to any other indexing services in which the Journal is
included.

Please note that the typical time between acceptance of a paper and page proof distribution is
approximately 3-6 weeks depending on the length and complexity of the paper.

Journals participating in the Just Accepted program do not post any supplemental files/information
until post acceptance steps are completed on the submission.

Page Proofs

Page proofs will be sent to the corresponding author as designated in ScholarOne™ when the
manuscript was submitted. It is the corresponding author's responsibility to share the page proofs
with co-authors, if desired, and to coordinate all authors' corrections into one proof. The Publisher
will not accept corrections from multiple authors/sources.

Author Response to the Galley Proof

The corresponding author is responsible for returning corrected galley proofs. Only corrections
directly related to errors in typesetting and/or layout will be allowed. Any requested changes related
to content, or that alter the outcome of a study, will require the approval of the Editor, and may require
further peer review. If the corresponding author does not respond to page proofs, the manuscript
may be delayed in the publication schedule, or published as-is, at the discretion of the Editor. If the
corresponding author expects to be unavailable during the time the manuscript is in production, the
publisher should be provided with an alternate contact.

Post Publication Corrections

In the event an error is discovered after publication of an article, the corresponding author should
submit the correction in writing to the Journal Editorial Office for consideration. After Editor approval,
alterations will be made to the online version of the article, and if the errors are significant, an official
correction statement will be issued.

e Changes to author affiliations or contact details due to relocation after publication are not
permitted.
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e Corrections to meeting abstracts will be made only to the online version. The Journal does
not issue formal correction statements to meeting abstracts, regardless of the nature of the
correction.

e Correction Statements/Errata to published articles that require the reproduction of color
figure(s) and/or table(s) may incur additional costs to the author(s).

e Requests for post-publication corrections to funding information will require institutional
documentation showing that the funds were to be used for the published work.

Name Change Policy

Mary Ann Liebert, Inc. supports the implementation of name changes for reasons including (but not
limited to) gender identity, changes to marital status, religious conversion, etc.

Please contact the Director of Production and Editorial to confidentially update your record.
Identification or documentation is not required, apart from confirmation that the change is on behalf
of yourself (requests cannot be made for other individuals).

Updates will be made to the online versions of the article, but without a formal correction notice and
without coauthors being notified.

We recommend authors update ScholarOne and ORCID records with any name changes.

Reprints

Reprints may be ordered by following the special instructions that will accompany the proofs and
should be ordered at the time the corresponding author returns the corrected page proofs to the
Publisher. Reprints ordered after the issue is printed will be charged at a substantially higher rate.

Misconduct

Mary Ann Liebert, Inc., follows the guidelines and rules regarding scientific misconduct put forth by
the Committee on Publication Ethics (COPE), the International Committee of Medical Journal Editors
(ICMJE), and the Office of Research Integrity (ORI).

Scientific misconduct and violation of publishing ethics vary and can be intentionally or unintentionally
perpetrated. Some examples of misconduct and violations include, but are not limited to, the following

e Scientific misconduct: Fabrication, falsification, concealment, deceptive reporting, or
misrepresentation of any data constitutes misconduct and/or fraud.

o Authorship disputes: Deliberate misrepresentation of a scientist's contribution to the
published work, or purposefully omitting the contributions of a scientist.

e Misappropriation of the ideas of others: Improper use of scholarly exchange and activity may
constitute fraud. Wholesale appropriation of such material constitutes misconduct.

e Violation of generally accepted research practices: Serious deviation from accepted
practices in proposing or carrying out research, improper manipulation of experiments to
obtain biased results, deceptive statistical or analytical manipulations, or improper reporting
of results constitutes misconduct and/or fraud.

e Material failure to comply with legislative and regulatory requirements affecting research:
Including but not limited to serious or substantial, repeated, willful violations of applicable
local regulations and law involving the use of funds, care of animals, human subjects,
investigational drugs, recombinant products, new devices, or radioactive, biologic, or
chemical materials constitutes misconduct.

e Conflict of Interest: Nondisclosure of any direct or indirect conflicts to the Journal, which
prevents you from being unbiased, constitutes misconduct.

e Misrepresentation: Deliberate misrepresentation of qualifications, experience, or research
accomplishments to advance a research program, to obtain external funding, or for other
professional advancement constitutes misconduct and/or fraud.

e Plagiarism: Purposely claiming another's work or idea as your own constitutes misconduct
and/or fraud.

e Image Manipulation.

e Simultaneous Submission: Submitting a paper to more than one publication at the same time
constitutes misconduct.
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e Peer Review Fraud: Individuals who knowingly commit peer review fraud or violate the
standard accepted practices of peer review will be reported to their institutions.

Publisher's Response to Allegations of Scientific Misconduct

The Publisher is committed to helping protect the integrity of the public scientific record by sharing
reasonable concerns with authorities who are in the position to conduct an appropriate investigation
into any allegation. As such, all allegations of misconduct will be referred to the Editor-In-Chief of the
Journal who in turn will review the circumstances, possibly in consultation with Associate Editors
and/or members of the Editorial Board. Initial fact-finding will usually include a request to all the
involved parties to state their case and explain the circumstances in writing. In questions of research
misconduct centering on methods or technical issues, the Editor-In-Chief may confidentially consult
experts who are blinded to the identity of the individuals, or an outside expert. The Editor-In-Chief
will determine if there is enough reasonable evidence that misconduct possibly occurred. Some
instances may require the Editor and/or Publisher to report the instance to the authors’ institution for
arbitration and/or investigation. The Editor and Publisher will follow the institutions’ findings for
resolution.

When allegations concern conflict between authors, the peer review or publication process for the
manuscript in question will cease while the process described herein is researched. In the case of
allegations against reviewers or editors, they will be substituted in the review process while the matter
is investigated.

Editors or reviewers who are found to have engaged in scientific misconduct will be removed from
further association with the Journal and reported to their institution(s).

If an inquiry concludes there is a reasonable possibility of misconduct, the Editor-in-Chief will retract
the paper from the Journal and the scientific record. If the paper is still under peer review, the Editor-
in-Chief will withdraw the paper from consideration to the Journal. If the inquiry leads to a lengthy
investigation, the Journal will issue an interim Expression of Concern which will identify the concern
for readers until a resolution is reached.

Every attempt will be made to keep all allegations confidential.

Retractions**

The journal and its publisher are committed to upholding the proper protocols and established
standards of peer review. Published papers found to be in violation of the accepted standard
principles of peer review and scientific publishing will be officially retracted from the literature. An
official retraction notice explaining in full detail the need for a retraction will be published.

**Any fees collected for an article that is subsequently retracted are non-refundable.
Press Embargo

Mary Ann Liebert, Inc., permits the use of accepted pre-published manuscripts for the sole purpose
of pitching to news organizations under strict embargo, and with the approval of and expressed
collaboration with the publisher. A watermarked PDF version of the article (not a Word document or
any other editable version) may be shared only with named, personal contacts at trusted news
sources upon request. News sources must be informed upon delivery of the PDF that the manuscript
is for reference-only purposes and can be used only in preparation of their news coverage of the
article. It is strictly prohibited to publicly share, post, or otherwise distribute the PDF in any media
format. Upon official publication of the article, news organizations must link directly to the published
article on the Publisher’s Journal website. To coordinate publication timing and press efforts, please
contact the Director of Marketing.

Self-Archiving
Three versions of the article format are referenced in the policy guidelines below:
e Original Submission: The article version that is submitted by the author for consideration,
before peer review.

e Accepted Version: The article version that has been formally accepted after peer review,
prior to any typesetting for the journal. This is the version accepted by the Editor, before
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proofs, corrections, and typesetting. Also known as the “raw’
manuscript.

e Article of Record: This article version is the “version of record” that has been formally
copyedited, typeset, and published online ahead of print and/or in a journal issue. It is the
same version published in the “Online Now” section of the Journal website.

accepted version of a

Self-Archiving Policy

Mary Ann Liebert, Inc., publishers offer authors many options and opportunities to self-archive their
work.

Mary Ann Liebert, Inc., publishers’ society partners or associated affiliates may set self-archiving
policies independently, outside of the general policies mentioned below. Authors should refer to the
copyright policy of their chosen journal, or by contacting the specific journal editorial office directly.
In addition, specific funding organizations have separate agreements and authors should refer to the
policies of those specific funding agencies prior to the submission of their manuscript.

If your submission is formally accepted after peer review in one of our journals, authors must include
an acknowledgement of acceptance for publication on all archive sites and, following online
publication, authors must include the following notice on the first page:

This is the original submission version (pre-peer review) of the following article: [full citation], which
has now been formally published in final form at [journal title] at [link to final article using the DOI].
This original submission version of the article may be used for non-commercial purposes in
accordance with the Mary Ann Liebert, Inc., publishers’ Self-Archiving Terms and Conditions.

The original submission version posted may never be updated or replaced with the article of record
version unless the author chooses to publish their paper Open Access under any of the Creative
Commons Licenses available through the Publisher. If you are interested in publishing your work
Open Access, please feel free to review our Open Access Policies and Licenses or contact us.

Other Terms and Conditions

Authors may use either the original submission or accepted version for curricular or teaching
purposes, dissertations, theses, or books, provided that all posted versions include the
aforementioned policies, and follow all guidelines and requirements specified. Additionally, authors
may share original submission or accepted versions with researchers and research colleagues
provided that such sharing is not for commercial purposes.

The self-archived submitted and accepted versions may only be used in non-commercial capacities.
Individual users may view, print, download, and copy self-archived articles, as well as text and data
mine the content conditions for non-commercial and non-promotional research and private study
purposes, under the following requirements

e The authors' moral rights are not compromised and there is clear "attribution" of the author(s)
in the shared work.

e The authors’ integrity remains intact; the work should never be altered in such a way that the
author's reputation may be damaged.

e Any reuse complies with the copyright policies of the owner of that content.

e Self-archived content may never be republished verbatim in whole or in part in print or online
formats.

U.S. Sanctioned Countries

The Office of Foreign Assets Control (OFAC) of the US Department of the Treasury administers and
enforces economic and trade sanctions based on US foreign policy and national security goals
against targeted foreign countries and regimes, terrorists, international narcotics traffickers, those
engaged in activities related to the proliferation of weapons of mass destruction, and other threats to
the national security, foreign policy or economy of the United States. (Source: Office of Foreign
Assets Control — Sanctions Program and Information)

Our journal Editors welcome contributions from researchers around the world; however, they are
also required to follow sanction laws and regulations. As of August 2020, sanction measures imposed
by the United States, United Nations, European Union, and Australia are currently in place against
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the following countries: Cuba, Crimea, Iran, North Korea, and Syria. Journal editors will treat with
caution any submission from a sanctioned country regarding the subject matter and will seek
appropriate legal advice from the publisher if necessary.

Papers from sanctioned countries that are submitted to any Mary Ann Liebert, Inc., journal MUST
contain a confirmation statement after the conclusion section of the manuscript which indicates that
EACH listed author confirms that their research is supported by an institution that is primarily involved
in education or research.

401C Compliance

The references for all papers published within the Mary Ann Liebert, Inc. journal portfolio are 140C
compliant and accessible to all readers.

Archiving and Preservation

Mary Ann Liebert, Inc., deposits and archives all publications in Portico for long-term digital
preservation. Your article will be easily searchable on Google, Google Scholar, and other search
engines.

Publisher Information

Mary Ann Liebert, Inc., publishers, 140 Huguenot Street, 3rd Floor, New Rochelle, NY 10801; Tel:
914-740-2100; Email: info@liebertpub.com; Website: liebertpub.com

Apéndice 3 - Normas do periddico Cryobiology

Guide for Authors

Introduction

The Official Journal of the Society for Cryobiology
Types of article

*Regular Papers

*Brief Communications

*Reviews sLetters to the Editor

Regular papers will describe experimental findings, techniques, or theory. They will consist of an
abstract that summarizes the objective of the study, the methods used, and the conclusions reached.
Abstracts should not exceed 250 words and should be adequate for direct presentation to abstracting
services. After the abstract a list of up to 10 keywords that will be useful for indexing or searching
must be included. The Introduction will contain a statement of the purpose of the work, the problem
that stimulated it, and a brief summary of relevant published investigations. The Materials and
Methods section must be presented in sufficient detail to enable other investigators to repeat the
work. The Results should be concise and should avoid redundant tables and figures illustrating the
same data. The Discussion should interpret the results, with minimal recapitulation of findings.

Brief Communications are concise reports of original findings, techniques or theory and include an
abstract no longer than 150 words and a list of up to 10 keywords. They are not divided into sections.
As a guideline it is suggested that there should be no more than 3 tables and/or figures and a
maximum of 10 references. The total length, including references, should not exceed 2500 words.
Reviews should only be submitted after first discussing the article with the Editor or a member of the
Editorial Board. As with regular papers and brief communications, reviews will be subject to peer
review.

Letters to the Editor should concern matters of general interest to the readership of the journal or
papers recently published in the journal. Authors of papers that are the subject of comment will be
given an opportunity to reply. Letters may not exceed 1 printed page in length and if publication
deadlines are pressing, proofs may not be provided. The Editor's decision will be final.
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Contact details for submission

Please submit your article via http://ees.elsevier.com/cryo.

For questions on the reviewing process or for proposals for Review Articles, please contact the
Editor-in-Chief:

Prof. David M. Rawson

E-mail: david.rawson@societyforcryobiology.org

Submission checklist

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details: « E-mail address
* Full postal address

All necessary files have been uploaded:
Manuscript: « Include keywords

« All figures (include relevant captions)

+ All tables (including titles, description, footnotes)

+ Ensure all figure and table citations in the text match the files provided

* Indicate clearly if color should be used for any figures in print Graphical Abstracts / Highlights files
(where applicable)

Supplemental files (where applicable)

Further considerations

» Manuscript has been 'spell checked' and 'grammar checked'

+ All references mentioned in the Reference List are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources

(Including the Internet)

» A competing interests statement is provided, even if the authors have no competing interests to
declare

+ Journal policies detailed in this guide have been reviewed

* Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

Ethics in publishing

Please see our information pages on Ethics in publishing and Ethical guidelines for journal
publication.

Studies in humans and animals

If the work involves the use of human subjects, the author should ensure that the work described has
been carried out in accordance with The Code of Ethics of the World Medical Association
(Declaration of Helsinki) for experiments involving humans. The manuscript should be in line with the
Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical
Journals and aim for the inclusion of representative human populations (sex, age and ethnicity) as
per those recommendations. The terms sex and gender should be used correctly.

Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be
observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or the National Institutes of Health guide for the care
and use of Laboratory animals (NIH Publications No. 8023, revised 1978) and the authors should
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clearly indicate in the manuscript that such guidelines have been followed. The sex of animals must
be indicated, and where appropriate, the influence (or association) of sex on the results of the study.

Declaration of interest

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double-blind) or the
manuscript file (if single-blind). If there are no interests to declare then please state this: 'Declarations
of interest: none'. This summary statement will be ultimately published if the article is accepted. 2.
Detailed disclosures as part of a separate Declaration of Interest form, which forms part of the
journal's official records. It is important for potential interests to be declared in both places and that
the information matches. More information.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or
concurrent publication' for more information), that it is not under consideration for publication
elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere
in the same form, in English or in any other language, including electronically without the written
consent of the copyright-holder. To verify originality, your article may be checked by the originality
detection service Crossref Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g., on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication’ for more information).

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Articles should make no assumptions about the beliefs or
commitments of any reader, should contain nothing which might imply that one individual is superior
to another on the grounds of race, sex, culture or any other characteristic, and should use inclusive
language throughout. Authors should ensure that writing is free from bias, for instance by using 'he
or she’, ‘his/her' instead of 'he' or 'his’, and by making use of job titles that are free of stereotyping
(e.g. ‘chairperson' instead of ‘chairman’ and 'flight attendant’ instead of 'stewardess’).

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request
such a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors, this
includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Copyright
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Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing

Agreement' (see more information on this). An e-mail will be sent to the corresponding author
confirming receipt of the manuscript together with a '‘Journal Publishing Agreement' form or a link to
the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for
internal circulation within their institutions. Permission of the Publisher is required for resale or
distribution outside the institution and for all other derivative works, including compilations and
translations. If excerpts from other copyrighted works are included, the author(s) must obtain
written permission from the copyright owners and credit the source(s) in the article. Elsevier has
preprinted forms for use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete an
‘Exclusive License Agreement' (more information). Permitted third party reuse of gold open access
articles is determined by the author's choice of user license.

Author rights

As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing

Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to

submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Open access

Please visit our Open Access page from the Journal Homepage for more information.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you
through the process of writing for research and going through peer review. Feel free to use these
free resources to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate
possible grammatical or spelling errors and to conform to correct scientific English may wish to use
the English Language Editing service available from Elsevier's Author Services.

Submission

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submission address

Please submit your article via http://ees.elsevier.com/cryo

Peer review
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This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is
responsible for the final decision regarding acceptance or rejection of articles. The Editor's decision
is final. More information on types of peer review.

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text should
be in single-column format. Keep the layout of the text as simple as possible. Most formatting codes
will be removed and replaced on processing the article. In particular, do not use the word processor's
options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

Manuscripts must be prepared in double or triple line spacing and lines must be numbered. Pages
should be numbered in consecutive order.

LaTeX

You are recommended to use the latest Elsevier article class to prepare your manuscript and BibTeX
to generate your bibliography.

Our Guidelines has full details.

Subdivision

Regular papers will describe experimental findings, techniques, or theory. They will consist of an
abstract that summarizes the objective of the study, the methods used, and the conclusions reached.
Brief Communications should not be divided into sections.

Introduction

The Introduction will contain a statement of the purpose of the work, the problem that stimulated it,
and a brief summary of relevant published investigations.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Results

Results should be clear and concise.

Avoid redundant tables and figures illustrating the same data.

Discussion

This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Essential title page information

Title.
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Concise and informative. Titles are often used in information-retrieval systems. Avoid abbreviations
and formulae where possible.

« Author names and affiliations.

Please clearly indicate the given name(s) and family name(s) of each author and check that all names
are accurately spelled. You can add your nhame between parentheses in your own script behind the
English transliteration. Present the authors' affiliation addresses (where the actual work was done)
below the names. Indicate all affiliations with a lower-case superscript letter immediately after the
author's name and in front of the appropriate address. Provide the full postal address of each
affiliation, including the country name and, if available, the e-mail address of each author.

» Corresponding author.

Clearly indicate who will handle correspondence at all stages of refereeing and publication, also post-
publication. This responsibility includes answering any future queries about Methodology and
Materials. Ensure that the e-mail address is given and that contact details are kept up to date
by the corresponding author.

* Present/permanent address.

If an author has moved since the work described in the article was done, or was visiting at the time,
a 'Present address' (or 'Permanent address') may be indicated as a footnote to that author's name.
The address at which the author actually did the work must be retained as the main, affiliation
address. Superscript Arabic numerals are used for such footnotes.

Highlights

Highlights are optional yet highly encouraged for this journal, as they increase the discoverability of
your article via search engines. They consist of a short collection of bullet points that capture the
novel results of your research as well as new methods that were used during the study (if any).
Please have a look at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.
Abstracts of Regular Papers should not exceed 250 words, abstracts of Brief Communications should
not exceed 150 words

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the
online article. The graphical abstract should summarize the contents of the article in a concise,
pictorial form designed to capture the attention of a wide readership. Graphical abstracts should be
submitted as a separate file in the online submission system. Image size: Please provide an image
with a minimum of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable
at a size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS,
PDF or MS Office files. You can view Example Graphical Abstracts on our information site. Authors
can make use of Elsevier's lllustration Services to ensure the best presentation of their images and
in accordance with all technical requirements.

Keywords
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Immediately after the abstract, provide a maximum of 10 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, "and", "of"). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page of
the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.
Use the latest version of the American Chemical Society Style Guide, available at
http://pubs.acs.org/styleguide/.

The preferred abbreviation for dimethyl sulfoxide is Me2SO rather than DMSO.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and
do not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States
Institutes of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards.
When funding is from a block grant or other resources available to a university, college, or other
research institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units

Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in Sl.

Temperatures should be expressed on the Celcius scale. Where relevant, Kelvin units may be used,
but the equivalent in degrees Celcius must be added in parentheses

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in line
with normal text where possible and use the solidus (/) instead of a horizontal line for small fractional
terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often more
conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Artwork
Electronic artwork

General points
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» Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

» Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the published version.

» Submit each illustration as a separate file.

* Ensure that color images are accessible to all, including those with impaired color vision.
A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format. Regardless of the application used other than
Microsoft Office, when your electronic artwork is finalized, please 'Save as' or convert the images to
one of the following formats (note the resolution requirements for line drawings, halftones, and
line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts. TIFF (or JPEG): Color or grayscale
photographs (halftones), keep to a minimum of 300 dpi. TIFF (or JPEG): Bitmapped (pure black &
white pixels) line drawings, keep to a minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

» Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.
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Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If
these references are included in the reference list they should follow the standard reference style of
the journal and should include a substitution of the publication date with either 'Unpublished results'
or 'Personal communication'. Citation of a reference as 'in press' implies that the item has been
accepted for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed.
Any further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include
the following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles (http://citationstyles.org), such as Mendeley (http://www.mendeley.com/features/reference-
manager) and Zotero (https://www.zotero.org/). Using the word processor plug-ins from these
products, authors only need to select the appropriate journal template when preparing their article,
after which citations and bibliographies will be automatically formatted in the journal's style. If no
template is yet available for this journal, please follow the format of the sample references and
citations as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the
following link:
http://open.mendeley.com/use-citation-style/Elsevier(numericwithtitlessortedalphabetically) When
preparing your manuscript, you will then be able to select this style using the Mendeley plug-ins for
Microsoft Word or LibreOffice.

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual authors
can be referred to, but the reference number(s) must always be given. Example: ... as
demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ...." List: The list of references
is arranged alphabetically and then numbered (numbers in square brackets).

Examples: Reference to a journal publication:

[1] J. van der Geer, J.AJ. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci.
Commun. 163 (2010) 51-59. https://doi.org/10.1016/j.Sc.2010.00372. Reference to a journal
publication with an article number:

[2] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific article, Heliyon 19
(2018) e00205, https://doi.org/10.1016/j.heliyon.2018.e00205. Reference to a book:

[3] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.
Reference to a chapter in an edited book:
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[4] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S. Jones,
R.Z. Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York, 2009, pp. 281-
304.

Journal names should be abbreviated according to CAS (Chemical Abstracts Service):
http://www.cas.org/sent.html.

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills" with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data.
For more detailed instructions please visit our video instruction pages. Note: since video and
animation cannot be embedded in the print version of the journal, please provide text for both the
electronic and the print version for the portions of the article that refer to this content.

Data visualization

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received
(Excel or PowerPoint files will appear as such online). Please submit your material together with the
article and supply a concise, descriptive caption for each supplementary file. If you wish to make
changes to supplementary material during any stage of the process, please make sure to provide an
updated file. Do not annotate any corrections on a previous version. Please switch off the 'Track
Changes' option in Microsoft Office files as these will appear in the published version.

Research data

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code,
models, algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer
to the "References" section for more information about data citation.

For more information on depositing, sharing and using research data and other relevant research
materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly
to the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect
with relevant repositories, giving readers access to underlying data that gives them a better
understanding of the research described.
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There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article
online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data articles
ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly
available to all upon publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief. Please note an
open access fee of 600 USD is payable for publication in Data in Brief. Full details can be found on
the Data in Brief website. Please use this template to write your Data in Brief.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

Online proof correction

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof
corrections within two days. Corresponding authors will receive an e-mail with a link to our online
proofing system, allowing annotation and correction of proofs online. The environment is similar to
MS Word: in addition to editing text, you can also comment on figures/tables and answer questions
from the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing
you to directly type your corrections, eliminating the potential introduction of errors. If preferred, you
can still choose to annotate and upload your edits on the PDF version. All instructions for proofing
will be given in the e-mail we send to authors, including alternative methods to the online version and
PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back to
us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
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charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Author Services. Corresponding authors who have published their article gold open access
do not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch. You can also check the status of your submitted
article or find out when your accepted article will be published
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