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RESUMO

A memoria permite que os animais possam adaptar e modificar seu comportamento diante de novas
experiéncias. Uma série de fatores pode resultar num déficit de memoria como: doencas
neurodegenerativas, alteracdes decorrentes de intoxicacdes e uso de fa&rmacos. O peixe-zebra vem
sendo usado para modelar caracteristicas comportamentais humanas complexas, como o
aprendizado e memoria. Este estudo tem como objetivo estabelecer um protocolo para avaliar
tarefas de memdria de reconhecimento de objetos ou de localizacdo de objetos no peixe-zebra. NGs
avaliamos a memoria de reconhecimento de objeto novo e analisamos o tempo de exploracdo de
objetos novos e familiares nas sesses de treino e teste. Houve uma preferéncia do animal em
explorar o novo objeto em comparacdo com o objeto familiar (61% do tempo de exploragéo).
Também avaliamos a tarefa de localizacdo de objeto e medimos o tempo de exploracdo de cada
objeto nos locais familiares e novos. Houve uma preferéncia do animal para explorar o objeto na
localizagdo nova em comparagdo com 0 objeto na localizagdo familiar (63% do tempo de
exploracdo). Também avaliamos o efeito do antagonista ndo competitivo do receptor NMDA MK -
801 na memoria de reconhecimento de objeto novo e na localizacdo de objeto em peixe-zebra.
Neste tratamento, o controle (somente agua) e os animais tratados (MK-801 5 uM) apresentaram
uma preferéncia significativa na exploracdo do objeto familiar em comparagcdo com 0 novo objeto
(66 e 68% do tempo de exploracdo, respectivamente); no entanto, animais tratados com MK-801 10
UM ndo mostraram diferencas no tempo de exploracdo dos objetos. Na tarefa de localizagdo de
objeto, os animais tratados com MK-801 5 ou 10 uM ndo mostraram preferéncia significativa pelo
objeto na localizagdo familiar ou nova, enquanto que o grupo controle teve uma preferéncia maior
em explorar o objeto na localizacdo familiar (64% de tempo de exploragdo). Portanto, sugere-se que
0 MK-801 5 uM prejudicou a formacdo da memoria em uma tarefa de localizagdo de objeto, 0 que
esta de acordo com estudos prévios, demonstrando o déficit cognitivo induzido pelo MK-801 em
memorias aversivas ou espaciais. Considerando as diferentes respostas do grupo controle entre a
tarefa original e no tratamento, avaliamos o impacto da habituacdo nos niveis de cortisol dos
animais em trés protocolos diferentes: 1) habituado ao aparato experimental por 3 dias (Condicdo 1
- C1) 2) habituado ao aparato experimental por 3 dias mais a exposi¢do ao aquério de tratamento no
quarto dia (Condicdo 2 - C2), 3) habituado na exposi¢do ao aquario de tratamento e no aparato
experimental por 3 dias e exposto ao aquario de tratamento novamente no quarto dia (Condicéo 3 -
C3). Os resultados mostraram niveis mais elevados de cortisol em animais submetidos a condic¢Ges
C2 e C3 em comparagdo com animais submetidos a C1. Esses resultados demonstraram que 0S
animais submetidos a exposicdo ao aquario de tratamento apresentam desempenho diferente nas

tarefas de memoaria de reconhecimento de objetos e de localizagcdo do objeto devido ao estresse.



Portanto, essas tarefas sdo adequadas para avaliar a memoria em condigdes fisiologicas e
patoldgicas, mas seu uso é limitado em estudos farmacoldgicos devido a sensibilidade ao estresse
causado pela manipulagéo.

Palavras-chave: cortisol; memdria; MK-801; reconhecimento de objeto; peixe-zebra.



ABSTRACT
Memory and learning allow animals to adapt and modify their behavior towards new experiences.
Some factors may result in memory deficits such as: neurodegenerative diseases, changes due to
intoxication and the use of drugs. Zebrafish can be used to model complex human behavioral traits
such as learning and memory. This study aims to establish a protocol for evaluating the object
recognition memory or object location tasks in zebrafish. We evaluated novel object recognition
memory and analyzed the exploration time of novel and familiar objects in the training and test
sessions. There was a preference of the animal to explore the new object in comparison to the
familiar object (61% of exploration time). We also evaluated the object location task and measured
the exploration time of each object in the familiar and novel object locations. There was a
preference of the animal to explore the object in the novel location in comparison to the object in
the familiar location (63% of exploration time). We also evaluated the effect of the non-competitive
NMDA receptor antagonist MK-801 on the object recognition and object location memory in
zebrafish. In this regimen treatment, control (water only) and treated animals (5 UM MK-801)
presented a significant preference in exploring the familiar object in comparison to the new object
(66 and 68% of exploration time, respectively); however, 10 uM MK-801-treated animals did not
show differences in the exploration time of the objects. In the object location task, the animals
treated with the 5 or 10 uM MK-801 did not show a significant preference for the familiar or novel
location whereas the control group had a higher preference in exploring the object in the familiar
location (64% of exploration time). Therefore, it is possible to suggest that 5 uM MK-801 impaired
the memory formation in an object location task, which is in agreement with previous studies
demonstrating the cognitive deficit induced by MK-801 treatment in aversive and spatial memory.
Considering the different responses of the control group between original task and in the regimen
treatment, we evaluated the impact of habituation on cortisol levels of animals in three different
protocols: 1) habituated at the experiment apparatus for 3 days (Condition 1 — C1), 2) habituated at

the experiment apparatus for 3 days plus treatment tank exposure at fourth day (Condition 2 - C2),



3) habituated at the treatment tank exposure and experiment apparatus for 3 days and exposed to
treatment tank again at fourth day (Condition 3 — C3). The results showed higher levels of cortisol
in animals submitted to C2 and C3 conditions compared to animals submitted to C1. These results
demonstrated that the animals submitted to treatment tank exposure have a different performance in
object recognition and object location memory due to stress responses. Therefore, these tasks are
prone to evaluate memory in physiological and pathological conditions, but its use is limited to

perform pharmacological studies due to sensitivity to stress caused by manipulation.

Keywords: cortisol; memory; MK-801; object recognition; zebrafish.
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1. INTRODUCAO

A memoria trata-se de um processo amplo que inclui a aquisicdo, consolidacdo e a evocacao
do conhecimento adquirido. Isso permite que o0s animais possam adaptar e modificar seu
comportamento diante de novas experiéncias através do aprendizado e memdria (Kandel, 2001).

A mem©ria pode ser classificada como de curto prazo ou de longo prazo, com base na duracéo
de seu armazenamento. A memoria de curto prazo € retida durante algumas horas apos o
aprendizado, durante o qual a informacdo permanece acessivel. Esse tipo de memoria é
independente da sintese de novas proteinas e da expressdo de RNA (Woldemichael et al., 2014).
Enquanto que a memdria de longo prazo é utilizada para armazenar, gerenciar e recuperar
informacdes em periodos que variam desde varios dias até muitos anos (Moore et al., 2013;
Rendeiro et al., 2009). Para estabelecer este processo, a sintese de proteinas e RNAmM é necessaria
para estabilizar as alteracGes sinépticas (Costa-Mattioli e Sonenberg, 2008). A memdria de longo
prazo pode ser separada quanto ao seu conteido como declarativa ou explicita e procedural ou
implicita (Squire, 1992; Markowitsch, 1997). A memoria explicita envolve a capacidade de
relembrar conscientemente de fatos e eventos ocorridos. A memoria implicita envolve processos
inconscientes que geralmente dependem da repeticdo de um procedimento, como por exemplo,
aprender a andar de bicicleta (Squire, 1992; Markowitsch, 1997).

O aprendizado e a memoria sdo processos complexos do cérebro que sdo dependentes de
estruturas especificas do sistema nervoso central. Em particular, o hipocampo e amigdala séo
essenciais para o processamento de dados e armazenamento de informacdes, relacionadas as
memorias declarativas ou explicitas (Markram et al., 2007). Diversos estudos mostram que esse
processo ocorre principalmente no hipocampo de mamiferos (McGaugh, 2000; Izquierdo et al.,
2006). Outras estruturas cerebrais e diferentes sistemas neurotransmissores podem desempenhar um
papel importante, dependendo da natureza da memoria a ser processada, como por exemplo o0
cerebelo para memdrias procedurais ou implicitas (Izquierdo et al., 2006; Myskiw et al., 2010).

A impossibilidade de adquirir e/ou expressar informacGes é chamada de amnésia. A amnésia
pode ser classificada em dois tipos. Amnésia retrdgrada é quando hé a perda de informacdes antes
da lesdo ou da intervencdo que causou a amnésia. A amnésia anterégrada é quando ocorre a perda
da capacidade de adquirir novas informacfes (Smith et al., 2013). Esse prejuizo pode tanto
manifestar-se como sintoma de alguns casos clinicos, quanto caracterizar primariamente um quadro
patoldgico (Pittenger, 2013). A amnésia pode ser causada por qualquer processo patologico, que
resulte em dano ao funcionamento adequado para a aquisi¢do, consolidacdo e evocacdo de

informagdes, geralmente resultado de lesGes em estruturas cerebrais envolvidas na memoria, tais
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como o hipocampo e a amigdala (McGaugh, 2002; Riedel et al., 1999; Roesler et al., 2002).
Entretanto, uma série de outros fatores pode resultar em um déficit de memaoria como: hipoglicemia,
traumatismos e tumores cerebrais, doengas neurodegenerativas (como a Doenca de Alzheimer e
deméncia senil), acidentes cerebrais vasculares, alteracfes decorrentes de intoxicagdes e 0 uso de
farmacos como os benzodiazepinicos (Orzelska-Gorka et al., 2016; Lim e Alexander, 2009; Pike e
Savage, 2008; Vakil, 2007). Os estudos em modelos animais permitem a investigacdo de
mecanismos envolvidos na formacao e processamento da memdria (Febo e Foster, 2016). Dentre 0s
diferentes tipos de memoria, a memoria associativa é avaliada em animais através da observacéo de
alteracBes comportamentais ap0s a administracdo de um estimulo em um ambiente controlado. Os
modelos animais de aprendizado e memoria permitem a analise do efeito de intervencdes
farmacoldgicas ou genéticas sobre sistemas bioquimicos especificos, possibilitando a avaliacdo do
papel desses sistemas na memoria (Kapczinski et al., 2000; More et al.,2016).

1.1 Peixe-zebra

O Danio rerio, popularmente conhecido como zebrafish ou peixe-zebra, é um pequeno
teledsteo de agua doce proveniente do sudeste da Asia, india e Nepal. Seus habitats naturais s3o
pequenos riachos, lagoas, corregos e campos de arroz com pouco fluxo de dgua (Engeszer et al.,
2007). O peixe-zebra tornou-se um modelo promissor para estudos em muitas areas de pesquisa,
tais como toxicologia, fisiologia, neurobiologia, farmacologia, envelhecimento, e diversas
patologias, incluindo céancer, doencas musculares, degenerativas e imunoldgicas (Kristen et al.,
2018; Fetcho e McLean, 2010), bem como para desenvolvimento de novos farmacos (Kuang et al
2017). Esse fato se deve a facilidade de manutencdo e manipulacdo em relacdo a outros modelos
animais (como roedores), a uma complexidade tipica de vertebrados que facilita a extrapolacdo de
resultados nele obtidos em relagdo aos humanos de maneira mais direta do que aqueles obtidos em
invertebrados (Gerlai, 2014) e aos genes deste teledsteo serem evolutivamente conservados e
apresentarem um alto grau de similaridade com os genes humanos e de camundongo (Howe et al.,
2013). Mesmo o sistema nervoso central (SNC) do peixe-zebra sendo mais simples do que o dos
seres humanos, as maiores divisdes do encéfalo (cérebro anterior, mesencefalo e rombencéfalo)
estdo presentes e estudos tém demonstrado que o telencéfalo (com subdivisbes homdlogas ao
hipocampo e a amigdala de mamiferos) é a area responsavel pelo aprendizado e meméria em peixes
teledsteos (Portavella et al, 2002; Rodriguez et al., 2002). Além disso, muitos sistemas de
neurotransmisséo excitatorios e inibitorios foram mapeados no sistema nervoso do peixe-zebra, tais

como sistemas dopaminergico, serotoninérgico, colinérgico, purinergico, histaminérgico, nitrérgico,
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glutamatérgico, glicinérgico e gabaérgico (Panula et al., 2010; Rico et al., 2011).

O eixo hipotalamo-pituitaria-interrenal (HPI) em peixe-zebra controla os niveis de cortisol
circulante, da mesma forma que o eixo hipotalamo-pituitéria-adrenal (HPA) em mamiferos. Este
sistema de sinalizagdo foi caracterizado no peixe-zebra em detalhes (Alderman e Bernier, 2009;
Alsop e Vijayan, 2009). A ativacdo deste eixo se inicia no hipotalamo, que recebe entradas
transmitidas a partir do sistema nervoso central e periférico. Sinais estressantes estimulam a
secrecdo do hormonio de liberacdo de corticotrofina (CRH) e em resposta ao CRH, a pituitéria
libera o hormonio adrenocorticotrofico (ACTH) na corrente sanguinea, que atinge regido superior
do rim de peixe (homdlogo da glandula adrenal em mamiferos). Em seguida, o cortisol € secretado e
se liga ao receptor de glicocorticoides (GR), um fator de transcricdo nuclear. O GR regula a
transcricdo de genes relacionados ao metabolismo da glicose, ao sistema imune e ao comportamento
(Bury e Sturm, 2007). Este sistema de sinaliza¢do se assemelha ao sistema neuroenddcrino humano,
tanto na complexidade quanto na utilizacdo de cortisol (em oposicdo a corticosterona em roedores),
reforcando a contribuicdo do peixe-zebra para estudos sobre a neurobiologia do estresse (Piato et
al., 2011).

O peixe-zebra pode ser usado para modelar caracteristicas comportamentais humanas
complexas, como a capacidade de resposta de recompensa, aprendizado e memdria, agressividade,
ansiedade e sono (Norton e Bally-Cuif, 2010). Estudos também observaram a importancia do
comportamento inato e adquirido em modelos de agressividade, sociabilidade e sua preferéncia por
ambientes claros ou escuros (Serra et al., 2000). Além dos diversos estudos nas areas de biologia do
desenvolvimento e neurociéncias em peixe-zebra, este modelo tem contribuido para diversas
pesquisas em farmacologia comportamental (Norton e Bally-Cuif, 2010; Gerlai, 2014; Bailey et al,
2015). Vérias tarefas descritas na literatura ttm como alvo explicitamente os processos de formacao
da memoria, como por exemplo, a memdria em labirinto, que se baseia na discriminacdo espacial
(Cognato et al., 2012; Braida et al., 2014b; Grossman et al., 2010). Diferentes tarefas de esquiva
inibitdria ja foram estabelecidas em peixe-zebra (Blank et al., 2009). Geralmente, a memoria de
esquiva € inferida pela laténcia de entrada no compartimento anteriormente associado a um
estimulo aversivo. Este tipo de esquiva inibitéria é frequentemente usado para caracterizar o
aprendizado associativo e memoria de curto e longo prazo, e no peixe-zebra tem sido utilizada para
caracterizar os efeitos da exposi¢do aos antipsicoticos (Seibt et al., 2011), escopolamina (Kim et al.,
2010; Richetti et al., 2011), MK-801 (Ng et al., 2012; Seibt et al., 2011) e agonistas e antagonistas
adenosinergicos (Bortolotto et al., 2015).
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1.2 Memoria de reconhecimento de objetos

1.2.1 Memodria de reconhecimento de objeto novo

Entre os testes utilizados para avaliar modelos de amnésia esta a tarefa de reconhecimento
de objeto novo (novel object recognition - NOR) (Ennaceur, 2010). Este tipo de teste avalia o
comportamento do animal quando este € exposto a um novo objeto e a um objeto familiar. A tarefa
de reconhecimento de objetos foi estudada pela primeira vez por Ennaceur e Delacour (1988), que
concluiram que estes sdo ensaios comportamentais simples de memdria que se baseiam
principalmente no comportamento exploratorio inato de roedores na auséncia de estimulos
aversivos ou de reforgo. A tarefa de NOR tornou-se um modelo amplamente utilizado para a
investigacao sobre alteracGes de memoria (Antunes e Biala, 2012). No entanto, ela pode ser usada
para avaliar a memoria, a atencdo, ansiedade, e a preferéncia por novidade em roedores (Goulart et
al., 2010; Silvers et al., 2007), sendo também usada para testar os efeitos de varios tratamentos
farmacoldgicos e danos cerebrais (Goulart et al., 2010). A tarefa NOR é muito Gtil para estudar a
memoOria de curto prazo e a memdria de longo prazo, atraves da manipulacdo do intervalo de
retencdo, isto €, a quantidade de tempo entre o treino e o teste (Taglialatela et al., 2009). A maior
vantagem conferida pelo teste é o fato que ndo requer motivagdo externa, recompensa ou punicao,
mas a habituacdo é necessaria, e pode ser concluida num periodo relativamente curto de tempo
(Silvers et al., 2007).

A tarefa NOR consiste em trés fases: habituacdo, treino e teste. Na fase de habituacdo, o
animal explora a area de teste na auséncia de objetos. O animal é entdo removido e colocado em
uma area de retengdo. Durante o treino, o animal é recolocado na mesma area de teste, contendo
dois objetos de formas idénticas durante alguns minutos. Apds um intervalo de retencdo ocorre o
teste: o animal € devolvido para a area com dois objetos, um é idéntico ao apresentado
anteriormente e o outro é um objeto novo (Ennaceur, 2010; Ennaceur e Delacour, 1988; Gaskin et
al., 2010; Hammond et al., 2004; Taglialatela et al., 2009). O teste de reconhecimento foi
inicialmente desenvolvido para roedores (Ennaceur e Delacour, 1988) e posteriormente adaptado
para macacos (Malkova e Mishkin, 2003; Zola et al., 2000), cdes (Calalahan et al., 2000) e gatos
(Okujava et al., 2005). Em roedores, normalmente os animais costumam passar mais tempo
explorando o objeto novo do que o objeto familiar na fase de teste (Ennaceur e Delacour, 1988;
Gaskin et al., 2010). A maior preferéncia pelo objeto novo tende a ocorrer no inicio da fase de teste,
enguanto o objeto ainda é relativamente novo, uma vez que no decorrer do tempo, 0 objeto torna-se

familiar (Broadbent et al., 2010). Apesar dos animais passarem mais tempo explorando o objeto
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novo, o desempenho do reconhecimento varia de acordo com o intervalo de retencdo entre as
sessOes de treino e teste, e também o tempo para exploracdo durante a sessao de treino (Ennaceur e
Delacour, 1988).

Os resultados do teste de NOR sédo influenciados por lesdes no hipocampo (Buckmaster et
al. 2004; Clark et al. 2000). Foi descrito que em ambos os cérebros de macaco e de rato, 0 cortex
perirrinal desempenha um papel importante na memaria de reconhecimento de objetos (Aggleton et
al., 2010), dependendo da integridade do lobo temporal medial (Hammond et al., 2004). Esta
estrutura do cérebro desempenha um papel importante na formagdo da memaria de reconhecimento
e, quando existe algum dano, o desempenho em tarefas de memoria de reconhecimento é
prejudicado (Albasser et al., 2009). Estudos com roedores e primatas mostraram que para a
memoria de reconhecimento de objetos, as regifes do lobo temporal sdo muito importantes
(Hammond et al., 2004).

A consolidacdo da memoria parece ser dependente do hipocampo (Clark, 2000). Durante a
tarefa de NOR, a memoria das caracteristicas espaciais ou contextuais de objetos poderia ser
realocada em diferentes partes do cérebro (Oliveira et al., 2010). Sabe-se que a taxa de neurogénese
no hipocampo esta relacionada com a consolidacdo da memoria espacial (Sarkisyan e Hedlund,
2009). O hipocampo recebe entradas a partir do cortex perirrinal, que é o local de diversas entradas
de informacdo como visual, olfativa e estimulo somato-sensorial, todos envolvidos no
reconhecimento de objetos (Clarke et al., 2010). Na formagdo da memdria, o hipocampo
desempenha um papel importante, especialmente quando a informac&o espacial ou contextual € um
fator relevante (Goulart et al., 2010). A existéncia de lesdes no hipocampo induz o prejuizo da
mem0aria, mas a tarefa pode ser realizada, utilizando estratégias alternativas que envolvam outras
regides do cérebro (Broadbent et al., 2010). Apesar do hipocampo ndo ter um papel direto na
discriminagdo das diferentes caracteristicas de cada objeto, é fundamental como um detector de
novidade por causa do seu papel na comparacao de informacdes anteriormente armazenadas com 0S
novos aspectos de entrada de uma situacdo particular (Clarke et al., 2010). As func6es das estruturas
do lobo temporal medial estdo intimamente relacionadas, especialmente no hipocampo, que se
estende e combina as funcgdes realizadas pelo cortex adjacente (Clark et al., 2000). O cértex
perirrinal desempenha papel no processamento perceptual e estd envolvido na memdria de
reconhecimento de objetos (Baxter, 2010; Hammond et al., 2004). Quando ocorrem lesGes nessa
regido do cérebro, o prejuizo na memoria de reconhecimento pode ser observado (Aggleton et al.,
2010). E possivel sugerir que as lesdes no cortex perirrinal poderiam contribuir para alguns aspectos
da amnésia retrograda, ocasionada por lesdes do lobo temporal (Mumby et al., 2002).

Este tipo de memoria foi anteriormente estudado em peixe-zebra, sendo avaliada a

capacidade de discriminagdo entre objetos e a memdria de reconhecimento de objetos. A exploracdo
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de objetos por peixe-zebra é definida como nadar proximo aos objetos. No estudo realizado por
May et al (2016), os peixes passaram mais tempo explorando o objeto familiar durante o teste, 0
que sugere um comportamento neofébico. Esse achado contrasta com Braida et al. (2014a), em que
0 peixe-zebra mostrou preferéncia por formas novas quando mostradas em um monitor em um teste
de reconhecimento de objeto virtual. Lucon-Xiccato e Dadda (2014) observaram que 0s animais
tém uma tendéncia a explorar o novo objeto em uma versdo modificada do teste de NOR. Pinheiro-
da-Silva et al. (2017) demonstraram que 0s animais do grupo controle exploraram mais o0 objeto
novo do que o objeto familiar na aplicacdo de um protocolo de privacdo de sono. No estudo de
Oliveira et al. (2015), foi observado que o peixe-zebra tem capacidade de discriminacdo entre
objetos baseada na cor e forma, mas ndo em tamanho. O estudo de Faillace et al. (2017) mostrou
que o peixe-zebra tem um desempenho melhor em diferenciar mudangas de cores do que em formas
e que a preferéncia pela cor influencia diretamente na preferéncia entre um objeto novo ou familiar,
reforcando a importancia da determinacdo de preferéncia inata neste tipo de tarefa. Nos estudos
previamente realizados em peixe-zebra, somente a via de sinalizacdo colinérgica foi avaliada
(Braida et al., 2014a; May, 2016; Faillace et al., 2017).

1.2.2 Memodria de localizacdo de objetos

Modificacdes podem ser feitas no teste de reconhecimento de objeto para avaliar a
capacidade dos animais de reconhecerem a posicao especifica dos objetos dentro de uma arena. A
tarefa de localizacdo de objetos também tem trés etapas: habituacdo, treino e teste (Antunes e Biala,
2012). Nesta tarefa, primeiramente o animal é colocado na area de teste sem que 0s objetos estejam
presentes para a habituacdo ao local. Apds, o animal é colocado em uma area de retencdo. Na sessao
de treino, o animal € recolocado na area de teste onde dois objetos idénticos sdo apresentados. Apos
o intervalo de retencdo, na fase de teste, os dois objetos idénticos usados na familiarizacdo séo
colocados area de teste, mas um deles é deslocado da posi¢do original que representard uma

novidade para o animal (Williams et al., 2007; Zheng et al., 2016).

A memoria de localizacdo de objetos € um aspecto importante da memoria espacial,
permitindo-nos lembrar das posicdes dos objetos em nosso ambiente. Existem diferentes processos
cognitivos envolvidos na lembranca do objeto e a posicdo em que ele se encontra (Moscovitch et
al., 1995). Duas areas do cérebro de mamiferos parecem ser importantes para a localizagdo de
objetos, o lobo temporal medial e o cortex parietal posterior. O hipocampo e areas associadas ao
lobo temporal medial sdo essenciais para 0s processos de memoria em geral, em particular a

capacidade de relacionar caracteristicas diferentes na memoria, como objeto e a sua posic¢do (Crane



16

e Milner, 2005; Hannula e Ranganath, 2008; Piekema et al., 2006; Pertzov et al., 2013). O cortex
parietal é importante para uma variedade de processos de memdria espacial, tais como a memoria
de trabalho, orientacdo e atencdo espacial (Milner e Goodale, 1995; Moscovitch et al., 1995;
Shafritz et al., 2002). Além disso, ele estd envolvido na lembranca da relacdo entre objeto e local
(Kessels et al., 2002; Sommer et al., 2005), possivelmente através de um mecanismo de atencdo
espacial (Kesner, 2009). Por conseguinte, tanto o hipocampo quanto o cortex parietal parecem
importantes para a integracdo das informacdes de localizacdo de objeto na memoria de mamiferos
(Kesner, 2009). O peixe—zebra explora o ambiente visualmente e, principalmente pela linha lateral,
0 que confere a capacidade de perceber elementos no ambiente como obstaculos e aproximacao de
predadores, sendo um sistema essencial para sua sobrevivéncia (Olive et al, 2016). Atualmente,
somente um estudo avaliou a tarefa de localizacdo de objetos em peixe-zebra e os resultados
demonstram preferéncia em explorar o objeto na localizagdo nova (Hamilton et al.,2016).

1.3 Vias neuroquimicas relacionadas & memdria

1.3.1 Sistema Glutamatérgico

O glutamato é o principal neurotransmissor excitatorio do sistema nervoso central e esta
envolvido em muitas funcGes basicas neuronais e processos no sistema nervoso central,
especialmente no aprendizado, memoria e plasticidade sinaptica (Tarabeux et al., 2011), atuando
pré- e pds-sinapticamente pela ativacdo de receptores de glutamato. Estes receptores séo divididos
em duas categorias principais: os metabotrépicos (mMGIuRs) e receptores ionotropicos (iGIuRs)
(Nicoletti et al., 2011; Traynelis et al., 2010). Os mGIuRs desencadeiam mensageiros secundarios
intracelulares através de proteinas G (Nicoletti et al., 2011). Em contraste, os iGIuUR sdo canais
ibnicos dependentes de ligantes que controlam as mudancas rapidas na concentracdo de sodio,
calcio e potassio. Os subtipos de iGIuR incluem N-metil-D-aspartato (NMDA), o a-amino-3-
hidroxi-5- receptor do acido metil-4-isoxazolopropionico (AMPA) e cainato (KA) (Traynelis et al.,
2010). Evidéncias moleculares e farmacoldgicas mostram que a ativacdo das sinapses
glutamatérgicas € essencial para a formacdo da memdria de longo prazo (Fellini et al., 2009).

A excitacdo sinaptica rapida no SNC é mediada principalmente pela ativacdo pds-sinaptica
de receptores de glutamato ionotropicos AMPA e NMDA (Hunt e Castillo, 2012). Os receptores
AMPA definem principalmente a transmissao sinaptica basal, enquanto que os receptores de NMDA
parecem estar principalmente envolvidos nas mudancas dependentes de atividade (Rebola et al.,
2010). Quando o receptor NMDA é ativado, o Ca*" intracelular aumenta, resultando em ativacio de
quinases e fosfatases que influenciam o estado de fosforilagdo de varias macromoléculas, incluindo

o0s receptores de NMDA, AMPA e cainato (Koles et al., 2016). A remodelacdo de densidades pos-
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sinapticas e formacédo de novas sinapses sdo alteracfes relacionadas com os principais mecanismos
subjacentes da potenciacdo e depressdo de longa duracdo (LTP e LTD) e da formacdo da memoria
(Luscher et al., 2000).

Os receptores NMDA séo necessarios para a plasticidade sinéptica, aprendizado e formacgéo
da memoria (Miyamoto, 2006). No entanto, a atividade excessiva de receptores de NMDA pode
resultar em morte celular (Lewerenz e Maher, 2015). Consequentemente, estes receptores estao
envolvidos na patogénese da neurodegeneragdo em doengas, como a doenca de Alzheimer,
isquemia/hipdxia, Doenca de Huntington, epilepsia, doenca de Parkinson, esquizofrenia e
transtornos do humor (Traynelis, et al., 2010; Rodriguez-Moreno e Sihra, 2007; Dingledine et al.,
1999; Wklicky et al., 2014; Machado-Vieira et al., 2009). Portanto, os receptores de NMDA séo
considerados alvos promissores para intervencdo nas disfungfes neuronais e para melhorar 0s
sintomas de varias doengas humanas, sendo desenvolvidas diversas substancias para alterar a
atividade do receptor de NMDA como uma intervencao terapéutica (Traynelis, et al., 2010; Korinek
etal., 2011).

O antagonista ndo-competitivo dos receptores de NMDA MK-801 é usado quase
exclusivamente como um farmaco experimental para estudar processos comportamentais mediados
pela via glutamatérgica. Procedimentos de aprendizado associativo foram utilizados para
caracterizar os efeitos de MK-801 em processos de aprendizado e de memdria em uma ampla gama
de espécies (Castellano et al., 2001). Estudos anteriores demonstraram que os receptores NMDA e
proteinas quinases desempenham um importante papel na plasticidade sindptica em encéfalo de
peixe-zebra (Nam et al., 2004). Déficits de memdria foram demonstrados em peixe-zebra tratados
com MK-801 na tarefa de labirinto em Y (Cognato et al., 2012). As tarefas de esquiva inibitoria tém
sido amplamente empregadas em muitas espécies para medir déficits cognitivos associados com a
administracdo de MK-801 no peixe-zebra (Blank et al., 2009;. Ng et al., 2012.; Seibt et al., 2011).
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2. JUSTIFICATIVA

A memoria permite que os animais possam adaptar e modificar seu comportamento diante
de novas experiéncias. Uma série de fatores pode resultar em um déficit de memoria como: doengas
neurodegenerativas, alteracbes decorrentes de intoxicacbes e uso de farmacos como o0s
benzodiazepinicos (Orzelska-Gorka et al., 2016; Lim e Alexander, 2009; Pike e Savage, 2008;
Vakil, 2007). O peixe-zebra € um modelo que vem sendo usado para modelar caracteristicas
comportamentais humanas complexas, como o aprendizado e memoria (Norton et al., 2010). Além
disso, muitos sistemas de neurotransmissdo excitatorios e inibitorios foram mapeados no sistema
nervoso do peixe-zebra, tais como sistemas dopaminérgico, serotoninérgico, colinérgico,
purinérgico, histaminérgico, nitrérgico, glutamatérgico, glicinérgico e gabaérgico (Panula et al.,
2010; Rico et al., 2011). A tarefa de reconhecimento de objetos possibilita a investigagdo sobre
alteracfes na memoria, sendo usada para testar os efeitos de varios tratamentos farmacol6gicos e
danos cerebrais (Goulart et al., 2010) sobre a memoria. O estabelecimento de tarefas de
reconhecimento e localizacdo de objetos, bem como o estudo da influéncia das vias de sinalizacdo e
de fatores enddcrinos, tais como o cortisol, contribuird para o entendimento dos mecanismos

envolvidos nesse tipo de memoria.
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3. OBJETIVOS

3.1 Objetivo geral

Desenvolver protocolos para as tarefas de memoria de reconhecimento de objetos e de localizagdo
de objetos em peixe-zebra, bem como avaliar a influéncia da sinalizagdo glutamatérgica nestes tipos

de memobria.

3.2 Objetivos especificos

o Avaliar a preferéncia inata por cor dos objetos.
o Avaliar a preferéncia inata de pistas espaciais.
o Estabelecer um protocolo para avaliacdo da tarefa de memoria de reconhecimento de

objetos e de localizacdo de objetos em peixe-zebra.

o Avaliar os efeitos do MK-801 na memoria de reconhecimento e localizacdo de
objetos em peixe-zebra.

o Avaliar os niveis totais de cortisol em animais submetidos a diferentes protocolos de

habituacéo.
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Abstract
This study aims to establish a protocol for evaluating the object recognition memory or object
location tasks in zebrafish. We evaluated novel object recognition memory and analyzed the
exploration time of novel and familiar objects in the training and test sessions. There was a
preference of the animal to explore the new object in comparison to the familiar object (61% of
exploration time). We also evaluated the object location task and measured the exploration time of
each object in the familiar and novel object locations. There was a preference of the animal to
explore the object in the novel location in comparison to the object in the familiar location (63% of
exploration time). We also evaluated the effect of the non-competitive NMDA receptor antagonist
MK-801 on the object recognition and object location memory in zebrafish. In this regimen
treatment, control (water only) and treated animals (5 uM MK-801) presented a significant
preference in exploring the familiar object in comparison to the new object (66 and 68% of
exploration time, respectively); however, 10 uM MK-801-treated animals did not show differences
in the exploration time of the objects. In the object location task, the animals treated with the 5 or
10 uM MK-801 did not show a significant preference for the familiar or novel location whereas the
control group had a higher preference in exploring the object in the familiar location (64% of
exploration time). Considering the different responses of the control group between original task
and in the regimen treatment, we evaluated the impact of habituation on cortisol levels of animals in
three different protocols: 1) habituated at the experiment apparatus for 3 days (Condition 1 — C1), 2)
habituated at the experiment apparatus for 3 days plus treatment tank exposure at fourth day
(Condition 2 - C2), 3) habituated at the treatment tank exposure and experiment apparatus for 3
days and exposed to treatment tank again at fourth day (Condition 3 — C3). The results showed
higher levels of cortisol in animals submitted to C2 and C3 conditions compared to animals
submitted to C1. These results demonstrated that the animals submitted to treatment tank exposure
have a different performance in object recognition and object location memory due to stress

responses. Therefore, these tasks are prone to evaluate memory in physiological and pathological
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conditions, but its use is limited to perform pharmacological studies due to sensitivity to stress

caused by manipulation.

Keywords: cortisol; memory; MK-801; object location; object recognition; zebrafish
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1. Introduction

Memory and learning allow animals to adapt and modify their behavior towards new
experiences (Kandel, 2001). Learning and memory are complex processes of the brain that are
dependent on specific structures of the central nervous system. Mostly, the hippocampus and
amygdala are essential for data processing and information storage, related to declarative or explicit
memories (Markram et al., 2007). Several studies show that this process occurs mainly in the
hippocampus (lzquierdo et al., 2006). Other brain structures and different neurotransmitter systems
may play an important role, depending on the nature of the memory being processed, such as the
cerebellum for procedural or implicit memories (Izquierdo et al., 2006; Myskiw et al., 2010).

The inability to acquire and/or express information is named amnesia. This damage can
either be manifested as a symptom of some clinical cases or characterized as a pathological
condition (Pittenger, 2013). Amnesia can be caused by any pathological process that results in
damage to the proper functioning of acquisition, consolidation and retrieval, usually a result of
damage of brain structures involved in memory, such as the hippocampus and the amygdala (Riedel
et al., 1999; Roesler et al., 2002). Other factors may result in memory deficits such as:
hypoglycemia, trauma and brain tumors, neurodegenerative diseases (such as Alzheimer's disease
and senile dementia), cerebral vascular accidents, changes due to intoxications, and the use of drugs
such as benzodiazepines (Orzelska-Gorka et al., 2016; Lim and Alexander, 2009; Pike and Savage,
2008; Vakil, 2007). Animal models of learning and memory allow the analysis of the effect of
pharmacological or genetic interventions on specific biochemical systems, enabling the evaluation
of the role these systems in memory (Kapczinski et al., 2000).

Zebrafish can be used to model complex human behavioral traits, such as reward
responsiveness, learning and memory, aggression, anxiety, and sleep (Norton and Bally-Cuif, 2010).
Several tasks used in the zebrafish explicitly target memorial processes, for example maze learning,
which is related to the context of spatial discrimination learning and certainly relies on memory

(Cognato et al., 2012; Braida et al., 2014b; Grossman et al., 2010). Different tasks of avoidance
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learning have been established in zebrafish (Blank, 2009). In these tests, avoidance learning is
inferred by the amount of time spent outside the compartment previously associated with an
aversive stimulus. This passive avoidance learning is frequently used to characterize associative
learning and short- and long-term memory in zebrafish and has been used to characterize the effects
of antipsychotics (Seibt et al., 2011), scopolamine (Kim et al., 2010; Richetti et al., 2011), MK-801
(Ng et al., 2012; Seibt et al., 2011) and adenosine agonists and antagonists (Bortolotto et al., 2015).

Among the tests used to evaluate amnesia models, there is the task of novel object
recognition (NOR) (Ennaceur, 2010). The NOR is very useful for studying short-term and long-
term memory, manipulating the retention interval, which is the amount of time between training and
test sessions (Taglialatela et al., 2009). The greatest advantage conferred by the test is the fact that it
does not require external motivation, reward or punishment, but habituation is necessary, and can be
completed in a relatively short period of time (Silvers et al., 2007). NOR was previously studied in
zebrafish, where the ability to discriminate different objects and the object recognition memory was
evaluated. In previous studies, only the cholinergic signaling pathway was evaluated in zebrafish
(Braida et al., 2014a; May et al., 2016, Faillace et al., 2017).

Changes may be made in the object recognition test to assess the animal ability to recognize
the specific position of objects within an arena. The object location memory is an important aspect
of spatial memory, allowing us to remember the position of objects in our environment. Different
cognitive processes are involved in the recall object and the position it finds (Moscovitch et al.,
1995).

Glutamate is the major excitatory neurotransmitter of the central nervous system and is
involved in many basic neuronal functions and in processes the central nervous system, especially
in learning, memory and synaptic plasticity (Tarabeux et al., 2011), acting pre- and post-
synaptically by the activation of glutamate receptors. NMDA receptors are required for synaptic
plasticity, learning and memory formation (Tsai, 2016). The non-competitive NMDA receptor

antagonist MK-801 is used almost exclusively as an experimental drug to study behavioral
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processes mediated by the glutamatergic pathway. Memory deficits were demonstrated in zebrafish
treated with MK-801 in the Y-maze task (Cognato et al., 2012). Avoidance tasks have been used to
measure cognitive deficits associated with MK-801 administration in zebrafish (Blank et al, 2009;
Seibt et al., 2011).

This study aims to establish a protocol for evaluating the memory of object recognition or
object location in zebrafish. We also evaluated the influence of glutamatergic signaling, testing the
effect of MK-801 on the object recognition or object localization memory in zebrafish and the

impact of changes in habituation protocols on cortisol levels of animals.

2. Materials and Methods
2.1. Animals

Adults (6-7 months) wild-type zebrafish (Danio rerio) were used. Animals were obtained
from our breeding colony and kept in automated re-circulating systems (Zebtec, Tecniplast, Italy)
with reverse osmosis filtered water equilibrated to reach the species recommended temperature (28°
C = 2° C), pH (7.0 and 7.5), conductivity and ammonia, nitrite, nitrate and chloride levels. Animals
were subjected to a light/dark cycle of 14/10 hours, respectively. Animals were fed with
paramecium between 6 and 14 days post fertilization (dpf) of age and received commercial flakes
(TetraMin Tropical Flake Fish®) three times a day supplemented with brine shrimp (Westerfield,
2000) after 14 dpf. All protocols were approved by the Institutional Animal Care Committee from

Pontificia Universidade Catdlica do Rio Grande do Sul (CEUA-PUCRS, protocol number 16/7574).

2.2 Color innate preference

The objects used were simple 3D (cube) geometric shapes made of non-toxic plastic with =
2 cm in size in blue and yellow colors that did not show high preference in previous studies
(Faillace et al., 2017).

The experimental apparatus consisted of a 10L-glass tank (35 cm x 35 cm x 10 cm) filled
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with 6 cm of water. The sides of the apparatus were covered externally by black plastic (to reduce
external interference). The animal was exposed to two objects with different colors (blue vs.
yellow) for 20 minutes. After, the preference was evaluated over periods of 0-5 minutes, 0-10
minutes, 0-15 minutes, and 0-20 minutes to determine the time to be used for the object recognition

task. We evaluated the exploration time of each object (%).

2.3 Novel object recognition task

The experimental apparatus and objects used were previously mentioned in the subsection
2.2 of the experiment for which the animals showed no innate preference (yellow and blue cubes).
Before training, each animal was habituated to experimental apparatus in the absence of objects for
5 min twice a day (5-h interval between habituation sessions) over three consecutive days. On the
fourth day, in the training phase, animals were exposed to two identical cubes for 15 min. After the
training, the animals were submitted to a retention interval of 1 h. In the test, a new object replaced
one of the copies of the familiar object and the exploration time of each object was evaluated for 15
minutes. The locations of the object in the tank were random to avoid the influence of external
factors. We evaluated the exploration time of each object (%). The exploration area was defined as 8
x 8 cm area centered on the object and preference percentages were calculated as: [time of
exploration of novel object / time of exploration of familiar object + time of exploration of novel

object x 100].

2.3.1 Principal Component Analysis (PCA)

The Principal Component Analysis (PCA) was used to classify different fish regarding novel
object recognition performance in a multivariate ordination (Chen et al., 2016). In brief, PCA is a
technique that makes clusters of samples according to similarity, based on several variables
simultaneously. Essentially, samples grouped on the plot are quite similar to each other. Point

clusters in different regions of the graph indicate that the samples are different in the analyzed
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variables. Each variable has a vector (line). The values of the variable increase in the direction of
the vector: if the vector points far to the right, samples to the right have larger values of the vector
variable, while the samples to the left have smaller values of the same variable represented by the
vector. This allows to observe if the variables (vectors = rows) are correlated (both pointing to the
same direction), independent (90 degree angle between them) or inversely correlated (each pointing
to a different side of the graph). The following parameters were considered for training and testing
characteristics: % of time exploring the new object, total time exploring both objects in training,
total time exploring both objects in test, time in zone A in training, time in zone B in training,
latency to zone B in training, mobile time in training, mobile time in test, and latency to zone B in

test. The data were analyzed by a Principal Component Analysis (PCA).

2.4 Cue innate preference

For the object location task (subsection 2.5), spatial cues were used and the animal is aware
of the location of the object within the apparatus. To evaluate the innate preference for spatial cues,
combinations of different shapes (square, circle, triangle, and diamond) were used in different
sectors. The experimental apparatus (a 10L-tank glass;35 cm x 35cm x 10 cm) was externally
covered in black and the spatial cues attached to the outside of the apparatus having the same color
and size, as performed in previous studies (Cognato et al., 2012; Braida et al., 2014a), where the
preference for forms was not observed. The tank was divided virtually in two sectors, with different
geometric shapes as spatial indications. The preference for the sectors was evaluated in the periods
of 0-5 minutes, 0-10 minutes, 0-15 minutes and 0-20 minutes to determine the time to be used for

the object location task. The exploration time of each sector (%) was evaluated.

2.5 Object location task

The animals were tested in the same experimental apparatus used for the analysis of the cue

innate preference. The objects were previously selected in the Subsection 2.2, in which the animals
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showed no innate preference. The sides of the apparatus were covered externally by black plastic
containing the spatial cues selected according Subsection 2.4. Before training, each zebrafish was
habituated to experimental apparatus in the absence of objects for 5 min twice a day (5-h interval
between habituation sessions) over three consecutive days. On the fourth day, in the training phase,
animals were exposed to two identical cubes for 15 min in the same sector (initial location). After
the training, the animals were submitted to a retention interval of 1h. In the test, one object
remained in the initial location and another was moved to a novel location and evaluated for 15
minutes. The locations of the object and the tank were randomized to avoid the influence of external
factors. The objects were kept the same distances from the walls to avoid thigmotaxis (the tendency
of the animal to remain near the corners of the aquarium), which may affect the performance. We

evaluated the exploration time of each object (%).

2.6. MK-801 treatment

All groups were previously submitted to habituation protocol, which consists in the exposure
to the treatment tank (600 ml Becker) for 15 min and, subsequently, to experimental apparatus in
the absence of objects for 5 min twice daily (5-h interval between habituation sessions) over three
consecutive days. In the fourth day, the animals were exposed to 5 or 10 uM MK-801 (Cognato et
al., 2012) or only water for control group. Treatments were administered by immersing the fish in a
treatment tank filled with 400 ml of solution (MK-801) for 15 minutes prior to the object

recognition or location task.

2.7 Cortisol levels

The control animals were submitted to three different habituation protocols named
Condition 1, 2 or 3 (C1, C2, C3, respectively) to evaluate the effects of these changes on the cortisol
levels of animals in situations similar to those tested previously. In the Condition 1 (C1), the

animals were habituated individually, exploring experimental apparatus without objects for 5
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minutes twice a day (5 hour-interval between sessions) for 3 consecutive days and on the fourth day
the sample was collected. In Condition 2 (C2), the animals were habituated individually, exploring
the experimental apparatus without objects for 5 minutes twice daily (5 hour-interval between
sessions) for 3 consecutive days; in the fourth day, they were exposed to treatment tank with water
for 15 minutes and the sample was collected. In Condition 3 (C3), the animals were habituated
individually, exploring the treatment tank for 15 minutes and to the experiment apparatus without
objects for 5 minutes twice daily (5 hour-interval between sessions) for 3 days consecutive; in the
fourth day, they were exposed to treatment tank with water for 15 minutes and the sample was
collected.

Each fish was weighed, minced, and placed into a disposable stomacher bag with 2 mL of
phosphate buffered saline (PBS, pH 7.4) for 6 min. The contents were then transferred to a 10-mL
screw top disposable test tube to which 5 mL of laboratory grade ethyl ether was added. The tube
was vortexed for 1 min and centrifuged for 10 min at 1000 x g, which it was immediately frozen in
liquid nitrogen. The unfrozen portion (ethyl ether containing cortisol) was decanted and transferred
to a new tube, where it was completely evaporated under a gentle stream of nitrogen for 2 h,
yielding a lipid extract containing the cortisol, which was stored at —20 °C. Body extracts were re-
suspended in 1 mL of phosphate buffered saline (PBS) and whole-body cortisol levels were
measured in duplicate samples of each extract using a commercially available enzyme-linked
immunosorbent assay (ELISA) kit (EIAgen™CORTISOL test, BioChem ImmunoSystems).

Whole-body cortisol was extracted using the method described by Sink et al. (2008).

2.8 Statistical analysis

All trials were video recorded and all videos were analyzed using the Noldus EthoVision
XT7 software. The behavioral analysis were evaluated by Student’ s t-test and whole body cortisol
levels were analyzed by one-way ANOVA followed by Tukey post-hoc test, using the Graphpad

software, where p <0.05 indicates significant difference.
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3. Results

3.1 Color innate preference

The exploration time of each object (%) was analyzed and the preference was evaluated in
different time periods (Figure 1). The results showed that the animal had no preference between
objects (blue cube and yellow cube) during periods of 0-5 minutes (p = 0.6630; Fig 1a), 0-10
minutes (p = 0.9337; Fig 1b), 0-15 minutes (p = 0.8812; Fig 1c) and 0-20 minutes (p = 0.9534; Fig
1d). As there was no preference between the objects, they were used for the subsequent

experiments. For the object recognition task, the evaluation time of 15 minutes was chosen.

3.2 Cues innate preference

The exploration time of each sector (%), containing different spatial cues was analyzed and
the preference was evaluated in different time periods (Figure 2). The results did not show
preference between the spatial cues circle and diamond during the 0-5 minutes (p = 0.7164; Fig 2a),
0-10 minutes (p = 0.7691; Fig 2b), 0-15 minutes (p = 0.5504; Fig 2c) and 0-20 minutes (p = 0.3950;
Fig 2d). As there was no preference among these spatial cues, they were used for the object

localization task. For the object location task, the evaluation time of 15 minutes was determined.

3.3 Object recognition task

A PCA analysis was performed to evaluate the factors in the training session that would be
determinant for the performance of the animal during the test session, creating a correlation. Many
inferences can be made from PCA (Figure 3). If we consider the vector "% of time exploring the
new object", this is the most important vector, because it determines whether the animals learned or
not the task. In addition, it may be related with the other vectors that have positive values in X-axis
and negative Y-axis (i.e. located in the same quadrant). Thus, it is possible to observe a correlation

of the following parameters: time in zone 2 in the test, total time exploring both objects in training,
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total time exploring each zone (Q1 and Q2) in the training and the total time exploring both objects
in the test. Based on these results, a filter was determined for the object recognition task, where only
the animals that explored both objects during the training in a total time equal to or exceeding 400
seconds were considered.

Figure 4 shows the exploration time of each object (%) in the object recognition task. In the
training, no preference was observed between objects A and B (p = 0.3340; Figure 4a). In the test
session, we observed a preference of the animal to explore the new object in comparison to the

familiar object (p < 0.01; Figure 4b).

3.3.1 Effects of MK-801 on object recognition memory

Figure 5 shows that control animals (Figure 5a) had a preference in exploring the familiar
object rather than the new object (p < 0.01). Similarly, the animals treated with 5 uM MK-801
group (Figure 5b) also presented a significant preference in exploring the familiar object in
comparison to the new object (p <0.01). When the 10 uM MK-801- treated group (Figure 5c) was
evaluated, there was no difference in the exploration of the objects (p = 0.1639); however, 10 uM
MK-801- treated group showed increase in distance traveled (p < 0.0001; Figure 5d) which was not

observed 5 uM MK-801- treated animals (data not shown).

3.4 Object location task

We evaluated the exploration time of each object (%) in the object localization task. In the
training session, no preference was observed between objects A and B (p = 0.5096; Figure 6a). In
the test session, we observed a preference of the animal to explore the object in the new location in

comparison to the familiar location during the test (p < 0.01; Figure 6b).

3.4.1 Effects of MK-801 on object location memory

Figure 7 shows that the control group (Figure 7a) had a preference in exploring the object in
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the familiar location rather than in the new location (p < 0.01). However, the animals treated with 5
or 10 uM MK-801 (Figure 7b and 7c, respectively) did not show a significant preference (p =
0.2397 and p = 0.6599, respectively). However, there is an increase in distance traveled (p <0.001)
for 10 uM MK-801-treated group (Figure 7d), which was not observed for 5 uM MK-801-treated

animals (data not shown).

3.5 Cortisol levels

Considering the control group had preference for the novel object or location and, after
exposure to treatment tank, showed opposite results, in which developed preference for the familiar
object or location, we evaluated the impact of habituation on cortisol levels of animals. The results
showed higher levels of cortisol in animals submitted to C2 and C3 conditions compared to animals

submitted to C1 conditions (p<0.001; Figure 8).

4. Discussion

In this study, we developed a protocol for evaluating the memory of object recognition or
object location in zebrafish. We also observed that the MK-801 treatment impaired the object
location memory and occurred a change in preference pattern in object recognition and object
location memory due to stress responses.

The novel object recognition task is very useful for studying short-term memory and long-
term memory, manipulating the retention interval, which is the amount of time between training and
testing sessions (Taglialatela et al., 2009). Firstly, we evaluated the innate preference of object
colors, since the object choice is one of the most important and underappreciated aspects of
conducting an object recognition or object location memory protocol (Ennaceur, 2010). Since this
task relies on innate preference for novelty, all objects used for this protocol should meet the
following criteria: 1) do not produce a fear response, 2) are adequately explored during a test

session 3) if used for novel object recognition, the two object have equal innate preference and can
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be discriminated. Oliveira et al. (2015) observed that the zebrafish has the ability to discriminate
between objects based on color and shape but not on size. In addition, Faillace et al. (2017)
demonstrated zebrafish was better at discriminating color changes than object shape or size and the
color directly influences the preference between a new or familiar object, reinforcing the
importance of determination preference innate in this type of task. Peeters et al. (2016) also showed
that the location of the color appears to be of critical importance. Presentation of the color on the
walls induces an approach response whereas presentation on the bottom induces an aversion.
Therefore, it is important to evaluate the preference directly for the objects to be used, since
zebrafish seems to have a different perception of being in an environment of a certain color and
having an object of a certain color in the same environment. This can be an explanation for
controversial results in the literature considering the method of presentation of the color in the task.
Since there was no preference between the objects, they were considered suitable for the tasks.

Spatial learning is the process that allows the human or non-human animal to acquire spatial
cues and the dynamic relationships among these cues. Therefore, spatial learning leads to the
establishment of a spatial map, a neural representation of the external environment (Karnik and
Gerlai, 2012). Previous studies confirms that zebrafish has the ability to perform well in associative
learning tasks (Sison and Gerlai, 2010). Braida et al. (2014a) showed that the obtained
discrimination indices are comparable to those previously found in mice submitted to the same task.
For the object location task, spatial cues were used and the animal is aware of the location of the
object within the apparatus. To evaluate the innate preference for spatial cues, combinations of
different shapes (square, circle, triangle, and diamond) in different sectors were evaluated. The
apparatus was externally covered in black and the spatial cues were attached to the outside of the
apparatus having the same color and size, as performed in previous memory studies (Cognato et al.,
2012; Braida et al., 2014a), where the preference for forms was not observed. Our results did not
show preference between the spatial cues circle and diamond and they were used for the object

localization task.
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The novel object recognition memory was previously studied in zebrafish, where the ability
to discriminate different objects and the memory of object recognition was evaluated. The
exploration of objects by zebrafish is defined as swimming close to objects. May et al. (2016)
showed that fish spent more time exploring the familiar object during the test, suggesting a
neophobic behavior. In contrast, Braida et al. (2014a) observed zebrafish showed preference for
new shapes when presented in a virtual object recognition test. Lucon-Xiccato and Dadda (2014)
also observed that animals have a tendency to explore the new object in a modified version of the
NOR test. Pinheiro-da-Silva et al. (2017) demonstrated that the control animals explored more the
new object than the familiar object whereas there was no preference for the objects in sleep-
deprived animals. The contrasting results may be explained by factors, such as the complexity level
of the task and the objects as well and the type of habituation that would influence the performance
during tasks. May et al. (2016) used objects (Lego® figures) with high complexity combining
several colors and shapes and a short habituation period. Such factors may have contributed to a
neophobic behavior due to the several variants presented as novelty at one trial. Studies
demonstrating a neophilic behavior used simpler 2D or 3D forms, longer or repeated habituation
periods and/or environmental enrichment to reduce stress (Lucon-Xiccato and Dadda, 2014). Our
findings demonstrated a preference for novel object in the object recognition memory task, which
are in agreement with the previous studies using simpler forms and repeated habituation periods.
However, when we tested the effect of MK-801, we observed contrasting effects with preference for
the familiar object for the control and 5 uM MK-801-treated groups. There was no preference for
the 10 uM MK-801-treated group possibly due to a hyperlocomotor effect caused by this drug.
Previous studies have already demonstrated that 5 uM MK-801 did not alter locomotor activity
whereas higher MK-801 concentrations induced an increase of locomotor parameters (Seibt et al.,
2010; 2011).
For the object location task, we observed a preference of the animal to explore the new

object in comparison to the familiar object during the test session. Hamilton et al. (2016)
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demonstrate that when zebrafish were exposed to familiar object in a familiar context, but at novel
location within that context, they spend more time in the novel quadrant. This indicate that
zebrafish are capable to display episodic-like memory as they discriminate the type, location and
the context in the object was presented (Hamilton et al., 2016). However, in our study, the animals
treated with the 5 or 10 pM MK-801 did not show a significant difference in the exploration of the
objects, but an increase in distance traveled (p <0.001) was observed in the animals treated with 10
uM MK-801. Therefore, it is possible to suggest that 5 uM MK-801 impaired the memory
formation in an object location task, which is in agreement with previous studies demonstrating the
cognitive deficit induced by MK-801 treatment in aversive (Seibt et al., 2011) and spatial memory
(Cognato et al., 2012).

Our findings also demonstrated a change of preference pattern for the objects, when a new
element (treatment tank) was introduced in the protocol, since the animals spent more time
exploring the familiar object or location after treatment tank exposure. Our results demonstrated a
higher cortisol levels to C2 and C3 conditions, in which there was treatment tank exposure than C1
condition (no exposure to treatment tank). Previous studies demonstrated that adrenal stress
hormones, epinephrine and cortisol released by emotional arousal play an important role in enabling
the significance of an experience to regulate the strength of memory of an experience (Meir Drexler
and Wolf, 2017). This may suggest that the animals submitted to treatment tank exposure (C2 and
C3 conditions) present stress responses, which can affect their performance during object
recognition and location memory tasks. Our findings indicate that these tasks are highly sensitive to
experimental manipulation, which suggest that the memory tested is labile in zebrafish. In addition,
the use of these tasks may be restricted due to the sensitivity to stress caused experimental
manipulation, which may impair the development of pharmacological studies.

In summary, the novel object recognition and object location tasks are promising to evaluate
memory in physiological and pathological conditions in zebrafish and glutamatergic signaling may

modulate the memory processing.
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Figure Legends

Figure 1. Color innate preference. The exploration time of each object (%) was analyzed and the
preference was evaluated in periods of 0-5 minutes (a), 0-10 minutes (b), 0-15 minutes (c) and 0-20
minutes (d). A and B represent the two objects tested (blue or yellow cubes). The data are

expressed as the mean + S.E.M (n=18), and were analyzed by Student’ s t-test.

Figure 2. Cues innate preference. The exploration time of each object (%) was analyzed and the
preference was evaluated in periods of 0-5 minutes (a), 0-10 minutes (b), 0-15 minutes (c) and 0-20
minutes (d). A and B represent the two sectors tested (circle or diamond cues).The data are

expressed as the mean + S.E.M (n=15), and were analyzed by Student’ s t-test.

Figure 3. Principal Component Analysis (PCA). The Principal Component Analysis (PCA) was
used to classify different fish regarding novel object recognition performance in a multivariate
ordination. Symbol and color coded: Green = % exploration of the new object above 70%; Yellow =
% of exploration of the new object above 40-69%; Red = % exploration of the new object below
39%; Triangle = high time of exploration of objects during training; Diamond = intermediate time
of exploration of objects during training; Inverted triangle = low time of exploration of objects

during training. The data were analyzed by a Principal Component Analysis (PCA).

Figure 4. Object recognition task. The exploration time of each object (%) was analyzed during
training between two identical objects A and B (a) and between the new object (NO) and the
familiar object (FO) and in the test session (b). The image (c) shows the task during training (left)
and test (right), with exploration areas indicated. The data are expressed as the mean + S.E.M

(n=22), and were analyzed by Student’s t-test, ** represents significant difference at p < 0.01.
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Figure 5. Effects of MK-801 on object recognition memory. The exploration time of each object
(%) was analyzed in the test session between new object (NO) and familiar object (FO). The
animals were exposed to water for controls group (a), 5 (b) or 10 uM (c) MK-801. The group
treated with 10 uM MK-801 showed an increase in distance traveled (d). The data are expressed as
the mean £+ S.E.IM (n= 12 per group), and were analyzed by Student’s t-test, ** represents

significant difference at p <0.01 and **** p < 0.0001.

Figure 6. Object location task. The exploration time of each object (%) was analyzed during
training between A and B objects in the initial location (a) and between the object in the novel
location (NL) and in the familiar location (FL) in the test session (b). The image (c) shows the task
during training (left) and test (right). The data are expressed as the mean + S.E.M (n=21), and were

analyzed by Student’ s t-test, ** represents significant difference at p < 0.01.

Figure 7. Effects of MK-801 on object location task. The exploration time of each object (%) was
analyzed in the test session between object in the new location (NL) and in the familiar location
(FL). The animals were exposed to water for control group (a), 5 (b) or (c) 10 uM MK-801. The
group treated with 10 uM MK-801 showed an increase in distance traveled (d). The data are
expressed as the mean = S.E.M (n= 12 per group), and were analyzed by Student’s t-test, **

represents significant difference at p < 0.01.

Figure 8. Cortisol levels. Whole-body cortisol levels were analyzed for each group. The animals
were submitted to three different habituation protocols named Condition (C1, C2, C3). The data are
expressed as the mean £ S.E.M (N= 3 per group) and were analyzed by One-way ANOVA,
followed by a post-hoc Tukey*s test. * represents significant difference at p < 0.05, ** p <0.01 and

% < 0.001.
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4. CONSIDERACOES FINAIS

Este estudo avaliou as tarefas de memdria de reconhecimento de objetos e de localizacdo de
objetos em peixe-zebra. Foi analisada a influéncia da sinalizacdo glutamatérgica, bem como
respostas enddcrinas devido ao estresse causado pela habituacdo nestas tarefas.

A memdria € um processo importante para a sobrevivéncia dos animais que permite a
adaptacdo de seu comportamento diante de novas experiéncias (Kandel, 2001). Uma série de fatores
pode resultar em um deficit de memdria, impossibilitando a aquisicdo e/ou expressdo das
informagdes, como por exemplo: hipoglicemia, traumatismos e tumores cerebrais, doencas
neurodegenerativas (como a Doenca de Alzheimer e deméncia senil), acidentes cerebrais
vasculares, alteracdes decorrentes de intoxicacdes e 0 uso de farmacos (Orzelska-Gorka et al., 2016;
Lim e Alexander, 2009; Pike e Savage, 2008; Vakil, 2007). O uso de modelos animais permite a
analise do efeito de intervencGes farmacolOgicas ou genéticas sobre sistemas bioquimicos
especificos, possibilitando a avaliacdo do papel desses sistemas na memdria (Kapczinski et al.,
2000; More et al., 2016 ).

O peixe-zebra ¢ um modelo animal usado para avaliar caracteristicas comportamentais
complexas humanas, como por exemplo: a capacidade de resposta a recompensa, interacdo social,
agressividade, ansiedade, aprendizado, memoria e sono (Norton e Bally-Cuif, 2010). Varias tarefas
descritas na literatura foram aplicadas para avaliar os processos de formacdo da memaria, como por
exemplo, a memdria em labirinto, que se baseia na discriminagdo espacial (Cognato, 2012; Braida
et al., 2014b; Grossman et al., 2010) e tarefas de esquiva inibitoria (Blank, 2009). No peixe-zebra, a
esquiva inibitéria é frequentemente usada para caracterizar o aprendizado associativo, memoria de
curto e longo prazo e os efeitos da exposicdo a farmacos (Seibt et al., 2011; Kim et al., 2010;
Richetti et al., 2011; Ng et al., 2012; Seibt et al., 2011; Bortolotto et al., 2015)

Para avaliar modelos de amnésia podem ser aplicados diversos testes, entre eles a tarefa de
reconhecimento de objeto novo (novel object recognition - NOR) (Ennaceur, 2010). A tarefa
reconhecimento de objeto novo pode ser usada para estudar as memdorias de curto prazo e longo
prazo, através da manipulagdo de seu intervalo de retencdo, isto é, a quantidade de tempo entre 0
treino e o teste (Taglialatela et al., 2009). Uma grande vantagem deste teste é o fato de ndo ser
necessaria a aplicacdo de motivacdo externa, recompensa ou puni¢do. A tarefa NOR avalia a
capacidade dos animais em reconhecer a substituicdo de um objeto familiar por um novo objeto em
um mesmo ambiente apresentado previamente. Este tipo de memoria em peixe-zebra foi estudado
anteriormente, onde foram avaliadas a capacidade de discriminacdo entre objetos e a memdria de
reconhecimento de objetos. Nos estudos realizados, somente a via de sinalizagdo colinérgica foi

avaliada (Braida et al., 2014a; May, 2016; Faillace et al., 2017), sendo utilizados nicotina para o
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melhoramento do desempenho e escopolamina para indugdo de déficit de memoria.

Com base no teste de reconhecimento de objeto, modificacbes podem ser feitas para avaliar
a capacidade dos animais de reconhecerem mudancas na posi¢do especifica de objetos dentro de
uma arena, caracterizando uma novidade sem que seja necessaria a substituicdo de um objeto. A
memoria de localizacdo de objetos nos permite lembrar das posices dos objetos em nosso
ambiente, sendo um aspecto importante para memoria espacial.

O glutamato esta envolvido em muitas fungdes bésicas neuronais e processos no sistema
nervoso central, especialmente no aprendizado, memoria e plasticidade sinaptica (Tarabeux et al.,
2011). O MK-801 (antagonista ndo-competitivo dos receptores de NMDA) é um farmaco
experimental usado geralmente para estudar a influéncia da via glutamatérgica em processos
comportamentais. Estudos prévios em peixe-zebra demonstram a capacidade de uma inducdo de
déficits de memoria em animais tratados com MK-801 na tarefa de memoria de labirinto em Y
(Cognato et al., 2012) e na tarefa de esquiva inibitoria (Blank et al, 2009; Seibt et al., 2011).

No Capitulo 2 do presente trabalho, foi analisada primeiramente a preferéncia inata de cores
para determinar os objetos que seriam usados para os demais testes, uma vez que estudos anteriores
demostram que este fator pode ter uma forte influéncia na escolha para o animal (Faillace et al,
2017). Foi analisado o tempo de exploracdo de cada um dos objetos e ndo houve preferéncia entre
0s objetos em nenhum dos intervalos de tempo avaliados. Assim, 0s objetos cubo azul e amarelo
foram utilizados para as demais tarefas realizadas neste estudo. Para tarefa de localizacdo de
objetos, foi avaliada a preferéncia inata entre pistas espaciais, pois é necessario o uso destas pistas
para que o animal tenha no¢do da localiza¢do do objeto dentro do aparato. O aparato foi coberto
externamente em preto e as indicacdes espaciais ligadas a parte externa do aparelho com a mesma
cor e tamanho, conforme realizado em estudos de memoria anteriores (Cognato et al., 2012; Braida
et al., 2014a), onde a preferéncia para formas ndo foi observada. Os resultados ndo demonstram
preferéncia entre as pistas espaciais (circulo e losango) durante todos os periodos avaliados. Como
ndo houve preferéncia entre as pistas espaciais avaliadas, estas foram utilizadas para os demais
testes de localizacdo de objetos neste estudo.

Na tarefa de reconhecimento de objeto, onde foi avaliado o tempo de exploracdo de cada um
dos objetos (%), foi observada uma preferéncia do animal em explorar objeto novo em comparacéao
ao objeto familiar, o que estd de acordo com estudos anteriores onde o0 peixe-zebra apresenta um
comportamento neofilico (Braida et al., 2014a; Lucon-Xiccato e Dadda, 2014; Pinheiro-da-Silva et
al, 2017). Quando avaliamos o efeito do MK-801 na tarefa de reconhecimento de objetos,
observamos uma preferéncia em explorar o objeto familiar pelos grupos controle e MK-801 5 puM.
O grupo tratado com 10 uM de MK-801 néo apresentou preferéncia entre os objetos, possivelmente

devido a um efeito hiperlocomotor causado por este antagonista. Estudos anteriores ja
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demonstraram que o0 MK-801 5 uM ndo altera a locomog¢do, enquant0 que em concentracfes
maiores de MK-801 é observado um aumento dos parametros locomotores (Seibt et al., 2010;
2011). Na tarefa de memdria de localizacéo de objetos, foi avaliado o tempo de exploracdo de cada
objeto (%), onde foi observada uma preferéncia do animal em explorar o objeto na localizacdo nova
em comparacdo ao objeto na localizacao familiar durante o teste. Hamilton et al. (2016) observaram
que, quando o peixe-zebra foi exposto a um objeto familiar em uma localizacao inicial € a um
objeto familiar em uma localizagdo nova, ha preferéncia em explorar o objeto na localizagdo nova.
Foi avaliado o efeito do MK-801 na tarefa de localizagdo de objetos e os animais tratados com MK -
801 5 ou 10 uM ndo mostraram diferenga significativa na exploragdo dos objetos. Entretanto, um
aumento na distancia percorrida foi observado nos animais tratados com 10 uM MK-801. Estes
resultados sugerem que o0 MK-801 prejudicou a formacdo de memoria na tarefa de localizagdo de
objetos, 0 que esta de acordo com estudos anteriores que demonstram o déficit cognitivo induzido
pelo tratamento com MK-801 (Seibt et al., 2011; Cognato et al., 2012).

Nossos achados mostram alteracdo no padrdo de preferéncia de objetos entre uma tarefa e
outra, pois quando introduzido um elemento novo no protocolo (aquéario de tratamento), 0s
resultados de preferéncia sdo invertidos. Para avaliar se esta mudanca no protocolo seria devido a
um fator estressante que influencia na performance durante a tarefa, os animais foram submetidos a
trés protocolos diferentes chamados de Condicdo (C1, C2, C3) para avaliar os niveis de cortisol dos
animais em situacdes semelhantes aquelas em que foram testados previamente. Os resultados
mostram niveis maiores de cortisol em animais submetidos a condi¢do C2 e C3 em comparagao aos
animais submetidos a C1, indicando que os animais submetidos a C2 e C3 apresentam uma maior
exposicdo ao estresse. Tais resultados demonstram que altos niveis de cortisol podem afetar o
desempenho durante as tarefas de memdria de reconhecimento e de localizagdo de objetos. Este
estudo demonstra que essas tarefas sdo sensiveis a manipulagdo experimental, 0 que sugere que a
memo©ria testada é labil em peixe-zebra. Portanto, nossos achados sugerem que a condicdo C1, que
ndo envolve manipulacdo experimental, é o protocolo mais adequado para avaliar as memdrias de
reconhecimento e localizagdo de objeto. Desta forma, 0 uso dessas tarefas pode ser limitado devido
a sensibilidade ao estresse causado pela manipulagdo experimental, o que pode prejudicar o
desenvolvimento de estudos farmacoldgicos.

Este estudo demonstra que as tarefas de reconhecimento de objeto novo e localizacdo de
objetos sdo promissoras para avaliar a memoria em diferentes condigdes fisiologicas e patologicas e
que a sinalizacdo glutamatérgica pode estar relacionada com o processamento da memoria de

localizacéo de objetos.
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6. ANEXO

SIPESQ

Sistema de Pesquisas da PUCRS

Cadigo SIPESQ: 7574 Porto Alegre, 23 de novembro de 2016.

Prezado(a) Pesquisador(a),

A Comissao de Etica no Uso de Animais da PUCRS apreciou e
aprovou o Projeto de Pesquisa "Memdéria de reconhecimento e localizagao
de objetos em peixe-zebra (Danio rerio): Papel da sinalizagao mediada por
adenosina" coordenado por CARLA DENISE BONAN.

Sua investigacgao, respeitando com detalhe as descrigdes
contidas no projeto e formularios avaliados pela CEUA, esta autorizada a
partir da presente data.

Informamos que & necessario 0 encaminhamento de relatério
final quando finalizar esta investigacdo. Adicionalmente, ressaltamos que
conforme previsto na Lei no. 11.794, de 08 de outubro de 2008 (Lei Arouca),
gue regulamenta os procedimentos para o uso cientifico de animais, e
fungc&o da CEUA zelar pelo cumprimento dos procedimentos informados,
realizando inspec¢bes periddicas nos locais de pesquisa.

N° de Animais Espécie Duracao do Projeto
2496 peixe-zebra (Danio rerio) 23/11/2016 - 23/05/2018
Atenciosamente,

Comiss&o de Etica no Uso de Animais (CEUA)
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