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RESUMO

NICOTINA MODULA A RESPOSTA DE MEDO CONDICIONADO CONTEXTUAL
EM PEIXE-ZEBRA

AUTOR: Paola Rampelotto Ziani
ORIENTADOR: Denis Broock Rosemberg

As condicOes aversivas em um determinado contexto geram aprendizagem associativa, a qual
permite aos organismos aprender e antecipar eventos potencialmente nocivos. A exposicao a
substancia de alarme de co-especificos (CAS) tem sido usada para modelar respostas de
medo em peixe-zebra e sabe-se que o sistema colinérgico desempenha um papel chave em
funcbes cognitivas. Assim, 0 objetivo do presente estudo foi avaliar se a nicotina modula
respostas de medo condicionado contextual em peixe-zebra, bem como um possivel
envolvimento da acetilcolinesterase (AChE) cerebral nessas respostas. Os peixes foram
expostos a 1 mg/L de nicotina e posteriormente transferidos para aquéarios de teste na
auséncia ou presenca de 3,5 mL/L de CAS por 5 minutos (sessdo de treino). A CAS foi
extraida por raspagens de células epiteliais em 10 mL de agua destilada utilizando peixes
doadores previamente eutanasiados. Apds 24 horas, 0s peixes foram expostos a0 mesmo
contexto ou a um contexto alterado na auséncia de CAS (sessdo pos-treino). No treino, CAS
aumentou o congelamento, 0os movimentos erraticos e diminuiu o tempo gasto na area
superior do tanque, enquanto a nicotina aboliu os efeitos da CAS sobre 0s movimentos
erraticos. No entanto, o grupo nicotina/CAS apresentou uma exacerbacdao do congelamento e
uma reducdo significativa do nimero de entradas na area superior quando reintroduzido ao
contexto aversivo. Observamos também uma diminui¢do na distancia percorrida nos grupos
controle, nicotina e nicotina/CAS na sessao pos-treino. Uma vez que o tempo gasto na area
superior ndo diferiu em animais reanalisados em contextos semelhante e alterado, esta
medida poderia refletir a sensibilizacdo induzida pela exposicdo a CAS. Ademais, a atividade
da AChE cerebral aumentou no grupo nicotina/CAS reintroduzido ao contexto aversivo.
Nossos dados mostram uma modulacdo positiva da nicotina sobre o medo condicionado
contextual em peixe zebra, bem como um envolvimento da sinalizagdo colinérgica em
respostas aversivas relacionadas ao contexto.

Palavras-chave: Memoria aversiva; nicotina; substancia de alarme; peixe-zebra; sistema

colinérgico.



ABSTRACT

NICOTINE MODULATES CONTEXTUAL FEAR CONDITIONING
RESPONSES IN ZEBRAFISH

AUTHOR: Paola Rampelotto Ziani
ADVISOR: Denis Broock Rosemberg

Aversive conditions in a certain context trigger associative learning processes, which allow
organisms to learn and anticipate potentially dangerous events. Exposure to conspecific alarm
substance (CAS) has been used for modeling fear responses in zebrafish and the cholinergic
system plays a role in cognitive functions. Thus, the goal of this study was to evaluate
whether nicotine modulates contextual fear conditioning responses in zebrafish and a putative
involvement of brain acetylcholinesterase (AChE) in associative learning. Fish were exposed
to 1 mg/L nicotine and further transferred to experimental tanks in the absence or presence of
3.5 mL/L CAS for 5 min (training session). CAS was extracted by damaging epithelial cells
into 10 mL distilled water using donor fish euthanized previously. After 24 hours, fish were
placed to the same or to an altered context in the absence of CAS (post-training session). At
training session, CAS increased freezing, erratic movements, and decreased the time spent in
top area, while nicotine pretreatment abolished CAS effects on erratic movements.
Nonetheless, nicotine/CAS group reintroduced to aversive context showed exacerbated
freezing and reduced the number of entries in top area. Moreover, a decrease in distance
traveled was observed in control, nicotine and nicotine/CAS groups at post-training session.
Since the time spent in top area did not differ in animals retested in similar and altered
contexts, this behavioral endpoint could reflect CAS-induced sensitization. Additionally,
brain AChE activity increased in nicotine/CAS group reintroduced to the aversive context.
Collectively, we demonstrate for the first time a positive modulation of nicotine on contextual
fear conditioning in zebrafish and a putative involvement of cholinergic signaling in aversive

responses.

Keywords: Aversive memory; nicotine; conspecific alarm substance; zebrafish, cholinergic

system.
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1. APRESENTACAO

Esta Dissertagdo aborda assuntos relacionados aos efeitos da nicotina sobre respostas
de medo contextual condicionado em peixe-zebra, a qual encontra-se estruturada da seguinte
maneira:

- INTRODUCAO: Reviséo da literatura sobre os temas abordados na dissertacao.

- MATERIAIS E METODOS, RESULTADOS E DISCUSSAOQ: Apresentados na
forma de artigo cientifico.

- CONCLUSAOQ: Interpretacdes gerais sobre os resultados obtidos nesse trabalho.

- PERSPECTIVAS: Possibilidades de novos estudos a partir de resultados obtidos.

- REFERENCIAS: Lista de citacdes que aparecem na introducéo da Dissertago.
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2. INTRODUCAO

2.1. Medo e ansiedade em transtornos neuropsiquiatricos

Ao enfrentar situacGes de eventual perigo, 0s organismos tendem a apresentar uma
série de reacdes fisicas e psicoldgicas, onde o conjunto dessas respostas pode ser denominado
como medo. Essa emocgéo reflete uma perturbacéo aflitiva frente a um risco real, que pode ser
definido através de um série de respostas corporais adaptativas (McEWEN, 1998; RUHL et
al., 2017). Além de ameacas iminentes, 0 medo também pode se manifestar através da
associacdo a fatos ja vivenciados, a qual é capaz de promover desde uma breve ansiedade até
um estado de panico. Contudo, a sensacdo de perigo € de suma importancia para
sobrevivéncia das espécies, pois prepara 0 organismo para duas provaveis acfes naturais: a
luta ou a fuga (JESUTHASAN, 2012; ROOZENDAAL et al., 2009).

Enquanto o medo é caracterizado por uma experiéncia desagradavel, a ansiedade é
definida como a antecipacdo dessa ameaca. No entanto, quando esse comportamento é
exacerbado, leva o individuo a um estado patoldgico (JESUTHASAN, 2012). Sabe-se que 0s
transtornos de ansiedade sdo as disfuncbes neuropsiquiatricas de maior ocorréncia no mundo,
0s quais além de causarem medo excessivo, podem conduzir a doengas mais graves como a
depressdo (JESUTHASAN, 2012; KYSIL et al., 2017; LANDGRAF e WIGGER, 2002). De
1990 até 2013, a média da populacdo que desenvolveu algum tipo de transtorno de ansiedade
ou depressdo chegou a 50%, passando de 416 milhdes para 615 milhdes. Isso revela que
aproximadamente 10% da populacdo mundial é afetada (WHO). S6 nos Estados Unidos, a
média de gastos em tratamento de transtornos neuropsiquiatricos chega a US$ 42,3 bilhdes
(KUTLU e GOULD, 2015). Desse modo, estudos sobre disturbios psiquiatricos tém ganhado

grande espaco na ciéncia ao redor do mundo.

2.2. Modelos animais de medo condicionado contextual

Assim como 0s seres humanos, 0s animais também apresentam respostas relacionadas
a0 medo e a ansiedade, as quais refletem uma série de adaptacbes fisiologicas e
neurocomportamentais (GRAY, 1987; LIMA et al., 2016; QUADROS et al., 2016). Essas
reacOes sao amplamente estudadas através de diferentes modelos experimentais, tais como
memo©ria aversiva (BAGATINI et al., 2016), esquiva condicionada (XU et al., 2007), medo
condicionado contextual (KENNEY et al., 2017), entre outros.
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Diversos modelos animais relacionam processos de aprendizagem associativa a um
determinado contexto utilizando estimulos aversivos. O paradigma do medo condicionado
contextual é usualmente utilizado para estudos de aprendizagem e memoria (SHIN, 2012), no
qual os animais exibem respostas defensivas através da associacdo do contexto com o
estimulo nocivo. Nesse modelo, um estimulo neutro é pareado com um estimulo aversivo, o
qual vai resultar em comportamento de medo no animal. Depois que houver o pareamento,
uma resposta de medo vai ser desencadeada pelo estimulo neutro. Assim, os estimulos
neutros passam a provocar respostas aversivas em decorréncia da antecipacdo de uma
ameaca. Desse modo, o modelo de medo condicionado contextual provoca a recuperagdo de
mem©arias traumaticas. As respostas sdo medidas através da frequéncia de episodios de
congelamento (KUTLU e GOULD, 2015; RUHL et al., 2017) e estudos com roedores
destacam a eficacia deste modelo experimental (JOHANSEN et al., 2011). A Figura 1
exemplifica como acontece a assimilacdo de um estimulo aversivo a um estimulo

condicionado neutro, tal como o som.

Figura 1: Representagdo do teste de medo condicionado contextual em roedores.

HABITUACAO CONDICIONAMENTO TESTE
Dia 1 Dia 2 Dia 3

' .’Jgj.ri %Ui

- . . \

CS —1(20~30 scc)l— Te—L
SEM ESTIMULO Tl CS —1(20-30 sec)

(0.5-1.0 sec)

Pareado

S ——— Nao
Pareado

%CONGELAMENTO
%CONGELAMENTO
%CONGELAMENTO

ENSAIOS ENSAIOS ¥ ENSAIOS

Fonte: Adaptado de JOHANSEN et al., 2011.

As tarefas de medo condicionado também podem ser utilizadas em estudos
relacionados a sensibilizacdo de eventos. A sensibilizacdo dependente de tempo é um
fendmeno no qual os animais expostos a um agente estressor intenso manifestam respostas de

medo intensificadas ap6s um determinado periodo (LIMA et al., 2016). Sendo assim, um
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animal que foi exposto a um agente nocivo pode ter comportamentos relacionados ao medo e
a ansiedade exacerbados apos certo tempo. Este modelo é de grande relevancia para estudos
que mimetizam fenGtipos comportamentais associados ao estresse poOs traumatico
(CARAMILLO et al, 2015). Além disso, pode-se utilizar tarefas que induzam a
sensibilizacdo dependente de tempo para investigar possiveis farmacos que modulem a
mem©aria por meio de estimulo aversivo (POULOS et al., 2016).

Embora as pesquisas relacionadas com medo e ansiedade em roedores ja seja bastante
difundida, tais organismos apresentam um elevado custo de obtencdo e manutengdo. Desse
modo, a avaliacdo de mecanismos neuroguimicos e comportamentais envolvidos em
respostas aversivas em modelos animais alternativos, é de grande importancia para validar
estratégias de pesquisa complementar ao uso dos ratos e camundongos (JESUTHASAN
2012; LEUNG e MOURRAIN, 2016).

2.3. O peixe-zebra como organismo modelo na neurociéncia translacional

O peixe-zebra (Danio rerio) é um teledsteo tropical da familia Cyprinidae que mede
aproximadamente 3-4 centimetros. Popularmente conhecido como paulistinha, o peixe-zebra
¢ um importante organismo modelo em diferentes areas do conhecimento, tais como
bioguimica, farmacologia, genética, ecologia, neurociéncias e biologia do comportamento
(CANZIAN et al., 2017; FONTANA et al., 2018; HO et al., 2018; PANNEERSELVAN e
RAGUNATHANET 2018). Dentre as vantagens gerais para uso deste organismo modelo
podemos destacar 0 baixo custo, 0 pequeno espaco para manutencdo, a alta taxa de
reproducdo, o rapido desenvolvimento de embrido até a fase adulta (cerca de 3 meses) e a
presenca de ovos translicidos com desenvolvimento externo, o que permite melhor
acompanhamento de mudancas morfoldgicas ao longo da ontogenia (Figura 2).

Devido ao genoma completamente sequenciado e pelo fato deste apresentar um alto
grau de similaridade com o genoma de mamiferos, 0 peixe-zebra é de grande valia para o
estudo de doencas humanas (HOWE et al., 2013). Com a inovacgéo na sintese e descoberta da
acdo de farmacos ainda se faz necessario o uso de testes biolégicos. Assim, a utilizacdo do
peixe-zebra apresenta muitas particularidades que atendem aos critérios de reducdo,
substituicdo e refinamento nas pesquisas cientificas. Ademais, seu importante papel em
estudos de triagem se da por reduzir tanto o nimero de animais de maior porte (roedores),
como a quantidade dos compostos a serem testados e os residuos produzidos (ROSEMBERG
etal., 2011).
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Figura 2: Representacdo esquematica do desenvolvimento do peixe-zebra em dias apds a

fertilizacdo (dpf) até a fase adulta.

Peixe-zebra

Envelhecimento Morte
adulto

Fertilizagdo  Incubagdo Larva Juvenil

0 = 3 dpf = 30 dpf 90 dpf —— 2 anos  4-5 anos

Desenvolvimento Nado livre e Neurodegeneragdo
embriondrio Desenvolvimento SNC Declinio cognitivo
Y Déficits motores
Peixe-zebra em estagio Peixe-zebra em estagio adulto

larval

Fonte: Adaptado de STEWART et al., 2014.

Considerando que o peixe-zebra apresenta um amplo repertorio comportamental ja
catalogado na literatura (KALUEFF et al., 2013), a espécie apresenta o potencial para
relevantes descobertas sobre os endofendtipos neurocomportamentais associados a patologias
em geral, tais como doencas neurodegenerativas (CARAMILLO e ECHEVARRIA 2017;
MULLER et al., 2017) e transtornos neuropsiquiatricos (FONTANA et al., 2018; FULCHER
et al., 2017). Todas esses aspectos levaram a um crescimento exponencial do nimero de
publicacdes que usam 0 peixe-zebra como organismo modelo em pesquisas cientificas
(STEWART et al., 2014). Complementarmente, a espécie oferece uma 6tima oportunidade
para explorar diferentes fenoGtipos comportamentais relacionados a exposicdo de diversos
compostos que modulam o sistema nervoso central (SNC), tais como cafeina (ROSA et al,
2017), taurina (FONTANA et al., 2016; MEZZOMO et al., 2017), etanol (RICO et al., 2017),
nicotina (STEWART et al., 2015), entre outros.

A inducdo de medo em peixe-zebra pode ser realizada de vérias formas. De acordo
com Gray (1987), podem haver cinco categorias de estimulos aversivos. Eles sdo
classificados como estimulo predatério (AHMED et al., 2011), novidade (ROSEMBERG et
al., 2011), choque elétrico (XU et al., 2007), estimulo intenso (BLASER et al., 2010) e
substancias quimicas (EGAN et al., 2009). Um estimulo amplamente utilizado na indugdo do
medo em peixe-zebra é a substancia de alarme de co-especificos (CAS). Descrita pela

primeira vez em 1938 como “Schreckstoff”, € uma substancia produzida e liberada por células
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epiteliais de peixes quando ocorre lesdo na pele desses animais (SMITH, 1992). A liberagédo
da CAS no ambiente tem como principal objetivo a protecdo do cardume, onde o animal
ferido alerta os demais sobre a presenca de um predador. Os co-especificos detectam a
substancia através de quimiorreceptores sensiveis, resultando na acéo natural de luta ou fuga.
Apesar de ser uma mistura complexa, sabe-se que a 3-N-6xido de hipoxantina e o sulfato de
condroitina sdo duas moléculas que podem induzir as respostas aversivas da CAS (SPEEDIE
e GERLALI, 2008).

Em peixe-zebra, o0 medo pode ser detectado pela mudanca do nado habitual dos
peixes, 0s quais inicialmente se mantém no fundo do tanque, e posteriormente exploram o
topo quando se habituam a novidade (EGAN et al., 2009; ROSEMBERG et al.,
2011).Quando expostos a CAS, os peixes permanecem um maior tempo no fundo do aquério,
aumentam a frequéncia de movimentos erraticos e de congelamento, além de apresentarem
uma maior coesdo do cardume (MAXIMINO et al.,, 2010; MOURABIT et al.,, 2010;
SPEEDIE e GERLAI, 2008). Além disso, a exposicdo aguda a CAS é capaz de promover
uma sensibilizacdo dependente de tempo em peixe-zebra, constituindo um modelo
experimental para estudo de experiéncias traumaticas (KUTLU e GOULD 2015; LIMA et al.,
2016). A exposicdo aguda a agentes estressores também pode levar a ativacdo de diversos
sistemas hormonais e a liberacdo de diferentes neurotransmissores. Nesse contexto, existem
regides cerebrais envolvidas com a percepcdo de estimulos por substancias quimicas que
facilitam tanto o reconhecimento social quanto a detecgéo de predadores (MAXIMINO et al.,
2013). Em mamiferos, a amigdala € responsavel por controlar emogdes e comportamento
aversivo, e lesdes nessa area levam a incapacidade de reconhecer a sensacao de medo, mesmo
em situacdes de ameaca (PERATHONER et al., 2016). Além da amigdala, outra regido do
SNC que processa informacBes emocionais e sensoriais é o hipotdlamo. Esta glandula é
responsavel por regular o eixo hipotdlamo-pituitaria-adrenal (HPA) em mamiferos nas
resposta ao estresse, que é analoga ao eixo-hipotalamo-pituitaria-inter-renal (HPI) em peixes
(KUTLU e GOULD 2015). Resumidamente, a amigdala e o hipocampo regulam a resposta
ao estresse de forma coordenada. Estudos relatam que a exposi¢do aguda a CAS em peixe-
zebra aumenta a expressao do gene c-fos habenular, a qual é uma estrutura de fungdo similar
a amigdala em mamiferos, levando o animal a comportamentos defensivos que podem ser
diretamente associados ao medo (OGAWA et al., 2014). Os principais fenotipos aversivos

observados em peixe-zebra encontram-se representados na Figura 3.
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Figura 3: Representacao dos principais comportamentos defensivos do peixe-zebra.
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Fonte: Adaptado de STEWART et al., 2014.

2.4. Nicotina e efeitos neurocomportamentais em modelos experimentais

Com relacdo a moléculas que apresentam um papel na modulacdo do medo,
ansiedade, aprendizagem e respostas aversivas, estudos tém demonstrado os efeitos
pleiotrépicos da nicotina em animais de experimentacdo (BARIK e WONNACOTT 2009;
BEER et al., 2013; KLEE et al., 2011). Essa molécula é um alcal6ide proveniente das folhas
do tabaco (Nicotiana tabacum) e exerce varios efeitos sobre 0 SNC, além de ser o principal
responsavel pelo tabagismo. De formula molecular C1oH14N2 (Figura 4), se apresenta em
temperatura ambiente na forma liquida de cor amarela e ganhou este nome devido ao difusor
do tabaco na Franca, Jean Nicot (BARIK e WONNACOTT 2009; SABOGA-NUNES et al.,
2017). A Agéncia de Vigilancia Sanitaria brasileira (ANVISA) permite a producdo de
cigarros contendo nicotina, no entanto adverte sobre os riscos da utilizacdo. Embora seja
bastante considerada por seus efeitos maléficos a saude, a nicotina tem sido muito estudada
nos ultimos anos principalmente devido a sua acdo farmacoldgica sobre os receptores
colinérgicos nicotinicos no SNC (IJOMONE e NWOHA 2015).

Figura 4: Férmula estrutural da nicotina.

Fonte: Do autor.
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A nicotina é capaz de diminuir a ansiedade e medo quando administrada em breve
exposicdo. Por exemplo, em peixe-zebra, ja foi mostrado que a exposi¢do aguda a nicotina
diminui significativamente o tempo de nado no fundo do aquério, sugerindo um carater
ansiolitico (KLEE et al., 2011; LEVIN et al., 2007). Além das propriedades ansioliticas, a
nicotina promove a melhora das funcGes cognitivas (BEER et al., 2013; LEVIN et al., 2006;
MAY et al., 2016). Agonistas nicotinicos tem sido utilizados para desenvolver novos
tratamentos de doencas neurolégicas, como por exemplo a Doenca de Alzheimer. Estudos
mostram que peixe-zebra testados no paradigma de discriminacdo espacial apresentam uma
melhora na aprendizagem quando expostos a nicotina. Interessantemente, esse efeito foi
proeminente 20, 30 e 40 minutos apds uma breve exposicao a substancia, corroborando com a
ideia de que é necessario um determinado periodo de tempo para a nicotina atingir seu efeito
méaximo (LEVIN et al., 2006).

Outros estudos tém mostrado que a nicotina modula a aquisicdo, consolidacdo e
evocacdo de memorias de medo através da sua acdo sobre receptores nicotinicos (KUTLU e
GOULD 2015). Os receptores nicotinicos de acetilcolina neuronais (RNAnN) sdo membros da
superfamilia de canais idnicos ativados por ligante, os quais medeiam rapidas transmissfes
sindpticas no SNC. Tais receptores desempenham um importante papel no aprendizado,
memoOria e atencdo, através da ligacdo com o neurotransmissor acetilcolina ou agonistas
exdgenos como a nicotina (BARIK e WONNACOTT 2009; BRAIDA et al., 2014; HOGG et
al., 2003). Os efeitos mediados pelos RNAn podem ser distintos de acordo com sua
localizacdo. Em neurbnios pré-sindpticos, provoca a liberacdo de neurotransmissores
enquanto que em neurbnios pds-sinapticos contribuem para despolarizacdo e ativacdo do
sistema de mensageiros secundarios (BROIDE e LESLIE, 1999; WONNACOTT, 1997). De
acordo com a literatura, a ativacdo do sistema de mensageiros secundarios e a subsequente
cascata de sinalizacdo celular pode estar diretamente envolvida com processos de formacao
de memoria a longo prazo (KUTLU e GOULD 2015). E importante ressaltar que os padrdes
de expressdo espacial e temporal dos RNAn sdo similares em peixe-zebra e humanos,
evidenciando assim funcdes evolutivamente conservadas (KLEE et al., 2011).

A nicotina é capaz de ativar RNAn, provocando a liberagdo de diversos
neurotransmissores, tal como a acetilcolina (KUTLU e GOULD 2016; TANI et al., 1998).
Levando em consideracdo que o aumento dos niveis de acetilcolina cerebrais sdo primordiais
para as funcdes cognitivas (CHANGEUX et al., 2015; LENDVAI et al., 2013), a atividade da
acetilcolinesterase (AChE) deve ser rigorosamente regulada. A AChE cerebral ¢ uma

importante enzima responsavel pela hidrélise e inativacdo da acetilcolina na fenda sinéptica,
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como representado na Figura 5 (SOREQ e SEIDMAN 2001). Considerando que um aumento
significativo na atividade da AChE cerebral de peixe-zebra foi observada imediatamente apds
uma Unica exposicdo & CAS, o que sugere o envolvimento do metabolismo da acetilcolina
com respostas aversivas na espécie (CANZIAN et al., 2017), a determinacdo da atividade
desta enzima é de suma importancia para elucidar possiveis mecanismos neuroquimicos

relacionados aos modelos de medo nessa espécie.

Figura 5: Hidrolise da acetilcolina na fenda sinéptica.
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3. OBJETIVOS

3.1. Objetivo geral

Investigar os efeitos da nicotina sobre parametros comportamentais e bioquimicos em

um modelo de medo condicionado contextual em peixe-zebra.

3.2. Objetivos especificos

- Avaliar os efeitos da nicotina sobre os comportamentos defensivos de congelamento
e de movimentos erraticos em peixes-zebra submetidos ao teste de medo condicionado
contextual;

- Analisar a exploracdo vertical e a atividade locomotora de peixes-zebra expostos a
nicotina submetidos ao teste de medo condicionado contextual,

- Verificar se a nicotina é capaz de modular a atividade da AChE cerebral em peixes-

zebra reintroduzidos ao contexto aversivo.
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Abstract

Rationale: Nicotine positively modulates learning and memory processes, including
contextual fear conditioning, in which fear triggers associative learning processes. Exposure
to conspecific alarm substance (CAS) has been used for modeling fear-like behaviors in
zebrafish, but the involvement of cholinergic system on associative learning in this species is
poorly understood. Objectives: We evaluate whether nicotine modulates contextual fear
conditioning responses in zebrafish and a putative involvement of brain acetylcholinesterase
(AChE) in associative learning. Methods: Fish were exposed to 1 mg/L nicotine and further
transferred to experimental tanks in the absence or presence of 3.5 mL/L CAS for 5 min
(training session). After 24 hours, fish were placed to the same or to an altered context in the
absence of CAS (post-training session). After behavioral experiments, brain AChE activity
was assessed. Results: At training, CAS increased freezing, erratic movements, and
decreased the time spent in top area, while nicotine pretreatment abolished CAS effects on
erratic movements. Nonetheless, nicotine/CAS group reintroduced to aversive context
showed exacerbated freezing and reduced the number of entries in top area. Moreover, a
decrease in distance traveled was observed in control, nicotine and nicotine/CAS groups at
post-training. Since the time spent in top did not differ in animals retested in similar and
altered contexts, this measure could reflect CAS-induced sensitization. Nicotine also
stimulated brain AChE activity in CAS-exposed animals reintroduced to the aversive context.
Conclusions: We demonstrate a positive modulation of nicotine on contextual fear
conditioning in zebrafish and suggest an involvement of cholinergic signaling in associative

learning.

Keywords: Contextual fear conditioning; associative leaning; nicotine; conspecific alarm

substance; zebrafish; cholinergic signaling.

22



Introduction

Nicotine is an alkaloid present in tobacco leaves, which play several effects in the
central nervous system (CNS) (Levin et al. 2006; Levin and Rezvani 2000). Studies have
shown potential anxiolytic properties of nicotine after a short-term exposure (Klee et al.
2011; Levin et al. 2006; Singer et al. 2016). This molecule has agonistic effects in nicotinic
acetylcholine receptors (Barik and Wonnacott 2009) and modulates the release of dopamine
and serotonin, contributing to its physiological effects in the brain (File et al. 2000).
Moreover, previous data showed a decrease in the number of acetylcholinesterase (AChE)
positive cells in the hippocampus and striatum of rats following chronic nicotine
administration (ljomone and Nwoha 2015). Previous data showed that nicotine improves
cognitive functions in experimental models (Braida et al. 2014; Levin et al. 2006) and the
activation of nicotinic acetylcholine receptors in the brain plays a key role in acquisition
memory and contextual fear conditioning responses in rodents (Davis and Gould 2006; Kutlu
and Gould 2015). Consequently, nicotine modulates synaptic process improving learning and
memory performance (Subramaniyan and Dani 2015).

Fear is an adaptive response that occurs when animals face stressful and dangerous
situations (McEwen 1998; Ruhl et al. 2017). Aversive conditions trigger associative learning
processes allowing organisms to learn and anticipate potentially dangerous events
(Roozendaal et al. 2009). In a classical fear conditioning protocol, animals learn to exhibit
defensive responses to a neutral conditioned stimulus (CS) after association with a noxious
unconditioned stimulus (US). The contextual fear conditioning is a behavioral paradigm that
pairs an aversive stimulus with specific cues, which later may retrieve aversive memories
when animals are reintroduced to the same context in the absence of US (Kutlu and Gould
2015). Thus, the assessment of associative learning processes contribute to explore the

behavioral neurophenotypes and the neural mechanisms underlying aversive learning and
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memory (Johansen et al. 2011). In a translational perspective, understanding the biological
processes associated with aversive behaviors is of great interest. Exacerbated fear responses
may promote distress increasing the risk of fear-, anxiety-, and trauma-related disorders
(Dahlin et al. 2005; Shin and Liberzon 2010; Singewald et al. 2015). Thus, alternative
experimental models are emergent tools in behavioral neuroscience to assess associative
learning in a medium-to high-throughput manner.

Zebrafish (Danio rerio) is a promising model organism in neuropsychopharmacology
and behavioral neuroscience (Gerlai et al. 2000; Maximino et al. 2010). This species provides
excellent translational responses and presents a high degree of physiological and genetic
conservation (Fontana et al. 2016; Howe et al. 2013). In fish, conspecific alarm substance
(CAS) is a chemical cue released from injured epidermal club cells (Lima et al. 2016;
Oliveira et al. 2014; Rehnberg et al. 1987). Acute CAS exposure up-regulates habenular c-fos
expression and triggers defensive behaviors in zebrafish (e.g., freezing, erratic movements,
bottom dwelling, and improves shoal cohesion), indicating increased fear-like behaviors
(Canzian et al. 2017; Ogawa et al. 2014; Quadros et al. 2016). Moreover, a brief CAS
exposure produces immediate defensive responses, which is sustained for at least 24 hours,
suggesting sensitization of aversive behaviors (Lima et al. 2016). Thereby, CAS consists in
an excellent naturalistic stimulus that induces fear. Hence, the zebrafish offer a great
opportunity to explore how different pharmacological manipulations modulate contextual
fear conditioning. Since aversive memories may be evoked after a traumatic event and
considering the nicotine involvement on learning processes, the goal of this study was to
investigate the role of nicotine on contextual fear memory in zebrafish. Moreover, we
investigate a putative involvement of brain AChE activity in associative learning after

reintroducing animals to the aversive context.
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Materials and methods
Animals

Subjects were 80 adult (4-6 months-old) of mixed genders (~50:50 male and female)
short-fin wild-type zebrafish (Danio rerio) obtained from a commercial supplier (Hobby
Aquarios, RS, Brazil). The animals were kept in 50-L tanks under constant filtration and
aeration for two weeks before the experiments. Tanks were filled with non-chlorinated water
at 27 + 1°C and pH 7.2. Room illumination was provided by ceiling-mounted fluorescent
light tubes on a 14:10 light/dark photoperiod cycle (lights on at 7:00 am). All fish were fed
twice daily with commercial flake fish food (Alcon BASIC™, Alcon, Brazil).To minimize
the effects of isolation stress, animals were previously habituated into housing tanks
measuring 50 cm x 35 cm x 6 cm (length x width x height), which had equal divisions for
each fish (6 cm x 6 cm x 6 cm — length x width x height) and small perforations (0.5 cm
diameter). These perforated Plexiglas partitions were designed to allow free water circulation
inside the tank. Since animals were separated by transparent partitions, fish were able to
visualize conspecifics, allowing a precise identification of each subject throughout the
experimentation. Animals were maintained in accordance with the National Institute of
Health Guide for Care and Use of Laboratory Animals. All protocols were approved by the
Ethics Commission on Animal Use of the Federal University of Santa Maria (process number

6894010616).

Nicotine treatment

S(—-)-Nicotine solution (98%) was purchased from Sigma-Aldrich™ (St. Louis, MO).
Fish were exposed to 1 mg/L nicotine or non-chlorinated water (control) immediately before
the training session into 500-mL beakers for 3 minutes. Nicotine concentration and time of

exposure were chosen based in a previous report (Singer et al. 2016). After nicotine
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treatment, fish were transferred to other beakers containing non-chlorinated water for 20
minutes, a time in which nicotine reaches the maximum effect in zebrafish (Levin et al.

2006). Later, the behavioral experiments were performed.

Conspecific alarm substance preparation

CAS was extracted from zebrafish epidermal cells as described previously (Canzian et
al. 2017; Egan et al. 2009; Lima et al. 2016; Quadros et al. 2016). Donor fish were rapidly
euthanized by decapitation and the blood excess was further dried with a swab. Fish were
placed in a Petri dish kept on ice and 10-15 superficial shallow cuts were made on both sides
of the fish body with a razor blade. All procedures were carefully controlled to avoid drawing
blood, which would contaminate the solution. Later, 10 mL of distilled water was added in a
Petri dish and gently shaken to fully cover lacerated portions of the fish body. The exposure

was performed using 3.5 mL/L of the skin extract (Canzian et al. 2017; Lima et al. 2016).

Contextual fear conditioning

Training and contextual fear assessments were performed in identical experimental
tanks (15 cm length x 13 cm height x 10 cm width), located in a well-lit room over a stable
surface. Visual cues were defined by externally covering the lateral walls and floor with
opaque plastic self-adhesive films in black- and white-colored stripes (spaced 2 cm apart)
(Fig. 1A). Additionally, other tanks with the same dimensions without these visual cues were
used to verify the influence of altered context on fish behavior. Tanks were virtually divided
into bottom and top areas to assess vertical exploration.

Behavioral activities were recorded in both training and post-training sessions as
illustrated (Fig. 1B). Each zebrafish was subjected to a single fear conditioning training

session. In brief, fish were treated with non-chlorinated water or Img/L nicotine and further
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placed in the apparatuses (with or without visual cues) in the absence (control group) or
presence of 3.5 mL/L CAS as US for 5 min. CAS exposure protocol was chosen based in
previous studies, which showed increased fear-like responses of zebrafish (Canzian et al.
2017; Lima et al. 2016; Quadros et al. 2016). Afterwards, each fish was gently netted from
the experimental apparatuses and transferred to the partitioned housing tanks.

On the following day (post-training session), fish were placed in the experimental
tanks (with visual cues) to assess the post-training session in the absence of CAS. Fig. 1C
shows the experimental design used to investigate the influence of contextual fear
conditioning using different tanks. Video recordings were assessed with automated video-
tracking software (ANY-maze™, Stoelting CO, USA). Aversive behaviors (freezing and
erratic movements) were manually scored by two trained observers (inter-rater reliability >
0.85) blind to the experimental condition. Freezing was defined by the cessation of
movements, except gills or eyes, for at least 2 s. Erratic movements consist of abrupt changes
in swimming direction associated with fast swimming bouts (Kalueff et al. 2013). Locomotor
activity was assessed by the distance traveled, while vertical exploration was measured by

quantifying the time spent in top and the number of entries in the upper segment.

Determination of brain AChE activity

After behavioral analyses, animals were immediately euthanized to remove brain
tissue. To prepare each independent sample, two brains were pooled and homogenized in 1
mL of Tris—citrate buffer (50 mM Tris, 2 mM EDTA, 2 mM EGTA, pH 7.4).AChE activity
was measured by quantifying thiolate dianion formationat 412 nmusing 5,5'-dithionitrobis-2-
nitrobenzoic acid (DTNB) as color reagent (Ellman et al. 1961). In a final volume of 300 pL,
5 ug protein of brain sample were added and preincubated at 25°C for 10 min in a reaction

medium containing 33 uL of 100 mM phosphate buffer, pH 7.5 and 2.0 mM DTNB. AChE
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activity was measured by determining the acetylthiocholine iodide (0.88 mM) hydrolysis rate
for 3 min (intervals of 30 s) in a microplate reader (Canzian et al. 2017; Rosemberg et al.
2010). AChE activity was expressed as umol thiocholine (SCh)/h/mg protein. Protein content
per sample was quantified by the Coomassie Brilliant Blue G reagent (Bradford 1976) using

bovine serum albumin as standard.

Statistical analysis

Data normality and homoscedasticity were assessed by Kolmogorov-Smirnov and
Bartlett's tests, respectively. All results were expressed as means + standard error of means
(S.E.M.). Behavioral data were analyzed by repeated measures ANOVA, while biochemical
results were assessed by two-way ANOVA. Post hoc analyses were performed by Student-
Newman-Keuls multiple comparison test when appropriate. The significance level was set at

p<0.05.

Results
Aversive responses

Fig. 2A shows the effects of nicotine and CAS on freezing when a similar context was
used at post-training session. Repeated measures ANOVA revealed significant treatment X
session interactions (F@s3) = 3.749, p = 0.0162 and Fzs3 = 8.444, p = 0.0001, for freezing
bouts and freezing duration, respectively), in which CAS significantly increased freezing
bouts at both sessions. Nicotine-treated fish previously exposed to CAS showed a robust
increase in freezing bouts and spent more time frozen when reintroduced to the aversive
context. Repeated measures ANOVA yielded significant effects of treatment (F47) = 5.018,
p = 0.0042), in which CAS elicits freezing at training session, but no significant changes were

observed when fish were tested in the altered context (Fig. 2B). Moreover, CAS significantly

28



increased the number (Fs3) = 8.849, p < 0.0001, for the interaction term) and duration (F3s3)
= 0.195, p < 0.0001, for the interaction term) of erratic movements and nicotine prevented
these effects. No significant differences among groups were observed at post-training session

following CAS exposure in different visual contexts (Fig. 3).

Vertical swimming

Fig. 4 shows the vertical activity of zebrafish at training and post-training sessions.
Regarding the transitions to top area, statistical analyses revealed significant effects of
treatment (Fs3) = 4.635, p = 0.0060) and session (F,53 = 14.61, p = 0.0003). Post hoc
analyses showed less vertical activity in nicotine-treated group at post-training session when
reintroduced to the aversive context (Fig. 4A), but not in the altered context (Fig. 4B). In
both situations, a significant effect of treatment was observed (F@gs3 = 12.8, p < 0.0001), in
which CAS-exposed zebrafish spent less time in top area in the absence or presence of

nicotine at training and post-training sessions.

Locomotor activity

Fig. 5 depicts the effects of nicotine and CAS on locomotor parameters of zebrafish.
When zebrafish were reintroduced to the aversive context (Fig. 5A), repeated measures
ANOVA for distance traveled yielded significant effects of treatment (F@s3) = 5.433, p <
0.0001) and session (F53 = 26.48, p < 0.0001). A significant lower distance traveled was
observed in control, nicotine, and nicotine/CAS groups at post-training session, while no

changes were observed when zebrafish were tested in the altered context.

Brain AChE activity
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Fig. 6 shows the effects of nicotine and CAS on brain AChE activity. Statistical
analyses indicate significant effects of CAS (F1,24) = 5.425, p = 0.0286) and nicotine (F,24) =
4.338, p = 0.0481) when zebrafish were reintroduced to the aversive context. Post hoc tests
revealed a significant increase in AChE activity in nicotine-treated group previously exposed
to CAS (Fig. 6A), but no significant changes were observed in animals further tested in the

altered context (Fig. 6B).

Discussion

In this report, we investigate whether nicotine treatment before the training session
alters contextual fear conditioning responses of zebrafish. Studies demonstrate that CAS
induces fear (Canzian et al. 2017; Ogawa et al. 2014; Quadros et al. 2016) and a time-
dependent sensitization in zebrafish 24 h after a single exposure, indicating persistent effects
on defensive behaviors (Lima et al. 2016). Aversive memories may be activated when
animals are reintroduced to the context in which they previously experience fear or stress,
culminating in behavioral changes (Lima et al. 2016; Ruhl et al. 2017; Stewart et al. 2014).
Our data revealed that CAS triggered aversive behaviors by increasing freezing and erratic
movements at training session. However, exacerbated freezing was observed 24 h later in the
presence of aversive context without CAS. Since nicotine treatment did not elicit similar
responses when animals were later tested in the altered context, our novel findings suggest a
modulatory effect of nicotine on aversive memory of zebrafish. Moreover, considering the
increased AChE activity in nicotine/CAS group reintroduced to the aversive context, we
suggest a putative involvement of cholinergic system in contextual fear conditioning
responses of zebrafish.

In the literature, the association of different behavioral endpoints reflects defensive

responses of zebrafish. Aversive situations may increase freezing, erratic movements,
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avoidance, and geotaxis (Jesuthasan 2012; Speedie and Gerlai 2008). Usually, bottom
dwelling is a protective response during novelty stress that decreases when animals habituate
to the environment (Egan et al. 2009; Wong et al. 2010). CAS-exposed fish spent less time in
top area at both training and post-training sessions and nicotine did not alter this effect. Since
CAS elicits similar responses in animals tested in different contexts at post-training session,
changes in time spent in upper segments could reflect nonassociative effects of CAS, such as
sensitization of defensive responses (Lima et al. 2016). When nicotine-treated zebrafish were
reintroduced to the aversive context, transitions to upper segment were decreased when
compared with untreated group and freezing responses were exacerbated. Thus, we
hypothesize that the increased freezing behaviors could influence swimming activity in
nicotine/CAS group. Furthermore, the lower distance traveled in control and nicotine groups
retested in similar tanks could reflect habituation, since we did not observe this response in
animals further exposed to the altered context.

Contextual fear conditioning represents a basic protocol for measuring associative
learning in several species (Kim and Jung 2006). While freezing is the most consistent
endpoint of fear in rats and mice, zebrafish may freeze and swim erratically in the bottom of
the tank (Kalueff et al. 2013). As expected, CAS increased freezing and erratic movements at
training session, while freezing responses were exacerbated in nicotine-pretreated animals
reintroduced to the aversive context 24 h after CAS exposure. Despite the aversive behaviors
of zebrafish have not been elucidated properly so far, our data are consistent with the
literature. For example, rodents previously placed in a novel arena in the presence of US and
a visual cue as CS tend to demonstrate increased freezing responses if they associate that
environment with the aversive stimulus after return to the context (Goosens and Maren 2001;
Signor et al. 2014). Although more studies are needed to clarify how nicotine influences

zebrafish neurobehavioral phenotypes, this molecule abolished the effects of CAS on erratic
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movements at training session, suggesting a modulatory role on aversive behavior when the
alarm cue is present.

Since different effects nicotine were observed in CAS group at training and post-
training sessions, a putative role of the cholinergic system may be postulated. Indeed, studies
clearly demonstrate that nicotine induces long-term potentiation by activating nicotinic
acetylcholine receptors in brain regions involved in emotion processing, contributing to the
persistence of memory (Braida et al. 2014; Kutlu and Gould 2015; Lima et al. 2013; Vigorito
et al. 2013). AChE is the enzyme responsible for terminating cholinergic neurotransmission
by cleaving acetylcholine into choline and acetate at synaptic cleft (Soreq and Seidman
2001). Studies have shown that increased acetylcholine levels in the CNS play a crucial role
in cognitive functions (Changeux et al. 2015; Lendvai et al. 2013) and thus, AChE activity
must be tightly regulated. A significant increase in brain AChE activity of zebrafish
immediately after a single CAS exposure has been previously reported (Canzian et al. 2017),
suggesting an involvement of acetylcholine metabolism in fear responses. Interestingly, this
effect seems to be not persistent since AChE activity did not change 24 h after CAS
exposure. Here we demonstrate that brain AChE activity significantly increased in
nicotine/CAS group after post-training session in animals tested in the aversive, but not in the
altered context. In this protocol, considering that nicotine and CAS did not alter the enzyme
activity per se, our data reflect an influence of the aversive context in nicotine-treated fish.
Although different effects were previously reported in nicotine-treated animals (ljomone and
Nwoha 2015), these data reinforce that nicotine acts on AChE depending on species and
exposure period. Because activation of nicotinic acetylcholine receptors facilitates long-term
fear memories (Kutlu and Gould 2015), the increased AChE activity could be a compensatory

mechanism to regulate cholinergic neurotransmission in zebrafish CNS. Noteworthy, the
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differences observed herein support the involvement of cholinergic responses in zebrafish
contextual fear conditioning models.

To our knowledge, this is the first study showing a positive modulation of nicotine on
contextual fear conditioning in zebrafish. Since nicotine stimulates brain AChE activity after
reintroducing CAS-exposed animals to the aversive context, we suggest an involvement of
cholinergic signaling in associative learning and fear-like responses. These data reinforce the
use of zebrafish in future investigation to clarify the mechanisms underlying nicotine actions

in contextual fear conditioning protocols, complementing the existent rodent approaches.
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Fig. 1. Apparatus and contextual fear conditioning protocol in zebrafish. (A)

Experimental tank with visual cues (black and white stripes) and their respective dimensions.

(B) Pharmacological manipulations and experimental design. Zebrafish were kept during 3

days before the experiments into perforated Plexiglas tanks and further exposed to water or 1

mg/L nicotine for 3 min. After 20 min, fish were transferred to the experimental tank in the

presence or absence of 3.5 mL/L CAS for 5 min (training session). Post-training session was

performed 24 h later, except that no CAS was added. Arrows indicate video recording events

and the asterisk represents euthanasia and determination of brain AChE activity. (C)

Experimental tanks used to assess the contextual influence in zebrafish behavioral responses.
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Fig. 2. Freezing behavior at training and post-training sessions. (A) Freezing responses in
zebrafish reintroduced to the aversive context at post-training session. (B) Freezing responses
in zebrafish tested in the altered context at post-training session. Data were expressed as
means £ S.E.M and analyzed by repeated measures ANOVA followed by Student-Newman-
Keuls multiple comparison test. Distinct capital and lower case letters denote differences
among groups at training and post-training sessions, respectively. The asterisks denote
statistical differences at training and post-training sessions in a same experimental group.

Significance level was set at p < 0.05 (***p < 0.005, ****p < 0.001, n = 10-15 per group).
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Fig. 3. Erratic movements at training and post-training sessions. (A) Number and

duration of erratic movements in zebrafish reintroduced to the aversive context at post-

training session. (B) Number and duration of erratic movements in zebrafish tested in the

altered context at post-training session. Data were expressed as means + S.E.M and analyzed

by repeated measures ANOVA followed by Student-Newman-Keuls multiple comparison

test. Distinct capital and lower case letters denote differences among groups at training and

post-training sessions, respectively. The asterisks denote statistical differences at training and

post-training sessions in a same experimental group. Significance level was set at p < 0.05

(****p <0.001, n = 10-15 per group).
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Fig. 4. Vertical swimming of zebrafish at training and post-training sessions. (A)
Number of transitions and time spent in the upper segment in zebrafish reintroduced to the
aversive context at post-training session. (B) Number of transitions and time spent in the
upper segment in zebrafish tested in the altered context at post-training session. Data were
expressed as means £ S.E.M and analyzed by repeated measures ANOVA followed by
Student-Newman-Keuls multiple comparison test. Distinct capital and lower case letters
denote differences among groups at training and post-training sessions, respectively. The
asterisks denote statistical differences at training and post-training sessions in a same

experimental group. Significance level was set at p < 0.05 (*p < 0.05, n = 10-15 per group).
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Fig. 5. Locomotor parameter at training and post-training sessions. (A) Distance traveled
in zebrafish reintroduced to the aversive context at post-training session. (B) Distance
traveled in zebrafish tested in the altered context at post-training session. Data were
expressed as means £ S.E.M and analyzed by repeated measures ANOVA followed by
Student-Newman-Keuls multiple comparison test. Distinct capital and lower case letters
denote differences among groups at training and post-training sessions, respectively. The
asterisks denote statistical differences at training and post-training sessions in a same
experimental group. Significance level was set at p < 0.05 (*p < 0.05, **p <0.01, n = 10-15

per group).
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Fig. 6. Brain AChE activity. (A) Zebrafish reintroduced to the aversive context at post-

training session. (B) Zebrafish tested in the altered context at post-training session. Data were

expressed as means + S.E.M and analyzed by two-way ANOVA followed by Student-

Newman-Keuls multiple comparison test. The asterisk denotes statistical differences when

compared to control group. Significance level was set at p < 0.05 (*p < 0.05, n = 6-8 per

group).
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5. CONCLUSAO

A presente dissertacdo demonstra que a nicotina é capaz de modular respostas de
medo condicionado contextual em peixe-zebra, bem como pardmetros relacionados ao
sistema colinérgico. Essa conclusdo pode ser sustentada pelos seguintes achados:

- Apesar da nicotina prevenir 0 aumento dos movimentos erraticos induzidos pela
CAS na sessdo treino, o grupo nicotina/CAS apresentou um aumento marcante na duracao e
no nimero de episddios de congelamento quando reintroduzido no contexto aversivo. No
entanto, animais submetidos a um contexto diferente ndo apresentaram tais alteracdes.

- A nicotina diminuiu o nimero de transicdes verticais e a distancia percorrida em
animais reintroduzidos somente no contexto aversivo. Ademais, a exposicdo a CAS diminuiu
0 tempo no topo de animais tratados ou ndo com nicotina, tanto na se¢do treino como na
secdo pos-treino de modo independente de contexto, sugerindo um parametro que poderia
refletir sensibilizacdo induzida por CAS.

- A nicotina aumentou a atividade da AChE em peixes expostos a CAS. No entanto,
ndo foi observada alteracdo enziméatica em animais submetidos a contextos diferentes, o que
indica uma influéncia da sinalizacéo colinérgica no medo condicionado contextual em peixe-

zebra.
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6. PERSPECTIVAS DO ESTUDO

Este trabalho mostrou que a exposicdo a nicotina e a CAS exibe fendtipos
comportamentais de exacerbacdo do medo em animais submetidos ao teste de medo

condicionado contextual. Dessa maneira, as perspectivas do estudo séo:

- Investigar os efeitos da nicotina na consolidacao e evocacdo da memaria aversiva no
teste de medo condicionado contextual;

- Avaliar os efeitos da exposicdo cronica a nicotina na aquisicdo da memoria
utilizando o teste de medo condicionado contextual,

- Verificar se a nicotina é capaz de modular parametros relacionados ao estresse
oxidativo;

- Explorar os efeitos promovidos pela nicotina sobre alteracbes neuroquimicas de
animais submetidos a agentes estressores;

- Avaliar os efeitos promovidos pelo antagonismo seletivo dos receptores nicotinicos

e muscarinicos de acetilcolina em respostas comportamentais e bioquimicas.
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CERTIFICADO

Certificamos que o Projeto intitulado "Efeitos da nicotina sobre alteragdes comportamentais e bioquimicas induzidas pela cetamina
e por agentes estressores agudos em peixe zebra (Danio rerio)", protocolado sob o CEUA n? 6894010616, sob a responsabilidade
de Denis Broock Rosemberg e equipe; Fldvia Vestena Stefanello; Nicolli Lages; Paola Rampelotto Ziani; Sténio Ribeiro
Zimermann Nunes; Tamie Duarte; Vanessa Andreatta de Quadros - que envolve a produgao, manutencao e/ou utilizacdo de animais
pertencentes ao filo Chordata, subfilo Vertebrata (exceto o homem), para fins de pesquisa cientifica ou ensino - esté de acordo com
0s preceitos da Lei 11.794 de 8 de outubro de 2008, com o Decreto 6.899 de 15 de julho de 2009, bem como com as normas
editadas pelo Conselho Nacional de Controle da Experimentacdo Animal (CONCEA), e foi aprovado pela Comissdo de Etica no Uso
de Animais da Universidade Federal de Santa Maria (CEUA/UFSM) na reunido de 23/06/2016.

We certify that the proposal "Effects of nicotine on behavioral and biochemical alterations promoted by ketamine and acute
stressors in zebrafish (Danio rerio)", utilizing 272 Fishes (males and females), protocol number CEUA 6894010616, under the
responsibility of Denis Broock Rosemberg and team; Fldvia Vestena Stefanello; Nicolli Lages; Paola Rampelotto Ziani; Sténio
Ribeiro Zimermann Nunes; Tamie Duarte; Vanessa Andreatta de Quadros - which involves the production, maintenance and/or use
of animals belonging to the phylum Chordata, subphylum Vertebrata (except human beings), for scientific research purposes or
teaching - is in accordance with Law 11.794 of October 8, 2008, Decree 6899 of July 15, 2009, as well as with the rules issued by
the National Council for Control of Animal Experimentation (CONCEA), and was approved by the Ethic Committee on Animal Use of
the Federal University of Santa Maria (CEUA/UFSM) in the meeting of 06/23/2016.

Finalidade da Proposta: Pesquisa
Vigéncia da Proposta: de 08/2016 a 07/2019 Area: Bioquimica E Biologia Molecular
Procedéncia: Nao aplicavel biotério

Espécie: Peixes sexo: Machos e Fémeas  idade: 4 a6 meses N: 272
Linhagem: Danio rerio / wild type (WT/SF) Peso: 0250a0280¢

Resumo: A nicotina é um alcaloide presente nas folhas do tabaco que possui diversos efeitos farmacolégicos e toxicolégicos.
Estudos relatam o envolvimento da nicotina na melhora significativa das fungdes comportamentais de varias espécies, inclusive em
humanos. Além da regulacdo da funcdo motora, os receptores nicotinicos estao diretamente relacionados com efeitos sobre o
aprendizado e meméria. Ainda, a nicotina tem papel importante em modelos de ansiedade, devido ao seu efeito ansiolitico apés
um curto periodo de exposi¢ao. Em peixes, agentes estressores como a exposi¢do aguda a substancia de alarme e a perseguicao
com rede por um curto periodo podem gerar o fenétipo comportamental associado a medo e ansiedade, além de possibilitar a
ativagao do eixo do estresse e o aumento dos niveis de cortisol. Portanto, é relevante investigar os efeitos que a nicotina pode
exercer sobre o prejuizo da fungdo locomotora (surgimento de comportamentos estereotipados) e déficit cognitivo causados por
doses sub-anestésicas de cetamina em nivel de sistema nervoso central (SNC). Além disso, devido ao seu potencial papel
ansiolitico, a nicotina poderia exercer efeitos benéficos em modelos relacionados a indugdo de estresse quimico e fisico. Dessa
forma, o objetivo geral do presente projeto é elucidar os efeitos neurocomportamentais da nicotina sobre as alteracées promovidas
pela cetamina e agentes estressores agudos em peixe zebra (Danio rerio).

Local do experimento: Laboratério de Fisiologia de Peixes (LAFIPE), UFSM, CCS - Departamento de Farmacologia e Fisiologia.

Santa Maria, 04 de julho de 2016

Profa. Dra. Daniela Bitencourt Rosa Leal Prof. Dr. Denis Broock Rosemberg
Coordenadora da Comissao de Etica no Uso de Animais Vice-Coordenador da Comissao de Etica no Uso de Animais
Universidade Federal de Santa Maria Universidade Federal de Santa Maria

Avenida Roraima, 1000, Reitoria, 22 andar - CEP 97105-900 Santa Maria, RS - tel: 55 (55) 3220-9362 / fax:
Horério de atendimento: das 8:30 4s 12h e 14h &s 17hs : e-mail: ceua.ufsm@gmail.com
CEUA N 6894010616
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