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RESUMO

EFEITOS NEUROCOMPORTAMENTAIS PROMOVIDOS PELA CAFEINA EM
DUAS POPULACOES DE PEIXE-ZEBRA

AUTOR: LUIZ VINICIUS COSTA DA ROSA
ORIENTADOR: DENIS BROOCK ROSEMBERG

O peixe-zebra (Danio rerio) é um organismo modelo emergente na neurociéncia
comportamental. Dentre as caracteristicas que tornam esse organismo experimental atraente
para pesquisas cientificas, podemos citar o tamanho diminuto, o baixo custo, a facilidade para
manutencdo, a alta taxa de proliferacdo e o rapido desenvolvimento até a fase adulta. As
populacdes de peixe-zebra do tipo selvagem (WT) e leopardo (leo) possuem diferencas
comportamentais significantes e a populacdo leo apresenta um acentuado comportamento
basal ansiogénico. Dentre as diferentes moléculas que modulam o comportamento do tipo
ansiedade, a cafeina é a substancia psicoestimulante mais consumida nas dietas ocidentais.
Apesar dos seus efeitos ansiogénicos ja terem sido descritos na literatura, a influencia dos
efeitos mediados pela cafeina em populaces com distintos padrdes de ansiedade ainda ndo é
bem compreendida. Em virtude da neurofenotipagem ser facilmente avaliada no peixe-zebra,
0 qual apresenta um comportamento exploratorio capaz de ser analisado temporalmente e
espacialmente em trés dimensdes, 0 presente estudo tem por objetivo investigar os efeitos
mediados pela cafeina nas respostas de habituacdo a novidade e nos comportamentos
locomotores, exploratérios e do tipo ansiedade. Para esse propdsito, peixes-zebra foram
expostos agudamente a cafeina (25, 50, 100 e 200 mg/L) por 15 minutos e logo apos, foram
transferidos individualmente a um novo aquario para a avaliacdo comportamental. A analise
das variaveis comportamentais e a reconstrucdo do nado exploratorio em trés dimensdes
demonstraram que a cafeina possui efeito ansiogénico dependente de concentragdo, por alterar
o nado vertical, episédios de congelamento e nado erratico. Um efeito ansiogénico
proeminente foi observado na resposta de habituag¢do & novidade em WT, sugerindo um papel
do fendtipo nas respostas comportamentais mediadas pela cafeina. Além disso, um padrédo de
nado andémalo foi observado na concentracdo de 200 mg/L em alguns individuos de ambas as
populacdes, o que poderia refletir uma potencial neurotoxicidade da cafeina em altas
concentragfes. Em suma, o presente trabalho demonstrou que os efeitos da cafeina no peixe-
zebra sdo dependentes de concentracdo e das populacbes estudadas. Ademais, o uso de
diferentes populacdes de peixe-zebra podera servir como uma estratégia para estudos do
comportamento tipo ansiedade em futuros estudos farmacoldgicos.

Palavras chave: Peixe-zebra, cafeina, comportamentos defensivos, habituagéo a novidade.



ABSTRACT

NEUROBEHAVIORAL EFFECTS OF CAFFEINE IN TWO ZEBRAFISH
POPULATIONS

AUTHOR: LUIZ VINICIUS COSTA DA ROSA
ADVISOR: DENIS BROOCK ROSEMBERG

The zebrafish (Danio rerio) is an emergent model organism in behavioral neuroscience.
Several features make zebrafish an attractive vertebrate in scientific researches, such as the
small size, low cost, the ease maintenance, abundant offspring, and the fast development until
adult phase. The wild-type (WT) and leopard (leo) zebrafish populations present significant
behavioral differences, in which leo has a more anxious profile at basal levels. Among the
molecules that modulate anxiety-like behaviors, caffeine is the most consumed psicostimulant
substance in the western diet. Although the anxiogenic effects of caffeine have been described
previously, its influence on populations with different baselines of anxiety levels is unknown.
Since behavioral neurophenotyping is easily assessed in zebrafish, especially due to their
three dimensional swimming pattern, this study aimed to investigate the effects of caffeine on
habituation to novelty stress and its influence on locomotion, exploration, and anxiety-like
behaviors. Animals were acutely exposed to caffeine (25, 50, 100, and 200 mg/L) for 15
minutes and further transferred individually to a novel tank. Behavioral analyses and three-
dimensional reconstructions of the swimming traces revealed a concentration-dependent
effect of caffeine on anxiety-like behaviors by altering vertical activity, freezing episodes, and
erratic movements. A prominent anxiogenic effect was verified in WT during habituation to
novelty, suggesting an involvement of phenotype in this response. Furthermore, both
populations showed abnormal behaviors following 200 mg/L caffeine, reflecting a potential
caffeine-mediated neurotoxicity at high concentrations. Altogether, we demonstrate a
concentration- and population-dependent effect of caffeine in zebrafish. Besides, the use of
different zebrafish populations could serve as a tempting strategy to evaluate anxiety-like
behaviors in future pharmacological approaches.

Keywords: Zebrafish, caffeine, defensive behaviors, habituation to novelty.
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1. APRESENTACAO

Esta Dissertacdo aborda os efeitos neurocomportamentais mediados pela exposic¢éo
aguda a cafeina em duas populacbes de peixe-zebra. Ela encontra-se estruturada da seguinte
forma:

INTRODUCAO: Revisdo da literatura com caracterizagio dos temas abordados na
Dissertacao.

MATERIAIS E METODOS, RESULTADOS e DISCUSSAO: Serdo apresentados
na forma de manuscrito cientifico.

CONCLUSAO: Comentarios gerais sobre os principais achados do trabalho.

PERSPECTIVAS: Apresentacdo das possibilidades de novos estudos a partir dos
resultados obtidos.

REFERENCIAS: Lista as referéncias utilizadas na introdugfo da Dissertaco.
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2. INTRODUCAO

2.1. Cafeina e seus efeitos nos sistemas bioldgicos

A cafeina (1,3,7-trimetilxantina), € uma das substdncias psicoestimulantes mais
consumidas no mundo. Esta molécula é um alcaloide natural pertencente a classe das
metilxantinas, a qual é encontrada em mais de sessenta tipos de plantas, tais como o grdo de
café (Coffea Arabica e Coffea robusta), noz de cola (Cola acuminate), erva-mate (llex
paraguariensis), guarand (Paullinia cupana), cha-da-india (Camelia siniensise) e no cacau
(Theobroma cacao) (MEJIA; RAMIREZ-MARES, 2014). Sua concentragdo presente nos
alimentos varia conforme o tipo de produto, processamento e fatores de cultivo
(CAPPELLETTI et al., 2015; FREDHOLM et al., 1999; PESTA et al, 2013;
PORCIUNCULA et al., 2013). Além disso, o consumo de cafeina é liberado pela Agéncia
Brasileira de Vigilancia Sanitaria (“Legislagdo - Anvisa”, [s.d.]) e estima-se que 0 consumo
médio diario brasileiro através da dieta alimentar seja de 117,7 mg (SARTORI; SILVA,
2016). Cabe ressaltar que a cafeina também pode ser consumida através de outras fontes, uma
vez que é frequentemente utilizada como aditivo de bebidas energéticas, suplementos
alimentares e medicacdes (“Legisla¢ao - Anvisa”, [s.d.]).

A absorcdo da cafeina apresenta-se de maneira rapida e sem metabolismo de primeira
passagem, atingindo o pico plasméatico em torno de 30 minutos apds a ingestdo oral em
humanos (BLANCHARD; SAWERS, 1983). Uma vez absorvida, a cafeina pode se ligar
reversivelmente a proteinas plasmaticas (ARNAUD, 1987). Além disso, a cafeina possui uma
facil distribuicdo entre os tecidos, incluindo o Sistema Nervoso Central (SNC), pelo fato de
atravessar a barreira hematoencefalica (ARNAUD, 2011). A metabolizacdo da cafeina ocorre
através de reacdes mediadas pelas enzimas da familia do citocromo P450 e a enzima do tipo

CYP1A2 é responsaveis por 90% depuracao da cafeina em mamiferos (Figura 1).
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Figura 1: Férmula estrutural da cafeina e de seus principais metabolitos em animais e reagdes

quimicas envolvidas.
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Fonte: Adaptado de PORCIUNCULA et al., 2013.

A excrecdo da cafeina ocorre majoritariamente por via renal (de 70 a 85%) e sua
velocidade depende do fluxo urinario. Porém, apenas 2% da cafeina € eliminada na forma
inalterada e o mecanismo responsavel pela baixa eliminacdo é a extensiva reabsorcdo da
cafeina e dos seus metabolitos primarios nos tabulos renais (ARNAUD, 2011). Os principais
(responsavel pela hidrolise da adenosina monofosfato ciclico), a regulacdo dos receptores de
rianodina e ao antagonismo ndo seletivo dos receptores de adenosina de acao inibitoria (A1 e
Az) e facilitatéria (A2a, € Azs) (FRANCIS et al.,, 2011; FREDHOLM et al., 1999;
GUERREIRO; MARIEN; MICHEL, 2011; MULLER; JACOBSON, 2011). O antagonismo
dos receptores adenosinérgicos é considerado o principal mecanismo responsavel pelos
efeitos majoritarios da cafeina no SNC, o qual resulta em diferentes respostas celulares
(Figura 2).



14

Figura 2: Efeitos celulares promovidos pela ativacdo dos receptores adenosinérgicos, 0s
quais podem ser modulados pelo antagonismo ndo seletivo promovido pela cafeina.
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Fonte: Adaptado de DIAS et al., 2013.

Uma vez que a adenosina ¢ uma molécula neuromoduladora endégena (CUNHA,
2001; LUSARDI, 2009), o antagonismo competitivo dos receptores de adenosina resulta em
alteracdes neurofisioldgicas. Tais modificacbes exercem influéncia na fisiologia de diversos
sistemas de neurotransmissdo, as quais podem culminar em diferentes aspectos
neurocomportamentais (ex: agressividade, atencdo e ansiedade) (CHEREK; STEINBERG;
BRAUCHI, 1983; CUNHA, 2001; ZWYGHUIZEN-DOORENBOS et al., 1990). Além disso,
altas concentragdes de cafeina possuem acdo pro-convulsionante principalmente através do
antagonismo dos receptores Az, 0 qual exerce uma acdo inibitdria pelo controle da liberacdo
de aminodcidos excitatorios, tais como o glutamato. No geral, supbe-se que a cafeina nédo
desencadeia convulsdes por si s6, porém potencializa a hiperexcitabilidade cerebral
preexistente (BOISON, 2011).
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2.2. Ansiedade

A ansiedade € uma resposta comportamental de carater defensivo apresentada em
diversas espécies no reino animal quando ocorrem situacdes de estresse e perigo em potencial
(BLANCHARD; BLANCHARD; GRIEBEL, 2001). Apesar de ser um comportamento de
autopreservacdo responsavel pela sobrevivéncia, situaces em que esse comportamento
apresenta-se de maneira exacerbada sdo consideradas patologicas (BLANCHARD;
SUMMERS; BLANCHARD, 2013; LANDGRAF; WIGGER, 2002; SUVEG et al., 2010).
Desse modo, a exacerbacdo do comportamento do tipo ansiedade é associada com desordens
de panico, fobias simples, fobias sociais, estresse pds-traumatico e outros transtornos do SNC
(ANDLIN-SOBOCKI; WITTCHEN, 2005; KESSLER et al., 2012; LANDGRAF; WIGGER,
2002; SUVEG et al., 2010).

Os transtornos de ansiedade caracterizam-se como a desordem psiquiatrica mais
prevalente no mundo, visto que um terco da populacdo mundial desenvolve algum tipo de
transtorno de ansiedade ao decorrer da vida (KESSLER et al., 2012). Somente nos Estados
Unidos da América (EUA), os transtornos de ansiedade atingem aproximadamente 40 milhdes
de adultos e o tratamento pode custar mais de 42 bilhGes de dolares por ano (HURRELL,;
HOUWING; HUDSON, 2017). Em virtude disso, estudos estdo sendo desenvolvidos a fim de
esclarecer os aspectos comportamentais e neuroquimicos responsaveis pelas respostas de
ansiedade em diversas espécies (GOMES et al., 2013; KULESSKAYA; VOIKAR, 2014;
MAXIMINO et al., 2010a; OLIVEIRA; FERNANDES; SISTO, 2014; QUADROS et al.,
2016; ZANGROSSI; GRAEFF, 2014).

Diversos fen6tipos comportamentais relacionados a ansiedade podem ser observados
através da manipulacdo farmacoldgica de substancias ansiogénicas, como por exemplo, a
cafeina (BHORKAR et al., 2014; CARAVAN et al., 2016; EGAN et al., 2009; EL YACOUBI
et al., 2000). Contudo, o perfil de ansiedade pode apresentar diferencas significativas entre
populacbes em fungdo de fatores ambientais e intrinsecos (BAXTER et al., 2013; KRIEG;
XU; CICERO, 2016; LOPEZ; LABER, 2015). Assim, 0 uso de modelos animais para avaliar
os fenotipos relacionados ao comportamento ansioso em diferentes populagfes é de grande

importancia em uma perspectiva translacional.
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2.3. O peixe-zebra como organismo modelo

O peixe-zebra (Danio rerio) é um pequeno teledsteo de agua doce nativo da Asia que
pertence a familia Cyprinidae (WHITLOCK; WESTERFIELD, 2000). Dentre as vantagens
apresentadas pela espécie podemos citar o pequeno tamanho (adultos medem cerca de 3 a 5
cm), o baixo custo e o reduzido espaco para manutencdo, a alta taxa de proliferacdo (desova
de 50 a 200 ovos por fémea em condicdes otimizadas de reproducédo), a presenca de ovos
transltcidos e o rapido desenvolvimento até a fase adulta (aproximadamente 2—3 meses)
(LELE; KRONE, 1996). Além desses fatores, o peixe-zebra possui um comportamento
relativamente complexo em relagdo aos demais modelos animais, 0 que permite a triagem de
fenoOtipos comportamentais através da andlise tridimensional e temporal da locomocéo
(CACHAT etal., 2011a; KALUEFF et al., 2013; ROSEMBERG et al., 2011) (Figura 3).

Figura 3: Esquema de algumas caracteristicas vantajosas do peixe-zebra na pesquisa
cientifica. (A) Elevada taxa de proliferacdo. (B) Rapido desenvolvimento entre a fecundacéo e

a maturidade sexual. (C) Locomocao exploratdria tridimensional.
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Fonte: Do autor e https://en.wikipedia.org/wiki/Zebrafish (acessado e adaptado em agosto de
2017).
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Um dos pioneiros no estudo da biologia do peixe-zebra foi George Streisinger, que
utilizou técnicas de mutagénese sitio dirigidas para estudos relacionados a biologia do
desenvolvimento (DAHM; GEISLER, 2006; GRUNWALD; EISEN, 2002; GULATI-
LEEKHA; GOLDMAN, 2006). O genoma do peixe zebra ja é completamente sequenciado e
seus genes possuem um alto grau de similaridade com os genes dos mamiferos, o que
possibilita seu uso como organismo modelo para o estudo de doencas humanas (HOWE et al.,
2013). Devido as suas caracteristicas, 0 peixe-zebra combina a complexidade de um
vertebrado em um tamanho diminuto, o que favorece a elaboracdo de protocolos de triagens
de médio/alto rendimento (GOLDSMITH, 2004; LEUNG; MOURRAIN, 2016).

Nas ultimas décadas, o peixe-zebra vem sendo utilizado como organismo experimental
nas areas como bioquimica, neuroquimica, e farmacologia e biologia do comportamento
(BLASER; CHADWICK; MCGINNIS, 2010; EGAN et al., 2009; FONTANA et al., 2016;
GERLAI et al., 2000; RICO et al., 2011; ROSEMBERG et al., 2011). Da mesma maneira, 0
uso do peixe-zebra esta crescendo gradativamente para estudos dos comportamentos
defensivos e de fenotipos relacionados a ansiedade (CACHAT et al., 2010; MAXIMINO et
al., 2010a; STEWART et al., 2011)

2.4. Testes comportamentais em peixe-zebra

O uso peixe-zebra vem ganhando espaco nas areas de pesquisa em neurociéncia, com
aplicabilidade para a compreensdo do repertorio comportamental em pesquisas de cunho
ecolégico e na medicina translacional (KALUEFF et al., 2013; LEUNG; MOURRAIN,
2016). A compreensdo dos mecanismos neurobioldgicos e dos fen6tipos comportamentais
associados na espécie pode fornecer importantes descobertas a respeito de potenciais
biomarcadores, das bases genéticas envolvidas em diversas patologias, bem como investigar
potenciais estratégias farmacolégicas de carater preventivo (KHAN et al., 2017; RICO et al.,
2007). Em virtude disso, foi desenvolvido um catalogo detalhado que descreve os repertorios
comportamentais existentes no peixe-zebra, tanto em estagio larval quanto adulto, permitindo
assim, a identificacdo de fenotipos comportamentais (Zebrafish Behavioral Catalogue, ZBC)
(KALUEFF et al., 2013).

Estimulos potencialmente aversivos sdo comumente utilizados para a investigacdo de
fenotipos comportamentais relacionados a ansiedade em peixe-zebra. Tais estimulos induzem
respostas defensivas, como o0 aumento da geotaxia, nado erréatico, episddios de congelamento,

tigmotaxia, escototaxia e comportamento de agrupamento (Figura 4A) (CANZIAN et al.,
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2017; EGAN et al., 2009; MAXIMINO et al., 2010a; ROSEMBERG et al.,, 2011;
SACKERMAN et al., 2010). Baseando-se nesse principio, o0 teste do tanque novo é uma
metodologia que analisa as respostas comportamentais dos peixes expostos a um ambiente
desconhecido, pois assim como nos roedores, a novidade ¢ um fator potencialmente aversivo
ao qual o animal habitua-se gradativamente (Figura 4B) (CACHAT et al., 2010; EGAN et al.,
2009; STEWART et al., 2011).

Figura 4: Triagem dos repertorios comportamentais do peixe-zebra. (A) Fenotipos

comportamentais relacionados a ansiedade em peixe-zebra. (B) Teste do tanque novo.

(A)

Exploragéo normal Geotaxia Nado errético
(Preferénicia pelo fundo) (Nado rapido e sem diregéo)

A

Congelamento Escototaxia Agrupamento
(imobilidade e hiperventilagéo) (Preferéncia por ambientes
escuros)

Tigmotaxia
(Preferéncia pela periferia)

Tanque novo
Aquario de manutengdo

Fonte: Do autor.
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Apesar do estudo do comportamento do tipo ansiedade em peixe-zebra ser recente,
diversos trabalhos tém mostrado avangos significativos nesta &rea do conhecimento
(CANZIAN et al., 2017; GUO; WAGLE; MATHUR, 2012; KOKEL; PETERSON, 2008;
MAXIMINO et al., 2013; MEZZOMO et al., 2016; QUADROS et al., 2016). Atualmente,
pesquisas neuroquimicas, neuroanatdmicas e farmacologicas em peixe-zebra estdo sendo
desenvolvidas a fim de buscar novos conhecimentos associados aos fatores desencadeadores
de comportamento do tipo ansiedade (GUO; WAGLE; MATHUR, 2012; JESUTHASAN,
2012). Na literatura, a cafeina vem sendo utilizada como uma substancia capaz de modular
parametros locomotores (TRAN et al., 2017), atividade vertical (EGAN et al., 2009) e
interacdo social induzida por estimulo robotico (LADU et al., 2015) em peixe-zebra. Apesar
desses estudos descreverem alteracGes comportamentais mediadas pela cafeina na espécie, as
potenciais diferencas relacionadas a respostas ansiogénicas em populacGes de peixe-zebra que
apresentem diferentes basais de ansiedade ainda sdo desconhecidas. Dessa maneira, estudos
referentes aos comportamentos do tipo ansiedade em peixe-zebra apresentam um grande
potencial para a avaliacdo dos efeitos neurocomportamentais promovidos pela cafeina em
individuos que possuem diferentes caracteristicas frente a exposicdo a substancias

ansiogénicas.

2.5. Populacges de peixe zebra: selvagem e leopardo

Como observado em roedores, diferentes populacGes de peixe zebra foram descritas na
literatura (EGAN et al.,, 2009; HOPTAK-SOLGA et al.,, 2007; IRION et al.,, 2014;
IWASHITA et al., 2006). A populacdo do tipo selvagem (WT) possui pigmentacdo em forma
de listras azuis continuas na lateral do corpo, que véao da cabeca a cauda (HOPTAK-SOLGA
et al.,, 2007). Em contraste, o fenotipo leopardo (leo) possui uma pigmentacéo irregular,
apresentando um padrdo de pintas ao invés de listras (Figura 5). Apesar da caracterizacao
genética de ambas as populacdes ainda néo ter sido completamente elucidada, acredita-se que
WT seja geneticamente heterogéneo, assemelhando-se mais as populag¢fes nativas de peixe
zebra (CANZIAN et al., 2017; PARRA; ADRIAN JR.; GERLAI, 2009). Além disso, leo
apresenta um comportamento defensivo basal mais acentuado, sugerindo um comportamento
do tipo ansiedade elevado em comparagdo ao WT (CANZIAN et al., 2017; EGAN et al., 2009;
MAXIMINO et al., 2010b; QUADROS et al., 2016). Em virtude disso, a selecdo dessas

populagdes poderia melhorar o desenho experimental para triagens dos efeitos de compostos
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potencialmente ansiogénicos, permitindo uma analise detalhada em perfis comportamentais
distintos.

Em virtude dos comportamentos do tipo ansiedade entre as populacGes WT e leo serem
distintos, é de grande relevancia o estudo das modula¢des comportamentais promovidas pela
exposicdo a substdncias potencialmente ansiogénicas nestas poupulagdes. Além disso a
neurofenotipagem comportamental através de uma reconstrugdo tridimensional do nado de
exploracdo poderia fornecer uma nova abordagem em relacdo ao comprtamento do tipo

ansiedade em peixes-zebra.

Figura 5: Fendtipo dos peixes-zebra das populacoes selvagem (WT) e leopardo (leo).

.
.- v

leopardo

Fonte: http://www.eb.tuebingen.mpg.de/research/emeriti/research-group-colour-pattern-

formation.html (adaptado e acessado em agosto de 2017).
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3. OBJETIVOS

3.1. Objetivo geral

Avaliar os efeitos neurocomportamentais promovidos pela exposicdo aguda a

diferentes concentracdes de cafeina em duas populacdes de peixe-zebra.

3.2. Objetivos especificos

De modo especifico, utilizando as populacdes WT e leo, 0s objetivos sdo:

e Auvaliar se diferentes concentracdes de cafeina afetam o padrdo locomotor dos
peixes;

e Investigar o padrdo dos comportamentos relacionados a atividade exploratéria
vertical e tigmotaxia imediatamente apds exposicao aguda a cafeina;

e Analisar os efeitos promovidos pela cafeina nos comportamentos defensivos de
congelamento e movimentos erraticos;

e Verificar o fendtipo neurocomportamental de habituacdo dos peixes a um novo

ambiente ap6s exposicao a diferentes concentracdes de cafeina.



22

4. MANUSCRITO CIENTIFICO

Different effects of caffeine on behavioral neurophenotypes of two zebrafish populations

Luiz Vinicius Rosa, Ana Paula Ardais, Fabiano Vargas Costa, Barbara Dotto Fontana,

Vanessa Andreatta Quadros, Lisiane Oliveira Porcitncula, Denis Broock Rosemberg

O manuscrito apresenta-se na forma ao qual foi submetido ao periddico
Pharmacology, Biochemistry and Behavior.
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Highlights

Behavioral effects of caffeine were tested in WT and leo zebrafish populations.

Behavioral neurophenotyping was analyzed by endpoints and 3D swimming traces.

Caffeine increased anxiogenic-like behaviors in zebrafish populations.
Caffeine prominently impaired the habituation to novelty in WT.

High caffeine concentrations induced abnormal behavior in zebrafish.
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Abstract

Caffeine is a substance present in several foods and drinks of common western diet.
Although its anxiogenic properties have been described, the influence of the different
baselines of anxiety levels on caffeine-mediated responses is poorly understood. The short-fin
wild-type (WT) and leopard (leo) zebrafish populations present significant behavioral
differences, in which leo shows exacerbated anxiety-like responses. Since behavioral
neurophenotyping may be easily assessed in adult zebrafish by associating temporal and
spatial three-dimensional reconstructions of locomotion, this study investigated the effects of
caffeine on exploratory and anxiety-like behavior of WT and leo zebrafish populations. For
this propose, animals were acutely exposed to caffeine (25, 50, 100, and 200 mg/L) for 15
min and further tested in the novel tank. Endpoint data and 3D reconstruction plots revealed
that caffeine was anxiogenic in both WT and leo populations by altering vertical swimming,
freezing, and erratic movements depending on the concentration. Prominent anxiogenic
effects during habituation to novelty were observed in WT, suggesting a fundamental role of
the phenotype in caffeine-mediated neurobehavioral responses. Moreover, caffeine induced
aberrant swimming profiles in WT and leo following 200 mg/L exposure. Overall, our novel
findings show that caffeine effects in zebrafish differ in a population-dependent manner.
Although future studies are needed to elucidate the neurochemical mechanisms underlying
caffeine actions in zebrafish brain, our results contribute for behavioral neurophenotyping of

vertebrates following acute caffeine exposure using alternative zebrafish models.

Keywords: Caffeine; anxiety-like behavior; vertical swimming; habituation to novelty; wild-

type; leopard.
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1. Introduction

Caffeine (1,3,7- Trimethylxanthine), is the most consumed psychostimulant substance
present in several components of the western diet, such as coffee, chocolate, tea, and energy
drinks (CAPPELLETTI et al., 2015; FREDHOLM et al., 1999; PESTA et al., 2013). The
major effects of caffeine in the central nervous system (CNS) are attributed to the non-
selective antagonism of adenosine A1, A2a, and Azgs receptors (FREDHOLM et al., 1999;
PORCIUNCULA et al., 2013). Since adenosine is an endogenous neuromodulator (CUNHA,
2001; LUSARDI, 2009), the blockade of adenosine receptors results in different
neurophysiological responses, which reflect changes on behavioral phenotypes (e.g. alertness,
aggressiveness, and increased anxiety) (CHEREK; STEINBERG; BRAUCHI, 1983;
CUNHA, 2001; ZWYGHUIZEN-DOORENBOS et al., 1990).

Anxiety is a common behavioral response that occurs when animals face stressful and
potential dangerous situations. Although anxiety has an adaptive role in organisms,
exacerbated anxiety is a pathological condition commonly associated with panic disorders,
specific phobias, and other anxiety-related disorders (ANDLIN-SOBOCKI; WITTCHEN,
2005; KESSLER et al., 2012; LANDGRAF; WIGGER, 2002; SUVEG et al., 2010). Anxiety-
related disorders are the most prevalent psychiatric condition in the world and approximately
one-third of the population is affected during the life (KESSLER et al., 2012). Thus,
alternative tools for studying how different anxiety-related phenotypes respond to anxiogenic
substances are of great relevance in a translational perspective.

Zebrafish (Danio rerio) is a popular animal model in behavioral neuroscience studies
due to some interesting advantages, such as easy maintenance, low cost, abundant offspring,
and evolutionarily conserved genetic and physiological features (EGAN et al., 2009; KYZAR

etal., 2012; RICO et al., 2011). Besides, zebrafish express the major neurotransmitter systems
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described for mammals, allowing a detailed pharmacological investigation regarding the
effects of different compounds on the CNS.

One of the great advantages of zebrafish when comparing to other animal models is the
relatively complex 3D swimming behavior, which allows temporal and spatial three-
dimensional reconstructions of the locomotion (Cachat et al., 2011a).

As observed in rodents, different zebrafish populations have been described in the
literature (EGAN et al., 2009; HOPTAK-SOLGA et al.,, 2007; IRION et al., 2014,
IWASHITA et al., 2006). The short-fin wild-type (WT) display continuous blue stripes on the
surface of the body up to the length of the caudal fin (HOPTAK-SOLGA et al., 2007).
Contrastingly, the leopard (leo) phenotype has an irregular body pigmentation presenting
spots rather than stripes. Although the genetic characterization of these outbred populations
has not been fully elucidated, WT is expected to be genetically heterogeneous which more
closely resembles natural wild populations of zebrafish (CANZIAN et al., 2017; PARRA,;
ADRIAN JR.; GERLALI, 2009). Additionally, leo shows pronounced defensive behaviors in a
novel tank, suggesting increased anxiety (CANZIAN et al., 2017; EGAN et al., 2009;
MAXIMINO et al., 2010b; QUADROS et al., 2016). Although previous studies have shown
that caffeine may alter locomotion (Tran et al., 2017), vertical activity (Egan et al., 2009),
response to a robot stimulus (Ladu et al., 2015), and object discrimination (Santos et al.,
2016) of zebrafish, the influence of caffeine-mediated responses in populations with different
baselines of anxiety levels is unknown. Thus, we evaluated the acute effects of caffeine on
behavioral neurophenotypes of WT and leo zebrafish. For this propose, we associated several
behavioral endpoints and three dimensional reconstructions of the zebrafish swimming traces

to examine the exploratory and anxiety-like behaviors at different caffeine concentrations.
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2. Methods
2.1. Animals

Adult zebrafish (Danio rerio) (4-6 months-old, ~50:50 male:female ratio) of short-fin
wild-type (WT) and leopard (leo) populations were obtained from a commercial supplier
(Hobby Aquarios, RS, Brazil). Since the precise genetic identity of fish was unknown, we
used the term “population” for both WT and leo phenotypes used in the current study.
Animals were maintained for two weeks in 50-L thermostatic aquarium under constant
mechanical and chemical filtration before the experiments to acclimate to the laboratory
facility. The water was previously treated with AquaSafe™ (Tetra, USA) and the temperature
was set at 27 £ 1°C, pH 7.2. lllumination was provided by ceiling-mounted fluorescent light
tubes on a 14/10 light/dark photoperiod cycle (lights on at 7:00 am and off at 9:00 pm). Fish
were fed thrice daily with commercial flake fish food (alcon BASIC™, Alcon, Brazil). All
animals used were naive and maintained in accordance with the National Institute of Health
Guide for Care and Use of Laboratory Animals. The protocols were approved by the Ethics
Commission on Animal Use of the Federal University of Santa Maria (process number

2220181215).

2.2. Caffeine exposure

Caffeine was purchased from Sigma Aldrich (St. Louis, MO, USA) and diluted in the
home tank water at 25, 50, 100, 200 mg/L. Animals were acutely exposed in 500-mL beakers
for 15 min in the presence or absence (control group) of caffeine. Both time of exposure and
caffeine concentrations were chosen based on previous reports (EGAN et al.,, 2009;
RUBERTO et al.,, 2016). Afterwards, fish were gently transferred to the experimental

apparatus.
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2.3. Novel tank test
The novel tank test was used to assess locomotor and exploratory activity of zebrafish.
After the exposure period, fish were individually placed in the test apparatus (20 cm length x
15 cm height x 20 cm width), with a 10 cm water column height. Behavioral activities were
measured for 6 min using frontal- and top-view recordings. For frontal view videos, the
apparatus was divided into three equal horizontal areas (bottom, middle and top) to detect
vertical swimming activity. For top view videos, the same tank was divided into two areas:
periphery (less than 2.5 cm from the edge of the tank) and center (more than 2.5 cm from the
edge of the tank) to measure thigmotaxis (Figure 1). All videos were further analyzed by
video-tracking software (ANY-maze, Stoelting CO, USA) at 30 frames/second. The following
endpoints were assessed: distance traveled, absolute turn angle, vertical transitions and time
spent in top and bottom areas, latency to enter the top area, and thigmotaxis. Freezing
behavior and erratic movements were manually quantified by two trained observers (inter-
rater reliability > 0.85) blind to the experimental condition of fish. Freezing was defined as
cessation of movements, except eyes, associated with a high frequency of opercular
movements for more than 2 seconds (ZBC term 1.68). Erratic movements were defined as
successive fast acceleration bouts with abrupt changes in movement direction (ZBC term

1.51) (KALUEFF et al., 2013).

2.4. Neurophenotyping of zebrafish behavior

The behavioral reconstruction of 3D swimming traces was performed as previously
reported (CACHAT et al., 2011b; ROSEMBERG et al., 2011). Track results for each fish
obtained by automated analysis (ANY-maze™ software) were exported as raw data into
separate spreadsheets, providing spatial coordinates x, y (frontal camera) and x, z (top camera)

across a time scale broken down into fractions of a second. Then, the videos were analyzed
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using the coordinates of the experimental tank properly calibrated in cm. For spatial
reconstructions, data from both frontal and top views were merged using recording time for
synchronization. The exported traces were analyzed based on similarity to each other by two
trained observers (inter-rater reliability >0.85), on a consensus basis. The middle trace was
selected as representative for the group. Spatial reconstructions of behavior were created with
Graphis 3D graphing software™. The occupancy plot for each swimming trace was directly

exported from ANY-maze™ software after frontal-view recording.

2.5. Statistics

Normality of data and homogeneity of the variances were analyzed by Kolmogorov—
Smirnov and Bartlett’s tests, respectively. Results were expressed as means + standard error
of the mean (S.E.M.) and analyzed by one-way analysis of variance (ANOVA) or repeated
measures ANOVA using caffeine and time as factors depending on the experimental design.
Differences between groups were further assessed by Student-Newman-Keuls multiple

comparisons test. The level of significance was set at p < 0.05.

3. Results
3.1. Locomotor activity

Figure 2 shows the effects of acute caffeine exposure on locomotor activity of WT and
leo. While caffeine did not alter the distance traveled in WT population (Figure 2A), 200
mg/L caffeine significantly decreased the distance traveled in leo when compared to its
respective control group (Fase) = 3.094, p = 0.0226) (Figure 2B). The absolute turn angle did

not change in both populations.
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3.2. Vertical exploration

Figure 3 depicts the vertical exploratory activities of zebrafish. All caffeine
concentrations tested reduced the transitions to top in WT population (F@s9) = 2.975, p =
0.0263), whereas only 50 and 100 mg/L decreased the time spent in top (F@s9 = 3.047, p =
0.0238) and increased the latency to enter the upper segment (F, s9) = 3.614, p = 0.0106).
Transitions to bottom area decreased at 100 and 200 mg/L (Fa,59) = 3.698, p = 0.0094) and the
time spent in bottom significantly increased at 50 and 100 mg/L caffeine (F(s,50) = 3.187, p =
0.0194). No differences were observed in thigmotaxis among WT groups (Figure 3A).

Temporal analyses of behavior showed significant effects of time (Fs, 205y = 9.090, p <
0.0001) and caffeine (Fw, 59) = 3.069, p = 0.0230). Caffeine-exposed WT fish had a decreased
number of entries to the upper area across the trial. In the same way, repeated measures
ANOVA yielded significant effects of time (Fs, 205y = 9.072, p < 0.0001) and caffeine (F, s9)
= 2.553, p = 0.0482) for the time spent in top area. Both transitions and time spent in bottom
area did not alter after caffeine exposure (Supplementary Figure 1A).

Figure 3B shows the effects of caffeine on behavioral endpoints of leo. Caffeine
decreased the number of entries to top (Fuse) = 4.724, p = 0.0023) and the latency to enter the
upper segment (Fas6) = 3.421, p = 0.0143) at 100 and 200mg/L. Animals exposed to 200
mg/L caffeine showed a significant reduction in the number of entries to bottom (F4s6) =
4515, p = 0.0031). Moreover, caffeine did not change the time spent in both top and bottom
areas. No differences were observed in thigmotaxis among leo groups (Figure 3B).

Concerning the temporal analysis of vertical transitions, repeated measures ANOVA
yielded significant effects of time (F, 208y = 5.068, p < 0.0001) and caffeine (F4,s6) = 3.025, p
= 0.0225). Caffeine-exposed leo zebrafish showed a decrease in the number of entries to the
upper area across the trial. On the other hand, the time spent in top area did not alter.

Significant effects of time (Fs, 280 = 8.993, p < 0.0001) and caffeine (Fu, 56y = 3.656, p =
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0.0103) for transitions to bottom area were observed in leo (Supplementary Figure 1B).
Importantly, transitions and time spent in middle sections, as well as the latency to enter the

middle area did not change in both populations (data not shown).

3.3. Freezing and erratic movements

Caffeine exposure (50 and 100 mg/L) increased freezing bouts in WT (Fa,e6) = 4.590, p
= 0.0025). No significant effects were observed for freezing duration and erratic movements
(Figure 4A). In leo population, fish exposed to 25 mg/L spent more time frozen (Fwas6) =
2.675, p = 0.0411), while 50mg/L caffeine increased the number of erratic movements (F,60)
= 4.013, p = 0.0060). Freezing bouts did not significantly differ among leo groups (Figure

4B).

3.4. Spatiotemporal reconstruction of zebrafish behavior

Occupancy plots representing the time spent in each vertical area (Figure 5) and 3D
reconstructions of swimming traces (Figure 6) were plotted to analyze the behavioral profile
of WT and leo in the novel tank after acute caffeine exposure. Basically, the anxiogenic effect
of caffeine was observed for each population depending on the concentration tested. Two
behavioral phenotypes were detected in WT and leo zebrafish after 200 mg/L caffeine
exposure. In general, the zebrafish spent more time in the bottom of the tank and showed
reduced transitions to top, reflecting increased anxiety. However, an abnormal behavior was
observed in both WT (28.57% animals) and leo (16.66% animals). This phenotype was
characterized by an aberrant swimming at the water surface, decreased vertical transitions,
and loss of posture. As expected, untreated leo showed reduced vertical activity when

compared with control WT suggesting increased anxiety-like behavior.
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Discussion

In this study, we report for the first time that caffeine affects the behavioral activity of
two zebrafish populations. Automated endpoint data and 3D neurophenotyping plots revealed
an anxiogenic effect of caffeine in both WT and leo populations and some animals displayed
aberrant swimming following the exposure to high caffeine concentrations. Since prominent
anxiogenic-like responses were observed in WT phenotype, it is conceivable that caffeine
effects in zebrafish occur in a population-dependent manner.

Several endpoints associated with anxiety-like behavior in zebrafish were previously
reported (Egan et al., 2009). Potential aversive conditions enhance defensive behaviors,
increasing geotaxis, erratic movements, and freezing episodes. As described for rodents,
novelty is an anxiogenic factor and many studies evaluate complex behavioral activities on
these situations (CACHAT et al., 2011a; EGAN et al., 2009; STEWART et al., 2011). The
novel tank test is the most commonly used protocol to measure anxiety-like behavior in
zebrafish, where thigmotaxis and vertical drifts are the principal measures (BLASER;
CHADWICK; MCGINNIS, 2010). The quantification of freezing and erratic swimming may
represent additional variables affected by anxiogenic compounds (CANZIAN et al., 2017,
KALUEFF et al.,, 2013; QUADROS et al., 2016). In contrast with rodents, zebrafish
paradigms offer an enhanced dimensionality of behavioral phenotyping. Fish may swim in
three dimensions, providing a complex representation of exploratory activity, which can be
used for evaluating anxiogenic properties of distinct compounds (CACHAT et al., 2011b). In
this scenario, the use of zebrafish populations with different baselines of anxiety levels
provides a unique translational opportunity to perform an in-depth dissection of the
neurobehavioral effects of caffeine.

WT acutely exposed to caffeine showed reduced vertical transitions. Furthermore,

caffeine (50 and 100 mg/L) reduced the time spent in top, as well as increased the latency to
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enter the top and freezing episodes. These data suggest an anxiogenic effect of caffeine by
increasing defensive behavior, reflecting an impaired habituation to novelty across the 6-min
trial. In leo population, caffeine reduced the transitions to top and increased the latency to
enter the top at 100 and 200 mg/L, without affecting the time spent in the upper area. This
result could reflect a floor effect due to the robust baseline defensive behavior or even
indicate a different sensitivity to caffeine in comparison with WT. Importantly, other anxiety-
like behavior endpoints (e.g. freezing duration and erratic movements) were substantially
increased following 25 and 50 mg/L caffeine, respectively. In sum, these results corroborate
with previous findings showing a distinct behavioral response of WT and leo when exposed to
anxiogenic substances (CANZIAN et al., 2017; QUADROS et al., 2016). A recent study
showed a strain-dependent effect of caffeine on behavioral functions of mice with different
anxiety-like profile (HUGHES; HANCOCK, 2016). Moreover, a large body of evidence has
shown an involvement of adenosine receptor antagonism in mediating anxiogenic responses
of caffeine (ARDAIS et al, 2014; KULKARNI; SINGH; BISHNOI, 2007,
PECHLIVANOVA et al., 2010; YAMADA; KOBAYASHI; KANDA, 2014). Despite the
controversial role of Ai receptors in modulating anxiety parameters (YAMADA,
KOBAYASHI; KANDA, 2014), A.a receptor null mice display reduced exploration,
heightened anxiety and aggression, and aberrant locomotor responses to caffeine (LEDENT et
al., 1997). In the literature, the molecular identification of A1, A2a, and Azg receptors in
zebrafish brain has already been described (CAPIOTTI et al., 2011). The respective study
showed the existence of two A.a paralogs (named adora2a.l and adora2a.?) in the CNS,
suggesting a complex scenario involving adenosine-mediated signaling in teleosts. Although
we did not precisely know the genetic background of each population used, a distinct
functionality of adenosine receptors in zebrafish should not be ruled out. Since adenosine is a

ubiquitous CNS neuromodulator that regulates mood and emotion, future pharmacological
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and genetic manipulations are necessary to clarify the involvement of distinct adenosine
receptors in caffeine-mediated responses in both WT and leo populations. Noteworthy, our
behavioral data suggest a fundamental role of the phenotype in caffeine-mediated
neurobehavioral responses following acute exposure.

Using 3D reconstructions of swimming traces, we demonstrate that zebrafish exposed
to high caffeine concentration (200 mg/L) can also show abnormal behavior characterized by
aberrant swimming in water surface, decreased vertical activity and loss of swimming posture
with subsequent fall to the bottom of tank. The existence of two behavioral phenotypes in WT
and leo could explain, at least partially, the variability of data regarding the time spent in top
area for both populations and the reduced distance traveled in leo. Similar effects on
exploratory behavior of adult WT population were previously reported (WONG et al., 2010).
Animals exposed to 250 mg/L caffeine for 20 min showed seizure-like behavior,
characterized by spasms and clonic/tonic-related behavior (e.g. corkscrew and circular
swimming). Moreover, these behavioral changes were accompanied by a significant increase
in whole-body cortisol levels, suggesting that the activation of hypothalamus-pituitary-
interrenal (HPI) could play a role in the central mechanisms of caffeine at higher
concentrations. Indeed, caffeine enhanced steroidogenic acute regulatory protein (StAR) gene
expression in NCI-H295A cells, modulating the rate-limiting step of glucocorticoid synthesis
(PING et al., 2012). Considering the different behavioral phenotypes of WT and leo described
herein, more studies are needed to investigate the involvement of HPI function in zebrafish
populations after caffeine exposure and under basal conditions.

In conclusion, our novel findings show that caffeine elicits a robust anxiogenic effect
in WT and leo zebrafish. Importantly, the occurrence of aversive phenotypes (e.g. freezing,
erratic movements and bottom dwelling) depend on caffeine concentration and population

tested. The aberrant swimming pattern observed in some animals suggests that individual
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factors could be involved in the behavioral effects of caffeine at higher concentrations.
Although additional studies are imperative to explore the mechanisms underlying the CNS
actions of caffeine in zebrafish, the use of 3D reconstruction of movement patterns associated
with the evaluation of behavioral endpoints enables a more precise characterization of
zebrafish swimming traces. Thus, our data contribute for behavioral neurophenotyping of

vertebrates following acute caffeine exposure.
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Periphery

15 cm

20 cm

Figure 1. Novel tank apparatus. The aquarium was 20 cm x 20 cm x 15 cm (length x width x
height) and the water level was 10 cm. Two webcams were connected to a laptop to register
horizontal (center and periphery areas — top view) and vertical (top, middle, and bottom areas

— frontal view) swimming activity of zebrafish at 30 frames/s.
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Figure 2. Effects of different caffeine concentrations (25-200 mg/L) on locomotor activity of

WT (A) and leo (B) zebrafish populations. Data are expressed as means + S.E.M and analyzed

by one-way ANOVA followed by Student-Newman-Keuls multiple comparison test (* p <

0.05, n = 10-14 per group).
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Figure 3. Vertical exploration and thigmotaxis of WT (A) and leo (B) zebrafish after acute
caffeine (25-200 mg/L) exposure. Data are expressed as means + S.E.M and analyzed by one-
way ANOVA followed by Student-Newman-Keuls multiple comparison test (* p <0.05, n =

10-14 per group).
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Figure 4. Freezing and erratic movements of WT (A) and leo (B) zebrafish populations after

exposure to caffeine (25-200 mg/L). Data are expressed as means + S.E.M and analyzed by

one-way ANOVA followed by Student-Newman-Keuls multiple comparison test (* p < 0.05,

n = 10-14 per group).
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Figure 5. Representative occupancy plots of WT and leo populations in the absence or
presence of caffeine (25-200 mg/L). Abnormal swimming behaviors observed at 200 mg/L
are shown. The red dots indicate the regions in which animals spent more than 1 min across
the 6 min-trial. Data were obtained by frontal-view recordings using automated tracking
system (ANY-maze®, Stoelting CO, USA).
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Figure 6. Representative three dimensional neurophenotypes of WT and leo populations in
the absence or presence of caffeine (25-200 mg/L). Abnormal swimming behaviors observed
at 200 mg/L are shown. Reconstructions of swimming traces show x,y, and z-coordinates
(exported from ANY-maze®, Stoelting CO, USA video-tracking software) using frontal- and

top-view recordings of the 6-min trial.
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Supplementary Figure 1. Effects of caffeine (25-200 mg/L) on vertical distribution of WT
(A) and leo (B) during a single 6-min trial in the novel tank. The habituation to novelty stress
was assessed in control (CTRL) and caffeine-exposed fish (CAF). The figure shows the mean
values for each point. Data were analyzed by repeated measures ANOVA followed by
Student-Newman-Keuls multiple comparison test considering p < 0.05 as significant (n = 10—

14 per group).
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5. CONCLUSOES PARCIAIS

A concentracdo mais elevada de cafeina diminuiu a locomocdo dos peixes leo,
porém ndo promoveu alterages em WT. Contudo, alguns animais de ambas as
populacdes apresentaram um padrdo de nado anémalo quando expostos a altas
concentragdes de cafeina, sugerindo que fatores individuais podem estar envolvidos
nesse fenotipo;

e Apesar de ndo alterar a tigmotaxia, a cafeina diminuiu a exploracdo vertical de WT
e leo, sugerindo um aumento do comportamento do tipo ansiedade nas populac6es
de peixe-zebra estudadas;

e A ocorréncia de comportamentos defensivos (nado errdtico, tempo de
congelamento e quantidade de episddios de congelamentos) € dependente da
concentracdo de cafeina utilizada e do tipo de populacédo exposta;

e A andlise tridimensional do fendtipo neurocomportamental da atividade

exploratéria demonstrou que ambas as populacdes apresentaram alteracdes no

padrdo de habituacdo a novidade apds a exposicdo a cafeina. Porém, tais efeitos
foram mais pronunciados na populagédo WT.

6. CONCLUSAO FINAL

De modo geral, os resultados apresentados nessa Dissertacdo sugerem que as respotas
neurocomportamentais promovidas pela exposicdo aguda a cafeina em peixe-zebra variam de
acordo com a concentracdo e poulacdo. Ademais, 0 uso de diferentes populacdes de peixe-
zebra poderia servir como uma estratégia para estudos do comportamento tipo ansiedade em

futuros estudos farmacol6gicos.
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7. PERSPECTIVAS DO ESTUDO

Este trabalho mostrou que os efeitos comportamentais promovidos pela exposi¢éo
aguda a cafeina em peixe-zebra sdo dependentes de concentracdo e das populacfes estudadas.

Dessa maneira, utilizando populagdes WT e leo, as perspectivas do estudo sao:

e Auvaliar os efeitos da exposicdo crénica a cafeina na locomogéo, exploracédo e
comportamento defensivos;

e Explorar as a¢cdes promovidas pela cafeina em tarefas de comportamento de grupo e
interacdo social;

e Estudar os efeitos da cafeina per se em tarefas de aprendizagem e memdria, bem
como em modelos de déficit cognitivo induzido farmacologicamente por
escopolamina ou MK-801;

e Examinar o potencial efeito excitotoxico de altas concentragdes de cafeina;

e Verificar se a cafeina € capaz de modular parametros relacionados ao estresse
oxidativo;

e Auvaliar os efeitos promovidos pelo antagonismo seletivo dos receptores de

adenosina em respostas comportamentais e bioquimicas.
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CERTIFICADO

Certificamos que a proposta intitulada "Papel da cafeina no modelo de déficit cognitivo induzido por escopolamina em peixe zebra
(Danio rerio) em tarefa de meméria espacial e em parametros de estresse oxidativo", protocolada sob o CEUA n? 2220181215, sob
a responsabilidade de Denis Broock Rosemberg e equipe; Luiz Vinicius Costa da Rosa; Julia Canzian Marion; Nathalia Pesamosca
Zancan; Talise Ellwanger Muller; Talis de Oliveira Silva; Vania Lucia Loro - que envolve a producdao, manutengao e/ou utilizacao de
animais pertencentes ao filo Chordata, subfilo Vertebrata (exceto o homem), para fins de pesquisa cientifica ou ensino - esté de
acordo com os 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 aprovada pela Comisséo de Etica
no Uso de Animais da Universidade Federal de Santa Maria (CEUA/UFSM) na reunido de 25/02/2016.

We certify that the proposal "The role of caffeine in cognitive impairment model induced by scopolamine in zebrafish (Danio rerio):
evaluation of a spatial memory task and oxidative stress parameters”, utilizing 290 Fishes (males and females), protocol number
CEUA 2220181215, under the responsibility of Denis Broock Rosemberg and team; Luiz Vinicius Costa da Rosa; Julia Canzian
Marion; Nathalia Pesamosca Zancan; Talise Ellwanger Muller; Talis de Oliveira Silva; Vania Lucia Loro - 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 02/25/2016.

Finalidade da Proposta: Pesquisa (Académica)
Vigéncia da Proposta: de 03/2016 a 02/2018 Area: Bioquimica E Biologia Molecular
Origem: Na&o aplicavel biotério

Espécie: Peixes sexo: Machos e Fémeas idade: 4 a6 meses N: 290
Linhagem: Danio rerio Peso: 0,250a0,28049

Resumo: O peixe zebra (Danio rerio), mundialmente conhecido como zebrafish, é um teleésteo amplamente utilizado em diferentes
areas da pesquisa cientifica. Dentre as caracteristicas que tornam o peixe zebra um atrativo modelo quando comparado com
roedores, podemos citar a facilidade de manuten¢ao e manipulagdo. Além disso, existe a possibilidade de se estudar mecanismos
bioquimicos e alteragdes fenotipicas promovidas por diferentes compostos em média/larga escala. O seu pequeno tamanho aliado
ao alto grau de homologia do genoma com os genes de mamiferos e a tipica complexidade dos organismos vertebrados facilitam a
extrapolacao dos resultados obtidos de maneira mais direta do que os dados oriundos de experimentos com invertebrados. A
caracterizagao dos sistemas de neurotransmissao, bem como de diferentes paradigmas comportamentais do peixe zebra tem
representado um avango para o conhecimento dos mecanismos relacionados a aprendizagem e meméria. A caracterizacao de
fenétipos através da exposicao a escopolamina ja foi realizada no peixe zebra, o qual apresentou déficit cognitivo de aquisi¢do de
memoéria por alteracdo na neurotransmissao colinérgica. Estudos com roedores demostraram que exposi¢ao a escopolamina pode
induzir a toxicidade por espécies reativas. A escopolamina age bloqueando os receptores muscarinicos, podendo, inclusive, induzir
um aumento na atividade da acetilcolinesterase e modular os niveis de acetilcolina na fenda sindptica.

A cafeina (1,3,7-trimetilxantina) é um agonista ndo seletivo dos receptores de adenosina, um importante neuromodulador
enddgeno. A sinalizacdo por adenosina modula a liberacdo de uma série de neurotransmissores, incluido nestes a acetilcolina. De
maneira geral, acreditamos que o desenvolvimento desse projeto contribuird de forma significativa para uma melhor compreensao
e caracterizagdo dos mecanismos envolvidos nos diversos efeitos relacionados a moléculas que causem déficit cognitivo, bem
como da agao da cafeina em parametros comportamentais. Assim, objetivamos validar novas ferramentas para o estudo e triagem
de novas moléculas com potencial agdo neuroprotetora em larga escala

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

Santa Maria, 30 de agosto de 2017

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, 2° andar - CEP 97105-900 Santa Maria, RS - tel: 55 (55) 3220-9362 / fax:
Horério de atendimento: das 8:30 &s 12h e 14h &s 17hs : e-mail: ceua.ufsm@gmail.com
CEUA N 2220181215
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