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RESUMO

A generalizacdo da memodria aversiva pode ser definida como um fendmeno no qual uma
situacdo similar (porém distinta) a um evento aversivo prévio pode desencadear uma resposta
defensiva e esté relacionada a vérios disturbios psicolégicos. Neste estudo, investigamos 0s
efeitos da novidade na generalizagcdo das memdrias de medo e a participa¢do dos sistemas
noradrenérgico e dopaminérgico neste processo. Para testar a memoria aversiva e a
generalizacdo desta utilizamos a tarefa de memoria "esquiva inibitoria™ (EI). No dia 1, ratos
Wistar machos adultos foram treinados na EIl. No dia 2, os animais foram expostos a uma
esquiva inibitéria modificada (EM) durante 3 minutos — 30 minutos antes da exposicdo a EM
alguns animais foram expostos a uma novidade (campo aberto) durante 5 minutos. Para
avaliar o envolvimento dos sistemas noradrenérgico e dopaminérgico, imediatamente antes da
exposicdo a novidade, alguns animais receberam uma infusdo intrahipocampal de timolol
(antagonista [-adrenérgico), SCH23390 (antagonista D1/D5) ou veiculo. No dia 3, para
avaliar, respectivamente, a memoria aversiva e generalizacdo da memdria aversiva metade
dos animais de cada grupo foram testados na El e outra metade na EM. Neste estudo
demonstramos que a exposicdo a novidade evita a generalizacdo da memoria aversiva e que
esse processo ¢ dependente da ativacdo das vias P-adrenérgica e dopaminérgica D1/D5
hipocampal, uma vez que o bloqueio destas vias na regido CA1 do hipocampo com a infuséo
intrahipocampal de timolol ou SCH23390, respectivamente, imediatamente antes da
exposicdo a novidade inibe seu efeito. Além disso, observamos que a exposicdo a novidade
eleva os niveis hipocampais de noradrenalina e dopamina, o que sugere que 0 aumento desses
neurotransmissores pode influenciar a promocao da memoria de longa duracdo, melhorando a

memoria e atenuando a generalizacdo da memdria aversiva.

Palavras-chave: generalizacdo do medo, novidade, hipocampo, sistema noradrenérgico,

sistema dopaminérgico.



ABSTRACT

The generalization of aversive memory can be defined as a phenomenon in which a similar
situation (but distinct) to a previous aversive event can trigger a defensive response and is
related to several psychological disorders. In this study, we investigate the effects of novelty
on the generalization of fear memories and the participation of noradrenergic and
dopaminergic systems in this process. In this study, we investigated the effects of novelty on
the generalization of fear memories and the participation of noradrenergic and dopaminergic
systems in this process. To test the aversive memory and the generalization of aversive
memory, we used the "inhibitory avoidance” (IA) memory task. On day 1, adult male Wistar
rats were trained in IA. On day 2, the animals were exposed to a modified inhibitory
avoidance (MIA) for 3 minutes — 30 minutes before MIA exposition some animals were
exposed to novelty (open field) for 5 minutes. To evaluate the involvement of noradrenergic
and dopaminergic systems, immediatly before of novelty exposure, some animals received
intrahippocampal infusions of timolol (B-adrenergic antagonist), SCH23390 (D1/D5
antagonist) or vehicle. On day 3, to evaluate, respectively, the aversive memory and
generalization of aversive memory, half of the animals in each group were tested on IA and
another half on MIA. In this study, we demonstrated that exposure to novelty avoids the
generalization of aversive memory and that this process is dependent on the activation of the
[-adrenergic and dopaminergic D1/D5 pathways, since the blockade of these pathways in the
CAL region of the hippocampus with the intra-hippocampal infusion of timolol or SCH23390,
respectively, immediately before to exposure to novelty inhibits its effect. Moreover, we
observed that exposure to novelty raises the hippocampal levels of noradrenaline and
dopamine, which suggest that the increase of these neurotransmitters may influence the
promotion of long-term memory (LTM), improving memory and attenuating the aversive

memory generalization.

Keywords: fear generalization, novelty, hippocampus, noradrenergic system, dopaminergic

system.
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APRESENTACAO

O presente trabalho de conclusdo de curso é composto por um estudo que buscou
investigar os efeitos da novidade na generalizacdo da memoria aversiva e a participacdo dos
sistemas noradrenérgico e dopaminérgico neste processo. Trata-se de um trabalho
experimental, que foi desenvolvido apds aprovacio da Comissdo de Etica no Uso de Animais
- CEUA da UNIPAMPA (ANEXO 1) e esta disposto conforme o "Regulamento do Trabalho
de Conclusdo de Curso do Curso de Farmacia” e o "Manual de normalizacdo de trabalhos
académicos: conforme normas da ABNT" da UNIPAMPA.

Este trabalho estd organizado em trés partes: a "Parte I" conta com a introducéo,
objetivos e com uma fundamentacdo teorica que aborda 0s conceitos gerais sobre a temética
deste estudo; a "Parte II" inclui o desenvolvimento (materiais e métodos) e os resultados do
estudo desenvolvido, e é apresentada na forma de um artigo cientifico, de acordo com as
normas da revista Neurobiology of Learning and Memory (ANEXO I1); por fim, a "Parte 111"

consiste nas principais conclusdes obtidas a partir deste estudo.
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PARTE I
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1 INTRODUCAO

A memoria pode ser definida como a capacidade de adquirir, consolidar e evocar
informagdes; além disso, por ser proveniente de uma experiéncia, pode ser, na maioria das
vezes, evocada com facilidade (IZQUIERDO, 2011). Existem diversos tipos e classificacdes
para as memorias, a memoria aversiva € uma das mais estudadas, sendo fortemente
investigada através de protocolos classicos de medo condicionado ao contexto (IZQUIERDO;
FURINI; MYSKIW, 2016).

As memorias de eventos aversivos sdo essenciais para a sobrevivéncia (COSTANZI et
al., 2011), pois tratam de uma habilidade cognitiva fundamental que permite lidar com a
complexidade das situagbes do cotidiano, preparando o individuo a comportamentos
defensivos (ONAT; BUCHEL, 2015). Entretanto, também estdo frequentemente associadas a
fisiopatologia de doengas como o transtorno de estresse pds-traumatico (TEPT) (COSTANZI
et al., 2011) e a sindrome do péanico, uma vez que podem levar a respostas exacerbadas e
inapropriadas de medo (GILMARTIN; BALDERSTON; HELMSTETTER, 2014; ONAT;
BUCHEL, 2015).

A generalizagdo da memdria aversiva, por sua vez, ocorre com base na semelhancga
entre uma situacdo atual e experiéncias aversivas anteriores. Neste caso, o individuo responde
de uma forma defensiva a um estimulo semelhante (porém distinto) a um evento aversivo
anteriormente vivenciado (ONAT; BUCHEL, 2015). Fisiologicamente, este fenbmeno possuli
grande importancia adaptativa em um ambiente em constante mudanca, entretanto, essa
habilidade deve ser ativamente controlada e o comportamento aversivo deve ser ressaltado
somente quando necessario, pois quando este for desenfreado diferentes eventos podem ser
percebidos como mais perigosos do que realmente sdo, levando o individuo a alteracbes do
controle do medo que podem associar-se a fisiopatologia das doencas citadas anteriormente
(DUNSMOOR; PAZ, 2015; ONAT; BUCHEL, 2015; HUCKLEBERRY; FERGUSON,
2016).

Apesar da generalizacdo da memoria aversiva ndo ser um fenbmeno novo, é recente a
maior atencdo ao estudo de seus mecanismos neurais (JASNOW et al., 2016). A partir da
literatura existente, sabe-se que o hipocampo é uma das areas que desempenha papel
fundamental nos tragos de memoria que envolvem informagdes contextuais especificas para
este fendmeno (JASNOW et al.,, 2016). Entretanto, ainda sdo relativamente pouco
investigadas as influéncias comportamentais e sensoriais sobre a generalizagédo

(HUCKLEBERRY; FERGUSON, 2016), bem como 0s mecanismos que possam minimizar
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seus efeitos (JASNOW et al., 2016). Neste contexto se tem pensado em estratégias que
possam tornar menos intensas as respostas exacerbadas de medo e atenuar a generalizacéo,
bem como buscar intervencdes para o tratamento de doencas como o TEPT e seus sintomas.
Desta forma, sugerimos a diferenciacdo de situacGes semelhantes, mas ndo iguais, como
fundamental, pois embora a generalizacdo seja importante para o0 nosso dia a dia, ela precisa
ser comedida.

Ja foi demonstrado que a exposicdo a uma novidade facilita a aprendizagem
(MONCADA; VIOLA, 2007; MYSKIW; BENETTI; 1IZQUIERDO, 2013; MENEZES et al.,
2015). A exposicdo a um ambiente novo durante uma janela de tempo critica é capaz de
induzir a sintese de proteinas relacionadas a plasticidade (PRPs) e promover a formacgédo de
uma memoria de longa duracdo ou LTM (do inglés long term memory) a partir de um
aprendizado fraco, capaz inicialmente de promover apenas a formacdo de uma memdria de
curta duragdo ou STM (do inglés short term memory) (MONCADA; VIOLA, 2007;
MYSKIW; BENETTI; IZQUIERDO, 2013; MENEZES et al., 2015). Este fen6meno se baseia
na hipdtese de marcacdo e captura sinaptica ou STC (do inglés synaptic tagging and
capture), proposta por Frey e Morris (1997).

A facilitacdo da aprendizagem através da exposicdo a novidade possui grande
influéncia neuromoduladora, provocando respostas em uma ampla variedade de &reas
cerebrais (SCHOMAKER; MEETER, 2015). Sabe-se que a exposicdo a novos estimulos e
ambientes tende a ativar regides como locus coerulus (LC) e area tegmentar ventral (ATV),
principais responsaveis pela liberacdo de noradrenalina e dopamina, respectivamente
(VANKOV; HERVE-MINVIELLE; SARA, 1995; BUNZECK; DUZEL, 2006; LI et al.,
2003). Desta forma, o estudo da novidade tem sido relacionado & liberacdo destes
neurotransmissores (MONCADA; BALLARINI; VIOLA, 2015).

Moncada e colaboradores (2011) estudaram o envolvimento de neurotransmissores
catecolaminérgicos no processo de STC e sintese de PRPs pela exposicdo a novidade, e,
através de suas intervencdes, observaram que receptores B-adrenérgicos e dopaminérgicos
D1/D5 sdo especificamente requeridos para induzir a sintese de PRPs. Moncada (2016)
também comprovou que a ativacao elétrica do LC e ATV induz a formacgédo de LTMs, 0 que
corrobora com os achados que relacionam a dependéncia dos sistemas [B-adrenérgicos e
dopaminérgicos para o efeito da novidade.

Além disso, em um estudo recente do nosso grupo, demonstramos que a exposi¢ao a

novidade previamente a um ambiente similar a um aversivo ja conhecido pelo animal evita a
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generalizacdo da memoria aversiva, fenbmeno este que depende da sintese proteica no
hipocampo (VARGAS et al., submetido). Diante disto, estes estudos nos motivaram a
investigar a participacdo dos sistemas noradrenérgico e dopaminérgico no efeito da novidade

diante de um protocolo comportamental que induz a generalizacdo da memaria aversiva.

15



2 OBJETIVOS

2.1 Objetivo geral

Investigar os efeitos da novidade na generalizagdo das memorias de medo e a

participacdo dos sistemas noradrenérgico e dopaminérgico neste processo.

2.2 Objetivos especificos

e Confirmar se a exposicdo a uma novidade facilita a distin¢do entre dois ambientes

(original e similar ao original);

e Investigar a participacdo do sistema noradrenérgico no efeito da novidade sobre a

generalizacdo da memoria aversiva;

e Investigar a participacdo do sistema dopaminérgico no efeito da novidade sobre a

generalizacdo da memoria aversiva;

e Verificar os niveis de noradrenalina na regido CA1 do hipocampo de ratos wistar com

e sem prévia exposicao de uma novidade;

e Verificar os niveis de dopamina na regido CAL do hipocampo de ratos wistar com e

sem prévia exposicdo de uma novidade.
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3 FUNDAMENTAGCAO TEORICA

3.1 Memodria

A memoria pode ser definida como a capacidade de adquirir, consolidar e evocar
informacdes (IZQUIERDO, 2011). A formacgdo da memoria acontece basicamente por meio
de trés fases: aquisicdo, consolidagdo e evocacao (IZQUIERDO, 2011). O aprendizado esté
diretamente relacionado com a aquisi¢cdo de uma informacdo, a estabilizacdo desta informacéo
no cérebro se da através da consolidacdo, processo fundamental para o armazenamento da
informacdo, a lembranca, por sua vez, € quando esta informacdo é evocada (IZQUIERDO,
2011).

Apls a evocacdo, a memdria torna-se instavel (IZQUIERDO; BELIVAQUA;
CAMMAROQOTA, 2006) e pode seguir dois processos distintos: 1) reconsolidagéo, processo no
qual novas informacdes podem ser incorporadas a memoria original (FORCATO et al., 2010);
ou, 2) extingdo, processo caracterizado por um novo aprendizado que se sobrepBe ao
aprendizado original, inibindo a evocacdo da memoria previamente consolidada (FURINI et
al., 2013).

A memoria pode ter diferentes classificacdes que levam em conta determinados
critérios, como seu tempo de duracdo ou sua natureza (IZQUIERDO, 2011). O tempo de
duracdo de uma memoria é variavel, desta forma é comumente classificada como: memdria de
trabalho, quando perdura de segundos a poucos minutos; de curta duracdo, podendo durar
minutos a poucas horas (até 6 horas); e, de longa duracdo, que pode permanecer durante
horas, dias, meses ou anos — sua formacao requer uma sequéncia de passos moleculares que
envolve a sintese de novas proteinas (IZQUIERDO, 2011; IZQUIERDO, 2013).

Quanto a natureza, as memdrias podem ser classificadas em declarativas e de
procedimentos. As memorias declarativas dependem da atividade neuronal do hipocampo e
estruturas relacionadas ao lobo temporal (IZQUIERDO et al.,, 2006) e correspondem a
eventos, fatos ou conhecimentos que podem ser facilmente relatados. Estas ainda subdividem-
se em memodria declarativa episddica e semantica, que envolvem conceitos temporais
(autobiogréafico) e atemporais (conhecimentos, culturas), respectivamente (IZQUIERDO,
2011). Ja as memorias de procedimentos ou ndo declarativas requerem a atividade do estriado
e suas conexdes (IZQUIERDO et al., 2006) e ndo sdo facilmente descritas por meio de
palavras, compreendendo as memorias adquiridas por meio da pratica e repeticdes (como
andar de bicicleta, por exemplo) (IZQUIERDO, 2013).
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Enguanto no homem a evocacdo das memorias pode ser medida através de relatos ou
reconhecimento de pessoas, palavras, lugares ou fatos, nos animais a evocagdo se expressa
através de mudancas comportamentais, de forma que se avalia a inibicdo ou o aumento de
respostas naturais ou inatas, ou até mesmo a geracdo de novas respostas (IZQUIERDO,
1989). Por meio destas mudangas comportamentais visualizadas nos animais, ao longo dos
anos pode-se melhor compreender muitos conceitos referentes ao cérebro, como a formacéao e
0 processamento da memoria aversiva, uma das memdrias mais estudadas, sendo fortemente
investigada através de procedimentos classicos de medo condicionado ao contexto
(IZQUIERDO; FURINI; MYSKIW, 2016).

3.1.1 Membria aversiva

A memoria aversiva é usualmente estudada em modelos animais através do modelo de
condicionamento classico preconizado por Ivan Pavlov (IZQUIERDO; FURINI; MYSKIW,
2016). O modelo de condicionamento para memorias aversivas (Figura 1A) consiste na
apresentacdo de um estimulo neutro (como a caixa da esquiva inibitoria, EI) juntamente com
um estimulo incondicionado nocivo (como o estimulo elétrico nas patas — gera uma resposta
inata de defesa), desta forma os estimulos ficam associados na memoria. ApoOs essa
associacao, o estimulo neutro passa a ser um estimulo condicionado, provocando uma reacao
aversiva, como comportamentos de congelamento ou fuga, quando o animal é re-exposto ao
mesmo contexto, mesmo na auséncia do estimulo incondicionado (IZQUIERDO; FURINI;
MYSKIW, 2016).
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Condicionamento Teste

Contexto A

Contexto A

Expressao de
memoria aversiva

i B)
: Contexto B

Sem expressdo de memoria
aversiva generalizada
(resposta normal)

Expresséo-de memoria

aversiva generalizada

(resposta exagerada)

Fig. 1 - Protocolos de condicionamento da memdria aversiva e memdria aversiva
generalizada. A) No protocolo classico para o condicionamento da memdria aversiva
apresenta-se um estimulo neutro (contexto A) juntamente com um estimulo incondicionado
nocivo (estimulo elétrico nas patas). Quando re-expostos a0 mesmo contexto do
condicionamento, mesmo sem o estimulo incondicionado, os animais tendem a evocar uma
resposta aversiva. B) Para o estudo da generalizacdo da memdria aversiva, realiza-se o
condicionamento da mesma forma mencionada anteriormente. Entretanto, quando testados em
um contexto similar (mas ndo igual; contexto B) ao contexto do condicionamento, ao invés de
apresentar uma resposta natural de diminuicdo da expressdo de medo, 0s animais passam a
apresentar uma resposta exagerada de medo, demonstrando incapacidade de diferenciar os

dois ambientes.
Fonte: Dunsmoor; Paz (2015); Figura adaptada de Maren; Phan; Liberazon (2013)

Este tipo de aprendizagem representa muitas situagdes recorrentes com seres humanos,
no qual estimulos inicialmente neutros tornam-se ameacadores através da sua associagdo com
outros estimulos que geram medo (IZQUIERDO; FURINI; MYSKIW, 2016). Além disso,
sabe-se que quando a formacgdo de uma memoria envolve estimulos emocionais e estressores
esta passa a ser armazenada de maneira mais intensa e duradoura (HAMANN, 2001,
MCGAUGH, 2013).
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A amigdala é uma regido cerebral que estd diretamente relacionada com o
processamento de estimulos emocionais e estressores do meio externo e envio de informacoes
através de projecOes para outras regides cerebrais, como o cortex pré-frontal medial e
hipocampo (ASEDE et al., 2015). Desta forma, o hipocampo e a amigdala desempenham um
papel crucial na consolidagdo da memoria aversiva (MCGAUGH; IZQUIERDO, 2000),
participando também do processo de evocacdo juntamente com o cortex pre-frontal (RISIUS
etal., 2013).

O hipocampo é considerado a estrutura central para a formacdo de memorias
episodicas (IZQUIERDO, 2011), desta forma € uma das estruturas mais estudadas para o
processamento contextual relacionado a eventos aversivos (HOLLAND; BOUTON, 1999).
Sua estrutura (Figura 2) configura-se sob a forma de um "C" situado na parte caudal do
cérebro, e é dividida em trés sub-regides: giro denteado, subiculo e o hipocampo propriamente
dito, que possui ainda quatro regides, denominadas CA1, CA2, CA3 e CA4 (YOUNGSOON,;
SANGYUN; JAE HYOUNG KIM, 2008; STRIEN; CAPPAERT; WITTER, 2009), dentre
estas, sabe-se que a regido CALl tem real envolvimento com as funcBes cognitivas de
aprendizado e memdria, sendo a que tem funcGes melhores documentadas na literatura
(FIORENZA et al., 2012; MELLO-CARPES; IZQUIERDO, 2013).

subiculum

_/_\

Fig. 2 - Desenho esquematico das principais regides do hipocampo. As regides do
hipocampo correspondem basicamente ao subiculo, CA1 e regides remanescentes (incluindo

CA2, CA3, CA4 e o giro denteado), respectivamente.
Fonte: YoungSoon; SangYun; Jae Hyoung Kim (2008)

Apesar de ser uma habilidade cognitiva fundamental para a sobrevivéncia, permitindo
a deteccdo e prevencdo do perigo (COSTANZI et al., 2011), a expressdo de respostas
exacerbadas e inapropriadas de medo é a base para o desenvolvimento de transtornos

psiquiatricos como o TEPT (GILMARTIN; BALDERSTON; HELMSTETTER, 2014,
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ONAT; BUCHEL, 2015). O TEPT é uma condigio debilitante que pode se desenvolver apos
um evento gravemente traumatico, afetando multiplos sistemas bioldgicos, tais como circuitos
cerebrais, funcdes celulares, imunologicas, enddcrinas e metabdlicas, atingindo cerca de 5-
10% da populacéo, sendo duas vezes mais comum em mulheres que em homens (YEHUDA
etal., 2015).

3.1.2 Generalizagdo da memoria aversiva

A generalizacdo da memoria aversiva, por sua vez, pode ser definida como um
fendmeno no qual uma situacdo similar (porém distinta) a um evento aversivo prévio pode
desencadear uma resposta defensiva (ONAT; BUCHEL, 2015). Da mesma forma que o
protocolo para o condicionamento de memorias aversivas, realiza-se inicialmente a
apresentacdo de um estimulo neutro associado a um estimulo incondicionado nocivo
(contexto A, como a El + estimulo elétrico nas patas) (DUNSMOOR; PAZ, 2015). Para testar
a generalizacdo desta memoria (Figura 1B), ou a capacidade de distincdo entre dois
ambientes, os animais sdo colocados em um contexto similar ao do condicionamento
(contexto B, como uma esquiva inibitéria modificada, EM) e observa-se seu comportamento
(DUNSMOOR; PAZ, 2015).

Fisiologicamente, a generalizacdo é de grande importancia adaptativa em um ambiente
em constante mudanca, no entanto, a discriminacéo e especificidade de estimulos é essencial
para permitir o recrutamento de comportamentos de defesa somente quando apropriado, a fim
de evitar respostas exageradas ou desnecessarias (DUNSMOOR; PAZ, 2015). A
generalizacdo excessiva de estimulos pode ser considerada como simplesmente uma falha de
discriminacdo, entretanto, pode ocorrer frente a estimulos que poderiam ser facilmente
distinguidos (DUNSMOOR; MITROFF; LABAR, 2009). De acordo com Besnard & Sahay
(2016) novas informacgOes similares a memorias traumaticas prévias podem influenciar
significativamente para a expressao impropria de medo, levando a reativagdo destas memorias
e uma consequente resposta aversiva generalizada. Alguns estudos sugerem que estas
respostas comportamentais exacerbadas de medo podem estar diretamente relacionadas com a
intensidade do aprendizado aversivo (GAZARINI et al., 2014; GHOSH; CHATTARJI, 2014).
Segundo Pitman (1989), memorias relacionadas a um evento traumatico de alta intensidade
estimulam a liberagdo de horménios e neuromoduladores de maneira mais intensa, 0 que

corrobora para a potencializar seu processo de consolidagéo.
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Do ponto de vista temporal, a generalizacdo pode ser interpretada como um processo
esperado, uma vez que com a passagem do tempo ocorre uma perda natural da precisdo da
memoria para pistas contextuais (JASNOW et al., 2016). Assim, em modelos animais, a
medida que o intervalo de retencdo entre uma aprendizagem aversiva (treino em um contexto
A) e o teste de generalizacdo de memoria (teste em um contexto B) aumenta, a tendéncia de
haver niveis equivalentes de expressdo de medo para ambos os contextos é maior (LYNCH et
al., 2013; CULLEN et al., 2015). Em contrapartida, ja foi demonstrado que a generalizacdo do
medo também ocorre em memorias recentes, descritas até um dia ap6s o aprendizado
(LYNCH et al., 2013; GAZARINI et al., 2014), o que intensifica a tese de que este fendmeno
esteja associado a um processamento diferencial ja durante a etapa de consolidagdo da
memoria aversiva, entretanto estes mecanismos ainda néo estdo bem elucidados (JASNOW et
al., 2016).

Embora a generalizacdo da memoria aversiva ndo seja um fenémeno novo, o interesse
recente em entender seus fundamentos bioldgicos se deve principalmente pela sua
importancia clinica no que diz respeito ao desenvolvimento de transtornos psiquiatricos
(JASNOW et al., 2016). Expressbes exageradas de comportamentos defensivos, tal como
vistas na generalizacdo, além de prejudicar a vida diaria do individuo estdo intimamente
relacionadas com os transtornos relacionados ao trauma, como o TEPT (ONAT; BUCHEL,
2015; HUCKLEBERRY; FERGUSON; DREW, 2016).

Neste contexto, protolocos de condicionamento de medo para generalizacdo da
memoOria aversiva, apesar de ndo recriarem inteiramente as condi¢bes clinicas e
comportamentais de pacientes expostos a traumas (DESMEDT; MARIGHETTO; PIAZZA,
2015), sdo fundamentais para estudar estes transtornos e buscar intervengdes que possam
mitigar respostas exacerbadas de medo e atenuar a generalizacdo. Um estudo recente do nosso
laboratorio (MENEZES et al., 2015) demonstrou o potencial efeito da exposicdo a novidade
(ambiente novo) frente a extingdo da memoria aversiva. A partir disto, hipotetizamos que a
novidade poderia também auxiliar na diferenciacdo de um contexto semelhante, mas néo

igual, sendo util para atenuar sintomas de generalizacdo de medo.

3.2 Exposicédo a novidade

A exposicdo a novidade pode se dar, por exemplo, pela exposicdo a um ambiente
inicialmente desconhecido (MONCADA; VIOLA, 2007; BALLARINI et al., 2009;
MONCADA et al., 2011) ou a um sabor novo (BALLARINI et al., 2009). Esta estratégia vem
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sendo estudada por sua capacidade de melhorar a memoria tanto em humanos como em
animais (FENKER et al., 2008; SCHOMAKER; VAN BRONKHORST; MEETER, 2014;
SCHOMAKER; MEETER, 2015). As principais implicacfes destes e outros estudos estdo na
atuacdo da novidade sobre as cascatas bioquimicas que estdo associadas a formacdo das
memorias de longo prazo (PSYRDELLIS; PAUTASSI; JUSTEL, 2016).

Os cientistas verificaram que estimulos que formariam apenas STMs podem formar
LTMs diante da exposicdo a novidade (MONCADA et al., 2011), fendbmeno que vem sendo
explicado através da hipdtese STC proposta por Frey e Morris (1997).

A hipdtese STC (Figura 3), inicialmente testada em experimentos eletrofisioldgicos
realizados em fatias de hipocampo, foi proposta para descrever as mudancas sinépticas que
ocorrem durante a formacdo da memdria, e propde que, quando uma determinada via
sinaptica é estimulada, dois eventos dissociaveis ocorrem: inicialmente ocorre um fenémeno
conhecido como potenciacdo de longa duragdo (LTP, do inglés long term potentiation;
principal modelo neurofisioldgico e celular para a aprendizagem e formacdo da memoria)
precoce (com duracdo de poucas horas) e a marcacdo da sinapse estimulada por um tag —
estado temporario que permite que a sinapse fique suscetivel & modificacdes duradouras
(REDONDO; MORRIS, 2011). Em paralelo, se o estimulo for forte o suficiente, havera a
sintese de PRPs que serdo capturadas apenas pelas sinapses marcadas pelo tag. Estas PRPs,
por sua vez, irdo propiciar a sustentacdo desse estado potenciado e a formacdo de uma LTP
tardia (com duracéo de dias a semanas) (BALLARINI et al., 2009; MONCADA et al., 2011,
REDONDO; MORRIS, 2011). Entretanto, se o estimulo néo for forte o suficiente, ndo havera
a sintese de PRPs e, mesmo marcada pelo tag, gradualmente a sinapse retorna ao seu estado
basal, ndo potenciado e ndo marcado (BALLARINI et al., 2009; MONCADA et al., 2011;
REDONDO; MORRIS, 2011).
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Fig. 3 - Desenho esquematico da hipotese de marcacdo e captura sinaptica. A hipdtese de
marcacdo e captura sinaptica (STC) fornece uma explicacdo para a especificidade sinaptica e
facilitacdo da potenciacédo de longa duracdo (LTP). A) Um estimulo forte de uma via sinaptica
leva a dois eventos dissociaveis: marcacdo local e a sintese de proteinas relacionadas a
plasticidade (PRPs) difusiveis. As PRPs sdo entdo capturadas por sinapses marcadas, levando
a manutencdo de uma LTP tardia; B) Um estimulo fraco de uma via sinaptica que tenha
acesso as PRPs também conseguira manter a LTP tardia; C) Um conjunto de sinapses
fracamente estimulado sem a disponibilidade de PRPs perdera seu estado receptivo (tag
formado) e a LTP ndo sera sustentada, desta forma, a sinapse gradualmente retornard ao seu

estado basal.
Fonte: Adaptado de Redondo e Morris (2011)

Tendo em vista a aplicacdo da hipotese STC para os processos de aprendizagem e
memoria, recentemente foi proposto um modelo semelhante que, entretanto, considera o
processo de aprendizagem em um sentido comportamental mais amplo: a hipétese de
marcacdo comportamental (BT, do inglés behavioral tagging). A principal abordagem desta
hipdtese € relacionar uma tarefa comportamental de aprendizagem que induz apenas uma
STM com um evento comportamental forte o suficiente para induzir a sintese proteica e uma
LTM (MONCADA et al., 2015; KORZ, 2018).
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A exposicdo a novidade, por ser uma experiéncia forte, é capaz de induzir sintese
proteica e a LTM (MONCADA; VIOLA, 2007). Esses achados foram inicialmente
observados por Moncada e Viola (2007) ao expor ratos a um protocolo fraco de tarefa de El,
inicialmente capaz de induzir apenas uma STM, e associar com a exploracdo de uma novidade
em uma janela de tempo préxima ao aprendizado/sessdo de treinamento (-1h ou +1h).
Posteriormente, outros estudos também evidenciaram o efeito da novidade na formacgéo da
memoria. Ballarini e colaboradores (2009) observaram que tanto protocolos fracos de tarefas
dependentes do hipocampo (reconhecimento espacial de objetos e condicionamento aversivo
ao contexto) como independentes do hipocampo (condicionamento aversivo ao gosto),
quando associados a uma novidade em uma janela de tempo critica, tendem a formar uma
LTM. Adicionalmente, nas trés tarefas testadas no ultimo estudo referido o efeito da novidade
na LTM foi dependente de sintese proteica. Ainda, recentemente foi observado que exposicao
a novidade auxilia na extingcdo do medo contextual em ratos quando aplicada antes ou ap6s de
uma sessao fraca de extincdo (-2, -1, -0,5 ou +1h), previamente insuficiente para inibir a
memoria aversiva de forma duradoura (MYSKIW; BENETTI; IZQUIERDO, 2013;
MENEZES et al., 2015), o que corrobora para o seguimento de pesquisas que visam atenuar
comportamentos exacerbados relacionados & memdria aversiva e consequentes transtornos
psiquiatricos envolvidos.

A facilitacdo da aprendizagem através da exposicdo a novidade, como relatada nos
estudos mencionados, possui grande influéncia neuromoduladora, provocando respostas em
uma ampla variedade de areas cerebrais e estimulando varios sistemas de neurotransmissores,
0 que afeta, consequentemente, varios aspectos cognitivos (SCHOMAKER; MEETER, 2015).
Dois neurotransmissores ganham destaque nos estudos do processamento da exposicdo a
novidade: a noradrenalina e a dopamina (SCHOMAKER; VAN BRONKHORST; MEETER,
2014; MONCADA; BALLARINI; VIOLA, 2015). Sabe-se que a exploracdo de ambientes
previamente desconhecidos resulta em um aumento destes neurotransmissores, no entanto 0s
processos neurobioldgicos para este fendbmeno ainda ndo foram totalmente elucidados
(SCHOMAKER; MEETER, 2015).

3.2.1 Neuromodulacéo e novidade: sistemas noradrenérgico e dopaminérgico

S&o variados os sistemas moduladores que atuam sob 0s processos mnemonicos
(IZQUIERDO, 1989). Os sistemas noradrenérgico e dopaminérgico tém sido apontados como

mediadores na melhora da memdria, por atuarem significativamente na regulacdo da
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plasticidade sinaptica e, consequentemente, na formacdo e consolidacdo da memoria
(MONCADA et al., 2011; GAZARINI et al., 2013; MCGAUGH; ROOZENDAAL, 2009).

Estes dois neuromoduladores sdo liberados amplamente pelo cérebro, mais
especificadamente através da ativacdo do LC e da ATV, que estimulam, respectivamente, a
liberagdo de noradrenalina e dopamina em vérias estruturas cerebrais, tendo eferéncias diretas
ao hipocampo (VANKOV; HERVE-MINVIELLE; SARA, 1995; LISMAN; GRACE, 2005).
A exposicdo a novos estimulos e ambientes tende a ativar estas areas do cérebro, levando
tanto & estimulacdo noradrenérgica quanto a dopaminérgica (VANKOV; HERVE-
MINVIELLE; SARA, 1995; LI et al., 2003; BUNZECK; DUZEL, 2006). Desta forma, o
estudo da novidade tem sido consistentemente relacionado a liberacdo destes
neurotransmissores (MONCADA; BALLARINI; VIOLA, 2015).

Como jéa se sabe, a exposicdo a novidade pode induzir a sintese de PRPs que, quando
capturadas em locais previamente marcados, permitem a consolidacdo da memoria e a
formacdo da LTM (MONCADA; VIOLA, 2007). Estudos recentes demonstram que a
ativacdo de receptores noradrenérgicos e dopaminérgicos € um importante fator para o
controle da sintese destas proteinas, uma vez que desencadeiam diferentes cascatas de
segundos mensageiros que, por sua vez, pode resultar em transcricdo génica e eventual
processo de traducdo proteica (MONCADA; BALLARINI; VIOLA, 2015; MONCADA,
2016).

Através de experimentos eletrofisiologicos ja foi demonstrado que receptores f-
adrenérgicos e dopaminérgicos D1/D5 sdo requeridos durante o processo de sintese de PRPs
(O'CARROLL; MORRIS, 2004; SAJIKUMAR; FREY, 2004). Estudos posteriores avaliaram
0 envolvimento destes neurotransmissores a nivel comportamental no processo de STC e da
sintese de PRPs, confirmando os resultados eletrofisioldgicos anteriormente observados (LI et
al., 2003; KORZ; FREY, 2007; MONCADA et al., 2011). Moncada e colaboradores (2011)
verificaram que a injecdo de antagonistas [-adrenérgicos e dopaminérgicos (Propranolol e
SCH23390) no hipocampo dorsal de ratos é capaz de bloquear o efeito da novidade,
interferindo na promoc¢do da LTM. Outra evidéncia que 0s mesmos autores encontraram é
que, ao contrario do uso de antagonistas, agonistas [-adrenérgicos e dopaminérgicos
(dobutamina e SKF 38393) por administracdo intraperitoneal sdo capazes de conduzir a
promogéo de LTM atraves de um mecanismo dependente de sintese proteica.

Em um estudo recente foi demonstrado que a ativacdo elétrica do LC e da ATV induz

a formagdo de LTMs que dependem da atividade dos receptores [-adrenérgicos e
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dopaminérgicos D1/D5, respectivamente (MONCADA, 2016). Moncada (2016) comprovou
que estas areas controlam a consolidacdo da memoria e sdo dependentes de sintese proteica no
hipocampo, através de mecanismos paralelos e complementares, uma vez que ao associar um
treinamento fraco incapaz de induzir LTM com uma ativacao elétrica do LC e/ou da ATV
dentro de uma janela de tempo critica houve a promogdo da LTM. Ainda, outra descoberta
importante € que cada uma dessas estruturas é capaz de promover a LTM mesmo quando uma
destas esta inativada (MONCADA, 2016). Além do mais, a co-ativacdo do LC e da ATV
permite a formacdo de uma LTM "melhor" do que quando observada apos a ativacdo de uma
Unica area (MONCADA, 2016).

Em suma, até 0 momento os processos que levam a sintese de PRPs parecem depender
dos sistemas noradrenérgicos e dopaminérgicos. Assim, com base nesses achados decidimos
investigar a participacdo de ambos os sistemas no processo de modulagédo da generalizacdo da

memdria aversiva pelo efeito da novidade.
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Abstract

The generalization of aversive memory can be defined as a phenomenon in which a similar
situation (but distinct) to a previous aversive event can trigger a defensive response and is
related to several psychological disorders. In this study, we investigate the effects of novelty
on the generalization of fear memories and the participation of noradrenergic and
dopaminergic systems in this process. In this study, we investigated the effects of novelty on
the generalization of fear memories and the participation of noradrenergic and dopaminergic
systems in this process. To test the aversive memory and the generalization of aversive
memory, we used the "inhibitory avoidance” (IA) memory task. On day 1, adult male Wistar
rats were trained in IA. On day 2, the animals were exposed to a modified inhibitory
avoidance (MIA) for 3 minutes — 30 minutes before MIA exposition some animals were
exposed to novelty (open field) for 5 minutes. To evaluate the involvement of noradrenergic

and dopaminergic systems, immediatly before of novelty exposure, some animals received
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intrahippocampal infusions of timolol (B-adrenergic antagonist), SCH23390 (D1/D5
antagonist) or vehicle. On day 3, to evaluate, respectively, the aversive memory and
generalization of aversive memory, half of the animals in each group were tested on IA and
another half on MIA. In this study, we demonstrated that exposure to novelty avoids the
generalization of aversive memory and that this process is dependent on the activation of the
B-adrenergic and dopaminergic D1/D5 pathways, since the blockade of these pathways in the
CAL region of the hippocampus with the intra-hippocampal infusion of timolol or SCH23390,
respectively, immediately before to exposure to novelty inhibits its effect. Moreover, we
observed that exposure to novelty raises the hippocampal levels of noradrenaline and
dopamine, which suggest that the increase of these neurotransmitters may influence the
promotion of long-term memory (LTM), improving memory and attenuating the aversive

memory generalization.

Keywords: fear generalization, novelty, hippocampus, noradrenergic system, dopaminergic

system.

1 Introduction

The memories of aversive events are essential for survival (Costanzi et al., 2011),
since they provide a fundamental cognitive ability that allows us to deal with the complexity
of everyday situations, preparing us for defensive behavior (Onat; Buchel, 2015). However,
this type of memories is frequently associated with the physiopathology of diseases such as
post traumatic stress disorder (PTSD) (Costanzi et al., 2011) and panic disorder, since they
can lead to exacerbated and inappropriate responses of fear (Gilmartin; Balderston;
Helmstetter, 2014; Onat; Biichel, 2015).

The generalization of aversive memory occurs on the basis of the similarity between a
current situation and previous aversive experiences (Onat; Bichel, 2015). In this case, the
individual responds defensively to a stimulus similar to a previously experienced aversive
event (Onat; Buchel, 2015). Physiologically, this phenomenon has great adaptive importance
in a constantly changing environment, however, this ability must be actively controlled and
the aversive behavior must be exposed only when necessary (Dunsmoor; Paz, 2015; Onat;
Buchel, 2015; Huckleberry; Ferguson, 2016). When it is rampant different events can be

perceived as more dangerous than they really are, leading the individual to changes in fear
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control that may be associated with the physiopathology of the diseases mentioned above
(Dunsmoor; Paz, 2015; Onat; Buchel, 2015; Huckleberry; Ferguson, 2016).

Although the generalization of aversive memory is not a new phenomenon, the
attention to the study of its neural mechanisms is recent (Jasnow et al., 2016). From the
existing literature, it is known that the hippocampus is one of the areas that plays a
fundamental role in memory traces that involve contextual information specific to this
phenomenon (Jasnow et al., 2016). However, the behavioral and sensory influences on
generalization are still relatively seldom investigated (Huckleberry; Ferguson, 2016), as well
as the mechanisms that may minimize their effects (Jasnow et al., 2016). In this context,
strategies have been devised that may make the exacerbated fear responses less attentive,
reducing the generalization, as well as interventions for the treatment of diseases such as
PTSD and its symptoms. In this way, we suggest the differentiation of similar, but not equal,
situations, as fundamental, because although generalization is important for our day to day
life, it needs to be measured.

It has already been shown that exposure to novelty facilitates learning (Moncada;
Viola, 2007; Myskiw; Benetti; Izquierdo, 2013; Menezes et al., 2015). The exposure to a new
environment during a critical time window is capable of inducing the synthesis of plasticity-
related proteins (PRPs) and promote the formation of long-term memory (LTM) from a weak
learning, initially able only to promote the formation of a short-term memory (STM)
(Moncada; Viola, 2007; Myskiw; Benetti; lzquierdo, 2013; Menezes et al., 2015). This
phenomenon is based on the synaptic tagging and capture (STC) hypothesis proposed by Frey
and Morris (1997).

The facilitation of learning through exposure to novelty has a great neuromodulatory
influence, provoking responses in a wide variety of brain areas (Schomaker; Meeter, 2015).
Until this moment the processes leading to the synthesis of PRPs appear to depend on
adrenergic and dopaminergic systems (O'carroll; Morris, 2004; Sajikumar; Frey, 2004,
Moncada et al., 2011; Moncada, 2016). It is known that the exposure to new stimuli and
environments tends to activate regions such as locus coerulus (LC) and ventral tegmental area
(VTA), which are responsible for the release of noradrenaline and dopamine, respectively, in
diferente brain areas (Vankov; Herve-Minvielle; Sara, 1995; Li et al., 2003; Bunzeck; Duzel,
2006).

In addition, a recent unpublished study of our group demonstrated that the exposure to

a novelty previously to an environment similar to an aversive and already known by the
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animal avoids the generalization of aversive memory, a phenomenon that depends on the
hippocampal protein synthesis (Vargas et al., 2018). Here we confirm this novelty effect and
demonstrate that the noradrenergic and the dopaminergic systems are involved in the process

of modulation of generalization of aversive memory by the effect of novelty.

2 Material and methods

2.1 Animals

One hundred and eleven male Wistar rats (3 months old, 300-400g) were purchased
from an registrered vivarium. They were housed four per cage and maintained under
controlled light and environmental conditions (12h light/12h dark cycle at 23 + 2°C and 50 *
10% humidity) with food and water ad libitum. AIll experiments were conducted in
accordance with the “Principles of Laboratory Animal Care” of the National Institutes of
Health and were approved by the Institutional Animal Care and Use Committee of the

Universidade Federal do Pampa (protocol number 001/2017).

2.2 Procedures and experimental design
The procedures were divided into three stages (Figure 1), whose protocols are
described later.

Stages 1 and 2

1, 2 3, 4 5, 6 7 8 9 (days)
r b r ' ‘ ' 4 i ‘ ' r’ b G G
Stereotaxic surgery Recovery Handling IA MIA exposure Retention test (LA or MIA)
(CAI cannulas) ofanimals training +Novelty exposureornot + Control behavioral tasks
+ Infusion drugs (OF, EPM, HP)
Stage3
1 2 3, 4,567 (days)
v, L WHeeweew—m>
[A Novelty exposure or not HPLC
training + Hippocampus separation analyzes

Fig. 1 Experimental design. The animals of stages 1 and 2 went through the same
experimental protocols, but the experiments were carried out at different times. On days 1 and
2 the animals were submitted to stereotactic surgery for implantation of guide cannulas in the
CA1 region of the hippocampus; on days 3 and 4 the animals were under recovery in their
housing boxes; on days 5 and 6 animal manipulation sessions were performed; on days 7, 8
and 9 the interventions for memory test in inhibitory avoidance (IA) and modified inhibitory

avoidance (MIA) were performed; finally, behavioral control tests were performed: open field
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(OF), elevated plus maze (EPM) and hot plate (HP). The animals of stage 3 were used to
measure levels of noradrenaline and hippocampal dopamine. On day 1 the animals were
trained in 1A; on day 2, 30 minutes after exposure to the novelty, or in the equivalent time, the

animals were euthanized for hippocampal separation and subsequent biochemical analysis.

Stage I. Participation of the noradrenergic system in the modulation of aversive
memory generalization by novelty

For this experiment, 48 animals were initially divided into three groups:

i) Control group (n = 16): animals were trained on normal inhibitory avoidance (IA)
on day 1, and on day 2 they were exposed to modified inhibitory avoidance (MIA) for 3
minutes;

i) Novelty group (n = 16): the animals were submitted to the same procedures of the
group (i), but 30 minutes before to MIA exposure they were exposed to a novelty for 5
minutes and immediately before received a intrahipocampal infusion of vehicle (saline; 1uL
/side);

iii) Timolol (B-adrenergic antagonist) + novelty group (n = 16): animals went through
the same procedures of the group (ii) but immediately before exposure to novelty received a
intrahipocampal infusion of timolol (1ug/uL; 1uL/side).

On day 3, half of the animals in each group were tested in 1A and another half in MIA,
totaling 6 test groups, with 8 animals each, in order to measure the step-down latency and
their ability to discriminate the both environments (Figure 2).
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Fig. 2 Schematic drawing of behavioral experiments: investigation of the participation of

noradrenergic system in the modulation of aversive memory generalization by novelty.

33



On day 1 all the animals were trained in I1A. On day 2 the animals were exposed to MIA for 3
minutes; some animals were exposed to a novelty for 5 minutes, 30 minutes before MIA
exposition, and received vehicle or timolol infusion in the CAl region of hippocampus
immediately before to the novelty exploration. On day 3, half of the animals in each group

were tested on 1A and another half on MIA.

Stage Il. Participation of the dopaminergic system in the modulation of aversive
memory generalization by novelty

For this experiment, 48 animals were initially divided into three groups:

i) Control group (n = 16): animals were trained on IA on day 1, and on day 2 they
were exposed to MIA for 3 minutes;

i) Novelty group (n = 16): the animals were submitted to the same procedures of the
group (i), but 30 minutes before to MIA exposure they were exposed to a novelty for 5
minutes and immediately before received a intrahipocampal infusion of vehicle (saline; 1uL
/side);

iii) SCH23390 (D1/D5 dopaminergic antagonist) + novelty group (n = 16): animals
went through the same procedures of the group (ii) but immediately before exposure to
novelty received a intrahipocampal infusion of SCH23390 (1ug/uL; 1uL/side).

On day 3, half of the animals in each group were tested in 1A and another half in MIA,
totaling 6 test groups, with 8 animals each, in order to measure the step-down latency and
their ability to discriminate the both environments (Figure 3).
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Fig. 3 Schematic drawing of behavioral experiments: investigation of the participation of

dopaminergic system in the modulation of aversive memory generalization by novelty.
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On day 1 all the animals were trained in I1A. On day 2 the animals were exposed to MIA for 3
minutes; some animals were exposed to a novelty for 5 minutes, 30 minutes before MIA
exposition, and received vehicle or SCH23390 infusion in the CA1 region of hippocampus
immediately before to the novelty exploration. On day 3, half of the animals in each group

were tested on 1A and another half on MIA.

Stage I11. Biochemical analysis of noradrenaline and dopamine levels measurement

To verify if exposure to a novelty increases the levels of noradrenaline and/or dopamine
in the CA1 region of the hippocampus, fifteen animals were divided into the following
groups:

i) Naive group (n = 5): wild animals not submitted to any procedure;

ii) Control group (n = 5): animals trained in 1A on day 1;

iii) Novelty group (n = 5): animals submitted to the same procedure of group (ii) and
exposed to a novelty for 5 minutes on day 2.

These animals were euthanized by decapitation on day 2 and the CAL1 region of the
dorsal hippocampus were removed for measurement of the levels of noradrenaline and
dopamine by High Performance Liquid Chromatography (HPLC); the animals from group
(iii) were euthanized 30 minutes after exposure to novelty (Figure 4).

IA training (day 1) Euthanasia and hippocampus separation for biochemistry (day 2)
Control
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/
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Fig. 4 Schematic drawing of behavioral experiments: biochemical analysis for the
evaluation of noradrenaline and dopamine levels in the CA1 region of the hippocampus.
On day 1 the animals were trained in IA. On day 2, 30 minutes after exposure to novelty, or at
the equivalent time in the other groups, the animals were euthanized and their brain was
dissected rapidly on ice surface to remove the hippocampus and subsequent biochemical

analysis.
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2.3 Experimental protocols

2.3.1 Surgery

All animals of experimental stages "a" and "b" were submitted to stereotaxic surgery
(coordinates according to Paxinos and Watson, 1986), for implantation of 0.2 mm guide
cannulas in the CA1 region of the dorsal hippocampus (A -4.2, L + 3.0, V -2.0 mm). The
procedure was performed with animals previously anesthetized with ketamine and xylazine
(i.p., 75mg/kg and 10mg/kg, respectively). The cannulae were fixed with dental cement.

Animals were allowed to recover from surgery for two days.

2.3.2 Handling of animals

In order to reduce the stress of the animals and to provide greater contact with the
experimenter, two days before starting behavioral tests, the animals were subjected to two
rounds of handling. During each session the animals were transported from the vivarium to
the room where the experiments were to be conducted, removed from the cage and handled by

the experimenter for 5 minutes.

2.3.3 Inhibitory avoidance training

The apparatus used for training in the 1A task consists of a metal box (50 x 25 x 50
cm), with an acrylic made front. The floor of the cosisted of an array of parallel electridied
bars with a platform box of 5.0 cm height by 7.0 cm wide placed in the left side of the box.
The rats were carefully placed on the elevated platform, when they stepped down, placing
their four legs on the electrified bars they received a single aversive foot shock (0.7 mA for
2s). After this event, the animais were immediately placed into their housing-boxes. This
procedure results in an association of the context with the electric shock, resulting in an

increase in the latency of the descent platform when a new exposure is made.

2.3.4 Modified inhibitory avoidance exposure

The MIA refers to an environment similar to the original (IA used in training), having
the same characteristics previously mentioned for the 1A task, and, additionally, a black floor
instead of the electrifiable bars, a horizontal black stripes on the four sides of the acrylic front
wall, citric aroma and a red light projected under the apparatus. During exposure to MIA (day

2) the rats were carefully placed on the elevated platform, when they stepped down, placing
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their four legs on the black floor they did not receive the aversive foot shock and explored for
3 minutes the apparatus. This apparatus is used to verify the differentiation or generalization

of aversive memory.

2.3.5 Novelty exposure

The novelty consists of a new environment, previously unknown by the animals, we
used in this experiment the open field (OF) apparatus, a wooden box (60 x 40 x 50 cm) with
the frontal wall of transparent glass. The groups exposed to novelty, 30 minutes before
exposure to the MIA, were placed in the apparatus being free to explore it for 5 minutes.

2.3.6 Drugs and infusion drugs

Timolol (B-adrenergic antagonist) and SCH23390 (D1/D5 dopaminergic antagonist)
were purchased from Sigma-Aldrich Brazil and individually dissolved in 0.9% saline and
stored at -20°C, protected from light until use. The drugs were infused bilaterally into the
CAL region of the hippocampus (1ug/uL; 1uL/side) with the aid of micro-seringes Hamilton,
according to the experimental groups specified above. The doses used were determined based
on previous studies that showed the effect of each under a learning and a behavior (Menezes
et al., 2015; Vargas et al., 2017). Placement of the cannulae was checked post-mortem 2-4
hours from the last behavioral test, a 4% methylene blue solution was infused (as previously
described) and the dye extension 30 minutes later was taken as an indication of the presumed

diffusion of the vehicle or drug previously given to each animal.

2.3.7 Retention test

The animals were tested 48 hours after the training (day 3) to measure the step-down
latency in IA or MIA, to evaluate the aversive response and generalized aversive response,
respectively. The animals will be carefully placed on the lateral platform of the IA or MIA,
when they stepped down and places their four legs on the grids (IA) or black floor (MIA) the

test was finalized and the step-down latency was recorded.

2.3.8 Control behavioral tasks
After the retention test, some behavioral control tests were performed to evaluate
whether the administration of the drugs did not affect the step-down latency of the animals on
this day. For this, locomotor activity and exploratory behavior were tested through the OF
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task; the anxiety, through the task of the elevated plus maze (EPM) and; nociceptive response
and paw sensitivity through hot plate (HP).

In order to analyze animals exploratory and locomotor activities, we used the same
box used to study the effects of novelty (OF, see above). Black lines were drawn on the floor
to divide it into 12 equal quadrants. Crossing and rearing, as measures for locomotor and
exploratory activities, respectively, were measured over 5 minutes (Bonini et al., 2006).

To evaluate the animals anxiety state, the animals were exposed to an EPM as detailed
by Pellow et al. (1985). The number of entries and the time spent into the open and closed
arms were recorded over a 5 minutes session (the more anxious, the longer the length of stay
and the number of entry into the closed arms).

Finally, to evaluate the nociceptive response and sensitivity of the paws of the
animals, HP task was used. The procedure consists in placing the animal in an apparatus that
has a heated metal plate (55 + 0.5 °C) and evaluating the residence time of the animal until it
reacts to the thermal stimulus by lifting or licking the legs (Tita et al., 2001).

2.4 Noradrenaline and dopamine levels measurement

The levels of noradrenaline and dopamine in the homogenates prepared from the
hippocampus was determined using an "Inertsil ODS-3" reverse phase column HPLC system
(5u 4.6 x 250mm, GL Sciences) with a diode array detector (as described by Menezes et al.,
2015).

Thirty minutes after the exposure to novelty, or in the equivalent time, in the case of
the other groups, the animals were euthanized and their brain were rapidly dissected on ice
surface to remove hippocampus (Menezes et al., 2015). To prepare the samples, the samples
will be homogenized with 960uL of saline (0.9% NaCl) and 40uL of HCI (25:1). The
homogenization was followed by immersion in ice for 10 seconds for two consecutive times;
then the samples were centrifuged at 10.000 rpm for 5 minutes at 4°C; the supernatant was
filtered with a 0.22um PTFE filter and placed in a new eppendorf; for dilution, 167uL of the
sample will be added to 33uL of HCI and 800uL of saline.

2.5 Statistical analysis
For 1A and MIA results, a ceiling of 300 s was imposed on step-down latencies during
the retention tests (latencies equal to or higher than 300 s were counted as 300 s). So this

variable did not follow a normal distribution, and data were analyzed by Kruskal-Wallis
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nonparametric ANOVA. To compare the step-down latency differences between the training
and test in each group, a Wilcoxon test was used IA and MIA data were expressed as mean +
SEM. The OF, EPM and HP data were analyzed using Kruskal-Wallis nonparametric
ANOVA and were expressed as mean = SD. The sample size (n, number of animals in each
group) for each experiment is stated in the figure captions. In HPLC results, the data of the
three groups were compared using ANOVA followed by Kruskal-Wallis test with Dunn's
multiple comparisons test and were expressed as mean + SD. The differences were considered

statistically significant at P < 0.05.

3 Results

3.1 Participation of the noradrenergic system in the modulation of aversive memory

generalization by novelty

3.1.1 Noradrenergic system is necessary to modulation of aversive memory generalization by
novelty

Animals that were exposed to a novelty before exploring the MIA on day 2 did not
present generalized aversive memory. However, the B-adrenergic receptor antagonist (timolol)
injection immediately before the novelty exposure inhibited the novelty effect, suggesting that
the effect of novelty on aversive memory generalization depends on the hippocampal
noradrenergic system.

On the IA training day, the animals presented no significant difference in step-down
latency (Hp) = 2.24; P = 0.3251, Fig. 5A). In the IA retention test (day 3), there was no
significant difference between the groups (Hg) = 1.51; P = 0.4697, Fig. 5A). However, in the
IA retention test the step-down latency was significantly higher than that presented on the
training day (P = 0.0001 for the control group, P = 0.0286 for the novelty group, P < 0.0001
for the timolol + novelty group, Fig. 5A), indicating that all groups were able to recognize the
aversive environment (they were trained and tested in the same environment).

On the MIA retention test a significant difference between the groups step-down
latencies was observed (Hp) = 19.73; P < 0.0001, Fig. 5B). The control group presented a
high step-down latency when compared to training (P < 0.0001, Fig. 5B), expressing
therefore, a aversive memory generalization, since there is no distinction of the environments
presented in the training and in the test (they were trained and tested in similar but not equal

environments). The group exposed to the novelty presented no significant difference of step-
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down latencies when compared to the training (P = 0.9219, Fig. 5B), demonstrating, in this
way, that the animals were able to differentiate the enviroments, avoiding the memory
generalization. The intrahipocampal infusion of timolol immediately before exposure to
novelty blocked the effect of novelty, and the animals presented a high step-down latency

when compared to training (P = 0.0073, Fig. 5B).
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Fig. 5 Timolol infusion into the CAL region of the hippocampus immediately before of
the novelty exposition blocks the modulation effect of novelty in aversive memory
generalization. On day 1 all rats were trained in IA. On day 2 all rats were submitted a MIA
exploration for 3 minutes; the novelty and timolol + novelty groups were exposed to a novelty
for 5 minutes 30 minutes before of the MIA exploration; timolol + novelty group received an
intrahippocampal injection of timolol immediately before the novelty exposure. On day 3 half
of the rats of each group were tested in 1A (A) and the other half in the MIA (B). Data
represent the step-down latency in 1A (A) or MIA (B) test and are expressed as mean = SEM.
# P < 0.05 in Wilcoxon test (training vs. test); * P < 0.05 on ANOVA followed by Kruskal-

Wallis test with Dunn's multiple comparisons test; n = 8 per group.

3.1.2 Novelty exposure promotes increase of hippocampal noradrenaline levels

As shown in Fig. 6, the animals exposed to novelty presented significantly higher
levels of hippocampal noradrenaline than the naive and control groups (Hg) = 23.60; P <
0.0001, Fig. 6).
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Fig. 6 Novelty exposure promotes increase of hippocampal noradrenaline levels. Rats
were trained in the IA task and 24 h later were euthanized, thirty minutes after the exposure to
novelty, or in the equivalent time, in the case of the other groups. The bilateral hippocampus
was quickly removed and prepared as previously described for HPLC determination of
noradrenaline levels. Data represent the dopamine levels in the hippocampus homogenate
(mg/mg) and are expressed as mean + SD; groups with different letters were significantly
different. P < 0.05 on ANOVA followed by Kruskal-Wallis test with Dunn's multiple

comparisons test; n = 5 per group, analyzed in triplicate.

3.1.3 Novelty exposure and hippocampal noradrenergic antagonist drug infusion did not
impair locomotor and exploratory behaviors, anxiety and pain thresholds

Rats were exposed to OF, EPM, and HP tests after the retention test to verify whether
exploratory and locomotor activity, anxiety and pain thresholds, respectively, were affected
by the drug infusions or novelty exposure. As shown in Table 1, neither the drugs nor the

exposure to novelty affected the evaluated parameters.

Tab. 1 Effect of the intrahippocampal infusion of vehicle or timolol and the novelty

exposure on locomotor activity, anxiety and pain thresholds.

Groups tested on 1A Groups tested on MIA
Behavioral tasks Control Vehicle+ Timolol+ P Control Vehicle+ Timolol+ P
Novelty Novelty value Novelty Novelty value

Crossings, n 45+29.1  36.5+31.6 26.9+24.8 0.36  40.6+33.7  43+375 37.6+23.6 0.94
OF

Rearings, n 36.4+9.4 27.2+14.4 23.1+159 0.16 26.4+11.9 3144203 30.2+23.2  0.97

Entries 4.9+1.5 3.9+2.2 5.9+1.8 012 45432 6.2+2.9 6+3.1 0.37
EPM inopen arms, n

Time 162.1+471 130+67.2 13554755 0.63  148.6+89.3 150+99.1 159.4+83.6 0.97
in open arms, s

HP Latency, n 7.943.2 12.2+7.8  9.1+4.8 030 8.2+25 7.6+2.7 10.9454 0.50
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Neither the drugs (vehicle or timolol) nor the novelty exposure affected the animals
performance on the OF, EPM and HP test. Data are expressed as mean = SD of the number of
crossings and rearings (OF), the number and time spent of entries in the open arms (EPM) and
latency time for the raising or licking the paws (HP). There were no differences between the

groups. P > 0.05 on ANOVA followed by Kruskal-Wallis test; n = 8 per group.

3.2 Participation of the dopaminergic system in the modulation of aversive memory

generalization by novelty

3.2.1 Dopaminergic system is necessary to modulation of aversive memory generalization by
novelty

Animals that were exposed to a novelty before exploring the MIA on day 2 did not
present generalized aversive memory. However, the D1/D5 dopaminergic receptor antagonist
(SCH23390) injection immediately before the novelty exposure inhibited the novelty effect,
suggesting that the effect of novelty on aversive memory generalization depends on the
hippocampal dopaminergic system.

On the IA training day, the animals presented no significant difference in step-down
latency (H@) = 0.017; P = 0.9911, Fig. 7A). In the IA retention test, there was no significant
difference between the groups (Hg) = 5.07; P = 0.0791, Fig. 7A). However, in the 1A retention
test the step-down latency was significantly higher than that presented on the training day (P
= 0.0006 for the control group, P = 0.0020 for the novelty group, P = 0.0005 for the
SCH23390 + novelty group, Fig. 7A), indicating that all groups were able to recognize the
aversive environment (they were trained and tested in the same environment).

On the MIA retention test a significant difference between the groups step-down
latencies was observed (Hp) = 20.36; P < 0.0001, Fig. 7B). The control group presented a
high step-down latency when compared to training (P = 0.0023, Fig. 7B), expressing
therefore, a aversive memory generalization, since there is no distinction of the environments
presented in the training and in the test (they were trained and tested in similar but not equal
environments). The group exposed to the novelty presented no significant difference of step-
down latencies when compared to the training (P = 0.3464, Fig. 7B), demonstrating, in this
way, that the animals were able to differentiate the enviroments, avoiding memory

generalization. The intrahipocampal infusion of SCH23390 immediately before exposure to
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novelty blocked the effect of novelty and the animals presented a high step-down latency

when compared to training (P < 0.0001, Fig. 7B).
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Fig. 7 SCH23390 infusion into the CAL region of the hippocampus immediately before of
the novelty exposition blocks the modulation effect of novelty in aversive memory
generalization. On day 1 all rats were trained in IA. On day 2 all rats were submitted a MIA
exploration for 3 minutes; the novelty and SCH23390 + novelty groups were exposed to a
novelty for 5 minutes 30 minutes before of the MIA exploration; SCH23390 + novelty group
received an intrahippocampal injection of SCH23390 immediately before the novelty
exposure. On day 3 half of the rats of each group were tested in 1A (A) and the other half in
the MIA (B). Data represent the step-down latency in 1A (A) or MIA (B) test and are
expressed as mean + SEM. # P < 0.05 in Wilcoxon test (training vs. test); © P < 0.05 in

ANOVA followed by Kruskal-Wallis test with Dunn's multiple comparisons test; n = 8 per
group.

3.2.2 Novelty exposure promotes increase of hippocampal dopamine levels

As shown in Fig. 8, the animals exposed to novelty presented significantly higher
levels of hippocampal dopamine than the naive and control groups (H) = 9.26; P = 0.0098,
Fig. 8).
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Fig. 8 Novelty exposure promotes increase of hippocampal dopamine levels. Rats were
trained in the 1A task and 24 h later were euthanized, thirty minutes after the exposure to
novelty, or in the equivalent time, in the case of the other groups. The bilateral hippocampus
was quickly removed and prepared as previously described for HPLC determination of
dopamine levels. Data represent the dopamine levels in the hippocampus homogenate
(mg/mg) and are expressed as mean + SD; groups with different letters were significantly
different. P < 0.05 on ANOVA followed by Kruskal-Wallis test with Dunn's multiple

comparisons test; n = 5 per group, analyzed in triplicate.

3.2.3 Novelty exposure and hippocampal dopaminergic antagonist drug infusion did not
impair locomotor and exploratory behaviors, anxiety and pain thresholds

Rats were exposed to OF, EPM, and HP tests after the retention test to verify whether
exploratory and locomotor activity, anxiety and pain thresholds, respectively, were affected
by the drug infusions or novelty. As shown in Table 2, neither the drugs nor the exposure to

novelty affected the evaluated parameters.

Tab. 2 Effect of the intrahippocampal infusion of vehicle or SCH23390 and the novelty

exposure on locomotor activity, anxiety and pain thresholds.

Groups tested on 1A Groups tested on MIA
Behavioral tasks Control Vehicle + SCH23390+ P Control Vehicle+ SCH23390+ P
Novelty Novelty value Novelty Novelty value

Crossings, n 97.5+28.9  85.6+£39.2 7464328 042 67.6+20.1 63.1+254 58.6+31.5 0.81
OF

Rearings, n 2754142  26.6+£11.7 18.6+14 0.36 17.149.7  25.1+145 18+10.3 0.43

Entries 7.5+1.6 9.2+1.9 9.1+2.3 0.17 6.6+3.6 9+2.7 6.5+2.1 0.16
EPM inopen arms, n

Time 169.8453  194.9+42.3 191.9+34 0.47 165.7432  199.6446  196.4+61.3 0.36
in open arms, s

HP Latency, n 3.6+1.1 4.9+1.4 4.241.7 0.18 4.6+1 4.441.2 4.4+1.6 0.94

Neither the drugs (vehicle or SCH23390) nor the novelty exposure affected the animals
performance on the OF, EPM and HP test. Data are expressed as mean + SD of the number of
crossings and rearings (OF), the number and time spent of entries in the open arms (EPM) and
latency time for the raising or licking the paws (HP). There were no differences between the
groups. P > 0.05 on ANOVA followed by Kruskal-Wallis test; n = 8 per group.
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4 Discussion

In this study we demonstrated that exposure to a novelty avoids the aversive memory
generalization and that this process is dependent on the activation of the [-adrenergic and
D1/D5 dopaminergic pathways, since the blockade of these pathways, with intra-hippocampal
infusion of timolol or SCH23390, respectively, immediately before to exposure to novelty
inhibits its effects.

In the test performed on IA all groups of animals were able to recognize the aversive
environment. Since the training and testing for these groups were in the same environment, it
is expected that they respond with an increase in the animal's aversive response (higher step-
down latency). According to lzquierdo, Furini and Myskiw (2016), a conditioned stimulus,
initially neutral, like the 1A context, paired with an unconditioned stimulus (aversive), as an
electrical stimulus, becomes associated in memory, thus establishing the conditioned stimulus
as a predictive sign of the stimulus aversive, leading to defensive behaviors, such as the
increase of step-down latency when the animal is re-exposed to the same context. In the MIA
test, the "ideal” response would be a decrease of fear expression, since the test environment,
although similar, is not not equal to that of the training. However, as seen, the animals in the
control group demonstrated an aversive response in the MIA context, failing to distinguish
both environments, in this way, we suggest a aversive memory generalization. In summary,
we demonstrate here that the novelty modulates the aversive memory generalization, since it
is able to be attenuated by the novelty exposure.

The classical conditioning model proved to be a highly effective tool to investigate the
generalization of learning among species (Dunsmoor; Paz, 2015). Pavlov observed that a
conditioned response was not necessarily specific to a previously conditioned stimulus, that
is, it could be evoked by other similar stimuli (Dunsmoor; Paz, 2015; Jasnow et al., 2016).
From this discovery is growing the interest in studying models of generalization of fear,
characterized mainly by the failure to discriminate the security of the threat (Dunsmoor; Paz,
2015). In recent years, several studies have shown that both stressor and pharmacological
stimuli before consolidation lead to exaggerated aversive responses to stimuli that would
normally induce minimal fear responses (Adamec; Blundell; Burton, 2005; Bignante et al.,
2008; Gazarini et al., 2013; 2014). However, it is known that the generalization of fear tends
to occur naturally, as aversive memory becomes remote due to neural modifications (Knierim;
Lee; Hargreaves, 2006; Wiltgen; Silva, 2007). These changes may involve, more precisely, a

circuit that brings together cortical regions beyond the hippocampus, thalamus and amygdala
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(Rozeske et al., 2015). However, excessive generalization of fear over stimuli that resemble a
previous aversive event may contribute to the pathogenesis of fear and anxiety disorders
(Huckleberry, Ferguson; Drew, 2016), such as specific phobias, obsessive compulsive
disorder, panic disorder and PTSD (Dunsmoor; Paz, 2015). Therefore, understanding the
neural and psychological mechanisms of fear generalization is fundamental (Kheirbek et al.,
2012), as well as alternatives that may contribute to attenuation of symptoms (Dunsmoor; Paz,
2015).

Exposure to novelty has been widely investigated for its implications under the
formation of LTMs (Moncada; Viola, 2007; Ballarini et al., 2009; Psyrdellis; Pautassi; Justel,
2016). Its action has already been observed under the aversive memory, acting in the
facilitation of the extinction of the contextual fear and aversive memory in rats (Myskiw;
Benetti; Izquierdo, 2013; Menezes et al., 2015) and we demonstrate in a previous work, and
confirm again in these experiments, that exposure to novelty facilitates the discrimination of
two similar enviroments, avoiding the aversive memory generalization (Vargas et al., 2018).

Stimulus that would form only STMs can form LTMs by novelty exposure influence
(Moncada et al., 2011), a phenomenon that has been explained through the STC hypothesis
proposed by Frey and Morris (1997). This hypothesis proposes that a strong stimulus can
induce the synthesis of PRPs that when captured at previously marked sites, allow the
consolidation of memory and the formation of LTM (Moncada; Viola, 2007; Redondo;
Morris, 2011). In this study, the exposure to novelty may have acted as a strong stimulus,
capable of inducing the production of PRPs, and when carried out in a time window close to a
weak stimulus, in the case, the MIA exposition, was able to give PRPs for the promotion of
an LTM for this context, thus, avoiding the aversive memory generalization (Figure 9). The
same phenomena was observed previoulsy by our group (Vargas et al., 2018), and we showed

that this novelty effect was dependent of protein synthesis.
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Fig. 9 Schematic drawing of STC hypothesis on the effect of novelty in the generalization
of aversive memory. When a synaptic pathway is stimulated there is the marking of this
synapse by a tag, if the stimulus is strong enough, there will be synthesis of PRPs, which will
be captured only by previously marked synapses. The action of these proteins promotes the
support of the potentiated state of the synapse and the formation of a late LTP, a fundamental
phenomenon for the promotion of a LTM. Both IA training and exposition to novelty are
strong stimuli capable of inducing the production of PRPs. Exposure to MIA, a weak
stimulus, when associated in a time window close to a strong stimulus (such as novelty) is
able to receive these PRPs which leads to the promotion of an LTP and consequent LTM.
However, only the exposure to MIA is not strong enough to lead to the synthesis of PRPs and
the marked synapse gradually returns to its basal state. The novelty group, in this way, tends
to generate a LTM for exposure to MIA (non-aversive event), which prevents the aversive
memory generalization. In contrast, the control group is not able to generate a LTM for
exposure to MIA, standing out to the aversive memory and consequent aversive memory
generalization. Additionally, we know now that the beneficial effect of exposure to novelty on
the generalization of aversive memory depends of the activation of the B-adrenergic and
dopaminergic pathways in the CAL region of the hippocampus and; that the exposure to

novelty is capable of increasing noradrenaline (NE) and dopamine (DO) levels in this region.
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Recent studies have shown that the activation of noradrenergic and dopaminergic
receptors is an important factor for the control of the synthesis of PRPs (Moncada; Ballarini;
Viola, 2015; Moncada, 2016). Moncada et al. (2011) observed that the use of B-adrenergic
and D1/D5 dopaminergic antagonists (Propranolol and SCH23390) in the dorsal hippocampus
is able to block the novelty effect, interfering with the promotion of LTM. Another evidence
found by the same authors is that as opposed to the use of antagonists, B-adrenergic and
dopaminergic agonists (dobutamine and SKF 38393) by intraperitoneal administration are
able to conduct the promotion of LTM through a mechanism dependent on protein synthesis.
Additionally, Moncada (2016) showed that the LC and VTA areas, which respectively
stimulate the release of noradrenaline and dopamine in various brain structures, control
memory consolidation and induce the formation of LTM when electrically stimulated.

These studies are consistent with our results, since here we verified that the blockade
of B-adrenergic and D1/D5 dopaminergic receptors impairs the effect of novelty, promoting
the aversive memory generalization. Moreover, we have seen in our study that exposure to
novelty increases the hippocampal levels of noradrenaline and dopamine, suggesting that, in
fact, the increase of these neurotransmitters may influence the promotion of LTM observed in
the MIA retention test. The naive group is composed of wild animals, which did not received
any previous protocol (different of the control and novelty groups), in this way, hypothesized
that the higher noradrenaline levels in this group when compared to the control group are
related to a sympathetic nervous system response, which induces the increase of this
neurotransmitter to stress situations such as the manipulation of these animals on the day of
euthanasia.

It is already consolidated in the literature the role of noradrenergic and dopaminergic
systems in the regulation of synaptic plasticity, corroborating to memory consolidation
(Mcgaugh; Roozendaal, 2009; Moncada et al., 2011; Gazarini et al., 2013). Vankov et al.
(1995) found that when rats are exposed to a new stimuli, the LC response tends to be higher.
Based on these findings, more recently, Aston-Jones and Cohen (2005) have suggested that
the novelty would be among a highly strong group of events capable, in fact, to causing a
differential response in LC, with consequent expressive release of noradrenaline. On the other
hand, the involvement of the dopaminergic system in response to novelty, according to
Lisman and Grace (2005), seems to begin in the hippocampus. The authors proposed that the

new stimuli are initially detected and transmited by signal via subiculum, nucleus accumbens,
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and ventral pallidum to the VTA, culminating in the release of dopamine in the hippocampus
and LTP expression (Lisman; Grace, 2005). However, although there are several studies that
provide clear evidence that new stimuli activate these neuromodulatory systems, it is not yet
clear how these systems relate to the processing of novelty influencing memory processes
(Rangel-Gomez; Meeter, 2015).

According to these facts, the importance of understanding the neural mechanisms for
the formation and modification of fear memories is based mainly on the search for
interventions that may serve to better understand and consequently treat disorders related to
fear and anxiety. Here we aim to understand the involvement of two neurotransmitter systems
under the novelty and its importance to the discrimination of memory and avoid the
generalization of aversive memory, which may help in future the new research for therapeutic

applicability in psychiatric disorders, such as PTSD.
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CONCLUSOES

Os resultados obtidos no presente trabalho de conclusdo de curso permitem concluir

que:

A exposicdo a uma novidade facilita a distincdo entre dois ambientes (original e

similar ao original), evitando a generalizacdo da memoria aversiva;

e O efeito modulatério da novidade sobre a generalizacdo da memoria aversiva depende

da ativacdo do sistema B-adrenérgico hipocampal;

e O efeito modulatério da novidade sobre a generalizacdo da memoria aversiva depende

da ativacdo do sistema dopaminérgico hipocampal;

e A exposicdo a novidade aumenta os niveis de noradrenalina na regido CA1l do

hipocampo de ratos Wistar 30 minutos apos este evento;

e A exposicdo a novidade aumenta os niveis de dopamina na regido CA1 do hipocampo
de ratos Wistar 30 minutos ap0s este evento.
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In & way very similar to thet of corventional manusoripts (See also the Guide to Publishing with
Elsevier). See also the section on Blectronic artwork.

To evoid UnnecESSary errors you ane strongly sdvised to use the 'spell-check” and "grammar-check’
fumctions of your word processor.

Article structure

Subdivision - numbsred section

Divide your articdle into clearty defined and numbered sections. Subsections thould be nurmbensd
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ghwen & brief heading. Each heading should appear on (S own Separate line.

Introduction
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Material and methods
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Condusions
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e-rmail address of each author.

» Corresponding author. Cleerly indicate who will handle correspondence at sl steges of refereaing
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Abstract

A conclse and factual abstract & required. The abstract should state briefly the purpase of the
resgarch, the principal results and mejor conclusions. An abstract is often presented separately from
the article, o it must be able to stand alone. For this resson, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncomman abbreviations should
b svoided, but if essential they must be defined at their first mention in the abstract toelf.

Graphical abstract

Although a graphical sbstract s optional, itS use i encouraged as it draws more sttention to the onling
article. The graphical abstract should surnmarize the contents of the article in a concise, pictorial farm
designed to capture the attention of & wide readerchip. Graphical abstracts should be submithed s &
separate file in the online submission system. Image size: Plesse provide an image with a minimum
af 531 = 1328 phels (h = w) or proportionally mone. The image should be readable at & size of 5 =
13 £m using & regular screen resolution of 96 dpd. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Hiustration Services to ensure the best presentation of their images
and in accordance with all technical requirements.

Highlights are a short collection of Bullet points that comvey the core findings of the srtice. Highlights
ane optional and should be subrmithed in & Seperate editable file in the onling submission System.
Please use "Highlights' in the file name gnd incude 3 to 5 bullet points (maximum ES charachers,
induding spaces, per bullet point). You can view axampla Highlights on our information site.

Keywords

Immediately after the abstract, provide a masimum of & keywords, using American spalling and
avalding general and plural terrms and multiple concepts (Bvold, for example, "and’, 'of"). Be sparing
with shbreviations: only sbbreviations firmly established in the field may be aligible. Thess keywords
will be used for indexing purposes.

Ablireviations

Define abbreviations that are not standard in this field in a fooknote to be placed on the first page
of the article. Such abbreviations that sre unavoidable in the abstract must be defined at their first
mention there, a5 well &% in the footnote. Ensure consistency of abbreviations throughout the article.

Ackenowledpements

Collate scknowledgernents in & separate section &t the end of the artice before the eferences and do
not, therefore, include them on the Htle page, &5 & footnote to the Hile or otherwise. List bere those
individuals whe provided help during the research (e.g., providing language help, writing assistance
or proof reading the artiche, ete.).

Formatting of funding Sources

List Funding sources in this standard way to facilitete compliance to funder’s requinements:

Funding: This work ws supportéd by the National Institubes of Health [grant numbsers oood, yyyy]s
the Bill & Melinda Gabes Foundation, Seattle, WA [grant nurmber zzzz]; and the United States Institubes
of Peace [grant number aasa].

It & mot necessary to incude detailed descriptions on the program or type of grants and eawards. When
funding is from & blodk grant or other resources available to a university, college, or other reseanch
Institution, Submit the narme of the institute or onganizetion that provided the funding.

If me funding has been provided for the ressarch, plasse include the fallowing sentence:

This resesrch did not recehee any Specfic grant from funding agendes in the public, commerdal, or
not-for-profit sectors,

Lt
Follow internationally socepbed rules and conventions: use the International systern of units (S1). If
other units are mentioned, please give their equivalent in S1

Footnotes

Footnotes should be used sparingly. Number themn consecutively throughout the article. Many wond
processors bulld footnotes into the text, and this festure may be used. Should this not be the case,
Indicate the posithon of footiobes in the text and present the foothobes them selves separately st the
end of the article.

Artwork

Elactrome artwark

Ganeral points

= Make sure you use uniform lettering and sizing of your ariginal artwark.

» Preferred fonts: Aral (or Helvetica), Times New Roman (or Times), Symbol, Courler.

= Number the illustrations acconding to their sequence in the text.

= Use & logical naming comeention for your artwork files.

» Indicate per figure If it ¢ & single, 1.5 or 2-colurnn fitting image.

= For Word submissions only, you may =till provide figures and their captions, and tables within &

single file at the revision

= Please note that individual figure files larger than 10 MB must be provided in separate source files.

& detailed guide on electronic artwork 1S awallable.

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

Formats

Regardless of the application vsed, when your aectronic artwork 15 finalized, plesse ‘seve as' or

cofviert the Irmages to one of the fallowing formats (nobe the resslution requirements for line drawings,
and line/halftone combinations given bealow):

EPS (or POF): Vector drewings. Embed the font or save the text as ‘graphics’.

TIFF {or 1PG): Color or grayscale photographs (haftones): slweys use a minimum of 300 dpl.

TIFF {or JPG): Bitmapped line drawings: use & minimum of 1000 dpd,
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TIFF {or JAMG): Combinations bitmapped line/half-tone (color or grayscale): & minimuem of 500 dpi
1% requined.

Please do not:

= Supply files that are optimized for screen use (e.q., GIF, BMP, FICT, WPG); the resolution i$ too low.
= Supply files thet are oo low In resolution.

= Submit graphics that are disproportionately large for the content.

Cofar artwork

Please make sure that arftwork files are in an acoeptable format (TIFF (or JFEG} EFS (or PDF), or
S Office files) and with the cormect resalution. If, together with your accepbed article, you submit
usable color Aigures then Elsevier will ensure, &t no additional charge, that thesa ﬂguru will appesr
in eolor onling (e.g., SdenceDirect and other sites) regardless of whether or not these illustrations
are reproduced in aslar in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted artiche. Flease
Indicate your praferance for oolor: in print or onling anly. Further information on the preparation of
eletronic artwork.

Figure mptions

Ensure that each lllustration hes & caption. A caption should comprise a brief tithe (not on the figure
its=if) and & desoription of the lllustration. Keep text in the illustrations thermsalves to & minimurn but
explain all syrnbols and abbreviations used.

Tables

Please submit tables as editable téxt and not as images. Tables can be placed alther next to the
relevant text in the article, or on separate page(s) st the end. Number tables consecutively in
accordance with their sppesrance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in thermn do not duplicate results
described elsewhers in the artide. Please avold using vertical rules and shading in table cells.

Refarances

Chtation in et

Plesse sngure that every reference cbed in the tet 5 also present in the reference list (and vice
warsa). fny references cibed in the abstract must be ghven in full. Unpubliched results and
communications are not recommendad n the referance list, but mey bé mentioned in the baxt. IF thege
references are incduded in the referencos list they should follow the standard reference style of the

journal and should indude a substitution of the publication date with either ‘Unpublished results’ or
‘Personal cormmmunication’. Citation of & reference 8 'in pregs” implies that the bem hag been acoepted
for publication.

Web referemnces

A% & rinimum, the full URL should be ghven and the date when the reference was last acoessed. Any
further information, ¥ known (DOL, suthor names, dates, reference to 8 source publication, ete),
should slss be ghven. Web references can be listed separately (.., sfter the referencs list) under &
differermt heading If desired, or can be induded in the reference list.

Dista refararces

This journal entourages you to cite undarhying or relevant datssets in your manuserpt by cting therm
in yowr best and induding & deta reference in your Reference List. Deta references should indude the
following elements: author name(s), dataset title, dats repasitory, wersion (where svailable), year,
and global persistent identifier. Add [dateset] immedistely before the reference S0 we can propery
identify it as a dats reference. The [dataset] identifier will not appear in your published artice.

References in & special ltue

Please ersune that the words this isSue’ are added to any references in the list (and any citations in
thie bext) o other articles in the same Special [ssue.

Reference managameant soffwans

Most Elsevier journals have their reference template available in many of the most popular reference
management softwane products. These include all products that support Citation Style Lengusge
styleg, Such a8 Mendeley and Zober, B2 well 22 EndNote. Using the word processor plug-ing from
these products, authors ofly fneed b select the appropriate journal template when preparing thelr
article, after which ctations and bibliographies will be automatically forrmatted in the journal's style.
If noy ternplabe IS yet avallable for this jowrnal, please follow the format of the sarmple references and
ditations &5 shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by dicking the following
lirik::

it/ fapen. mendealey. comfuse-dtation-style/neurcbiclogy-of-learming-and -memaory

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
Ing for Micresoft Ward or LibreOfioe.

Reference formatting

There are no strict requirernents on reference formatting at submission. References can be in any style
or format as long &< the style & consistent. Where applicable, author(s) name(s), journal title/book
ttle, chapter title/article title, year of publication, valume Aumbenbook chapber snd the pagination
rust be present. Use of DOI & highly encouraged. The reference style used by the journal will be
applied to the acoepted article by Elsevier at the proof stage. Nobe that missing data will be highlighted
at proof stage for the author to orredt. If you do wish to format the references yourself they should
be arranged according to the following examples:

Referance style

Text: Citations in the text should follow the referencing style used by the American Psychological
Assnciation. You are refernsd to the Publication Manual of the Amercan Psychological Association,
Sixth Edition, ISBN $78-1-4338-0561-5, coples of which may be ordersd online or APA Order Dept.,
POLE. 2710, Hysttewille, MO 20784, USA or APA, 3 Menrietts Strest, London, WCIE BLU, UK.

Liet: references should be arranged first alphabetically snd then furthér socted chronalogically IF
necessary, More than one reference from the same author(s) in the same year must be identified by
the letters "a', B, 'c, ete., placed after the year of publication.

Exarmgles:

Reference to & journal publication:

Van der Geer, 1., Manraads, 1. A 1, & Lupton, R AL (2010). The art of writing & scentific article.
Journal of Soientific Commumnications, 163, 51-59.

Beferance to & book:

Strunk, W, Ir, & White, E. B. (2000). The elsments of stpls. (dth ed.). New York: Longman, (Chapter
4).

Reference to a chapter in en edited book :

Mattam, G. ., & Adams, L B, (2009). Mow to prepare an electronic wersion of your article. In B. 5.
Jones, & R 2. Srith (Eds.), Indroduction fo the slectronic sge (pp. 281-304). New Yark: E-Publizhing
Inc.

Reference to a website:

Cancer Research UK. Canoer statistics raports for the Uk, (2003). http:/fwww.canoermesesrchuk. ongf
aboutcanoer/statisticef cancerstatereponty Arrmesed 13 March 2003,

Beferance to a dateset:

[dataset] Ogurs, M., Imahira, S, Saito, 5., Nakashizuka, T. [2015). Mortality dats for Japansse
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aak wilt disaase and surrounding Forest compositions. Mendeley Data, v1. hitps://del orgf10. 17632/
sow SRk 0.

Refersnce to & conference peper or poster presentation:

Engle, E.K., Cash, T.F, & Jarry, 1.L. (2008, Novernber). The Body Image Behaviours Irventory-3
Development and validation of the Bady Image Compulsive Actions and Body Image Avoldance Scales.
Poster ses<ion pretertation at the rmesting of the Assocdation for Behavioural and Cognitive Theraples,
Mew Yark, NY.

Joumal abbreviations source
Joumal names should be abbreviated scoonding to the List of Tithe Word Abbreviations.

¥ideo

Elsevier aocepts video material and animation sequences to support and enhanoe your scientific
resgarch. Authors who heve video or animation files that they wish to submit with their article are
strongly encouraged to incude links to thete within the body of the artide. This can be done in the
same way 85 & figure or table by referring to the video or animation content and noting In the body
text where i should be placed. All submitted files should be property labeled so that they directly
relate to the video file's content. . In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with & prefermed mesimurm
gize of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
thie slectronic wersion of your article in Elsevier Web products, induding SclenceDinsct. Plagte supply
"stills” with youwr files: you can choose any frarme from the video or animation or make a Sepsrate
irmage. These will be used irstead of stendand icons and will personalize the link to your video data. For
rmore detalled instructions plesse vigit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the joumnal, please provide text for both the electronic
and the print wersion for the portions of the article that refer to this content.

Audiaslhides

The journal encourages authors to creste an AudioSlides pressntation with their published article.
fudiaSlides sre brief, webinar-style presertations that are shown nest to the online article on
Selencelirect. This gives suthors the opportunity to Surimarize their ressarch In thelr own words
and to help readers understand what the paper i about. More information and examples are
avalleble. Authors of this journal will sutomatically receie an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

Data visualiration

Include interactive data visualizations In your publication and bet your readers interact and engage
more cosely with your research. Follow the instructions here to find out about available dats
wisualization options and how to indude them with pour article.

Supplementary malberial

Supplementary material such &5 spplications, images and sound dips, can be published with your
article to enhance it. Submitted supplementary itéms are published exactly a3 thiy sre recehed {Excel
or PawerPaint files will appesr a3 such online). Please submit yeur maberial together with the article
and supply & concise, descriptive caption for each supplementary file. If you wish to make changes to
supplernentary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any cormections on & previous wersion, Please switch off the Track Changes' option
In Microsoft Office files &= these will appear in the published version.

Research data

This journal encourages and enables wou to share data that supports your research publication
where appropriate, and enables you to inberfink the dats with your publithed artices. Recearch dats
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility snd dats reuse, this jourmal alss encourages you to share your software, code, models,
algorithms, protoools, methods and other useful materials related to the project.

Bl mre & nurmber of ways in which you can edtociabe data with your article or meke & statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
thise ways, you sre encouraged to cite the data in your menuscript and referenoe list. Plesse refier to
the "References” Section for more information about data dtation. For more Information on depositing,
sharing and wsing research data and other relevant ressarch materials, visit the research data page.
Dusta linking

If you have made your research data evailable in a data repository, you can link your article directly to
thie dataset. Elsevier collaborates with & number of repositories to link artickes on ScienceDirect with
relevant repositories, giving readers somss to underlying dats that gives thern & better understanding
of the research described.

There are different ways to link your datessts to your article. When available, you can directly link
your dataset to your artice by providing the relevant information in the submission System. For more

Information, visit the databese linking page.

For supported data repasitories a repository banmer will autornatically appear nést to your publishad
artide an SclenceDinedt.

In addition, you can link to relevant deta or entities through identifiers within the test of your
rmanuscript, using the Following format: Databese: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
BDBE: 15FN).

Mendeley Data
This journal supports Mendeley Deta, enabling you to deposit any research deta (induding raw and

dats, video, code, software, algorithms, protocols, and methods) ascociated with your
ranuscript in 8 free-to-use, open socess repository. Before submitting your srticle, you can deposit
Mrﬂmammm&ey&lu Please include the DOL of the deposited detasst(s) in your
rmain manuscript file. The datesets will be listed and directly accessible to readers nest to your
published article online.

For more information, visit the Mendeley Data for josmals page.
Dwata in Briaf
You have the option of converting any or all parts of your supplementary or additional rew data into
one or rultiple data articles, & new kind of article that houses and describes your data. Data artides
ersure that your data i€ actively reviewed, curated, forrmatted, indexed, ghven a DO and publicly
available to &l upon publication. You Bre encouraged to submit your artide for Data i Brief 8% an
additional itern directly alongside the revised version of your manuscript. I your research article &
your dats article will autometically be trarsferred over to Dats in Brief where it will be
editorially reviewed and published in the open acoess data jowrnal, Dats in Brisf. Please note an open
access fee of 500 USD is payable for publication in Data in Sriaf, Full details can be found on the Data
in Brief website. Please use this termplate to write your Data in Brief.

Dusta staterment

To foster transparency, we encourage you to state the availlability of your data in your submission.
This may be a requirernent of your funding body or institution. IF your data is unawvailable to acoess
or unsuitable to post, you will heve the oppartunity to indicate wiy during the submission proosss,
for example by stating that the research deta & confidential. The statement will appesr with your
published article on SclenceDirect. For more information, visit the Dats Statement page.
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AFTER ACCEPTANCE

Online proof correction

Corresponding suthors will receive an e-maill with & link to our online proofing systern, allowing
anfotation snd correcton of proofs onling. The emdronment & sieilar to M5 Werd: In addition to
editing text, you can also comment on figures/tables and ardwer questions from the Copy Editor
Web-besed proofing provides & faster end less ermor-prone process by allowing you to directly type
your corrections, eliminating the potential Introduction of ermors.,

If preferred, you can still choose to annotate and upload your edits on the POF version. All instructions
for proofing will be ghven in the e-mail we send to authors, induding altermative methods to the online
wargion and POF.

e will do everything possible to get your articde published gquickly and aocurately, Plesse use this
proof only for checking the typesetting, editing, completeness and comectness of the text, tables and
figures. Significant changes to the article as acoepted for publication will only be considered &t this
stage with permission from the Editor. 1t is important to engure that all cormections are sent hack
to us In one communication. Please check carefully before replying, as indusion of any subsequent
corrections cannot be guaranbeed. Procfreading is solely your responsibility.

Offprints

The cormesponding author will, &t no cost, recelve & customized Share Link providing 50 days fres
access to the final published version of the artide on ScienceDirect. The Share Lnk can be used
for sharing the artice wia any communication channel, induding email and sodal media. For an
entra charge, paper offprints can be ordered via the offprint order form which & ent once the
article = aocepted for publication. Both corresponding and co-authors may order offprints ot eany
e via Elbevier's Webshop, Cormdponding authors wha have published their article open scoess do
not recedve & Share Link as their final published wersion of the article & available open acoesx on
Sciencelirect and can be shared through the article DO link.

AUTHOR INQUIRIES

Vigit the Elssvier Support Center to find the arswers you nesd. Here you will find everything from
Fraquently Acked Questions to ways to get In toudh.

You can abo check the status of your submitted article or find out when your ecoepbed article will
b published.

5 Copryrigit 20018 Elsevier || hitps:/ wenw. elsey ier.oom

65



