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1 RESUMO

A extingdo ¢ uma forma de aprendizado inibitério que se origina na omissdo do
refor¢o ou estimulo incondicionado, inibindo a evocagdo de uma resposta ou comportamento
aprendido anteriormente. Muitas formas de aprendizado sdo moduladas por receptores -
noradrenérgicos, D1-dopaminérgicos e H2-histaminérgicos no cortex pré-frontal ventromedial
(vmPFC), no complexo basolateral da amigdala (BLA) e no hipocampo dorsal (DH). Assim, o
objetivo do presente trabalho foi investigar a modulagdo da extingdo de memoria aversiva
nestas trés regides cerebrais. Para isso, utilizamos ratos machos Wistar, que foram submetidos
ao paradigma de esquiva inibitéria (EI) ou condicionamento contextual ao medo (CCM). As
diferentes drogas utilizadas foram infundidas através das canulas guias implantadas
estereotaxicamente no DH, BLA ou vimPFC imediatamente apo6s a sessdo de extingdo e seus
efeitos sobre a extingdo foram avaliados em uma sessdo de teste realizada 24 h depois. A D-
Serina (50 pg/lado), modulador positivo do receptor NMDA, e o SKF9188 (12.5 ng/lado),
inibidor da enzima histamina metil-transferase, melhoraram a consolidagdo da memoria de
extingdo nas tarefas de EI e CCM. Entretanto, o AP5 (5 pg/lado), antagonista do receptor
glutamatérgico NMDA, ¢ a ranitidina (17.5 pg/lado), antagonista do receptor histaminérgico
H2, prejudicaram a extingdo em ambos os paradigmas, indicando que os receptores
glutamatérgicos do tipo NMDA estdo envolvidos na consolidagio dos dois paradigmas
utilizados, e que os receptores histaminérgicos H2 modulam a extingdo nas trés estruturas
estudadas. A noradrenalina (1 pg/lado), o antagonista B-adrenoreceptor, timolol (1 pg/lado), o
agonista dos receptores D1, SKF38393 (12.5 pg/lado) e o antagonista dos receptores DI,
SCH23390 (1.5 pg/lado) também afetam a extingdo nas duas tarefas, porém, seus efeitos sdo
variados dependendo da tarefa e do local da infusdo, sugerindo que a modulacdo da extingao

pelos receptores - ¢ D1 ¢ mais complexa. Nossos resultados mostram que as trés estruturas



sdo ativadas durante o processo de extingdo da memoria e que os sistemas neuromodulatorios

atuam de formas distintas nessas tarefas.

PALAVRAS-CHAVE: memoria,  extingdo,  sistemas  neuromodulatorios,

condicionamento contextual ao medo.



2 ABSTRACT

Extinction consists of the learned inhibition of retrieval of previously acquired
memory. Many forms of learning are modulated by B-noradrenergic, D1-dopaminergic and
H2-histaminergic receptors on ventromedial prefrontal cortex (vmPFC), basolateral amygdala
(BLA) and dorsal hippocampus. Therefore, the aim of this work was investigated the
modulation of aversive memory extinction in these brain structures. Male Wistar rats were
submitted to inhibitory avoidance paradigm (EI) or contextual fear conditioning (CCM). The
drugs were infused through cannulae implanted into the DH, BLA or vmPFC immediately
after the extinction session and their effects were evaluated 24 h later. D-serine (50 pg/side), a
NMDA receptor stimulant, and SKF9188 (12.5 pg/side), a histamine methyl-transferase
inhibitor, enhanced the consolidation of the extinction memory in EI and CCM tasks.
However, AP5 (5 pg/side), a NMDA-antagonist, and ranitidine (17.5 pg/side), a H2-
histaminergic antagonist, impaired the extinction of both tasks, indicated that NMDA
receptors are involved in the consolidation of extinction of both tasks, and histamine H2
receptors modulate that process in all areas studied. Noradrenaline (1 pg/side), timolol 1
ug/side), a B-adrenergic antagonist, SKF38393 (12.5 pg/side) and SCH23390 (1.5 pg/side),
D1 agonist and antagonist receptor, respectively, also affected the extinction, but their effects
varied with the task and with the site of infusion, suggesting that extinction modulation by -
and D1 is more complex. In conclusion, the three structures investigated are activated in the
aversive memory extinction and the neuromodulatory systems act of different forms in these

structures.

KEYWORDS: memory, extinction, neuromodulatory systems, contextual fear

conditioning.
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4 LISTA DE ABREVIATURAS

Ach — acetilcolina; do inglés acetylcholine

AMPA — 4cido a-amino-3-hidroxi-5-metil-4-isoxazolepropionico; do inglés a-amino-
3-hydroxy-5-methyl-4-isoxazolepropionic acid

AP5 — 4cido D(-)-2-amino-5-fosfonopentandico; do inglés D(-)-2-amino-5-
phosphonopentanoic acid

BLA — nucleo basolateral da amigdala; do inglés basolateral amygdala

CA1 — subregido hipocampal, corno de Amon 1

CCA - cortex cingulado anterior

CCM - condicionamento contextual ao medo

CE — cortex entorrinal

CP — cortex parietal

DA — dopamina

DH — hipocampo dorsal; do inglés dorsal hippocampus

D-SER — D-serina (acido (R)-2-amino-3-hidroxipropanoico); do inglés (R)-2-amino-3-
hydroxypropanoic acid

EI — esquiva inibitdria

Fig. - figura

GABA - 4cido gama-aminobutirico; do inglés y-aminobutyric acid

HI — histamina

HIP — hipocampo

LTM — memoria de longa duragdo; do inglés long-term memory

NA — noradrenalina

NMDA - 4cido n-metil-d-aspartato; do inglés n-methyl-d-aspartic acid



SCH - hidroclorido de R(+)-7-cloro-8-hidroxi-3-metil-1-fenil-2,3,4,5-tetrahidro-1H-3-
benzazepina; do inglés R(+)-7-chloro-8-hydroxy-3-methyl-1-phenyl-2,3,4,5-tetrahydro-1H-3-
benzazepine hydrochloride

SE — serotonina

SKF — hidroclorido de (£)-1-fenil-2,3,4,5-tetrahidro-(1H)-3-benzazepina-7,8-diol; do
inglés (1)-1-phenyl-2,3,4,5-tetrahydro-(1H)-3-benzazepine-7,8-diol hydrochloride

STM — memoéria de curta duragdo; do inglés short-term memory

VTA - area tegmental ventral; do inglés ventral tegmental area

vmPFC - cortex pré-frontal ventro-medial; do inglés ventromedial prefrontal cortex



SUMARIO

I RESUMO ..ottt ettt 12
2 ABSTRACT ...ttt s 14
3 LISTA DE FIGURAS ....c...ooiiiiiiiiieeet et 15
4 LISTA DE ABREVIATURAS.......cccoeiiiiiiiiieet ettt 16
5 DESCRICAQ ... 12
5.1 Introdugdo e revis@o da [IEeFATUTA..................cc...cceevueiiieiiie e 12
52 JUSTIICATIVA ...ttt ettt ettt et esbe e sbeebaeneas 23
6 OBJETIVOS.......ooiiiiiiit ettt 24
6.1 ODJetiVO PFIICIDAL ...ttt et ettt et 24
6.2 ODbJetivoS SECUNAATTOS ..........c.ceieeiieiie ettt ettt ettt ettt et e eiee et e ettt neesneeneeas 24
7 ANEXO L ..ot e 25
8 CONCLUSOES..........ccovviiivieiiieeeeeeestee et 44

9 REFERENCIAS BIBLIOGRAFICAS ........o.ooooeoeoeeeeeeeeeeeeeeeeeeeeeeeeeee e 45



12

5 DESCRICAO
5.1 Introducdo e revisdo da literatura

A memoria € um processo essencial para a experiéncia humana e pode ser
caracterizada como a capacidade que um individuo tem de armazenar dados ou
conhecimentos para assim, modificar o proprio comportamento. Através da interagdo com o
meio ambiente, adquirimos informagdes acerca do mundo e aprendemos a associar estimulos
externos e respostas internas. A memoria pode ser caracterizada entdo, como um registro das
nossas percepcdes e um produto dos nossos sentidos (Baddeley, 1999).

A memoria ¢ usualmente dividida em diferentes estdgios. Num primeiro momento
ocorre a aquisi¢ao da informagdo através da exposi¢ao ao estimulo. Esta etapa de aquisi¢ao
corresponde a aprendizagem. A informagao € entdo, processada pelos sistemas sensoriais e
retida temporariamente (minutos, horas) como memoria de curta duracdo (STM; sigla do
inglés short-term memory). Se for 1til para o nosso desenvolvimento e sobrevivéncia, ela sera
armazenada em um sistema de memoria mais estavel, de longa dura¢ao (LTM; sigla do inglés
long-term memory), por meio de um processo chamado consolidacdo (McGaugh, 1966;
2000). Uma vez armazenada a informa¢do pode ser recuperada ou evocada sempre que
necessario. Neste estagio, o trago mnemonico poderd ser fortalecido ou enfraquecido,
dependendo da relevancia da informagao (Izquierdo, 2002).

De todas as informagdes processadas pelo sistema nervoso, apenas algumas sdo de
fato retidas por longos periodos (REF). A maioria nem sequer ¢ adquirida, sendo filtrada por
mecanismos atencionais € emocionais. Apenas as informac¢des mais relevantes para a
cogni¢do, mais marcantes emocionalmente ou mais fortes sensorialmente, perduram por mais
tempo. Além disso, com o passar do tempo, mesmo as informagdes consolidadas podem

desaparecer: trata-se do esquecimento, um processo que literalmente “apaga” as memorias,
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através do enfraquecimento das sinapses por elas ativadas (REF). Apesar de seus efeitos
negativos Obvios, ¢ importante ter em mente que, em niveis normais, o esquecimento
desempenha um papel crucial como mecanismo de prevengdo da sobrecarga nos sistemas
cerebrais de memorizagdo (Izquierdo, 2002).

Muitas memorias sdo adquiridas por meio da associacdo entre dois ou mais estimulos,
sendo por isso chamadas de memorias associativas. Quem estabeleceu esse conceito pela
primeira vez foi Pavlov, no inicio do século XX, o qual postulou que o pareamento entre um
estimulo novo e neutro, chamado por ele de estimulo condicionado, com outro
biologicamente significativo (doloroso ou prazeroso), denominado de estimulo
incondicionado, produz uma resposta condicionada, ou seja, a resposta ao primeiro
estimulo muda, ficando condicionada ao pareamento (Pavlov, 1927).

Utilizando a mesma ferramenta experimental, Pavlov descobriu que a apresentacao
repetida de um estimulo condicionado na auséncia de um estimulo incondicionado (reforgo),
levava a um declinio na freqiiéncia da emissdo da resposta condicionada e esse processo foi
por ele denominado de extingdao (Pavlov, 1956). Apesar de representar um desaparecimento
“comportamental” da memoria original, o processo de extingdo ndao ¢ sinonimo de
esquecimento, sendo na verdade, um processo ativo de aprendizagem decorrente da re-
exposicdo a informagdo/situacao na auséncia de reforco, a qual leva a formagao de uma nova
memoria que se sobrepde a original (Myskiw et al., 2011). No caso de memorias aversivas,
isto impede que a mesma seja evocada sem necessidade, permitindo assim ao sujeito uma vida
normal (Izquierdo et al., 1965; Rescorla, 2001).

Por tratar-se de um novo aprendizado, o processo de extingdo envolve substratos
neuroanatomicos, celulares e moleculares, similares aqueles inicialmente recrutados para a
consolida¢ao da memdria original (Vianna et al., 2001; Szapiro et al., 2003). As estruturas e

0s mecanismos bioquimicos envolvidos variam conforme a tarefa, mas estudos sugerem que
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tanto a amigdala e o hipocampo, quanto os cortex pré-frontal e entorrinal, entre outras areas,
desempenham um papel fundamental nesse processo (Santini et al., 2004; Cammarota et al.,
2007). O hipocampo (HIP; Fig. 1) ¢ uma estrutura enceféalica localizada bilateralmente no
lobo temporal e ¢ um importante componente do sistema limbico. Ele desempenha um papel
central na formag¢do de memorias declarativas (Izquierdo er al., 1998), e diferentes areas
cerebrais interagem com ele para regular a aquisicgdo e o armazenamento de novas
informagdes (Izquierdo et al., 1997). Além disso, o HIP é fundamental para o processamento
da informacgao contextual durante o condicionamento ao medo (Maren et al., 1997), ¢ estudos
do nosso laboratorio demonstraram que ele participa da consolidacdo e evocagao da extingdo
da memoria aversiva, na tarefa de esquiva inibitéria de uma via (EI; Vianna et al., 2001;
Szapiro et al., 2003; Cammarota et al., 2005).

A amigdala (AMI; Fig. 1) ¢ uma estrutura composta por mais de 10 sub-regides, ou
nucleos, funcional e anatomicamente heterogéneos. Dentre esses estdo o nucleo central e os
nucleos lateral e basal (juntos conhecidos como complexo basolateral da amigdala - BLA), os
quais apresentam conexdes entre si e com diversas regides cerebrais. Varios estudos (Cahill et al.,
1995; Hamann et al., 1999; Cahill et al., 2000; Tomaz et al., 2003) relacionam a amigdala, ¢
principalmente o complexo basolateral, com os processos de modulagdo da memoria, ja que ele
integra as informagdes sensoriais com as nociceptivas, além de coordenar sistemas neuro-
humorais que facilitam ou inibem o aprendizado, através de suas conexdes com outras areas
cerebrais, como o hipocampo e o cortex pré-frontal (Johansson, et al., 2004). Ela também
desempenha um papel fundamental na extingdo da memoria aversiva (Falls et al.,, 1992;
Aggleton, 2000, Lu et al., 2001; Myers e Davis, 2007), agindo diretamente na consolida¢do ou
indiretamente através da ativagdo de sistemas neuromodulatérios no HIP (Kaplan e Moore,

2011), tais como os sistemas noradrenérgico e colinérgico (Izquierdo, 2002).
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A regido ventromedial do cortex pré-frontal (vmPFC; Fig. 1) abrange em roedores, a
parte mais dorsal do cortex cingulado anterior, a area pré-limbica e a area infra-limbica mais
ventralmente (Ongur e Price, 2000; Nieuwenhuis e Takashima, 2011). Juntamente com o
hipocampo e a amigdala, essa estrutura ¢ essencial para a aquisi¢do, consolidacdo e evocacao
da memoéria de extingdo do medo (Kim e Jung, 2006; Quirk, 2003; 2006; Quirk e Mueller,
2008; Kaplan e Moore, 2011). Alguns estudos sugerem que o vmPFC modula as memorias de
medo através de suas projecdes para os nucleos basal e lateral da amigdala (Sores-Bayon et
al., 2006) e para os inter-neuronios GABAérgicos, situados entre esse nucleos (Vertes, 2004;
Peters et al., 2009). Porém, a complexidade das conexdes entre essas duas estruturas tem
gerado discussdes com relacdo a influéncia do cortex pré-frontal (CPF) sobre a AMI

(excitatoria x inibitoria) (Pape e Pare, 2010).

pocampus

amygdalg

Figura 1 As estruturas cerebrais estudadas. Esquema representativo do encéfalo de rato, mostrando
a localizacao do HIP, AMI e CPF (retirado de Mclntyre et al., 2011).
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Apesar das diversas similaridades entre a consolidagdo da memoria original e a
consolida¢ao da memoria de extingdo, existem algumas diferencas entre esses dois processos

(Bahar et al., 2003) e a anatomo-fisiologia da extin¢do ainda ndo ¢ totalmente compreendida.

O sistema glutamatérgico

O glutamato ¢ o principal transmissor excitatorio do sistema nervoso central e se liga
em 2 tipos de receptores: os ionotrdpicos, dacido a-amino-3-hidoxi-5-metil-4-
isoxazolepropionico (AMPA), N-metil-D-aspartato (NMDA) e cainato; e os metabotropicos
(Riedel et al., 2003). O NMDA (Fig. 2) ¢ um receptor pos-sinaptico densamente distribuido
no cérebro, que possui uma série de sitios de ligagdo para diversas substancias, e tem sua agao
modulada por tais ligantes. Dentre esses esta o sitio de ligagdo para o glutamato, principal
ativador do receptor, o sitio do zinco (Zn>") e o sitio de ligagio da glicina.

Numerosas evidéncias apontam um papel-chave dos receptores NMDA em muitas
formas de aprendizado ¢ memoria (Izquierdo et al., 1998), e na extingdo em diferentes tarefas
(Bevilaqua et al., 2006; Myers & Davis, 2007).

A D-serina (&cido (R)-2-amino-3-hidroxipropanodico; D-SER) ¢ um aminoécido
produzido principalmente pelas células gliais (Schell ef al., 1995), que age como co-agonista
endogeno dos receptores NMDA, através de sua ligacdo ao sitio da glicina. Ela ¢ encontrada
em altas concentragdes no sistema nervoso de mamiferos (Hashimoto et al., 1992), sendo
particularmente abundante no cortex cerebral, hipocampo, nicleo olfatorio anterior, tubérculo
olfatorio e amigdala (Schell et al., 1995; Henneberger et al., 2012). Evidéncias experimentais
demonstram que a D-SER ¢ capaz de induzir a plasticidade sindptica dependente da ativagao
de receptores NMDA em cultura de células (Mothet et al., 2000; Yang et al., 2003), a qual ¢

inibida por AP5, um antagonista seletivo desse receptor (Yang et al.,2003).
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Muitos estudos relacionam o bloqueio do receptor NMDA a déficits na consolidacao e
na extingdo de diferentes tipos de memoria no HIP (Morris et al., 1986; Szapiro et al., 2003;
Roesler et al., 2003; 2005) e na AMI (Falls et al., 1992; Roesler et al., 2003; Johansson et al.,
2004; Lee et al., 2006). Além disso, estudos mostram que a ativacao desse receptor facilita a
consolida¢ao da memoria (Izquierdo et al., 1992; Berleze et al., 2005) e que a D-cicloserina,
um anélogo da D-serina, facilita a extingdo da memoria em animais e em humanos (Walker et
al., 2002; Davis et al., 2006). Sendo assim, pode-se esperar que a ativacao desse receptor,

através da D-SER, module positivamente a extingdo da memoria.

Glutamate and
NMDA site

e Ht site

Glycine site

T Polyamine site

0000000000
Cytoplasmic

Mg>* Block site

Figura 2 O receptor NMDA. Desenho representativo do receptor glutamatérgico NMDA. (Carlston,

1998)

A modulagdo da memoria
E consenso que acontecimentos com forte carga emocional sdo mais bem lembrados
do que os emocionalmente neutros. Isso porque um evento emocional vivenciado desencadeia

uma série de alteragdes fisioldgicas, tais como a secrecao periférica de hormdnios e a ativacao
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de sistemas neuromodulatorios (Ferry et al., 1999). Esses sistemas consistem de diversos

conjuntos de fibras que terminam de modo difuso em vastas areas do sistema nervoso central.

Essas fibras se originam de nucleos localizados no tronco enceféalico, no diencéfalo e no

prosencéfalo basal e atuam por meio de neurotransmissores bem conhecidos. O Quadro 1

apresenta uma sintese dos principais sistemas neuromoduladores e qual a sua influéncia na

formagao e na evocagdo de memorias (Cahill e McGaugh, 1998; Izquierdo e McGaugh, 2000;

Barros et al., 2001; Izquierdo, 2002; Kohler et al., 2011).

Quadro 1: Os principais sistemas neuromodulatorios na formag¢ao da memoria

(Izquierdo, 2002; Kohler et al., 2011).

Neuro-
transmissor

Localizacéo dos
COrpos neuronais
de origem

Projecao

Funcéo geral

Envolvimento na
modula¢do da meméria

Noradrenalina | Locus ceruleus e Principalmente | ¢ Modulagao da e Facilitagdo da formacgéo de
(NA) HIP, AMI e excitabilidade cortical | LTM, agindo sobre CA1, CE
neocortex. e subcortical; e CP, imediatamente apos a
e Regulagdo do ciclo | aquisi¢do, e 3-6 horas mais
sono-vigilia. tarde;
e Facilitagdo da evocacao,
agindo simultaneamente
sobre CA1, CE, CP e CCA.
Dopamina Substincia Negra e | e Principalmente | e Coordenagio e Facilitagdo da memoria
(DA) area tegmental nucleos da base, | motora; operacional, agindo sobre o
ventral regides limbicas | « Modulagdo CPF;
(HIP, hipotalamo | emocional; e Facilitagdo da formagédo de
e AMI) e lobo e Comportamentos LTM, agindo sobre CA1, CE
frontal. motivados. e CP, durante as primeiras 6
horas ap6s a aquisicdo;
e Facilitagdo da evocacdo,
agindo simultaneamente
sobre CA1, CE, CP e CCA.
Serotonina Nucleos da rafe e Ascendem para | e Modulagdo da e Inibicdo da formacdo de
(SE) pontina e o cortex cerebral, |excitabilidade cortical | LTM, agindo sobre CA1, CP,
mesencefalica sistema limbico e | e subcortical. e CE, durante as primeiras 6
ganglios da base e horas apo6s a aquisicao;
descendem até a e Inibi¢do da evocagdo,
medula. agindo simultaneamente
sobre CA1l, CE, CP e CCA.
Acetilcolina | Nucleo basal de e Principalmente | ® Modulaggo da e Facilitagdo da memoria
(Ach) Meynert, area HIP, hipotalamo | excitabilidade cortical; | operacional, agindo sobre o

septal, nucleos da
banda diagonal,
nucleos pontinos

lateral e cortex
cerebral.

e Manuten¢ao da
vigilia;
e Iniciagdo do sono

CPF;
e Facilitagdo da formagdo de
LTM, agindo sobre CA1, CE
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rostrais e formagao
reticular

paradoxal.

e CP nos momentos iniciais
de sua formagao;

mesencefalica. e Facilitagdo da evocacdo,
agindo sobre CA1, CE, CP e
CCA.
Histamina Nicleo tubero- e Todo o SNC, e Manutengio da e Efeitos diferentes,
(HI) mamilar do principalmente vigilia; dependendo da tarefa, do tipo
hipotalamo CC,AMI, e Controle do estado | de meméria e do receptor;
posterior substancia nigra, |de alerta e de ¢ Estimula a liberacdo de

hipotdlamo e HIP. | processos Ach no HIP e na AMI;

comportamentais.

Abreviagoes: AMI — amigdala; CA1 — corno de Amon; CE — cortex entorrinal; CC — cortex cerebral; CCA —
cortex cingulado anterior; CP — cortex parietal, CPF — cortex pré-frontal; HIP — hipocampo; LTM - sigla do
inglés long- term memory; SNC — sistema nervoso central.

A hipdtese de que os sistemas neuromodulatérios desempenham um papel no
aprendizado e memoria emergiu algumas décadas atrds com estudos de Kety (1972), que
sugeriam que processos cerebrais associados a estados afetivos, como por exemplo, a
liberagdo de aminas biogénicas (adrenalina, histamina, noradrenalina, dopamina e serotonina),
poderia modular mecanismos sinapticos recentemente ativados. Ou seja, sinapses ativadas
pelo aprendizado de eventos emocionalmente fortes, seriam fortalecidas pela liberacdo de
determinadas substancias. Em concordancia, estudos mais recentes utilizando técnicas de
microdialise, observaram um aumento nos niveis de diversos neuromoduladores durante o
aprendizado emocional, tais como a serotonina (Kawahara et al., 1993), a dopamina (Hori et
al., 1993) e a noradrenalina (Tanaka et al., 1991).

A noradrenalina (NA), juntamente com a dopamina e a adrenalina, ¢ um
neurotransmissor derivado do aminoacido tirosina (Purves et al., 2005). O sistema
noradrenérgico ¢ um dos principais sistemas neuro-humorais envolvidos na modulagdo de
funcdes cognitivo-comportamentais, atuando sobre os processos de aten¢do, cogni¢do e
adaptacdo a mudangas ambientais (Sara e Segal, 1991; Bouret e Sara, 2005). Neurdnios
noradrenérgicos localizados no Locus Coeruleus enviam fibras eferentes para diversas areas
do encéfalo, dentre elas o hipocampo e os nucleos central e basolateral da amigdala, onde

acentua a transmissdo glutamatérgica, essencial para a forma¢ao da memoria (Roozendaal et
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al., 2008; Fig. 3). Além disso, muitos agentes liberados perifericamente, tais como a
adrenalina e os glicocorticdides, estimulam a memoria através de sua interagdo com o sistema
noradrenérgico na AMI (Gallagher, et al., 1977; McGaugh, 1989; Mclntyre et al., 2011) que
por sua vez ativa o hipocampo através de conexdes diretas e indiretas (Hyman et al., 1990;
Kaplan e Moore, 2011).

Em pesquisas desenvolvidas por Gold e van Buskirk (1978), ratos treinados na EI
apresentaram diminui¢do dos niveis de NA sobre condi¢des que resultaram em boa retengao
da memoria, sugerindo que ocorra um aumento na liberagdo deste neuromodulador durante o
treino nesta tarefa (Gold e van Buskik, 1978). Outros estudos sugerem que o efeito da NA
sobre a memoria se deve a ativacdo de receptores B-adrenérgicos (Gallagher et al., 1977,
Hatfield et al., 1999) e que a administragdo intra-hipocampal de timolol, um antagonista deste
receptor, causa prejuizo na consolidagdo da memoria na tarefa de EI (Bevilaqua et al., 1997).
O efeito da NA na extingdo da memoria tem sido estudado mais recentemente através da
modula¢do dos receptores a2 e B-noradrenérgicos no HIP, BLA e CPF, porém os resultados
ainda sdo bastante controversos (Cain et al., 2004; Berlau e McGaugh, 2006; Muller e Cabhill,
2010).

A dopamina (DA), assim como as outras aminas biogénicas, exerce suas agdes via
modula¢do da neurotransmissdo rapida mediada por glutamato ou GABA (&cido gama-
aminobutirico). A inervacdo dopaminérgica ¢ a mais proeminente dentre o0s
neuromoduladores no cérebro, sendo que seus corpos celulares estdo na sua maioria
localizados na area tegmental ventral (VTA; do inglés ventral tegmental area). Estas células
projetam-se para o ntcleo accumbens, AMI, HIP e para os cortex cingulado, entorrinal e pré-
frontal, entre outros (Anden ef al., 1964; Fig. 3), afetando fungdes como a motivagao, atengao,

recompensa, sono, aprendizado e memoria. A DA atua em dois grupos de receptores
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metabotropicos: a familia D1, que abrange os receptores D1 e D5; e a familia D2, a qual
pertence os receptores D2, D3 e D4.

J& em 1977, Haycock e colaboradores demonstraram que a infusdo
intracerebroventricular de DA imediatamente ap6s o treino, facilita a retengdo da memoria na
EI (Haycock et al., 1977). Estudos mais recentes mostram que o bloqueio do receptor D1 na
BLA piora a retencdo da memoria na mesma tarefa (Lalumiere et al., 2004), confirmando
assim, a participagdo deste sistema na consolidagdo de memorias aversivas.

Com relagdo ao papel da DA na extingdo, Quirk e colaboradores (2006) sugerem que
esse processo ¢ modulado positivamente pela estimulagdo de vias dopaminérgicas no CPF
(Quirk et al., 2006). Além disso, Hikind e Maroun (2008) demonstraram que a infusdo de um
antagonista do receptor D1 na area infralimbica do CPF causou prejuizo na extingdo da
memoria de condicionamento ao medo ao som, enquanto que o mesmo nao foi observado na
BLA (Hikind e Maroun, 2008). Em outro estudo, utilizando camundongos, Dubrovina e
Zinov’eva (2008) demonstraram que a administragdo de um agonista ¢ um antagonista D1 ndo
tem efeito na extingdo da memoria na tarefa de esquiva passiva (Dubrovina e Zinov’eva,
2008).

A histamina (HI) por sua vez, controla uma ampla variedade de fungdes
neurobioldgicas e comportamentais, incluindo o ciclo sono-vigilia, o consumo de agua, a
atividade motora e processos cognitivos no HIP (Brown et al., 2001; Haas e Panula, 2003). E
sintetizada exclusivamente por neuronios localizados no ntcleo tuberomamilar do
hipotadlamo, que enviam projecdes para todo o encéfalo (Wada et al., 1991; Fig.3) exercendo
seus efeitos através da ligagdo com 4 tipos de receptores: H1, H2, H3, os quais sdo expressos
no tecido nervoso; e H4, expresso apenas perifericamente (Haas ¢ Panula, 2003).

A participagdo do sistema histaminérgico na consolidagdo da memoria de medo tem

sido confirmada através de diversos trabalhos (Zarrindast et al., 2002; Da Silva et al., 2006;
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Passani et al., 2007). Estudos de nosso laboratério tém demonstrado que a administragao
intra-hipocampal de histamina ou de um agonista do receptor H2, melhora a memoria por si
sO e reverte o déficit cognitivo ocasionado pela deprivacdo materna, na tarefa de EI (Benetti et
al., 2012). Além disso, a ativagdo desse receptor no HIP ¢ importante para a consolidacdo da
memoria de extingdo na mesma tarefa (Bonini et al., 2011). Porém, os efeitos deste
neuromodulador sobre os processos mnemonicos variam conforme a tarefa, a estrutura em
analise e o receptor a qual se liga, sendo por isso, necessarios mais estudos para investigar seu

papel sobre as diferentes fases da memoria.
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Figura 3 Neuromoduladores e suas projecdes no SNC. As projecdes encefalicas dos sistemas
dopaminérgico (A), noradrenérgico (B) e histaminérgico (C) (Purves, et al., 2005).
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5.2 Justificativa

Mesmo que a memoria seja importante para muitos dos aspectos positivos da
experiéncia humana, também pode causar muitos problemas psicoldgicos e emocionais ao
individuo. Memorias com forte conteido emocional tendem a ser armazenadas de forma mais
intensa e duradoura, porém dificuldades em extinguir essas memorias ¢ a base das desordens
psiquidtricas relacionadas ao medo e a agonia.

A elucidacdo dos mecanismos neurofisioldégicos envolvidos na extingdo dessas
memorias tem enorme relevancia cientifica, pois nos permite intervir farmacoldgica e
bioquimicamente nesse processo a fim de criarmos ferramentas que facilitem o bloqueio das
memorias perturbadoras e indesejaveis. Além disso, a nivel clinico, a identificagdo de
processos-chave que desencadeiam a extingdo e sua manipulacdo, pode auxiliar na terapéutica
dessas sindromes e doencas psiquiatricas produzidas pela persisténcia exacerbada de
lembrangas desagradaveis e limitantes, tais como as fobias, a sindrome do panico e o

transtorno de estresse pos-traumatico.
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6 OBJETIVOS

6.1 Objetivo principal

Investigar o papel do receptor glutamatérgico NMDA e o envolvimento dos sistemas
dopaminérgico, noradrenérgico e histaminérgico, na modulacdo da extin¢cdo em diferentes estruturas,

nas tarefas de condicionamento contextual ao medo e esquiva inibitoria.

6.2 Objetivos secundarios

1) Verificar o papel do receptor glutamatérgico NMDA no hipocampo dorsal, nucleo
basolateral da amigdala e area ventromedial do cortex pré-frontal, na extingdo da memoria nas

tarefas de condicionamento contextual ao medo e esquiva inibitéria;

2) Verificar o envolvimento do receptor D1-dopaminérgico na modulag@o da extingdo
da memoria nas tarefas de condicionamento contextual ao medo e esquiva inibitoria no

hipocampo dorsal, nicleo basolateral da amigdala e area ventromedial do cortex pré-frontal;

3) Investigar a participagdo do receptor B-adrenérgico na modulagdo da extingdo da
memoria nas tarefas de condicionamento contextual ao medo e esquiva inibitéria no

hipocampo dorsal, nicleo basolateral da amigdala e area ventromedial do cortex pré-frontal;

4) Investigar a participa¢ao do receptor H2-histaminérgico na modulac¢do da extingdo
da memoria nas tarefas de condicionamento contextual ao medo e esquiva inibitoria no

hipocampo dorsal, nticleo basolateral da amigdala e area ventromedial do cortex pré-frontal.
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Abstract

Extinction consists of the learned inhibition of retrieval of previously acquired memory.
Many forms of learning are modulated by P-noradrenergic, DI1-dopaminergic and H2-
histaminergic receptors on ventromedial prefrontal cortex (vmPFC), basolateral amygdala
(BLA) and dorsal hippocampus. Therefore, the aim of this work was investigated the
modulation of aversive memory extinction in these brain structures. Male Wistar rats were
submitted to inhibitory avoidance paradigm (EI) or contextual fear conditioning (CCM). The
drugs were infused through cannulae implanted into the DH, BLA or vmPFC immediately
after the extinction session and their effects were evaluated 24 h later. D-serine (50 pg/side), a
NMDA receptor stimulant, and SKF9188 (12.5 pg/side), a histamine methyl-transferase
inhibitor, enhanced the consolidation of the extinction memory in EI and CCM tasks.
However, AP5 (5 pg/side), a NMDA-antagonist, and ranitidine (17.5 pg/side), a H2-
histaminergic antagonist, impaired the extinction of both tasks, indicated that NMDA
receptors are involved in the consolidation of extinction of both tasks, and histamine H2
receptors modulate that process in all areas studied. Noradrenaline (1 pg/side), timolol 1
ng/side), a B-adrenergic antagonist, SKF38393 (12.5 ng/side) and SCH23390 (1.5 pg/side),
D1 agonist and antagonist receptor, respectively, also affected the extinction, but their effects
varied with the task and with the site of infusion, suggesting that extinction modulation by [3-
and D1 is more complex. In conclusion, the three structures investigated are activated in the
aversive memory extinction and the neuromodulatory systems act of different forms in these

structures.

Keywords: memory, extinction, neuromodulatory systems, contextual fear conditioning.
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Introduction

Extinction consists on the learned inhibition of the expression of a previously learned
response'. Like other forms of learning it has a definable post-training consolidation period®™*”. It is
used in the psychotherapy of learned fear, often under the name of exposure therapy®’*.

Most forms of learning in mammals are modulated by B-noradrenergic, D1-dopaminergic and H2-

histaminergic receptors in hippocampus or basolateral amygdala®*”-%10-11:1213.1413.16.17.18.19.20 =,

aminoacid D-serine, normally produced by glial cells, modulates glutamate NMDA receptors at the

21,22,23

glycine site and enhances local LTP and memory processes Its analog, D-cycloserine, has

been used for years to facilitate extinction in animals and humans**. Dopamine, norepinephrine,
histamine and D-serine and their receptors mentioned above are found in all these areas, and they

25,26,27,28

have been suggested to play physiological roles in them The extinction of fear-motivated

29,30 3,31

learning requires the hippocampus™ ", the basolateral amygdala™, the entorhinal cortex that

8,33,34,35,36
(o205

interconnects both** and the vm PF . It can be modified by a variety of drugs given into

these structures shortly before or after it is initiated, i.e. during its purported consolidation period’.
The influence of modulatory systems upon extinction has been so far studied sporadically®'®.

Here we study extinction of two different but related fear-motivated tasks, inhibitory avoidance
(IA)"*#°7%% and contextual fear conditioning (CFC)*'%*7*** and its modulation by agonists and
antagonists of the neurotransmitter systems mentioned above microinfused into the basolateral
amygdala (BLA), the dorsal hippocampus (DH), and the infralimbic vmPFC of rats. Some findings
suggest a differential role for the dorsal and the ventral hippocampus in contextual fear conditioning
(Czerniawski et al., 2011) or of the pre- and infralimbic portions of the vmPFC in its extinction*’,
Here we concentrate on the BLA, the DH and the infralimbic vmPFC, and on whether there is
evidence for a role of NMDA glutamate receptors in the generation of extinction of both CFC and

IA in these areas, on its modulation by D-serine, and on whether D1 dopaminergic, B-noradrenergic

and histamine H2 agonist and antagonist drugs given into these structures also modulate extinction
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of the two tasks. The drugs used here were given at doses previously found to exert clear effects in

: : . 12,18,19,20,23,2 2,42,43,44
the modulation of other forms of learning in rats'>!®!%-2023.29.30.32:42.43.44

Material and Methods.

Subjects. Male Wistar rats (2.5-3 months 01d/230-270 g) were used. They were purchased
from the State Center for Production and Research in the Health Sciences (CREAL) of the Federal
University of Rio Grande do Sul (UFRGS). They were housed 5 to a cage with water and food
(Purina lab pellets) ad lib., under a 12-h light/dark cycle (lights on at 7:00 a.m.). The procedures
followed the guidelines of the National Institutes of Health Guide for the Care and Use of
Laboratory Animals and were approved by the Bioethics Committee of the Pontifical Catholic
University of Rio Grande do Sul.

Surgery. No less than 7 days after arrival to the laboratory, the animals were implanted under
ketamine (Konig), 75 mg/Kg/xylazine (Coopers), 10 mg/Kg anesthesia with bilateral 22-g guide
cannulae in the vimPFC (A -2.9, L £2.0, V -5.1 mm), the pyramidal cell layer of the dorsal CA1 area of the
hippocampus (A -4.3, L +4.0, V -3.4 mm),or the basolateral complex of the amygdala (A -2.8, L £4.7, V -
9.5 mm) (Figure 1). The coordinates are from the atlas of Paxinos and Watson (1986)°".

After recovery from surgery, animals were handled once a day for 2 days and then trained in
either the IA procedure or in the contextual fear conditioning procedure (CFC) between 8:00 and
11:00 a.m. as described'®. Animals were trained and then extinguished in each procedure; rats were
first exposed to one of the two tasks and 7 days after their extinction in that task they were exposed
to the other one.

Inhibitory Avoidance (IA). Training in the IA task was as follows. A 50 x 25 x 25 cm
plexiglass box with a 5-cm-high. 7-cm-wide and 25-cm-long formica platform on the left end of a
series of 0.3-cm-caliber bronze bars spaced 1.0 cm apart that made up the floor of the box. The

animals were placed on the platform facing the rear left corner of the training box. When they
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stepped down and placed their four paws on the grid they received a 2-sec 0.5 mA scrambled
footshock. Following this training session, 24 and 48 h later they were again placed on the platform
as described, and allowed to explore the box freely without receiving a footshock when they stepped
down. Step-down latency was measured in the training session and in the two extinction sessions
with an automatic device. Drug and vehicle treatments were administered immediately after the first
extinction session'®. A cut-off point at 300 sec was introduced at the first test or extinction session
as is customary in this task'>'®*-%31,

Contextual fear conditioning (CFC). The training apparatus was a 35 x 35 x 35 cm
aluminum box with a floor similar to that of the IA apparatus. The CFC training box was within
another, larger box made of soundproof walls so as to attenuate external sounds. On the training day
the animals were allowed to explore the apparatus freely for 2 min, after which they received two 2-
sec 0.5 mA scrambled footshocks with a 30 sec interval between them. On the next 2 days, 24 and
48 h after training, the animals were placed again in the training chamber. In all sessions, the
percentage of time spent freezing (i.e., with no movement) was measured with an automatic
device’’. Drug and vehicle treatments were administered immediately after the first extinction
session.

Drug treatments. The following drugs were used, at the doses stated in each case: the
glutamate N-methyl-D-aspartate receptor blocker, APS5 (2-amino-5-phosphonopentanoic acid,
Sigma-Aldrich), 5 pg/side; the agonist at the NMDA receptor glycine site, D-Ser (D-serine, Sigma-
Aldrich), 50 pg/side; the agonist at dopamine D1 receptors, SKFd (SKF38393, Sigma-Aldrich), 12.5
ug/side; the antagonist at dopamine D1 receptors, SCH23390 (Sigma-Aldrich), 1.5 pg/side; NA
(norepinephrine HCI, Sigma), 1.0 pg/side; the antagonist at f-adrenoceptors, TIM (timolol HCI,
Tocris. 1.0 pg/side; the inhibitor of histamine N-methyl transferase SKFh (SKF91488, Tocris), 12.5
ug/side; and the histamine H2 receptor antagonist, Ran (ranitidine HCI, Tocris), 17.5 pg/side. The

doses used had been described to have clear-cut effects on the consolidation or extinction of
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avoidance behavior in rats'™'*?**_Drugs were dissolved in 2% dimethylsulfoxide (DMSO) in water
in all cases, to an infusion volume of 0.5 ul. Control animals received 0.5 pl of the vehicle. The
infusion cannulae were fitted into the guide cannulae and infusions were carried out over 30 sec, and
the infusion cannula was left in place for an additional 30 sec, so as to avoid backflow.

Cannula placement control. Two to 4 h after the last behavioral test the infusion sites were
infused with 0.5 pl of 4% methylene blue also at the rate of 0.5 pl/30 sec and then, after 30 min,
sacrificed by decapitation. The brains were withsrawn and placed in 10% formalina for histological
determination of the diffusion of the injected dye 4 days later. Only data from animals in which this
infusion was within 1.0 mm? of the intended infusion sites were used for statistical purposes.

Statistics. Data from CFC extinction were submitted to one-way ANOVA and comparisons
between groups were by Duncan multiple range tests. Data from A extinction were analyzed by
Kruskal-Wallis ANOVA followed by individual Mann-Whitney U tests. This was because latencies
in the first extinction session of this task did not follow a normal distribution .inasmuch as we

. . . . . . . 12.18.19.2 1
introduced a 300-sec cut-off point for step-down latencies in the first extinction session'>'®!?2%%31,
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Fig. 1 Areas reached by the infusions in DH (upper), BLA (middle) and vimPFC (lower) in planes A-
4.2, -2.8 and 2.9 respectively of the atlas by Paxinos and Watson®”.- See text.

Results

The results obtained on extinction of the two tasks with the various treatments given into the
dorsal hippocampus (DH), the basolateral amygdala (BLA) and the vmPFC are shown in Figures 2 3
and 4 respectively. In the CFC task there were signs of extinction within the first session of
extinction: in all groups the percentage of time spent freezing decreased significantly from the first 3

to the last 3 min of permanence in the training box in that sessionn. Freezing in the second extinction
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session in that task in all groups was closer to the value of the last 3 min of the preceding session
than to those of the first 3 min.

In the TA task, there was a significant decrease of step-down latency between the first and the
second session of extinction in the control animals in all groups, wich shows that acquisition of
extinction took place also in the first session.

As can be seen, at the doses tested, AP5, D-serine, ranitidine and SKF91488 had similar effects
on the two types of extinction of the two tasks in all the brain areas studied. For the other treatments,
there were several task and task/brain area differences, so there were no identical overall patterns for
both tasks in any of the brain areas studied.

Treatments given in the CAl region of DH. When given bilaterally into CA1, APS,
ranitidine and SCH23390 impaired the extinction of CFC, and that of IA was impaired in addition by
timolol. Extinction of both tasks was improved by D-serine, SKF38395 and by the H2 histaminergic
mimetic, SKF91488. (Figure 2).

Treatments given into the BLA. When given bilaterally into the BLA, SCH23390 and
norepinephrine impaired extinction of the inhibitory avoidance task, and AP5 and ranitidine
impaired, and D-serine, timolol and SKF91488 enhanced, extinction of the two tasks (Figure 3).

Treatments given into the vmPFC. When given bilaterally into the vimPFC, AP35, ranitidine
and norepinephrine impaired extinction of the CFC paradigm and APS5, ranitidine, SCH23390 and
timolol impaired extinction of IA. Inversely, in the CFC task, D-serine, SKF91488 and timolol

enhanced extinction and in the IA task, no drug was found to enhance extinction (Figure 4).



33

24hs 24hs
CFC ; ; 20 min 3 min
Tr Ext 1 Ext 2
Microinfusions
A 100 B 100+
. 754 75+
= * =
= y ] = -
£ 504 ' I £ 504 i
~N =3
@ =
& 1 8
= * T frag *
25 . 25
I—I—I -
Tr 0-3 17-20 VEH D-SER D-APS Tr 0-3 17-20 VEH SKF-d SCH
Ext 1 (min) Ext 2 Ext 1 (min) Ext 2
C oo D
. 75 . 75
= =
(=21 =
= = - *
£ 50 N £ so0 1
@ @
@ 1 o T
o
% 25 T 25+ *
Tr 0-3 17-20 VEH NA Tim Tr 0-3 17-20 VEH SKF-h RAN
Ext 1 (min) Ext 2 Ext 1 (min) Ext 2
24hs 24hs
1A 300 sec 300 sec
Tr Ext 1 Ext 2
Microinfusions
#
E 300+ F __ 300+ T
= | . = | |
=
s =
= 225+ o 225
o =
e -9
o 2
£ 150+ o 1504
o 2
> g i
= 75 I # s 75
= ™=
= | 3 |—|—| |
.
R —
Tr Ext 1 VEH D-SER  D-APS Tr Ext 1 VEH SKF-d SCH
Ext 2 Ext 2
G _ > i H o | T
= ()
=
= 225 £ 225
(=3 =3 o
od * =
s s
% 150 = 150
2 =
= =
2 75+ 2 754
2 2 #
] ]
- — l—'—l
Tr Ext 1 VEH NA TIM Tr Ext 1 VEH SKF-h RAN

Ext 2 Ext 2

Fig. 2 Different modulatory system in CA1 are involved in the extinction of the contextual fear (A-D)
and inhibitory avoidance memory (E-H). In A-D, Animals were trained in a CFC task using two 0.5
mA, 2-sec scrambled footshocks 30 sec apart.  Twenty four h later they were re-exposed to the CFC
apparatus with no reinforcement (first extinction session). Immediately after this session, animals received
bilateral microinfusions of one of the following treatments given bilaterally into CAl: APS, dose, D-
serine (D-Ser), dose, SCH 23390 (SCH); dose, ranitidine (Ran; 50mM), the dopamine D-1 receptor
agonist SKF 38393 (SKF-d), dose, the histamine enhancer, SKF 91488 (SKF-h; 50mM), dimaprit (DIM),
dose, noradrenaline (NA), dose, timolol (TIM), dose, or vehicle (2% DMSO in water), 0.5 microl. The
animals were tested once more for extinction on the next day, at 48 h from training (second extinction
session). Data presented as means + s.e.m., and analyzed using a one-way ANOVA followed by Duncan
multiple range tests. *, significant difference from controls at p < 0.05 level; # same, at p < 0.01 level.
APS5, SCH and Ran impaired, and D-Ser, SKF-d and SKF-h enhanced extinction of the CFC task. The
remaining treatments had no effect. E-H: Animals were trained in a step-down inhibitory avoidance (IA;
one 0.5 mA, 2-sec, scrambled footshock). They were exposed to the apparatus with no reinforcement 24
and again 48 h after training (first and second extinction session). Immediately after the first extinction
session they received the same treatments listed above. Again, AP5, Ran and SCh impaired, and D-Ser
and SKF-d enhanced extinction. N=10-11 per group.
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Fig. 3 Differents modulatory system in BLA are involved in the extinction of the contextual fear (A-
D) and inhibitory avoidance memory (E-H). Same as Fig. 1, only that the treatments were here given
bilaterally iunto the basolateral amygdala (BLA). . A-D) Animals trained in CFC and exposed to two
extinction sessions, one 24 and the other 48 h after trtaining. Post-extinction infusions were given into
gthe BLA following the first extinction session. APS5 and Ran hindered extinction of this task, SKF-h and
timolol enjhanced it, and the remaining treatments had no effect. Significant differences from controls as
in Fig.1. E-H, same, but for extinction of the the IA task . IA extinction was impaired by AP5, Ran, SCH
and NA, and enhanced by D-Ser and TIM; all other treatments had no effect. N= 10-11 per group.
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Fig. 4 Differents modulatory system in vmPFC are involved in the extinction of the contextual fear
(A-D) and inhibitory avoidance memory (E-H). Same as Figs. 1 and 2, but for treatments given into
the vimPFC. A-D: APS5, Ran and NA impaired, and D-Ser, TIM and SKF-h enhanced CFC extinction.
All other treatments had no effect. E-H, In the IA task, AP5, Ran, SCH and TIM impaired extinction,

and the other treatments had no effect. Note the opposite effect of TIM on extinction of the two tasks.
Significance levels as in Fig. 1. N=10-11 per group.
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Discussion

The data on APS5 and D-serine suggest that glutamate NMDA receptors are important in the
three areas studied for the generation of extinction, and the findings with SKF91488 and ranitidine
suggest that histamine H2 receptor modulate this process in all areas. The data on SKF38393 and
SCH23390 suggest that dopamine D1 receptors in CA1 modulate extinction of both tasks, and that
endogenous dopamine acting at D1 receptors may be involved in the onset of extinction of IA. The
findings are less clear in relation to the influence of B-noradrenergic receptors: these seem to play no
role in the modulation of the extinction of CFC in CA1l, to inhibit CFC extinction in the BLA and
vmPFC and IA extinction in the BLA, but to facilitate IA extinction in vmPFC. The possible role of
B-noradrenergic receptors in extinction in the BLA was reported as enhancing by Berlau and
McGaugh (2006)°, and deserves further study in relation to endogenous brain and blood NA levels,
which vary along with the sensitivity to the drug across tasks and species. Histaminergic neurons
are all in one restricted region of the brain, from where their axons project to many different areas,
including those studied her. Dopaminergic and noradrenergic neurons are somewhat more
disperse®. These are possible anatomic reasons why histaminergic modulation of extinction is more
homogeneous than catecholaminergic modulation: one message to the infundibulomammilary
histamergic neuron conglomerate somehow informing that extinction has just begun or is about to
begin would suffice to turn all neurons there on; whereas several messages should be needed for
catecholaminergic neurons, and these messages would not necessarily be equal.

The effects of APS and D-serine on extinction suggest a key role of glutamate NMDA
receptors in all three structures in the consolidation of both forms of extinction, by analogy of what
has been postulated for many other forms of learning***®; the activation of NMDA receptors is taken
as the hallmark and as the necessary initial step of memory formation. Further, in agreement with

531,42

previous suggestions from the literature , extinction depends on the concomitant activation of

hippocampus, amygdala and vimPFC, with no clear indication as to which of the three structures
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leads the process’. This fits with the concept of multiple sites for memory consolidation in

474
general*"*

, and specifically as postulated for the consolidation of extinction learning by Gabriele
and Packard (2006)".

The various differences observed among treatment/infusion site combinations and/or between
tasks strongly suggest a specificity of the modulatory influence of dopaminergic and noradrenergic
systems in each region depending on the task. The extinction enhancing effects of the dopamine D1
receptor agonist, SKF38393 and the depressant effect on extinction of the D1 antagonist, SCH23390
when given into the hippocampus (Fig. 2) but not elsewhere (Figs. 1 and 3), is consistent with data
in the literature on other forms of extinction obtained with systemic injections of SCH23390 and
might indicate a general regulatory mechanism of extinction by dopamine D1 receptors in CA1.

It is probably pointless at this stage to discuss in detail the various mechanistic possibilities,
including the eventual discrepancy with one or other result in the literature’ on CFC extinction
enhancement by 1.0pg of NA given into the right but not left BLA ). Differences in rat strain or task
sensitivity to drugs are common, and the main point here is not whether one particular treatment had
an effect here or there. The main points of the present article are that the drugs tested did have
effects, and that some of these effects were similar and others were different across sites or tasks.
The present results do suggest modulation of the extinction process of the two tasks by specific
actions of the drugs tested on the DH, the BLA and the vimPFC. This suggests that pharmacological
treatments and perhaps psychotherapy®’, which presumably should influence brain modulatory
systems inasmuch as its effects are to an extent mimicked by drugs acting on these systems, may
influence exposure treatments differentially depending on the nature of the memory being
extinguished and the brain systems recruited in each case. There clearly is not just one brain system
for extinction and just one or a few systems involved in the modulation of that type of learning, and
often the same system(s) may act differently on the modulation of extinction of different tasks, as

attested by the present findings.
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8 CONCLUSOES

1) A extingdo da memdria requer a ativagdo de receptores glutamatérgicos NMDA no
HIP, BLA e vmPFC nas tarefas de condicionamento contextual ao medo e esquiva

inibitoria;

2) O receptor D1-dopaminérgico modula a extingdo da memoria de condicionamento
contextual ao medo apenas no HIP, enquanto participa da modulagdo da memoria de

esquiva inibitoria no HIP, BLA e vimPFC.

3) O receptor B-adrenérgico modula a extingdo da memoria de condicionamento
contextual ao medo na BLA e vmPFC, enquanto apresenta efeitos distintos sobre a

extingdo da memoria de esquiva inibitoria no HIP, BLA e vmPFC.

4) O receptor H2-histaminérgico modula a extingdo da memoria tanto no
condicionamento contextual ao medo, quanto na esquiva inibitéoria no HIP, BLA e

vmPFC.
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