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RESUMO

Tem sido proposto que o nucleo dorsal da rafe (NDR) esta envolvido com o efeito
antipanico dos antidepressivos por aumentar a inibicdo serotonérgica desta estrutura
sobre a matéria cinzenta periaquedutal dorsal (MCPd). O objetivo deste estudo foi
investigar o papel do NDR pela sua inibicao reversivel com a lidocaina no efeito
antipénico do tratamento crénico com imipramina no labirinto em T elevado (LTE).
Para isso, ratos foram tratados diariamente com imipramina (15 mg/Kg ip.) ou salina
durante 24 dias consecutivos, até 3 h antes do inicio dos testes comportamentais.
Uma canula foi implantada no NDR no 14° dia. Lidocaina 4% (0,2uL) ou salina
(0,2uL) foi injetada no cérebro do animal 10 minutos antes do teste no LTE seguido
do teste do campo aberto (21° dia). Trés dias apos esta primeira etapa foi feito o
cruzamento dos grupos, sendo que os animais que receberam salina no NDR no 21°
dia, receberam lidocaina e vice-versa e os testes comportamentais foram repetidos
(24° dia). Entre os dias 21 e 24 os animais continuaram a receber salina ou
imipramina. Os resultados obtidos indicaram que a salina cronica sistémica mais
lidocaina no NDR e imipramina crbnica sistémica (mais salina ou lidocaina no NDR)
prejudicaram a esquiva inibitoria, indicando um efeito ansiolitico. Na fuga, a lidocaina
no NDR facilitou-a (diminuiu o tempo de laténcia), sugerindo um efeito panicogénico,
enquanto que a imipramina crénica prejudicou-a (aumentou o tempo de laténcia),
sugerindo um efeito panicolitico. Além do mais, a lidocaina bloqueou o efeito
antipanico da imipramina sistémica crbénica na fuga do LTE. Em relagdo a atividade
locomotora no teste do campo aberto, ndo houve alteragdo por nenhum tratamento
em comparagao ao grupo controle. Pode-se concluir que lidocaina no NDR em
animais cronicamente tratados com imipramina mostrou um efeito ansiolitico; por
outro lado, a lidocaina no NDR mostrou um efeito panicogénico enquanto a
imipramina mostrou um efeito antipanico, o qual foi bloqueado pela inibicdo do NDR
pela lidocaina. Estes efeitos corroboram a hipétese de que a atividade do NDR tem
um papel dual na ansiedade: aumenta o comportamento defensivo na esquiva, mas
diminui o comportamento defensivo na fuga. Além do mais, o presente estudo
demonstra que a atividade do NDR é crucial para o efeito antipanico da imipramina.

Palavras-chaves: modelo animal, ansiedade, antidepressivo, nucleo dorsal da rafe,

imipramina, lidocaina, panico, serotonina.
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ABSTRACT

Rationale: the dorsal raphe nucleus (DRN) has been implicated in the antipanic effect
of antidepressants by increasing its serotonergic inhibition over the dorsal
periaqueductal gray (DPAG).

Objectives: to investigate the influence of DRN reversible inhibition with lidocaine in
the antipanic effect of chronic imipramine treatment in the elevated T-maze (ETM).
Methods: rats were injected daily with imipramine (15mg/Kg ip.) or saline during 24
days. A guide cannula was implanted in the DRN on day 14. Lidocaine (4%, 0.2ulL)
or saline was injected in DRN 10 min before the test in the ETM followed by the
open-field test (day 21). Three days latter, the infusions were crossed-over, animals
microinjected in the DRN with saline in the first trial received lidocaine and vice —
versa, and the behavioral tests were repeated (day 24).

Results: chronic saline plus lidocaine in the DRN and chronic imipramine (plus saline
or lidocaine in the DRN) impaired inhibitory avoidance, indicating an anxiolytic effect.
In the one-way escape, lidocaine facilitated it, suggesting a panicogenic effect, while
chronic imipramine impaired it, which is indicative of a panicolytic effect. Moreover,
lidocaine blocked the facilitatory effect of chronic imipramine. The locomotor activity
in the open field test was not changed by any treatment compared to the control
group.

Conclusion: These effects were congruent with the hypothesis that DRN meditation
has a dual effect in anxiety: increasing the defensive behavior in the inhibitory
avoidance and decreasing the defensive behavior in the one-way escape. Moreover,
they suggest that DRN exerts a crucial role in the antipanic-like effect of chronic

imipramine in the ETM.

Keywords: animal model, anxiety, antidepressant, dorsal raphe nucleus, imipramine,

lidocaine, panic, serotonin.
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1 INTRODUGAO

Os transtornos de ansiedade sdo um conjunto de transtornos heterogéneos que
incluem diferentes condigdes patoldgicas, tais como transtorno do panico (TP) com
ou sem agorafobia, agorafobia sem histérico de TP, fobia especifica, fobia social,
estresse poés-traumatico, transtorno da ansiedade generalizada (TAG), transtorno
obsessivo-compulsivo, transtorno do estresse agudo, transtorno de ansiedade
devido a condicdo médica, transtorno de ansiedade induzido por substancias e
transtorno de ansiedade sem outra especificacdo (Associagdo Americana de
Psiquiatria, 2000).

1.1 TRANSTORNO DA ANSIEDADE GENERALIZADA

De acordo com o DSM-IV-TR (Associagdao Americana de Psiquiatria, 2000) o
individuo que apresenta TAG tem ansiedade e preocupacao excessiva e persistente
durante mais de seis meses. E incapaz de se descontrair e considera dificil controlar
a preocupacao. A ansiedade e a preocupagao sao acompanhadas de pelo menos 3
dos sintomas: inquietagao, fatigabilidade, dificuldade em concentrar-se, irritabilidade,

tensdo muscular ou perturbacédo do sono.

Os principais grupos dos agentes utilizados no tratamento do TAG séao
(Andreatini e cols, 2001):

1- Benzodiazepinicos (BZD): sdo os mais utilizados no tratamento dos
estados de ansiedade; também utilizados na ins6nia. Exemplos:
diazepam, clonazepam, alprazolam, bromazepam, entre outros.

2- Agonistas dos receptores 5-HT4a. Ex.: buspirona.

3- Antidepressivos: imipramina, paroxetina e venlafaxina.

4- Antagonistas dos receptores B-adrenérgicos: utilizados
principalmente para reduzir os sintomas fisicos de ansiedade (tremor,

palpitagéo, etc). Ex.: propranolol.

Em relagdo aos BZD, sua agédo ansiolitica € decorrente de sua ligagdo com

sitios préprios localizados no complexo receptor GABAA, atuando como modulador



alostérico, facilitando a agcdo do GABA e, consequientemente, a hiperpolarizagcéao
celular pelo aumento do influxo de cloreto. O efeito ansiolitico pode ser visto nos
primeiros dias de tratamento, sendo que a retirada dos BZD deve ser gradual devido
a probabilidade de sintomas de abstinéncia, que sao mais intensos com BZD de
acgao curta e alta poténcia. Apesar dos efeitos colaterais indesejaveis (p.ex. sedacao,
amnésia anterograda e relaxamento muscular) e o risco de dependéncia, os BZD
permanecem como o grupo de drogas mais utilizado no TAG, provavelmente devido
a aceitabilidade e a familiaridade de médicos e pacientes, a boa tolerabilidade e ao
rapido inicio de acao (Graeff e Guimaraes, 1999; Andreatini e cols, 2001).

A buspirona € um agonista dos receptores 5-HT44, atuando em receptores pré-
sinapticos inibitérios, reduzindo o disparo neuronal e, consequentemente, a
liberagdo de 5-HT. Ela também atuaria como agonista parcial em receptores pos-
sinapticos 5-HT1a competindo com a serotonina (que estaria elevada) por esses
receptores e, conseqiientemente, reduzindo sua acdo. E ineficaz no controle dos
episdédios de panico. Sao necessarios varios dias ou semanas para a manifestagao
dos efeitos ansioliticos. Os efeitos colaterais da buspirona (nauseas, vertigem,
cefaléia, etc.) parecem ser menos incémodos dos que os que ocorrem com os BZD,
nao produzindo sedacdo, déficits mnémicos ou potencializagdo com outros
depressores (Graeff e Guimaraes, 1999; Andreatini e cols, 2001).

A acgédo ansiolitica dos antidepressivos triciclicos (ADT), como a imipramina, e
dos inibidores seletivos da recaptacdo da serotonina (ISRS), como a paroxetina,
seria decorrente de uma subsensibilizagcao dos receptores 5-HT, no cértex frontal e
amigdala apdés a administragdo repetida. O inicio da agdo ansiolitica € gradual,
apresentando boa eficacia apoés 2 a 4 semanas de tratamento. Ha também os
inibidores seletivos da recaptagao de serotonina e noradrenalina (ISRSNA), como a
venlafaxina, a qual apresenta-se como uma alternativa importante no TAG (Graeff e
Guimaraes, 1999; Andreatini e cols, 2001; Schmitt e cols, 2005).

Em relacdo aos B-bloqueadores, eles podem ser uteis em pacientes com
intensos sintomas somaticos. Sua agao terapéutica seria por um mecanismo de
retroalimentagao, inicialmente reduzindo a influéncia da percepg¢ado dos sintomas
somaticos periféricos, como tremor e taquicardia nos sintomas cognitivos da
ansiedade e, posteriormente, a propria retroalimentagdo dos sintomas psiquicos.
Uma vantagem dos B-bloqueadores em relagdo aos BZD seria a menor incidéncia de

prejuizos cognitivos. (Graeff e Guimaraes, 1999; Andreatini e cols, 2001).



As perspectivas futuras sdo as drogas que atuariam no complexo
BZD/GABAx/canal de cloreto; os agonistas parciais do receptor BZD (como o
abecarnil); gabapentina; agonistas 5-HTa (como ipsapirona, gepirona); antagonistas
5-HT, (como ritanserina, ketanserina, amesergida); antagonistas 5-HT3; (como
ondansetron) (Andreatini e cols, 2001).

Enquanto a ansiedade generalizada (TAG) pode ser tratada com
benzodiazepinicos (BZD) de baixa poténcia e buspirona, por exemplo, o TP
geralmente ndo responde favoravelmente a estes mesmos agentes farmacoldgicos
(Bakker e cols, 2005; Mitte e cols, 2005). Os antidepressivos e os BZD de alta
poténcia sdo eficazes em ambos os transtornos. (Graeff e Guimaraes, 1999;
Andreatini e cols, 2001; Bakker e cols, 2005).

1.2 TRANSTORNO DO PANICO

O transtorno do panico € caracterizado por ataques de panico recorrentes,
inesperados, bem delimitados no tempo, apresentando sintomas psiquicos e fisicos.
Nestes ataques de ansiedade, o individuo sente intenso medo e terror, desejo de
fugir, sentimento de morte iminente e perda de controle. Estes sintomas psiquicos
podem estar associados a sintomas fisicos como palpitagao, hipertensao, dificuldade
em respirar, sudorese e aumento do peristaltismo intestinal. Isto leva a uma
preocupacao do proximo ataque, ou seja, a uma ansiedade antecipatoria. Trata-se
de um quadro de evolugido crbnica, incapacitante, com elevada morbidade e que
acarreta acentuado prejuizo individual, familiar e social. Estudo recente estima que
1,6% dos brasileiros apresentam TP durante a vida (Andrade e cols, 2002; Graeff,
2004).

O tratamento farmacolégico para o TP sdo os antidepressivos (inibidores
seletivos da recaptagdo de serotonina e os antidepressivos ftriciclicos) e os
benzodiazepinicos de alta poténcia como alprazolam e clonazepam (Bakker e cols,
2005). Por outro lado, existem duvidas quanto a eficacia dos inibidores da
recaptacdo seletivos de NA (p.ex. maprotilina e desipramina), enquanto que a
buspirona € ineficaz (Den Boer e Westenberg, 1988; Sasson e cols, 1999; Bakker e
cols, 2005).



1.3 SEROTONINA

A serotonina € encontrada em plaquetas, no soro e no cérebro. Por nao
atravessar a barreira hematoencefalica, conclui-se que ela é sintetizada no proprio
cérebro (Siegel e cols, 1994). Atualmente considera-se que a 5-HT seja a principal
amina envolvida no TP e também no TAG. Ha 7 tipos de receptores serotonérgicos
(5-HT+.7), com subtipos dos receptores 5-HT{ e 5-HT, (Fig. 1). Todos sao receptores
acoplados a proteina G, exceto o 5-HT3, que € um canal catibnico regulado por
ligante. Os receptores 5-HT¢ ocorrem principalmente no SNC. Atuam através da
inibicdo da adenilato ciclase. A buspirona € um agonista 5-HTa eficaz no TAG. Os
receptores 5-HT, também ocorrem no SNC e em muitos locais periféricos. Atuam
através da via fosfolipase C/fosfato inositol. Antagonistas 5-HT, (por exemplo, a
ritanserina) parecem ser eficazes no TAG. Os receptores 5-HT3; ocorrem no SNP e
no SNC. Os efeitos sao excitatérios e mediados através de canais iGnicos diretos
acoplados aos receptores. O ondansetron € um antagonista especifico que atua
como antiemético, mas também pode ser ansiolitico. Zacopride e tropisetron também
sdo antagonistas dos receptores 5-HT3 e tém efeito ansiolitico (Tonelli e Andreatini,
2000). Pouco se sabe sobre a funcédo e a farmacologia dos receptores 5-HTs.7 na

ansiedade.
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Figura 1: receptores 5-HT e acao de algumas drogas (Siegel e cols, 1994).




1.4 NDR, VIAS SEROTONERGICAS E ANSIEDADE

O nucleo mediano da rafe (NMR) e o NDR sdo as principais fontes de
inervagao serotonérgica do cérebro. O NMR projeta suas fibras para o hipocampo, o
qual esta associado com processo emocional e cognitivo (Andrade e cols, 2004). Ja
o NDR projeta as fibras serotonérgicas para varias regides do cérebro e esta
envolvido em uma variedade de fungdes fisioldgicas, como, por exemplo, a
regulacdo do humor e de fun¢gdes motoras e sensoriais. Contudo, o NDR também
apresenta uma grande populagao de neurdnios nao-serotonérgicos (Marinelli e cols,
2004).

De acordo com a hipotese dual da serotonina na ansiedade, proposta por
Deakin e Graeff (1991), o NDR é uma estrutura-chave que origina duas importantes
vias serotonérgicas relacionadas com a ansiedade: uma que projeta para a
amigdala, a qual esta envolvida na resposta a um perigo potencial, estando
relacionada com o TAG (Fig. 2); a outra via projeta para a MCPd, a qual esta
envolvida na resposta a uma ameacga proximal, estando relacionada com o TP
(Deakin, 1998; Graeff, 2002). Considerando modelos animais de ansiedade, as
seguintes predicbes podem ser feitas: aumentando a atividade serotonérgica de
estruturas limbicas do cérebro (como a amigdala) ocorreria um aumento dos indices
comportamentais de ansiedade, enquanto uma diminuicdo serotonérgica levaria a
efeitos ansioliticos; por outro lado, um aumento de serotonina na MCPd reduziria os
indices de panico em tarefas que envolvem fuga, sendo que o oposto seria
produzido por uma diminuigdo da serotonina, ou seja, acarretaria ataques de
panico.

Estas predigdes tém sido confirmadas experimentalmente (Graeff, 2002; Graeff,
2004). Por exemplo, em ratos a estimulacao elétrica da MCPd pode causar fortes
efeitos aversivos, manifestados por comportamento de fuga, um comportamento
defensivo que se relaciona com TP. A injecdo de 5-HT ou de drogas que mimetizem
seu efeito na MCPd inibem a fuga induzida por estimulagdo quimica ou elétrica
nessa regidao do cérebro (Nogueira e Graeff 1995; Coplan e Lydiard 1998). Nesta
linha, os antidepressivos seriam eficazes no TP por aumentar a inibicdo
serotonérgica do NDR sobre a MCPd e através da sensibilizacdo dos receptores
serotonérgicos na MCPd (Deakin and Graeff 1991; Jacob e cols, 2002; Graeff 2004;

Zanoveli e cols, 2005). Especificamente em relagao ao efeito dos antidepressivos,



enquanto estudos recentes corroboram a participagao dos receptores 5-HT1A e 5-
HT2A na MCPd no efeito antipanico dos antidepressivos (Zangrossi e cols, 2001;
Jacob e cols, 2002; Zanoveli e cols, 2003; Bortoli e cols., 2005; Zanoveli e cols.,
2005), ndo existe evidéncia direta sobre a participagdo do NDR no efeito antipanico

da imipramina administrada crénicamente.
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Figura 2: esquema do NDR e vias serotonérgicas.

Esta hipétese também explicaria a piora inicial no TP que pode ser
observada no tratamento com antidepressivos. Esta piora seria decorrente da
diminuicao da liberagao de 5-HT na MCPd, resultante da estimulacdo de receptores
autossdmicos. Outra interpretacdo poderia ser que esta piora seria na realidade um
aumento da ansiedade (e ndo dos ataques de pénico) decorrente do aumento de
serotonina na amigdala. A administragdo continuada dos antidepressivos levaria a
dessensibilizacdo dos receptores 5-HT1A autossbmicos, fazendo com que,
progressivamente, aumente a quantidade de 5-HT Iliberada pelas fibras
serotonérgicas (Figs. 1 e 3, tabela 1). Isto também explicaria porque o efeito
panicolitico dos antidepressivos leva algumas semanas para aparecer (Graeff e
Guimaraes, 1999).
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Figura 3: efeito das drogas antipanico na neurotransmissao.

Tabela 1: Modo de agédo de drogas que atuam no sistema serotonérgico sobre os

transtornos de ansiedade.

Classe Estrutura neural Receptor Acédo Efeito
farmacologica
Azaspironas Amigdala/ 5-HTzarc Sub- ansiolitico
regulacao
(buspirona) cortex frontal
Antidepressivos Amigdala/ S5-HT2pi2c Sub- ansiolitico
(ADT,IMAO,ISRS) cortex frontal regulagao
Antagonistas 5- Amigdala/ 5-HT2p2c Sub- ansiolitico
HToan2c (ritanserina cortex frontal regulagao
Antagonistas 5- Amigdala 5-HT3 Bloqueio ansiolitico
HTs(tropisetron)
Agonistas (MCPP,  Amigdala/hipocampo/ 5-HTanc  Estimulagdo  ansiogénico
TFMPP) cortex frontal
5-HT2a1A Estimulagdo antipanico

Antidepressivos MCP

(ADT,IMAO,ISRS)

Graeff e Guimaraes, 1999.



Portanto, segundo esta proposta (figura 3; tabela 1):

1) os antidepressivos (tratamento cronico) apresentam efeito ansiolitico
pela dessensibilizacdo dos receptores 5-HT, na amigdala e coértex
frontal;

2) os antidepressivos (tratamento cronico) apresentam efeito panicolitico
por aumentar a neurotransmissao serotonérgica na via NDR, havendo
a inibicdo da MCPd;

3) os BDZ de alta poténcia inibem diretamente a MCPd, bloqueando os

ataques de panico.

1.5 MODELOS COMPORTAMENTAIS: LABIRINTO EM T-ELEVADO E CAMPO
ABERTO

1.5.1 Labirinto em T Elevado (LTE)

Tem havido um aumento no interesse no desenvolvimento de modelos animais
que representem os diferentes tipos de transtornos de ansiedade, sendo o labirinto
em T elevado um destes modelos. Desenvolvido a partir do labirinto em cruz
elevado, o labirinto em T elevado avalia 2 tipos de comportamentos defensivos no
mesmo animal: a esquiva inibitéria e a fuga do brago aberto. A esquiva inibitoria
estaria relacionada ao TAG, enquanto que a fuga do brago aberto com o TP (Graeff
e cols, 1998; Viana e cols, 1994; Teixeira e cols, 2000; Poltronieri e cols, 2003).

O LTE (fig. 4) consiste de 3 bracos elevados do chdo, sendo um desses bragos
fechado com paredes laterais, ficando perpendicular aos 2 bracos abertos sem
paredes laterais. Os ratos tém uma aversao inata por lugares abertos e elevados,
permanecendo por menos tempo nos bragos abertos quando comparados ao brago
fechado (Handley e Mithani, 1984; Pellow e cols, 1985; Treit e cols, 1993; Graeff,
2004;). No experimento, os ratos executam primeiro a esquiva inibitéria e depois a
fuga do bragco aberto. A esquiva inibitéria € avaliada pelo aumento do tempo de
laténcia para sair do braco fechado com as 4 patas em 3 tentativas sucessivas com
um intervalo de 30 segundos entre elas. O aprendizado ¢ indicado pelo aumento do
tempo de laténcia ao longo das tentativas. Para a fuga do brago aberto, a qual inicia
30s depois da esquiva inibitdria ter finalizado, o rato é colocado na extremidade do

braco aberto e o tempo de laténcia para escapar deste braco é medido também em



3 tentativas com intervalos de 30s (Graeff e cols, 1998; Zangrossi e cols, 2001;
Poltronieri e cols, 2003, Teixeira e cols, 2000). A pré-exposi¢cao no brago aberto por
30 minutos, 24 horas antes do teste, diminui o 1° tempo de fuga do brago aberto e
aumenta a sensibilidade da droga (Teixeira e cols, 2000; Graeff, 2004).

A validagao farmacoldgica deste modelo mostra que 2 classes de ansioliticos,
os BZD, como o diazepam; e agonistas 5-HT4a, como a buspirona, alteram o tempo
de laténcia na esquiva inibitéria, porém nao alteram esse tempo na fuga do braco
aberto (tabela 2). Como ja dito, conclui-se que a esquiva inibitéria esta relacionada
com TAG (Graeff e cols, 1998; Poltronieri e cols, 2003; Zanoveli e cols, 2005). Por
outro lado, antidepressivos administrados cronicamente, como a imipramina e a
paroxetina, os quais tém eficacia clinica como panicoliticos e ansioliticos (Bakker e
cols, 2005; Schmitt e cols, 2005), prejudicam a esquiva inibitéria e a fuga do brago
aberto (Teixeira e cols, 2000; Beijamini and Andreatini, 2003), o que reforga a idéia
de que a fuga esta envolvida com o TP. Além do mais, clomipramina e fluoxetina, as
quais também sao drogas panicoliticas efetivas na clinica (Bakker e cols, 2005),

prejudicam a fuga (Poltronieri e cols, 2003).
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Tabela 2: validagao farmacoldgica do LTE.

LTE Clinica LTE Clinica

esquiva TAG fuga panico
BZD (baixa pot.) + + 0 0
Buspirona + + 0 0

Ritanserina + + 0 Oou -
Imipramina crénica + + + +
Clomipramina crénica ? + +
Fluoxetina cronica ? + +
Paroxetina +* + +** +

+ ansiolitico/ panicolitico; 0 sem efeito; - ansiogénico/ panicogénico; ? sem

informacéao

* subagudo (3x em 24 h); **subcrdnico (7 dias)

P

|

Fuga do brago aberto ’ \ Esquiva inib brago fechado

Figura 4: ilustragdo do LTE utilizado.
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1.5.2 Campo Aberto

O teste do campo aberto € um modelo que avalia principalmente a atividade
locomotora e exploratdria, podendo também ser empregado para avaliagdo da
ansiedade, embora esta ultima utilizacdo seja questionavel (Prut e Belzung, 2003).
Basicamente consiste em colocar o animal em uma arena (circular ou quadrada) e

registrar a distancia percorrida pelo animal durante determinado periodo de tempo.

Figura 5: ilustragdo do campo aberto utilizado.

Os efeitos de diferentes drogas tém sido investigados no campo aberto,
incluindo compostos com efeitos ansioliticos (BZD, neuropeptideos, ligantes
serotonérgicos), mas também compostos estimulantes (anfetamina, cocaina) e
sedativos (neurolépticos). Um aumento da locomog¢ao pode ser considerado um
efeito estimulante enquanto que uma diminuicdo da atividade vertical e da
locomogéo estdo relacionados a sedagéo ou prejuizo motor.

A ansiedade pode ser avaliada pela analise da exploracdo da area central do
labirinto, que se constitui em um espaco aberto. Um aumento na locomocéao central
ou no tempo gasto na parte central do aparelho sem modificagdo da locomogéo total
ou da exploracao vertical pode ser interpretado como um efeito ansiolitico, enquanto

que uma diminuicdo dessas variaveis esta associada com efeitos ansiogénicos.
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Entretanto, esta resposta nao tem sido corroborada totalmente (Prut e Belzung,
2003).

Finalmente, a memodria pode ser avaliada pelo re-teste no aparelho,
comparando os comportamentos na 12 sessdo com a 22. A redugdo da atividade
(p.ex. locomogado) na 2% passagem é considerado um indice de habituagdo, um
modelo de memodria ndo associativa (Platel e Porsolt, 1982; Kelley, 1993; Xavier,
1999).

1.6 DROGAS

Imipramina

E um antidepressivo triciclico cujo mecanismo de acdo consiste em bloquear a
recaptacdo de noradrenalina e serotonina pelas terminagdes nervosas através de
sua competigdo pelo sitio de ligagdo da proteina transportadora. Atua também em
outros sitios produzindo: sedacéo (bloqueio H1); hipotensédo postural (bloqueio de
receptores a-adrenérgicos); xerostomia, visdo turva e constipagdo (bloqueio
muscarinico).

A imipramina foi a primeira droga detectada como eficaz no TP (Klein e Fink,
1962), sendo que seu efeito clinico aparece somente apos tratamento crénico (4 a 8
semanas). Na primeira semana do tratamento com imipramina pode ser observada
até mesmo uma piora da ansiedade, que desaparece com a administracao
prolongada (Graeff e Guimaraes, 1999; Bakker e cols, 2005). Posteriormente
observou-se que a imipramina também era eficaz no TAG (Mitte e cols, 2005;
Schmitt e cols, 2005).

Lidocaina

A lidocaina € um anestésico local do tipo amida que atua através do bloqueio
dos canais de sodio dependentes de voltagem, diminuindo o influxo de soédio e
aumentando o limiar de excitabilidade elétrica, reduzindo consequentemente a
probabilidade da propagacdo do impulso (Catterall and Mackie, 2001). A
administragao local de lidocaina em determinada estrutura cerebral exerce um efeito

inibitorio transitorio sobre ela, constituindo um método util de estudo desta estrutura
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em determinado comportamento (Packard e McGaugh, 1996; Tehovnik e Sommer,
1997; Shahidi e cols, 2004). Entdo a administracdo de lidocaina no NDR acarretara
a inibicdo do NDR, permitindo estudar a importancia deste nucleo no efeito
antipanico da administracdo crénica de imipramina em modelos animais de TP. A
predicao, baseada na teoria de Deakin e Graeff, € de que a inibicdo do NDR pela
lidocaina revertera o efeito antipanico da administracdo crénica de imipramina em
ratos submetidos ao LTE.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar o papel do NDR no efeito antipanico de drogas antidepressivas.

2.2 OBJETIVO ESPECIFICO

Avaliar o efeito da inibicdo do NDR pela lidocaina no efeito da administracao
cronica (24 dias) de imipramina no comportamento de ratos submetidos ao LTE e ao

teste do campo aberto.
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Abstract

Rationale: The dorsal raphe nucleus (DRN) has been implicated in the antipanic
effect of antidepressants by increasing their serotonergic inhibition over the dorsal
periaqueductal gray (DPAG).

Objectives: To investigate the influence of DRN reversible inhibition with lidocaine in
the antipanic effect of chronic imipramine treatment in the elevated T-maze (ETM).
Methods: Rats were injected daily with imipramine (15mg/Kg ip.) or saline for 24
days. A guide cannula was implanted in the DRN on day 14. Lidocaine (4%, 0.2uL)
or saline was injected into the DRN 10 min before the test in the ETM followed by the
open-field test (day 21). Three days later, the infusions were crossed-over, rats
microinjected into the DRN with saline in the first trial received lidocaine and vice —
versa, and the behavioral tests were repeated (day 24).

Results: Chronic saline plus lidocaine in the DRN and chronic imipramine (plus saline
or lidocaine in the DRN) impaired inhibitory avoidance, indicating an anxiolytic effect.
In the one-way escape, lidocaine facilitated it, suggesting a panicogenic effect, while
chronic imipramine impaired it, which is indicative of a panicolytic effect. Moreover,
lidocaine blocked the facilitatory effect of chronic imipramine. The locomotor activity
in the open field test was not changed by any treatment compared to the control
group.

Conclusion: These effects were congruent with the hypothesis that DRN meditation
has a dual effect on anxiety: increasing the defensive behavior in the inhibitory
avoidance and decreasing the defensive behavior in the one-way escape. Moreover,
they suggest that the DRN exerts a crucial role in the antipanic-like effect of chronic

imipramine in the ETM.

Keywords: animal model, anxiety, antidepressant, dorsal raphe nucleus,

imipramine, lidocaine, panic, serotonin.



17

Introduction

Although initial data lead to the unitary concept that anxiety is related to
serotonin (5-HT) increase and anxiolytic drugs can decrease it, this view was
replaced by the dual serotonin anxiety hypothesis proposed by Deakin and Graeff
(Deakin and Graeff 1991; Graeff 2002; Graeff 2004). According to this, 5-HT
enhances the defensive behavior in the inhibitory avoidance by acting on the
forebrain (amygdala) while it inhibits the defensive behavior in the one-way escape in
the elevated t-maze by acting on the dorsal periaqueductal gray matter (DPAG).
Thus, increasing 5-HT neurotransmission can induce an anxiogenic or anxiolytic
effect depending on the structure and nature of the anxiety considered. In this
hypothesis, the DRN is a key structure mediating both actions. The DRN is the origin
of two important 5-HT pathways related to anxiety: one that projects to the amygdala,
which is involved in the response to potential danger, related to generalized anxiety
disorder (GAD); the other runs to the dorsal periaqueductal gray matter (DPAG),
which is a crucial structure in the response to proximal threat, related to Panic
Disorder (PD) (Deakin 1998; Graeff 2002; Graeff 2004). Similarly, an electrical
stimulation of the dorsal division of periaqueductal gray matter (DPAG) has strong
aversive effects and 5-HT inhibits this aversive reaction (Nogueira and Graeff 1995;
Coplan and Lydiard 1998). Moreover, electrical stimulation of PAG in humans
induces panic-like symptoms (Graeff 2002). Congruent with these data,
pharmacological manipulations that increase DPAG activity exert a set of defensive
reactions, such as undirected flight and neurovegetative signs (Graeff 2002). A series
of studies, using electrical or chemical stimulation of the DRN, indicate that DPAG
activity can be modulated via an inhibitory serotonergic input from the DRN (Lovick
1994; Graeff 2002). Based on the above data and since antidepressant drugs
increase serotonergic neurotransmission, it is proposed that the antipanic effect of
chronic antidepressant use could be mediated by an increase of serotonergic
inhibition of the DPAG by the DRN (Deakin and Graeff 1991; Graeff 2004).

The elevated T-maze is an animal model aimed at separating two defensive
behaviors: inhibitory avoidance and one-way escape. It received this name because
it is derived from the widely used elevated X or plus-maze by sealing the entrance to
one of the enclosed arms; thus it consists of three arms: one closed and two open.
These latter arms seem to be an aversive experience because rats have an innate

fear of height and openness (Treit et al. 1993). The rats perform two consecutive
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tasks, inhibitory avoidance (increased latency to leave the closed arm with
successive trials) and one-way escape (latency to escape from the open arms)
(Graeff et al. 1998; Zangrossi et al. 2001; Poltronieri et al. 2003). As described
above, it is suggested that the defensive behavior in the inhibitory avoidance is
related to generalized anxiety disorder while the defensive behavior in the one-way
escape is associated with panic disorder (Graeff et al. 1998; Graeff 2002; Poltronieri
et al. 2003; Graeff 2004; Andrade et al. 2004). Agonists of BZD receptors such as
diazepam and the agonist of receptor 5-HT:s buspirone, selectively impaired
inhibitory avoidance while leaving one-way escape unchanged (Graeff et al. 1998;
Poltronieri et al. 2003; Zanoveli et al. 2005). As reported clinical evidence shows,
GAD is ameliorated by low potency BZD and azaspirones, whereas PD is usually
refractory to these drugs (Bakker et al. 2005; Mitte et al. 2005). Thus, the above
results are compatible with the view that inhibitory avoidance relates to GAD. In
contrast, chronic antidepressant drugs (e.g. imipramine and paroxetine), which exert
a clinical antipanic and anxiolytic effect (Bakker et al. 2005; Schmitt et al. 2005),
impaired inhibitory avoidance and one-way escape (Teixeira et al. 2000; Beijamini
and Andreatini 2003), which strengthens the proposition that one-way escape from
open arms is correlated to PD. Moreover, clomipramine and fluoxetine, which are
also clinically effective antipanic drugs (Bakker et al. 2005), also impair one-way
escape (Poltronieri et al. 2003).

The purpose of this study was to further investigate the role of DRN in the
antipanic- like effect of antidepressants, which is proposed to be related to the
reestablishment of serotonergic inhibition from the DRN over the DPAG. To this end,
we studied the effects of reversible inhibition of the DRN by lidocaine in rats treated
chronically with imipramine and submitted to the elevated T-maze. According to the
dual serotonin hypothesis, the inhibition of the DRN by local lidocaine administration
should reverse the antipanic-like effect of chronic imipramine administration in one-

way escape, an animal model of panic disorder.

Materials and methods
Animals

Male Wistar rats weighing 220 — 250 g were housed in groups of 4 or 5. Room
temperature was maintained at 22+1°C with lights on from 07:00 to 19:00h. Feed and

water were freely available throughout the experiment. The experiments reported
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here were performed in compliance with the recommendations of the Brazilian
Society of Neuroscience and Behavior Guidelines, which is in accordance with
National Institute of Health Guide for the Care and Use of Laboratory Animals (USA),
and were approved by the Ethical Committee for Animal Experimentation (protocol
number 081).

Apparatus

The elevated T-maze (ETM) was made of wood (painted black) and had three
arms of equal dimensions (50x12 cm). One arm, enclosed by 40 cm high walls, was
perpendicular to two opposed open arms. The open arms were surrounded by a
wood rim 1 cm high. The whole apparatus was elevated 50 cm above the floor.

The open-field apparatus was a circular metal arena (1 m in diameter with 30
cm high walls), divided into 6 central and 12 peripheral units (20 x 20 cm), positioned
under a bright light.

Drugs

The following drugs were used: imipramine hydrochloride (Sigma, USA) and
lidocaine hydrochloride (2 diethylamino-N [2,6-dimethyl phenyl]-acetamide; Sigma,
USA). All drugs were dissolved in sterile saline. Sterile saline was also used in the
DRN as a control. The drugs were prepared on the same day of the experiments.
Surgery

Fourteen days after the beginning of daily treatment with imipramine or saline,
the rats were anaesthetized with equithesin 0.3 mL/kg ip. (1% thiopental, 4.25%
chloral hydrate, 2.13% magnesium sulfate, 42.8% propylene glycol, 3.7% ethanol in
water) and fixed in a stereotaxic frame. Lidocaine was injected around the surgical
field as a local complement to general anesthesia and to prevent infection all animals
were injected (i.m.) with 0.2 mL of a veterinary pentabiotic preparation (Fort Dodge
Animal Health Ltda., Brazil). A guide cannula made of stainless steel (0.6 mm outer
diameter, 12 mm long) was implanted in the midbrain aimed at the dorsal raphe
nucleus (DRN). Holding the incisor bar at the interaural line, the cannula was
introduced 3.1 mm lateral to lambda at an angle of 29° with the sagittal plane until it
was 5.0 mm below the surface of the skull (Paxinos and Watson, 1986). The guide
cannula was fixed to the skull with acrylic resin and one stainless steel screw. At the
end of the surgery, a stainless steel wire with the same length as the guide cannula

was introduced inside it to prevent obstruction.
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Procedure
Systemic drug treatment

The rats were injected daily with imipramine (15 mg/kg) or saline throughout the
24 consecutive days of the experiment (both at a constant volume 1.0 mL/kg body
weight, intraperitoneally). The dose of imipramine, and the lidocaine concentration
and volume were chosen on the basis of previous literature results (Teixeira et al.
2000; Shahidi et al. 2004) and pilot studies conducted in our laboratory.
Intracerebral injection

For drug injection into the DRN, a needle (0.3 mm outer diameter, 14 mm long)
was introduced through the guide cannula until its tip was 2 mm below the cannula
end. Saline (used as control) or 4% lidocaine (both 0.2uL) were injected for 60 s
using a 10uL microsyringe (Hamilton, USA) attached to a microinfusion pump (Insight
Equipment, Brazil). The displacement of an air bubble inside the polyethylene
catheter connecting the syringe needle to the intracerebral needle was used to
monitor the microinjection. The intracerebral needle was left in place an additional 60
s to allow for diffusion of the solution away from the needle tip. Saline and 4%
lidocaine were administered 3h after the last imipramine injection (days 21and 24) in
a cross-over design (see below).
Behavioral tests

On the fourth and fifth days post surgery, the animals were handled by the
experimenter for 5 min and on the sixth day, they were exposed to one of the open
arms of the elevated T-maze for 30 min at least 2 hours before the daily treatment. A
wooden barrier sealed the entrance to the enclosed arm so that the rat remained only
in one of the open arms. This pre-exposure to the open arm renders the escape task
more sensitive to the effects of antipanic drugs because it shortens the latencies of
withdrawal from the open arm during the test. (Teixeira et al., 2000; de Paula Soares
and Zangrossi Jr, 2004). On the seventh day post surgery (21 day), the animals were
submitted to the elevated T-maze and open field tests. The rats were injected into the
DRN with 4% lidocaine or sterile saline 10 min before the behavioral tests. The rats
continued receiving imipramine or saline for more two days (22 and 23 days). On day
24, the rats that were injected into the DRN with lidocaine on day 21, were injected
with saline on day 24 and vice versa (cross-over design) and they were submitted to

the elevated T-maze and open field tests.
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Thus, the following groups were formed: imipramine/saline (n=23),
imipramine/lidocaine (n=21), saline/ saline (n=24), saline/lidocaine (n=24).

The test in the elevated T-maze was initiated by inhibitory avoidance
measurement. Each rat was placed at the end of the enclosed arm and the time
taken to leave this arm with the four paws was recorded (baseline). The same
measurement was repeated in two subsequent trials (avoidance 1 and 2) at 30 s
intervals. Thirty seconds after the avoidance task, the rat was placed at the end of
the open arm, and the time taken to leave the arm and enter the enclosed arm with
the four paws was recorded for three consecutive times (escape 1, 2 and 3) at 30 s
intervals. Cutoff time was 300 s.

Immediately after the elevated T-maze, each animal was placed for 5 min in the
open field to measure locomotor activity. The rats were placed individually in the
center of the open-field and locomotion (number of squares crossed) was determined
over 5 min. The elevated T-maze and the open-field were washed with a water-
alcohol (10%) solution before behavioral testing to avoid possible bias due to odors
and/or residues left by rats tested earlier.

Histology

After the experiments, the rats were injected in the DRN with methylene blue.
They were killed and the brain was removed. Frozen sections of the brain were cut in
order to localize the site of the drug injection according to the atlas by Paxinos and
Watson (1986). Only rats with injection sites located in the DRN were included in the
statistical analysis.

Statistical analysis

A two-way ANOVA (treatment and trial) was used to analyze avoidance and
escape data in the elevated T-maze. Whenever a significant treatment x trial
interaction was found, intergroup comparisons were made at each trial using one-
way ANOVA, followed by the post hoc Duncan test. The locomotor activity data in the
arena were analyzed by one-way ANOVA followed by the Duncan test. Data are

reported as mean + standard error of mean (S.E.M.). The level of significance was p
< 0. 05.



22

Results
Inhibitory avoidance
In the inhibitory avoidance test, two-way ANOVA detected an effect of trial

[F(2,176) = 36.49, p < 0.001]; of treatment [F(3, 88) = 4.39, p < 0.01]; and a
significant treatment x trial interaction [F(6, 176) = 3.45, p< 0.01]. As shown in Fig. 1,
no significant differences between treatments were found in baseline avoidance [F(3,
88) = 0.70, p = 0.55] and avoidance 1 [F(3, 88) = 2.53, p = 0.06]. In contrast, one-
way ANOVA showed a significant difference between treatment and avoidance 2
[F(3, 88) = 4.72, p < 0.01]. Post hoc comparisons with the Duncan test showed
significant differences between the groups that received saline/lidocaine,
imipramine/saline or imipramine/lidocaine from the control group that received
saline/saline (all p<0.01). So, the animals that were treated with chronic imipramine
(plus saline or lidocaine in the DRN) and the animals that received lidocaine in the
DRN showed a decrease in the inhibitory avoidance latency.
Escape from open arms

In the escape test, two-way ANOVA detected an effect of trial [F( 2, 176) =
12.55, p < 0.001]; of treatment [F(3, 88) = 9.62, p< 0.001]; and a significant treatment
X trial interaction [F(6, 176) = 2.48, p < 0.05]. As illustrated in Fig. 2, one-way ANOVA
showed a significant difference between treatment in escape 1 [F(3, 88) = 9.46, p <
0.001]. Post hoc comparisons with the Duncan test showed significant differences
between the groups saline/lidocaine, imipramine/lidocaine and saline/saline from the
group imipramine/saline (all p<0.05). Therefore, imipramine increased escape 1
latency while lidocaine blocked this effect. There was also a significant difference
between the group saline/saline and the group saline/lidocaine (p<0.05), indicating
that lidocaine reduced the escape latency. Furthermore, a significant difference
between treatment on escape 2 also occurred [one-way ANOVA, F(3, 88) = 5.39, p <
0.01]. Post hoc comparisons with the Duncan test showed significant differences
between the group saline/saline from the groups saline/lidocaine and
imipramine/lidocaine (p<0.05); therefore, lidocaine reduced the escape latency. A
significant difference between the group imipramine/saline from the groups
saline/lidocaine and imipramine/lidocaine (p<0.01) was also found; therefore, both
groups treated with lidocaine in the DRN decreased the escape latency compared to

the other two groups. One-way ANOVA showed a significant difference between



23

treatment on escape 3 [F(3 ,88) = 7.59, p < 0.001]. Post hoc comparisons with the
Duncan test showed a significant difference between the group imipramine/saline
from the groups saline/lidocaine, imipramine/lidocaine and saline/saline (p<0.05) and
a significant difference between the group saline/lidocaine and the group
saline/saline also occurred.
Open Field

One-way ANOVA showed a significant difference between treatment and the
number of squares crossed in the arena F(3, 88) = 2.99, p < 0.05. Post hoc
comparisons with the Duncan test showed a significant difference between the group
saline/lidocaine and the imipramine/saline and imipramine/lidocaine groups (p<0.05).
In contrast, no significant difference was found between saline/saline (control group)

and any other group.

Discussion

The results of the present study show that: (1) the reversible inhibition of the
DRN by lidocaine impaired inhibitory avoidance, while it facilitated one-way escape;
(2) chronic imipramine treatment impaired both measures; (3) lidocaine
administration in the DNR blocked the impairment in the one-way escape induced by
imipramine while leaving the effect of imipramine in the inhibitory avoidance
unaltered. Since these effects could be due to changes in locomotor activity, it is
important to note that there was no significant difference between control animals
and any experimental group, indicating that no treatment schedule modified
locomotor activity when compared to the control animals. Additionally, there was no
significant difference between the groups in baseline avoidance in the inhibitory
avoidance task, a measure that is also used to evaluate locomotor activity in the ETM
(Teixeira et al. 2000). Thus, it can be concluded that the effects observed in the ETM
were not due to motor alteration.

Consistent with the results of lidocaine alone (impairment of inhibitory avoidance
and facilitation of one-way escape), the inhibition of DRN with muscimol, a GABA-A
receptor agonist, also impaired inhibitory avoidance and facilitated one-way escape
(Sena et al. 2003). In contrast, FG 7142, a benzodiazepine inverse agonist,
microinjected into rat DRN, facilitated inhibitory avoidance, while the one-way escape

was facilitated or unaffected (Graeff et al. 1996; Sena et al. 2003). This apparently
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contradictory result with FG 7142 is probably due to absence of pre-exposure to the
open arms in the Graeff study (Graeff et al. 1996), a procedure that was introduced
later by Teixeira et al. (2000). Similarly, the stimulation of DRN by the excitatory
amino acid kainic acid facilitated inhibitory avoidance and impaired one-way escape.
These effects were thought to be mediated by kainic acid-induced serotonin release
in the amygdala and the DPAG, respectively (Graeff et al. 1996; Viana et al. 1997).
This hypothesis is supported by the effect of systemic administration of the 5-HT
releasing drug d-fenfluramine, which tended to enhance inhibitory avoidance while
depressing one-way escape in a dose-dependent manner (Graeff et al. 1996). In the
DPAG, the inhibitory effect of 5-HT is supposedly mediated by 5-HT1A and 5-HT2A
receptors (Zangrossi et al. 2001; Jacob et al. 2002; Zanoveli et al. 2003). Specifically
in the ETM, the administration of 5-HT 1A (8-hydroxy-2-(di-n-propylamino)tetralin - 8-
OH-DPAT) and 5-HT2A/2C (2,5-dimethoxy-4-iodoamphetamine - DOI) agonists in
the DPAG impaired inhibitory avoidance and one-way escape (Zangrossi et al. 2001;
Zanoveli et al. 2003; Zanoveli et al. 2005). Therefore, since the inhibitory avoidance
task in the ETM is assumed to measure a defensive reaction that has been related to
GAD (Graeff et al. 1998; Teixeira et al. 2000; Zangrossi et al. 2001; Poltronieri et al.
2003; Graeff 2002), the reversible inhibition of the DRN induced by lidocaine leads to
an anxiolytic-like effect. In contrast, given that one-way escape is proposed to be
related to PD (Graeff et al. 1998; Teixeira et al. 2000; Zangrossi et al. 2001;
Poltronieri et al. 2003; Graeff 2002), the present results suggest that the reversible
inhibition of the DRN induces a panicogenic effect. These effects of the microinjection
of lidocaine in the DRN were anticipated by the dual role hypothesis of 5-HT on
anxiety proposed by Deakin and Graeff (Deakin and Graeff 1991; Graeff 2002; Graeff
2004) and reinforce the assumption that the DRN plays a crucial role in controlling
both types of anxiety.

In the ETM, chronic imipramine, a non-selective reuptake inhibitor which inhibits
the reuptake of noradrenaline and serotonin, impaired inhibitory avoidance and one-
way escape from the open arm. These results are in agreement with those found
previously with imipramine (Teixeira et al. 2000; Zanoveli et al. 2005). Since
imipramine has clinically significant antipanic and anxiolytic effects (Bakker et al.
2005; Schmitt et al. 2005), these results support the original assumption that the two
types of defensive reactions seen in the elevated T-maze are related to GAD

(inhibitory avoidance task) and PD (one-way escape) (Graeff et al. 1998; Teixeira et
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al. 2000; Zangrossi et al. 2001; Poltronieri et al. 2003; Graeff 2002). Paroxetine,
which also has clinical antipanic and anxiolytic effects (Bakker et al. 2005; Schmitt et
al. 2005), exerts a similar profile in the ETM, although it impairs inhibitory avoidance
at subacute treatment (3 administrations over 24h) while it increases one-way escape
latency only after 7 days of treatment (Beijamini and Andreatini 2003). Similarly, it
was found that chronic administration of clomipramine and fluoxetine, two
antidepressant that also have clinical antipanic effect, impaired one-way escape in
the ETM (Poltronieri et al. 2003), strengthening the view that this task is related to
PD. Intra-DRN lidocaine infusion blocked the impairment of one-way escape induced
by chronic imipramine, suggesting that the reversible inhibition of this structure
reverses the antipanic-like effect of imipramine, which indicates that this structure is
crucial for this effect of imipramine as is predicted by Deakin and Graeff's theory. In
contrast, based on the anxiolytic effect of chronic imipramine administration and
lidocaine infusion in the DRN alone, it would be expected that lidocaine plus
imipramine should enhance the anxiolytic effect in the inhibitory avoidance of both
drugs given alone, a result that was not found in the present study.

The major neurotransmission in the DRN is serotonergic and it is proposed that
chronic antidepressant treatment (such as selective serotonin reuptake inhibitors -
SSRI) leads to a down regulation of 5-HT1A autoreceptors located in the DRN,
leading to an increase of serotonergic action in their projections (Celada et al. 2004).
Since 5-HT neurons in the DRN appear to exert an inhibitory control on the DPAG
(Lovick 1994; Graeff 2002; Graeff 2004), a structure related to panic, a reduction in 5-
HT1A cell body receptor function in the DRN could increase inhibitory control on the
DPAG, reducing defensive behaviors related to panic. In this scenario, microinfusion
of lidocaine in the DRN after chronic imipramine treatment counteracts this, blocking
the 5-HT inhibitory action on DPAG activity. However, Shen and Meller (2002) found
that chronic imipramine did not decrease 5-HT1A sensitivity in the dorsal raphe, an
effect that was different from that found with other antidepressant use (clorgyline and
fluoxetine). These data can be viewed as contradictory with the above hypothesis,
since they suggest that 5-HT1A autoreceptors in the DRN did not play a major role in
the DPAG inhibition after chronic imipramine treatment. However, a number of
explanations can be proposed to explain this apparent contradiction: (a) since the
DRN also contains non-serotonergic neurons (Lovick 1994), the effect of local

lidocaine administration may be not restricted to serotonergic neurons; (b) given that
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the inhibitory effect of lidocaine upon serotonergic neurons in the DRN did not involve
5-HT1A autoreceptors, there is no contradiction; (c) the difference between fluoxetine
and imipramine effects found by Shen and Meller could be related to the relatively
lower dose of imipramine used, since they used the same dose of fluoxetine and
imipramine (10 mg/kg) in their experiments while in the clinical setting there is a large
difference between the effective doses of these drugs for PD: 20 mg for fluoxetine
and 100 mg for imipramine (Bakker et al. 2005). It is noteworthy that a similar
treatment with imipramine (15 mg/kg for 21 days) enhanced the inhibitory effect of
intra-DPAG administration of 8-OH-DPAT and DOI, 5-HT1A and 5-HT2A/2C
agonists, respectively, in one-way escape in the ETM (Zanoveli et al. 2005). Parallel
to this, chronic imipramine (in a similar treatment schedule) also increased the anti-
aversive effect of 8-OH-DPAT and DOI in DPAG aversive electrical stimulation,
another animal panic model (Jacob et al. 2002; Bortoli et al. 2005). Thus, the
sensitization of these receptors in the DPAG is probably also related to the antipanic
effect of imipramine.

Taken together, the results of the present study are compatible with the theory
of a dual role for 5-HT proposed by Deakin and Graeff (1991) and support the
proposition that DRN activity is crucial to the antipanic effect of chronic
antidepressant treatment. According to this hypothesis, it is proposed that chronic
antidepressant treatment decreases the inhibitory influence of 5-HT1A autoreceptors
in the DRN and/ or sensitizes 5-HT1A and 5-HT2A receptors in the DPAG, effects
that enhance the serotonergic inhibitory action on the DPAG and contribute to the

antipanic effect of antidepressants.
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Fig. 1: Effect of lidocaine (lid) or saline (sal)
infusion in the DRN in rats treated chronically
(24 days) with imipramine (15 mg/Kg, ip.) or
saline (sal) and tested in the inhibitory
avoidance of the elevated T-maze (ETM) in a
cross-over design. Rats were tested in the
elevated T-maze 7 and 10 days after the
surgery. Lidocaine (4%) and sterile saline
were microinjected 10 min before the ETM
test (both 0,2uL). N = 24 (sal sal, sal lid), n =
23 (imi sal), n = 21 (imi lid), data represent
mean + S.E.M.
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Fig. 2: Effect of lidocaine (lid) or saline (sal)
infusion in the DRN in rats treated chronically
(24 days) with imipramine (15 mg/Kg, ip.) or
saline (sal) and tested in the one-way escape
of the elevated T-maze in a cross-over
design. Rats were tested in the elevated T-
maze 7 and 10 days after the surgery.
Lidocaine (4%) and sterile saline were
microinjected 10 min before the ETM test
(both 0,2uL). N = 24 (sal sal, sal lid), n = 23
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Fig. 3: Effect of lidocaine (lid) or saline (sal) infusion in the DRN in rats
treated chronically (24 days) with imipramine (15 mg/Kg, ip.) or saline
(sal) and tested in the open field in a cross-over design. Rats were tested
in the open field 7 and 10 days after the surgery. Lidocaine (4%) and
sterile saline were microinjected 10 min before the ETM test (both 0,2uL).
N = 24 (sal sal, sal lid), n = 23 (imi sal), n = 21 (imi lid), data represent
mean + S.E.M.

+ P <0.05 compared to imi sal group and imi lid group.
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4 CONCLUSOES

Os resultados do presente estudo permitem mostraram que:
e ainativacdo do NDR induz um efeito ansioliticio e panicogénico;
e 0 labirinto em T-elevado é capaz de detectar o efeito ansiolitico e panicolitico do
tratamento crénico com imipramina,;
e 0 NDR parece modular o efeito panicolitico da imipramina.

Portanto, estes resultados sdo compativeis com a hipétese dual da serotonina
na ansiedade, corroborando, pela primeira vez através de um estudo com tratamento
crbnico, a participagao do NDR no efeito panicolitico da imipramina.

Em conjunto com os dados da literatura, a hipétese atual para o efeito dos
antidepressivos no TP seria que o tratamento crénico com antidepressivos diminuiria
a resposta inibitéria dos auto-receptores 5-HT1o no NDR e/ ou sensibilizaria os
receptores 5-HT4p € 5-HT2a na MCPd, efeitos que aumentariam a agao inibitéria da

serotonina na MCPd e contribuiriam para o efeito antipanico dos antidepressivos.
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