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RESUMO

ALBRECHET-SOUZA, L. Fatores hormonais, cognitivos e neuroanatdomicos associados
ao comportamento exploratério de ratos submetidos ao teste e reteste no labirinto em
cruz elevado. 2010. 108 f. Tese (Doutorado) — Faculdade de Filosofia, Ciéncias e Letras de
Ribeirdo Preto, Universidade de Sdo Paulo, Ribeirdo Preto, 2010.

O protocolo de teste/reteste no labirinto em cruz elevado (LCE) mostra que a
experiéncia prévia no labirinto produz alteracdes duradouras nas respostas comportamentais
de roedores. Nesse contexto, ratos submetidos ao LCE pela primeira vez apresentam um
aumento caracteristico na exploracdo dos bracos abertos e uma redugdo dos comportamentos
de avaliacdo de risco ap6s a administragdo de drogas ansioliticas. Na reexposicao ao labirinto,
porém, essas drogas tornam-se ineficazes em alterar as medidas tradicionais do LCE. Esse
fenomeno foi inicialmente observado com o benzodiazepinico clordiazepdxido e referido
como one-trial tolerance (tolerancia de um ensaio — OTT). A proposta do presente estudo ¢
compreender a OTT por meio do exame dos fatores hormonais, cognitivos e neuroanatdmicos
envolvidos nesse fendmeno. A administragao sist€émica do benzodiazepinico midazolam ou de
metirapona, um bloqueador da sintese de glicocorticdides, reduziu a frequéncia dos
comportamentos de avaliagdo de risco e dos niveis plasmaticos de corticosterona quando
injetados antes das sessOes teste ou reteste. Além disso, a reexposicao de ratos ao LCE foi
caracterizada por uma avaliacao de risco mais proeminente, de acordo com a anélise fatorial,
e pela ativacdo de estruturas limbicas envolvidas com aspectos cognitivos do medo, como a
regido ventral do cortex pré-frontal medial (CPFm) e a amigdala, mostrada por meio da
distribui¢do da proteina Fos. Midazolam administrado antes da primeira exposi¢cdo ao LCE
produziu uma redugdo significativa do numero de neurdnios Fos-positivos no cortex
cingulado anterior, area 1 (Cgl) e nos nucleos anterior e pré-mamilar dorsal do hipotadlamo.
Por outro lado, midazolam causou uma redugdo no numero de neurdénios Fos-positivos no
CPFm, amigdala, nucleo dorsomedial do hipotdlamo e nucleos da rafe em ratos reexpostos ao
LCE. Cgl foi a tnica estrutura-alvo do benzodiazepinico em ambas as sessoes. Resultados
comportamentais similares aos produzidos pelo tratamento sistémico foram obtidos com
infusdes de midazolam intra-Cgl. Esses resultados apontam para um papel crucial dos
comportamentos de avaliacdo de risco no desenvolvimento da OTT e indicam o Cgl como
um importante sitio de agao ansiolitica dos benzodiazepinicos em roedores.

Palavras-chave: labirinto em cruz elevado, sessdo reteste, benzodiazepinicos, corticosterona,

proteina Fos, cortex cingulado anterior



ABSTRACT

ALBRECHET-SOUZA, L. Hormonal, cognitive and neuroanatomical factors associated
with the exploratory behavior of rats submitted to the test and retest session in the
elevated plus maze. 2010. 108 f. Thesis (Doctoral) — Faculdade de Filosofia, Ciéncias e
Letras de Ribeirdo Preto, Universidade de Sdo Paulo, Ribeirdo Preto, 2010.

The elevated plus maze (EPM) test/retest protocol has shown that prior experience to
the maze produces enduring changes in behavioral responses of rodents. In this context, rats
submitted for the first time to the EPM display a characteristic increase in open arm
exploration and reduced risk assessment behaviors after the administration of anxiolytic
drugs. Upon re-exposure to the maze, however, these drugs become unable to change the
traditional measures of the EPM. This phenomenon was initially observed with the
benzodiazepine chlordiazepoxide and referred to as one-trial tolerance (OTT). The purpose of
the present study is to understand the OTT through the exam of the hormonal, cognitive and
neuroanatomical factors involved in this phenomenon. The systemic administration of the
benzodiazepine midazolam or metyrapone, a glucocorticoids synthesis blocker, reduced the
frequency of risk assessment behaviors and the corticosterone levels when injected before the
test or retest sessions. Moreover, the re-exposure of rats to the EPM was characterized by
more prominent risk assessment behaviors, according to the factor analysis, and by activation
of limbic structures involved with cognitive aspects of fear, such as the ventral regions of the
medial prefrontal cortex (mPFC) and amygdala, as shown through the distribution of the Fos
protein. Midazolam injected before the first exposure to the EPM produced a significant
decrease in the number of Fos-positive neurons in the anterior cingulate cortex, area 1 (Cgl),
anterior and dorsal premammillary nuclei of hypothalamus. On the other hand, midazolam
caused a decrease in the number of Fos-positive neurons in the mPFC, amygdala, dorsomedial
nucleus of hypothalamus and raphe nuclei in rats re-exposed to the EPM. Cgl was the only
structure targeted by the benzodiazepine in both sessions. Behavioral results similar to those
produced by systemic treatment were obtained with intra-Cgl infusions of midazolam. These
results point to a crucial role of the risk assessment behaviors in the development of the OTT
and indicate the Cgl as an important locus for the anxiolytic-like action of benzodiazepines in
rodents.

Keywords: elevated plus maze, retest session, benzodiazepines, corticosterone, Fos

protein, anterior cingulate cortex



LISTA DE ABREVIATURAS E SIGLAS

ACTH: hormdnio adrenocorticotrofico

AHC: ntcleo anterior do hipotalamo, parte central

ANOVA: andlise de variancia

BLA: nucleo basolateral da amigdala

BSA: solucdo de albumina de soro bovino

CALl: area CA1 do hipocampo

CA2: area CA2 do hipocampo

CA3: area CA3 do hipocampo

CeA: nucleo central da amigdala

Cgl: cortex cingulado, area 1

Cg2: cortex cingulado, area 2

CIC: coliculo inferior, parte central

CPFm: cortex pré-frontal medial

CRH: hormoénio de liberagao de corticotrofina

CTR: animais controle, ndo expostos ao labirinto em cruz elevado
DAB: 3’3-tetracloreto de diaminobenzidina

DLPAG: substancia cinzenta periaquedutal, coluna dorsolateral
DMH: nuacleo dorsomedial do hipotdlamo

DMPAG: substancia cinzenta periaquedutal, coluna dorsomedial
DRN: ntcleo dorsal da rafe

EEA: exploracdo das extremidades abertas do labirinto.

EPM: erro padrao da média

GABA: 4dcido y-aminobutirico

GR: receptores glicocorticdides

HPA: hipotdlamo-pituitaria-adrenal

IL: cortex infralimbico

LC: locus coeruleus

LCE: labirinto em cruz elevado

LPAG: substancia cinzenta periaquedutal, coluna lateral

Mdz: animais tratados com midazolam

MeA: nicleo medial da amigdala

Met: animais tratados com metirapona

MnR: nucleo mediano da rafe

MR: receptores mineralocorticéides

M2: cortex motor secundario

OTT: one-trial tolerance (tolerancia de um ensaio)

PaLM: nucleo paraventricular do hipotdlamo, por¢ao magnocelular
PaMP: nucleo paraventricular do hipotalamo, por¢ao parvocelular
PBS: solugdo tampao fosfato de sodio

PMD: ntcleo pré-mamilar dorsal do hipotadlamo

PrL: cortex pré-limbico

PVN: nucleo paraventricular do hipotalamo

Sal: animais tratados com solugdo salina

SC: coliculo superior

T1: sessdo teste

T2: sessdo reteste

Veic: animais tratados com veiculo

VLPAG: substancia cinzenta periaquedutal, coluna ventrolateral
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1. INTRODUCAO

1.1. Organizacao das respostas defensivas em mamiferos

Os mamiferos foram o Unico grupo de vertebrados capaz de explorar amplamente os
recursos da Terra, de polo a polo, do topo das montanhas as profundezas dos mares e até
mesmo no céu noturno. Esse grande sucesso adaptativo ocorreu, em grande parte, devido ao
padrao tnico de evolu¢do do encéfalo desses animais, que levou ao desenvolvimento e
expansdo do neocortex (POUGH; HEISER; McFARLAND, 1999). Embora sua origem
filogenética possa ser tragada desde os répteis do periodo Carbonifero, a constituicao
uniforme e laminar do neocoértex, composta por neurdnios dispostos radialmente, remonta a
pequenos mamiferos primitivos, que surgiram durante a transi¢cao do periodo Tridssico para o
Jurassico (RAKIC, 2009). Esta troca de posicao dos corpos neuroniais para a regido externa
do encéfalo, a partir de uma condi¢cdo ancestral nuclear localizada centralmente, levou a
possibilidade de aumento no nimero de células sem causar interrupcdo de seus tratos
aferentes. Além disso, essa regido passou a dominar as demais areas encefalicas (POUGH;
HEISER; McFARLAND, 1999), tornando as respostas defensivas dos mamiferos organizadas
hierarquicamente.

Nesse sentido, os reflexos espinhais sdo resultados dos mecanismos neurais que
elaboram as respostas mais imediatas e constituem respostas automaticas a dor e a outros
estimulos que podem causar injurias teciduais. Essas respostas, no entanto, sdo bastante
limitadas em relacdo a prote¢do que oferecem contra outras ameagas como, por exemplo, a
predacdo (PRICE, 2005). Mecanismos mais complexos envolvem estruturas encefalicas
hierarquicamente superiores em relacdo aos mecanismos espinhais, como a substincia
cinzenta periaquedutal. Essa estrutura mesencefalica recebe informag¢des da medula espinhal e
outras fontes aferentes, relacionadas a dor e outras formas de estresse, € promove respostas

coordenadas que envolvem reagdes comportamentais, assim como autondmicas € somaticas
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(BANDLER et al., 2000; VIANNA et al., 2001). Essas respostas, entretanto, ainda sao
relativamente automaticas e limitadas.

O desenvolvimento de estruturas prosencefalicas permitiu aos mamiferos a elaboragio
de reagdes mais complexas e sutis as ameagas ¢ oportunidades do ambiente, especialmente ao
atingirem um aumento da massa corporal e se tornarem predadores mais poderosos. Em
particular, essas estruturas filogeneticamente mais recentes possibilitaram o armazenamento
de informagdes ao longo da vida dos animais, de modo que suas respostas pudessem se basear
em experiéncias anteriores (McGAUGH, 2004).

Uma estrutura chave nesse processo ¢ a amigdala, um complexo de varios nucleos
responsavel pela avaliacdo do significado emocional de estimulos em situagdes que envolvem
estados de medo e ansiedade (DAVIS, 1992; LeDOUX, 2000). A amigdala conecta-se com o
hipotdlamo e estruturas do tronco encefalico (PRICE, 2003), e também apresenta extensas
interconexdes com o hipocampo e regides corticais no lobo temporal medial, areas
criticamente envolvidas no processamento da memoéria (AMARAL et al., 1992). Além disso,
existem também importantes interconexdes com o cortex pré-frontal medial (CPFm) e orbital
e projecdes para regioes talamicas e estriatais (AMARAL; PRICE, 1984; CARMICHAEL,;
PRICE, 1995). O CPFm exerce um papel central nos processos afetivos, cognitivos e
atencionais, sendo também de crucial importancia na organizagdo e retencdo de informagdes

(PESSOA, 2008).

1.2. Respostas fisioldgicas ao estresse

Os mecanismos homeostaticos — que incluem alteragdes funcionais e estruturais do
encéfalo e outros 6rgdos — permitem ao organismo manter a estabilidade fisioldgica e
comportamental mesmo em situagdes adversas. Nessas condigdes, eventos estressores

previsiveis, como escassez sazonal de alimentos, migragdo e hibernacdo, e eventos
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imprevisiveis, como tempestades, desastres naturais e presenca de predadores, alteram a
homeostase dos organismos e requerem respostas comportamentais e fisioldgicas que
envolvem sistemas altamente coordenados e complexos, ¢ atuam no sentido de manter a
integridade do organismo (McEWEN; WINGFIELD, 2003).

Poucos minutos apds o inicio de um evento estressante, ocorre um aumento da
liberagdo das monoaminas — que incluem a noradrenalina, dopamina e serotonina — em
populagdes especificas de neuronios (GOTO; OTANI; GRACE, 2007; LINTHORST; REUL,
2007; MAIER; WATKINS, 2005; MORILAK et al., 2005). Essa liberagdo ¢ desencadeada
diretamente, por circuitos encefalicos envolvidos na avaliacdo da situagdo aversiva, ou
indiretamente, pela ativagdo do sistema nervoso simpatico (ULRICH-LAI; HERMAN, 2009).
Como as monoaminas geralmente atuam por meio de receptores acoplados a proteina G, seu
aumento ¢ rapidamente traduzido em alteragdes funcionais de circuitos neuroniais. Assim,
cada monoamina contribui para aspectos comportamentais especificos da resposta imediata ao
estresse, de modo a, coletivamente, promover estratégias comportamentais que permitem ao
animal enfrentar e sobreviver a fase inicial do evento estressante (JOELS; BARAM, 2009).

Alguns neuropeptideos também sdo liberados em situagdes aversivas e contribuem
substancialmente para a reagdo de estresse (DE KLOET, 2000; MATHEW; PRICE;
CHARNEY, 2008; ULRICH-LAI; HERMAN, 2009). Dentre esses peptideos, destaca-se o
horménio de liberagdo de corticotrofina (CRH), por atuar na modulagdo da atividade de
diversas estruturas limbicas, potencializando comportamentos relacionados ao medo e a
ansiedade (BORELLI; BRANDAO, 2008; HUBBARD et al., 2007; LIANG; LEE, 1988) e na
ativacao do eixo hipotalamo-pituitaria-adrenal (HPA) (RIVIER; GRIGORIADIS; RIVIER,
2003; VALE et al., 1981).

O CRH ¢ liberado por terminais axdnicos da regido parvocelular do nucleo

paraventricular do hipotdlamo e atua em dois subtipos de receptores, o CRH1 e o CRH2 (DE
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SOUZA, 1995; DE SOUZA et al., 1985b; KOOB, 1999). Ao atingir a pituitaria, o CRH induz
a liberagdo do hormdnio adrenocorticotrofico (ACTH) na circulagdo sistémica, que por sua
vez estimula o cortex da adrenal a secretar os hormdnios glicocorticdides — corticosterona em
roedores e cortisol em primatas (RISBROUGH; STEIN, 2006; ULRICH-LAI; HERMAN,

2009).

Pituitaria %

<
Glandula adrenal
Rim

Cortex __VQ'\_) Medula

Glicocorticoides Adrenalina e
noradrenalina

Figura 1. O eixo hipotadlamo-pituitdria-adrenal. Estrutura encefalica representada em
vermelho, amigdala; em azul, hipocampo; ACTH, hormoénio adrenocorticotrofico; PVN,

nucleo paraventricular do hipotdlamo. Modificado de Rodrigues, LeDoux e Sapolsky, 2009.

Os hormonios glicocorticdides regulam muitas facetas da homeostase dos organismos,
incluindo respostas as alteragdes ambientais (SAPOLSKY, 2004; ULRICH-LAI; HERMAN,
2009). Eles tém um importante papel na gliconeogénese, uma vez que estimulam o figado a
converter gordura e proteinas em glicose. A adrenalina também estimula a gliconeogénese e a
lipélise, mobilizando energia para comportamentos mais vigorosos, do tipo luta e fuga

(MATTERI; CARROL; DYER, 2000).
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No encéfalo de mamiferos, os hormdnios glicocorticoides presentes na corrente
sanguinea se ligam aos receptores mineralocorticdides (MR) e glicocorticoides (GR), ambos
localizados no citoplasma das células. Esses receptores estdo amplamente distribuidos em
estruturas envolvidas nas reagdes emocionais, como o septo, amigdala, hipocampo e cortex
cerebral (DE KLOET, 2000; LU et al., 2006; MANGELSDOREF et al., 1995; RATKA et al.,
1989; REUL; DE KLOET, 1985) e apresentam afinidades distintas pelos ligantes. Os
receptores MR apresentam alta afinidade pelos glicocorticdides e estdo normalmente
ocupados em condi¢do basais. Os receptores GR, por outro lado, apresentam menor afinidade
e sdo ocupados quando ocorre um aumento significativo desses hormonios circulantes, como
na situagdo de estresse (ULRICH-LAI; HERMAN, 2009).

Uma vez acoplados ao ligante, esses receptores se deslocam para o nicleo das células
onde atuam como reguladores da transcri¢ao de genes (LU et al., 2006). Assim, as alteragdes
causadas pelos hormoénios glicocorticoides — conversdo de proteinas e lipidios a carboidratos,
aumento da atividade locomotora, inibi¢do de processos nao essenciais a sobrevivéncia, como
reproducdo — ocorrem em uma fase mais tardia da resposta defensiva e promovem respostas
que aumentam as chances de sobrevivéncia do animal (JOELS; BARAM, 2009; McEWEN,
2007). Acgdes rapidas e nao-gendmicas dos glicocorticoides sugerem também a presenga de
mecanismos de sinalizagdo associados a membrana plasmatica, distintos das agdes
transcricionais mediadas pelos receptores intracelulares classicos (TASKER; DI;

MALCHER-LOPES, 2006).

1.3. Medo e Ansiedade
As alteragdes autonomicas e endocrinas que ocorrem frente a um estressor sdo
acompanhadas de alteracdes do estado emocional do animal. Além de comportamentos que

levam a fuga ou esquiva, os animais ameacados, em geral, expressam seu estado emocional
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através de posturas, movimentos e vocalizagdes. Além disso, conforme se tornou evidente
desde os tempos de Darwin, animais de espécies distintas podem ter atitudes similares em
determinadas circunstancias. Foi isso que levou Darwin a propor que determinadas emogdes
humanas encontram suas origens em animais ancestrais. Ele sugeriu ainda que algumas
emocdes inatas possam apresentar histéricos evoluciondrios mais antigos do que outras. O
medo e a raiva, por exemplo, encontram expressdo em ancestrais humanos remotos, enquanto
que o sofrimento e a ansiedade situam-se numa posi¢do mais proxima das origens do homem
moderno (LeDOUX, 2001). Além disso, no livro The Expression of the Emotions in Man and
Animals, publicado em 1872, Darwin prop0s que as posturas e movimentos usados na
expressdo das emocgdes estdo sujeitos as mesmas leis de hereditariedade que governam a
transmissdo das caracteristicas fisicas ao longo das geracdes.

A reacdo de medo ¢ caracterizada por um conjunto de respostas comportamentais,
neurovegetativas e neuroenddcrinas apresentadas por um animal frente a uma ameaca a sua
integridade fisica ou a propria sobrevivéncia e tem um claro valor adaptativo. O estimulo
ameagador pode ser inato, como um predador, ou aprendido, como um ambiente associado a
um perigo. Neste caso, um estimulo inicialmente neutro adquire propriedades aversivas por
meio de sua associacdo repetida com a dor ou outras sensagdes desagradaveis (LeDOUX,
1995).

A ansiedade apresenta sinais e sintomas similares aos do medo. No entanto, ndo se
encontra claramente associada a um tnico estimulo provocador, ao contrario, caracteriza-se
por um estado de apreensdo que ocorre em circunstancias onde o perigo ndo ¢ evidente,
havendo, portanto, um componente de incerteza, e perdura por um longo periodo (GRAEFF,
1989). A ansiedade ocorre também em situagdes de conflito, onde um mesmo comportamento
¢ simultaneamente recompensado e punido, ou em situagdes novas, inibindo o comportamento

exploratério motivado pela curiosidade. Em relacdo aos humanos, admite-se que certo nivel
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de ansiedade motive o desempenho de tarefas motoras e cognitivas, impulsionando-os na
realizacdo de mudangas ¢ na busca de novas solugdes para os problemas cotidianos. No
entanto, quando provoca resposta exacerbada, a ansiedade passa a interferir nas habilidades e
fungdes do individuo, perturbando acentuadamente seu desempenho (DRATCU; LADER,

1993; GRAEFF, 1996; PRATT, 1992; SANDFORD; ARGYROPOULOS; NUTT, 2000).

1.4. Sistema GABA-Benzodiazepinico

Os benzodiazepinicos, lancados comercialmente no inicio da década de 1960,
revolucionaram o tratamento dos transtornos de ansiedade. Além da eficacia terapéutica, a
principal razdo do sucesso desses compostos estava associada a seguranga do seu uso quando
comparada aos medicamentos disponiveis na época (COSTA E SILVA, 1999). Formados por
um anel de benzeno fundido com um de sete membros de 1,4 diazepina, os benzodiazepinicos
intensificam a neurotransmissdo do dcido y-aminobutirico (GABA) em todo o sistema
nervoso central (HAEFELY, 1978), provocando efeitos ansioliticos-tranquilizantes,
hipnoéticos-sedativos, anticonvulsivantes e miorrelaxantes. Podem também produzir amnésia e
alteragdes psicomotoras (GORENSTEIN; POMPEIA, 1999).

Todos os benzodiazepinicos tém alta lipossolubilidade e atravessam a barreira
hematoencefalica com relativa facilidade. Salvo poucas excegdes, esses compostos sao
metabolizados por reagdes oxidativas, com meia-vida de eliminagdo bastante variavel
(GORENSTEIN; POMPEIA, 1999). O benzodiazepinico midazolam, por exemplo, apresenta
meia-vida curta — de uma a trés horas — e por ser hidrossoltivel, ¢ rapidamente absorvido
(REIMAO, 1999).

O GABA ¢ considerado o principal neurotransmissor inibitério do sistema nervoso
central de mamiferos e ¢ produzido pela remocdo enzimdtica de um grupo carboxilico do

acido glutamico. Os receptores do tipo GABA-A — principal complexo molecular que
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expressa a atividade inibitoria desse neurotransmissor — sdao estruturas pentameras que
envolvem um canal de cloro e sdo formados por diferentes subunidades que podem ser
agrupadas em familias (a, B, v, d e €) segundo seu grau de homologia genética. A ativagao
desse receptor ocorre apos a ligacdo sequencial de duas moléculas de GABA ao complexo,
levando a abertura do canal. Esse processo desencadeia a hiperpolarizagdo dos neurdnios pos-
sinapticos, tornando a despolarizagdo por excitagdo menos provavel e resultando na agdo
inibitéria (GORENSTEIN; POMPEIA, 1999; SIEGHART, 1992).

O receptor GABA-A possui sitios de reconhecimento para diversas substincias,
incluindo benzodiazepinicos, barbitiricos, esterdides, picrotoxina e zinco. Esses ligantes
podem agir conjuntamente na modulagdo da abertura dos canais de cloro. Evidéncias
neuroquimicas indicam que os benzodiazepinicos acentuam as a¢des do GABA em nivel pds-
sinaptico, aumentando a afinidade dos receptores do tipo GABA-A pelo neurotransmissor

(SIEGHART, 1992).

Figura 2. Representacdo esquematica das subunidades de um receptor GABA-A mostrando o
sitio de ligacdo dos benzodiazepinicos (BZD) e o canal de entrada dos ions cloro (CI).

Modificado de Belelli e Lambert (2005).

1.5. Labirinto em cruz elevado e one-trial tolerance
O labirinto em cruz elevado (LCE) foi validado por Pellow et al. (1985) e se constitui

em um teste para a medida de categorias comportamentais que refletem o conflito resultante
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da tendéncia dos animais de explorar ambientes desconhecidos e evitar situacdes
potencialmente perigosas. Treit, Menard e Royan (1993) sugeriram que os espagos abertos,
mais do que a altura ou a novidade, sdo os principais estimulos ansiogénicos presentes no
teste do LCE. Segundo esses autores, roedores preferem os bragos fechados do labirinto
devido a possibilidade de realizarem o comportamento de tigmotaxia.

Além de detectar efeitos de drogas ansioliticas e ansiogénicas, o LCE tem se mostrado
bastante 1til no entendimento das bases bioldgicas das emogdes e tem também contribuido
para a compreensao dos mecanismos associados a aprendizagem ¢ memoria, dependéncia e
abstinéncia a drogas de abuso e varios subtipos de transtornos de ansiedade, como ansiedade
generalizada, fobia e estresse pds-traumatico (ADAMEC et al., 1998; BANNERMAN et al.,
2004; CAROBREZ; BERTOGLIO, 2005; CAROBREZ; TEIXEIRA; GRAEFF, 2001; FILE;
GONZALEZ; GALLANT, 1998; LAMPREA et al., 2000; LISTER, 1987, RASMUSSEN et
al., 2001). Sua ampla utilizac¢do ¢ resultado da eficiéncia e facilidade do uso desse teste, que
decorre do fato de ser um procedimento simples e rapido, baseado no comportamento
espontaneo do animal e ndo necessitar de treinamento, utilizagcdo de estimulos nociceptivos e
privagdo de agua ou alimento (PELLOW et al., 1985; RODGERS et al., 1997).

Mais recentemente, a analise tradicional do comportamento exploratério no labirinto —
atividade nos bracos abertos e fechados como medidas de ansiedade e locomogao,
respectivamente — foram incorporadas as chamadas categorias etoldgicas novas, que
acrescentaram dimensdes adicionais aos padrdoes comportamentais desse teste. Entre elas,
destacam-se os comportamentos de esticamento, espreitamento, rastejamento, mergulhos da
cabeca e exploracdo das extremidades dos bracos abertos. Essas medidas comportamentais se
mostraram de grande valor na identificagdo de efeitos ansioliticos de drogas que ndo alteram
as medidas tradicionais do LCE como, por exemplo, os compostos serotoninérgicos

(GRIEBEL et al., 1997, RODGERS; COLE, 1993; RODGERS et al., 1999; SETEM et al.,
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1999). Além disso, essas medidas podem representar uma ferramenta importante para
avaliagdes mais refinadas da reatividade emocional em roedores (ALBRECHET-SOUZA et
al., 2007, 2008; CRUZ-MORALES; SANTOS; BRANDAO, 2002; HOLMES; RODGERS,
1998; ROY; CHAPILLON, 2004).

Uma caracteristica intrigante do LCE refere-se aos efeitos de uma exposi¢do prévia
sobre as respostas comportamentais e farmacologicas subsequentes. Enquanto
benzodiazepinicos injetados em ratos antes da primeira exposi¢ao ao LCE produzem aumento
da atividade nos bracos abertos do labirinto, como numero de entradas e tempo de
permanéncia, uma exposi¢ao prévia ao equipamento torna essa classe de compostos ineficazes
sobre essas medidas (ALBRECHET-SOUZA et al., 2005, 2009; CRUZ-MORALES;
SANTOS; BRANDAO, 2002; FILE, 1990; FILE; MABBUTT; HITCHCOTT, 1990). Apos a
exposicdo inicial, parece ocorrer a aquisi¢do, consolidacdo e evocagdo de memorias
relacionadas as areas potencialmente perigosas do labirinto (CAROBREZ; BERTOGLIO,
2005). Esse fenomeno foi observado inicialmente com o benzodiazepinico clordiazepoxido e
chamado de one-trial tolerance (tolerancia de um ensaio — OTT) (FILE, 1990).

Na tentativa de explicar a perda da ac¢do ansiolitica dos benzodiazepinicos, diversas
hipoteses foram sugeridas. Inicialmente o fenomeno da OTT foi associado a uma alteragdo
qualitativa do estado emocional do animal. A idéia basica ¢ que a exposicao inicial ao LCE
pode representar a aquisi¢do de respostas relacionadas a fobia aos bragos abertos do labirinto.
Dessa maneira, a perda dos efeitos ansioliticos dos benzodiazepinicos poderia estar
relacionada a ineficicia desses compostos sobre os comportamentos relacionados a esse
distirbio (BERTOGLIO; CAROBREZ, 2000; CRUZ-MORALES; SANTOS; BRANDAO,
2002; FILE; MABBUTT; HITCHCOTT, 1990; FILE; ZANGROSSI JUNIOR, 1993; NUTT,

1990).
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Dawson et al. (1994) sugeriram que a OTT pode resultar da habituagdo do
comportamento exploratério no LCE, que ocorre apds exposigdes repetidas, e Rodgers e
Shepherd (1993) atribuiram a OTT a redug@o do conflito aproximagao/esquiva que ocorre na
reexposicdo ao LCE. De acordo com essa idéia, o conhecimento prévio do labirinto deve
reduzir a tendéncia do animal a explorar areas naturalmente aversivas, diminuindo assim o
conflito e eliminando, consequentemente, a possibilidade de resposta aos benzodiazepinicos.
De fato, a introdu¢do de elementos que geram um novo conflito motivacional na reexposicao
recupera os efeitos ansioliticos desses compostos nas medidas tradicionais do LCE
(ANDREATINI; VITAL; SANTOS, 2003; PEREIRA et al., 1999).

A investiga¢do dos mecanismos neurais subjacentes ao fendmeno da OTT além de ser
importante para um maior entendimento do significado bioldgico dos comportamentos
expressos por roedores no LCE — o teste de ansiedade mais utilizado em todo o mundo —
também contribui para o desenvolvimento de novas abordagens do LCE, além do enfoque
comportamental, e de novos modelos que podem auxiliar na compreensdo dos processos

relacionados a neurobiologia do medo ¢ da ansiedade.
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2. OBJETIVOS

Embora descrito como um teste simples para se avaliar a ansiedade em roedores (PELLOW
et al., 1985), o LCE tem se mostrado bastante complexo em termos de analise comportamental
(CAROBREZ; BERTOGLIO, 2005). Essa dificuldade aumenta quando sessoes repetidas sao
utilizadas para a avaliagdo dos efeitos de agentes farmacologicos, assim como dos sitios de acao dos
tranquilizantes menores no sistema nervoso central. Até o presente momento, as hipoteses que
tentaram esclarecer a auséncia de efeitos ansioliticos do benzodiazepinicos causada pela reexposicao
ao LCE nao foram suficientes para explicar completamente o fenomeno da OTT. Nesse contexto, o
objetivo desse trabalho foi estender o conhecimento atual do LCE como modelo animal de
ansiedade, por meio de um estudo que integre as abordagens 1) hormonal, 2) cognitiva,
3) neuroanatomica e 4) psicofarmacologica:

1) Abordagem hormonal: foram verificados os niveis plasmaticos do glicocorticdide
corticosterona em ratos submetidos as sessoes teste (T1) e reteste (T2) no LCE, assim como
possiveis relagdes entre as categorias comportamentais exibidas nesse teste e a ativagao do eixo
HPA;

2) Abordagem cognitiva: foi analisada a distribuicdo fatorial das categorias
comportamentais tradicionais e novas exibidas por ratos submetidos as sessoes T1 e T2 no LCE de
forma a ponderar a influéncia dos fatores cognitivos na determinacdo do conflito e do
comportamento exploratorio eliciados pelo teste;

3) Abordagem neuroanatomica: foram mapeados os circuitos encefalicos recrutados na
expressao do comportamento exploratorio de ratos durante as sessdes T1 e T2 no LCE, por meio da
deteccdo da proteina Fos, bem como avaliados os efeitos da administracdo sistémica do
benzodiazepinico midazolam em éreas limbicas de interesse;

4) Abordagem psicofarmacoldgica: foi avaliada a agdo ansiolitica do midazolam

administrado localmente no cortex cingulado, area 1.
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3. EFEITOS COMPORTAMENTAIS E HORMONAIS DO MIDAZOLAM E DA
METIRAPONA EM RATOS SUBMETIDOS AS SESSOES T1 E T2 NO LCE

Nesse estudo foram investigados os efeitos do midazolam administrado
sistemicamente sobre as respostas comportamentais e os niveis plasmaticos de corticosterona
de ratos submetidos as sessdes Tl e T2 do LCE. Além da analise tradicional do
comportamento exploratdrio — entradas nos bragos abertos e fechados do labirinto e tempo
nos bragos abertos — também foram analisadas as categorias etoldgicas novas — esticamentos,
mergulhos da cabega e exploracdo das extremidades abertas do LCE. Além disso, para se
avaliar possiveis relacdes entre categorias comportamentais exibidas no LCE e a ativacdo do
eixo HPA, ratos foram tratados com metirapona, um composto que bloqueia a sintese de

corticosterona, e submetidos as sessoes T1 e T2 do labirinto.

3.1. Sujeitos

Foram utilizados 75 ratos Wistar machos pesando entre 230 e 260 gramas,
provenientes do biotério central da Universidade de Sao Paulo do campus de Ribeirdao Preto.
Os animais foram alojados, em grupos de quatro, em gaiolas-viveiro (40 x 33 x 17 cm) de
polietileno com livre acesso a alimento e 4gua em um biotério com temperatura controlada
(23 £ 1° C) e ciclo de claro-escuro de 12:12 horas (inicio do periodo claro as 7:00 h). Os
animais permaneceram sob essas condi¢des durante 72 horas antes do inicio das sessdes
experimentais. Os procedimentos aqui descritos foram realizados de acordo com as
recomendacdes da SBNeC (Sociedade Brasileira de Neurociéncias e Comportamento) e estao
em conformidade com a United States National Institutes of Health Guide for Care and Use
of Laboratory Animals. Todos os esforcos possiveis foram realizados para reduzir o nimero

de animais e o seu sofrimento.
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3.2. Labirinto em cruz elevado

O LCE seguiu as especificagdoes de Pellow et al. (1985), consistindo de dois bragos
abertos e opostos (50 x 10 cm cada um), e outros dois bragos opostos do mesmo tamanho
fechados com paredes laterais de 40 cm de altura. Os bragos abertos e fechados, elevados
50 cm do solo, cruzam-se perpendicularmente formando uma cruz, delimitada por uma area
central de 10 x 10 cm. Nas laterais dos bracos abertos foi fixada uma pequena borda de
acrilico transparente (1 cm de altura) para evitar a queda dos animais.

O labirinto foi mantido no interior de uma sala com 30 lux de iluminag¢ao nos bracgos
abertos. Os testes foram realizados na fase clara do ciclo, entre 09:00 e 11:00 horas. Cada
animal foi colocado individualmente na area central do LCE, com a cabega voltada para um
dos bragos fechados e pode explorar livremente o equipamento por 5 minutos. Animais
reexpostos ao LCE foram submetidos a 2 sessdes experimentais, com um intervalo de 24
horas e ndo receberam qualquer inje¢do antes da primeira sessdo. Ao final de cada teste, foi
realizada a assepsia do labirinto com algodao e alcool a 20 %.

As sessdes experimentais foram monitoradas ¢ gravadas por meio de uma video-
camera montada verticalmente acima do labirinto, conectada a um aparelho de TV ¢ a um
video-cassete, ambos instalados em uma sala adjacente a sala experimental. O desempenho de
cada animal foi analisado posteriormente com o auxilio de um programa computacional de

analises comportamentais (Observer, Noldus Inf. Co.).

3.3. Radioimunoensaio

A técnica de radioimunoensaio foi originalmente descrita por Berson e Yalow (1968)
e se baseia na competicdo entre uma molécula de interesse ¢ um ligante marcado
radioativamente por um numero limitado de sitios de ligacdo de um determinado receptor.

Assim, o aumento gradativo dos niveis da molécula de interesse na amostra ocupa um niimero
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cada vez maior de sitios de ligagdo e diminui progressivamente a taxa de ocupacao do ligante
marcado. Dessa maneira, ¢ possivel estimar a quantidade de molécula de interesse em uma
amostra desde que se construa uma curva padrdo empregando-se quantidades crescentes e
conhecidas dessa molécula e medindo-se a radioatividade gerada pela porcentagem de

ocupacao do ligante marcado (THORELL; LARSON, 1978).

3.4. Drogas

Foi utilizado o benzodiazepinico midazolam (Roche, Brasil) na dose de 0,5 mg/Kg. A
droga foi diluida em salina estéril e injetada, intraperitonealmente, 15 minutos antes da sessao
experimental. Os animais controle receberam apenas uma inje¢ao de salina. A escolha da dose
e o tempo de inje¢do foram baseados em estudos anteriores (ALBRECHET-SOUZA et al.,
2005; ANSELONI et al., 1995; ANSELONI; BRANDAO, 1997; CRUZ-MORALES;
SANTOS; BRANDAO, 2002). Também foi utilizada a Metirapona (Sigma-Aldrich, EUA),
um inibidor da 11-£-hidroxilase, que bloqueia a sintese de corticosterona. Essa droga foi
dissolvida em salina contendo 1% de Tween 80 até¢ a dose de 30 mg/Kg ¢ injetada,
intraperitonealmente, 20 minutos antes da sessdo experimental. Em um estudo prévio, essa
dose mostrou-se eficaz em reduzir significativamente a concentracdo plasmatica de
corticosterona (MIKICS et al., 2005). Os animais controle receberam uma inje¢ao de veiculo,

contendo salina € 1% de Tween 80.

3.5. Procedimento

Tratamento com midazolam: foram avaliados os efeitos do midazolam no
comportamento exploratorio e nos niveis plasmaticos de corticosterona de ratos submetidos as
sessoes T1 ou T2 no LCE. Os animais foram divididos em 2 grupos: Sessdao T1: 16 ratos
receberam salina ou midazolam e, ap6s 15 minutos foram submetidos individualmente a

sessdo unica no LCE. Sessdao T2: 15 ratos foram submetidos individualmente ao LCE por
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5 minutos, sem qualquer droga, e retornaram as suas gaiolas-viveiro. Vinte e quatro horas
depois, esses animais receberam salina ou midazolam e, apés 15 minutos foram reexpostos
individualmente ao LCE. Dois grupos controles adicionais foram incluidos: um grupo nao
exposto ao LCE (controle de T1, n = 6) e outro grupo que foi submetido ao LCE 24 horas
antes da coleta das amostras de sangue (controle de T2, n = 6). No dia do teste, esses animais
controles foram levados a sala experimental, onde foram injetados com salina e
permaneceram em suas gaiolas-viveiro por 40 min antes da decapitacao.

Tratamento com metirapona: foram avaliados os efeitos da metirapona no
comportamento exploratorio e nos niveis plasmaticos de corticosterona de ratos submetidos as
sessdes T1 ou T2 no LCE. Os animais foram divididos em 2 grupos: Sessdo T1: 16 ratos
receberam veiculo ou metirapona e, apds 20 minutos foram submetidos individualmente a
sessdo unica no LCE. Sessdo T2: 16 ratos foram submetidos individualmente ao LCE por
5 minutos, sem qualquer droga, e retornaram as suas gaiolas-viveiro. Vinte ¢ quatro horas
depois, esses animais receberam veiculo ou metirapona e, apos 20 minutos foram reexpostos

individualmente ao LCE.

3.6. Medidas comportamentais

O comportamento exploratério dos animais foi medido segundo trés parametros
tradicionais:

» Numero de entradas nos bragos abertos: nimero de vezes que o animal atravessava
com as quatro patas para o interior dos bracos abertos do labirinto;

» Numero de entradas nos bragos fechados: nimero de vezes que o animal
atravessava com as quatro patas para o interior dos bragos fechados do labirinto;

» Porcentagem de tempo nos bragos abertos: obtida através da relagdo entre o tempo

despendido nos bragos abertos do labirinto pelo tempo total do teste.
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Além disso, também foram avaliadas trés categorias comportamentais novas
(ANSELONI; BRANDAO, 1997; RODGERS; COLE, 1993):

» Esticamento: postura exploratoria na qual o animal se estica ¢ em seguida retoma a
posicdo original, sem se locomover para frente;

» Mergulho da cabega: movimento exploratorio de cabega/ombros nas laterais ou
extremidades do labirinto, em direc¢ao ao solo;

» Exploragdo da extremidade aberta: postura exploratoria das extremidades dos

bragos abertos do labirinto.

3.7. Dosagem de corticosterona plasmética

Imediatamente apds a exposicdo ao LCE, os animais que receberam salina ou
midazolam e foram submetidos ao LCE, foram isolados em uma caixa de polietileno (30 x 19
cm) por 20 minutos antes de serem sacrificados por decapitacdo. Esse tempo transcorrido
entre o teste e a decapitagdo ¢ o tempo necessario para que os niveis de corticosterona atinjam
0 pico ap6s a exposicdo ao estimulo aversivo (FILE et al, 1994; HENNESSY; LEVINE,
1979).

Em relagdo aos animais tratados com veiculo ou metirapona, as amostras de sangue
foram coletadas imediatamente apds o teste, de acordo com o estudo realizado por Mikics et
al. (2005). Dessa maneira, os niveis basais de corticosterona desses animais diferiam daqueles
que receberam salina ou midazolam.

Todas as amostras foram coletadas no periodo da manha, entre 9:00 e 11:00 horas. O
sangue foi coletado em tubos de vidro heparinizados e centrifugado a velocidade de 3000
rpm, a 4° C, por 15 minutos. O plasma foi entdo separado e congelado a -20° C até o momento
da realizacdo das dosagens. As concentragdes plasmaticas de corticosterona foram dosadas

por radioimunoensaio de duplo anticorpo, no Laboratério de Neuroendocrinologia da
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Faculdade de Medicina de Ribeirdo Preto — USP. Foram utilizados padrdo e anticorpos
comerciais fornecidos pela Sigma-Aldrich (EUA) e hormdnio triciado fornecido pela
Amersham Biosciences (Reino Unido). As amostras foram dosadas em duplicata em um
mesmo ensaio para evitar variagdes inter-ensaios. O limite minimo de detec¢do foi 0,08

ng/mL e o coeficiente de variagdo intra-ensaio foi de 5%.

3.8. Analise estatistica

Os resultados comportamentais e hormonais estdo expressos como média + erro
padrdo da média (EPM) e foram submetidos a uma anélise de varidncia (ANOVA) de duas
vias, com os tratamentos (salina/midazolam ou veiculo/metirapona) como um fator e as
sessoes (T1/T2) como outro fator. Para as andlises post-hoc foi utilizado o teste de Newman-

Keuls e p < 0,05 foi considerado significativo.

3.9. Resultados

3.9.1. Tratamento com midazolam

Na figura 3 estdo ilustrados os efeitos da salina e midazolam injetados antes de T1 ou
T2 no comportamento exploratorio de ratos submetidos ao LCE. A ANOVA de duas vias
mostrou que os tratamentos, as sessOes € a interagdo entre tratamentos e sessoes produziram
efeitos estatisticamente significativos no numero de entradas nos bragos abertos [F(1,27) =
14,30; 20,38 e 5,77, respectivamente; p < 0,05 em todos os casos] e na porcentagem de tempo
em que os animais permaneceram nesses bracos [F(1,27) = 16,09; 19,43 e 8,30,
respectivamente; p < 0,05 em todos os casos]. Nao foram encontrados efeitos estatisticamente
significativos no nimero de entradas nos bragos fechados do labirinto para tratamentos,
sessOes ou interagdo entre tratamentos e sessdes [F(1,27) = 0,51; 19,43 e 8,30,
respectivamente; p > 0,05 em todos os casos]. As analises post-hoc revelaram que os animais

injetados com midazolam antes de T1 apresentaram um aumento no numero de entradas e no
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tempo de permanéncia nos bragos abertos do LCE. Houve uma diminuicdo geral dessas
medidas em T2 em relagao a T1.

Os graficos da figura 4 ilustram os efeitos da salina e midazolam nas categorias
comportamentais novas utilizadas para avaliar os ratos submetidos as sessdoes T1 e T2. A
ANOVA de duas vias mostrou que os tratamentos, as sessdes € a interagdo entre tratamentos e
sessdes produziram efeitos estatisticamente significativos nas frequéncias de mergulhos da
cabeca [F(1,27) = 12,67; 47,18 e 11,64, respectivamente; p < 0,05 em todos os casos] e
exploragdo das extremidades abertas do LCE [F(1,27) = 17,62; 14,72 ¢ 4,43, respectivamente;
p < 0,05 em todos os casos]. A mesma analise aplicada a frequéncia de esticamentos mostrou
efeitos estatisticamente significativos produzidos pelos tratamentos [F(1,27) = 7,53; p < 0,05],
mas ndo entre as sessdes ou na interacao entre tratamentos e sessoes [F(1,27) = 0,01 e 0,06,
respectivamente; p > 0,05 em ambos os casos]. As andlises post-hoc revelaram que o
tratamento com midazolam produziu um aumento nas frequéncias de mergulhos da cabeca e
exploragdo das extremidades abertas, quando administrado antes de T1, e uma reducdo na

frequéncia de esticamentos, quando injetado antes de T1 ou T2.
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Figura 3. Efeitos do midazolam no comportamento exploratorio de ratos submetidos as
sessoes teste (T1) ou reteste (T2) no labirinto em cruz elevado. A, nimero de entradas nos
bragos abertos do labirinto; B, nimero de entradas nos bragos fechados do labirinto; C, % de

tempo de permanéncia nos bragos abertos em relacao ao total. Os valores estdo apresentados

como média + EPM. * diferente do grupo salina na mesma sessdo (p < 0,05, teste de

Newman-Keuls). n = 7-8 animais.
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Figura 4. Efeitos do midazolam sobre as categorias comportamentais novas utilizadas para a

Frequéncia

avaliacdo de ratos submetidos as sessdes teste (T1) ou reteste (T2) no labirinto em cruz
elevado. A, frequéncia de esticamentos; B, frequéncia de mergulhos da cabeca; C, frequéncia

de exploracdo das extremidades abertas do LCE. Os valores estdo apresentados como média +
EPM. * diferente do grupo salina na mesma sessdo (p < 0,05, teste de Newman-Keuls).

n = 7-8 animais.
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3.9.2. Medidas de corticosterona plasmatica

Na figura 5 estdo ilustrados os efeitos do tratamento com salina ou midazolam sobre
os niveis plasmaticos de corticosterona medidos em ratos submetidos as sessoes T1 ou T2 no
LCE. A ANOVA de duas vias mostrou efeitos estatisticamente significativos entre os
tratamentos [F(2,37) = 0,81; p < 0,05], mas ndo entre as sessdes [F(1,37) = 0,44; p > 0,05] ou
na interacdo entre tratamentos e sessdes [F(2,37) = 0,71; p > 0,05]. As analises post-hoc
revelaram que a exposicdo ao LCE promoveu um aumento nos niveis plasmaticos de
corticosterona em ambas as sessdes e o tratamento com midazolam reverteu esses efeitos nas

sessoes T1 e T2.
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Figura 5. Concentragdes plasmaticas de corticosterona medidas em ratos tratados com salina
ou midazolam e submetidos as sessoes teste (T1) ou reteste (T2) no labirinto em cruz elevado.
Os animais controles (CTR) de T1 ndo foram submetidos ao labirinto ¢ os CTR de T2 foram

submetidos apenas uma vez ao LCE, 24 horas antes da coleta de sangue. Os valores estdo
apresentados como média + EPM. * diferente do grupo controle na mesma sessio e
# diferente do grupo salina na mesma sessio (p < 0,05, teste de Newman-Keuls).

n = 6-8 animais.
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3.9.3. Tratamento com metirapona

Nas figuras 6 e 7 estdo ilustradas as medidas do comportamento exploratdrio de ratos
tratados com veiculo ou metirapona e submetidos as sessdes T1 ou T2 no LCE. A ANOVA de
duas vias associada a analise post-hoc de Newman-Keuls mostrou que o tratamento com
metirapona ndo alterou o nimero de entradas nos bragos abertos, nos bragos fechados e
porcentagem de tempo de permanéncia nos bracos abertos do LCE [F(1,28) = 0,09; 0,01 e
0,14, respectivamente; p > 0,05 em todos os casos]. Todos esses pardmetros mostraram uma
reducdo significativa na sessdo T2: numero de entradas nos bragcos abertos, nos bragos
fechados e porcentagem de tempo de permanéncia nos bragos abertos do LCE [F(1,28) =
15,06; 3,40 e 23,99, respectivamente; p < 0,05 em todos os casos]. Além disso, a metirapona
diminuiu significativamente a frequéncia de esticamentos [F(1,28) = 9,64; p < 0,05]. Este
comportamento também foi alterado entre as sessdes [F(1,28) = 5,42; p < 0,05], mas nao
houve efeitos estatisticamente significativos na interagdo entre tratamentos ¢ sessoes
[F(1,28) = 0,60; p > 0,05]. As demais medidas comportamentais nao foram afetadas pelo
tratamento [mergulhos da cabeca: F(1,28) = 0,29; p > 0,05; exploragdo das extremidades
abertas: F(1,28) = 0,06; p > 0,05].

A figura 8 apresenta os efeitos do tratamento com veiculo ou metirapona sobre os
niveis plasmaticos de corticosterona medidos em ratos submetidos as sessdes T1 ou T2 no
LCE. As analises estatisticas mostraram que tratamento com a droga diminuiu
significativamente os niveis plasmaticos de corticosterona medidos imediatamente apds a
exposicdo ao LCE [F(1,28) = 8,60; p < 0,05]. Nao houve efeitos estatisticamente
significativos entre as sessOes ou na interacao entre tratamentos e sessoes [F(1,28) = 0,01 e

0,41, respectivamente; p > 0,05 em ambos os casos].
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Figura 6. Efeitos da metirapona no comportamento exploratério de ratos submetidos as
sessoes teste (T1) ou reteste (T2) no labirinto em cruz elevado. A, numero de entradas nos
bragos abertos do labirinto; B, numero de entradas nos bracos fechados do labirinto; C, % de
tempo de permanéncia nos bragos abertos em relacdo ao total. Os valores estdo apresentados

como média + EPM. * diferente do grupo que recebeu veiculo na mesma sessdo (p < 0,05,

teste de Newman-Keuls). n = 8 animais em cada grupo.
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Figura 7. Efeitos da metirapona sobre as categorias comportamentais novas utilizadas para a
avaliagdo de ratos submetidos as sessoes teste (T1) ou reteste (T2) no labirinto em cruz
elevado. A, frequéncia de esticamentos; B, frequéncia de mergulhos da cabega; C, frequéncia
de exploracao das extremidades abertas do LCE. Os valores estao apresentados como média +

EPM. * diferente do grupo que recebeu veiculo na mesma sessio (p < 0,05, teste de Newman-

Keuls). n = 8 animais em cada grupo.
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Figura 8. Concentracdes plasmaticas de corticosterona medidas em ratos tratados com veiculo

ou metirapona e submetidos as sessoes teste (T1) ou reteste (T2) no labirinto em cruz elevado.
Os valores estdo apresentados como média + EPM. * diferente do grupo que recebeu veiculo

na mesma sessao (p < 0,05, teste de Newman-Keuls). n = 8 animais em cada grupo.

3.10. Discussao

A administragdo de midazolam antes da sessdo T1 promoveu um claro efeito
ansiolitico, causando um aumento no nimero de entradas nos bracgos abertos do LCE ¢ na
porcentagem de tempo que os animais permaneceram nesses bracos. Nao houve aumento da
exploragdo dos bragos fechados. A droga também produziu aumento nas frequéncias de
mergulhos da cabega e exploragdo das extremidades abertas do LCE. Esse padrao usual de
efeitos produzidos pelos benzodiazepinicos no LCE nao foi obtido quando o midazolam foi
administrado antes da sessdo T2, corroborando diversos trabalhos que mostram a ineficacia
desses compostos sob essas condicdes (ALBRECHET-SOUZA et al., 2005; CARVALHO et
al., 2005; CRUZ-MORALES; SANTOS; BRANDAO, 2002; FILE, 1990; RODGERS;
SHEFERD, 1993).

Segundo Dawson et al. (1994), a ineficacia dos benzodiazepinicos ¢ resultado de um
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processo de habituacdo motora que ocorreria entre as sessoes do LCE e mesmo ja no final de
T1. Contra esse argumento, porém, esta o fato de ndo haver alteragdo significativa no nimero
de entradas nos bragos fechados do labirinto entre T1 e T2, enquanto ocorre uma diminui¢ao
da atividade nos bragos abertos, incluindo mergulhos da cabeca e exploragdo das
extremidades abertas do labirinto. Além disso, os elevados niveis plasmaticos de
corticosterona apresentados pelos animais submetidos a reexposi¢do ¢ a evidéncia mais
conspicua de que eles estio sob a influéncia de uma situagdo aversiva.

A descoberta mais relevante da andlise das categorias etologicas novas foi a redugdo
da frequéncia de esticamentos causada pela administragdo de midazolam em animais
submetidos as sessdes T1 ou T2 no LCE. Esse comportamento era visto anteriormente como
um indice de ansiedade, porém analises fatoriais e estudos farmacoldgicos mostraram que
essa medida pode ter um significado distinto da exploracdo dos bragos abertos do LCE
(ALBRECHET-SOUZA; BORELLI; BRANDAO, 2008; ANSELONI; BRANDAO, 1997;
COLE; RODGERS, 1994; RODGERS; COLE, 1993). Atualmente o esticamento ¢
interpretado como um componente da avaliacdo de risco, isto é, comportamentos exibidos
para aquisi¢do de informacdes ambientais em situagdes potencialmente ameagadoras, que
permitem ao animal selecionar a melhor estratégia comportamental (AMARAL; SANTOS
GOMES, NUNES-DE-SOUZA, 2010; BLANCHARD et al., 1993; RODGERS et al., 1999).

A exposi¢do de ratos ao LCE produziu um claro aumento nos niveis plasmaticos de
corticosterona, que foi revertido pelo tratamento com midazolam. Assim, os efeitos
ansioliticos do midazolam nas categorias comportamentais poderiam estar associados a uma
reducdo dos niveis de corticosterona. Algumas observagdes, porém, sugerem uma relacio
entre a corticosterona plasmatica e determinadas respostas comportamentais que ndo a
atividade nos bragos abertos per se. De fato, estudos anteriores ndo encontraram correlagdes

entre os niveis de corticosterona plasmatica ¢ qualquer medida de exploracdo dos bragos
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abertos do labirinto (MIKICS et al., 2005; RODGERS et al., 1999). Além disso, a metirapona
ndo afetou a esquiva dos bragos abertos, o que sugere que a corticosterona endéogena pode nao
estar diretamente envolvida na mediagdo das respostas comportamentais tradicionais nesse
teste.

Alguns autores, porém, mostraram que os niveis de corticosterona medidos apds a
exposicdo ao LCE correlacionam-se com a intensidade da avaliagdo de risco (MIKICS et al.,
2005; RODGERS et al., 1999). Corroborando esses dados, os resultados desses experimentos
apontam claramente para uma relagdo positiva entre a frequéncia de esticamentos € os niveis
plasmaticos de corticosterona, pois ambos foram reduzidos pelo tratamento com midazolam e
com metirapona nas sessdes T1 e T2. O fato do comportamento de esticamento ter sido
medido durante as sessdes experimentais € a concentragdo de corticosterona vinte minutos
apods o final do teste sugere que, quanto maior a frequéncia de avaliacdo de risco, maior a
liberagdo do glicocorticoide. Assim, essa resposta hormonal parece ocorrer anteriormente a
exploragdo real do ambiente aversivo, quando o animal detecta o perigo. De fato, em
humanos, a antecipagdo de eventos estressantes produz um aumento dos niveis de cortisol
equivalente ao evento propriamente dito (MASON, 1968)

O CRH parece estar também envolvido nas respostas autondmicas ao estresse.
Evidéncias experimentais demonstraram que a infusdo intracerebroventricular de CRH
aumenta a frequéncia de avaliagcdo de risco em camundongos submetidos a bateria de testes
defensivos (YANG et al., 2006). Além disso, o CRH tem agao seletiva na coluna dorsomedial
da substancia cinzenta periaqueductal dorsal, uma vez que sua administragdo nessa area
produziu efeitos ansiogénicos em ratos submetidos ao LCE (BORELLI; BRANDAO, 2008).

McNaughton (1997) propds um modelo de hiperatividade hipocampal dos transtornos
de ansiedade, apontando um papel crucial do hipocampo na avaliagdo de risco. Como essa

estrutura € o alvo principal de glicocorticoides, a associagdo entre a corticosterona plasmatica
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e a avaliagdo de risco pode refletir a facilitacdo do processamento de informagdes provocada
pelos glicocorticoides em ambientes novos e potencialmente perigosos (BOHUS; DE
KLOET, 1981; LUINE; SPENCER; McEWEN, 1993; RODGERS et al., 1999). Nesse
sentido, a administragdo do agonista sintético dexametasona facilita a consolidagdo de
memorias aversivas de maneira dose-dependente (COTTRELL; NAKAIJIMA, 1977;
ROOZENDAAL; McGAUGH, 1996), enquanto infusdes de antagonistas glicocorticoides
prejudicam esse processo (OITZL; DE KLOET, 1992; ROOZENDAAL; PORTILLO-
MARQUEZ; McGAUGH, 1996). Os hormoénios glicocorticdides aumentam a sintese de
noradrenalina no locus coeruleus ¢ estimulam a liberacdo desse neurotransmissor no nucleo
basolateral da amigdala (McINTYRE et al., 2003; QUIRARTE; ROOZENDAAL;
McGAUGH, 1997). Além disso, os hormonios glicocorticoides afetam rapidamente a
neurotransmissao serotoninérgica (SIZE, 1976), que esta relacionada aos comportamentos de
avaliacdo de risco (GRIEBEL et al., 1997; SETEM et al., 1999), e a exposi¢do Unica ou
repetida ao LCE produz uma reducdo similar dessa neurotransmissdo em estruturas limbicas
(CARVALHO et al., 2005; DOMINGUE-Z et al., 2003).

Assim, baseando-se em evidéncias crescentes do envolvimento dos glicocorticoides
nas fungdes cognitivas, a corticosterona pode estar diretamente envolvida na aprendizagem
emocional caracteristica do paradigma do LCE, que ocorre durante, ¢ mesmo entre, as sessoes
experimentais. Além disso, por apresentar uma relacdo positiva com as frequéncias de
avaliagdo de risco, esse padrio hormodnio-comportamento pode ser crucial para a o

desenvolvimento da OTT em roedores.
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4. ANALISE DA DISTRIBUICAO FATORIAL DO COMPORTAMENTO
EXPLORATORIO DE RATOS SUBMETIDOS AS SESSOES REPETIDAS NO LCE:
INFLUENCIA DE FATORES COGNITIVOS

Nessa analise foi verificada a distribuigdo fatorial de categorias comportamentais e
novas exibidas por ratos submetidos as sessdes T1 e T2 no LCE, de forma a avaliar a
influéncia dos fatores cognitivos na determinacdo do conflito e do comportamento
exploratdrio eliciados pelo teste. Esse tipo de andlise ja foi empregado anteriormente para se
verificar a distribui¢do das categorias comportamentais no labirinto (ANSELONI;
BRANDAO, 1997; FILE et al., 1993; RODGERS; JOHNSON, 1995), porém sua utilizagio
envolvendo as categorias tradicionais e novas no protocolo de teste e reteste ainda ndo havia

sido investigada.

4.1. Sujeitos
Foram utilizados 58 ratos Wistar machos pesando entre 280 e 300 g, provenientes do
biotério central da Universidade de Sao Paulo, campus de Ribeirdo Preto. Os animais foram

mantidos em condigdes similares as descritas no experimento anterior, secao 3.2.

4.2. Labirinto em cruz elevado

O LCE e as sessdes experimentais seguiram as mesmas especificacdes do experimento
anterior, se¢do 3.3. Os animais receberam uma inje¢do intraperitoneal de salina e apds
15 minutos foram submetidos a sessdo T1. Animais do grupo T2 foram submetidos a
2 sessoes no LCE, com um intervalo de 24 horas, e receberam salina 15 minutos antes da

reexposicao.

4.3. Medidas comportamentais
Além das categorias comportamentais utilizadas no experimento anterior, nessa

analise foram acrescentadas as seguintes categorias tradicionais:
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» Total de entradas: somatoria do nimero de entradas nos bragos abertos e nos
bracos fechados do labirinto;

» Tempo nos bragos fechados: tempo despendido no interior dos bragos fechados do
labirinto;

» Tempo nos bragos abertos: tempo despendido no interior dos bragos abertos do
labirinto;

» Porcentagem de entradas nos bracos fechados: obtida através da relagdo entre o
numero de entradas nos bragos fechados do labirinto pelo total de entradas;

» Porcentagem de tempo nos bracos fechados: obtida através da relagdo entre o
tempo despendido nos bragos fechados do labirinto pelo tempo total do teste;

» Porcentagem de entradas nos bragos abertos: obtida através da relacdo entre o
numero de entradas nos bragos abertos do labirinto pelo total de entradas;

» Porcentagem de tempo no centro: obtida através da relagdo entre o tempo
despendido no centro do labirinto pelo tempo total do teste.

Também foram adicionadas as seguintes categorias comportamentais novas:

» Esquadrinhamento: proje¢do da cabeca sobre as laterais dos bragos do labirinto,
farejando em qualquer direcao;

» Levantamento: quando o animal se apoia sobre as patas posteriores no assoalho do
labirinto € mantém uma postura bipede, completamente ereto ou semi-arqueado;

» Espreitamento: projecao da cabega/ombros dos bragos fechados para o centro do
labirinto com as quatro patas no brago fechado;

» Rastejamento: locomogdo exploratéria onde o animal se estica e cuidadosamente
move-se para frente;

» Autolimpeza: sequéncia de autolimpeza da espécie, comecando pelo focinho, indo

as orelhas e terminando pela limpeza do corpo inteiro.
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Essas categorias foram definidas de acordo com estudos prévios (ANSELONI,

BRANDAO, 1997; RODGERS; COLE, 1993).

4.4. Andlise Fatorial

A analise fatorial pode ser utilizada para examinar os padrdes ou relagdes latentes para
um grande nimero de variaveis e determinar se a informacdo pode ser condensada ou
resumida a um conjunto menor de fatores ou componentes. Dessa maneira, o primeiro fator
extraido pode ser interpretado como o melhor resumo das relagdes lineares exibidas nos
dados. O segundo fator ¢ definido como a segunda melhor combinagdo linear das variaveis,
sujeito a restricdo de ser ortogonal ao primeiro fator. Assim, cada fator explica por¢des
sucessivamente menores de variancia (HAIR et al., 2005).

Nesse estudo, foi realizada uma anélise fatorial do tipo R, que analisa as relagdes entre
variaveis para identificar e formar dimensdes latentes (fatores). A andlise de componentes
principais foi utilizada como critério para identificar a estrutura latente das relacdes e o
critério da raiz latente (autovalores) para decidir o numero de fatores a serem extraidos. O
método rotacional utilizado foi o ortogonal do tipo varimax. O resultado final obtido foi uma
matriz fatorial de cargas, onde cada fator ¢ independente e deve, portanto, refletir dimensdes
distintas do LCE. Nessa analise, foram mantidas apenas as cargas fatoriais > 0,5. Essas cargas
representam a contribuicdo de cada varidvel para cada fator, de modo que um valor de 1,0
reflete uma correlagdo perfeita entre a varidvel e o fator e um valor < 0,5 reflete uma baixa

correlagao.

4.5. Resultados
Na Tabela 2 estd apresentada a matriz fatorial rotacionada obtida a partir das
categorias comportamentais tradicionais e novas de ratos tratados com salina ¢ submetidos as

sessoes T1 ou T2 no LCE. Seis fatores foram extraidos dessa analise. Em T1, medidas
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tradicionais, como numero de entradas nos bragos abertos, porcentagem de entradas nos
bragos abertos, tempo nos bragos abertos, porcentagem de tempo nos bragos abertos, total de
entradas e porcentagem de tempo no centro carregaram no fator 1. Porcentagem de entradas
nos bragos fechados, tempo nos bragos fechados e porcentagem de tempo nos bragos fechados
carregaram negativamente nesse fator. Categorias comportamentais novas como exploragao
das extremidades abertas e mergulhos da cabeca também carregaram no fator 1. Essas
mesmas medidas tradicionais e novas tomadas em T2 carregaram independentemente no fator
2. Ainda em relagdo a T2, entradas nos bragos fechados, esquadrinhamentos e esticamentos
carregaram no fator 3. Esquadrinhamentos, espreitamentos, esticamentos e rastejamentos em
T1 carregaram no fator 4. Entradas nos bragos fechados e levantamentos em T1 carregaram

no fator 5. Autolimpeza carregou no fator 6.

Tabela 1 — Fatores ortogonais extraidos das categorias comportamentais de ratos tratados com
salina e submetidos as sessoes teste (T1) ou reteste (T2) no labirinto em cruz elevado. As
cargas fatoriais representam a correlagdo de cada categoria comportamental com o fator.
Cargas < 0,5 foram excluidas por representarem correlagdes muito baixas. Critério: raiz

latente (autovalor >1). n = 58 animais. EEA = exploracdo da extremidade aberta do labirinto.
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Fo6

| Sessdo T1

| Entradas Fechado

| %Entradas Fechado

-0,86

| Tempo Fechado

-0,95

| %Tempo Fechado

-0,95

| Entradas Aberto

0,95

| %Entradas Aberto

0,86

| Tempo Aberto

0,96

| %Tempo Aberto

0,96

| Total Entradas

0,82

| %Tempo Centro

0,72

| EEA

0,92

| Esquadrinhamento

0,80

| Mergulho da Cabega

0,79

| Levantamento

| Espreitamento

0,57

| Esticamento

0,70

| Rastejamento

0,63

| Autolimpeza

-0,88

| Sesséo T2

| Entradas Fechado

| %Entradas Fechado

-0,90

| Tempo Fechado

-0,94

| %Tempo Fechado

-0,94

| Entradas Aberto

0,94

| %Entradas Aberto

0,90

| Tempo Aberto

0,98

| %Tempo Aberto

0,98

| Total Entradas

0,58

| %Tempo Centro

0,75

| EEA

0,89

| Esquadrinhamento

| Mergulho da Cabeca

0,60

| Levantamento

| Espreitamento

| Esticamento

| Rastejamento

| Autolimpeza

-0,70
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4.6. Discussao

A caracteristica mais evidente apontada pela analise fatorial aplicada as categorias
comportamentais obtidas de ratos submetidos as sessdes T1 ou T2 no LCE foi a clara
dissociacdo entre as sessdes nos fatores 1 e 2. Os comportamentos exibidos na sessao T1
apresentaram uma distribuicdo similar a estudos anteriores (ANSELONI; BRANDAO, 1997;
FILE et al., 1993; RODGERS; JOHNSON, 1995). Medidas tradicionais, como nimero de
entradas nos bragos abertos, porcentagem de entradas nos bragos abertos, tempo nos bragos
abertos, porcentagem de tempo nos bragos abertos, total de entradas e porcentagem de tempo
no centro carregaram no fator 1. Essas medidas sdo consideradas inversamente relacionadas a
ansiedade. Além disso, categorias comportamentais novas como exploragdo das extremidades
abertas ¢ mergulhos da cabeca, previamente interpretadas como indices de ansiedade (CRUZ;
FREI;, GRAEFF, 1994; RODGERS; JOHNSON, 1995), também carregaram nesse fator.
Porcentagem de entradas nos bragos fechados, tempo nos bragos fechados e porcentagem de
tempo nos bragos fechados carregaram negativamente no fator 1. Essas mesmas categorias
tradicionais e novas exibidas na sessdo T2 apresentaram uma redugdo na magnitude e
carregaram independentemente no fator 2. Essa dissociagdo comportamental entre as sessdes
sugere uma condicdo distinta em cada uma das sessdes de modo que o LCE pode ser
interpretado como um teste onde a natureza, mais que a intensidade do estado emocional, se
altera com a experiéncia (FILE et al., 1993).

Categorias comportamentais associadas a avaliagdo de risco, como esquadrinhamento,
espreitamento, esticamento e rastejamento, expressas durante T1 ou T2, também foram
dissociadas entre as sessdes e carregaram, respectivamente, nos fatores 4 e 3. Esses
comportamentos sdo importantes para avaliar situagdes potencialmente ameagadoras e
permitem ao animal selecionar a melhor estratégia comportamental (BLANCHARD et al.,

1993; RODGERS et al., 1999). Na sessao T2, comportamentos como o esticamento tornam-se
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mais proeminentes em detrimento da atividade nos bragos abertos, uma vez que em T1 o
animal adquire as informagdes espaciais dos ambientes aversivos do LCE (ALBRECHET-
SOUZA et al, 2007). Assim, na reexposic¢do, o conflito resultante da tendéncia dos animais de
explorar ambientes novos e evitar situagdes potencialmente perigosas encontra-se reduzido e
ha o predominio dos comportamentos de esquiva (ALBRECHET-SOUZA et al, 2007;
RODGERS; SHEPHERD,1993). Corroborando essa premissa, a introducdo de elementos
aversivos nos bracos fechados do LCE em TI1 gera um conflito motivacional em T2 e
recupera os efeitos ansioliticos dos benzodiazepinicos (PEREIRA et al., 1999).

Medidas que expressam atividade locomotora em T1, como entradas nos bragos
fechados e levantamentos, carregaram no fator 5. Autolimpeza carregou independentemente
no fator 6, o que indica que esse comportamento apresenta um significado biologico distinto,

provavelmente associado & comportamentos estereotipados (ANSELONI; BRANDAO, 1997).
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5. DISTRIBUICAO DA PROTEINA FOS NO ENCEFALO DE RATOS SUBMETIDOS
AS SESSOES T1E T2 NO LCE

Uma vez que existe uma dissociacdo farmacoldgica quanto aos efeitos dos
benzodiazepinicos nas sessdes T1 e T2 e que a andlise fatorial mostrou que essas sessoes
representam condigdes que determinam distinta reatividade emocional, nesse experimento
foram mapeadas as estruturas encefélicas recrutadas durante essas sessdes experimentais por
meio da distribuicdo da proteina Fos. Além disso, através da utilizacdo dessa mesma técnica,
foi analisado o efeito do midazolam injetado sistemicamente sobre o padrdao de ativacdo de

areas limbicas nas sessoes T1 e T2.

5.1. Sujeitos
Foram utilizados 33 ratos Wistar machos pesando entre 230 e 260 gramas,
provenientes do biotério central da Universidade de Sao Paulo do campus de Ribeirdo Preto.

Os animais foram mantidos em condigdes similares as descritas no Experimento 1, secdo 3.2.

5.2. Labirinto em cruz elevado
O LCE e as sessOes experimentais seguiram as mesmas especificagdes do

Experimento 1, se¢do 3.3.

5.3. Droga
Foi utilizado o benzodiazepinico midazolam (Roche, Brasil) na dose de 0,5 mg/Kg,

preparado e administrado conforme a descri¢dao no Experimento 1, se¢do 3.5.

5.4. Procedimento
Para verificar os substratos neurais recrutados durante as sessoes T1 e T2 do LCE, os

ratos foram divididos em 3 grupos: CTR: ratos ndo expostos ao LCE (n = 5); Sessdo T1: ratos
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submetidos a sessao tnica no LCE (n = 6) e Sessdao T2: ratos submetidos a sessdes repetidas
no LCE, com um intervalo de 24 horas (n = 6). Todos receberam uma injec¢ao intraperitoneal
de salina, 15 minutos antes do teste. Os animais do grupo CTR receberam a injecao de salina
e, depois de 15 min, foram colocados dentro de uma caixa e levados para a sala experimental,
onde permaneceram por 5 minutos.

Posteriormente, para se investigar os efeitos do midazolam sobre a distribui¢do da
proteina Fos associada as sessdes T1 e T2, animais receberam uma inje¢ao intraperitoneal da
droga e, depois de 15 minutos, foram submetidos a Sessdo T1 (n = 8) ou a Sessdo T2 (n = 8)
no LCE e foram comparados com os ratos tratados com salina e submetidos as mesmas

condigoes.

5.5. A proteina Fos

O termo “genes de expressdo imediata” (em inglés, immediate-early genes) foi usado
originalmente para descrever genes virais. Como o nome sugere, esses genes sao 0s primeiros
a serem ativados apoOs a integracdo do virus a célula infectada e sdo responsaveis pela
reprogramagdo do processo de transcri¢do do hospedeiro para promover a replicagdo viral.
Posteriormente foram descobertos homologos eucarioticos de proto-oncogenes retrovirais que
também apresentam uma expressao rapida e transitoria em resposta a estimulos extracelulares.
Dentre eles, os mais bem estudados foram o c-fos, c-jun e c-myc (KOVACS, 2008).

Quando animais sdo submetidos a procedimentos experimentais e tratamentos que
induzem a ativa¢ao neuronial, como estimulacao elétrica, crises convulsivas, danos teciduais,
abstinéncia a drogas e uma série de agentes farmacoldgicos, RNA mensageiros da familia do
gene c-fos sdo expressos imediatamente em varias regides encefilicas (DRAGUNOW;
FAULL, 1989; HOFFMAN; LYO, 2002; KOVACS, 1998; MORGAN; CURRAN, 1991),

atingindo seu pico de expressdo em torno de duas horas apds o inicio do estimulo (DUNCAN
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et al, 1996; KOVACS; SAWCHENKO, 1996; ZANGENEHPOUR; CHAUDHURI, 2002). A
ativacao de receptores da membrana celular leva ao acionamento de segundos mensageiros e
provoca influxo de Ca®’, resultando na ativacdo de varias proteinas quinases (SHENG;
GREENBERG, 1990; KARIN, 1995). Essas proteinas fosforilam fatores de transcrigdo, como
o CREB, que pode levar a transcricdo do gene c-fos (SHENG; GREENBERG, 1990). A
transcricdo também pode ser induzida via AMP ciclico (THOMPSON et al., 1995). A
proteina Fos forma heterodimeros com a proteina Jun — complexo denominado APl — e se
liga especificamente a regides regulatorias de genes alvo (SENBA; UEYAMA, 1997).

Desde suas primeiras aplicagdes neurobioldgicas (MORGAN et al., 1987; MORGAN;
CURRAN, 1989), as estratégias de mapeamento cerebral baseadas na expressao do gene c-fos
tém se mostrado de grande valor no estudo de células alvo, conexdes e mecanismos de
processamento de informagdes (KOVACS, 2008). Isso se deu devido a uma série de razdes,
como: 1) baixos niveis de expressio em condigdes basais (HERDEGEN et al., 1995);
i1) indugdo estereotipada em resposta a distintos sinais extracelulares, como ions,
neurotransmissores, fatores de crescimento e drogas; iii) resposta transitoria; iv) deteccao
relativamente simples e v) possibilidade de combinagdo com outros marcadores, como
neuropeptideos, RNA mensageiros, proteinas, tracadores retrogrados e outros marcadores de
atividade (ELIAS et al., 1999; ZHANG et al., 2000; RAJENDREN, 2002; MUNZBERG et

al., 2007).

5.6. Imunoistoquimica para a deteccao da proteina Fos

Duas horas ap6s o teste do LCE, os animais foram anestesiados com hidrato de cloral
(500 mg/Kg, intraperitoneal) e sacrificados por perfusdo intra-cardiaca com tampao fosfato de
sodio (PBS) a 0,1 M (pH = 7,3) seguida de solucdo de paraformaldeido a 4% em PBS a

0,1 M. Os encéfalos foram removidos da caixa craniana e armazenados em frascos contendo



Experimento 3 57

paraformaldeido a 4%, por 2 horas, e entdo colocados em solucdo de sacarose a 30% em PBS
a 0,1 M (pH = 7,3), a 4° C, durante 72 horas. Os encéfalos foram entdo congelados em
isopentana a -40° C e seccionados no criostato (Cryocut 1800, Reichert-Jung) a -19° C. Os
cortes (40 um) foram coletados em recipientes contendo PBS a 0,1 M e utilizados free-
floating de acordo com o método da imunoperoxidase utilizando o complexo avidina-biotina
(Kit ABC Elite Vectastain, EUA) e o tetracloreto de diaminobenzidina (DAB) como
cromogeno.

Todas as reagdes foram realizadas sob agitagdo em velocidade baixa (60 a 80 rpm) a
temperatura de aproximadamente 23° C e as trocas de solugdes foram feitas por aspiragdo com
pipetas Pasteur (Falcon). Com a finalidade de diminuir a marcagdo ndo especifica, os cortes
permaneceram 10 minutos em solucdo de perdxido de hidrogénio (H,02) a 1% em PBS a
0,1 M para diminuir a atividade da peroxidase endogena, e em seguida foram submetidos a
4 lavagens com PBS a 0,1 M (5 minutos cada). Ao final destas lavagens os cortes foram
incubados overnight com anticorpo primario policlonal anti-Fos, produzido em coelho (Santa
Cruz, EUA) na concentracdao de 1:2000 em solucdo de albumina de soro bovino (BSA) (PBS
a 0,1 M acrescido de albumina bovina, 1 mg/mL e do surfactante Triton X-100, 2 pl/mL).
Ap6s a retirada do anticorpo primario os cortes foram lavados 3 vezes (5 minutos cada) e
incubados com o anticorpo secundario biotinilado (anticorpo policlonal anticoelho
biotinilado, Vector, EUA) na concentragdo 1:400 em BSA durante 1 hora. Depois dessa
incubacdo, o tecido foi novamente lavado por 3 vezes (5 minutos cada) e incubado por 1 hora
com o complexo de avidina e biotina (reagentes A ¢ B do Kit ABC) em PBS a 0,1 M na
concentragdo de 1:250 cada, para formacdo dos complexos entre a avidina e a peroxidase-
biotinilada. Os cortes foram entdo lavados por 3 vezes (5 minutos cada). Posteriormente a
reacdo foi revelada com DAB (Sigma, EUA) acrescido de H,0, a 0,02% em PBS a 0,1 M. Os

cortes foram incubados durante 10-15 minutos para revelagao da atividade da peroxidase, em
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seguida foram lavados 3 vezes. O DAB ¢ um cromogeno que, na presenca de H,O,, propicia
a formagao de um produto de oxidacdo polimérico insolivel sobre o sitio antigénico de cor
marrom, que pode ser visualizado no interior dos nicleos neuroniais contendo a proteina Fos

(SITA; BITTENCOURT, 2007).

5.7. Quantificacao de células Fos-positivas

Os cortes foram distribuidos, um a um, sobre laminas de vidro previamente
gelatinizada, seguindo a disposi¢cdo rostro-caudal do eixo encefalico. Apds a secagem, as
laminas foram desidratadas por imersdo em gradiente alcodlico, clareadas com xilol e
cobertas com Permount e laminula. A imunorreatividade a proteina Fos foi visualizada como
um produto marrom depositado no interior dos nlicleos neuroniais. Objetos escuros com areas
entre 10 a 80 um foram identificados como células Fos-positivas. A contagem dessas células
foi realizada bilateralmente com o auxilio de um microscopio (Olympus BX50, magnificagao
x 100) acoplado a uma videocamara (Leica DFC320), que envia a um microcomputador a
imagem digitalizada da estrutura e esta ¢ entdo analisada por um programa de andlise de
imagem (Image Pro-Plus 6.2, Media Cybernetics, EUA). Foi obtido o nimero médio de
células marcadas por 0,1 mm? de estrutura. A nomenclatura e os planos analisados foram
baseados no atlas de Paxinos e Watson (2005) e estdo listados a seguir, a partir do bregma:
cortex pré-limbico (PrL) e infralimbico (IL) (+3,00 mm); cortex cingulado, area 1 (Cgl) e
area 2 (Cg2) e cortex motor secunddrio (M2) (+1,44 mm a +1,08 mm); nicleo anterior do
hipotdlamo, parte central (AHC) e nucleo paraventricular do hipotadlamo (PVN), por¢ado
magnocelular (PaLM) e porcao parvocelular (PaMP) (-1,92 mm); nticleo basolateral (BLA),
medial (MeA) e central da amigdala (CeA) (-2,40 mm a -2,64 mm); drea CA1 (CAl), area
CA2 (CA2) e éarea CA3 do hipocampo dorsal (CA3) (-2,64 mm a -3,00 mm); ntcleo

dorsomedial do hipotdlamo (DMH) (-3,00 mm); nticleo pré-mamilar dorsal do hipotadlamo
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(PMD) (-3,96 mm); coluna dorsomedial da substincia cinzenta periaquedutal dorsal
(DMPAG), coluna dorsolateral da substancia cinzenta periaquedutal dorsal (DLPAG), coluna
lateral da substancia cinzenta periaquedutal dorsal (LPAG) e coliculo superior (SC)
(-7,20 mm a -7,56 mm); nucleo dorsal da rafe (DRN) (-7,80 mm a -8,04 mm); coluna
ventrolateral da substancia cinzenta periaquedutal (VLPAG) e nucleo mediano da rafe (MnR)
(-7,80 mm a -8,16 mm); coliculo inferior, parte central (CIC) (-8,04 mm a -8,40 mm); locus

coeruleus (LC) (-9,60 mm a -9,72 mm).

5.8. Analise estatistica

O ntmero de células Fos-positivas estd expresso como média + EPM. Os dados
obtidos de animais tratados com salina e submetidos a sessdo T1 ou T2 no LCE foram
submetidos a uma ANOVA de uma via. Posteriormente, foi utilizada a ANOVA de duas vias
para comparar esses animais com ratos tratados com midazolam e submetidos as mesmas
condicdes. Para as andlises post-hoc foi utilizado o teste de Newman-Keuls, sendo p < 0,05

considerado como significativo.

5.9. Resultados

5.9. 1. Distribuicéo da proteina Fos associada as sessdes T1 e T2

As figuras 6-8 apresentam as médias de neurdnios Fos-positivos em estruturas
enceféalicas de ratos tratados com salina e submetidos as sessdes T1 ou T2 no LCE. Os
animais controle (CTR) n3o foram expostos ao labirinto. A figura 9 apresenta
fotomicrografias representativas de estruturas avaliadas. A ANOVA de uma via mostrou um
aumento significativo na imunorreatividade a proteina Fos no Cgl [F(2,14) = 10,39;
p <0,05], Cg2 [F(2,14) =5,92; p <0,05], PrL [F(2,14) = 11,97; p < 0,05], IL [F(2,14) = 6,83;
p <0,05], PVN [F(2,14) = 5,71; p < 0,05], DMH [F(2,13) = 4,09; p < 0,05], BLA [F(2,14) =

8,63; p < 0,05], CeA [F(2,14) = 7,78; p < 0,05] e CIC [F(2,14) = 6,45; p < 0,05]. Nas outras
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estruturas avaliadas nesse estudo — CAl, CA2, CA3, AHC, PMD, MeA, SC, DMPAG,
DLPAG, LPAG, VLPAG, DRN, MnR e LC — a exposi¢do ao LCE nao produziu qualquer
alteracdo significativa no nimero de neurdnios Fos-positivos. As andlises post-hoc revelaram
que, quando comparados aos animais CTR, os ratos submetidos a sessao T1 apresentaram um
aumento significativo no numero de neurénios marcados nas seguintes estruturas: Cgl, PVN,
DMH e CIC. Essas comparagdes também revelaram que animais submetidos a sessao T2
apresentaram um aumento no namero de c€lulas imunorreativas no Cgl, Cg2, PrL, IL, PVN,
DMH, BLA e CeA quando comparados ao grupo CTR e no Cg2, PrL, IL, BLA e CeA quando

comparados ao grupo T1.
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Figura 9. Nimero de neurdnios Fos-positivos em estruturas telencefalicas de ratos tratados
com salina e submetidos as sessoes teste (T1) ou reteste (T2) no labirinto em cruz elevado. Os
valores estdo apresentados como média + EPM do nimero de neurdnios Fos-positivos por 0,1
mm? de 4rea de tecido da estrutura indicada. * diferente do grupo CTR (ndo submetido ao

LCE) e # diferente do grupo T1 (p < 0,05, teste de Newman-Keuls). n = 5-6 animais.
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Figura 10. Numero de neurdnios Fos-positivos em nucleos hipotaldmicos de ratos tratados
com salina e submetidos as sessoes teste (T1) ou reteste (T2) no labirinto em cruz elevado. Os

valores estdo apresentados como média + EPM do nimero de neurdnios Fos-positivos por 0,1
mm?” de 4rea de tecido do nuicleo indicado. * diferente do grupo CTR (ndo submetido ao LCE)

(p < 0,05, teste de Newman-Keuls). n = 5-6 animais.
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Figura 11. Ntimero de neurdnios Fos-positivos em estruturas do tronco encefalico de ratos
tratados com salina e submetidos as sessoes teste (T1) ou reteste (T2) no labirinto em cruz

elevado. Os valores estdo apresentados como média + EPM do nimero de neurdnios Fos-
positivos por 0,1 mm?” de 4rea de tecido da estrutura indicada. * diferente do grupo CTR (ndo

submetido ao LCE) (p < 0,05, teste de Newman-Keuls). n = 5-6 animais.
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Figura 12. Fotomicrografias representativas de areas ativadas durante as sessoes teste (T1) e
reteste (T2) no labirinto em cruz elevado. Os animais do grupo CTR ndo foram expostos ao
labirinto. Pontos escuros sdo neurdnios Fos-positivos. BLA, nucleo basolateral da amigdala;
CeA, nucleo central da amigdala; Cg2, cortex cingulado, area 2; PrL, cortex prelimbico; PVN,

nucleo paraventricular do hipotdlamo. Barra representa 200 um em todas as fotomicrografias.
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5.9. 2. Agdes do midazolam sobre a distribuicdo da proteina Fosem Tle T2

Histogramas com as médias de neurdnios Fos-positivos de ratos tratados com salina
ou midazolam e submetidos as sessdes T1 ou T2 no LCE estdo apresentados nas figuras
10-12. As figuras 13 e 14 apresentam fotomicrografias representativas de estruturas
encefalicas sensiveis ao midazolam em T1 e T2, respectivamente. A ANOVA de duas vias
revelou efeitos estatisticamente significativos dos tratamentos, sessdOes e interagdo entre
tratamentos e sessdes no PrL [F(1,24) = 7,11; 6,53 e 4,82, respectivamente; p < 0,05 em todos
os casos], BLA [F(1,24) = 6,42; 11,33 e 5,39, respectivamente; p < 0,05 em todos os casos],
CeA [F(1,24) = 11,17; 4,14 e 10,12, respectivamente; p < 0,05 em todos os casos] e DMH
[F(1,16) = 7,56; 6,83 ¢ 4,78, respectivamente; p < 0,05 em todos os casos], dos tratamentos e
sessdes no Cgl [F(1,24) = 9,08 e 5,74, respectivamente; p < 0,05 em ambos os casos], Cg2
[F(1,24) = 5,21 e 6,84, respectivamente; p < 0,05 em ambos os casos] e IL [F(1,23) =4,40 ¢
6,65, respectivamente; p < 0,05 em ambos os casos] e dos tratamentos no AHC [F(1,24) =
4,53; p < 0,05], PMD [F(1,19) = 5,89; p < 0,05], DRN [F(1,23) = 5,18; p < 0,05] e MnR
[F(1,23) = 6,54; p < 0,05]. Nao foram detectados efeitos significativos dos tratamentos,
sessOes e interacao entre tratamentos e sessoes no M2, CA1, CA2, CA3, MeA, PaMP, PaLM,
DMPAG, DLPAG, LPAG, VLPAG, CIC e LC. As andlises post-hoc revelaram que
midazolam injetado antes de T1 reduziu a expressao da proteina Fos no Cgl, AHC e PMD e
injetado antes de T2 reduziu a expressdo de Fos no Cgl, Cg2, PrL, IL, BLA, CeA, DMH,

DRN e MnR, comparado aos animais que receberam salina.
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Figura 13. Numero de neuronios Fos-positivos em estruturas telencefélicas de ratos tratados
com salina ou midazolam e submetidos as sessoes teste (T1) ou reteste (T2) no labirinto em
cruz elevado. Os valores estdo apresentados como média + EPM do numero de neurdnios
Fos-positivos por 0,1 mm® de 4rea de tecido da estrutura indicada. * diferente do grupo salina

na mesma sessao (p < 0,05, teste de Newman-Keuls). n = 6-8 animais.
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Figura 14. Numero de neurdnios Fos-positivos em nucleos hipotaldmicos de ratos tratados
com salina ou midazolam e submetidos as sessoes teste (T1) ou reteste (T2) no labirinto em
cruz elevado. Os valores estdo apresentados como média + EPM do numero de neurdnios
Fos-positivos por 0,1 mm?® de area de tecido do nucleo indicado. * diferente do grupo salina

na mesma sessao (p < 0,05, teste de Newman-Keuls). n = 6-8 animais.
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Figura 15. Numero de neurdnios Fos-positivos em estruturas do tronco encefalico de ratos
tratados com salina ou midazolam e submetidos as sessoes teste (T1) ou reteste (T2) no

labirinto em cruz elevado. Os valores estdo apresentados como média + EPM do numero de
n . .. ) , . . . .
neurdnios Fos-positivos por 0,1 mm” de area de tecido da estrutura indicada. * diferente do

grupo salina na mesma sessao (p < 0,05, teste de Newman-Keuls). n = 6-8 animais.
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Figura 16. Fotomicrografias representativas de estruturas encefalicas sensiveis ao tratamento
com midazolam antes da sessdo teste (T1). Pontos escuros sdo neuronios Fos-positivos. AHC,
nucleo anterior do hipotdlamo; Cgl, cortex cingulado, area 1; f, fornix; PMD, nucleo
pré-mamilar dorsal do hipotalamo; 3V, terceiro ventriculo. Barra representa 200 um em todas

as fotomicrografias.
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Figura 17. Fotomicrografias representativas de estruturas encefalicas sensiveis ao tratamento
com midazolam antes da sessdo reteste (T2). Pontos escuros sdo neuronios Fos-positivos.
BLA, nucleo basolateral da amigdala; CeA, nucleo central da amigdala; Cgl, cortex
cingulado, area 1; Cg2, cortex cingulado, area 2; PrL, cortex pré-limbico. Barra representa

200 pm em todas as fotomicrografias.
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5.10. Discusséo

Ratos submetidos as sessdes T1 e T2 no LCE apresentaram um padrao distinto de
distribuicdo encefalica da proteina Fos. Em relacdo aos ratos ndo expostos ao labirinto, a
primeira sessdo promoveu a ativacdo do Cgl, PVN, DMH e CIC. A ativacdo de estruturas
hipotalamicas ¢ mesencefalicas, apds exposi¢do unica ao LCE, ja havia sido previamente
descrita (SILVEIRA; SANDNER; GRAEFF, 1993). O aumento da expressdao de Fos no PVN,
em ambas as sessoes, era esperado, uma vez que, como mostrado no Experimento 1, os niveis
plasmaticos de corticosterona estdo aumentados em ratos submetidos a essas condi¢des
(ALBRECHET-SOUZA et al., 2007; FILE et al., 1994).

A reexposicao ao LCE, por outro lado, além de ntcleos hipotalamicos (PVN, DMH) e
estrutura mesencefalica (CIC), levou a ativagdo do CPFm (Cgl, Cg2, PrL e IL) e amigdala
(BLA e CeA). O CPFm ¢ considerado uma interface entre fungdes emocionais e cognitivas e
estd também implicado em mecanismos relacionados a resposta ao estresse (RADLEY;
ARIAS; SAWCHENKO, 2006; SINGEWALD, 2007). Essa area cortical faz parte do sistema
limbico e apresenta importantes conexodes eferentes com a amigdala e nucleos hipotalamicos.
O CPFm parece também ter um papel heterogéneo no processamento do medo condicionado
(HOLSCHNEIDER et al., 2006; MILAD; QUIRK, 2002; MORGAN; LeDOUX, 1995;
PEZZE; BAST; FELDON, 2003; VOUIMBA et al., 2000). Lesdes da por¢do ventral do
CPFm interferem na extingdo, mas ndo na aquisi¢do do medo condicionado (MORGAN;
ROMANSKI; LEDOUX, 1993) e lesoes dos aspectos dorsais, por outro lado, aumentam as
respostas condicionadas de medo durante a aquisi¢do e extingdo (MORGAN; LeDOUX,
1995). Nesse experimento, 0 BLA e CeA tiveram um aumento significativo da expressdo da
proteina Fos apenas em ratos submetidos a sessdo T2. Essas areas estdo envolvidas nas
respostas motoras e autondmicas associadas a0 comportamento emocional, em um circuito

que compreende a amigdala estendida, hipotdlamo, mesencéfalo e medula espinhal
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(BRANDAO et al., 2003; LeDOUX et al., 1988; LeDOUX, 2000).

Um estudo que realizou o mapeamento encefalico da proteina Fos em roedores com
resposta comportamental divergente relacionada a ansiedade, isto €, roedores com alta
ansiedade e roedores com baixa ansiedade, mostrou ativa¢ao distinta do CPFm, sendo que
animais com baixa ansiedade apresentaram uma maior ativagao dessa regido (SINGEWALD,
2007). Corroborando esses resultados, em um estudo que utilizou a técnica de imagens por
ressonancia magnética funcional, a diferenca mais pronunciada entre animais com alta e baixa
ansiedade ocorreu no CPFm (KALISH et al., 2004).

O fato da sessdo T2 estar associada a uma esquiva aprendida e com o recrutamento de
estruturas limbicas rostrais relacionadas a aspectos cognitivos do medo ndo ¢ contraditorio
com a constatacdo do envolvimento de regides caudais nos comportamentos relacionados ao
medo. Na verdade, um estudo que utilizou a técnica de imagens por ressonancia magnética
funcional em humanos mostrou que a regido do CPFm ¢ essencial no controle de estados
aversivos produzidos pela ativagdo de estruturas mesencefalicas (MOBBS et al., 2007).
Assim, a reexposi¢ao ao LCE pode ser uma ferramenta util para a avaliagdo do fator cognitivo
associado ao comportamento exploratorio de roedores no LCE, uma vez que, nesse estudo,
observou-se a ativagdo de aspectos ventrais do CPFm apenas na sessdo T2. Essa area integra
objetivos e informagdes conflitantes, o que resulta em aumento do estado de alerta e inibi¢ao
do comportamento exploratorio (GRAY; MCNAUGHTON, 2000).

O tratamento sistémico com midazolam apresentou um padrao de agdo distinto sobre a
distribuicdo da proteina Fos nas sessdes T1 e T2. No primeiro caso, o tratamento com o
benzodiazepinico promoveu uma redugao significativa no nimero de neurdnios Fos-positivos
do Cgl, AHC e PMD. Esses resultados indicam que essas estruturas parecem ter um papel
importante no efeito ansiolitico dos benzodiazepinicos no LCE.

Estudos comportamentais corroboram a idéia de que o CPFm exerce uma influéncia
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importante na expressao de respostas defensivas (SIEGEL; CHABORA, 1971; SIEGEL
EDINGER; LOWENTHAL, 1974). Nesse sentido, o Cgl ¢ indicado como uma estrutura
chave na iniciagdo e manutengdo de comportamentos dirigidos (DEVINSKY; MORRELL;
VOGT, 1995). Além disso, alguns estudos mostraram que o CPFm apresenta projecdes
importantes para o AHC ¢ PMD (COMOLI; RIBEIRO-BARBOSA; CANTERAS, 2000;
VERTES, 2004). Esses nucleos hipotalamicos atuam em concerto com o nticleo hipotaldmico
ventromedial, formando a chamada zona hipotaldmica medial, que integra respostas
defensivas inatas as ameagas ambientais (CANTERAS, 2002). Lesdes quimicas de porgdes
caudais desta regido também reduzem a expressdo de comportamentos defensivos exibidos
por animais frente a predadores (CANTERAS et al., 1997). Além disso, lesdes eletroliticas do
PMD alteram o comportamento de avaliagdo de risco em animais submetidos ao LCE
(BLANCHARD et al., 2003).

Quando injetado antes de T2, midazolam preveniu significativamente o aumento da
expressao da proteina Fos no Cgl, Cg2, PrL, IL, BLA, CeA, DMH, DRN e MnR. Dentre
essas estruturas, a amigdala apresenta um papel importante nos paradigmas de memoria,
especialmente relacionada ao condicionamento aversivo (LeDOUX, 1993; MAREN, 2008;
PARE; QUIRK; LeDOUX, 2004) ¢ fortes evidéncias sugerem que proje¢des do CeA para a
regido ventral do CPFm formam um eixo importante no controle da extingdo do medo
condicionado (SIERRA-MERCADO et al.,, 2006). O DMH também recebe projecdes da
amigdala (BERNARDIS; BELLINGER, 1987; LeDOUX et al., 1988) e tem fun¢ao
importante em respostas fisiologicas ao estresse (KEIM; SHEKHAR, 1996). Além disso,
lesdes desse nucleo ndo alteram o componente de esquiva do comportamento exploratorio de
ratos no LCE (FILE; GONZALEZ; GALLANT, 1999). O DRN ¢ a principal fonte de
neurdnios serotoninérgicos que se projetam para a amigdala (PARENT; DESCARRIES;

BEAUDET, 1981) e seus neurdnios parecem exercer agdes opostas em situagdes de medo
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aprendido e inato (MAIER; KALMAN; GRAHN, 1994). Por outro lado, os neuronios do
MnR parecem ser cruciais para a expressao da resposta de congelamento frente a estimulos
contextuais (AVANZI et al., 1998; AVANZI; BRANDAO, 2001).

As estruturas estudadas que ndo apresentaram alteragdes na expressdo da proteina Fos
foram o M2, hipocampo dorsal, PVN e estruturas mais caudais como a substancia cinzenta
periaquedutal, CIC e LC. Considerando o hipocampo, hd evidéncias de que os aspectos
dorsais estejam mais envolvidos em fungdes relacionadas a memoria, enquanto os aspectos
ventrais parecem mais especializados em fungdes relacionadas a ansiedade (BANNERMAN
et al., 2004; FANSELOW; DONG, 2010). Uma vez que a expressao de Fos no hipocampo
dorsal ndo foi alterada pelo midazolam, pode-se inferir que a dose utilizada nesse estudo nao
afetou a consolidacdo da memoria que ocorre entre as sessdes € que o animal reconhece o
labirinto na reexposi¢do. Além disso, estudos prévios mostraram que inje¢des de midazolam
intra-hipocampo dorsal, assim como lesdes dessa estrutura, ndo alteraram o comportamento
exploratdrio de ratos submetidos as sessdes T1 ¢ T2 no LCE (GONZALEZ; OUAGAZZAL,;
FILE, 1998; TREIT; MENARD, 1997).

Em relagdo ao PVN, embora a mesma dose do benzodiazepinico tenha reduzido os
niveis de corticosterona plasmatica no Experimento 1 (ALBRECHET-SOUZA et al., 2008),
nao houve alteragdo significativa no nimero de neuronios Fos-positivos no PaLM e PaMP.
Nessa mesma direcdo, Medeiros, Reis ¢ Melo (2005) mostraram que o tratamento com
diazepam ndo alterou a expressio de Fos no PVN de camundongos submetidos a
imobilizacdo. Uma possivel explicacdo para a aparente discrepancia entre os efeitos do
midazolam na expressao de Fos e na secre¢do de corticosterona é o fato da droga poder inibir
o eixo HPA atuando em algum sitio que ndo o PVN. De fato, receptores benzodiazepinicos
periféricos foram encontrados nos lobulos anterior ¢ intermediario da glandula pituitaria de

mamiferos (ANDERSON; MITCHELL, 1994; BROWN; MARTIN, 1984; DE SOUZA et al.,
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1985a).

A substancia cinzenta periaquedutal ¢ a principal via de saida do circuito defensivo
hipotalamico medial e esta relacionada a estados aversivos eliciados por ameagas imediatas,
como a presenca de um predador, e controla comportamentos sensiveis a drogas que sio
panicoliticas, mas nao exclusivamente ansioliticas (BLANCHARD et al., 1997; BORELLI et
al., 2004). A regido dorsal da substiancia cinzenta periaquedutal parece mediar padroes
comportamentais ativos de defesa, enquanto a VLPAG esta relacionada a respostas passivas
quiescentes, exibidas em resposta a estimulos ansiogé€nicos e dolorosos (DE LUCAS-
VINHAS; MACEDO; BRANDAO, 2006; KEAY; BANDLER, 2001).

Embora estudos prévios tenham demonstrado que benzodiazepinicos injetados
diretamente na substincia cinzenta periaquedutal produzem efeitos ansioliticos no LCE
(MOTTA; BRANDAO, 1993; RUSSO et al., 1993), nesse estudo midazolam ndo alterou a
expressdo de Fos nessa estrutura. Corroborando esses resultados, midazolam também nao
alterou a expressao de Fos na substancia cinzenta periaquedutal ¢ no PVN de ratos expostos
ao odor de gato (McGREGOR et al., 2004) e, em um paradigma de medo condicionado
contextual, a menor dose de diazepam (2,5 mg/Kg) produziu efeitos ansioliticos, sem
influenciar a expressao de Fos na substancia cinzenta periaquedutal (BECK; FIBIGER, 1995).
De Luca-Vinhas, Macedo e Brandao (2006) mostraram que inje¢cdes de midazolam intra-
VLPAG ndo produziram efeitos ansioliticos em ratos submetidos ao LCE. No entanto, a
auséncia de efeitos do benzodiazepinico no presente estudo ndo exclui necessariamente sua
acao sobre essas estruturas, uma vez que o gene c-fos ou mesmo outros genes de expressiao
imediata ndo sdo expresso em todos os tipos de células presentes no sistema nervoso central

(CHAN et al., 1993; IMAKI et al., 1995).
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6. EFEITOS DO MIDAZOLAM INTRA-Cgl SOBRE O COMPORTAMENTO
EXPLORATORIO DE RATOS SUBMETIDOS AS SESSOES T1 E T2 NO LCE

Baseando-se nas andlises imunoistoquimicas do experimento anterior que indicam o
Cgl como a Unica estrutura sensivel a agdo ansiolitica do midazolam, injetado por via
intraperitoneal, em animais submetidos as sessdes T1 ou T2 do LCE, nesse experimento foi
examinado se esses efeitos se deveram a uma acdo local desse benzodiazepinico nessa area

cortical.

6.1. Sujeitos
Foram utilizados 40 ratos Wistar machos pesando entre 280 e 300 gramas,
provenientes do biotério central da Universidade de Sao Paulo do campus de Ribeirdo Preto.

Os animais foram mantidos em condigdes similares as descritas no Experimento 1, se¢do 3.2.

6.2. Cirurgia

Seis dias antes do procedimento experimental, 40 animais foram anestesiados, por via
intraperitoneal, com tribromoetanol (Aldrish, EUA), na concentragdo de 250 mg/Kg e, apds a
anestesia, realizou-se a tricotomia do campo cirurgico. O cranio do animal foi fixado a um
aparelho estereotaxico (David-Kopf, EUA), pelo rochedo temporal, e a barra dos incisivos,
colocada 3,3 mm abaixo da linha interaural, de forma que o cranio ficasse em posi¢ao
horizontal entre o bregma e o lambda. Utilizou-se alcool iodado para a limpeza do campo
cirtrgico e, em seguida, o anestésico local cloridrato de lidocaina (Novocol 100, S.S.White,
Brasil) foi administrado subcutaneamente. O cranio do animal foi exposto com uma incisao
longitudinal na pele e o peridsteo foi removido. Duas canulas 26 G — de ago inoxidavel, com
10 mm de comprimento, 0,6 mm de didmetro externo ¢ 0,4 mm de didmetro interno — foram
dirigidas bilateralmente para o Cgl. As coordenadas utilizadas foram tomadas a partir do

bregma e selecionadas com base no atlas de Paxinos e Watson (2005): antero-posterior = +2,2
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mm, lateral = £0,9 mm da sutura medial e vertical = -2,0 mm do osso. As canulas foram
fixadas ao osso por meio de uma resina acrilica e dois parafusos de ago inoxidavel e
permaneceram vedadas por um fio de ago inoxidavel até o momento das injecdes. Ao término
da cirurgia, foi administrada uma associa¢do antibidtica de largo espectro (Pentobarbital
Veterinario, Fontoura-Wyeth, Brasil) por via intramuscular (0,2 mL) e uma solucio
analgésica e antiinflamatéria (Banamine, Intervet/Schering-Plough, Brasil), por via
subcutanea (2,5 mg/Kg, 0,2 mL). Ao final do procedimento cirirgico, os animais retornaram

as suas gaiolas-viveiro, em grupos de quatro.

6.3. Labirinto em cruz elevado
O LCE e as sessOes experimentais seguiram as mesmas especificagdes do

Experimento 1, se¢do 3.3.

6.4. Droga
O benzodiazepinico midazolam (Roche, Brasil) foi diluido em salina estéril até atingir
a concentragdo de 5 pg/0,5 pL e injetado bilateralmente no Cgl, 3 minutos antes da sessao

experimental. A escolha da dose e o tempo de injecdo foram baseados em estudos prévios

(MELLO E SOUZA et al., 1999; SHAH; TREIT, 2004).

6.5. Microinjecéo

Os animais receberam injegdes bilaterais intra-Cgl de salina ou midazolam, através de
agulhas odontologicas 30 G — com 0,3 mm de didmetro externo — introduzidas nas canulas e
conectadas a seringas Hamilton, de 5 pL, por meio de tubos de polietileno (PE-10). Essas
agulhas foram colocadas de maneira a ultrapassar a extremidade ventral das canulas em
0,5 mm e as infusdes bilaterais foram conduzidas simultaneamente. Um volume de 0,5 pL foi
injetado durante 1 minuto, por meio de uma bomba de microinfusdo (Harvard, EUA) e as

agulhas foram mantidas no lugar por 1 minuto adicional para evitar o refluxo da solugdo. O
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deslocamento de uma bolha de ar no interior do tubo de polietileno foi utilizado para

monitorar as microinjegdes.

6.6. Procedimento

Os animais foram divididos em 2 grupos: Sessdo T1: 20 ratos receberam salina ou
midazolam bilateralmente no Cgl e, ap6és 3 minutos foram submetidos individualmente a
sessdo Unica no LCE. Sessdo T2: 20 ratos foram submetidos individualmente ao LCE por
5 minutos, sem qualquer droga, e retornaram as suas gaiolas-viveiro. Vinte e quatro horas
depois, esses animais receberam salina ou midazolam bilateralmente no Cgl e, apods
3 minutos foram reexpostos individualmente ao LCE. Foram avaliadas as mesmas medidas
comportamentais tradicionais descritas na se¢do 3.7, isto ¢, nimero de entradas nos bragos
abertos, nimero de entradas nos bragos fechados, porcentagem de tempo nos bracos abertos.
Além disso, foi medida a frequéncia dos comportamentos de avaliacao de risco, mergulhos da
cabeca e exploracdo das extremidades abertas do labirinto. Os comportamentos de avaliagdao
de risco foram definidos nesse experimento como a soma de trés comportamentos distintos:

esticamento, espreitamento e rastejamento, descritos nas se¢oes 3.7 e 4.4.

6.7. Histologia

Ao final da sessdo experimental, os animais receberam uma dose letal de hidrato de
cloral (500 mg/Kg, Sigma) e foram sacrificados por perfusao intracardiaca com solugao salina
a 0,9%, seguida de solugdo de formalina a 10%. Os encéfalos foram removidos da caixa
craniana, mantidos em solucdo de formalina por 2 horas e transferidos para solugdo de
sacarose a 30%, onde permaneceram por 72 horas. Secgdes coronais de 60 pum foram
realizadas com a ajuda de um criostato (Cryocut 1800, Reichert-Jung) a — 19° C ¢ os cortes
foram coletados em laminas previamente gelatinizadas e posteriormente coradas com violeta

de cresila, de acordo com a técnica de Niss/, para a localizagao dos sitios de microinjecao por
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analise microscopica, seguindo o atlas de Paxinos e Watson (2005). Nove animais foram

desconsiderados da analise por apresentarem posi¢ao incorreta de canulas.

6.8. Analise Estatistica

Os resultados desse experimento estdo expressos como média + EPM e foram
submetidos a uma ANOVA de duas vias, com os tratamentos (salina e midazolam) como um
fator e as sessoes (T1 e T2) como outro fator. Para as analises post-hoc foi utilizado o teste de

Newman-Keuls e p < 0,05 foi considerado significativo.

6.9. Resultados

Na figura 15 estdo ilustrados diagramas modificados do atlas de Paxinos e Watson
(2005) indicando os sitios de microinjecdo no Cgl e uma fotomicrografia representativa de
uma secc¢do encefalica coronal mostrando esses sitios. A figura 16 apresenta os efeitos da
salina ou midazolam injetados localmente no Cgl no comportamento exploratdrio de ratos
submetidos as sessdes Tl ou T2 no LCE. A ANOVA de duas vias mostrou que os
tratamentos, as sessdes e a interagdo entre tratamentos e sessdes produziram efeitos
estatisticamente significativos no nimero de entradas nos bragos abertos [F(1,27) = 11,13;
41,67 e 11,87, respectivamente; p < 0,05 em todos os casos] e na porcentagem de tempo em
que os animais permaneceram nesses bragos [F(1,27) = 15,45; 33,01 e 8,51, respectivamente;
p < 0,05 em todos os casos]. Nao foram detectados efeitos estatisticamente significativos no
nimero de entradas nos bragos fechados do labirinto [F(1,27) = 1,25; 0,07 e 0,30, para
tratamentos, sessOes e interacdo entre tratamentos e sessoes, respectivamente; p > 0,05 em
todos os casos]. As andlises post-hoc revelaram que os animais injetados com midazolam
antes da sessdo T1 apresentaram aumento no numero de entradas e tempo de permanéncia nos
bragos abertos do LCE.

Os graficos da figura 17 ilustram os efeitos da salina e midazolam intra-Cgl nas
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categorias comportamentais novas utilizadas para a avaliagdo de ratos submetidos as sessoes
T1 e T2. A ANOVA de duas vias mostrou que os tratamentos, as sessdes € a interagdo entre
tratamentos e sessOes produziram efeitos estatisticamente significativos nas frequéncias de
mergulho da cabega [F(1,27) = 12,50; 54,71 e 7,45, respectivamente; p < 0,05 em todos os
casos] e exploracdo das extremidades abertas do LCE (F(1,27) = 8,94; 24,11 ¢ 6,72,
respectivamente; p < 0,05 em todos os casos). A mesma analise aplicada a frequéncia dos
comportamentos de avaliacdo de risco mostrou efeitos estatisticamente significativos
produzidos pelos tratamentos [F(1,27) = 10,56; p < 0,05], mas ndo entre as sessdes € na a
interagdo entre tratamentos e sessdes [F(1,27) = 0,01 e 0,46, respectivamente; p > 0,05 em
ambos os casos]. As analises post-hoc revelaram que a microinjecdo de midazolam foi
responsavel pelo aumento das frequéncias de mergulhos da cabeca e exploracdo das
extremidades abertas, quando administrado antes de T1, e pela redugdo dos comportamentos

de avaliacdo de risco, quando injetado antes de T1 ou T2.

1mm

Bregma 2,52mm Bregma 2,28mm Bregma 2,12mm

Figura 18. (A) Fotomicrografia representativa de uma secc¢ao encefélica coronal mostrando os
sitios bilaterais de microinje¢do no Cgl. (B) Diagramas modificados do atlas de Paxinos e
Watson (2005) indicando os sitios de microinjecdo no Cgl. O niimero de pontos na figura ¢é
menor do que o numero de animais utilizados devido a sobreposicdo de sitios de

microinjecao. cc, corpo caloso.
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Figura 19. Efeitos do midazolam intra-Cgl no comportamento exploratério de ratos
submetidos as sessdes teste (T1) ou reteste (T2) no labirinto em cruz elevado. A, nimero de
entradas nos bragos abertos do labirinto; B, nimero de entradas nos bragos fechados do
labirinto; C, % de tempo de permanéncia nos bragos abertos em relacdo ao total. Os valores

estio apresentados como média + EPM. * diferente do grupo salina na mesma sessdo

(p <0,05, teste de Newman-Keuls). n = 6-9 animais
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Figura 20. Efeitos do midazolam intra-Cgl sobre as categorias comportamentais novas
utilizadas para a avaliacdo de ratos submetidos as sessoes teste (T1) ou reteste (T2) no
labirinto em cruz elevado. A, frequéncia dos comportamentos de avaliacdo de risco;
B, frequéncia de mergulhos da cabeca; C, frequéncia de exploragdo das extremidades abertas.
Os valores estdo apresentados como média + EPM. * diferente do grupo salina na mesma

sessdo (p < 0,05, teste de Newman-Keuls). n = 6-9 animais
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6.10. Discussao

A administracdo de midazolam intra-Cgl produziu um aumento na atividade nos
bragos abertos em animais submetidos a sessdo T1 no LCE, sem alterar a exploracdo nos
bragos fechados. Corroborando esses resultados, Shah e Treit (2004) mostraram que a
administracdo de midazolam intra-CPFm produziu efeitos ansioliticos em ratos submetidos ao
LCE. De maneira similar a administragdo sistémica, midazolam intra-Cgl também reduziu os
comportamentos de avaliacao de risco em animais submetidos as sessdes T1 ou T2.

Um possivel argumento para a ineficdcia do midazolam nas medidas tradicionais de
ratos reexpostos ao LCE poderia ser a dessensibilizagdo de receptores benzodiazepinicos no
Cgl durante a primeira exposicdo ao labirinto. Apoiando essa premissa, Martijena et al.
(1997) mostraram que uma breve imobiliza¢do é capaz de atenuar a capacidade do GABA de
estimular o influxo de ions Cl através de membranas de células corticais. No entanto, os
efeitos do midazolam intra-Cgl nos comportamentos de avaliagdo de risco nas sessoes T1 e
T2 sdo contrarios a essa idéia.

O fato da administra¢do sistémica de midazolam ndo alterar significativamente a
expressao da proteina Fos no M2, uma estrutura cortical adjacente ao Cgl, ¢ uma evidéncia
adicional do efeito especifico do benzodiazepinico nessa estrutura. Além disso, ndo ha
evidéncias na literatura de areas limbicas que apresentem esse mesmo tipo de reatividade aos
benzodiazepinicos. A administracdo de midazolam na substancia cinzenta periaquedutal
dorsal, por exemplo, ndo produz alteracdes comportamentais em camundongos que tiveram
uma experiéncia prévia no LCE (REIS; CANTO-DE-SOUZA, 2008)

Dessa maneira, embora a reexposi¢cao ao LCE mantenha seu carater aversivo, indicado
pelos elevados niveis de corticosterona plasmatica, os comportamentos de avaliacdo de risco
tornam-se mais importantes nessa situagdo em detrimento da exploragdo dos bragos abertos

do LCE. Esses comportamentos permitem ao animal detectar a presenca dos ambientes
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aversivos ja conhecidos, levando assim a uma reducdo natural da exploragdo dessas areas.
Apoiando essa premissa, a introducdo de elementos que geram conflito em T2 recupera os
efeitos ansioliticos dos benzodiazepinicos nas medidas tradicionais (PEREIRA et al., 1999).
As andlises imunoistoquimicas mostraram ainda que essa alteracdo de estratégia
comportamental entre T1 e T2 estd associada a ativa¢do de estruturas limbicas relacionadas
aos aspectos cognitivos do medo, como o CPFm e a amigdala. Dentre essas estruturas, merece
destaque o Cgl, que foi ativado durante as sessdes T1 e T2 e apresentou reducao de expressao
de Fos apds a administragdo sistémica de midazolam em ambas as sessdes. Além disso,
injecdes bilaterais de midazolam intra-Cgl replicaram os efeitos ansioliticos da droga
administrada sistemicamente, apontando essa estrutura como um importante sitio de acao dos

benzodiazepinicos em roedores.

PrL. “Sgle:

~ BLA

Figura 21. Algumas das estruturas encefélicas ativadas durante a sessao reteste (12) no labirinto em cruz
elevado. Em destaque o Cgl, a tinica area avaliada sensivel a administragdo sistémica de midazolam em
ambas as sessdes experimentais. Pontos escuros sao neurdnios Fos-positivos. BLA, nicleo basolateral da
amigdala; CeA, nucleo central da amigdala; CIC, coliculo inferior; Cgl, cortex cingulado, area 1; CPFm,
cortex pré-frontal medial; DMH, nucleo dorsomedial do hipotalamo; PrL, cortex pré-limbico; PVN,
nucleo paraventricular do hipotalamo. Barra representa 200 pum em todas as fotomicrografias.
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7. CONCLUSOES

Com base nos experimentos realizados no presente trabalho, ¢ possivel destacar os

seguintes pontos:

» A administragdo de midazolam antes de T1 promoveu um claro efeito ansiolitico, causando
um aumento no numero de entradas e tempo de permanéncia nos bragos abertos do LCE sem,
no entanto, aumentar a exploragdo dos bracos fechados. A droga também produziu aumento na
frequéncia das categorias comportamentais novas relacionadas a ansiedade, como mergulhos da
cabecga e exploracdao das extremidades abertas. Esse padrao usual de efeitos produzidos pelos
benzodiazepinicos no LCE nao foi obtido quando o midazolam foi administrado antes de T2,

retratando o fenomeno da OTT;

» A exposicdo e reexposicdo de ratos ao LCE causaram aumentos similares dos niveis
plasmaticos de corticosterona, evidenciando que, em ambas as sessdes, 0S animais estio
submetidos a fatores estressantes comparaveis. Esse aumento da atividade do eixo HPA foi
revertido pelo tratamento com midazolam e metirapona. Além disso, foi encontrada uma
relagdo positiva entre o comportamento de esticamento e os niveis plasmaticos de
corticosterona. Esta associagdo hormonio-comportamento parece ser um fator importante no

estabelecimento da OTT;

» A analise fatorial mostrou que as sessoes T1 e T2 representam condigdes que determinam
distinta reatividade emocional dos animais. Além disso, ansiedade e avaliagdo de risco
alteraram suas valéncias entre as sessoes, de maneira que, a reexposi¢do ao LCE pode ser

caracterizada por uma avaliagdo de risco mais proeminente;
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» As analises imunoistoquimicas mostraram que ratos reexpostos ao LCE apresentam um
aumento significativo da expressdo da proteina Fos em estruturas limbicas relacionadas aos
aspectos cognitivos do medo, como o CPFm e amigdala. A reexposi¢do ao LCE pode ser uma
ferramenta util para a avaliacdo do fator cognitivo associado ao comportamento exploratorio

de roedores no LCE;

» O tratamento sist€émico com midazolam produziu um padrdo de acdo distinto sobre a
distribui¢do da proteina Fos nas sessdes T1 e T2, sendo o Cgl a Unica estrutura sensivel ao
benzodiazepinico em ambas as sessOes. Estruturas filogeneticamente mais antigas, como a
substancia cinzenta periaquedutal dorsal e coliculos inferiores, associadas a estados aversivos
eliciados por ameagas proximais e imediatas, mostraram-se resistentes aos efeitos ansioliticos

dos benzodiazepinicos;

» Microinjecdes bilaterais de midazolam intra-Cgl replicaram os efeitos comportamentais
da droga administrada sistemicamente, apontando essa estrutura como um importante sitio de

acdo ansiolitica dos benzodiazepinicos em roedores.

Além de contribuir para ampliar o conhecimento atual do teste de ansiedade mais
empregado em todo o mundo, espera-se que os resultados do presente trabalho tragam
também novas evidéncias para o desenvolvimento de modelos animais, presentes e futuros,

que possam auxiliar na compreensao da neurobiologia do medo e da ansiedade.
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Abstract

A single exposure to the elevated plus-maze test (EPM) reduces or abolishes the anxiolytic efficacy of benzodiazepines on a second trial. This
phenomenon known as one-trial tolerance (OTT) is considered to be due to a shift in the emotional state of the animals across the test/retest
sessions. Activation of the hypothalamic—pituitary—adrenocortical (HPA) axis has been considered to be an adaptive response to stressful or
challenging situations such as height and openness of the EPM. This work looks at the phenomenon of OTT to the benzodiazepine compound
midazolam through the conjoint examination of the novel ethological measures of the EPM and adrenocortical response of rats exposed to single
and repeated sessions of the EPM. The results obtained confirmed that the approach/avoidance conflict on the first trial of the EPM is very
sensitive to the anxiolytic effects of benzodiazepines. Moreover, stressful stimuli present upon initial exposure to the EPM render the standard
measures of the EPM resistant to the anxiolytic effects of benzodiazepines on retest. However, the increases in plasma corticosterone and in risk
assessment behavior observed in rats submitted to single or repeated sessions in the EPM were reversed by pretreatment with midazolam. The
administration of metyrapone, a glucocorticoid synthesis blocker, decreased risk assessment but did not affect locomotion and anxiety-like
behaviors. It is suggested that the detection of the dangerous environment through the stretched-attend postures in the second trial leads to the
known low level of exploration and the consequent OTT upon retest. Moreover, in view of the similarity between the risk assessment and plasma
corticosterone patterns in both naive and experienced rats, this hormone—behavior profile may be crucial for the expression of OTT to
benzodiazepines in rodents exposed to the EPM.
© 2007 Elsevier Inc. All rights reserved.
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Introduction

The elevated plus maze test (EPM) as an animal model of
anxiety is based on the measures of behavioral categories that
reflect the conflict resulting from the natural tendency of the
animals to approach and avoid dangerous situations (Pellow
etal., 1985; Anseloni et al., 1995; Anseloni and Brandao, 1997;
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Albrechet-Souza et al., 2005). As the test involves mixes of
conditioned, proximal and distal aversive stimuli, the nature of
the threat and of the appropriate response (emission or
suppression of an action) has a bearing on drug responses
(Handley and McBlane, 1993). In this context, while benzo-
diazepines (BZD) injected in rats upon initial exposure to the
EPM increase the percentage of entries and the time spent in the
open arms of the maze, a single previous undrugged experience
in the EPM renders these compounds inefficacious (Bertoglio
and Carobrez, 2000; Carvalho et al., 2005; Cruz-Morales et al.,
2002; File and Zangrossi, 1993; Holmes and Rodgers, 1998).
This phenomenon, known as ‘one-trial tolerance’ (OTT),
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appears to be dependent on learning from the first trial of the
location of relative safety in the EPM (Holmes and Rodgers,
1998; Rodgers and Shepherd, 1993). This phenomenon has also
been associated to a qualitative shift in emotional state (Cruz-
Morales et al., 2002; File and Zangrossi, 1993; Rodgers and
Shepherd, 1993). However, it is still open to investigation how
to reconcile this hypothesis with the notion that the aversion (or
preference) for open vs. closed zones is mostly not due to
specific fear of the open arms, but a preference for one zone or
the other (Falter et al., 1992; Treit et al., 1993; Becker and
Grecksch, 1996; Lamberty and Gower, 1996).

Activation of the hypothalamic—pituitary—adrenocortical
(HPA) axis represented by an increase in the plasma
corticosterone has been considered to be part of the stress
reaction and is triggered either by innate or conditioned fear
stimuli (File et al., 1994; Rodgers et al., 1999). The first report
looking at the adrenocortical activation as a response to the
aversive stimuli of the EPM described freezing, defecation and
increases in plasma corticosteroids as behavioral and physio-
logical expressions of fear in animals submitted to the EPM
(Pellow et al., 1985). The increase in plasma corticosterone in
rats submitted for the first time to the EPM test was confirmed
by other studies (File et al., 1994; Rodgers et al., 1999; Mikics
et al., 2005). Although marked increase in plasma corticoste-
rone has been associated with the EPM test, this hormonal
response upon re-exposure of BZD-treated animals to this test in
the context of the OTT phenomenon was not yet studied. If the
assumption is made that the amount of aversion an animal
experiences in the EPM is negatively correlated with its
tendency to explore the open arms, then a simple relationship
might be expected between this activity and increase of plasma
corticosterone. That is, as exploration of open arms decreases,
this measure should increase. To examine this hypothesis we
looked at changes of plasma corticosterone along with the
conventional and novel ethological categories in rats treated
with saline and midazolam and submitted to single or repeated
trials in the EPM. The choice of midazolam in this study was
based on the fact that this benzodiazepine compound has been
found to cause clear “anxiolytic-like effects” without changing
the locomotor activity of rats in the closed arms of the maze
(Anseloni and Brandao, 1997; Cruz-Morales et al., 2002;
Albrechet-Souza et al., 2005). The conventional analysis of the
exploratory behavior in the EPM has been extended to incorporate
the so-called novel ethological categories which have disclosed
additional dimensions to plus-maze behavior patterns, for exam-
ple, vertical activity, directed exploration (head dipping and end-
arm exploration), decision making and risk assessment (Rodgers
and Cole, 1993). We thought that inclusion of measures of risk
assessment (primarily, stretched-attend postures) in the test and
retest sessions of the EPM would be valuable in identifying the
nature of the emotional state of the animals during OTT. The
stretched-attend postures are generally viewed as a measure of
anxiety, but factor analysis and pharmacological studies suggest
that it has a different significance than open arm exploration (Cole
and Rodgers, 1994; Anseloni and Brandao, 1997). It has been
proposed to belong to the category of information-gathering
behaviors displayed in potentially threatening situations, the

function of which is to optimize the most adaptive behavioral
strategy (Blanchard et al., 1993). Furthermore, risk assessment
measures have proved extremely valuable in identifying
anxiolytic-like actions of drugs (e.g., S-HT1A receptor ligands)
not detected by conventional scoring methods (e.g., Rodgers and
Cole, 1993; Rodgers etal., 1999, Griebel et al., 1997; Setem et al.,
1999). To further explore the correlation between hormonal
response and risk assessment behavior a second experiment also
assessed the effects of metyrapone, a glucocorticoid synthesis
inhibitor, on the exploratory behavior of animals submitted to
single or repeated sessions of the EPM.

Materials and methods
Animals

Seventy-five male Wistar rats, weighing 230-260 g, from the animal house
of the Campus of Ribeirdo Preto of the University of Sdo Paulo, were used.
These animals were transported to a room adjacent to the test laboratory 72 h
before the test. They were housed in groups of four per cage under a 12:12 dark/
light cycle (lights on at 07:00 h) at 23+1 °C and given free access to food and
water. The experiments reported in this article were performed in compliance
with the recommendations of the SBNeC (Brazilian Society for Neuroscience
and Behavior), which are based on the US National Institutes of Health Guide
for Care and Use of Laboratory Animals.

EPM testing

The EPM device was made of wood and consisted of two open arms
(50% 10 cm) and two enclosed arms of the same size, with 50 cm high walls. The
maze was configured such that arms of the same type were opposite each other,
and the whole maze was raised 50 cm from the floor.

All testing was conducted during the light phase of the LD cycle, between
09:00 and 11:00 h. Rats were placed individually in the center of the maze facing
a closed arm and allowed 5 min of free exploration. The behavior of the animals
was recorded by a video camera positioned above the maze that allows the
discrimination of all behaviors, with the signal relayed to a monitor in another
room via a closed circuit TV camera. The maze was cleaned thoroughly after
each test using damp and dry cloths.

An observer trained in measuring ethological plus-maze parameters
subsequently scored the videotapes. The behavioral categories were scored
using ethological analysis software (Observer) developed by Noldus (Nether-
lands). This software allowed measurement of the number of entries and the time
spent in both arms of the maze. Using separate location and behavior keys, this
software allows the real-time scoring of videotapes of all behavioral categories
by direct keyboard entry to a PC. This software only records the next behavior
after a “stop” key is pressed, thus allowing for the recording of duration and
frequency of entries into each type of arm.

The performance of each animal in the maze was analyzed, taking the
standard measurements recorded in each section of the maze into account
(closed and open arms), comprising the frequency of open and closed arm
entries (an arm entry or exit being defined as all four paws into or out an arm,
respectively), total arm entries and the amount of time spent by the animals in each
section of the maze. These data were used to calculate the percentage of time spent
in open arms. In addition, the frequencies of the following “novel ethological
categories” were measured: (1) head dipping: dipping of the head below the level of
the maze floor, (2) stretched-attend postures: when the animal stretches to its full
length with the forepaws (keeping the hind paws in the same place) and turns back
to the anterior position, (3) end-arm exploration: the number of times the rat
reached the end of an open arm. These categories were defined according to
previous studies (Anseloni and Brandao, 1997; Rodgers and Cole, 1993).

Procedure

Midazolam (Roche Products Limited, Brazil) (0.5 mg/kg) was dissolved in
saline solution (0.9%) shortly before use. Selection of midazolam dose and the time
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for testing were based on previous studies (Anseloni et al., 1995; Anseloni and
Branddo, 1997; Albrechet-Souza et al., 2005; Cruz-Morales et al., 2002).
Metyrapone (2-methyl-1,2-di-3-pyridyl-1-propanone) was obtained from Sigma-
Aldrich (USA) and was dissolved in saline containing a drop of Tween 80 and
administered intraperitoneally at a dose of 30 mg/kg. This dose has been shown to
decrease plasma corticosterone levels significantly within 20 min (Mikics et al.,
2005). For vehicle injections, saline was prepared similarly. Rats tested twice
returned to the maze after an interval of 24 h. The injections were done
intraperitoneally 20 min before trials.

In Experiment 1 we assessed the effects of midazolam injected before either
the first or the second trial on the exploratory behavior of rats submitted to the
EPM. The rats were randomly divided into four groups: (a) Saline before trial 1
(n=38); (b) Midazolam 0.5 mg/kg before trial 1 (n=8); (c) Saline before trial 2
(n=28); (b) Midazolam 0.5 mg/kg before trial 2 (n=7). The two latter groups
received an injection of saline before the trial 1. The injections were done
intraperitoneally 15 min before trials. After the plus-maze test, blood sample was
collected from each animal for the measurements of the plasma corticosterone.
For this experiment, two additional control groups were included: one not
exposed to the EPM (Control test, n=6) and another one that passed by the EPM
test 24 h before the collection of the blood sample (Control retest, n=6). These
control groups were taken to the experimental room where they were injected
with saline and remained in their cages for 40 min before the collection of the
blood sample to measure plasma corticosterone as described below.

In Experiment 2, rats were treated with metyrapone (30 mg/kg, ip) or vehicle
20 min before session 1 or session 2. The number of animals in each group was
equal eight.

Corticosterone assay

Plasma corticosterone measurement was made according to technique described
elsewhere in detail (Genaro et al., 2004). In Experiment 1, immediately after the EPM
exposure, all animals from the naive and EPM-experienced groups were isolated in a
cage for 20 min before being guillotined. This time between the test and the
decapitation allowed corticosterone levels to peak after the aversive stimuli
presentation (Hennessy and Levine, 1979). In Experiment 2, blood was sampled
immediately after testing according to a study published recently (Mikics, 2005).
Accordingly, the baseline levels of plasma corticosterone measured in Experiments 1
and 2 were different. Trunk blood was collected in heparinized glass tubes. Sample
collection was carried out between 9:00 and 11:00 h. Blood samples were centrifuged
at 3000 rpm for 15 min at 4 °C and plasma was separated and frozen at —20 °C until
the time for the corticosterone measurement.

Plasma corticosterone was measured using extraction with ethanol (Vecseli,
1979) and determined by radioimmunoassay. All samples were measured using
specific antibody (Sigma, USA) and *H-corticosterone (Amersham Biosciences,
USA). The lower limit of detection was 0.08 ng/mL and the intra-assay
coefficient of variation was 5%. All samples from an experiment were measured
in the same assay.

Statistics

The behavioral and corticosterone data are expressed as mean+SEM and
were analyzed by a two-way analysis of variance (ANOVA) with drug treatment
and trials (sessions) as the factors. Newman—Keuls post hoc comparisons were
carried out if significant overall F-values were obtained. P values lower than
0.05 were considered significant.

Results
Experiment 1

Behavioral measures

The effects of saline and midazolam injected before test and
retest on the behavior of rats submitted to the EPM are
illustrated in Fig. 1. Two-way ANOVA revealed a significant
effect of treatments on number of open arm entries (£(1,27)=
14.30; P<0.05). There were significant effects for sessions
(F(1,27)=20.38; P<0.05) and for treatment—session interac-
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Fig. 1. Effects of midazolam on the exploratory behavior of rats submitted to the
test and retest on the EPM. Each animal was injected before test or retest either with
saline or midazolam 0.5 mg/kg. Top: number of entries in the open arms of the
maze. Middle: number of entries in the closed arms of the maze. Bottom: % of time
spent into the open arms in relation to total. The values are mean+=SEM. n=8 in
each group with the exception of group injected with midazolam in the retest
session, which had 7 animals. * different from the saline group in the same session.

tion (F(1,27)=5.77, P<0.05). Post hoc analysis revealed an
increase in the number of entries into the open arms in the
groups injected with midazolam compared to saline in the test
session and a decrease in the open arm entries in the retest
compared to the test session. Regarding closed arm entries
two-way ANOVA showed no significant difference between
treatments (F(1,27)=0.51; P>0.05), sessions (F(1,27)=0.64;
P>0.05) and treatment—session interaction (F(1,27)=1.45;
P>0.05). Two-way ANOVA showed significant differences
between treatments (F(1,27)=16.09; P<0.05), sessions (F
(1,27)=19.43; P<0.05) and for treatment—session interaction
(F(1,27)=8.30; P<0.05) regarding the percentage of time
spent in the open arms. Post hoc analysis revealed an increase
in group injected with midazolam in relation to saline in the
test session and a decrease in the time spent into the open arms
in the retest in relation to the test session.
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The effects of saline and midazolam injected before test and
retest on the “novel ethological categories” of the plus-maze are
depicted in Fig. 2. Two-way ANOVA revealed that there were
statistically significant effects of treatments, trials and interac-
tion between treatments vs. sessions on head dipping (F(1,27)=
12.67, 47.18 and 11.64, respectively; P<0.05 in all cases) and
end-arm exploration (F(1,27)=17.62, 14.72 and 4.43, respec-
tively; P<0.05 in all cases). The same analysis performed on
stretched-attend postures revealed significant effects of treat-
ments (F(1,27)=7,53, P<0.05) and no significant effect on
trials and interaction between treatments vs. trials (F(1,27)=
0.01 and 0.06, respectively, P>0.05 in both cases). Post hoc
comparisons revealed that midazolam treatment was responsi-
ble for the “anxiolytic-like” effects on head dipping and end-
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Fig. 2. Effects of midazolam on the novel ethological categories measured in rats
submitted to the test and retest on the EPM. Each animal was injected before test
or retest either with saline or midazolam 0.5 mg/kg. Top: stretched-attend
postures. Middle: head dipping. Bottom: end-arm exploration. The values are
mean+SEM. n=8 in each group with the exception of group injected with
midazolam in the retest session, which had 7 animals. * different from the saline
group in the same session.
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Fig. 3. Plasma corticosterone (ng/mL) measured in rats in response to single and
repeated sessions on the EPM. The control conditions were different. In the test
session the control animals were not tested in the EPM and in the retest session
they were tested in the EPM 24 h before the collection of the blood sample.
Saline or midazolam was injected before the first or second sessions of the EPM.
n=6 for the control groups and n=8 for the groups of animals injected with
saline or midazolam with the exception of the group injected with midazolam in
the retest session, which had 7 animals. The values are mean+SEM. * different
from the correspondent control group and # different from the correspondent
saline group.

arm exploration when injected before the test and on stretched-
attend postures when injected before both sessions.

Plasma corticosterone

The effects of midazolam treatments before test and retest
sessions of the EPM on plasma corticosterone are depicted in
Fig. 3. Two-way ANOVA showed significant difference
between treatments (£(2,37)=0.81; P<0.05) but did not detect
any significant difference between sessions (F(1,37)=0.44;
P>0.05). There was no significant treatment—session interac-
tion (F(2,37)=0.71; P>0.05). Post hoc analysis revealed that
the exposure to the EPM in both sessions caused an increase in
the levels of the serum corticosterone and midazolam reversed
these effects in both test and retest sessions.

Experiment 2

Data are summarized in Table 1. Metyrapone treatment
significantly decreased corticosterone levels measured soon after
the EPM test (F(1,28)=8.60, P<0.05). ANOVA did not reveal
significant difference in trials ((1,28)=0.01, P<0.05) or interac-
tion between treatments and trials (F(1,28)=0.41, P>0.05).

As to the behavioral categories, metyrapone treatment
significantly decreased the frequency of stretched-attend pos-
tures (F(1,28)=9.64, P<0.05). This behavior also changed
across trials (F(1,28)=5.42, P<0.05). However, no significant
interaction between treatments and sessions could be observed
(F(1,28)=0.60, P>0.05). Metyrapone did not affect “‘standard”’
locomotion or “anxiety” parameters such as number of open arm
entries (F(1,28)=0.09, P>0.05), frequency of closed arm
entries (F(1,28)=0.01, P>0.05) and percentage of time spent
in the open arms (F(1,28)=0.14, P>0.05). All these parameters
showed a significant reduction in the second trial (F(1,28)=
15.06, 3.40 and 23.99 for number of open arms, number of closed
arms and percentage of time in open arms, respectively, P<0.05
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Table 1

Effects of metyrapone (30 mg/kg, IP) on behavior and plasma corticosterone
levels in rats submitted to single (trial 1) or repeated (trial 2) sessions of the
elevated plus-maze test

Trial 1 Trial 2
Vehicle Metyrapone  Vehicle Metyrapone
No. open arm 3.00+£0.63  4.50+0.89 1.88+0.52 0.75+0.37
entries
No. closed arm 9.37+1.07 9.12+1.43 7.00+£0.94 7.12+1.25
entries
% time open/Total ~ 9.70+1.66 14.10+2.38 5.00+1.56 2.00+0.97
SAP 9.38+0.83  6.50+£0.89* 7.25+1.16 5.00+£0.87*
Head dipping 11.63+2.35 16.00+2.24 4.25+1.10 1.75+0.65
End-arm 2.25+0.49  3.00+0.65 1.50+0.57 0.50+0.27
exploration
Corticosterone 37.97+7.44  7.75+£3.50% 33.25+14.24 13.83+4.02*
ng/mL

Data are expressed as means+=SEM. Metyrapone and vehicle were given 20 min
before testing. Blood samples were collected soon after the EPM test. Asterisks
indicate statistically significant differences compared with the correspondent
control (P<0.05, two-way ANOVA). n=8 in each group. SAP=stretched-
attend postures. For more details, see the Results section.

in all three situations). Other ethological parameters were not
affected by the either treatment (head dipping: F(1,28)=0.29,
P>0.05; end-arm exploration: /(1,20)=0.06, P>0.05).

Discussion

Midazolam injected before the first trial promoted a clear
anxiolytic-like effect, reducing the conflict approach/avoidance
ofthe open arms. Indeed, injections of midazolam before the first
trial caused an increase on number of open arm entries and
percent time spent in the open arms, whereas no significant
effect could be detected in the closed arm entries. Midazolam
also increased head dipping and end-arm exploration, behavioral
categories associated with direct exploration, indicating an
enhanced tendency to actively explore the potentially dangerous
areas. This usual pattern of effects produced by benzodiazepines
in the EPM test described above was not obtained when
midazolam was injected before the second trial, confirming
several reports showing the inefficacy of these compounds under
these conditions (Carvalho et al., 2005; Cruz-Morales et al.,
2002; File and Zangrossi, 1993; Rodgers and Shepherd, 1993).

The main behavioral pattern observed in the present study
was the emergence of two types of behaviors: anxiolytic-
sensitive in the first trial and anxiolytic-insensitive in the second
trial. It has been claimed that there is an emotional shift across
the test and retest (Cruz-Morales et al., 2002; File and Zangrossi,
1993; Rodgers and Shepherd, 1993). It may be argued that this
could be due to a habituation process (Dawson et al., 1994).
However, against this argument the number of entries in the
closed arms did not decrease over time, although open arm
exploration, including head dipping and end-arm exploration,
had decreased. This means that although the rats stayed more
time in these arms they continued to explore both closed arms
(Falter et al., 1992; Maisonnette et al., 1993). Notwithstanding,
the maintenance of the high level of corticosterone observed in
the animals upon re-exposure to the plus-maze was the most

conspicuous evidence that they are under the influence of
stressful events. Such observations suggest a relationship be-
tween this endocrine stress marker and a behavioral response
other than open arm activity per se. Indeed, previous studies
have not found a significant correlation between plasma corti-
costerone levels and any measure of open arm exploration
(Rodgers et al., 1999; Mikics et al., 2005). Moreover,
metyrapone did not affect open arm avoidance, suggesting that
endogenous corticosterone may not be directly involved in
mediating spontaneous behavioral responses in this test. Thus,
these results suggest that as long as the animals acquire spatial
information about the maze, there is a decrease in their
motivation for exploring the open arms. In agreement with the
proposal that the nature of the exploratory behavior elicited on
the retest may be qualitatively different from that engendered on
initial exposure, a factor analysis study showed that anxiety
indices in the two trials loaded on separate factors (File and
Zangrossi, 1993).

High level of this hormone in the plasma is a physiological
and adaptive response of the animal facing with stressful events
(File et al., 1994; Pellow et al., 1985; Rodgers et al., 1999;
Marin et al., 2007). The activation of the HPA axis would be
dependent of the level of the stress that results from the need of
approaching the danger of the open arms and of leaving the
safety of the enclosed arms. In hormonal terms the exposure of
rats to the EPM caused a clear increase in the plasma corti-
costerone level which was reversed by pretreatment with
midazolam. The anxiolytic-like effect of midazolam on the
behavioral categories was associated with the reduction of the
plasma corticosterone level across the sessions. The present data
may be related to a recent report showing that intracerebroven-
tricular infusion of CRF robustly increased risk assessment
probably through the activation of structures of the brain de-
fensive system such as the periaqueductal gray of the animals
submitted to a mouse defensive test battery (Yang et al., 2000).

The most salient feature of the analysis of the “novel”
ethological measures of the EPM was the reduction of stretched-
attend postures caused by midazolam in rats naive or previously
exposed to the EPM. Stretched-attend postures have been
interpreted in terms of “risk assessment,” i.e., information-
gathering behaviors displayed in potentially threatening situa-
tions, the function of which is to optimize the most adaptive
behavioral strategy (Rodgers et al., 1999). Even in the retest
midazolam had an anxiolytic effect on the stretched-attend
postures and counteracted the increase of the plasma cortico-
sterone level without any significant effect on other standard or
novel behavioral measures. As such, the present data are
consistent with a positive relationship between plasma cortico-
sterone and risk assessment in rats and mice exposed to the plus-
maze (Rodgers et al., 1999). Moreover, plasma corticosterone
levels measured after EPM testing strongly correlated with the
intensity of risk assessment (Mikics et al., 2005). Based on the
present findings we suggest that risk assessment in the second
trial reinstates the information-processing initiated during the
first experience in the novel and potentially dangerous envi-
ronment of the EPM. It is already known that spatial learning
occurs very quickly in the plus-maze (Holmes and Rodgers,
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1998; Rodgers et al., 1999). The detection of the danger through
the stretched-attend posture gives way to the strong open arm
avoidance of the second trial. Thus, this study clearly shows a
positive relationship between risk assessment and the increase
of plasma corticosterone upon re-exposure to EPM. Glucocor-
ticoids also rapidly affect serotonin neurotransmission (Size,
1976), which is closely related to risk assessment behavior
(Griebel et al., 1997; Setem et al., 1999). Indeed, a single or
repeated exposure to the EPM causes similar reduction in the
serotonin transmission in limbic structures (Carvalho et al.,
2005; Dominguez et al., 2003).

The EPM is a mixture of conditioned and unconditioned
stimuli so as midazolam exerts its anxiolytic effect on the first
trial by reducing the conflict between the approach/avoidance of
the open arms but leaves intact the fear engendered by the
height and openness of the apparatus. The absence of the
conflict of the second trial may underlie the phenomenon
known as one-trial tolerance to benzodiazepines. It is suggested
that the detection of the dangerous environment through the
stretched-attend postures in the second trial leads to the known
low level of exploration and the consequent OTT upon retest.
Interestingly, as the conventional measures of the EPM, head
dipping and end-arm exploration were not affected by
midazolam given to rats before the retest. A likely explanation
for this finding could be related to the fact that these two novel
ethological categories were also found to load on the anxiety
factor while stretched-attend postures loaded in an independent
factor in studies on factor analysis of the EPM (Anseloni and
Brandao, 1997; Rodgers and Johnson, 1995). Moreover, in view
of the similarity between the risk assessment and plasma
corticosterone patterns in both naive and experienced rats, this
hormone—behavior profile may be crucial for the expression of
OTT to benzodiazepines in rodents exposed to the EPM. In fact,
the second experiment demonstrates a specific role for corti-
costerone in the mediation of risk assessment. Conventional
measures of anxiety and locomotion were not affected by
metyrapone treatment in both sessions of the elevated plus-
maze test. The data obtained are consistent with a causal link
hormone—behavior, i.e., the higher the level of risk assessment
the larger the corticosterone response. In this context, it has
been noted that anticipation of threatening events in humans
produces an increase in cortisol of a magnitude similar to the
event itself (Mason, 1968), leading to speculation that it may be
cognitive differences in risk assessment that may distinguish
subjects who score highly on trait anxiety (Rodgers et al., 1999).

The present findings are consistent with the notion that risk
assessment behavior together with increased plasma corticosterone
are the main factors governing the characteristic ethopharmacolo-
gical profile of rats submitted to repeated sessions of the EPM. In
agreement with this proposal a recent study based on the assumption
that analgesia would emerge as a concomitant of a phobia
experienced by the rats in the second trial of the EPM was carried
out in this laboratory. Contrary to the expectations, the animals
submitted to the EPM did not show any antinociception in the retest
(Albrechet-Souza et al., 2005). Consistent with this, stimuli known to
reliably induce fear in rodents (such as exposure to a predator) do not
result in a consistent pattern of behavior in the EPM. Indeed, animals

with differing responses to cat odor have correlated difference in
EPM open arm behavior (Hogg and File, 1994), although they show
increased risk assessment (Calvo-Torrent et al., 1999; Adamec et al.,
2004).

In summary, the results obtained confirmed that the approach/
avoidance conflict of the first trial of the EPM enables the test
with high sensitivity to the anxiolytic effects of benzodiazepines.
Moreover, stressful stimuli present upon initial exposure to the
EPM render the animal resistant to the anxiolytic effects of
midazolam on re-exposure. The increases of plasma corticoste-
rone observed in rats submitted to single or repeated experience
in the EPM test were reversed by pretreatment with midazolam.
The adrenocortical stress activation and the risk assessment
behavior are concomitants of both the approach/avoidance con-
flict of the test and of the anxiolytic-insensitive conventional fear
measures of the retest. It is suggested that the detection of the
dangerous environment through the stretched-attend postures in
the second trial leads to the low level of exploration and the
consequent OTT reported by the studies that use only the
standard measures of the EPM. Moreover, in view of the similar
risk assessment behavior, hormonal profile and response pattern
to midazolam in both naive and experienced rats we may con-
sider the reuse of these animals in the EPM.
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Abstract

The anxiolytic effects of benzodiazepines are reduced after a single exposure of rats to elevated plus-maze test (EPM). Midazolam showed an
anxioselective profile in animals submitted to one session (T1) but did not change the usual exploratory behavior of rats exposed twice (T2) to the
EPM. In this study we examined further the one-trial tolerance by performing a factor analysis of the exploratory behavior of rats injected with
saline before both trials as well as an immunohistochemistry study for quantification of Fos expression in encephalic structures after these sessions.
Factor analysis of all behavioral categories revealed that factor 1 consisted of anxiety-related categories in T1 whereas these same behavioral
categories loaded on factor 2 in T2. Risk assessment was also dissociated as it loaded stronger on T2 (factor 3) than on T1 (factor 4). Locomotor
activity in T1 loaded on factor 5. Immunohistochemistry analyses showed that Fos expression predominated in limbic structures in T1 group. The
medial prefrontal cortex and amygdala were the main areas activated in T2 group. These data suggest that anxiety and risk assessment behaviors
change their valence across the EPM sessions. T2 is characterized by the emergence of a fear factor, more powerful risk assessment and medial
prefrontal cortex activation. The amygdala functions as a switch between the anxiety-like patterns of T1 to the cognitive control of fear prevalent

in T2. The EPM retest session is proposed as a tool for assessing the cognitive activity of rodents in the control of fear.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

After extensive use, the elevated plus-maze (EPM) has
become one of the most reliable animal models to investigate

Abbreviations: AHC, anterior hypothalamus central; BLA, basolateral
amygdaloid nucleus; CAl, field CA1 hippocampus; CA2, field CA2 hippocam-
pus; CA3, field CA3 hippocampus; CeA, central amygdaloid nucleus; CIC,
central inferior colliculus; Cgl, cingulate cortex 1; Cg2, cingulate cortex 2;
DMH, dorsomedial hypothalamus; DMPAG, dorsomedial periaqueductal gray;
DLPAG, dorsolateral periaqueductal gray; DRN, dorsal raphe nucleus; EPM,
elevated plus-maze; IL, infralimbic cortex; LC, locus coeruleus; LPAG, lateral
periaqueductal gray; MeA, medial amygdaloid nucleus; MnR, median raphe
nucleus; mPFC, medial prefrontal cortex; PaV, paraventricular hypothalamic
nucleus; PMD, dorsal premammillary nucleus; PrL, prelimbic cortex; SC, supe-
rior colliculus; T1, trial 1; T2, trial 2; VLPAG, ventrolateral periaqueductal
gray.
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and measure anxiety in the laboratory (Griebel et al., 1993;
Handley and McBlane, 1993; Montgomery, 1955; Pellow et al.,
1985; Rodgers and Cole, 1994). However, whereas benzodi-
azepines show anxiolytic effects on the exploratory behavior
of rodents submitted to the EPM, a single previous undrugged
experience in this test renders these compounds inefficacious
(Albrechet-Souza et al., 2005; Bertoglio and Carobrez, 2000;
Carvalho et al., 2005; Cruz-Morales et al., 2002; File, 1990; File
and Zangrossi, 1993; Holmes and Rodgers, 1998; Lister, 1987).
This phenomenon known as one-trial tolerance is supposed to
be highly dependent of the aversive learning on the first trial
and it has also been associated to a qualitative shift in emotional
state of the animal (File et al., 1993; File and Zangrossi, 1993;
Holmes and Rodgers, 1998).

Blanchard et al. (1991) showed with elegant experiments
that immediate threat causes escape behavior while potential
threat induces a conflict between approach and avoidance. This
approach allows defining defense fear as a reaction to stimuli
that require exit from a dangerous situation and anxiety as a
reaction to stimuli that requires entry into the situation. These
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opposing situations that result in conflict could be responsible
for the overall behavioral repertoire expressed by rats submitted
to the EPM (Gray and McNaughton, 2000). This conflict leads
to an inhibition of the prepotent approach responses (i.e. inhibi-
tion of environment involvement) as well as increased arousal
and attention to negative stimuli. In fact, animals under stress-
ful conditions present increases in plasma corticosteroids along
with behavioral and physiological manifestations of fear of the
open arms (Pellow et al., 1985; Treit et al., 1993). A recent paper
from this laboratory showed that risk assessment behaviors and
plasma corticosterone are similarly elevated in both sessions of
the EPM leading to the suggestion that stress prevails in the
two sessions and that awareness of the danger inherent of the
open arms prevents the animals from exploring them in the retest
(Albrechet-Souza et al., 2007).

Much evidence has proven that ethological categories have
been very important for assessing the functional relevance of
responses to innate and learned anxiety stimuli (Albrechet-
Souza et al., 2005; Cruz-Morales et al., 2002; Holmes and
Rodgers, 1998). Given that both kind of stimuli appear to be
present in the EPM, in this study the mechanisms underneath
one-trial tolerance to benzodiazepines were evaluated through a
thorough analysis of the exploratory behavior of rats expressed
by the measures of traditional and novel ethological categories.
The behavioral responses emitted by rats when they are exposed
tothe first (T1) or second sessions (T2) of the EPM were assessed
by a factor analysis. As mentioned earlier, it is believed that the
EPM measures different aspects of anxiety in T1/T2 conditions.
Thus, the analytical method employed may reveal how these dif-
ferent aspects of anxiety are represented behaviorally and what
could be the biological meaning of the clusters of behaviors. To
further clarify this issue we combined the factor analysis of the
rat’s behavior and the immunohistochemistry technique for Fos-
protein detection in the brain of rats submitted to both sessions
of the EPM. Mapping of neural circuits associated with distinct
facets of fear using this technique has routinely been performed
in this laboratory (Borelli et al., 2005, 2006; Ferreira-Netto et
al., 2005, 2007; Lamprea et al., 2002; Vianna et al., 2003).

2. Material and methods
2.1. Experiment 1: elevated plus-maze testing

2.1.1. Animals

One-hundred and seven male Wistar rats weighing 280-300 g
from the animal house of the University of Sdo Paulo, campus
of Ribeirdo Preto, were used. These animals were transported
to a room adjacent to the test laboratory 72 h before the experi-
ments, where they were housed in groups of five per cage under
a 12:12 dark/light cycle (lights on at 07:00h) at 23 £ 1 °C, and
given free access to food and water. The animals were taken to
the test laboratory at least 1 h prior testing.

2.1.2. Procedure

The EPM device was made of wood and consisted of two open
arms (50 cm x 10cm) and two enclosed arms of the same size,
with 50 cm high walls. The maze was configured such that arms

of the same type were opposite each other, and the apparatus was
elevated 50 cm from the floor. A raised edge made of transparent
Plexiglas (1.0 cm) on the open arms provided additional grip for
the rats (Pellow et al., 1985).

All testing was conducted during the light phase of the LD
cycle, between 09:00 and 11:00h. The apparatus was located
inside a room with a constant noise (50 dB). The animals’ behav-
ior was recorded by a video camera (Everfocus, USA) positioned
above the maze with the signal relayed to a monitor in another
room via a closed-circuit TV camera. Luminosity at the level of
the EPM open arms was 30 Ix. The rats were placed individually
in the center of the maze facing a closed arm and allowed 5 min
of free exploration. Videotapes were subsequently scored by an
observer using ethological analyses software (Observer) devel-
oped by Noldus (Amsterdam, The Netherlands). This software
allowed measurement of the number of entries, the time spent
in both arms of the maze and the frequency of the novel etho-
logical categories. Using separate location and behavior keys,
this software allows the real-time scoring of videotapes of any
behavior by direct keyboard entry to a personal computer.

The performance of each animal in the maze was analyzed
taking the standard measurements recorded in each section of the
maze into account, which comprised the frequency of open arms
and closed arms entries (an arm entry or exit being defined as all
four paws into or out a section, respectively), total arm entries
and the amount of time spent by the animals in each arm of the
maze. These data were used to additionally calculate % open arm
entries, % time in open arms, % closed arm entries, % time in
closed arms and % time in center. In addition, the frequencies of
the following novel ethological categories are also presented: (1)
end arm exploration: the number of times the rat reached the end
of an open arm, (2) scanning: horizontal head movements in any
direction, including sniffing of maze floor and walls, (3) head
dipping: dipping of the head below the level of the maze floor, (4)
rearing: the partial or total rising onto the hind limbs, (5) peeping
out: stretching the head/shoulders from the closed arms to the
central platform, (6) stretched-attend posture: when the animal
stretches to its full length with the forepaws keeping the hind
paws in the same place and turns back to the anterior position, (7)
flat-back approach: locomotion when the animal stretches to its
full length and cautiously moves forward, (8) grooming: species-
typical cleaning sequence, beginning with snout, progressing to
ears and ending with whole body groom, included scratching.
Most of these categories were defined following works with rats
and mice (Anseloni and Brandao, 1997; Blanchard et al., 1993;
Cruz et al., 1994; Rodgers and Johnson, 1995).

2.1.3. Experimental design

Midazolam (Roche Products Limited, Brazil) (0.5 mg/kg,
i.p.) was dissolved in saline solution (0.9%) shortly before use
and was administered 15 min prior to testing. Selection of mida-
zolam dose and the time for testing were based on previous
studies (Albrechet-Souza et al., 2005, 2007; Anseloni et al.,
1995; Anseloni and Brandao, 1997; Cruz-Morales et al., 2002).
The animals were randomly divided into four groups (n=8 in
each): (a) saline solution administered 15 min before T1; (b)
midazolam administered 15 min before T1; (c) saline solution
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administered 15 min before T2; (d) midazolam administered
15 min before T2. These two latter groups were exposed to
the first session on the EPM without any injection and 24 h
later they were injected and submitted to the test session on the
EPM.

2.1.4. Statistical analysis

The behavioral data are expressed by mean=+ S.E.M. and
were analyzed by two-way analysis of variance (ANOVA).
Newman—Keuls post hoc comparisons were carried out if signif-
icant overall F-values were obtained. p values lower than 0.05
were considered significant.

2.2. Experiment 2: Fos-protein immunohistochemistry

2.2.1. Animals

In this experiment, rats housed in conditions similar to the
Experiment 1 were submitted to T1 (n=6) or T2 (n=06) to the
EPM. The control group (CTR, n=35) was not exposed to the
maze.

2.2.2. Procedure

All animals received an i.p. injection of saline 15 min before
testing. In the case of the CTR group, 15 min after receiving a
saline injection, the rats were taken to a cage for 5 min into the
experimental room. Two hours after the EPM test, the animals
were deeply anaesthetized with chloral hydrate (500 mg/kg,
1.p.) and intracardially perfused with 0.1 M phosphate-buffered
saline (PBS) followed by 4% paraformaldehyde in 0.1 M PBS
(pH 7.4). Brains were removed and immersed during 2h in
paraformaldehyde and then stored for at least 48h in 30%
sucrose in 0.1 M PBS for cryoprotection. They were quickly
frozen in isopentane (—40 °C) and sliced by the use of a cryo-
stat (—19°C). To keep the experimental conditions similar for
all animals, the incubations had brain slides of each structure
analyzed in this study.

Thick brain slices (40 wm) were collected in 0.1 M PBS
and subsequently processed free-floating according to the
avidin—biotin system, using Vectastain ABC Elite peroxidase
rabbit IgG kit (Vector, USA, ref. PK 6101). All reactions were
carried out under agitation, at 23 & 1 °C. The sections were first
incubated with 1% H»O, for 10 min, washed four times with
0.1 M PBS (5 min each) and then incubated overnight with the
primary Fos rabbit polyclonal IgG (Santa Cruz, USA, SC-52)
at a concentration of 1:2000 in 0.1 M PBS enriched with 0.2%
Triton-X and 0.1% bovine serum albumin, BSA (PBS+). Sec-
tions were again washed three times (5 min each) with 0.1 M
PBS and incubated for 1h with secondary Fos biotinylated
anti-rabbit IgG (H + L) (Vectastain, Vector Laboratories) at con-
centration of 1:400 in PBS+. After another series of three 5-min
washings in 0.1M PBS (A and B solution of the kit ABC,
Vectastain, Vector Laboratories), the sections were incubated
for 1h with the avidin-biotin—peroxidase complex in 0.1 M
PBS at concentration of 1:250 in 0.1 M PBS, and then were
again washed three times in 0.1 M PBS (5 min per wash). Fos-
immunoreactivity was revealed by the addition of the cromogen
3,3’-di-aminobenzidine (DAB, 0.02%, Sigma) to which hydro-

gen peroxide (0.04%) was added just prior to use. Finally, the
tissue sections were washed twice with 0.1 M PBS.

2.2.3. Quantification of Fos-positive cells

Tissue sections were mounted on gelatin-coated slides, dehy-
drated for observation and cells counting under bright-field
microscopy. The nomenclature and nuclear boundaries utilized
were based on the atlas of Paxinos and Watson (2005). Fos-
immunoreactivity was visualized as a brown reaction product
inside neuronal nuclei. Darker objects with areas between 10
and 80 wm? were identified and automatically counted as Fos-
positive neurons by a computerized image analysis system
(Image Pro Plus 4.0, Media Cybernetics, USA), according to
method used in previous studies (Borelli et al., 2005; Ferreira-
Netto et al., 2005, 2007). Briefly, mounted tissue sections were
observed using a light microscope (Olympus BX-50) equipped
with a video camera module (Hamatsu Photonics C2400) and
coupled to a computerized image analysis system indicated
above. Counting of Fos-positive cells was performed under a
10x objective at a magnification 100x, in one field per area
encompassing the entire brain region included in quantifica-
tion. An area of the same shape and size per brain region was
used for each rat. The system was calibrated to ignore back-
ground staining. All brain regions were bilaterally counted and
the mean was calculated for each rat. The analyzed encephalic
regions and their respective antero-posterior coordinates (from
bregma, Paxinos and Watson, 2005) were as follows: PrLL and
IL (+3.00 mm); Cgl and Cg2 (+1.44mm to +1.08 mm); AHC
and PaV (—1.92mm); BLA, MeA and CeA (—2.40mm to
—2.64mm); CAl, CA2 and CA3 (—2.64 mm to —3.00 mm);
DMH (—3.00mm); PMD (—3.96 mm); DMPAG, DLPAG,
LPAG and SC (—7.20mm to —7.56 mm); DRN (—7.80 mm
to —8.04 mm); VLPAG and MnR (—7.80 mm to —8.16 mm);
CIC (—8.04 mm to —8.40 mm); LC (—9.60 mm to —9.72 mm).
Nuclei were counted individually and expressed as number of
Fos-positive cells per 0.1 mm?. In this laboratory, the counting
of Fos-positive cells is blind from the conditions.

2.2.4. Statistical analysis

The number of Fos-positive cells is expressed by
mean £ S.E.M. and was analyzed by one-way analysis of vari-
ance (ANOVA). Newman—Keuls post hoc comparisons were
carried out if significant overall F-values were obtained. p values
lower than 0.05 were considered significant.

2.3. Experiment 3: factor analysis

Factor analysis was performed using dataset recorded from
the EPM during T1 and T2. Fifty-eight rats injected with saline
(i.p.) 15 min before the exposure to the EPM were used. This
factor analysis was performed using the method of best fit to the
observed correlations and the varimax method (principal com-
ponent solution with orthogonal rotation) of the factor matrix.
This combined method guarantees that the extracted factors are
independent and should, therefore, reflect separate processes.
Two criteria were used to select the number of factors extracted,
the Kaiser test (eigenvalues >1) and the Scree plot test (the
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point at which the smooth decrease in eigenvalues levels off to
the right). The factor loading reflects the contribution of each
variable to each factor. Thus, in this study loadings of less than
0.5 were discarded. A value of 1.0 would be a perfect reflection,
whereas loading of <0.5 indicates a poor reflection of the factor.
Since the factors extracted from this analysis are independent,
they are likely to reflect different processes.

3. Results
3.1. Behavioral measures

The effects of saline and midazolam injected before T1 and
T2 on the behavior of rats submitted to the EPM are shown
in Table 1. Two-way ANOVA revealed significant effects of
treatments, trials and treatment—trials interactions on open arms
entries [F(1, 28)=15.27, 21.99 and 6.25, respectively; p <0.05
in all cases], % time spent in open arms [F(1, 28)=17.10, 21.06
and 9.06, respectively; p<0.01 in all cases], % time spent in
closed arms [F(1, 28)=21.74, 24.63 and 6.19, respectively;
p<0.05 in all cases] and total arms entries [F(1, 28)=6.11,
9.13 and 5.00, respectively; p<0.05 in all cases]. There were
significant effects for treatments and trials on % entries in open
arms [F(1,28)=15.04 and 18.15, respectively; p <0.001 in both
cases] and for trials and treatment—trials interaction on % time
spent in center [F(1, 28) = 14.30 and 4.75, respectively; p <0.05
in both cases]. Significant effects were not detected on closed
arms entries [F(1, 28)=0.46, 0.79 and 1.70 for treatments, tri-
als and treatment-trials interactions, respectively; p>0.05 in
all cases]. Post hoc analyses revealed an increase in midazo-
lam group (T1) in relation to saline group (T1) in almost every
behavioral category, with exception of the activity in the closed
arms. When injected before T2, midazolam did not produce any
significant effect in relation to the group injected with saline
before the same trial.

Table 1

In relation to the novel ethological categories, two-way
ANOVA showed significant effects of treatments, trials and
treatment—trials interactions on end arm exploration [F(1,
28)=18.71, 15.99 and 4.86, respectively; p <0.05 in all cases]
and head dipping [F(1, 28)=13.48, 50.90 and 12.62, respec-
tively; p<0.005 in all cases]. There were significant effects
for trials and treatment—trials interaction on scanning [F(1,
28)=15.96 and 4.39, respectively; p < 0.05 in both cases] and for
treatment on peeping out [F(1, 28)=6.71; p <0.05], stretched-
attend posture [F(1, 28)=8.04; p <0.01] and flat-back approach
[F(1,28)=6.24; p <0.05]. Significant effects were not detected
on rearing [F(1, 28)=2.40, 0.14 and 0.05 for treatments, tri-
als and treatment—trials interactions, respectively; p>0.05 in
all cases)] and grooming [F(1, 28)=0.19, 2.53 and 0.19 for
treatments, trials and treatment—trials interactions, respectively;
p>0.05 in all cases]. Post hoc analyses revealed an increase in
end arm exploration and head dipping in the group injected with
midazolam in relation to saline before T1. Before both trials,
midazolam produced a decrease on peeping out, stretched-attend
posture and flat-back approach.

3.2. Fos-protein expression

Histograms with the mean number of Fos-immunoreactive
neurons are presented in Figs. 1-3. Representative photomi-
crographs of target structures are shown in Fig. 4. One-way
ANOVA showed significant increase in Fos-immunoreactivity in
PrL [F(2, 14)=11.97, p<0.001], IL [F(2, 14)=6.83, p<0.01],
Cgl [F(2,14)=10.39,p<0.01],Cg2 [F(2, 14)=5.92, p<0.05],
PaV [F(2,14)=5.71,p<0.05], DMH [F(2, 13) =4.09, p < 0.05],
BLA [F(2,14)=8.63, p<0.01], CeA [F(2, 14)=7.78, p<0.01]
and CIC [F(2, 14)=6.45, p<0.05]. Post hoc comparisons
revealed that T1 in the EPM promoted significant increases in
Fos-protein expression in the following structures: Cgl, PaV,
DMH and CIC compared with their control group. These com-

Measures of the exploratory behavior of rats injected with saline or midazolam (0.5 mg/kg, i.p.) and submitted to T1 or T2 in the EPM

Saline Midazolam, 0.5 mg/kg

Tl T2 Tl T2
Open arms entries 28407 1.0+ 04 79 £ 14" 2.1 4+ 04*
Closed arms entries 92+13 98 +1.3 11.6 = 0.9 90+ 13
% open arms entries 203 + 3.4 9.0 + 3.8 39.0 + 5.2° 18.9 + 1.2#
% time open arms 69+19 22409 28.5 4+ 5.5" 5.6 + 1.5%
% time closed arms 84.6 + 3.6 942 + 1.1 57.0 £ 5.9" 85.8 + 3.4*
Total arms entries 120+ 1.9 10.8 £ 1.5 195 + 147 11.1 + 1.6*
% time center 85+ 1.8 3.7 +0.9* 145+ 3.8" 87 +25
EAE 20406 0.6+ 0.3 7.0+ 1.2 22+ 0.6*
Scanning 40.0 + 3.8 332 + 4.1 484 + 3.5 26.8 + 2.6
Head dipping 108 £ 1.5 32+ 08" 259 +3.7° 35+ 1.0*
Rearing 164 + 2.1 16.0 + 3.7 13.1 £ 2.1 11.6 £ 1.4
Peeping out 68 £ 1.2 70+ 15 2.6 £ 09" 5.1+ 10"
SAP 72+ 0.8 7.6+ 1.1 41+ 1.7 39+ 1.17
Flat-back approach 45+ 13 42408 32+08" 1.1 4+ 04"
Grooming 1.6 + 0.4 25403 20405 25404

Scores are mean £ S.E.M. n =8 for each group. SAP = stretched-attend posture; EAE =end arm exploration.

* Different from the saline group in the same session.
# Different from the respective T1 (p <0.05).
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Fig. 1. Number of Fos-immunoreactive neurons in telencephalic structures after EPM testing sessions in rats injected i.p. with saline and submitted to single (T1)
or repeated sessions (T2) (n=5 for CTR and 6 for T1 and T2 groups) in the EPM. Data are expressed as mean & S.E.M. of Fos-positive neurons in 0.1 mm? area of
tissue in the indicated structure. (*) Compared with control group (CTR, non-exposed group) and (#) compared with T1 group by means of ANOVA followed by
Newman—Keuls test (p <0.05).
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Fig. 2. Number of Fos-immunoreactive neurons in hypothalamic nuclei after EPM testing sessions in rats injected i.p. with saline and submitted to single (T1) or
repeated sessions (T2) (n=5 for CTR and 6 for T1 and T2 groups) in the EPM. Data are expressed as mean + S.E.M. of Fos-positive neurons in 0.1 mm? area of
tissue in the indicated structure. (*) Compared with control group (CTR, non-exposed group) and (#) compared with T1 group by means of ANOVA followed by
Newman—Keuls test (p <0.05).
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CeA and CIC when compared with their control group and Prl, LPAG, VLPAG, DRN, MnR and LC), the exposure to the
IL, Cg2, BLA and CeA when compared with the group sub- EPM did not produce any significant effects on the Fos-protein
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Fig. 3. Number of Fos-immunoreactive cells in midbrain and pontine structures after EPM testing sessions in rats injected i.p. with saline and submitted to single
(T1) or repeated sessions (T2) (n=>5 for CTR and 6 for T1 and T2 groups) in the EPM. Data are expressed as mean + S.E.M. of Fos-positive neurons in 0.1 mm? area
of tissue in the indicated structure. (*) Compared with control group (CTR, non-exposed group) and (#) compared with T1 group by means of ANOVA followed by
Newman—Keuls test (p <0.05).
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Fig. 4. Photomicrographs of Fos-immunoreactive neurons (dark dots) in (A) the prelimbic cortex (PrL), (B) cingulate cortex 2 (Cg2), (C) basolateral amygdala
(BLA) and central amygdala (CeA) and (D) paraventricular nucleus of the hypothalamus (PaV) of rats injected with saline and submitted to single (T1) or repeated
(T2) EPM test sessions. The control group (CTR) was not tested in the EPM. Bar represents 200 pwm in all photomicrographs.

expression when compared with their respective control groups
[values of F(2, 14) varying from 0.02 to 3.86; p>0.05 in all
cases].

3.3. Factor analysis

In Table 2, the factors for eigenvalues >1 are presented from
left to right in an order that corresponds to decreasing size of the
proportion of the original variance accounted for by each fac-
tor. This analysis considered the standard and novel ethological
categories in the EPM.

Six factors emerged from the analysis of the behaviors of the
animals exposed to the EPM in both trials. During T1 standard

indices, such as the number of open entries, % open entries,
time open arms, % time open arms, total arms entries and %
time center loaded heavily on factor 1. Novel ethological cat-
egories, such as end arm exploration and head dipping were
also found to load highly on this factor. The % closed entries,
time closed arms, % time closed arms loaded also in this factor,
but negatively. These same standard and novel ethological cate-
gories from T2 loaded independently on factor 2. Closed entries,
rearing, scanning and stretched-attend posture of T2 loaded on
factor 3. Factor 4 showed high loading of scanning, peeping out,
stretched-attend posture and flat-back approach in T1. Closed
entries and rearing in T1 loaded heavily on factor 5. Grooming
loaded strongly on factor 6.
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Table 2
Orthogonal factor loadings for EPM measures of Wistar rats upon T1 and T2 in
the EPM

F1 F2 F3 F4 F5 F6

Closed entries/T1 0.61
% closed entries/T1 —0.86

Time closed arms/T1 —0.95

% time closed arms/T1 ~ —0.95

Open entries/T1 0.95

% open entries/T1 0.86

Time open arms/T1 0.96

% time open arms/T1 0.96

Total arms entries/T1 0.82

% time center/T1 0.72

EAE/T1 0.92

Scanning/T1 0.80
Head dipping/T1 0.79

Rearing/T1 0.87
Peeping out/T1 0.57
SAP/T1 0.70
Flat-back approach/T1 0.63
Grooming/T1

Closed entries/T2 0.57

% closed entries/T2 —0.90

Time closed arms/T2 —-0.94

% time closed arms/T2 —-0.94

Open entries/T2 0.94

% open entries/T2 0.90

Time open arms/T2 0.98

% time open arms/T2 0.98

Total arms entries/T2 0.58

% time center/T2 0.75

EAE/T2 0.89

Scanning/T2 0.76

Head dipping/T2 0.60

Rearing/T2 0.83
Peeping out/T2

SAP/T2 0.84
Flat-back approach/T2

Grooming/T2

—0.88

—0.70

Rats were injected with saline before exposure to the EPM in both trials. Factor
loadings of <0.5 are not included. Criteria: eigenvalue >1. SAP = stretched-
attend posture; EAE =end arm exploration.

4. Discussion

As already reported by other authors using the EPM
(Albrechet-Souza et al., 2005, 2007; Anseloni et al., 1995; Cruz
et al., 1994; Cruz-Morales et al., 2002; Motta and Brandao,
1993) the injection of midazolam before T1 increased the num-
ber of open arm entries and caused a selective increase in the
percentage of time spent in the open arms and the total number
of entries whereas no significant effect could be detected in the
closed arm entries (Table 1). These effects were not observed
when this compound was injected before T2 confirming several
reports in the literature that show the inefficacy of the benzo-
diazepines in these conditions (Albrechet-Souza et al., 2005,
2007; Cruz-Morales et al., 2002; File, 1990; File et al., 1993;
File and Zangrossi, 1993; Holmes and Rodgers, 1998; Lister,
1987). Regarding the novel ethological categories, the admin-
istration of midazolam increased end arm exploration and head
dipping when injected before T1 and decreased the frequencies

of peeping out, stretched-attend posture and flat-back approach
when injected before both trials.

A factor analysis was performed on the scores taken from
T1 and T2 to characterize the factor structure of the exploratory
behavior of Wistar rats injected with saline and submitted to the
EPM. This analysis revealed different factor distribution of the
behavioral categories in each condition. During the first trial the
factors followed a distribution similar to other previous studies
(Anseloni and Brandao, 1997; Cruz et al., 1994; Fernandes and
File, 1996; Rodgers and Johnson, 1995). Standard indices in T1
such as open entries, % open entries, time open arms, % time
open arms, total arms entries and % time center loaded heav-
ily on factor 1, which are supposed to be inversely related to
anxiety. Importantly, novel ethological categories in this trial,
such as end arm exploration and head dipping, previously inter-
preted as indicative of anxiety (Cruz et al., 1994; Rodgers and
Johnson, 1995), were also found to load on this factor. Time
in close arms, % close arm entries and % time in close arms
loaded negatively on this factor. These same standard and novel
ethological categories recorded from T2 showed a reduction in
magnitude and loaded independently on factor 2. This suggests
that there is a different underlying aversive state on T1 and T2
and that the EPM may be a model where the nature, rather than
the extent, of the anxiogenic state changes with the experience
of the maze (File et al., 1993). Factor 2, which emerges with
the reexposure to the EPM, may be the result of a state of fear
defined as a reaction to a set of stimuli that require exit from a
dangerous situation with the resultant inhibition of the approach
responses (i.e. inhibition of environment involvement) as well
as increased arousal and attention to negative stimuli (Gray and
McNaughton, 2000).

Behavioral categories that have been associated with risk
assessment such as scanning, peeping out, stretched-attend pos-
ture and flat-back approach expressed during T2 or T1 loaded
on factors 3 and 4, respectively. These behaviors are impor-
tant to evaluate potentially threatening situation and when the
animal needs to optimize the most adaptive strategy (Anseloni
and Brandido, 1997; Rodgers and Cole, 1994). Risk assessment
was clearly dissociated across the sessions since those associ-
ated to T2 loaded first in the factor analysis (factor 3) when
compared with T1 (factor 4). These findings are in line with
the notion that, in T2, stretched-attend posture reinstates the
information-processing initiated during the first experience in
the novel environment of the EPM. The detection of the danger
related to this behavior gives way to strong open arm avoidance
of T2 (Albrechet-Souza et al., 2007). Measures expressing loco-
motor activity in T1, such as closed arms entries and rearing
loaded on factor 5. Grooming loaded independently on factor
6 indicating that this behavior has a distinct biological mean-
ing, probably associated to stereotyped behaviors (Anseloni and
Brandao, 1997).

We assume that the overall behavioral repertoire expressed
by rats submitted to the EPM can be dissociated in clusters with
distinct biological meaning. What benzodiazepines do in T1 is
to attenuate the conflict resulting from the approach/avoidance
duality. In T2 the active avoidance predominates and the con-
flict is reduced (Albrechet-Souza et al., 2007). In conformity
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with this assertion Rodgers and Shepherd (1993) suggested
that the loss of diazepam effects on T2 might reflect a rela-
tive absence of an approach/avoid conflict. Interestingly enough,
the risk assessment becomes more important in T2 than in T1
since the stretched-attend postures recorded during T2 load
in a more prominent factor (F3) than when they occur in T1
(F4). These latter findings conform with the proposal that the
reexposure to the EPM results in a qualitative shift in emo-
tional state so that unconditioned fear in T1 would shift to a
learning avoidance in T2 (File et al., 1993; File and Zangrossi,
1993; Holmes and Rodgers, 1998). These authors believe that
the lack of anxiolytic effects of benzodiazepines on T2 is due
to its inefficacy on indices of active avoidance, which pre-
dominate on the retest session. In other words, knowledge
of the maze through risk assessment behaviors (e.g. escape
is not possible via open arms) would reduce the tendency
to explore these natural aversive areas, thereby reducing con-
flict and eliminating a possible response to benzodiazepines.
Indeed, the introduction of conflict-generating elements in T2
reinstates the effects of the benzodiazepines (Pereira et al.,
1999).

From a neuropharmacological point of view it is recog-
nized that there could be two different types of defensive
behavior: anxiolytic-sensitive and anxiolytic-insensitive. What
brain structures underlie each one of these anxiety types?
The anxiolytic-sensitive defense reaction is presumed to reflect
overactivity in rostral brain regions related with the conflict
approach/avoidance which is known to be counteracted by
the action of anxiolytics (Gray and McNaughton, 2000). The
anxiolytic-resistant type of defense is presumed to reflect over-
activity in structures associated with the defense reaction which
are supposed to be located more caudally (Brandao et al., 1999,
2005; Graeff, 1990). Indeed, T1 and T2 in the EPM showed
a distinct pattern of encephalic Fos-protein distribution. The
activation of the ventral regions of the medial prefrontal cor-
tex (mPFC) and the amygdala upon reexposure to the EPM
is a new finding in the literature. The mPFC is part of the
limbic system and provides important inhibitory inputs to the
amygdala. It comprises several related areas, including the ante-
rior cingulate, prelimbic and infralimbic cortex (Singewald,
2007). The ventral mPFC cortex (infralimbic and prelimbic)
projects to the amygdala and hypothalamic areas (for review,
see Heidbreder and Groenewegen, 2003). The mPFC, which
is considered as an interface between emotional and cogni-
tive functions, has been implicated in anxiety mechanisms.
Fos distribution studies show that the divergent anxiety-related
behavioral response of high-anxiety vs. normal/low-anxiety
rodents (HAB vs. LAB) to emotional challenges is associ-
ated with differential neuronal activation in these regions, with
LAB animals showing greater mPFC activation (Singewald,
2007). Interestingly, in a fMRI study, the most pronounced
difference between HAB and LAB animals was found in the
mPFC, with a significantly lower responsiveness of HAB than
LAB rats to the depressant action of diazepam (Kalisch et al.,
2004).

The mPFC activation, the emergence of fear along with
more potent risk assessment posture plays important role in the

anxiolytic-resistant behaviors of rodents in T2. To understand
which one of these conditions is more influential in the one-trial
tolerance to the benzodiazepines is still open to investigation, for
instance it would be of interest to know whether benzodiazepines
selectively reduce the Fos labeling in the mPFC. This type of
sensory processing must surely involve the telencephalon. The
mPFC has been associated with diverse emotional, cognitive
and mnemonic processes (Heidbreder and Groenewegen, 2003)
and it has also been proposed to be necessary for the expression
and extinction of conditioned fear (Holschneider et al., 20006;
Milad and Quirk, 2002; Morgan and LeDoux, 1995; Pezze et
al., 2003; Vouimba et al., 2000). Thus, it is likely that the acti-
vation of the mPFC might be associated to the recall rather
than with the acquisition of conditioned fear. As further sup-
port to this, the ventral mPFC projects dominantly to limbic
structures such as the amygdala and hypothalamic areas as well
as to the temporal and limbic association cortices (Heidbreder
and Groenewegen, 2003). In conformity with this, the basolat-
eral and central nuclei of the amygdala were labeled only in
the EPM retest sessions. Fos expression in these structures was
expected, in so far as these amygdaloid nuclei are supposed to
regulate the animal motor and autonomic response associated
with the emotional behavior via the extended amygdala, mid-
brain, hypothalamus and medulla (LeDoux et al., 1988; LeDoux,
2000). The fact that T2 is associated with a learning avoid-
ance, with a more cognitive aspect of fear modulation is not
contradictory with the view that caudal brain regions are princi-
pally involved in the fear-like behaviors expressed in T2. Indeed,
recent high-resolution functional magnetic resonance imaging
(fMRI) study in humans showed that the mPFC plays a key role
in the controllability of fear states engendered by activation of
mesencephalic structures (Mobbs et al., 2007). When control
is lost prefrontal inhibition of amygdala activity and midbrain
defense circuits may be released to shift behavior into a defensive
mode. In other words, when escape fails and capture becomes
inevitable the neural substrates of fear at low-level midbrain
regions are fully activated. This explains why the dorsal parts of
the PAG are the main structures showing Fos-labeled neurons in
rats exposed to a predator (cat) or imminent threat (Beckett et
al., 1997; Canteras and Goto, 1999; Dielenberg et al., 2001). In
fact, decoupling of the midbrain PAG from cortical-amygdaloid
regulation may contribute to panic disorder, which is character-
ized by intense somatic and autonomic fear responses (Maren,
2007). In the light of the present and recent studies from this lab-
oratory the one-trial tolerance phenomenon can be characterized
in three levels. First, the levels of plasma corticosterone remain
as high in T2 as in T1, which indicates that there is a signifi-
cant level of stress in both conditions (Albrechet-Souza et al.,
2007). Behaviorally, our analyses point out the predominance
of anxiolytic-resistant fear behaviors, reduction of the conflict
approach-avoidance and increased valence of risk assessment
behaviors. Anatomically, overall analysis of the areas activated
during T1/T2 sessions showed that distinct neural circuits are
activated in these conditions. In view of the results obtained we
are suggesting the reexposure to the EPM as an animal model
for evaluation of cognition in rodents. What we require first for
a model of cognition is a stimulus maximally activating corti-
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cal regions accompanied by minimal activation of other parts of
the defense system. With such a challenge we could then test
animals for the extent to which these cortical areas are over-
reactive, as opposed to being secondarily triggered by excessive
activity elsewhere in the defense system. Starting this analysis
at the top of the defense system it is soon noticeable that the
mPFC was activated in the retest but not after single exposure
to the EPM. This area receives information about concurrently
activated and conflicting goals and this will result in inhibi-
tion of prepotent behavior and, especially in cases involving
aversive motivation, increases in arousal mediated by the amyg-
dala (Gray and McNaughton, 2000). In agreement with this,
it has been demonstrated that different sets of brain structures
are activated in rats depending on the behavioral performance
(inhibitory avoidance vs. escape) to aversive situations (Silveira
et al., 2001).

T1 caused an activation of the cingulate cortex area 1, par-
aventricular and dorsomedial nuclei of the hypothalamus and
inferior colliculus. Fos labeling of hypothalamic and midbrain
tectum structures after a single test in the EPM has been shown
already by other studies (Silveira et al., 1993). The cingulate
cortex 1 has been linked to various motor behaviors such as
movements of the vibrissa, head and hindlimbs (Heidbreder and
Groenewegen, 2003). Increase in Fos expression in the par-
aventricular nucleus of the hypothalamus in both conditions,
T1 and T2, is not surprising since the PaV is the origin of the
hypothalamic—pituitary—adrenocortical axis and it is showed that
innate or conditioned fear stimuli activate this nucleus leading
to a concomitant increase in plasma corticosterone (Albrechet-
Souza et al., 2007; De Souza, 1995).

An interesting point which deserves consideration in the
present context is related to a report from this laboratory showing
that the traditional EPM is less sensitive to the effects of anxi-
olytic and anxiogenic drugs than the EPM made with transparent
walls (Anseloni et al., 1995; Anseloni and Brandao, 1997). We
speculate that the active avoidance is weak in the modified
apparatus so that the conflict between the approach/avoidance
components is more evident in this test than in the traditional
maze with wood walls.

In summary, the exploratory behavior of rats submitted to
single or repeated sessions of the EPM has different factor dis-
tribution. Anxiety and risk assessment of the EPM change their
valence across sessions. In T2 a fear factor emerges together
with a more powerful risk assessment and the predominance of
Fos labeling in the mPFC. The amygdala may favor the switch
between the anxiety-like profile of T1 to the cognitive control of
fear prevalentin T2. In view of the present findings it is proposed
that the retest session of the EPM may be a tool for behaviorally
assessing the cognitive abilities of rodents in the control of
fear.
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Abstract—Prior experience with the elevated plus maze (EPM)
increases the avoidance of rodents to the open arms and im-
pairs the anxiolytic-like effects of benzodiazepines on the tradi-
tional behaviors evaluated upon re-exposure to the maze, a
phenomenon known as one-trial tolerance. Risk assessment
behaviors are also sensitive to benzodiazepines. During re-
exposure to the maze, these behaviors reinstate the informa-
tion-processing initiated during the first experience, and the
detection of danger generates stronger open-arm avoidance.
The present study investigated whether the benzodiazepine
midazolam alters risk assessment behaviors and Fos protein
distribution associated with test and retest sessions in the EPM.
Naive or maze-experienced Wistar rats received either saline or
midazolam (0.5 mg/kg i.p.) and were subjected to the EPM.
Midazolam caused the usual effects on exploratory behavior,
increasing exploratory activity of naive rats in the open arms
and producing no effects on these conventional measures in
rats re-exposed to the maze. Risk assessment behaviors, how-
ever, were sensitive to the benzodiazepine during both ses-
sions, indicating anxiolytic-like effects of the drug in both con-
ditions. Fos immunohistochemistry showed that midazolam in-
jections were associated with a distinct pattern of action when
administered before the test or retest session, and the anterior
cingulate cortex, area 1 (Cg1), was the only structure targeted
by the benzodiazepine in both situations. Bilateral infusions of
midazolam into the Cg1 replicated the behavioral effects of the
drug injected systemically, suggesting that this area is critically
involved in the anxiolytic-like effects of benzodiazepines, al-
though the behavioral strategy adopted by the animals appears
to depend on the previous knowledge of the threatening
environment. © 2009 IBRO. Published by Elsevier Ltd. All rights
reserved.

*Corresponding author. Tel: +55-16-36023638; fax: +55-16-36024830.
E-mail address: mbrandao@usp.br (M. L. Brandao).

Abbreviations: AHC, anterior hypothalamus central; ANOVA, analysis
of variance; BLA, basolateral amygdaloid nucleus; CeA, central amyg-
daloid nucleus; Cg1, cingulate cortex, area 1; Cg2, cingulate cortex,
area 2; CIC, central inferior colliculus; DLPAG, dorsolateral periaque-
ductal gray; DMH, dorsomedial hypothalamus; DMPAG, dorsomedial
periaqueductal gray; DRN, dorsal raphe nucleus; EPM, elevated plus
maze; IL, infralimbic cortex; LC, locus coeruleus; LPAG, lateral peri-
aqueductal gray; M2, secondary motor cortex; MnR, median raphe
nucleus; mPFC, medial prefrontal cortex; PA, paraventricular hypotha-
lamic nucleus; PBS, phosphate-buffered saline; PMD, dorsal premam-
millary nucleus; PrL, prelimbic cortex; PVN, paraventricular hypotha-
lamic nucleus; VLPAG, ventrolateral periaqueductal gray.

Key words: defensive behavior, anxiety, midazolam, cingu-
late cortex 1, Fos expression.

Since its introduction, the elevated plus maze (EPM) has
become one of the most widely used animal models for
detecting the anxiolytic-like effects of drugs (Hogg, 1996).
In this context, benzodiazepines increase the amount of
entries into and time spent on the open arms of the maze,
indicating decreased anxiety (File, 1990; Lister, 1987; Pel-
low et al., 1985). However, when rats or mice are tested for
a second time in the maze, this anxiolytic-like effect is
much reduced or absent (Albrechet-Souza et al., 2005;
Bertoglio and Carobrez, 2000; Carvalho et al., 2005; Cruz-
Morales et al., 2002; File and Zangrossi, 1993; Holmes
and Rodgers, 1998; Lister, 1987).

The failure of the well-described anxiolytic benzodiaz-
epines to attenuate traditional behavioral categories in
maze-experienced rodents is known as one-trial tolerance
and is supposed to be dependent on aversive learning
occurring during the first session (Cruz-Morales et al.,
2002; Holmes and Rodgers, 1998; Rodgers and Johnson,
1995). This phenomenon has also been associated with a
qualitative shift in the emotional state of the animal (File et
al.,, 1993; File and Zangrossi, 1993) and appears to be
independent of the pharmacological treatment that animals
receive during the first exposure, the material used to
construct the maze (File, 1993), the intensity of room illu-
mination, and the diurnal/nocturnal phases of the cycle
(Bertoglio and Carobrez, 2002; Carobrez and Bertoglio,
2005).

In the past decade, the conventional analysis of ex-
ploratory behavior in the EPM was extended to incorporate
the so-called novel ethological categories that have eluci-
dated additional dimensions of EPM behavior patterns,
including vertical activity, directed exploration (i.e., head
dipping and end-arm exploration), decision making, and
risk assessment behaviors (Cole and Rodgers, 1993). A
study from our laboratory showed that plasma corticoste-
rone and risk assessment behaviors are similarly elevated
during both sessions in the EPM, suggesting that stress
prevails in both sessions and the detection of danger gen-
erates stronger open-arm avoidance during the re-expo-
sure to the maze (Albrechet-Souza et al., 2007). Risk
assessment behaviors have been proposed to belong to
the category of information-gathering behaviors displayed
in potentially threatening situations, the function of which is
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to optimize the most adaptive behavioral strategy (Blan-
chard et al., 1993).

The retest session, when compared with the first ex-
posure to the EPM, is characterized by more prominent
risk assessment behaviors due to increased activity of
limbic structures in telencephalic areas (Albrechet-Souza
et al., 2008). The medial prefrontal cortex (MPFC), which
includes the anterior cingulate, prelimbic and infralimbic
cortices (Singewald, 2007), has been implicated in many
fear- and anxiety-related processes. In rats, the mPFC has
been shown to be involved in physiological and endocrine
correlates of stress, such as changes in heart rate, blood
pressure, respiration, and hypothalamic-pituitary-adrenal
axis activation (Burns and Wyss, 1985; Frysztak and Neaf-
sey, 1991; Sullivan and Gratton, 1999). Additionally, the
mPFC is connected with a number of structures involved in
the modulation of emotional states, such as the amygdala,
septum, hippocampus, hypothalamus and periaqueductal
gray (Kita and Oomura, 1981; Hurley et al., 1991; Swan-
son, 1981; Sesack et al., 1989). Notably, evidence has
demonstrated a high density of benzodiazepine receptors
in the prefrontal cortex of rats (Young and Kuhar, 1980).

The purpose of the present study was to investigate
whether the changes in exploratory behavior of rats in-
duced by treatment with the benzodiazepine midazolam
are associated with a specific pattern of Fos protein distri-
bution during the EPM test and retest sessions. Addition-
ally, based on the Fos immunoreactivity findings, the role
of the anterior cingulate cortex, area 1 (Cg1), was further
examined with regard to the behavioral strategies charac-
teristic of the EPM. Midazolam was injected bilaterally into
the Cg1 of rats subjected to both the test and retest con-
ditions.

EXPERIMENTAL PROCEDURES
Subjects

Seventy-two male Wistar rats weighing 280-300 g from the ani-
mal house of the University of Sdo Paulo, campus of Ribeirdo
Preto, were housed in groups of four per cage for at least 72 h
under a 12 h/12 h light/dark cycle (lights on at 7:00 h) at 23+1 °C
and given free access to food and water. These animals were
transported to the experimental room and left undisturbed for 1 h
prior to testing. The experiments reported in this article were
performed in accordance with the recommendations of the SBNeC
(Brazilian Society of Neuroscience and Behavior) and complied
with the USA National Institute of Health Guide for the Care and
Use of Laboratory Animals. All efforts were made to minimize the
number of animals used and their suffering.

Surgery

Six days before the experiment, 40 rats were anesthetized with
tribromoethanol (250 mg/kg i.p.) and fixed in a stereotaxic appa-
ratus (David Kopf Instruments, Tujunga, CA, USA). The upper
incisor bar was set at 3.3 mm below the interaural line so that the
skull was horizontal between bregma and lambda. After scalp
anesthesia with 2% lidocaine, the skull was surgically exposed
and stainless steel guide cannulas (length, 10 mm; outer diame-
ter, 0.6 mm; inner diameter, 0.4 mm) were bilaterally implanted
targeting the Cg1. Coordinates for cannula implantation (anterior/
posterior, +2.2 mm; lateral, 0.9 mm from the medial suture; ven-
tral, —2.0 mm from skull) were selected from the rat brain atlas of

Paxinos and Watson (2005). The cannula was fixed to the skull by
means of acrylic resin and two stainless steel screws. At the end
of the surgery, each guide cannula was sealed with a stainless
steel wire to prevent obstruction and the animals received an i.m.
injection of penicillin-G benzathine (Pentabiotic, 600,000 U in
volume of 0.2 ml; Fort Dodge, Brazil) and a s.c. injection of the
anti-inflammatory analgesic Banamine (flunixin meglumine, 2.5
mg/kg, in a volume of 0.2 ml). After the surgery, the rats were
placed again in their home cages in groups of four, similar to
before surgery.

Infusion procedure

Infusions were delivered via an infusion pump (Harvard Appara-
tus, Holliston, MA, USA) at a rate of 0.5 ul/min. A thin dental
needle (outer diameter, 0.3 mm) was introduced through each
guide cannula attached by polyethylene tubing to a 5 wl Hamilton
syringe (Reno, NV, USA). The injection needle extended 0.5 mm
below the ventral tip of the implanted guide cannula, and bilateral
infusions were conducted simultaneously. The displacement of an
air bubble inside the polyethylene tubing (PE-10; Becton-Dickin-
son, Franklin Lakes, NJ, USA) connecting the syringe to the
injection needle was used to monitor the microinjections. The
injection needles were left in place for 1 min after the end of the
infusion period to allow for diffusion.

Drug

The benzodiazepine midazolam (Roche Products Ltd., Sao Paulo,
Brazil) was dissolved in saline solution (0.9%) to the required
concentrations of 0.5 mg/ml and 5 ug/0.5 pl. Saline was used for
control injections. The drug was freshly prepared on the day of
testing and administered i.p. (0.5 mg/kg) 15 min prior to testing
(Experiment 1) or centrally (5 ug/side, bilaterally) into the Cg1 3
min prior to testing (Experiment 2). The selection of midazolam
doses and time of testing were based on previously published
studies (Albrechet-Souza et al., 2005, 2007; Anseloni and
Brandao, 1997; Cruz-Morales et al., 2002; Mello e Souza et al.,
1999; Shah and Treit, 2004).

Apparatus

The EPM comprised two open arms (50x10 cm?) and two closed
arms (50x10x50 cm?®) that extended from a common central
platform (10x10 cm?). The apparatus, constructed of wood, was
configured such that arms of the same type were opposite each
other, and the entire apparatus was elevated 50 cm from the floor
(Pellow et al., 1985). A raised edge, made of transparent Plexiglas
(1 cm) on the open arms, provided additional grip for the rats.

Procedure

All testing was conducted during the light phase of the light/dark
cycle, between 9:00 and 11:00 h. The apparatus was located
inside a room with ambient noise (50 dB). The animals’ behaviors
were recorded by a video camera (Everfocus, Sao Paulo, Brazil)
positioned above the maze, with the signal relayed to a monitor in
another room via a closed circuit television camera. Luminosity at
the level of the open arms was 30 lux. The rats were placed
individually in the center of the maze facing a closed arm and
allowed 5 min of free exploration. Videotapes were subsequently
scored by an experienced observer who was blind to the treatment
conditions using the observer ethological analyses software (Nol-
dus, Amsterdam, The Netherlands). This software allowed the
measurement of the number of entries into and time spent on each
part of the maze and the frequency of risk assessment behaviors.
An arm entry or exit was defined as all four paws entering into or
out of a section, respectively, and risk assessment behaviors were
defined by the following behaviors: when the animal stretched its
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head/shoulders from the closed arms to the central platform
(peeping out) or stretched to its full length with its forepaws,
keeping its hind paws in the same place, and turning back to the
anterior position (stretched-attend posture) or cautiously moving
forward (flat-back approach) (Albrechet-Souza et al., 2007
Anseloni and Brandao, 1997).

Experiment 1—Effects of midazolam on the neural substrate
of fear in naive or maze-experienced rats subjected to the EPM.
Thirty-two rats that did not undergo surgery were randomly allo-
cated to two different conditions: Test session (16 test-naive rats
received either saline or midazolam, 0.5 mg/kg i.p., 15 min follow-
ing treatment, animals were individually exposed to the EPM for 5
min); Retest session (16 test-naive rats were initially pre-exposed,
undrugged, to the EPM for 5 min and returned to their home cage).
Twenty-four hours later, these maze-experienced subjects re-
ceived either saline or midazolam (0.5 mg/kg i.p.), and 15 min later
they were re-exposed to the EPM for 5 min.

Two hours after the EPM test, the animals were deeply an-
aesthetized with chloral hydrate (500 mg/kg i.p.) and intracardially
perfused with 0.1 M phosphate-buffered saline (PBS) followed by
4% paraformaldehyde in 0.1 M PBS (pH 7.4). Brains were re-
moved and immersed for 2 h in paraformaldehyde and then stored
for at least 48 h in 30% sucrose in 0.1 M PBS for cryoprotection.
Brains were quickly frozen in isopentane (—40 °C) and sliced in a
cryostat (—19 °C). To keep the experimental conditions similar for
all animals, the incubations had brain slices of each structure
analyzed in this study.

Fos protein immunohistochemistry

Thick brain slices (40 wm) were collected in 0.1 M PBS and
subsequently processed free-floating according to the avidin—
biotin system using the Vectastain ABC Elite peroxidase rabbit
1gG kit (Vector, USA). All reactions were carried out under agita-
tion at 23+1 °C. The sections were first incubated with 1% H,O,
for 10 min, washed four times with 0.1 M PBS (5 min each), and
incubated overnight with the primary Fos rabbit polyclonal 1gG
(Santa Cruz Biotechnology, Santa Cruz, CA, USA) at a concen-
tration of 1:2000 in 0.1 M PBS enriched with 0.2% Triton-X and
0.1% bovine serum albumin (BSA; PBS+). Sections were again
washed three times (5 min each) with 0.1 M PBS and incubated
for 1 h with secondary biotinylated anti-rabbit IgG (H+L; Vec-
tastain, Vector) at a concentration of 1:400 in PBS+. After another
series of three 5 min washes in 0.1 M PBS (A and B solution ABC
kit, Vectastain, Vector), the sections were incubated for 1 h with
the avidin—Dbiotin-peroxidase complex in 0.1 M PBS at concentra-
tion of 1:250 in 0.1 M PBS and then were washed again three
times in 0.1 M PBS (5 min each). Fos immunoreactivity was
revealed by the addition of the cromogen 3,3’-diaminobenzidine
(DAB, 0.02%, Sigma, USA) to which hydrogen peroxide (0.04%)
was added before use. To conclude, tissue sections were washed
twice with 0.1 M PBS.

Tissue sections were mounted on gelatin-coated slides and
dehydrated and cells were counted under bright-field microscopy.
The nomenclature and nuclear boundaries were based on the
atlas of Paxinos and Watson (2005). Fos-positive neurons were
visualized as a brown reaction product inside the nuclei. Darker
objects with areas between 10 and 80 um? were identified and
automatically counted by a computerized image analysis system
(Image-Pro Plus 6.2, Media Cybernetics, Bethesda, MD, USA)
according to the method used in previous studies (Albrechet-
Souza et al., 2008; Borelli et al., 2006). Briefly, tissue sections
were observed using a light microscope (Olympus BX-50)
equipped with a video camera module (Hamatsu Photonics
C2400) and coupled to the computerized image analysis system
indicated above. Counting of Fos-positive neurons was performed
using a 10X objective at 100X magnification in one field per area
encompassing the entire brain region included in the quantifica-

tion. An area of the same shape and size per brain region was
used for each rat. The system was calibrated to ignore back-
ground staining. All brain regions were bilaterally counted and the
mean was calculated for each structure. The analyzed brain re-
gions and their respective anterior/posterior coordinates (from
bregma; Paxinos and Watson, 2005) were the following: prelimbic
cortex (PrL) and infralimbic cortex (IL, +3.00 mm); Cg1, cingulate
cortex, area 2 (Cg2) and secondary motor cortex (M2, +1.44 mm
to +1.08 mm); anterior hypothalamus central (AHC), para-
ventricular hypothalamic nucleus, lateral magnocellular(PaLM),
and paraventricular hypothalamic nucleus, medial parvicellular
(PaMP) (—1.92 mm); basolateral amygdaloid nucleus (BLA), me-
dial amygdaloid nucleus (MeA), and central amygdaloid nucleus
(CeA) (—2.40 to —2.64 mm); CA1 subregion of the hippocampus
(CA1), CA2 subregion of the hippocampus (CA2), and CA3 sub-
region of the hippocampus (CA3) (—2.64 to —3.00 mm); dorso-
medial hypothalamus (DMH, —3.00 mm); dorsal premammillary
nucleus (PMD, —3.96 mm); dorsomedial periaqueductal gray
(DMPAG), dorsolateral periaqueductal gray (DLPAG), and lateral
periaqueductal gray (LPAG, —7.20 to —7.56 mm); dorsal raphe
nucleus (DRN, —7.80 to —8.04 mm); ventrolateral periaqueductal
gray (VLPAG) and median raphe nucleus (MnR, —7.80 to —8.16
mm); central inferior colliculus (CIC) (—8.04 to —8.40 mm); locus
coeruleus (LC, —9.60 to —9.72 mm). Nuclei were counted indi-
vidually and expressed as the number of Fos-positive cells per 0.1
mm?2. Fos-positive cells were counted by one of us who were blind
to the groups.

Experiment 2—Behavioral effects of midazolam injections
into the Cg1. Forty rats with guide cannulas implanted into the
Cg1 were randomly allocated to two different conditions: Test
session (20 test-naive rats received either saline or midazolam, 5
rg/0.5 pul, bilaterally into the Cg1; 3 min following treatment,
animals were individually exposed to the EPM for 5 min), Retest
session (20 test-naive rats were initially pre-exposed, undrugged,
to the EPM for 5 min and returned to their home cage). Twenty-
four h later, these maze-experienced subjects received either
saline or midazolam (5 ng/0.5 wl) into the Cg1 and 3 min later
were re-exposed to the EPM for 5 min.

Histology

Upon completion of the experiments, the animals were given a
lethal dose of chloral hydrate (500 mg/kg i.p.) and perfused tran-
scardially with 0.9% saline followed by buffered 10% formalin.
Brains were removed from the skulls, maintained in formalin so-
lution for 2 h, and cryoprotected in 30% sucrose for at least 48 h.
Serial 60 um coronal brain sections were cut using a cryostat
(=19 °C), mounted on gelatin-coated slides, and stained with
Cresyl Violet (5%; Sigma Aldrich, St. Louis, MO, USA) to localize
the positions of the microinjection sites according to the atlas of
Paxinos and Watson (2005). The microinjection sites were eval-
uated by microscopic examination. Nine rats were deemed to
have inappropriate placements of one or both cannulas.

Statistical analysis

Behavioral data and the number of Fos-positive neurons are
expressed as mean+=SEM and were analyzed by two-way anal-
ysis of variance (ANOVA), with treatment (saline and midazolam)
and session (test and retest) as independent factors. Duncan’s
test was performed if significant F-values were obtained in the
ANOVA. Values of P<0.05 were considered statistically significant.

RESULTS
Experiment 1

The effects of saline and midazolam (0.5 mg/kg i.p.) on
exploratory behavior in naive or maze-experienced rats
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Fig. 1. Effects of saline or midazolam (0.5 mg/kg i.p.) on exploratory
behavior in rats subjected to a test or retest session in the EPM. (A)
Number of entries into the open arms of the maze; (B) number of
entries into the closed arms of the maze; (C) percentage of time spent
on the open arms in relation to total; (D) frequency of risk assessment
behaviors. Values are expressed as mean+SEM (n=8 in each group).
* P<0.05, different from the saline group in the same session (ANOVA
followed by Duncan’s test).

subjected to the EPM are shown in Fig. 1. Two-way
ANOVA revealed significant effects of treatment and ses-
sion and treatmentXsession interaction on open arms en-

tries (F, ,5=4.49, 25.10, and 5.35, respectively, P<0.05 in
all cases) and percentage of time spent on the open arms
(F126=8.01, 21.15, and 7.34, respectively, P<0.05 in all
cases). Treatment also produced significant effects on the
frequency of risk assessment behavior (F;,g=11.29,
P<0.05). Significant effects were not detected on closed
arms entries (F,; ,3=0.03, 2.07, and 1.13 for treatment,
session, and treatmentXsession interaction, respectively,
P>0.05 in all cases). Post hoc analyses revealed an in-
crease in the number of entries into and time spent on the
open arms in the naive group injected with midazolam. The
benzodiazepine decreased the frequency of risk assess-
ment behaviors in both conditions.

Histograms with the mean number of Fos-positive neu-
rons in naive or maze-experienced rats treated with saline
or midazolam (0.5 mg/kg i.p.) and subjected to the EPM
are presented in Figs. 2, 3 and 4. Representative photomi-
crographs illustrating Fos immunoreactivity in the Cg1 are
shown in Fig. 5. Two-way ANOVA revealed significant
effects of treatment and session and treatmentXsession
interaction in the PrL (F, ,,=7.11, 6.53, and 4.82, respec-
tively, P<0.05 in all cases), BLA (F; ,,=6.42, 11.33, and
5.39, respectively, P<0.05 in all cases), CeA (F; 4=
11.17, 4.14, and 10.12, respectively, P<0.05 in all cases)
and DMH (F, ,¢=7.56, 6.83, and 4.78, respectively,
P<0.05 in all cases), significant effects of treatment and
session in the Cg1 (F,; ,,=9.08 and 5.74, respectively,
P<0.05 in both cases), IL (F; ,3=4.40 and 6.65, respec-
tively, P<<0.05 in both cases) and Cg2 (F, ,,=5.21 and
6.84, respectively, P<<0.05 in both cases) and a significant
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Fig. 2. Number of Fos-immunoreactive neurons in telencephalic
structures after EPM exposure in rats injected with saline or midazo-
lam (0.5 mg/kg i.p.) and subjected to a test or retest session. Data are
expressed as mean=SEM of Fos-positive neurons in 0.1 mm? area of
tissue in the indicated structure. * P<<0.05, compared with the saline
group in the same session; # P<0.05, compared with the correspond-
ing group in the test session (ANOVA followed by Duncan’s test).
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Fig. 3. Number of Fos-immunoreactive neurons in hypothalamic nu-
clei after EPM exposure in rats injected with saline or midazolam (0.5
mg/kg i.p.) and subjected to a test or retest session. Data are ex-
pressed as mean+SEM of Fos-positive neurons in 0.1 mm? area of
tissue in the indicated nucleus. * P<0.05, compared with the saline
group in the same session; # P<0.05, compared with the correspond-
ing group in the test session (ANOVA followed by Duncan’s test).

effect of treatment in the AHC (F, ,,=4.53, P<0.05), PMD
(F1.10=5.89, P<0.05), DRN (F,,3=5.18, P<0.05) and
MnR (F; »,3=6.54, P<0.05). No significant effects of treat-
ment and session and no treatmentXsession interaction
on Fos immunoreactivity were detected in the M2, CA1,
CA2, CA3, MeA, PaMP, PaLM, DMPAG, DLPAG, LPAG,
VLPAG, CIC, and LC. Post hoc comparisons revealed that
the maze-experienced animals treated with saline, com-
pared with naive rats that received the same treatment,
showed a significant increase in Fos protein expression in
telencephalic structures, such as the PrL, IL, Cg2, BLA,
and CeA. When injected before the test session, midazo-
lam reduced Fos protein expression in the Cg1, AHC and
PMD, and when injected before the retest session, mida-
zolam reduced Fos protein expression in the Cg1, Cg2,
PrL, IL, BLA, CeA, DMH, DRN and MnR.

Experiment 2

Diagrammatic representation of the saline and midazolam
injection sites and a photomicrograph showing a represen-
tative bilateral injection site in the Cg1 are presented in Fig.
6. The effects of saline and midazolam (5 ng/0.5 wl) in-
jected bilaterally into the Cg1 on exploratory behavior in
naive or maze-experienced rats subjected to the EPM are
depicted in Fig. 7. Two-way ANOVA revealed significant
effects of treatment and session and treatmentXxsession
interaction on open arms entries (F, ,,=11.13, 41.67, and
11.87, respectively, P<<0.05 in all cases) and percentage

of time spent on the open arms (F, ,,=15.45, 33.01, and
8.51, respectively, P<0.05 in all cases). Treatment also
produced significant effects on the frequency of risk as-
sessment behaviors (F, ,;=10.56, P<0.05). Significant
effects were not detected on closed arms entries (F; »,=
1.25, 0.07, and 0.30 for treatment, session, and treat-
mentXsession interaction, respectively, P>0.05 in all
cases). Post hoc analyses revealed an increase in the
number of entries into and time spent on the open arms in
the naive group injected with midazolam. Additionally, the
benzodiazepine decreased the frequency of risk assess-
ment behaviors in both conditions.

DISCUSSION

Systemic injections of midazolam before the first exposure to
the EPM caused a selective increase in the number of entries
into and time spent on the open arms of the maze. No
significant effects were detected in closed arms entries.
These effects in the traditional categories were not observed
when midazolam was injected before the retest session, con-
firming several reports in the literature showing the ineffec-
tiveness of benzodiazepines in this condition (Albrechet-
Souza et al., 2005, 2007, 2008; Cruz-Morales et al., 2002;
Carvalho et al., 2005; File, 1990; File et al., 1993; File and
Zangrossi, 1993; Lister, 1987; Holmes and Rodgers, 1998).
These results, however, do not necessarily suggest that the
drug does not produce any anxiolytic-like effects during re-
exposure to the maze. In fact, risk assessment behaviors
were sensitive to the benzodiazepine during both sessions.
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Fig. 4. Number of Fos-immunoreactive cells in brainstem structures
after EPM exposure in rats injected with saline or midazolam (0.5
mg/kg i.p.) and subjected to a test or retest session. Data are ex-
pressed as mean+SEM of Fos-positive neurons in 0.1 mm? area of
tissue in the indicated structure. * P<<0.05, compared with the saline
group in the same session (ANOVA followed by Duncan’s test).
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Fig. 5. Representative photomicrographs illustrating Fos immunoreactivity in the Cg1 of rats treated with saline or midazolam (0.5 mg/kg i.p.) and
subjected to the test or retest session in the EPM. Dark dots are Fos-positive neurons Cg1. Bar represents 200 um in all photomicrographs. For
interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.

These behaviors have proven extremely valuable in identify-
ing anxiolytic-like actions of drugs not detected by conven-
tional scoring methods (Cole and Rodgers, 1994; Griebel et
al., 1997; Setem et al., 1999).

During the first exposure, the benzodiazepine attenu-
ated the conflict resulting from approach/avoidance diver-
gence, increasing the approach component of the behav-
ioral response. During the retest, the conflict is reduced
given that the animal has already acquired spatial informa-
tion about the EPM, and the avoidance predominates (Al-
brechet-Souza et al., 2007; Rodgers and Shepherd, 1993).
A factor analysis reported in a previous study showed that
risk assessment behaviors became more important in the
retest session once that they loaded in a more prominent
factor compared with the test session (Albrechet-Souza et
al., 2008). These behaviors reinstate information process-
ing initiated during the first experience, and the detection of
the danger generates stronger open arm avoidance. More-
over, the high level of corticosterone observed in the ani-
mals during the retest session is strong evidence that they
are under the influence of a stressful situation, and this
hormonal measure is also sensitive to midazolam (Albre-
chet-Souza et al., 2007).

In a recent study, we sought to provide an anatomically
detailed and quantitative assessment of the brain struc-
tures activated during the test and retest sessions in the
EPM using Fos immunoreactivity (Albrechet-Souza et al.,
2008). Compared with a control group not exposed to the
EPM, rats subjected to the test or retest sessions showed
a distinct pattern of Fos protein distribution. The first ex-
posure to the maze caused an activation of essentially
limbic structures, whereas the retest session recruited ar-
eas involved in more cognitive aspects of fear modulation,
such as cortical areas and amygdala. In the present study,
midazolam showed a distinct pattern of action when in-
jected before the test or retest sessions. Naive rats treated
with the benzodiazepine exhibited a significant decrease in
the number of Fos-positive neurons in the Cg1, AHC and
PMD. These results indicate that these structures may play
an important role in the anxiolytic-like effects of benzodi-
azepines in the EPM.

Behavioral studies corroborate the possibility that the
mPFC exerts a marked influence on the expression of de-
fensive responses (Siegel and Chabora, 1971; Siegel et al.,
1974).

Additionally, a functional magnetic resonance imaging
study in humans showed that the mPFC has a key partic-
ipation in the controllability of fear states engendered by
activation of more caudal structures (Mobbs et al., 2007).
In this respect, it may be assumed that Cg1 plays a crucial
role in initiation, motivation and goal-directed behaviors
(Devinsky et al., 1995) and may be a central area involved
in the organization of these behaviors in the EPM. More-
over, a number of studies have shown that the mPFC
provides important projections to the AHC and PMD (Brit-
tain, 1988; Comoli et al., 2000). These hypothalamic nuclei
act in concert with the ventromedial hypothalamic nucleus
to form the medial hypothalamic zone, which integrates
innate defensive responses to environmental threats (Can-
teras, 2002). Chemical lesions of caudal regions of this
zone significantly impair the expression of spontaneous
defensive behavior in animals confronted with a predator,
suggesting that the medial hypothalamic zone is essential
for the expression of behavioral responses to environmen-
tal threats (Canteras et al., 1997). Moreover, PMD electro-
Iytic lesions alter the risk assessment behavior in rats
submitted to the EPM (Blanchard et al., 2003).

When injected in maze-experienced rats, midazolam
prevented the increase of Fos-positive neurons in the Cg1,
Cg2, PrL, IL, BLA, CeA, DMH, DRN and MnR seen in
those submitted to the test session only. In view of that the
Cg1 was the only structure targeted by midazolam during
the test and retest sessions, we further injected the ben-
zodiazepine bilaterally into this area before both condi-
tions. The benzodiazepine altered the traditional behaviors
only in naive rats, increasing the number of open arm
entries and the time spent on these arms without changing
motor activity in the closed arms. Consistent with these
results, Shah and Treit (2004) showed that the mPFC may
be an important region for mediating the anxiolytic-like
effects of benzodiazepines in naive rats subjected to the
EPM. In the same way of systemic injections, midazolam
intra-Cg1 decreased the frequency of risk assessment
behaviors in both naive and maze-experienced rats. These
findings indicate that Cg1 is a pivotal structure involved in
the anxiolytic-like effects of benzodiazepines, although
the behavioral strategy adopted by the animals during the
retest session depends on their previous knowledge of the
threatening environment. Thus, the benzodiazepines re-
tain their anxiolytic-like effects upon re-exposure of the rats
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Fig. 6. (A) Photomicrograph of a coronal brain section showing bilat-
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Fig. 7. Effects of intra-Cg1 saline or midazolam (5 wng/0.5 ul) on
exploratory behavior of rats subjected to a test or retest session in the
EPM. (A) Number of entries into the open arms of the maze; (B)
number of entries into the closed arms of the maze; (C) percentage of
time spent on the open arms in relation to total; (D) frequency of risk
assessment behaviors. Values are expressed as mean+SEM (n=6—
9). * P<0.05, different from the saline group in the same session
(ANOVA followed by Duncan’s test).
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to the EPM, and the only noticeable difference between the
sessions is that the traditional measures are not prominent
enough during the second exposure because risk assess-
ment behaviors predominate. Supporting this assertion,
the introduction of conflict-generating elements during the
re-exposure reinstates the effects of benzodiazepines on
the traditional behaviors (Pereira et al., 1999).

Alternatively, a putative argument for the ineffective-
ness of benzodiazepines on the traditional behaviors of
maze-experienced rodents may be the desensitization of
benzodiazepine receptors in the Cg1 during the first expo-
sure to the maze. Consistent with this possibility, a previ-
ous stressor, such as a brief restraint, has been shown to
decrease the efficacy and potency of GABA to stimulate
Cl™ flux in cerebral cortical membranes (Martijena et al.,
1997). However, the effects of intra-Cg1 injections of mi-
dazolam on risk assessment behaviors displayed during
both the test and retest sessions conflict with this notion.

Among the brain structures sensitive to midazolam
during the retest session, the amygdala has been reported
to be important in paradigms of memory, especially those
related to aversive conditioning (Paré et al., 2004; Maren,
2008). Furthermore, strong evidence suggests that the
input from the ventral mPFC (PrL and IL) to the CeA is an
important axis for controlling the extinction of conditioned
fear (Sierra-Mercado et al., 2006). The DMH receives in-
puts from the amygdala (Bernardis and Bellinger, 1987;
LeDoux et al., 1988) and plays an important role in phys-
iological defense responses (Keim and Shekhar, 1996).
Lesions of this nucleus did not change the avoidance
component of exploratory behavior in the EPM (File et al.,
1999). The DRN is the major 5-HT innervation of the
amygdala (Parent et al.,, 1981), and these serotonergic
neurons appear to exert opposing actions on learned and
innate fear (Maier et al., 1994), whereas MnR 5-HT neu-
rons appear to be crucial for the expression of freezing in
response to contextual cues (Avanzi et al., 1998; Avanzi
and Brandao, 2001).

The structures surveyed that showed no change in Fos
expression were the M2, the dorsal hippocampus, the
paraventricular hypothalamic nucleus (PVN) and more
caudal areas, such as the periaqueductal gray columns
(DMPAG, DLPAG, LPAG, and VLPAG), CIC and LC. The
fact that Fos expression remained unchanged in the M2, a
cortical area adjacent to the Cg1, in midazolam-treated
animals is an additional evidence for the region-specific
anxiolytic-like effects of midazolam on Cg1. In relation to
the hippocampus, evidences indicate that the dorsal as-
pects may be more involved in memory-related functions,
whereas the ventral aspects may specialize in anxiety-
related functions (Bannerman et al., 2004). Corroborating
this hypothesis, the fact that Fos expression in the dorsal
hippocampus was unchanged by midazolam suggests that
the dose used in the present study did not affect memory
consolidation between sessions, and the animal recog-
nized the EPM during the retest session. Previous studies
have demonstrated no significant effects of midazolam
injections into the dorsal hippocampal in rats subjected to
test and retest sessions in the EPM (Gonzalez et al.,

1998), and lesions of this structure had no effects on any
standard behavioral category in the EPM (Treit and Men-
ard, 1997). Regarding the PVN, we have shown recently
that the same dose of midazolam that decreased plasma
corticosterone levels (Albrechet-Souza et al., 2007) did not
change Fos expression in this nucleus in the present
study. Similarly, Medeiros et al. (2005) showed that diaz-
epam did not change Fos expression in the PVN of mice
subjected to immobilization stress. A possible explanation
to the discrepancy between the drug effects on Fos ex-
pression and corticosterone secretion is that midazolam
may inhibit the hypothalamic-pituitary-adrenal axis by act-
ing at the level of the pituitary. Peripheral-type of benzo-
diazepine receptors have been found in the mammalian
pituitary gland, in both anterior and intermediate lobes, as
revealed by receptor binding and autoradiographic tech-
nigues (Anderson and Mitchell, 1994; Brown and Martin,
1984; De Souza et al., 1985).

The periaqueductal gray has been linked to a state of
fear elicited by immediate threats, such as the presence of
a predator, and controls behaviors sensitive to drugs that
are panicolytic and not only anxiolytic (Blanchard et al.,
1997; Borelli et al., 2004). Indeed, electrical stimulation of
the dorsal periaqueductal gray in animals induces strong
behavioral activation and causes objective and subjective
manifestations that resemble a panic attack in humans
(Amano et al., 1978; Graeff, 1997; Nashold et al., 1969).
De Luca-Vinhas et al. (2006) showed that intra-VLPAG
injections of midazolam did not cause the usual anxiolytic-
like effects in rats subjected to the EPM. That the dorsal
periaqueductal gray activation was not significantly af-
fected by midazolam was surprising, because benzodiaz-
epines injected directly into this structure have anxiolytic-
like effects in the EPM (Motta and Brandao, 1993; Russo
et al., 1993). Other studies on this subject have also re-
ported inconclusive results. Thus, systemic injections of
diazepam reduced the anxiety-like behavior of rats in a
conditioned contextual fear paradigm, but did not affect the
Fos expression in the periaqueductal gray (Beck and
Fibiger, 1995). Although the defensive behavioral re-
sponses were sensitive to midazolam, this treatment failed
to affect the cat odor-induced Fos expression in the PVN
and in the periaqueductal gray (McGregor et al., 2004). An
explanation usually given when the results of Fos and
behavioral studies do not match is that neither c-fos nor
any other immediate early gene may provide a marker for
cells presented with net inhibitory synaptic or transcrip-
tional stimuli and the lack of inhibition of Fos expression
does not necessarily preclude involvement of any cell
group in a functional circuit (Chan et al., 1993; Imaki et al.,
1995).

In summary, systemic injections of midazolam in the
present study produced the usual pattern of exploratory
behavior in the EPM, increasing exploratory activity of
naive rats in the open arms and producing no effects in
these traditional behaviors in rats re-exposed to the maze.
Risk assessment behaviors, however, were sensitive to
the benzodiazepine during both sessions, indicating anx-
iolytic-like effects of the drug in both conditions. The Fos
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immunohistochemistry study showed that midazolam had
a distinct pattern of action when injected before the test or
retest session, and the Cg1 was the only structure targeted
by the benzodiazepine in both situations. Bilateral intra-
Cg1 infusions of midazolam replicated the behavioral ef-
fects of the dug injected systemically, suggesting that this
area is critically involved in the anxiolytic-like effects of
benzodiazepines, although the behavioral strategy ad-
opted by the animals upon re-exposure to the maze ap-
pears to depend on previous knowledge of the threatening
environment.
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