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RESUMO

O receptor do peptideo liberador de gastrina (GRPR) vem sendo relacionado a doengas
do sistema nervoso central, incluindo desordens do desenvolvimento neurolégico associadas
ao autismo. No presente estudo, analisamos os efeitos do bloqueio do GRPR duramte o
periodo neonatal em medidas comportamentais relevantes em modelos animais de desordens
do desenvolvimento neurologico. Ratos Wistar machos receberam injegdes intraperitoneais
(i.p) de salina (SAL) ou do antagonista do GRPR [D-Tpi6, Leu" psi(CHzNH)-LeuM]
bombesina (6-14) (RC-3095; 1 ou 10 mg/kg) duas vezes ao dia, do primeiro ao décimo dias
de vida. Os animais tratados com RC-3095 demonstraram déficits pronunciados em interacao
social quando testados no periodo de 30-35 dias de idade. Prejuizos na retengdo da memoria
24h apo6s o treino em ambas as tarefas; de reconhecimento do objeto novo (RON) e de esquiva
inibitoria, foram demonstrados quando os animais foram testados aos 60-71 dias de idade. O
bloqueio neonatal do GRPR ndo afetou o comportamento em teste de memoria de curta
duracdo, 1,5h apds o treino, tampouco o comportamento em campo aberto. As implicagdes
desses achados em modelos animais de desordens do desenvolvimento neuroldgico sio

discutidas.

Palavras-chave: Peptideo semelhante a Bombesina, Receptor do Peptideo Liberador de
Gastrina, Rc-3095, Comportamento Social, Memoria, Desordens do Desenvolvimento

neurologico.
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ABSTRACT

The gastrin-releasing peptide receptor (GRPR) has been implicated in central nervous
system diseases, including neurodevelopmental disorders associated with autism. In the
present study we examined the effects of GRPR blockade during the neonatal period on
behavioral measures relevant to animal models of neurodevelopmental disorders. Male Wistar
rats were given an intraperitoneal (i.p.) injection of either saline (SAL) or the GRPR
antagonist [D-Tpi6, Leu" psi(CHzNH)-LeuM] bombesin (6-14) (RC-3095; 1 or 10 mg/kg)
twice daily for 10 days from postnatal days (PN) 1 to 10. Animals treated with RC-3095
showed pronounced deficits in social interaction when tested at PN 30-35 and impaired 24-h
retention of memory for both novel object recognition (NOR) and inhibitory avoidance tasks
tested at PN 60-71. Neither short-term memory tested 1.5 h posttraining nor open field
behavior were affected by neonatal GRPR blockade. The implications of the findings for

animal models of neurodevelopmental disorders are discussed.

Keywords: Bombesin-like peptides; Gastrin-releasing peptide receptor; RC-3095; Social

behavior; Memory; Neurodevelopmental disorders
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2. APRESENTACAO DO TEMA

2.1 Introducao

O peptideo liberador de gastrina (GRP) esta presente no sistema digestorio, sendo
liberado por células G do antro gastrico. Recentemente, muitas linhas de evidéncia tém
indicado que o peptideo liberador de gastrina (GRP) e seu receptor (GRPR) estdo distribuidos
por todo o sistema nervoso central e periférico de mamiferos, estimulando a proliferacdo
celular, revelando abrangéncia em atividades neuroendécrinas e agindo como um fator de
crescimento na patogenia de muitos tipos de canceres humanos. Além disso, esse peptideo
parece estar envolvido em alteracdes neuroquimicas associadas com algumas desordens
psiquidtricas e neurologicas.

Estudos farmacologicos e genéticos em roedores t€ém demonstrado que GRPRs em
areas cerebrais, como hipocampo dorsal e amigdala, estdo importantemente envolvidos na
regulacdo da plasticidade sinaptica e em aspectos do comportamento que devem estar

alterados em desordens como ansiedade, esquizofrenia, depressdo, autismo e deméncia.

Alteragdes no funcionamento ou nos niveis de GRP e de seu receptor podem ocorrer
em diversas fases da vida. Entretanto, doencas associadas ao desenvolvimento, como o
autismo, normalmente se desenvolvem nos primeiros trés anos de vida, e podem estar
relacionadas com alguma anormalidade do peptideo e/ou de seu receptor nesse periodo ou, até
mesmo, na fase neonatal.

Nesse contexto, propomos o estudo “Efeitos do Tratamento Neonatal com o
Antagonista do Receptor do Peptideo Liberador de Bombesina, 0 RC-3095, sobre

Parametros Comportamentais em Ratos Adultos”. Neste, procurou-se analisar se o
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bloqueio deste receptor durante o desenvolvimento seria capaz de induzir alteracdes em
parametros comportamentais incluindo comportamento social, locomog¢do, aprendizado e
memoria. Evidéncias da correlagdo entre tais alteracdes com desordens neurologicas,
psiquiatricas e com doengas neurodegenerativas proporcionam o desenvolvimento de métodos
possivelmente mais efetivos no tratamento de doengas. Além disso, pode ser possivel

estabelecer quais as causas que podem e devem ser consideradas na analise dessas patologias.

2.2. Peptideo Bombesina: Caracterizaciao

O peptideo Bombesina (BB) ¢ um dos peptideos ativos purificados da pele de anfibios
espécie Bombina bombina (Anastasi et al., 1973). Esse peptideo ¢ composto por 14
aminoacidos, e muitos outros relacionados estruturalmente a bombesina foram isolados da
pele de anfibios e divididos em trés grupos: familia Bombesina; a qual inclui a Bombesina e
Alitensina; familia Ranatensina, que inclui Ranatensina, Litorina e seus derivados e a familia
Phyllolitorina (Erspamer et al., 1984). O primeiro peptideo semelhante a Bombesina em
mamiferos foi isolado de tecidos gastricos e denominado peptideo liberador de gastrina ou
GRP (Gastrin Releasing Peptide), devido a sua potente inducdo da liberagdo de gastrina (Mc
Donald et al., 1979). Alguns estudos demonstraram que seu efeito farmacologico estende-se a
varios aspectos fisiologicos: agdo hipertensiva, efeitos contrateis em utero, cdlon ou ileo, agdo
estimuladora na secre¢do gastrica, efeito hiperglicEmico ou aumento na secrecdo de insulina
(Erspamer, et. al., 1970). Moody ¢ cols (1978), em estudos embrionarios, investigando a
presenga de sitios de ligacdo de BB no sistema nervoso central (SNC), demonstraram que a
bombesina liga-se com alta afinidade em membrana cerebral de ratos e que as mais altas

densidades de sitios de ligacdes especificos a bombesina localizavam-se no hipocampo, uma
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area cerebral criticamente envolvida na plasticidade siniptica, memoéria e desordens
neuropsiquiatricas tais como esquizofrenia e doenca de Alzheimer. Além disso, através da
utilizagdo de técnicas de radioimunoensaio, foi evidenciada a ocorréncia endogena de
peptideos semelhantes & bombesina em cérebros de ratos. Areas cerebrais com altas
concentragdes de peptideos bombesina incluiram o nticleo do trato solitario (NTS), amigdala e
hipocampo (Moody & Pert, 1979; 1981). A distribuicao de corpos neuronais e fibras nervosas
contendo peptideos bombesina em cérebro ¢ medula espinhal vem sendo densamente descrita

(Moody & Merali, 2004).

2.3. O GRP e sua Distribuicao no SNC

Estudos anteriores descreveram que o peptideo correspondente a bombesina em
cérebro de mamiferos era o peptideo liberador de gastrina (GRP). O GRP possui His-Leu-Met
em sua regido C-terminal e ¢ funcionalmente e estruturalmente relacionado a bombesina (Mc
Donald et al., 1979; Cullen et al., 2000). Tal peptideo, composto por 27 aminoacidos, ¢é
sintetizado como um precursor com 148 aminoacidos (PreproGRP) no nicleo dos neurénios
e, subsequentemente, metabolizado pos-tradugdo (Spindel et al., 1984; Leback-Verheyden et
al., 1988; Spindel et al., 1990). Estudos de hibridizagdo in situ avaliando a distribui¢do do
GRP em cérebro de ratos demonstraram altos niveis de mRNA para GRP na area amigdalo-
hipocampal, giro denteado, nucleo do trato solitario, nicleo supraquiasmatico e medial
predptico do hipotalamo e camadas II e III do isocortex (Wada et al., 1990).

A neuromedina-B (NMB) corresponde a um peptideo similar ao GRP, contendo His-
Phe-Met em sua por¢do C-terminal. Entretanto, ambos os peptideos compartilham apenas
48% de identidade em niveis de nucleotideos e estdo localizados em diferentes cromossomos

(GRP cromossomo 18; NM(B) cromossomo 15). A NM(B) também ocorre em cérebro de
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mamiferos (Battey e Wada, 1991; Minamino et al., 1983;1984; Moody et al., 2004;), por
outro lado, em cérebro de ratos 0 mRNA de GRP ¢ mais abundante que o0 NM(B) mRNA,
GRP e NM(B) apresentam diferentes padrdes de distribuicdo (Chronwall et al., 1985; Wada et

al., 1990; Moody & Merali, 2004).

2.4. Receptores GRP no SNC

O GRPR ¢ um membro da superfamilia de receptores acoplados a proteina G,
contendo sete dominios transmembrana e 348 aminoacidos. Estudos utilizando técnicas de
autoradiografia in vitro indicaram que aquelas areas que contém altas densidades de GRPRs
incluem o bulbo olfatério, nicleo accumbens, caudado- putdmen, amigdala central, formacao
hipocampal dorsal (area CA3 e giro denteado) bem como os nucleos taldmicos
paraventricular, central medial e paracentral (Wolf et al., 1983; Wolf e Moody,1985; Zarbin et
al., 1985; Moody et al., 2004). Estudos de hibridizagdo in situ revelaram a presenca de mRNA
para GRPR em éareas cerebrais incluindo o giro denteado, camada II do isocortex, trato

olfatério, ganglios da base e hipotalamo (Battey & Wada, 1991; Moody et al., 2004).

2.4.1 Alteracoes no Sistema GRP/GRPR em Pacientes com Transtornos Psiquiatricos,

Neurodegenerativos e do Desenvolvimento Neurologico

Embora a causa da disfun¢@o do receptor do peptideo liberador de gastrina (GRPR)
em desordens do SNC ainda nao tenha sido estabelecida, alteragdes nos niveis do peptideo
liberador de gastrina ou na fun¢do do GRPR tém sido observadas em pacientes com desordens

psiquiatricas, neurodegenerativas ¢ no desenvolvimento do sistema nervoso. Pacientes com
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doencas relacionadas ao SNC demonstraram niveis alterados no numero de neuropeptideos
(Gerner & Yamada, 1982; 1985; Bissette et al., 1985; Nemeroff et al., 1989) Entretanto, ainda
ndo esta claro o significado daquelas alteragdes para a patofisiologia das doengas do SNC. E
possivel que uma redugdo dos niveis do GRP em pacientes psiquidtricos altere a atividade
regulatoria daqueles peptideos em fungdes do SNC, contribuindo assim, para manifestacdes
clinicas significativas. A concentragdo de GRP demonstrou estar significativamente reduzida
no nucleo caudado e globo palido de pacientes com doenga de Parkinson (Bissette et al.,
1985). Em contrapartida, Stoddard e cols (1991) nd3o encontraram alteracdes em
imunoreatividade de GRP em tecido adrenal medular de pacientes com doenga de Parkinson,
embora a concentragdo de outros neuropeptideos (por exemplo; neuropeptideo Y, substancia
P, peptideo vasoativo intestinal e [Met]encefalina) estivessem diminuidas. Os niveis do
peptideo semelhante & bombesina também estdo reduzidos na urina (Olincy et al., 1999) e no
fluido cerebroespinhal (FCS) (Gerner et al., 1985) de pacientes com esquizofrenia. Além
disso, tém-se proposto que alteracdes nos niveis de GRPR no SNC humano devem estar
envolvidas na anorexia, bulimia nervosa e transtornos de humor (Merali et al., 1999; Frank et
al., 2001). Em contrapartida, Gerner ¢ Yamada (1982) demonstraram a existéncia de
imunoreatividade normal de BB no fluido cerebroespinhal de pacientes com anorexia,
depressdo e mania. Niveis reduzidos de neurotensina, somatostatina, fator liberador de
corticotropina, exceto de GRP ou hormdnio liberador de tireotropina, foram encontrados em
diferentes areas cerebrais post-morten de pacientes com doenga de Alzheimer (Nemeroff et

al., 1989)

2.4.2 Efeitos Comportamentais e Eletrofisiologicos da Manipulacio

Farmacolégica e Genética de GRPR em Roedores: Implicacdes para Desordens no SNC
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Os efeitos comportamentais da administracdo de agonistas e antagonistas do
receptor de peptideo liberador de gastrina vém sendo descritos em numerosos estudos.
Infusdes intracerebrais de bombesina (BB) induzem o comportamento de “grooming” em
ratos € o nucleo do trato solitario parece ser particularmente sensivel aos efeitos da
administracdo de bombesina (BB) (Kulkossky et al., 1982; Gmerek & Cowan, 1983; Johnston
e Merali., 1988). A indugdo de “grooming” induzida por BB depende do receptor de GRP
(GRPR) e ¢ atenuada por receptores antagonistas de dopamina (Piggins 7 Merali, 1989).
Sugere-se que o comportamento de ‘“grooming” induzido por bombesina deva estar
relacionado a resposta ao estresse. A administragdo de bombesina poderia induzir a um efeito
auténomo, endocrino e comportamental similar aqueles apresentados pela exposicdo a
estressores, sugerindo um possivel papel dos GRPRs na mediagdo de respostas ao estresse € a
ansiedade (Merali et al., 2002; Moody & Merali, 2004).

Administragdes de bombesina em ratos adultos demonstraram modular
respostas nociceptivas. Injecdes de BB intraventriculares produziram um aumento dose-
dependente na atividade locomotora em ratos, bem como inje¢des na substancia cinzenta
periaquedural produziram uma reagdo antinociceptiva em testes de retirada da cauda a um
estimulo térmico (“tail flick”) e teste de placa quente (“hot-plate”) (Pert et al., 1980). Cridland
e Henry (1992) demonstraram que inje¢des subaracndideas de bombesina na regido vertebral
lombar inferior produziram uma facilitacdo dose-dependente na resposta no teste “tail-flick”.

Estd bem estabelecido que administracdo de BB suprime a ingesta de alimento em
numerosas espécies, incluindo ratos (Gibbs et al., 1979), camundongos (Taylor & Garcia,
1985) e humanos (Muurahainen et al., 1993). Administragdes sist€micas do antagonista do
receptor bombesina atenuam a redu¢@o na ingesta alimentar induzida por bombesina (Flynn et
al., 1997), e infusdes de um antagonista seletivo de GRPR também no quarto ventriculo

facilitam a ingesta de leite (Flynn et al., 1993). Evidéncias para o envolvimento do peptideo
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semelhante a bombesina e seus receptores (GRPRs) na regulagdo da ingesta alimentar sdo
consistentes com a idéia de que disfungdes desse sistema devem contribuir para desordens
psiquiatricas, afetando a alimentacdo, incluindo a anorexia nervosa, bulimia e depressao

(Flynn et al., 1994; Merali et al., 1999; Moody et al., 2004).

2.5 O RC-3095: Um Antagonista do GRPR

O antagonista seletivo de GRPR [D-Tpi6, Leul3 psi(CH2NH)-Leul4] bombesina
(6-14) (RC-3095) vém sendo utilizado como uma ferramenta na investigacdo dos efeitos
comportamentais relacionados ao bloqueio do receptor de peptideo liberador de gastrina em
modelos roedores. O RC-3095 foi desenvolvido pelo grupo de Schally e cols. como um
potente farmaco antitumoral (Pinski et al., 1992; Yano et al., 1992; Qin et al., 1994;
Szepeshazi et al.,, 1997, Schwartsmann et al.,2004). Diante do fato de pacientes com
esquizofrenia apresentarem niveis alterados do peptideo semelhante & bombesina (Gerner et
al., 1985; Olincy et al., 1999), Os efeitos da administracdo sist€émica de RC-3095 em
comportamento de estereotipia induzidos pelo agonista de receptores dopaminérgicos,
apomorfina por Roesler e cols (2004) ou pelo antagonista do receptor glutamatérgico N-metil-
D-aspartato (NMDA), dizocilpina (MK-801) por Meller e cols. (2004). Comportamentos
estereotipicos sdo padrdes de desordens psiquiatricas, tais como a esquizofrenia, desordem
obsessivo-compulsiva e autismo. Administragdes sistémicas de RC-3095 atenuaram
significativamente a estereotipia induzida por apomorfina, suportando a hipodtese que os
receptores de GRP (GRPRs) estdo envolvidos em padrdes comportamentais de esquizofrenia
e indicando que os antagonistas de GRPRs podem ser investigados como agentes com
potencial atividade antipsocoética. Consistente com a interagcdo funcional entre GRPRs e o

sistema dopaminérgico no cérebro (Piggins et al., 1989; Merali & Piggins., 1990), o RC-3095
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bloqueou a estereotipia induzida pela apomorfina, mas ndo apresentou nenhum efeito na
estereotipia produzida por MK-801.

Recentemente, estudos farmacologicos investigando o papel do GRP e seus
receptores em memoria de aprendizado avaliaram os efeitos de agonistas de GRPR no
desempenho de roedores em tarefas de memoria. Administragdes sist€émicas de bombesina
(BB) ou GRP aumentaram o armazenamento de memoria tanto em camundongos (Flood &
Morley, 1988) quanto em ratos (Rashidy- Pour & Razvani, 1998).

Estudos em imunoreatividade do GRPR demonstraram que esse receptor esta
largamente distribuido em isocortex, na formacdo hipocampal, cortex olfatorio, amigdala,
hipotalamo e tronco cerebral (Kamichi et al., 2005), em particular, no nucleo da amigdala
basolateral (BLA) e central lateral (LA) e no NTS, importantes regides no desempenho de
memoria. Subseqiientemente, a imunoreatividade de GRPR foi observada em neurdnios
GABA¢érgicos da regido limbica. Esses resultados anatomicos suportam a idéia de que o
sistema GRP/GRPR possui a fun¢do de mediadores no desempenho da memoria por modular
a liberacdo de neurotransmissores no sistema GABAérgico.

Roesler e cols (2004a) investigando os efeitos do bloqueio do GRPR na memoria,
examinaram que ratos tratados com infusdes sistémicas ou intracerebrais de RC-3095
demonstraram prejuizos na retencdo a curto e longo prazo em tarefa de esquiva inibitoria, um
tipo de tarefa de memoria emocional. Em contrapartida, o RC-3095 ndo apresentou alteracdes
em tarefa de reconhecimento do objeto, um tipo de memoria ndo emocional (Roesler et al.,
2004b). Microinfusdes de RC-3095 na area CA1 do hipocampo dorsal também prejudicaram a
consolidagdo de memoria de curta e longa duragdo em esquiva inibitoria em ratos, indicando o
papel de GRPRs em hipocampo, na consolidagdo de memoria emocional (Roesler et al.,
2003). Consistente com o papel dos receptores de GRP na regulacdo da plasticidade

hipocampal, estudos eletrofisiolégicos demonstraram que o peptideo liberador de gastrina
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induz a despolarizacdo da membrana em neuronios hipocampais de ratos; um efeito que ¢
bloqueado por um antagonista de GRP (Lee et al., 1999).

Os efeitos prejudiciais de infusdes intrahipocampais de RC-3095 na memoéria podem
ser revertidos por administracdes sistémicas de agonistas de receptor glicocorticoide,
dexamethasona, indicando que o GRPR possui um papel regulatério na consolidagdo da
memoria emocional. Entretanto, esse ndo € um sistema importante requerido na formagao de
memoria (Venturella et al., 2005). Diante de elucidagdes do papel dos glicocorticoides em
mediar a morte neuronal e o prejuizo da plasticidade sinaptica, aprendizado e memoria
induzidos por estresse severo ou prolongado (Lee et al., 2002; Sapolsky et al., 2003), a
investigacdo de uma interacdo funcional entre o sistema glicocorticoide e o GRPR devem
contribuir para o entendimento das bases neuroquimicas de desordens relacionadas ao
estresse.

O complexo basolateral da amigdala (BLA, formado por basal, lateral e nucleo basal
acessorio) estd criticamente envolvido na regulacdo da memoria e da emogdo, mediando,
também, efeitos moduladores de drogas e hormdnios em memoria emocional (McGaugh et
al., 1996; McGaugh, 2002). Propde-se que anormalidades na amigdala desempenham um
papel em desordens psiquiatricas, tais como esquizofrenia, ansiedade e autismo (Anand &
Shekka., 2003; Zirlinger & Anderson, 2003; Niu et al., 2004). Infusdes de RC-3095 na
amigdala basolateral prejudicaram a retencdo da memoria em tarefa de esquiva inibitéria em
ratos (Roesler et al., 2004c). Conjuntamente a essas analises, Santo-Yamada e cols (2003)
demonstraram efeitos prejudiciais da administragdo sistémica de antagonistas de GRPR em
tarefa de memoria de esquiva inibitoria em camundongos.

Em conjunto, os experimentos examinando os efeitos de agonistas ou antagonistas

de GRPRs na memoria em roedores indicam que a ativagio de GRPR em hipocampo e
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amigdala (e possivelmente em outras areas cerebrais) estd importantemente envolvida na

modulagdo do aprendizado emocional e memoria.
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3. OBJETIVOS

Avaliar os efeitos da administragdo, no periodo neonatal do 1° ao 10° dia de vida, do
RC-3095, um antagonista do peptideo liberador de gastrina, sobre parametros

neurocomportamentais em ratos.

3.1 OBJETIVOS ESPECIFICOS

Avaliar os efeitos do RC-3095 (1mg/Kg e 10 mg/Kg) em parametros de interacdo

social, no periodo entre 30-35 dias de vida dos animais.

Avaliar os efeitos do antagonista RC-3095 (Img/Kg ¢ 10 mg/Kg), administrado no

periodo neonatal sobre a memoria de reconhecimento em ratos adultos.

Avaliar os efeitos do antagonista RC-3095 (1Img/Kg e 10 mg/Kg), administrado no

periodo neonatal sobre a memoria aversiva em ratos adultos.

Avaliar o comportamento em campo aberto em ratos com 30-35 e 80-85 dias de vida,

submetidos ao tratamento neonatal com RC-3095 (Img/Kg e 10 mg/Kg) .
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Abstract

The gastrin-releasing peptide receptor (GRPR) has been implicated in central nervous
system (CNS) diseases, including neurodevelopmental disorders associated with autism. In
the present study we examined the effects of GRPR blockade during the neonatal period on
behavioral measures relevant to animal models of neurodevelopmental disorders. Male Wistar
rats were given an intraperitoneal (i.p.) injection of either saline (SAL) or the GRPR
antagonist [D-Tpi6, Leu" psi(CHzNH)-LeuM] bombesin (6-14) (RC-3095; 1 or 10 mg/kg)
twice daily for 10 days from postnatal days (PN) 1 to 10. Animals treated with RC-3095
showed pronounced deficits in social interaction when tested at PN 30-35 and impaired 24-h
retention of memory for both novel object recognition (NOR) and inhibitory avoidance tasks
tested at PN 60-71. Neither short-term memory tested 1.5 h posttraining nor open field
behavior were affected by neonatal GRPR blockade. The implications of the findings for

animal models of neurodevelopmental disorders are discussed.

Keywords: Bombesin-like peptides; Gastrin-releasing peptide receptor; RC-3095; Social

behavior; Memory; Neurodevelopmental disorders
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1. Introduction

The gastrin-releasing peptide (GRP)-preferring type of bombesin (BB) receptor
(GRPR, also known as BB2 receptor) has been increasingly implicated in regulating normal
brain function as well as in the pathogenesis of neurological and psychiatric disorders (for
recent reviews, see Moody and Merali, 2004; Roesler et al., 2006a). The GRPR is a G-protein
coupled receptor expressed in the cell membranes of several tissues, including neuronal
dendrites and cell bodies (Wolf and Moody, 1985; Zarbin et al., 1985; Battey and Wada,
1991; Kamichi et al., 2005). GRPR activation by the amphibian peptide BB or its mammalian
counterpart, GRP, affects a range of cellular and neuroendocrine functions (Moody and
Merali, 2004; Ohki-Hamazaki et al., 2005; Roesler et al., 2006a).

Recent studies have indicated that GRP and the GRPR are implicated in regulating
formation and extinction emotional memory in brain areas including the dorsal hippocampus
and basolateral amygdala (Flood and Morley, 1988; Santo-Yamada et al., 2001; Shumyatsky
et al., 2002; Roesler et al., 2003, Santo-Yamada et al., 2003; Roesler et al., 2004b,c; Martins
et al., 2005; Venturella et al., 2005; Dantas et al., 2006; Luft et al., 2006; Roesler et al.,
2006b). In addition, increasing evidence suggests that the GRPR is a molecular target for the
development of novel therapeutics for the treatment of central nervous system (CNS)
disorders including memory dysfunction, Alzheimer’s disease (AD), schizophrenia, anxiety,
and brain cancer (Ito et al., 1994; Kiaris et al., 1999; Santo-Yamada et al., 2001; Shumyatsky
et al., 2002; Meller et al., 2004; Moody and Merali, 2004; Roesler et al., 2004a,b,c; Martins et
al., 2005; Luft et al., 2006; Roesler et al., 2006a,b).

Central nervous system diseases possibly involving the GRPR also include
neurodevelopmental disorders associated with autism (Ishikawa-Brush et al., 1997

Shumyatsky et al., 2002; Marui et al., 2004; Roesler et al., 2006a). An X;8 translocation
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occurring in the first intron of the GRPR gene has been identified in a female patient with
multiple exostoses and autism accompanied by mental retardation and epilepsy, indicating
that the GRPR is a candidate gene in autism and changes in the function of brain GRPRs
during development might play a role in producing behavioral features associated with
neurodevelopmental disorders (Ishikawa-Brush et al., 1997). Behavioral alterations in rodents
relevant to autism include social interaction deficits, stereotyped behavior, and impaired
cognitive function (for a recent review, see Moy et al., 2006). The effects of pharmacological
manipulation of the GRPR during the neonatal period on some aspects of adult behavior
relevant for stress and anxiety have been described (Piggins and Merali, 1992; Piggins et al.,
1993). However, previous studies have not verified the effects of GRPR blockade during
development on other behaviors relevant for models of CNS disorders, such as social
behavior and cognitive function. The present study describes behavioral alterations in rats

after neonatal GRPR blockade.

2. Methods

2.1. Animals

Pregnant Wistar rats were obtained from the State Health Science Research
Foundation (FEPPS-RS, Porto Alegre, Brazil). After birth each litter was adjusted within 48 h
to eight rat pups, and to contain offspring of both genders in about equal proportions. Each
pup was kept together with its mother in a plastic cage with sawdust bedding in a room
temperature of 21+ 1°C and a 12/12 h light/dark cycle. At the age of 4 weeks, pups were
weaned and the males were selected and raised in groups of three to five rats. For postnatal

treatments, animals were given standardized pellet food and tap water ad /ibitum. Weight gain
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was measured at postnatal days (PN) 1-10, 15, 30, 60, and 90. All behavioral experiments
were performed at light phase between 09:00 h and 16:30 h. The same animals were used in
different behavioral experiments. All experimental procedures were performed in accordance
with the NIH Guide for Care and Use of Laboratory Animals (NIH publication No. 80-23
revised 1996). The protocol for this research was approved by the Institutional Ethics
Committee of the Pontifical Catholic University. All efforts were made to minimize the

number of animals and their suffering.

2.2. Drugs and pharmacological procedures

Male pups were given two daily intraperitoneal (i.p.) 1 ml/kg injections of saline
(SAL; NaCl 0.9%), or [D-Tpi®, Leu" psi(CH,NH)-Leu'*] bombesin (6-14) (RC-3095; 1 or 10
mg/kg dissolved in SAL; Zentaris GmbH, Frankfurt, Germany), at PN 1-10. RC-3095, which
is a selective GRPR antagonist developed by Schally and colleagues as an experimental
anticancer drug (Radulovic et al., 1991; Szepeshazi et al., 1997; Schwartsmann et al.,
2005,2006), has been consistently used in previous studies as a tool to investigate the role of
GRPR in brain function (Roesler et al., 2003, Roesler et al., 2004b,c; Martins et al., 2005;
Venturella et al., 2005; Dantas et al., 2006; Luft et al., 2006; Roesler et al., 2006b). Drug
solutions were prepared immediately prior to administration. Drug doses and treatment
regimen were chosen on the basis of previous studies (Piggins and Merali, 1992; Piggins et

al., 1993; Roesler et al., 2004b,c).

2.3. Social interaction test
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Impaired social behavior is a key behavioral feature of rodent models of autism
spectrum disorders and schizophrenia (Mohn et al., 1999; Schneider and Prezewlocki, 2005;
Moy et al., 2006). Social interaction was tested at PN 30-35. This age was chosen on the basis
of previous studies on rat models of autism (Schneider and Prezewlocki, 2005). Animals were
tested under dim/light and unfamiliar conditions, in a rectangular open field apparatus (45 x
40 x 60 cm). On the day of the experiment, the animals were socially isolated in plastic cages
measuring 43 x 28 x 15 cm (1 x w x h) for 3.5h prior to the experiment. This isolation period
has been shown to produce a half maximal increase in the amount of social play (Niesink and
Van Ree, 1989). The task consisted in placing two animals from the same experimental group
but from different litters and cages (RC-3095 versus RC-3095, SAL versus SAL) into the test
cage for 15 min. Pairs were tested in a randomized order for groups, and animals did not
differ by more than 15 g in body weight. Animals were tested between 30 and 35 days of life.
The social behavior was assessed for a pair of animals, so behavior of individual animals was
not analyzed (Schneider and Prezewlocki, 2005). Latency to start social behavior (following
or approaching the test partner, mounting or crawling over the test partner, sniffing or
grooming any part of the body of the test partner), the total time spent engaged in social
behavior, and the number of social contacts were measured (Niesink and Van Ree, 1989;

Schneider and Prezewlocki, 2005).

2.4. Novel object recognition

The novel object recognition (NOR) procedure uses the natural preference for novel

objects displayed by rats and mice to assess cognitive alterations in rodent models of

neurodevelopmental and neurodegenerative disorders (Chen et al., 2000; Bourtchouladze et
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al., 2003; Vaillend et al., 2004; Ventura et al., 2004; de Lima et al., 2005a,b). Rats were
trained in the NOR task at postnatal day 60. A rectangular open field similar to the one
described above with sawdust covering its floor was used for the NOR task. On the first day,
rats were submitted to a habituation session during which they were placed in the empty open
field for 5 min. On the following day, rats were given one 5-min training trial in which they
were exposed to two identical objects (Al and A2). All objects were made of plastic Duplo
Lego Toys and had a height of about 10 cm. Objects presented similar textures, colors and
sizes, but distinctive shapes. The objects were positioned in two adjacent corners, 9 cm from
the walls. Between trials, the objects were washed with a 10% ethanol solution. On the short-
term memory retention test trial (1.5 h min after training), rats were allowed to explore the
open field for 5 min in the presence of two objects: the familiar object A and a novel object B.
These were placed in the same locations as in the training session. On the long-term memory
retention test trial (24 h after training), rats were allowed to explore the open field for 5 min in
the presence of two objects: the familiar object A and a third novel object C. In both retention
test trials, the novel object was placed in 50% trials in the right side and 50% trials in the left
side of the open field. The same animals were used to evaluate 1.5 and 24-h retention. Object
exploration was measured by two experimenters blind to group treatment assignments; using
two stopwatches to record the time spent exploring the objects during the experimental trials.
Exploration was defined as follows: sniffing or touching the object with the nose. Sitting on
the object was not considered as exploration. A recognition index calculated for each animal
was expressed by the ratio TB / (TA + TB) [TA = time spent exploring object A; TB = time
spent exploring object B] (de Lima et al., 2005a,b; Schroder et al., 2003). The possibility that
RC-3095 affected sensorimotor function inducing alterations in locomotion, anxiety or
motivation was assessed by evaluating the total time exploring objects during the training

trials (Schroder et al., 2003).
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2.5. Inhibitory avoidance

The inhibitory avoidance (IA) conditioning is a well established model of emotionally
motivated memory in rats (Izquierdo and Medina, 1997; Taubenfeld et al., 1999; McGaugh,
2000) which can be used in the characterization of cognitive deficits in rodent models of
neuropsychiatric and neurodevelopmental disorders (DeLorey et al.,, 1998; Roesler et al.,
1999; Moy et al., 2006; Reolon et al., 2006). We have previously shown that the GRPR plays
an important role in regulating formation of IA memory (Roesler et al., 2003, 2004b,c;
Venturella et al., 2005; Dantas et al., 2006; Roesler et al., 2006b). Rats were given IA training
at postnatal day 70. The IA apparatus was a 50 X 25 X 25 cm acrylic box whose floor
consisted of parallel stainless steel bars (1 mm diameter) spaced 1 cm apart. A 7-cm wide,
2.5-cm high platform was placed on the floor of the box against the left wall. Animals were
placed on the platform and their latency to step-down on the grid with all four paws was
recorded with an automated device. In training sessions, immediately after stepping down on
the grid, the animals were given a 0.6 mA, 1.0 s footshock. In two retention test sessions
carried out 1.5 (short-term retention) and 24 h (long-term retention) after training, no
footshock was given and the step-down latency (maximum 180 s) was used as a measure of
retention, as previously described (Roesler et al., 1999; 2003, Quevedo et al., 2004; Roesler et

al., 2004b).

2.6. Open field behavior

Behavioral measures relevant for rodent models of neurodevelopmental and

neuropsychiatric disorders (e.g., locomotion, exploratory behavior, repetitive behavior,
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stereotypies, self-injury, and anxiety) can be assessed during exploration of an open field
(DeLorey et al., 1998; Roesler et al., 1999; Turner et al., 2001; Fernandez-Teruel et al., 2002;
Henderson et al., 2004; Singer et al., 2005; Moy et al., 2006; Reolon et al., 2006). Open field
behavior was evaluated at PN 33-38 and again at PN 80-85. The open field was similar to the
one described above. The floor of the arena was divided into 12 equal squares by black lines.
Animals were placed in the rear left corner and left to explore the field freely for 5 min.
Latency to start locomotion, line crossings, rearings and the number of fecal pellets produced
were counted. The number of crossings and rearings were used respectively as measures of
locomotor activity and exploratory behavior, whereas the latency to start locomotion and the
number of fecal pellets were used as measures of anxiety (DeLorey et al., 1998; Roesler et al.,
1999; Fernandez-Teruel et al., 2002; Henderson et al., 2004; Singer et al., 2005; Reolon et al.,

2006).

2.7. Statistics

Data for IA and exploratory preferences in the NOR task are shown as median
(interquartile ranges). Comparisons between groups were performed using a Kruskal-Wallis
analysis of variance followed by Mann-Whitney U-tests, two-tailed when necessary.
Comparisons within the same group were done with Wilcoxon tests. Using nonparametric
statistics is preferred for the analysis of data for memory tasks because data often do not show
a normal distribution and a ceiling is imposed in retention test trials in tasks such as 1A
(Roesler et al., 1999; 2003; Quevedo et al., 2004; Roesler et al., 2004b,c; de Lima et al.,
2005a,b; Dantas et al., 2006; Luft et al., 2006; Reolon et al., 2006; Roesler et al., 2006b). Data

for the social interaction test, total exploration time in the NOR task, and open field behavior
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are shown as mean + SEM. Comparisons between groups were performed using an one-way
anaysis of variance (ANOVA) followed by Tukey posthoc tests when necessary (Roesler et
al., 1999; Reolon et al., 2006). In all comparisons, p < 0.05 was considered to indicate

statistical significance.

3. Results

3.1. Body weight

Neonatal treatment with RC-3095 did not affect body weight measured at PD 10, 15,

30, 60, and 90 (Table 1). There were no significant differences among groups (PD 10, F =

0.85, p=0.43; PD 15, F = 0.80, p = 0.92; PD 30, F = 2.48, p = 0.10; PD 60, F = 0.10, p =

0.91; PD 90, F = 3.13, p = 0.06).

Table 1 should be inserted here

3.2. Social interaction

Neonatal administration of RC-3095 induced significant social deficits (Fig. 1). Rats
given either 1 or 10 mg/kg RC-3095 showed decreases in both the frequency of contacts (Fig.
1B) and the amount of time spent engaged in social interaction (Fig. 1C) in comparison with
controls (all ps < 0.01). There was no significant difference in the latency to start interacting

(mean + SEM latencies were 6.80 + 3.09 in the SAL-treated group; 6.93 + 2.55 in the group
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given 1 mg/kg RC-3095; and 6.86 + 1.81 in the group given 10 mg/kg RC-3095; F =0.001; p

=0.10).

Fig. 1 should be inserted here

3.3. Novel object recognition

There was no significant difference among groups in the total time spent exploring
both objects during the training trial (F = 1.8; p = 0.19; Table 2), indicating that RC-3095 did
not affect locomotion, exploration, motivation, or other sensorimotor parameters that could
affect NOR performance. Results for exploratory preferences are shown in Fig. 2. There were
no significat differences among groups in the training trial (p = 0.14), or in 1.5-h memory
retention (p = 0.08). Rats treated with RC-3095 at either 1 or 10 mg/kg showed a significant
impairment of 24-h retention when compared to control animals (both ps < 0.01). All groups
showed a significant preference for the novel object in the 1.5-h retention test trial compared
to exploration of any object during training (ps < 0.01 in the control group given SAL, and the
group given 1 mg/kg RC-3095; p < 0.02 in the group given 10 mg/kg RC-3095). Animals
given SAL, but not animals treated with any dose of RC-3095, showed significant preference
for the novel object in the 24-h retention test trial in comparison with exploration of any
object during training (p < 0.01 in the SAL group; ps = 0.51 in the groups given 1 or 10
mg/kg RC-3095). The results indicate that neonatal GRPR blockade impairs 24 h retention of

NOR.
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Table 2 should be inserted here

Fig. 2 should be inserted here

3.4. Inhibitory avoidance

Results for IA are shown in Fig. 3. There was no significant difference among groups
in training trial step-down latencies (p = 0.17) or 1.5-h IA retention (p = 0.13). However, rats
treated with RC-3095 at either 1 or 10 mg/kg showed a significant decrease in 24-h retention
test latencies in comparison to the control group treated with SAL (p < 0.01, RC-3095 1
mg/kg versus control; p < 0.05, RC-3095 10 mg/kg versus control). The results indicate that

neonatal treatment with RC-3095 produced an impairment of 24-h retention of [A.

Fig. 3 should be inserted here

3.5. Open field behavior
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Neonatal administration of RC-3095 did not affect open field behavior (Table 3).
When animals were tested at PN 33-38 and again at PN 80-85, there were no significant
differences among groups in the latency to start locomotion (PN 33-38, F =0.72, p = 0.50; PN
80-85, F =0.10, p = 0.91), number of crossings (PN 33-38, F = 0.002, p = 0.10; PN 80-85, F
= 0.90, p = 0.42) or rearings (PN 33-38, F = 0.05, p = 0.95; PN 80-85, F = 1.01, p = 0.37)
performed, or defecation (PN 33-38, F = 0.35, p = 0.71; PN 80-85, F = 0.85, p = 0.43). The
results indicate that neonatal treatment with RC-3095 did not affect locomotion, exploration,
or anxiety. Moreover, no spontaneous stereotyped or repetitive behaviors or self-injury were

observed during open field exploration or any other behavioral experiment.

Table 3 should be inserted here

4. Discussion

Previous studies investigating the effects of neonatal manipulation of GRPRs have
shown that neonatal treatment with a GRPR antagonist altered behavior in an elevated plus
maze without affecting other behavioral measures or adult sensitivity to BB (Piggins et al.,
1993), whereas administration of BB to rat pups had no pronounced effect on adult behavior
but elicited grooming in pups and resulted in an increased sensitivity to central administration
of BB (Piggins and Merali, 1992). The present study shows that rats given a neonatal
treatment with the GRPR antagonist RC-3095 from PN 1 to 10 show impairments in social
interaction and long-term memory assessed in both the IA and NOR tasks, but normal short-

term memory and open field behavior. Importantly, although the GRPR has been implicated
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in feeding behavior, satiety, anorexia, and bulimia (McCoy and Avery, 1990; Moody and
Merali, 2004), rats given RC-3095 showed no drug-induced alterations in body weight.

Although memory for both aversive training assessed in the IA task and object
recognition assessed with the NOR procedure were impaired in RC-3095-treated rats when
memory retention was tested 24 h after training, short-term memory tested 1.5 h after training
was not signficantly affected by GRPR blockade. The differential effects of neonatal RC-3095
on retention measured at 1.5 and 24-h delays might be related to the differential mechanisms
mediating short- and long-term memory. For instance, [A memory measured 24 h after
training requires protein synthesis in the hippocampus and related brain areas, whereas 1.5-h
memory retention does not, and short- and long-term memory are differentially regulated by
protein kinase-mediated signaling pathways (Quevedo et al., 2004). The interactions of
neuronal GRPRs with signaling pathways relevant for memory formation are briefly
addressed below and discussed in detail in a previous report (Roesler et al., 2006b).

It has been proposed that neurodevelopmental disorders such as autism and Rett
syndrome result at least partially from postnatal disruption of synaptic mechanisms (Zoghbi,
2003). Neuromodulatory pathways implicated in autism include neuropeptide systems such as
oxytocin and vasopressin and their receptors. Thus, it has been suggested that postnatal
manipulation of neuropeptide receptors might be relevant for the development of novel rodent
models of autism (Young et al., 2002; Lim et al., 2005).

Previous studies have implicated the GRPR in psychiatric, neurodegenerative, and
neurodevelopmental disorders (for a review, see Roesler et al, 2006a). Regarding
neurodevelopmental disorders, evidence indicates that the GRPR regulates emotional
processing and cognitive function in the hippocampus and amygdala (Shumyatsky et al.,
2002; Roesler et al., 2003; 2004c), which are brain areas importantly involved in the

pathogenesis of autism (Aylward et al., 1999), and a translocation in the GRPR gene in an
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autistic patient has been reported (Ishikawa-Brush et al., 1997). Aspects of rodent behavior
relevant to the autism phenotype include social interaction deficits assessed in social
interaction tests; alterations in locomotion, motivation, and anxiety, stereotypy, self-injury,
and repetitive behavior, which can be assessed during open field exploration; and memory
dysfunction, which is relevant to symptoms of autism related to mental retardation and can be
measured in rodent behavioral tasks such as IA and NOR (Rodier et al., 1997; DeLorey et al.,
1998; Turner et al., 2001; Bourtchouladze et al., 2003; Murcia et al., 2005; Schmitz et al.,
2005; Schneider and Przewlocki, 2005; Moy et al., 2006). In the present study, animals
submitted to neonatal GRPR blockade by systemic administration of a GRPR antagonist
showed a pronounced impairment of social interaction and deficits in long-term memory for
both IA and NOR, but normal locomotion, exploration, and anxiety during open field
exploration. Also, we did not observe spontaneous stereotypy or self-injury in RC-3095-
treated rats. Thus, although neonatal administration of a GRPR antagonist produced some key
behavioral features of rodent models of neurodevelopmental disorders (i.e., impaired social
behavior and cognition), it did not affect other aspects of behavior considered to be relevant in
for those models. Because reduced social interaction is also a key feature of rodent models of
schizophrenia and alterations in synaptic function might be involved in the pathogenesis of
schizophrenic disorder, it is possible that the pronounced impairment in social behavior
observed in rats given neonatal RC-3095 is relevant for schizophrenia models (Mohn et al.,
1999; Gainetdinov et al., 2001). However, RC-3095-treated rats in our study lack key features
of rodent models of schizophrenia, such as a spontaneous increase in locomotion and
stereotyped behaviors (Mohn et al., 1999).

A seminal genetic study has shown enhanced fear-motivated memory in GRPR-
deficient mice, whereas no alterations in spatial memory, locomotion, stereotypy, or social

behavior were reported (Shumyatsky et al., 2002). One would expect that, if GRPR
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dysfunction during development plays a role in autism spectrum disorders, mice lacking the
GRPR would show behavioral features of models of autism, including pronounced
impairments of social behavior. Thus, the findings by Shumyatsky et al. (2002) seem to
contradict the present findings and our view that GRPR blockade during development might
produce features relevant for models of neurodevelopmental disorders. It is possible that the
discrepancies between pharmacological and genetic models are related to compensatory
changes such as upregulation of alternative signaling pathways in knockout mice
(Routtenberg, 1995).

The purpose of the present study was to provide an initial investigation of some
aspects of behavior relevant for models of neurodevelopmental and psychiatric disorders in
animals submitted to neonatal GRPR blockade. Further experiments are required to
characterize the effects of GRPR blockade using neurochemical and neuropathological
approaches, as well as to validate it as a model with potential to be used in the testing of
candidate therapeutic compounds. For instance, future experiments should: (1) verify whether
the neonatal RC-3095 treatment regimen induces histopathological features, such as altered
dendritic spine morphology, similar to those observed in some mouse models of
neurodevelopmental disorders (Moy et al., 2006); (2) verify whether rats given RC-3095 are
more susceptible than control animals to apomorphine-induced stereotypy and dizocilpine
(MK-801)-induced hyperlocomotion, since stereotypy induced by dopamine agonists such as
apomorphine and hyperlocomotion induced by the N-methyl-D-aspartate (NMDA) receptor
blocker MK-801 in rodents are established pharmacological models of psychiatric disorders
(Hitri et al., 1993; Andine et al, 1999), and (3) examine biochemical and molecular
alterations in protein kinase pathways downstream of the GRPR in the brains of rats given
neonatal RC-3095. Molecular mechanisms mediating the neuronal actions of GRPR might

include the protein kinase C (PKC), mitogen-activated protein kinase (MAPK)/extracellular
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signal-regulated protein kinase (ERK), and dopamine D1/D5 receptor (D1R)/cAMP/ protein
kinase A signaling pathways (Roesler et al., 2006b).

In summary, the present study indicates that administration of a GRPR antagonist
during the neonatal period induces deficits in social interaction and formation of long-term
memory without affecting other aspects of behavior in rats. The findings that neonatal GRPR
blockade resulted in impaired social behavior and cognitive function might have implications

for the development of novel animal models of neurodevelopmental disorders.
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Table 1
Mean + SEM body weights in rats given neonatal treatment with a gastrin-releasing peptide

receptor (GRPR) antagonist

Group N Mean + SEM body weight (g)
PN 10 PN 15 PN 30 PN 60 PN 90
Saline 12 21.0740.64  30.85+0.92 86.9145.48  244.02+7.45 354.07+8.60

RC-3095 1 mg/kg 17 20.2840.29  30.61+0.26  95.29+1.72  239.43+9.55 327.38+6.00

RC-3095 10 mg/kg 14 20.79+0.44 31.06+1.23 95.68+1.37  244.56+10.01  333.75+8.70

Rats were given an intraperitoneal (i.p.) injection of saline (SAL) or GRPR antagonist RC-
3095 (1 or 10 mg/kg) twice daily from postnatal days (PN) 1 to 10. There were no significant

differences among groups.
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Table 2
Mean + SEM total time (s) spent exploring both objects during training in a novel object
recognition (NOR) task in rats given neonatal treatment with a gastrin-releasing peptide

receptor (GRPR) antagonist

Group Mean + SEM exploration time (s)
Saline 60.95+2.72
RC-3095 1 mg/kg 63.53+£5.43
RC-3095 10 mg/kg 52.98 £3.77

Rats were given an intraperitoneal (i.p.) injection of saline (SAL) or GRPR antagonist RC-
3095 (1 or 10 mg/kg) twice daily from postnatal days (PN) 1 to 10. NOR training was given

at PN 60; n = 10 animals per group. There was no significant difference among groups.
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Open field behavior after neonatal gastrin-releasing peptide receptor (GRPR) blockade in rats

Group

Saline
RC-3095 1 mg/kg

RC-3095 10 mg/kg

Group

Saline

RC-3095 1 mg/kg

RC-3095 10 mg/kg

Mean + SEM
latency (s)
6.02+3.91
2.59 +0.60

429 +1.15

Mean + SEM
latency (s)
297+ 141
2.69 +0.92

3.36 +0.87

Postnatal days 33-38

Mean + SEM

# of crossings
82.75+10.72
8191+ 8.21
8225+ 592

Postnatal days 80-85

Mean + SEM

# of crossings
102.14+10.14
90.41 + 5.57

87.78 + 8.06

Mean + SEM
# of rearings
25.50 +£3.92
26.45+3.03

25.17+£2.36

Mean + SEM
# of rearings
24.78 £1.96
20.53 £2.01

2279 +£2.47

Mean + SEM

# of fecal pellets
6.12+1.24
5.90+0.92

6.92+0.74

Mean + SEM

# of fecal pellets
4.00 £ 0.86
4.59+0.74

3.14+0.78

Rats were given an intraperitoneal (i.p.) injection of saline (SAL) or the GRPR antagonist

RC-3095 (1 or 10 mg/kg) twice daily from postnatal days (PN) 1 to 10. Open field behavior

was tested at both PN 33-35 and 80-85; n = 12-17 animals per group. There were no

significant differences among groups.
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Fig. 1. Neonatal gastrin-releasing peptide receptor (GRPR) blockade impairs social behavior
in rats. Animals were given an intraperitoneal (i.p.) injection of saline (SAL) or the GRPR
antagonist RC-3095 (1 and 10 mg/kg) twice daily from postnatal days (PN) 1 to 10. Social
behavior was tested at PN 30. (A) Photographs of rats given SAL or RC-3095 (1 or 10 mg/kg)
during the social interaction test. (B) Mean + SEM number of social contacts. (C) Mean +
SEM time spent engaged in social interaction (s); n = 6-7 animals per group; ** p < 0.01
compared to the SAL-treated group.
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Fig. 2. Neonatal gastrin-releasing peptide receptor (GRPR) blockade impairs 24-h retention of
novel object recognition (NOR) memory in rats. Animals were given an intraperitoneal (i.p.)
injection of saline (SAL) or the GRPR antagonist RC-3095 (1 or 10 mg/kg) twice daily from
postnatal days (PN) 1 to 10. NOR training was carried out at PN 60. Data are median
(interquartile ranges) exploratory preference during the training, 1.5-h retention, and 24-h
retention trials; n = 10 animals per group, ** p <0.01 compared to the SAL-treated group.
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Fig. 3. Neonatal gastrin-releasing peptide receptor (GRPR) blockade impairs 24-h retention of
inhibitory avoidance (IA) memory in rats. Animals were given an intraperitoneal (i.p.)
injection of saline (SAL) or the gastrin-releasing peptide receptor (GRPR) antagonist RC-
3095 (1 or 10 mg/kg) twice daily from postnatal days (PN) 1 to 10. IA training was carried
out at PN 70. Data are median (interquartile ranges) Latencies to step-down during the
training, 1.5-h retention, and 24-h retention trials; n = 12-14 animals per group, * p < 0.05
and ** p <0.01 compared to the SAL-treated group.
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5. CONSIDERAGOES FINAIS

O farmaco RC-3095 consiste em um antagonista do peptideo liberador de gastrina/
bombesina ¢ uma droga anti-cancer experimental que inibe o crescimento de células tumorais
em diversos modelos experimentais (Chatzistamou et al., 2001; Qin et al., 1994). Assim,
diante da ampla utilizagdo desse antagonista no tratamento de diversos tipos de canceres
humanos e do fato de peptideos semelhantes a bombesina regularem diversos aspectos de
funcdes neurais e comportamentais (Flood et. al., 1988; McCoy et al., 1990; Santo-Yamada et
al., 2001, Wada et al., 1998; Williams et al.,, 1994; Yamada et al., 2002), torna-se
clinicamente relevante a investigagdo dos efeitos das fungdes dos antagonistas de GRP e seu
receptor no cérebro. Embora recentes estudos investiguem os efeitos da atividade antitumoral
desse farmaco, além de seus efeitos cognitivos quando aplicados em 4areas cerebrais
especificas (Roesler et al., 2003) e efeitos de estereotipia (Meller et al., 2004), até o presente
momento ndo foram relatados os efeitos, sob diversos aspectos comportamentais, na fase
adulta do bloqueio do GRPR precocemente no periodo neonatal.

Em nossos estudos, partindo-se de um bloqueio do receptor do peptideo liberador de
gastrina apenas no periodo neonatal; foi possivel acompanhar o desenvolvimento neurolégico
dos animais, utilizando-se tarefas capazes de explicitar efetivamente quais atividades estavam
prejudicadas ou ndo na fase adulta.

Com isso, observou-se que o tratamento com o RC-3095, nos primeiros dez dias de vida
dos animais foi capaz de provocar alteracdes significativas, na fase adulta, no comportamento
social, memoria e aprendizado, sem afetar outros aspectos comportamentais. Em animais
tratados com RC-3095 foram analisados significativos pardmetros de isolamento social;
caracteristica mais distintiva e qualitativa observada no diagnostico de algumas patologias

neuropsiquiatricas como o autismo,
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Tal correlacdo, associada a estudos prévios em roedores e humanos, sugere que o sistema
GRP/GRPR também deve ser considerado como alvo terapéutico na investigagdo de novos
agentes potenciais para o tratamento de desordens neuropsiquiatricas. Nesse contexto, o
tratamento com o antagonista RC-3095 demonstrado no presente estudo, pode servir,

futuramente, para o desenvolvimento de um novo modelo de autismo.



58

6. REFERENCIAS

Anand, A.; Shekhar, A. Brain imaging studies in mood and anxiety disorders: special
emphasis on the amygdala. Ann. N. Y. Acad. Sci., 2003, 985, 370.

Anastasi, A.; Erspamer, V.; Bucci, M. Isolation and amino acid sequences of alytesin and
bombesin, two analogous active tetradecapeptides from the skin of European
discoglossid frogs Arch. Biochem. Biophys., 1973, 148, 443.

Battey, J.; Wada, E. Two distinct receptor subtypes for mammalian bombesin-like
peptides. Trends Neurosci., 1991, 14, 524

Bissette, G.; Nemeroff, C.B.; Decker, M.W.; Kizer, J.S.; Agid, Y.; Javiy-Agid, F.
Alterations in regional brain concentrations of neurotensin and bombesin in
Parkinson's disease. Ann. Neurol., 1985, 17, 324.

Chronwall, B.M.; Pisano, J.J.; Bishop, J.F.; Moody, T.W.; O'Donohue, T.L. Biochemical
and histochemical characterization of ranatensin immunoreactive peptides in rat brain:
lack of coexistence with bombesin/GRP Brain Res., 1985, 338, 97.

Cridland, R.A.; Henry, J.L. Bombesin, neuromedin C and neuromedin B given
intrathecally facilitate the tail flick reflex in the rat. Brain Res, 1992, 584, 163.

Cullen, A.; Emanuel, R.L.; Torday, J.S.; Asokananthan, N.; Sikorski, K.A.; Sunday, M.E.
Bombesin-like peptide and receptors in lung injury models: diverse gene expression,
similar function. Peptides, 2000, 21, 1627.

Erspamer V, Erpamer GF, Inselvini M. Some pharmacological actions of alytesin and
bombesin. J Pharm Pharmacol. 1970 Nov,;22(11).:875-6.

Erspamer V, Erspamer GF, Mazzanti G, Endean R.Active peptides in the skins of one
hundred amphibian species from Australia and Papua New Guinea.

Comp Biochem Physiol C. 1984; 77(1):99-108.



59

Flood, J.F.; Morley, J.E. Effects of bombesin and gastrin-releasing peptide on memory
processing. Brain Res., 1988, 460, 314.

Flynn, F.W. Bombesin receptor antagonists block the effects of exogenous bombesin but
not of nutrients on food intake. Physiol. Behav., 1997, 62, 791.

Flynn., F.W. Am. J. Fourth ventricular injection of selective bombesin receptor
antagonists facilitates feeding in rats.Physiol., 1993, 264, R218

Flynn., F.W. Bombesin-like peptides in the regulation of ingestive behavior. Ann. N. Y.
Acad. Sci., 1994, 739, 120.

Frank, G.K.; Kaye, W.H.; Ladenheim, E.E.; McConaha, C. Reduced gastrin releasing
peptide in cerebrospinal fluid after recovery from bulimia nervosa. Appetite, 2001, 37,
9.

Gerner, R.H.; van Kammen, D.P.; Ninan, P.T. Cerebrospinal fluid cholecystokinin,
bombesin and  somatostatin  in  schizophrenia and normals.  Prog.
Neuropsychopharmacol. Biol. Psychiatry, 1985, 9, 73.

Gerner, R.H.; Yamada, T. Altered neuropeptide concentrations in cerebrospinal fluid of
psychiatric patients Brain Res., 19582, 238, 298.

Gibbs, I.; Fauser, D.J.; Rowe, E.A; Rolls, B.J.; Rolls, E.T.; Maddison, S.P. Bombesin
suppresses feeding in rats. Nature, 1979, 282, 208.

Gmerek, D.E.; Cowan, A. Studies on bombesin-induced grooming in rats.Peptides, 1983,
4, 907.

Johnston, S.A.; Merali, Z.. Specific neuroanatomical and neurochemical correlates of
grooming and satiety effects of bombesin. Peptides. 1988, 9 Suppl 1, 245.

Kamichi, S.; Wada, E.; Aokib, S.; Sekiguchib, M.; Kimuraa, I.; Wadab, K.
Immunohistochemical localization of gastrin-releasing peptide receptor in the mouse

brain. Brain Res., 2005, 1032: 162 -170



60

Kulkosky, P.J.; Gibbs, J.; Smith, G.P. Feeding suppression and grooming repeatedly
elicited by intraventricular bombesin.Physiol Behav., 1982, 28, 505

Leback-Verheyden, A.M.; Krystal, G.; Sartor, O.; Way, J.; Battey, J.F. The rat prepro
gastrin releasing peptide gene is transcribed from two initiation sites in the brainMol.
Endocrinol., 1988, 2, 556.

Lee, A.L.; Ogle, W.0O.; Sapolsky, R.M. Stress and depression: possible
links to neuron death in the hippocampus. Bipolar Disord., 2002, 4, 117.

Lee, K.; Dixon, A.K.; Gonzalez, 1.; Stevens, E.B.; McNulty, S.; Oles, R.; Richardson, P.J.;
Pinnock, R.D.; Singh. L. Bombesin-like peptides depolarize rat hippocampal
interneurones through interaction with subtype 2 bombesin receptorsJ. Physiol., 1999,
518, 791.

McDonald, T.J.; Jornvall, H.; Nilsson, G.; Vagne, M.; Ghatei, M.; Bloom, S.R.; Mutt, V.
Characterization of a gastrin releasing peptide from porcine non-antral gastric
tissueBiochem. Biophys. Res. Commun., 1979, 90, 227.

McGaugh, J.L. Memory consolidation and the amygdala: a systems perspective. Trends
Neurosci., 2002, 25, 456.

McGaugh, J.L.; Cahill, L.; Roozendaal, B. Proc. Involvement of the amygdala in memory
storage: interaction with other brain systems. Natl. Acad. Sci. U.S.A., 1996, 93, 13508.

Meller, C.A.; Henriques, J.A.; Schwartsmann, G.; Roesler, R. The bombesin/gastrin
releasing peptide receptor antagonist RC-3095 blocks apomorphine but not MK-801-
induced stereotypy in mice. Peptides, 2004, 25, 585

Merali, Z.; Kent, P.; Anisman, H. Role of bombesin-related peptides in the mediation or
integration of the stress response. Cell Mol Life Sci. 2002 Feb;59(2):272-87. Review.

Cell. Mol. Life Sci., 2002, 59, 272



61

Merali, Z.; McIntosh, J; Anisman, H. Role of bombesin-related peptides in the control of
food intake. Neuropeptides, 1999, 33, 376.

Merali, Z.; Piggins, H. Effects of dopamine D1 and D2 receptor agonists and antagonists
on bombesin-induced behaviors. Eur. J. Pharmacol., 1990, 191, 281.

Minamino, N.; Kangawa, K.; Matsuo, H. Neuromedin B is a major bombesin-like peptide
in rat brain: regional distribution of neuromedin B and neuromedin C in rat brain,
pituitary and spinal cord Biochem. Biophys. Res. Commun., 1984, 124, 925.

Minamino, N.; Kangawa, K.; Matsuo, H. Neuromedin B: a novel bombesin-like peptide
identified in porcine spinal cord.Biochem. Biophys. Res. Commun., 1983, 114, 541.

Moody, T.W.; Merali, Z. Bombesin-like peptides and associated receptors within the
brain: distribution and behavioral implications Peptides, 2004, 25, 511.

Moody, T.W.; O’Donohue, T.L.; Jacobowitz, D.M. Biochemical localization and
characterization of bombesin-like peptides in discrete regions of rat brain.Peptides,
1981, 2, 75.

Moody, T.W.; Pert, C.B. Bombesin-like peptides in rat brain: quantitation and
biochemical characterization. Biochem. Biophys. Res. Commun., 1979, 90, 7-14.

Moody, T.W.; Pert, C.B.; Rivier, J.; Brown, M.R. Bombesin: specific binding to rat brain
membranes. Proc. Natl. Acad. Sci. U.S.A., 1978, 75, 5372.

Muurahainen, N.E.; Kissileff, H.R.; Pi-Sunyer, F.X. Intravenous infusion of bombesin
reduces food intake in humans. Am. J. Physiol., 1993, 264, R350.

Nemeroff, C.B.; Kizer, J.S.; Reynolds, G.P.; Bissette, G. Neuropeptides in Alzheimer's
disease: a postmortem study.Regul. Pept., 1989, 25:123.

Niu, L.; Matsui, M.; Zhou, S.Y.; Hagino, H.; Takahashi, T.; Yoneyama, E.; Kawasaki, Y.;

Suzuki, M.; Seto, H.; Ono, T.; Kurachi, M. Volume reduction of the amygdala in



62

patients with schizophrenia: a magnetic resonance imaging study. Psychiatry Res.,
2004, 132, 41.

Olincy, A.; Leonard, S.; Young, D.A.; Sullivan, B.; Freedman, R. Decreased Bombesin
Peptide Response in Schizophrenia. Neuropsychopharmacology, 1999, 20, 52.

Pert, A.; Moody, T.W.; Pert, C.B.; Dewald, L.A.; Rivier, J. Bombesin: receptor
distribution in brain and effects on nociception and locomotor activity. Brain Res.,
1980, 193, 209.

Piggins, H.; Merali, Z. The effects of concurrent D-1 and D-2 dopamine receptor
blockade with SCH 23390 and eticlopride, on bombesin-induced behaviours.Prog.
Neuropsychopharmacol. Biol. Psychiatry., 1989, 13, 583.

Pinski, J.; Yano, T.; Rekasi, Z.; Cai, R.Z.; Radulovic, S.; Schally, A.V. High potency of a
new bombesin antagonist (RC-3095) in inhibiting serum gastrin levels; comparison of
different routes of administration. Regul. Pept., 1992, 41, 185.

Qin, Y.; Ertl, T.; Cai, R.Z.; Halmos, G.; Schally, A.V. Inhibitory effect of bombesin
receptor antagonist RC-3095 on the growth of human pancreatic cancer cells in vivo
and in vitro.Cancer Res, 1994, 54, 1035.

Rashidy-Pour, A.; Razvani, M.E. Unilateral reversible inactivations of the nucleus tractus
solitarius and amygdala attenuate the effects of bombesin on memory storage.Brain
Res., 1998, 814, 127.

Roesler, R.; Kopschina, M.1.; Rosa, R.M.; Henriques, J.A.; Souza, D.O.; Schwartsmann,
G. RC-3095, a bombesin/gastrin-releasing peptide receptor antagonist, impairs
aversive but not recognition memory in rats.Eur. J. Pharmacol., 2004a, 486, 35.

Roesler, R.; Lessa, D.; Venturella, R.; Vianna, M.R.; Luft, T.; Henriques, J.A.; Izquierdo,
I.; Schwartsmann, G. Bombesin/gastrin-releasing peptide receptors in the basolateral

amygdala regulate memory consolidation.Eur. J. Neurosci., 2004b, 19, 1041.



63

Roesler, R.; Meller, C.A.; Kopschina, M.1.; Souza, D.O.; Henriques, J.A.; Schwartsmann,
G. Intrahippocampal infusion of the bombesin/gastrin-releasing peptide antagonist
RC-3095 impairs inhibitory avoidance retention. Peptides, 2003, 24, 1069.

Santo-Yamada, Y.; Yamada, K.; Wada, E.; Goto, Y.; Wada, K. Blockade of bombesin-
like peptide receptors impairs inhibitory avoidance learning in mice. Neurosci. Lett.,
2003, 340, 65.

Sapolsky, R.M. Stress and plasticity in the limbic system. Neurochem Res., 2003, 28,
1735.

Schwartsmann. G. Dexamethasone and gastrin-releasing peptide receptors in human lung
cells. Lung Cancer, 2004, 46, 129.

Szepeshazi, K.; Schally, A.V.; Halmos, G.; Lamharzi, N.; Groot, K.; Horvath, J.E. A
single in vivo administration of bombesin antagonist RC-3095 reduces the levels and
mRNA expression of epidermal growth factor receptors in MXT mouse mammary
cancers. Proc. Natl. Acad. Sci. U.S.A., 1997, 94, 10913.

Spindel, E.R.; Chin, W.W.; Price, J.; Besser, L.H.; Habener, J.F. Cloning and
characterization of cDNAs encoding human gastrin-releasing peptideProc. Natl. Acad.
Sci. US.A., 1984, 81, 5699.

Spindel, E.R.; Giladi, E.; Brehm, J.; Goodman, R.H.; Segerson, T.P. Cloning and
functional characterization of a complementary DNA encoding the murine fibroblast
bombesin/gastrin releasing peptide receptor. Mol. Endocrinol., 1990, 4, 1956.

Stoddard, S.L.; Tyce, G.M.; Ahlskog, J.E.; Zinsmeister, A.R.; Nelson, D.K.; Carmichael,
S.W. Decreased levels of [Met]enkephalin, neuropeptide Y, substance P, and
vasoactive intestinal peptide in parkinsonian adrenal medulla.Exp. Neurol., 1991,

114:23.



64

Taylor, I.L.; Garcia, R. Effects of pancreatic polypeptide, caerulein, and bombesin on
satiety in obese mice. Am. J. Physiol., 1985, 248(3 Pt 1), G277.

Venturella, R.; Lessa, D.; Luft, T.; Roozendaal, B.; Schwartsmann, G.; Roesler, R.
Dexamethasone reverses the memory impairment induced by antagonism of
hippocampal gastrin-releasing peptide receptors. Peptides, 2005, in press.

Wada, E.; Way, J.; Lebacq-Verheyden, A.M.; Battey, J.F. Neuromedin B and gastrin-
releasing peptide mRNAs are differentially distributed in the rat nervous system.J.
Neurosci., 1990, 10, 2917.

Wolf, S.S.; Moody, T.W. Receptors for GRP/bombesin-like peptides in the rat
forebrain. Peptides, 1985, 6 Suppl 1, 111.

Wolf, S.S.; Moody, T.W.; O'Donohue, T.L.; Zarbin, M. A.; Kuhar, M.J. Autoradiographic
visualization of rat brain binding sites for bombesin-like peptides. Eur. J. Pharmacol.,
1983, 87, 163.

Yano, T.; Pinski, J.; Groot, K.; Schally, A.V. Stimulation by bombesin and inhibition by
bombesin/gastrin-releasing peptide antagonist RC-3095 of growth of human breast
cancer cell lines Cancer Res., 1992, 52, 4545.

Zarbin, M.A.; Kuhar, M.J.; O'Donohue, T.L.; Wolf, S.S.; Moody, T.W. Autoradiographic
localization of (125-I-Tyr4)bombesin binding sites in the rat brain J. Neurosci., 1985,
5, 429.

Zirlinger, M.; Anderson, D. Molecular dissection of the amygdala and its relevance to

autism Genes Brain Behav., 2003, 2, 282.



65

7. ANEXOS

O artigo resultante do trabalho de dissertagdo apresentado estd submetido a revista
cientifica Neuropharmacology. A seguir, encontram-se as normas para submissdo do artigo

desta revista.

Guide for Authors

Type of manuscript

Research Papers. Full papers can be of any length. However, authors should be as succinct as possible
and excessively verbose manuscripts may be returned without review.

Mini-Reviews. Short, timely reviews will be by invitation. However suggestions for reviews are most
welcome, and should be sent to the Chief Editor.

Online submission of papers
It is now possible to submit your manuscript to the Neuropharmacology Editorial office electronically.

Before submitting, it is essential that you refer to the Elsevier Artwork Guidelines:
http://www.elsevier.com/locate/authorartwork

Once you are ready to submit:

1. Select 'Submit online to this journal' option from the 'Journal Services' on the 'Author Gateway'.

2. Follow prompts online. Please note that at each stage of the submission process it is possible to go
back a step, save the submission to continue later or remove/change any information already entered.
3. The submission tool will generate a PDF file to be used for the reviewing process.

4. You will receive confirmation of your submission, and further progress of your paper at every stage of
its review period thereafter, via e-mail.

Hardcopy Submission of papers

The original and three high quality copies of the manuscript should be sent to: Neuropharmacology,
Editorial Office, University of Bristol, Bristol, BS8 1TD, U.K. [Tel. +44 (0) 117 928 8085; Fax +44 (0)
117 928 7405; E-mail editor-neuropharmacology@bristol.ac.uk.].

Do not include a disk with the first submission.

An accompanying letter should indicate the number of pages, figures and tables in the manuscript, and
may suggest an appropriate Editor for handling the paper. Manuscripts and figures will not be returned
unless specifically requested, and will be discarded one month after publication.

Submission of final accepted paper

Authors are requested to submit a computer disk containing the final version of the papers along with
the final manuscript to the editorial office. Please observe the following criteria:

1. When your paper has been refereed, revised if necessary and accepted, send a disk containing the
final version with the final hard copy. Make sure that the disk and the hard copy match exactly.

2. Specify what software was used, including which release, e.g. WordPerfect 5.1.

3. Specify what computer was used (either IBM-compatible PC or Apple Macintosh).

4. Include the text file and separate table and illustration files, if available.

5. The file should follow the general instructions on style/arrangement and, in particular, the reference
style of this journal as given in the Instructions to Authors.

6. The file should be single-spaced and should use the wrap-around end-of-line feature, i.e. no returns at
the end of each line. All textual elements should begin flush left; no paragraph indents. Place two returns



66

after every element such as title, headings, paragraphs, figure and table call-outs.
7. Keep a back-up disk for reference and safety.

Transfer of Copyright

Elsevier will mail the corresponding author a "Transfer of Copyright" agreement once the paper has been
received in production. All authors must sign the agreement before the article can be published. This
transfer agreement enables Elsevier Ltd to protect the copyrighted material for the authors, but does not
relinquish the author's proprietary rights. The copyright transfer covers the exclusive rights to reproduce
and distribute the article, including reprints, photographic reproductions, microform or any other
reproductions of similar nature and translations, and includes the right to adapt the article for use in
conjunction with computer systems and programs, including reproduction or publication in machine-
readable form and incorporation in retrieval systems. Authors are responsible for obtaining from the
copyright holder permission to reproduce any figures for which copyright exists.

Experimental procedures

All animal experiments should be carried out in accordance with the U.K. Animals (Scientific Procedures)
Act, 1986 and associated guidelines, the European Communities Council Directive of 24 November 1986
(86/609/EEC) or the National Institutes of Health guide for the care and use of Laboratory animals (NIH
Publications No. 8023, revised 1978) and the authors should clearly indicate in the manuscript that such
guidelines have been followed.

Manuscripts should be accompanied by a statement that all efforts were made to minimise animal
suffering, to reduce the number of animals used, and to utilise alternatives to in vivo techniques, if
available.

Authors are advised to consult A fair press for animals [New Scientist (1992) 1816: 1830] before
preparing their manuscript. The Editors reserve the right to reject papers if there is doubt whether
suitable procedures have been used.

Style

Manuscripts, including references and figure legends, should be typed double-spaced on one side of A4
paper (206x294 cm) or equivalent, with margins no less than 2.5 cm. Type should be no smaller than 12
point. All typed pages should be nhumbered consecutively, starting with the title page . Either U.K. or U.S.
spelling may be used, but must be consistent throughout.

Abbreviations. Abbreviations should be kept to a minimum. All abbreviations should be written in full
when first used and the abbreviation given in parentheses.

Title page. This should contain a brief, but informative, title, a running title (not exceeding 40
characters), the names and addresses of the authors and a list of keywords or phrases. The author for
correspondence, with telephone, Fax numbers and E-mail address, should be clearly indicated on this
page. The manuscript should normally be produced using the following headings. One additional level of
sub-headings may also be used.

Summary. The second page should consist of a short summary (not exceeding 200 words) which should
be readily accessible to the non-specialist and contain the important points of the paper.

Keywords. Authors should provide up to six keywords, to appear just underneath the summary section.
The keywords will be used for indexing purposes.

Introduction. The third page should start with a succinct account of why the work was performed. Long
historical introductions should not be used. A statement accessible to a lay audience indicating the
potential benefit of the work to man or animals should be included. If any of the work contained in the
manuscript has been published previously in the form of an abstract this must be referenced.

Methods. Sufficient detail is required to enable others to repeat the experiments. Where animals are
involved full descriptions of all analgesic, anaesthetic and surgical procedures must be stated. Where
abbreviations are used in place of long chemical names the full chemical name should be provided in this
section. Details of any statistical analyses performed should be given. SI units should be used.

Results. The results should be fully illustrated. Negative findings should also be noted to avoid
unnecessary replication by others.

Discussion. This should be as concise as possible. Its main function should be to discuss the results in
context with the current state of the field.



67

Acknowledgements. These should be as brief as courtesy allows.

References. These should not normally exceed 40. Davies, J., Francis, A. A., Jones, A. W., Watkins, J. C.,
1981. 2-Amino-5-phosphonovalerate (2APV), a potent and selective antagonist of amino acid-induced
and synaptic excitation. Neuroscience Letters 21, 77-81.

Ascher, P., Johnson, J. W. 1989., The NMDA receptor, its channel, and its modulation by glycine. In:
Watkins, J. C., Collingridge, G. L., (Eds), The NMDA Receptor. IRL Press at Oxford University Press,
Oxford, pp. 109-121.

Papers that have been accepted for publication may be cited as 'In press', and a photocopy of the
manuscript must be provided. Papers submitted or in preparation should be referred to as (unpublished
observations/personal communications) within the text, if absolutely necessary.

In the text, references should be given as: Smith (1964) or (Smith, 1964). In the case of multiple
authorship, et al. should be used throughout, i.e. Smith et al. (1964). If works published by the same
author(s) in the same year are cited, they should be distinguished by the letters a, b, c, etc.

The reference list must be arranged alphabetically according to the surname of the first author, and
chronologically if several papers by the same author(s) are referenced.

Illustrations. For hard-copy submission manuscripts, two sets of figures in the form of high quality
photographs, line drawings or laser prints should be sent to the Editorial Office together with the figure
legends typed double-spaced on separate sheets. The figures should be lettered and clearly identified on
the reverse with authors, figure numbers and orientation. Additional sets of figures should be included in
the copies of the manuscript. These may be high quality photocopies and, where possible, the legend
should be included with each figure (single-spaced if necessary) to aid the refereeing process.

All colour figures in accepted manuscripts will be charged at the rate of USD 300 for the first page of
color per manuscript, followed by USD 200 for each subsequent page. Interactive Reports will be
published on the web and in the print journal free of charge.

Tables. These should be kept to a minimum and should be self explanatory without reference to the text.
Data presented in tables should not reproduce that presented in figures or the text.

A suitable location for the placement of tables and figures should be indicated in the text.

Multimedia files. Neuropharmacology is now able to accept electronic supplementary material to
support and enhance your scientific research. Supplementary files offer additional possibilities to publish
supporting applications, movies, animation sequences, high-resolution images, background datasets and
sound clips. Any files supplied will be published online alongside the electronic version of your article in
Elsevier web products, including ScienceDirect. In order to ensure that your submitted material is directly
usable, please ensure that data files are provided in one of our recommended file formats. Full details
can be accessed on Elsevier's Author Gateway (www.AuthorGateway.com).

When supplementary files are supplied, an additional 'supplementary' figure list should also be
submitted. Any supplementary material that is not directly referred to from within the text of your
manuscript should be referred to via use of a footnote to the article title. In addition, it is also
recommended that a short description is provided for each supplementary file supplied. When published
online, the descriptive texts will appear as captions alongside links to the relevant supplementary files,
an example layout of online supplementary material can be viewed via the following link:
http://authors.elsevier.com/ArtworkInstructions.html.

Please note that any supplementary material supplied is subject to the normal peer review process.
Proofs

For all accepted manuscripts, page proofs will be sent to the corresponding author (or the first-named
author) for checking. Corrections to the proofs must be restricted to printer's errors. Any
substantial alterations other than these may be charged to the author. Authors are particularly requested
to return their corrected proofs as quickly as possible in order to facilitate rapid publication. Please note
that authors are urged to check their proofs carefully before return, since late corrections
cannot be guaranteed for inclusion in the printed journal. Reprints and copies of the issue (at a



specially reduced rate) can be ordered on the form which will accompany the proofs. These should be
returned to: Elsevier Ltd, Bampfylde Street, Exeter, EX1 2AH, U.K.

68



Livros Gratis

( http://www.livrosgratis.com.br )

Milhares de Livros para Download:

Baixar livros de Administracao

Baixar livros de Agronomia

Baixar livros de Arquitetura

Baixar livros de Artes

Baixar livros de Astronomia

Baixar livros de Biologia Geral

Baixar livros de Ciéncia da Computacao
Baixar livros de Ciéncia da Informacéo
Baixar livros de Ciéncia Politica

Baixar livros de Ciéncias da Saude
Baixar livros de Comunicacao

Baixar livros do Conselho Nacional de Educacdo - CNE
Baixar livros de Defesa civil

Baixar livros de Direito

Baixar livros de Direitos humanos
Baixar livros de Economia

Baixar livros de Economia Doméstica
Baixar livros de Educacao

Baixar livros de Educacdo - Transito
Baixar livros de Educacao Fisica

Baixar livros de Engenharia Aeroespacial
Baixar livros de Farmacia

Baixar livros de Filosofia

Baixar livros de Fisica

Baixar livros de Geociéncias

Baixar livros de Geografia

Baixar livros de Histdria

Baixar livros de Linguas



http://www.livrosgratis.com.br
http://www.livrosgratis.com.br
http://www.livrosgratis.com.br
http://www.livrosgratis.com.br
http://www.livrosgratis.com.br
http://www.livrosgratis.com.br
http://www.livrosgratis.com.br
http://www.livrosgratis.com.br
http://www.livrosgratis.com.br
http://www.livrosgratis.com.br/cat_1/administracao/1
http://www.livrosgratis.com.br/cat_1/administracao/1
http://www.livrosgratis.com.br/cat_1/administracao/1
http://www.livrosgratis.com.br/cat_1/administracao/1
http://www.livrosgratis.com.br/cat_1/administracao/1
http://www.livrosgratis.com.br/cat_1/administracao/1
http://www.livrosgratis.com.br/cat_1/administracao/1
http://www.livrosgratis.com.br/cat_2/agronomia/1
http://www.livrosgratis.com.br/cat_2/agronomia/1
http://www.livrosgratis.com.br/cat_2/agronomia/1
http://www.livrosgratis.com.br/cat_2/agronomia/1
http://www.livrosgratis.com.br/cat_2/agronomia/1
http://www.livrosgratis.com.br/cat_2/agronomia/1
http://www.livrosgratis.com.br/cat_2/agronomia/1
http://www.livrosgratis.com.br/cat_3/arquitetura/1
http://www.livrosgratis.com.br/cat_3/arquitetura/1
http://www.livrosgratis.com.br/cat_3/arquitetura/1
http://www.livrosgratis.com.br/cat_3/arquitetura/1
http://www.livrosgratis.com.br/cat_3/arquitetura/1
http://www.livrosgratis.com.br/cat_3/arquitetura/1
http://www.livrosgratis.com.br/cat_3/arquitetura/1
http://www.livrosgratis.com.br/cat_4/artes/1
http://www.livrosgratis.com.br/cat_4/artes/1
http://www.livrosgratis.com.br/cat_4/artes/1
http://www.livrosgratis.com.br/cat_4/artes/1
http://www.livrosgratis.com.br/cat_4/artes/1
http://www.livrosgratis.com.br/cat_4/artes/1
http://www.livrosgratis.com.br/cat_4/artes/1
http://www.livrosgratis.com.br/cat_5/astronomia/1
http://www.livrosgratis.com.br/cat_5/astronomia/1
http://www.livrosgratis.com.br/cat_5/astronomia/1
http://www.livrosgratis.com.br/cat_5/astronomia/1
http://www.livrosgratis.com.br/cat_5/astronomia/1
http://www.livrosgratis.com.br/cat_5/astronomia/1
http://www.livrosgratis.com.br/cat_5/astronomia/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_11/comunicacao/1
http://www.livrosgratis.com.br/cat_11/comunicacao/1
http://www.livrosgratis.com.br/cat_11/comunicacao/1
http://www.livrosgratis.com.br/cat_11/comunicacao/1
http://www.livrosgratis.com.br/cat_11/comunicacao/1
http://www.livrosgratis.com.br/cat_11/comunicacao/1
http://www.livrosgratis.com.br/cat_11/comunicacao/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_14/direito/1
http://www.livrosgratis.com.br/cat_14/direito/1
http://www.livrosgratis.com.br/cat_14/direito/1
http://www.livrosgratis.com.br/cat_14/direito/1
http://www.livrosgratis.com.br/cat_14/direito/1
http://www.livrosgratis.com.br/cat_14/direito/1
http://www.livrosgratis.com.br/cat_14/direito/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_16/economia/1
http://www.livrosgratis.com.br/cat_16/economia/1
http://www.livrosgratis.com.br/cat_16/economia/1
http://www.livrosgratis.com.br/cat_16/economia/1
http://www.livrosgratis.com.br/cat_16/economia/1
http://www.livrosgratis.com.br/cat_16/economia/1
http://www.livrosgratis.com.br/cat_16/economia/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_18/educacao/1
http://www.livrosgratis.com.br/cat_18/educacao/1
http://www.livrosgratis.com.br/cat_18/educacao/1
http://www.livrosgratis.com.br/cat_18/educacao/1
http://www.livrosgratis.com.br/cat_18/educacao/1
http://www.livrosgratis.com.br/cat_18/educacao/1
http://www.livrosgratis.com.br/cat_18/educacao/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_22/farmacia/1
http://www.livrosgratis.com.br/cat_22/farmacia/1
http://www.livrosgratis.com.br/cat_22/farmacia/1
http://www.livrosgratis.com.br/cat_22/farmacia/1
http://www.livrosgratis.com.br/cat_22/farmacia/1
http://www.livrosgratis.com.br/cat_22/farmacia/1
http://www.livrosgratis.com.br/cat_22/farmacia/1
http://www.livrosgratis.com.br/cat_23/filosofia/1
http://www.livrosgratis.com.br/cat_23/filosofia/1
http://www.livrosgratis.com.br/cat_23/filosofia/1
http://www.livrosgratis.com.br/cat_23/filosofia/1
http://www.livrosgratis.com.br/cat_23/filosofia/1
http://www.livrosgratis.com.br/cat_23/filosofia/1
http://www.livrosgratis.com.br/cat_23/filosofia/1
http://www.livrosgratis.com.br/cat_24/fisica/1
http://www.livrosgratis.com.br/cat_24/fisica/1
http://www.livrosgratis.com.br/cat_24/fisica/1
http://www.livrosgratis.com.br/cat_24/fisica/1
http://www.livrosgratis.com.br/cat_24/fisica/1
http://www.livrosgratis.com.br/cat_24/fisica/1
http://www.livrosgratis.com.br/cat_24/fisica/1
http://www.livrosgratis.com.br/cat_25/geociencias/1
http://www.livrosgratis.com.br/cat_25/geociencias/1
http://www.livrosgratis.com.br/cat_25/geociencias/1
http://www.livrosgratis.com.br/cat_25/geociencias/1
http://www.livrosgratis.com.br/cat_25/geociencias/1
http://www.livrosgratis.com.br/cat_25/geociencias/1
http://www.livrosgratis.com.br/cat_25/geociencias/1
http://www.livrosgratis.com.br/cat_26/geografia/1
http://www.livrosgratis.com.br/cat_26/geografia/1
http://www.livrosgratis.com.br/cat_26/geografia/1
http://www.livrosgratis.com.br/cat_26/geografia/1
http://www.livrosgratis.com.br/cat_26/geografia/1
http://www.livrosgratis.com.br/cat_26/geografia/1
http://www.livrosgratis.com.br/cat_26/geografia/1
http://www.livrosgratis.com.br/cat_27/historia/1
http://www.livrosgratis.com.br/cat_27/historia/1
http://www.livrosgratis.com.br/cat_27/historia/1
http://www.livrosgratis.com.br/cat_27/historia/1
http://www.livrosgratis.com.br/cat_27/historia/1
http://www.livrosgratis.com.br/cat_27/historia/1
http://www.livrosgratis.com.br/cat_27/historia/1
http://www.livrosgratis.com.br/cat_31/linguas/1
http://www.livrosgratis.com.br/cat_31/linguas/1
http://www.livrosgratis.com.br/cat_31/linguas/1
http://www.livrosgratis.com.br/cat_31/linguas/1
http://www.livrosgratis.com.br/cat_31/linguas/1
http://www.livrosgratis.com.br/cat_31/linguas/1
http://www.livrosgratis.com.br/cat_31/linguas/1

Baixar livros de Literatura

Baixar livros de Literatura de Cordel
Baixar livros de Literatura Infantil
Baixar livros de Matematica

Baixar livros de Medicina

Baixar livros de Medicina Veterinaria
Baixar livros de Meio Ambiente
Baixar livros de Meteorologia
Baixar Monografias e TCC

Baixar livros Multidisciplinar

Baixar livros de Musica

Baixar livros de Psicologia

Baixar livros de Quimica

Baixar livros de Saude Coletiva
Baixar livros de Servico Social
Baixar livros de Sociologia

Baixar livros de Teologia

Baixar livros de Trabalho

Baixar livros de Turismo



http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_37/multidisciplinar/1
http://www.livrosgratis.com.br/cat_37/multidisciplinar/1
http://www.livrosgratis.com.br/cat_37/multidisciplinar/1
http://www.livrosgratis.com.br/cat_37/multidisciplinar/1
http://www.livrosgratis.com.br/cat_37/multidisciplinar/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_47/turismo/1
http://www.livrosgratis.com.br/cat_47/turismo/1
http://www.livrosgratis.com.br/cat_47/turismo/1
http://www.livrosgratis.com.br/cat_47/turismo/1
http://www.livrosgratis.com.br/cat_47/turismo/1
http://www.livrosgratis.com.br/cat_47/turismo/1
http://www.livrosgratis.com.br/cat_47/turismo/1

