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"Zwar weild ich viel, doch mécht ich alles wissen."
(Fausto I, Verso 601 / Wagner - Johann Wolfgang von Goethe)
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RESUMO

O Transtorno do Humor Bipolar (THB) € um transtorno psiquiatrico grave e altamente
incapacitante, sendo sua progressao associada a grandes prejuizos cognitivos aparentemente
irreversiveis. Evidéncias sugerem que o fator neurotrofico derivado do cérebro (BDNF) tem
um importante papel na neuroprogressdo do THB, visto que seus niveis séricos encontram-se
diminuidos em pacientes com multiplos episddios em comparacdo com aqueles que tiveram
apenas um episodio maniaco. Sendo assim, o objetivo do presente estudo foi avaliar a
memoria e o0s niveis de BDNF em um modelo animal de mania induzido por D-anfetamina
(AMPH), em estagios precoce e tardio do THB. Para isso, ratos Wistar machos adultos foram
divididos em grupos precoce (salina ou AMPH 2mg/kg i.p. por 7 dias) e tardio (salina ou
AMPH 2mg/kg i.p. por 35 dias). Nos grupos tardios, as inje¢des ocorreram 5 vezes por 7 dias
seguidos intercalados por 7 dias sem injecdo. Uma semana ap6s a Ultima injecdo, os ratos
foram submetidos aos testes de habituacdo ao campo aberto ou esquiva inibitéria passiva e,
apos, procedeu-se com a eutanasia e isolamento do hipocampo, cortex pré-frontal e regido da
amigdala. Os niveis de mMRNA de BDNF foram dosados por PCR quantitativo em tempo real
e 0s seus niveis protéicos foram dosados por ELISA sanduiche. A AMPH prejudicou a
memoria de habituacdo tanto no tratamento precoce quanto no tardio, sendo mais prejudicial
no tratamento tardio (p<0,05). Este prejuizo foi acompanhado de uma reducdo nos niveis
protéicos de BDNF no hipocampo e um aumento nos niveis de mRNA de BDNF no cortex
pré-frontal. Na esquiva inibitéria, todos os grupos (salina e AMPH, precoce e tardio)
aprenderam o estimulo aversivo, porém a AMPH diminuiu significativamente o tempo de
descida da plataforma dos ratos em comparacdo a salina. Nao houve diferencas entre 0s
grupos precoce e tardio, embora os ratos do grupo AMPH tardio apresentaram uma reducao
nos niveis protéicos de BDNF no cértex pré-frontal e um aumento nos niveis de mRNA de
BDNF no hipocampo em comparacdo com o grupo AMPH precoce. Esses resultados sugerem
gue 0s prejuizos cognitivos observados com a progressdao do THB podem estar associados a
alteragBes nos niveis de BDNF no hipocampo e cortex pré-frontal.
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ABSTRACT

Bipolar disorder (BD) is a severe and highly disabling psychiatric disorder whose progression
has been associated with apparently irreversible cognitive impairments. Evidences suggest
that brain-derived neurotrophic fator (BDNF) plays an importante role in BD
neuroprogression, as its serum levels are reduced in patients who had multiple mood episodes
in comparison to those with only episode. The objective of the present study was to evaluate
memory and BDNF levels in an amphetamine (AMPH)-induced animal model of mania, in
early and late stages of BD. In order to do that, adult male Wistar rats were divided into early
groups (saline or AMPH 2mg/kg ip for 7 days) and late groups (saline or AMPH 2 mg/kg for
35 days). In the late groups, animals were injected for 7 days straight followed by 7 days
without any injection, being this protocol repeated 5 times. One week after the last injection,
rats were submitted to the open-field habituation test or passive inhibitory avoidance test.
Right after that, the rats were killed and the hippocampus, prefrontal cortex, and amygdala
region were isolated. BDNF mRNA levels were measured by quantitative Real Time PCR,
and protein levels were measured by sandwich ELISA. AMPH impaired habituation memory
both in early and late treatments, but memory was worse in the late group. This impairment
was accompanied by a reduction of BDNF protein levels in hippocampus and an increase of
BDNF mRNA levels in prefrontal cortex of late AMPH-treated rats. In the inhibitory
avoidance, on the other hand, all groups (saline and AMPH, early and late) showed significant
differences in latency to step-down between training and test trials, which show that even
AMPH-treated rats have managed to learn the aversive stimulus. However, AMPH has
significantly decreased the latency to step-down in the test when comparing to Sal-treated
rats, which suggests an AMPH-induced impairment in this memory task. No difference in
behavior was observed between late and early treatments for this test, although late AMPH-
treated rats presented a reduction of BDNF protein levels in prefrontal cortex and an increase
of BDNF mRNA levels in hippocampus in comparison to early AMPH-treated rats. These
results suggest that the cognitive impairment in BD may be associated with alterations in
BDNF levels in hippocampus and prefrontal cortex.

vii
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1. INTRODUCAO

1.1 Transtorno de Humor Bipolar

O Transtorno de Humor Bipolar (THB) € um transtorno mental complexo,
multifatorial e potencialmente grave associado a episodios recorrentes e elevada morbidade
clinica (Kilbourne et al., 2004). Sua prevaléncia estimada é de aproximadamente 1% ao longo
da vida (Merikangas, 2007), podendo chegar a 3% considerando as formas mais brandas do
transtorno. Estudos populacionais sugerem que a prevaléncia do THB é semelhante entre
homens e mulheres, sendo que o inicio dos sintomas ocorre geralmente entre o fim da

adolescéncia e o inicio da vida adulta (Weissman, 1991).

A caracteristica essencial do THB tipo | € um curso clinico caracterizado pela
ocorréncia de um ou mais episédios maniacos ou episodios mistos. Os individuos apresentam
também com freqiiéncia, um ou mais episodios depressivos. O THB tipo Il caracteriza-se pela
presenca de episddios depressivos maiores e episodios hipomaniacos. Ambos apresentam
sintomas que envolvem alteracBes no humor, cognicdo e comportamento. A intensidade dos
sintomas é variavel, acarretando prejuizos no desempenho das atividades diarias e sofrimento

pessoal altamente incapacitante.

Os episodios de mania caracterizam-se por humor elevado ou euforia, hiperatividade
com falta de necessidade de sono, fuga de idéias, aceleracdo do pensamento, aumento do
impulso sexual, agressividade, pressdo de fala e taquilalia, parandia, impulsividade e um

otimismo aumentado que geralmente se torna tdo extremo a ponto de prejudicar o julgamento



dos pacientes (Belmaker, 2004). E a intensidade, o tipo e a cronicidade desses sintomas que
determinam a subdivisdo do diagndstico entre mania ou hipomania. Na hipomania, as
alteracdes sdo mais moderadas e podem ou ndo resultar em sérios problemas para o individuo.
O episddio maniaco, segundo o Manual para Diagnostico e Estatistica da Associacao
Psiquiatrica Americana, quarta revisdao (DSM-1V), define o diagnostico do THB tipo | e,

portanto, a diferenca para o THB tipo Il, onde apenas episddios hipomaniacos estdo presentes.

Os episddios de depressdo bipolar caracterizam-se por humor deprimido, perda de
interesse, perda de apetite, perturbacdes no sono, retardo psicomotor, diminuicdo da
velocidade de pensamento e fala, baixa autoestima e ideacdo suicida (Belmaker, 2004). Assim
como nos episoddios maniacos, a gravidade pode variar consideravelmente — de uma discreta
lentificacdo fisica e mental, com quase nenhuma distor¢do cognitiva ou da percepcdo, até
quadros de estupor depressivo, com delirios, alucinacBes e obnubilacdo da consciéncia

(Goodwin & Jamison, 2007).

1.2 Neuroprogressdo do THB

O THB apresenta um progndstico a longo prazo muito pior do que anteriormente
imaginado. Os pacientes frequentemente apresentam sintomas subsindromicos associados a
prejuizos cognitivos persistentes e declinio funcional decorrentes da progressdo do transtorno
(Kapczinski et al., 2008a). Ha evidéncias mostrando que 0s pacientes em estagios iniciais da
doenca apresentam desfechos clinicos muito melhores do que aqueles com multiplos
episddios (Tohen et al., 1990; Schuepbach et al., 2008). Por exemplo, pacientes com maior

duracdo de doenca ou aqueles que tiveram mais de trés epis0dios S40 menos pPropensos a



responder ao tratamento farmacoldgico, particularmente ao litio (Gelenberg et al., 1989;
Swann et al., 1999). Além disso, a duragdo dos periodos interepisodicos diminui a medida que

0 nimero de episddios aumenta (Kessing, 1998).

Essas observacdes clinicas sdo consistentes com estudos de imagem mostrando
diferencas anatdbmicas em estruturas cerebrais especificas em decorréncia da evolucdo da
doenca. Estudos morfométricos mostram que pacientes com THB apresentam alteraces em
varias estruturas em comparacdo a controles (Lopez-Larson et al., 2002; Lyoo et al., 2004,
Lyoo et al., 2006). Alguns autores sugerem que essas mudancas neuroanatdmicas tendem a
ser mais pronunciadas apos repetidos episodios e correlacionam-se positivamente com o
tempo de duracdo da doenca (Strakowski et al., 2002; Lyoo et al., 2006). Além disso,
pacientes com apenas um episdédio maniaco apresentam minimas alteracGes em estruturas

cerebrais (Yatham et al., 2007).

1.2.1  Deficit cognitivo no THB

Pacientes com THB apresentam prejuizos cognitivos permanentes, e a extensao desses
prejuizos é maior naqueles com multiplos episédios em comparagdo com 0s pacientes que
tiveram apenas um episddio de mania (Torres et al., 2007). O déficit cognitivo observado no
THB esta presente em todos os estados da doenga, inclusive na eutimia, porém sao acentuados

durante os episodios de humor (Martinez-Aran et al., 2004; Vieta et al., 2010).

A importdncia da neurocognicdo reside na sua correlagdo com os desfechos
funcionais, mesmo na auséncia de sintomas residuais (Martinez-Aran et al., 2007). Melhores

performances em atividades explorando a fungdo executiva do cortex pré-frontal sdo

3



correlacionadas positivamente com o status ocupacional. Pacientes com maior duracdo da
doenca, maior numero de hospitalizacdes, tentativas de suicidio e niumero de episédios
prévios de mania tendem a apresentar piores desempenhos em atividades avaliando funcdes
executivas e memoria verbal (Vieta et al., 2010). Piores desfechos funcionais no THB
também estdo associados a um pior funcionamento pré-morbido, morbidades depressivas,
menores niveis educacionais, abuso de drogas, suporte social fraco e pobreza (Huxley e

Baldessarini, 2007; Wingo et al., 2009).

Durante a eutimia, déficits cognitivos persistentes afetam a funcdo executiva, memaria
verbal e atencdo (Martinez-Aran et al., 2004; Robinson et al., 2006a; Mur et al., 2007). Essas
disfungdes cognitivas podem refletir padrdes anormais de ativacdo cerebral (Benabarre et al,
2005; Strakowski et al., 2005), envolvendo o cortex pré-frontal na etiopatogénese do THB e
sugerindo disfuncGes corticais-subcorticais-limbicas no transtorno (Malhi et al., 2004). Além
disso, multiplos episodios, particularmente maniacos e psicoticos, podem levar a prejuizos
cognitivos mais graves (Martinez-Aran et al., 2004; Robinson et al., 2006b). Esses achados
sdo corroborados por dados de neuroimagem, onde pacientes com mdltiplos episédios
apresentam ventriculos mais alargados e atrofia de substancia cinzenta em compara¢do com

pacientes em primeiro episddio (Strakowski et al., 2002).

1.3 Neurobiologia do THB

A neurobiologia do THB ainda n&o esta totalmente esclarecida. Por ser um transtorno

multifatorial, o THB pode ser resultante da interacdo entre fatores genéticos que causam

susceptibilidade e fatores ambientais, como estresse e eventos traumaticos (Caspi e Moffitt,



2006; Barnett e Smoller, 2009). Um dos achados mais bem estabelecidos € o papel de fatores
genéticos no THB, como evidenciado por estudos com gémeos. Todos os estudos publicados
a respeito mostraram uma maior concordancia para 0 THB em gémeos monozigoticos em
comparagdo com gémeos dizigoticos (revisado em Barnett e Smoller, 2009). Nas ultimas duas
décadas uma série de estudos de ligacdo e de associacdo foram realizados com o objetivo de
buscar a base genética do transtorno, porém genes causais ou fatores de risco genéticos ainda
ndo foram identificados. O fracasso na deteccdo de fatores genéticos robustos pode ser
resultado de uma falta de homogeneidade clinica, baixo risco relativo de cada gene e/ou uma

contribuicdo de multiplas mutacgdes raras (Barnett e Smoller, 2009).

Estudos de neuroquimica evidenciam a importancia do neurotransmissor dopamina
nos episodios de mania (Berk et al., 2007). Isso é evidenciado pelo fato que antipsicéticos
com eficacia anti-maniaca sdo capazes de bloquear a neurotransmissdo dopaminérgica
(Yatham et al., 2002), além de que psicoestimulantes que aumentam os niveis de dopamina,
como a D-anfetamina (AMPH), podem causar efeitos psicologicos semelhantes aos sintomas
maniacos em individuos saudaveis (Mamelak, 1978). O episddio maniaco esta associado a um
aumento nos niveis de dopamina (Berk et al., 2007), e a administracdo de levodopa em

pacientes com THB pode levar a episddios hipomaniacos (Peet e Peters, 1995).

Estudos neuroanatdbmicos indicam a presenca de alteracdes no volume de regides
cerebrais especificas acompanhadas de atrofia ou perda celular no THB (Hajek et al., 2005).
Estudos de imagem estrutural demonstraram volumes reduzidos de substancia cinzenta em
areas do cortex orbital e pré-frontal medial, estriado ventral e hipocampo, assim como um
alargamento significativo do terceiro ventriculo em comparagdo com controles saudaveis

(Beyer e Krishnan, 2002). Estudos neuropatologicos post-mortem complementares mostraram



reducdes anormais no volume cortical, reducdo na contagem de células gliais e/ou no tamanho
dos neurénios do cortex pré-frontal subgenual, cértex orbital, cortex pré-frontal antero-lateral
e amigdala (Deep-Soboslay et al., 2008). Ainda ndo esta bem estabelecido se essas
anormalidades constituem déficits no desenvolvimento que conferem susceptibilidade a
episédios de humor, mudancas compensatorias a processos patogénicos ou sequelas de
episddios afetivos recorrentes per se. Pelo menos algumas dessas mudangas parecem ser
reversiveis com o tratamento com estabilizadores de humor (Sassi et al., 2002), sugerindo 0s
fatores neurotréficos como possiveis alvos no mecanismo de acdo destes farmacos e um

envolvimento destes na patofisiologia do THB.

131 Neurotrofinas

A familia das neurotrofinas € composta por fatores regulatorios que medeiam a
diferenciacdo e a sobrevivéncia de neurbnios e modulam a transmissdo e plasticidade
sinaptica (Bibel e Barde, 2000). Fatores neurotréficos enddgenos foram descritos
tradicionalmente como sendo capazes de aumentar a sobrevivéncia celular por prover o
suporte trofico necessario para os neurbnios; no entanto, o seu conjunto de acdes também
inclui a inibicdo da morte celular programada (Shaltiel et al., 2007). Os membros da familia
incluem o fator de crescimento neural (NGF), o fator neurotrofico derivado do cérebro
(BDNF) e as neurotrofinas 3, 4, 5 e 6. Esses fatores podem ser secretados de forma
constitutiva ou transitoria e, frequentemente, de forma atividade-dependente (revisado em
Shaltiel et al., 2007). Eles se ligam e ativam receptores tirosina-cinase (Trk) especificos e,

consequentemente, vias de sinalizacéo intracelular distintas (Barbacid, 1994).



Entre as neurotrofinas, o BDNF é a mais abundante no sistema nervoso central (SNC)
e parece induzir efeitos neurotroficos e neuroprotetores de longo prazo (Murer et al., 2001). O
BDNF tambem tem um papel na plasticidade sinaptica e na liberacdo de neurotransmissores,
facilitando a liberacdo de glutamato, acido gama-aminobutirico (GABA), dopamina e
serotonina (Tyler et al., 2002; Yoshii e Constantine-Paton, 2010). J& foi demonstrado que o
estresse crénico diminui os niveis de BDNF no SNC de ratos, e a sua expressao é aumentada
em diferentes regides cerebrais ap0s tratamento cronico com farmacos antidepressivos e
estabilizadores de humor (Frey et al., 2006; Tankova et al., 2006). Tarefas de aprendizado
estdo associadas com um aumento dos niveis de mMRNA de BDNF em ratos (Yamada e
Nabeshima, 2003) e héa indicios que o0 BDNF tem um papel importante na potenciacdo de
longa duracdo (LTP) (Minichiello, 2009). Além disso, associacdo positiva entre 0s niveis
séricos de BDNF e um teste de fluéncia verbal em humanos foi demonstrada, sugerindo, mais

uma vez, a importancia do BDNF em processos neurocognitivos (Dias et al., 2009).

Os efeitos bioldgicos do BDNF séo exercidos pela ativacao de pelo menos trés vias de
sinalizacdo intracelular diferentes: fosfatidil-inositol 3-cinase/proteina cinase B (PI13K/Akt),

fosfolipase C (PLC) e ERK-cinase ativada por mitégeno (ERK/MAPK) (Figura 1).
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Figura 1. Vias de sinalizacdo intracelular ativadas pela ligacdo do BDNF ao seu
receptor TrkB. A ligacdo do BDNF ao TrkB pode rapidamente modular a atividade dos
receptores glutamatérgicos NMDA e AMPA ou pode regular a transcri¢do e traducédo atraves
de trés principais vias de sinalizacdo intracelular que incluem a fosfatidil-inositol 3-
cinase/proteina cinase B (PI3K/Akt), fosfolipase C-y (PLC-y) e a ERK/cinase ativada por
mitégeno (ERK/MAPK). A ativacdo da PLC-y leva a liberacdo de Ca®* do reticulo
endoplasmatico (RE) e ativacdo da cinase dependente de céalcio-calmodulina Il (CamKIl),
resultando na fosforilacdo da proteina de ligacdo ao elemento de resposta ao cCAMP (CREB) e
ativacdo da transcricdo. O BDNF pode também ativar a PI3K que, por sua vez, fosforila a
proteina cinase B (Akt) e o alvo da rapamicina em mamiferos (MTOR) para regular o inicio
da traducdo através da modulacéo da atividade do fator de iniciacdo eucariético 4E (eiF4AE, ou
4E), entre outros substratos. A ativacdo da via da ERK/MAPK pode tanto regular a
transcricdo, pela fosforilacdo de CREB e da proteina do tipo E-26 1 (Elk-1), quanto a
transcrigdo, por fosforilar eiF4E. A transcrigdo dependente de CREB pode envolver a sintese
de mRNA de genes de expressdo imediata como o c-fos ou o zif268 (adaptado de
Bekinschtein et al., 2008).

A transcricdo do gene Bdnf é regulada principalmente pela proteina de ligacdo ao
elemento de resposta ao cCAMP (CREB) (Chalovich et al., 2006). Este fator de transcricdo

precisa ser fosforilado a pCREB para ser translocado ao nucleo e ativar a transcricdo dos

genes regulados por ele, entre os quais o Bdnf (Finkbeiner, 2000). Uma vez sintetizado e



processado, 0 MRNA é traduzido em uma forma precursora da proteina, chamada proBDNF.
O proBDNF pode ser clivado proteoliticamente no meio intracelular por enzimas e secretado
como BDNF maduro, ou pode ser secretado como proBDNF e ser clivado por proteases

extracelulares (revisado em Lessmann et al., 2003).

Niveis séricos de BDNF estdo diminuidos em pacientes com THB em episodios
maniacos e depressivos (Cunha et al., 2006; de Olivera GS et al., 2009). Alem disso, Kauer-
Sant’ Anna e colaboradores (2009) compararam pacientes com THB que haviam tido apenas
um episdédio de humor e pacientes com mdaltiplos episddios, e mostraram que 0s niveis de
BDNF diminuem com o nimero de episodios. Esses dados levaram a hipdtese de que as
mudancas relacionadas ao aumento no namero de episddios devem explicar, pelo menos em
parte, algumas das mudancas estruturais observadas em pacientes com THB. Os niveis de
BDNF também foram correlacionados negativamente com a duracdo da doenca (Kauer-
Sant’ Anna et al., 2009), sugerindo um importante papel desta neurotrofina na progressdo do

THB (Kapczinski et al., 2008b).

Um polimorfismo de base Unica (do inglés single nucleotide polymorphism — SNP),
caracterizado pela troca de uma guanina por uma adenina no nucleotideo 196 do gene BDNF,
leva a substituicdo de uma valina por uma metionina no cédon 66 do BDNF em humanos
(Val66Met). Este polimorfismo esta associado a prejuizos em memoria episodica em
voluntarios saudaveis (Egan et al., 2003) e piora significativa na performance no Teste
Wisconsin de Classificacdo de Cartas (WCST) em pacientes com THB Val/Met em
comparacdo com pacientes com o geno6tipo Val/Val (Rybakowski et al., 2006). Além disso,
um estudo prospectivo demonstrou que pacientes portadores do alelo Met apresentam uma

maior reducdo do lobo temporal em comparacdo com pacientes Val/Val em um periodo de 4



anos de seguimento (Mclntosh et al., 2007). De uma forma geral, esses resultados sugerem
fortemente um envolvimento significativo do BDNF na patofisiologia do THB e no declinio

cognitivo associado a duracao e a progressao da doenca.

1.4 Modelo animal de mania

O conhecimento limitado acerca da neurobiologia do THB dificulta o
desenvolvimento de modelos animais para o transtorno, uma vez que este apresenta-se de
forma muito heterogénea na populacdo e ndo ha alvos bioquimicos ou genéticos especificos
consolidados que possam ser manipulados para o desenvolvimento dos modelos. No entanto,
a tarefa € necessaria — praticamente todas as medicagdes existentes foram descobertas ao
acaso ou resultaram de testes de medicacGes aprovadas para outros usos em modelos animais

existentes (no caso, antipsicéticos e anticonvulsivantes).

No caso do THB, o desenvolvimento de modelos animais adequados € particularmente
dificil pelo fato do transtorno ser ciclico e apresentar uma grande heterogeneidade clinica. Os
conhecimentos acerca de sua patofisiologia sdo ainda limitados e existem poucos
endofendtipos clinicos bem validados. Os mecanismos de acdo das medicacGes
estabilizadoras de humor e os dados a respeito de genes que conferem susceptibilidade
também séo insuficientes. A maioria dos modelos animais utilizados é, portanto, especifica
para o0 episddio de mania ou para o episédio de depressdo e poucos Se aventuram em

mimetizar a ciclicidade e a recorréncia tipica do THB em animais (Post, 2007).
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Existem diferentes abordagens para o desenvolvimento de modelos animais: eles
podem basear-se em sintomas, endofenotipos/patofisiologia ou na resposta a medicamentos.
Um dos modelos animais de mania mais bem consolidados na literatura é o modelo induzido
pela administracdo de AMPH em ratos Wistar (Frey et al., 2006), baseando-se no fato que ha
um aumento nos niveis de dopamina em pacientes durante o episodio de mania. Este
experimento é tipicamente dividido em reversdo e prevencdo da mania. No modelo de
reversdo, os ratos recebem administracdes diarias de 2mg/kg de AMPH ou salina (SAL) por
14 dias seguidos e passam a receber também injecdes de litio 47,5mg/kg, valproato de sodio
200mg/kg ou SAL nos ultimos 7 dias. Neste caso, avalia-se a reversdo dos efeitos da
administracdo de AMPH pelo uso das medicacfes, mimetizando o tratamento agudo de um
episédio maniaco. No modelo de prevencdo, os ratos recebem administracGes diarias dos
estabilizadores de humor (has mesmas doses utilizadas no modelo de reversdo) por 14 dias e,
nos ultimos 7 dias, passam a receber também injecdes de AMPH ou SAL. Desta forma,
avalia-se a prevencao dos efeitos da AMPH pelo uso prévio das medicagdes, mimetizando um
tratamento de manutencdo no THB com estabilizadores de humor. O teste comportamental
comumente utilizado € o campo aberto, possibilitando a avaliacdo de parametros exploratorios
e locomotores. As validades de constructo e preditiva do modelo tem sido comprovadas (Frey
et al.,, 2006; Andreazza et al., 2008; Walz et al., 2008; Valvassori et al., 2010),
correlacionando achados nos animais com dados clinicos e bioquimicos observados em

pacientes.
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1.5 Memoria

Memodria pode ser definida como a aquisicdo, 0 armazenamento e a evocagao
(aprendizado) de informacdes. As memorias podem ser classificadas de acordo com diferentes
critérios: funcdo (trabalho versus referéncia), contelddo (declarativa/explicita versus
procedural/implicita), duracdo (imediata ou de curta duracdo versus remota ou de longa
duracdo), natureza (associativa versus nao-associativa) ou motivacdo (apetitiva/recompensa
versus aversiva) (Quillfedt, 2010). Do ponto de vista eletrofisiologico, a modificacdo
dependente do uso de sinapses é um dos mecanismos celulares primarios responsaveis pela

formacdo de memdria e pelo aprendizado.

Um dos mecanismos eletrofisiol6gicos mais estudados na formacdo de memorias é a
chamada potenciacdo de longa duracdo (LTP) (Bliss e Collingridge, 1993). Este fenémeno
corrobora a hip6tese que o aprendizado envolve plasticidade sinaptica e € definido como um
aumento prolongado da magnitude da resposta sinaptica de um neurdnio pds-sinaptico apés
uma estimulacéo curta e de alta freqiiéncia de um neurdnio pré-sinaptico (Lent, 2008). A LTP
ja foi observada em diferentes regibes do SNC (hipocampo, cortex cerebral, amigdala e
cerebelo) e é um fendmeno tipico de sinapses excitatdrias glutamatérgicas (Squire e Kandel,
2009). Envolvimento da sinalizacéo induzida pelo receptor TrkB na LTP in vitro e in vivo foi
demonstrado em modelos de aprendizado (Minichiello, 2009). A atividade neuronal que leva
a LTP aumenta fortemente a expressdo de BDNF em neurbnios hipocampais em fatias
cerebrais, sugerindo que sinais sinapticos fisioldgicos podem induzir a liberagdo pos-sinaptica
de BDNF enddgeno (Pang e Lu, 2004). Da mesma maneira, a delecdo do gene Bdnf em
camundongos knockout prejudica a inducdo normal da LTP precoce (E-LTP) na regido CAl

em fatias hipocampais (Korte et al., 1995). A importancia do BDNF na consolidacdo da LTP
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tardia (L-LTP) foi sugerida por estudos que mostram que esta neurotrofina estimula a sintese
e 0 rapido transporte para os dendritos de moléculas de mRNA do gene Arc (proteina
associada ao citoesqueleto regulada pela atividade de genes de expressao imediata), cuja
funcdo na L-LTP ja& foi anteriormente mostrada (revisado em Bramham, 2008). Achados
recentes indicam também que a sintese de BDNF durante a L-LTP é crucial para a
persisténcia da memoria (Bekinschtein et al., 2007), o que comprova ainda mais a hipotese de

que a estimulacdo do TrkB é fundamental para os mecanismos de plasticidade sinaptica.

1.5.1  Testes comportamentais para o estudo da memoria

A teoria da consolidacdo da memoria, proposta por Miller e Pilzecker em 1900, é um
dos paradigmas fundamentais da psicobiologia e neurofarmacologia da meméria (McGaugh,
1966; Dudai, 2000, em Quillfeldt 2010). Uma consequéncia desta teoria € a possibilidade do
planejamento das intervencdes experimentais em dois ou trés momentos na formacao e
evocacdo da memoria. A formacdo da memaria ndo é um processo instantaneo, sendo dividida
em aquisicdo (melhor conhecida como aprendizado) e consolidacdo (a fase labil durante a
qual o traco de memdria torna-se fisicamente armazenado). A evocacao da memoria, por sua
vez, ocorre durante a re-exposi¢cdo ao contexto de aprendizado, com ou sem o estimulo
anteriormente recebido (e é a Unica forma de se provar que a memoria foi realmente formada

e armazenada) (Quillfeldt, 2010).

A aquisicdo da memoria pode ocorrer apds um ou varios trials de aprendizado (treino),
guando o0s animais Sd0 expostos ao contexto controlado para diferentes variaveis.

Imediatamente apos o treino, e ainda durante varias horas, o traco de memdria passara por
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uma fase labil (consolidacéo), estando suscetivel a distarbios que podem modificar o dado
originalmente adquirido. Um teste de evocacdo de memdria de longa duracdo (LTM) pode ser
realizado em diferentes intervalos de tempo pos-treino, mas ha um consenso na literatura de

que este deve ocorrer no minimo 6 horas apés (geralmente apos 24 horas) (Quillfeldt, 2010).

Diferentes testes comportamentais possibilitam o estudo de diferentes tipos de
memoria. O teste de habituacdo ao campo aberto, por exemplo, mede a memoria do tipo néo
aversiva classica ndo associativa. Este consiste em expor o animal a uma area aberta (open
field), um novo ambiente sem qualquer estimulo aversivo ou apetitivo, e deixa-lo explorar a
area livremente por um periodo pré-estabelecido de tempo (treino). Vinte e quatro horas apds,
0 rato é re-exposto a0 mesmo ambiente e 0 seu comportamento exploratorio € observado.
Uma diminuicdo significativa no comportamento exploratorio no teste em comparacdo ao

treino € um indicio de habituacdo ao ambiente e, portanto, de aprendizado.

Outro teste comportamental muito utilizado € o teste de esquiva inibitoria. Este teste
envolve o aprendizado de inibicdo de uma resposta para evitar um estimulo aversivo. Na
pratica, este consiste em posicionar um rato sobre uma plataforma localizada ao lado de uma
area metalica ligada a um circuito elétrico, de forma que, quando o animal explora o ambiente
e desce da plataforma, ele recebe um choque curto de intensidade moderada. A memdria é,
portanto, do tipo aversiva. Vinte e quatro horas ap6s o treino, o animal € reposicionado na
plataforma e o tempo que ele demora para descer da mesma €& contado. Um aumento
significativo na laténcia para descer da plataforma é um indicativo de aprendizado. Este tipo
de memodria é de dificil classificacdo, pois envolve tanto um componente explicito e
associativo (ao contexto) quando um condicionamento do tipo operante (ao choque), sendo,

este ultimo, considerado um tipo de memoria implicita (Quillfeldt, 2010).
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1.6 Justificativa

O THB é um transtorno psiquiatrico grave e altamente incapacitante e a sua
progressdo estd associada a prejuizos cognitivos e alteracdes neuroanatdmicas aparentemente
irreversiveis. Até o presente momento, poucos estudos foram realizados para explorar as
bases biologicas da neuroprogressdo do THB, porém ha fortes evidéncias de que as
neurotrofinas tem um importante papel nestes mecanismos. Os niveis séricos de BDNF
encontram-se diminuidos em pacientes com longo tempo de doenca em comparacdo com
pacientes com apenas um episodio, o que pode explicar, pelo menos em parte, o declinio
cognitivo observado. Além disso, estudos recentes sugerem um papel fundamental da
sinalizacdo induzida por BDNF/TrkB nos processos de memdria em diferentes regibes
cerebrais, 0 que sugere que mecanismos dependentes de neurotrofinas ocorrendo no SNC
podem estar associados com a progressdo do THB. Um maior conhecimento acerca da
neurobiologia desta progressdao pode fornecer evidéncias fundamentais para o estudo de
tratamentos profilaticos ou de manutencdo da eutimia para pacientes com THB. Além disso, 0
estudo de regides cerebrais especificas possibilitara um maior entendimento do papel de cada

uma delas nos processos de neuroprogresséo e, portanto, da patofisiologia do transtorno.
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2. OBJETIVOS

2.1 Objetivo geral

Avaliar a memoria e os niveis cerebrais de BDNF em um modelo animal de transtorno

bipolar em estagio precoce e tardio.

2.2 Objetivos especificos

e Mimetizar os estagios precoce e tardio do transtorno bipolar em ratos com
diferentes tempos de tratamento com D-anfetamina;

e Auvaliar a memoria de longa duracdo dos ratos no teste de esquiva inibitoria;

¢ Avaliar a memoria de habituacao de longa duracéo dos ratos no teste de
habituacdo ao campo aberto;

e Quantificar os niveis de MRNA do gene Bdnf e os niveis protéicos de BDNF

no cortex pré-frontal, regido da amigdala e hipocampo dos ratos.
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3. RESULTADOS

Os resultados deste trabalho serdo apresentados sob a forma de um artigo

cientifico submetido para publicacdo na revista The International Journal of

Neuropsychopharmacology.

3.1 Capitulo |

Assessment of memory and BDNF levels in an animal model of early and late

stages of bipolar disorder
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Abstract

Bipolar disorder (BD) is a severe psychiatric disorder whose progression has been
associated with cognitive impairments. Evidences suggest that brain-derived
neurotrophic fator (BDNF) plays an important role in BD neuroprogression. We aimed
to evaluate memory and BDNF levels in an amphetamine (AMPH)-induced animal
model of mania, in early and late stages of BD. Adult male Wistar rats were divided into
early (saline or AMPH 2mg/kg ip for 7 days) and late groups (saline or AMPH 2 mg/kg
for 35 days). After the open-field habituation or inhibitory avoidance test, the rats were
killed and the hippocampus, prefrontal cortex and amygdala region were isolated.
BDNF mRNA and protein levels were measured by quantitative Real Time PCR and
ELISA, respectively. AMPH impaired habituation memory both in early and late
treatments, but worsened in the late group. This was accompanied by reduced BDNF
protein in hippocampus and increased BDNF mRNA in prefrontal cortex of late AMPH-
treated rats. In the inhibitory avoidance, all groups learned the aversive stimulus,
although AMPH has significantly decreased latency to step-down in the test compared
to saline. No difference was observed between late and early treatments, although late
AMPH-treated rats presented reduced BDNF protein in prefrontal cortex and increased
mRNA in hippocampus compared to early AMPH-treated rats. These results suggest
that the cognitive impairment in BD may be associated with alterations in BDNF levels

in hippocampus and prefrontal cortex.

Key words: bipolar disorder, memory, BDNF
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Introduction

Bipolar disorder (BD) is a severe chronic psychiatric disorder with an estimated
prevalence of approximately 1% (Merikangas et al., 2007). The manic phase, one of its
main features, is characterized by elated mood, pressure to keep talking, grandiosity,
hyperactivity, flight of ideas and diminished need for sleep, and is typically intercalated
with depressive and euthymic phases (Belmaker, 2004). Even though the acute mood
episode itself has been associated with cognitive and functional impairments (Martinez-
Aran et al., 2004), evidences suggest that they tend to get worse with disease
progression, especially with the increase of number of acute episodes (Elshahawi et al.,
2010; Torres et al., 2007). Longer duration of BD has been associated with many types
of impaired neuropsychological performances in patients (Denicoff et al., 1999), and
risk of dementia seems to increase with the number of episodes (Kessing and Andersen,
2004). In addition, longer duration of BD has been associated with reduced cerebral
cortical thinning, which could partially begin to explain the progressive decline

observed in cognitive function (Lyoo et al., 2006).

Among other changes related to illness progression, BD patients at a late stage
of the illness present lower serum levels of brain-derived neurotrophic factor (BDNF)
when compared to BD patients at an early stage and controls (Kauer-Sant’Anna et al.,
2009), which suggests a reduction in neuroplasticity along with BD progression. BDNF
is @ member of the neurotrophin family that mediates differentiation and survival of
neurons, and modulates synaptic transmission and plasticity (Shaltiel et al., 2007). In
adult nervous system, BDNF displays a widespread distribution pattern, with high levels

of mRNA and protein in hippocampus, amygdala, cerebral cortex, and hypothalamus

22



(Pruunsild et al., 2007). Reduced BDNF levels were observed in the serum of BD
patients in manic and depressive episodes when compared to euthymic and controls
(Cunha et al., 2006), and it is believed to be one of the key molecules involved in the
neurobiology and treatment of BD (Kapczinski et al., 2008). BDNF plays also key roles
In memory processes, promoting long-term potentiation (LTP) and inhibiting long-term
depression (LTD) (reviewed by Cunha et al., 2010), and can modulate protein synthesis
by transcriptional and translational mechanisms, which corroborates the idea of being
required in the consolidation of long-term memory (LTM) (reviewed by Bekinschtein et

al., 2008).

Manic episode has been consistently associated with an increase in dopamine
levels (reviewed by Berk et al., 2007), and it is well recognized that administration of
levodopa to patients with BD can lead to hypomanic episodes (Peet and Peters, 1995).
In addition, direct acting dopamine agonists may induce mania in some BD patients,
and it seems that selective dopamine antagonists are effective in controlling symptoms
of mania (Yatham et al., 2002). Given the involvement of dopamine in cognitive
processes and its relevance to the BD pathophysiology, dopamine-enhancing drugs
appear to be interesting tools in the development of BD animal models. Among them,
the psychostimulant-induced rodent animal model of mania has been shown to present
predictive, construct and face validity, and seems to be reliable and useful in preclinical
studies regarding BD (Andreazza et al., 2008; Machado-Vieira et al., 2004; Walz et al.,
2008). In the model first described by Frey et al. (2006), the amphetamine (AMPH)-
induced hyperactivity in rats was reversed and prevented by chronic injections of mood

stabilizers. As a limitation, its face validity has usually focused primarily on
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hyperactivity as a symptom resembling mania, and no further attention has been given

to other behavioral features, including the cognitive decline seen in patients.

Up to date, no study has been conducted in order to understand the cognitive
impairment induced by BD progression and its relationship with BDNF levels in
different brain areas. Therefore, we sought to investigate two types of memory,
habituation and inhibitory avoidance, in a psychostimulant-induced animal model of
mania and the following BDNF changes induced in hippocampus, amygdala region and
prefrontal cortex, all of which have distinct key roles in memory processes and have

been implicated in BD pathophysiology.
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Materials and Methods

Animals

Adult male Wistar rats (weight 250-350 g) were obtained from our local
breeding and kept at the animal experimentation area of the Universidade do Extremo
Sul Catarinense (UNESC). The animals were housed 5 per cage, with food and water ad
libitum under a 12 hour light/dark cycle. All experimental procedures were performed
with the approval of local ethics committee and according to recommendations of NIH
Guide for the Care and Use of Laboratory Animals and Sociedade Brasileira de

Neurociéncias e Comportamento (SBNeC).

Treatment

Treatment protocols were performed as follows: rats were randomly assigned in
4 groups: 1) early saline (7 days of saline i.p.); 2) early amphetamine (7 days of 2 mg/kg
AMPH i.p.); 3) late saline (35 days of saline i.p.) and 4) late amphetamine (35 days of 2
mg/kg AMPH i.p.). In the late groups, injections occurred once a day for 7 days
followed by 7 days of washout (no injection), and this protocol was repeated 5 times.
One week after the last injection, all animals were subjected to behavioral tests (step-

down inhibitory avoidance or habituation to open-field).

Behavioral tests

Habituation to open-field

Habituation to an open-field was carried out in a 40 x 60 cm open-field
surrounded by 50-cm high walls made of brown plywood with a frontal glass wall. The

floor of the open-field was divided into 12 equal rectangles by black lines. The animals
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were gently placed on the left rear quadrant and left to explore the arena for 5 min
(training session). Immediately afterwards, the animals were taken back to their home
cages, and 24 h later submitted again to a similar open-field session (test session).
Crossings of the black lines and rearings performed in both sessions were counted. The
decrease in the number of crossings and rearings between the two sessions was taken as

a measure of habituation retention.

Step-down inhibitory avoidance test

The inhibitory avoidance apparatus consisted of an acrylic box (50 x 25 x 25
cm) whose floor consisted of parallel-caliber stainless-steel bars (1 mm diameter)
spaced 1 cm apart, and a platform that was 7 cm wide and 2.5 cm high. Animals were
placed on the platform and their latency to step down on the grid with all four paws was
measured with an automatic device. Training sessions were performed 7 days after the
last injection. Immediately after stepping down on the grid, animals received a foot
shock of 0.3 mA per 2.0 seconds. In test sessions carried out 24 hours after training, no
foot shock was given and the step-down latency (maximum of 180 seconds) was used as
a measure of retention. Behavioral tests were performed by the same person which was

blind to experimental groups.

Isolation of brain structures

Right after the behavioral tests, animals were killed by decapitation and different
brain structures were isolated: prefrontal cortex, hippocampus, and amygdala region.
One hemisphere was immediately submerged in RNA stabilizing reagent (RNAlater®,
Ambion) and kept overnight at 4°C, followed by long-term storage at -20°C. The other

hemisphere was stored at -80°C until further analyses.
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RNA extraction and cDNA synthesis

Total RNA was isolated from brain structures submerged in RNAlater® (Sigma)
using TRl Reagent® (Sigma), according to manufacture’s instructions. RNA
concentrations were evaluated using the fluorimetric method Quant-IT RNA Assay
(Invitrogen) in the Qubit (Invitrogen) equipment. RNA was converted to cDNA using
the High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems), according to
manufacter’s instructions. The amount of isolated RNA used for reverse-transcription
reactions was 200 ng in a total reaction volume of 10 uL containing 2 pl of 10x RT
buffer, 0.8 pl of 25x ANMT Mix (100 mM), 2 ul of 10x RT Random Primers and 1 pl
of MultiScribe Reverse Transcriptase (50 units/ml). Reactions were performed for 10
min at 25°C, 2 h at 37°C and 5 s at 85°C. Subsequently cDNA was kept at -20°C until
used for PCR amplification. A 1:5 dilution of cDNA was performed in water before

gPCR.

Quantitative real-time PCR (QPCR)

The expression of Bdnf was measured by qPCR using an inventoried TagMan
FAM/MGB assay (Applied Biosystems, ID assay Rn01484928_m1). Expression values
were normalized by beta-actin endogenous control expression using a TagMan
VIC/MGB endogenous control inventoried assay (Applied Biosystems, 4352340E).
Reactions were performed in ABI Prism 7500 Fast equipment. Reactions were carried
out in a total volume of 12 ul containing 6 ul of 2x TagMan Gene Expression Master
Mix (containing ROX, Amplitag Gold DNA polimerase, AmpErase UNG, dATP,

dCTP, dGTP, dUTP, and MgCl2), 0.6 ul of 20x TagMan Gene Expression Assay, 0.6 pl

of 20x TagMan Endegenous Control, 3.8 ul of water and 1 ul of cDNA solution.
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Cycling program consisted of 2 min at 50°C and 10 min at 95°C, followed by 40 cycles
of 15 s at 95°C and 1 min at 60°C. All reactions were performed in triplicates. Relative
expression levels were determined by the ddCt method, according to Livak and

Schmittgen (2001).

Quantification of BDNF protein levels

Samples were homogenized in phosphate buffer solution (PBS) containing
protease inhibitor cocktail (Sigma). BDNF levels in hippocampus, amygdala region,
striatum, prefrontal cortex and serum were determined by sandwich-ELISA using
monoclonal antibodies specific for BDNF (R&D Systems, Minneapolis, Minnesota).
Briefly, microtiter plates (96-well flat-bottom) were coated overnight at room
temperature with the monoclonal anti-BDNF antibody at 4 pg/ml in PBS. Then, plates
were washed three times with wash buffer (PBS, pH 7.4, with 0.05% Tween 20) and
were blocked for 1 hour at room temperature with PBS containing 5% nonfat milk
powder. After washing, plates were coated for 2 hours at room temperature with the
samples diluted 1:2 in sample diluent (PBS with 1% BSA) and standard curve ranged
from 7.8 to 500 pg/mL of BDNF. Plates were washed again and a biotinylated anti-
BDNF antibody was added at 0.2 ug/mL in PBS, followed by incubation for 2 hours at
room temperature. After washing, incubation with streptavidin-peroxidase conjugate
(diluted 1:200 in sample diluent) was performed for 20 min at room temperature.
Afterwards, plates were washed and incubated with substrate for 20 minutes at room
temperature. Finally, stop solution (H,SO, 1M) was added and the amount of BDNF
was determined by reading the absorbance at 450 nm. The standard curve demonstrated
a direct relationship between optical density (OD) and BDNF concentration. Total

protein was measured by Bradford’s method using bovine serum albumin as a standard.
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Statistical analyses

The statistical analyses were performed in the SPSS 16.0 software for Windows
(SPSS, Inc.). Data are presented as mean + standard deviation (SD), and were all fitted
to normal distribution, except for the inhibitory avoidance data (these are presented as
median and interquartile range). For the open-field habituation data, paired t-test was
used to compare Training vs. Test values, and independent t-test was used to compare
AMPH vs. saline groups. To compare early vs. late groups, independent t-test was
performed using the variation between training and test values. For the inhibitory
avoidance test, we performed Wilcoxon signed-rank tests to compare Training vs. Test
values of latency to step-down, and Mann-Whitney test to compare AMPH vs. saline
groups. One-way ANOVA was performed for comparing means between groups of the
biochemical data, followed by post-test of Tukey. In all cases, p<0.05 was used as index

of significance.
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Results

Open-field habituation

Saline-treated rats showed significantly lower crossings and rearings in the Test
when comparing with Training, both in Early (paired t-test; crossings — t(13)=2.47,
p=0.28 and rearings — t(13)=2.707, p=0.018) and Late treatments (paired t-test;
crossings — t(14)=8.4, p=0.00 and rearings — t(14)-6.036, p=0.00) (Figure 1). No such
difference was found in AMPH-treated rats, although crossings on the Test were
significantly higher than in the Late AMPH group when compared to Late saline
(independent t-test; t(23)=-2.763, p=0.01). Memory was significantly worse in AMPH
Late group when compared to AMPH Early group, as seen by crossings values

(independent t-test; t(25)=2.636, p=0.014).

Inhibitory avoidance

Both saline- and AMPH-treated rats presented significantly higher latency to
step-down when comparing Test and Training values in Early (Wilcoxon signed-ranks
test; saline — Z=-2.803, p=0.005; AMPH — Z=-2.347, p=0.019) and Late (Wilcoxon
signed-ranks test; saline — Z=-3.408, p=0.001; AMPH — Z=-2.927, p=0.003) treatments
(Figure 2). AMPH-treated rats showed significantly lower latency times in Test when
compared to saline-treated rats in Early (Mann-Whitney test; U=3.5, Z=-3.519,
p=0.000) and Late (Mann-Whitney test; U=13, Z=-4.137, p=0.000) treatments. No

difference was found between Early and Late treatments.
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BDNF mRNA levels

BDNF mRNA level results are presented in Figure 3. In rats who underwent
open-field habituation, prefrontal cortex mRNA were significantly higher in Late
AMPH group when compared to Early AMPH group (one-way ANOVA,
F(3,51)=7.158, p=0.000). No other differences were observed.

In rats who underwent inhibitory avoidance test, hippocampal BDNF mRNA
levels were significantly higher in Late AMPH group when compared to Late saline
group (one-way ANOVA; F(3,52)=8.437, p=0.004) and Early AMPH group (one-way

ANOVA,; F(3,52)=8.437, p=0.000). No other differences were observed.

BDNF protein levels

BDNF protein level results are presented in Figure 4. Hippocampal BDNF
protein levels were significantly lower in Late AMPH group when compared to Early
AMPH for those rats who underwent open-field habituation (one-way ANOVA,
F(3,54)=3.931, p=0.008). In the inhibitory avoidance test, prefrontal cortex BDNF
protein levels were reduced in Late AMPH rats when compared to Early AMPH rats
(one-way ANOVA,; F(3,53)=3.941, p=0.016). No further differences were found to be

significant among groups.
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Discussion

Our results showed that AMPH impairs open-field habituation memory both in
early and late treatments, which suggests that this kind of hippocampus-dependent
memory is very sensitive to AMPH. We have also found that impairment by late
treatment was significantly more than that by early one as seen by variation difference
between training and test trials comparing early and late AMPH groups. These
impairments in behavioral test were accompanied by BDNF protein levels reduction in
hippocampus and BDNF mRNA levels increase in prefrontal cortex in the late stage
group. In the inhibitory avoidance learning, on the other hand, all groups showed
significant differences in latency to step-down between training and test trials. This
indicates that even AMPH-treated rats have managed to learn aversive stimulus.
However, AMPH has significantly decreased the latency to step-down in the test when
compared to saline-treated rats, which suggests an AMPH-induced impairment in this
memory task. No difference in behavior was observed between late and early treatments
for this test, although late AMPH-treated rats presented a reduction of BDNF protein
levels in prefrontal cortex and an increase of BDNF mRNA levels in hippocampus
when comparing to early AMPH-treated rats. As far as we are aware, this is the first
study ever to evaluate habituation and inhibitory avoidance memory in an animal model

of mania and the BDNF levels associated with these behaviors.

Stimulants such as AMPH have been shown to improve as well as impair
different memory tasks, and there are evidences that suggest dose-dependent effect on
memory (Arnsten, 2006). AMPH acts by increasing dopamine levels in the synaptic

cleft that have been previously shown to regulate the expression of essential proteins for
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the establishment of lasting neuronal plasticity (Kuppers and Beyer, 2001). Different
doses and treatment schemes of AMPH have been used to act on memory acquisition,
consolidation and recall in different ways. Object recognition was impaired in AMPH-
treated male and female rats (Bisagno et al., 2003), and impairment has also been found
in short-term memory of a spatial delayed matching-to-sample task after AMPH
treatment (Kesner et al., 1981). Although AMPH enhances LTP at low doses, it impairs
LTP at high doses, which suggests a biphasic action of this drug on memory (Xu et al.,
2010). This effect appears to be due to, at least partially, activation and inactivation of
the intracellular cAMP-PKA signaling cascade coupled mainly to dopamine receptors
(Xu et al., 2010). Moreover, chronic AMPH treatment can be neurotoxic (Rodriguez-
Casado et al., 2007; Yamamoto et al., 2010) in selected brain areas, which might

contribute to the treatment-induced memory impairment.

The two memory behavioral tasks used in our study seem to be differentially
affected by AMPH treatment. The open-field habituation, one of the most elementary
forms of learning, was shown to be more sensitive to AMPH, being impaired
significantly by both early and late treatments. There are some evidences suggesting
that this kind of memory depends basically on hippocampus, and does not require as
many signaling pathways activation as required by inhibitory avoidance task (Vianna et
al., 2001). This task, on the other hand, seems to depend mainly on entorhinal cortex,
parietal cortex, amygdala, and hippocampus (lzquierdo et al., 1997; Zanatta et al.,
1997), and all of them seem to be essential for memory retrieval one day after training
(Izquierdo et al., 1997). The differential neurotoxic action of AMPH in specific brain

areas might explain the difference in modulation of these different types of memory.
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Although consistently reported, the mechanisms of AMPH-induced
dopaminergic neurotoxicity are still unclear. Angelucci et al. (2007) found that chronic
AMPH treatment can reduce levels of nerve growth factor (NGF) and BDNF in selected
brain regions, and a reduction in hippocampus has also been reported (Frey et al., 2006).
BDNF has been involved in consolidation of many types of memories in different brain
areas, being critical for persistence of LTM storage in the hippocampus (Bekinschtein et
al., 2008). The time point when BDNF is increased during memory formation has not
been completely elucidated. There are evidences suggesting that BDNF achieves a peak
of concentration few hours after the training session (in the consolidation phase)
(Rossato et al., 2009), but little is known concerning its levels right after memory recall

(as assessed by our study).

Some considerations have to be taken into account when analyzing our data. As
mentioned above, AMPH treatment itself might be able to induce modifications on
BDNF levels. Such modification could not be assessed by our work considering that all
animals were assigned to a behavioral test after the treatment, and BDNF levels were
not assessed before these tests. There has been shown that memory behavioral tests,
including those used in our work, might be able to modulate BDNF levels as well. We
cannot rule out that levels measured in our samples are a consequence of such tests, and
not specifically of the pharmacological treatment previously performed. This surely
restricts our conclusions on AMPH-induced modulation of BDNF levels, but also leads
to an interesting observation that AMPH has somehow an effect on test-induced
changes in BDNF. Up to date, the mechanisms by which those tests modulate BDNF
levels remain unclear. A sequence of biochemical events in the hippocampus and other

brain areas has been described during memory behavior tests, leading to
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phosphorylation and activation of transcription factor CREB (CAMP response element-
binding) (reviewed by Cunha et al., 2010). CREB has been shown to activate BDNF
gene expression in vitro and in vivo, and may be responsible for modulation of BDNF
levels observed in behavior tests (Ou and Gean, 2007; Tao et al., 1998). Evidences
suggest that BDNF is required in the consolidation phase of those memories (reviewed
by Bekinschtein et al., 2008), but little is known about its permanent changes or its

function on memory retrieval. Further studies are essential to clarify this issue.

It is interesting to note that the two different memory tests modulated BDNF in
different ways, suggesting a specific control of such levels according to type of memory
being tested. Results presented here suggest that the impairment in open-field
habituation is associated to reduction of BDNF protein levels in hippocampus and
increase of MRNA levels in prefrontal cortex. It is possible that both areas somehow
cross-talk in the modulation of BDNF levels, which is also supported by our data on
inhibitory avoidance learning. In that case, the impairment was accompanied by
reduction of BDNF protein levels in prefrontal cortex and an increase of mMRNA levels
in hippocampus. This increase in levels of mMRNA with no increase in protein levels
may be explained by the fact that the BDNF mRNAs are translated firstly into a
precursor form of the protein, which is then later processed to its mature form (Chen et
al., 2005). In our study, only the mature BDNF was assessed, thus we were unable to
detect whether the increased mRNAs had already been translated. The amygdala region
showed no significant difference in BDNF levels, which might suggest that this
neurotrophin does not take part in the memory recall mechanism for these two
behavioral tests in amygdala or that AMPH lacks neurotoxic/neurotrophic actions in this

specific area of the brain.
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Viana et al. (2001) suggested that biochemistry of the early period of
consolidation of habituation is different from that of avoidance task or others, not
involving LTP-like mechanisms sensitive to inhibitors of protein kinase A (PKA),
mitogen-activated protein kinase kinase (MAPKK), D1 receptors, or N-methyl-D-
aspartate (NMDA\) receptors. The only resemblance between these two memories was
found to be their sensitivity to a calcium-calmodulin dependent protein kinase 1l
(CaMKII). There are no evidences of differences or similarities between them regarding
memory recall and BDNF modulation. In this task further studies are required to clarify

these mechanisms and to bring further insight into our results.

In conclusion, our results suggest that the cognitive impairment observed in BD
patients may be related to alterations in BDNF levels in hippocampus and prefrontal
cortex, and that these two brain areas may cross-talk in order to modulate such changes.
Mechanisms by which those alterations occur were not yet fully described, but it seems
to be dependent of type of memory being activated and of the number of previous mood
episodes (here mimicked by AMPH injections). These data support the hypothesis of
specific brain alterations occurring with the BD progression and strongly suggests that
BDNF-related neuroplasticity mechanisms may play an important role in the episode-

related cognitive decline showed in BD.
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Figure 3. Relative expression of Bdnf gene in different brain structures.
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Figure Legends

Figure 1. Open-field habituation test. Crossings and rearings of training and test session
performance (mean £ SD) in 5-min sessions in an open field with a 24-h interval between
sessions. N=15 per group. *P<0.05 compared to training (paired t-test); **P<0.05 compared
to saline (independent t-test); #P<0.05 for the comparison of variation between test and

training sessions between early and late treatments (independent t-test).

Figure 2. One-trial step-down inhibitory avoidance test. Latency to step-down (s) in
training and test session performance (median * interquartile ranges), with a 24-h interval
between sessions. N=15 per group. *P<0.05 compared to training (Wilcoxon signed-ranks

test); #P<0.05 compared to saline (Mann-whitney test).

Figure 3. Relative expression of Bdnf gene in different brain structures. Results are
presented as mean £ SD (N=15). A) Hippocampus; B) Prefrontal cortex, and C) Amygdala
region. White bars represent data for open-field habituation and grey bars for inhibitory
avoidance. Relative ratios of mRNA levels were calculated using the ddCT method
normalized by ACTB as endogenous control and results of saline groups were used as
calibrator. Results were compared with one-way ANOVA, followed by post-test of Tukey.

*P<0.05 compared to saline; #P<0.05 compared to Early AMPH.

Figure 4. BDNF protein levels in different brain structures. Results are presented as

percentage of control (saline groups) + SD (N=15). A) Hippocampus; B) Prefrontal cortex

and C) Amygdala region. White bars represent data for open-field habituation and grey bars
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represent inhibitory avoidance. Results were compared with one-way ANOVA, followed by

post-test of Tukey. #P<0.05 compared to Early AMPH.
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4. DISCUSSAO

A associacdo observada em pacientes entre a neuroprogressao do THB e declinio
cognitivo sugere o envolvimento de mecanismos neurotdxicos associados ao aumento no
numero de episodios de humor (Torres et al., 2007; Kauer-Sant’Anna et al., 2009). A
neurotrofina BDNF ja foi associada a progressdo do THB e &, por isso, considerada relevante
nos processos envolvidos no declinio cognitivo observado (Kauer-Sant’Anna et al., 2009).
Nesta dissertacdo avaliamos a memoria de habituacdo ao campo aberto e de esquiva inibitdria
passiva em um modelo animal de mania em estagios precoce e tardio do THB, além dos
niveis de mRNA e dos niveis protéicos de BDNF em diferentes estruturas cerebrais.
Observamos um prejuizo de memoria induzido pelo tratamento com AMPH em ambos o0s
testes comportamentais, havendo ainda uma diferenca entre 0s grupos precoce e tardio no
teste de habituacdo. A modulacdo dos niveis de BDNF foi especifica para cada um dos testes,

sendo ainda especifica para cada area cerebral estudada.

Os resultados comportamentais obtidos confirmam que 0 nosso modelo animal é capaz
de mimetizar caracteristicas clinicas dos pacientes com THB. Este é o primeiro trabalho
avaliando memoéria em um modelo animal de mania. Déficits em memoria e outros
parametros cognitivos ja foram descritos em pacientes com THB (Torres et al., 2007).
Pacientes eutimicos avaliados apds um unico episddio de mania apresentaram prejuizos na
atencdo, nas funcdes executivas e no escore total de memoria em comparagdo com sujeitos
controles saudaveis. Além disso, eles obtiveram melhores resultados em comparagdo com
pacientes eutimicos avaliados ap6s multiplos episodios recorrentes de humor com relagdo a

atencdo e funcdo executiva (Elshahawi et al., 2010). A duracdo da doenca também ja foi
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negativamente correlacionada com escores em testes de fungdo executiva (Thompson et al.,
2005), velocidade psicomotora (Martinez-Aran et al., 2004) e memoria verbal (Cavanagh et

al., 2002).

Neste contexto, um estudo de espectroscopia de protons por ressonancia magnetica
mostrou associacao entre o tempo de duracdo da doenca e perda neuronal hipocampal medida
pelos niveis de N-acetil aspartato (Deicken et al., 2003). Ja foi proposto que episodios
sucessivos causam danos sutis a areas cerebrais e, assim, levam a prejuizos neuroldgicos e
cognitivos em pacientes. No entanto, evidéncias associando os déficits cognitivos com
indicadores de gravidade ou progressdao da doenca ainda ndo sdo consistentes. O BDNF pode
ser um dos responsaveis pelos mecanismos associados a progressdo do THB e os resultados
apresentados nesse trabalho indicam que os niveis desta neurotrofina podem ser regulados no

hipocampo e no cértex pré-frontal nestas circunstancias.

As consequéncias observadas em funcdo do nimero de episodios de humor sugerem
uma aparente toxicidade associada aos episodios agudos. De fato, a hipercortisolemia
induzida pelo estresse durante um episddio de humor pode resultar em toxicidade de células
neuronais, diminuicdo nos receptores de glicocorticdides e eventual morte celular e tecidual
(Altshuler, 2004). Kauer-Sant’ Anna e colaboradores (2009) mostraram que os niveis séricos
de BDNF estdo diminuidos em pacientes com THB com multiplos episdédios em comparacao
com pacientes em inicio de doenca, 0 que sugere que uma importante defesa neuroprotetora
esta também diminuida. O aumento de toxicidade associada a uma diminui¢do de mecanismos
protetores pode ser responsavel pelas mudancas neuroanatdmicas associadas a progresséo do
THB, 0 que, por sua vez, justificaria o declinio cognitivo observado. E interessante observar

que hipocampo e cortex pre-frontal possuem receptores para glicocorticéides, além de fortes
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conexdes reciprocas (Rajkowska, 2000), o que corrobora com 0s nossos achados de um
envolvimento de ambas as estruturas no deficit de memdria observado no nosso modelo

animal.

A descoberta de mecanismos moleculares associados a transtornos mentais como o
THB depende significativamente de modelos pré-clinicos bem estabelecidos e confiaveis.
Atualmente, modelos animais ideais para doencas mentais ndo existem. No caso do THB,
mais especificamente, modelos animais de mania e depressdo sdo distintos, além de que
modelos do transtorno em si ndo estdo bem validados. Mesmo assim, seu uso permite estudar
regibes cerebrais especificas em resposta a estimulos variados, tanto morfo- quanto
biogquimicamente. Em humanos, tal abordagem se limita a estudos post-mortem. O modelo
utilizado neste trabalho baseia-se na hiperativacdo dopaminérgica observada em episodios
maniacos (Berk et al., 2007) e é considerado um dos mais bem validados na literatura,
principalmente em se tratando da validade de constructo (Machado-Vieira et al., 2004,
Andreazza et al., 2008; Walz et al., 2008). No entanto, a validade aparente foi pouco
explorada até o momento, tendo sido limitada durante anos a avaliacdo da hiperlocomocéo
dos animais. Os resultados encontrados neste trabalho mostraram um declinio cognitivo
associado ao tratamento com AMPH, o que mimetiza observagdes clinicas do episddio

maniaco e, portanto, aumenta a validade aparente do modelo animal em questéo.

Nossos resultados sugerem diferencas farmacologicas entre os dois testes
comportamentais de memoria utilizados, incluindo a modulacdo destes pela AMPH e as
alteracbes induzidas nos niveis cerebrais de BDNF. Diferentes estruturas cerebrais sdo
ativadas em tipos de memdria distintos, havendo inclusive um controle temporal do
envolvimento de diferentes areas durante o periodo de consolida¢do das mesmas (Izquierdo et

al., 1997). Baseando-se nas ja conhecidas diferencas farmacoldgicas existentes entre a
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esquiva inibitoria e o teste de habituacdo ao campo aberto (Vianna et al., 2001), as diferencas
observadas no efeito da AMPH sobre cada um dos testes tornam-se justificaveis e sugerem
novos estudos para o esclarecimento destes mecanismos. A AMPH, tanto por 7 (grupo
precoce) quanto por 35 dias (grupo tardio), foi capaz de prejudicar a memoria dos ratos nos
testes empregados. Por outro lado, o uso de psicoestimulantes pode melhorar a memaria em
determinadas situacdes, principalmente em funcdo da dose utilizada. Xu e colaboradores
(2010) mostraram que baixas doses de AMPH (0,1 mg/kg) aumentam a LTP, porém doses
elevadas prejudicam-na significativamente. Este prejuizo parece ser mediado por uma
ativacdo excessiva de receptores D1 e D2 de dopamina e envolve a sinalizacdo pos-sinaptica
dependente da proteina fosfatase | (PP1) (Xu et al., 2010). Além disso, altas doses de AMPH
diminuem a atividade de receptores N-metil-D-aspartato (NMDA), provavelmente como
consequéncia da reducdo nos niveis de suas subunidades NR1/NR2A na membrana sinaptica
(Xu et al., 2009). Estudos em diversos modelos mostram que 0 NMDAR é fundamental para a
formacdo de memodrias e para a formacdo da LTP (Li e Tsien, 2009). Considerando
anfetaminas, a meta-anfetamina (METH) parece ser significativamente mais toxica para o
SNC do que a AMPH e mostrou efeito prejudicial em uma série de testes cognitivos em

animais (Bisagno et al., 2001; Schroder et al., 2003; Marshall et al., 2007).

A AMPH é muito ativa nas vias de recompensa mesolimbica e mesocortical, sendo o
estriado, 0 nucleo accumbens e o estriado ventral seus sitios primarios de acdo (Del Arco et
al., 1999; Drevets et al., 2001). A AMPH aumenta os niveis de dopamina na fenda sinaptica,
possuindo acdes vesiculares (aumentando a concentracdo do neurotransmissor no citosol do
neurdnio pré-sinaptico) e interagindo com o transportador de dopamina DAT (induzindo,
assim, um transporte reverso de dopamina do neurdnio pré-sinaptico para a fenda). Além

disso, a AMPH ainda é capaz de ligar-se de forma reversivel ao DAT e bloquear a habilidade
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do transportador de recaptar dopamina da fenda (Sulzer et al., 2005). Portanto, os altos niveis

de dopamina sdo os principais responsaveis pelos efeitos farmacologicos da AMPH.

A dopamina é capaz de regular a expressdo de proteinas essenciais para 0
estabelecimento de plasticidade neuronal duradoura e ja foi associada a mecanismos de
memoria (Rossato et al., 2009). Embora os neurdnios dopaminérgicos sejam projetados da
area tegmental ventral e da substancia nigra compacta, suas projecdes alcangcam quase todas
as areas do cérebro, incluindo o cortex pré-frontal, o lobo temporal medial e o hipocampo,
regides ativadas tipicamente durante a evocacdo da memoria (Li et al., 2010). O desbalanco
nos niveis de dopamina, resultante da perda de um dos alelos normais do gene que codifica o
receptor DAT, causou um déficit na evocacdo de uma memdria espacial associativa (Li et al.,
2010). Além disso, esse prejuizo foi revertido por baixas doses de haloperidol, um antagonista
dopaminérgico. Embora este mecanismo tenha sido descrito para um tipo especifico de
memoria, ele sugere a necessidade de um controle dos niveis dopaminérgicos na fenda
sinaptica para um bom funcionamento dos mecanismos envolvidos na consolidacdo e

evocacdo da memoria.

Baseando-se nos achados em pacientes com THB, cujos niveis séricos de BDNF
diminuem com a progressdo da doenca, resolvemos avaliar os niveis de BDNF no modelo
animal como uma possivel explicacdo para os déficits de memoria encontrados. Os niveis
protéicos de BDNF foram encontrados diminuidos no hipocampo dos ratos tratados com
AMPH no grupo tardio e submetidos ao teste de habituag&o ao campo aberto. Nestes mesmos
ratos, os niveis de mMRNA do BDNF estavam aumentados no cértex pre-frontal. Por outro
lado, a modulacéo parece ter sido inversa apos o teste de esquiva inibitoria, uma vez que 0s

ratos tratados com AMPH no grupo tardio neste caso apresentaram niveis protéicos reduzidos
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no cortex pré-frontal e niveis de mMRNA aumentados no hipocampo. A nossa hipotese € a
existéncia de uma modulacdo reciproca entre os niveis de BDNF no hipocampo e cortex pré-
frontal, visto que ambos apresentam conexdes neuroanatdmicas e funcionais bem
estabelecidas e sdo fundamentais para a consolidacdo de ambos os tipos de memdria. Outros
trabalhos ja mostraram a capacidade da AMPH de diminuir niveis cerebrais de BDNF (Frey et
al., 2006; Angelucci et al., 2007), mas novos estudos sdo necessarios para explorar a

possibilidade de uma modulacéo reciproca do BDNF entre areas cerebrais diferentes.

A importancia do BDNF nos processos de memoria ja foi consistentemente descrita
(Cunha et al., 2010). A sua expressdao génica, por exemplo, aumenta no hipocampo de ratos
apos o treino do labirinto aquéatico de Morris (Kesslak et al., 1998), labirinto radial (Mizuno et
al., 2000), esquiva passiva (Ma et al., 1998) e condicionamento ao medo contextual (Hall et
al., 2000). Além disso, a infusédo intra-hipocampal de BDNF em ratos melhora o desempenho
no labirinto aquatico de Morris e na esquiva passiva. Da mesma forma, a infusdo de um
anticorpo anti-BDNF no cértex parietal prejudica a consolidacdo da memoria de longa
duracdo em uma série de protocolos comportamentais (revisado em Cunha et al., 2010). Mais
recentemente, um papel adicional do BDNF na manutencdo da LTM ap0s a consolidacdo foi

sugerido (Bekinschtein et al., 2007).

Uma das limitacdes do nosso estudo é a falta de dados a respeito dos niveis de BDNF
em ratos que ndo foram submetidos aos testes comportamentais. De fato, como a modulagéo
dos niveis foi diferente para cada teste, ndo foi possivel avaliar o efeito da AMPH per se na
modulacdo do BDNF. O que observamos é uma aparente associa¢ao entre o tratamento com
AMPH no grupo tardio e o teste de habituagdo ao campo aberto, considerando a diferenca

significativa entre os grupos precoce e tardio apos tratamento com AMPH. Nossa hipdtese é
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que a AMPH pode ter induzido modificacbes no gene Bdnf, alterando assim a modulagéo
induzida pelo teste comportamental. Essas modificacbes podem incluir uma hiper- ou
hipometilagdo dos promotores do gene Bdnf ou, ainda, modificacbes em histonas, todos 0s
quais s@o mecanismos epigenéticos conhecidos de modulacdo da expressdao génica. Um
estudo recente mostrou que drogas psicoestimulantes, como a cocaina, aumentam a metilacdo
do DNA e os niveis de uma proteina de ligacdo ao DNA metilado, chamada proteina de
ligacdo a CpG metilado 2 (MeCP2) (Anier et al., 2010). Este achado, em conjunto com outras
evidéncias que sugerem um efeito da ativacdo de receptores dopaminérgicos em mecanismos
epigenéticos (Liu et al., 2005), da suporte a hipétese do envolvimento destes mecanismos no

tratamento de longo prazo com AMPH e outros psicoestimulantes.

Os resultados obtidos neste trabalho, em conjunto com dados ja discutidos nesta
dissertacdo a respeito da neuroprogressdo da doenca, reforcam a extrema importancia do
tratamento de manutencdo da eutimia em pacientes com THB. Além disso, nossos dados
reforcam o envolvimento do BDNF no declinio cognitivo associado a esta progressao,

possibilitando um maior entendimento acerca de sua neurobiologia.
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5. CONCLUSOES

O tratamento de ratos com AMPH no grupo precoce e no grupo tardio prejudicou a
memoria avaliada no teste de habituacdo ao campo aberto em comparagdo com ratos
tratados com salina no mesmo periodo, sendo mais prejudicial no grupo tardio em

comparagdo com 0 grupo precoce;

O tratamento de ratos com AMPH no grupo precoce e no grupo tardio ndo aboliu a
memoria avaliada pelo teste de esquiva inibitoria, mas a prejudicou em comparacao

com ratos tratados pelo mesmo periodo com salina;

Ratos tratados com AMPH no grupo tardio apresentaram uma diminuicéo significativa
nos niveis protéicos de BDNF no hipocampo e um aumento dos niveis de mRNA de

BDNF no cértex pré-frontal ap6s teste de habituacdo ao campo aberto;

O tratamento com AMPH no grupo tardio diminuiu significativamente os niveis
protéicos de BDNF no cortex pré-frontal e aumentou os niveis de mMRNA de BDNF no

hipocampo de ratos submetidos ao teste de esquiva inibitoria;

Os resultados obtidos neste trabalho sugerem o envolvimento do BDNF no hipocampo

e no cortex pré-frontal na neuroprogressao do THB e reforcam a importancia do

tratamento de manutencdo dos pacientes.
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THE INTERNATIONAL JOURNAL OF NEUROPSYCHOPHARMACOLOGY

INSTRUCTIONS TO AUTHORS

Mission Statement

The International Journal of Neuropsychopharmacology (IJNP) is the official scientific
journal of the Collegium Internationale Neuro-psychopharmacologicum (CINP). IJNP aims to
serve as a major forum for the rapid publication and wide dissemination of high quality,
influential research in neuropsychopharmacology, in the basic and clinical domains. The
central focus of IJNP is on research that (i) advances understanding of existing and new
neuropsychopharmacological agents including their mode of action and clinical application,
or (ii) provides insights into the biological basis of neuropsychiatric disorders and thereby
advances their pharmacological treatment. Such research may derive from the full spectrum of
biological and psychological fields of inquiry encompassing classical and novel techniques in
neuropsychopharmacology as well as strategies such as neuroimaging, genetics,
psychoneuroendocrinology and neuropsychology. Emphasis will be given to original research

that is of wide interest and clearly advances the field.

Categories of papers

Regular research articles - This category is intended for full-scale basic or clinical studies
including large controlled trials. Articles may contain up to 5,000 words (not including
references, figures and tables) and should include an abstract of up to 250 words and 3-5 key
words. (Exceptions to the length limitation will be considered for unusually large or complex

studies.)
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Brief reports/clinical reports - This category is for smaller, self-contained laboratory or
clinical studies including series of cases illustrating a novel therapeutic approach or clinical
observation, or alerting readers to important adverse drug effects. (Single cases will not be
considered in this category and should be submitted as Letters to the Editor.) Papers in this
category may contain up to 2,500 words (not including references, figures and tables) and
should include a maximum of 25 references, up to 2 illustrations (figures or tables), an
abstract of up to 150 words and 3-5 key words.

Rapid communications - This category is for ‘fast-breaking' new work, which is of great
potential interest and can be succinctly presented.

Authors who wish to submit a rapid communication must first send an abstract to the Editor
in Chief, Alan Frazer (frazer@uthscsa.edu) for approval of submission in this category.
Submissions that do not have prior approval will be reviewed on the regular track.

Papers in this category may contain up to 2,500 words (not including references, figures and
tables) and should include a maximum of 25 references, up to 2 illustrations (figures or
tables), an abstract of up to 150 words and 3-5 key words. Rapid communications will be
reviewed and published on a “fast track”.

Reviews - IJNP will publish a limited number of scholarly, comprehensive reviews that
summarize and critically evaluate research in the field addressed and identify future
implications. Reviews will be invited by the Editors but may also be submitted. Authors
wishing to submit papers in this category are advised to contact either the Editor-in-Chief or
appropriate Field Editor before doing so. Reviews may contain up to 5,000 words (not
including references, figures and tables) and should include an abstract of up to 250 words
and 3-5 key words. (Exceptions to the length limitation will be considered if justified by the

scope of the Review).
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Trends and perspectives - Papers in this section provide readers of IJNP with focused
coverage of topical issues in neuropsychopharmacology and related disciplines which are of
high current interest and potential. Hypothesis and Opinion papers, Updates, Commentaries
and Notes on New Techniques will also be included. Articles of this type will be invited but
may also be submitted. Papers in this section may contain up to 2500 words and should
include an abstract of up to 150 words and 3-5 key words. Authors wishing to submit articles
for this section are asked to consult with the Editor-in-Chief or appropriate Field Editor.
Letters to the Editor - These should briefly report single experiments and cases of clinical
interest or respond to recent articles in IJNP. The body of the Letter may contain a maximum
of 1,000-1,500 words plus one Figure or Table and up to 10 references.

Focus Papers — These papers focus attention on a research paper published in the same issue
in the journal. Focus Papers should highlight, discuss and amplify the issues addressed in the
research paper adding perspectives derived the author’s own work and the literature and
should consider the implications of the findings. Focus papers need not necessarily agree with
the paper they address. Focus Papers may contain up to 1500 words (not including references,
figures and tables) and 3-5 key words. No abstract is needed. Focus Papers are invited by the
Editor-in-Chief.

Papers in all categories, whether invited or submitted, will be peer reviewed.

Clinical Trials

As a condition of consideration for publication, registration of clinical trials in a public trials
registry is required. A clinical trial is defined by the International Committee of Medical
Journal Editors (in accordance with the definition of the World Health Organisation) as any
research project that prospectively assigns human participants or groups of humans to one or

more health-related interventions to evaluate the effects on health outcomes. Trials must be
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registered before the start of patient enrollment. The registry must be accessible to the public
at no charge. It must be open to all prospective registrants and managed by a not-for-profit
organization. There must be a mechanism to ensure the validity of the registration data, and
the registry should be electronically searchable. An acceptable registry must include at
minimum a unique trial number, trial registration date, secondary identification information if
assigned by sponsors or others, funding source(s), primary and secondary sponsor(s),
responsible contact person, research contact person, official scientific title of the study,
research ethics review, the medical condition being studied, intervention(s), key inclusion and
exclusion criteria, study type, anticipated trial start date, target sample size, recruitment status,
primary outcome, and key secondary outcomes. Registration information must be provided at
the time of submission. Trial registry name, registration identification number, and the URL
for the registry should be included at the end of the abstract.

Manuscripts reporting the results of randomized controlled trials should include a
"CONSORT" flow diagram as a figure in the manuscript to illustrate the progress of all
patients in the study (See: Schulz KF, Altman D, for the CONSORT Group. The CONSORT
statement: revised recommendations for improving the quality of reports of parallel-group

randomized trials. JAMA. 2001;285(15):1987-1991. )

Originality and copyright

To be considered for publication in IJNP, a manuscript cannot have been published
previously, nor can it be under review for publication elsewhere. (Previously published
figures may be sparingly used in Reviews, with appropriate permission.) The posting of a
brief summary of clinical trial outcomes on a pharmaceutical website (such as the PhRMA-

sponsored database < www.clinicalstudyresults.org >) will not necessary count as prior

publication nor impede full consideration of a manuscript: IJNP will look at this on a case-by-
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case basis to determine the extent of overlap between the trial data posted and the manuscript
as submitted, and will decide whether the manuscript contains a sufficiently new perspectives
or sufficient additional data for it to count as original. Authors should declare when
submitting manuscripts that such data have already been posted and IINP will review this
sympathetically.

Papers with multiple authors are reviewed with the assumption that all authors have
contributed materially to the research reported, have approved the submitted manuscript and
concur with its submission to IJNP. A Copyright Transfer Agreement, with certain specified
rights reserved by the author, must be signed and returned to the Editor by the senior author of
accepted manuscripts (Signing on behalf of all the other authors), prior to publication. This is
necessary for the wide distribution of research findings, and the protection of both author and

the CINP under copyright law.

Authorship

All individuals included as authors of papers must have contributed substantially to the
scientific process leading up to the writing of the paper. Such contribution includes the
conception and design of the project, the performance of experiments and the analysis and
interpretation of data. In addition the author should have made a substantial contribution to
drafting or critical revision of the manuscript for important intellectual content. The first
author or designated corresponding author should add a statement to this effect to the cover
letter and should sign on behalf of the other authors.

The statement regarding authorship must be included in the cover letter.

If there is no statement regarding authorship, the paper will not be reviewed.

We are aware that authors sometimes receive assistance from technical writers, language

editors and/or writing agencies in preparing manuscripts for publication. Such assistance must
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be noted in the cover letter and in the Acknowledgements section along with a declaration that
the author(s) are entirely responsible for the scientific content of the paper.

Failure to acknowledge assistance from technical writers, language editors and/or writing
agencies in preparing manuscripts for publication in the cover letter and in the
Acknowledgements section may lead to disqualification of the paper.

Under no circumstances will IJNP accept submissions by writing or editorial agencies on
behalf of authors and there will be no correspondence with writing or editorial agencies

regarding submitted or revised manuscripts.

Manuscript submission
All manuscripts must be submitted online via the website:

http://mc.manuscriptcentral.com/IntJNP

Author Submission Instructions
A generic Author Quick Start Guide is available to download from the Manuscript Central
website:

http://mchelp.manuscriptcentral.com/tutorials/Author.pdf

There is also a chapter on manuscript submission in the online interactive guide to Manuscript
Central:

http://mcv3help.manuscriptcentral.com/stalkjddfesd/MC4Help.htm

The Editor-in-Chief will acknowledge receipt of the manuscript, provide it with a manuscript
reference number and assign it to a Field Editor and to reviewers. The reference number of the

manuscript should be quoted in all correspondence with the IINP Office and Publisher.
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Initial Submission
The following instructions must be followed carefully:

* The preferred file format for submission is Microsoft Word; however you can also
submit Adobe Acrobat (.pdf) files readable with Acrobat Reader. There is no need to
include figures in the manuscript document for initial submission. Figures should be
submitted as separate files. The system creates a single PDF of all uploaded files as
the final stage of author submission.

» Word Perfect or other word-processor files or Macintosh-based files are not acceptable.

* Tables should be placed at the end of the document and not within the text.

* Do not use “enter” in order to start a new page. “Hard” page or section breaks must be
used.

* A cover letter should be attached as a separate file. In the cover letter, the category under
which the manuscript is submitted should be indicated and the corresponding author
identified, including phone number, fax number and electronic mail address. The
cover letter must include a statement regarding authorship (see Authorship section
above).

* File-names should indicate the name of the first author of the paper or an abbreviated
version thereof and the content of the file (text, tables, figures).

* Printed copies of the cover letter, manuscript, tables and figures are not required and
should not be sent.

Please note that correspondence regarding submitted and revised manuscripts will be with

the Corresponding Author only.
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Revised\Final Submission

* The uploaded manuscript must be in the form of a Word for Windows file with figures
(prepared as instructed below) in separate files. Word Perfect or other word-processor
files or Macintosh-based files are not acceptable.

* Do not use “enter” in order to start a new page. “Hard” page or section breaks must be
used.

* The cover letter and responses to reviewers should be attached as a separate file.

* Figures should be prepared using appropriate formats and saved as TIFF or JPEG files. It
is essential that JPEGs are greater than 320dpi. PowerPoint files or figures “pasted”
into Word files are not acceptable for revised or final submissions.

* File names should indicate the manuscript number assigned by the journal and the

content of the file (text, figures).

Review process

Manuscripts submitted to 1JNP including those for supplements will be reviewed by at least
two external reviewers and evaluated by a Field Editor. Authors are required to suggest a
minimum of 3 reviewers who are especially qualified to referee the work and would not have
a conflict of interest. Please provide the first and second names, email addresses, institution or
affiliation, and phone number of the suggested reviewers. If authors would prefer that a
particular reviewer(s) not evaluate the paper, they may indicate this request in the cover letter,
which will be treated confidentially. Suggestions and requests regarding reviewers will be
considered by the Editor without obligation to accept them. Authors should note that
manuscripts might be returned after initial review by the Editors if the paper is deemed
unlikely to be reviewed favorably. This rapid rejection process enables the author to submit

promptly for publication elsewhere.
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Every effort will be made to provide the author with a review within 6 weeks of receipt of the
manuscript. For Rapid Communications the target review time is 3 weeks. If the Editor
requests that minor revisions be made to a manuscript these should be resubmitted within 30
days. A maximum of 90 days shall be allowed for preparation of major revisions, except in

unusual circumstances.

Manuscript preparation and style

The manuscript should be typed double-spaced throughout on ‘Letter' or A4 paper. Pages
should be numbered sequentially beginning with the Title Page. Margins should not be less
than 2.5cm on all sides and the font should be clearly legible and uniform throughout.

The Title Page should contain the full titles of the manuscript, the category under which the
manuscript is submitted, the full names and affiliations of all authors, a contact name and
address with telephone number, fax number and electronic mail address (if available) for the
corresponding author and reprint requests, and a Statistical Summary containing the Word
Count of the abstract and the body of the manuscript (separately), the number of references
and the number of figures and tables.

A Short Title of up to fifty characters should be provided on the title page and should be
repeated at the top right of every following page. The names of the authors (e.g. Smith et al.
or Smith and Jones) should be given at the top left of every page besides the title page.

The Abstract (page 2) should be unstructured (i.e., no sub-headings) but must provide the
reader with a self-contained summary of the paper. It should include a brief introduction to
the paper, the method, the key findings, and the conclusions. A list of 3-5 key words or terms
for indexing should follow the abstract.

The Body of the Manuscript should begin on page 3. For Regular Research Articles, Brief and

Clinical Reports and Rapid Communications, the formal should include: Introduction,
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Method, Results, Discussion and Acknowledgements. These should be followed on a new
page by the References.

Tables should be consecutively numbered as they appear in the text (Table 1, etc.). Each
Table should be typed on a separate sheet with the Table number and heading above and any
note below.

Figures should be consecutively numbered as they appear in the text (Figure 1, 2 etc). Use
italic letters for parts a, b, c etc. Use abbreviation (Fig), except where starting a new sentence.
Legends should be provided for each Figure. Scale bars should be added to photomicrographs
and other similar images. Figures should be supplied as either TIFF or EPS files where
possible at approximately the size in which they are to reproduce. Line artwork should be
supplied in black and white mode at a resolution of 1200 dpi; combination artwork (line/tone)
at a resolution of 800 dpi; black and white halftone artwork should be saved in ‘grayscale’
mode at a resolution of 300dpi; colour halftone artwork should be saved in CMYK mode at a
resolution of 400 dpi.

The use of Abbreviations, except those that are widely used, is strongly discouraged. They
should be used only if they contribute to better comprehension of the manuscript. Acronyms
should be spelled out at first mention. Metric system (SI) units should be used.

IINP encourages submissions from all over the world. Authors who are not fluent in written

English are encouraged to seek assistance in this regard before submitting their manuscripts.
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