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RESUMO

Os Transtornos do Espectro do Autismo (TEA) sdo um grupo heterogéneo de
transtornos do desenvolvimento que apresentam grau de severidade bastante variavel.
Dados epidemiolégicos indicam que fatores ambientais, como a exposicdo materna ao
acido valpréico (VPA), aumentam o risco do nascimento de filhos com autismo. O
desequilibrio do balanco excitatério/inibitorio no encéfalo, especialmente em regides
corticais envolvidas com processamento sensorial, vem sendo relacionado com um
namero consideravel de transtornos que afetam o sistema nervoso central, como o
TEA. Esse desequilibrio pode estar fortemente associado com caracteristicas
cognitivo-comportamentais, bem como na morfologia e organizacdo dos neurénios em
padrbes colunares nas regifes corticais. O presente estudo tem como objetivo
quantificar o nimero de células neuronais GABAérgicas, ndo-GABAérgicas, células
nao-neuronais, células totais e o padréo de organizagéo colunar nas camadas corticias
[I/lll e V da area somatossensorial primaria - regido de campos em barris, no modelo
de autismo em ratos Wistar induzido por exposicao pré-natal ao acido valpréico (VPA).
Ratas Wistar prenhes receberam uma Unica injecdo, intraperitoneal, de VPA (600
mg/kg) no dia 12,5 de gestagdo. Os encéfalos da prole de ratos machos de 120 dias
foram utilizados para os experimentos de imuno-histoquimica para GABA, NeuN e
DAPI na regido da area somatossensorial primaria. Analises foram realizadas com o
software FluoView e ImageJ e os resultados foram considerados significativos com um
P<0.05 pelo teste t de Student. Os resultados deste estudo apontam uma
desorganizacdo no padrdo morfoldgico e colunar de neurénios na camada ll/lll e V da
area somatossensorial priméaria, com diferencas na localizacdo do NeuN ao longo do
soma neuronal. Houve redug&o no numero de neurdnios GABAérgicos na camada V,
porém o numero de células ndo-neuronais reduziu em ambas as camadas estudadas.
As vias inibitérias nessa regido desempenham papéis fundamentais para a
organizacdo colunar e processamento neuronal, tendo relagbes importantes com as
células da glia, as quais regulam e sao reguladas por neurotransmissores inibitérios. O
desbalanco desse grupo neuronal tem consequéncias importantes, ndo s6 na possivel
explicacdo de achados de excitotoxicidade no autismo, mas como na organizagao das
minicolunas e no processamento sensorial, encontrado de forma anormal nesses
pacientes, destacando uma via biolégica significativa e possivelmente envolvida na

sua fisiopatologia.
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1. INTRODUCAO

1.1. O TRANSTORNO DO ESPECTRO DO AUTISMO

Descrito pela primeira vez por Hans Asperger em 1938 e, seguido por
um relato de uma populacéo de 11 criancas estudada por Leo Kanner em 1943
(Kanner 1968) o Transtorno do Espectro do Autismo (TEA) é caracterizado
como um disturbio do desenvolvimento marcado por diversos fatores
complexos e graus de severidades variaveis. Seu diagndstico, atualmente,
baseia-se em um conjunto de alteracdes comportamentais, que envolvem
déficits na comunicacdo e interacdo social, comportamentos repetitivos ou
estereotipias e um padrao restrito de interesses (Gadia et al., 2004; Rapin and
Tuchman, 2008). O espectro pode ser dividido nas classificacoes de: 1)
autismo classico, 2) Sindrome de Asperger, e 3) transtornos invasivos do
desenvolvimento ndo especificados (DSM [V). Nos manuais de classificacdo
esses quadros estdo localizados dentro do capitulo dos transtornos globais do
desenvolvimento (TGD), que inclui além dos TEA, a sindrome de Rett e o
transtorno desintegrativo da infancia. Pelo DSM-V, recentemente lancado,
deixa de existir as subdivisbes do espectro, passando a chamar-se apenas
Transtornos do Espectro do Autismo. O autismo classico engloba as
caracteristicas mais proeminentes no transtorno, como déficits cognitivos,
comunicativos e sociais, bem como comportamentos estereotipados, sendo
essas caracteristicas a base para o diagnéstico clinico (Gadia et al. 2004,
Rapin & Tuchman 2008). Apesar da heterogeneidade deste transtorno e da
tentativa de criacdo e um padrdo para o diagnéstico, ndo existem relatos de
dois individuos com autismo apresentando 0 mesmo conjunto de sintomas, no
entanto todos os individuos tém déficits na triade que engloba o
comportamento social, a comunicacdo verbal e n&o-verbal e o0s
comportamentos repetitivos ou estereotipados, podendo variar em intensidade
entre os individuos, porém sao presentes ao longo de toda vida (Rapin &
Tuchman 2008). Na DSM-V, j& se incluem, dentro da caracterizacdo do
transtorno, alteragcbes sensoriais importantes, como alta ou baixa

responsividade a estimulos sensoriais e interesses atipicos na informacao
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sensorial. Além desses fatores diagndsticos, existem alguns sintomas
associados, como reduzido contato visual, déficit gestual, atrasos de
linguagem, inabilidade para interpretar emocdes a partir de expressoes faciais,
hipersensibilidade a estimulos sensoriais, movimentos manuais estereotipados
e dificuldade para mudancas em rotinas ou rigidez comportamental (Casanova
2007, Geschwind 2009, Rapin & Tuchman 2008). Caracteristicas adicionais
observadas em alguns casos incluem retardo mental, ansiedade, disturbios do
sono e gastrointestinais, além de maior circunferéncia craniana e volume
cerebral quando jovens (Skoyles 2008, Casanova 2007, Rapin & Tuchman
2008). O diagnostico desse transtorno somente € possivel apds dois ou trés
anos de idade, quando a crianca ja atinge idade suficiente para a comunicacao
e 0 comeco das interacdes sociais complexas. Apesar de existirem sintomas
que ndo podem ser notados nesta idade, como a reduzida coordenacéo
motora, muitos pais percebem problemas no progresso social ou comunicativo
das criancas. Os déficits sociais ndo sdo propriamente claros na infancia,
porém gradualmente se tornam mais evidentes com o passar dos anos (Dover
& Le Couteur 2007).

A Sindrome de Asperger, descrita pela primeira vez por Hans Asperger
em 1944, € uma das grandes controvérsias dentro do TEA. Os prejuizos
cognitivos ndo sao observados nessa sindrome, porém prejuizos sociais sao
bastante semelhantes ao que se observa no autismo classico, com interesses
restritos e um perfil de aprendizado particular, também chamado de deficiéncia

de aprendizagem n&o-verbal (Volkmar et al. 2012).

Os transtornos que ndo satisfazem os critérios especificos de
diagndstico do DSM-V para autismo classico, Sindrome de Asperger ou outros
transtornos mais caracterizados, séo alocados dentro do grupo dos transtornos
invasivos do desenvolvimento ndo especificados. Neste grupo, encontram-se
também déficits sociais e prejuizos tanto no comportamento restrito, quanto na
comunicacéo, levando a hipotese desses transtornos serem multifacetas da

genética e da complexidade do autismo.



1.1.1. DADOS EPIDEMIOLOGICOS

Quando descrito pela primeira vez, o autismo era considerado uma
condicao rara afetando em torno de 4 pessoas em cada 10000 individuos.
No entanto trata-se de um distirbio muito mais freqlente, ocorrendo em
aproximadamente 1% da populacdo. A ocorréncia de autismo nos EUA supera
os diagnésticos de AIDS, cancer e diabetes, em criancas, somados (Autism
Speaks, 2012).

Segundo dados epidemiolégicos do ano de 2012 oriundos do Centro de
Prevencdo e Controle de Doencas (EUA), a densidade de individuos com
autismo varia entre 1 a cada 88 criancas identificadas (Tabela 1). Nesse
mesmo estudo, dentro do periodo que abrange os anos 2000 a 2008, a
prevaléncia por 1.000 criangcas nos EUA aumentou de 6.7 para 11.3, um
aumento consideravel quando comparado com dados de 15, ou 20 anos atras
(Fombonne 2003, Kogan et al. 2009, Fombonne 2009). Entre o periodo de
1991 a 1997, a prevaléncia do autismo aumentou em 556%, passando a afetar
mais criancas do que, por exemplo, cancer e sindrome de Down (Muhle et al.
2004).

Identified Prevalence of Autism Spectrum Disorders
ADDM Network 2000-2008
Combining Data from All Sites

Surveillance Birth Year Number of Prevalence | This is about
Year ADDM Sites | per 1,000 TinX

Reporting Children children...
(Range)

2000 1992 6 6.7 1in 150
(45-99)

2002 1994 14 6.6 1in 150
(3.3-10.6)

2004 1996 8 8.0 1in 125
(46-9.8)

2006 1998 11 9.0 1in110
(4.2-12.1)

2008 2000 14 11.3 1in88
(4.8-21.2)

Tabela 1: Prevaléncia de TEA nos Estados Unidos da América (EUA) anos de
2000 a 2008. Estudo epidemioldgico realizado pelo CDC (EUA).
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Esse aumento fez com que as desordens do espectro do autismo se
tornassem uma questdo importante, ndo s6 em saude, em termos de
prevaléncia, morbidade, mas também em questdes de impacto familiar e custo
para a sociedade (DiCicco-Bloom et al. 2006). Estima-se um gasto médio de
1,6 milhdo de dolares por individuo portador de autismo durante a vida (Kogan
et al. 2009) e, somando com o custo de intervengbes comportamentais
intensivas, esse valor pode atingir a faixa de U$ 40.000 a U$ 60.000 por

crianca por ano, nos Estados Unidos (Autism Speaks, 2012).

Ao contrario do que chegou a ser cogitado (Wing & Potter 2002),
vacinacdes, pelo uso do coadjuvante timerosal contendo mercurio, ndo tem
relacdo com o aumento da incidéncia de autismo (Fombonne 2008). Nao ha
também quaisquer evidéncias de associacdo entre autismo, imigracéo, classe
social ou etnicidade (Fombonne 1999). Segundo Fombonne, esse aumento se
deve, pelo menos em parte, as mudancas nos critérios de diagnostico, o que
fez com que houvesse uma “migracdo” de individuos, com diagnostico
impreciso para o espectro do autismo (Fombonne 2009). Entretanto essa
‘migracdo” nao explicaria todos o0s novos casos. Assim, estudos
epidemioldgicos e com modelos animais indicam que fatores ambientais podem
ser responsaveis pelo aumento na ocorréncia de autismo (Fombonne 2003,
Schneider & Przewlocki 2005).

1.1.2. SINTOMATOLOGIA E COMORBIDADES

Os sintomas principais do autismo consistem em déficits de
interacdo social e na comunicacdo, além de uma notavel rigidez
comportamental e de interesses (Manning-Courtney et al. 2013). Apesar de
esses sintomas serem sobrepostos a outras desordens e doencgas
psiquiatricas, somente a presenca de todas essas caracteristicas em um
mesmo individuo compdem a desordem do autismo. O transtorno em questao
possui uma vasta gama de comorbidades que podem estar associadas a ele. A
identificacdo precoce dessas diferentes comorbidades podem otimizar o
direcionamento farmacolégico com alvos terapéuticos, a qualidade de vida

desses individuos, além de fornecer possibilidades e hipoteses para o
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desenvolvimento cientifico de mecanismos sobrepostos ou subjacentes a essa

desordem, em busca de respostas para a etiologia.

Os critérios diagnésticos no TEA podem variar assustadoramente de
intensidade, contabilizando em um verdadeiro espectro: ao passo que se €
observado um vasto vocabulario e gramatica em alguns pacientes
diagnosticados com autismo, é observado em outros somente frases
repetitivas, podendo em alguns casos, observar a ndo apresentagao da fala. A
rigidez comportamental pode ser justificada por dificuldades por parte desses
individuos em lidar com mudancas em sua rotina (Goldman et al. 2009).

Muitas criangas com autismo apresentam prejuizo intelectual e
aproximadamente 75% precisa de apoio social e educacional significativo
(Mefford, 2012; Bauman, 2010; Bauman, 2010). Esse prejuizo cognitivo pode
ser explicado pelo maior risco promovido pela epilepsia, uma comorbidade
bastante frequente no TEA , estando presente em pelo menos 30% dos
individuos. Com esses dois fatores presentes, o individuo possui maior risco de
desenvolver atraso no desenvolvimento e prejuizo intelectual do que aquelas
com um ou outro distarbio (Nazeer & Ghaziuddin 2012, Silver & Rapin 2012).

Hiperatividade, agresséo, auto-mutilacdo, disturbios do sono, além de
sinais depressivos, psicéticos e comportamento suicida também podem
ocorrer (Nazeer & Ghaziuddin 2012, Duchan & Patel 2012, Kaplan &
McCracken 2012, Silver & Rapin 2012). Estudos clinicos apontam relatos de
pacientes com hipo ou hiper-responsividade a estimulos sonoros, luminosos
e tateis (Grandin 2009, Ben-Sasson et al. 2009, Kern et al. 2007), podendo
apresentar graus variaveis de sensibilidade a dor (Hughes 2009, Klintwall et
al.). Nos ultimos anos, pesquisadores tém dado maior atencdo ao sistema
nervoso entérico e suas relagbes com o autismo, onde problemas
gastrointestinais sdo evidenciados (Skoyles 2008, Casanova 2007, Rapin &
Tuchman 2008). Distarbios hormonais e metabdlicos também podem estar
presentes nestes individuos (Bauman 2010). Além disso, doencas como
Esclerose tuberosa, X fragil e Sindrome de Angelman sdo frequentemente

associadas ao autismo (Silver & Rapin 2012).



1.1.3. DIAGNOSTICO

O diagndstico do autismo € clinico, realizado por meio de uma avaliacéo
detalhada do desenvolvimento do paciente e de uma avaliagdo sistemética,
consistindo num processo que requer tempo € uma equipe multidisciplinar
para avaliacdo de dados comportamentais, historia familiar e relatos dos
pais (Falkmer et al. 2013). Devido ao espectro, a identificacdo de casos mais
moderados ou com presenca de comorbidades psiquidtricas podem
dificultar os critérios diagnoticos. Embora escalas e entrevistas padronizadas
como o Plano de Observacdo do Diagnéstico de Autismo (ADOS- Autism
Diagnostic Observation Schedule), a Ferramenta de Triagem para Autismo aos
2 anos (STAT — Screening Tool for Autism in 2-Years-Olds), a Entrevisa
de Diagnostico do Autismo (ADI — Autism Diagnostic Interview) e a
Entrevista Diagndstica de Disturbios Sociais e de Comunicacdo (DISCO -
Diagnostic Interview of Social and Communication Disorders) (Falkmer et
al, 2013) auxiliem no estabelecimento do diagnostico, ndo ha& nenhum

exame que detecte o transtorno (Huerta & Lord 2012).

Técnicas de imaginologia como tomografia computadorizada e
ressonancia magnética mostram alteracfes eletrofisiologicas, anatdbmicas e
funcionais no encéfalo de pacientes com autismo, sendo comumente utilizadas
na pesquisa sobre o disturbio. Contudo, ndo ha relatos de seu uso como
potencial diagnéstico (Tchaconas & Adesman 2013).

1.1.4. ETIOLOGIA

Sendo classificado como uma transtorno multifatorial, o TEA possui
componentes genéticos e ambientais em sua etiologia, que permanece pouco

compreendida.

O fator genético foi evidenciado por meio de pesquisa com gémeos

monozigoticos, no intuito de verificar como se comporta a herdabilidade do



autismo. Estudos revelaram que o risco de autismo entre gémeos
monozigoticos pode atingir o patamar de 12 vezes mais alto do que na
populacdo neurotipica. Em gémeos dizigG6ticos, esse risco cai para 4 vezes
quando comparado com a populacdo neurotipica (Greenberg et al. 2001).
Apesar desses dados, o fator genético dentro do TEA ndo parece ser um
componente determinante para desencadear o transtorno em uma populacao,
sendo justificado pelo fato de que a concordancia dos genes-alvo em
individuos afetados é em torno de 1% (Levy et al. 2011). Ainda sim esses
genes podem estar envolvidos como alteracdes em seu numero variado de
copias (Copy Number Variation — CNV) nos seus locais génicos, contribuindo

nas alteracdes em rotas biolégicas, convergentes aquelas envolvidas no TEA.

Cada vez mais se evidencia que o fator ambiental € um dos principais
responsaveis pelo surgimento do TEA, uma vez que o alto crescimento da
prevaléncia desse transtorno na populacdo néo parece ser explicado pelo fator
genético. Estudos demonstraram que 30% dos fetos expostos a talidomida
entre 20° e 0 24° dia de gestacao foram diagnosticados com autismo (Miller &
Stromland 1999). Entretanto, a talidomida apresenta diferentes efeitos em
primatas e em roedores, sendo que em primatas pode gerar entre outros,
crescimento aberrante e deficiente dos membros. Outros teratégenos tidos
como fatores de risco sdo o acido valproico (VPA) e o etanol (Ingram et al.
2000). O VPA tem seu mecanismo teratogénico baseado em sua atuagcéo como
indutor de alteracdes no fechamento do tubo neural, observadas similarmente
em roedores e seres humanos (Bambini-Junior et al. , Ingram et al. 2000).
Outros fatores de risco para o autismo incluem idade avancada dos pais, baixo
peso ao nhascer, sangramento materno, diabetes gestacional e exposicao
do feto a altos niveis de androgénios intrauterinos (Gardener et al. 2009,
Baron-Cohen 2002).



1.1.5. ESTRUTURAS RELACIONADAS

Visto que a linguagem, funcdes executivas, interagcdo social e
comportamento emocional estdo prejudicados no autismo, muitos estudos tém
como foco o cértex pré-frontal (CPF), com estudos relatando um aumento de
67% no numero de neurbnios no CPFem encéfalos de pacientes com
autismo (Courchesne et al. 2001). As alteracdes de conectividade estéo
entre 0s achados mais consistentes. A hipoconectividade a longa distancia
entre cortices frontal e temporal, e entre esses com outras estruturas foi
documentado por alguns grupos de pesquisa (Just et al. 2004, Koshino et al.
2005, Villalobos et al. 2005). Enquanto isso, uma hiperconectividade foi
descrita localmente no CPF (Courchesne & Pierce 2005) acompanhada de
aumento no numero de colunas e diminuicdo da espessura delas (Chomiak
& Hu 2012).

O cerebelo possui um papel fundamental na locomocéo, equilibrio e
diversas funcfes motoras e cognitivas do SNC, e encontra-se alterado dentro
do TEA, tanto funcional e morfologicamente, com a reducédo de volume e no
namero de células de Purkinje, quanto geneticamente (Tan et al. 2010, Hong et
al. 2000, Aldinger et al. 2012).

Alteracbes em estruturas limbicas s8o bastante evidentes e
documentadas nessa desordem, como o0 hipocampo e a amigdala. O
hipocampo faz parte do sistema limbico, sendo necessario para mecanismos
de aprendizado, memdria e diversas funcdes cognitivas, sendo um componente
de estudo frequente dentro de modelos animais de autismo. Estudos relatam
um aumento no tamanho dessa estrutura em individuos com TEA (Groen et al.
2010, Rojas et al. 2004). A amigdala é composta por um complexo de ndcleos,
sendo um local bastante associado com medo e agressividade. Estudos sobre
o tamanho dessa regido no TEA mostram resultados discordantes, havendo
encontrado-se aumento (Groen et al. 2010, Nordahl et al. 2012) e diminuig&o
na amigdala (Dalton et al. 2007). Outros dados interessantes sobre essa regido

incluem uma conectividade atipica e reducdo da habituacdo da amigdala



correlacionada com escala de responsividade social (Swartz et al. 2012,
Murphy et al. 2013).

Dada a presenca de comportamentos repetitivos e estereotipados
em pacientes com autismo, alteracdes nos ndcleos da base também ja
foram encontradas (Langen et al. 2007, Stanfield et al. 2008, Takarae et al.
2007). Durante imitacdo de expressdes faciais e tarefas de flexibilidade
cognitiva, pacientes com autismo apresentam hipoativagdo do estriado
(Dapretto et al. 2006, Shafritz et al. 2008).

Outras estruturas alteradas incluem o giro fusiforme, localizado no
lobo temporal ventral, o qual tem papel no reconhecimento de faces.
Alteracbes nessa regido parecem fundamentais para varios sinais
comportamentais observados em pacientes com autismo, uma vez que sua
atividade encontra-se reduzida durante processamento de faces (van Kooten
et al. 2008, Critchley et al. 2000, Pierce et al. 2001). As areas de Broca e
Wernicke, envolvidas com a linguagem, tambem mostram ativacéo

anormal no autismo (Verhoeven et al. 2009).

1.2. VIAS INIBITORIAS E O CORTEX SOMATOSSENSORIAL
PRIMARIO

A principal neurotransmisséo inibitéria do SNC é realizada por popula¢des
de neurbnios que sintetizam e liberam o neurotransmissor acido -
aminobutirico (GABA), que exerce seus efeitos em um grupo de receptores
ionotropicos (GABA-A) e metabotropicos (GABA-B).

Quando o GABA se liga aos seus receptores GABA-A, em encéfalos
maduros, ocorre a hiperpolarizacdo poés-sinaptica pelo aumento do influxo
intracelular do ion cloreto. Essa classe de receptores pode ser dividida em: 1)
receptores sinapticos que produzem uma inibicdo caracterizada como rapida,
em resposta a altas concentragbes (mM) do neurotransmissor liberado e 2)
receptores sinapticos que produzem uma liberagdo caracterizada como lenta,

com uma condutancia ténica persistente em resposta a baixas concentracoes
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(nM ou uM) do neurotransmissor na fenda sinaptica (Farrant & Nusser 2005).

As principais vias de sintese, liberacdo e recaptacdo do GABA estéo ilustradas

na figura 1.
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Figura 1.: Vias singpticas responsaveis pela sintese, liberacdo e recaptagdo de
GABA. Exemplificando o receptor GABA-A, ndo sendo mostrados o receptor GABA-B ou os
auto-receptores GABA-A e GABA-B (Coghlan et al. 2012). O GABA, na fenda, pode ser
recaptado, via transportadores especificos, por células gliais ou pelo proprio neurénio pré-
sinaptico. Nas células gliais, esse neurotransmissor é metabolizado até glutamina e retorna,
dessa forma, aos neurdnios, que podem reconverté-lo a GABA e armazenalo em vesiculas. No
neurbnio pré-sindptico, o0 GABA pode, também, ser re-armazenado em vesiculas, bem como

ser transformado em glutamato.

Os receptores GABA-B possuem seu mecanismo de hiperpolarizacéo pela
ativacdo de uma proteina G acoplada a canais de ions potassio, produzindo
uma corrente inibitéria mais lenta do que comparada com a corrente produzida

por receptores ionotropicos GABA-A (Padgett & Slesinger 2010).

A neurotransmissdo GABAérgica no SNC € notavelmente refinada, uma
vez que esses neurdnios exibem grande diversidade morfoldgica, fisioldgica e
bioguimica (Somogyi & Klausberger 2005). Essas populagbes neuronais,

podendo se apresentar na forma de interneurénios, possuem a tendéncia de
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formar circuitos inibitérios distintos baseados na conectividade elétrica
reciproca (Beierlein et al. 2003). Além dessa finalidade, essas células possuem
propensdo a realizar sinapse em compartimentos subcelulares especificos de
neurdnios alvos (Muller et al. 2006, Muller et al. 2007), uma vez que neles
ocorre a expressdo génica de diferentes subunidades de receptores
GABAérgicos (Fritschy & Brunig 2003, Klausberger et al. 2002). Esses fatos

corroboram, portanto, circuitos com alto grau de refinamento no SNC maduro.

Devido a vias cruciais desses neur6nios inibitérios nas fun¢des cognitivas
como o controle da excitabilidade tanto a nivel celular quanto a nivel de redes
neuronais, direcionamento do fluxo de informacéo e na regulacdo de processos
cognitivos (Cardin et al. 2009, Wang et al. 2009), estudos com essa via tém
apresentado diversas informacdes relacionadas ao estudo do autismo. Perdas
de interneurénios ou disfuncdes nessa inibicdo em encéfalos de individuos com
a Sindrome do X Fréagil, autismo, Sindrome de Rett, esquizofrenia e epilepsia
sao alguns dos exemplos (Chao et al. , Cossart et al. 2001, Gogolla et al. 2009,
Selby et al. 2007, Marin).

As colunas neocorticais sdo unidades morfo-funcionais, cuja arquitetura
pode ter sofrido pressdo evolutiva seletiva em diferentes linhagens de
mamiferos, em resposta a encefalizacdo e especializacdo de habilidades
cognitivas (Raghanti et al.). De acordo com o modelo de organizacéo cortical,
neurénios, células gliais e suas conexdes formam um sistema vertical multi-
conectado onde as células de cada minicoluna se unem a uma unidade
funcional altamente coordenada (Mountcastle 1997). Nesse contexto, a menor
unidade da anatomia cortical é a minicoluna, que é definida por um arranjo
radial de neurdnios, podendo essas unidades se arranjarem entre si, formando
macrocolunas, como encontrados no coOrtex somatossensorial na forma de
“barril” (do inglés barrel somatosensory cortex), observado frequentemente na

area somatossensorial das vibricas de roedores.

Os interneurénios inibitérios GABAérgicos sdo um grupo de células que
governam a microcircuitaria local cortical, sendo fundamentais para o
processamento intra e intercolunar (Casanova et al. 2003, DeFelipe et al. 1986,

Ascoli et al. 2008). Seus subtipos morfolégicos sdo altamente conservados
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entre os mamiferos (Sherwood et al. 2009), mas existe uma significativa
variagdo entre os filos, além de sua diversidade, densidade, distribuicdo e
padrbes de desenvolvimento possuirem suas peculiaridades (Hof & Sherwood
2005, Sherwood et al. 2007). Em roedores e outras espécies nao-primatas, 0s
interneurdnios inibitérios ocupam 15% ou menos da populacdo neuronal
cortical, enquanto que no cértex de primatas, esse valor pode atingir até 20%
da populacédo (Defelipe et al. 1999, DeFelipe et al. 2002).Ainda, a migracéo
desses interneurbnios parece ser diferente entre roedores e primatas, com
sitios adicionais de neurogénese no neurepitélio ventricular lateral em primatas
(Petanjek et al. 2009).

As origens distintas, bem como a distribuicdo desse grupo de
interneurdnios espécie-especificas no neocortex podem estar relacionadas com
as diferencas observadas nas habilidades cognitivas. Os interneurdnios
inibitérios podem ser classificados em subpopulacdes baseada em sua
imunoreatividade para 3 proteinas ligantes de calcio: CB (calbindina-D28k), CR
(calretinina) e PV (parvalbumina). Cerca de 90% de todos os interneurdnios
GABAérgicos corticais colocalizam com um desses marcadores, com uma
pequena sobreposicdo entre populacdes separadas (DeFelipe, 1997; Zaitsey et
al., 2005). A figura abaixo ilustra essas subpopulagdes, relacionando com a sua
orientacdo ao longo das camadas corticais:
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Figura 2: Representacédo da disposi¢cdo dos interneur6nios GABAérgicos colunares
em relacdo as camadas corticais. A classificagdo desses interneurdnios é realizada a partir
da sua imunoreatividade a proteinas ligantes de calcio (CB - calbidina, CR - calretinina e PV -

parvalbumina).

Essas diferentes classes de interneurbnios interagem com células
piramidais, modulando o processamento do circuito cortical. Um exemplo dessa
modulacdo pode ser observado com os papéis desses interneurdnios dentro da
coluna: os neurdnios CB e CR estéo envolvidos praticamente na comunicacao
intracolunar. Ja os imunoreativos a PV, 0s quais as células multipolares large
basket e chandelier sdo inclusas, estdo envolvidos na sinalizacdo transcolunar
(figura 2). As células large basket possuem longos axdnios, 0s quais se
estendem horizontalmente, tendo como alvo o pericario de células piramidais
de diferentes minicolunas (Somogyi et al. 1998). As células chandelier
promovem a inibicdo lateral por meio de conexdes sindpticas com segmentos
iniciais de axbnios das células piramidais (DeFelipe 1997, Li et al. 2002). Esses
tipos celulares imunoreativos a PV regulam oscilacdes ritmicas de populacdes
de células piramidais, e sao representados por picos rapidos em seus
potenciais de acdo breves, com a auséncia de picos adaptativos (Zaitsev et al.
2005, Sohal et al. 2009).

Dentro da supopulagéo de interneurdnios imunoreativos a CR, existe
uma grande variabilidade morfoldgica, diversificando-os em celulas bipolares,
double bouquet e do tipo Cajal-Retzius (DeFelipe 1997). As células bipolares e
do tipo double bouquet possuem arborizacbes axonais que se estendem
verticalmente, alcancando dendritos de células piramidais em diferentes
camadas do cértex (Figura 2), dentro das colunas vizinhas (DeFelipe 1997,
DeFelipe et al. 1989)

Os interneurbnios GABAEérgicos, particularmente aqueles imunoreativos
a CB, como a célula double bouquet, contribuem significativamente para a
morfologia e distribuicdo das minicolunas no cortex de primatas (Buxhoeveden
& Casanova 2002, Casanova et al. 2009).
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1.3. GABA, CORTEX E O AUTISMO

Estudos analisando o balango entre as vias excitatérias e inibitérias do
SNC revelaram a presenca de uma excitotoxicidade proveniente do desbalanco
entre o glutamato e o GABA, em encéfalos de pacientes com autismo (Essa et
al. 2012).

Uma vez que o equilibrio entre a neurotransmissao glutamatérgica e
GABAérgica é requerida para a regulacdo da cognicdo e de comportamentos
emocionais, as primeiras hipéteses de que esse sistema pode estar fortemente
ligado com o TEA passou de uma questao para uma confirmacédo (Ingram et al.
2000). Da mesma forma que alguns dados revelam o aumento da
neurotransmissdo excitatéria no SNC pelo neurotransmissor glutamato,
evidéncias demonstram que essa desregulacdo glutamatérgica tem relacdo
com um desbalanco GABAérgico, com a consequente reducdo da
neurotransmissao inibitéria no SNC de pacientes com autismo (Banerjee et al.
2012).

Alguns estudos de expressdo génica revelaram padrdes anormais de
expressdo de genes de receptores e enzimas ligadas a neurotransmissao
GABAérgica (Coghlan et al. 2012). Enzimas como GAD65 e GAD67
apresentam seus niveis proteicos reduzidos em 50% nos cértices parietal e
cerebelar de pacientes com autismo (Durand et al. 2011). Vérios alvos
genéticos tém sido documentados ao longo dos anos, mas estudos mostram
gue o cromossomo 15 pode ter uma importante relagcdo com o autismo, devido
as suas alteracbes cromossdmicas em determinadas regides que codificam
subunidades do receptor GABA-A (Coghlan et al. 2012).

Muitas anormalidades neuropatoldgicas parecem afetar a organizacao e
funcionamento das minicolunas e dos interneurbnios que as compdem. A
diminuicdo de populacdes de interneurdnios especifica (interneurénios
imunoreativos a CB) foi observada no coértex pré-frontal de pacientes com

esquizofrenia (Sakai et al. 2008), bem como alteracbes no tamanho das
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minicolunas (Casanova et al. 2008b, Di Rosa et al. 2009). Dentro do contexto
da doenca de Alzheimer, a estrutura das minicolunas é seletivamente
desarranjada e a perda da organizacao colunar é relacionada com o nimero de
emaranhados neurofibrilares (Buldyrev et al. 2000). Mudancas morfoldgicas
nas minicolunas parecem ser consistentes com as anormalidades do
desenvolvimento em vez de processos patolégicos progressivos (Casanova et
al. 2005, Casanova et al. 2008b). Ja é postulado que o controle inibitério
GABAérgico das minicolunas corticais estd comprometido dentro do autismo
(Casanova et al. 2003). Tanto na desordem do autismo, quanto na Sindrome
de Asperger, é observado um estreitamento da minicoluna (Casanova et al.
2003, Casanova et al. 2002a, Casanova et al. 2002b, Casanova et al. 2002c).
Uma vez que estudos mostram que este espaco € dependente de populacées
de interneurdnios inibitérios, um déficit do controle GABAérgico é esperado. A
modulacdo da atividade das minicolunas pode ser alterada tanto pela
conectividade local, quanto pela conectividade a longa distancia, resultando em
uma super excitacdo colateral entre as minicolunas, observado no autismo
(Casanova & Trippe 2009, Casanova et al. 2008a). Essa super-excitagéo pode
estar envolvida na incidéncia de convulsbes em pacientes com o transtorno
(Casanova et al. 2003) e, esta relacdo encontra respaldo em recentes relatos
de déficits em ambos interneurdnios imunoreativos a PV e a CR com
displasias corticais focais associadas com epilepsia (Zamecnik et al. 2006,

Barinka et al.).

Levando em consideracdo o fato de a epilepsia ser a comorbidade mais
frequente dentro do TEA, estudos analisando as fibras GABAérgicas com a
prevaléncia de convulsdes em pacientes autistas foram realizados e, nao
surpreendetemente, mostraram anormalidades (Casanova et al. 2003). Outros
estudos utilizando imagenologia mostraram menor ligacdo de GABA entre os
receptores GABA-A na amigdala, verme cerebelar, cortices frontal, parietal e
occipital em desordens genéticas com comportamentos autistas presentes
(Chugani 2012).
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2. OBJETIVOS

2.2. OBJETIVOS GERAIS

Quantificar e analisar a densidade de células neuronais e ndo neuronais
e 0 imunoconteudo do principal neurotransmissor inibitério do sistema
nervoso central, GABA, na area somatossensorial primaria no campo de
barris (Barrel Fields) do cortex de ratos Wistar prenatalmente expostos ao

acido valproico.

2.3. OBJETIVOS ESPECIFICOS
Analisar, em amostras de Cortex, na idade pés-natal P120:

1) O conteudo de GABA intra e extracelular, a partir da co-localizacao
de :
a. GABA, para a verificagdo de neurbnios GABAérgicos;
b. Neu-N, para a confirmacéo do tipo celular neuronal.
2) A relacdo entre a presenca de GABA com o padrdo colunar
observado em neurdnios em camadas corticais do SNC de ratos
controle e ratos expostos ao acido valpréico no modelo animal de

autismo
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ABSTRACT

Autism spectrum disorders (ASD) are characterized by deficits in social
interaction, language and communication impairments and repetitive and
stereotyped behaviors, with involvement of several areas of the central nervous
system (CNS), including cortical areas, as the primary somatosensory area.
Impairments in excitatory/inhibitory rate in CNS, especially in cortical regions
related to sensory processing, may be involved in autism disorders, associated
with cognitive and behavioral characters, morphology and neuronal organization
in columnar patterns in these areas. The present study investigates the cortical
layers 1/l and V of primary somatosensory area from 120 (P120) days old
male rats prenatally exposed to valproic acid (VPA) as an animal model of
autism. Herein, we analyzed quantitatively the number of neuronal cells and
nonneuronal cells, the columnar cortical organization and the GABA labeling,
targeting GABAergic neurons, by immunohistochemistry labeling NeuN and
GABA. In the VPA group, results show impairment in columnar organization and
in the localization of NeuN in neurons from layer Il/lll and V as well. Besides,
the reduction in nonneuronal cells in both layers and GABAergic neurons in
layer V were evidenced in VPA group, representing by a decrease in GABA and
NeuN labeling. These data highlight the importance of the balance in
excitatory/inhibitory synapses at the cortical level, pointing out important
aspects to be considered by a reduction in GABAergic inputs in this area. These
results may contribute in both physiopathological and pharmacological

approaches in ASD.

Highlights

» Animal model of autism induced by prenatal exposure to valproic acid (VPA). » Neuronal
and nonneuronal cell quantification. » VPA-impairments in columnar organization at layers Il/Il|
and V. »VPA decreased GABAergic neurons in layer V and nonneuronal cells in both layers »

GABAergic misbalance in primary somatosensory area is possibly involvement in autism.

Keywords

Autism; Valproic acid; Animal model; GABA; Columnar Organization
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1. INTRODUCTION

The term Autism Spectrum Disorder (ASD) refers to a group of conditions
characterized by deficits in social interaction, language and communication
impairments and repetitive and stereotyped behaviors. As stated in the
Diagnostic and Statistical Manual of Mental Disorders-IV-Text Revision (DSM-
IV-TR), ASD comprises Autistic Disorder (also called “classic” autism),
Pervasive Development Disorder Not Otherwise Specified (PDDNOS), and
Asperger’s Disorder (Gadia et al., 2004). Although different theories have
emerged trying to explain the etiology of this disorder, it remains unknown.
Besides, diagnostic criteria still lacks objective information, with limited
treatment options for the entire spectrum. Genetic factors such as mutations,
deletions and copy number variants are implicated in causation of autism
(Abrahams and Geschwind, 2008; Grigorenko, 2009). However, epidemiological
studies have evidenced that adverse environmental conditions such as
maternal exposure to infections, ethanol, thalidomide and Valproic Acid (VPA)
increase the risk of autistic offspring (Arndt et al., 2005; Dufour-Rainfray et al.,
2011), explaining the increasing autism prevalence mainly when combined with
changes in diagnostic practice. After clinical and animal studies, many
encephalic structures have been implicated in autism pathology, including
frontal cortex (Courchesne and Pierce, 2005a),, cerebellum (Amaral et al.,
2008; Courchesne and Pierce, 2005b), amygdala (Schultz, 2005), cingulate
cortex (Oblak et al.,, 2009; Oblak et al., 2011) and the hippocampus
(Courchesne and Pierce, 2005a). Recent studies in postmortem brain samples
from individuals with autism have shown that young prefrontal cortex presents
impaired developmental pathways while the adult tissue displays arrested
growth and degeneration (Chow et al., 2012). There is also much evidence
showing that specific neurotransmitter systems may be altered; such as
serotonin, GABA (Oblak et al., 2009; Oblak et al., 2010) glutamate (Choudhury
et al., 2011) and others (Lam et al., 2006). As a high refined transmission, the
GABAergic synapses are crucial not only in the control of brain homeostasis
during developing and mature neuronal circuits establishment, but it makes
necessary also during the pregnancy. This neuronal population controls the

migration and maturation of pyramidal neurons, as well its columnar
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organization, essential for the information processing in CNS (DeFelipe et al.,
1986; Owens and Kriegstein, 2002; Pizzarelli and Cherubini). Furthermore, a
misbalance in the excitatory/inhibitory rate, caused by impairments in
GABAergic neurotransmission, can affect cognition abilities and emotional
behaviors, as show in autism disorders (Banerjee et al., 2012; Ingram et al.,
2000). Cortical neurons are organized as an information processing system of
radial structure called columns, and the transmission flow are governed by
interneurons and its inhibitory synapses (Ascoli et al., 2008; Casanova et al.,
2003; DeFelipe et al., 1986). Altered GABAergic transmission in cortical layers
can explain some features observed in autistic patients, as hyper sensibility to
sensory stimulus (Rubenstein and Merzenich, 2003) due to the columnar
disorganization, causing misprocessing inside the column and in its
neighborhood (Ascoli et al., 2008; Casanova et al., 2003; DeFelipe et al., 1986).
In the present work we quantified the number of nonneuronal and neuronal
cells; the amount of GABAergic cells and evaluated the columnar organization
profile in primary somatosensory area from adult male rats prenatally exposed
to VPA (Bambini-Junior et al., 2011).

2. RESULTS
2.1. Columnar Organization of neurons and Cellular NeuN profile

lllustrative images show the columnar organization of neurons in layer I/l
(Figure 1) and V (Figure 2) of primary somatosensory cortex from P120 rats,
respectively. In both layers was evidenced disorganization in the columnar
representation in VPA group, compared to the control group. Furthermore, in
VPA group, the neurons showed differences in the morphology, losing the
pyramidal architecture. The distribution of NeuN, normally observed in the entire
nucleus and cytoplasm, (Figures 1-2, panels A-C) changes in VPA group,
locating predominantly in the cytoplasm, near to the plasmatic membrane, as

showed by the inset of Figures 1-2 (panels B-D).
2.2. Immunostaining of GABA and NeuN

lllustrative images of NeuN and Gaba immunostaining are shown in Figure 3,

for layer lI/lll (A, D) and V (B, D). In layer V, illustrative figures of the NeuN’s
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fluorescence are shown in Figures 4A-B and GABA'’s fluorescence are shown in
Figures 4D-E. As showed in Figure 3, no statistical significance was found in
the immunostaining quantification of NeuN between VPA (18.04 + 1.434 N=3)
and control groups (21.88 £ 4.512 N=3) p= 0.463, and of GABA between VPA
(18.38 + 4.037 N=3) and control groups (22.65 + 5.424 N=3) p=0.5623, at P120
in primary somatosensory area layer Il/lll. However, as shown in Figure 4,
statistical significance was found when comparing the immunostaining of NeuN
in layer V. The presence of NeuN+ cells decreased in VPA (16.15 £ 0.9516
N=3) when compared to the control group (27.78 + 0.3735 N=3) p= 0.0003, but
no statistical significance was found in the labeling of GABA between VPA
(19.75 + 2.981 N=3) and control group (25.42 £ 2.476 N=3) p=0.2173.

2.3. Number of GABAergic Neurons

lllustrative images of layers 1l/l1ll and V are shown in Figures 5 (A-F) and 6 (A-
F), respectively. No changes were observed in number of GABAergic neurons
at layer I/l between control (4.000 + 2.082 N=3), and VPA (5.000 £ 1.155
N=3) groups, p=0.6960, as demonstrated in Figure 5 G. However, a significant
decrease (52 %) in the number of GABAergic neurons was observed at layer V
in VPA group (6.833 + 0.6009 N=3) compared to the control (14.33 + 1.856
N=3) p=0.0184 (Figure 6G).

2.4. Number of Neuronal and, Nonneuronal Cells

lllustrative images of layers Il/1ll and V layers Il/l1ll and V are shown in Figures
7A-B and 8A-B. There was no difference in the number of neuronal between
VPA (202.7 = 18.84 N=3) and control group (180.7 + 9.905 N=3) p=0.3596,
neither in the number of total cells between VPA (314.7 + 35.10 N=3) and
control group (367.3 + 6.984 N=3), p=0.2151. Nevertheless, the number of
nonneuronal cells decreased 39.1% in VPA group when compared to the
control group (from 184.3 £ 16.05 N=3 to 112.0 + 16.29 N=3, p=0.0341) (Figure
7C). In layer V was observed no difference in the number of neurons between
VPA (152.7 + 2.333 N=3) and control group (136.0 + 7.810 N=3) p=0.1104,
neither in total cells between VPA (278.3 £ 3.180 N=3) and control group (295.3
+ 7.688 N=3), p=0.1105. However, the number of nonneuronal cells decreased
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26.36% in VPA group when compared to the control group (from 165.0 + 4.223
N=4 to 121.5 + 5.315 N=4, p=0.0007) (Figure 8C).

2.5. The targets for NeuN/Fox-3 transcriptional factor

Figure 9 Iillustrates the main possible targets for the transcriptional factor
NeuN/Fox-3, a RNA-binding protein that regulates alternative splicing events,
by text mining search in String 9.05. The description of genes, are summarized
in Table 2.

Genes involved in inflammatory processes, shown in red circles: IBA1 (lonized
calcium-binding adapter molecule 1), also known as AIF-1 (allograft
inflammatory factor 1), gene position 2-147 and ENSPO00000415805, gene
position 14-161. These targets play a role in RAC signaling and in phagocytosis
and may be involved in macrophage activation and function. They also promote
the proliferation of vascular smooth muscle cells and of T- lymphocytes,

enhancing lymphocyte migration.

Genes involved in neuronal migration and differentiation, shown in blue circles:
GFAP (glial fibrillary acidic protein), a class-lll intermediate filament, is a cell-
specific marker that, during the development of the central nervous system,
distinguishes astrocytes from other glial cells. DCX, (Doublecortin). It seems to
be required for initial steps of neuronal dispersion and cortex lamination during
cerebral cortex development, may acting by competing with the putative
neuronal protein kinase DCAMKLL1 in binding to a target protein. It also may in
that way participate in a signaling pathway that is crucial for neuronal interaction
before and during migration, possibly as part of a calcium ion-dependent signal
transduction pathway. NES (Nestin), may play a role in the trafficking and
distribution of Initiation Factors proteins and potentially other cellular factors to
daughter cells during progenitor cell division, - by similarity and RBM45 (RNA
binding motif protein 45), RNA-binding protein with binding specificity for
poly(C), which may play an important role in neural development. Another
genes-target for NeuN/Fox-3: CALBL1 (calbindin 1, 28kDa), buffer of cytosolic
calcium. May stimulate a membrane Ca**-ATPase and a 3',5'-cyclic nucleotide
phosphodiesterase. TSPO (translocator protein, 18kDa), responsible for the

manifestation of peripheral-type benzodiazepine recognition sites and is most
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likely to comprise binding domains for benzodiazepines and isoquinoline
carboxamides. It may play a role in the transport of porphyrins and heme. Plays
a role in the transport of cholesterol across mitochondrial membranes in
steroidogenic cells, by similarity. NKAIN1 (Na+/K+ transporting ATPase
interacting 1) and IQSEC3 (IQ motif, commonly isoleucine and invariably
glutamine) and Sec7 domain 3, acts as a guanine nucleotide exchange factor
(GEF) for ARF1.

3. DISCUSSION

The primary somatosensory area in rodents is an excellent model to study
cortical developmental disorders, since its organization is concentrated in a
precise somatotopic pattern, reflecting the whiskers localization in the face of
these animals, forming a map of its disposition (Woolsey and Van der Loos,
1970). These structures are called barrels, formed by neurons that depolarize
with similar stimulus, organized in columns disposed in a somatotopic map
(Bonhoeffer and Grinvald, 1991; Issa et al., 2000). The misbalance in excitatory
and inhibitory synapses in this area is strongly associated with abnormal
sensorial processes in neurological disorders, and this could explain important
features found in autism, as the hyper sensibility to sensorial stimuli or
abnormal sensorial perception to tactile and auditory stimuli (Rubenstein and
Merzenich, 2003). Increasing the excitatory/inhibitory rate by knockout in the
Fmrl gene leads to the epilepsy, hyper sensibility to stimuli and cognitive
disorders, features observed in autism (Gibson et al., 2008; Hagerman and
Hagerman, 2002).

Here, we demonstrate that VPA group present alteration in columnar
organization, losing the cortical layer's delimitations. Recent work showed that
the glicoprotein reelin knockout cause disturbance in the normal inside-out
pattern, described as an inversion of cortical layering, appeared as a randomly
distributed collection of marker-labeled cells (Wagener et al., 2010). Reelin is a
secretory serine protease with an embryological role, guiding neurons and
radial glial cells to their corrected positions in the developing brain, and a role in
adult brain, involved in a signaling pathway which underlies neurotransmission,

memory formation and synaptic plasticity (Wagener et al., 2010). This molecule
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can be expressed in Cajal-Retzius (CR) Cells and GABAergic cells. These cell
types segregate in the cortical marginal zone (MZ) in response to BDNF
signaling, leading to an alternating pattern and a columnar cortical organization,
affecting the migration of different neuronal populations (Alcantara et al., 2006).
These data suggest that both CR cells and GABAergic neurons play a role in
directing the radial migration of late-generated cortical neurons, and their
distribution in this area is critical for the development of correct cortical
organization. In addition, reelin secreted by CR cells in the MZ is not sufficient
to direct the migration of late-born neurons to the upper cortical layers, which
most likely requires the presence of reelin-secreting interneurons in layers V-VI
(Alcantara et al., 2006).

The columnar organization is responsible not only to the morphological
display in mammal cortex, but also to play an important role in integrate the
information flow of the cortical layers (Casanova et al., 2003). Post mortem
studies using autistic brains demonstrate minicolumnar impairments in autism
(Casanova et al., 2006). The size and morphology of these refined structures
can indicate its physiology, with functional implications when altered (Favorov
and Kelly, 1994; Gustafsson, 1997; Seldon, 1981), as a language acquisition
delay (Casanova et al., 2003).

In the present work we also demonstrate that prenatal exposure to VPA
have less GABAergic neurons in layer V, turning the brain more willing to a
misbalance in the excitatory/inhibitory rate. These alterations may lead to an
inadequate processing of the sensorial inputs which can be detected by
behavioral trials to determine whether the decrease in this neuronal population
at layer V is responsible for the sensorial misprocessing found in patients with
autism. In this layer, studies have demonstrated the contribution of excitatory
and inhibitory synapses at somatic level of pyramidal neurons in the global
conductance changing. The excitatory compound comprises 20% of this
changing and the inhibitory compound comprehends 80% (Le Roux et al.,
2006). Therefore, the decrease of GABAergic neurons in layer V indicates a
possible answer to the misbalance in excitatory/inhibitory rates, found in this
area in autism spectrum disorders. As we have shown in results, the number of

GABAergic neurons in layer V is decreased in adult brain. Investigations with
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early age’s brains are required, in order to enable an explanation to the cortical
derangement. Indeed, the involvement of reelin and the GABAergic system is

notably stronger in autism.

Glial cells display important roles in the homeostasis of neuronal function
and brain plasticity with a number of receptors which can be activate
independently of neuronal activity, releasing transmitter, or gliotransmitters
(Fiacco and McCarthy, 2006; Rousse and Robitaille, 2006; Volterra and
Meldolesi, 2005). Post mortem studies verified higher levels of GFAP, the main
protein of mature astrocytic cytoskeleton, in frontal, parietal and cerebellar
cortex, possibility raising the astroglial activation (Laurence and Fatemi, 2005).
Furthermore, in microglia, a myeloid cell resident in CSN, increases in
excitatory/inhibitory rate can lead to increases in mobility of its processes,
turning the microglial cell more reactive (Banerjee et al., 2012). In this context,
we suggest that a decrease in GABAergic neuron may be involved in the
microglial reactivation. Besides the decreasing of nonneuronal cells, and
knowing that the most part of these cells are represented by glial cells, it did not
interfere in their reactivation. Studies must be done to better understand and
identify these cell types inside the glial population, that represent this alteration
in the primary somatosensory area and how the activity of these cells can

modulate possible pathophysiological roles in autism disorders.

The transcriptional factor NeuN is a neuron-specific protein broadly used to
target neurons. In fact, the role that NeuN displays in the neuron were
discovered recently (Kim et al., 2009). In this context, we also investigated the
main described targets for NeuN which includes molecules involved in
inflammation and neuronal differentiation and migration. Considering the NeuN
act as a transcriptional factor, our results observed in VPA group suggest that
with cytoplasmic localization at the cell periphery, their targets may be less
expressed. Besides, one of its targets is the the myosin II-B non muscular
heavy chain, found only in developing and mature neurons, with a role in
regulation of actin, the main compound of neuronal cytoskeleton, related to
neuronal migration in CSN (Brown and Bridgman, 2004). These data suggest a
possible role for NeuN in the neuronal migration and morphology and more

studies must be done to determine its contribution in autism disorders.
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The present work demonstrates for the first time to our knowledge
alterations in cellular morphology, organization and distribution in the
somatosensory cortex in the animal model of autism induced by prenatal
exposure to VPA. This is a relevant issue to be investigated in future works,

aiming to increase the knowledge of brain impairments induced by autism.
3.1. Conclusions

Our work demonstrates that the neuropathological alterations leading to
autism may be due to a primary GABAergic alteration. Since the inhibitory
transmission is responsible for neuronal migration, also playing important roles
in cortical organization at the columnar level and is involved in many reciprocal
interactions with glial cells, our results aim to help filling this gap that exists
concerning autistic neuropathology. Our data show that the VPA-induced
primary somatosensory area impairments present a decrease in GABAergic
neurons at layer V and nonneuronal cells at layer Il/lll and V. This scenario
seems to be responsible for the alterations in the stimuli processing in this area,
leading to the main features of autism, as the hyper sensibility to tactile and
auditory stimuli. Furthermore, this GABAergic impairment may be involved in
the cortical columnar architecture derangement and these changes in the
autistic brain may have significant implications in autism physiopathology. Our
results also demonstrate a different localization for NeuN in control and VPA
groups, and the implications of the many roles of NeuN, as a regulator of the
protein expression involved in inflammation and neuronal
differentiation/migration. Besides, it may be involved in neuronal morphology
alteration, changing from pyramidal in controls, to cylindrical in VPA group, at
layer V. In summary, the GABAergic impairment seems to be correlated to all of
these findings, and may therefore be a new target to further studies in the

etiology and therapeutic strategies in autism.
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4. EXPERIMENTAL PROCEDURES
4.1. Subjects

Female Wistar rats were obtained from the local breeding colony (ICBS-Federal
University of Rio Grande do Sul), with 12:12 light cycle (lights on at 7:00 and
lights off at 19:00), controlled temperature (22+1°C), water and food ad libitum.
They were handled in accordance to the governmental and Brazilian
experimental Biology Societies Federation guidelines. The estrous cycle was
monitored and females were mated overnight. The first day of gestation was
considered when spermatozoa were found in the vaginal smear. Valproic acid
(Acros Organics, New Jersey, USA) was purchased as the sodium salt and
dissolved in 0.9% saline for a concentration of 250 mg/ml. Females received a
single intraperitoneal injection of VPA (600 mg/kg, 250 mg/ml diluted in NacCl
0.9%) in the 12.5th day of gestation and control females received physiological
saline at the same time as previously described (Bambini-Junior et al., 2011;
Schneider and Przewlocki, 2005). Females were housed individually and were
allowed to raise their own litters. The offspring rats were housed separately by
sex at P21. Male pups from at least three different litters at postnatal day 120
were anaesthetized and transcardiacally perfused in order to perform
immunofluorescence analysis as described ahead. The brains were removed

and were kept in —80°C.
4.2. GABA and NeuN immunofluorescence

Rats were anesthetized (75 mg/kg ketamine + 10 mg/kg xylazine) and
transcardiacally perfused with 0.9%-NaCl solution followed by first 1,5%-
paraformaldehyde and after 4%-paraformaldehyde solution before the removal
of their brain. The brains were further post-fixed during 4 hours in a 4%-
paraformaldehyde phosphate buffer saline (PBS) solution (pH 7.4) and
were subsequently cryoprotected in 15% and 30%-sucrose PBS solutions until
they were completely submerged. After been freezed in -80°C freezer,
coronal slices (25 um) were obtained using a -20°C cryostat (Leica
Microsystems GmbH). Brain sections containing the primary somatosensory
area slices were arranged in microscopy slides (4 slices per lamina) which were

washed three times with PBS at room temperature. Rabbit anti-GABA (GE
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Healthcare, 1:1000) and mouse anti-NeuN (Sigma, 1:500) were diluted in a
10% bovine serum albumin 0,1% Triton X-100 PBS solution and
incubated during 72 h at 4°C. Secondary antibodies (AlexaFluor 488 anti-
rabbit and 568 anti-mouse, Invitrogen, 1:500) at room temperature for 2h.
Slides were then incubated with DAPI solution, mounted with n-propilgalate and
cover slipped. Images were obtained in a confocal microscope and cell types
and fluorescence were analyzed using the Image J software. The number of
nonneuronal, neuronal and total cells, as well the amount of GABAergic
neurons, were counted in 184 cm?/sample (n=3-4 rats/group). The images were

obtained by Olympus FluoView 4.0 Viewer.
4.4. Statistical analysis

Data are presented as mean+SE and were analyzed statistically by Student’s t
test and P<0.05 was considered as statistically significant. All analyses were

carried out using the GraphPad Prism 5 software.
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Figure 1. Effect of prenatal exposure to valproic acid on columnar
organization pattern, Neuronal morphology and NeuN distribution at layer
[I/lll of the primary somatosensory area - barrel fields. lllustrative
fluorescence micrographs of control (A-B) and VPA (C-D) groups. The inset in B
and D illustrate differences in NeuN distribution (red, Alexa 546) between

groups. Cellular nuclei are labeled with DAPI (blue) Scale Bar = 200 pm

Figure 2. Effect of prenatal exposure to valproic acid on columnar
organization pattern, neuronal morphology and NeuN distribution at layer
V of the primary somatosensory area — barrel fields. lllustrative fluorescence
micrographs of control (A-B) and VPA (C-D) groups. The inset in B and D
illustrate differences in NeuN distribution (red, Alexa 546) between groups.

Cellular nuclei are labeled with DAPI (blue)Scale Bar = 200 pm.

Figure 3. Prenatal exposure to valproic acid: Analisis of NeuN+ and
GABA+ cells at layer lI/lll of the primary somatosensory area — barrel
fields. lllustrative fluorescence micrographs of control (A-B) and VPA (C-D)
groups labeled for NeuN (A, D - red, Alexa 546) and GABA (B, E - green, Alexa
488). Fluorescence quantification of NeuN+ and GABA+ cells in control (C) and

VPA (F) groups Statistical Analysis by Student’s t test. Scale Bar = 200 pm.

Figure 4. Prenatal exposure to valproic acid: Analisis of NeuN+ and
GABA+ cells at layer V of the primary somatosensory area — barrel fields.
lllustrative fluorescence micrographs of control (A-B) and VPA (C-D) groups
labeled for NeuN (A, D - red, Alexa 546) and GABA (B, E - green, Alexa 488).
Fluorescence quantification of NeuN+ and GABA+ cells in control (C) and VPA
(F) groups. Statistical Analysis by Student’s t test, *p= 0.0003. Scale Bar = 200

um.

Figure 5. Effects of pranatal exposure to valproic acid in the
number of GABAergic (GABA+) neurons on layer ll/lll of the primary
somatosensory area — barrel fields. A and D, NeuN labeling (red, Alexa 546)

in control and VPA groups, respectively. B and E, GABA labeling (green, Alexa
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488) in control and VPA groups, respectively. C and F, merge. G, Number of
GABAergic (GABA+) neurons. Statistical Analysis by Student’s t test.

Figure 6. Effects of pranatal exposure to valproic acid in the number
of GABAergic (GABA+) neurons on layer V of the primary somatosensory
area — barrel fields. A and D, NeuN labeling (red, Alexa 546)) in control and
VPA groups, respectively. B and E, GABA labeling (green, Alexa 488) in control
and VPA groups, respectively. C and F, merge. G, Number of GABAergic
(GABA+) neurons. Statistical Analysis by Student’s t test, *p=0.0184

Figure 7. Effect of prenatal exposure to valproic acid on total,
neuronal and nonneuronal cells at layer I/l of the primary
somatosensory area — barrel fields. A. Merge of ilustrative images NeuN
labeling (red, Alexa 546) + DAPI labeling (blue) in control and VPA groups. B,
Quantification of cell number. Statistical Analysis by Student’s t test, *p=0.0341.
Scale Bar = 200 pm.

Figure 8. Effect of prenatal exposure to valproic acid on total,
neuronal and nonneuronal cells at layer |Il/lll of the primary
somatosensory area — barrel fields. A. Merge of ilustrative images NeuN
labeling (red, Alexa 546) + DAPI labeling (blue) in control and VPA groups. B,
Quantification of cell number. Statistical Analysis by Student’s t test, *p=0.0007.
Scale Bar = 200 pm.

Figure 9: The protein-protein interaction network of NeuN/Fox-3
using a search tool String 9.05. The yellow lines represent text mining
evidences of possible targets to the protein of interest. Organism of interest:
Homo sapiens. Red circles represent genes involved in inflammation and blue
circles, genes involved in neuronal migration and differentiation. Table 1,

Description of targets showed in figure 9.
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Table 1

Targets for NeuN/Fox-3

Targets
IBA1

ENSG00000235588

GFAP

DCX

TSPO

CALB1

NES

RBM45

IQSEC3

NKAIN1

Description
Allograft inflammatory
factor 1 (AlF-1) lonized

calcium-binding
adapter molecule 1
(147 aa, gene position
2-147)

Allograft inflammatory
factor 1 (AlF-1) lonized
calcium-binding
adapter molecule 1
(161 aa, gene position
14-161)

Glial Fibrillary Acidic
Protein; GFAP (a class-
[l intermediate
filament)

Doublecortin

translocator protein
(18kDa)

Calbindin 1, 28kDa;

Nestin

RNA binding motif
protein 45;

IQ motif (commonly
isoleucin and invariably
glutamine) and Sec7
domain 3;

Na+/K+ transporting
ATPase interacting 1

Actions
Play a role in RAC signaling and in phagocytosis and may be
involved in macrophage activation and function. They also
promote the proliferation of vascular smooth muscle cells and
of T- lymphocytes, enhancing lymphocyte migration.

Play a role in RAC signaling and in phagocytosis and may be
involved in macrophage activation and function. They also
promote the proliferation of vascular smooth muscle cells and
of T- lymphocytes, enhancing lymphocyte migration.

a cell- specific marker that, during the development of the
central nervous system, distinguishes astrocytes from other
glial cells

Required for initial steps of neuronal dispersion and cortex
lamination during cortex development, competes with the
putative neuronal protein kinase DCAMKL1 in binding to a
target protein neuronal interaction before and during migration,
calcium ion-dependent signal transduction pathway

Responsible for the manifestation of peripheral-type
benzodiazepine recognition sites and is most likely to comprise
binding domains for benzodiazepines and isoquinoline
carboxamides. It may play a role in the transport of porphyrins
and heme. Plays a role in the transport of cholesterol across
mitochondrial membranes in steroidogenic cells (By similarity)

Buffers cytosolic calcium. May stimulate a membrane Ca(2+)-
ATPase and a 3',5'-cyclic nucleotide phosphodiesterase

traffick and distribution of Initiation Factors (IF) proteins and
potentially other cellular factors to daughter cells during
progenitor cell division (By similarity)

RNA-binding protein with binding specificity for poly(C). It may
play an important role in neural development)

Acts as a guanine nucleotide exchange factor (GEF) for ARF1)
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Figure 7
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4. CONSIDERACOES FINAIS

O presente estudo apresenta uma hipotese para o desequilibrio na
excitacdo/inibicdo na area somatossensorial priméaria (regido de campos em
barril) em ratos expostos pré-natalmente ao acido valproico, dentro de um
modelo animal reconhecido de autismo. Os resultados sdo exemplificados na

figura abaixo:

Area Somatossensorial Primaria de ratos VPA —

Regidao de Campos em Barril

i H -"
- - a —- I" o
- - - ! -lll )
Camadall/Ill Camada V
sMorfologia colunar
"MMorfologia colunar e localizagdo do
e localizagdo do MNeuN alterada
NeuN alterada » .|, fluorescéncia
n | células ndo- de NeulN
neuronais ® .|, neurdnios

GABA+ e células
ndo-neuronais

Figura 3: Resumo dos resultados de alteracdes em ratos expostos pré-

natalmente ao acido valpréico nas camadas Il/lll e V da area somatossensorial primaria.

A disfuncdo GABAérgica possibilita alicerces para um estudo mais
profundo das possiveis causas ou consequéncias do transtorno do espectro do
autismo, podendo explicar porque existe uma hiperconectividade local dentro
no coértex pré-frontal desses pacientes. Dados recentes comprovam a
diminuicdo de parametros GABAérgicos em pacientes com autismo, como
reducdo da expressdao do RNA mensageiro de enzimas GAD65 e GAD67
(Fatemi et al., 2002) nos cortices parietal e cerebelar, também como a

diminuicdo de neurbnios GABAérgicos em modelos animais transgénicos
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(Sgado et al.,, 2013), nas regides do cortex cerebral e hipocampo. Este
presente trabalho demonstra pela primeira vez a diminuigdo de neurdnios
GABAEérgicos na area somatossensorial priméria na regido dos campos de
barril na camada V do cortex, bem como a desorganizacdo colunar em ratos
expostos pré-natalmente ao acido valprdico tanto na camada Il/lll quanto na
camada V. O menor niumero de neurénios GABAérgios encontrado na camada
V pode ser decorrente da desorganizacdo colunar nessa regiao, possibilitando
a relacdo com componentes-chave do autismo na regido somatossensorial
primaria, uma vez que a hipersensibilidade a estimulos sensoriais esta
presente no autismo. Embora a quantidade de neurdnios GABAérgicos para a
camada II/lll no grupo VPA nao foisignificativamente diferente do grupo
controle, houve uma tendéncia para uma reducao, necessitando, portanto, de

uma maior amostragem para confirmar ou descartar uma diferenca.

Anormalidades estruturais e funcionais de interneurbnios GABAérgicos
podem representar um substrato/produto anatdbmico do desequilibrio
excitatorio/inibitério no cortex cerebral e em outras regides encefélicas de um
paciente com autismo (Rubenstein and Merzenich, 2003). A maturacdo dos
circuitos GABAérgicos, quando prejudicada, apresenta funcdes imaturas no
coOrtex cerebral que permanece mais plastico e sensivel a alteracfes de inputs
sensoriais (Di Cristo, 2007; Hensch, 2005). Um coértex mais excitavel (ou
menos inibido) possui, por sua natureza, uma diferenciagdo funcional mais
precaria (Merzenich, 2001; Merzenich, 1999), levando a anormalidades de
percepcdo, de memoéria, de cognicdo e do controle motor. Ainda, alguns
pesquisadores acreditam que o cértex de pacientes com autismo possui uma

hiperexcitabilidade, levando a instabilidade e susceptibilidade a epilepsia
(Rubenstein and Merzenich, 2003).

Evidéncias apontam que a supressao da inibicdo GABAérgica é um
componente comum no encéfalo de paciente com autismo (Hussman, 2001).
Essa reducao da inibicdo poderia ser exacerbada por um controle modulatorio
anormal de processos de aprendizagem e memoria, que permitiiam e
regulariam uma diferenciagdo progressiva normal e a elaboracdo de
processamento da informag&ono encéfalo em desenvolvimento, uma vez que a

diferenciagéo progressiva funcional permite um processamento refinado e, por
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tanto, a reducdo do ruido encefalico (Merzenich, 2001; Merzenich, 1998a;
Merzenich, 1999; Merzenich, 1998b). Além disso, esses desbalancos podem
ser amplificados por maturagédo atrasada de sinapses ou mielinizagdo anormal
(Merzenich, 2001). Esses dois processos contribuem de maneira crucialpara o
desenvolvimento de redes e sistemas neurais notelencéfalo e no
aprimoramento da sinalizacao celular, diminuindo o ruido cortical (Merzenich,
2001). Dessa forma, nossos resultados corroboram com a hipotese de
desequilibrio GABAérgico primario, devido a grande contribuicdo que a
neurotransmissao inibitdria proporciona para a migracdo e diferenciacao
neuronal, maturacdo sindptica e controle do tamanho e organizacdo das
minicolunas (DeFelipe et al., 1986; Owens and Kriegstein, 2002; Pizzarelli and
Cherubini), fatores estes presentes de forma alterada no transtorno do espectro
do autismo. Esses dados indicam, portanto, o componente forte que este
sistema representa dentro deste contexto, podendo ser um indicativo de
possivel indutor da desorganizacéo colunar encontrada em cortices de animais

expostos pré-natalmente ao acido valproico.

Anormalidades GABAérgicas sdo encontradas em doencascomo a
esclerose tuberosa e a sindrome do X fragil, as quais apresentam uma alta
incidéncia de autismo associado. Um desbalanco entre excitacéo e inibi¢ao foi
encontrada em individuos com esclerose tuberosa, uma condicdo genética
multisistémica que exibe uma variedade de desordens neurolégicas, como a
epilepsia e desordens do tipo autista (Curatolo et al., 2008). A perda de funcéo
GABAérgica, responsavel pela hiperexcitabilidade observada em modelos
animais da Sindrome do X Fragil € um componente comum causador de
retardo mental, com déficits na linguagem, hiperatividade, comportamentos do
tipo autista e convulsfes (Selby et al., 2007). A possivel alteracdo da taxa entre
sinapses excitatorios e inibitérias durante um periodo critico, como a exposi¢ao
ao dia pré-natal 12,5 do modelo animal de autismo, pode determinar um
desenvolvimento disfuncional de circuitos neurogliais, sendo um possivel

causador dos sintomas mais caracteristicos do autismo.

E importante ressaltar que a ocitocina possui um papel muito
interessante e fundamental dentro do encéfalo fetal durante o parto. Estudos

revelam que esta molécula esta envolvida no switch ou alteracédo do sentido do
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canal de anios cloreto em receptores GABAérgicos. Durante o
desenvolvimento, esses canais, quando ativados, realizam predominantemente
despolarizacdo. Essa alteracdo no sentido de fluxo do receptor, realizada pela
ocitocina durante o parto, muda de efluxo de cloretos para influxo, levando ao
fendtipo de hiperpolarizacdo, encontrado em neurdénios GABAérgicos maduros
no encéfalo de individuos neurotipicos (Khazipov et al., 2008). Estudos relatam
importantes contribuicdbes da ocitocina em interagbes sociais (Meyer-
Lindenberg et al.), podendo ser um fator importante de estudo para alteracées
GABAérgicas, ainda no desenvolvimento, que podem perdurar até a fase

adulta no modelo animal e no autismo.

O crescente avanco no conhecimento de funcdes desempenhadas
pelas células gliais indicam que estas células atuam como elemento-chave no
autismo, incluindodisfungdes na neurotransmissdo ou no préprio ambiente

encefalico de sua complexa fisiopatologia.

Estudos post mortem indicam niveis maiores de GFAP, a principal
proteina de filamentos intermediarios de astrocitos maduros,em tecido
encefalico decortexfrontal, parietal e cerebelar de pacientes com autismo,
levando a hipétese de que, nessa condicao esteja ocorrendoastrogliose reativa
e dano ao tecido encefalico (Laurence and Fatemi, 2005). Evidéncias de
ativacdo glial e neuroinflamacdo no encéfalo, através do aumento na
imunoreatividade de GFAP e niveis elevados de citocinas MCP-1 e TGFB1
foram encontrados no cerebelo, giro do cingulo e médio-frontal cértex dos
mesmos (Vargas et al., 2005). Outros dois marcadores astrociticos foram
pesquisados em amostras detecido encefédlico obtidas de necropsias de
pacientes com autismo, encontrandoum aumento da expressdao da
conexina 43 no coértex frontal superior e diminuicdo da aquaporina 4 no

cerebelo(Fatemi et al., 2008).

Dentro do modelo animal de autismo, andlises por ELISA, realizadas por
nosso grupo, das amostras encefélicas pdés-natais de 15 dias de grupos
controle e VPA em consonancia com a astrogliose reativa encontrada em
pacientes, demonstram aumento 58%,(em ng/ug de proteinas) no contetudo
deGFAP (p = 0.002), bem como o conteudo da proteina S100B, com um
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aumento de 88% (em ng/ug de proteinas), ambas marcadoras de ativacao
astrocitica e astrogliose reativa. Estudos in vitro mostram que um aumento de
S100B a nivel micromolecular pode levar a uma resposta proé-inflamatéria e
apoptotica sobre neurénios, corroborando a hipotese da astrogliose reativa no

autismo, podendoagravar o quadro inflamatorio no tecido encefalico.

Sendo caracterizada como uma célula derivada de linhagem mielbide
residente no parénquima do sistema nervoso central, a microglia constitui um
componente chave e Unico na composi¢ao celular do encéfalo (Ransohoff and
Cardona, 2010). A significancia funcional da microglia como foco de estudo tem
crescido nos ultimos 20 anos, procurando-se entender seus inUmeros papéis
no desenvolvimento do sistema nervoso central (Streit, 2001) e na resposta
imunitaria em condi¢des de infeccdo e injuria (Perry et al., 2010). A microglia,
ainda, possui diversos estados em que pode ser encontrada no ambiente
encefélico: 1) o estado vigilante, envolvendo um monitoramento dindmico do
status funcional, manutencdo e turn over das sinapses, com uma grande
mobilidade de seus processos, realizando eventos do tipo screening do
ambiente (Elkabes et al., 1996; Harada et al., 2002), 2) o estado ativo, quando
existe algum dano no tecido e essa célula passa a apresentar um fenétipo
inflamatorio ou classico, reduzindo a proliferacdo celular e assumindo forma
fagocitica, com retracdo de processos celulares. Ainda, existe um estado
deativacdo alternativo, onde a microglia apresentau um fenoétipo anti-
inflamatorio, aumentando a expressao de IL-10, TGF-B, BDNF e NGF (Kohman
and Rhodes, 2012). Estudos indicam que a microglia pode ser regulada pelo
balanco entre a excitacdo e inibicdo no sistema nervoso central. Nossos
resultados no modelo animal de autismo indicam que uma disfuncao
GABAérgica, produzindo um balanco positivo entre a taxa excitacao/inibicéo,
pode estar envolvidos na ativagdo microglial, verificada em estudos post
mortem(Vargas et al., 2005). Uma vez que existem evidéncias do aumento nos
niveis de citocinas pro-inflamatérias no liquor (Chez et al., 2007) e no tecido
encefalico (Li et al., 2009), esses dados fortificam a hipétese da participagéo

glial na fisiopatologia do autismo.

Existem poucos estudos relacionando oligodendrécitos e autismo.

Estudos demosntram uma relacédo entre prejuizos maturacionais e funcionais
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em encéfalos de murinos expressando a proteina Fmrl(Fragile x Mental
Retardation Protein) de células precursoras de oligodendrdcitos no cerebelo,
induzindo uma mielinizagédo atrasada (Pacey et al.). Sendo uma regiéao rica em
neurénios GABAérgicos (Células de Purkinje), esse achado pode lancar idéias
para possiveis prejuizos nesses tipos celulares, podendo estar envolvida com a
neurotransmissdo GABAérgica, uma vez que correntes inibitérias estéo

alteradas no autismo (Banerjee et al., 2012; Ingram et al., 2000).

Estudos posteriores serdo realizados para avaliar a contribuicdo dessas
células e vias no contexto etioldgio e fisiopatoldgico, possibilitando estratégicas
clinicas para aprimoraro direcionamento farmacologico no autismo, bem como
na compreensdo do envolvimento dessas células no desenvolvimento e

maturag&o neuronal em desordens neurogliais.

5. PERSPECTIVAS

- Avaliar, pela técnica de coloragdo por Dil, espinhos dendriticos na area
somatossensorial primaria e outras regifes envolvidas no autismo, utilizando os

encéfalos dos animais utilizados para este trabalho;

- Avaliar o sistema GABAérgico em outras regides encefalicas conhecidas

alteradas no Transtorno do Espectro do Autismo;

- Avaliar o sistema GABAérgico no Sistema Nervoso Entérico de ratos do

modelo animal de autismo;

- Quantificar receptores GABA-A e GABA-B em encéfalos de ratos do modelo

animal de autismo;

- Dosar e quantificar derivados de Adenosina e ATP/Adenosina, além da
expressdo de receptores purignéergicos, analisando esta via na ativacao

microglial;

- Analisar possiveis microRNA envolvidos no desenvolvimento neuronal e na

modulacdo de vias excitatorias e inibitorias, bem como na regulacdo do NeuN;
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- Avaliar a contribuicdo do NeuN no neurodesenvolvimento em idades preé-

natais e pds-natais em ratos do modelo animal de autismo;
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added or removed.
Requests that are not sent by the corresponding author will be forwarded by the Journal Manager to the
corresponding author, who must follow the procedure as described above. Note that:

e Journal Managers will inform the Journal Editors of any such requests.
® Publication of the accepted manuscriptin an online issue is suspended until authorship has been agreed.

After the accepted manuscript is published in an online issue
Anyrequests to add, delete, or rearrange author names in an article published in an online issue will follow the
same policies as noted above and resultin a corrigendum.

Changes to authorship

This policy concerns the addition, deletion, or rearrangement of author names in the authorship of accepted
manuscripts:

Before the accepted manuscript is published in an online issue: Requests to add or remove an author, or to
rearrange the author names, must be sent to the Journal Manager from the corresponding author of the accepted
manuscript and mustinclude: (a) the reason the name should be added or removed, or the author names
rearranged and (b) written confirmation (e-mail, fax, letter) from all authors that they agree with the addition,
removal or rearrangement. In the case of addition or removal of authors, this includes confirmation from the author
being added or removed. Requests that are not sent by the corresponding author will be forwarded by the Journal
Manager to the corresponding author, who must follow the procedure as described above. Note that: (1) Journal
Managers will inform the Journal Editors of any such requests and (2) publication of the accepted manuscriptin an
online issue is suspended until authorship has been agreed.

After the accepted manuscript is published in an online issue: Anyrequests to add, delete, or rearrange author
names in an article published in an online issue will follow the same policies as noted above and resultin a
corrigendum.

Copyright

This journal offers authors a choice in publishing their research: Open Access and Subscription.

For Sub scription articles

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (for more
information on this and copyright, see http://www.elsevier.com/copyright). An e-mail will be sent to the
corresponding author confirming receipt of the manuscript together with a 'Journal Publishing Agreement form or a
link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal circulation
within their institutions. Permission of the Publisher is required for resale or distribution outside the institution and
for all other derivative works, including compilations and translations (please
consulthttp:/www.elsevier.com/permissions). If excerpts from other copyrighted works are included, the author(s)
must obtain written permission from the copyright owners and credit the source(s) in the article. Elsevier has
preprinted forms for use by authors in these cases: please consult http://www.elsevier.com/permissions.

For Open Access articles

Upon acceptance of an article, authors will be asked to complete an 'Exclusive License Agreement' (for more
information see http://www.elsevier.com/OAauthoragreement). Permitted reuse of open access articles is
determined by the author's choice of user license (see http://www.elsevier.com/openaccesslicenses).

Retained author rights

As an author you (or your employer or institution) retain certain rights. For more information on author rights for:
Subscription articles please see http:/iwww.elsevier.com/authorsrights.
Open access articles please see http://www.elsevier.com/OAauthoragreement.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or preparation of
the article and to briefly describe the role of the sponsor(s), if any, in study design; in the collection, analysis and
interpretation of data; in the writing of the report; and in the decision to submit the article for publication. If the
funding source(s) had no such involvement then this should be stated. Please
seehttp://www.elsevier.com/funding.

Funding body agreements and policies

Elsevier has established agreements and developed policies to allow authors whose articles appear in journals
published by Elsevier, to comply with potential manuscript archiving requirements as specified as conditions of
their grant awards. To learn more about existing agreements and policies please
visithttp://www.elsevier.com/fundingbodies.

Open access

This journal offers authors a choice in publishing their research:

Open Access

« Articles are freely available to both subscribers and the wider public with permitted reuse

* An Open Access publication fee is payable by authors or their research funder

Subscription

« Articles are made available to subscribers as well as developing countries and patient groups through our
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access programs (http://www.elsevier.com/access)
*No Open Access publication fee

All articles published Open Access will be immediately and permanently free for everyone to read and download.
Permitted reuse is defined by your choice of one of the following Creative Commons user licenses:

Creative Commons Attribution (CC BY): lets others distribute and copy the article, to create extracts, abstracts, and
other revised versions, adaptations or derivative works of or from an article (such as a translation), to include in a
collective work (such as an anthology), to text or data mine the article, even for commercial purposes, as long as
they credit the author(s), do not represent the author as endorsing their adaptation of the article, and do not modify
the article in such a way as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-ShareAlike (CC BY-NC-SA): for non-commercial purposes, lets
others distribute and copy the article, to create extracts, abstracts and other revised versions, adaptations or
derivative works of or from an article (such as a translation), to include in a collective work (such as an anthology),
to text and data mine the article, as long as they credit the author(s), do not represent the author as endorsing their
adaptation of the article, do not modify the article in such a way as to damage the author's honor or reputation, and
license their new adaptations or creations under identical terms (CC BY-NC-SA).

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND): for non-commercial purposes, lets
others distribute and copy the article, and to include in a collective work (such as an anthology), as long as they
credit the author(s) and provided they do not alter or modify the article.

To provide Open Access, this journal has a publication fee which needs to be met by the authors or their research
funders for each article published Open Access.
Your publication choice will have no effect on the peer review process or acceptance of submitted articles.

The publication fee for Open Access in this journal is $1,800, excluding taxes. Learn more about Elsevier's pricing
policy: http://www.elsevier.com/openaccesspricing.

Language (usage and editing services)

Please write your textin good English (American or British usage is accepted, but not a mixture of these). Authors
who feel their English language manuscript may require editing to eliminate possible grammatical or spelling
errors and to conform to correct scientific English may wish to use the English Language Editing service available
from Elsevier's WebShop hitp://webshop.elsevier.com/languageediting/ or visit our customer support
sitehttp://support.elsevier.com for more information.

Submission

Submission to this journal proceeds totally online and you will be guided stepwise through the creation and
uploading of your files. The system automatically converts source files to a single PDF file of the article, which is
used in the peer-review process. Please note that even though manuscript source files are converted to PDF files
at submission for the review process, these source files are needed for further processing after acceptance. Al
correspondence, including notification of the Editor's decision and requests for revision, takes place by e-mail
removing the need for a paper trail.

Submit your article
Please submit your article via http://ees.elsevier.com/bres

Section, Senior Editor and Reviewers

Authors will be asked during manuscript submission to select a section of the journal, and a senior editor from that
section whom they consider most appropriate to edit their manuscript. While every effort will be made to honor
authors' selections, the assignment to a handling editor will be made by the Editor-in-Chief. Please submit, with
the manuscript, the names, addresses and email addresses of 3 potential reviewers. Note that the handling
editor retains the sole right to decide whether or not the suggested reviewers are used.

Referees

Please submit, with the manuscript, the names, addresses and e-mail addresses of three potential referees. Note
that the editor retains the sole right to decide whether or not the suggested reviewers are used.

Ad(ditional information

Cover illustrations: Authors are encouraged to submit visually and scientifically interesting figure(s) representative
of their data, though not necessarily as they appear in the manuscript, for potential cover illustrations (see specific
instructions for submission of cover art under PREPARATION / Color Artwork below). The use of illustrations for
journal covers is at the discretion of the Editors; only those related to articles accepted for publication will be
considered. At the end of each year, all published covers will automatically be considered in a competition for the
year's best cover illustration, and will be judged on their aesthetic value and scientific interest. The author(s) of the
winning image will receive US$ 500 from Elsevier.

u Preparation

Use of wordprocessing software

Itis important that the file be saved in the native format of the wordprocessor used. The text should be in single-
column format. Keep the layout of the text as simple as possible. Most formatting codes will be removed and
replaced on processing the article. In particular, do not use the wordprocessor's options to justify text or to
hyphenate words. However, do use bold face, italics, subscripts, superscripts etc. When preparing tables, if you
are using a table grid, use only one grid for each individual table and not a grid for each row. If no grid is used, use
tabs, not spaces, to align columns. The electronic text should be prepared in a way very similar to that of
conventional manuscripts (see also the Guide to Publishing with
Elsevier:http://www.elsevier.com/guidepublication). Note that source files of figures, tables and text graphics will be
required whether or not you embed your figures in the text. See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check' functions of
your wordprocessor.

Article structure

Subdivision

Divide your article into clearly defined and numbered sections (e.g. Abstract, 1. Introduction, 2. Results, 3.
Discussion, 4. Experimental Procedure, Acknowledgements, References). Subsections should be numbered 1.1
(then 1.1.1,1.1.2, ...), 1.2, etc. (the abstract is notincluded in section numbering). Use this numbering also for
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internal cross-referencing: do notjustrefer to " the text" . Any subsection may be given a brief heading. Each
heading should appear on its own separate line.

Introduction
State the objectives of the work and provide relevant background information. Published studies should be
described concisely, and be cited appropriately.

Results
The results should be described clearlyand in logical order without extended discussion of their significance.
Results should usually be presented descriptively and be supplemented by photographs or diagrams.

Discussion

The results of the research should be discussed in the context of other relevant published work; Extensive citations
and discussion of published literature should be avoided. The main conclusions of the study may be presented in
a short Conclusions section, which may stand alone or form a subsection of a Discussion section.

Experimental Procedure
This section should contain all the details necessary to reproduce the experiments. Avoid re-describing methods
already published; only relevant modifications should be included in the text.

Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid abbreviations and
formulae where possible.

« Author names and affiliations. Where the family name may be ambiguous (e.g., a double name), please indicate
this clearly. Present the authors' affiliation addresses (where the actual work was done) below the names. Indicate
all affiliations with a lower-case superscript letter immediately after the author's name and in front of the
appropriate address. Provide the full postal address of each affiliation, including the country name and, if available,
the e-mail address of each author.

« Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing and
publication, also post-publication. Ensure that phone numbers (with country and area code) are provided in
addition to the e-mail address and the complete postal address. Contact details must be kept up to date by the
corresponding author.

» Present/permanent address. If an author has moved since the work described in the article was done, or was
visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as a footnote to that author's
name. The address at which the author actually did the work must be retained as the main, affiliation address.
Superscript Arabic numerals are used for such footnotes.

Abstract

The abstract should state briefly (in no more than 250 words) the purpose of the research, the principal results and
major conclusions. An abstract is often presented separately from the article, so it must be able to stand alone. For
this reason, References should be awoided, but if essential, then cite the author(s) and year(s). Also, non-standard
or uncommon abbreviations should be avoided, but if essential they must be defined at their first mention in the
abstractitself.

Graphical abstract

A Graphical abstractis optional and should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership online. Authors must provide images that clearly represent
the work described in the article. Graphical abstracts should be submitted as a separate file in the online
submission system. Image size: Please provide an image with a minimum of 531 x 1328 pixels (h x w) or
proportionally more. The image should be readable ata size of 5 x 13 cm using a regular screen resolution of 96
dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. See http:/www.elsevier.com/graphicalabstracts for
examples.

Authors can make use of Elsevier's lllustration and Enhancement service to ensure the best presentation of their
images also in accordance with all technical requirements: lllustration Service.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that convey the core
findings of the article and should be submitted in a separate file in the online submission system. Please use
'Highlights'in the file name and include 3 to 5 bullet points (maximum 85 characters, including spaces, per bullet
point). See http://www.elsevier.com/highlights for examples.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and avoiding general
and plural terms and multiple concepts (avoid, for example, "and", "of"). Be sparing with abbreviations: only
abbreviations firmly established in the field may be eligible. These keywords will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page of the article. Such
abbreviations that are unavoidable in the abstract must be defined at their first mention there, as well as in the
footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do not,
therefore, include them on the title page, as a footnote to the title or otherwise. List here those individuals who
provided help during the research (e.g., providing language help, writing assistance or proof reading the article,
etc.).

Units

Follow internationally accepted rules and conventions: use the international system of units (Sl). If other units are
mentioned, please give their equivalentin Sl.

Database linking

Elsevier encourages authors to connect articles with external databases, giving their readers one-click access to
relevant databases that help to build a better understanding of the described research. Please refer to relevant

database identifiers using the following formatin your article: Database: xxx (e.g., TAIR: AT1G01020; CCDC:
734053; PDB: 1XFN). See http://www.elsevier.com/databaselinking for more information and a full list of supported
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databases.
Artwork

Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.

« Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or use fonts that
look similar.

* Number the illustrations according to their sequence in the text.

» Use a logical naming convention for your artwork files.

« Provide captions to illustrations separately.

« Size the illustrations close to the desired dimensions of the printed version.

» Submit each illustration as a separate file.

Adetailed guide on electronic artwork is available on our website:

http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed information are given here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then please supply
‘as is'in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is finalized, please
'Save as' or convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of 500 dpi.
Please do not:

» Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a low number of
pixels and limited set of colors;

«» Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the content.

Cover art: lllustrations to be considered for the cover should be related to the authors' submitted article and be
representative of their data, but need not necessarily be as they appear in the manuscript. Cover art should be
formatted to occupy an area of 18X21 cm and should be submitted in digital format (TIFF, Photoshop, JPEG or
Powerpoint) with a resolution of at least 300 dpi. Please also include a descriptive text with your cover art
submission. The files should be uploaded to a specified FTP site - please contact the Editorial Office at
bres@elsevier.com for instructions. For authors who wish to postal mail a CD with the cover art, please send itto:
Brain Research Editorial Office, Elsevier, 525 B Street, Suite 1800, San Diego, CA92101-4495, USA. Please
ensure that the manuscript reference number is included on all materials.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF)or MS Office files)
and with the correct resolution. If, together with your accepted article, you submit usable color figures then Elsevier
will ensure, at no additional charge, that these figures will appear in color on the Web (e.g., ScienceDirect and
other sites) in addition to color reproduction in print. For further information on the preparation of electronic artwork,
please see http://www.elsevier.com/artworkinstructions.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A caption should
comprise a brief title (not on the figure itself) and a description of the illustration. Keep textin the illustrations
themselves to a minimum but explain all symbols and abbreviations used.

Tables

Number tables consecutivelyin accordance with their appearance in the text. Place footnotes to tables below the
table body and indicate them with superscript lowercase letters. Avoid vertical rules. Be sparing in the use of tables
and ensure that the data presented in tables do not duplicate results described elsewhere in the article.

References

Citation in text

Please ensure that every reference cited in the textis also presentin the reference list (and vice versa). Any
references cited in the abstract must be given in full. Unpublished results and personal communications are not
recommended in the reference list, but may be mentioned in the text. If these references are included in the
reference list they should follow the standard reference style of the journal and should include a substitution of the
publication date with either 'Unpublished results' or 'Personal communication'. Citation of a reference as 'in press'
implies that the item has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to the sources cited.
In order to allow us to create links to abstracting and indexing services, such as Scopus, CrossRefand PubMed,
please ensure that data provided in the references are correct. Please note thatincorrect surnames, journal/book
titles, publication year and pagination may prevent link creation. When copying references, please be careful as
they may already contain errors. Use of the DOl is encouraged.

Web references

As a minimum, the full URL should be given and the date when the reference was lastaccessed. Any further
information, if known (DOI, author names, dates, reference to a source publication, etc.), should also be given.
Web references can be listed separately (e.g., after the reference list) under a different heading if desired, or can
be included in the reference list.

References in a special issue
Please ensure that the words 'this issue' are added to anyreferences in the list (and any citations in the text) to
other articles in the same Special Issue.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any style or format
as long as the style is consistent. Where applicable, author(s) name(s), journal title/book title, chapter title/article
title, year of publication, volume and issue/book chapter and the pagination mustbe present. Use of DOl is highly
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encouraged. The reference style used by the journal will be applied to the accepted article by Elsevier at the proof
stage. Note that missing data will be highlighted at proof stage for the author to correct. If you do wish to format the
references yourself they should be arranged according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al." and the year of publication.

Citations may be made directly (or parenthetically). Groups of references should be listed first alphabetically, then
chronologically.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et al. (2010) have
recentlyshown ....!

List: References should be arranged first alphabetically and then further sorted chronologically if necessary. More
than one reference from the same author(s) in the same year mustbe identified by the letters 'a', 'b', 'c', etc., placed
after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.AJ., Lupton, R.A,, 2010. The art of writing a scientific article. J. Sci. Commun. 163,
51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S., Smith , R.Z.
(Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.

Journal abbreviations source

Journal names should be abbreviated according to:

List of titte word abbreviations: http://www.issn.org/2-22661-LTWA-online.php; NLM Catalog (Journals referenced
in the NCBI Databases): hitp://www.ncbi.nlm.nih.govinimcatalog/journals;

CAS (Chemical Abstracts Service): via http:/www.cas .org/content/references/corejournals.

Video data

Elsevier accepts video material and animation sequences to support and enhance your scientific research.
Authors who have video or animation files that they wish to submit with their article are strongly encouraged to
include links to these within the body of the article. This can be done in the same way as a figure or table by
referring to the video or animation content and noting in the body text where it should be placed. All submitted files
should be properlylabeled so that they directly relate to the video file's content. In order to ensure that your video or
animation material is directly usable, please provide the files in one of our recommended file formats with a
preferred maximum size of 50 MB. Video and animation files supplied will be published online in the electronic
version of your article in Elsevier Web products, including ScienceDirect: http:/www.sciencedirect.com. Please
supply 'stills’ with your files: you can choose anyframe from the video or animation or make a separate image.
These will be used instead of standard icons and will personalize the link to your video data. For more detailed
instructions please visit our video instruction pages at http://www.elsevier.com/artworkinstructions. Note: since
video and animation cannot be embedded in the print version of the journal, please provide text for both the
electronic and the print version for the portions of the article that refer to this content.

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their published article. AudioSlides are
brief, webinar-style presentations that are shown next to the online article on ScienceDirect. This gives authors the
opportunity to summarize their research in their own words and to help readers understand what the paper is

about. More information and examples are available at http://www.elsevier.com/audioslides. Authors of this journal
will automatically receive an invitation e-mail to create an AudioSlides presentation after acceptance of their paper.

Supplementary data

Elsevier accepts electronic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting applications, high-resolution
images, background datasets, sound clips and more. Supplementary files supplied will be published online
alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect:http://www.sciencedirect.com. In order to ensure that your submitted material is directly usable,
please provide the data in one of our recommended file formats. Authors should submit the material in electronic
format together with the article and supply a concise and descriptive caption for each file. For more detailed
instructions please visit our artwork instruction pages at http://www.elsevier.com/artworkinstructions.

3D neuroimaging

You can enrich your online articles by providing 3D neuroimaging data in NIfTI format. This will be visualized for
readers using the interactive viewer embedded within your article, and will enable them to: browse through
available neuroimaging datasets; zoom, rotate and pan the 3D brain reconstruction; cut through the volume;
change opacity and color mapping; switch between 3D and 2D projected views; and download the data. The viewer
supports both single (.nii) and dual (.hdr and .img) NIfTl file formats. Recommended size of a single
uncompressed datasetis 100 MB or less. Multiple datasets can be submitted. Each dataset will have to be zipped
and uploaded to the online submission system via the '3D neuroimaging data' submission category. Please
provide a short informative description for each dataset by filling in the 'Description’ field when uploading a dataset.
Note: all datasets will be available for downloading from the online article on ScienceDirect. If you have concerns
about your data being downloadable, please provide a video instead. For more information
see:http://www.elsevier.com/3DNeuroimaging.

Submission checklist

The following list will be useful during the final checking of an article prior to sending it to the journal for review.
Please consult this Guide for Authors for further details of anyitem.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

* E-mail address

« Full postal address

* Phone numbers
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All necessaryfiles have been uploaded, and contain:

* Keywords

« All figure captions

« All tables (including title, description, footnotes)

Further considerations

* Manuscript has been 'spell-checked' and 'grammar-checked'

* References are in the correct format for this journal

* All references mentioned in the Reference list are cited in the text, and vice versa

*Permission has been obtained for use of copyrighted material from other sources (including the Web)

« Color figures are clearly marked as being intended for color reproduction on the Web (free of charge) and in print,
or to be reproduced in color on the Web (free of charge) and in black-and-white in print

« If only color on the Web is required, black-and-white versions of the figures are also supplied for printing
purposes

For any further information please visit our customer support site at http:/support.elsevier.com.

d After Acceptance

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOI consists of a
unique alpha-numeric character string which is assigned to a document by the publisher upon the initial electronic
publication. The assigned DOI never changes. Therefore, itis an ideal medium for citing a document, particularly
'Articles in press' because they have not yet received their full bibliographic information. Example of a correctly
given DOI (in URL format; here an article in the journal Physics Letters B):
http://dx.doi.org/10.1016/j.physletb.2010.09.059

When you use a DOI to create links to documents on the web, the DOIs are guaranteed never to change.

Proofs

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do not have an e-
mail address then paper proofs will be sent by post) or, a link will be provided in the e-mail so that authors can
download the files themselves. Elsevier now provides authors with PDF proofs which can be annotated; for this
you will need to download Adobe Reader version 7 (or higher) available free from http:/get.adobe.com/reader.
Instructions on how to annotate PDF files will accompany the proofs (also given online). The exact system
requirements are given at the Adobe site: http://www.adobe.com/products/reader/tech-specs.html.

If you do not wish to use the PDF annotations function, you maylist the corrections (including replies to the Query
Form) and return them to Elsevier in an e-mail. Please list your corrections quoting line number. If, for anyreason,
this is not possible, then mark the corrections and any other comments (including replies to the Query Form)on a
printout of your proof and return by fax, or scan the pages and e-mail, or by post. Please use this proof only for
checking the typesetting, editing, completeness and correctness of the text, tables and figures. Significant changes
to the article as accepted for publication will only be considered at this stage with permission from the Editor. We
will do everything possible to get your article published quickly and accurately — please let us have all your
corrections within 48 hours. Itis important to ensure that all corrections are sent back to us in one communication:
please check carefully before replying, as inclusion of any subsequent corrections cannot be guaranteed.
Proofreading is solely your responsibility. Note that Elsevier may proceed with the publication of your article if no
response is received.

Offprints

The corresponding author, at no cost, will be provided with a PDF file of the article via e-mail (the PDF file is a
watermarked version of the published article and includes a cover sheet with the journal coverimage and a
disclaimer outlining the terms and conditions of use). For an extra charge, paper offprints can be ordered via the
offprint order form which is sent once the article is accepted for publication. Both corresponding and co-authors
may order offprints atanytime via Elsevier's WebShop (http://webshop.elsevier.com/myarticleservices/offprints).
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