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“[...] E a normalidade era precisamente o mais terrivel daquela
guerra infinita: ndo acontecia nada.”

Gabriel Garcia Marquez, Cem Anos de Solidao.

“O espirito sem limites é o maior tesouro do homem.”

J. K. Rowling, Harry Potter e a Ordem da Fénix,
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RESUMO

O Transtorno do Espectro Autista € uma desordem do neurodesenvolvimento
caracterizada, segundo o DSM-V, por uma diade comportamental: déficits de
comunicagao e interagdo social além de comportamentos repetitivos ou
estereotipados. Outro aspecto de extrema importadncia para o transtorno sédo as
alteragdes sensoriais presentes em mais de 90% dos individuos, tais como hiper-
responsividades a estimulos ndo nocivos (visuais, tateis, auditivos) e
hiporresponsividade a estimulos nocivos, que implicam em prejuizo na qualidade de
vida. Apesar da etiologia do autismo ndo ser conhecida, tanto fatores genéticos
quanto ambientais ja foram associados a desordem, incluindo a utilizagdo de acido
valproico (VPA) durante a gestacdo — situacdo que aumenta significativamente a
chance do desenvolvimento de autismo nos filhos. Baseado nessas observacoes,
desenvolveu-se um modelo animal de autismo induzido por exposi¢ao pré-natal ao
VPA, validado pela identificagdo de diversas caracteristicas (comportamentais,
morfolégicas e moleculares) do tipo autista. No presente trabalho, realizou-se uma
analise quantitativa e organizacional de interneurénios GABAérgicos positivos para
parvalbumina em regides associadas com processamento sensorial — Area
Somatossensorial Primaria (ASSP) e Regido da Amigdala (RAM). A obtengao dos
animais passou por um processo inicial de acasalamentos, onde a verificagdo da
fecundacao foi comprovada através da identificacdo de espermatozoides no liquido
vaginal na manha posterior ao pareamento. As fémeas do grupo VPA foram
induzidas com uma injecao intraperitoneal de VPA (600mg/kg) no E12,5. Filhotes
machos com 30 dias foram anestesiados e perfundidos com paraformaldeido 4%
para promover a fixacdo tecidual, apds a eutanasia relizou-se a remoc¢ao do
encéfalo, posteriormente preservado em Tissue-Tek® a -80°C. O tecido foi cortado
em criostato e as fatias contendo as estruturas de interesse foram identificadas
através do atlas Paxinos. Realizou-se imunofluorescéncia com objetivo de obter trés
marcagdes: DAPI, NeuN e Parvalbumina (PV). As imagens foram obtidas por
microscopia confocal e processadas no software Imaged com o plug—in Cell
Counter. A analise estatistica foi realizada no software Graph Pad Prims 5, utilizando
o Teste t de Student seguido de correcdo de Welch, considerando p<0,05 como
significativo. Na ASSP o grupo VPA exibiu, além de severa desorganizagao laminar,
reducdo significativa na quantidade de células n&o-neuronais na camada V-V
(1,26x), demonstrando um prejuizo em células gliais, essenciais para a manutengao
da homeostase local, além disso, a quantidade e a densidade de neurdnios PV-
positivos também demonstraram redugao significativa na camada V-V (3,06x),
enquanto na camada |II-lll (1,69x) houve um aumento significativo.
Complementarmente, a andlise de todas as camadas em conjunto n&o apresentou
diferengas significativas para nesses parametros, demonstrando uma possivel
alteragdo na migracao desses interneurdnios entre as camadas corticais. Na Regiao
da Amigdala, houve reducéo significativa do numero e densidade de interneurbnios
PV+ no grupo VPA (2,66x) Considerando os dados apresentados, noés
demonstramos pela primeira vez que a exposigdo pré-natal ao VPA induziu
importantes alteracbes nas camadas corticais da ASSP e na RAM no que se refere a
células ndo neuronais e neurdnios inibitorios PV+. Esses prejuizos no componente
inibitério provavelmente resultam em expressivas consequéncias no balango
excitatorio/inibitério que poderiam explicar diversas alteracbes comportamentais
identificadas.

Palavras-chave: TEA, sistema sensorial, modelo animal, parvalbumina,
imunofluorescéncia, equilibrio excitatorio-inibitorio.



ABSTRACT

Autism Spectrum Disorder is a neurodevelopmental disorder characterized,
according to DSM-5, by a behavioral dyad: impairments in communication and social
interaction in addition to repetitive or stereotyped behaviors. Another extremely
important aspect for ASD are the sensory alterations present in more than 90% of the
individuals with ASD like hyper-responsiveness to non-harmful stimuli (visual, tactile
and auditory) and hypo-responsiveness to harmful stimuli, which implies a great loss
in life quality. Although etiology is not known, both genetic and environmental factors
have been associated with the disorder, including the use of valproic acid during
pregnancy — situation that significantly increases the chances of autism development
in the children. Based on these observations, an animal model of autism by prenatal
exposure to valproic was developed and validated by the findings (behavioral,
molecular and morphological) of several autistic-like characteristics. In the present
study, a quantitative and organizational analysis of parvalbumin-positive GABAergic
interneurons was carried out in sensory processing related regions — Primary
Somatosensory Area and Amygdala Region. Obtaining the animals underwent an
initial process of mating, in which the fecundation check was confirmed by the
presence of spermatozoa in vaginal smear in the morning after pairing. The female
were separated and the VPA group received a intraperitoneal injection of VPA
(600m/kg) in E12.5. The 30 days old male pups were anesthetized and
transcardiacally perfused with paraformaldehyde 4% to promote tissue fixation, after
euthanasia the brain was removed and preserved in Tissue-Tek® at -80°C. The
tissue was sliced in cryostat at -20°C and the slices containing the structures of
interest were identified through Paxinos atlas. Immunofluorescence was made in
order to identify three markers: DAPI, NeuN and Parvalbumin (PV). The images were
obtained by confocal microscopy and processed in Imaged software with Cell
Counter plug-in. Statistical analysis realized in Graph Pad Prism 5 software, using
Student's T test followed by Welch's Correction and considering p<0.05 as
significant. In Primary Somatosensory Area, VPA group exhibited, besides severe
laminar disorganization, significant reduction in non-neuronal cells in layer V-V
(1,26x), demonstrating impairment in glial cells, essential for maintaining local
homeostasis, moreover, the quantity and density of PV-positive neurons also showed
significant reduction in layer IV-V (3,06x), while in layer II-IlI (1,69x) was a significant
increase. In addition to this, the analysis of all layers together didn't exhibited
significant differences for PV+ quantity and density, demonstrating a possible
alteration in the migration of these interneurons between the cortical layers. In
Amygdala Region, the number and density of PV+ interneurons were significant
reduced (2,66x) in VPA group. Considering the present data we demonstrated for the
first time that prenatal exposure to VPA induced important alteration in PSSA cortical
layers regarding to non-neuronal and inhibitory PV neurons. These impairments in
the inhibitory component, probably have expressive consequences in the
excitatory/inhibitory balance which may explain some behavioral alteration.

Key-words: ASD, sensory system, animal model, parvalbumin,

immunofluorescence, excitatory/inhibitory balance.
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1. INTRODUGAO

1.1 Transtorno do Espectro Autista

O Transtorno do Espectro Autista (TEA) €& uma desordem do
neurodesenvolvimento caracterizada atualmente, segundo o DSM-5, por uma diade

comportamental composta por:
1) Comportamentos repetitivos ou estereotipados;
2) Déficits de comunicagao e interagao social.

Historicamente, o termo “autismo” foi utilizado pela primeira vez pelo cientista
Paul E. Bleuler em 1911 (ASHOK et al., 2012), sendo posteriormente descrito em
maiores detalhes pelo estudo de 11 criangas realizado por Leo Kanner (KANNER et
al., 1943) e, na sequéncia, por Hans Asperger (ASPERGER et al., 1944) — bases

historicas do conhecimento atual sobre o transtorno.

Os dados epidemioldégicos demonstram um aumento significativo na
prevaléncia do transtorno ao longo dos anos — fato explicado somente em parte pela
migracao de diagnoésticos em decorréncia das alteragcdes do DSM-V (FOMBONNE et
al., 2009), demonstrando a necessidade crescente de ampliacdo das pesquisas para
entendimento dos fatores relacionados ao desenvolvimento do autismo. Segundo
dados de 2010 do Centro de Controle de Prevengédo de Doencgas dos EUA (CDC) a
prevaléncia atual do Transtorno € de 1.68 criangas com 8 anos de idade, sendo
cinco vezes mais prevalente entre individuos do sexo masculino. No Brasil, o unico
estudo epidemioldgico piloto realizado ocorreu na cidade de Atibaia (RIBEIRO et al.,
2007), sendo a prevaléncia identificada de aproximadamente 0,3% - porém o dado
obtido provavelmente néo corresponde a realidade brasileira, ja que, por exemplo, o
tamanho amostral era muito reduzido para poder indicar dados consistentes sobre a

prevaléncia do transtorno.
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Autism Prevalence Since 2000

CDC Prevalence Statistcs far ASD

Figura 1: Aumento na prevaléncia do Transtorno do Espectro Autista nos EUA entre os anos 2000 e
2010.

Apesar dos amplos estudos sobre o tema, a etiologia do TEA ainda nao foi
propriamente elucidada, porém ja se sabe que tanto fatores genéticos quanto
ambientais (além de suas interagdes) sao essencias para a determinacdo do
fendtipo identificado em cada individuo (GOTTFRIED et al., 2015). Estudos
envolvendo gémeos indicam uma alta herdabilidade do transtorno (alcangando
valores superiores a 90% de concordancia em gémeos monozigoticos) —
demonstrando um importante aspecto genético (EL-FISHAWY et al., 2010), porém
diversos fatores ambientais importantes ja foram descritos, tais como a utilizacao de

talidomida, alcool, e acido valproico durante a gestacdo (DIETERT et al., 2011) .

A presenca de uma ampla diversidade de sintomas, além da heterogeneidade
entre os individuos e auséncia de biomarcadores validados torna o diagnostico
complexo, demandando uma equipe multidisciplinar para correta identificacédo das
caracteristicas comportamentais associadas ao transtorno. Além da diade
supracitada, alguns outros sintomas incluem alteragdes gastrointestinais, desordens
do sono, agressividade, epilepsia e ansiedade (MANNION A et al., 2013).

Um dos aspectos mais importantes associados com o TEA s&o as alteracdes
no processamento e integragéo dos estimulos sensoriais (Qque chegam a afetar mais
de 90% dos individuos com o transtorno), condigcbes que acabam trazendo grande
prejuizo na qualidade de vida (GESCHWIND et al., 2009). Os exemplos mais
comuns dessas alteragbes (ja identificadas em humanos e modelos animais)
incluem  hiper-responsividades a estimulos sonoros, tateis e visuais,

hiporresponsividade a estimulos nocivos e preferéncia restrita por determinado
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padréo de estimulo, além de déficits na integracédo sensorial (DIETERT et al., 2011).
Ainda que muitas teorias tenham sido estabelecidas a fim de explicar esse aspecto
do transtorno, diversos ambitos do processamento sensorial no TEA ainda

permanecem, em sua maioria, desconhecidos.

1.2 Acido Valproico

O acido valproico € um farmaco amplamente utilizado atualmente no
tratamento de epilepsia, enxaqueca, dor neuropatica e transtornos de humor, porém
sua administragdo durante o periodo gestacional esta associada ao desenvolvimento
de algumas desordens como a Sindrome Fetal do Valproato e o Transtorno do
Espectro Autista (CHRISTENSEN et al, 2013) — ambas com consequéncias
deletérias para o neurodesenvolvimento.

Historicamente, o acido valproico foi sintetizado pela primeira vez em 1882,
sendo utilizado como solvente para liquidos lipofilicos (BURTON et al., 1882).
Posteriormente, em 1962, um grupo de cientistas que realizava testes com
derivados da substancia kelina verificou que o veiculo do composto apresentava, por
si, efeito anticonvulsivante (LOSCHER et al., 1999), consagrando o uso moderno do

acido valproico.

HsC

CHy

Figura 2: Representagdo da estrutura molecular do &cido valproico. Formula molecular: CgH,,0,

Peso molecular: 144.214 g/mol. A caracteristica lipofilica do VPA permite sua passagem pela barreira
hematoencefalica e pela barreira placentaria.

As investigagdes sobre potenciais efeitos adversos do acido valproico
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demonstraram, primeiramente, sua caracteristica teratogénica relacionada ao
desenvolvimento da Sindrome Fetal do Valproato. A descricdo das caracteristicas
dessa alteracdo inclui malformagbées em 0ssos cranianos, atraso no
desenvolvimento psicomotor, estrabismo e outros sintomas (DILIBERTI et al., 1984).
Assim, estabeleceu-se a necessidade de ampliar o controle da dose e avaliar o
custo/beneficio da utilizagdo do farmaco durante o periodo gestacional.

A relagao entre utilizagdo de acido valproico e Transtorno do Espectro Autista
passou a ser bem descrita e consolidada em um estudo realizado na Dinamarca que
avaliou todos os nascidos vivos entre 1996 e 2006 (CHRISTENSEN et al., 2013).
Nesse trabalho, verificou-se que o uso de acido valproico durante a gravidez,
principalmente no primeiro trimestre gestacional, aumentava significativamente o
risco de desenvolvimento de autismo nos filhos. Apesar de diversas hipéteses terem
sido propostas, ainda ndo se sabe exatamente como o acido valproico acaba
induzindo as alteracdes que resultam nessa desordem neuropsiquiatrica, de forma
que a ampliagao dos estudos (em modelos animais, por exemplo) é essencial para

trazer clareza sobre as vias etiologicas do TEA.

1.3 Modelo Animal

Os modelos animais, de forma geral, sdo ferramentas importantes no estudo
de diversas patologias e desordens. Dentro desse contexto, algumas validades
identificadas por Paul Wilner em seus estudos de depressao (WILLNER et al., 1984)
podem ser expandidas para modelos de outras desordens neuropsiquiatricas a fim
de garantir consisténcia na translacionalidade entre comportamento humano e
animal, sendo elas:

1) Validade de Face: replicagdo, em animais, de caracteristicas ou
sintomas ligados a desordem;

2) Validade de Construto: os fatores de risco que levam as alteragbes
em humanos também devem realizar o mesmo em animais;

3) Validade Preditiva: a resposta obtida em humanos com a desordem a
alguma intervencdo (medicacédo, por exemplo) deve ser semelhante

nos animais.
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No contexto do TEA, o modelo animal baseado na exposicdo pré-natal ao
acido valproico teve inicio em 1996, quando um estudo demonstrou que essa
intervengcdo, em ratos, causava alteragdes no cerebelo e no tronco encefalico
semelhantes as descritas em pacientes com autismo (RODIER et al., 1996). A partir
dai, o modelo passou a ser validado e amplamente explorado no estudo do TEA e
em 2005 foi realizada a primeira descricdo de comportamentos associados ao
autismo (déficts sociais, comportamentos estereotipados) em animais expostos ao
VPA, consolidando o modelo animal (SCHNEIDER et al., 2005).

Atualmente, existem diversos modelos animais de TEA, incluindo os
baseados na exposicdo a fatores de risco ambiental como o acido valproico e os
desenvolvidos a partir de alteracées genéticas tais como modificagcbes no gene
codificante da proteina SHANK3 (SPEED et al., 2015) e mutagbes nos genes
codificantes de neuroliguinas e neuroxinas (SHINODA et al., 2013). Apesar de nao
haver um modelo que replique com total fidelidade as caracteristicas do transtorno
em humanos, os modelos animais sao essenciais para seu estudo, ja que permitem
analises bioquimicas, fisiolégicas e comportamentais em grande escala, além serem

mais facilmente replicaveis e acessiveis.

1.4 Desequilibrio Excitatoério-Inibitério e Alteragées Sensoriais

Uma das hipoteses mais abordadas em relacdo ao desenvolvimento e
consolidagdo das caracteristicas do Transtorno do Espectro Autista se refere as
alteragdes eletrofisioldgicas, principalmente no desequilibrio entre o delicado
balango excitatorio-inibitério (E/I) em algumas estruturas encefalicas. A presenca de
epilepsia ou episddios de convulsdo em aproximadamente 1/3 dos individuos com
TEA (SPENCE et al., 2009) € uma das evidéncias mais consolidadas da associagéo
do transtorno com esse tipo de desequilibrio eletrofisioldgico, além disso, patologias
como Esclerose Tuberosa, que possuem o autismo como comorbidade frequente
(20%—60% dos pacientes (NUMIS et al, 2011)) também compartilham da alta taxa de
alteragdes eletrofisioldgicas, porém as relagées de causa e efeito ainda ndo foram
propriamente identificadas.

Os desequilibrios elétricos identificados no TEA sdo de grande importancia

nao so para o diagnéstico de comorbidades como também para entendimento geral
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dos comportamentos apresentados pelos individuos com o transtorno. A descrigao
de uma auséncia de “coeréncia central’, ou seja, falta da capacidade de integrar
itens formando um todo coerente é descrita em pacientes com autismo desde a
década de 1980 (FRITH et al., 1989), porém apenas recentemente estudos
passaram a buscar compreender mais essa alteracdo na conectividade sob ponto de
vista eletrofisioldgico.

A presenca de alta conectividade local associada a hipoconectividade em
regides encefalicas distantes (BELMONTE et al., 2004) ja comprovada através de
estudos com ressonancia magnética funcional (fMRI) em pacientes com autismo
(CLERY et al., 2013) é umas das evidéncias mais consolidadas para demonstrar os
problemas associados a integracao de estimulos, visuais, tateis, auditivos e outros.
Nesse contexto, supde-se que haja uma compensacao geral baseada no aumento
isolado da percepcgao de cada estimulo uma vez que a coeréncia € prejudicada, de
forma que o resultado final pode ser percebido como a auséncia de um “filtro”
sensorial — situagéo observada em alguns individuos com TEA, onde estimulos ndo

nocivos acabam causando grande sofrimento.
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Figura 3: a esquerda, observa-se uma representagdo da conectividade usual entre regides
do encéfalo, de forma que a integragdo é rapidamente realizada e facilmente conduzida. A direita,
observa-se a representagdo da conectividade alterada presente no TEA, onde a dificuldade de
integragdo supostamente aumenta a percepgdo do estimulo primario. (imagem adaptada de
BELMONTE et al., 2004).

A neurotransmissao glutamatérgica e GABAérgica € outro fator de grande
importancia dentro da eletrofisiologia do autismo, sendo o predominio disfuncional
da agao glutamatérgica sobre a GABAérgica uma das hipdteses mais frequentes
para explicar o desequilibrio entre excitagao e inibicdo (RUBENSTEIN et al., 2003).

Esse conceito, apesar de ser simplificacdo geral, ja que diversos microcircuitos
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possuem suas proprias formas de estabelecer esse equilibrio para realizarem suas
fungdes corretamente, representa a ideia geral da “auséncia de filtro” que acaba
deturpando a percepgao sensorial.

A ampliagao de estudos abordando os neurotransmissores-chave no balango
elétrico do encéfalo so foi possivel através da utilizaggo de modelos animais,
principalmente pela possibilidade do controle e padronizagao dos experimentos. Em
nivel genético, estudos com animais nocaute possibilitaram uma analise isolada do
impacto das alteragdes sinapticas. Dentre os achados mais relevantes, destaca-se o
realizado com modelo animal de Sindrome de Dravet (HAN et al., 2012), onde os
animais heterozigotos para o gene que codifica a subunidade Scn1a de canais de
soédio presentes em neurdbnios GABAérgicos apresentam comportamentos do tipo
autista possivelmente associados com a falha na acdo dessas células, ja que a
retomada farmacolégica da agdo GABAérgica foi capaz de reverter a mudanga
comportamental — interessantemente, esse tipo de canal ibnico é encontrado em
diversos interneurdnios corticais, incluindo os positivos para parvalbumina e
somatostatina (KEARNEY et al., 2015), indicando o papel crucial dessas células na
regulagdo do equilibrio E/l. Além disso, em modelos animais de sindrome de Rett
(também intimamente associada com o TEA), onde é realizada dele¢ao de gene que
codifica a proteina Mecp2 ja observou-se, juntamente com alteragao
comportamental tipo autista, reducédo na sintese de enzimas da rota de producgao de
GABA, além de perda substancial do potencial inibitério (NELSON et al., 2015).

Outros aspectos associados a desorganizacdo da arquitetura cerebral
identificados em modelos também corroboram a ideia geral de desequilibrio
eletrofisiologico. Ja foi demonstrada a perda do padrdo organizacional das
minicolunas no neocortex (CASANOVA et al., 2015), inclusive em regides associadas
a percepgao sensorial, como o cortex sensorial primario (dados nado publicados),
indicando que, possivelmente, a alteracdo no posicionamento dos interneurénios
nesses locais possa resultar em queda no refinamento do processamento sensorial.

Os estudos realizados em humanos corroboram muitos dos achados em
modelos animais: estudos post mortem demonstram redugdo nos niveis das
enzimas GAD65/GADG67 (essenciais para a conversao de glutamato em GABA) no

cortex parietal e cerebelo de individuos com o autismo (FATEMI et al., 2002), além
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de outras alteragbes como reducao na expressao dos receptores GABAA(FATEMI et
al., 2009) and GABAB (OBLAK et al., 2010).

Observando o todo demonstrado pelas evidéncias citadas € possivel verificar
uma questado central voltada para os problemas de conectividade e desequilibrios
eletrofisioldgicos, indicando uma possivel via na busca do entendimento das

questodes relacionadas aos déficits sensoriais identificados no TEA.

1.5 Neurdénios GABAérgicos positivos para parvalbumina

Os interneurdnios s&o células essenciais para promover organizagao,
ritmicidade e filtro na transmissdo de estimulos elétricos, possibilitando a correta
interpretacdo das inumeras aferéncias sensoriais que ocorrem a todo momento.
Dentre os diversos tipos de interneurénios (RAGHANTI et al., 2010) (normalmente
identificados pela expressdo de alguma molécula proteica especifica como
somatostatina, calretinina, calbindina e etc.) destacam-se os neurbnios positivos
para parvalbumina (PV+), que correspondem a 40% dos interneurbnios presentes

no cortex.
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Figura 4: Representagdo da organizagdo de diversos interneurdnios no neocortex. Em
vermelho estdo representados os dois tipos de neurbnios PV+, diferenciados por sua morfologia:
“basket cell” e “chandelier cell”. Deve-se notar a presenca de grande quantidade de contatos

sinapticos na célula chandelier, caracteristica essencial para o desempenho de suas fungbes (de
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RAGHANTI et al, 2010).

Os neurdnios PV+ sédo gerados na por¢gao medial da Eminéncia Gangliénica
(KELSOM et al.,, 2013), estrutura presente durante a embriogénese e, partir dai,
iniciam sua migragao para diversas regides do encéfalo, incluindo o cértex, no dia
embrionario 12,5 em roedores (MARIN et al., 2003). Existem diversos fatores de
transcricao, receptores e outras moléculas envolvidas nesse processo, de forma que
alteracdes pontuais podem acabar prejudicando muito o processo.

Apesar de diversos estudos descreverem alteracbes na migragcao de
neurénios GABAeérgicos dentro do TEA, ainda ndo ha relatos de mudancgas
associadas especificamente a migragdo dos neurdnios PV+. Em outras desordens
como a esquizofrenia, entretanto, ha mais dados sobre o tema: ja se observou a
reducao de Lhx6 e Sox6 (VOLK et al., 2012) fatores de transcri¢cao relacionados com
desenvolvimento e migragdo dos PV+, em analises post mortem, além de reduzida
capacidade de sintese por essas células de GADG67, levando a falha na funcao
GABAérgica (VOLK et al., 2014).

Outro fator importante associado aos neurénios PV+ é a sua capacidade de
estabelecer um ritmo de ondas gama no encéfalo. Essa habilidade é proporcionada
pela presenga de sinapses elétricas entre os PV+ (SOHAL et al., 2009), promovendo
rapida sincronizagdo e pela caracteristica de disparo rapido dessas células,
essencial para gerar as condicdes necessarias para a ocorréncia de ritmos gama.
Um ponto importante associado a esse padrdo de ondas € a sua relacdo com
diversos fatores como memoaria, atengao e, principalmente, integracao de estimulos
através da conectividade de diversas regides do encéfalo (JIANG et al., 2011). Ja foi
observado que a inativacéo seletiva dos neurbénios PV+ induz uma desorganizagao
severa da circuitaria cortical (GALARRETA et al., 2001), indicando mais uma fungé&o
importante dessas células e demonstrando a necessidade de ampliagao de estudos
que possam avaliar esse caracteristica especifica em desordens como o autismo.

No Transtorno do Espectro Autista, apesar de existirem dados extensos sobre
neurotransmissdo GABAérgica, ha poucas evidéncias sobre os neurdnios PV+,
principalmente em suas etapas iniciais como origem e migragdo. Os principais
trabalhos demonstram, por exemplo, redugdo de PV+ no cortex pré-frontal medial

em analises post mortem (HASHEMI et al., 2016) e em hipocampo, cortex cingulado
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anterior e coértex pré-limbico de modelos animais. Outras descricbes de alteragao
englobam os PV+ juntos com outros neurbénios, demonstrando os problemas de
conectividade classicamente associados ao autismo. Assim, €& necessario buscar
entender mais o papel dessas células no autismo de forma semelhante ao que ja

vem sendo feito com a esquizofrenia.

1.6 Area Somatossensorial Primaria

A percepcéo de estimulos sensoriais € essencial para diversos aspectos da
sobrevivéncia dos seres vivos, pois possibilita uma ampla interpretagdo do ambiente
externo e interno onde estdo inseridos. Ao longo da evolugdo diversas
especializacdes ocorreram no sentido de aprimorar a fungao de regides especificas
no encéfalo, gerando, por exemplo, a Area Somatossensorial Primaria, regido
responsavel pelo processamento de estimulos sensoriais somaticos (dor, tato,
temperatura e propriocep¢do). Em humanos, essa regido é situada no giro poés-
central, correspondendo as Areas de Brodmann 1, 2 e 3, enquanto em roedores nao
ha uma delimitacdo anatdbmica bem definida, porém a identificacdo pode ser
realizada de maneira simples através da utilizagao de atlas padronizados (PAXINOS
et al., 1997).

Alguns roedores possuem uma organizacdo peculiar da Area
Somatossensorial Primaria denominada “corpos em barril” (CHEN-BEE et al., 2012)
destinados exclusivamente para o processamento tatil proveniente dos movimentos
das vibrissas. Essa especializagao € essencial para esses animais, que exploram
seu ambiente majoritariamente através do movimento dessas estruturas de forma
que cada vibrissa € processada por um grupo especifico de neurbnios constituintes
de um corpo em barril. Esse mapeamento somatotdpico pode ser visualizado
através de técnicas de coloragao (principalmente quando é realizada a marcagao da
enzima citocromo ¢ oxidase) e fornece grandes informagdes sobre a qualidade do

processamento sensorial desses animais.
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Figura 5: Representacao do refinado processamento cortical destinado a cada uma das vibrissas do
animal nos campos em barril (de CHEN-BEE et al, 2012).

No contexto do Transtorno do Espectro Autista, as alteracbes sensoriais sao
componente importante no cotidiano dos individuos, porém os estudos avaliando
possiveis regides envolvidas ainda sao incipientes. Em animais, uma das formas
mais promissoras de observar essas modificacbes € através dos testes
comportamentais, tais como avaliacdo do limiar nociceptivo, resposta a estimulos
tateis ndo nocivos e discriminagao olfatéria. Nos modelos animais de autismo ja foi
observada, por exemplo, reducdo no limiar nociceptivo (hiporresponsividade ao
estimulo doloroso), caracteristica encontrada em humanos com o transtorno, além
de falhas em neonatos na diferenciagcao de odores conhecidos (maravalha do ninho
materno) de odores neutros (maravalha limpa) (SCHNEIDER et al., 2005).

Em individuos com autismo, ha evidéncias de alteragdo no cortex
somatossensorial, incluindo alteragdes na organizagdo somatotépica de regides
associadas aos dedos e a face (COSKUN et al, 2009), indicando uma possivel
desorganizagao na rede neuronal local. Além disso, diversos outros estudos
envolvendo exames de imagem ja demonstraram déficits em regides corticais
associadas a audicao (GOMOT M et al, 2008), inclusive com descricdes de
alteragdes em nivel de neurdnios PV+ no cértex auditivo primario (ANOMAL et al.,
2015) e visdo (CLERY H et al., 2016), por exemplo.

Modificagdes na citoarquitetura envolvendo especificamente a Area
Somatossensorial Primaria ja foram descritas no modelo animal de autismo induzido
por VPA e incluem alteragdes na celularidade, principalmente no conteudo de
neurénios GABAérgicos da camada V e na organizagao de minicolunas (dados nao

publicados do grupo). Futuros estudos avaliando aspectos eletrofisiologicos dessa
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regido associados a testes comportamentais seréo capazes de fornecer informagdes

importantes no entendimento do papel da Area Somatossensorial Primaria no TEA.

1.7 Regiao da Amigdala

O sistema limbico € um conjunto de estruturas encefalicas situadas no
telencéfalo e diencéfalo, responsaveis pelo processamento de emocbes e
comportamentos sociais. Uma das regides mais estudadas nesse sistema € a
amigdala, que possui papel fundamental em diversos aspectos como formagao de
memorias emotivas associadas a olfagdo e a gustagdo, desenvolvimento de
memorias condicionadas por medo, interagdo social e integracdo de estimulos
sensoriais — demonstrando o papel chave dessa regido no processamento sensorial
aplicado as relagdes sociais (RAJMOHAN V et al., 2007).

Diversas desordens neuropsiquiatricas de grande prevaléncia apresentam
alteragdes importantes na amigdala tais como disturbios de ansiedade (ZALLA et al.,
2013), esquizofrenia (SHIN et al., 2010), Transtorno do Espectro Autista (MIER et al.,
2014) e outras. No TEA especificamente, uma das primeiras evidéncias
interessantes € a alta porcentagem de individuos que possuem ansiedade como
comorbidade (cerca de 40%), ja que as alteragdes na amigdala estdo intimamente
relacionadas ao medo e ao comportamento do tipo ansioso (VAN STEENSEL et al.,
2011). Além disso, estudos realizados com ressonancia magneética funcional indicam
respostas atipicas dessa regido a um treinamento de condicionamento por medo em
humanos (TOP et al., 2016).

Outros aspectos importantes identificados em pacientes com TEA sao as
alteracées a nivel estrutural, incluindo aumento no peso relativo da amigdala
(ECKER et al., 2015) e hiperativacao bilateral antecipadamente ao contato social
(DICHTER et al., 2012), indicando que um possivel desequilibrio excitatorio-inibitorio
nesse local possa estar atuando como fator determinante para as alteragbes
comportamentais identificadas.

Em modelos animais, a realizacdo de testes comportamentais associados a
ansiedade fornecem dados interessantes que podem ser associados de certa forma
com a funcdo da amigdala. Nos modelos de autismo ja se observou, por exemplo,

através do teste de labirinto em cruz elevado, que ha um aumento geral na
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ansiedade (identificado pela permanéncia do animal majoritariamente nos bragos
fechados do aparato). Avaliagbes eletrofisiolégicas ja demonstraram uma
sobreposigcao do componente excitatério em relagdo ao inibitorio principalmente em
no nucleo lateral (LIN et al., 2013), sendo essencial a ampliagdo de estudos para
estabelecer as relacbes de causa e efeito nessas alteracoes.

A integracao sensorial nessa regiao € essencial para a formagao de memorias
associadas a estimulos como, por exemplo, o desenvolvimento de comportamento
de vinculo entre mae e prole neonata (MORICEAU et al., 2005) a partir da
associacao do aroma, texturas e sons presentes no ambiente ou a formacgao de
memoria aversiva a partir da ocorréncia de algum evento traumatico. Todas essas
alteracbes sédo de suma importancia para o estudo do TEA, ja que possivelmente as
alteragdes sensoriais presentes podem acabar trazendo modificagbes nas formas de

processar e interpretar as relacdes sociais.
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2. JUSTIFICATIVA

Observando-se os diversos prejuizos na qualidade de vida associados ao
Transtorno do Espectro do Autismo, além da crescente prevaléncia da desordem e
relativa auséncia de tratamentos especificos, se faz necessario ampliar os estudos
com enfoques em alteragdes celulares e modificagcdes moleculares com possiveis
reflexos comportamentais a fim de expandir a compreensdo do TEA, promovendo

mudangas positivas, em ultimo nivel, no panorama geral dos individuos afetados.
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3. OBJETIVOS

3.10BJETIVOS GERAIS
Avaliar na Area Somatossensorial Primaria e na Regido da Amigdala, organizacéo
celular e distribuicdo de neurénios GABAérgicos positivos para parvalbumina em
ratos Wistar de 30 dias pos natal, no modelo animal de autismo induzido por
exposicao pré-natal ao acido valproico.

3.2 OBJETIVOS ESPECIFICOS

1) Quantificar neurdnios totais, células ndo neuronais e neurdnios PV+ na

Regido da Amigdala e na Area Somatossensorial Primaria;

2) Avaliar a distribuicdo dos neurénios PV+ nas camadas da Area

Somatossensorial Primaria;

3) Avaliar a organizagao das camadas corticais e possivel comprometimento

da organizacao colunar na Area Somatossensorial Primaria.
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ABSTRACT

Autism Spectrum Disorder is a high prevalent neurodevelopmental disorder
characterized by impairments in communication and social interaction in addition to
repetitive or stereotyped behaviors. Another important aspect for ASD - present in
more than 90% of the individuals - is the sensory alterations, which cause great loss
in life quality. In this study, we used the already consolidated and validated animal
model of autism induced by prenatal exposure to valproic acid (VPA) in order to
evaluate quantity and distribution of parvalbumin-positive GABAergic interneurons in
two sensory related regions: Primary Somatosensory Area and Amygdala Region.
The analysis was made by immunfluorescence (DAPI, NeuN and Parvalbumin) of
brain slices identified with Paxinos Atlas from 30 days old male animals in two
groups: control and VPA. The images were obtained by confocal microscopy and
processed using Cell Counter plug-in from Imaged software. In Primary
Somatosensory Area, VPA group exhibited alterations in laminar organization and
significant reduction in the number of non-neuronal cells in the layer IV-V — indicating
impairments in glial cells, moreover, PV+ cells quantity and density were significant
reduced in layer IV-V and increased in layer ll-lll, demonstrating a possible
impairment in migrations between layers since the data from the same parameters
considering all the layers together didn't showed differences. In amygdala region,
both quantity and density of PV+ were reduced in VPA, demonstrating again the loss
of an important inhibitory component, probably causing an excitatory/inhibitory

imbalance that reflects on behavioral alterations.

Key words: ASD, VPA, Animal Model, Sensory, Parvalbumin, Immunofluorescence,

Primary Somatosensory Area, Amygdala Region.

Highlights: » Animal model of autism induced by prenatal exposure to valproic acid
(VPA) » Quantitative analyzes of non-neuronal cells, total neurons and PV+ neurons
in Primary Somatosensory Area (PSSA) and Amygdala Region (AMR) » PV+ cells
distribution altered in cortical layers of PSSA and in AMR in VPA group » Possible
impairment in migration of interneurons P Connectivity alterations in autism

» Excitatory/Inhibitory Imbalance in sensory related regions.
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INTRODUCTION

Autism Spectrum Disorder (ASD) is a high prevalent neurodevelopmental
disturb (1:68 children aged 8 years in USA) characterized, according to DSM-V, by a
behavioral dyad:

1) Impairments in communication and social interaction;
2) Repetitive or stereotyped behaviors.

Although many studies have been proposing interesting theories, the ASD
etiology remains unknown and, in addition to that, the lack of a validated biomarker
allied to the difficulty of finding proper treatments turns autism into a big challenge for
all the individuals affected by this disorder.

Many factors involved with autism have already been described: genetic
background can bedemonstrated by the high agreement of ASD development in
monozygotic twins (reaching values of up to 90%) (DIETERT et al., 2011), while in
dizygotic twins the heritability reaches the value of 10% (CASANOVA et al.,2006).
Moreover, some environmental factors are also being related with autism, like the
use of alcohol, thalidomideand valproic acid during pregnancy — this last one has
shown important increase in the risk of autism in the children whose mothers took
valproic acid, especially in the first trimester of gestation (CHRISTENSEN et al.,
2013).

Besides de classic features associated with autism, one of the most important
alterations are the sensory impairments, identified in more than 90% of individuals
with ASD (GESCHWIND et al., 2009). The most commons deficits include hyper-
responsiveness to non-harmful stimuli (e. g., visual, tactile and auditory) and
hyporresponsiveness to harmful stimuli. Although these alterations bring great
impairment in life quality, little is known about how the sensory stimuli are processed
and integrated in ASD patients.

Another characteristic identified in ASD is the excitatory/inhibitory imbalance,
observed in clinical terms by the high prevalence of epilepsy in individuals with
autism (1/3 of the patients) (SPENCE et al., 2009). Along with that, many studies with
animal models and humans have been describing several alterations in connectivity
and electrical features in neurons of different brain regions. One of the most

interesting discoveries about the pattern of connectivity in the ASD brain, made using
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fMRI, showed an increase in the local connections and a deficit in “long distances”
connections between different regions of the brain (BELMONTE et al. 2004),
suggesting a possible explanation for the deficits in the integration of stimuli.
Therefore, the content and organization of excitatory and inhibitory components
along neuronal circuits may be a key factor in the establishment of some behavioral
peculiarities found in ASD especially in areas related to sensory functions as
Amygdala and Primary Somatosensory Area.

Interneurons have a major role in the circuits of the brain, acting as switches
and pattern generators, providing refinement to the countless connections present in
the brain. The positive parvalbumin GABAergic neurons are the most common
interneurons in the cortex (40% of the total interneuron population) (XU et al., 2010)
and they demonstrate important participation in synchronization of rhythms, memory,
attention and integration of different sensory areas. The study of these neurons in
schizophrenia showed important evidences of alteration in migration and distribution,
however in ASD studies are still incipient. In view of all the previous evidence, the
goals of this study are quantify and analyze the organization of PV neurons in
Amygdala Region (RAM) and Primary Somatosensory Area (PSSA). Non-neuronal
cells exhibited significant reduction in PSSA of VPA model and PV+ cells showed
complex patterns of density alterations in PSSA (increase density in layer II-lll and
reduction in layer IV-V in VPA) and in RAM (decrease in VPA model). Moreover,
cortical columnar organization seemed to be very impaired and disrupted. The data
suggested a major action of VPA in sensory related areas, altering neuronal networks
and excitatory/inhibitory balance — alterations that may underlie the great amount of

sensory deficits identified in individuals with ASD.

EXPERIMENTAL PROCEDURES
Animals
Wistar rats were obtained from the facilities of HCPA (Hospital de Clinicas de
Porto Alegre) and Biochemistry Department — ICBS (Instituto de Ciéncias Basicas da
Saude) and maintained according to the following conditions: 12:12 light cycle (lights
on at 7:00 and lights off at 19:00), controlled temperature (22+1°C) and water and

food ad libitum — in line with the recommendations of Ethics Committee in Animals
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Use (CEUA).

The animals were mated overnight and the confirmation of fertilization was
made in the following morning by the visualization of spermatozoa in the vaginal
smear (embrionary day 0). Females of VPA group received a single intraperitoneal
injection of VPA (600 mg/kg, 250 mg/ml diluted in NaCl 0.9%) in the 12.5th day of
(BAMBINI-JUNIOR et al., 2011; SCHNEIDER et al., 2005), during the days E6.5-
E18.5 the females also received subcutaneous injections of vehicles (saline 0.9%
and DMSO 3.6mg/kg). The justificative for using DMSO (RSV vehicle) is based on
our research lab strategy of using Resveratrol (RSV) as a prenatal treatment to
evaluate possible pathways related to autism. In this case, for a matter of time and
monograph structure, only two groups were used (Control-DMSO and VPA), but the
work is part of a bigger project that soon will be completed with the other groups.

1: Control (DMSQO) 2: VPA  3:RSV  4: RSV+VPA

(€0 | E6.5 [E185] [ PO P30

Immunofluorescence

SALINE™3 || VPAZA |

| DMSO0'2 and RSV3#

Image 1: timeline of experiment with all groups demonstrated. In this work, however, only the first two

groups (Control-DMSO and VPA) were used according to previous justificatives.

Females were housed individually and were allowed to raise their own litters.
The offspring rats were separated by sex at P21. Male pups at P30 (n=3,4) were
anaesthetized (75 mg/kg ketamine + 10 mg/kg xylazine) and perfused
transcardiacally with 0.9%-NaCl solution followed by first 1,5%-paraformaldehyde
and after 4%-paraformaldehyde solution before the removal of their brain. In order to
perform immunofluorescence analysis, the brains were preserved in Tissue-Tek® and
kept in —80°C ultrafreezer. It were used 12 animals from different litters, being 6

control and 6 VPA.
The project was approved by CEUA-HCPA with the protocol number 140367.
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Parvalbumin and NeuN immunofluorescence

Before freezing in the ultrafreezer, brains are post-fixed during 4 hours in a
4%-paraformaldehyde solution and were subsequently prepared for freezing in 15%
and 30%-sucrose PBS solutions until completely submersion.

Coronal brain slices (25um) were obtained in -20°C cryostat (Leica
Microsystems GmbH) using a rat brain atlas (PAXINOS et al., 1997) to identify the
sections containing primary somatosensory area and amygdala regions. The slices
were arranged in microscopy slides covered with poly-I-lysine to improve fixation.

Slices were exposed to the following steps: 1) final tissue fixation with 4%-
paraformaldehyde (10 minutes); 2) 3 washes with PBS 0.1M buffer (5 minutes each);
3) permeabilization with PBS-Triton 0.1% (10 minutes); 4) 3 washes with PBS 0.1M
buffer (5 minutes each); 5) antigen re-exposure in citrate buffer at 60°C (1 hour); 6) 2
washes with PBS-Triton 0.1% (5 minutes each); 7) blockage with PBS-Triton 0.1%
BSA 5% (1 hour); 8) Incubation with primary antibodies (PV anti-mouse Sigma-
Aldrich® (P3088) and NeuN Abcam® anti-rabbit (ab104225) — both diluted to 1:500
in blockade solution) for 48h at 4°C; 9) 5 washes with PBS 0.1M buffer (3 minutes
each); 10) incubation with secondary antibodies (AlexaFluor 488 Abcam®
(ab150077) anti-mouse and Alexa Fluor 546 Invitrogen® (A-11030) anti-rabbit - both
diluted to 1:2000 in blockade solution) for 2h at room temperature; 11) 5 washes with
PBS 0.1M buffer (3 minutes each); 12) incubation with DAPI solution (10 minutes);
13) final 5 washes with PBS 0.1M buffer (3 minutes each) followed by addition of
mounting medium and coverslip.

Images were obtained in the confocal microscope (Olympus FluoView 4.0
Viewer) of Electronic Microscopy Center (CME-UFRGS) and cell types and
fluorescence were analyzed using the Image J software with the Cell Counter plug-in.
The number of parvalbumin positive neurons, total neurons and total cells were

counted manually.

Statistical Analysis
Data were analyzed in Graph Pad Prism 5 software using Student's T Test
followed by Welch's correction and considering p<0.05 as statistically significant. The

results are expressed as meanzSD.
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RESULTS

Primary Somatosensory Area (Figures 1, 2, 3, 4 and 5)

There was no difference between groups both in the quantity of total neurons in
the layer II-Ill (Control: 274,3+10,92; VPA: 265,0+30,04 p=0.7817) and IV-V (Control:
320,3+33,20; VPA: 335,5141,81 p=0.7824). The number of PV neurons showed
difference only in the layer IV-V (Control: 36,25+3,172; VPA: 24,581,287 p =
0.0270).

Significant differences related to density of PV neurons were found in the layer II-
[l showing increased density in VPA group (Control: 0,09319+0,006055; VPA:
0,1574+0,01342 p=0.0036) and in the layer IV-V, in which the density was reduced in
VPA group (Control: 0,1147+0,008883; VPA: 0,03757+0,001790 p=0.0025). No
alteration was found when considering all the layers (Control: 0,1047+0,003848;
VPA: 0,1115+0,008866 p=0.5099).

There was no difference between the groups in the quantity of non-neuronal cells
in the layer II-1ll (Control: 752,8147,57; VPA: 659,3 + 38,49 p=0.1737), while in the
layer V-V, VPA showed a significant reduction in relation to control group (Control:
907,0+50,60; VPA: 717,6+31,20 p=0.0233).

Cortical layer organization exhibited impairment in VPA group with disruption of

the classic columnar structures when comparing to control group.

Amygdala Region (Figures 6 and 7)

Significant difference was found in the total number of neurons demonstrating
increase in VPA group (Control: 221,8+41,35; VPA: 402,6+43,80 p=0.0265).
However, the number of PV neurons wasn't different between groups (Control:
33,83+3,844; VPA: 24,20+3,813 p=0.1320).

The density of PV neurons was significantly reduced in VPA group (Control:
0,159310,02466; VPA: 0,05991+0,007587 p=0.0459).

Non-Neuronal cells exhibited no differences between groups (Control: 658,8+
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138,4; VPA: 449,0+48,06 p=0.2648).

DISCUSSION

The most interesting and challenging characteristic of ASD is its heterogeneity
of behaviors, molecular patterns and biochemical parameters, so it's necessary to
find points of convergence to better understand this disorder. One of the most
commons features related to ASD is the sensory impairment, present in more than
90% of the individuals (GESCHWIND et al., 2009), so is very important to expand
knowledge about it in animal models validated and consolidated. The previous
presented data showed important alterations in animals from VPA model of autism in
primary somatosensory area and amygdala, regions with major role in sensory
processing and integration, demonstrating modifications in both non-neural and
neural cells.

In the IV-V layer of Primary Somatosensory Area, glial cells appeared significant
reduced in the VPA group, suggesting a cell loss or an important impairment in the
migration. Otherwise, the lack of proper glia function in this area may cause great
imbalance in the local homeostasis since these cells are essential to synapse
formation, neurotransmitter reuptake and recycle, myelination, formation and
permeability regulation of brain blood barrier and many other functions (ZEIDN-
CHULI et al., 2014). Many evidences in ASD have been highlighting the central role
of microglia and astrocytes in the development of disorder — microglial activation
was reported in the brains of autistic children by positron emission tomography
(SUZUKI et al., 2013) and in the hippocampus of animal model of autism induced by
VPA (LUCCHINA et al., 2014). It's very likely that the pro inflammatory environmental
induce not only alteration in microglia but also in astrocytes, leading to multiple
outcomes like increase in the production of reactive oxygen species, deficits in
metabolism neurotransmitters and enhancement of inflammatory mediators.
(PETRELLI et al., 2016) In the layer lI-lll of PsSA and in Amygdala, there was no
significant differences in the number of non-neuronal cells, but it's very possible that
some subpopulations are reduced and compensated by others, homogenizing the
differences.

Neuronal quantity showed significant differences ionly in Amygdala, but many
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studies in ASD demonstrated important alterations in subpopulations (TAKANO et al.,
2015), creating an imbalance that is not seen when observing all neurons as a whole.
Our group verified in still unpublished data that GABAergic neurons are reduced in
the PSSA of VPA animal model, besides that some studies also demonstrated loss of
Purkinje cells in the cerebellum (WHITNEY et al., 2008), reduction in the number of
pyramidal neurons (CAMACHO et al., 2013) and signals of neurodegeneration in
amygdala (SCHUMANN et al., 2006) — all of them obtained by post mortem analysis.
So, in order to refine analysis we choose to quantify a specific subset of inhibitory
interneurons related with several impaired characteristics in ASD: the parvalbumin
positive neurons.

The task of organizing 86 billions of neurons and a similar number of glial cells
(AZEVEDO et al., 2009) is not trivial and requires specialized filters and countless
checkpoints. One of the most interesting mechanisms to perform these adjustments
are interneuron networks, which act from the most basic regulations like nociceptive
flexion reflex (BEAR et al., 2007) to higher brain functions as sensory processing.
Our results showed an important alteration in parvalbumin positive neurons in both
areas analyzed, leading to many insights about the triad excitatory/inhibitory
imbalance, interneuron connectivity and sensory related areas. Not only the number
of parvalbumin positive neurons demonstrated significant differences, but also the
density of them expressed important patterns, besides that, the absolute number is a
tricky data to analyze, because no matter how standardized the microscopy images
are captured, there will always be some positions differences — so the density
eliminates these bias, improving conclusions.

In the Primary Somatossensory Area, density of PV+ neurons are signficant
increased in the VPA group in the layer lI-Ill and reduced in the same group in the
layer IV-V, however, the density considering all PV+ neurons in all layer didn't
expressed differences between groups — a study made with VPA model in mice
demonstrated a similar result regarding to general density: in analysis of all
somatosensory cortex they have found no differences, but the layer analysis wasn't
performed (LAUBER et al., 2016). So, observing the “big picture” we can see that
there is no loss of parvalbumin positive neurons in this area, but the distribution of

them is completely altered in layer suggesting that VPA promotes an over migration
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to superior layer Il-lll, while layer IV-V end up deficient. Since parvalbumin positive
neurons correspond to 40% of interneurons in cortical regions (XU et al., 2010) and
have innumerable synaptic contacts an alteration in that level in such an important
area certainly leads to major outcomes. Evidence from other areas like superior
colliculus (DENDRINQOS et al., 2011) and medial prefrontal cortex, both essential for
functions like visual stimulus processing and inhibitory control, in the VPA model,
demonstrated that reduction in density of PV+ neurons has an important outcome
observed by impairment in social, stereotyped and sensory behaviors. Finally, only
recently were described alterations in PV+ neurons in humans: a post mortem
analyses of 11 brains of autistic-children showed an important reduction of these cells
in the prefrontal cortex (HASHEMI et al., 2016), confirming the data present in animal
models and reassuring the necessity to expand experiments on this area.

Neuronal migration is a subject that combines both curiosity and mystery in
view of the great number of genes and factors acting in a organized sequence to
position each cell on its correct place. With parvalbumin positive neurons this is not
different: we know little about the typical migration and much less about how it occurs
in the context of psychiatric disorders. All GABAergic interneurons are generate in an
embryonic region called Ganglionic Eminence and then migrate during embryo
development towards cortex, amygdala, hippocampus and many other regions
(JIANG et al., 2016) — in that context, parvalbumin positive neurons are originated
from Nkx2.1 lineage after signalizing of Shh and start migration to cortex at E12.5
(MARIN et al., 2003) (the same day animals of our model receive VPA injection).
Many other factors as |hx6/8, sox6 and dIx1/5 play their role in movement and
expression of PV (Kelsom C et al., 2013). The great majority of data describing
failures in this migration process are obtained in animal models and human studies of
schizophrenia: in a genetic model (Disc1-L100P mutants) was found many
impairments in the PV+ migration, causing altered distribution in the neocortex and
hippocampus and decreased GADG7/PV co-localization (LEE et al., 2013), besides
that, human studies have already shown, for example, lower expression of 1hx6, an
important migration regulator and reduction in PV+ cells in Dorsolateral Prefrontal
Cortex (VOLK et al., 2012). Moreover, a paper in which PV+ neurons were disabled

by knocking down Gad1 gene demonstrated curious ASD and Schizophrenia like
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behaviors as sensorimotor gating deficits, increased novelty seeking and reduced
fear extinction (BROWN et al., 2015).

In the amygdala region PV+ neurons exhibited lower density in the VPA group
when compared with control. In this region, it's already known that PV+ have a
complex network in basolateral nuclei (WOODRUFF et al., 2007) that can be altered
by fear stimulation in the context of fear learning — a major function related to
amygdala (LUCAS et al., 2016). Besides that, a behavioral study demonstrated that
environmental enrichment increases PV+ number in amygdala at the same time that
reduces anxiety — an important comorbidity of ASD (URAKAWA et al., 2013).
Moreover, reduction in PV+ can be behind the eletrical imbalance found in the
amygdala of VPA model (LIN et al., 2013), raising the importance of these cells.

Finally, the disruption in cortical columns organization identified qualitatively by
observing the images of Primary Somatosensory Area confirm the columnar
neuropathy (CASANOVA et al., 2011) present in individuals with ASD. These
alteration allied with the modified densities of PV+ neurons demonstrate a great
impairment in cortical organization, probably causing major deficits in sensory
processing and integration. Since behavior is the final key to clarify data related with
autism, is essential to perform tasks like whisker nuisance task to conclude the
incredible narrative of sensory impairments of autism, uniting interneurons, cortical

organization and E/l imbalance.

Conclusions

The prenatal exposure to VPA seemed to cause great impact in the two sensory
related structures evaluated. In Primary Somatosensory Area, the loss of laminar
organization and non-neuronal cells in layer V-V in addition to the differences in
distribution of PV+ between layers denote an important impact of the VPA in this
area, altering the refined structure and probably influencing in the migration of PV+
cells. In Amygdala, the reduction in quantity and density of PV+ cells in VPA group
confirms the alteration found in PSSA, demonstrating the important loss of the
inhibitory component that may contribute to the general excitatory-inhibitory
imbalance identified in ASD. Since these areas are essential to process and integrate

many types of stimuli and also perform specific actions like consolidation of fear
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memories the alteration found in this study may have great impact in behavioral
features, so is crucial to expand the studies in order to clarify the “big picture” of the

sensory questions in autism.
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Figure 1: Schematic representation of Primary Somatosensory Area location in rat
brain (A) and laminar organization of the cortex, highlighting not only the differences
in cytoarchitecture between layer II-1ll and IV-V but also the morphological features
of PV+ neurons (B).
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CONTROL

Figure 2: immunofluorescence image of Primary Somatosensory Area
(magnification: 10x). Layer disorganization can be perceived in VPA group, in which
the gap between layer II-lll and IV-V (represented in control by the white dashed line)
can no longer be noticed. In addtion to that, columnar arrangement seemed to be
impaired in VPA, since the neurons appeared to form disoriented groups, while in the

control the vertical disposition is more easily seen.
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Figure 3: Immunofluorescence images from Primary Somatosensory Area. The
increase in PV+ neurons (yellowish marked) number and density can be visualized
in VPA group in layer II-lll, while in the layer IV-V the same parameters appeared
reduced in VPA group. Besides that, the laminar organization in VPA animals can

also be visualized.
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Figure 4: Results from immunofluorescence of Primary Somatosensory Area separated by

layer. The number of total neurons showed no significant differences in layer II-lll (B), IV-V

(E) and in all layers together (H), demonstrating no neuronal loss in this region. Although

number (G) and density (I) of PV neurons demonstrated no significant differences when

analyzing all layers together, the isolation of II-lll and V-V layers showed: Increase in PV

neuron number (A) and density (C) in VPA group in layer II-1ll, while in the layer IV-V VPA

exhibited the opposite result with both reduction in PV number (D) and density (F). These

data together suggest that PV cells may be affected by migration impairments promoted by

VPA, since neuronal numbers remain unchanged observing the whole area Data expressed
as meanzSD . *p<0.05, **p<0.01 (T Student's test, Welch).
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Figure 5: Results from immunofluorescence of non-neuronal cells. Layer II-lll showed no

alteration (A), while a significant reduction was identified in VPA group in layer IV-V (B). Since

glial cells have important roles in countless activities, this impairment may cause several

homeostasis disruptions. Data expressed as meanSD . *p<0.05 (T Student's test, Welch).
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Figure 6: Immunofluorescence image of Amygdala Region (magnification: 20x)
demonstrating the reduction of PV+ neurons (yellowish marked) number and density

in VPA group compared to control.
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Figure 7: Results from immunofluorescence of Amygdala Region. The number of PV
neurons (A) and non-neuronal cells (C) demonstrated no differences, while an important and
significant reduction in the total number of neurons (B) and PV neurons density (D) was
identified, contributing to clarify the role of VPA in sensory related structures. Data

expressed as meanzSD . *p<0.05 (T student's test, Welch).
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6. CONCLUSOES E PERSPECTIVAS

O presente trabalho demonstrou uma importante agao do tratamento pré-natal
com acido valproico em areas relevantes para o0 processamento primario e
integracdo de estimulos sensoriais. As alteragées a nivel de células gliais e de
interneurénios inibitérios, mais especificamente os positivos para parvalbumina, na
Area Somatossensorial Primaria e na Regido da Amigdala indica uma possivel
explicacdo para as hiper-responsividades e hiporresponsividades a diversos
estimulos sensoriais identificadas na maioria dos individuos diagnosticados com
TEA. Sob o ponto de vista eletrofisioldgico, a deplegao de neurdnios GABAérgicos
observada contribui para sustentar a hipotese geral de um desbalangco
excitatério/inibitorio, amplamente estudada no autismo. Assim, é necessario realizar
testes de performance sensorial como o de estimulacido de vibrissas a fim de
correlacionar os possiveis dados obtidos. Além disso, avaliagdes de eletrofisiologia
dessas regides bem como detalhamento dos contatos sinapticos a nivel de analise
morfolégica e quantitativa de espinhos além de quantificagdo proteica permitirdo
uma consolidacdo das conclusdes desse trabalho no contexto do desequilibrio
excitatério-inibitério associado a alteragdo em interneurénios em regides chave para

0 processamento sensorial.

Tabela 1: Resumo geral dos resultados obtidos nos animais do modelo animal de autismo induzido

por exposicao pré-natal ao acido valproico em comparagdo com o controle.

Regiao Células Gliais Neurdnios totais Densidade de
Neurénios PV+
Camadas lI-lll da Sem diferenga Sem diferenca Aumento na
Area densidade
Somatossensorial
Primaria
Camadas IV-V da Aumento na Sem diferenca Reducao na
Area quantidade densidade
Somatossensorial
Primaria
Amigdala Sem diferenca Reducao na Reducao na
quantidade densidade
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GUIDE FOR AUTHORS

INTRODUCTION

Neuroscience publishes the results of original research on any aspect of the scientific study of the
nervous system. Papers most suitable for publication are those that report new observations that
directly contribute to our understanding of how the nervous system works. Any paper, however short,
will be considered for publication provided that it reports significant, new and carefully confirmed
findings with full experimental details. The Editor-in-Chief, the Associate Editor, and the Section
Editors will initially evaluate all submissions. Articles not estimated to represent strong candidates
for publication will be returned to the authors without detailed review within 3-5 days. Otherwise,
manuscripts will be sent to reviewers for rapid assessment.

Neuroscience does not have page or figure restrictions, and authors are encouraged to write complete
papers that contain all the data necessary to present their findings persuasively.

Editorial Organisation

The Chief and Associate Editors seek advice from Section Editors representing all major areas
of research: Developmental NeurosciencePain and Sensory NeuroscienceCellular and Molecular
Neuroscience Behavioral and Cognitive Neuroscience Disease-Oriented Neuroscience Systems
Neuroscience Theory and Innovative Approaches in Neuroscience

Each paper is typically evaluated by at least two Editors or ad hoc reviewers. Papers are accepted by
the Chief and Associate Editors in consultation with the appropriate Section Editor.

Editor-in-Chief:
Juan Lerma, Instituto de Neurociencias, Consejo Superior de Investigaciones Cientficas-Universidad
Miguel Hernndez, San Juan de Alicante, Spain; jlerma@umh.es
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The Neuroscience Peer Review Consortium

Neuroscience is a member of the Neuroscience Peer Review Consortium (NPRC). The NPRC has been
formed to reduce the time expended and, in particular, the duplication of effort by, and associated
burden on reviewers involved in the peer review of original neuroscience research papers. It is
an alliance of neuroscience journals that have agreed to accept manuscript reviews from other
Consortium journals. By reducing the number of times that a manuscript is reviewed, the Consortium
will reduce the load on reviewers and Editors, and speed the publication of research results.

If a manuscript has been rejected by another journal in the Consortium, authors can submit the
manuscript to Neuroscience and indicate that the referees' reports from the first journal be made
available to the Editors of Neuroscience.

It is the authors' decision as to whether or not to indicate that a set of referee's reports should be
forwarded from the first journal to Neuroscience . If an author does not wish for this to happen,
the manuscript can be submitted to Neuroscience without reference to the previous submission. No
information will be exchanged between journals except at the request of authors. However, if the
original referees' reports suggested that the paper is of high quality, but not suitable for the first
journal, then it will often be to an author's advantage to indicate that referees' reports should be
made available.

Authors should revise the original submission in accordance with the first journal's set of referee
reports, reformat the paper to Neuroscience's specification and submit the paper to Neuroscience
with a covering letter describing the changes that have been made, and informing the Editors that
the authors will ask for the referee's reports to be forwarded from the first Consortium journal. The
authors then must contact the first journal, and ask that reviews be forwarded, indicating they have
submitted to Neuroscience, and providing the new manuscript ID number.

The Editors of Neuroscience will use forwarded referees' reports at their discretion. The Editors may
use the reports directly to make a decision, or they may request further reviews if they feel such
are necessary.

Visit http://nprc.incf.org for a list of Consortium journals, as well as further information on the scheme.

(a) Research papers. These are full-length papers describing original research. There are no specific
page limits although authors are encouraged to be as concise as possible and to use as few, high
quality illustrations as necessary to adequately document their findings. Former rapid reports that
describe outstanding new discoveries fall under this category and should follow the same layout as
research papers. All papers are handled rapidly.

(b) Reviews. These are short articles (3,000 to 10,000 words in length), not exhaustive reviews,
that are intended to either draw attention to developments in a specific area of research, to bring
together observations that seem to point the field in a new direction, to give the author's personal
views on a controversial topic, or to direct soundly based criticism at some widely held dogma or
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widely used technique in neuroscience. Reviews may also provide an historical perspective on an area
of neuroscience research. Authors should make their Review understandable to a broad spectrum of
neuroscientists. Potential authors are invited to submit a letter of interest to the Chief or Associate
Editors or to a Section Editor indicating the topic of a potential Review. Proposals for reviews or
commentaries should also contain an outline of the contents, including an abstract (<200 words), a
list of 10 relevant articles including 5 from the proposer's own research, and a brief statement on
why now is a good time to review the topic in question. Reviews will not be accepted for editorial
processing unless pre-approved for submission.

(c) Neuroscience Forefront Reviews. These are invited reviews from a select list of scientists who
have introduced new concepts, models, or methods in neurobiology. Forefront Reviews enable the
authors to express their own opinions in a rigorous way. There is no page limit and the author/
authors may choose the focus of the review as long as it remains scientifically sound. The reviews
will be promoted through IBRO's websites and publications, and will be highly visible in the scientific
community. Interest by a prominent scientist to contribute a Forefront Review should be sent to
Jerome Sanes , Associate Editor, at jnsanes-neuroscience@brown.edu.

(d) Special Issues. These are published as separate volumes with prominent neuroscientists as guest
editors. Special Issues are devoted to specific topics, preferably "emergent topics" that open new fields
in neurobiological research. The Special Issues are used actively in the promotion of Neuroscience.

A Special Issue is not a loose collection of topically related articles but a concerted attempt to provide
an overview of the status of an emerging field. Cross references between the articles are strongly
encouraged.

A Special Issue should normally contain 20-25 articles, corresponding to 200-300 printed pages in
total. The articles may include original data. At least one of the articles (typically signed by the guest
editors) should provide a general discussion of the implications of the recent advances in the field,
and should attempt to identify the directions and challenges of future research.

Manuscripts are subjected to the review process according to the same high standards of quality
as regular issues of Neuroscience. The Guest Editor(s) identify reviewers and take responsibility for
the further editorial handling of the manuscripts, supported by the San Diego office. As for regular
papers, the final decision on each article is taken by the Chief Editor.

Suggestions for special issues should be sent to Juan Lerma, Editor-in-Chief, at jlerma@umh.es. They
should contain an outline of the contents, including an abstract (<200 words), a list of articles with
preliminary titles and contributors, and a brief statement on why.

(e) Perspectives. These are invited commentaries (typically <1,000 words) on current developments
and trends in neuroscience research or public activities. A Perspective could highlight one or more
recently published article, in any journal, that appears to set a new standard for a field within
neuroscience or could recognize national or international events that influence the neuroscience
community. Typically, the Chief or Associate Editor will identify authors to contribute a Perspective.
However, potential authors are invited to submit a letter of interest to the Chief or Associate Editor
indicating the topic of a potential Perspective.

(f) Letters to the Editor. We welcome readers to submit formal comments on the content of articles
published in Neuroscience. Such comments should provide constructive scientific remarks. Readers
may submit these comments as a Letter to the Editor, which should be concise, no more than 500
words, and we will transmit them to the author(s) of the commented-upon paper for their optional

reply.

The main Editors of Neuroscience will consider the significance of these articles, and whether to
proceed with soliciting the opinions of the authors of the commented-upon paper. We expect Letters
to the Editor to fall within the spirit of constructive scientific discourse and supported, as needed
by References, which should appear in the format used in Neuroscience. Authors should not include
unpublished data in a Letter to the Editor. Submitting authors assume full responsibility for the
accuracy of their content. Letters to the Editor will appear in the print and on-line version of
Neuroscience, and as such will be fully citable in bibliographic services, for example PubMed.
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(g) Commentaries. These are invited commentaries (typically <500 words) on a paper published in
the same Neuroscience issue, which deserves further comment to call the attention of readers not
primarily interested on the paper's topic. Commentaries could include one figure summarizing the
main findings.

BEFORE YOU BEGIN

For information on Ethics in Publishing and Ethical quidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/ethicalguidelines

All submissions to Neuroscience must contain experiments that conform to the ethical standards
printed below. To confirm their agreement with this, authors are required to include the following
statement in their cover letter indicating their agreement with these standards: "I have read and
have abided by the statement of ethical standards for manuscripts submitted to Neuroscience." A list
of ethical standards is not required in the cover letter.

The authors declare that all experiments on human subjects were conducted in accordance with the
Declaration of Helsinki http://www.wma.net/en/30publications/10policies/b3/index.html and that all
procedures were carried out with the adequate understanding and written consent of the subjects.

The authors also certify that formal approval to conduct the experiments described has been obtained
from the human subjects review board of their institution and could be provided upon request.

If the studies deal with animal experiments, the authors certify that they were carried out in
accordance with the National Institute of Health Guide for the Care and Use of Laboratory Animals
(NIH Publications No. 80-23) revised 1996 or the UK Animals (Scientific Procedures) Act 1986 and
associated guidelines, or the European Communities Council Directive of 24 November 1986 (86/609/
EEE).

The authors also certify that formal approval to conduct the experiments described has been obtained
from the animal subjects review board of their institution and could be provided upon request.

The authors further attest that all efforts were made to minimize the number of animals used and
their suffering.

If the ethical standard governing the reported research is different from those guidelines indicated
above, the authors must provide information in the submission cover letter about which guidelines
and oversight procedures were followed.

The Editors reserve the right to return manuscripts in which there is any question as to the appropriate
and ethical use of human or animal subjects.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential conflicts of interest include
employment, consultancies, stock ownership, honoraria, paid expert testimony, patent applications/
registrations, and grants or other funding. If there are no conflicts of interest then please state this:
'Conflicts of interest: none'. More information.

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see 'Multiple, redundant or concurrent publication' section of our ethics policy for more
information), that it is not under consideration for publication elsewhere, that its publication is
approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or
in any other language, including electronically without the written consent of the copyright-holder. To
verify originality, your article may be checked by the originality detection service CrossCheck.
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Contributors

Each author is required to declare his or her individual contribution to the article: all authors must have
materially participated in the research and/or article preparation, so roles for all authors should be
described. The statement that all authors have approved the final article should be true and included
in the disclosure.

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 must include:The reason the name should be added or removed or
the author names rearranged. Written confirmation (email, 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: Journal
Managers will inform the Journal Editors of any such requests. Publication of the accepted manuscript
in an online issue is suspended until authorship has been agreed.

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

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, 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.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). 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. 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.

For open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of open access articles
is determined by the author's choice of user license.

Author rights
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As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

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.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the Open
Access Publication Fee. Details of existing agreements are available online.

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 on their behalf, e.g. by their research funder
or institution.

Subscription

» Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.

* No open access publication fee payable by authors.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative Commons
user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), 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-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.

The open access publication fee for this journal is USD 2400, excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page for
further information. Authors can also self-archive their manuscripts immediately and enable public
access from their institution's repository after an embargo period. This is the version that has been
accepted for publication and which typically includes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embargo period: For subscription
articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from
the date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 12 months.
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Language (usage and editing services)

Please write your text in 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.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submission address
Please submit your article via http://ees.elsevier.com/nsc.

Authors are strongly encouraged to use this Web-based submission system. However, for those who
are unable to submit via the Web, please contact neuroscience@journal-office.com or Neuroscience
Editorial Office, 525 B Street, Suite 1800, San Diego, CA 92101, USA; FAX: 619-699-6859.

It is in your best interest to suggest some suitable reviewers and we strongly request that you do
so. Suggested reviewers should not have co-authored a publication in the past 4 years or have an
active collaboration with submitting authors. You may suggest up to 6 reviewers. Note that the editor
retains the sole right to decide whether or not the suggested reviewers are used.

All manuscripts are subject to any modifications required by the Editorial Office to conform to Journal
policy.

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. Submitted cover images not created by the author
group must include the reprint permission and source. The author(s) of the winning image will receive
USD 500 from Elsevier.

IBRO Reports
Please note that because Neuroscience is highly selective, we offer some authors who are not accepted
in Neuroscience the option to have their papers considered by our sister journal, IBRO Reports.

The primary goal of this process is to shorten the time to publication, reduce the burden upon
reviewers and increase the opportunity for the author to be offered a venue for publication. This
transfer entails the editor of IBRO Reports having direct electronic access to your review. This will
not alter the confidentiality of the process.

PREPARATION

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

Use of word processing software

It is important that the file be saved in the native format of the word processor 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 word
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processor'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). 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 word processor.

Manuscripts should be written in English in a concise and understandable style. Technical jargon or
"laboratory slang' should not be used. It is the responsibility of the corresponding author to ensure
that the manuscript is written in a style that is grammatically correct and free of spelling or other
typographical errors.

All manuscripts must be typewritten with 1.5 line-spacing throughout and with margins at least 2.5
cm wide. Pages should be numbered in succession, the title page being no. 1.

The Editorial Office reserves the right to revise the wording of manuscripts accepted for publication
in the journal.

Each submission should be accompanied by a cover letter, briefly explaining the conceptual advance
provided by the findings and their significance to a broad readership.

Divide your article into sections according to the headings listed below. Main sections (Introduction,
Experimental Procedures, Results, etc.) and sub-section headings should appear on their own separate
line. Use the section and sub-section names for internal cross-referencing: do not just refer to "the
text.

Research papers should be organized in the following four main sections: Introduction, Experimental
Procedures, Results, Discussion

Reviews and Forefront Reviews should have an introductory section, followed by several
information presentation sections and then end with a conclusion section. Section headings should
be used to organize the presentation of information.

This éhould provide the scientific rationale for the research that is reported. No results should be
reported but it should finish with a succinct description of the main finding and conclusion. The heading
"Introduction" should be used.

Procedures used in the research should be described in sufficient detail to permit the replication of
the work by others. Previously published procedures should be referenced and briefly summarized.
The source of all materials, including animals and human tissue, must be provided. The location of
each supplier should be detailed on first use in the text. The author(s) also agree(s) to make freely
available to colleagues in academic research any clones of cells, nucleic acids, antibodies, etc. that
were used in the research reported and that are not available from commercial suppliers. Authors
must clearly describe all manipulations made to digital data that were collected as images, and images
which have been scanned and printed for publication.

This section presents findings without discussion of their significance. Subsections should be used in
order to present results in an organized fashion.

This section presents the authors' interpretations of their findings and an assessment of their
significance in relation to previous work. Avoid repetition of material presented in the Results section.
The Results and Discussion sections may not be combined.
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The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of the Discussion section.

Glossary
Please supply, as a separate list, the definitions of field-specific terms used in your article.

Appendices

Material appearing in Appendices should augment the main manuscript narrative, by providing details
otherwise not readily amenable to include in the main narrative. Examples of material that could
appear in an Appendix include, but are not limited to: mathematical derivations; results of genetic
screens; and lengthy reports of neuroimaging results. If there is more than one appendix, they should
be identified as A, B, etc. Formulae and equations in appendices should be given separate numbering:
Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and
figures: Table A.1; Fig. A.1, etc. Appendices should not be used to extend the main narrative similar
to the Supplementary Information sections permitted by other journals. Any data essential to support
conclusions should be included in figures, tables, and within the main manuscript narrative.

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

* Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. 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.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that the e-mail address is given and that contact
details are 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.

A concise and factual abstract is required. The abstract should state briefly in a single paragraph
(in <250 words) the purpose of the research and the principal results obtained. The abstract should
conclude with a final statement summarizing the major conclusions in such a way that the implications
of the work to the field would be clear to a general neuroscience reader. An abstract is often presented
separately from the article, so it must be able to stand alone. For this reason, References should
be avoided, 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
abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. 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 at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images and in accordance with all technical requirements: Illustration 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 hame and include 3 to 5 bullet points (maximum 125
characters, including spaces, per bullet point). These could be used for dissemination of article findings
in social networks. See http://www.elsevier.com/highlights for examples.
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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.

The excessive use of abbreviations in the text is strongly discouraged. In order to aid communication
between scientists of different disciplines, authors should only use abbreviations sparingly and should
always define the abbreviation when first used in the text by placing it in parentheses after the full
term, e.g. acetylcholinesterase (AChE). The abbreviations should then be used consistently thereafter
and appear at least twice in the text. A comprehensive list of the abbreviations used should be put
on a separate page that follows the title page.

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.). It is the corresponding author's responsibility to insure that individuals
who are acknowledged for assistance or for providing comments on the manuscript are agreeable to
being acknowledged in this way. At the end, briefly indicate how each author contributed to the work.

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

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

Follow internationally accepted rules and conventions: use the international system of units (SI).
If other quantities are mentioned, give their equivalent in SI. You are urged to consult IUGS:
Nomenclature for geological time scales/rock names: http://www.iugs.org/for further information.

Symbols for physical units should be restricted to the Systems Internationale (S.I.) Units. Drug names
should be the official or approved names; trade names or common names may be given in brackets
where the drug is first mentioned. The manufacturer's name must be given. The doses of the drugs
should be given as unit weight/unit body weight, e.g. mmol/kg or mg/kg.

Electronic artwork

e Figures should be the smallest size that will convey the essential scientific information. Three
standard widths are used for figures: 1 column, 82 mm; 1.5 column, 120 mm; and 2 column, 174
mm. Please keep these widths in mind at the time of composing figures. Different panels should
be labeled with capital letters, and the same font (Helvetica or Arial) should be used for any text;
ensure that the font size will be readily readable in a published article. Please avoid excessive spacing
between histogram bars and between figure panels.

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

¢ Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.
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* Produce images near to the desired size of the printed version.
e Submit each figure as a separate file.

A detailed 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

Regardless of the application used, when your electronic artwork is finalised, 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: Vector drawings. Embed the font or save the text as "graphics".

TIFF: color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF: Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is required.
DOC, XLS or PPT: If your electronic artwork is created in any of these Microsoft Office applications
please supply "as is".

* Do not supply embedded graphics in your wordprocessor (spreadsheet, presentation) document;
¢ Do not supply files that are optimised for screen use (like GIF, BMP, PICT, WPG); the resolution
is too low;

¢ Do not supply files that are too low in resolution;

* Do not submit graphics that are disproportionately large for the content.

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 online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Cover art

Illustrations to be considered for the cover should be related to the authors' submittedC 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 the entire 8.5 X 11 inch cover 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 neuroscience@journal-office.com for instructions. For authors
who wish to postal mail a CD with the cover art, please send it to: Neuroscience Editorial Office,
525 B Street, Suite 1700, San Diego, CA 92101, U.S.A. Please ensure that the manuscript reference
number is included on all materials.

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
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Text graphics
Text graphics may be embedded in the text at the appropriate position. See further under Electronic
artwork.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

The reference list should be included at the end of the main text. A paper which has been accepted
for publication but which has not appeared may be cited in the reference list with the abbreviated
name of the journal followed by the words "in press". See Reference Style below.
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Citation in text

Please ensure that every reference cited in the text is also present in 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.

Personal Communications may be used only when written authorization from the communicator is
submitted with the original manuscript; they may be mentioned only in the text and in the following
form: (G.H. Orwell, Department of Psychiatry, University of Washington, personal communication).
Unpublished or submitted experiments by one of the authors may be mentioned only in the text,
not in the References. Initials, as well as surnames, must be given for authors whose unpublished
experiments are quoted: (M.L. King, unpublished observations).

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. 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.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

Reference to arXiv

As with unpublished results and personal communications, references to arXiv documents are not
recommended in the reference list. Please make every effort to obtain the full reference of the
published version of an arXiv document. If a reference to an arXiv document must be included in
the references list it should follow the standard reference style of the journal and should include a
substitution of the volume and page numbers with 'arXiv:YYMM.NNNN' or 'arXiv:arch-ive/YYMMNNN'
for articles submitted to arXiv before April 2007.

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

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references and
citations as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/neuroscience

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

In the text, references should be quoted as the name of the first author and year in chronological
order. Multiple authors are indicated by "et al.", except when there are only two authors, in which case
both names are written. For example, The pattern of the pathology instead represents a synaptically
connected network of neurons (Braak and Braak, 1991; Morris, 1997). This hypothesis was recently
proposed by Nagy et al. (1997).
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The reference list should be on a separate page at the end of the manuscript, in alphabetical order
and arranged as follows: authors' names and initials, year, title of the article, abbreviated title of the
journal, volume, first and last page numbers. Journal titles should be abbreviated according to the
rules adopted in the fourth edition of the World List of Scientific Periodicals (Butterworths, 1965).
Note that first and last pages are given in full. For example, Nagy ZA, Esiri MM, Cato A-M, Smith
AD (1997), Cell cycle markers in the hippocampus in Alzheimer's disease. Acta Neuropath 94:6-15.

References to books should include the authors' names and initials, year, title of book, volume,
publisher, place of publication and page numbers. Where relevant, the title of a paper within a book,
and the editor's name(s) should be given. For example, Morris JH (1997) Alzheimer's disease. In: The
neuropathology of dementia, vol. 2 (Esiri MM, Morris JH, eds), pp 70-121. Cambridge: Cambridge
University Press.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

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 properly labeled 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 150 MB. Video and animation files supplied will be published online in the electronic version of your
article in Elsevier Web products, including ScienceDirect. Please supply 'stills' with your files: you can
choose any frame 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. 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.

Neuroscience discourages the use of electronic supplementary materialunless strictly necessary
to enhance your scientific research. Neuroscience accepts electronic supplementary sound clips,
videos, and other formats that cannot be embedded in standard PDF files. Appendices providing
supplementary information to the main article are also acceptable. Supplementary files supplied
will be published online alongside the electronic version of your article in Elsevier Web products,
including ScienceDirect: 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
www.elsevier.com/artworkinstructions.

For Neuroscience, authors are allowed to post supplementary material for review, but for publication
supplementary material will be restricted to formats that cannot be published in the standard form
of a PDF, such as sound clips and movies.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that give them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.
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In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

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. Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

Antibody Data is the reference application linking to information about the antibodies mentioned in
the article, based on the NIF Antibody Registry. Authors are encouraged to include relevant antibody
identifiers in their articles (e.g. Antibody Registry: AB_878537 or RRID: AB_878537) if appropriate.
More information.

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) NIfTI file formats. Recommended size of a single uncompressed dataset is maximum 150
MB. 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. More information.

This journal enables you to show an Interactive Plot with your article by simply submitting a data
file. Full instructions.

Submission checklist

It is hoped that this list will be useful during the final checking of an article prior to sending it to the
journal's Editor for review. Please consult this Guide for Authors for further details of any item.
Ensure that the following items are present:

One Author designated as corresponding Author:

e E-mail address

e Full postal address

e Telephone and fax numbers

All necessary files have been uploaded

* Keywords

e All figure captions

o All tables (including title, description, footnotes)

Further considerations

e Manuscript has been "spellchecked" 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

e Cover letter includes your agreement to the ethical standards: "I have read and have abided by
the statement of ethical standards for manuscripts submitted to Neuroscience,” as well as
the other statement that all authors have approved the final article.

* 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 service.elsevier.com.

See also the IBRO Website http://www.ibro.org
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AFTER ACCEPTANCE

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. 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. It is 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.

The corresponding author will, at no cost, receive 25 free paper offprints, or alternatively a customized
Share Link providing 50 days free access to the final published version of the article on ScienceDirect.
The Share Link can be used for sharing the article via any communication channel, including email
and social media. 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 at any time via Elsevier's Webshop. Corresponding authors who have published their article
open access do not receive a Share Link as their final published version of the article is available open
access on ScienceDirect and can be shared through the article DOI link.

See also the IBRO Website www.ibro.org

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.

© Copyright 2014 Elsevier | http://www.elsevier.com
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ANEXO B:

Carta de Aprovacdo do Comité de Etica
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HCPA - HOSPITAL DE CLINICAS DE PORTO ALEGRE
GRUPO DE PESQUISA E POS-GRADUACAO

COMISSAO DE ETICA NO USO DE ANIMAIS

A Comissdo de Etica no Uso de Animais (CEUA/HCPA) analisou o projeto:

Projeto: 140367
Data da Versio do Projeto:  13/08/2014

Pesquisadores:

RUDIMAR DOS SANTOS RIESGO
GUSTAVO DELLA FLORA NUNES
KAMILA CASTRO GROKOSKI
MELLANIE FONTES DUTRA DA SiLVA
CARMEM GOTTFRIED

DIEGO MOURA BARONIO

Titulo: Modelo animal de autismo por exposigdo pré-natal ao cido valpréico: Andlise de
sinapses inibitérias e excitatérias

Este projeto foi APROVADO em seus aspectos éticos e metodoldgicos de acordo com as Diretrizes e
Normas Nacionais e Internacionais, especialmente a Lei 11.794 de 08/10/2008, que estabelece
procedimentos para o uso cientifico de animais.

- Os membros da CEUA/HCPA n&o participaram do processo de avaliagéo de projetos onde constam
como pesquisadores.

- Toda e qualquer alteragéio do Projeto devera ser comunicada @ CEUA/HCPA.

- O pesquisador devera apresentar relatorios semestrais de acompanhamento e relatério final ao

CEUA/HCPA.
% éﬁ;ﬁz}zﬁgre, 07 outubro de 2014.

Prof® Iraci Lucena da Silva Torres
Coordenadora CEUA/HCPA
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