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RESUMO

Epilepsia é um dos problemas neuroldgicos mais comuns na infancia e
associa-se a atraso do desenvolvimento neuropsicomotor, assim como a dano
neuronal. Sua etiologia envolve um desequilibrio entre neurotransmissores
excitatérios e inibitérios que pode aumentar o estresse oxidativo. Tratamentos
atuais ndo sao capazes de controlar completamente crises epilépticas e as
medica¢fes utilizadas na populacdo pediatrica tem sua efichcia baseada em
estudos com adultos, desconsiderando potenciais efeitos adversos deletérios ao
desenvolvimento. Portanto, a busca por novas drogas antiepilépticas é necessaria,
especialmente focada na faixa etéria pediatrica e na neuroprotecdo. Moléculas
benzimidazolicas e seus substituintes sdo potenciais alvos de pesquisa para este
fim. Objetivo: Avaliar o efeito antiepiléptico de cinco derivados
selenobenzimidazdlicos inéditos em modelo de epilepsia neonatal em comparacao
a fenitoina. Métodos: Crises epilépticas foram induzidas com pentilenotetrazol em
132 ratos Wistar entre 10 e 15 dias de vida 30 minutos antes da administracéo dos
novos compostos. Individuos foram observados por 60 minutos para avaliacdo de
laténcia para inicio de crises, gravidade e duracdo das mesmas. Resultados:
Quatro das cinco drogas testadas mostraram correlacdo positiva entre o aumento
da laténcia e das doses administradas. A dose de 8mg/kg do composto 2-(2-
clorobenzilselenil)-1H-benzo[d]imidazol mostrou-se eficaz em elevar o tempo de
laténcia em relagdo ao controle negativo. Ja& o0 composto 2-((3-
(trifluormetil)fenil)selenil)-1H-benzo[d]imidazol provocou uma reducéo significativa
de crises convulsivas graves em comparacao ao controle negativo, além de 100%
de reducdo do tempo de duracdo de crises graves. Conclusdo: Os novos
compostos selenobenzimidazdlicos podem permitir um novo campo de pesquisa
para medicagfes antiepilépticas, especialmente devido ao Selénio presente como

seu substituinte, com potencial antioxidante.

Palavras-chave: epilepsia, crises neonatais, benzimidazol, Selénio.



ABSTRACT

Epilepsy is one of the most common neurologic disorders in childhood and is
associated to developmental impairments as well as neurological damage. Its
etiology involves an imbalance of excitatory and inhibitory neurotransmitters which
enhance oxidative stress. Current treatments are not able do completely control
seizures and the drugs used by children have its efficacy based in studies with
adults, disregarding potential deleterious effects on development. Therefore, the
research for new antiepileptic drugs is needed, especially focused in pediatric
population and neuroprotection. Benzimidazole molecules and its substituents are
a potential anticonvulsant target for discovering new drugs. Objective: We aim to
investigate the antiepileptic effect of five new selenobenzimidazoles compounds in
comparison to phenytoin in neonatal seizures model. Methods: Seizures were
induced in 132 Wistar rats between 10 and 15 days with pentylenetetrazol 30
minutes before administration of the new compounds. They were evaluated
throughout 60 minutes for seizure latency, duration and severity. Results: Four of
the five drugs showed a positive correlation between dose and latency enhance.
The dose of 8mg/kg of the compound 2-(2-chlorobenzylselenyl)-1H-
benzo[d]imidazole showed significant difference between test group and negative
control group and no difference in comparison to phenytoin group. The compound
2-((3-(trifluoromethyl)phenyl)selenyl)-1H-benzo[d]imidazole showed a significant
reduction of severe seizures in comparison to negative control as well as a 100%
reduction of the duration of these seizures.Conclusion: These new
selenobenzimidazoles compounds may be a new field of research for antiepileptic
drugs development, especially because its selenium substituent, which may provide

antioxidative properties to the molecule.

Keywords: Epilepsy, Neonatal Seizures, Benzimidazole, Selenium.
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1. Introducéao

1.1. Epilepsia na infancia

Epilepsia é uma doenca do sistema nervoso central (SNC) caracterizada
pela ocorréncia de crises epilépticas de diversas etiologias e padrées (FISHER et
al., 2014; REED, 2012) e representa um dos problemas neurolégicos mais comuns
da infancia (REED, 2012) ja que crises convulsivas chegam a acometer de 4% a
10% das criancas pelo menos uma vez (AGARWAL; FOX, 2018). Crises
convulsivas também sao a principal emergéncia neuroldgica no periodo neonatal
afetando 1-5:1000 nascidos vivos a termo, com maior incidéncia em menores de
1500g (DONOVAN et al., 2016) e relacionam-se a um aumento do risco de
morbidades como paralisia cerebral, déficit intelectual e a propria epilepsia (PISANI
et al.,, 2015). Aproximadamente 60% das crises neste periodo deve-se a
encefalopatia hipoxico-isquémica e o0s demais casos correlacionam-se com
hemorragia intracraniana, malformacBes cerebrais, infec¢des, disturbios
metabdlicos e/ou hidroeletroliticos (DONOVAN et al., 2016).

A principal crise convulsiva observada no periodo da lactancia é a crise
convulsiva febril que cursa com apresentacdo benigna, bom prognéstico e, na
grande maioria dos casos, tratamento medicamentoso anticonvulsivante
desnecessario (REED, 2012). Nos casos em que evolui para o quadro de status
epilepticus febril, todavia, pode induzir lesbes em regides do SNC, como observado
por Lewis et al (2014). Este evidenciou alteracdes agudas em hipocampo apds
status epilepticus febril que se associaram a imagens compativeis com esclerose
hipocampal apés cerca de 1 ano do episédio (LEWIS et al., 2014).

Ainda na mesma faixa etaria destacamos outras sindromes mais graves,
como a Sindrome de West, considerada uma epilepsia catastrofica (PERRET et al.,
2018), podendo cursar com até 200 crises ao dia e associada a prognostico
sombrio, posto que muitas criangas evoluem com epilepsia grave e refrataria além
de até 90% apresentar atraso do desenvolvimento neuropsicomotor (DNPM)
(GALANOPOULOU; MOSHE, 2015;HANCOCK; OSBORNE; EDWARDS, 2013).
Ressalta-se também a sindrome de Dravet, que se inicia nhormalmente no primeiro

ano de vida e apresenta crises focais mioclonicas que podem evoluir para
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generalizadas, geralmente com duracdo prolongada (CONNOLLY, 2016). A
sindrome ainda pode cursar com prejuizo em relacédo a atencao, percepcao visual
e funcdes executivas (CONNOLLY, 2016).

Na fase pré-escolar e escolar a ocorréncia de sindromes epilépticas ditas
idiopaticas € mais comum (REED, 2012) e, dentre elas, pode-se citar a epilepsia
de auséncia, predominante entre 5 e 10 anos e caracterizada por curtos periodos
de perda de consciéncia (AGARWAL; FOX, 2018; SZLAM; MEREDITH, 2013).
Também é o periodo de ocorréncia da epilepsia benigna da infancia com descargas
centro-temporais, presente usualmente entre 3 e 13 anos (SZLAM; MEREDITH,
2013), e da sindrome de Lennox-Gastaut, em criancas entre 3 e 5 anos,
caracterizada por crises de dificil controle e de varios padrées, associadas a
frequentes status epilepticus e atraso do DNPM, especialmente quando pouco
controladas (REED, 2012; SZLAM; MEREDITH, 2013).

O diagnostico de crises convulsivas e inicio do tratamento precoces visando
seu controle sdo de extrema importancia, ja que proporcionam ao paciente um
desfecho mais favoravel (HANCOCK; OSBORNE; EDWARDS, 2013). Sabe-se,
entretanto, que uma parcela significativa dos pacientes ndo chega ao controle
adequado das crises ou ndo responde a tratamento algum (HANCOCK;
OSBORNE; EDWARDS, 2013; LUX et al., 2004). Cerca de 10% das criancas com
epilepsia apresenta quadros intrataveis e o mau controle das crises é um fator de
risco importante para morte subita (AGARWAL; FOX, 2018), além de gerar pior
qualidade de vida (GOLYALA; KWAN, 2017). Portanto, avaliar novas possibilidades
de tratamento e de controle das crises é de fundamental importancia para o

prognastico clinico, neuroldgico e sobrevida de pacientes pediatricos.

1.1.1. Glutamato e acido gama-aminobutirico (GABA) na epilepsia

Postula-se que alteracdes no equilibrio dos principais neurotransmissores
excitatorios e inibitorios — glutamato e GABA respectivamente — estejam
relacionadas a origem das crises convulsivas (BRADFORD, 1995; BRUNTON,
2011; DINUZZO et al., 2014). O glutamato é um aminoacido que nao ultrapassa a
barreira hemato-encefélica, portanto € sintetizado no SNC a partir de precursores
como a glutamina apos sua liberacdo pelas células da glia e posterior

metabolizacdo através da glutaminase mitocondrial (PURVES, 2001) (Figura 1).



13

Também pode ser produzido a partir da transaminacéo do intermediario do ciclo do
acido tricarboxilico, 2-oxoglutarato, durante a producdo de piruvato e/ou
oxaloacetato (MCKENNA, 2007; NELSON & COX, 2014). Apos sua liberagcdo na
fenda sin4ptica é recaptado por astrécitos onde pode ser metabolizado nhovamente
em glutamina ao associar-se a amonia livre — que, em excesso, € toxica para o
SNC - através da glutamina sintetase (NELSON & COX, 2014). A glutamina em
excesso é transportada para outros 6rgdos onde € novamente convertida em
glutamato e aménio (NELSON & COX, 2014). O glutamato também pode dar
origem a glutationa que atua como tampao redox ao remover peréxidos toxicos,
reacao catalisada pela selenoproteina glutationa-peroxidase (GPx), uma enzima
antioxidante que tem em sua composi¢cdo, um atomo de selénio na forma de
selénio-cisteina (NELSON & COX, 2014; PITTS et al., 2014).

Sabe-se gque o0 neurotransmissor glutamato em concentracdes elevadas esta
relacionado a diversos tipos de epilepsia assim como quadros de status epilepticus
(LEVITE, 2014). Durante a neurotransmissdo a concentragdo de glutamato na
fenda sindptica aumenta e sdo os astrécitos 0s responsaveis por sua recaptacao
(PINTO etal., 2017). Na eventualidade do aumento excessivo do neurotransmissor,
essa receptacdo pode ser insuficiente e, portanto, provocar excitotoxicidade
(MCKENNA, 2007) que, por sua vez, leva a dano neuronal irreversivel e morte
neuronal (LEVITE, 2014; SZCZUROWSKA; MARES, 2013).

A toxicidade do glutamato deve-se a hiperestimulacdo de seus receptores
gue provoca um aumento importante de célcio intracelular que, por sua vez, ativa
enzimas que danificam membranas, DNA, entre outras estruturas, levando os
neurénios a morte (LEVITE, 2014). Dentre seus receptores ionotropicos e
metabotropicos podemos citar os receptores N-metil-D-aspartato (NMDA), acido
alfa-amino-3-hidroxi-5-metil-4lisoxazélico-propiénico  (AMPA) e  2-carboxi-3-
carboximetil-4-isopropenil-pirrolidina (Cainatos) (LEVITE, 2014). Os receptores
NMDA estao distribuidos por todo o cérebro, especialmente no hipocampo e
talamo, e sdo encontrados nos astrocitos, na membrana pré-sinaptica e,
majoritariamente, na  pos-sinaptica dos neurbnios (LEVITE, 2014
SZCZUROWSKA; MARES, 2013). Os receptores AMPA relacionam-se a
neuroplasticidade e facilitam a abertura dos receptores NMDA através da reducéo

do bloqueio Mg*? dependente (LEVITE, 2014), enquanto os receptores cainatos
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estdo presentes em membranas pré e pos-sinapticas e podem levar a excitacdo ou
inibicdo neuronal ao reduzir a liberacdo de GABA (LEVITE, 2014).

Estudos prévios identificaram em 30% dos pacientes com diferentes tipos de
epilepsia a presenca de autoanticorpos contra receptores AMPA que foram
responsaveis pela ativacéo destes receptores e pela inducéo de excitotoxicidade in
vitro, enquanto in vivo provocaram agravamento de crises epilépticas (LEVITE,
2014). Além disso observou-se que medicacdes agonistas NMDA provocavam
crises convulsivas no inicio da vida de ratos e antagonistas tanto de receptores
NMDA quanto AMPA eram capazes de suprimi-las (SZCZUROWSKA; MARES,
2013).

Glutamatergic GABAergic
neuron neuron
Glutamine Astrocyte Glutamine

Glutaminase\ . ‘ / \Glulaminase
Glutaminé : \
Glutamate Glutamate

Glutamine

synthetase
GDH ,2.06 /3AD
AAT —» Glutamate

Mitochondria

EAAT

Figura 1. Sintese, armazenamento, liberacao, transporte e metabolismo do glutamato e GABA.

2-0OG: 2-oxoglutarato; AAT: aspartato aminotransferase; Aralar: carreador aspartato-glutamato;
Asp: aspartato; EAAT: transportador de aminodcido excitatério; GABA-T: GABA transaminase;
GAD: descarboxilase acido glutamico; GAT: transportador GABA; GDH: glutamato
desidrogenase; SSA: succinil semialdeido; TCA: ciclo do &cido tricarboxilico; vVGAT: transportador

vesicular de GABA; vGlut: transportador vesicular de glutamato. Retirado de Rowley et al (2012).



15

O neurotransmissor GABA € sintetizado a partir do glutamato através da sua
descarboxilacdo pela enzima descarboxilase acido glutamica (ROWLEY et al.,
2012) (Figura 1). E degradado pela GABA-transaminase em succinil-semialdeido
que, por sua vez, pode ser oxidado em succinato ou reduzido em acido gama-OH-
butirico (ROWLEY et al., 2012). Este neurotransmissor também age em receptores
ionotropicos e metabotropicos que induzem hiperpolarizacdo da membrana e
inibicdo da atividade neuronal em algumas regides cerebrais (DINUZZO et al.,
2014).

Estudos mostraram relacdes entre sindromes epilépticas e 0 mau
funcionamento de receptores GABAa (DINUZZO et al.,, 2014). Foram descritas
alteracdbes de RNAm de receptores GABA secundéarias a crises convulsivas
reduzindo inclusive a eficacia de medicac6es antiepilépticas com atuacdo nestes
receptores (BROOKS-KAYAL et al., 1998) e também alteracdes em subunidades
dos receptores prévias as crises que poderiam contribuir para o inicio da epilepsia
(SCHOUSBOE et al., 2014). Além disso, ha descricdo de morte de interneurdnios
GABAérgicos inibitérios secundaria ao aumento de sinapses excitatorias durante
as crises convulsivas (SZCZUROWSKA; MARES, 2013) e de downregulation de
receptores GABA provocada pela ativacdo de receptores NMDA (NAYLOR, 2014).

1.1.2. Epilepsia e estresse oxidativo

Radicais livres caracterizam-se por espécies com elétrons ndo pareados em
sua superficie e, como exemplo, pode-se citar as espécies reativas de oxigénio
(EROs) (PEARSON-SMITH; PATEL, 2017) que séo produzidas tanto através do
metabolismo aerdbico mitocondrial quanto por reagbes enzimaticas
citoplasmaticas, podendo estas serem ativadas por crises convulsivas (PEARSON-
SMITH; PATEL, 2017) (Figura 2).Células do SNC sdo bastante sensiveis aos
efeitos do estresse oxidativo (EO) e estudos recentes tém mostrado uma relacéo
entre EO, disfuncdo mitocondrial e morte neuronal em alguns tipos de epilepsia,
assim como entre EO e a excitotoxicidade causada pelo glutamato (MENDEZ-
ARMENTA et al., 2014). Seus receptores, através da atividade do Ca?*, permitem
que a fosfolipase A2 libere acido araquidénico que gera O% através de seu
metabolismo para formacao de eicosanoides (MENDEZ-ARMENTA et al., 2014). O

aumento do Ca?* intracelular também ativa enzimas como proteina-quinase C,
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xantina-oxidase, fosfatases e fosfolipases que produzem EROs através do acido
araquidonico e, por fim, o aumento de Ca?* na mitocondria facilita a abertura do
poro de transicdo dependente de Ca?* que pode induzir a apoptose celular
(MENDEZ-ARMENTA et al.,, 2014; SINGH; GROVER; PAL PATHAK, 2010). O
estresse oxidativo ainda pode acometer a oligodendrdglia e alterar a producéo de
mielina exercida por ela ao longo do desenvolvimento (PINTO et al., 2017).
Estudos prévios evidenciaram aumento do EO desencadeado por crises
convulsivas em humanos e modelos animais associado a efeito citotoxico
possivelmente secundario a lesdo direta dos EROs a macromoléculas, a
propagacédo da reacdo em cadeia de radicais livres de oxigénio (RLO), a oxidacao
do DNA e a peroxidacédo de lipideos alterando a estrutura das membranas celulares
(RUMIA et al., 2013), o que pode culminar em alteracdes de liberagéo e recaptacao
de neurotransmissores e da manutencao do equilibrio hidroeletrolitico (PEARSON-
SMITH; PATEL, 2017). O dano ao DNA causado pelo EO pode provocar erros de
incorporacao de bases nitrogenadas, ruptura de filamentos, alteracdo da metilacao
de bases, entre outras consequéncias (MENDEZ-ARMENTA et al., 2014). Quando
esses danos acumulam-se superando a capacidade de reparagdo, ocorre a
disfuncéo proteica seguida da disfuncéo celular e, finalmente, a apoptose (BHRIGU
et al., 2012). Crowe et al (2011) mostrou que, apds crises convulsivas
repetidamente provocadas por acido cainico, o cérebro de ratos mostrava aumento
da ruptura de filamentos duplos de DNA (CROWE et al., 2011). Cantafora et al
(2014), ao analisar células de hipocampo apds inducéo de crises convulsivas focais
limbicas com generalizacdo secundaria, também evidenciou aumento do dano de
DNA (CANTAFORA et al, 2014). Em uma avaliagdo de tecido neuroldgico
ressecado de pacientes com epilepsia refrataria encontrou-se um aumento de
284% da 8-ox0-7,8-diidro-2-deoxiguanosina (um produto da oxidacao de DNA) em
relacdo aos controles provenientes de bancos de cérebros (RUMIA et al., 2013).
Em pacientes com epilepsia refrataria, a resseccdo do foco epileptogénico
provocou normalizagdo de marcadores séricos de EO (FREY et al., 2017).
Portanto € possivel que a excitotoxicidade presente durante as crises
convulsivas, especialmente as prolongadas, aumente o EO e este contribua e/ou

seja um dos grandes responsaveis pelo dano cerebral secundario a epilepsia e
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evolucdo de muitos pacientes para quadros de atraso do DNPM evidenciados em

varias sindromes epilépticas infantis.

Antlomdante |

—»% *ﬂ—| Antioxidante
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Lipoxigenases
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Xantina oxidase

Citocromo P450

| Antioxidante |

NADPH Prxe x PrXred GSSG
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\ / | "
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Figura 2. Possiveis origens de espécies reativas no neurdénio. NOS: 6xido nitrico; GSH: glutationa
reduzida; GR: glutationa redutase; GSSG: glutationa oxidada; GPx: glutationa peroxidase; SOD:
superdxido dismutase; Trx: tiorredoxina; TrxR: tiorredoxina redutase; Prxox: peroxirredoxina
oxidada; PRXred: peroxirredoxina reduzida; Aco2: aconitase; A-KGDH: alfa-cetoglutarato

desidrogenase
Adaptado de Pearson-Smith (2017).

1.1.3. Selénio e epilepsia

O Selénio (Se) é um elemento essencial para o corpo humano e seu papel
em processos biolégicos é conhecido desde a década de 50 (PITTS, 2014). Ele é
convertido ao aminoacido selenocisteina (PILLAI; UYEHARA-LOCK; BELLINGER,

2014) que é incorporado ao grupo de enzimas antioxidantes glutationa peroxidases
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(ROMANOWSKA, 2006), cujos principais componentes encontrados no SNC sdo a
GPx-1 e GPx-4 (PILLAI; UYEHARA-LOCK; BELLINGER, 2014). A GPx-1 localiza-
se nos neurdnios e células da glia, enquanto a GPx-4, em condicbes normais,
somente em neurdnios e, em situacdes patologicas, também nos astrocitos (PILLAI;
UYEHARA-LOCK; BELLINGER, 2014; PITTS et al., 2014). A GPx-4 encontra-se
em maior quantidade em cérebros em desenvolvimento, reduzindo conforme o
crescimento (SOLOVYEV, 2015) e atua utilizando hidroperéxidos fosfolipidicos,
destruindo-os, além de suprimir a peroxidacéo lipidica (PILLAI; UYEHARA-LOCK;
BELLINGER, 2014; SOLOVYEV, 2015) e alterar a sinalizacdo intracelular,
reduzindo a acao das lipoxidades e cicloxigenases, responsaveis pela geracao de
metabdlitos do acido araquidénico (ROMANOWSKA et al., 2007). Ja a GPx-1 tem
seu papel relacionado a peroxidos de hidrogénio e perdxidos organicos sollveis
(ROMANOWSKA et al., 2007).

Também atua no SNC, entre outras, a familia das selenoproteinas
tiorredoxina redutases (TrxR) na reducéo de peréxido de hidrogénio e EO, além de
nos mecanismos de controle da transcricdo celular (PILLAI; UYEHARA-LOCK;
BELLINGER, 2014). O Se ainda pode modular o influxo de Ca?* e atuar
especificamente contra a excitotoxicidade e na ativacdo da glia (SOLOVYEYV,
2015).

A deficiéncia do elemento esta relacionada a piora da funcéo cognitiva e
motora, além deste ter sido encontrado em menor quantidade em pacientes com
doencas de Alzheimer, de Parkinson, Huntington e epilepsia (NEVITT et al., 2017),
sendo sua reposicao responsavel pela reducao de crises convulsivas em alguns
individuos (FORCELLI et al., 2012; JOKEIT; KRAMER; EBNER, 2005). Foi
evidenciado também que, em modelos animais, epilepsia refrataria provocava
aumento da peroxidacao de lipideos e a administracdo de Se concomitantemente
a topiramato provocava sua reducdo e aumento de proteinas como as da familia
GPx (YUREKLI; NAZIROGLU, 2013). Outros estudos mostraram uma correlacao
inversa entre a concentracao de Se e crises convulsivas febris e que, durante crises
epilépticas intrataveis e idiopaticas, ocorria a reducéo sérica do elemento, podendo
indicar seu consumo na tentativa de prevenir a excitotoxicidade (PILLAI;
UYEHARA-LOCK; BELLINGER, 2014). Em modelos animais, ratos knockout para

GPx-4 apresentaram maior risco de crises epilépticas no periodo neonatal (PILLAI;
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UYEHARA-LOCK; BELLINGER, 2014). Pesquisas prévias foram capazes de
corroborar fungdes antioxidantes advindas também de compostos organosselénios
(SHINGALAPUR et al., 2010; TAMIR; MECHOULAM; MEYER, 1980).

1.2. Desenvolvimento de novos antiepilépticos

O tratamento farmacolégico da epilepsia teve inicio em 1857, quando o
brometo de potassio, possivelmente um agonista GABA (LOSCHER et al., 2013),
foi utilizado com sucesso em pacientes do sexo feminino que apresentavam crises
convulsivas (ARZIMANOGLOU et al., 2010). Em 1912 foi descoberta atividade
anticonvulsivante do fenobarbital e, posteriormente em 1937, a atividade da
fenitoina, eficaz em mais pacientes e menos sedativa (ARZIMANOGLOU et al.,
2010). Em 1953 a carbamazepina deu inicio a uma nova geracdo de
anticonvulsivantes e foi seguida pelo acido valproico em 1962 (ARZIMANOGLOU
et al., 2010). Desde entdo, varios novos farmacos antiepilépticos tém sido
disponibilizados (Figura 3), entretanto n&o suficientes para controlar crises em
cerca de 30% dos pacientes ou para reverter quadros resistentes a medicacao,
indicando pouco progresso nos ultimos 50 anos (LOSCHER et al., 2013). Sabe-se
também que o uso da maioria das medicacfes na populacéo pediatrica ocorreu por
extrapolacdo dos seus efeitos em adultos e que até por volta dos 2 anos de idade
essa extrapolagcado, quando cuidadosa, pode ocorrer (WADSWORTH et al., 2016).
Entretanto efeitos no crescimento, no desenvolvimento cognitivo, motor e de
linguagem, tal qual efeitos na aprendizagem e comportamento sdo de extrema
importancia e ndo podem ser extraidos de estudos em uma populagédo de adultos
(WADSWORTH et al., 2016). Ademais, individuos recém-nascidos raramente séo
investigados em estudos pré-clinicos ou ensaios clinicos (WADSWORTH et al.,
2016).

Testes para avaliagdo de novos antiepilépticos utilizam classicamente varios
modelos animais de crises convulsivas para triagem pré-clinica (RHODEN;
RHODEN, 2006; KEHNE et al, 2017), sendo o da administragdo de
pentilenotetrazol (PTZ) considerado um dos de primeira linha, apesar do risco da
producao de resultados falso-negativos (GOLYALA; KWAN, 2017; LOSCHER et al.,
2013). O modelo de PTZ é utilizado desde 1944 para avaliacdo da resposta a
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antiepilépticos e € considerado padrdo para pesquisa de novos farmacos que
atuem contra crises convulsivas mioclonicas e caracterizadas por padrdo
eletroencefalografico de ponta-onda (DHIR; CHOPRA, 2015; GOLYALA; KWAN,
2017; RHODEN; RHODEN, 2006; PETERSON, 1998).

Loscher (2013) cita 3 estratégias pré-clinicas Uteis para o desenvolvimento
de novas medicacdes antiepilépticas: a triagem aleatdria de novas moléculas de
diferentes categorias estruturais, mas sem mecanismo de agdo elucidado; a
avaliacdo de moléculas cuja estrutura seja derivada de antiepilépticos ja
conhecidos; e o design de drogas baseado em hipdteses sobre sitio de acao.
Entretanto, relata que poucos farmacos foram provenientes desta Ultima estratégia
de desenvolvimento baseado especificamente no alvo terapéutico (LOSCHER et
al., 2013).

Eslicarbazepine acetate 2009

Lacosamide 2008 (

Rufinamide (ELJ) 2007

Pregabalin 2005

Zonisamide (EL) 2005
OxcarbazepineZonisamide (US) 2000
Levetiracetam 1999

Tiagabine 1997 g

Topiramate 1996

Lamotrigine 1994 G
Felbamate/Gabapentin 1993

-

Vigabatrin/Zonisamide (Japan) 1989

Carbamazepine 1965 ] _
“C'alpprc]ate 1967

ILAE founded .
1909 |'|'IEI'I'5."I<J n
1938

-+

Bromide Ethosuximide 1958

1857

(i@t
Phenobarbital 1912
I T T T T T T T T T 1
1900 1920 1940 1960 1980 2000

Figura 3. Linha do tempo de desenvolvimento de medicacBes antiepilépticas (Retirada de:
Arzimanoglou et al (2010).
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1.2.1. Derivados imidazdis e atividade antiepiléptica

A hidantoina (imidazolidina-2,4-diona) (Figura 4B), desde sua descoberta
em 1861, tem se provado uma estrutura heterociclica de grande importancia
farmacoldgica (BARVE, 2015). Em 1908 foi sintetizada pela primeira vez a difenil-
hidantoina (2,4-diceto-tetra-hidro-imidazol) (Figura 4C), mais conhecida na pratica
meédica como fenitoina (FNT), cujo primeiro uso clinico, citado previamente, foi
descoberto em 1937 (SMITH, 1988). A atividade antiepiléptica da FNT deve-se
essencialmente a presenca de uma unidade hidrofébica, um grupo doador de
elétrons e um dominio de ligagdo com hidrogénio (SHINGALAPUR et al., 2010;
TAMIR; MECHOULAM; MEYER, 1980) e sua estrutura quimica guarda
semelhancas com outros farmacos de ag&o anticonvulsivante em decorréncia da
presenca de anéis heterociclicos nitrogenados como, por exemplo, o diazepam
(Fig. 4D), fenobarbital (Fig. 4E), carbamazepina (Fig. 4F), entre outros (LOPEZ,
2011; BRUNTON, 2011). Seu mecanismo de acdo nao foi totalmente elucidado,
mas foram descritas previamente agdes de estabilizacdo de membrana, alteragbes
de canais idnicos e de transporte ativo (LOPEZ et al.,, 2011) que envolvem a
reducdo de disparos de potenciais de acdo evocados (BRUNTON, 2011). Ha
também relatos na literatura, em modelos animais, de aumento da conversédo de
glutamato e glutamina em GABA, elevacdo da concentracdo de GABA em SNC,
aumento da conducdo sinaptica inibitéria e prolongamento dos potenciais pos-
sindpticos inibitérios, além de alteragbes em outros neurotransmissores como
norepinefrina, acetilcolina, serotonina e dopamina (SMITH, 1988).

Ao longo dos anos novas moléculas heterociclicas contendo anéis
benzimidazolicos — composto oriundo da fusdo entre um benzeno e um anel
imidazol com dois atomos de hidrogénio ndo adjacentes (SILVA, 2014) — foram
descobertas e observou-se que algumas possuiam afinidade pelos receptores
glutamatérgicos NMDA provocando sua inibicdo e decorrente protecdo a
excitotoxicidade, além de reduzir a morte neuronal in vitro (CHOPRA, 2004; WEE
et al., 2010). Ja outros compostos, por sua vez, foram eficazes em reduzir e até
abortar crises convulsivas em modelos animais (BHRIGU et al., 2012
KALUSALINGAM et al., 2018).

As atividades biolégicas observadas nas substancias heterociclicas também

sao decorrentes, em grande parte, dos compostos substituintes acoplados a seus
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nacleos (SMIT et al., 2015). Nesse contexto cabe retomar o importante papel do Se

como neuroprotetor e a necessidade de busca de novos farmacos que possuam

tanto um efeito antiepiléptico quando de neuroprotecéo.
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Figura 4. Estrutura quimica de: A) Anel benzimidazélico; B) Hidantoina; C) Fenitoina; D) Diazepam,;
E) Fenobarbital; F) Carbamazepina. Estruturas retiradas de PubChem — Open Chemistry Database.

No ano de 2014 foram sintetizados pelo grupo do professor Paulo H.

Schneider, no Laboratério de Catélise Molecular da Universidade Federal do Rio

Grande do Sul (LAMOCA-UFRGS) compostos benzimidazélicos inéditos contendo

o calcogénio selénio (SILVA, 2014) e com grande potencial terapéutico.
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Apos revisao da literatura concluiu-se que seria possivel que as moléculas
imidazdlicas desenvolvidas atuassem regulando a interacdo GABA-glutamato,
além de modular a resposta imunoldgica e de hiperexcitabilidade em SNC levando
ao controle de crises convulsivas em quadros de epilepsia. Portanto, propds-se o
estudo dos efeitos anticonvulsivantes dos novos compostos benzimidazolicos
disponibilizados pelo LAMOCA-UFRGS (Figura 5) que contam com um atomo de
selénio conectando o sistema benzimidazoélico a substituintes ligados a um anel
benzénico que possuem variancia em relacdo a posicao de ligacdo no anel e
também a natureza (doador ou aceptor de elétrons), em modelo animal de epilepsia

neonatal e de inicio precoce ja consagrado na literatura.

BZISe | a b c d

o o-p g >

Figura 5. Estrutura das moléculas benzimidazélicas disponibilizadas pelo LAMOCA-UFRGS para
teste.

R: radical; Se: Selenio; BZISe: Selenobenzimidazol; “a”: 2-(p-toluilselenil)-1H-benzo[d]imidazol,
“b™ 2-((4-metoxifenil)selenil)-1H-benzo[d]imidazol, “c”: 2-((2-clorofenil)selenil)-1H-
benzo[d]imidazol, “d”: 2-((3-(trifluormetil)fenil)selenil)-1H-benzo[d]imidazol, “e”: 2-(mesitilselenil)-
1H-benzol[d]imidazol

1.2.2. Escolha das doses dos farmacos

Os derivados benzimidazolicos disponibilizados ndo foram avaliados em
nenhum estudo prévio. Em revisao bibliografica foram encontrados estudos que
avaliaram outros derivados benzimidazdlicos no controle de crises convulsivas,
porém as doses foram bastante divergentes assim como o padrdo de resposta e
via de administracdo (Tabela 1). Aléem disso nenhuma pesquisa avaliou modelos
neonatais, portanto as doses foram escolhidas visando formulag&o de curva dose-

resposta com inicio em doses mais baixas em relacéo a literatura.
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Tabela 1. Doses de derivados benzimidazdlicos avaliados previamente para

controle de crises convulsivas em modelos animais

Referéncia Composto Espécie Doses Viade Modelo Grupo
(mg/kg) adm animal amostral
Singh, 2010 Derivados 1,2,5-benzimidazéis Wistar* 40 i.p. PTZ N=6
trisubstituidos

Kalusalingam, Derivados de 2-  Wistar* 20 i.p. MES N=6
2010 mercaptobenzimidazol
Shaharyar, Derivados de 2-[2-(fenoximetil)- -* 30, 100, i.p. PTZ e N=10
2011 1H-benzimidazol-1-il]-NO-[(2)- 500 MES

fenilmetilideno]
acetil-hidrazida

Bhrigu, 2012 2-[(1-feniletilidina  substituida) Wistar* 30, 60, v.o PTZ e N=6
hidrazina]-N-fenil-1H- 100 MES
benzo[d]imidazol -1-
carbo-tioamidas

Shingalapur, 4-tiazolidinonas Wistar* 20 -85 i.p. MES -
2010 5 e 1,3,4-oxadiaz6is com 2-
mercapto benzimidazol

Adm: Administracdo. V.O: via oral. |.P: intraperitoneal. PTZ: Pentilenotetrazol. MES: maximo

eletrochoque transcorneal. N: quantidade de sujeitos por grupo experimental. *Adultos.

2. Justificativa

Considerando a necessidade de novos farmacos antiepilépticos que visem
controle mais eficaz de crises convulsivas e que, simultaneamente, previnam 0s
danos neuronais ocorridos em decorréncia do quadro e, considerando a falta de
estudos de farmacos destinados a populacéo pediatrica, especialmente neonatal,
se faz imperativa a triagem de novos farmacos em modelos pré-clinicos neonatais
de epilepsia que possam contribuir para as duas areas supracitadas: tratamento da
epilepsia e neuroprotecéo.

O presente estudo também cogitou a possibilidade de que as novas
moléculas benzimidazdlicas atuem em situacbes de hiperexcitabilidade e
modulacdo tanto da resposta imune em SNC quanto da excitagdo neuronal e,
portanto, possam favorecer o controle de crises convulsivas em quadros de
epilepsia.

A proposta de investigacdo € original e ndo encontrada em revisdo da
literatura realizada, posto que, além de fazer uso de moléculas inéditas, poucos

estudos foram encontrados com modelos animais ndo adultos.
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A evidéncia do beneficio terapéutico nesta pesquisa permitira possibilidades
de ensaios garantindo novas direcfes para o tratamento de sindromes epilépticas
em humanos que venham a interferir na morbidade dos individuos, assim como

melhorar a qualidade de vida.

3. Objetivos

3.1. Objetivo geral

Avaliar a eficacia de novas moléculas benzimidazélicas em modelo animal

de epilepsia neonatal.

3.2. Objetivos especificos

- Avaliar a laténcia para inicio das crises no modelo de pentilenotetrazol de epilepsia
neonatal e comparar em relacdo aos grupos controles positivo (FNT) e negativo
(NaCl0,9%) frente as novas moléculas benzimidazolicas;

- Avaliar a gravidade das crises apresentadas pelos individuos e comparar em
relacdo aos grupos controles positivo (FNT) e negativo (NaCl0,9%) frente as novas

moléculas benzimidazolicas.
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Abstract:

Background: Epilepsy is a common neurologic disorder in childhood and is
associated to neurological damage and developmental impairments. Current
treatments are not able do completely control seizures, therefore the research for
new drugs is needed. Benzimidazole molecules and its substituents are a potential
anticonvulsant target for discovering new drugs. Objective: We aim to investigate
the antiepileptic effect of new selenobenzimidazoles compounds in comparison to
phenytoin in neonatal seizures model. Methods: Seizures were induced in 132
Wistar rats between 10 and 15 days with pentylenetetrazol 30 minutes before
administration of the new compounds. They were evaluated throughout 60 minutes
for seizure latency and severity. Results: 4 of the 5 drugs showed a positive
correlation between dose and latency enhance. The dose of 8mg/kg of the
compound 2-(2-chlorobenzylselanyl)-1H-benzo[d]imidazole showed significant
difference between test group and negative control group and no difference in
comparison to phenytoin group. The compound 2-((3-
(trifluoromethyl)phenyl)selenyl)-1H-benzo[d]imidazole = showed a  significant
reduction of severe seizures in comparison to negative control as well as a 100%
reduction of the duration of these seizures.

Conclusion: These new selenobenzimidazoles compounds may be a new
field of research for antiepileptic drugs development, especially because its

selenium substituent, which may provide antioxidative properties to the molecule.

Keywords: Epilepsy, Neonatal Seizures, Benzimidazole, Selenium.
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Introduction

Epilepsy is among the most common chronic neurologic disorders of
childhood affecting about 1% of children and presenting with the highest incidence
rate during infancy (Aaberg et al, 2017; Russ et al, 2012). Seizures affects 1-5:1000
live births, especially the ones with less than 1500g (Donovan et al, 2016) and may
provoke great neurological and other physical impairments (Chen et al, 2017,
Strzelczyk et al, 2017). Furthermore, children with seizures are at increased risk for
developmental and behavioral comorbidities, increasing needs for specialized
health care (Russ et al, 2012). Around 10% of children with epilepsy present
intractable seizures, which increase the risk of sudden death (Agarwal and Fox,
2018). Considering the above, new treatment for epilepsy, especially in neonatal
epilepsy are needed.

Benzimidazoles are well known heterocyclic compounds with a large range
of uses (Bansal et al, 2017). Another example of heterocyclic compound is
phenytoin (Figure 1A), that has its antiepileptic activity partially explained by the
presence of a hydrophobic unit and a hydrogen-bonding domain (Shingalapur et al,
2010) as well as other benzimidazoles derivates (Shingalapur et al, 2010). It was
demonstrated that similar heterocyclic molecules present affinity for NMDA
receptors, inhibiting them and therefore the glutamate provoked excitotoxicity
(Fuchigami et al, 2010; Wee et al, 2010). The biological activity of the heterocycles
can be also explained by the substituents attached to it (Smit et al, 2015), such as
selenium that has demonstrated, as an organoselenium compound, antioxidant
activity (Azad and Tomar, 2014).

Current pharmacological treatments may be associated with morbidity (Nevitt
et al, 2017) and are ineffective for around 30% of the patients (DiNuzzo et al, 2014).
These are some of the reasons why new drugs need to be developed. The aim of
this study was to investigate the anti-epileptic effect of five new heterocyclic
compounds developed by the Laboratory of Molecular Catalysis at Federal
University of Rio Grande do Sul (LAMOCA-UFRGS), characterized by a
benzimidazole ring binded to a benzene through selenium (Figure 1B).
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Material and Methods

Seizures were elicited in 132 Wistar albino rats with pentylenetetrazol (PTZ,
Sigma, St. Louis, MO, USA). They were kept in optimum environmental conditions
under a 12h/12h alternating light/dark cycle, from 22 to 24 °C of temperature, with
food and water ad libitum. All efforts were made to minimize the number of animals
used and reduce their suffering. All animals that persisted with epileptic activity at
the end of the experiment were treated with phenytoin 20mg/kg. The experimental
procedures were in accordance with ethical principles of the Brazilian College of
Animal Experimentation (COBEA) and were approved by the local Ethics
Commission on Animal Experimentation of Federal University of Health Sciences of
Porto Alegre. The heterocyclic compounds were kindly provided by IC-UFRGS and
prepared in a solution with DMSO (2mg/mL).

Animals in postnatal date (PD) between 10 and 15 (day of birth=0) were
divided in 7 groups and injected with the five new compounds via intraperitoneal (ip)
route at the doses of 1mg/kg (n=6), 2mg/kg (n=6), 4mg/kg (n=6) and 8mg/kg (n=6)
for each substance; NaCl 0,9%(n=6) as a negative control and phenytoin (n=6;
20mg/kg) as positive control. After 30 minutes were injected with pentylenetetrazol
(PTZ; 60 mg/kg) ip to induce seizures and noticed for a period of 60 minutes
according to the works of Dhir and Chopra (2015) and Velisek et al (1992). Pilot
study was made and the dose of 60mg/kg was chosen instead of 80mg/kg of PTZ,
because of the high percentage of mortality. Evaluation of seizure latency started
immediately after PTZ administration up to the star of seizures. After that we
evaluated each animal every 5 minutes for 30 seconds for seizure characterization
and duration. Seizure latency was evaluated with Kruskal-Wallis chi-squared test
followed by a multiple comparison test with Wilcoxon rank sum test with continuity
correction (p<0,05). We also performed the correlation with Spearman’s rank test
and checked the normality of data with Shapiro-Wilk test. We evaluated, using
Fisher’'s exact test, the presence or not of severe seizures among the test’s groups
and negative control (NaCl0,9%). The characterization of severity was made
according to Klioueva et al (2001): 0 - no change in behavior; 0.5 - atypical behavior;
1 - isolated myoclonic jerks, ear and facial twitching; 2 - atypical minimal seizures,
convulsive wave through the body; 3 - fully developed minimal seizures, clonus of

the head muscles and forelimbs; 4 - major seizures (generalized without the tonic
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phase); 5 — generalized tonic-clonic seizures (Table 1). Severe seizure was defined

by the presence of either major seizures or generalized tonic-clonic seizures.

Results

In the analysis of latency time to seizures of the five new compounds, Kruskal
Wallis showed significant difference for all of them. However, after post hoc
correction for multiple comparison, only the drug 2-(2-chlorobenzylselenyl)-1H-
benzo[d]imidazole (Figure 1B.2) in dose 8mg/kg remained significant when
compared to negative control (p = 0.01) and, as expected, the same happened with
phenytoin (p = 0.02). There was no significant difference of latency time of this drug
in dose 8mg/kg when compared to phenytoin (p > 0.5). The other 4 compounds
showed no significant difference between doses and negative control for latency to
seizures after post hoc. These results are summarized in Figure 2 and
Supplementary Table 1.

Despite that, the Spearman’s test indicated a positive correlation between
the doses of 4 drugs and the enhance of latency, especially for drug 2-(2-
chlorobenzylselenyl)-1H-benzo[d]imidazole (rho = 0.73, p < 0,0001). All correlations
are summarized in Figure 3.

We were also able to find a difference among the presence of severe
seizures between negative control and 2-((3-(trifluoromethyl)phenyl)selenyl)-1H-
benzo[d]imidazole (Figure 1B.4) at the dose of 1mg/kg (p = 0.015). The results are
shown in Figure 4. And, when comparing the duration of severe seizures, there was
a reduction of 38.51% between the 2-(mesitylselenyl)-1H-benzo[d]imidazole
(Figure 1B.1) at the dose of 8mg/kg (166s) and phenytoin (270s) as well as a
reduction of 100%  between 2-((3-(trifluoromethyl)phenyl)selenyl)-1H-
benzo[d]imidazole at the dose of 1mg/kg (0s) and phenytoin (270s).

Discussion

Our results show that the compound 2-(2-chlorobenzylselenyl)-1H-
benzo[d]imidazole at the dose of 8mg/kg was able to change the latency for seizures
when compared to negative control group in the neonatal epilepsy model. The dose

did not have significant difference comparing to phenytoin. We were also able to
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find a positive correlation between dose and seizure latency for four of the five drugs
tested. There was also a difference on the number of individuals that
presented severe seizures, receiving 1mg/kg of 2-((3-
(trifluoromethyl)phenyl)selenyl)-1H-benzo[d]imidazole when comparing to negative
control. These individuals also presented a wide decrease on seizures duration as
well as did the ones receiving 2-(mesitylselenyl)-1H-benzo[d]imidazole at the dose
of 1mg/kg when comparing to the phenytoin group. According to the International
League Against Epilepsy, these results already show superiority of
efficacy/effectiveness in comparison to phenytoin, since the seizures reduction was
higher than 20% (Glauser et al, 2013). Our results are in line with previous evidence
of antiepileptic effect of benzimidazoles compounds (Bhrigu et al, 2012) and are
reinforced by the robust evidence of phenytoin (Nevitt et al, 2017). Moreover, this is
the first work describing the evidence of antiepileptic properties of
selenobenzimidazoles derivates in a neonatal model of epilepsy.

Despite the evidence discussed above, it is known that phenytoin has
important and life threatening adverse effects, such as Stevens-Johnson syndrome
and toxic epidermal necrolysis (Frey et al, 2017), megaloblastic anemia (Nevitt et
al, 2017), as well as motor and memory impairment (Forcelli et al, 2012; Jokeit et
al, 2005), and augmented oxidative stress (OS) (Winn and Wells, 1995).

The most accepted origin for seizures are the imbalance between glutamate
and GABA (DiNuzzo et al, 2014). The excitotoxicity generated by glutamate excess
can lead to irreversible neuronal damage (Levite, 2014). It is caused in part, through
the rise of intracellular Ca?* which allows the phospholipase A2 to release
arachidonic acid that will generate O? radicals during its metabolism for production
of eicosanoids (Mendez-Armenta et al, 2014). This is the main reason antiepileptic
drugs should have not only the anticonvulsant effect but also a neuroprotective role,
especially antioxidant properties.

Our drug, carrying a nitrogen-containing heterocyclic system such as
phenytoin, probably elicited the anticonvulsant effect due to reduction in the opening
of the voltage gated Na* channels that modulate the action potential. This effect is
possibly related to the hydrophobic unit present in benzimidazole ring (Shingalapur
et al, 2010; Tamir et al, 1980) and the presence of a carbon-chloro bond that may

enhance the affinity for its biological target (Scholfield et al, 2013). The results could
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also be partially explained by a trifluoromethyl group binded to a benzene ring which
is common in other psychotropic medications as fluoxetine, fluvoxamine and
halothane (PubChem) and may provide more molecular stability (Gakh and
Shermolovich, 2014).

It is noteworthy that our compounds also have a selenium atom in its
structures. Selenium containing organic molecules act as antioxidants through
enzymatic reactions responsible for reducing peroxide radicals especially in central
nervous system (Naziroglu and Yurekli, 2013). Previous studies showed antioxidant
roles from organoselenium compounds (Saluk et al, 2013). Moreover, the deficiency
of selenium is related to impairment of cognitive and motor function and its low
concentration is associated not only with epilepsy, but also with other chronic
neurologic disorders such as Alzheimer disease and Parkinson disease (Pillai et al,
2014). O que pode ser de interesse em relacdo a protecao de neurénios lesionados
na epilepsia. In addition, its replacement was reported to be responsible for seizures
reduction (Pillai et al, 2014).

Since the discovery of the antiepileptic role of valproic acid, new drugs have
been developed, however insufficient for seizure control in almost 30% of patients
and still incapable of reversing drug-resistant epilepsy (Ldscher; Klitgaard; Twyman
& Schmidt, 2013). It is known also that the use of most drugs in pediatric population
is made by extrapolation of efficacy on adults even though the impossibility of
evaluation of effects on development (Wadsworth et al, 2016). Furthermore,
newborns rarely are investigated in preclinical or clinical trials (Wadsworth et al,
2016). That's why we suggest that preclinical investigation on potential antiepileptic
drugs encompass also newborns and infants’ animal models.

Our study has some limitations. First, we did not perform a prospective
evaluation to measure long term side effects; second, we did not perform
biochemical and histological evaluations to investigate neuronal protection and
other molecular alterations. Notwithstanding these limitations, the current study has
shed light on a promise field of new pharmacological targets to epilepsy treatment.
Therefore, further studies should replicate these findings in larger sample sizes, with
different tests and in longitudinal designs. Also, we suggest a higher range of doses

to be tested, since lower ones did not produce a significant result, despite the
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evidence of a positive correlation. Besides that, the potential antioxidant effect and

neuroprotective role of this drug need to be studied.

Funding and disclosure

The authors claim no financial support or conflict of interest

Acknowledgments
The authors are thankful to Dr. Jairo Vinicius Pinto for discussions on methods and

manuscript text.

References

Aaberg KM, Gunnes N, Bakken 1J, Lund Soraas C, Berntsen A, Magnus P, et al
(2017). Incidence and Prevalence of Childhood Epilepsy: A Nationwide Cohort
Study. Pediatrics 139: .

Agarwal M, Fox SM (2018). Pediatric Seizures. Emerg Med Clin 31: 733-754.

Azad GK, Tomar RS (2014). Ebselen, a promising antioxidant drug: mechanisms of
action and targets of biological pathways. Mol Biol Rep 41: 4865—-4879.

Bansal Y, Kaur M, Bansal G (2017). Antimicrobial Potential of Benzimidazole
Derived Molecules. Mini Rev Med Chem
doi:10.2174/1389557517666171101104024.

Bhrigu B, Siddiqui N, Pathak D, Alam MS, Ali R, Azad B (2012). Anticonvulsant
evaluation of some newer benzimidazole derivatives: design and synthesis.
Acta Pol Pharm 69: 53-62.

Chen Z, Brodie MJ, Liew D, Kwan P (2017). Treatment Outcomes in Patients with
Newly Diagnosed Epilepsy Treated With Established and New Antiepileptic
Drugs: A 30-Year Longitudinal Cohort Study. JAMA Neurol
doi:10.1001/jamaneurol.2017.3949.

Dhir A, Chopra K (2015). On the anticonvulsant effect of allopregnanolone (a
neurosteroid) in neonatal rats. Life Sci 143: 202—-208.

DiNuzzo M, Mangia S, Maraviglia B, Giove F (2014). Physiological bases of the K+
and the glutamate/GABA hypotheses of epilepsy. Epilepsy Res 108: 995-1012.



39

Donovan MD, Griffin BT, Kharoshankaya L, Cryan JF, Boylan GB (2016).
Pharmacotherapy for Neonatal Seizures: Current Knowledge and Future
Perspectives. Drugs 76: 647-661.

Forcelli PA, Kozlowski R, Snyder C, Kondratyev A, Gale K (2012). Effects of
neonatal antiepileptic drug exposure on cognitive, emotional, and motor
function in adult rats. J Pharmacol Exp Ther 340: 558-566.

Frey N, Bodmer M, Bircher A, Ruegg S, Jick SS, Meier CR, et al (2017). The risk of
Stevens-Johnson syndrome and toxic epidermal necrolysis in new users of
antiepileptic drugs. Epilepsia 58: 2178-2185.

Fuchigami T, Yamaguchi H, Ogawa M, Biao L, Nakayama M, Haratake M, et al
(2010). Synthesis and biological evaluation of radio-iodinated benzimidazoles
as SPECT imaging agents for NR2B subtype of NMDA receptor. Bioorg Med
Chem 18: 7497-7506.

Gakh AA, Shermolovich Y (2014). Trifluoromethylated heterocycles. Curr Top Med
Chem 14: 952-965.

Glauser T, Ben-Menachem E, Bourgeois B, Chaan A, Guerreiro C, Kalviainen R, et
al (2013). Updated ILAE evidence review of antiepileptic drug efficacy and
effectiveness as initial monotherapy for epileptic seizures and syndromes.
Epilepsia 54: 551-563

Jokeit H, Kramer G, Ebner A (2005). Do antiepileptic drugs accelerate forgetting?
Epilepsy Behav 6: 430—432.

Klioueva IA, Luijtelaar EL van, Chepurnova NE, Chepurnov SA (2001). PTZ-induced
seizures in rats: effects of age and strain. Physiol Behav 72: 421-426.

Levite M (2014). Glutamate receptor antibodies in neurological diseases: anti-
AMPA-GIuR3 antibodies, anti-NMDA-NR1 antibodies, anti-NMDA-NR2A/B
antibodies, anti-mGIluR1 antibodies or anti-mGIluR5 antibodies are present in
subpopulations of patients with either: epilepsy, en. J Neural Transm 121:
1029-1075.

Loscher W, Klitgaard H, Twyman RE, Schmidt D (2013). New avenues for anti-
epileptic drug discovery and development. Nat Rev Drug Discov 12: 757-776.

Mendez-Armenta M, Nava-Ruiz C, Juarez-Rebollar D, Rodriguez-Martinez E,
Gomez PY (2014). Oxidative stress associated with neuronal apoptosis in
experimental models of epilepsy. Oxid Med Cell Longev 2014: 293689.



40

National Center for Biotechnology Information. PubChem Compound Database;
CID=5324346, https://pubchem.ncbi.nim.nih.gov/icompound/5324346
(accessed Feb. 25, 2018).

National Center for Biotechnology Information. PubChem Compound Database;
CID=3562, https://pubchem.ncbi.nim.nih.gov/icompound/3562 (accessed Feb.
25, 2018).

National Center for Biotechnology Information. PubChem Compound Database;
CID=3386, https://pubchem.ncbi.nim.nih.gov/compound/3386 (accessed Feb.
25, 2018).

Naziroglu M, Yurekli VA (2013). Effects of antiepileptic drugs on antioxidant and
oxidant molecular pathways: focus on trace elements. Cell Mol Neurobiol 33:
589-599.

Nevitt SJ, Sudell M, Weston J, Tudur Smith C, Marson AG (2017). Antiepileptic drug
monotherapy for epilepsy: a network meta-analysis of individual participant
data. Cochrane database Syst Rev 6: CD011412.

Pillai R, Uyehara-Lock JH, Bellinger FP (2014). Selenium and selenoprotein function
in brain disorders. IUBMB Life 66: 229-239.

Russ SA, Larson K, Halfon N (2012). A national profile of childhood epilepsy and
seizure disorder. Pediatrics 129: 256—-264.

Saluk J, Bijak M, Nowak P, Wachowicz B (2013). Evaluating the antioxidative
activity of diselenide containing compounds in human blood. Bioorg Chem 50:
26-33.

Scholfield MR, Zanden CM Vander, Carter M, Ho PS (2013). Halogen bonding (X-
bonding): a biological perspective. Protein Sci 22: 139-152.

Shingalapur R V, Hosamani KM, Keri RS, Hugar MH (2010). Derivatives of
benzimidazole pharmacophore: synthesis, anticonvulsant, antidiabetic and
DNA cleavage studies. Eur J Med Chem 45: 1753-1759.

Smit BM, Pavlovic RZ, Milenkovic DA, Markovic ZS (2015). Mechanism, kinetics
and selectivity of selenocyclization of 5-alkenylhydantoins: an experimental
and computational study. Beilstein J Org Chem 11: 1865-1875.

Strzelczyk A, Griebel C, Lux W, Rosenow F, Reese J-P (2017). The Burden of
Severely Drug-Refractory Epilepsy: A Comparative Longitudinal Evaluation of

Mortality, Morbidity, Resource Use, and Cost Using German Health Insurance



41

Data. Front Neurol 8: 712.

Tamir I, Mechoulam R, Meyer AY (1980). Cannabidiol and phenytoin: a structural
comparison. J Med Chem 23: 220-223.

Velisek L, Kubova H, Pohl M, Stankova L, Mares P, Schickerova R (1992).
Pentylenetetrazol-induced seizures in rats: an ontogenetic study. Naunyn
Schmiedebergs Arch Pharmacol 346: 588-591.

Wadsworth |, Jaki T, Sills GJ, Appleton R, Cross JH, Marson AG, et al (2016).
Clinical Drug Development in Epilepsy Revisited: A Proposal for a New
Paradigm Streamlined Using Extrapolation. CNS Drugs 30: 1011-1017.

Wee X-K, Ng K-S, Leung H-W, Cheong Y-P, Kong K-H, Ng F-M, et al (2010).
Mapping the high-affinity binding domain of 5-substituted benzimidazoles to the
proximal N-terminus of the GIuN2B subunit of the NMDA receptor. Br J
Pharmacol 159: 449-461.

Winn LM, Wells PG (1995). Phenytoin-initiated DNA oxidation in murine embryo
culture, and embryo protection by the antioxidative enzymes superoxide
dismutase and catalase: evidence for reactive oxygen species-mediated DNA
oxidation in the molecular mechanism of phenytoin teratogen. Mol Pharmacol
48: 112-120.



Figures

BZl5e a-e

BZ15e 1

1P 0 o

Figure 1. A: Phenytoin structure. B: Chemical structure of five benzimidazole compounds
provided by the Institute of Chemistry at Federal University of Rio Grande do Sul

R: Radical. Se: Selenium. BZISe: Selenobenzimidazole. 1: 2-(mesitylselenyl)-1H-
benzo[d]imidazole, 2: 2-(2-chlorobenzylselenyl)-1H-benzo[d]imidazole, 3: 2- (p-tolueneselenyl)
-1H-benzo [d] imidazole, 4: 2-((3-(trifluoromethyl)phenyl)selenyl)-1H-benzo[d]imidazole, 5: 2 -
((4-methoxyphenyl) selenyl) -1H-benzo [d] imidazole
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Figure 2. Boxplots of the tested compounds. * Remained significant after post hoc. P: Phenytoin (20mg/kg); 0: negative control. 1: 2-(mesitylselenyl)-1H-

benzo[d]imidazole, 2:

2-(2-chlorobenzylselenyl)-1H-benzo[d]imidazole, 3: 2-

(p-tolueneselenyl)

-1H-benzo [d] imidazole, 4: 2-((3-

(trifluoromethyl)phenyl)selenyl)-1H-benzo[d]imidazole, 5: 2 - ((4-methoxyphenyl) selenyl) -1H-benzo [d] imidazole. Latency given in seconds.
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Figure 3. Correlation between doses and latency. 0: negative control. 1. 2-(mesitylselenyl)-1H-
benzo[d]imidazole, 2: 2-(2-chlorobenzylselenyl)-1H-benzo[d]imidazole, 3: 2- (p-tolueneselenyl) -
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Tables

Score Behavior Severity

0 No changes of behavior -

0,5 Atypical behavior Mild seizures

1 Isolated myoclonic jerks, ear and facial twitching

2 Atypical minimal seizures, convulsive wave Moderate
through the body seizures

3 Fully developed minimal seizures, clonus of the
head muscles and forelimbs, righting reflex was
present

4 Major seizures (generalized without the tonic Severe Seizures
phase)

5 Generalized tonic-clonic seizures began with

running, followed by the lost of righting ability, then

short tonic phase

Table 1. Evaluation score according to Klioueva et al (2001) and severity
graduation used on Fisher’s exact test
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Drug Latency — Median (IQR) Kruskal-Wallis
1mg/kg 2mg/kg 4mg/kg 8mg/kg Phenytoin  NaCl 0,9% NG df P
1
H 43(18.5) 35(33) 51(23.25) 46.5(37.75)  50.5(10.5) 18(4.5) 11.85 5 0.03
Crix :
N ,
2
H
N 40(13.5) 30(18.5) 49(10) 66.5(19.25)  50.5(10.5) 18(4.5) 20593 5 <0.001
/>—SE # #
e
Cl
3
¥ 32(7.5) 33(13) 23.5(11.5) 49(20) 50.5(10.5) 18(4.5) 15875 5 0.007
©:x>_59 i j: #
N
4
H
@:N?_SE 26(12.5) 32(4) 38.5(29.75) 36.5(30.5) 50.5(10.5) 18(4.5) 1.912 5 0.01
N \—< i #
Fy
5
¥ 23(9.5) 29,5(12.25) 25(19.75) 38(36.25)  50.5(10.5) 18(4.5) 16934 5 0.004
#

N
@: ;>_SE
N \—Q—OME

Supplementary table 1. The table shows the result from Kruskal-Wallis of 5 benzimidazole derivates evaluated in 4 different doses when compared
to phenytoin and negative control (NaCl 0,9%). # = Remained statistically significant after post hoc with multiple comparisons. IQR = Interquartile

range
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6. Conclusao

Nossa pesquisa evidenciou que o composto 2-(2-clorobenzilselenil)-1H-
benzo[d]imidazol mostrou-se eficaz em elevar o tempo de laténcia para inicio das
crises no modelo de PTZ em relacdo ao grupo controle negativo e que ndo houve
diferenca estatisticamente significativa entre o farmaco e a fenitoina utilizada como
controle positivo. Também encontramos uma correlacao positiva entre o aumento
da dose e 0 aumento do tempo de laténcia tanto para o farmaco em questdo quanto
para outros 3 avaliados dentre os 5 testados ao total. Em relacéo a gravidade das
crises, pudemos observar que houve uma menor incidéncia de crises graves no
grupo referente ao composto 2-((3-(trifluormetil)fenil)selenil)-1H-benzo[d]imidazol
na dose de 1mg/kg e que houve reducao de mais de 20% do tempo de duracao das
mesmas nos compostos 2-(mesitilselenil)-1H-benzo[d]imidazol na dose de 8mg/kg
e 2-((3-(trifluormetil)fenil)selenil)-1H-benzo[d]imidazol na dose de 1mg/kg.
Resultados estes que sdo compativeis com estudos encontrados previamente
mostrando o efeito antiepiléptico de compostos benzimidazélicos e também com o
conhecido efeito da fenitoina como medicacao anticonvulsivante.

Apesar da bem documentada eficacia da fenitoina, sabe-se que esta pode
cursar com efeitos adversos graves e também que outras medicacfes
desenvolvidas até o momento ndo foram capazes de tratar crises em uma
consideravel parcela dos individuos. Portanto, novos farmacos que proporcionem
uma eficacia antiepiléptica maior associada a neuroprotecao sdo necessarios, seja
para tratar e prevenir os efeitos deletérios das crises convulsivas em SNC ou para
evitar os efeitos indesejados adversos das drogas ja existentes, como, entre eles,
0 atraso do DNPM.

Os compostos  2-(2-clorobenzilselenil)-1H-benzo[d]imidazol, 2-((3-
(trifluormetil)fenil)selenil)-1H-benzo[d]imidazol e 2-(mesitilselenil)-1H-
benzo[d]imidazol, sendo derivados benzimidazolicos que guardam semelhancas
com a fenitoina, podem ter provocado um efeito anticonvulsivante em decorréncia
da reducédo da abertura dos canais de Na* voltagem-dependente que modulam o
potencial de acdo. Esse efeito estd possivelmente relacionado a unidade
hidrofébica presente no anel benzimidazdlico. Entretanto, podemos citar também a

presenca da ligacdo Carbono-Cloro e Carbono-Fluor. A ligacdo entre um carbono



49

e halogénios, possuidores de alta reatividade, pode gerar um potencial eletrostatico
positivo oposto a ligacdo covalente ocorrida entre os 2 atomos, facilitando sua
ligacdo com outros &tomos como oxigénio e nitrogénio, 0 que poderia aumentar a
sua afinidade pelo alvo biolégico, além de garantir maior estabilidade a molécula.
N&o podemos ignorar também a presenca do Selénio (Se) como um ligante
dos farmacos e seu potencial antioxidante. O Se, na forma de selénio-cisteina, &
um dos componentes essenciais da enzima glutationa-peroxidase que catalisa a
remocdo de peroxidos toxicos provenientes do metabolismo aerdbico pela
glutationa que, por sua vez, € formada a partir do glutamato, entre outros
aminoécidos, e atua como um importante tampao redox. Dessa forma, a molécula
estudada possuiria potencial acdo antioxidante, o que seria de suma importancia
em casos de epilepsia, especialmente nas de apresentacdo neonatal, visando
melhor desfecho quando a desenvolvimento neuropsicomotor e qualidade de vida.
Considerando a necessidade de criacdo de novos farmacos, o presente
estudo foi capaz de triar 5 moléculas inéditas em modelo de epilepsia neonatal
através da administracdo de pentilenotetrazol, das quais 4 mostraram possuir
potencial anticonvulsivante. Como perspectivas futuras, faz-se necessario avaliar
as moléculas em doses maiores, analisar funcdo neuroprotetora por meio de
marcadores de estresse oxidativo, inflamacdo e comportamento, assim como
impacto a longo prazo no neurodesenvolvimento. Concluimos também que é
possivel que um grupo amostral mais amplo seja necessario no futuro para

realizacdo dos experimentos e avaliacao.
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figure legend. WWe encourage inclusion of the following with
the final rewised wersion of the manuseript for publication:

¢ Inthe Materials and Methods section, specifir the type
of equipment (microscopes fobjectie lenses, cameras,
detectors, filler model and batch number) and
amjuisition software used. Although we appreciate
that there is some wariation between instruments,
equipment settings for critical measurements should
alzobe listed.

*  The display looknp table (LUT) and the quantitative
map between the LUT and the bitmap should be
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provided, especially when raivbow pseudo color is
used. It should be stated if the LUT is linear and
conrers the full range of the data.

*  DProcessing software should be named and
manipulations  indicated (zuch az type of
decormrmolution, three-dimensional reconstructions,
surfare and wolume rendering, "samma changes"
filtering, thresholding and proje ction 1

#  futhors should state the measured resolution at
which an image was acquired and any dow nstream
processing or averaging that enhances the resolution
of the image.

COHRECTION AND EETRACTION POLICY

We recognime our responsibility to comect errors. Content
published online (as Adwvance Cnline Publication - AOT) or in
a print issue iz final and cannot be amended. The online and
print wersions are both part of the published record therefore
the original werdion mmust be preserved and changes to the
paper should be made az a formal comrection. If an emor is
noticed in an ACP arficle, a correction should acoompany the
arficle when it publiches in print. An HTML (or fall4ext)
wersion of the correction will also be created and linked to the
original article. If the ervor is found in an article after print
publication, the correction willbe published online and in the
next awvailable print issue.

Please note the following policy for making corrections to print
and online wersions of peer-reviewed content:

*  Ematum. MNotification of an important error made by
the joumal or publisher that affects the publization
record or the scientific integrity of the paper or the
reputation of the authors, or of the joumal.

¢+ Corrigendum. DMotification of an important eror
made by the author that affects the publication record
or the scientific integrity of the paper or the
repmtation of the authors or the jpumal. Any other
Comigendum requests are at the disoretion of the
Editor-in-Chief.

*+  EBetracton. Dlotification of inwalid results. Al
coauthors must sign a retraction specfring the error
and stating briefly how the concluszions are affected.

Decizions about corrections are made by the Editor (sometimes
with adwice of peer reviewers) and thiz sometimes imrobres
author conmltation. Fequests fo make corrections that do not
affect the paper in a dgnificant way or impair the reader'’s
understanding of the contrbution (a spelling mistake or

grammatical error, for example Jare not considered.

In casezr where coauthors dizagree about a cowection, the
Editor will take adwice from independent peer reviewers and
impose the appropriate corection, noting the dizsenting

author(z)in the text of the published wersion.
RESEARCHD AT A POLICY

e strongly encourage that all dataset on which the
conclusions of the paper rely should be available to readers.
e encourage authors to ensure that their datasets are sither
deposited in publicly available repositories (where awailable
and appropriate) or presented in the main manuscript or
additional supporting files whenevwer possble. Where one does
not exist, the information must be made available to referees at
submission and to readers promptly upon reguest. Any
restrictions on material awvailability or other relevant
information must be dizclozed in the manuscript's Methods
secon and should include details of how materals and
information may be obtained.

Please zee the journal: guidelines on Fesearch Data policy
hare.

GENE NOMENCLATURE

Authors should nse approvred nomenclature for gene symbols,
and use symbols rather than italicimed full names (T, not
titin). Pleass consult the appropriate nomenclature databases
for cormrect gene names and symbols. Approved human gene
symbols are provided by HUGDO Gene DMNomenclaturs
Committes (HGIMNC), e-mail nome@galtonnclacuk; zee also

hitp:f fwwrw genenamesorg. fApprowed mouse symbols are

provided by The Jackson Laboratory, e-mnail:
nomen @informatics jaw ore; 1 alzo
httyef fwewrw indformatios ja= org S meihome fnomen. Far

proposad gene names that are not already approved, pleass
submit the gene symbols to the appropriate nomenclaturs
committess as soon as possible, as theze mustbe deposited and
approved before publication of an article. Awoid listing
multiple names of genes (or proteins) separated by a slash, as
in 'Octd fPoni]1’, as this iz ambiguous (it conld mean a ratio, a
comple, alternatie names or different subunite] Use one
name throughout and include the other at first mention: "Oetd
(also kmown as PouSf1).

NEUROSCIENCE-BASED NOMENCLAT UHE (NbIV)

Netropsye kopfaremacology encourages the use of Menrmscience-
based Momenclature (MbIN-2) terminology for psyehotropic
medirations, as it reflects contemporary pharmacological
knowledge, rather than arhitrary descriptors based on

indications or chemical structure.

Pleazs download the free ayp for DNbIMN-2 and the Instructions
for futhors.

BIOETHICS

Human and other animal experiments
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For primary research manuscripts reporting experiments on
Iive  wertebrates and/or  higher  inwertebrates, the
corresponding author must confirm that all experiments were
performed in  accordance with relewant guidelines and
regulations. The manuscript must include a  statement
identifying the institational andfor licensing ocommittes
approving the experiments, including any relevant details
regarding animal welfare, patient anonymity, drmg side effects
and informed consent.

For experiments inwobring human subjcts, authors must
identify the committee approving the experiments and include
with their submiszion a statement confirming that informed
ronsent was obtained from all subjects.

Biosecurity po licy

The Editor may also seek adwice shout submitted papers that
raize concerns. These may incdude, for example, ethiral issues
or izsues of data or materals access. Very occazionally,
concerns may also relate to the implications of publishing a
paper to the society, including threats to security. In such
circumstances, advice will umally be sought simultansously
with the technical pesr-teview procesz. bz in all publishing
decisions, the dedision whether to publizh iz at the discretion of
the Editor.

COMBMUNIC AT ION
Conves pondence with the journal

IMamed corresponding authors are to be the sole representatie
of the listed authors, streamlining and directing
communications to their fellow anthors as appropriate, as well
az fielding materials requests, techniral comments and =o on.
Neuropsye bophasmgeology requires that only ome person he
named as such.

It is this author's responsibility to inform all coauthors of
matters arizing during the course of the process and to ensure
such matters are dealt with promptly. After acceptance for
publication, proofs are esmailed to this comresponding auther,
who should drculate the proofz to all coauthers and
coordinate correctionz among them.

Commumicationwithihe media

Material submitted must not be discussed with the media. WWe
resarie the right to halt the consideration or publication of a
paper if this condition is broken. H a paper is particularly
newsworthy, Mature Publishing Group may =nd a press
releaze to our list of journalists in adwance of publication with
an embargo that forbids any cowerage of the manuseript, or the
findingz of the mamuzcript, untl the time and date clearly
stated, which will coinride with when the paper i publishing
online . futhors whose papers are scheduled for publication
may also amange their own publicity (for instance, through
their institation's press offires ] but they must strictly adhere to
the online publimation press embargo and are adwised to
coordinate their own publicity with NFG's press office.

Commumicationb ebween scientists

Newropsye kopforemgeology does not wish to hinder
communication between  scientists. You  are free o
communicate with other ressarchers as much as you wish,
whether on a recognized community preprint server by
discussion at scientific meetings or by online collasborative sites
such as wikis, but we do not encourage premature publication
by dismizsion with the press (bewond a formal presentation, if
at a conference |

FEEPAREATION OF MANNUSCEIFTS

Neuropsye rophasmgeology publishes:

*  Original Articles
*  Beview fArticles
¢+ Correspondence (Letters to the Editor)

¢  Commentaries

MANUSCRIFT SPECIFICATIONS BY ARTICLETYPE

*  Perzpecttres
+  Editorials
+  Fesearch Highlights

Il|mﬁ:1ﬂwe || Abstazet | |Wozd Count||Display Bems (Figuzes and tab los) || Refesences gnaimmm) ||
I|On',g;ina1 firticle [[es []40o0 ||5 || ||
||Review Aizticle * [[es []40o0 ||5 || ||
I|Correspondenr_‘e (‘L'I'E)”No ||5m ||1 ||.5 ||
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||NT-‘PR Revview frticle ©

||NT-‘F‘R Hot Topic*

By iivritation only: authors will recenre editorial guidelines upon iwritation. ||

| |B1,r irvritation only: authors will recesre editorial guidelines upon invitation. ||

I|Edi1nrial* |[o ||rooo It ||e ||
I|Corr|meniar],r* |[o ||rooo It ||e ||
(NSNS N o |
||Reseamh Highlight" ||No ||1|:uu ||1 ||6(one smusthbe articls under discussinn)“

* By itrritation or pre-submission approwal only.

Neuropsye bophasmgeology does not consider Case Eeports, Fromeding s, Brief Feports or Eapid Communications for publication.

PHEP ARATION OF SUBMI 5 SIONS
Fapers should be formatted as follows:

1. Eebuttal letter (for rewizsions and INPEZ transfers
OILY )

2. Cower letter (Must include a Funding and Disclosurs
zecion. Flease note: do not submit rebuttal letters as
covver letters. )

3. Source or frticle File* (b ust contain itemsa<.)

a. Title page (fitle, running title, list of anthors
and affiliations - should exclude Funding
and Dlisclosure)

Ahstract (unstrctared)

Intraduction

Materials (or patientsJand Methods

Fesults

Diiscussion

W o LN

Funding and Disrlosure (cowers all anthors
and sources of funding listed for the
manuscrpt)
h.  Acknowledgments (includes special thanks,
contributions, or dedications)
i  Feferences (listed alphabetically, not
numbered]
j.  Figure legends (Figures should be uploaded
azzeparate attachments.)
Tables
Figures
6. Supplemental Material (A be published online
only. See '"SUPFLEMENTARY DNFCORMATION"
section below ]
7. For all diniral tialz: A& completed CCNSORT
checklist (Flease zubmit az a "Felated Manuscript
File™)

on ol

Heh uttal letter

For revised submissions (or original submissions transferred
through the MFEC), responses to meviewers' critiques must bhe
included in a rebuttal letter. Fesponses should INOT he

submitted as a cowrer letter, as reviewers do not have access to
conrer latters.

*Note on Revised submissions

For wour article, pleaze upload wour file showing all new
text in the revision in blue font (note: do not use track changes
to mark-up vour changes). If wou do not provide your revision
with thiz blue font your manuscript will be returned to vou o
update. If your manuscript is acrepted the blue font will be
removed by the trpesetter hefore your maruscript is placed

online
Cover later

The covver letter must state the material is original ressarch, has
notbeen previously publizhed and has not been submitted for
publication elsewhere while under consideration. The conwer
letter must alzo contain a Funding and Dizcdosure statement
(see Editorial Policy section] Fleass note that cover letters
should not comtain a response to rewiewers' comments for
revized mamuscripts. Fesponses should be submitted as a
rebuttal letter, so that reviewers can access the file.

Title page

The title page should bear the title of the paper, the full names
of all the authors, highest amademic degree obtained, and their
affiliations, together with the name, full postal address,
telephone and fax numbers and e-mail addresz of the author to
whom correspondence and offprint requests are to bhe sent
[This information is alsoasked for on the electhonic submission
form ] The title should be brief, informative, of 130 characters
or less and should not male a statement or conclusion. The
running title should consist of not more than 50 letters and
spaces. [t should be az brief as possble, conwver the eszential
message of the papar and contain no abbreviations.

Abstrad
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The abstract should be 150250 words in length.
Keywords

Please note that NPP no longer collects keywords. To ensure
that your manusrript is easily searchable in Fubbded and other
repositories, be sure to incdude any relevant keywords in the

tifle or ghstract of your manuscript.
Imtwdudion

The imtroduction  should  assime that the reader is
knowledgeable in the field and should therefore be as brief a=
possible but can include a short historical review wrhere
deszirable. For original articles, the introduction should be
lirited to 730 words.

Materials for patients) and Methods

Thiz section should contain sufficient detail so that all
experimental procedures can be reproduced, and inchide
references. Methods, howewer, that hawe been published in
detail elsewhere should not be described in detail. Authors
should provide the name of the mamufacturer and their
location for any specifically named medical equipment and
instruments, and all drugs should be identified by their
phammacentical names, and by their trade name if ralewant. For
original articles, the Materialz (or patientz) and Methods
section should be limited to 1300 words.

Hesults and Discussion

The Fesults section should briefly present the experimental
data in text, tables or figures. Tables and figures chould notbe
described axtensively in the text, either. The Discuzsion should
foous on the interpretation and the significance of the findings
with concize cbjectfve comments that describe their relation to
other work in the area. It should not repeat information in the
results. The final paragraph should highlight the main
concluzionz] and provide some indication of the direction
future research should take.

Funding and Disclo sure

The Funding and Disclosure section iz mandatory. Authors
must declare zources of study funding including sponsorship
(e.g. university, charity, commercial organization) and sources
of material (e.g. nowel dmgzinot available commercially. They
must alzo declare in this zection whether or not there are any
rompeting financial interests in relation o the work desoribed.
This information must be included at this stage and will be
published az part of the paper. Funding and Disclosure
information should also be noted on the cower letter and as
part of the submiszion process. See the Funding and Disclosure
documentation in the Editorial Poliey section for detailed
information and requirements.

Acknowled gements

The Acknowledgements zection is optional.
Acknowledgements should include, i desived, author
contributions, special thanks, or dedications. Work done by a
contributor or medical writer that does not qualify him/ her for
authorship, but which warants acknowledgement, should be
noted here.

Heferences

Only papers divectly related to the article should be cited.
Exhaustive listz zhould be awoided. List  references
alphabetically by author, on a separate page(s), at the end of
the article, and cite them in text parenthe ically using authors'
name and wear of publication. If there are one or two authors,
cite az shown: Smith, 1954; Jones and Brown, 1985, If there ars
more than two anthors, list the first author followed by et al
(e.g. Jason el 1956 In the reforence list, list all authors up to
six. If there are more than six anthors, list the first six followed
by et af. Periodical shbreviations should follow those used by
Tndex Mediars.

Eeferences zhould be styled as follow =
Journal. Batbosa MDFS, Mgyen QO 8, Tchernew VT, Achlew [4,
Detter JC, Blaydes 3M & & (1996) Identification of the
homologous beige and Chediak Higashi syndrome genes.
Naure 2 R

Book. Eehnan ES, Wilson |3, Franks LF (1997). Fundmmentds of
Newropsye hopharmacology, Brd edn. CRC Press: Boca Eaton, FL.

Chapter in edited book. Mully &3 Jr (19901 Equity and
wrarahility in modem health care. In: Andersen TF, Mooneyr G
(eds) The Challeige o Medicd Practice Variations. Palgrasme:
Mewr York, P 14556

Cnline  document. World Health Organimation (200070
Summary Feport of the Meeting to Eewise ICDAD
httyef e v wrho intd me it althfadwizoryr_gronn zetin

gpodf.

Online publication ahead of print. MeadordVoodrff JH, Davwis
KL, Haroutunian V 2000). Abneommal kainate receptor
expression  in pre-frontal  cortex  in  schimophrenia.
Newropyse hopharncology, e-pub ahead of print 7 August 2000,
dei 101038 fnpp 201057,

Personal commmunications must be allocated a number and
included in the list of references in the usual way or simply
referred to in the text; the authors may choosze which method
to use. In either rase authors must obtain permission from the

individual concerned to quote hiz /her unpublished work.

EndIMote uzers should select the Newsopsyehophermacodlogy
output style for the correct reference style .
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ARTWORK GUIDELINES

Detailed guidelines for submitting artwork can be found by
downloading the artwork guidelines FDF, Using the
guidelines, pleasze submit production quality artwork with
vour initial online submizsion. If wou hawe followed the
guidelines, we will not require the artwork to be resubmitted
following the peer-rewiew process, if wour paper is accepted for
publication.

Figures

Figures and images should be labeled sequentially, numbered,
and rited in the text. Figure legends should be brief, specific
and appear ona separate manuscript page after the Eeferences

Coloxfigures

10

section. Befer o (and cite] figures specifically in the text of the
paper. Figures should not be embedded within the text. If a
table or figure has been published hefore, the aunthors must
ohtain written permission to reproduce the material in both
print and electronic formats from the copyright owner and
submit it with the manuscript. This follows for guotes,
illustrations and other materials taken from previously
published works not in the public domain. The original source
chould be cited in the figure caption or table foomote. The uze
of three-dimensional histograms iz strongly discouraged when
the addition of the third dimension gives no axtra information.
Seale markers should be used in the image for electron
micrographs, and indicate the type of stain used. Detailed
guidelines for submiting artwork can be found  hy

downloading the artwork gnidelines FDF.

Authors are inwoiced for color figures in print and FDF files (PDF being the format sent to the printer] at the following rates. If
provided in color, figures will appear in color for free in the Aecepted Article Preview (A AF)and HTML wersions. Flease note: I

authors donot choose color for their figures, it is important they ensure the readability and meaning of the images are easily disrernihle
inblack and white.

NEP wrill wate all color charge s for Cireumspective articles (by inwvitation only 1

i|Colnrﬂ1ustrations |1 |2 ||3 ||4 ||5 ||6 |7+ ||

I|Cost |$969 |$1,444||$1,919| |$2,3:|7| |$24sr}'| |$2,745| |$2=13 per additional color figms ||

Color charge s will not apply to authors who choose to pay an article processing charge to make their paper open acoess. Color figures
musthe supplied in the following format.

Iinitnum resolutions:

II|I—Ia.].ﬂa\:hr1.ra images |3El:| dpi (dotz per inch) |

I|Cc\1n:\r images |3El:| dpi saved as CMYE |

||Images rontaining text |4El:l dpi |

||Li.ne art |00 aps |
Simes:
I|Fig|.u’e width — zingle image ||36 nun (should be able to fit into a zingle column of the printed joumal) |

I|Fig|.u’e width — multipart image ||1','-"8 mm [should be able to fit into a double column of the printed journal) |
||Te><t zize ||8 point (should be readable after reduction — awoid large type or thick ]J'.nes)|

I|Line width ||Between 05 and 1 point |

Iote: Authors willbe required to pay the costof color dustrations publishe d in print
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Colox on theweh

Anthors who wizh their articles to hawe FEEE color figures on
the web (only available in the AAT and HTML, full text
wersion of manusrripts] must supply sparate files in the
following format. Thes files should bhe submitted as
For single images:

11

supplementary information and authors are asked to mention
that they would like color figures on the web in their

submission letter.

200 pixels (authors should select "ronstrain proportions",
Width or equivalant instructions, to allow the application to set
the correct height automatically.)
I|Resnlutinn | |125 dpi (dotz per inch)
JPEG for photographs
Format GIF for line drawings or charts
- . Pleaze sawe image with jpg or gif extension to ensure it
Filenaming canbe read byall platfonns and graphics packages.
For multipart imag es:
T
I‘Wﬁﬂl correct height automatically.)

I|Resnlution | |125 dpi (dots per inch)

Format

JPEGS for photographs
GIF for line drawings or charts

90 pixels (authors should select "zonstrain proportions", or equivalent instrctions, to allow the application to set the

I|Fﬂenam.in,g| |P1ease sawe image with jpg or gif extension to ensure it can be read by all platforms and graphics packages.

Black and white images

Image resolution of at least 300 dpi at publication size
Images should be scanned at a minimum of 300 dpd
During software manipulation of images, care should
be taken that resclution is maintained

Images may be rotated or scaled, but this must be the
zame in the x and ¥ dimensions

Contrast and brighiness can be adjusted, but this
must be uniform across the entire image, and must
not result in the lozs of any feature, band or spot. The
background should ztill be wizible

If lanes are removved, and once separate parts of an
imag e are joined together, a black, white or grey line
should indicate clearly where the image was cut

Fewrised February 2016

Iiblack borders are drawn around the image, the lines
should correspond to all edges where the image was
cut

Protein molecular weights or DINA fragment sizes
should be indicated for all figure panels showing gel
electrophoresis

Graphs, histog rams and statistics

Error bars mustbe described in the figure legand
fxes on graphs should extend to mero, except for log
axes

Statistical analyzes (including error bars and pwalues)
should only be shown for independently repeated
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experiments, and must not be shown for replicates of
a ringle expe rimeant

*  The mumber of tithez an experiment waz repeated (1)
mustbe stated in the legend

Tahles

These should be labeled zequentially az Table 1, Table 2, ete.
Earh table should be typed on a separate page, numbered and
tifled, and cited in the text. Reference ta table foomotes shounld
be made by means of frabic numerals. Tahles should not
duplicate the content of the text. They should consist of at least
twro columns; columns should always have headings. Authors
should ensure that the data in the tables are consistent with
thoze cited in the relewvant places in the text, totals add up
correctly, and percentages have been mleulated correctly.
Unlike fig ures or images, tables may be either included in the
article file itself, but at the end of the manuscript, or sapplied
az separate files.

House style

Az the electronic submiszion will provide the basic material for
typesetting, it is important that papers are prepared in the
general editorial style of the joumal.

+  See the artwork guidelines for information on labeling
of figures

*  Donotmake rules thinner than 1yt (0.360um )

¢ Tlse a coarse hatching pattern rather than shading for
tints in graphs

¢ Color should ke distinet when being used as an
identifying tool

* T[T STunits throughout

*  Spaces, not comumas, should be used to zeparate
thonszands

¢+ Abbreviations should be preceded by the words for
which they stand in the first instance of 1se

¢ Text should be double syacing with a wide margin

* U= a common word-processing package (zuch as
Microzoft Word) for the text. Embed tables commrerted
into itmages at the end of the Word document, or az a
zeparate file in whichewer program wou used to
generate them

¢ If you submit raw data, this can be done in Exeel, or
tab /comma delimited format

* At fivet menton of a manufacturer the town, (state if
54 Jand country should be provided.

English Language Support

For editors and reviewers to accurately assess the work
presented in wour manuscript you need to ensure the English
language iz of sufficient quality to be understood. If you need
help with writing in English you should consider:

12

+  bsking a colleague who is a native Englich spealer to
revriew ywour manuscript for clarity.

+  Visiting the Englich langnage tutorial which covers
the common mistake s when writing in English.

*+  Using a professional language editing service where
editors will improwe the English to ensure that your
meaning iz clear and identify problems that require
vour review. Two such services are prowided by our

affiliates Mature Fesearch Fditing Serwice and
Amedcan [oumal Experts

Pleazs note that the use of a language editing service iz nota
requirement for publication in this jpumal and does not imply
or guarantee that the article will be s=lected for peer rewiew or
acoepted.

If wour mamuscript is accepted it will be checked by our
copyreditors for spelling and formal style before publication.

Ameican Joumal Experts

Inter-Bictech

Inter-Fiotech also prowides a free online writing course to help
biomedical scientists whose first language i= not English to
write and publish their papers in English-language journals.

SFI Profe ssional Editing Services
Wirite Soience Bight
FILE FORMAT §

File formats for manuscript files, figures and tables that are
acceptable for our electronic manuzeript submisdon process
are ghren on the online forms. Further adwvice on file types is
alzo available from the Tipe webpage. Pleaze follow our
artwrork guidelines for submitting figures, and use a common
word-processing package (such az Microsoft WWord) for the
texct. Either embed tables conwerted into images at the end of
vour Word domment, or as a separate files in which ewver
program you used to generate them. If you submit raw data,
this canbe done in Excel, or tab f comma delimited format.

Saring filas w th Micisoft Office 2007

Microzoft Office 2007 zaves file s in an XML formatby default
(file extensions docwk, .pptxand wd=x) File s zawved in thiz format
rannot be accepted for publication.

Savre Word documents using the file extension doc

*+  Select the Office Button in the upper left commer of the
Word 2007 Window and choose "Sawe fi="
+  Select "Word 972003 Document”

+  Enter a file name and select "Save"
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These instructions also apply for the new wersions of Excel and
PowerFaoint.

Equations in Wond must be cieated using Equation Editox 3.0

Equations created using the new equation editor in Word 2007
and saved as a "Word 972003 Document" [ doc)are conwverted
to graphics and can no longer be edited. To insert or change an
equation with the prewious equation editor:

¢+ Select "Chject" on the "Text" section of the 'Tnzert” tab
*  Inthe drop-down menu - 2= lect "Equation Editor 3.0"

Do not use the "Equation” button in the "Symbols" section of
the '"Insert" tah.

SUPPLEMENT AKY INFO RMATION

Supplementary information is peerreviewed material directly
relewant to the conclusion of an article that cannot be included
in the printed wersion owing to spare or format constraints. It
is posted on the jourmnal's web site and linked to the article
when the article iz published. It may consist of data files,
graphics, movies, or extensive tables.

The printed article must be complete and self-axplanatory
without the supplementary information.  Supplementary
information enhances a reader's understanding of the paper
butis not eszential to that understanding.

Supplementary information mustbe supplied to the editorial

office in its final form for peer review .

To ensure that the contents of the supplementary information
filez can be viewed by the editor(z), refereesz, and readers,
pleasze alzo submit a ‘read-me’ file containing brief instructions
on how fo use the file.

Supplementary information should ke cited in the text as
‘Figure 51, 52, ete” "Table 51, 32, ete," or "Supplementary
IMaterials and Methods."

Supplying supplementary information filez Authors should
ensure that mpplamentary information iz supplied in its
FIMAL format becanse it is not subedited and will appear
online exactly as originally submitted. It cannot be altered, nor
new supplementary information added, after the paper has
been accepted for publication.

Please supply the supplementary information <wia eJF, the
electronic manuscript submission and tracking system, in an

ance ptable file format (see below ).

13

Authors should:

*+  Include a text sununary (no more than 50 words)to
describe the contents of each file.

*  Identify the types of files (file formats ) zubmitted.

+  Include the text "Supplementary information is
available at the Newropsyehophasmosolory website' at
the end of the article and before the Peferences

section.
HBocepted file formate

+  Omick Time files (o)

+  Graphiral image files [ gif]
+  HTML files [ html)

+  MPEG mowie files [ mpg ]

+ JPEG image files (jpg)

*  Sound files [war)

*  Plain ASCTT text (dxt)

+  Aorobat files (pdf]

+ M35 Word documents (daoc]
*  Postzaript files (ps)

*  TPowerPoint filez [ ppt)

+ M3 Encel spreadsheet documents [ »ds)

e cannot accept TeX or LaTex.

File zizes must be as small as possble, so that they can be
downloaded quickly. Images cshould not excesd &40 = 480
pixels (? x &5 inches at 72 pixels per inch) but we would
reconutend 450 = F80 pixels az the maximmm frame sizme for
maovies. We would also recominend a frame rate of 15 frames
per zecond. H  applicabls to the pressntation of the
supplementary information, use a 256 omolor palette. Pleaze
consider the use of the lower specification for all of these
points  if  the supplementary information can  still he
represented clearly. Cur recommended maximum data rate is

150 KE/s.

The number of filez should be limited to eight, and the total fil=
rize should not exceed & ME Individual filez should not
exceed 1 MEin size, Please zeek advice from the editorial office
before sending files larger than our maximum size to awoid
delayz in publication.

Further questions about the submiszsion or preparation of
supplementary information should be directed to the editorial
office.
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SUEMISSION OF MANUSCRIFTS

The first thing wou need to do, if you hawe not already done o,
is register for an account. After this, please consult the
instructions below to enshle you to suhmit your article
through our secure server.

For optimum performance, your browssr should be aither
Ietzcape 4.7 or abowve, or Intemet Explorer 530 and abowe.
Make sure that wour browser is zet to accept coolkies. Our
tracking system requires cookies for proper operation. (If you
have Windowrs ¥ the defaults will need changing. For mors
details on this, please refer to the Tipe' function on this zite.)

NAVIG ATING THE SYSTEM

When you first access our tracking system, you willbe taken to
vour Home page, where different categories of tasks are listed.
If you are required to perform a pending action item or task,
there will be a red arrow newxt to a "Manuzoipt” link
Throughout the system, red arrows reflect pending action
items whicrh wou should address. I there are no red arrows
wizihle on your home page, then you are finished and haswe no
outstanding tasks to complete. At any time you can press
HOME 0 go to the submission home page.

What you will need:

You will need to hawe the following details for all anthors to
submit your paper online. Items in parenthesiz are not
eszential for co—anthors:

¢+  Email addresses

¢+  First and last names

+  Institntion

*  (Full postal address)

+  [(Work telephone numbers)

¢ Faxnumbers
In addition you will need:

¢ Cower letter (including Conflict of Interest statement)

*  Title and Eunning Title (you can copy and paste this
from wour manuscript

¢+ Ahstract (you can copy and paste this from your
manuscript

¢+ Manuscript files in Word, WordPerfect, texd or any
ETF format

*  Figures/Images in external filez in TIFF or JPEG, in
either gravzeale or CMYE color, not in BGE

¢+  Tables in Ewmel (preferred] as separate files or
included at the end of the manuscript file

THE SUBMISSION PROCESS

The manuzcript submission process iz broken dewn into a
zeries of four primary tazks that gather detailed information
about wour manuscript and allow vou to upload the pertinent
texct and figure/image files. The sequence of soreens is as

follaws:

1. The Files' primary task allows wou to select the actual
file lomations (wia an open file dialogue ] You will be
able to Browse' for the mlevant files on your
computer. Flease include the figure number in the
tifle line for each figure. On the completion screen,
vou will be asked to specify the order in which you
want the individual files to appear in the merged
docwment. Editors and for reviewers will also be ahle
to look at the indiridual POF files if necessary. For
more information on accepted file types, wiew the
Artwork Guidelines PDF

2. The Manuscript Information’ primary tazk asks for
author detailz, the manuscript title, abstract other
associated marnmseript information and
typesfmumber of files to be submitted. Flease note: if
wou are the corresponding author, please submit your
detailz in the corresponding author fields; DO IOT
re-enter the same defails in the contributing author
fields=.

3. The Validate' primary task gives you the opportunity
to check and werify the manuscript files and
manuscript  information  uploaded. If wom  are
submitting manuscript files sparately, we create a
merged POF containing wour manuscript texd, fignres
and tables to simplify the handling of your paper.
You will need to approve the merged PDF file, and a
PLF or any other file not included in the merge, o
submit wour manuscrpt You may also update
and/for change manuscript files and manuscript
information by dicking on the 'Change' or Fix' links
re spectively.

4. The 'Submit' primary task iz the last step in the
manuscript submission process. At this stage the
Manuscript Tracking Systerm will perform a final
chack to ensure that all mandatory fields hawve been
completed. Any incomplete fields will be flaggedbra
red arrow and highlighted by a red bowx. Click on the
Fix' link to return to relewvant saction for completion.
Cnee your manuscript has been finalized, click on the
‘ipprove Submission'  button to submit  your
manuscript  for  consideration. & ‘Marmscript
Approved' message will display on your author
deskiop to confirm the submission.
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ADOBE ACROBAT

Best resultz are achieved if wou hawve access to fHdobe Acrobat
Eeader (80 or abowe] The program iz FEEE and is
downloadable from the link here. [(Onee the dowmnload is
complete, you should amend the default zettings. Select: Edit -
Preferences - Web Captare, and szelect Open Web links: In
Acrobat. This will open FDF files in Acrobat Feader rather
than in wyour browser. The amendment will not affect
functionality of either fAerobat Feader or your browser 11f the
zite replivates your details on screen, then your paper was
successiully submitted. Once the files are submitted, the
system will convvert them to PDF. The conwersion process can
take up to 10 minutes before the POF is ready for approval.
Please note the manuseript will not move o the nexd stage and
progress to the editorial office until you hawe approwed the
corverted files.

GETTING HELFP

If you meed additional help, wou can dick on help signs
available throughout the system and a box will appear with
context sensitive help. If further assistance is required, then

pleasze contact the MTS helpdesk.
MANUSCRIPT STATUS

After wour manuscript iz approwed, you will recefre an email
acknowledgement. You can check the manuszaripts status at
any timme in the review process by

1.  Aoceszzing the system with your paszword or wia the
link prowided in the acknowledgement amail.

2. Clicking on the link reprezented by wour manuscript
tracking number and abbreviated title on wour
homepage.

3. Clicking on the "“heck Status" link at the bottom of
the displayed page.

This procedure will display tacking information about where
your manuscript isin the submission/ peerveview process. Jea
Mavigating the System in the Submisdon of Manuzeripts
zection for more information.

REEVIEWER RECOMMEND ATIONS

Authors may suggest 5-5 reviewers who are especially
qualified to referee the work and would not have a conflict of
interast. Pleaze include the reviewers' names, email addresses,
and instiltons on the online mbmission form. Manuzaripts
will be revievred by at least two external revie wers for content,
originality, importance to the field, appropriatensszs of
statistical analysis, and deriwvation of conclusions. Authors
should note, howevwer, that manuzeripts may be returned after
initial rewiew by the editorial office if the paper iz deemed
unlikely to be reviewed farorahly by wirtue of sime restrictions
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and for general interest for the readership. This rapid rejection
process enghles the author to promptly submit for publication

elzsawhere.
LICENSE TO PUBLISH

The corresponding author st complete and sign the License
to Publish (LTF] form upon acceptance of the manuscript and
retum it to the editorial office. Failure to do so will result in
delays to the publication of your paper.

ACTF does not require authors of original research papers to
aszign copyright of their published contributions. Authors
grant MG an exclusive license to publish, in return for which
theyw can re-use their papers in their fature printed work.
MNPG's author license page provides details of the policy and a
zample form.

ADVANCE ONLIME PUBLIC AT ION

The final wersion of the mamisaript i= published online in
adwance of print. S0P represants the official wersion of the
manuscript and will subse guently appear unchanged, in print.

EFPROOFS

The Springer Mature eproofing system iz a unique solition
that will enshle authors to remotely edit feorrect your article
proofs.

The morresponding anthor will recefire an e-mail containing a
UEL linking to the e-proofing site. Froof comections must he
retumed within 45 hours of receipt. Failure to do so may result
in delayed publication. Extensise corrections cannot be made

at this stage.

For more information and instuactions on how to use the =-
proofing too please me here,

OFFPRINT 5

Offprints may be ordered uszing the order form accompanying
the proofs.

OPEN ACCESS AND SELF-ARCHIVING

Self-awhiving and manuscript deposition (geen open
access)

futhors of original research articles are encouraged to submit
the author's sersion of the accepted paper (the unedited
manuscrpt] o a repository for public releass six months after
publication. Springer PMature also offers a free, opt-in
Manuzecript Deposition Service for original research articles in
order to help authors fulfill fander and institational mandates.
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Leam mors about zalfarchiving and manuseript deposition,
Open access publication (gol open access)

Tpon acceptance, anthors can indicate whether they wish to
make their article open access online immediately upon
publication, an option which will incur a fee or "frticle
Processing Charge" (ATC). Open access articles are published
under Creative Commons licenses, which allow authors to
retain copyright to their work while making it open to readears.

To faclitate zelfarchiving Springer IMature deposits open
aocess articles in PubMed Central and Enrope PubMed Ceantral
on publication. Authors are also permitted to post the final,
published PDF of their article on a website, institutonal
reporitory or other free public szerwer, immediately on
publication.

Wisit our open research site for further information about
licenses, APCs, and our free 08 funding support service:

*  Creative Commons licenzing
¢+ Creative Commons license options and APCs for the

16

+  Self-avchiving and deposition of papears published 04

If authors opt o publish <wia the open access route, then the
corresponding author must complete and sign the APC
payment form and an LTP form on behalf of all authors, and
retum these to the editorial office. These forms will be
provided upon acceptance of the article. Failure to promptly
retum forms will result in delay of publication.

Government employees from the United States, UE, and
Canada are required to =ign and submit the relevant

govermment open acoess licence to publish form.

Pleazs note with regards to payment that uzual credit terms are
30 days from receipt of inwvoize. Failure to pay wour imrvoice
within the stated credit term may result in the Open foress
statuz of the paper being rescinded, with the paper being
placed behind the paywall You may also be subject to such
penalties as restrictions on your ability 1o publish with Mature
Publishing Group in the futare, irmrobrement of a third party
debt collection age ney and legal proceedings.

Compliance with open accesz mandates NPG's open access
journals allow authors to comply with all funders' open arcess
policies worldwide . futhors may need to take specific actions
to achiewe compliance with funder and institntional open
access mandates.

Leam more about open ancess compliance.

FURTHER INFOEREMMATICIY

journal
¢ APC payment FAQs
*  Help in identifring funding for APCs
+  Editorial process for ©O8 publicaton in  hbedd
journals
BUSINESS MATTERS

For contact information regarding buzinesz correspondence and inguiries related to adwertizing, subscriptions, permissions, papersin
produrction, or publishing a supplement, please wisit our publisher's contacts page

Alte matively, you can write to: Newrapsyefophuzsme ology, feademic Jourmals Division, Mature Publishing Group, One Mew York Plaza,

Site 4500, Mew York, NY 100M4-1562, US4
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ANEXO I
Carta de aprovacéao do projeto pelo CEUA-UFCSPA

/
ANEXO|

I - FORMULARIO UNIFICADO PARA SOLICITAGAO DE AUTORIZACAO PARA
USO DE ANIMAIS EM EXPERIMENTAGAO
PROTOCOLO PARA USO DE ANIMAIS - CEUA Uso X

e =

UFCSPA

1. PRAZO A2 -
Inicio: 15/02/2016
Término: 0102018

2. TITULO DO PROJETO
Avaiacio da resposta de canabidiol e derivados benzimidazdlicos em modelos animais
de epilepsa infantil e Sindrome de West

Area do conhecimento: Neuropsicofarmacologia

3. RESPONSAVEL
Nome comrpleto Helena Maria Tannhauser Barros

InstituigZo UFCSPA

E-mail hedenbar@ufcspa edu.be

Farmacologia’ Mestrado em Ciéncias da Sal
de

Degartamento / Disciplina

Experiénda Prévia:
Néo
Sm |X
Quanto tempo? __20 2005
Treinamento:

Nzo
Sm | A
Quanto tempo? _20an0s

Ed| C. Pulrolnlk
Secrodivia do CEPAIFCEPA



Poderé ser solicitade o projeto a critério da CEUA respeitando confidencialidade e conflito de

interesses.
Quando cabivel, anexar o termo de consentimento livre e esclarecido do propriet
responsavel pelo animal.

&io ou

15. RESOLUCAO DA COMISSAO —
A oo de i o v G inais masmaremibo ge_Qa1 11 LG APROVOU

os procedimentos éicos apresentados neste Protocolo.

C.
Assinatura sl CEPAIFCSPA
Coordenador da Comissao ]
7/ __, emitiuo

A Comissao de Etica No Uso de Animas, na sua reuniao de___ !
paec!anmoerdormoﬁotooobpaawarevisao.

Assindurx
Coordenador da Comiss30o

Parecer dado ao protocolo (assinar e carimbar o parecer):

—
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