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“What would life be if we had no courage to attempt anything?”
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PARTE I



RESUMO

A hipotese neurodesenvolvimental da esquizofrenia (SZ) tem origem numa
perturbacdo do desenvolvimento ou maturacao encefalica no periodo perinatal. Nesse
contexto, objetivo deste trabalho foi avaliar o efeito da suplementagdo com 6mega-3
(w-3) em dois diferentes periodos de vida (periodo de crescimento fetal e durante a
adolescéncia) em parametros comportamentais e bioquimicos em um modelo de
desafio imune neonatal induzido por acido poliinosinico:policitidilico (Poly(l:C)). Para
isso, fémeas wistar gravidas foram divididas em dois grupos para o tratamento de
prevencao a partir do 16° ao 21° dia de gestacdo: um grupo recebeu w-3 na dose de
0,8g/Kg via gavagem (grupo O), e o outro recebeu Tween (grupo T) na mesma dose
e via. Apos 0 nascimento, do 5° ao 7° dia pés-natal (PN) cada grupo de recém
nascidos foi subdivido em dois grupos: um recebeu poly(l:C) na dose de 2mg/kg
(grupo OP ou TP) e outro recebeu salina na dose 1 ml/kg (grupo OS ou TS), ambos
via intraperitoneal. Na adolescéncia, do 30° ao 44° dia PN, 0os animais receberam o
segundo tratamento de prevencdo com w-3, seguindo a mesma suplementacdo da
gestacdo: com w-3 (grupo OPO, TPO e TSO) ou Tween (grupo OPT, OST,TPT e
TST)). No total, foram 7 grupos de tratamento (n~15 animais/grupo): TST, TPT, TSO,
TPO, OST, OPT e OPO. No 45° dia PN foram realizados os testes comportamentais
de Y-maze, campo aberto e interacdo social (three-chamber sociability and social
novelty). Ao final foi realizada a eutanasia dos animais seguida da a coleta do sangue
troncular e dissecacéo das estruturas cerebrais - cértex pré-frontal (CPF) e hipocampo
(HC). O fator neurotréfico derivado do encéfalo (BDNF) e o estresse oxidativo, através
das substancias reativas ao acido tiobarbitarico (TBARS) e glutationa peroxidase
(GPx), foram avaliadas no soro e nas estruturas cerebrais. Os resultados foram
expressos em mediana e intervalo interquartil (IQR). A analise foi realizada por Mann-
Whitney U para comparacgdes entre dois grupos (TST x TPT) e, para comparacdes
multiplas, empregou-se Kruskal-Wallis. Os resultados mostram que a administracéao
neonatal de poly(l:C) foi capaz de induzir um comprometimento significativo na
interacdo social e no interesse por novos conspecificos quando comparado ao
controle (TST), sendo estes comportamentos considerados como um sintoma
negativos da SZ. O desafio imune também aumentou significativamente a peroxidacao
lipidica no HC. A associagédo de suplementagdo w-3 durante o crescimento fetal e
durante a adolescéncia (OPO) foi capaz de proteger os animais de déficits de
interesse social quando comparados ao grupo TPT. Além disso, apresentou niveis
séricos significativamente elevados de BDNF e niveis mais baixos de peroxidacéo
lipidica no HC do que o grupo TPT. Em concluséo, os resultados do presente trabalho
mostram de forma inédita o efeito benéfico da suplementacédo subsequente com w-3
em dois periodos distintos da vida de ratos submetidos a um modelo
neurodesenvolvimental de SZ. Embora os mecanismos por tras desses resultados nao
sejam totalmente elucidados, o estudo acrescenta evidéncias dos beneficios da
suplementacdo com w-3 em pacientes com risco de desenvolver SZ.

Palavras-chave: Esquizofrenia. Omega-3. Poly(I:C). Desafio imune neonatal.
Interacao social.



ABSTRACT

The neurodevelopmental hypothesis of schizophrenia (SZ) originates in a disturbance
of development or maturation of the brain in the perinatal period. In this context, the
objective of this study was to evaluate the effect of omega-3 (w-3) supplementation on
behavioral and biochemical parameters in a neonatal immune challenge model
induced by polyinosinic:polycytidylic acid (Poly(l:C)) in two different periods of life (fetal
growth period and adolescence). For this, pregnant rats were divided into two groups
for the prevention treatment from the GD16 to 21: one group received w-3 0.8 g/kg
(group O); and the other received Tween (group T) at the same dose, serving as control
group, both via orogastric gavage once daily. From the postnatal day (PN) 5 to 7, each
offspring (from group O and T) was divided into two subgroups: one received poly(l:C)
2mg/kg i.p. (groups OP and TP) and the other received saline 1ml/kg i.p. (groups OS
and TS). In the adolescence, from the PN30 to 44, the offspring was treated with w-3
(groups OPO, TPO and TSO) or Tween (groups OPT, OST, TPT and TST), following
the same supplementation protocol of pregnant rats (group O and group T). In total,
rats were divided 7 treatment groups (n ~ 15 animals per group): TST (control group),
TPT, TSO, TPO, OST, OPT and OPO. On the PN45 all groups were submitted to the
behavioral tests of Y-maze, open field and social interaction (three-chamber sociability
and social novelty). At the end, the euthanasia of the animals was performed, followed
by the collection of the trunk blood and dissection of the cerebral structures - prefrontal
cortex (CPF) and hippocampus (HC). Brain Derived Neurotrophic Factor (BDNF) and
oxidative stress, through thiobarbituric acid reactive substances (TBARS) and
glutathione peroxidase (GPx), were evaluated in serum and brain structures. The
results were expressed as median and interquartile range (IQR). The analysis was
performed by Mann-Whitney U for comparisons between two groups (TST x TPT). For
multiple comparisons Kruskal-Wallis was used. The results show that the neonatal
administration of poly(l:C) was able to induce a significant impairment in social
interaction and interest in new conspecifics when compared to control (TST), being
these behaviors considered negative symptoms of SZ. The association of w-3
supplementation during fetal growth and during adolescence (OPO) was able to
protect the animals from social interest deficits when compared to the TPT group. In
addition, the OPO group had significantly elevated serum levels of BDNF and lower
levels of lipid peroxidation in HC than the TPT group. In conclusion, the results of the
present study unprecedentedly show the beneficial effect of subsequent
supplementation with w-3 in two distinct periods of life of rats submitted to a
neurodevelopmental model of SZ. Although the mechanisms behind these results are
not fully elucidated, the study adds evidence of the benefits of w-3 supplementation in
subjects with risk for developing SZ.

Keywords: Schizophrenia. Omega-3. Poly(l:C). Neonatal immune challenge. Social
interaction.
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1. INTRODUCAO

1.1. Esquizofrenia

A esquizofrenia é uma doenca mental crénica e grave, comprometendo o
funcionamento psicossocial do individuo nos mais variados graus. Atinge cerca de 1%
da populacdo mundial, considerando todo seu espectro de sintomas (Owen, Sawa, &
Mortensen, 2016). Geralmente, € relatada como um pouco mais frequente nos
homens do que nas mulheres. Sendo o comeco da doenca mais precoce para 0 Sexo
masculino, emergindo tipicamente no fim da adolescéncia e inicio da vida adulta (Kahn
etal., 2015). Em relacdo as mulheres, um melhor progndstico e uma melhor adaptacéo
social é possivel devido a um curso mais brando da doenca (Mari & Leitdo, 2000).
Observa-se um risco aumentado de desenvolver esse transtorno quando ha historico
familiar, principalmente em casos de parentesco de primeiro grau ou quando ha mais
de um membro da familia afetado (Hilker et al., 2017).

Esse trantorno é o resultado de uma complexa interacdo entre fatores de risco
genéticos e ambientais, que influenciam o desenvolvimento encefalico inicial e a
trajetéria da adaptacdo bioldgica as experiéncias de vida (Brown, 2011; Kahn et al.,
2015). Neste contexto, eventos como processos inflamatorios, alteracdes de
membrana celular e estresse oxidativo, estdo fortemente ligados as hipoteses
etiopatogénicas dessa doenca (Diwadkar et al., 2014).

A esquizofrenia é considerada uma sindrome cujos sintomas podem ser
divididos em dois grandes grupos: positivos (psicoticos) e negativos (American
Psychiatric Association, 2013). Os sintomas positivos sao alteracdes qualitativas em
relacdo ao normal, que podem ser subdivididos em dois tipos: psicéticos e de
desorganizacdo. Incluem alucinacdes, percepcles irreais de audicdo, delirios,
comportamento amplamente desorganizado, agitacdo extrema, com perda do juizo
critico da realidade, ou seja, reflete um excesso e distor¢céo de certas funcdes. Ja os
sintomas negativos aparentam uma diminui¢do ou perda de funcbes mentais, como
por exemplo, embotamento afetivo, falta de motivacao e iniciativa, apatia, alogia,
avolicao, indiferengca emocional, entre outros (Schultz, North, & Shields, 2007).

Os pacientes também apresentam déficit em varios dominios cognitivos, sendo

acentuados nos dominios de atencgaol/vigilancia, linguagem, percepg¢éo, fluéncia
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verbal, aprendizagem, memoria, funcionamento executivo e processamento de
informacdes. Além do déficit na cognicao social, que € a base das interagfes sociais,
interferindo na percepcdo das emocdes, na resolucdo de problemas e na aptidao
social (Vaz-Serra et al., 2010). O pobre funcionamento cognitivo € um dos principais
fatores que explicam as elevadas taxas de deficiéncia e encargos associados a
esquizofrenia (Ustin & Chisholm, 2001).

Na esquizofrenia a reatividade do substrato neural € alterada pelo tempo de
doenca. Onde o inicio dos sintomas psicoéticos caracteriza o inicio da doenca, porém
0S prejuizos cognitivos e funcionais ocorrem principalmente durante os primeiros 5
anos apos o diagndstico, também conhecido como periodo de diagndstico recente ou
estagio inicial. Apés esse periodo tende-se a ter uma estabilidade dos prejuizos
cognitivos e funcionais (Lieberman et al., 2001). Esse padrdao de deterioracdo
cognitiva tem sido amplamente descrito na literatura, e € um dos maiores
responsaveis pela incapacidade apresentada pelos pacientes (Ayesa-Arriola et al.,
2013; Harvey et al., 2012).

O diagnostico € eminentemente clinico, considerando a duracéo dos sintomas,
a capacidade funcional da paciente, historico de desenvolvimento, histérico familiar e
genético. E realizado através do Manual Diagndstico e Estatistico de Transtornos
Mentais (DSM-5) e da CID 10 (Classificacao Internacional de Doencas e Problemas

Relacionados a Saude) (American Psychiatric Association, 2013).

1.2. Neurofisiopatologia da Esquizofrenia

A esquizofrenia apresenta uma etiologia multifatorial, englobando alteracdes
genéticas (Ripke et al., 2014) - no neurodesenvolvimento - e vulnerabilidades
ambientais precoces (Brown, 2011) - especialmente sofrimento perinatal (Ayhan et
al., 2011). Juntos, estes fatores sugerem que o transtorno seja poligénico (Lewis &
Lieberman, 2000). Os principais mecanismos fisiopatolégicos, propostos para a
esquizofrenia, envolvem alteracdes em diferentes sistemas de neurotransmissores,

especialmente os sistemas dopaminérgico e glutamatérgico.



1.3. Hipotese Dopaminérgica e Hipotese Glutamatérgica

Em relacdo a fisiopatologia da esquizofrenia, a hipotese de hiperfuncéo
dopaminérgica surgiu devido a capacidade dos antipsicéticos antagonizarem 0s
receptores D2 e diminuirem os sintomas psicoéticos nos pacientes (Kahn et al., 2015),
e também por induzir quadros psicoticos com uso de anfetamina, agente caracterizado
por induzir liberacdo de dopamina (Bressan & Pilowsky, 2003). Com isso, muitos
autores sugerem um aumento da interatividade dopaminérgica na via mesolimbica
cerebral como responsavel pelos sintomas positivos da esquizofrenia, enquanto 0s
denominados sintomas negativos sao caracterizados pela pouca interatividade
dopaminérgica na regido mesocortical cerebral (Howes, Mccutcheon, & Stone, 2016;
Miyake et al., 2011).

No entanto, a teoria dopaminérgica, vista isoladamente, é falhna em explicar
algumas questdes, tais como a atividade limitada dos atipsicéticos classicos em
relacdo aos sintomas negativos e ao prejuizo cognitivo. Além do fato de 20-35% dos
pacientes apresentarem uma resposta parcial ou henhuma resposta ao tratamento
antipsicotico (Plitman et al., 2014). Por isso passou-se a investigar participacdo de
outros neurotransmissores na neurobiologia da esquizofrenia.

O glutamato é o principal neurotransmissor excitatério do sistema nervoso
central (SNC), estando relacionado com mecanismos de neurodegeneracao e com a
génese da psicose. Além de estar envolvido em fungbdes cognitivas fundamentais -
tais como memoaria e aprendizado (Coyle et al., 2010). A hip6tese glutamatérgica da
esquizofrenia, destaca o papel central do glutamato associado a hipofuncédo dos
receptores glutamatérgicos tipo N-metil-Daspartato (NMDA). Esses receptores sdo
essenciais para a plasticidade neuronal, incluindo sinaptogénese e excitotoxicidade.
Além disso, a hiperatividade dos neurdnios glutamatérgicos em diferentes regides
cerebrais, incluindo cortex pré-frontal (CPF), estaria relacionada aos sintomas
positivos, cognitivos e manifestagcdes emocionais do transtorno (Howes et al., 2016;
Paz et al., 2008).

As vias neuronais do modelo dopaminérgico estédo integradas com as vias do
modelo glutamatérgico, principalmente em regides especificas, fortemente envolvidas
na fisiopatologia da doenca, deixando claro que s&o conceitos complementares na

compreensao da patogénese da esquizofrenia (Howes et al., 2016).



1.4. Esquizofrenia e Sistema Imune

Ha muitas evidéncias de que a inflamacdo durante o desenvolvimento
encefalico possa contribuir para a patogénese da esquizofrenia (Aguiar et al., 2010;
Khandaker et al., 2015; Koga et al., 2015; Najjar et al., 2013). Como em outros
distarbios cerebrais, o sistema imunoldgico, por meio de inflamacéo local ou sistémica,
parece desempenhar um papel ndo s6 no desenvolvimento, mas também na
progressdo da doenca. Sendo comum aos estudos a conclusdo de que ha um
desequilibrio pré-inflamatério (Khandaker et al., 2015).

Com base nisso, é plausivel que mediadores pro e anti-inflamatérios possam
entrar a partir da periferia, ou escapar do cérebro para a circulagdo sistémica, em
determinados cenarios neuropatoldgicos (Leza et al., 2015). Uma vez dentro do SNC,
o sinal das citocinas € amplificado, o que ativa a microglia, conduzindo a secrecao de
mais mediadores pré-inflamatdrias, quimiocinas e proteases. Além disso, as citocinas
também aumentam o estresse oxidativo através do aumento da concentracdo de
oxido nitrico, e ativam o eixo hipotalamico-pituitario-supra-renal, que conduz a
libertacdo de cortisol. Essa cascata de sinalizacdo pode contribuir para os sintomas
negativos, cognitivas e positivos da esquizofrenia (Khandaker et al., 2015).

A microglia, quando previamente ativada, pode reagir mais fortemente a um
novo estimulo (Cherry, Olschowka, & O’Banion, 2014), ou seja, é susceptivel de
manter uma memoria imunolégica da neuropatologia, que por sua vez esta
relacionado com a capacidade de resposta aumentada a uma nova inflamacéo
sistémica (Khandaker et al., 2015). Assim, insultos durante o desenvolvimento, como
infeccbes sistémicas graves na infancia, podem ter um primeiro efeito na microglia,
aumentando a ativacdo microglial e o risco de desenvolver psicose apés infeccdes
subsequentes (Perry, Nicoll, & Holmes, 2010).

Estudos demonstram a relacdo existente entre quadros infecciosos no periodo
gestacional e o desenvolvimento da esquizofrenia, o que € muito relevante uma vez
que essa doenca € descrita como um transtorno de origem neurodesenvolvimental
(Aguiar et al., 2010; Miller et al.,, 2013; Stober, Franzek, & Beckmann, 1997).
Evidéncias epidemiologicas mostram um risco aumentando de desenvolver a
esquizofrenia depois da exposicdo pré-natal a infec¢cdes por varios patdgenos

diferentes, que incluem: influenza, rubéola, Toxoplasma gondii, herpes simples, entre



outros. Essa variedade de agentes infecciosos envolvidos, sugere que um fator
comum da resposta imune a esses patdégenos pode ser um mediador critico da
associacdo entre a infeccdo pré ou perinatal e 0 aumento do risco a esquizofrenia
(Aguiar et al., 2010; Khandaker et al., 2015).

Além disso, a exposicdo a virus neurotropicos durante a infancia esté
associada com risco aumentado de experiéncias psicoticas subclinicas na
adolescéncia (Khandaker et al., 2014). Ha também evidéncias de que o risco de
esquizofrenia € quase o dobro em adultos que tiveram infeccdo viral no SNC durante
a primeira infancia, mostrando que a fase na qual a infeccdo ocorre, podendo
aumentar o risco de disturbios neuropsiquiatricos no futuro, ndo se limita ao periodo
pré-natal (Khandaker et al., 2012). Assim, as ligacdes entre esquizofrenia e uma série
de infeccdes, e também com doencas autoimunes (Eaton et al., 2006), sugerem um
caminho comum subjacente, provavelmente envolvendo uma resposta imune

inflamatoéria.

1.5. Esquizofrenia e Estresse Oxidativo

O estresse oxidativo € um estado em que ha um desequilibrio entre processos
pré-oxidantes e o sistema de defesa antioxidante, que ocorre como uma consequéncia
do aumento producdo de radicais livres e/ou quando o sistema de defesa esta
ineficiente. Os efeitos toxicos dos radicais livres causam defeitos na membrana
celular, através da oxidacdo de seus lipidios, e também aumentam o metabolismo
oxidativo de catecolaminas, principalmente no cérebro (Dadheech et al., 2008).

O cérebro é considerado particularmente vulneravel ao dano oxidativo por
varias razdes, mas principalmente pelo fato de apresentarem um alto consumo de
oxigénio. Em condicbes em que ha producdo aumentada de radicais livres ou sua
eliminacdo esta diminuida, um desequilibrio para o estado pro-oxidante € formado,
que também pode assumir uma importancia fundamental na patogénese de doencgas
cerebrais agudas ou crbénicas, como a esquizofrenia (Dadheech et al., 2008; Koga et
al., 2015; Mahadik & Scheffer, 1996). Portanto, acredita-se que o aumento do estresse
oxidativo pode ser bastante relevante para a fisiopatologia da esquizofrenia.

Estudos que avaliam pacientes com diagnostico de esquizofrenia mostram um

aumento nos niveis de peroxidagéo lipidica em soro (Gama et al., 2006), plasma
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(Dietrich-Muszalska et al., 2009), glébulos vermelhos (Herken et al., 2001) e plaquetas
(Dietrich-Muszalska et al., 2005). E esse aumento podem ser interpretados como um
sinal da lesé@o peroxidativa de fosfolipidios de membrana e esta lesdo poderia afetar
o funcionamento neuronal por alteracbes da fluidez ou receptores da membrana
(Mahadik, Evans, & Lal, 2001). Além disso, estudos indicam que 0s pacientes com
diagnostico de esquizofrenia tem uma reducéo na glutationa (GSH) total (Lauer et al.,
2000) e que niveis de glutationa peroxidase (GPx) estdo diminuidos tanto em

pacientes tratados como em pacientes nao tratados(Miljevic et al., 2010).

1.6. Esquizofrenia e Neuroplasticidade

Evidéncias indicam ainda que a esquizofrenia € um transtorno sutil do
desenvolvimento e da plasticidade cerebral, uma vez que altera¢cdes na migracao
neuronal, sinaptogénese e “poda” neuronal sdo associadas ao aparecimento
subsequente da doenca (Miyamoto et al., 2003). Com isso, tem-se sugerido que
mecanismos relacionados a neuroplasticidade estejam envolvidos no transtorno. Visto
gue um déficit no fornecimento de neurotrofina a neurénios corticais pode ser um fator
subjacente na fisiopatologia da esquizofrenia (Gorski et al., 2003; Thome, Foley, &
Riederer, 1998).

O fator neurotréfico derivado do encéfalo (do inglés Brain-derived neurotrophic
factor, BDNF) € uma neurotrofina envolvida de varias formas com o desenvolvimento
e com a plasticidade neuronal, inclusive na maturacéo de neurénios inibitorios GABA.
Evidéncias indicam que os niveis dessa neurotrofina estdo diminuidos em portadores
de esquizofrenia (Favalli et al., 2012), e essa diminui¢édo ja foi relacionada com o
primeiro surto psicético (Green et al., 2011) e com o prejuizo cognitivo apresentado
por esses pacientes (Glantz & Lewis, 2000), mostrando a relacdo dessa neurotrofina
e a patogénese da doenca.

Além disso, anormalidades no cérebro de portadores de esquizofrenia tem sido
relacionadas com uma alteracdo na expressao do gene BDNF. Estudos pds-mortem
utiizando o CPF e o hipocampo (HC) desses pacientes, mostra reducbes na
expressdo do RNAmM de BDNF e da proteina BDNF madura (Hashimoto et al., 2005;
Weickert et al., 2003)..
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E possivel que os niveis de BDNF reduzidos levem a uma deficiéncia no
suporte neurotréfico, causando a proliferacdo diminuida e/ou “poda” excessiva de
sinapses, que podem estar na base da fisiopatologia da esquizofrenia (Glantz & Lewis,
2000; Selemon, Rajkowska, & Goldman-Rakic, 1995).

1.7. Acidos graxos poliinsaturados

Os acidos graxos tem diferentes papeis fisiopatoldégicos no organismo, sendo
de extrema importancia para estrutura da membrana celular e processos metabdlicos
(Youdim, Martin, & Joseph, 2000). Sabe-se que 0s acidos graxos poliinsaturados
(PUFAs) constituem 20% do peso seco do cérebro, e sdo criticos para o0 seu
desenvolvimento normal, bem como para manutencdo da estrutura da membrana e
para funcdo neuronal, embora o mecanismo exato da modulacdo da funcdo neuronal
ainda permanece desconhecido (Yamashima, 2008).

Os &cidos graxos poliinsaturados de cadeia longa (LC:PUFAS) incluem a
familia de acidos graxos dmega-6 (w-6) e 6Gmega-3 (w-3) cujos precursores sao o
acido linolénico (LA) e o acido a-linolénico (ALA), respectivamente. O w-6 e w-3 séo
sintetizados durante o periodo perinatal e seus niveis podem ser mantidos na vida
adulta apenas por ingestao dietética. Assim, estes acidos devem ser obtidos através
da alimentacdo para que possam ser aproveitados pelos tecidos corporais (Van der
Kemp et al., 2012). O acido graxo a-linolénico (ALA) esta presente em 6leos vegetais
como linhaga, canola e soja, além de vegetais verdes folhosos. Deste acido derivam
0s acidos eicosapentaenoico (EPA) e docosahexaendico (DHA), ambos encontrados
em peixes e 6leos de peixes como sardinha, salmao, bagre e atum (Covington, 2004;
Heird & Lapillonne, 2005).

O mecanismo proposto para os beneficios dos acidos graxos parece estar
relacionado a sua incorporagdo nas membranas celulares, promovendo mudangas na
sua fluidez e fungdo, bem como alteragBes na expressdo génica e producdo de
eicosanoides (Riediger et al., 2009). Os fosfolipidios do EPA e DHA séo liberados da
membrana celular pela agéo da enzima fosfolipase A2, sendo metabolizados por duas
vias. A primeira delas envolve as enzimas COX (cicloxigenase) e LOX (lipoxigenase)
e, a segunda, a via das resolvinas e protectinas (Balanza-Martinez et al., 2011,

Riediger et al., 2009) (figura 1).
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Figura 1. Via metabodlica da sintese de acidos graxos 6mega-3. ALA é convertido em acido graxo
de cadeia longa através de reacdes de dessaturagcdo e alongamento. A sintese de DHA requer a
passagem de dos acidos graxos percursores para o peroxissoma, onde sofrem um ciclo de 3-oxidacéo
para produzir DHA. EPA sintetiza prostandides e leucotrienos pelas enzimas COX e LOX,
respectivamente. EPA e DHA também podem sintetizar resolvinas: proteinas que possuem funcdes
neuroprotetoras. Essas reac¢des ocorrem principalmente no figado, mas elas também podem ocorrer
no cérebro, uma vez que omega-3 ultrapassa a BHE (adaptado de (Balanza-Martinez et al., 2011)

A maioria dos lipidios do cérebro sao glicerofosfolipideos compostos
principalmente por DHA e acido araquid6nico, onde exercem papéis importantes no
desenvolvimento e funcionamento do SNC, uma vez que os PUFAs conseguem
atravessar a BHE (Balanza-Martinez et al., 2011; Sastry, 1985). DHA é o principal
LC:PUFA presente na substancia cinzenta do cérebro dos mamiferos,
correspondendo a aproximadamente 10-20% da composi¢cdo dos PUFAs no cortex
pré-frontal em adultos (Carver et al., 2001). Ha evidencias de que o acumulo de DHA

€ crucial pro neurodesenvolvimento (McNamara, 2013) e pode exibir efeitos
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neurotréficos (Sable, Kale, & Joshi, 2013) e neuroprotetores (McNamara, Vannest, &
Valentine, 2015) no cérebro. Uma vez que o DHA liberado das membranas celulares
- mediante a ativacdo da enzima fosfolipase A2, quando em situacdes de dano
neuronal - origina um composto denominado Neuroprotectina D1, um docosanoide
com importante papel neutroprotetor no SNC (Lukiw & Bazan, 2008).

Estudos em animais ja demonstraram que a suplementacdo de w-3 foi capaz
de melhorar parametros em diferentes tarefas de memaria e aprendizado em ratos
Wistar (Chung, Chen, & Su, 2008), enquanto que uma restricdo dietética desses
acidos graxos leva a uma piora nesses testes comportamentais (Lim et al., 2005).
Além de reafirmarem a capacidade neuroprotetora e antioxidante atribuida ao w-3
(Bas et al., 2007; Wu et al., 2004).

A deficiéncia dietética e baixos niveis enddgenos de acidos graxos w-3 estao
associados a um pior prognostico de doencas psiquiatricas e alguns estudos clinicos
evidenciaram que a suplementacdo destes acidos foi benéfica em pacientes com

depressao maior, transtorno bipolar e esquizofrenia (Peet & Stokes, 2005).

1.8. Esquizofrenia e Omega-3

Distarbios no metabolismo dos PUFAs sdo observados pacientes com
diagnéstico de esquizofrenia, o que levou a formulacdo da hipotese da membrana
como um dos mecanismos fisiopatolégicos propostos para esta doenca (Horrobin et
al., 1994; Horrobin, 1998; Ohara, 2007). Nesse contexto, a reducdo desses acidos
graxos esta relacionada com o aumento da atividade da fosfolipase A2 (Law, Cotton,
& Berger, 2006) e da peroxidacéo lipidica (Ohara, 2007). Bem como esta relacionada
com uma maior rigidez da membrana e com alteracdes na conformacdo e no
funcionamento de proteinas, receptores e canais idnicos (van der Kemp et al., 2012).

Além disso, o0 w-3 desempenham um papel central em varios estagios de o
desenvolvimento encefalico, especialmente no periodo embrionario, pré-natal e no
pos-natal compreendendo até o segundo ano de vida (Mcnamara, 2013). Sao,
portanto, importantes para o neurodesenvolvimento e em mecanismos bioldgicos de
regulacdo do comportamento, ou seja, processos alterados na esquizofrenia e
conhecidos por desempenhar um papel crucial na patogénese da doenca (Berger et

al., 2002; McNamara & Carlson, 2006).
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A suplementagao com w-3 em modelos animais de esquizofrenia, induzidos por
cetamina, demonstraram que esse PUFA foi capaz de: reduzir a atividade da
acetilcolinesterase induzida pela cetamina nos tecidos cerebrais, fornecendo
evidéncias de que os w-3 e cetamina afetam o sistema colinérgico, que esta alterado
na doencga (Zugno et al., 2015a); melhorar parametros oxidativos (Zugno et al., 2014)
e niveis neutrotroficos (Zugno et al., 2015b); bem como prevenir sintomas positivos,
negativos e cognitivos induzidos pelo modelo (Gama et al., 2012).

Em um ensaio clinico randomizado controlado com placebo, resultados
mostram que a intervencdo de 6 meses com w-3 pode ser um valioso complemento
terapia, sendo capaz de diminuir a intensidade dos sintomas e de melhorar o nivel de
funcionamento em esquizofrénicos em primeiro episédio (Pawetczyk et al., 2016).
Outro importante estudo publicado por Amminger e colaboradores (2010), mostrou o
efeito do w-3 como prevencao primaria em populacbes com alto risco (UHR) de
desenvolver psicose. A estatistica esperada para conversdo de psicose era de
aproximadamente 30% e o grupo placebo seguiu essa probabilidade, mas o grupo
que recebeu o tratamento com w-3 durante 12 semanas, reduziu essa porcentagem
para 5% (Amminger et al., 2010). Ap6s 6 anos de acompanhamento dos pacientes,
0s pesquisadores constataram que o w-3 também exerceu um efeito de prevencao
para o desenvolvimento de outros transtornos, como depresséao e ansiedade. Visto
gue o grupo que recebeu tratamento com w-3 por 12 semanas nha fase inicial do
estudo, mostrou uma menor taxa de desenvolvimento de transtornos em relacdo ao
grupo placebo (Amminger et al.,, 2015). O mesmo protocolo de intervengcdo com
0mega-3 foi realizado em pacientes de um consorcio Norte-Americano de estudos
longitudinais de prodromos (NAPLS), porém o ensaio foi insuficiente para replicar o
efeito de conversao visto no estudo de Amminger e colaboradores. Uma vez que a
taxa de conversao para psicose na presente amostra foi menor do que a tipicamente
observada em uma populacdo de alto risco e, apesar de ser demonstrada uma
melhora geral dos sintomas e do funcionamento ao longo do tempo em todos os
individuos, ndo houve evidéncia clara de um efeito diferencial na amostra que recebeu
Omega-3 em comparacdo ao placebo (Cadenhead et al., 2017). Contudo, quando
replicado em pacientes com UHR de um consorcio envolvendo Asia, Austrélia e

Europa (NEURAPRO), ndo foram encontradas diferencas estatisticamente
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significativas nas taxas de conversédo entre os individuos que receberam dmega-3 e
placebo (McGorry et al., 2017).

Com base em estudos pré-clinicos e em estudos clinicos, podemos entender
porque os LC:PUFAs vem ganhando especial atencéo e porque precisam ser melhor

estudados em Varios transtornos psiquiatricos, incluindo a esquizofrenia.

1.9. Modelos animais de Esquizofrenia e Poly(l:C)

Como descrito anteriormente, a esquizofrenia possui etiologia multifatorial,
envolvendo fatores ambientais e genéticos, produzindo uma complexa sindrome. E,
por tanto, € muito dificil de ser induzida em animais (Salgado, Hetem, & Sandner,
2006), contudo, o desenvolvimento de modelos animais mostra-se importante para a
elucidacao de suas bases biologicas e para investigacao de alvos terapéuticos na fase
pré-clinica (Lipska & Weinberger, 2000).

O modelo neurodesenvolvimental de esquizofrenia induzido em roedores pela
administracdo do &cido poliinosinico:policitidilico (poly(l:C)), vem sendo muito
empregada tanto via ativacdo imune materna como via ativacao imune perinatal (Ibi &
Yamada, 2015; Macédo et al., 2012; U. Meyer & Feldon, 2012). Estes modelos sé&o
fundamentais para o estabelecimento de rela¢cdes causais e para a identificacdo de
mecanismos celulares e moleculares que afetam o desenvolvimento normal do
cérebro em caso de exposi¢ces imunoldgicas do inicio da vida (Macédo et al., 2012).

O poly(I:C) é um analogo sintético de RNA de cadeia dupla, que pode mediar
respostas imunes através da ativacdo do receptores Toll-like 3 (TLR3), ativando o
sistema imune inato (U. Meyer & Feldon, 2012; Wang et al., 2004). Ou seja, induz
respostas imunolégicas analogas as observadas durante infeccdo viral, através da
regulacéo positiva da expressdo do complexo de histocompatibilidade (Verdijk et al.,
1999), e mais notavelmente ao induzir a libertacdo de citocinas pro-inflamatoérias
(Doukas, Cutler, & Mordes, 1994; Kimura et al., 1994). Visto que, a administracao
sistémica de poly(l:C) leva ao aumento os niveis plasmaticos de citocinas pro-
inflamatorias, como interleucina (IL) -6, fator de necrose tumoral (TNF)-alpha e IL-13
dentro de 2 horas ap6s a injecao (Bronson et al., 2012).

Este analogo sintético apresenta duas vantagens em comparagdo com uma

infeccéo viral em um modelo animal: em primeiro lugar, ele desencadeia uma resposta
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imune ndo especifica, onde ha inducdo de citocinas ndo acompanhados pela
producdo de anticorpos especificos e de acidos nucleicos virais; em segundo lugar,
os efeitos de poly(l:C) estéo limitadas no tempo (duracao de aproximadamente 48 h)
e, portanto, pode ser sincronizada com precisdo para um periodo especifico do
neurodesenvolvimento (Zuckerman et al., 2003).

Estudos utilizando ativagdo imune materna, induzida por poly(l:C), mostram um
impacto negativo sobre o desenvolvimento encefalico da prole (Réus et al., 2015; Van
den Eynde et al., 2014). Além disso, o tratamento de ratos neonatos com poly(l:C) foi
capaz de provocar disfuncdes cerebrais na idade adulta, caracterizadas pelo
comprometimento da neurotransmisséo glutamatérgica hipocampal (Ibi et al., 2009) e
por prejuizos no comportamento desses animais, como por exemplo, déficits na
interacao social (Bitanihirwe et al., 2010).

Ribeiro e colaboradores (2013) demonstraram que a administracdo neonatal
de poly(l:C), do 5° ao 7° dia p6s-natal (PN), foi capaz de causar déficits de PPI (inibicdo
de pré-pulso) e de memodria de trabalho, dois endofenétipos comportamentais para a
esquizofrenia (Amann et al., 2010), apenas em animais em idade adulta (Ribeiro et al.
2013). Estes déficits comportamentais foram acompanhadas por um aumento
progressivo na ativacdo microglial e na imunoexpressdao de INOS desde a
adolescéncia até a idade adulta (Ribeiro et al., 2013).
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2. JUSTIFICATIVA

Diversos estudos epidemioldgicos sugerem que a infeccdo pré-natal e pos-
natal do SNC, por diferentes agentes patogénicos, podem aumentar o risco para
varios transtornos do neurodesenvolvimento, incluindo esquizofrenia. Evidenciando
influéncia da ativacdo imune perinatal no desenvolvimento enceféalico (Ibi & Yamada,
2015). Essa relacao ja foi demonstrada no tratamento de neonatos com poly(l:C) (2-
6PN), onde esse analogo sintético RNA foi capaz de provocar disfun¢des cerebrais
na idade adulta dos ratos, caracterizadas pelo comprometimento da neurotransmissao
glutamatérgica hipocampal, por déficits de memaoria e no PPl e pelo prejuizo nos
comportamentos sociais (Ibi et al., 2009). Sendo que déficits no PPI, aumento
progressivo da ativacdo microglial e imunomarcacéo da iNOS ja foram demonstrados
a partir da PN30 (Ribeiro et al., 2013). Além disso, por se tratar a esquizofrenia de
um transtorno neurodesenvolvimental, que normalmente se apresenta seus sintomas
na adolescéncia ou em adultos jovens, a pesquisa de tratamentos que auxiliem, em
longo prazo, quando aplicados nesse estagio, é de grande relevancia.

Sendo assim, o uso de um modelo animal de esquizofrenia induzido por
poly(l:C), prevenido com w-3 - previamente e apos a indu¢cdo do comportamento tipo
esquizofrénico - permitira a avaliacdo das capacidades desse PUFA tanto sobre os
sintomas (comportamento) quanto sobre rotas e substancias mais especificas, tais
como fatores neurotréficos e oxidantes, durante a adolescéncias dos animais. Esse
estudo torna-se ainda mais relevante ao considerarmos que a deficiéncia dietética e,
consequentemente, os baixos niveis endogenos de w-3, estdo associados a um pior
prognostico de doencas psiquiatricas, e que estudos ja evidenciaram que a
suplementacdo destes acidos foi benéfica em pacientes com depressao maior,
transtorno bipolar e esquizofrenia (Peet & Stokes, 2005). Além da capacidade
neuroprotetora e antioxidante ja descrita para esse acido graxo (Bas et al., 2007; Wu
et al., 2004).
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3. OBJETIVOS

3.1. Objetivo Geral

Avaliar o efeito da suplementacdo com édmega-3 em dois diferentes periodos de
vida (durante o crescimento fetal e durante a adolescéncia entre 30 e 44 dias) em
parametros comportamentais e bioquimicos durante a adolescéncia dos animais em

um modelo de esquizofrenia induzido por poly(l:C).

3.2. Objetivos Especificos

Caracterizar o comportamento tipo esquizofrénico apresentado pelos animais
apos o desafio imune com poly(l:C):

- Avaliar a atividade locomotora através do teste de campo aberto;

- Avaliar a interacao social,

- Avaliar a memoria de trabalho;

Realizar andlises bioquimicas nas amostras de tecido cerebral e soro obtidos
dos animais pelas quais se objetiva:

- Avaliar parametros de estresse oxidativo, através dos niveis de peroxidacao
lipidica, além de avaliar a atividade das enzimas antioxidantes da glutationa
peroxidase (GPx) nas amostras de cortex pré-frontal, hipocampo e soro obtidos dos
animais;

- Quantificar os niveis de fator neurotréfico derivado do cérebro (BDNF) em

estruturas cerebrais (cértex pré-frontal e hipocampo) e soro.

Investigar o efeito da suplementacdo com 6mega-3 tanto sobre os sintomas
(comportamento) quanto sobre fatores neurotréficos e oxidantes nesse modelo
neurodesenvolvimental de esquizofrenia:

- Avaliar o efeito da prevengdo com w-3 durante o periodo de crescimento fetal;

- Avaliar o efeito da prevencdo com w-3 durante a adolescéncias dos animais;

- Avaliar o efeito da suplementacdo subsequente de w-3 em dois periodos

diferentes da vida: durante o crescimento fetal e durante a adolescéncia.
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4. RESULTADOS

Os resultados deste trabalho seréo apresentados sob a forma de um artigo
cientifico que sera submetido para publicacdo na revista Schizophrenia Research.

4.1. Capitulo |

Omega-3 supplementation during fetal growth and adolescence increases BDNF
serum levels, prevents negative symptoms and brain oxidative damage: a Poly(l:C)
schizophrenia model in rats.
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Abstract

The neurodevelopmental hypothesis of schizophrenia (SZ) originates in a disturbance
of development or maturation of the brain in the perinatal period. In this context, the
objective of this study was to evaluate the effect of omega-3 supplementation on
behavioral and biochemical parameters in a neonatal immune challenge model
induced by polyinosinic:polycytidylic acid (Poly(I:C)) in two different periods of life (fetal
growth period and adolescence). For this, pregnant rats were divided into two groups
for treatment from the gestational day 16 to 21: one group received omega-3 and the
other received Tween. From the postnatal day (PN) 5 to 7, offspring was divided into
two subgroups: one received poly(l:C) and the other received saline. In the
adolescence, from the PN30 to 44, the offspring groups was treated with omega-3 or
Tween, following the same supplementation protocol of pregnant rats. On the PN45 all
7 groups were submitted to the behavioral tests of Y-maze, open field and social
interaction. Brain Derived Neurotrophic Factor (BDNF) and oxidative stress, through
thiobarbituric acid reactive substances (TBARS) and glutathione peroxidase, were
evaluated in serum and brain structures. Our main result showed that the association
of omega-3 supplementation during fetal growth and during adolescence was able to
protect the animals from social interest deficits during adolescence. In addition, these
animals had significantly elevated serum levels of BDNF and lower levels of lipid
peroxidation in hippocampus. These results give additional support for the use of

omega-3 supplement in subjects with risk for developing SZ.

Keywords: Schizophrenia. Omga-3. Poly(I:C). Neonatal immune challenge. Social

interaction.
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1. INTRODUCTION

Schizophrenia (SZ) has a multifactorial etiology, including genetic alterations
(Ripke et al., 2014) — in neurodevelopment — and early environmental vulnerabilities
(Brown, 2011) — especially perinatal suffering — which suggests that the disorder is
polygenic (Lewis & Lieberman, 2000). Several epidemiological evidence suggest that
prenatal and postnatal infection of the central nervous system (CNS) by different
pathogens increase the risk for various neurodevelopmental disorders, including SZ
(Khandaker et al., 2012; 2014, 2015; Koga et al, 2016) ; corroborating the influence of
the perinatal immune activation in the encephalic development (Ibi & Yamada, 2015;
Macédo et al., 2012).

Polyinosinic:polycytidylic acid (poly(l:C)), a synthetic analogue of double-stranded
RNA, can mediate immune responses through the activation of Toll-like receptors 3
(TLR3), activating the innate immune system and mimicking acute phase viral infection
(Meyer & Feldon, 2010). Studies have demonstrated the treatment of newborn rats
with poly(I:C) was able to induce brain dysfunction in adulthood. For instance,
significant deficits in social interaction (Bitanihirwe et al., 2010) and in memory and
pre-pulse inhibition (PPI) (Ibi et al., 2009; Ribeiro et al., 2013). These behavioral
deficits were accompanied by a progressive increase in microglial activation and
inducible nitric oxide synthase (iINOS) immunoexpression from periadolescence to
adulthood (Ribeiro et al., 2013).

Although the etiology of SZ is not completely elucidated, evidence indicate that
oxidative stress due to accumulation of reactive oxygen species (ROS) or imbalance
in the activity of endogenous antioxidant systems is associated with the
pathophysiology of the disease (Koga et al., 2016). It has been demonstrated that
patients with SZ exhibit increased levels of lipid peroxidation, in serum (Gama et al.,
2006), plasma (Dietrich-Muszalska et al., 2009), red blood cells (Herken et al., 2001)
and platelet levels (Dietrich-Muszalska et al., 2005). In addition, activity of glutathione
peroxidase (GPx) and total glutathione levels (GSH), a well-known intracellular
antioxidant system is decreased in both treated and untreated SZ patients (Lauer et
al., 2000; Miljevic et al., 2010).

Dysregulated synaptic plasticity with changes in neurotrophins may also contribute

to the pathophysiology of SZ. The neurotrophin brain-derived neurotrophic factor
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(BDNF) is considered a crucial protein in psychiatric illness and plays an important role
in neurodevelopment and neural plasticity. Evidence indicate regardless of treatment
the levels of BDNF are decreased in SZ patients (Favalli et al., 2012) and are related
to the first psychotic episode (Green et al., 2011).

Currently, evidence supports the beneficial effects of the supplementation of
omega-3 polyunsaturated fatty acids (PUFAs) in a variety of neurodegenerative
disorders and other neurological conditions (Dyall, 2015). Omega-3 is synthesized
during the perinatal period and its benefits can only be maintained in adult life by
dietary intake (Browning et al., 2012; Mcnamara, 2013). It has different
pathophysiological roles in the body, being of utmost importance for cell membrane
structure and metabolic processes which are essential components for brain function
and transmission of neuronal impulses (McNamara & Carlson, 2006). The mechanism
behind its benefit seems to be related to the incorporation of these fatty acids into
cellular membranes, promoting changes in their fluidity and function (Dyall, 2015).

Omega-3 supplementation in an animal model of SZ induced by ketamine
shown to prevent positive, negative and cognitive symptoms induced by the model
(Gama et al., 2012). In addition, it is already demonstrated the effect of omega-3
treatment as a primary prevention in ultrahigh risk (UHR) populations of developing
psychosis (Amminger et al., 2010). And after a 6-year follow-up of that population, the
authors observed the group receiving omega-3 supplementation in the initial phase of
the study exhibited lower rate of developing other psychiatry associated disorders,
such as depression and anxiety, than the placebo group, evidencing a prevention
effect of this fatty acid in psychotic disorder (Amminger et al., 2015). However, when
replicated in UHR patients from a consortium involving Asia, Australia and Europe
(NEURAPRO), no statistically significant differences in conversion rates were found
between subjects receiving omega-3 and placebo (McGorry et al., 2017).

Based on previous findings, the aim of this study was to determine whether
omega-3 prevention treatment could affect working memory, locomotor activity and
social interaction during adolescence (prodromal phase where schizophrenic
symptoms typically occur in humans) in neurodevelopmental model of SZ induced by
poly(I:C). Additionally, we evaluate the impact of omega-3 supplementation on central

and peripheral oxidative and neurotrophic parameters.
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2. METHODS

2.1. Animals

A total of 21 adult Wistar rats (male:female=1:2) were used to breed, generating
a total of 104 male and female pups. The animals were maintained at a controlled
temperature (23 £ 1 °C) with a 12 h light/dark cycle (lights on at 7:00 AM) and free
access to water and food. Procedures were conducted in accordance with the Brazilian
College of Animal Experimentation (COBEA) guidelines for the care and use of
laboratory animals. All animal treatments were approved by the institutional Research

Ethics Committee of Hospital de Clinicas de Porto Alegre.

2.2. Drugs

Omgea-3 PUFAs (VitGold, Parana, Brazil) — composed by 18%
eicosapentaenoic acid and 12% docosaexaenoic acid — at a dose of 0.8 g/kg without
dilution. For the control group, Tween (polysorbate 20; Neon, Sado Paulo, Brazil) an
inert oil with no impact on omega-3 fatty acid metabolism was chosen. Poly(l:C)
(polyinosinicpolycytidylic acid potassium salt; Sigma-Aldrich, Saint Louis, USA) at a
dose of 2mg/kg i.p. were prepared in water.

2.3. Experimental Design

Pregnant females were monitored for the insemination day, which was counted
as gestational day 0 (GDO0). Pregnant rats were divided into two groups for the
prevention treatment from the GD16 to 21. One group received omega-3 0.8 g/kg
(group O); and the other received Tween (group T) at the same dose, serving as control
group, both via orogastric gavage once daily.

From the postnatal day (PN) 5 to 7, each offspring (from group O and T) was
divided into two subgroups: one received poly(l:C) 2mg/kg i.p. (groups OP and TP)
and the other received saline 1ml/kg i.p. (groups OS and TS) (Ribeiro et al., 2013).

Translated to humans, the PN5-7 period is equivalent to the end of the third trimester

26



of pregnancy, and it is also a period of high vulnerability to developmental disorders
(Semple et al., 2013).

In the adolescence, from the PN30 to 44, the offspring was treated with omega-
3 (groups OPO, TPO and TSO) or Tween (groups OPT, OST, TPT and TST), following
the same supplementation protocol of pregnant rats (group O and group T).

In total, rats were divided 7 treatment groups (n ~ 15 animals per group): TST
(control group), TPT, TSO, TPO, OST, OPT and OPO. On the PN45 all groups were
submitted to the behavioral tests followed by euthanasia, considering that behavioral
changes and progressive increase of microglial activation and iINOS immunostaining
have already been demonstrated from PN30 (Ribeiro et al., 2013). Figurel presents

an overview of the experimental design.

2.4. Behavioral Assessments

2.4.1. Working Memory Test

Spontaneous alternation task in the Y-maze was used to assess cognitive
performance. Each rat was placed at the end of the same arm and allowed to freely
move through the maze during 8 min. The number of alternations defined as entries in
all three arms on consecutive occasions — was recorded. The percentage of
alternations was calculated as the total of alternations/(total arm entries - 2), as

previously described (Ribeiro et al., 2013).

2.4.2. Spontaneous Locomotor Activity

Exploratory activity in a novel environment was assessed using open field test
(Archer, 1973) in a round arena (80 cm in diameter and 50 cm in height). Each rat was
placed in the center of the apparatus and allowed to explore for 5 min under moderately
light conditions. All tests were recorded and the distance travelled (m) in the arena was
measured automatically using the software ANY-maze 5.2.
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2.4.3. Three-chamber Sociability and Social Novelty Preference

The social interaction was assessed by the three-chamber sociability and social
novelty test, as previously described (Bambini-Junior et al., 2014). A 5 min long
habituation was performed immediately before the Sociability Test. At the beginning,
an object (empty cage) was positioned in one of the lateral chambers, and a set
animal+object was placed in the opposite lateral chamber. This animal (rat 1) was an
experimentally naive Wistar rat with no previous contact with the tested animals. All
testing rats were allowed to explore for 10 min. A mathematical transformation
designed to allow the direct comparison of the social behavior of the groups — called
Sociability Index (SI) — was used. The Sl was calculated as (time exploring rat 1 — time
exploring novel object) / (time exploring rat 1 + time exploring novel
object).Immediately after that, the Social Novelty Test began. The novel rat 1 remained
in its cage and a new unfamiliar rat (rat 2) was placed in the empty cage on the
opposite chamber. Testing rats were allowed to explore for 10 min. In an analogous
manner, a Social Novelty Preference Index (SNI) was used. The SNI was calculated
as (time exploring rat 2 — time exploring rat 1) / (time exploring rat 2 + time exploring
rat 1).

All tests were recorded and the time spent in each chamber as well as the time
spent exploring the rat 1 or the novel object or the rat 2 were analyzed using the
software ANY-maze 5.2. The index ranges from -1 to 1 and as the score becomes
more positive and closer to 1, more social or more interested in social novelty is the

animal.

2.5. Blood and tissue collection

The animals were decapitated using a guillotine, the trunk blood was collected, and

their brain structures prefrontal cortex (PFC) and hippocampus (HC) were carefully

dissected. Both structures were homogenized with cold protease inhibitor (GE
healthcare) and stored at -80°C until further to biochemical analysis.
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2.5.1. Oxidative Stress and Neurotrophin Levels

Lipid peroxidation was measured by malondialdehyde (MDA) levels using
thiobarbituric acid reactive substances (TBARS) colorimetric assay kit (Cayman
Chemical Company, USA), according to the manufacturer's instructions and the results
are expressed as MDA equivalents. The activity of GPx was determined indirectly
through an enzymatic assay using commercial kit (Cayman Chemical Company, USA),
according to the manufacturer's instructions and the results are represented by GPx
activity (U). BDNF levels were measured as previously described (Borba et al., 2016).
The total protein concentration was measured using bovine serum albumin as a

standard, as previously described (Lowry et al., 1951).

2.6. Statistical Analysis

All results are expressed as median and interquartile range (IQR). Data
analyses were performed using IBM SPSS Statistics version 20. The results were
analyzed using the Mann-Whitney U test for comparisons between two groups (TST x
TPT). For multiple comparisons was employed Kruskal-Wallis, assuming as significant
the adjusted p-value for the multiple comparisons. The accepted level of significance

for the tests was < 0.05.
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3. RESULTS

3.1. Neonatal immune challenge induced deficits in social interaction and

social interest in adolescence

The behavioral analysis (table 1) by Mann-Whitney revealed significant impairment
in social interaction (U=16, p=.001, n=24) and in the interest for new conspecifics
(U=20, p=.002, n=24) in the rats neonatally challenged with poly(l:C) (TPT) when
compared to controls (TST), considered as negative schizophrenia-like symptoms in
the adolescence of the animals. This impairment was maintained in all groups of
analysis (prevention during fetal growth, prevention during adolescence and double
prevention protocols of omega-3 supplementation). The other behavioral tests showed
no significant statistical difference. Regarding biochemical analyses, the neonatal
administration of poly(I:C) significantly increase lipid peroxidation in the HC (U=73.5,
p=.017, n=19, Table 1). Despite that, no changes were observed in the other

biomarkers analyzed.

3.2. Omega-3 during fetal growth was not able to prevent the deficits caused

by neonatal immune challenge

Improvement in the SNI was observed in poly(I:C) injected animals submitted to
prevention protocol of omega-3 supplementation (group OPT) when compared to the
control groups TST (H(3)=18.483, p=.001, n=51) and OST (H(3)=18.483, p=.002,
n=51). Prevention treatment with omega-3 did not exert any influence on the other
behavioral parameters and biochemical analyses. However, the group OST exhibited
a significant decrease of BDNF serum levels in comparison to the control group TST
(H(3)=9.446, p=.030, n=54).

30



3.3. Supplementation with omega-3 during adolescence was not able to
prevent the deficits in social interaction and social interest

Prevention treatment during adolescence with omega-3 in poly(l:C) injected rats
(group TPO) was not able to improve the deficit in social interaction and social interest
in comparison to the TPT group (figure 2); and TSO control group presented less
interest in the social novelty in comparison to the TST control group (H(3)=14.006,
p=.005, n=51). Regarding biochemical analyses, the TPO group exhibited lower lipid
peroxidation in the HC than the TPT group (H(3)=11.904, p=.010, n=41), higher GPx
activity in the PFC compared to the TST control group (H(3)=9.236, p=.022, n=40),
and higher serum BDNF levels in relation to the TSO control group (H(3)=10.187,
p=.020, n=53).

3.4. Positive effects of double prevention treatment with omega-3

The association of omega-3 supplementation during fetal growth and during
adolescence (represented by OPO group) was able to protect animals immune
challenged with poly(l:C) from deficits in social interest when compared to TPT group
(H(2)=11.549, p=.049, N=36) (figure 3). In addition, the OPO group exhibited
significantly higher serum levels of BDNF (H(2)=10,028, p=.008, n=39) and lower
levels of lipid peroxidation in the HC (H(2)=12,848, p=.001, n=29) than the TPT group.
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3. DISCUSSION

To the best of our knowledge, this is the first study which examined the effects
of omega-3 at two different periods in life - during fetal growth and during adolescence
- on the behavioral and biochemical parameters in an animal model of SZ induced by
poly(l:C).

Our results showed neonatal immune challenge with poly(l:C) was able to
induce an impairment in sociability and preference for social novelty in animals during
adolescence; and these social deficits were improved by the subsequent
administration of omega-3 at two different periods in life: during fetal growth and during
adolescence (represented by OPO group).

The face validity of positive symptoms in animal models is questionable in so
far as it is impossible to mimic them completely. Thus, we evaluated these symptoms
with a focus on locomotor hyperactivity and IPP deficits (Van Den Buuse, 2010). Where
PPI changes, considered an endophenotype for schizophrenia (Macédo et al., 2012),
have a great translational value, representing the "interface of psychosis and cognition"
(Arguello & Gogos, 2010). In the absence of this apparatus, we opted for the evaluation
of the spontaneous locomotor activity; however we did not find changes related to this
behavior. Probably this may be related to the period in which the test was performed,
since this type of alteration has already been seen in adult rats at PN60 (Monte et al.,
2017) and also because this test has little face validity despite having excellent
predictive validity (Powell & Geyer, 2007).

The poly(I:C) model of immune activation in mice, has demonstrated the
vulnerability to specific forms of schizophrenia-related functional and structural
abnormalities is critically influenced by the precise timing of the prenatal immunological
challenge. Prenatal exposure during the early/middle gestational period generates
phenotypes related to positive symptoms. While the exposure on late gestational
period (from GD17) is related to behavioral relate to negative/cognitive symptoms of
the disorder (Macédo et al., 2012). Based on this, it may be suggested the early
postnatal immune challenge may mimic some critical functional abnormalities relevant
to the negative symptoms (NS), knowing that late gestational stage and PN5-7 in rats
corresponding the third trimester of human pregnancy (Semple et al., 2013). However,

experimental support for this hypothesis needs further exploration.
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Behavioral abnormalities induced by immune challenge in rodents appear to be
associated with imbalances in the central dopamine system (Fortier et al., 2007; Meyer
et al., 2008; Meyer et al., 2005). Furthermore, maternal immune activation by poly(l:C)
can lead to structural abnormalities in the adult offspring’s dopamine system including
reduced expression of dopamine receptors in the medial PFC (Meyer et al., 2008).
Therefore, disruption of normal dopaminergic development may thus represent a
mechanism through immune challenge may contribute to the development NS.

Withdrawal from social contact is among the NS of SZ and is often one of the
first symptoms exhibited, persisting throughout the course of the iliness (Harvey et al.,
2006; Lyne et al.,, 2017). Patients with more prominent NS may have suffered
functional deterioration during the risk phase of psychosis, since these symptoms
seem to have an insidious onset, emerging before positive symptoms (Meyer et al.,
2014). In addition, deficits in social function could be attributed to changes in social
cognition, an important domain for solving social problems (Penn et al., 2008).
However, NS are not adequately treated with the available antipsychotic medications
(Lyne et al., 2017), which represent an important gap in the treatment of SZ with
profound impact on patients’ functionality. In this way, anti-inflammatory and
neuroprotective agents, such as omega-3 fatty acids, have shown some promising
results for the treatment of NS, or prevention of their subsequent onset (Lyne et al.,
2017).

Previous studies in humans and rodents indicate that omega-3 deficiency alters
the transmission of monoamines such as dopamine and serotonin in the brain (Bos et
al., 2016; Chalon, 2006). A greater activation of the mesolimbic pathway is described
while the mesocortical pathway is less active in omega-3 deficient rats compared to
controls (Zimmer et al., 2002). This data strengthens the theory that the functional
integrity and resilience of cortical neurons is mediated in part by cortical DHA
composition. Besides that, a greater severity of NS was found in SZ patients with low
omega-3 levels when compared to those with high omega-3 levels in red blood cells
(Bentsen et al., 2013).

Additionally, omega-3 levels in erythrocyte membrane of antipsychotic-naive
UHR individuals were significantly lower in the NS dominant group when compared to
the positive-symptoms-dominant group, suggesting abnormalities in PUFA metabolism

may be associated with the pathophysiology of SZ in this population (Kim et al., 2016).
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In addition, a review demonstrated all reported changes in brain structure or metabolic
function as a result of omega-3 status or supplementation were related to
improvements in NS severity (Bos et al., 2016). Therefore, it has been suggested
PUFA supplementation would improve dopaminergic neurotransmission, especially in
PFC, which are linked to NS. This could explain the improvement in the social deficit -
caused by poly(l:C) - through the supplementation with omega-3 in the animals of the
present study.

In addition, our data shown that supplementation of omega-3 combined during
fetal growth and adolescence was able to increase serum levels of BDNF and
decrease levels of lipid peroxidation in the HC. Neither the administration of omega-3
during fetal growth (OPT group) nor during adolescence (TPO group) exerted
behavioral improvements in animals injected with poly(l:C). However, the omega-3
supplementation during adolescence ameliorated some biochemical parameters such
as a reduction of hippocampal lipid peroxidation, and increase of GPx activity in the
PFC and serum BDNF levels.

Importantly, oxidative stress is a well-known mechanism long implicated in the
pathogenesis of SZ. It has been already been described that neonatal challenge with
poly(I:C) from PN5-7 is related to oxidative imbalance, leading to decreased levels of
GSH and increased lipid peroxidation in brain areas such as PFC and HC in adult rats
(Ribeiro et al., 2013). This is consistent with the result of the present study, where lipid
peroxidation is increased in HC of adolescent rats submitted to the same
neurodevelopmental model of SZ.

Omega-3 reportedly has neuroprotective effects via mechanisms such as
suppression of inflammation, regulation of neurogenesis and protection against
oxidative stress, where DHA has been found to increase levels of GSH (Dyall, 2015).
Further, resolvins and neuroprotectins derived from DHA help counteract
neuroinflammation and consequently reducing oxidative stress, prevent the oxidative
membrane damage and restore the function by improving the outcome (Tassoni et al.,
2008). Studies in animals and humans have indicated the dietary intake of omega-3 is
effective in the prevention of oxidative cell injury throughout the body, but
predominantly in the brain (Mahadik et al., 2001). Supplementation with omega-3 in
animal models of SZ, induced by ketamine, demonstrated a prevention of lipid damage

in the HC and ST and protein damage in the PFC, being associated with a reduction
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of GPx (Zugno et al., 2014). This corroborates our results, considering that omega-3
supplementation during fetal growth and adolescence or just during adolescence was
able to reduce lipid peroxidation in our SZ model.

Some of the neuroprotective effects of omega-3 in experimental models may in
part be explained by the involvement of this PUFAs in the BDNF/tyrosine kinase
receptor B (TrkB) signaling pathway (Rao et al., 2007; Wu et al., 2004). It was
demonstrated that omega-3 deprivation led to the decrease of DHA, BDNF, pCREB
and p38 MAPK levels in the rat PFC, whereas the addition of DHA induced BDNF
protein expression in cortical astrocytes (Rao et al., 2007). Moreover, it seems that not
only the increase of BDNF levels, but also DHA enhance neurotrophic signaling by
activating: the PI3-K / Akt and MAPK pathways; consequently leading to
phosphorylation of CREB and activation of BDNF transcription (Balanza-Martinez et
al., 2011). In SZ animal models, it has already been described that by activating ERK
and AKT, omega-3 enhances the CREB/BDNF/TrkB pathway, increases synaptic
plasticity, reduces the loss of hippocampal neurons and antagonizes the cognitive
dysfunction in SZ rats induced by MK-801 (Fang et al., 2017). Besides that, Zugno and
colleagues (2015) demonstrated that omega-3 supplementation delayed the effects of
ketamine on reducing the levels of BDNF in the PFC of adolescent rats (Zugno et al.,
2015). Similarly, we also found an increase in serum BDNF levels of poly(l:C) injected
animals that received PUFAs (in double prevention and in prevention treatment only
during adolescence), suggesting a neuroprotective effect of this fatty acid in SZ.

It is known that most of brain DHA deposition occurs during the third trimester
of gestation and first year of life, coinciding with a rapid brain growth (Cetin et al.,
2009). Once high levels of DHA are achieved in the brain, these are maintained during
later life, presumably depending on an optimal dietary supply, and omega-3
supplementation; considering that the dietary intake of omega-3 in adults has been
shown to be the determinant for the maintenance of DHA levels in various lipid pools
(Browning et al.,, 2012). This may explain the results with the subsequent
supplementation of omega-3 in different periods of life in this study. Deficiencies or
imbalances in these nutrients strongly affect brain function not only during
development but also throughout Ilife and especially during periods of

neuroinflammation (Lauritzen et al., 2016).
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In conclusion, we demonstrated that supplementation of omega-3 combined
during fetal growth and adolescence increased serum levels of BDNF and decreased
levels of lipid peroxidation in the HC, showing negative symptoms prevention. The
neurobiological mechanisms underpinning its effects of omega-3 are unknown and still
need to be established, as well as, the most suitable timing, dosage and duration of
interventions must also be determined. Nevertheless, these results give additional
support for the use of omega-3 supplement in subjects with risk for developing SZ and

a compelling evidence for studies of omega-3 use during pregnancy.
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Table 1. Comparison of behavioral performance and biochemical parameters between control
(TST) and poly(1:C) (TPT) groups.

TST TPT
n Median (IQR) n Median (IQR) P

Behavior

Sli 10 584 (.447 - .719) 14 .301 (.243 - .416) .001*
SNI 10 473 (423 - 561) 14 .244 (0.097 - .384) .002*
Y-Maze % 14 61,81 (54.17 - 72.32) 14 57,89 (52.57 — 65.42) 482
Locomotor activity 14 19.511 (12,245 - 28,310) 13 23.117 (11.691 - 27.912) 391
Biomarkers

TBARS serum 13 17.576 (9.381 — 23.038) 13 13.348 (8.557 — 16.038) 311
BDNF serum 13 24.500 (20.881 — 28.400) 12 22.675 (21.271 — 26.256) .538
GPX serum 13 1.783 (1.273 - 4.075) 14 2.165 (1.273 - 4.075) .867
TBARS ¢ 10 479 (295 - .831) 9 .817 (551 —1.187) 017*
BDNF wc 10 .351 (.248 - .429) 10 .336 (.246 - .464) 971
GPxc 10 7.699 (6.586 — 10.093) 9 6.557 (5.911 — 9.295) .356
TBARS prc 10 121 (.098 - .224) 9 .158 (.148 - .298) 133
BDNF prc 10 .283 (.110 - .831) 10 .345 (.146 - .542) 971
GPxX prc 10 32.999 (19.166 — 56.851) 9 40.800 (33.765 — 68.145) 211

TST, tween-saline-tween group; TPT, tween-poly(l:C)-tween group; IQR, interquartile range; S index,
Sociability index; SNP index, Social Novelty Preference index; HC, hippocampus; PFC, prefrontal cortex; p
value obtained with Mann-Whitney U; *p, significance. The results were expressed in: TBARS - MDA
equivalents (umol/ml) for serum and MDA equivalents (umol/mg of protein) for HC and CPF; BDNF - ng/ml
for serum and ng/mg of proteins for HC and CPF; GPx - GPx activity (U/mL) for serum and GPx activity (U/mg

protein) for HC and CPF.
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Figure 1. Schematic diagram of the experimental protocol.
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Figure legends:

Figure 1. Schematic diagram of the experimental protocol.

FIGURE 2. Effect of omega-3 supplementation during the adolescence (PN30-44) on
behavioral (A-B) and biochemistry parameters in different cerebral structures and
serum (C-E) of adolescent rats (PN45). Data are expressed as Median = IQR (n = 9-
15 animals/group). #p < 0.05 versus the control group (TST); *p < 0.05 versus the
control group (TSO); ép < 0.05 versus the poly(I:C) group (TPT).

FIGURE 3. Effect of omega-3 supplementation during two different periods of life:
during fetal growth (GD16-21) and during adolescence (PN30-44) on behavioral (A-B)
and biochemistry parameters in different cerebral structures and serum (C-E) of
adolescent rats (PN45). Data are expressed as Median + IQR (n = 9-15
animals/group). #p < 0.05 versus the control group (TST); 4p < 0.05 versus the poly(l:C)
group (TPT).
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5. DISCUSSAO

A esquizofrenia é um transtorno psiquiatrico cronico que induz sintomas
positivos, negativos e cognitivos; cuja etiologia envolve importantes alteracées no
desenvolvimento neuroldgico, nos quais 0s processos patolégicos podem iniciar
durante o desenvolvimento precoce do cérebro, muito antes da doencga clinicamente
expressa (Kahn et al., 2015). Nesse contexto, dados da literatura demonstram que a
administracdo pré-natal ou neonatal de poly(I:C), em modelos animais com roedores,
induz a varias alteracfes biolégicas precoces, recapitulando a neurobiologia e a
sintomatologia da esquizofrenia (Ibi & Yamada, 2015; Meyer & Feldon, 2012; Wolff &
Bilkey, 2010; Zuckerman et al.,, 2003). Sendo as alteracbes comportamentais
observadas nesse modelo relacionadas a mediadores inflamatérios especificos,
gerados durante a resposta imune inata, que age por perturbar a trajetéria normal de
desenvolvimento do cérebro maduro (Macédo et al., 2012). Desta forma, este modelo
se torna uma ferramenta importante para avaliar estratégias preventivas durante o
periodo prodrémico, bem como apds o desenvolvimento de sintomas esquizofrénicos
na vida adulta.

Dados resultantes do presente trabalho fornecem evidéncia de que o desafio
imune neonatal com poly(I:C) foi capaz de induzir um comprometimento na
sociabilidade e preferéncia pela novidade social em animais durante a adolescéncia.
Sendo esses déficits sociais prevenidos pela administragao subsequente de w-3 em
dois periodos diferentes da vida: durante o crescimento fetal e durante a adolescéncia
da prole — representado pelo grupo OPO.

A validade de face de sintomas positivos em modelos animais é questionavel
na medida em que é impossivel mimetiza-los completamente. Dessa forma avaliamos
esses sintomas com foco na hiperatividade locomotora e nos déficits de PPI (Van Den
Buuse, 2010). As alteracdes do PPI, consideradas um endofendtipo para a
esquizofrenia (Macédo et al.,, 2012), possuem um grande valor translacional,
representando a "interface entre psicose e cognicdo" (Arguello & Gogos, 2010). Na
auséncia desse aparelho, optamos pela avaliagdo da atividade locomotora
espontanea, no entanto, ndo encontramos alteracbes relacionadas a esse
comportamento. Isso pode estar relacionado ao periodo em que o teste foi realizado,
uma vez que esse tipo de alteragéo ja foi observado em ratos adultos no PN60 (Monte

et al., 2017) e no PN74 (Ribeiro et al., 2013), e também como fato deste teste possuir
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pouca validade de face apesar de ter excelente validade preditiva (Powell & Geyer,
2007).

O modelo de ativacdo imune com poly(l:C) em camundongos, tem
demonstrado que alteracdes funcionais e estruturais relacionadas a esquizofrenia sdo
criticamente influenciadas pelo tempo exato em que o desafio imune foi realizado. A
exposicdo pré-natal durante o comeco ou meio da gestacdo gera fenotipos
relacionados com os sintomas positivos da doenca, enquanto a exposicao tardia (a
partir do 172 de gestacao) esta de acordo com comportamentos relacionados aos
sintomas negativos e cognitivos (Macédo et al., 2012). Com base nisso, podemos
sugerir que o desafio imune no pés-natal recente (PN5-7) pode mimetizar algumas
alteracdes funcionais relacionadas aos sintomas negativos, uma vez que ambos, 0
estagio gestacional tardio e o PN5-7, em ratos correspondem ao terceiro trimestre de
gravidez humana (Semple et al., 2013). Contudo, o suporte experimental para essa
hip6tese néo € totalmente elucidado e a extensdo de como a ativagédo imune neonatal
em ratos pode induzir alteracdes comportamental a longo prazo, relacionadas ao
sintomas negativos, necessita maior exploracao.

As alteracbes comportamentais induzidas pelo desafio imune em roedores
parece estar associada com desequilibrio dopaminérgico no SNC (Fortier et al., 2007;
Meyer et al., 2008; Meyer et al., 2005) Uma vez que a ativagdo imune maternal com
poly(l:C) durante a gestacdo pode levar a alteracdes estruturais no sistema
dopaminérgico da prole durante a vida adulta, incluindo a reducdo na expressao de
receptores de dopamina no CPF medial (Meyer et al., 2008). Portanto, uma alteracao
no desenvolvimento dopaminérgico normal pode representar o mecanismo pelo qual
o desafio imune contribui com o desenvolvimento dos sintomas negativos da
esquizofrenia.

O isolamento do contato social estd entre o0s sintoma negativos e
frequentemente € um dos primeiros sintomas apresentados pelo pacientes,
persistindo através do curso da doenga (Harvey et al., 2006; Lyne et al., 2017). Os
pacientes que apresentam sintomas negativos mais proeminentes podem ter sofrido
uma deterioracéo funcional durante a fase de risco de psicose, uma vez que esses
sintomas parecem ter um inicio insidioso, emergindo antes dos sintomas positivos
(Meyer et al., 2014). Além disso, déficits na funcdo social podem ser atribuidos a

alteracdes na cognicéo social, um importante dominio para a resolu¢éo de problemas.
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Uma vez que pacientes com diagndéstico de esquizofrenia geralmente ndo utilizam o
contexto quando processam as habilidades sociais e tém dificuldades de interpretar
expressdes faciais de afeto e emocdo nas outras pessoas (Penn et al., 2008).
Entretanto, os sintomas negativos, bem como os déficits cognitivos, ndo sao
adequadamente tratados com os antipsicoéticos disponiveis (Lyne et al., 2017), o que
representa uma importante lacuna no tratamento da esquizofrenia com profundo
impacto na funcionalidade dos pacientes. Nesse sentido, pesquisas com agentes anti-
inflamatorios e neuroprotetores, tais como w-3, vém mostrando resultados
promissores tanto no tratamento de sintomas negativos e como na prevencao de seu
inicio subsequente, o que € muito relevante considerando a baixa taxa de efeitos
colaterais desse tipo de medicamento (Lyne et al., 2017).

Estudos anteriores, em humanos e roedores, indicam que a deficiéncia de w-3
altera a transmissao de monoaminas, como a dopamina e serotonina no cérebro (Bos
et al., 2016; Chalon, 2006). Quando comparados, ratos com deficiéncia de w-3 com
controles, € possivel ver uma maior ativacdo da via dopaminérgica mesolimbica em
relacdo a via mesocortical. Também foi demonstrado que os animais deficientes desse
acido graxo apresentam uma reducao de 60-80% na liberacdo de dopamina no CPF
(Zimmer et al., 2002). Esses dados dao suporte a teoria de que a integridade funcional
e a resiliéncia dos neurbnios corticais sdo mediados, pelo menos em parte, pela
composicdo cortical de DHA. Além disso, uma maior severidade dos sintomas
negativos sao encontrados em portadores de esquizofrrenia com baixos niveis de w-
3 quando comparados com 0s pacientes que apresentam altos niveis desses acidos
graxos nos eritrgcitos (Bentsen et al., 2013). Em pacientes UHR ndo tratados com
antipsicoticos, foi visto menores niveis de w-3 nas membranas dos eritrocitos
daqueles com predominio de sintomas negativos, sugerindo que anormalidades no
metabolismo dos PUFAs pode estar associado com a patofisiologia da doenca nessa
populacao (Kim et al., 2016). Corroborando esses resultados, uma revisdo de Bos e
colaboradores (2016), demonstrou que todas as mudancgas relatadas na funcéo
metabdlica ou estrutura encefalica, como resultados do estado ou da suplementagéo
de w-3, foram relacionadas com melhorias na gravidade dos sintomas negativos (Bos
et al., 2016). Com isso, sugere-se que a suplementacdo de PUFAs pode melhorar a
neurotransmissdo dopaminérgica, especialmente no CPF, area relacionada com o

desenvolvimento dos sintomas negativos. Esses achados da literatura podem explicar
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a melhora do déficit social, causado pelo poly(l:C), através da suplementacdo com w-
3 nos animais do presente estudo.

Nossos resultados demonstram que a suplementacdo subsequente de w-3,
também foi capaz de aumentar os niveis séricos de BDNF e diminuir os niveis de
peroxidacgéo lipidica no HC dos animais. Observamos também que a administragao
de w-3 somente como prevencao tanto durante o crescimento fetal como durante a
adolescéncia ndao mostraram beneficios comportamentais. No entanto, podemos
ressaltar alguns beneficios da suplementacdo preventiva com w-3 na adolescéncia
em relacdo aos parametros bioquimicos. Tais como uma reducdo na peroxidagao
lipidica do HC em relacdo ao grupo modelo e melhora a atividade de GPx no CPF e
aumenta os niveis séricos de proteina BDNF em relacdo aos grupos controle.

Estudos sugerem que insultos ambientais pré e/ou pds-natal podem interagir
com fatores genéticos especifico que resultam em estresse oxidativo e aumento do
risco de um duradoura disfuncdo cerebral no neurodesenvolvimento (Jiang et al.,
2013). Essa interacdo pode ter inicio na via de sinalizacdo do TLR3, onde TLR3
reconhece o seu ligante (fita dupla do RNA viral ou poly(l:C)) e usa a via de sinalizacao
dependente de TRIF, que indiretamente ativa varios fatores de transcricdo, incluindo
fator regulador de interferon 3 (IRF3), fator de transcricdo nuclear kappa B (NFkB) e
proteina ativadora-1(AP-1). IRF3 controla a expresséo de genes para INF-, enquanto
NFkB e AP-1 regulam a expressao de genes que codificam citocinas inflamatorias
(Matsumoto & Seya, 2008; Reisinger et al., 2015). Dessa forma, a expressao de
muitos elementos dessa via de sinalizagdo acaba contribuindo com o aumento do
estresse oxidativo, o que pode ser atribuido ao acumulo de mediadores proé-
inflamatorios, tais como NFkB e iINOS (MacDowell et al., 2017; Ribeiro et al., 2013).
Assim, demonstrando o envolvimento das vias de sinalizacdo TLR3 em distarbios
neuropsiquiatricos devido ao impacto dessa ativacdo no desenvolvimento encefélico
(figura 2).

O estresse oxidativo € um mecanismo bem conhecido ha muito envolvido na
patogénese da esquizofrenia. Na literatura, ja foi descrito que o desafio neonatal com
poly(I:C) no PN5-7 esta relacionado a um desequilibrio oxidativo, levando a niveis
reduzidos de GSH e aumento da peroxidacéo lipidica em tecidos cerebrais, tais como
CPF e HC, em ratos adultos (Monte et al., 2017; Ribeiro et al., 2013). Esses achados

sdo consistentes com o resultado do presente estudo, onde foi possivel ver aumento
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da peroxidacéo lipidica no HC em ratos adolescentes submetidos ao mesmo modelo

neurodesenvolvimental de esquizofrenia.

endosome

(6) ()

Impact on brain development

Risk for neuropsychiatric disorders

Figura 2. Envolvimento das vias de sinalizagdo TLR3 em distlrbios neuropsiquiatricos.
Varios componentes e processos das vias de sinalizacdo subjacentes ao TLR3 tém sido implicados na
etiologia de doencas neuropsiquiatricas (adaptado de (Reisinger et al., 2015)).
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O w-3 exerce seus efeitos neuroprotetores através de mecanismos como a
supresséao da inflamacgéo, a regulacdo da neurogénese e a prote¢ado contra o estresse
oxidativo, onde DHA é descrito por aumentar os niveis de GSH (Dyall, 2015). Além
disso, as resolvinas e neuroprotectinas derivadas do DHA ajudam a neutralizar a
neuroinflamacéo e, consequentemente, reduzir o estresse oxidativo, através da
prevencao do dano oxidativo a membrana e da restauracao da sua fungéo (Tasson et
al., 2008). Estudos, em animais e em humanos, indicaram que a ingestao dietética de
antioxidantes, como w-3, € efetiva na prevencado da lesédo celular oxidativa podendo
corrigir tal lesdo em todo o corpo, mas predominantemente no cérebro (Mahadik et al.,
2001). A suplementagdo com w-3 em modelos animais de esquizofrenia, induzida por
cetamina, demonstrou-se capaz de prevenir danos lipidicos no HC e estriado, evitar
danos as proteinas no CPF e reduzir a atividade de GPx nos mesmos tecidos (Zugno
etal., 2014). Isso corrobora nossos resultados, considerando que o grupo que recebeu
w-3 apenas na adolescéncia ou em ambos os periodos de vida apresentou uma menor
peroxidacao lipidica em relacdo ao grupo modelo.

Alguns dos efeitos neuroprotetores do w-3 em modelos experimentais podem em
parte ser explicados por estudos que sugerem o envolvimento desses PUFAs com a
via de sinalizacédo do BDNF/tirosina cinase B (TrkB) (Rao et al., 2007; Wu et al., 2004).
Ja foi demonstrado que a privacdo de w-3 em ratos leva a diminuicdo dos niveis de
BDNF, pCREB e p38 MAPK no CPF, enquanto que a adicdo de DHA induz a
expressdo da proteina BDNF em astrocitos corticais (Rao et al., 2007). Mas é
importante destacar que, além de aumentar os niveis de BDNF, o DHA também
melhora a sinalizacao neurotréfica ativando duas vias de sinalizacéo: (1) a via PI13-K /
Akt; e (2) avia MAPK, ocasionando a fosforilacdo do CREB que se transloca no nucleo
e ativa a transcricdo do gene BDNF (Balanza-Martinez et al., 2011) (figura 3).

Em um modelo animal de esquizofrenia induzido por MK -801, foi possivel notar
que ao ativar ERK e AKT, o w-3 melhora a via BDNF/TrkB/CREB, aumentando a
plasticidade sinaptica, reduzindo a perda de neurbnios do HC e antagonizando a
disfuncdo cognitiva (Fang et al., 2017). Além disso, Zugno e colaboradores
demonstraram que a suplementacdo de w-3 foi capaz de atrasar os efeitos da
cetamina nos niveis de BDNF no CPF de ratos adolescentes (Zugno et al., 2015). O
gue esta de acordo com os achados do nosso estudo, onde um aumento dos niveis

séricos de BDNF foi encontrado em animais que receberam PUFAs (na dupla
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prevencdo e somente na prevencao durante a adolescéncia), sugerindo novamente

um possivel indicador de neuroprotecdo deste 4cido graxo na doenca.

ERKMMAPK " AAAA

CaMKII

Figura 3. Os acidos graxos 6mega-3 aumentam a sintese e a sinalizag&o intracelular de
BDNF. (A) BDNF maduro se liga ao receptor TrkB e ativa trés principais vias de sinaliza¢éo intracelular
envolvendo PLC-g, ERK / MAPK e Akt / PKB. (B) DHA aumenta a sinaliza¢do neurotréfica ativando
uma via classica da sinalizagdo BDNF através de PI3-K / Akt. (C) DHA aumenta a sintese de BDNF
ativando a sinalizagdo MAPK. O MAPK ativado fosforila CREB, que se transloca no ndcleo e ativa a
transcricdo do gene BDNF (Balanza-Martinez et al., 2011).

E sabido que o pico de deposicéo cerebral de DHA ocorre durante o terceiro
trimestre de gestacdo e durante o primeiro ano de vida, coincidindo com o rapido
crescimento encefalico (Cetin et al., 2009). Uma vez que os niveis elevados de DHA
sdo alcancados no cérebro, estes sdo mantidos durante a vida adulta, e isso
presumivelmente também depende de um suprimento dietético ideal, tendo em vista
que a ingestdo dietética de w-3 em adultos mostra-se determinante para a
manuten¢ao dos niveis de DHA em varias pools de lipidios (Browning et al., 2012).
Isso pode explicar por que obtivemos melhores resultados com a suplementagéo

subsequente de w-3 em diferentes periodos de vida neste estudo, visto que
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deficiéncias ou desequilibrios nesses nutrientes afetam fortemente a funcéo cerebral
ndo sO durante o desenvolvimento, mas também ao longo da vida, especialmente
durante periodos em que ha neuroinflamacéo (Lauritzen et al., 2016).

Este estudo apresenta uma limitacdo em relacdo as determinacfes
comportamentais dos animais. Estas poderiam ter sido realizados em outros periodos
da vida do animal, como por exemplo PN60 (adulto jovem) e PN74 (idade adulta), para
avaliar o possivel desenvolvimento de outras alteracdes, como sintomas positivos - ja
descrito na literatura nesses periodos de vida (Monte et al., 2017; Ribeiro et al., 2013).

Em conclusao, demonstramos que a ativagao imune neonatal influencia alguns
pardmetros comportamentais e bioquimicos em ratos adolescentes e que o0 w-3 foi
capaz de prevenir alguns danos causados por este modelo. No entanto, 0s
mecanismos neurobiolégicos subjacentes a quaisquer efeitos benéficos deste PUFA
sao desconhecidos e ainda precisam ser estabelecidos, bem como o tempo, a dose e
a duracdo mais adequadas das intervencbes também devem ser determinadas.
Contudo, os resultados obtidos neste trabalho, em conjunto com os dados ja
discutidos na dissertacédo, dao suporte adicional para as evidéncias do possivel uso

de w-3 em individuos com risco para o desenvolvimento de esquizofrenia.
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6. CONCLUSAO

O desafio imune neonatal com poly(l:C) foi capaz de induzir déficits na
interacao social e interesse social - considerados como sintomas negativos da
esquizofrenia- na adolescéncia dos animais. Bem como, foi capaz de aumentar
significativamente a peroxidacdo lipidica no HC dos animais. Os demais
parametros comportamentais e bioquimicos ndo foram alterados pelo desafio

imune.

O w-3 administrado como prevencéao durante o crescimento fetal ou durante a
adolescéncia ndo foram capazes de prevenir os déficits causados pelo desafio

imune neonatal.

A prevencdo com w-3 durante o crescimento fetal ndo alterou os parametros

bioquimicos dos animais.

A prevencdo com w-3 durante a adolescéncia foi capaz de diminuir a
peroxidacao lipidica no HC quando comparado ao grupo que recebeu o
poly(I:C). Esse tratamento também foi capaz de aumentar a atividade GPx no
CPF e os niveis séricos de BDNF em relagédo aos grupos controles.

A dupla prevencdo com w-3 (tratamento durante gravidez crescimento fetal
associada ao tratamento durante a adolescéncia) foi capaz de proteger os
animais dos déficits de interesse social quando comparados ao grupo modelo.
Além disso, 0os animais que receberam a suplementacédo subsequente de w-3
apresentaram niveis séricos significativamente maiores de BDNF e niveis mais

baixos de peroxidacéo lipidica no HC.

Os resultados obtidos nesse trabalho, em conjunto com dados da literatura,
sugerem que w-3 pode ser um importante suplemento em individuos com risco
para o desenvolvimento de esquizofrenia e traz uma evidéncia convincente

para novos estudos de suplementacdo de 6mega-3 durante a gravidez.
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color charges which are additional.

*Authors can specify that they would like to select this option after receiving notification
that their article has been accepted for publication, but not before. This eliminates a
potential conflict of interest by ensuring that the journal does not have a financial
incentive to accept an article for publication.
*Authors who have had their article accepted and who wish to sponsor their article to
make it available to non-subscribers should complete and submit the sponsored article
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order
form http://www.elsevier.com/framework authors/Sponsoredarticles/articlesponsorshi

pform.pdf.

Submission of manuscripts

Schizophrenia Research proceeds totally online via the Elsevier Editorial System. In
case you do not have an Internet connection, please contact the appropriate Editorial
Office for alternative instructions. By accessing the online submission
at http://www.ees.elsevier.com/schres you will be guided stepwise through the creation
and uploading of the various files. When submitting a manuscript online, authors need
to provide an electronic version of their manuscript and any accompanying figures and
tables and are requested to direct the manuscripts to the most appropriate Editor.

Once the uploading is done, the system automatically generates an electronic (PDF)
proof, which is then used for reviewing. All correspondence, including the Editor's
decision and request for revisions, will be processed through the system and will reach
the corresponding author by e-mail.

Once a manuscript has successfully been submitted via the online submission system
authors may track the status of their manuscript using the online submission system
(details will be provided by e-mail). If your manuscript is accepted by the journal,
subsequent tracking facilities are available on Elsevier's Author Gateway, using the
unigue reference number provided by Elsevier and corresponding author name (details
will be provided by e-mail).

Authors may send queries concerning the submission process or journal procedures
to the Editorial Offices:

Co-Editors-in-Chief

For the Americas:

Henry A. Nasrallah, MD.,

Department of Neurology & Psychiatry
Saint Louis University School of Medicine
1438 South Grand Blvd.

St. Louis, Missouri 63104

USA

E-mail: hnasral@slu.edu

For outside the Americas:

Lynn E. DeLisi, M.D.

VA Boston Healthcare System
Harvard Medical School

940 Belmont Ave.

Brockton, Massachusetts 02301
USA

E-mail: Delisi7Té@aol.com
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Senior Managing Editor, St. Louis Editorial Office
Amelia T. Nasrallah, MA
E-mail: NASRALAT@UCMAIL.UC.EDU

For further details on how to submit online, please refer to the online EES Tutorial for
authors. Alternatively please visit our Support Center.

Preparation of text

Presentation of manuscript

Please write your text in good English (American or British usage is accepted, but not
a mixture of these). Italics are not to be used for expressions of Latin origin, for
example, in vivo, et al., per se. Use decimal points (not commas); use a space for
thousands (10 000 and above).

Provide the following data on the title page (in the order given).

Title. Concise and informative. The title should indicate the main point of the
manuscript. Note that titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

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

Corresponding author. Clearly indicate who is willing to handle correspondence at all
stages of refereeing and publication, also post-publication. Ensure that telephone and
fax numbers (with country and area code) are provided in addition to the e-mail address
and the complete postal address.

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

Abstract. A concise and factual abstract is required (maximum length 250 words for
full-length papers or 100 words for short communications). The abstract should state
briefly the purpose of the research, the principal results and major conclusions. An
abstract is often presented separate from the article, so it must be able to stand alone.
References should therefore be avoided, but if essential, they must be cited in full,
without reference to the reference list. Non-standard or uncommon abbreviations
should be avoided, but if essential they must be defined at their first mention in the
abstract itself.

78


mailto:NASRALAT@UCMAIL.UC.EDU
http://service.elsevier.com/app/home/supporthub/publishing/

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

Abbreviations. Define abbreviations that are not standard in this field at their first
occurrence in the article: in the abstract but also in the main text after it. Ensure
consistency of abbreviations throughout the article.

Arrangement of the article

Subdivision of the article. Divide your article into clearly defined and numbered
sections. Subsections should be numbered 1.1 (then 1.1.1, 1.1.2, ?), 1.2, etc. (the
abstract is not included in section numbering). Use this numbering also for internal
cross-referencing: do not just refer to 'the text'. Any subsection may be given a brief
heading. Each heading should appear on its own separate line.

Introduction. State the objectives of the work and provide an adequate background,
avoiding a detailed literature survey or a summary of the results.

Experimental/Materials and methods. Provide sufficient detail to allow the work to be
reproduced. Methods already published should be indicated by a reference: only
relevant modifications should be described. Statistical tests used for evaluation of data
should be briefly explained. In case of experimental studies, animals used should be
described, including information on breed, breeder, sex, age, weight and the
maintenance conditions. Special chemicals and their sources should be grouped under
a separate sub-heading. For drugs generic names should be used; trade names may
be given in brackets where the drug is first mentioned. In case of a new drug, a
chemical description (formula) should be given. The form of a drug used should also
be indicated.

Results. In this section the findings should be described clearly, concisely, and in
logical order without extended discussions of their significance. Only in case of short
communications, the results and discussion sections may be combined. Results
should usually be presented in graphic or tabular form, rather than discursively. There
should be no duplication in text, tables and figures. Experimental conclusions should
normally be based on adequate numbers of observations with statistical analysis of
variance and the significance of differences. The number of individual values
represented by a mean should be indicated.

Discussion. This section should present conclusions to be drawn from the results
accompanied by an assessment of their significance in relation to previous work.
Speculative discussion is not discouraged, but the speculation should be based on the
data presented and identified as such. In general, the discussion should be as concise
as possible.

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

Following the Funding body agreements and policies text, authors are required to
declare their individual contribution to the manuscript under a
subheading Contributors.

eg, Author X designed the study and wrote the protocol. Author Y managed the
literature searches and analyses. Authors X and Z undertook the statistical analysis,
and author W wrote the first draft of the manuscript. All authors contributed to and have
approved the final manuscript.

The third aspect of the Journal's new policy concerns the Conflict of Interest. ALL
authors are requested to disclose any actual or potential conflict of interest including
any financial, personal or other relationships with other people or organizations within
three (3) years of beginning the work submitted that could inappropriately influence, or
be perceived to influence, their work.

Examples of potential conflicts of interest which should be disclosed include
employment, consultancies, stock ownership (except for personal investment
purposes equal to the lesser of one percent (1%) or USD 5000), honoraria, paid expert
testimony, patent applications, registrations, and grants. If there are no conflicts of
interest, authors should state that there are none.

eg, Author Y owns shares in pharma company A. Author X and Z have consulted for
pharma company B. All other authors declare that they have no conflicts of interest.

Finally, before the references, the Journal will publish Acknowledgements, in a
separate section, and not as a footnote on the title page.

eg, We thank Mr A, who kindly provided the data necessary for our analysis, and Miss
B, who assisted with the preparation and proof-reading of the manuscript.

NB. During the online submission process the author will be prompted to upload these
four mandatory author disclosures as separate items. They will be automatically
incorporated in the PDF builder of the online submission system. Please do not include
in the main manuscripts.

References.See separate section, below.
Figure legends, tables, figures, schemes. Present these, in this order, at the end of the
article. Figures and photographs of good quality should also be submitted online as a

separate file.

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

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

DNA sequences and GenBank Accession numbers. Many Elsevier journals cite "gene
accession numbers" in their running text and footnotes. Gene accession numbers refer
to genes or DNA sequences about which further information can be found in the
databases at the National Center for Biotechnical Information (NCBI) at the National
Library of Medicine. Elsevier authors wishing to enable other scientists to use the
accession numbers cited in their papers via links to these sources, should type this
information in the following manner:

For each and every accession number cited in an article, authors should type the
accession number in bold, underlined text. Letters in the accession number should
always be capitalised. (See Example below). This combination of letters and format
will enable Elsevier's typesetters to recognise the relevant texts as accession numbers
and add the required link to GenBank's sequences.

Example: "GenBank accession nos. AI631510, AI631511, AI632198,
and BF223228), a B-cell tumor from a chronic lymphatic leukemia (GenBank
accession no. BE675048), and a T-cell lymphoma (GenBank accession
no. AA361117)".

Authors are encouraged to check accession numbers used very carefully. An error in
a letter or number can resultin a dead link. In the final version of the printedarticle,
the accession number text will not appear bold or underlined. In the final version of
the electronic copy, the accession number text will be linked to the appropriate source
in the NCBI databases enabling readers to go directly to that source from the article.

Video data

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

Supplementary data

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

RESEARCH DATA

This journal encourages and enables you to share data that supports your research
publication where appropriate, and enables you to interlink the data with your published
articles. Research data refers to the results of observations or experimentation that
validate research findings. To facilitate reproducibility and data reuse, this journal also
encourages you to share your software, code, models, algorithms, protocols, methods
and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make
a statement about the availability of your data when submitting your manuscript. If you
are sharing data in one of these ways, you are encouraged to cite the data in your
manuscript and reference list.

3D Neuroimaging

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

Policy and ethics. The work described in your article must have been carried out in
accordance with The Code of Ethics of the World Medical Association (Declaration of
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Helsinki) for experiments involving humans; http://www.wma.net/e/policy/b3.htm and
with the internationally accepted principles in the care and use of experimental
animals. This must be stated at an appropriate point in the article.

References

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

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

Reference management software
This journal has standard templates available in key reference management packages
EndNote (http://www.endnote.com/support/enstyles.asp) and Reference Manager
(http://refman.com/support/rmstyles.asp). Using plug-ins to wordprocessing packages,
authors only need to select the appropriate journal template when preparing their
article and the list of references and citations to these will be formatted according to
the journal style.

Responsibility for the accuracy of bibliographic citations lies entirely with the authors.
Text: All citations in the text should refer to:

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

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

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

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

Examples: "as demonstrated (Allan, 1996a, 1996b, 1999; Allan and Jones, 1995).
Kramer et al. (2000) have recently shown ...."

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

c", etc., placed after the year of

Examples:

Reference to a journal publication:
Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2000. The art of writing a scientific
article. J. Sci. Commun. 163 (2) 51-59.

Reference to a book:
Strunk Jr., W., White, E.B., 1979. The Elements of Style, third ed. Macmillan, New
York.

Reference to a chapter in an edited book:
Mettam, G.R., Adams, L.B., 1999. How to prepare an electronic version of your article,
in: Jones, B.S., Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing
Inc., New York, pp. 281-304.

Journal names should be abbreviated according to the List of serial title word
abbreviations: http://www.issn.org/services/online-services/access-to-the-ltwa/

Preparation of electronic illustrations and services
General points

*Always supply high-quality printouts of your artwork, in case conversion of the
electronic artwork is problematic.

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

*Save text in illustrations as "graphics" or enclose the font.

*Only use the following fonts in your illustrations: Arial, Courier, Helvetica, Times,
Symbol.

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

*Use a logical naming convention for your artwork files, and supply a separate listing
of the files and the software used.

*Upload all illustrations as separate files.

*Provide captions to illustrations separately.

*Produce images near to the desired size of the printed version. This journal offers
electronic submission services and graphic files can be uploaded via the online
submission system.

A  detailed guide on electronic artwork is available on our
website:http://authors.elsevier.com/artwork/schres

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

Formats

Regardless of the application used, when your electronic artwork is finalised, please
"save as" or convert the images to one of the following formats (Note the resolution
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requirements for line drawings, halftones, and line/halftone combinations given
below.):*EPS: Vector drawings. Embed the font or save the text as "graphics".
*TIFF: Colour or greyscale photographs (halftones): always use a minimum of 300 dpi.
*TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.
*TIFF: Combinations bitmapped line/half-tone (colour or greyscale): a minimum of 500

dpi is required.
*DOC, XLS or PPT: If your electronic artwork is created in any of these Microsoft Office
applications please supply "as is".
Please do not:

*Supply embedded graphics in your wordprocessor (spreadsheet, presentation)
document;

*Supply files that are optimised for screen use (like GIF, BMP, PICT, WPG); the
resolution is too low;
*Supply files that are too low in resolution;
*Submit graphics that are disproportionately large for the content.

Captions

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

Colourful e-Products
Figures that appear in black & white in print appear in colour, online, in ScienceDirect
at http://www.sciencedirect.com. There is no extra charge for authors who participate.

For colour reproduction in print, you will receive information regarding the costs from
Elsevier after receipt of your accepted article. Please indicate your preference for
colour in print or on the Web only. Because of technical complications, which can arise
by converting colour figures to "grey scale” (for the printed version should you not opt
for colour in print) please submit in addition usable black and white versions of all the
colour illustrations. For further information on the preparation of electronic artwork,
please see http://authors.elsevier.com/artwork/schres

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their
published article. AudioSlides are brief, webinar-style presentations that are shown
next to the online article on ScienceDirect. This gives authors the opportunity to
summarize their research in their own words and to help readers understand what the
paper is about. More information and examples are available
at http://www.elsevier.com/audioslides. Authors of this journal will automatically
receive an invitation e-mail to create an AudioSlides presentation after acceptance of
their paper.

Proofs
When your manuscript is received by the Publisher it is considered to be in its final
form. Proofs are not to be regarded as 'drafts'.
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Authors should keep a copy of their manuscript files as proofs will be sent to them
without the original manuscript. One set of page proofs in PDF format will be sent by
e-mail to the corresponding author, to be checked for typesetting/editing. No changes
in, or additions to, the accepted (and subsequently edited) manuscript will be allowed
at this stage. Proofreading is solely your responsibility. A form with queries from the
copyeditor may accompany your proofs. Please answer all queries and make any
corrections or additions required. The Publisher reserves the right to proceed with
publication if corrections are not communicated. Return corrections within two days of
receipt of the proofs. Should there be no corrections, please confirm this. Elsevier will
do everything possible to get your article corrected and published as quickly and
accurately as possible. In order to do this we need your help. When you receive the
(PDF) proof of your article for correction, it is important to ensure that all of your
corrections are sent back to us in one communication. Subsequent corrections will not
be possible, so please ensure your first sending is complete. Note that this does not
mean you have any less time to make your corrections, just that only one set of
corrections will be accepted.

Offprints

The corresponding author, at no cost, will be provided with a PDF file of the article via
e-mail. The PDF file is a watermarked version of the published article and includes a
cover sheet with the Journal cover image and a disclaimer outlining the terms and
conditions of use. Additional paper offprints can be ordered by the authors. An order
form with prices will be sent to the corresponding Author.
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