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RESUMO

Prebioéticos melhoram comportamentos indicadores associados a ansiedade
em modelo animal

Ansiedade € um transtorno mental comum, com elevadas taxas de prevaléncia e
relevantes custos sociais e pessoais, que demandam novas terapéuticas para o seu
tratamento. Estas alteragbes de comportamento podem remodelar a composi¢cao da
microbiota intestinal por meio de horménios do estresse, inflamacado e alteragdes
autonémicas, assim como promover o consumo de alimentos altamente palataveis,
influenciando quais bactérias intestinais prosperam. Por sua vez, bactérias
intestinais podem liberar metabdlitos, toxinas e neuro-hormdnios que alteram o
comportamento alimentar e o humor. A suplementacdo de alimentos funcionais,
demonstrou modificar beneficamente a composi¢cado da microbiota intestinal, pois a
microbiota que recebe prebidticos fornece aos microrganismos benéficos vantagem
competitiva sobre outras bactérias do ecossistema colénico, além disso, a microbiota
que recebe prebidticos fermentam esse alimento funcional, o que eleva a oferta de
energia ao hospedeiro na forma de acidos graxos de cadeia curta, além de reduzir
niveis de corticosterona e elevar o acido gama amino butirico. Estes produtos
resultantes s&o liberados na circulagdo sanguinea, afetando o trato Gl, e também
outros orgaos distantes como o sistema nervoso central. Realizamos uma reviséao
narrativa com o objetivo de descrever os efeitos dos prebidticos em indicadores de
ansiedade em modelo animal, fornecendo informacdes sobre carboidratos bioativos,
com énfase em suas propriedades prebidticas em murinos. Complementar a esta,
estruturamos uma revisao sistematica com meta-analise para responder a questao:
Os prebidticos melhoram comportamentos indicadores de ansiedade? Os dados e
artigos utilizados na revisdo sistematica e na meta-analise foram obtidos durante o
més de julho de 2018, e a estratégia de pesquisa foi repetida em julho de 2019. O
teste de campo aberto (OF), nivel sérico de corticosterona e a mudancga do perfil da
microbiota foram considerados como os parametros primarios de interesse dessa
investigacdo. Os calculos das meta-analises foram realizados através do software
RevMan 5.3. Encontramos 411 artigos completos, resumos, artigos de revisdo ou
capitulos de livros que traziam as palavras-chave utilizadas na pesquisa
bibliografica, destes, ao final da triagem e avaliagdo, seis estudos experimentais
preencheram os critérios de inclusdo na meta-analise. Os resultados da revisao
sistematica e das meta-analises apontam que o uso de prebidticos tem efeitos
benéficos, que reduzem direta ou indiretamente comportamentos indicadores de
ansiedade em murinos, e estes beneficios estdo relacionados a redugao dos niveis
de corticosterona e ao aumento da populacdo de bactérias benéficas, em particular
Lactobacillus spp. e Bifidobacterium spp.. Este trabalho sugere ainda iniciar novos
estudos utilizando prebidticos como alternativa terapéutica ou terapia complementar
ao tratamento convencional dos comportamentos ansiosos em humanos, tendo em
vista que a microbiota benéfica e sua conexao com regides cerebrais reconhecidas
como moduladoras de emocdes e de resposta neuroenddcrina ao estresse podem
estar subjacentes a fisiopatologia da ansiedade.

Palavras-chave: Teste de Campo Aberto; Eixo Intestino-Cérebro; Alimento
Funcional; Lactobacillus ssp.; Bifidobacterium ssp.; Corticosterona.



ABSTRACT

Prebiotics improve indicator behaviors associated with anxiety in an animal
model

Anxiety is a common mental disorder, with high prevalence rates and relevant social
and personal costs, which demand new therapies for their treatment. These
behavioral changes can reshape the composition of the intestinal microbiota by
means of stress hormones, inflammation and autonomic changes, as well as
promoting the consumption of highly palatable foods, influencing which intestinal
bacteria thrive. In turn, intestinal bacteria can release metabolites, toxins and
neurohormones that alter eating behavior and mood. Supplementation of functional
foods has been shown to beneficially modify the composition of the intestinal
microbiota, as the microbiota that receives prebiotics provides benéeficial
microorganisms with a competitive advantage over other bacteria in the colonic
ecosystem, in addition, the microbiota that receives prebiotics ferment this functional
food, which elevates the supply of energy to the host in the form of short-chain fatty
acids, in addition to reducing levels of corticosterone and raising the gamma amino
butyric acid. These resulting products are released into the bloodstream, affecting the
Gl tract, as well as other distant organs such as the central nervous system. We
conducted a narrative review in order to describe the effects of prebiotics on anxiety
indicators in an animal model, providing information on bioactive carbohydrates, with
an emphasis on their prebiotic properties in murines. In addition to this, we have
structured a systematic review with meta-analysis to answer the question: Do
prebiotics improve anxiety-indicating behaviors? The data and articles used in the
systematic review and meta-analysis were obtained during the month of July 2018,
and the research strategy was repeated in July 2019. The open field test (OF), serum
corticosterone level and the changing the profile of the microbiota were considered
as the primary parameters of interest in this investigation. The calculations of the
meta-analyzes were performed using the RevMan 5.3 software. We found 411
complete articles, abstracts, review articles or book chapters that included the
keywords used in the bibliographic research, of these, at the end of the screening
and evaluation, six experimental studies met the inclusion criteria in the meta-
analysis. The results of the systematic review and meta-analyzes indicate that the
use of prebiotics has beneficial effects, which directly or indirectly reduce behaviors
that indicate anxiety in murines, and these benefits are related to the reduction of
corticosterone levels and to an increase in the population beneficial bacteria, in
particular Lactobacillus spp. and Bifidobacterium spp..This work also suggests
starting new studies using prebiotics as a therapeutic alternative or complementary
therapy to the conventional treatment of anxious behaviors in humans, considering
that the beneficial microbiota and its connection with brain regions recognized as
modulators of emotions and neuroendocrine response to stress may be underlying
the pathophysiology of anxiety.

Keywords: Open Field Test; Axis-Intestine-Brain; Functional Food; Lactobacillus
ssp.; Bifidobacterium ssp.; Corticosterone.
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ARTIGO 1

Revisao Sistematica e Meta-Analise de Estudos Pré-Clinicos Evidencia Efeitos Benéficos dos
Prebidticos em Indicadores de Ansiedade

Weber Gutemberg Alves de Oliveira®; Luciano Junior Cano Freitas®; Samir Nozawa®; Heliard Rodrigues dos

Santos Caetanob; Marcos Natal Ruﬁnob, Hermann Bremer-Netob,*

a: Faculdade de Medicina, Universidade do Oeste Paulista, Sdo Paulo, Brasil.

b: Departamento de Ciéncias Funcionais, Universidade do Oeste Paulista, Sdo Paulo, Brasil.

RESUMO

CONTEXTUALIZACAO: Os transtornos mentais acometem bilhdes de pessoas em todo o
mundo, em particular, ansiedade, afetando cerca de 10% da populagdo mundial. O eixo microbiota-
intestino-cérebro desempenha um papel relevante nas mudangas comportamentais associadas a
transtornos de ansiedade e alimentos funcionais, prebioticos, demonstraram capacidade de modular
o crescimento e atividade da microbiota intestinal, conferindo beneficios comportamentais em
humanos e murinos. Nessa revisdo sistematica com meta-analise procuramos integrar os resultados
dos estudos incluidos e aumentar o poder estatistico dos efeitos dos prebidticos sobre
comportamentos indicadores de ansiedade em murinos.

METODOS: Os artigos selecionados foram obtidos até julho de 2019 nas bases de dados "Pub
Med", "ScienceDirect" e "Scielo" utilizando as palavras-chave ansiedade e prebiodtico. O teste de
campo aberto (OF), nivel sérico de corticosterona e a mudanga do perfil da microbiota intestinal
(Lactobacillus spp. e Bifidobacterium spp.) foram eleitos como desfecho primaério.
RESULTADOS: Foram encontrados 411 estudos completos, resumos ou capitulos de livros que
traziam as palavras-chave usadas na busca na literatura. Desses, 24 estudos foram potencialmente
escolhidos para avaliagdo posterior. No final do processo de selegdo, seis ensaios experimentais
preencheram os critérios de inclusdo. Os resultados obtidos demonstram efeitos benéficos de
compostos prebidticos associados a mudanga de comportamento: teste de Campo Aberto, nivel
sérico de corticosterona e a mudanca do perfil da microbiota.

CONCLUSOES: Tais achados apontam que alimentar a microbiota intestinal com prebidticos é
uma alternativa plausivel como tratamento modelador do comportamento nos dominios relevantes
para ansiedade e sugerem ser necessarios novos estudos utilizando prebidticos como alternativa
terapéutica ou terapia complementar dos comportamentos ansiosos em humanos, tendo em vista que
a microbiota benéfica e sua conexdo com regides cerebrais reconhecidas como moduladoras de
emocgdes ¢ de resposta neuroenddcrina ao estresse podem estar subjacentes a fisiopatologia da
ansiedade.

Palavras-chave: Teste de Campo Aberto; Eixo-Intestino-Cérebro; Alimento funcional;
Lactobacillus ssp.; Bifidobacterium ssp.; Corticosterona; Eixo Hipotalamo-Hipofise-Adrenal;
Microbiota Intestinal.
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ABSTRACT

BACKGROUND: Mental disorders affect billions of people around the world, in particular
anxiety, affecting about 10% of the world population. The microbiota-gut-brain axis plays an
important role in behavioral changes associated with anxiety disorders and functional, prebiotic
foods, which demonstrated the ability to modulate the growth and activity of the intestinal
microbiota, conferring behavioral benefits in humans and murines. In this systematic review with
meta-analysis, we seek to integrate the results of the included studies and increase the statistical
power of the effects of prebiotics on behavioral indicators of anxiety in murines.

METHODS: The selected articles were obtained until July 2019 in the databases "Pub Med",
"ScienceDirect" and "Scielo". The open field test (OF), serum corticosterone level and the change
in the profile of the intestinal microbiota, (Lactobacillus spp. and Bifidobacterium spp.) were
chosen as the primary outcome. 411 complete studies, abstracts or book chapters were found that
contained the keywords used in the literature search. Of these, 24 studies were potentially chosen
for further evaluation. At the end of the selection process, six experimental trials met the inclusion
criteria.

RESULTS: The results obtained demonstrate beneficial effects of prebiotic compounds associated
with behavior change: Open Field test, serum corticosterone level and the change in the microbiota
profile.

CONCLUSIONS: These findings point out that feeding the intestinal microbiome with prebiotics
is a plausible alternative as a behavioral shaping treatment in all domains relevant to anxiety and
suggests that further studies using prebiotics as a therapeutic alternative or complementary therapy
for anxious behaviors in humans are necessary, taking into account considering that the beneficial
microbiota and its connection with brain regions recognized as modulators of emotions and
neuroendocrine response to stress may be underlying the pathophysiology of anxiety.

Keywords: Open Field Test; Axis-Intestine-Brain; Functional food; Lactobacillus ssp.;
Bifidobacterium ssp.; Corticosterone; Hypothalan-Pituitary-Adrenal Axis; Intestinal Microbiota.
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1 INTRODUCAO

Os distrbios neuropsiquiatricos afetam mais de um bilhdo de pessoas e representam 30%
dos casos de doencas nao letais, causando sobrecarga para os sistemas de cuidados de saide em
todo o mundo. Os transtornos de ansiedade sdo os transtornos mentais mais comuns, caracterizados
por medo perturbador, preocupagdo e mudangas comportamentais, sendo que aproximadamente
16% da populacdo mundial experimentara essa enfermidade durante toda a vida (1) e associado a
significativa morbimortalidade (2).

Transtornos de ansiedade tém sido tratados com terapias cognitivo-comportamental e/ou
farmacoterapia, porém podem ter efeitos negativos e contraindica¢des importantes (3,4).

Evidéncias crescentes sugerem que o €ixo microbiota-intestino-cérebro desempenha um
papel fundamental na regulacao das fungdes cerebrais, processamento emocional € comportamento
(5,6). Em humanos, a auséncia de microbiota intestinal saudavel demonstrou influenciar o
desenvolvimento do pensamento ansioso (7), € em murinos, alteracdes na microbiota intestinal
promoveram mudancas comportamentais associadas a transtornos de ansiedade (8).

Substratos, como os prebidticos, suplementados na dieta e utilizados seletivamente pelos
microrganismos hospedeiros, demonstraram capacidade de modular o crescimento e atividade da
microbiota intestinal, conferindo beneficios a satide do hospedeiro (6,9-15). Em murinos, a
suplementagdo na dieta com diferentes prebioticos demonstrou efeitos benéficos no desempenho de
animais no teste de campo aberto (utilizado para avaliar comportamento semelhante a ansiedade),
diminui¢do dos niveis séricos de corticosterona e aumento das quantidades cecais de Lactobacillus
spp. € Bifidobacterium spp. (6,9,10,12—15). Em humanos, poucos ensaios clinicos confirmaram
estas evidéncias e os seus beneficios (16).

O objetivo dessa revisdo sistematica com meta-analise foi integrar os resultados dos
estudos incluidos e aumentar o poder estatistico dos efeitos dos prebiodticos sobre comportamentos

indicadores de ansiedade em murinos.
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2 METODOLOGIA
A revisdo sistematica para realizacdo da meta-analise deste trabalho foi conduzida de
acordo com as recomendagdes do CAMARADES (Collaborative Approach to Meta Analysis and
Review of Animal Data from Experimental Studies) e o protocolo estd registrado no SyRF
(Systematic Review Facility) (http://syrf.org.uk). Para o relatorio foi seguido as diretrizes descritas

no Preferred Report Items for Systematic Reviews and Meta-Analyzes (PRISMA) (17).

2.1 Estratégia de Pesquisa

Os dados e artigos utilizados na revisao sistematica foram obtidos durante o més de julho
de 2018, e a estratégia de pesquisa foi repetida em julho de 2019. As buscas foram realizadas nas
bases eletronicas de dados cientificos “Pub Med”, “ScienceDirect” e “Scielo” disponiveis na
Internet. Para as buscas, foram utilizadas as palavras-chave ansiedade e prebioticos, que sdo aceitas
como Descritores em Ciéncias da Saude (DeCS) e Medical Subject Headings (MeSH). Estes termos
foram utilizados em conjunto nos idiomas inglés e portugués. Para tornar as pesquisas mais
abrangentes, nesta fase, todos os resultados obtidos foram analisados sem restrigao de datas, idioma

de publicacdo ou categoria, incluindo artigos completos, resumos e capitulos de livros.

2.2 Critérios de Inclusiao e Exclusido para Selecido de Estudos

Os trabalhos que continham as palavras-chave foram selecionados e analisados de maneira
independente por dois pesquisadores do grupo (Oliveira, W.G.A. e Rufino, M.N), ¢ em caso de
discordancia, um terceiro autor foi consultado (Bremer-Neto, H.). Registros duplicados e trabalhos
que nao estavam relacionados aos objetivos propostos foram manualmente excluidos apos analise
dos titulos e / ou resumos. Foram selecionados trabalhos completos que estudaram o seguinte
P.1.C.O.: (1) populacao: ratos ou camundongos expostos ou ndo a fatores provocadores de estresse;
(2) intervencdo: suplementagdo com prebiodticos; (3) controle: grupos expostos ou nao a fatores

provocadores de estresse € nao suplementados; (4) desfechos: Avaliagdo dos indicadores de
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ansiedade. Ensaios clinicos em outras espécies, estudos-piloto, artigos de revisdo e trabalhos que

ndo abordaram o objetivo desta meta-analise foram excluidos.

2.3 Extracio de Dados

Para extracdo dos dados foi elaborada uma tabela com as seguintes informagodes de cada
estudo: autor(es) / ano de publicacdo, prebiodtico utilizado, tempo de duragdo do experimento,
numero de animais por grupo, parametros estudados. Os dados obtidos dos artigos selecionados

estdo apresentados na tabela 2.

2.4 Parametros de Interesse

O teste de campo aberto (OF), nivel sérico de corticosterona ¢ a mudanca do perfil da
microbiota foram considerados como os parametros primarios de interesse dessa investigagdao. O
teste de campo aberto, inclui duas medidas diferentes: o nimero de entradas no centro do OF e o
tempo de permanéncia no centro do OF. Os niveis séricos de corticosterona (ng/mL) foram
avaliados pelo método ELISA, ou por radioimunoensaio (RIE). A mudanca no perfil da microbiota
foi avaliada pela da quantidade de Lactobacillus spp. e Bifidobacterium spp., eXpressos como
logaritmo da contagem de unidades formadoras de colonias (log UFC/g de fezes) ou em
porcentagem de abundancia e estes dados foram meta-analisados.

Foram considerados parametros secundarios o peso corporal(g), consumo da dieta, teste de
labirinto em cruz elevado (LCE), labirinto em Y (LY), labirinto de agua de Morris (LAM), teste de
nado for¢ado (NF), caixa claro-escuro (CCE), teste de enterramento de marmore (EM), formacao de
acido graxo de cadeia curta cecal (SCFA), expressdo de receptores hipocampal para adcido gama
amino butirico (GABA), interleucina-1 (IL-1) hipocampal IL-6 hipocampal, IL-10 hipotalamico,
fator de necrose Tumoral- o (TNF-a) hipocampal, fator neurotréfico de derivado do cérebro
(BDNF) hipocampal, receptor 1 do fator de liberacdo de corticotrofina (CRFR1) hipotalamico,

receptor N-metyl-D-aspartato (NMDA) hipotalamico, e estes dados nao foram meta-analisados.
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2.5 Avaliacao do Risco de Viés

A avaliacao do risco de viés foi realizada utilizando o protocolo adaptado do Cochrane
Handbook for Systematic Reviews of Interventions, ¢ implementado pelo do software Review
Manager — RevMan 5.3. Os estudos foram classificados por dois autores (Oliveira, W. G. A. e
Rufino, M.N) que analisaram o viés na selecao dos animais, viés de alocagdo, viés de desempenho
(cegamento de pessoal envolvido no tratamento dos animais), deteccdo de viés de resultados

(cegamento dos avaliadores) e viés de publicacao.

2.6 Analise Estatistica

Os célculos das meta-analises foram implementados utilizando o software RevMan 5.3.
Para anélise do inverso da variancia, utilizamos as médias e desvios-padrao dos resultados de cada
estudo para comparar os dados encontrados. Quando os dados foram apresentados em mediana e
intervalo de confianga, as médias e desvios-padrao foram estimados de acordo com os célculos
descritos por Hozo et al (2005) (18). A heterogeneidade foi avaliada usando o Q* e teste I; a
significancia foi definida como P < 0.10 ou I* > 50%. Os efeitos fixos dos tratamentos foram
analisados; no entanto, quando observamos heterogeneidade significativa entre os estudos,

consideramos os efeitos aleatorios.

3 RESULTADOS

Ao todo foram encontrados 411 artigos completos, resumos, artigos de revisao ou capitulos
de livros que traziam as palavras-chave utilizadas na pesquisa bibliografica. Destes, ap0s triagem de
titulos e resumos, 24 foram potencialmente escolhidos para avaliagdo posterior, e apds avaliagdo
completa dos trabalhos, seis estudos experimentais (6,9,10,12,13,15) preencheram os critérios de

inclusdo e sao apresentados na Figura 1.
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Figura 1. Fluxograma do PRISMA mostrando as etapas do processo de selecdo da literatura e

motivos de exclusao.

3.1 Caracteristicas dos Estudos Incluidos

Os trabalhos selecionados estudaram os efeitos do tratamento com diferentes prebiodticos

sobre os indicadores de comportamentos semelhantes a ansiedade. Para as meta-andlises foram

considerados os resultados dos grupos controle e tratados com prebioticos: Frutoligossacarideos

(FOS), Galactoligossacarideos (GOS), Inulina, Oligofrutose, Polidextrose (PDX), Sialilactose 6 e

Sialilactose 3. As doses utilizadas e a composicao de cada prebidtico estdo descritas na Tabela 1.

A duragao dos estudos incluidos nas meta-analises variou entre duas e 10 semanas, ¢
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utilizaram um total de 168 animais (ratos e camundongos) divididos entre grupos controle e
tratamento. Os trabalhos incluidos foram publicados entre os anos de 2015 e 2019. Trés estudos
descreveram a randomizagdo (10,12,15), e o resumo das caracteristicas dos estudos estdo
representados na Tabela 2.
Os parametros considerados primarios nesta meta-analise avaliaram o teste de Campo
Aberto (para quantificar comportamentos indicadores de ansiedade), corticosterona sérica (ng/mL)
e a mudanca no perfil da microbiota [quantidade cecal de Lactobacillus spp. e Bifidobacterium spp.
[contagem de unidades formadoras de coldnias (log UFC / g de fezes)], conforme representados na
Tabela 3.
Os testes de comportamento em quatro estudos foram realizados com os animais sendo
divididos em subgrupos de acordo com a existéncia ou nao de diferentes agentes estressores o qual

foram submetidos, conforme representados na Tabela 4.



Tabela 1. Composi¢ao e Dose dos Prebioticos utilizados em cada Estudo
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Autores/ ano de publicacdo

Prebioticos

Dose*

Composic¢ao

Burokas et al. (2017) (6)

Barrera-Bugueiio et al. (2017) (9)

De Cossio et al. (2017) (10)

Mika et al. (2018) (13)

McVey Neufeld et al. (2019) (12)

Tarr et al. (2015) (15)

Bimuno - BGOS (Healy Group,
Dublin, Ireland)

Inulina (Sigma-Aldrich, St.
Louis, MO. USA)

OFS - Orafti®P95 (Beneo Orafti,
Belgium)

Galacto-oligossacarideo (GOS)
Polidextrose (PDX) Mead
Johnson Nutrition (MJN,

Evansville IN — U.S.A))
Polidextrose (PDX)
Galactooligossacarideos
American Institute of Nutrition
(AIN) 93-G (Envigo, WI, USA).

Sialilactose 6
Sialilactose 3 (Harlan
Laboratories, Inc.)

13,1g/dia/Kg P.V.

3,13 g/dia/Kg P.V.

15,2g/dia/Kg P.V.

GOS 2.9g/dia/Kg P.V.
PDX 0.9g/dia/Kg P.V.

1,3g/dia/Kg P.V.

Sialilactose 6 — 0,1g/dia’/kg
P.V. Sialilactose 3 —
0,1g/dia/Kg P.V.

Frutooligossacarideo (FOS) e
Galactooligossacarideo (GOS)

Inulina

Oligofructose (OFS)

Galacto-oligossacarideo (GOS)
Polidextrose (PDX)

Polidextrose (PDX)
Galactooligossacarideos

AIN-93G diet supplemented with 6'SL or a

modified AIN-93G diet supplemented with

3'SL (5% of the diet; Harlan Laboratories,
Inc.)

* Estimativa de consumo diario de prebidtico (F. P. Paiva, Maffili, & Santos, 2005).



Tabela 2. Caracteristicas dos Estudos Incluidos na Meta-analise
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, . 2
Numero de Murinos, Ratos

?&l‘tt)?ircz 2:0 de Prebiotico ]g( ur:r(;‘i?eg?o ou Camundongos’, Parametros Analisados '
¢ P por Grupo
Frutooligossacarideos Controle = 10 OF*; Corticosterona®; Microbiota®; Peso corporal e
Burokas et al. (2017) (FOS) e FOS = 10 consumo de dieta, Labirinto em cruz elevado; Tesge de
’ Galactooligossacarideos 10 semanas B enterramento de marmore Teste de nado for¢cado; Acido
(6) GOS =10
(GOS) (Healy Group, FOS+GOS = 10 Graxo de Cadeia Curta; Expressdo genica de Hipocampo e
Dublin, Ireland) Hipotalamo (GABA, IL6, Crfrl, BDNF, MND).
OF; Corticosterona; Peso corporal e consumo de agua;
Barrera-Bugueiio et al.  Inulina (Sigma-Aldrich, 7 semanas Controle=15 > Labirinto em Cruz Elevado; Expressao de RNAm no
(2017) (9) St. Louis, MO. USA) Inulina=14 hipocampo SHT-1A; Expressdo de RNAm receptor no
hipocampo.
, . Controle = 14 ° OF; Corticosterona; Microbiota®; Peso corporal e
De Cossio et al. (2017) Ohgofrutg(ge (OFS) 9 semanas G1=db/+ OFS=14 consumo de dieta, Labirinto em Y; Labirinto em Cruz
(10) (Orafti*P95)
G2= db/db OFS=1 Elevado; Caixa Claro/Escuro; IL1p; IL10; IL6; TNFa.
Galacto-oligossacarideo o2 A . 6. .
Mika et al. (2018) (13) (GOS) 4 semanas Controle = 8 OF; Microbiota’; Peso corporal e consumo de dieta
’ Polidextrose (PDX) GOS +PDX =8 Expressdao de RNAm (BDNF, 5HT).
Galactooligossacarideos 2 OF; Corticosterona; Labirinto de 4gua de Morris; Peso
McVey Neufeld et al. GOS 7 semanas Controle = z corporal e consumo da dieta; Expressao de RNAm (CRH-
(2019) (12) GOS+PDX =7 P P
Polidextrose (PDX) R1, BDNF, GABA).
.. Controle =9° ) . CNAS ., 6.
Tarr et al. (2015) (15) Sialilactose 6 20 dias Sialilactose 6 = 9 OF; Corticosterona; Microbiota’; Peso corporal e

Sialilactose 3

Sialilactose 3 =9

consumo de dieta, Caixa claro/escuro; IL 6.

! Pardmetros primérios estdo descritos em negrito.

* Ratos.
? Camundongos.

* OF: Teste de Campo Aberto.
> Nivel sérico de corticosterona (ng/mL).

% Microbiota: quantidade cecal de Lactobacillus spp e Bifidobacterium spp [contagem de unidades formadoras de coléonias (log UFC / g de fezes)].



Tabela 3. Parametros Primarios Incluidos em cada Estudo

Autores/ ano de publicacao OF' Corticosterona’ Microbiota™*
Burokas et al. (2017) (6) X X x*
Barrera-Bugueiio et al. (2017) (9) X X

De Cossio et al. (2017) (10) X X X3
Mika et al. (2018) (13) X X3
McVey Neufeld et al. (2019) (12) X X

Tarr et al. (2015) (15) X X X!

" OF: Teste de Campo Aberto.
?Nivel sérico de corticosterona (ng/mL).
3 Microbiota: quantidade cecal de Lactobacillus spp. [contagem de unidades formadoras de colonias (log UFC / g de fezes)].

* Microbiota: abundancia relativa (%) de Bifidobacterium spp.cecais.

Tabela 4 . Fatores (Elementos) caracterizados como estressores nos estudos incluidos

Autores/ ano de publicagao R.I. SM? MG’

Burokas et al. (2017) (6) X

Barrera-Bugueiio et al. (2017) (9)

De Cossio et al. (2017) (10) X

Mika et al. (2018) (13)

McVey Neufeld et al. (2019) (12) X

Tarr et al. (2015) (15) X

"R.I: Residente Intruso. *S.M: Separagdo Materna. *M.G: Modificagio Genética
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3.2 Eficacia da Suplementacio de Prebidticos sobre os Parametros Priméarios
O teste OF consiste em duas avaliagdes distintas: O niimero de entradas dos animais no centro do

campo (Figura 2) e o tempo de permanéncia dos animais no centro do campo (Figura 3).

PREBIOTICO CONTROLE Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.4.1 NUMERO DE ENTRADAS NO CAMPO ABERTO COM ESTRESSE
Burokas 2017 % 61.56 3.92 10 49.01 313 10 11.0% 12.55[9.44, 15.66) —_
Burokas 2017 ** 536 5.09 10 49.01 313 10 10.8% 10.59[6.89,14.29] —
Burokas 2017 ¥ %% 6666 4.7 10 4801 313 10 109% 17651415, 21.15) —_—
de Cossio 2017 # 917 2.56 14 117 2.94 14 11.4% -253[4.57,-0.49] -
MNeufeld 2019 427 0.69 7 38 218 7 11.5% 0.47[-1.23,217] T
Subtotal (95% CI) 51 51 557% 7.63 [0.46, 14.81] B

Heterogeneity. Tau*= 64.81; Chi*=155.04, df= 4 (P < 0.00001); F= 97%
Test for overall effect: Z=2.09 (P = 0.04)

1.4.2 NOMERO DE ENTRADA S NO CAMPO ABERTO SEM ESTRESSE

Barrera-Buguefio 2017 392 054 14 729 0.1 15 11.7% -3.37[3.87,-2.87] -

de Cossio 2017 ## 37.43 293 14 3853 073 14 11.6%  -1.10[-2.68, 0.48] -

Mika 2018 59.41 591 8 4097 41 8 101% 18.44[13.51,23.37] -
Neufeld 2019 7.84 207 71003 415 7 109%  -219[5.63,1.29) T

Subtotal (95% CI) 43 44  443% 218 [-2.57,6.92] S

Heterogeneity: Tau®= 21.17; Chi®= 80.56, df= 3 (P = 0.00001); F= 96%
Testfor overall effect: Z= 0,90 (P = 0.37)

Total (95% CI) 94 95 100.0% 5.31[1.13, 9.50] L
Heterogeneity: Tau®= 38.81; Chi*= 354.27, df = 8 (P < 0.00001); F= 98% 2 b o
Test for overall effect: Z=2.49 (P =0.01) CONTROLE PREBIOTICO
Testfor subgroup differences: Chi®=1.55, df=1 (P=0.21), F=35.3%

Figura 2. Forest Plot da comparacdo dos resultados da avaliagdo do nimero de entradas dos ratos no centro do
Campo Aberto (com ou sem estimulo estressante). *Prebiotico FOS; **Prebiotico GOS, ***Prebidtico FOS+GOS, #
(Oligofrutose) Ratos db/db : ratos geneticamente modificados; ## (Oligofrutose) Ratos db/+: ratos sem modificagdo
genética.

Para as avaliacdes, os animais foram separados em subgrupos, que receberam estimulos
estressantes ou nao. Neste estudo esses subgrupos foram primeiramente meta-analisados separados e em
seguida, meta-analisados em conjunto.

A meta-analise do numero de entradas dos ratos submetidos a estimulos estressantes no centro do
OF foi significativamente maior (P=0,04) no grupo prebidtico quando comparado ao grupo controle, no
entanto, no subgrupo com animais ndo submetidos a estimulos estressantes, os resultados revelaram nao
existir diferenga significativa (P=0,37) entre os grupos. Quando integramos os resultados dos estudos
submetidos e os ndo submetidos a estimulo estressante, o resultado da meta-analise revelou que o

desempenho dos ratos do grupo prebidtico melhorou significativamente (P=0,01) quando comparado ao
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grupo controle (Figura 2).
PREBIOTICO CONTROLE Mean Difference Mean Difference
Study or Subgroup Mean 5D Total Mean S0 Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 TEMPO DE PERMANENCIA COM STRESS
Burokas 2017 * 71.2004 81279 10 87931 8.9668 10 9821% -1673[2419,-8.28] I
Burokas 2017 ## 121.9185 13.2002 10 87931 £.49668 10 29%  33.99[24.08 42.89) —_—
Burokas 2017 #ex 126.3519 10.3446 10 87931 &.8668 10 31%  38.42[29.38 46.87) ——
MNeufeld 2019 69228 23076 726922 1.7307 Tar% 423[2.09,6.37] -
Tar 2015 §# 17.0017 02297 9 23205 16.082 9 88% =6.20 F16.71, 4.30] I
Tarr 2015 H# 17.2314 20677 9 23205 16.082 3 8% -5.97 F16.57, 462] I
Subtotal (95% CI) 55 55  54.3% 7.92 [-6.88, 22.72] i
Heterogeneity: Tau®= 322 86; Chi*= 134,68, di= 5 (P < 0.00001); *= 96%
Test for overall effect: Z=1.05 (P = 0.29)
1.2.2 TEMPO DE PERMANENCIA SEM STRESS
Barrera-Buguefio 2017 7.3882 13038 14 230424 30422 15  97% -1565[17.34,-13.97) -
Mika 2018 1068 1.4 8 76.8 7.2 89% 30,00 [20.66, 39.34] -
Neufeld 2019 11,538 23076 7 165384 69228 7T 94% =500 1041, 0.41] —
Tarr 2015 & 220689 512M 9 41.7733 145812 9 88% -19.70[-29.80,-9.61) E—
Tar 2015 ## 2000985 43349 9 41.7733 145812 9 BE% -21.67[31.61,-11.74] —_—
Subtotal (95% CI) 47 48 457% -6.49 [-19.95, 6.97] i
Heterogeneity: Tau®= 219.60; Chi*= 102,98, df= 4 (P < 0.00001), = 96%
Test for overall effect Z= 0.95 (F = 0.34)
Total (95% CI) 102 103 100.0% 1.34 [-8.60, 11.27] *‘
1]

Heterogeneity: Tau™= 264 81, Chi*= 464.74, df= 10 (P = 0.00001), F= 98%
Testfor overall effect Z=0.26 (P =0.79)
Test for subgroup diferences: Chi*=1.99, ¢f=1 (P=016). = 49.9%

+
-2

1]
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COMTROLE PREBIOTICO

50

Figura 3. Forest Plot da comparag@o dos resultados da avaliacdo do tempo de permanéncia dos ratos no centro do

OF (com ou sem estimulo estressante). *Prebidtico FOS; **Prebiotico GOS, ***Prebidticos FOS+GOS, #Prebidtico

Sialilactose 6, ##Prebidtico Sialilactose 3.

A meta-andlise da comparacdo do tempo de permanéncia dos animais no centro do OF também

foi dividida em subgrupos (com e sem estimulo estressante), € o resultado demonstrou ndo existir diferenca

significativa entre os grupo controle e prebiotico submetidos ao estresse (P=0,29), e ndo submetidos ao

estresse (P=0,34). Da mesma maneira, quando integramos os resultados dos estudos, submetidos e os nao

submetidos a estimulo estressante, a meta-analise revelou ndo existir diferenca significativa entre os

grupos controle e prebidtico (P=0,16) (Figura 3).

PREBIOTICO CONTROLE Mean Difference Mean Difference

Study or Subgroup Mean 5D Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Barrera-Buguedio 2017 186,666 133333 14 1925925 nn 15 104% -5.93 F23.15,11.30) -
Burokas 2017 = 140625 1135 10 1659376 103125 10 1M.7%  -26.31 [3477,-15.85) -
Burokas 2017 *%* 1303125 75 10 1659375 103125 10 119%  -3563[4353,-27.72) -
Burokas 2017 **=* 1275 46875 10 1659375 103125 10 120%  -38.44 [45.46,-31.42) -
de Cossio 2017 # 211409 46979 14 328859 T7.0469 14 123% 1175 [16.18,-7.31] ot
de Cossio 2017 H# 1268456 23.4899 14 2466442 459798 14 84% -11980[147.31,-92.28] —
Meufeld 2019 + 1704918 131147 T 1803278 131147 T 11.0% -9.84 [F23.58, 3.90] -
Meufeld 2019 44 1672131 9.836 ¥ 1639344 65573 7 118% 3.28 F5.48,12.04] T
Tarr 2015 (@ 2299 nr a 250 38 9 Ta% =2010 |52.43,12.23) — T
Tarr 2015 @@ AT 923 9 250 38 9  34% 12717 [61.96, 192.38]
Total (95% CI) 104 105 100.0% -21.75[-35.78, -7.72] &>

i - S Chif= = ‘P= I + 4 q
Heterogeneily: Tau= 415.71, Chi®= 157.88, df= 9 (F < 0.00001), F= 94% So 100 0 100 200

Testfor overall effect 2= 3.04 (F=0.002)

CONTROLE PREBIOTICO

Figura 4. Forest Plot dos efeitos dos prebidticos no nivel sérico de corticosterona em ratos submetidos a estimulos estressantes.

*Prebiotico FOS; **Prebidtico GOS, ***Prebiotico FOS+GOS, #(Oligofrutose) Ratos db/+, ##(Oligofrutose) Ratos db/db,

+NS, ++MS, Prebidtico em ratos ®Prebidtico Sialilactose 6, @O Prebidtico Sialilactose 3. db/+: ratos sem modificacdo
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genética. db/db ratos geneticamente modificados. NS: ratos sem separa¢cdo materna. MS: Ratos com separagdo materna.

Para a corticosterona, o resultado da meta-analise demonstrou que o nivel sérico deste hormonio

reduziu significativamente no grupo prebiotico, quando comparado ao grupo controle (P = 0,002) (Figura

4).
PREBIOTICO CONTROLE Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CIl IV, Random, 95% CI
4.2.1 Lactobacillus spp. submetido a estresse
de Cossio 2017 * 8.01 0.22 14 76 0.23 14 34.9% 0.41 [0.24, 0.58] L
Subtotal (95% CI) 14 14  34.9% 0.41 [0.24, 0.58] L 2

Heterogeneity: Mot applicahle
Testfor overall effect Z=4.82 (P < 0.00001)

4.2.2 Lactobacillus spp. ndo submetido a estresse

de Cossio 2017 #* 777043 14 812 045 14 276% -0.36[-0.68,-0.03) —=

Mika 2018 78507 00738 8 75 0083 8 376%  045(0.37,053 u

Subtotal (95% CI) 22 22 651%  0.07[-0.72,0.85] ~
Heterogeneity: Tau®= 0.31; Chi*= 21.86, df= 1 (P = 0.00001); F= 95%

Testfor overall effect Z= 017 (P=0.87)

Total (95% CI) 36 36 100.0%  0.22[-0.11,0.54] ’
Heterogeneity: Tau®= 0.07; Chi*= 21 86, df= 2 (P < 0.0001); F= 91% T
Testfor overall effect Z=1.31 (F=019) CONTROLE PREBIOTICO

Testfor subaroup differences: Chi*= 071, df=1{P=040), F=0%

Figura 5. Florest Plot que compara as quantidades médias (log de bactérias/g de contetido cecal) de Lactobacillus
spp. dos grupos experimentais (Prebioticos e Controle) dos estudos incluidos. * Oligofrutose em Ratos db/db

(genéticamente modificados); ** Oligofrutose em Ratos db/+ (sem modificagdo genética).

A meta-analise na quantidade cecal de Lactobacillus spp. foi dividida em dois subgrupos: ratos
geneticamente modificados (db/db) ou ndo (db/+). E possivel observar que no subgrupo dos animais db/db
a meta-analise aponta aumento significativo de Lactobacillus spp. (P < 0,001) nos grupos que receberam
prebioticos. Em contraste, nos grupos de animais db/+ ndo houve diferenca significativa na quantidade
cecal de Lactobacillus spp. entre os grupos (P = 0,87). Também, a meta-andlise resultante de ambos
subgrupos (animais db/db e db/+) ndo revelou diferenga significativa entre os grupos meta-analisados (P =

0,19).
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PREBIOTICO CONTROLE Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
5.1.1 Bifidobacterium ssp. submetido a estresse
Tarr 2015 # 2.2 1.22 g 1.01  0.54 9 124% 1.19[0.32, 2.06] 2016 -
Tarr 2015 ## 1.22 0.38 9 1.01 054 9 126% 0.21 [-0.22,0.64] 20186 T
Burokas 2017 Q00 0.7392 0.3562 10 0.2352 0.94 10 12.5% 0.50[F0.12,1.13] 2017 ™
Subtotal (95% CI) 28 28 37.5% 0.52 [0.02,1.03] »

Heterogeneity: Tau®=010; Chi*= 3.97, df=2 (P=014); F=50%
Testfor overall effect Z=2.05(P =0.04)

5.1.2 Bifidobacterium ssp. nao submetido ao estresse

Tarr 2015 # 28 0.79 9 05 019 9 126% 230[1.77,283] 2016 -
Tarr 2015 ## 276 (IR:] 9 0.5 019 9 126% 226[1.72,280] 2016 -
Burokas 2017 Q 0.7325 0.24M1 10 4.6744 1.186 10 12.4% -3.94[469,-319] 2017 -

Burokas 2017 Q0O 0.279 01046 10 46744 1.186 10 125% -440[513 -3.66] 2017 -

Burokas 2017 QOO 0.7325 0.2083 10 46744 1186 10 124% -394 [4.69,-3.200 2017 -

Subtotal (95% Cl) 48 48 62.5% -1.54[-4.68,1.61] ~—

Heterogeneity: Tau*=12.77, Chi*= 477 .80, df = 4 (P = 0.00001); I*= 99%
Testfor overall effect Z=0.96 (F=0.34)

Total (95% CI) 76 76 100.0% -0.72 [-2.56,1.13] ?

Heterogeneity: Tau® = B.97; Chi*= 499,27, df= 7 (P < 0.00001}; F= 39% f f 1 ! t
] -10 -5 0 5 10

Test for overall effect. Z=0.76 I:P = 045) CONTROLE PREB]OTICO

Test for subaroup differences: Chi*=1.61, df=1 (P=0.21), F=37.7%

Figura 6. Florest Plot que compara as médias das abundancias relativas (%) de Bifidobacterium spp. dos grupos experimentais
(Prebidticos e Controle) submetidos ou ndo a estresse. # Prebiotico 6 Sialilactose, # # Prebidtico 3 Sialilactose, © Prebidtico

FOS, 00 Prebiodtico GOS, OO0 Prebidtico FOS+GOS.

A meta-andlise das abundancias relativas de Bifidobacterium spp. foi dividida em dois subgrupos:
ratos submetidos a estresse e ratos ndo submetidos a estresse. No subgrupo dos animais submetidos a
estresse a meta-analise aponta aumento significativo de Bifidobacterium spp. (P = 0,04) nos grupos que
receberam prebioticos. Em contraste, nos grupos de animais ndo submetidos a estresse ndo houve diferenca
significativa na abundancia relativa de Bifidobacterium spp. entre os grupos (P = 0,34). Também, a meta-
analise resultante dos subgrupos (animais submetidos e ndo submetidos a estresse) ndo revelou diferenca

significativa entre os grupos meta-analisados (P = 0,45).

3.3 Eficacia da Suplementacio de Prebioticos nos Parimetros Secundarios

Seis estudos incluidos na revisdo sistematica contemplaram os parametros peso corporal (PC) e
consumo de dieta (CD), porém nao apresentaram resultados quantitativos e que permitissem a meta-
analise. Segundo os estudos o peso corporal € o consumo da dieta, os resultados foram semelhantes entre
os grupos controle e prebidticos (Tabela 5).

Trés estudos analisaram comportamento semelhante a ansiedade pelo do teste LCE, destes, dois
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estudos apontaram uma redu¢do do comportamento de ansiedade nos animais (6,9) e um estudo ndo
apontou redu¢do de comportamento de ansiedade (10), quando tratados com prebidticos.

O teste LY, que avalia o desenvolvimento da estrutura do hipocampo, ndo apresentou diferenca
significativa entre os grupos estudados (10). Em contraste, observou-se melhora significativa na
aprendizagem e memoria espacial no grupo tratado com prebidticos e submetidos ao teste de LAM (12).
Os prebidticos causaram também atenuacdo do estresse, reducdo do nimero de defecagdes e melhora da
mobilidade nos animais quando submetidos ao teste NF (6).

No teste da CCE, observou-se uma redu¢do do comportamento de ansiedade (15), porém outro
estudo com duragdo de nove semanas a suplementagcdo com prebidtico ndo reduziu significativamente este
comportamento. No teste de EM a suplementacdo demonstrou causar a redu¢do do comportamento de
ansiedade, e interferiu significativamente nas concentracdes de SCFA, aumentando as concentragdes do
acetato e propionato cecal e reduzindo isobutirato (6).

Dois estudos investigaram o efeito da suplementacdo dos prebidticos no nimero de receptores
GABA e as suas subunidades, sendo que um deles ndo observou-se melhora significativa (12) e o outro
relatou aumento significativo da quantidade destes receptores no hipocampo (6).

A suplementagdo de prebiodticos reduziu a quantidade de CRFR1 e da subunidade do receptor
NMDA (6), ndo alterou os niveis das interleucinas IL-1, IL-6 e o TNFa hipocampal (10,15) e aumentou os

niveis de IL-10 hipotalamicos (10).



Tabela 5. Parametros secundarios incluidos em cada estudo
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Estudos
iarélrp Ztroi Barrera- , . McVey
valiados Burokas et Bugueno et De Cossioet ~ Mika et al. Neufeld et Tarr et al.
al. (2017) al. (2017) al. (2017) (2018) al. (2019) (2015)
PC X X X X X X
CD X X X X X X
LCE X X X
LY X
LAM X
NF X
CCE X X
EM X
SCFA X
GABA X X
BDNF X X X
CRFR1 X
NMDA X
IL 1 X
IL 6 X X X
TNFa X
IL 10 X X

* PC- Peso Corporal, CD- Consumo de Dietas; LCE- Labirinto em Cruz Elevado ; LY- Labirinto em Y, LAM-Labirinto de

Agua de Morris, NF-teste de Nado Forgado, CCE-Caixa Claro/Escuro, EM — teste de Enterramento de Méarmore; SCFA- Acido

Graxo de Cadeia Curta; GABA- Receptores Acido Gama Amino Butirico; BDNF- Fator Neurotréfico de Derivado do Cérebro;

CRFRI1: Receptor 1 do Fator de Liberacdo de Corticotrofina; NMDA: Receptor N-methyl-D-aspartato. IL-Interleucina; TNFa-

Fator Neurotrofico Tumoral.

4 DISCUSSAO

O transtorno de ansiedade generalizada ¢ altamente prevalente e incapacitante, que resulta no

comprometimento do funcionamento fisico, psicoldgico e social diario, com perda em producao
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econdmica (20). Os tratamentos podem incluir intervengdes psicologicas, intervengdes farmacologicas ou
uma combinacdo dessas modalidades e a terapia farmacoldgica € tipicamente o tratamento de primeira
linha (3.4).

A percepcao de que o eixo da microbiota-intestino-cérebro desempenha um papel critico na saude
e na doencga, incluindo distirbios neuropsiquidtricos, estd avancando rapidamente. Alimentar uma
microbiota intestinal com prebidticos, como frutooligossacarideos (FOS) e galacto-oligossacarideos
(GOS), ¢ uma manipulacido atraente, porém pouco investigada da microbiota, assim como tratamento
modelador do comportamento em todos os dominios relevantes para ansiedade (6). Estudos em ratos
demonstraram que a suplementacdo de prebidticos na dieta de ratos, FOS, GOS e PDX, apoia o
desenvolvimento cerebral, aumenta a plasticidade e altera a atividade em regides do cérebro importantes
para a cogni¢do e a regulacdo emocional, sendo capaz de modificar marcadamente comportamentos e
quimica cerebral, relevantes para a ansiedade (6,13).

Os resultados desta metanalise demonstraram os efeitos de compostos prebidticos em um modelo
experimental de avaliagao de parametros associados a mudanca de comportamento: teste de Campo
Aberto, nivel sérico de corticosterona e a mudanga do perfil da microbidta (quantidade cecal de
Lactobacillus spp. e Bifidobacterium spp.). Outros parametros foram considerados nesta revisdo,
classificados como secunddrios, nao foram incluidos na metanalise. Acreditamos que este estudo colabore
e estimule a realizacao de trabalhos em humanos usando os prebioticos associados a terapia convencional
ou nao com objetivo de melhorar as opgdes de tratamento.

De uma ampla gama de estudos, sistematicamente pesquisados e selecionados, usando critérios
estritos de inclusdo e exclusao, foi incluido um pequeno niimero nessa meta-analise. Este rigor refere-se a
metodologia utilizada pelos pesquisadores em cada estudo, que sdo determinantes para o resultado final da

meta-analise, visando elevar o nivel de confianca (21).

4.1 Parametros Primarios
Nos ratos jovens, entre 21 a 63 dias de vida, utilizados nos estudos meta-analisados, os

comportamentos de ansiedade, déficits cognitivos como memoria e aprendizagem tem forte ligagdo com a
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neurogénese, € com neurdnios imaturos (22). A suplementacao de prebioticos pode modular beneficamente
a microbiota do hospedeiro, aumentando a quantidade de microrganismos com func¢do probidtica (6).
Isoladamente os probioticos demonstraram melhorar de forma convincente as fun¢des comportamentais
prejudicadas por agentes estressores em ratos jovens (23). Além disso, dietas suplementadas com
prebioticos, tém revelado efeitos neurocomportamentais que podem através de indicadores de
comportamento (teste OF), serem utilizados para a avaliacao da ansiedade (12). Em ratos, como modelo
experimental, o teste OF pode avaliar comportamento semelhante a ansiedade em humanos
(6,9,10,12,13,15). Para efeito de interpretacdo, o comportamento de ansiedade provoca um menor niimero
de entradas e menor tempo de permanéncia do animal no centro do OF (24).

Nesse estudo, os resultados dos trabalhos foram meta-analisados por meio de dois parametros:
contagem do numero de entradas e tempo de permanéncia no centro do OF (6,9,10,12,13,15) e os
resultados das meta-andlises revelaram que o grupo de animais submetidos as dietas com prebioticos
melhorou o comportamento semelhante a ansiedade, quando comparados ao grupo controle, por
apresentarem um niimero maior de entradas no centro do OF, apesar de o tempo de permanéncia no centro
do OF nao ter mostrado diferenca entre os grupos suplementados com prebidtico e controle.

A reducdo observada do comportamento semelhante a ansiedade, teste de OF, induzida pela dieta
com prebiodticos em ratos jovens, pode ser decorrente das diminui¢cdes na expressao do c-fos mRNA na
amigdala e aumento simultaneo nos c-fos mMRNA e marcadores de plasticidade no cortex pré-frontal. Em
animais nessa faixa etaria, a suplementacao contendo prebioticos e fragdes bioativas do leite podem levar a
alteragcdes adaptativas nos genes dos circuitos neurais subjacentes a regulacdo da emocdo e diminuir o
comportamento relacionado a ansiedade (13), uma vez que o SNC ainda estd em maturacao (25),
entretanto esses mesmos resultados ndo ocorrem em ratos adultos (26). Porém, em camundongos com
alteragdes metabolicas indicativas de ansiedade, a dieta com prebioticos falhou em demonstrar melhora
nos efeitos ansioliticos, déficits de memoria espacial e neurogénese hipocampal (10).

Ratos que exibiam diminuicdo de BDNF no hipocampo foram associados a comportamentos
semelhante a ansiedade, e a administracdo de FOS+GOS demonstrou nesses animais altos niveis de

expressao de BDNF no hipocampo (6).
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A meta-anélise do nivel sérico de corticosterona mostrou que os grupos suplementados com
prebiodtico tiveram uma redugdo dos niveis plasmaticos desse glicocorticoide, quando comparados aos
grupos controle (6,9,15), devido ao efeito benéfico da suplementagdo na atividade do eixo Hipotalamo-
Hipoéfise-Adrenal (HHA) (9). A reducdo da corticosterona estad presente e diretamente relacionada a
melhora de comportamentos de ansiedade, principalmente quando associada a situagdes de estresse (27),
assim como diminui¢do das citocinas pro-inflamatdria IL-1 e IL-6 e normalizagdo dos efeitos do estresse
na microbiota (6). Porém, mesmo sem alterar beneficamente os niveis plasméaticos de corticosterona, os
prebidticos 3'sialyllactose e 6'sialyllactose, demonstraram efeito ansiolitico (15). Quando os niveis
plasmaticos de corticosterona estdo aumentados, estes reprimem a expressio de mRNA de 5-HTIA,
ativando o sistema ubiquitina-proteossoma, acarretando desordem cerebral, levando a perda de fungdes
mentais, como a memdria e a aprendizagem (9,28,29).

Neste estudo, as meta-analises da abundancia relativa de Bifidobacterium spp. € o das quantidades
médias (log de bactérias/g de contetido cecal) de Lactobacillus spp. revelaram que em murinos expostos a
diferentes situagdes de estresse, os prebidticos demonstraram serem capazes de modificar beneficamente a
microbiota intestinal. A exposicdo ao estresse afeta negativamente a estrutura das comunidades
microbianas associadas a mucosa (30-32). Estudo utilizando a suplementagdo de prebioticos, FOS + GOS,
observou reducdo significativa dos feitos deletérios na microbiota induzida pelo estresse psicossocial
cronico (6). Em grupos ndo submetidos a estresse nao observamos diferenca significativa entre os
subgrupos analisados. E provavel que este resultado seja devido a alteragdes na composigdo da microbiota,
especialmente o aumento da abundancia relativa de outras bactérias benéficas a fisiologia colonica, como
Akkermansia e Bacteroides (6). Porém, sugerimos que novos estudos randomizados sejam feitos para
explicar esses resultados contraditorios entre os grupos estressados € ndo estressados.

A microbiota intestinal e seu perfil de biodiversidade influenciam significativamente o
comportamento, mudancas neuroquimicas e imunoldgicas e que sdo relevantes para transtornos
psiquiatricos relacionados ao estresse (33), assim como comportamentos de ansiedade (6,34,35). O estresse
cronico, bem como ansiedade reduz a concentragdo de bifidobactérias e lactobacilos e, assim como altera o

equilibrio microbiano intestinal, a administracdo de prebidticos impede esta mudanga adversa (6,36). O
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desequilibrio microbiano intestinal, definido como disbiose, pode ser decorrente de um disturbio na propria
microbiota, alteracdes na composicdo funcional e nas atividades metabolicas ou na distribuicdo local,
resultante da perda de organismos benéficos, crescimento excessivo de organismos potencialmente
prejudiciais e perda da diversidade microbiana geral, de maneira combinada ou isolada (37) e que podem
influenciar a quimica e o comportamento cerebral (38). Além disso, a disbiose, assim como a inflamagao
intestinal foram ligadas a varias causas de doencgas mentais, incluindo ansiedade, que ¢ predominante na
sociedade atual e dietas com alimentos funcionais t€ém sido reconhecidos como terem a capacidade de
restaurar o equilibrio microbiano normal (39), e, portanto, terem papel potencial no tratamento e prevengao
da ansiedade (40). Essas evidéncias reforcam o papel benéfico dos prebidticos e seus efeitos sobre o eixo
microbiota- intestino -cérebro na saide do hospedeiro sob condigdes de estresse, pois apoiam o recente
alargamento da defini¢do de psicobioticos, para incluir estratégia de tratamento baseada no uso de
prebioticos. Os psicobidticos foram previamente definidos como bactérias vivas (probidticos) que, quando
ingeridas, conferem beneficios a satide mental por meio de interagdes com bactérias intestinais comensais.
Expandimos essa defini¢do para abranger prebioticos, que aumentam o crescimento de bactérias intestinais
benéficas (41).

Estudos demonstraram que quando administrados por via oral, os Lactobacillus spp. e
Bifidobacterium spp. induziram alteragdes na composicao da microbiota intestinal de ratos, bem como na
modulagdo benéfica do eixo HHA, mitigando o desenvolvimento de transtornos associados a ansiedade
(30,42). Além disso, melhoram o comportamento neuroldgico e as anormalidades no desenvolvimento e
metabolismo intestinal e recolonizacdo microbiana (43,44). Quando a suplementagdo desses
microrganismos probidticos foi combinada com os prebioticos frutoligossacarideos (FOS) e
galactoligossacarideos (GOS), observou-se uma ampla estimulacdo bacteriana da microbiota, assim como
aumento dos seus efeitos benéficos (6).

A capacidade ansiolitica dos prebidticos relaciona-se diretamente com a microbiota intestinal,
pois os SCFAs, acetato, propionato e butirato, produzidos por microrganismos benéficos, probiodticos, que
se alimentam dos alimentos funcionais, principalmente prebidticos, impedem efeitos deletérios no

comportamento, na liberagao de citocinas e alteragdes patologicas na microbiota intestinal (6). Além disso,
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os SCFAs sdao moléculas que influenciam a maturacdo, morfologia e fun¢do da microglia e a sua produgado
pode ser modulada por uma microbiota saudavel (6,34,35), contribuindo para o desenvolvimento de
células T reguladoras do célon (Tregs) e que limitam a inflamacgao local no intestino, bem como envolvem
o receptor acoplado a proteina G GPR43 em neutrofilos para diminuir sua infiltragdo nos tecidos e,
portanto, mitigar o processo inflamatorio (45). Embora os mecanismos anti-inflamatorios da fibra
alimentar ainda ndo tenham sido elucidados, os acidos graxos de cadeia curta (SCFAs) podem ser um fator

contribuinte (46,47).

4.2 Parametros Secundarios

As intervencdes com prebidticos ndo tiveram efeitos sobre pardmetros relacionados ao aumento
do PC dos animais, e nem sobre o CD nos estudos incluidos nessa meta-analise (6,9,10,12,13,15). Varios
resultados apdiam a relevancia da fermentagdo prebidtica no manejo do apetite em alimentos saudaveis,
porém nao observaram alteracdo na ingestdo alimentar de dietas suplementadas com prebidticos em ratos
(48,49) e humanos (50,51). J4 em roedores obesos ou com sobrepeso, os prebidticos demonstraram auxiliar
no controle do peso, pela diminui¢do da ingestdo de alimentos (52).

Outros parametros, aqui tidos como secunddrios: alteragdes hormonais, mudancas em expressao
génica, sinais de neuroplasticidade cerebral em regides corticais, hipocampo e amigdala, que, foram
conferidos em testes de comportamento, avaliagdes bioquimicas e histologicas, corroboram os efeitos
benéficos do uso de suplementacio com prebidticos observados nos parametros indicativos de
comportamentos de ansiedade (6,9,10,12,15,53).

Outros testes de comportamento, LCE, LY, LAM, TNF, CCE, TEM, foram considerados
secundarios e também evidenciaram efeitos benéficos da suplementacdo de prebiodticos na dieta de ratos,
como modelo animal (6,9,10,12,15). Em relacdo aos niveis de ansiedade medidos em LCE, a
administracao de diferentes prebidticos demonstraram respostas diferentes (6,9,10). A suplementacdo de
inulina ndo alterou beneficamente a porcentagem de tempo gasto no teste LCE em relagdo ao grupo
controle, porém, houve um benéfico em porcentagem de entradas no LCE (6). Barrera-Buguefio et al.

(2017) (9) e De Cossio et al. (2017) (10) ndo observaram diferenca em relagdo ao numero de entradas e
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tempo gasto no LCE em ratos tratados com os prebidticos inulina ou FOS. Porém, os animais
suplementados com a combinac¢do de FOS + GOS demonstrou levar a uma resposta aditiva benéfica nos
transtornos psiquidtricos relacionados ao estresse, pois levou a uma gama mais ampla de estimulagdo
bacteriana (6).

Outros parametros secundarios utilizados nesta meta-analise foram os testes EM e TNF e
demonstraram que a suplementag¢do com prebioticos, FOS, GOS e FOS + GOS, teve efeitos benéficos (6).

No teste LY e que avaliam pelos testes comportamentais a no¢do espacial e memoria (54), a
suplementagdo de prebidticos ndo demonstrou efeitos benéficos (10). Porém, no teste LAM, considerado
um teste robusto e confidvel e fortemente correlacionado com a plasticidade sinaptica do hipocampo para
memoria espacial, mostrou que ratos suplementados com prebidticos tiveram melhores resultados que os
animais do grupo controle (12).

No teste de comportamento da CCE, usado em farmacologia para testar respostas incondicionais
de ansiedade em roedores e que normalmente passam mais tempo no compartimento escuro, do que no
compartimento claro (55), a suplementacdo com prebidtico, FOS, ndo resultou em efeito ansiolitico (10).
Porém, em camundongos expostos ao estresse e alimentados com prebiodticos 3'SL ou 6'SL, tiveram um
aumento do tempo gasto na zona clara (15).

Alteragdes na expressao génica e aumento de SCFAs nas fezes de ratos suplementados com FOS
e GOS se relacionaram com diminui¢do no comportamento de ansiedade verificados nos testes de
comportamento de OF, TEM e LCE (6,53). Esses resultados benéficos estdo associados a acdo de
prebidticos e probioticos, classificados como psicobioticos, que modificam beneficamente a microbiota e
aumentam a producdo de SCFAs, que sdao uma importante fonte de energia, em conjunto com o acido
latico (41,56), assim como demonstraram, FOS e GOS, aumentar o acetato cecal e propionato e reduzir as
concentracdes de isobutirato em ratos com comportamento de ansiedade (6). Outro prebidtico, a
sialilactose, também foi capaz de reduzir o comportamento semelhante a ansiedade em ratos apds estresse
cronico (15).

Os SCFAs produzidos pelo metabolismo das bactérias benéficas da microbiota intestinal,

demonstraram reduzir o pH do co6lon e inibir o crescimento de microrganismos nao benéficos (57), assim
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como realizam a diferenciagdo e maturagdo de células no hospedeiro ¢ modulam a expressdo de genes
(58,59) e podem ter multiplos efeitos, incluindo a modulagdo e secre¢do de serotonina enteroenddcrina
(60). Além disso, interagem com células enteroendocrinas da mucosa intestinal e catalisam a liberagdo de
hormdnios intestinais, como a colecistocinina (CCK), do peptideo YY (PYY) e o peptideo semelhante ao
glucagon (GLP-1) (41).

Os prebidticos podem ter efeitos mais fortes nesse sentido em comparagdo aos probioticos.
SCFAs e hormonios intestinais entram em circulagdo e podem migrar para o sistema nervoso central. Os
psicobidticos aumentam a producdo de neurotransmissores no intestino, incluindo dopamina (DA),
serotonina (5-HT), noradrenalina (NA) e 4cido g-aminobutirico (GABA), que provavelmente modulam a
neurotransmissdo nas sinapses proximais do sistema nervoso entérico. O nervo vago sinapsa nos neuronios
entéricos e permite a comunicacdo intestino-cérebro (61). A a¢do psicobidtica restaura a fungdo da barreira
intestinal e diminui as concentragdes circulantes de glicocorticdides e citocinas pro-inflamatorias. Eles
também aumentam as concentragdes de citocinas anti-inflamatérias, a integridade da barreira
hematoencefalica e a barreira intestinal e reduzem a inflamagdo geral. As citocinas agrupadas no cérebro
representam a interagdo das citocinas com a barreira hematoencefalica. As citocinas podem interagir mais
diretamente com o cérebro do que o anteriormente apreciado pelos vasos linfaticos centrais recentemente
descobertos (41).

Estudos observaram um aumento dos receptores GABA no SNC de animais suplementados com
prebidticos e submetidos a estresse (6,12). A relagdo sinérgica entre prebioticos e probidticos pode
aumentar a producdo de metabolitos chamados pos-bidticos, que estdo ganhando crescente importancia
devido as suas fungdes benéficas no trato gastrointestinal e a sua influéncia em diferentes o6rgaos e tecidos.
Entre os pds-bioticos, destaca-se 0 GABA, que desempenha um papel essencial na prevengao de doencgas
neurais. Geralmente, o0 GABA ¢ produzido por bactérias acido lacticas, que sob certas condi¢cdes podem
produzir uma grande quantidade desse aminoacido (62) e que ¢ considerado um importante
neurotransmissor inibitorio (63). O efeito inibitério do GABA ocorre como resultado da ligagdo ao sistema

receptor GABAérgico composto por trés receptores especificos: GABA-A, GABA-B e GABA-C (64). Por



34
meio desses receptores, 0 GABA pode modular o humor, distarbios do sono, memoria espacial e temporal
(65).

Diversos eventos no SNC sdo investigados com o uso de prebioticos, dentre eles a neurogénese
através da expressdo de genes no hipocampo. A administragdo de FOS, GOS e FOS + GOS (6), PDX +
GOS (12) e PDX + GOS (53) em murinos aumentou significativamente a expressao hipocampal do BDNF,
0 que se relaciona com redugdo dos comportamentos de ansiedade (6). A microbiota tem sido proposta
como um elemento essencial no desenvolvimento do cérebro, pois acredita-se ativar a secre¢do de BDNF
através da producdo de butirato e a sua modulacdo ser feita por suplementacdo com prebidticos e
probiodticos (66). O BDNF ¢ um fator de crescimento de uma familia inica de 50 fatores de crescimento de
polipeptideos que influenciam a proliferagdo, diferenciagdo, sobrevivéncia e morte de células neuronais e
ndo neuronais. Outros fatores neurotréficos, como FCN (fator de crescimento nervoso), NT-3
(neurotrofina-3) e NT-4 (neurotrofina-4) também sdo essenciais para a saude e bem-estar do sistema
nervoso ¢ mediam em atividades de ordem superior, como aprendizado, memoria e comportamento, além
de sua intervengao na sobrevivéncia celular. Altera¢des nos niveis de neurotrofinas tém sido relacionadas a
55 distarbios neurodegenerativos e também disturbios psiquiatricos (67,68).

A suplementacdo de prebioticos indicou niveis aumentados de receptores NMDA no cérebro de
murinos (6,12,53), o que também foi evidenciado por Gronier et al. (2018) (69) , porém utilizando o
prebidtico B-GOS. Além disso, evidenciou aumento dos niveis plasmatico de acetato, subunidades
GIuN2B corticais ¢ mRNA da acetil-Co-A carboxilase, demonstrando efeito prd-cognitivo da
suplementagao do alimento funcional. Porém, o papel do acetato circulante derivado da fermentagao
bacteriana intestinal desse prebidtico requer uma investigacao mais aprofundada.

As administragoes de GOS ¢ FOS + GOS reduziram beneficamente os niveis de mRNA do
receptor 1 do fator de liberagdo de corticotropina (CRFR1) (6). O fator de liberagdo de corticotropina
(CRF) desempenha um papel central e bem estabelecido na ativagdo do eixo HHA em condi¢des basais e
de estresse, tendo papel crucial na manutencdo da homeostase, nas respostas do sistema endocrino e

atividade comportamental (70) e estd implicada na etiologia de varias patologias psicologicas (71). Além
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disso, o CRF promove a inflamagdo estimulando a liberagdo de citocinas pro-inflamatérias TNF-a, IL-1,
IL-6 e proteina inflamatodria 1a dos macréfagos (MIP-1a) das células imunes no GI (72-74).

A suplementacdo do prebiotico OFS resultou no aumento dos niveis plasmaticos da citocina anti-
inflamatoria IL-10 em camundongos (10). Prebioticos, como moléculas de cadeia curta, mais abundantes
nos frutanos do tipo inulina I e II, distorcem a propor¢ao IL-10 / IL-12 nas células mononucleares do
sangue periférico mais na direcao da IL-10 e, portanto, induzem um equilibrio mais anti-inflamatorio (75).

Os prebidticos FOS+GOS além de modificarem a comunidade microbiana, promoveram o
aumento do peso cecal e o niumero total de bactérias, levando a niveis mais altos de SCFA, reduzindo a
liberagdo dessas citocinas IL-1, IL-6 e TNF (6,10), que provocam comportamentos de ansiedade (40),
porém em outro estudo, a interleucina IL-6 estava associada a maiores abundancias de bactérias no género
Coprococcus (76).

Alguns parametros para avaliagdo dos efeitos da suplementacdo com prebidticos ndo foram meta-

analisados devido a heterogeneidade de apresenta¢do de dados em cada estudo.

4.3 Avaliacio de Risco de Viés

Neste trabalho de revisdo sistemadtica, selecionamos seis estudos que preencheram os critérios de
inclusdo. Dentre os trabalhos primarios eleitos para as meta-analises, trés descreveram a selecao dos
animais como randomizada e dois relataram cegamento dos avaliadores que realizaram as andlises.
Acreditamos que estes cuidados metodoldgicos aumentam a qualidade dos resultados primarios de cada
estudo e reduz o risco desses vieses.

Nao obstante ao rigor, incluimos estudos com resultados positivos e / ou negativos quando se
referem aos beneficios do uso de prebiodticos no comportamento semelhante a ansiedade.

Além disso, o numero de estudos incluidos com base nos critérios de inclusao e exclusao pode ser
um fator limitante, pois dos trés parametros primarios selecionados apenas em dois estudos os trés estavam
presentes e nos demais encontramos dois parametros primarios para analise. Alguns parametros
importantes nos efeitos do comportamento de ansiedade nao foram meta-analisados devido ao formato da

apresentacao dos dados, que impossibilitaram uma analise quantitativa. Embora os estudos tenham sido
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cuidadosamente selecionados com observancia da relevancia para o objetivo da pesquisa, os tipos de
prebioticos diferiram nos estudos, e acreditamos que esse fator foi decisivo colaborador na
heterogeneidade dos resultados, o que ndo diminui a importancia do resultado global da avaliagdo dos
efeitos, cujas meta-andlises demonstraram os beneficios dos prebidticos e seu efeito ansiolitico no
comportamento dos animais estudados, visto que, os resultados apresentados mostram que a
suplementagdo com prebidticos € capaz de reduzir o comportamento semelhante a ansiedade, e esta
mudanga comportamental tem relagdo com a redugdo dos niveis plasmaticos de corticosterona € com o

aumento do numero de bactérias dos géneros Lactobacillus e Bifidobacterium, benéficas ao hospedeiro.

5 CONCLUSAO

Conclui-se que o uso de prebioticos tem efeitos benéficos em indicadores de comportamento de
ansiedade em murinos machos, reducdo dos niveis de corticosterona ¢ ao aumento da populacdo de
bactérias benéficas, Lactobacillus ssp. e Bifidobacterium ssp., apesar dos poucos estudos incluidos nas
analises. Abordar essa limitacdo ¢ um importante caminho para pesquisas futuras utilizando prebidticos
como alternativa terapéutica ou terapia complementar ao tratamento convencional dos comportamentos
ansiosos, tendo em vista que a microbiota benéfica e sua conexdo com regides cerebrais reconhecidas
como moduladoras de emocdes e de resposta neuroenddcrina ao estresse podem estar subjacentes a

fisiopatologia da ansiedade.
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Resumo

A influéncia dos prebiodticos no comportamento indicativos de ansiedade, especialmente em condigdes de
estresse, ainda permanece controversa. Realizamos uma revisdo com o objetivo de descrever os efeitos dos
prebidticos em parametros indicadores de ansiedade em murinos, como modelo animal. Ansiedade ¢ um
transtorno mental prejudicial ao funcionamento psiquico (mental) e somatico (corporal) em humanos e que
demandam novas terap€uticas para o seu tratamento. Ansiedade e estresse podem remodelar a composicao
da microbiota intestinal por meio de hormonios do estresse, inflamagdo e alteragdes autondmicas, assim
como promover o consumo de alimentos altamente palatdveis, influenciando quais bactérias intestinais
prosperam. Por sua vez, bactérias intestinais podem liberar metabolitos, toxinas e neuro-hormdnios que
alteram o comportamento alimentar ¢ o humor. As variagdes na composicao da microbiota tém sido
associadas a distarbios neuropsiquiatricos, incluindo ansiedade, transtornos depressivos e autismo. Em
modelos animais e clinicos, estudos demonstraram que a microbiota patologica pode modular a
comunicagdo entre o intestino e o cérebro, que inclui principalmente o sistema nervoso, o sistema
imunologico e o sistema endocrino, acarretando uma série de mudangas maléficas comportamentais e
fisicas. A suplementagdo de alimentos funcionais, demonstrou modificar beneficamente a composicao da
microbiota intestinal, pois a microbiota que recebe prebidticos fornece aos microrganismos benéficos
vantagem competitiva sobre outras bactérias do ecossistema, além disso, a microbiota que recebe
prebidticos fermentam esse alimento funcional, que por sua vez fornece energia ao hospedeiro, por
exemplo, na forma de 4cidos graxos de cadeia curta , além de reduzir niveis de corticosterona, aumentar
acido gama amino butirico e estes produtos resultantes sao liberados na circula¢ao sanguinea, afetando o
trato GI, e também outros 6rgaos distantes como o sistema nervoso central. Estes acidos, hormonios e
neurotransmissores podem servir como fonte de energia util, estimular o sistema imunologico e participar
como sinalizador do eixo cérebro-intestino tendo efeitos benéficos sobre pardmetros indicativos de
ansiedade.

Palavras-chave: Bifidobacterium ssp.; Lactobacillus ssp.; Campo Aberto; Ansiolitico; Trato

Gastrointestinal; Alimento funcional.

Abstract

This review provides information on bioactive carbohydrates, with an emphasis on their prebiotic
properties, using murines as an experimental model, and their effects on parameters indicative of anxiety.

Anxiety and depression are common mental disorders, with high prevalence rates and relevant social and
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personal costs, which require new therapies for their treatment. Stress, anxiety and depression can reshape
the composition of the intestinal microbiota through stress hormones, inflammation and autonomic
changes, as well as promoting the consumption of highly palatable foods, influencing which intestinal
bacteria thrive. In turn, intestinal bacteria can release metabolites, toxins and neurohormones that alter
eating behavior and mood. Variations in the composition of the microbiota have been associated with
neuropsychiatric disorders, including anxiety, depressive disorders and autism. In animal and clinical
models, studies have shown that the pathological microbiota can modulate the communication between the
intestine and the brain, which mainly includes the nervous system, the immune system and the endocrine
system, causing a series of harmful behavioral and physical changes. Supplementation of functional foods
has been shown to beneficially modify the composition of the intestinal microbiota, as the microbiota that
receives prebiotics provides beneficial microorganisms with a competitive advantage over other bacteria in
the ecosystem, in addition, the microbiota that receives prebiotics ferment this functional food, which in
turn provides energy to the host, for example, in the form of short-chain fatty acids, in addition to reducing
corticosterone levels, increasing gamma amino butyric acid and these resulting products are released into
the bloodstream, affecting the GI tract, as well as other distant organs such as the central nervous system.
These acids, hormones and neurotransmitters can serve as a source of useful energy, stimulate the immune
system and participate as a signal of the brain-intestine axis, having beneficial effects on parameters

indicative of anxiety.

Keywords: Bifidobacterium ssp.; Lactobacillus ssp.; Open field; Anxiolytic; Gastrointestinal tract;

Functional food.

1. Introducao

Ansiedade ¢ um transtorno mental comum, com elevadas taxas de prevaléncia e relevantes custos
sociais e pessoais. Esse transtorno ocupa o quinto lugar dentre todas as condi¢des de alteragdes de satde
mental e fisica, e demanda novas tecnologias e terapéuticas para o seu manejo e tratamento (Liu, Walsh, &
Sheehan, 2019).

A ansiedade em murinos, como modelo experimental, ¢ frequentemente medida usando testes
comportamentais brutos (mudanc¢a na atividade locomotora, capacidade alterada de habituar-se, distarbio
de sono/vigilia e funcdo enddcrina anormal) (Guarnieri, 2013; Hiihne, Volkmann, Stephan, Rossner, &
Landgraf, 2020; Ramos, 2008). Além disso, os niveis plasmaticos de corticosterona, além da microbiota
intestinal que se modulam em resposta a alimentagdo e estresse, também servem como referéncia na

investigacao da ansiedade (Barrera-Buguefio et al., 2017; Burokas et al., 2017; de Cossio et al., 2017; De
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Palma et al., 2015; McVey Neufeld et al., 2019; Mika et al., 2017; Skorzewska et al., 2014; Tarr et al.,
2015), assim como os testes de Campo Aberto, teste do Labirinto em Cruz Elevado (De Palma et al., 2015;
Skorzewska et al., 2014), teste de Enterramento de Marmore ¢ Caixa Claro/Escuro (Burokas et al., 2017;
de Cossio et al., 2017; Salviano, 2013; Tarr et al., 2015).

A microbiota intestinal ¢ complexa, diversificada e especifica do hospedeiro e pode ser influenciada por
varios fatores, entre eles a dieta, idade, sexo, genética, e, de particular interesse ultimamente, o estresse ¢
ansiedade (Goodrich et al., 2015; Gorkiewicz & Moschen, 2018; Mangiola et al., 2016; S. M. O’Mahony
et al., 2009). O estresse e a ansiedade podem remodelar a composi¢do da microbiota intestinal por meio de
hormonios do estresse, inflamag¢do e alteracdes autondmicas, assim como promover o consumo de
alimentos altamente palataveis, influenciando quais bactérias intestinais prosperam. Por sua vez, bactérias
intestinais podem liberar metabolitos, toxinas e neuro-hormonios que alteram o comportamento alimentar
e 0 humor, podendo impactar no cérebro, com a qual se comunica por vias neuronais e vias hormonais e/ou
vias imunologicas (Clarke et al., 2013a; Liu et al., 2019; Madison & Kiecolt-Glaser, 2019) e tém sido
associadas a distirbios neuropsiquiatricos (Cryan & Dinan, 2012; Dinan & Cryan, 2017; Vuong & Hsiao,
2016).

Incluidas nas novas possibilidades terap€uticas, os prebiodticos tem despertado interesse substancial nos
ultimos tempos, por apresentar um apelo particular, em parte, por estar potencialmente livre de efeitos
colaterais cognitivos e das propriedades dependentes de varios tratamentos atualmente disponiveis para
esses disturbios (Slee et al., 2019), pois sdo ingredientes alimentares nao digeriveis, geralmente
carboidratos, que promovem o crescimento de bactérias benéficas da microbiota, estimulando
seletivamente o crescimento e / ou atividade de um ou de um numero limitado de bactérias benéficas no
colon (Smith, Greene, Babu, & Frugé, 2019), reduzindo a capacidade de resposta ao estresse, a ansiedade e
o comportamento depressivo (Cryan et al., 2019).

Esta revisdo pretende mostrar os efeitos de prebidticos em estudos em murinos, ratos e camundongos,

como modelo experimental, e os efeitos benéficos nos parametros indicativos de ansiedade.

2. Ansiedade

Ansiedade ¢ um transtorno mental comum e 0s custos sociais € pessoais sao consideraveis, ocupando o
quinto lugar em todas as condi¢des de saude mental e fisica (Liu et al., 2019). A prevaléncia mundial do
transtorno de ansiedade ¢ de 3,6% (World Health Organization, 2017) e essa estatistica ¢ reflexo da
dindmica da sociedade moderna, que contribui para o surgimento de transtornos mentais e

comportamentais, sobretudo a ansiedade e o estresse, que se tornaram doencas muito comuns. Essas
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doencas podem ser resultado da exposicao a fatores de risco advindos da atividade laboral e também das
relagdes construidas no ambiente de trabalho (Niedhammer, Malard, & Chastang, 2015).

O transtorno de ansiedade generalizada (TAG) ¢ uma situagdo comum, caracterizada por preocupacao
excessiva e cronica sobre diferentes temas e associada a tensdo aumentada. Essas preocupacgdes sio
acompanhadas de sintomas fisicos relacionados a hiperatividade autondmica e a tensdo muscular, assim
como a taquicardia, sudorese, insonia, fadiga, dificuldade de relaxar e dores musculares (Sloan et al., 2017;
Zuardi, 2017).

Em murinos esse transtorno persistente ¢ acompanhado por disturbios do ritmo circadiano, incluindo
distarbios do sono/vigilia, mudangas na atividade locomotora e fun¢do enddcrina anormal, sendo
particularmente evidente mobilidade reduzida em novos ambientes, capacidade alterada de habituar-se,
comportamento compensatorio e comportamento inquieto consistente em muitos testes comportamentais
(Arruda, Kitamura, Chaves, Silva, & Mascarim, 2011; Campos, Fogaga, Aguiar, & Guimaraes, 2013).

Neurobiologicamente, o elemento central da rede de ansiedade no cérebro ¢ a amigdala, que serve como
estacdo de retransmissdo de informagdes das 4reas corticais e talamicas para gerar estados
comportamentais de medo e ansiedade (Hiithne et al., 2020) e resultando na diminui¢do da sinalizagdo
inibitoria pelo &cido y-amino-butirico (GABA), aumento do cortisol ou do aumento da neurotransmissao
excitatoria pelo glutamato, assim como implicaram a serotonina (5 hidroxitriptamina, 5-HT), noradrenalina
(NE) e dopamina (DA) (Kent, Mathew, & Gorman, 2002; Martin, Ressler, Binder, & Nemeroff, 2009).

Estudos realizados em animais e voluntarios sugeriram que experiéncias estressantes ocorrendo ao
longo da vida pode contribuir crucialmente para o desenvolvimento e patogénese de varios disturbios
psiquiatricos, incluindo transtornos do humor, esquizofrenia e ansiedade. Além disso, a maioria dos
sintomas de transtornos de ansiedade ¢ acompanhada de ativagdo do eixo HHA e alteracdes nos
mediadores hormonais e marcadores glicocorticoides das respostas ao estresse (Heim & Nemeroff, 2013;
Mathew, Price, & Charney, 2008; Mika et al., 2018). Em testes comportamentais utilizando o labirinto em
cruz elevado, o animal ao ser exposto ao brago aberto, ¢ induzido a sinais fisiologicos de estresse
verificado através do aumento da defecacdo e dos niveis de corticosterona (Albani et al., 2015), porém ao
ser exposto a medicagdo ansiolitica classica, como benzodiazepinicos, o animal demonstra redu¢dao dos

sinais de ansiedade com aumento da exploragdo ambiental (Pellow & File, 1986).

3. Ansiedade e tratamentos farmacologicos, nao farmacologicos ou combinado.

Devido a sua relagdo risco/beneficio, os inibidores seletivos de recaptacdo de serotonina (SSRIs),

sertralina, fluoxetina, citalopram, escitalopram e paroxetina, e inibidores seletivos de recaptagdo da

serotonina ¢ noradrenalina sdo recomendados como medicamentos de primeira linha e sdo melhor
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tolerados que as demais classes, devido principalmente ao seu perfil de seguranca, pois apresentam baixa
toxicidade e minimos efeitos anticolinérgicos. Porém, podem acarretar efeitos adversos como tremor,
nausea, inquietagdo, dor de cabega, fadiga, aumento diminui¢ao do apetite, ganho de peso, perda de peso,
tremor, sudorese, disfun¢do sexual, diarreia, constipacdo e outros efeitos colaterais (Cipriani et al., 2009;
Lochmann & Richardson, 2019). Devido aos efeitos adversos, os pacientes devem ser informados que o
inicio do efeito ansiolitico desses antidepressivos tem uma laténcia de 2 a 4 semanas e em alguns casos até
6 semanas (Cipriani et al., 2009; Lochmann & Richardson, 2019). Aproximadamente 30 a 40% dos
pacientes que utilizam tratamento medicamentoso como antidepressivos nao respondem como esperado ao
tratamento, seja pela ndo adesdo ao tratamento ou pela instabilidade da propria doenga, assim como pelo
aparecimento de outros transtornos subjacentes (Moraes, Bueno, Fuentes-Rojas, & Antunes, 2019).

A interrupcao do tratamento com um SSRI, ou a sua retirada podem ocorrer reagdes, no entanto, estes
sdo muito menos frequente e grave do que as reagdes de abstinéncia observadas apds o término do
tratamento com benzodiazepina, sendo que essas reagdes adversas podem ser mais frequentes com
paroxetina do que com sertralina ou fluoxetina (Price, Cole, & Goodwin, 2009; Stahl et al., 1997).

A administragao prolongada de SSRI por dois meses acarretou a liberacdo de 5-HT e elevacdo dos seus
niveis, resultantes da inibi¢do da recaptacdo da serotonina (5-HT). Além disso, super-ativa o auto receptor
5-HT1A do corpo celular, que tem um efeito inibitorio sobre a taxa de disparo neuronal. Contudo, apos a
administracao prolongada de SSRI, esses auto-receptores 5S-HT1A se tornam dessensibilizados aos niveis
extracelulares elevados de 5-HT e aumentam a transmissdo de 5-HT. As evidéncias indicam que os niveis
acumulados de 5-HT tém um efeito modulador inibitério na transmissdo de noradrenalina (NA), indicando
a relevancia clinica do tratamento com SSRI para transtornos de ansiedade (Blier & El Mansari, 2007).

A terapia nao farmacolégica, cognitivo-comportamental (TCC), em ansiedade pode ser considerada
como a psicoterapia com o mais alto nivel de evidéncia (Cipriani et al., 2009; Hofmann, Asnaani, Vonk,
Sawyer, & Fang, 2012). Em estudos de meta-analise a eficacia da TCC nos transtornos de ansiedade foi
consistentemente forte, apesar de algumas heterogeneidades na patologia, condi¢des de comparagdo, dados
de acompanhamento e nivel de severidade. Foram relatados ainda maiores efeitos para o tratamento de
compulsdo obsessiva € menores para transtorno de ansiedade social, transtorno do panico e transtorno de
estresse pos-traumatico (Hofmann et al., 2012).

A decisao sobre escolher psicoterapia, medicamentos ou uma combinacdo dos dois ¢ do paciente, pois
os medicamentos podem ter efeitos colaterais, interagdes e contraindicagdes. Além disso, custos, periodos
de espera e duragao do tratamento devem ser considerados. No entanto, os pacientes devem ser informados
sobre as diferencas consideraveis nos tamanhos dos efeitos pré e pos dos tratamentos oferecidos e sua
relagdo risco-beneficio (Bandelow et al., 2015).

Portanto, se faz necessario o desenvolvimento de novas modalidades terapéuticas para reduzir o 6nus

dos efeitos adversos dos tratamentos farmacoldgicos e combinados na ansiedade. Neste sentido, os
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prebidticos tém um apelo particular, em parte, por serem potencialmente livres de efeitos colaterais
cognitivos e das propriedades dependentes de varios tratamentos atualmente disponiveis para esses
disturbios (Liu, 2017; Slee et al., 2019), visto que existem efeitos benéficos dos prebidticos sobre o eixo
microbiota-intestino-cérebro na satide do hospedeiro sob condi¢des de estresse e ansiedade (Burokas et al.,

2017; Cryan et al., 2019).

4. Testes de comportamento, em modelo animal, como indicador de ansiedade

A ansiedade em roedores de laboratério ¢ frequentemente medida usando testes comportamentais
brutos, com uso de labirintos, exploracdo de espacos e exposicdo a ambientes claro e escuro (Ramos,
2008). Estes cendrios sdo utilizados nos testes comportamentais dentre eles, Campo Aberto (OF), Labirinto
em Cruz Elevado (LCE), Teste de Enterramento de Marmore (TEM), Caixa Claro-Escuro (CCE), com
grande utilizagdo e aceitacdo em experimentos pré-clinicos (Burokas et al., 2017; de Cossio et al., 2017;

Salviano, 2013; Tarr et al., 2015).

A verificacdo de ansiedade nestes testes ¢ realizada pela observagdo de aversdo natural a areas abertas
com muita luz, o desejo de explorar um estimulo ameagador percebido e redu¢do de mobilidade. Niveis
reduzidos de ansiedade levam ao aumento do comportamento exploratorio. No teste de OF o aumento da
ansiedade resultara em menor frequéncia de locomocao e preferéncia por permanecer perto das paredes das
estruturas do teste (Ennaceur, 2014). O teste de OF desenvolvido por Hall (1936), consiste originalmente
de uma arena circular bem iluminada com aproximadamente 1,2 m de didmetro, circundada por uma
parede circular de 0,45 m de altura, o teste consiste em confrontar o animal com a novidade do ambiente e
observar comportamentos de locomog¢dao (numero de entradas no centro do OF), frequéncia de
levantamentos, defecagdo e o tempo gasto na area central. Os roedores parecem preferir a periferia ao
centro do aparelho, normalmente ambulando em contato com as paredes. Assim, além da ansiedade, o teste
também € capaz de avaliar a locomoc¢ao dos animais(Guarnieri, 2013).

Ja no teste LCE a tendéncia ¢ que os animais permaneg¢am maior parte do tempo nos bragos fechados.
Assim, considera-se a porcentagem de preferéncia (tempo gasto) pelos bragos abertos e pelos fechados um
indice fidedigno de ansiedade, e quanto maior o nivel de ansiedade, menor a porcentagem de permanéncia
nos bragos abertos (Garcia, Cardenas, & Morato, 2005). Murinos alimentados com inulina ¢ submetidos
aos testes de comportamento alteraram beneficamente a porcentagem de entradas no LCE (Burokas et al.,
2017).

A tendéncia de animais de laboratorio ocultar (enterrar) objetos potencialmente aversivos pode ser
avaliado pelo TEM, sendo que quando administrado drogas ansioliticas e antidepressivas esses reduzem ou
suprimem esse comportamento (Garcia-Cairasco, Umeoka, & Cortes de Oliveira, 2017) Nesse teste,

esferas de vidro (“bolas de gude”) sdo distribuidas de maneira uniforme sobre a serragem de uma caixa. O
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animal € entdo colocado na caixa e sdo contabilizadas as esferas que forem enterradas no periodo do teste.
Um maior nimero de esferas escondidas indica um alto nivel de ansiedade (Guarnieri, 2013) e em ratos
suplementados com prebidtico (FOS + GOS) houve uma tendéncia em reduzir o nimero de enterramento
de marmores (Burokas et al., 2017).

A CCE ¢ um modelo animal popular usado em farmacologia para testar respostas incondicionais de
ansiedade em roedores, esses normalmente passam mais tempo no compartimento escuro do que no
compartimento claro. A CCE consiste em um aparato com dois compartimentos, sendo um deles muito
iluminado e o outro escuro. Uma abertura liga os compartimentos permitindo o livre acesso a ambos. O
animal ¢ colocado no centro do compartimento claro e sdo avaliados o tempo de permanéncia em cada
compartimento, o nimero de transi¢des € o tempo para a primeira transicdo do compartimento claro para o
escuro. Roedores, sendo animais noturnos, preferem lugares menos iluminados, dessa forma, um aumento
no tempo de permanéncia no compartimento claro sinaliza uma redugdo nos niveis de ansiedade
(Guarnieri, 2013).

Ao injetar drogas ansioliticas, a porcentagem de tempo gasto no compartimento da luz aumentard,
indicando redu¢do do comportamento de ansiedade (Salviano, 2013; Tarr et al., 2015). Camundongos
expostos ao estresse € alimentados com prebioticos sialilactose 3 e 6 (3’SL e 6’SL), tiveram aumento do
tempo gasto na zona clara, indicando serem benéficos nesse parametro de avaliagdao da ansiedade (Tarr et

al., 2015).

5. Prebioticos e saude

Os alimentos funcionais, prebidticos, sdo ingredientes alimentares ndo digeriveis, geralmente
carboidratos, que promovem seletivamente o crescimento de bactérias benéficas, principalmente bactérias
dos géneros Bifidobacterium spp. € Lactobacillus spp., da microbiota intestinal ¢ modulam sua atividade
(Gibson et al., 2017; Rufino et al., 2018).

Os critérios usados para classificar um composto como prebidtico sdo: (i) deve ser resistente ao pH
acido do estomago, nao pode ser hidrolisado por enzimas de mamiferos e também nao deve ser absorvido
no trato GI; (ii) pode ser fermentado pela microbiota intestinal; e (iii) o crescimento e / ou atividade das
bactérias intestinais podem ser seletivamente estimulados por esse composto e esse processo melhora a
saude do hospedeiro (Gibson et al., 2010).

Galactooligossacarideos (GOS), frutooligossacarideos (FOS) e inulina sdo os prebidticos mais
comumente conhecidos. Os GOS nao sdo digeriveis e sdo derivados da lactose que ocorre naturalmente no
leite materno e consistem em cadeias de monomeros de galactose. Inulina e frutanos do tipo inulina, sdo
conhecidas fibras alimentares soluveis (Frank, 2008). Além disso, as fibras alimentares que contém varios

polissacarideos ndo amilaceos, como celulose, dextrinas, pectinas, beta-glucanas, ceras e lignina, podem
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ajustar o tempo de transferéncia através do intestino, oferecendo os mesmos efeitos uteis que os dos
frutanos do tipo inulina (Napolitano et al., 2009). Os prebidticos de ocorréncia natural podem ser
encontrados em varios alimentos, incluindo aspargos, chicdria, tomate e trigo, € ¢ um constituinte natural
do leite materno (Al-Sheraji et al., 2013).

A inulina ¢ um carboidrato polidisperso, constituido de subunidades de frutose (2 a 150), ligadas entre
si e a uma glicose terminal, apresentando um grau médio de polimerizagdo de 10 ou mais e a oligofrutose.
A inulina e o FOS sdo entidades quimicamente similares, com as mesmas propriedades nutricionais. O
FOS, cuja estrutura ¢ uma cadeia linear de frutose com ligagdo  (2—1) e geralmente tém unidades
terminais de glicose com B (2—1) ligacao (Scott, Martin, Duncan, & Flint, 2014). As principais fontes de
inulina e FOS empregadas na industria de alimentos sdo a chicéria (Cichorium intybus) e a alcachofra de
Jerusalém (Helianthus tuberosus) (Gibson, Probert, Loo, Rastall, & Roberfroid, 2004; Saad, 2006).

O prebidtico polidextrose (PDX) ¢ uma fibra soluvel que apresenta apenas 1 kcal/g, tem baixo indice
glicémico, ¢ obtido pela polimerizagdo a vacuo, em presenga de sorbitol, originando uma fibra funcional,
com grau de polimerizacao de 12 (Collins, Surette, & Bercik, 2012; McVey Neufeld et al., 2019; Mika et
al., 2018).

O prebidtico sialilactose ¢ um oligossacarideo encontrado no leite materno humano, onde o 3’SL e 6’SL
sdo os mais abundantes, e também encontrados no leite de vaca (Cserndk, Racz, Alberti, & Béni, 2020). O
componente sialilado predominante no leite contém residuos de acido sidlico, aproximadamente 73% do
acido sidlico estd ligado a oligossacarideos, enquanto apenas 3% estd presente em forma livre (ten
Bruggencate, Bovee-Oudenhoven, Feitsma, van Hoffen, & Schoterman, 2014).

Outro prebidtico, como o mananoligossacarideo (MOS), ainda nao foi utilizado em estudos com
animais € ou humanos no tratamento da ansiedade. No Brasil esse prebiotico ¢ um residuo agroindustrial
do setor sucroalcooleiro, onde se produz aproximadamente 20 Kg de levedura seca/m3 de etanol. Esse
prebiotico infelizmente ainda ndo € bem aproveitado, sendo boa parte descartada. Portanto, sugerimos que

novos estudos sejam feitos com esse prebiodtico e outros ainda ndo testados em modelo animal e humanos.
6. Prebiodticos Mediando Mudancas na Ansiedade
6.1. Microbiota e Eixo Intestino-Cérebro

A comunidade microbiana intestinal ¢ diversa e especifica do hospedeiro e funciona como um
ecossistema complexo que contém cerca de 100 trilhdes de microrganismos que atuam para estabelecer o

revestimento intestinal e colabora na manuten¢do da homeostase local (Mangiola et al., 2016). A

descoberta do tamanho e da complexidade da microbiota resultou em uma reavaliacdo continua de muitos
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conceitos de saude e doenga, incluindo doengas que afetam o sistema nervoso (E. A. Mayer, 2011; Vuong
& Hsiao, 2016).

A existéncia de sinalizagdo bidirecional entre o cérebro e a microbiota intestinal envolve multiplos
mecanismos, sendo que estressores fisicos e psicoldgicos podem afetar a composicdo e a atividade
metabolica da microbiota intestinal (Bienenstock, Kunze, & Forsythe, 2015), assim como alteragdes
experimentais na microbiota podem afetar o comportamento emocional e os sistemas cerebrais
relacionados (Altamirano-Barrera, Uribe, Chéavez-Tapia, & Nufio-Lambarri, 2018). Esses achados
resultaram em especulagdes de que alteracdes na microbiota intestinal podem desempenhar um papel
fisiopatologico nas doengas cerebrais (E. a Mayer, Knight, Mazmanian, Cryan, & Tillisch, 2014; Savignac
et al., 2013; Yang, Wei, Ju, & Chen, 2019), porém somente na ultima década esses resultados receberam a
aten¢do necessaria (Bienenstock et al., 2015; Foster & McVey Neufeld, 2013).

Além disso, a microbiota intestinal pode impactar o cérebro com a qual se comunica por meio de
neurénios hormonais e/ou vias imunologicas e seus genomas exercem consideravel influéncia no
comportamento do hospedeiro (Clarke et al., 2013b; de Cossio et al., 2017), sendo o nervo vago o principal
da divisdo parassimpatica do SNA e demonstrou ser um caminho importante para a comunicagio
bidirecional entre os micrébios intestinais e o cérebro (Burokas, Moloney, Dinan, & Cryan, 2015). Essas
evidéncias foram confirmadas em estudo utilizando camundongos e revelou que a permuta da microbiota
entre animais menos ansiosos € mais ansiosos, influenciou o comportamento verificado em testes de
ansiedade (Bercik et al., 2011). A alteracdo permanente na composi¢ao ou funcdo da microbiota (disbiose)
pode ainda alterar a sensibilidade visceral, motilidade intestinal e permeabilidade, bem como modificar
maleficamente a resposta imune, promovendo um estado pro-inflamatorio e alteragdes comportamentais
(Arrieta, Stiemsma, Amenyogbe, Brown, & Finlay, 2014).

Essa complexa rede de comunicag@o entre a microbiota intestinal e o cérebro compreende o SNC e os
sistemas simpatico e parassimpatico, que sao ramos do sistema nervoso autonomo e¢ do SNE, além dos
sistemas neuroenddcrinos, neuro-imunes € metabolitos bacterianos, como acidos graxos de cadeia curta
(SCAF) e o metabolismo da serotonina (Burokas et al., 2017; O’Mahony, Clarke, Borre, Dinan, & Cryan,
2015). O SNE regula a funcio intestinal, incluindo a secre¢ao e renovacao de muco, sendo que disbiose e
disfung¢ao intestinal s3o comumente relatadas em varios distarbios neurologicos (Herath, Hosie, Bornstein,
Franks, & Hill-Yardin, 2020).

Em ratos em estagios iniciais de vida, germ free, a alteragdo patoldgica da microbiota intestinal
demonstrou afetar as fungdes essenciais gastrointestinais e do SNC, afetando o comportamento do animal.
Além disso, a microbiota intestinal pode influenciar o SNC por meio da rota humoral, apresentando niveis
de triptofano mais elevados no plasma, precursor da serotonina (5-HT), que ¢ um neurotransmissor
envolvido em aumento do comportamento de ansiedade (Barrera-Bugueino et al., 2017; Burokas et al.,

2017).
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A microbiota que recebe prebiodticos, fermentam esse alimento funcional, que por sua vez fornece
energia ao hospedeiro, por exemplo na forma de SCFA. Estes produtos resultantes da sua degradacao sao
liberados na circulagdo sanguinea, afetando o trato GI, e também outros 6rgdos distantes (Davani-Davari et
al., 2019; Kazemi, Noorbala, Azam, Eskandari, & Djafarian, 2019). Estes 4cidos podem servir como fonte
de energia util, estimula o sistema imunoldgico e participa como sinalizador do eixo cérebro-intestino

(Meijer, de Vos, & Priebe, 2010; Umu et al., 2013).

6.2. Estresse e corticosterona

As alteragdes dos niveis de corticosterona estdo diretamente relacionadas a melhora de comportamentos
de ansiedade, principalmente quando associado a situacdes de estresse (De Palma et al., 2015; Skorzewska
et al., 2014). Quando aumentados, estes reprimem a expressdo de mRNA de 5-HT1A, acarretando
desordem cerebral devido a uma alteracdo do tecido cerebral, levando a perda de fungdes mentais, como a
memoria e a aprendizagem (Barrera-Buguefio et al., 2017; Braun & Marks, 2015; L. O’Mahony et al.,
2005).

O nivel de corticosterona, em murinos, demonstrou que a suplementacdo de prebidtico acarretou
redugdo desse glicocorticoide, quando comparados aos grupos controle, resultante da mudanga no perfil da
microbiota (Barrera-Buguefio et al., 2017; Burokas et al., 2017; de Cossio et al., 2017; McVey Neufeld et
al., 2019; Mika et al., 2018; Tarr et al., 2015). Esse efeito resulta do efeito benéfico da suplementagdo na
atividade do eixo HHA e que atenua o comportamento de ansiedade (Burokas et al., 2017; Tarr et al.,
2015). Porém, poucos ensaios clinicos em humanos confirmaram esta evidéncia e seus beneficios (Foster
& McVey Neufeld, 2013).

Verificou-se também que a suplementagdo com prebidtico, FOS, aumentou os niveis plasmaticos da
citocina anti-inflamatéria IL-10 em camundongos com sindrome metabolica. Um dos principais fatores
biologicos que se mostram alterados em camundongos com sindrome metabdlica, capazes de atuar no
cérebro modulando a reatividade metabdlica e / ou comportamental. Essa modulagdo decorrente da
suplementagdo do prebidtico poderia normalizar a superativagdo do eixo HHA e / ou disturbios
inflamatorios exibidos por camundongos com sindrome metabdlica e cujo comportamento ¢ semelhante a
ansiedade (de Cossio et al., 2017).

Recentemente foi demonstrado que os prebidticos derivados do leite humano, sialilactose 3 e 6,
atenuam com sucesso os sintomas semelhantes a ansiedade, pelos testes de comportamento, e induzidos
por estresse em murinos (Tarr et al., 2015). Estudo utilizando os prebidticos FOS e GOS administrados
juntos em camundongos submetidos ao estresse psicossocial, demonstraram atenuar os efeitos do estresse

(comportamentos semelhantes a anedonia, depressao e ansiedade, conforme avaliado pelo teste de sniffing
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de urina feminina, teste NF, OF e LCE, respectivamente. Além disso, os animais estressados que
receberam prebidticos apresentaram niveis reduzidos de corticosterona plasmatica e aumento da
quantidade de bactérias dos géneros Bifidobacterium spp. e Lactobacillus spp. (Burokas et al., 2017). Em
murinos, a administracdo de FOS + GOS por trés semanas diminui os efeitos do estresse social cronico, o
aumento dos niveis de corticosterona e a producdo de citocinas do bagco em resposta a estimulacdo com

concanavalina (Farzi, Frohlich, & Holzer, 2018)

6.3. Producao de Acidos Graxos de Cadeia Curta (SCFA) facilitada por prebidticos

Os SCFAs produzidos por meio da fermenta¢do de alimentos funcionais, prebioticos, ¢ realizada por
bactérias, principalmente Bifidobacterium spp. e Lactobacillus spp., presentes no intestino (Wong, de
Souza, Kendall, Emam, & Jenkins, 2006). O crescimento dessas bactérias ¢, portanto, benéfico para a
saude intestinal e, a0 mesmo tempo, inibe o crescimento de bactérias patogénicas (Saad, 2006).

Dessa maneira, a composicdo da dieta influencia diretamente a produgdo dos SCFA e os acidos
produzidos em maior abundancia sdo o acetato, o propionato e o butirato (Saad, 2006), sendo rapidamente
absorvidos e oxidados pelos colondécitos (células do codlon), suprindo em aproximadamente 60% a 70% das
necessidades energéticas destas células. A disponibilidade de SCFA preserva os estoques de glutamina,
aminodcido considerado como principal combustivel para os enterocitos (Sarkar et al., 2016).

Os resultados metabolicos da utilizagdo do SCFA ¢ fator crucial para a saude do intestino e de locais
distantes do TGI (Gibson et al., 2017), pois existe uma interagdo direta com o sistema nervoso, via
ativacdo da resposta simpatica, atravessando a barreira hemato-encefalica e influenciando a sinalizacao
neural (Moraes et al., 2019). Impedem também efeitos deletérios no comportamento com a liberagcdo de
citocinas anti-inflamatdrias e mudangas na microbiota (Burokas et al., 2017), além de reduzirem o pH do
colon e inibirem o crescimento de microrganismos ndo benéficos (Roberfroid, 2007), demonstrando
capacidade ansiolitica (Burokas et al., 2017), diferenciacdo, maturacdo de células no hospedeiro e
modulagdo da expressao de genes (Rufino et al., 2018; Weber & Kerr, 2006), incluindo a modulagao e
secre¢do de serotonina enteroenddcrina (Evans, Morris, & Marchesi, 2013).

O aumento da produ¢do de SCFA decorrente da utilizagdo de oligossacarideos pode elevar os niveis de
peptideos de saciedade circulante, capazes de penetrar na barreira hematoencefalica e iniciar cascatas
neuroquimicas e de sinalizagdo subjacentes as mudangas comportamentais observadas (Burokas et al.,
2015). Também ¢ possivel que os efeitos anti-inflamatorios da administragdo de prebidticos, que afetam a
funcdo cerebral, sejam conferidos pelos SCFAs interagindo com células imunomoduladoras entéricas. No
entanto, alteragdes neurobiologicas resultantes da estimulagdo direta de neurdnios entéricos ou terminais

aferentes vagais por espécies bacterianas ou metabolitos (por exemplo, neurotransmissores), ou mesmo
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interacdes microbianas / prebidticas fisicas com o limen intestinal, também devem ser consideradas

(Burokas et al., 2015; Gibson et al., 2017).

6.4. Disbiose e Psicobiotico

A disbiose que se caracteriza como um desequilibrio microbiano intestinal, decorrente de alteracdes na
propria microbiota, mudando sua composi¢ao funcional suas atividades metabolicas, devido da perda de
organismos benéficos, crescimento excessivo de organismos potencialmente prejudiciais e perda da
diversidade microbiana geral, de maneira combinada ou isolada podem influenciar a quimica e o
comportamento cerebral (Bercik et al., 2011; DeGruttola, Low, Mizoguchi, & Mizoguchi, 2016), sendo
associado ao desenvolvimento de transtornos de ansiedade (Kao, Harty, & Burnet, 2016; S. M. O’Mahony
et al., 2009) e que sdo predominantes na sociedade atual (Sanders, Merenstein, Reid, Gibson, & Rastall,
2019).

Dietas com alimentos funcionais t€ém sido reconhecidas como capazes de restaurar o equilibrio
microbiano normal, e, portanto, com potencial no tratamento e ou prevengao da ansiedade (Burokas et al.,
2017). Essas evidéncias refor¢am o papel benéfico dos prebiodticos e seus efeitos sobre o eixo microbiota-
intestino-cérebro na saude do hospedeiro sob condig¢des de estresse, pois apoiam o recente alargamento da
definicao de psicobidticos, para incluir estratégia de tratamento baseada no uso de prebidticos (Clapp et al.,
2017).

Os psicobidticos foram previamente definidos como bactérias vivas (probidticos) que, quando
ingeridas, conferem beneficios a satde mental por meio de interagdes com bactérias intestinais comensais.
Essa definicdo foi expandida para abranger prebioticos € que aumentam o crescimento de bactérias
intestinais benéficas (Sarkar et al., 2016). Esses psicobioticos afetam as func¢des e comportamentos
relacionados ao SNC mediados pelo eixo intestino-cérebro por meio de vias imunologicas, humorais,
neurais ¢ metabolicas para melhorar ndo apenas a funcao GI, mas também a capacidade antidepressiva e
ansiolitica (Cheng, Liu, Wu, Wang, & Tsai, 2019) e os seus efeitos benéficos foram superiores quando
dois prebidticos diferentes foram combinados, o que pode ser decorrente da ampla estimulacdo bacteriana

(Burokas et al., 2017).

6.5 Serotonina e prebioticos

A serotonina ¢ um neurotransmissor essencial no cérebro, cujas disfungdes estdo implicadas em muitos

disturbios, incluindo ansiedade, depressdo, agressdo, hiperatividade, autismo, transtorno de déficit de
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atencao, alcoolismo e esquizofrenia (Kalueff, Fox, Gallagher, & Murphy, 2007). Pesquisas recentes
recomendaram que tratamento com prebidticos e probidticos podem resultar em reversao de déficits
comportamentais, ajustar a composicdo da microbiota intestinal, aumentar os niveis periféricos do
triptofano precursor da serotonina e alterar o &cido 5-hidroxiindolacético (5-HIAA) e o acido di-
hidroxifenilacético (DOPAC) no cérebro de animais submetidos a estresse cronico (Desbonnet, Garrett,
Clarke, Bienenstock, & Dinan, 2008)

A serotonina (5-hidroxitriptamina, 5-HT) ¢ uma indolamina, encontrada em células do trato GI,
plaquetas e no sistema nervoso central de mamiferos e cerca de 95% da 5-HT corpérea ¢ produzida no
intestino. Adicionalmente a 5-HT apresenta-se como um importante neurotransmissor envolvido na
interacao entre 0 SNE e o SNC, importante na regulacdo da sensacdo de motilidade, secrecao intestinal e
também atua na ativacao e conducao da informa¢ao ao SNC (Gershon & Tack, 2007).

Estudos demonstram que a liberagdo de 5-HT a partir de células enterocromafins intestinais atua sobre
os receptores 5-HT3 em fibras aferentes vagais despolarizando os neurdnios sensitivos dessa via,
conduzindo os estimulos gerados por alteragdes da osmolaridade luminal e produtos da digestdo de
carboidrato até o SNC (hipotalamo) (Vedovato et al., 2015).

Estudo utilizando ratos com comportamento de ansiedade e suplementados com dois prebidticos
associados (FOS e GOS) encontrou-se melhora desse comportamento (Burokas et al., 2017) e esta melhora
pela administracao de prebidticos pode ser explicada pela elevagdo da serotonina no cortex pré-frontal

(Cryan, Markou, & Lucki, 2002).

6.6. Interleucina e prebioticos

O intestino possui uma densa concentragdo de células imunes como segunda linha de defesa contra
patdgenos e o sistema imunoldgico representa um dos importantes mecanismos de comunicag¢do e que
sinalizam para o cérebro através do sistema circulatorio e nervoso (Long-Smith et al., 2020; 1. H. R. Paiva
et al., 2020). Citocinas pro-inflamatdrias circulantes, como IL1 B, TNF-a, IL-6 L e IL-18, podem alcancar
o SNC por transportadores saturdveis na barreira hematoencefalica, por sensibilizacdo de neurdnios
aferentes vagal e por migragcdo de células imunes circulantes (normalmente mondcitos) para a vasculatura
e parénquima cerebral através do plexo cordide (Miller & Raison, 2016).

A presenca e a intensidade de sintomas de ansiedade foram correlacionadas com algumas citocinas pro-
inflamatorias IL-1, IL-6 e TNFa (Thomas et al., 2005) e que foram reduzidas com a elevacao da producao
de SCFA pela modificagdo da comunidade microbiana promovida por aumento do peso cecal e do nimero
de bactérias de murinos que receberam os prebioticos associados, FOS + GOS (Burokas et al., 2017; de

Cossio et al., 2017; Sarkar et al., 2016). O uso da suplementacao prébidtica leva a reducdo de marcadores
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pro-inflamatorios, especificamente I1L-6, TNF-o ¢ PCR (McLoughlin, Berthon, Jensen, Baines, & Wood,
2017)

6.7. Fator Neurotrofico Derivado do Cérebro (BDNF) e prebidticos

O BDNF ¢ um fator de crescimento de uma familia tinica de 50 fatores de crescimento de polipeptideos
que influenciam a proliferacdo, diferenciagdo, sobrevivéncia e morte de células neuronais e nao neuronais,
além de que, faz parte da familia de neurotrofinas e tém sido o foco de estudos por estar associado a varios
distarbios neuroldgicos (Bienenstock et al., 2015).

Estudos demonstraram que o comprometimento cognitivo associado a inflamagdo esta relacionado a
reducdo da expressdo génica do BDNF, e esses achados confirmam a possibilidade de interferéncia entre
mediadores inflamatdrios e neurotrofinas contribuir para o desenvolvimento de transtornos do humor
(Sahin et al., 2015). Ratos germ-free mostraram importantes alteracdes na fisiologia cerebral, sendo estas
nos niveis hipocampais do neurotransmissor serotonina, BDNF e um nivel alterado de neurogénese, bem
como alteragdes estruturais dos neurdnios na amigdala e variagdes no nivel de mieliniza¢do no cortex pré-
frontal, estas alteracdes fornecem os meios fisioldgicos para explicar as diferencas na reatividade ao
estresse, relacionadas a ansiedade, comportamentos depressivos e sociais, bem como cogni¢do observada
nesses animais (Fiilling, Dinan, & Cryan, 2019). Além disso, o estresse cronico pode desencadear
comportamentos semelhantes a ansiedade, bem como reduzir os niveis de BDNF, assim como as citocinas
podem atenuar o nivel de BDNF na depressao (Guo et al., 2019).

A microbiota tem sido proposta como um elemento essencial no desenvolvimento do cérebro, pois
acredita-se ativar a secrecdo de BDNF através da producdo de butirato e a sua modulagdo ser feita por
suplementagdo com prebioticos e probidticos (Romo-Araiza et al., 2018).

No hipocampo, o BDNF esta associado a memoria e aprendizado, mas evidéncias recentes indicam que
seu aumento no hipocampo estd associado a sintomas ansioliticos € a comportamento antidepressivo,
mostrando em ratos comportamento exploratorio quando submetidos a testes comportamentais (Bercik et
al., 2011). A dieta suplementada com o prebidtico PDX resultou no aumento da expressdo de mRNA para
o BDNF e a subunidades de ligacdo a glicina, subunidade GluNI1, do receptor N-methyl-D-aspartate
(NMDA) no cortex pré-frontal (Mika et al., 2017; Saulnier et al., 2013; Schwab & Génzle, 2011). O
tratamento com prebidticos também diminuiu os niveis plasmaticos de corticosterona e a expressao génica
da subunidade do receptor NMDA 2A, seguida por um aumento da expressao do gene BDNF, GABA (B1)
e GABA (B2) no hipocampo (Burokas et al., 2017).

Em camundongos alimentados com FOS e GOS por cinco semanas tiveram uma expressao mais alta de

subunidades BDNF, NMDAR (NR1 e NR2) no hipocampo e no coértex frontal. Além disso, a



58

administracao de GOS aumentou as concentragdes circulantes do hormonio intestinal PY'Y, sugerindo que
o PYY plasmatico pode ter mediado a expressdao elevada de BDNF no cérebro apos a ingestdo de GOS

(Savignac et al., 2013).

6.8. Prebiotico e sua relacio com a liberaciao de GABA

O GABA ¢ o principal neurotransmissor inibidor do SNC e estd significativamente envolvido na
regulacdo de muitos processos fisioldgicos e psicoldgicos, sendo que as alteragdes na expressao central do
receptor GABA estdo implicadas na patogénese da ansiedade, que sdo altamente comorbidas com
distarbios funcionais do intestino (Bravo et al., 2011).

A relagdo entre 0 GABA e a ansiedade evidencia-se no fato de que todos os ansioliticos conhecidos
facilitam sua acdo e seu efeito parece consistir em reduzir o funcionamento de grupos neuronais do sistema
limbico, inclusive a amigdala e o hipocampo, responsaveis pela integracdo de reagdes de defesa contra
ameacas de dano ou perda, ou, ainda, evocadas por situagdes novas (Ramot et al., 2017).

A administragdo de prebidticos FOS e GOS em murinos teve um efeito benéfico na expressdo de varios
genes no hipocampo e a associacdo dos prebidticos FOS + GOS aumentaram significativamente a
expressao de genes BDNF ¢ GABA, o que demonstra um favorecimento da neurogénese e inibicao do
sistema nervoso respectivamente (Burokas et al., 2017). Observaram também melhora na plasticidade

sinaptica no hipocampo (McVey Neufeld et al., 2019).

7. Conclusao

Ansiedade estd aumentando globalmente e tratamentos eficazes e acessiveis beneficiariam milhdes de
pessoas em todo o mundo. Estudos com prebidticos, principalmente em murinos, demonstraram efeitos
ansioliticos, maior diversidade de microbiota, melhora da sinalizagao do eixo microbiota-intestino-cérebro,
atenuacao de efeitos estressores, mudangas benéficas de neurotransmissores € marcadores que se
relacionam a comportamentos ansioliticos. Porém, sdo necessarios outros estudos clinicos randomizados
para comprovar a validade do uso de prebidticos com o objetivo atenuar ou tratar distirbios

neurocompartamentais ou mesmo no alivio dos efeitos colaterais indesejados da medicagao convencional.
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ANEXOS
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GUIDE FOR AUTHORS

Biological Poyvchigtry iz the official journsl of the Society of Biological Poychiatry. The Jownal rapidly poblishes
reparts of novel results on a broad range of topics related to the pathophyziology and trestment of major
neuropsychiatric dizorders. Eoth baszic and clinical nearoscience contributions are encouraged, particularly those
addressing genetic and envirommental risk factors, peursl circwitty and newrcchemisiry, and important new
therapentic approaches.

Except whers explicitly stated otherwise, Biclogical Psychimtry conforms to the guidelines zet forth by the
International Committes of Madical JToumal Editors (ICATE) (see Fecommendations for the Conduct, Feporting,
Editine, and Publication of S5cholarly Work in Medical Joumal: (December 201E8): Available from
bt e ICWITE org).

Al new maniscripts must be submitted through the journal website: hitps:‘wwnw.editorialmanager com bps. All
comespondence should be directed to the Editorial Office at Biol Psvchi@sobp.orz.

ARTICLE TYPES

Archival Reports

Archival Feports are original research papers reporting novel results on a broad range of topics relsted to the
pathophyziclogy and treatment of major newropsychiatric disorders. Clear explication of methods and results is
critical to facilitats review of papers and replicability of findings.

Word Limir: 4000 word: in main bodv of taxt”

Absrract: 250 word limit; Structure as follows: Background, Methods, Fesults, Conclusions

Mipin Text: Structure as follows: Introduction, Methods and Materials, Results, Discossion

Tables/Figures: No limit, as needed

References: Mo limit, 35 needed

Supplement: Allowed, unlimited length

Priority Communications

These are Archival Feports that clearly document novel experimental findings of unuzual and timely significance.
These papers should represent a concepinal sdvance in the field and are not intended for poblication of preliminary
reznlts. They are expected to be acceptabls for publication in eszentially the form submitted. Papers that requirs
snbstantial revisions or do not fit the criteria will be considered as Archival Feportz. See Archival Reports for
structare, word length, and other requirements.

Reviews

Feviews are concize and focus on current aspects of intersst and research. Reviews should be novel and hawve
sufficient supporting literature, which should be integrated into 2 mechanistic model when applicable. Reviews
should generally not focus solely on the sauthors” ovm work. Mote that meta-analyzes report originsl data and thus,
are not conzidered review papers; meta-analyses should be submitted as Archival Reports. Unsolicited reviews
may be submitted directly. Inwited reviews mmust first complete a pre-submission evaluation sand consultation
process with the Feviews Editor. The Editorial Office will provide specific details and the proposal form to all
invited authors when warranted.
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Word Limir: 4000 words in main bodv of text”

Absrract: 250 word limit; nnstructored

Mizin Text: Structure with beadings a2z needed

Tables/Figures: Allowed to summarize or illusrate imporntant points
References: 150 maximum

Supplement: Allowed, unlimited length

Techniques and Methods

These articles feature new, improved, or noteworthy comments shout technigues or methods relevant to basic or
clinical research in, or reatment of, psychistric disordars.

Word Limir: 3000 words in main bodv of taxt”

Absract: 150 word limit; unstructored

Main Text: Structure as follows: Introduction, Methods and Materialz, Results, Discosion

Tables/Figures: Maximam of two

References: Mo limit, 3s neaded

Supplement: Allowed, unlimited length

Correspondence

These letters to the editor are directly related to methods, procedures or interpretation of data presented in work
recantly publizshed in our journal and uses mew analysis of data presented, the support of previoushy published
work, and or scientific points to be addreszed based on methodological issues. They may also present a case report
that clearly and unsmbiguounsly illistrates important new principles that have not vet been demonstrated in clinical
trials. When warranted, a reply froem anthor(s) of the original work is solicited; in such cazes, the editor does not
izssue a final decision until both articles are submitted and the pair is than poblished together. Correspondence is
publizhed online only &= e-content.

Word Limir: 1000 words in main bodv of text”

Abstract: Mot permitted

Miin Text: Unstrucmared

Tables/Figurss: Mot encouragad, but 1-1 allowed if needed to illustrate important points

References: Mo limit, 35 needed

Supplement: Mot penmitted

Commentaries and Editorials

These articles address points directly related to articles in the concument izsus, and/or focus on topics of current
research and interest. Thesze are generally invited, but interested contributors may contact the Editor.

Word Limir: 1500 words in main body of text”

Abstract: Mot permitted

Main Text: Unstructared, headings are not permitted

Tables/Figures: A single sommarizing fipure or table is encouraged

References: 10 maximuom

Supplement: Mot penmitted

Early Career Investigator Commentaries

These articles provide publizhing oppormonities to early career investizators (ECI), as part of a joint project
between the Jowma! and the Education Comumittes of the Society of Biological Pzychistry. These are invited
articles for which an ECT serves as the sole and corresponding suthor. Each ECT zhall be 1} 2 current member of
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the Society of Biolegical Psvchiary, I) no more than 10 years out ffom terminal degree, and 3) not hold an
academic faculty rank higher than Aszistant Professor. A zenior investizator mentors each ECL acts as the content
reviewer, and is recognized in the Ackmowledesments section. ECI commentaries are publizhed online only 2z e
CoRtent.

Word Limiz: 1500 words in main body of text”

Abstract: Mot permitted

Miin Text: Unstructured, headings are not permitted

Tables/Figures: A single summarizing figure or table is encourzged

References: 10 maximum

Supplement: Mot permittad

Clinical Commentaries

These invited-only commentsries are produced in collaboration with the National Newroscience Curricuhum
Initiative (MECT). Unlike regular commentaries, thess articles have a specific clinical focns and are intended for
2 clinical audience, including medical students, residents, and clinicians. Clinical commentaries are published
onling onky a3 e-Comtent.

Word Limir: 1500 words in main bodw of taxt”

Absreact: Mot permittad

Mizin Text: Unstructared

Tables/Figures: A single summarizing figure or table is ancouraged

References: 10 maximum

Supplement: Not permitted

*Word limitz include main text of the article only, e.g., for Archival Feports, the word count imcludes the
Introduction, hethods and MMaterials, Fesulis, and Discussion sections. When calculating word counts, exclude
abstract, referances, table'figurs legends, ackmowledemants, and disclosures.

PREPARATION & FORMATTING REQUIREMENTS

The bazic elemeants of all submizzions are as follows:
» Cover letter
& Manuwscript
» Title page
+  Abstract
»  Ddain text of article
y  Acknowledzments
»  Disclosures
» Befarsnces
+ Legends for tables and figures
& Tablaz
+ Fizures
+ Supplemental Information

Further details on ezch element are provided below, followed by guidance on style.
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Cover Letter

Cover letters are optional for all submizzions. A cover letter must be uploaded 2z 2 separate file, asz it is not made
availzsble to pear reviewsrs.

Manuscript

hamscripts should contain the following sections: title page, abstract, main article text, ackmowledzments,
dizclosures, references, footmotes, and table/figure legends. The mamscript may also inclode tables, in text format,
#t the end of the file. Begin all sections on separate pages. The mamiscript file should be supplied in Word, not in
PDF.

Title Page

The titla paze should be the first pags of the manuscript file and should inclode the following elements:
#  Full article title, 200 characters or less; acronyms/abbreviations are prohibited

Full names of all suthors, in arder, and their affilistions

Comesponding author's complete mailing address, phone, and email

Short/mumming title, 35 characters or less (including spaces); standard acromyms are permitted

Six keyvwords

Abztract

Abstracts should be structured or unstructured according to the article type and should not exceed the word limits
az detziled sbove. Structured abstracts should have the following sectioms: Backsround, Methods, Fesuls,
Conchuzions. The Msthods zection should explicitly state the sampls zize and sex'species of subjects, when
applicable. For those manuscripts that require clinical trizls registration (zee Clinical Trials Fegistration section,
below), the registry name, URL, and registration numbsar should be inchided at the end of the abstract. Feferences
are not permitied in abstracts. Avoid the use of abbrevistions/'aconyms that are not used at least thres times.

Main Texr

The text of papers should be double-spaced and structured sccording to the article type. It should not exceed the
word limits 2z detailed above. Articles reporting orizinal research {Archival Feports, Priority Communications,
Technigues and Methods) should be stractured with the following headinzs: Introduction, MMethods and Mlaterials,
Feszults, Discozzion. The introduction should provide a brief background and state the objectives hypotheses of
the current work; it should not inchide the findingsresnlts of the study. The Msthods and Matenials saction should
include sufficient detail to allow other investizators to replicate the work It is not appropriate to move the entire
text of the methods to the supplemant to adhers to the Jowrmal's word count limits. Manofacturer name and
location should be inchided at first mention, where applicable. Aunthors may reference other publications for
methods that have previon:ly been poblizhed in full detail alzewhere. Felevant ethics statements must be included;
seg Ethical Considerations section, below. The Fesults zection should clearly present the experimental findings
=nd test statistics in a logical order. The Discussion section should describe the results, interpret them in the context
of prior literature, and dizcass the implications and sisnificance of the finding{z). Limitations of the current work
should also be discuzzed.

Acknowledementz

Thiz section should inchide detailed information rezarding all sources of funding, including prant and other
material or financial support. Specify granting agency, grant sumbar, and recipient for each fimding source. The
role of study sponzor(s), if any, should be stated. Identify anmy data that was publizhed previously, in sbsiract/poster
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form or on a preprint server. This saction may alzo be wsed to acknowled ze non-suthor contribators'collaborators
and individuals who provided persomal and technical azzistance. If a consortimm/group is listed az an suthor, then
the individual members must be named here. Authors should secure written penmizzion from all individuals named
in thiz saction

Dizclosures

This section must inclods the required financial disclosores and conflict of interest statements fior each awthor.
Even if every suthor has nothing to dizcloss, thiz must be explicitly stated. See section on Disclosure, below.

Rafarence:

Faferences should be nombered and listed by their order of appearance in the text. Befer to references in the text
with the approprizte number in parentheses. Feferences in tables and fgures should also be mumbered. List all
suthors; if there are more than seven authors, list the first =ix then et al. Periodical abbreviations should follow
thosze uzed by Index Meadicos. It is not appropriate to reference papers that have not yet been publizhed (ie., are
submitted or under review). The following are sample references for a publizhed journal article (1}, a book (I},
and an edited book (3).

1. Ervstal TH, Carter C5, Geschwind D, hanji HE, March 15, Mestler ET, er al. (2008): It is time to take 3 stand
for medical research and against terrorizm targeting medical scientists. Biel Pryehiarry 63 T13-T27.

1. American Peychistric Association (2013): Diggnestic and Sraristical Mowal of Mewngl Dizorders, 5th ed.
Wazhington, DC: American Psychiatric Publizhing.

3. Martin TH {1935): Proparties of cortical neurons, the EEC, and the mechanizms of epilepsy. In: Kandal ER,
Schorartz TH, editors. Principles of Neural Science, Ind ed. Mew York: Elsevier, pp 461-471.

The Journal also encourages the citation of undertying or relevant datazets in manuscripts by citing them in the
text and mcloding a data reference in the reference list. Data references should include the following elements:
suthor nameds), datazet title, data repository, version (whers available), year, and global persistent identifier. Add
[datzzet] immediztaly before the reference so that it can be properly identified as a data reference. The [dataset]
identifier does not appesr in published articles.

Figure/Table Lepends

Provide a brief titls and legend for each figure snd table. For muld-part figures, describe each panel. Avoid
duplicating information in the figuratable legends that is already presemted in the Methods and Materials or
Femlts sections.

Tables

Tables should be cited in the text and numbered consscotively (ie., 1, 2, 3) in the order of their mention. Each
tzble should have a title, alonz with a brief description (legend). Do not doplicate information that is already
presented in the text. Tables must be supplied in an editable format (Word or Excel). They may either be mcluded
at the end of the manuscript file, or uploaded individually, but not both. Table footmotes should use supersaipt
lowercaze letters, rather than svmbols or bold/italic text. Colored text or shading iz not permitted in tables.
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Figures
Bazic figure instractions are provided here, Further detzils regarding electronic artwrork quality and preparation
can be found at http-/wonw. alseviar com artwork.

EKey Requirements for Figures

File Format: » TIFF, PDF, PPT, or EPS are preferred; JPEC i= acceptable
Fesolution » Halftone or combination art: 300-300 dpi

» Line art: 1000 dpi or supply as vector image
Imaze Size v  Single cohonn width: 80 mm (255 pt)

» 1.5 column width: 140 mem {397 pi)

» Double colmnn {foll page) width: 190 mm {539 pt)
Font y 8-12 point {minimum size varizhiliey)

» Standard typeface (e.z., Arial Times New Foman)

» Consistent throughout
MJInlt-Fanel Figures » Label each panal/part with a capital lettar (A, B, C,...0
Figures Titlezs/Legends » Imclode in mannscripe file, not in figure files
File Naming » Use the fisure numbear (Figl tif, Fig2 pdf atc)
Upload » Zupply a: individual files (= sinsle file for each fizure)

Figuras should be cited in the text, mumbered conzecutively (ie., 1, 2, 3} in the order of their mention, and have
brief legends. Each figure should be conszistent in color, size, and font, and be desisned proportionally so that it
can later be sized as needed without lesz of legibility or gquality. Letters and mumbeers, in particular, should not
vary greatly in size. RGE color mode is preferrad over CAMYE. High quality verzions of each fisure should be
upleaded individually (ie, two figures should be uploaded separately as Fizure 1 and Figure I). To reduce TIFF
file size, flatten lavers and then save with LW compression before uploading. A minimum resolution of 300 dpi
iz required. Mote that the quality of a low-resolution fisure cannot be improved by artificislly increazing the
rezolution in graphics software; figures must be initially created with sufficient quality/resolution. Figure titles
znd legends should be included 2z editable text in the marmscript file and not in the figure files

Images should reprezent the origingl data and be minimally processed. Uniform adjustments (e.g., brighiness,
contrast) may be applied to an entire image, but mdividual elements of an image may not be adjusted, manipolated,
or cropped m order to selectively highlight obscure, delete, or otherwize misrepresent the image or its
interpretation.

Color illustrations are accepted, although the cost of color primting must be paid by the suwthor. Otheradze, all
illastrations appear in color for the online versiom, but are reproduced in black and white in the print journal.
Authors may supply black-and-white versions of color fizures for printing purposes. Authors should be mindful
of color choices that may be problematic when comverted to gravscale. The addition of texiares and different line
tvpas helps aveid soch problams.

Supplemental Information

Suopplemental information, ralevant to the work buot not aritical to support the findings, is sronzly encooraged by
the Jpurmal and iz made available via links in the online article but not published in print. All such material iz
peer-reviewed, but not typeset or proofed and so should be careflly prepared. Unlike other files, all supplemental
information (including text, tables, and figures) should be uploaded in a singls Word file whenever possible
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Exceptions are large and/or lengthy tables, which may be submirted in Excel. Word documents will swtomatically
b= converted to PDF before being posted online.

Do mot number sections oftext; rather, use texinal headings to clearly differentiate sections. Supplem entary figures
and tables should appear with their titles/lesends, and be numbered consecotively (i.e., Figure 51, Figure 52,
Table 51). Feferences should be included as a separate list from those in the main manscript; number begnning
with (1) and mclude & reference list at the end of the supplemental document. The CONSORT diagram for
randomized controlled trials, when applicable, will be publizhed in the supplement.

Kev Resources Table

EBiplogical Prychiatry supports efforts in the biomedical rezearch community to improve transparency and
reproducibility in publizshed research. Thus, we are pleased to participate in the initistive to inclide a ey
Fespurces Takble in all publizshed articles that report original research (Archival Feports, Priority Communications,
Techmiques and Methods). Authors are asked to submit this table at first revision, which should be uploaded using
the "Key Fesources Table" item type. This table will be publizhed as supplemental information. The table template
iz awailsble for dowmload from the jounal website or can be  dowmloaded directly  here:
hitps: o biologicalpsvohiatnyg oumal. com' content bps-kev-respurces-table.

The Fev Fesources Table iz desizmed to promote reproducibility and thus, should inchide the resources and
relevant details neceszary to reproduce the stody’s result=_ It does not need to be exhanstive. We strongly encourage
the uze of RRID identifiers that provide persistent, unique identifiers to key smdy resources. Authors may search
for BRID= at https:/'scicnmnch.org/resources.

Multimedia Comntent

Multimedia content, in formats such as AVI or MPG, is enconraged and should be uploaded 2= an "e-componsent”
in the drop-down menu at the npload screen.

3D Newroimaging

The Journal slsg encourages enrichmeant of online articles wia support of 3D neurcimagzing dats visnalizations.
Author: may provide 3D neurcimaging data in either single (nii) or dual (hdr and img) NIfTI file formats.
Fecommeanded size of a single uncompreszed dataszet iz <100 ME. Multiple datazets can be submitted. Each datazet
zhould be mripped and uploaded separately az " 3D neurcimaging data” in the drop-down menu at the upload screen.
Pleaze provide a short informative description for each dataset by filling in the ‘Description” field when uploading
a darazat. If an article iz accepted, the uploaded datasets will be available for dowmload from the online article on
Sciencel¥irect. For more information, see: bttp:/‘www.elsevier. com/ 3DMNeuroimagng.

Style
Easzic style points are as follows:
Layout » Double-space all text
» Number each page
» Line nombaring is not neceszary
Spelling » Use American, as opposed to British, spellings
Languaze » English
Font » Amy standard typeface is acceptable (2.2, Anal Timses New Foman)

» Be consistent throughout (uze the same typeface and size)
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Acronymes Abbreviations » Define at first uze in the absiract
» Define azain at first use in the text and alzo in each legand
» Avoid unnecessary uncommaon abbreviations
Nomenclature v See below

Our readership iz diverse, and suthors should consider that many readers are in specialty areas other than their
own. It iz important, therefore, to avoid jargon. MMannscripts with the broadest appeal are formszed and clearly
written. In highly specialized areas, the intreduction should be & concise primer.

We encourage authors whose first language is not Englizh to azk a native English spesker to review their
maEnIsCcript of o use a professional lsnpusge editing service prior to submizzion. Accepted manuscripts are
copvedited to conform to the ANMY Mawuael of Soile.

Prvchopharmacelogy Nomenclaiurs

Biological Prychiatry IMpports the MNeurozcisnce-bazad Nomenclamre {IBET} praject
(http-//‘ntnomenclature.ore), which aims to promote the use of mechanizm-bazed nomenclsture that is
pharmacologically-driven, rather than mdication-bazsed. The Wbl system characterizes medications baszed on their
pharmacolegical domain and mode(s) of action Awthors shouold use Wbz glossary or official apps in order to
translate between the old and new nomenclamre.

(rene / Protein Nomsnclaturs

Gene symbols should be italicized and differentiate by species. Human symbols should be all uppercaze (DISCT),
whereas symbaols for rodents and other species should be lowercasze using only an initial capital {Dezcl). Protein
products, regardless of species, are not italicized and use all uppercasze letters (DISC1).

Authors should use approved nomenclamre for gene svmbols by conzulting the appropriste public databazes fior
correct gene names snd symbols. Approved bamsn gene symbols are available from HUGO Gens Nomenclature
Committee (HGMNC) at http:/'wanw zenensmes org’. Approved mouse symbols are provided by The Jackson
Laboratory at vrarwe infonmatics. jax.org /merker. Usze symbols (eg., SLCH44 DISCI) az oppozed to
italicized full names, and avodd listing multiple names separated by a slash such a3 'Qerd/Powlifl . Usze one name
throughout and inclde any alizz(es) wpon the first reference. Auwthors should submit proposed gene names that
are not already approved to the appropriate nomenclature committees a5 soon s possible. Tt iz the suthors’
responsibility to ensure thess are deposited and approved before publication of an article.

SUBMISSION PROCESS

Al manuscripts must be submitted in electronic form through the Biglogical Poyckiatry online submission and
review website (https:/'www editonialmanaser. com/bps). Submission iz a representstion that all suthors have
perzonally reviewed and given final approval of the version submitted, and neither the manuscript nor itz data
have been previously published (except in sbstract or preprint form) or are currently under consideration for
publication elzewhere.

The Journal has created checklistz to aszist suthors in the efficient subemizszion of both new and revised
mamscripts. They are entirely optional and intended solely to help suthors adhere to our submizzion gmdelines
and zave time so that submissions do not need to be retumed for correction. The checklists are available here:
hitp:/Sarww_biologicalpsyvchiatry oumal . com/content bps-submission-checklists.
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To ensure transparency, suthors are expacted to clearly declare other reports'publications of their own that have
nzed the same dataset or zample. Anthors must alzo identify fisures, tables, and/or data that have been published
elzewhere. Itis the author's responsibility to obtain permission from the copyright holder(z) to reproduce or modify
any previously published materials.

The person desiznated in the system az the comesponding suthor must be one of the individuals named a3 a
comesponding suthor on the title page. Upon finzliring the submizzion, the comesponding suthor will immediataly
receive an email notification that the submiszion has been received by the Editorial Office. If such documentation
haz not been received, then a problem has ocourred during the sobmizsion process and should be Dwestizated.
Any mamsripts not conforming to these guidelines will be returned to the suthor for comection before the
marmscrpt is procassed. The manuscript stams iz available to the comresponding suthor at a1l times by logging
into the website. The submission will recerve 3 mamsoipt number once it has been proceszed and aszsigned to zn
editor.

New Submission
When submitting a new manuscript, suthors will be azked to provide the following: valid email addresses for all

suthors; the names, emails and affiliations of § individuals who would be appropriste to review the work; and all
submizzion files. Further details are as follows.

New Submizsion Files

To eaze the burden of the submiszion process, we penmit anthors to upload the entire submizzion (minos 8 cover
lettar) 2z a simgle file, with pages numbered, in Word or PDF. Takles and fizures may either be placed within the
body of the manuscript or presented separately at the end. Awthors must ensure that all elements are clearly legibls
for editors and peer reviewers. Alternatively, authors may upload mdividual files (cover letter, manuscript, figures,
etc_} separately. All files should be labeled with appropriate and descriptive names (e.z., SmithText doc, Fizgl eps,
Tablel doc). The system will build a zingle PDF of the submizsion from the upleaded files. Fegardless of how
files are uploaded st this stage, all eszentisl components of 2 mamscript are still required. See hManuscript section,
aboe,

Author Notifications

The Jourral sends 2 notification to every imdividual named as an author upon receipt of every new submizsion.
Thiz email provides detazils of the submizsion, including the full suthor list and the text of both the
ackmowledgments and disclosures sections. Thiz policy requires valid email addresses for all coauthors, which
must be supplied at submizsion; instifutional email addresses are strongly preferred. When a consortium/ group is
named az an swthor, thiz group must be entered as an suthor at the relevant scoeen An email addres: for the
primary contact'principal investigator of the consortimm/zroup should be supplied. The named individual should
ke someone responsible for the consertium/group and must be a mamber of thiz group.

Rafores Supgestions

For zll new submissions (except Commentaries and Correspondence), authors are required to provide the foll
names and contact information (affiliation and email) of § individual: who are especislly qualified to referee the
work and would not have a conflict of interest in reviewing the mannscript Affilistions of the suggested referees
should all be different, and none should share an affiliation with any of the anthors. Editors are not appropriate to
sugeest a5 a reviewer. Authors are alzo permitted to identify reviewers who should be exchided from reviewing
their work, bat finzl peer reviewer selections remain at the editors' discretion.
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Eevized Submisszion

When submitting a revized manuscript, suthors are azked to provide a detailed rezponse to reviewars, which mmst
b= uploaded as 3 unique Word ar PDF file (zeparate from the cover letter). Authors may upload a “tracked changes’
verzion of their revizion, but must always include a ‘clean’ non-marked version of the mamscript. For articlas
that report original research (Archival Feports, Priority Communications, Technigues and Methods), authors are
alzo asked to provide a Key Fesources Table (ses relevant section, above, for details; click hers to download the
template]).

If revizions are a condition of publication, only too revised verzions of the paper will be considered. Unsolicited
revizions are not allowed.

Revized Submizsion Files

Al files (cover letter, response to reviewsrs, manascript, fizures, etc.) muost be uploaded separately at revision,
and should be labeled with appropriate and descriptive file names {e.z, SmithText doc, Fizl_tuf Tablel doc). File
format requirements are specified in the below table. The system will boild a single PDF of the submizzion from
the uploaded files. Authors should be careful to replace all files that have besn updated since onginal submizsion

znd enzure all files are comectly labeled (particularly if fisures and'or tables have been rearranped and
subzequantly renumbered).

File Type Reguirements
Cover Lettar Word ar PDF
Dretailed Response to Feviewers | Word ar PDF
Mamascripe Word
Tahlesz Word or Excel
Figurss TIFF, PDF, PET, or EPE
Supplement Word
Eeev Fesgurces Tabls Excel
In This Izsue Feature Word
Word Limits

Biological Prvchimry strictly enforces its word limits when a revised manuscript is submitted Needing to address
the reviewers' concems iz not & sufficient reazson for excesding the stated masimum word limits. We advize authors
to crtically evaliste their manuscripts to ensure that they are written as concisely and clearly as possible
Additionally, the Jourmal strongly encourages the use of Supplementa] Information. This can be text, tables, and/or
firures that are relevant to the work but not critical to support the findings. Supplementsl Information is publizhed
online, but doesz not appear in print and therefore, does not count against the word limits.

In Thiz Irsue Faature

The submizzion of revizsed manuscripts (except Commentaries and Commespondence) requires a new unigue file
with a brief non-technical summary of the article. The blurk should be uploaded as a test fle, 50-75 words in
length, and be written in laymen's terms. Should the article ba accepted for publication, this summary will be uzed
for the fn Thiz Issue feature when the article is publizshed.
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PEEE REVIEW PROCESS

All submissions (with the general exception of Editorials, Commentaries, and Comrespondence) will be subject to
blinded peer review. The actual selection of reviewers will be made by the editors. As a generzl rule, papers will
be evaluated by thres or more indspendent reviewers and, on occasion, an additional review for statistical
adequacy may also be obtzined. The comments of the reviewers are generally communicated to the suthors within
30-45 days of submizzion.

Riplegical Pryckiory excludes reviewers who work at the same institution a= any anthor, or thoze who have sny
other obwious conflict of interest. The identity of mdividual reviewers remains confidential to all parties except
the Editorial Office. Feviewsrs are expecied to treat manuscripts under peer review with the strictest
confidentiality.

Authors should be awars that mamiscripts may be returmned without outside review when the editors deem that the
paper iz of insufficient general interest for the broad readership of Bislogical Psychimtry, or that the scientific
priority iz such that it iz unlikely to receive favorable reviews. Editorial rejection iz done to speed up the editorial
process and to allow the suthors' papers to be promptly submitted and reviewed elsewhere.

Riplegical Prychiory i= 2 member of the Neuroscience Pesr Feview Consortium, an alliance of nenroscience
journals that have agreed to accept manuscript reviews from each other. Authors may submit 2 revision of their
marmscript to another Consortium journal, and st the author's request, Biological Proychiory will forweard the peer
reviews to that journal Awthors can find a list of Consortinm journals snd details about forwarding reviews at
hittp:‘mprc.incf o1,

EDITORIAL POLICIES

Authorship

To qualify for authorship, an individual must have participated sufficiently in the work to take public responsibility
for all or part of the content, grven final approval of the submittad verzion, and made substantive intellactual
contributions to the submitted work in the form of 1) conception and desizn, snd/'or acquizidon of data, and/or
analyziz of data; and 2) drafting the article, and/or revizing it critically for important imtellectual comtent.
Authorship also requires agresment to be accountable for all aspects of the work in ensuring that questions related
to the accuracy or integrity of amy part of the work are appropristely mvestizated and resolved. All individuals
who meet criteria for suthorship must be named as authors, and all individuals named as suthors must mest all
suthorship criteria. If anthorship is atiributed to 2 group (either solely or in addition to 1 or more individual
suthors), all members of the group must mest the full criteria and requirements for anthorship as described above.
Any changes in suthorship after initizl submiszion (additions, deletions, recrdering) must be approved in writing
by all swthors.

The Journal permits shared joint authorship in either the frst or senior positions. Authors may denote on the titls

page which suthors comtributed equally and, should the article be accepted for publication, a notation will be
included in the published paper.
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Corresponding Author

Ev electing to approve and finalize the submiszsion of a mannscript as the comresponding author, Biolegical
FPrychimry assumes the suthor’s acknowledzment and acceptance of the following responsibilities: 1) act as the
sola comrespondent with the Editorial Office and the publizher, Elsevier, on all matters related to the submizzion,
including review and comrection of the typeset proof; 2) assurance that all individuals who meet the criteria for
suthorzhip are incloded a= swthors on the mamiscrpt ttle page, and that the version submitted is the verzion that
all authors have approved; and 3} assurance that written permizsion has been received from all individuals whossa
contributions to the work are inchuded in the Acknowledzments section of the manuscript.

Althougzh 2 single person must serve a5 the corresponding author and be responszible for the manuscript from
submizzion through acceptance, we do permit two individuals to be named as contacts in the final, poblished
verzion of a paper. Thiz may be noted on the title page of the paper and, should the article be accepted fior
publication, both individuals will be named in the publizshed paper.

Disclosure of Biomedical Financial Interests and Potential Conflicts of Interest

Biglogical Prychiatry requires all authors to provide foll disclosure of any and all biomedical finsmcisl interests.
Further, we require all anthors for all article types to specify the namre of potential conflicts of mterest, financial
or otherwize. Thiz disclosure inclodes direct or indirect financial or persomal relatiomships, interests, and
affiliations relevant to the subject matter of the manusipt that have oconrred over the last two vears, or that are
empected in the foreseeable fiture. This disclosure includes, but iz not limited to, grants or fimdng, emplovment,
affilistions, patents (in preparation, filed, or granted), inventions, honoraria, consultancies, rovalties, stock
options'ownership, or expert testimony. This policy of full dizclozure iz zimilar to the policies of the ICMITE and
other such crganizstions. The conflict of interest statements should be mcluded in the Financial Drisclosures
zaction of the manuscript at the time of submission for all article types. If an author haz nothing to declare, this
must be explicitly stated. Awthors should contact the Editorial Office with questions or concems, but should e
on the zide of inchision when in doubt. The following iz a sample text:

Dr. Einstain report: having received lecmre faes from EMC Laborstories, and research funding
from Quanmtum Enterprizes. Dr. Curie disclosed consulting fees from FA Imc. Dr. MNewton
reponted his patent on “Wewtonian physics™. Dr. Archimedes reported no biomedical finsmcizl
imterests or potential conflicts of interast.

It i= the responsibility of all suthors to ensurs that their conflicts of interest and financial dizclosures are included
in the manuscript. Manuscripts that fail to include the complete statements of all authors npon mbmizzion will be
returned to the comresponding suthor and will delay the processing and evaluation of the manuscrpt.

Diversity

The mizsion of Birlogical Prychiatry is to publish impactfol scentific communications. To further that miszsion,
we promaote diversity in all aspects of the poblication process, mcloding suthorship, reviewing, and editing. Cuar
divarzity efforts aim to mcreaze participation among individoals of underrepresanted racial, sthnic, and gender
identities; from underrepresented countries or dizadvantaged backerounds; and thosze with dissbilities. For
further information, zee hitps:/'doi.orz 10.10187. biopsych. 2010.12.000.
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Ethical Conziderations

Authors should considar all ethical issues relevant to their research. In the hethods and hlaterials section of the
mammscript, authors should identify the institutional and/or licensing committes that approved the experiment(s)
and confirm that all experiments were performed in accordance with relsvant guidelines and regulstions. Authors
of reports on buman studies should inchide detailed information on the informed consent process, including the
methodiz) used to azzess the subject’s capacity to give informed consent, and zafepnards incloded in the stody
dazign for protection of human subjects. When relevant patient follow-up data are available, thiz should also be
reparted. When reporiing experiments on animals, authors should indicate that institutional and national puidelines
for the care and use of laboratory animals were followed.

Biplogical Prychiatry takes seriously itz responsibilify in ensuring scientific integrity, and will pursue amy
allegations of misconduct, including but not limited to plagiarism, doplicate submission or publication, data
fabrication or falzification, unsthical twestment of research subjects, suthorship dizputes, falsified referes
suggestions, and undisclozed conflicts of interest. The Jowrnal generally follows the guidelines recommended by
the Committes on Publication Ethics (https:‘publicationsthics.org”), althoush we also rezerve the right to take
alternative action(=) a5 desmed necessary, including contacting the authors” institution(s), funding agency, or other
appropriate anthority for investigaton. Literamre corrections, via arrata of retractions, ars handled on & cass-by-
case basgis.

Clinical Trialz Registration

In concordance with the ICMIE, Biolagical Prychiary requires the prospective registration of all clinical trials as
a condition of considerastion for publicaton. A clinical irial iz defined a3z any research smudy that prospectively
azzigns human participants or EToUps to o0 of MOTe interventions to evaluste the effects of those interventions on
health-related biomedical or h&haﬂ.onl outcomes. Hezlth-related interventionz are those uszed to modify a
biomeadical or health-related outcome; examples inclods drugs, sargical procedures, dewices, behavioral
treatments, dietary imterventions, educatl.unal programs and ireatment'prevention’'diagnostic sirategies. Health
outcomes includs any biomedical or health-ralated measures obtained in patients or participants; examples inclode
pharmacokinetic measures, adverse events, health-related behaviors, and changes to phyziological, biological,
peychological, or neurcdevelopmental parameters. Purely obzervational studies (those in which the asziznment of
the medical intervention i not 3t the discretion of the investigator) will not require regisiration.

Trials must have been registered at or before the onset of patient enrollment Fetrospective registration (ie., at the
time of submission) is not acceptable. For all clinical trizls and secondary analyzes of originzl clinical trials, the
trial name, URL, and repistration number should be included at the end of the abstract. Acceptable registries are
Clinical Trials. Fov (hitps: aww.clinicaltrials zmj O any primary registries in the World Health Orzanization
International Clinical Trialz Regisry Platfonm S who. it ictrp/network ‘primaryen ' ind ex. himl]

Research and Diata Reporting Guidelines

Biglogical Prychigry supports initistives aimed at improving the reporting of biomedical research. Checklists
have been developed for 2 number of sdy desizns, incloding randomized controlled wialz (COWNSORT),
systematic reviews (PEISMA), mets-analvses of observational studies (WOQSE), diagnostic scouracy studies
{STAFD), =nd animsl research (ARRIVE). The Mmimmm Information for Biological and Biomedical
Investizations (MIEEI} portal also provides data-reporting standards, such as MIAME for microarray
experiments. A comprehensive list of reporting guidelines iz available from the EQUATOF. MNetwork Library
{hitp- waw.equator-network.org). Authors should make use of the appropriate guidelines when drafiing their
papers. Peer raviewers are asked to rafer to these checklists when evaluating these shudies.
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Biplogical Poychimry requires the mclusion of the CONSORT materials (flow diagram and checklist) at
submizzion for all randomized conmtrolled trials. Authors of other study designs are encouraged, but not required,
to inchide the relevant checklists at submizsion. A1l such matarials will be published 2z supplemental information.

Materials and Genes

Upon poblication, it is expected that authors willingly distribute to qualified academic researchers any materials
{zuch as viruses, organizms, antibodies, nucleic acids and cell lines) that were utilized in the course of the ressarch
and that are not commercially available.

GenBank/EMEL acceszion numbers for primary nuclestide snd amino acid seguence data should be mcluded in
the manuscript at the end of the hMethods and Materials section. All microarray data {protecimic, expression arays,
chromatin arravs, etc.) must be deposited in the sppropriate public datsbasze and must be acceszible without
restriction from the date of publication. An entry name or acceszion number must be included in the Methods and
MIaterials section.

Repository Data

A grovving mumber of private and public repositories are asccumulating demopraphic and clinical data, genetic and
genetic analyziz data, DA, and other biomaterialz for use in medical research. Manuscripts submitted for
publication in Bielegical Prychiatry that employ repository data and’or biomaterials must be in full compliance
with the mles developed by the respective repository goveming the commect citation of the repository, fimding
agencies, and imvestizators who contribated to the repository. Any other stipulation by the repository governing
publications uzing repository data and/or biomatarials must also be followed. Aunthors must provide sofficient
infonmation in the manuscript for the Editor and reviewers to determine that these conditions have been met and
that the repository haz besn established and maintsined sccording to current ethical standards. The Editors may
require authors to provide additional documentation regarding the repository during the review process.

Preprint Policy

Bislogical Prychigry permits the submizzion of marmscripts that have been posted on preprint servers, inchiding
bioFxiv. However, we reguest that suthors do not update the posted article to inchide changes made in response
to the reviewers’ comments. Awthors should discloze that the article has been posted on 2 preprint zerver in the
Acknowledements Trizclosures section of the paper. If the article is accepted for publication, suthors must be abla
to transfer copyright to the Society of Biological Peychistry, or agree to the terms of and pay the associated fee
for an open-acces: license.

ACCEPTANCE AND PUBLICATION

Proofs

The corrasponding author will racenve proofs by email generally within 3-5 weeks of acceptance, which must be
corrected and returned within 48 houwrs of receipt. Awthors are responsible for carefolly reviewing and
proofieading the entire article for acouracy. Omce & comrected proof iz publizhed online, additional corrections
cannat be mads without zn erratom.
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Publication Schedule

Accepted articles are publizhed online, prior to copyediting, within one week of final accaptance. They will be
immediately citable, with an assigned dizital object identifier (DWOI) number. Cormrected proofs are published
online spproximately I8 buziness days from final acceptance. Articles generally appear in their final paginated
form within 6 months of acceptance.

Press and Embargo Policy

The Journal does not typically embargo articles, bt can do so in instances where authors or their institntions wish
to coordinate 2 press releaze. Awthors should contact the Editorizl Office immediately after notification of an
acceptance if they would like an embargo set for thedr article.

Fees

Color illostrations are accepted. Although the cost of color printing must be paid by the author, authors may
choose, at mo cost, for illustrations to be reproduced in black and white in the print jounal and appear in color for
the online version. Color illustrations are printed at a rate of 3650 (U5 dollars) for the first figure, and $100 for
each additional figure. Anthors may supply black-and-white versions of color figures for printing purposes.

Az a primarily subscription-bazed journal, Bislsgical Prychiatry does not otherwise have publication charges.
However, authors may choosze to make their article open-acceszs, for which a fee of $3300 (U3 dollars) applies.
Open-access articles will be made available to all {including mon-subscribers) via the ScienceDirect platform.
Authors of accepted articles who wish to take advantsze of thiz option should complete and submit the online
order form sent after acceptance.

Cover Art

Biglogical Prychigrry generally selects cover art relevant to an article appesning in that ismme. The Jeurmal
encgurages the submmission of scientfically and visually interesting images that do not appear in the paper, bt
that would be suitable for cover art, particularty those that summarize or represent the article’s findings. Awthors
may upload images to be considerad for the cover during the submizzion process, or email them separately to the
Editorial Office. Any such imagss must be the property of the submitting suthors. Figares that appear in the paper
are automatically considered for covers.

Article Sharing

The Society of Biolegical Prvchiatry and Elsevier support responsible sharing. The comesponding anthor will, at
no cost, receive a customized Share Link providing 30 days free access to the final published verzion of the article
on ScienceDdirect. The Share Link can be used for sharing the article via any communication channel, including
email and social media. For an extra charge, paper offprints can be ordered via the offprint order form which is
zant once the article is accepted for publication. Authors may order offprint= at any time via Elsevier's WebShop
(https: webshop.elsevier.com].
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NIH Public Access Policy and Other Funding Body Agreements

Az 3 zarvice to our authors, our publisher, Elsevier, will deposit peer-reviewsd manuscripts to Fubbled Central
that have reported research funded by the WNational Institntes of Health (WIH). To initiate this process, the
comesponding suthor must indicate that the stody received WIH funding when completing the Publizshing
Apreement Form, which iz zent to the corresponding anthor via email afier acceptance. Elsevier has also
established agresments and policies with multiple other finding bodies, including Wellcome Trust, to help suthors
comply  with — mamsoipt archiving requirements.  Pleasze  zee the  foll  detsils &t
hitps:www_elsevier.com/fundingbodies.

Copyright

Upon acceptance of an article by the Journal, the comresponding suthor will be azsked to transfer copyright to the
Society of Biological Psychistty om behalf of zll authors. Thiz transfer will ensure the widest poszible
diszemination of information under 1.5, Copyright Law. Once accepted, a paper may not be publizhed alsewhere,
including electronically, in the same form, in Englizh or in any other lansuaze without the written conzent of the
copyvright holder. All copies, paper or electronic, or other nze of information must nclode an indication of the
Elzevier Inc. and Society of Biological Poychizstry copyvrizht and full citation of the journal source. All requests
for other uses will be handlad throngh Elsevier Inc.

Authors retzin the following rights: 1) Patent and trademark right= sand rights to any process or procedure described
in the article. I} The right to photocopy or make single electronic copies of the article for their own perzonal use,
including for their owm classroom use, or for the perzonal nse of collesgues, provided the copies are not offerad
for sale and are not distributed in a systematic way outzide of their emploving institotion {e.z. via an email list or
public fila server). Posting of the article on 4 secure network (not accessible to the public) within the suthor's
instimite iz permitted. However, if a prior version of this work (normally a preprint) has been postad to an electronic
public server, the anthor(s) azree not to update and 'or replace this prior version on the server in order to make it
identical in content to the final published version, and further that posting of the article as published on a public
sarver can only be done with Elsevier’s written penmizsion. 3) The right, subsequent to publication, to nse the
article or any part thereof free of charge in a printed compilation of works of their own, such as collected writings
or lecture notes, in a thesiz, or to expand the article imto book-length form for publication. Please see the Tournal
Publizhing Agresment, sent to the comesponding author via email after acceptance, for fll details.

QUESTIONS? CONTACT US

Far questions about the submiz=zion or review process, please contact the Editorial Office at Biol Psych@sobp.org
or by phone at (234} 5322-9700.

There iz also 3 help menn, accesszible from all screens during the submizzion process.
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ANEXO C: NORMAS PARA PUBLICAGAO DA REVISTA: ARTIGO 2 — JOURNAL OF
ANXIETY DISORDERS

JOURNAL OF ANXIETY DISORDERS

TABLE OF CONTENTS y P
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° Editorial Board p.2
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ISSN: 0887-6185

DESCRIPTION

Journal of Anxiety Disorders is an interdisciplinary journal that publishes research papers dealing
with all aspects of anxiety disorders for all age groups (child, adolescent, adult and geriatric).
Manuscripts that focus on disorders formerly categorized as anxiety disorders (obsessive-compulsive
disorder, posttraumatic stress disorder) and the new category of illness anxiety disorder are also
within the scope of the journal. Research areas of focus include: traditional, behavioral, cognitive
and biological assessment; diagnosis and classification; psychosocial and psychopharmacological
treatment; genetics; epidemiology; and prevention. Theoretical and review articles that contribute
substantially to current knowledge in the field are appropriate for submission.

Benefits to authors
We also provide many author benefits, such as free PDFs, a liberal copyright policy, special discounts
on Elsevier publications and much more. Please click here for more information on our author services.

Please see our Guide for Authors for information on article submission. If you require any further
information or help, please visit our Support Center

AUDIENCE

Psychiatrists, Psychologists, Behavior Therapists

IMPACT FACTOR

2018: 3.472 © Clarivate Analytics Journal Citation Reports 2019


http://www.elsevier.com/authors/author-services
http://www.elsevier.com/journals/journal-of-anxiety-disorders/0887-6185/guide-for-authors
http://service.elsevier.com/app/home/supporthub/publishing/

ABSTRACTING AND INDEXING

Elsevier BIOBASE

PubMed/Medline

PsycINFO

BIOSIS Citation Index

BRS Data

Current Contents - Social & Behavioral Sciences Pascal
Francis

Scopus

Google Scholar

EDITORIAL BOARD

Editor-in-Chief
Gordon J. G. Asmundson, University of Regina Department of Psychology, Regina, Saskatchewan, Canada

Associate Editors

Meredith E. Coles, SUNY College of Environmental Science and Forestry Department of Forest and Natural
Resources Management, Syracuse, New York, United States

Peter McEvoy, Curtin University, Perth, Western Australia, Australia

Michelle G. Newman, Pennsylvania State University, University Park, Pennsylvania, United States
Jasper A. Smits, The University of Texas at Austin, Austin, Texas, United States

Editorial Board

Jonathan S. Abramowitz, University of North Carolina at Chapel Hill Counseling and Psychological Services,
Chapel Hill, North Carolina, United States

Ron Acierno, Medical University of South Carolina Department of Psychiatry and Behavioral Sciences,
Charleston, South Carolina, United States

Lynne E. Alden, The University of British Columbia, Vancouver, British Columbia, Canada

Candice A. Alfano, University of Houston, Houston, Texas, United States

Ananda Amstadter, Virginia Commonwealth University, Richmond, Virginia, United States

Cherie Armour, Ulster University, Coleraine, United Kingdom

Courtney Beard, Harvard Medical School, Boston, Massachusetts, United States

J. Gayle Beck, The University of Memphis, Memphis, Tennessee, United States

Eni S. Becker, Radboud University, Nijmegen, Netherlands

Deborah 1. Beidel, University of Central Florida, Orlando, Florida, United States

Julia D. Buckner, Louisiana State University, Baton Rouge, Louisiana, United States

L. Kevin Chapman

Jonathan S. Comer, Florida International University, Miami, Florida, United States

Jesse Cougle, Florida State University, Tallahassee, Florida, United States

Thompson E. Davis III, Louisiana State University, Baton Rouge, Louisiana, United States

Gretchen Diefenbach, Anxiety Disorders Center, Hartford, Connecticut, United States

Laura J. Dixon, University of Mississippi Department of Psychology, University, Mississippi, United States
Michel Dugas, University of Quebec at Outaouais, Gatineau, Quebec, Canada

Jon D. Elhai, The University of Toledo, Toledo, Ohio, United States

Matthew T. Feldner, University of Arkansas Bookstore, Fayetteville, Arkansas, United States

Robert F. Ferdinand, GGZ Delfland, Delft, Netherlands

Thomas A. Fergus, Baylor University, Waco, Texas, United States

Brian Fisak, University of North Florida, Jacksonville, Florida, United States

Christopher A. Flessner, Kent State University, Kent, Ohio, United States

David Forbes, Phoenix Australia Centre for Posttraumatic Mental Health, Melbourne, Victoria, Australia
Martin E. Franklin, University of Pennsylvania Department of Psychiatry, Philadelphia, Pennsylvania, United
States

B. Christopher Frueh, University of Hawai'i at Hilo, Hilo, Hawaii, United States

Luis Joaquin Garcia-Lopez, University of Jaen, Jaen, Spain

Anouk Grubaugh, Medical University of South Carolina Department of Psychiatry and Behavioral Sciences,
Charleston, South Carolina, United States

Heather Hadjistavropoulos, University of Regina, Regina, Saskatchewan, Canada

Brian Hall, University of Macau Faculty of Health Sciences, Macau, China

Lauren S. Hallion, University of Pittsburgh, Pittsburgh, Pennsylvania, United States

Richard G. Heimberg, Temple University, Philadelphia, Pennsylvania, United States

Charmaine Higa-McMillan, University of Hawai'i at Hilo, Hilo, Hawaii, United States Stefan

G. Hofmann, Boston University, Boston, Massachusetts, United States
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Jonathan Huppert, Hebrew University of Jerusalem, Jerusalem, Israel

Dawn M. Johnson, University of Akron, Akron, Ohio, United States

Todd B. Kashdan, George Mason University, Fairfax, Virginia, United States

Christopher A. Kearney, University of Nevada Las Vegas, Las Vegas, Nevada, United States

Philip C. Kendall, Temple University, Philadelphia, Pennsylvania, United States

Steven R. Lawyer, Idaho State University, Pocatello, Idaho, United States

Carrie Masia-Warner, New York University, New York, United States

Dean McKay, Fordham University Department of Psychology, Bronx, New York, United States

Richard J. McNally, Harvard University, Cambridge, Massachusetts, United States

Jan Mohlman, William Paterson University of New Jersey, Wayne, New Jersey, United States Leslie

A. Morland, University of California System, San Diego, San Diego, California, United States Peter

J. Norton, Monash University, Clayton, Victoria, Australia

Thomas H. Ollendick, Virginia Polytechnic Institute and State University, Blacksburg, Virginia, United States
Lars-Goran Ost, Stockholm University, Stockholm, Sweden

Robert H. Pietrzak, Yale University School of Medicine, New Haven, Connecticut, United States

Nnamdi Pole, Smith College, Northampton, Massachusetts, United States

Mark B. Powers, The University of Texas at Austin, Austin, Texas, United States

Adam S. Radomsky, Concordia University, Montréal, Quebec, Canada

Sheila A. M. Rauch, Emory University, Atlanta, Georgia, United States

Roxann Roberson-Nay, Virginia Commonwealth University, Richmond, Virginia, United States

Thomas L. Rodebaugh, Washington University in Saint Louis, Saint Louis, Missouri, United States

Ken Ruggiero, Medical University of South Carolina Department of Psychiatry and Behavioral Sciences,
Charleston, South Carolina, United States

Josef 1. Ruzek, VA Palo Alto Health Care System Menlo Park Division, Menlo Park, California, United States
Norman B. Schmidt, Florida State University, Tallahassee, Florida, United States

Tyler C. Smith, National University School of Health and Human Services, Henderson, California, United States
Eric A. Storch, Baylor College of Medicine, Houston, Texas, United States

Charles T. Taylor, University of California San Diego Department of Psychiatry, La Jolla, California, United States
Steven Taylor, The University of British Columbia, Vancouver, British Columbia, Canada

Ellen Teng, Baylor College of Medicine, Houston, Texas, United States

Matthew T. Tull, The University of Toledo, Toledo, Ohio, United States David

Valentiner, Northern Illinois University, Dekalb, Illinois, United States

Enrique Varela, Loyola University New Orleans, New Orleans, Louisiana, United States

Andres G. Viana, University of Houston, Houston, Texas, United States
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GUIDE FOR AUTHORS

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
e E-mail address
e Full postal address

All necessary files have been uploaded:
Manuscript:

¢ Include keywords

¢ All figures (include relevant captions)

¢ All tables (including titles, description, footnotes)

e Ensure all figure and table citations in the text match the files provided
¢ Indicate clearly if color should be used for any figures inprint

Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations
e Manuscript has been 'spell checked' and 'grammar checked'
o All references mentioned in the Reference List are cited in the text, and viceversa
e Permission has been obtained for use of copyrighted material from other sources (including the
Internet)
e Relevant declarations of interest have been made
¢ Journal policies detailed in this guide have been reviewed
o Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center. Manuscripts based on original research are limited
to 6000 words of main text (i.e., not including cover page, Abstract, and references) and reviews,
meta-analyses, and theoretical treatises will be limited to 8000 words of main text. Tables and figures
will be limited to 5 each, regardless of manuscript type. Longer manuscripts may be considered on
occasion where there is a strong and compelling rationale supported by editorial pre-approval.

BEFORE YOU BEGIN

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double-blind) or the
manuscript file (if single-blind). If there are no interests to declare then please state this: 'Declarations
of interest: none'. This summary statement will be ultimately published if the article is accepted.
2. Detailed disclosures as part of a separate Declaration of Interest form, which forms part of the
journal's official records. It is important for potential interests to be declared in both places and that
the information matches. More information.

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

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Articles should make no assumptions about the beliefs or
commitments of any reader, should contain nothing which might imply that one individual is superior
to another on the grounds of race, sex, culture or any other characteristic, and should use inclusive
language throughout. Authors should ensure that writing is free from bias, for instance by using 'he
or she', 'his/her' instead of 'he' or 'his', and by making use of job titles that are free of stereotyping
(e.g. 'chairperson' instead of 'chairman' and 'flight attendant' instead of 'stewardess').

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

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

Article transfer service

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

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

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

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

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

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.
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You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Please visit our Open Access page for more information.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

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

Editorial guidance

The Journal of Anxiety Disorders publishes articles of relevance to the epidemiology, psychopathology,
etiology, assessment, treatment, and prevention of anxiety and related disorders in both child and
adult populations. The format of the articles includes randomized controlled trials, single case clinical
outcome studies, theoretical expositions, epidemiological studies, investigations of early
mechanisms of risk, genetic and biomarker studies, neuroimaging studies, critical literature reviews,
meta-analyses, and dissemination and implementation studies. We are also interested in evaluations
of novel treatment delivery strategies, including the use of information technologies. Authors are
encouraged to use methodologically rigorous sampling, structured or semistructured diagnostic
interviews, randomization, therapist fidelity, and inter-rater reliability procedures where appropriate.
Given limited journal space, we can accept only a limited number of studies, and we prefer to publish
studies of clinical or community samples. However, we recognize that studies using other samples
(e.g., undergraduate analogues) can provide meaningful increments to knowledge. Therefore, while
emphasizing our preference for clinical or community samples that are most appropriate for the
question under study, we will consider studies using other samples in so far as we judge them to
make a significant incremental contribution to the understanding of anxiety and related disorders or
anxiety psychopathology more broadly.

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

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.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eqg. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

e The title page must be the first page of the manuscript file.

Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible. Author names and affiliations. Where the family name
may be ambiguous (e.g., a double name), please indicate this clearly. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name, and, if available, the e-
mail address of each author. Corresponding author. Clearly indicate who will handle correspondence
at all stages of refereeing and publication, also post-publication. Ensure that 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.

Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of
your research as well as new methods that were used during the study (if any). Please have a look
at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).


https://www.elsevier.com/authors/journal-authors/highlights
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A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself. The
abstract should not exceed 200 words in length and should be submitted on a separate page following
the title page.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their images
and in accordance with all technical requirements.

Include a list of four to six keywords following the Abstract. Keywords should be selected from the
APA list of index descriptors unless otherwise approved by the Editor.

Abbreviations

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

Acknowledgements

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

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

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

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

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

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

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in line
with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.
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Electronic artwork
General points
e Make sure you use uniform lettering and sizing of your original artwork.
* Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.
e Number the illustrations according to their sequence in the text.
e Use a logical naming convention for your artwork files.
¢ Indicate per figure if it is a single, 1.5 or 2-column fitting image.
e For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.
¢ Please note that individual figure files larger than 10 MB must be provided in separate source files.

A detailed guide on electronic artwork is available.
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 finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.
TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi. TIFF
(or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.
TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.
Please do not:
e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
e Supply files that are too low in resolution.
e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or MS
Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Figure captions

Ensure that each illustration has a caption. 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.

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

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.


https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
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Web references

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

Data references

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

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

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

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

http://open.mendeley.com/use-citation-style/journal-of-anxiety-disorders

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

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct. If you do wish to format the references yourself they should
be arranged according to the following examples: Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T.
(2015). Mortality data for Japanese oak wilt disease and surrounding forest compositions. Mendeley
Data, v1. http://dx.doi.org/10.17632/xwj98nb39r.1

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.


http://citationstyles.org/
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https://service.elsevier.com/app/answers/detail/a_id/26093
https://service.elsevier.com/app/answers/detail/a_id/26093
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Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

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. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

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

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

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data articles
ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly
available to all upon publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief. Please note an open
access fee of 600 USD is payable for publication in Data in Brief. Full details can be found on the Data
in Brief website. Please use this template to write your Data in Brief.
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Data statement

To foster transparency, we encourage you to state the availability of your data in your
submission. This may be a requirement of your funding body or institution. If your data is
unavailable to access or unsuitable to post, you will have the opportunity to indicate why
during the submission process, for example by stating that the research data is confidential.
The statement will appear with your published article on ScienceDirect. For more information,
visit the Data Statement page.
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