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RESUMO
Um número crescente de evidências tem indicado o envolvimento de mecanismos
epigenéticos com as respostas biológicas adaptativas ao estresse. Neste contexto,
este estudo objetiva avaliar o efeito do estresse sobre a metilação global do DNA em
células encefálicas de ratos e sua relação com a expressão dos genes Dnmt1 e
Bdnf. Adicionalmente, avaliamos o potencial da prática de exercício física (natação)
em modular os efeitos moleculares relacionados ao estresse. Para isto foram
utilizados ratos Wistar, estratificados em três grupos: grupo estresse (ST), de
animais submetidos ao protocolo validado de estresse por restrição aos 75 dias pósnatal (DPN); grupo exercício físico e estresse (EX-ST), de animais praticantes de
natação durante os dias 35 a 74 DPN e ao protocolo de estresse aos 75 DPN; e o
grupo controle (CTL), sem intervenção. Subsequentemente os animais foram
sacrificados para a obtenção de amostras do hipocampo, córtex, hipotálamo e
substância cinzenta periaquedutal (PAG). O perfil de metilação global do DNA foi
quantitativamente avaliado pelo método de ELISA de auto rendimento especifica
para metilação. A expressão dos genes Dnmt1 e Bdnf foi avaliada por PCR em
tempo real. O estresse demonstrou induzir uma hipometilação global do DNA no
hipocampo, córtex e PAG dos animais sedentários. No entanto, essa alteração não
foi observada nos animais praticantes de atividade física. Além disso, enquanto o
estresse foi associado à diminuição da expressão do gene Dnmt1 no córtex dos
animais sedentários, foi associado a um aumento da expressão do Dnmt1 na PAG
nos animais praticantes de exercicio físico. Em relação ao gene Bdnf, o estresse foi
associado a um aumento significativo na expressão na PAG dos animais
sedentários, enquanto que nos animais praticantes de atividade física foi associado
à uma diminuição da expressão no córtex e um aumento no hipotálamo. Em suma,
nossos dados evidenciam que o estresse comportamental induz hipometilação
global do DNA no hipocampo, córtex e PAG, além de sugerirem que no córtex esta
alteração pode estar associada à diminuição da expressão do gene Dnmt1, além de
na PAG estar associada ao aumento da expressão do Bdnf. Adicionalmente, nossos
dados revelam o potencial da prática de exercício físico em diminuir a intensidade
das alterações na metilação global do DNA induzidas pelo estresse no hipocampo,
córtex e PAG além de modular os efeitos sobre a expressão dos genes Dnmt1 no
córtex e PAG, e do Bdnf no córtex e no hipotálamo do cérebro de ratos.

Descritores: Estresse; Epigenética; Metilação do DNA; Dnmt1; Bdnf; Exercício
Físico.
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ABSTRACT
A large amount of evidence has indicated the involvement of epigenetic mechanisms
on the biological adaptive responses to behavioral stress. In this context, the present
study aimed to assess the effect of stress on global DNA methylation in brain cells of
rats and its relation to the expression of Dnmt1 and Bdnf genes. Further we
evaluated the potential of physical exercise (swimming) in modulating stress-related
molecular effects. Male Wistar rats were stratified into three groups: stress group
(ST), of animals submitted to a validated stress protocol at 75 postnatal day (PND);
physical exercise and stress group (EX-ST), of animals submitted to swimming at 3574 PND and the stress protocol at 75 PND; and control group (CTL) with no
intervention. Subsequently the animals were sacrificed to obtain samples from
hippocampus, cortex, hypothalamus, and periaqueductal gray (PAG). The global
DNA methylation profile was quantified using a high-throughput ELISA-based
method. The expressions of Dnmt1 and Bdnf genes were evaluated by real time
PCR. Stress induced a decrease of the global DNA methylation in the hippocampus,
cortex and PAG of sedentary animals. However, this alteration was not observed in
the exercised animals. Furthermore, while stress was associated with decreased
expression of Dnmt1 gene in the cortex of sedentary animals, in the exercised
animals it was associated to an increased expression of Dnmt1 in the PAG. In
relation to Bdnf stress was associated with a significant increase in the expression of
PAG in sedentary animals, whereas in the exercised animals it was associated with a
decrease in the expression in the cortex and an increase in the hypothalamus. In
summary, our data show that behavioral stress induces global DNA hypomethylation
in the hippocampus, cortex and PAG. Furthermore, our evidences indicate a
relationship between this epigenetic alteration with a decreased expression of the
Dnmt1 gene in the cortex and also with the increased expression of the Bdnf gene in
PAG. Additionally, our data reveal the potential of physical exercise in attenuating the
intensity of the changes induced by stress in the global DNA methylation of
hippocampus, cortex and PAG, and in modulating the effects on the expression of
Dnmt1 in the cortex and PAG, and Bdnf in the cortex and hypothalamus of the rat
brain.

Key words: Stress; Epigenetics. DNA methylation; Dnmt1; Bdnf; Physical Exercise.
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1 INTRODUÇÃO

A sobrevivência do ser humano é dependente de um equilíbrio
dinâmico, desempenhado por todos os órgãos e tecidos do corpo, que através de
suas funções específicas ajudam a manter a homeostasia1,2. Nesse sentido o
estresse tem se tornado nos últimos anos um importante fator de desequilíbrio da
homeostasia, e consequentemente das relações pessoais e de saúde da
humanidade3.
Frente a uma sociedade moderna que exige grande capacidade de
adaptação física, mental e social os indivíduos estão frequentemente expostos a
situações de conflitos, ansiedades, angústias e desestabilizações emocionais. Neste
contexto, o estresse emerge como uma consequência direta aos persistentes
esforços adaptativos da pessoa à sua situação existencial4.
No Brasil estima-se uma incidência populacional de estresse em
torno de 32%, no entanto a intensidade de sua manifestação parece estar associada
à atividade profissional, podendo atingir até 70% nestas situações5.
Em relação aos aspectos neurofisiológicos do estresse, sabe-se que
as principais áreas cerebrais ativadas no mecanismo adaptativo do estresse são o
eixo hipotálamo-hipófise, sendo esse eixo responsável pela liberação de fatores e
hormônios que desencadeiam a ativação do córtex da glândula adrenal 1. Juntos eles
compoem o chamado eixo HPA (eixo hipotálamo-hipófise-adrenal).
Além disso, um importante papel nas respostas adaptativas ao
estresse tem sido atribuído a outras áreas cerebrais, tais como o hipocampo6, o
córtex e a substância cinzenta periaquedutal (PAG)7.
Em estudo recente utilizando células do sangue periférico humano,
foram evidenciadas alterações loci específicas de metilação do DNA associadas ao
estresse8. Porém outros tecidos não puderam ser analisados neste estudo em
virtude da inacessibilidade para a obtenção de células encefálicas e de tecidos
hígidos dos indivíduos.
Além disso, dados prévios da literatura indicaram a vulnerabilidade
da expressão de alguns genes frente a situações de estresse, incluindo entre estes
os genes das DNA-metiltransferases (Dnmt)9–16 e o fator neurotrófico derivado do
cérebro (Bdnf)17–22.
A prática regular de atividade física tem sido evidenciada como

intervenção profilática e terapêutica para diversas disfunções, dentre elas o estresse.
O aumento das respostas adaptativas do eixo HPA provocada pelo exercício físico
realizado voluntariamente por animais melhora a resposta adaptativa ao estresse e
diminui a ansiedade relacionada a esse evento6.
Acredita-se que a identificação de variações do padrão epigenético
do DNA e da expressão gênica de ratos expostos ao estresse possam gerar
conhecimentos neurofisiológicos adicionais e os estudos realizados em modelos
experimentais de ratos praticantes e não-praticantes de atividades físicas possam
revelar dados adicionais e extrapoláveis à população humana sobre a importância
da prática de atividade física na prevenção de doenças.
Assim, este estudo teve por objetivo identificar o efeito do estresse
agudo sobre o padrão epigenético de células encefálicas de ratos, além de identificar
as variações na expressão dos genes Dnmt1 e Bdnf consequentes a esse efeito.
Paralelo a isso, também foi objetivo observar a participação da prática de exercício
físico em modular os efeitos do estresse agudo sobre o perfil global de metilação do
DNA e as variações na expressão dos genes Dnmt1 e Bdnf em células encefálicas
de ratos.

2 REVISÃO DE LITERATURA – CONTEXTUALIZAÇÃO

2.1 CONSIDERAÇÕES INICIAIS SOBRE O ESTRESSE
As primeiras definições fisiológicas de estresse datam de 1965,
quando Selye o descreveu como uma reação inespecífica do organismo frente a
qualquer exigência23. O estresse é um desequilíbrio substancial entre a capacidade
de demanda (física ou psicológica) e a capacidade de resposta, que repercute em
consequências importantes24.
O estresse pode ser classificado como físico, psíquico, por
sobrecarga, por monotonia, agudo (durando momentos, horas ou dias, se
dissipando) e crônico (persistindo por mais tempo). O estresse prepara o organismo
para a luta ou fuga, por conta da ativação do sistema endócrino25.
Além disso, o estresse pode ser resposta a um evento positivo ou
negativo. Se a pessoa reage bem a uma determinada situação, o estresse pode ser
subclassificado como eustresse, onde as reações fisiológicas desencadeadas são
decorrentes de situações agradáveis e prazerosas. Em resposta a um evento
negativo, o estresse é denominado distresse, onde as reações fisiológicas
desencadeadas incluem distúrbios de sono, dificuldade para relaxar, irritação,
ansiedade, cansaço excessivo, angústia, dentre outros26.
Sendo assim, o estresse nem sempre é um fator de desgaste
emocional e físico, e sim um mecanismo natural de defesa do organismo. Recebemse estímulos internos e externos e dependendo da forma com que esses estímulos
são enfrentados, poderão provocar alterações psicológicas e biológicas negativas3.
De forma geral, quando o termo estresse é empregado, refere-se às
características geradas pelos seus efeitos negativos no organismo, logo, ao
distresse.
Basicamente, o estresse pode ser definido como uma reação
complexa e global do organismo, envolvendo componentes físicos, psicológicos,
mentais e hormonais frente a situações que representem um desafio maior e que
ultrapassem sua capacidade de enfrentamento, visando adaptar o indivíduo à nova
situação27.

2.2 ASPECTOS FISIOLÓGICOS E NEUROBIOLÓGICOS DO ESTRESSE

A sobrevivência de um indivíduo é dependente da manutenção de
condições constantes no meio interno, desempenhadas, de acordo com suas
funções específicas, por todos os órgãos e tecidos do organismo. Esse equilíbrio das
condições constantes do organismo é designado por homeostasia1.
O organismo está constantemente alternando seu estado de
homeostasia com estado de estresse. Quando uma situação estressante é
detectada pelo Sistema Nervoso (SN) provocando o desequilíbrio da homeostasia, o
organismo passa a desenvolver uma série de reações, captadas por receptores do
sentido e por mecanismos de feedback, que são encaminhados aos efetores da
periferia do corpo, visando o reequilíbrio da homeostasia 2,25,28. A resposta ao
estresse se dá de forma temporal, iniciando-se em milissegundos após o estímulo
estressante e durando até dias29.
A manutenção da homeostasia é realizada principalmente pelo
Sistema Nervoso Autônomo (SNA), tanto no repouso quanto em situação de
estresse. Este sistema coordena respostas reflexas em sistemas específicos como o
cardíaco e o gastrointestinal, correlacionando reações globais com comportamentos
voluntários28.
Além do SNA, o mecanismo fisiológico do estresse também tem
influência do Sistema Endócrino (SE) pelo eixo hipotálamo-hipófise, ou eixo
Hipotálamo-Pituitária-Adrenal (HPA)3. Além disso, um importante papel nas
respostas adaptativas ao estresse tem sido atribuído a outras áreas cerebrais como
o hipocampo6.
Com a ativação do eixo HPA, os neurônios do núcleo paraventricular
do hipotálamo são estimulados a secretar o hormônio de liberação de corticotrofina
(CRH), que é transportado para a adeno-hipófise, onde induz a liberação do
hormônio adrenocorticotropina (ACTH), que por sua vez estimula a síntese e
secreção de hormônios glicocorticoides pelo córtex da adrenal, elevando a
concentração destes na corrente sanguínea, principalmente do cortisol em humanos,
e corticosterona em roedores30.
Os efeitos da corticosterona se desenvolvem através de receptores
de mineralocorticoides e de glicocorticoides. Os receptores de mineralocorticoides
possuem grande afinidade pela corticosterona, sendo esta transportada para o

interior do núcleo celular, atuando então na transcrição gênica e influenciando na
síntese de proteínas específicas29,31.
Os glicocorticoides apresentam a função de preparar o organismo
para as respostas fisiológicas ao estresse. Porém, em situação de persistência ou
intensidade exagerada do estímulo estressante, essa substância pode fazer com
que o eixo HPA torne-se hiperreativo, acarretando em prejuízos ao organismo 27.
A corticosterona mobiliza a energia armazenada nas células e dessa
forma potencializa os efeitos mediados pelo SNA Simpático. Também atua no
controle da atividade do eixo HPA e na finalização da resposta ao estresse,
utilizando-se de uma realimentação inibitória em áreas cerebrais extra-hipotalâmicas,
hipotálamo e hipófise31.
Outras substâncias têm sido estudadas visando a compreender a
neurofisiologia do estresse, dentre elas estão a noradrenalina, a dopamina, a
serotonina, o ácido gama-aminobutírico (GABA), a glicina e o glutamato32.
Subsequentemente à cascata de eventos cerebrais e endócrinos
envolvidos com a resposta adaptativa ao estresse, respostas cardiovasculares
importantes, resultantes da mediação do SNA Simpático, também são evidenciadas,
como o aumento da pressão arterial e da frequência cardíaca, vasodilatação a nível
musculoesquelético e vasoconstrição a nível cutâneo, que acarretam em queda na
temperatura cutânea e aumento na temperatura corporal33.
Apesar de controvérsias, o estresse também pode ser considerado
um fator de risco modificável para o desenvolvimento de doenças cardiovasculares.
O que se sabe é que o estresse mental pode ser o "gatilho" para um evento cardíaco
agudo como a isquemia miocárdica, infarto agudo do miocárdico (IAM) e outros
eventos coronários34.
O estresse pode acarretar em efeitos deletérios para áreas cerebrais
como o hipocampo, principalmente em situações onde há concentrações elevadas
de corticosterona, que induzem o remodelamento neural e diminuem a neurogênese
no hipocampo27.
O estresse também parece ser um dos principais fatores ambientais
predisponentes à depressão. Em grande parte dos casos, os episódios depressivos
são precedidos pela ocorrência de fatores estressantes, principalmente no que diz
respeito a questões psicossociais. Na depressão pode ser observado níveis basais
elevados de corticosterona, que prejudicm o controle inibitório do eixo HPA27.

2.3 FUNDAMENTOS EPIGENÉTICOS APLICADOS AO ESTRESSE

Um número crescente de estudos tem investigado o envolvimento de
mecanismos epigenéticos em áreas específicas do cérebro em concomitância a
respostas comportamentais adaptativas6.
Definem-se como epigenéticos os mecanismos capazes de controlar
a atividade e a expressão gênica das células, sem que a sequência do DNA seja
modificada. Entre as principais modificações epigenéticas conhecidas incluem-se a
metilação do DNA e as modificações pós-traducionais de histonas35,36.
A metilação do DNA consiste na adição de um radical metil (CH3) no
carbono 5 de citosinas geralmente seguidas de guaninas (dímeros CpG) por ação de
enzimas DNA metiltransferases (DNMTs)35.
Estima-se que aproximadamente 80% de todos os dímeros CpGs do
genoma humano sejam metilados, porém os mecanismos onde a metilação do DNA
controlam a expressão gênica ainda não são completamente elucidados.
Geralmente, a metilação de citosinas presentes em aglomerados de CpGs (ilhas
CpGs) localizadas na região promotora de genes está associada com a estrutura
compactada da cromatina e silenciamento gênico37.
Muitos estudos têm focado a elucidação dos processos que
envolvem a metilação do DNA devido ao seu importante papel no controle da
expressão gênica nas fases iniciais do desenvolvimento embrionário e na
diferenciação celular (fenômeno conhecido como reprogramação epigenética) e seu
papel na etiologia de doenças. Uma das principais características da metilação do
DNA é a manutenção do padrão preestabelecido durante a diferenciação celular nas
células-filhas (pós-divisão celular). No entanto, estudos recentes têm revelado uma
vulnerabilidade dos padrões de metilação em regiões cromossômicas específicas
quando expostos a fatores ambientais38–40.
As histonas, estruturas proteicas associadas ao DNA que organizam
estruturalmente a cromatina, também podem sofrer alterações epigenéticas. A dupla
hélice do DNA se conforma estruturalmente dando duas voltas nas histonas,
formando a estrutura básica de condensação do DNA, denominada nucleossomo.
Este é composto por dois complexos idênticos, cada um constituído de 4 histonas,
formando um octâmero. As proteínas histonas presentes em número de dois em
cada nucleossomo são: H2A, H2B, H3 e H4, além de uma molécula da proteína H1,

que também contribui para a condensação do DNA 41,42. Dentre as principais
modificações das histonas, podem ser destacadas a metilação, a acetilação,
ubiquitinilação,

fosforilação,

sumoilação,

ADP-ribosilação,

deaminação

e

isomerização da prolina41,43.
Em relação à metilação do DNA, muitas patologias podem ser
causadas por alterações desse mecanismo. Dentre elas, o câncer é a doença em
que o envolvimento de alterações epigenéticas está mais bem caracterizado 44. Com
base nas características de instabilidade e manutenção (transmissão célula-célula)
do padrão epigenético, acredita-se que alterações do controle epigenético possam
ser induzidas por fatores ambientais e dessa forma estarem associadas à origem de
algumas doenças humanas. Assim, estudos nessa área podem revelar, a nível
molecular, a associação entre fatores externos e a origem de doenças no homem 45.
Pouco se sabe ainda sobre o papel exercido pelos mecanismos
epigenéticos no controle neurocomportamental e psiquiátrico, porém alterações do
padrão de metilação do DNA têm sido evidenciadas na etiologia de distúrbios como
a depressão19,46–49, esquizofrenia50,51, distúrbio bipolar50,52,53, distúrbios póstraumáticos

do

estresse54,55,

autismo56,57

e

dependências

químicas58.

Adicionalmente, evidências sugerem uma relação entre alterações epigenéticas em
genes específicos do córtex cerebral e a etiologia da doença de Alzheimer59.
Recentemente, muito tem sido discutido na literatura sobre a relação
entre alterações de metilação causadas pela exposição a experiências desfavoráveis
nas fases iniciais da vida e a incidência de distúrbios de comportamento que se
manifestam tardiamente11,22,60–65.
Particularmente em relação ao estresse, foi documentada a
ocorrência de alterações de histonas em células do hipocampo após o evento agudo
de forma mais notável do que em evento de estresse crônico66. Entretanto, ainda
são escassos os dados sobre o envolvimento da metilação do DNA frente a
situações de estresse.
Além disso, estudos recentes em modelos experimentais têm
demonstrado a vulnerabilidade do controle da expressão gênica em áreas cerebrais
relacionadas ao estresse, como o hipocampo, quando submetidas a outros tipos de
variações ambientais. Por exemplo, mudanças na expressão de genes como o fator
neurotrófico derivado do cérebro (Bdnf) foram evidenciadas em resposta ao exercício
físico voluntário67, pressupondo uma interação entre a prática de exercícios físicos e

os efeitos do silenciamento de genes desencadeadores da resposta ao estresse.

2.4 EXERCÍCIO FÍSICO

O exercício físico é compreendido como qualquer atividade
associada à movimento corporal produzido por músculos que resulta em maior
dispêndio de energia, desde que seja estruturado, repetitivo e aplicado de forma
proposital68.
As alterações fisiológicas que o exercício físico promove no
organismo são bem documentadas e o número de estudos relacionados ao exercício
físico aumentou progressivamente de 1966 a 200569.
As alterações biológicas associadas ao exercício físico podem ser
classificadas em agudas imediatas, agudas tardias (ou subagudas) e crônicas. Os
efeitos agudos imediatos ocorrem durante e imediatamente após o exercício, como
aumento da frequência cardíaca, da ventilação pulmonar e sudorese. Os efeitos
agudos tardios ocorrem de 24 a 48 horas após o exercício físico e compreendem
discreta redução dos níveis pressóricos, melhora na função endotelial e na
potencialização da ação e aumento da sensibilidade insulínica na musculatura
esquelética70,71. Já os efeitos crônicos compreendem adaptações que diferem um
indivíduo treinado de outro sedentário, e podem ser citadas a bradicardia de
repouso, hipertrofia muscular e hipertrofia do ventrículo esquerdo, alterações
autonômicas e hemodinâmicas, incremento de demandas metabólicas, diminuição
da pressão arterial sistólica, aumento do débito cardíaco, diminuição da resistência
vascular periférica e aumento do consumo de oxigênio72.
É evidente o interesse do conhecimento de aspectos moleculares do
efeito do exercício físico e/ou atividade física69, no entanto pouco se sabe ainda a
respeito de alterações epigenéticas consequentes ao exercício físico.
Dados recentes demonstram, a nível molecular, que indivíduos
praticantes de atividade física programada de 26 a 30 minutos por dia apresentam
um aumento significante do perfil de metilação global do DNA no sangue periférico
quando comparados a praticantes de apenas 10 minutos diários ou menos de
atividade física regular73. Além disso, relatos prévios da literatura evidenciaram a
relação entre modificações de histonas e variações na expressão gênica em

músculos esqueléticos reforçando a participação de mecanismos epigenéticos no
controle da plasticidade musculoesquelética em situações de saúde ou em
comorbidades74.
Além disso, os efeitos do exercício físico a nível molecular também
compreendem o aumento da expressão do gene Bdnf em áreas cerebrais. Este gene
é um importante mediador molecular da plasticidade funcional e estrutural no cérebro
e atua em várias funções cerebrais como neuroplasticidade, neurogênese, reparo e
diferenciação celulares75. Por outro lado, níveis alterados da expressão deste gene
têm sido descritos em várias doenças neurológicas e psiquiátricas 18. Sendo assim,
diversos estudos têm sido conduzidos para elucidar a conexão entre a prática
regular de exercício físico e o aumento da concentração de Bdnf76, fazendo-se
necessária a elucidação do papel deste gene na inibição de efeitos deletérios
conferidos a situações de estresse.
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Abstract
Evidences have indicated the involvement of epigenetic mechanisms on the adaptive
responses to stress. Thus, the present study aimed to assess the effect of stress on global DNA
methylation in rat brains and its relation to the expression of Dnmt1 and Bdnf genes. Further
we evaluated the potential of physical exercise (swimming) in modulating stress-related
molecular effects. Male Wistar rats were submitted to acute restraint stress at the 75 postnatal
day (PND) and as the physically active group rats submitted to swimming at 35-74 PND and
to the stress protocol at 75 PND were considered. Samples from hippocampus, cortex,
hypothalamus, and periaqueductal gray (PAG) were obtained. The global DNA methylation
profile was quantified using a high-throughput ELISA-based method. The expressions of
Dnmt1 and Bdnf were evaluated by real time PCR. Stress induced a decrease on global DNA

methylation in the hippocampus, cortex and PAG of sedentary animals. However, this
alteration was not observed at the trained animals. Furthermore, stress was associated with
decreased expression of Dnmt1 in the cortex of exercised animals, and associated to increased
expression of Dnmt1 in the PAG. In relation to Bdnf stress was associated with a significant
increase in the expression of PAG in sedentary animals, whereas it was associated with a
decrease in the expression in the cortex and an increase in the hypothalamus of the trained
animals. In summary, our data show that stress induces global DNA hypomethylation in the
hippocampus, cortex and PAG. Moreover, our evidences indicate a relationship between this
epigenetic alteration with decreased expression of Dnmt1 in the cortex and also with increased
expression of Bdnf in PAG. Additionally, our data reveal the potential of physical exercise in
attenuating the changes induced by stress in the global DNA methylation of hippocampus,
cortex and PAG, and in modulating the effects on the expression of Dnmt1 in the cortex and
PAG, and Bdnf genes in the cortex and hypothalamus of rat brain.
Keywords: Stress. Epigenetics. DNA Methylation. Bdnf. Dnmt1.Physical Exercise.

Introduction
Stress has become an important imbalance factor of personal relationships and health of
mankind (Araldi-Favassa et al., 2005). The main adaptive mechanism of stress involves the
hypothalamic-pituitary axis. Moreover, an important rule on the adaptive responses to stress
has been attributed to other brain areas such as the hippocampus (Collins et al., 2009),
periaqueductal gray matter (PAG), and cortex (Brandão et al., 2003).

From a molecular point of view, recent data have indicated the involvement of several genes
in the adaptive response to stress, such as Bdnf (brain-derived neurotrophic factor), which is
involved in the improvement of neuronal plasticity (Fuchikami et al., 2010) and Dnmt1 (DNA

methyltransferase), which plays an important role in maintaining DNA methylation after
mitosis, but its function in the central nervous system remains unclear (Feng et al., 2011).

The participation of epigenetic changes in the molecular adaptive responses to behavioral
stress has been questioned for some time in the scientific community. However, the idea of
DNA methylation as an important epigenetic mechanism involved in stress is a relative new
concept (Trollope et al., 2012; Stankiewicz et al., 2013).

In a recent study performed by Unternaehrer et al., loci specific changes in DNA methylation
of peripheral blood cells were associated to behavioral stress. However, the implications to
brain cells have not been evaluated in this study due to obvious inaccessibility in healthy
individuals.

In this context, studies involving experimental models are necessary to reveal the participation
of epigenetic mechanisms such as DNA methylation in the modulation of neurophysiological
responses induced by stress.

Thus, the aim of the present study was to identify the effect of acute stress on the global DNA
methylation profile of brain cells of rats, and on the expression of the Dnmt1 and Bdnf genes.

In addition, considering previous report of the potential of physical activity in changing brainspecific epigenetic patterns (Cotman et al., 2007), we evaluated the potential of physical
activity (swimming) in modulating the impacts of stress on DNA methylation profile and on
Dnmt1 and Bdnf gene expressions.

Material and Methods
Animals and Experimental Design. Experimental procedures were carried out following
protocols approved by the ethical review committee of the University of Londrina, Londrina,
Parana, Brazil. Non related male rats were kept under standard conditions (temperature 25 ±
1°C, photoperiod 12h light/12h dark) and with water and food ad libitum, in the Central
Animal House of the University of Londrina. The animals were classified into three groups,
containing 4-6 animals each: 1) stress group (ST): animals that were submitted to the acute
restraint stress, as previously demonstrated (Reis et al., 2011), at the 75 postnatal day (PND);
2) physical activity group (EX-ST): animals that were submitted to physical exercise
(swimming for 60 minutes/day) from the 35PND to the 74PND followed by the acute restraint
stress at 75 PND; and 3) control group (CTL): animals that were not submitted to
interventions.

Acute Restraint Stress. In the morning period (07:00 a.m - 12:00 p.m), the animals were
transported to the experimental room in their home cages and allowed to adapt to this
environment for at least 30 minutes. After this period, the animals were submitted to the
protocol of acute restraint stress (Reis et al., 2011) being placed in a metal cylinder of 6.5 cm
of diameter and 15 cm of length where they remained closed for 60 minutes.

Physical Exercise. The animals of the EX-ST group were submitted to physical training
(swimming) without stimuli or charges, according to Martins-Pinge et al. The swimming
sessions were performed in the morning (11:00 a.m. - 1:00 p.m.) in a glass tank filled with
lukewarm water (31±1 °C) with 4000 cm2 surface area and 60 cm deep. The training consisted
of 4 weeks (20 sessions) of swimming being held 5 days a week and 60 minutes per day.
During the first week, the training was graded, beginning with 15 minutes on the first day, 30

minutes on the second day, and 45 minutes on the third day, for adaptation to the training
process. From the fourth day on, each session consisted of 60 minutes of swimming until
74PND. After each swimming session, the animals were dried with towel and held for a
period of readjustment in collective box, and then returned to their individual cages.

Sample Collection. The animals were killed by decapitation and the brain was removed from
the skull for a period of 6-8 minutes for each animal. Samples from hypothalamus, frontal
region of cortex, PAG, hippocampus and blood were immediately obtained. Brain areas were
sectioned according to the anatomical atlas of Paxinos and Watson, and the tissues were
stored at -80°C.

Global DNA Methylation Profile. Genomic DNA was obtained by standard salting out
protocol and the global DNA methylation profile was evaluated by dosage (percentage) of the
methyl groups (CH3) using the Imprint Methylated DNA Quantification Kit (SigmaAldrich®), as previously described (Gomes et al., 2012). Briefly, the methylation status of
each sample was calculated by the amount of methylated cytosines in the sample (5mC)
relative to global cytidine (5mC + dC) in a positive control (100% methylated) that had been
previously methylated and a no template control sample (0% methylated) using absorbance
readings at 450nm and following the formula: A450sample-A450NTC)/(A450metA450NTC)x100. All samples were analyzed in triplicate.

Quantitative analysis of Gene Expression. RNA samples were obtained using Trizol
(Invitrogen ®) and the reverse transcription was performed using the High Capacity Kit
(Applied Biosystems ®), according to manufacturers' recommendations. Expression levels of
Dnmt1 and Bdnf genes were evaluated by Real-Time PCR (Applied Biosystems ®) using the

Taqman detection system (Applied Biosystems ®). For the normalization of difference in the
amount of cDNA we used the Gapdh gene as endogenous control. The experiments were
performed in triplicate.

Corticosterone levels. Blood samples were centrifuged at 2300 rpm for 20 minutes and the
plasma frozen for subsequent analysis by radioimmunoassay as previously described (Saia et
al., 2011).

Statistical Analysis. Analyzes of data normality were performed using the KolmogorovSmirnov test. The Mann-Whitney test was used to compare the dosage of serum
corticosterone from the groups ST and CTL. Analysis of variance with multiple comparisons
was carried out using the ANOVA test and Dunn's post-test to compare the data of global
DNA methylation profile among the groups ST, CTL and EX-ST, and also the relative levels
of quantitative expression of Bdnf and Dnmt1 genes. The GraphPrism 6.0 software was used
for statistical analysis, considering P<0.05.

Results
Corticosterone levels. Increased levels of serum corticosterone were observed in the animals
from the ST group in comparison to the CTL group (P=0.0043) confirming the efficacy of the
acute restraint stress protocol in inducing stress related-physiological changes (Figure 1).
Effect of the stress on global DNA methylation. Comparative analyzes of the mean
percentages of the global DNA methylation profile revealed statistically significant decrease
in the hippocampus, cortex and PAG of animals that were submitted to the acute restraint
stress (ST group) when compared to the CTL group (P<0.05).

In contrast, no significant change in DNA methylation was observed in animals from the EXST group in comparison to the animals from the ST group and CTL group, revealing the
potential of the physical exercise in modulating the effects of stress on the global methylation
profile (Figure 2).

Quantitative Expression of Dnmt1. No significant alteration in the expression of the Dnmt1
gene was associated to stress when compared the ST and CTL groups. However, statistically
significant decrease in the expression of Dnmt1 was found in the cortex of animals from the
EX-ST group while an increased expression was evidenced in the PAG (Figure 3).

Quantitative Expression of Bdnf. Statistically significant increase in the expression of the Bdnf
gene was observed in the PAG of animals from ST group in comparison to CTL group
(P<0.05). Nevertheless, a statistically significant decrease in the expression of Bdnf was
associated to the stress in the EX-ST group in the cortex (P<0.05). Specifically in the
hypothalamus a significant increase in the expression of Bdnf was observed in the EX-ST
group (P<0.05) (Figure 4).

Discussion
In the present study we observed, in experimental model, the potential of behavioral stress to
induce global DNA hypomethylation in the hippocampus, cortex and PAG. Additionally, we
speculate based on our data that stress-induced demethylation in the cortex might be
associated with decreased expression of Dnmt1 gene in this area, although it does not occur in
the hippocampus and PAG.

Although a significant amount of evidence has linked stress with changes in methylation at
loci specific, little is known about the relation between this event and behavioral changes
involving the DNA molecule as a whole.

In a study proposed by Guo et al., external stimuli in vivo demonstrated that modifications of
the DNA methylation profile in mature neurons, making evident the vulnerability of DNA
methylation in brain areas after environmental stimuli.

Contextualizing to the literature, our data of association of DNA hypomethylation in the
hippocampus with stress corroborate the evidence obtained by Chertkow-Deutsher et al., in
which DNA hypomethylation in the hippocampus was correlated to disorders of posttraumatic
stress.

The idea of DNA methylation as an epigenetic mechanism for controlling gene expression in
neurons and for neurobiological control is relatively recent, although it is already known the
role of the enzyme Dnmt1 in the acquisition of learning and memory in mature neurons, by
maintaining DNA methylation and post-mitotic stability of marks, as well as the physiological
implications of the decreased expression of Dnmt1 to the neuronal morphology, synaptic
plasticity, memory and learning (Feng et al., 2010).

The hippocampus plays essential role in cognitive and memory function, as well as it is
heavily involved in the adaptive response to stress. Essentially, the activation of the adrenal
gland by hypothalamic-pituitary axis leads to release of glucocorticoids, activating the
hippocampus which consequently acts inhibiting the initial process of physiological stress
(Joca et al., 2003).

Based on our findings, we speculate that the alteration of DNA methylation in the
hippocampus might be related to the inhibitory effects of the hypothalamic-pituitary axis, in
the adaptive responses of acute stress. However, future studies are needed to confirm this
hypothesis.

In regard of the correlation between changes in DNA methylation in the cortex and PAG with
behavioral stress, as far as we conceived, no corresponding evidence was reported until now
in the literature.

The prefrontal cortex is related to the hypothalamic-pituitary axis in an inhibitory form,
because it is also a sensitive area to glucocorticoids (Ruiz et al., 2007). Moreover, the
prefrontal cortex plays a role in executive functions, decision-making, and it is also
responsible for feelings of pleasure (Blaze and Roth, 2013).

The PAG is involved in behavioral and cardiovascular autonomic functions, particularly in the
adaptive responses of fear and pain (Pelosi et al., 2007), in addition to being associated to
escaping behavior in animals (Brandão et al., 2003).

Considering our evidence of decreased DNA methylation in the cortex and PAG after stress,
we hypothesized the involvement of this epigenetic alteration in the molecular mechanisms
related to the possible pathophysiological changes involving the cortex and the PAG, such as
changing decision-making or changes in the escape mechanism and cardiovascular control,
respectively, consequent to stress. Future studies are needed to confirm this hypothesis.

Interestingly, the analysis involving the findings of DNA methylation changes in the
hippocampus, cortex and PAG in comparison to gene expression of Dnmt1 showed a
correlation only in the cortex, where the DNA demethylation seems to be associated with
decreased expression of Dnmt1. However, in the hippocampus and PAG, the demethylation of
DNA induced by stress demonstrated to be independent of changes in the expression of
Dnmt1, indicating in these cases the participation of other factors such as Dnmt3 enzymes or
even other non-identified active demethylation mechanism.

The Bdnf gene plays a recognized role in mediating synaptic plasticity and behavioral
responses to aversive social experiences (Fuchikami et al., 2010). Moreover, Bdnf is important
in the control of biological activities in several brain areas (Karpova, 2013), so that disorders
in Bdnf expression are related to the course and development of several neurological and
psychiatric diseases (Boulle et al., 2012). Additionally, increased expression of the Bdnf gene
in the hypothalamus is considered an important mark for the involvement of this gene in the
synaptic plasticity in response to stress (Rage et al., 2002).

In the present study we observed a significant increase in the expression of Bdnf exclusively
in the PAG of animals submitted to behavioral stress, indicating the participation of Bdnf in
the modulation of PAG activity after stress. Somehow, this evidence supports previous data
(Siuciak et al., 1995, 1998; Brandão et al., 2003) and suggests a relation between the
increased expression of Bdnf in the PAG and changes in the neurobiology of fear, anxiety,
cardiovascular control and analgesia. Moreover, when comparing our data concerning to the
expression of Bdnf and the effects on DNA methylation, we can hypothesize a relation
between the loss of control in the expression of Bdnf and significant decrease in DNA global
methylation in the PAG. However, further studies are needed to elucidate this association.

When considering the potential of physical activity in modulating stress-induced molecular
changes observed in the present study, the animals submitted to swimming present a diverse
profile of DNA methylation in the hippocampus and PAG significantly different from
sedentary animals.

Similarly, a significantly different pattern of response to stress was observed when considered
the Dnmt1 gene expression in the cortex and PAG of the exercised and sedentary animals. In
relation to the Bdnf gene, distinct pattern of this gene expression was also observed when
compared to the cortex, hypothalamus and PAG of both exercised and sedentary animals.

Considering the evidences related to global DNA methylation, the expression of Dnmt1 and
Bdnf genes, our data demonstrate the potential of physical activity in modulating the
molecular effects induced by stress in the hippocampus, cortex, hypothalamus and PAG.

Consequently these data lead us to hypothesize that such molecular modulation induced by
physical exercise has significant repercussions in the control of neurobiological activities
related to each of these brain areas, as previously demonstrated considering the hippocampus
and the involvement in the cognitive function (Cotman and Berchtold, 2002; Berchtold et al.,
2005; van Praag et al., 2005; Cotman et al., 2007; O’Callaghan et al., 2007; Gomes-Pinilla et
al., 2011), as well as in the cortical activity (Marmigere et al., 1998; van Praag et al., 2005;
Cotman et al., 2007; McEwen and Gianaros, 2011).

In summary, our data reveal that behavioral stress induces DNA hypomethylation in the
hippocampus, cortex and PAG, and affects control of the expression of Dnmt1 in the cortex
and PAG, and of Bdnf in the PAG. Additionally, our data show the potential of physical

activity in attenuating the intensity of the stress-induced global DNA methylation in the
hippocampus, cortex and PAG, besides modulating the effects on the expression of Dnmt1
and Bdnf genes.
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Figure 1. Serum corticosterone levels between CTL and ST groups. CTL: control group; ST:
stress group. *P=0.0043. Mann-Whitney test.

Figure 2. Global DNA methylation profile in the hippocampus, hypothalamus, cortex and
PAG in the CTL, ST and EX-ST groups. CTL: control group; ST: stress group; EX-ST:
exercise + stress group. *P<0.05. ANOVA test, Dunn’s post-test.

Figure 3. Quantitative expression of Dnmt1 among the CTL, ST and EX-ST groups. CTL:
control group; ST: stress group; EX-ST: exercise + stress group. *P<0.05. ANOVA test,
Dunn’s post-test.

Figure 4. Quantitative expression of Bdnf among the CTL, ST and EX-ST groups. CTL:
control group; ST: stress group; EX-ST: exercise + stress group. *P<0.05. ANOVA test,
Dunn’s post-test.

CONCLUSÃO GERAL

Com base nas evidências do presente estudo podemos concluir que
o estresse comportamental induz hipometilação global do DNA no hipocampo, córtex
e PAG, sugerindo a participação da metilação do DNA na neurobiologia molecular do
estresse.
Além disso, nossos dados sugerem que a demetilação induzida pelo
estresse no córtex e na PAG possa estar associada à diminuição da expressão do
gene Dnmt1 nessas regiões. Similarmente, a demetilação da PAG pode estar
associada ao aumento da expressão do Bdnf nesta região.
No tocante ao efeito da prática de atividade física sobre os efeitos
moleculares induzidos pelo estresse, nossos dados demostram que animais
praticantes de natação apresentam alterações da metilação global do DNA no
hipocampo, córtex e PAG em intensidades menores do que as observadas em
animais sedentários, indicando assim um efeito atenuador da prática de atividade
física sobre os efeitos moleculares induzidos pelo estresse.
Adicionalmente, a prática de atividade física demonstrou potencial
em modular os efeitos do estresse sobre a expressão dos genes Dnmt1 na PAG e
no córtex, assim como os efeitos do estresse sobre a expressão do gene Bdnf no
córtex, hipotálamo e PAG.
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submit the manuscript to Neuroscience and indicate that the referees' reports from
the first journal be made available to the Editors of Neuroscience.
It is the authors' decision as to whether or not to indicate that a set of referee's
reports should be forwarded from the first journal to Neuroscience . If an author
does not wish for this to happen, the manuscript can be submitted to Neuroscience
without reference to the previous submission. No information will be exchanged
between journals except at the request of authors. However, if the original referees'

reports suggested that the paper is of high quality, but not suitable for the first journal,
then it will often be to an author's advantage to indicate that referees' reports should
be made available.
Authors should revise the original submission in accordance with the first journal's set
of referee reports, reformat the paper to Neuroscience's specification and submit the
paper to Neuroscience with a covering letter describing the changes that have been
made, and informing the Editors that the authors will ask for the referee's reports to
be forwarded from the first Consortium journal. The authors then must contact the
first journal, and ask that reviews be forwarded, indicating they have submitted to
Neuroscience, and providing the new manuscript ID number.
The Editors of Neuroscience will use forwarded referees' reports at their discretion.
The Editors may use the reports directly to make a decision, or they may request
further reviews if they feel such are necessary.
Visit http://nprc.incf.org for a list of Consortium journals, as well as further information on
the scheme.
Types of Papers
(a) Research papers. These are full-length papers describing original research. There
are no specific page limits although authors are encouraged to be as concise as
possible and to use as few, high quality illustrations as necessary to adequately
document their findings. Former rapid reports that describe outstanding new
discoveries fall under this category and should follow the same layout as research
papers. All papers are handled rapidly.
(b) Reviews (previously known as Commentaries). These are short articles (3,000 to
10,000 words in length), not exhaustive reviews, that are intended to either draw
attention to developments in a specific area of research, to bring together
observations that seem to point the field in a new direction, to give the author's
personal views on a controversial topic, or to direct soundly based criticism at some
widely held dogma or widely used technique in neuroscience. Reviews may also
provide an historical perspective on an area of neuroscience research. Authors
should make their Review understandable to a broad spectrum of neuroscientists.
Potential authors are invited to submit a letter of interest to the Section Editor for
Reviews and Special Issues or to the Chief or Associate Editors indicating the topic of
a potential Review. Proposals for reviews or commentaries should also contain an
outline of the contents, including an abstract ( 200 words), a list of 10 relevant articles
including 5 from the proposer's own research, and a brief statement on why now is a
good time to review the topic in question. Reviews will not be accepted for editorial
processing unless pre-approved for submission.
(c) Neuroscience Forefront Reviews. These are invited reviews from a select list of
scientists who have introduced new concepts, models, or methods in neurobiology.
Forefront Reviews enable the authors to express their own opinions in a rigorous way.
There is no page limit and the author/authors may choose the focus of the review as
long as it remains scientifically sound. The reviews will be promoted through IBRO's
websites and publications, and will be highly visible in the scientific community.

(d) Special Issues. These are published as separate volumes with prominent
neuroscientists as guest editors. Special Issues are devoted to specific topics,
preferably "emergent topics" that open new fields in neurobiological research. The
Special Issues are used actively in the promotion of Neuroscience.
A Special Issue is not a loose collection of topically related articles but a concerted
attempt to provide an overview of the status of an emerging field. Cross references
between the articles are strongly encouraged.
A Special Issue should normally contain 20-25 articles, corresponding to 200-300
printed pages in total. The articles may include original data. At least one of the
articles (typically signed by the guest editors) should provide a general discussion of
the implications of the recent advances in the field, and should attempt to identify the
directions and challenges of future research.
Manuscripts are subjected to the review process according to the same high
standards of quality as regular issues of Neuroscience. The Guest Editor(s) identify
reviewers and take responsibility for the further editorial handling of the manuscripts,
supported by the San Diego office. As for regular papers, the final decision on each
article is taken by the Chief Editor.
Suggestions for special issues should be sent to Prof. Stephen Lisberger, Editor-inChief, at sgl@phy.ucsf.edu. They should contain an outline of the contents, including
an abstract ( 200 words), a list of articles with preliminary titles and contributors, and a
brief statement on why now is a good time to review the topic in question.
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Ethics in Publishing
For information on Ethics in Publishing and Ethical guidelines for journal publication
see
http://www.elsevier.com/publishingethics
and
http://www.elsevier.com/ethicalguidelines
All submissions to Neuroscience must contain experiments that conform to the ethical
standards printed below. To confirm their agreement with this, authors are required to
include the following statement in their cover letter indicating their agreement with
these standards: "I have read and have abided by the statement of ethical standards
for manuscripts submitted to Neuroscience." A list of ethical standards is not required
in the cover letter.
Policy and ethics
The authors declare that all experiments on human subjects were conducted in
accordance
with
the
Declaration
of
Helsinki
http://www.wma.net/en/30publications/10policies/b3/index.html
and
that
all
procedures were carried out with the adequate understanding and written consent of
the subjects.
The authors also certify that formal approval to conduct the experiments described has
been obtained from the human subjects review board of their institution and could be
provided upon request.

If the studies deal with animal experiments, the authors certify that they were carried
out in accordance with the National Institute of Health Guide for the Care and Use of
Laboratory Animals (NIH Publications No. 80-23) revised 1996 or the UK Animals
(Scientific Procedures) Act 1986 and associated guidelines, or the European
Communities Council Directive of 24 November 1986 (86/609/ EEC).
The authors also certify that formal approval to conduct the experiments described has
been obtained from the animal subjects review board of their institution and could be
provided upon request.
The authors further attest that all efforts were made to minimize the number of
animals used and their suffering.
If the ethical standard governing the reported research is different from those
guidelines indicated above, the authors must provide information in the submission
cover letter about which guidelines and oversight procedures were followed.
The Editors reserve the right to return manuscripts in which there is any question as to
the appropriate and ethical use of human or animal subjects.
Conflict of interest
All authors are requested to disclose any actual or potential conflict of interest
including any financial, personal or other relationships with other people or
organizations within three years of beginning the submitted work that could
inappropriately influence, or be perceived to influence, their work. See also
http://www.elsevier.com/conflictsofinterest. Further information and an example of a
Conflict
of
Interest
form
can
be
found
at:
http://help.elsevier.com/app/answers/detail/a_id/286/p/7923.
Submission declaration
Submission of an article implies that the work described has not been published
previously (except in the form of an abstract or as part of a published lecture or
academic
thesis
or
as
an
electronic
preprint,
see
http://www.elsevier.com/postingpolicy), 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 including electronically in the same form, in English or in
any other language, without the written consent of the copyright-holder.
Contributors
Each author is required to declare his or her individual contribution to the article: all
authors must have materially participated in the research and/or article preparation,
so roles for all authors should be described. The statement that all authors have
approved the final article should be true and included in the disclosure.
Addition, deletion, or rearrangement of author names in the authorship of accepted
manuscripts Before the accepted manuscript is published in an online issue Requests
to add or remove an author, or to rearrange the author names, must be sent to the
Journal Manager from the corresponding author of the accepted manuscript and must
include:The reason the name should be added or removed or the author names

rearranged. Written confirmation (email, fax, letter) from all authors that they agree
with the addition, removal or rearrangement. In the case of addition or removal of
authors, this includes confirmation from the author being added or removed.
Requests that are not sent by the corresponding author will be forwarded by the
Journal Manager to the corresponding author, who must follow the procedure as
described above. Note that: Journal Managers will inform the Journal Editors of any
such requests. Publication of the accepted manuscript in an online issue is
suspended until authorship has been agreed.
After the accepted manuscript is published in an online issue
Any requests to add, delete, or rearrange author names in an article published in an
online issue will follow the same policies as noted above and result in a corrigendum.
Changes to authorship
This policy concerns the addition, deletion, or rearrangement of author names in the
authorship of accepted manuscripts:
Before the accepted manuscript is published in an online issue: Requests to add or
remove an author, or to rearrange the author names, must be sent to the Journal
Manager from the corresponding author of the accepted manuscript and must include:
(a) the reason the name should be added or removed, or the author names
rearranged and (b) written confirmation (e-mail, fax, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of
authors, this includes confirmation from the author being added or removed.
Requests that are not sent by the corresponding author will be forwarded by the
Journal Manager to the corresponding author, who must follow the procedure as
described above. Note that: (1) Journal Managers will inform the Journal Editors of any
such requests and (2) publication of the accepted manuscript in an online issue is
suspended until authorship has been agreed.
After the accepted manuscript is published in an online issue: Any requests to add,
delete, or rearrange author names in an article published in an online issue will follow
the same policies as noted above and result in a corrigendum.
Copyright
This journal offers authors a choice in publishing their research: Open Access and
Subscription.
For Subscription articles
Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
Agreement'
(for
more
information
on
this
and
copyright,
see
http://www.elsevier.com/copyright). An e-mail will be sent to the corresponding author
confirming receipt of the manuscript together with a 'Journal Publishing Agreement'
form or a link to the online version of this agreement.
Subscribers may reproduce tables of contents or prepare lists of articles including
abstracts for internal circulation within their institutions. Permission of the Publisher is
required for resale or distribution outside the institution and for all other derivative
works,
including
compilations
and
translations
(please
consult
http://www.elsevier.com/permissions). If excerpts from other copyrighted works are
included, the author(s) must obtain written permission from the copyright owners and

credit the source(s) in the article. Elsevier has preprinted forms for use by authors in
these cases: please consult http://www.elsevier.com/permissions.
For Open Access articles
Upon acceptance of an article, authors will be asked to complete an
'Exclusive
License
Agreement'
(for
more
information
see
http://www.elsevier.com/OAauthoragreement). Permitted reuse of open access
articles is determined by the author's choice of user license (see
http://www.elsevier.com/openaccesslicenses).
Retained author rights
As an author you (or your employer or institution) retain certain rights. For more
information on author rights for:
Subscription articles please see http://www.elsevier.com/journal-authors/authorrights-and-responsibilities.
Open access articles please see http://www.elsevier.com/OAauthoragreement.
Role of the funding source
You are requested to identify who provided financial support for the conduct of the
research and/or preparation of the article and to briefly describe the role of the
sponsor(s), if any, in study design; in the collection, analysis and interpretation of
data; in the writing of the report; and in the decision to submit the article for
publication. If the funding source(s) had no such involvement then this should be
stated. Please see http://www.elsevier.com/funding.
Funding body agreements and policies
Elsevier has established agreements and developed policies to allow authors whose
articles appear in journals published by Elsevier, to comply with potential manuscript
archiving requirements as specified as conditions of their grant awards. To learn more
about
existing
agreements
and
policies
please
visit
http://www.elsevier.com/fundingbodies.
Open access
This journal offers authors a choice in publishing their research:
Open Access
• Articles are freely available to both subscribers and the wider public with permitted
reuse
• An Open Access publication fee is payable by authors or their research funder
Subscription
• Articles are made available to subscribers as well as developing countries and patient
groups through our access programs (http://www.elsevier.com/access)
• No Open Access publication fee
All articles published Open Access will be immediately and permanently free for
everyone to read and download. Permitted reuse is defined by your choice of one of
the following Creative Commons user licenses:
Creative Commons Attribution (CC BY): lets others distribute and copy the article,
to create extracts, abstracts, and other revised versions, adaptations or derivative
works of or from an article (such as a translation), to include in a collective work (such

as an anthology), to text or data mine the article, even for commercial purposes, as
long as they credit the author(s), do not represent the author as endorsing their
adaptation of the article, and do not modify the article in such a way as to damage
the author's honor or reputation.
Creative Commons Attribution-NonCommercial-ShareAlike (CC BY-NC-SA): for
non- commercial purposes, lets others distribute and copy the article, to create
extracts, abstracts and other revised versions, adaptations or derivative works of or
from an article (such as a translation), to include in a collective work (such as an
anthology), to text and data mine the article, as long as they credit the author(s), do
not represent the author as endorsing their adaptation of the article, do not modify the
article in such a way as to damage the author's honor or reputation, and license their
new adaptations or creations under identical terms (CC BY-NC-SA).
Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND): for
non- commercial purposes, lets others distribute and copy the article, and to include
in a collective work (such as an anthology), as long as they credit the author(s) and
provided they do not alter or modify the article.
To provide Open Access, this journal has a publication fee which needs to be met by
the authors or their research funders for each article published Open Access.
Your publication choice will have no effect on the peer review process or acceptance
of submitted articles.
The publication fee for Open Access in this journal is $2,200, excluding taxes.
Learn
more
about
Elsevier's
pricing
policy:
http://www.elsevier.com/openaccesspricing.
Language (usage and editing services)
Please write your text in good English (American or British usage is accepted,
but not a mixture of these). Authors who feel their English language
manuscript may require editing to eliminate possible grammatical or spelling
errors and to conform to correct scientific English may wish to use the English
Language
Editing
service
available
from
Elsevier's WebShop
(http://webshop.elsevier.com/languageediting/) or visit our customer support site
(http://support.elsevier.com) for more information.
Submission
Submission to this journal proceeds totally online and you will be guided stepwise
through the creation and uploading of your files. The system automatically converts
source files to a single PDF file of the article, which is used in the peer-review
process. Please note that even though manuscript source files are converted to PDF
files at submission for the review process, these source files are needed for further
processing after acceptance. All correspondence, including notification of the Editor's
decision and requests for revision, takes place by e-mail removing the need for a
paper trail.
Submission address
Please submit your article via http://ees.elsevier.com/nsc.
Authors are strongly encouraged to use this Web-based submission system.
However, for those who are unable to submit via the Web, please contact

neuroscience@journal-office.com or Neuroscience Editorial Office, 525 B Street,
Suite 1800, San Diego, CA 92101, USA; FAX: 619-699-6859.
Referees
It is in your best interest to suggest some suitable reviewers and we request that you
do so. You may suggest up to 6 reviewers. Note that the editor retains the sole right
to decide whether or not the suggested reviewers are used.
Additional information
All manuscripts are subject to any modifications required by the Editorial Office to
conform to Journal policy.
Cover illustrations
Authors are encouraged to submit visually and scientifically interesting figure(s)
representative of their data, though not necessarily as they appear in the manuscript,
for potential cover illustrations (see specific instructions for submission of cover art
under PREPARATION / Color Artwork below). The use of illustrations for journal
covers is at the discretion of the Editors; only those related to articles accepted for
publication will be considered. At the end of each year, all published covers will
automatically be considered in a competition for the year's best cover illustration, and
will be judged on their aesthetic value and scientific interest. Submitted cover images
not created by the author group must include the reprint permission and source. The
author(s) of the winning image will receive US$ 500 from Elsevier.
PREPARATION
Use of word processing software
It is important that the file be saved in the native format of the word processor used.
The text should be in single-column format. Keep the layout of the text as simple as
possible. Most formatting codes will be removed and replaced on processing the
article. In particular, do not use the word processor's options to justify text or to
hyphenate words. However, do use bold face, italics, subscripts, superscripts etc.
When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to
align columns. The electronic text should be prepared in a way very similar to that
of conventional manuscripts (see also the Guide to Publishing with Elsevier:
http://www.elsevier.com/guidepublication). Note that source files of figures, tables and
text graphics will be required whether or not you embed your figures in the text. See
also the section on Electronic artwork.
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and
'grammar-check' functions of your word processor.
Article structure
Manuscripts should be written in English in a concise and understandable style.
Technical jargon or "laboratory slang'' should not be used. It is the responsibility of
the corresponding author to ensure that the manuscript is written in a style that is
grammatically correct and free of spelling or other typographical errors.

All manuscripts must be typewritten with double-spacing throughout and with
margins at least 2.5 cm wide. Pages should be numbered in succession, the title
page being no. 1.
The Editorial Office reserves the right to revise the wording of manuscripts accepted
for publication in the journal.
Subdivision
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.
Research papers should be organized in the following four main sections: Introduction,
Experimental Procedures, Results, Discussion
Reviews should have an introductory section, followed by several information
presentation sections and then end with a conclusion section. Section headings
should be used to organize the presentation of information.
Introduction
This should provide the scientific rationale for the research that is reported. No heading
"Introduction" should be used, and no results should be presented.
Experimental procedures
Procedures used in the research should be described in sufficient detail to permit the
replication of the work by others. Previously published procedures should be
referenced and briefly summarized. The source of all materials, including animals and
human tissue, must be provided. The location of each supplier should be detailed on
first use in the text. The author(s) also agree(s) to make freely available to colleagues
in academic research any clones of cells, nucleic acids, antibodies, etc. that were
used in the research reported and that are not available from commercial suppliers.
Authors must clearly describe all manipulations made to digital data that were collected
as images, and images which have been scanned and printed for publication.
Results
This section presents findings without discussion of their significance. Subsections
should be used in order to present results in an organized fashion.
Discussion
This section presents the authors' interpretations of their findings and an assessment
of their significance in relation to previous work. Avoid repetition of material presented
in the Results section. The Results and Discussion sections may not be combined.
Conclusions
The main conclusions of the study may be presented in a short Conclusions section,
which may stand alone or form a subsection of the Discussion section.

Glossary
Please supply, as a separate list, the definitions of field-specific terms used in your
article.
Appendices
If there is more than one appendix, they should be identified as A, B, etc. Formulae
and equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2),
etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and figures:
Table A.1; Fig. A.1, etc.
Essential title page information
• Title. Concise and informative. Titles are often used in information-retrieval
systems. Avoid abbreviations and formulae where possible.
• Author names and affiliations. Where the family name may be ambiguous (e.g., a
double name), please indicate this clearly. Present the authors' affiliation addresses
(where the actual work was done) below the names. Indicate all affiliations with a
lower-case superscript letter immediately after the author's name and in front of the
appropriate address. Provide the full postal address of each affiliation, including the
country name and, if available, the e-mail address of each author.
• Corresponding author. Clearly indicate who will handle correspondence at all
stages of refereeing and publication, also post-publication. Ensure that phone
numbers (with country and area code) are provided in addition to the e-mail
address and the complete postal address. Contact details must be kept up to
date by the corresponding author.
• Present/permanent address. If an author has moved since the work described in
the article was done, or was visiting at the time, a 'Present address' (or 'Permanent
address') may be indicated as a footnote to that author's name. The address at which
the author actually did the work must be retained as the main, affiliation address.
Superscript Arabic numerals are used for such footnotes.
Abstract
A concise and factual abstract is required. The abstract should state briefly (in less
than 300 words) the purpose of the research and the principal results obtained. The
abstract should conclude with a final statement summarizing the major conclusions in
such a way that the implications of the work to the field would be clear to a general
neuroscience reader. An abstract is often presented separately from the article, so it
must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their first
mention in the abstract itself.
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Graphical abstract
A Graphical abstract is optional and should summarize the contents of the article in a
concise, pictorial form designed to capture the attention of a wide readership online.
Authors must provide images that clearly represent the work described in the article.
Graphical abstracts should be submitted as a separate file in the online submission
system. Image size: Please provide an image with a minimum of 531 × 1328 pixels (h
× w) or proportionally more. The image should be readable at a size of 5 ×
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS,
PDF or MS Office files. See http://www.elsevier.com/graphicalabstracts for examples.
Authors can make use of Elsevier's Illustration and Enhancement service to ensure
the best presentation of their images also in accordance with all technical
requirements: Illustration Service.
Highlights
Highlights are mandatory for this journal. They consist of a short collection of bullet
points that convey the core findings of the article and should be submitted in a
separate file in the online submission system. Please use 'Highlights' in the file name
and include 3 to 5 bullet points (maximum 125 characters, including spaces, per
bullet point). See http://www.elsevier.com/highlights for examples.
Keywords
Immediately after the abstract, provide a maximum of 6 keywords, using American
spelling and avoiding general and plural terms and multiple concepts (avoid, for
example, 'and', 'of'). Be sparing with abbreviations: only abbreviations firmly
established in the field may be eligible. These keywords will be used for indexing
purposes.
Abbreviations
The excessive use of abbreviations in the text is strongly discouraged. In order to aid
communication between scientists of different disciplines, authors should only use
abbreviations sparingly and should always define the abbreviation when first used in
the text by placing it in parentheses after the full term, e.g. acetylcholinesterase
(AChE). The abbreviations should then be used consistently thereafter and appear at
least twice in the text. A comprehensive list of the abbreviations used should be put
on a separate page that follows the title page.
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.). It is
the corresponding author's responsibility to insure that individuals who are
acknowledged for assistance or for providing comments on the manuscript are
agreeable to being acknowledged in this way.
Units
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Follow internationally accepted rules and conventions: use the international system of
units (SI). If other units are mentioned, please give their equivalent in SI.
Nomenclature and units
Follow internationally accepted rules and conventions: use the international system
of units (SI). If other quantities are mentioned, give their equivalent in SI. You are
urged to consult IUGS: Nomenclature for geological time scales/rock names:
http://www.iugs.org/for further information.
Symbols for physical units should be restricted to the Systems Internationale (S.I.)
Units. Drug names should be the official or approved names; trade names or common
names may be given in brackets where the drug is first mentioned. The
manufacturer's name must be given. The doses of the drugs should be given as unit
weight/unit body weight, e.g. mmol/kg or mg/kg.
Database linking
Elsevier encourages authors to connect articles with external databases, giving their
readers one- click access to relevant databases that help to build a better
understanding of the described research. Please refer to relevant database identifiers
using the following format in your article: Database: xxxx (e.g., TAIR: AT1G01020;
CCDC: 734053; PDB: 1XFN). See http://www.elsevier.com/databaselinking for more
information and a full list of supported databases.
Artwork
Electronic artwork
• Number the illustrations according to their sequence in the text.
• Use a logical naming convention for your artwork files.
• Provide captions to illustrations separately.
• Produce images near to the desired size of the printed version.
• Submit each figure as a separate file.
A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions
You are urged to visit this site; some excerpts from the detailed information are
given here.
Formats
Regardless of the application used, when your electronic artwork is finalised, please
"save as" or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given
below):
EPS: Vector drawings. Embed the font or save the text as "graphics".
TIFF: color or grayscale photographs (halftones): always use a minimum of 300 dpi.
TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.
TIFF: Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500
dpi is required. DOC, XLS or PPT: If your electronic artwork is created in any of these
Microsoft Office applications please supply "as is".
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• Do not supply embedded graphics in your wordprocessor (spreadsheet,
presentation) document;
• Do not supply files that are optimised for screen use (like GIF, BMP, PICT, WPG);
the resolution is too low;
• Do not supply files that are too low in resolution;
• Do not submit graphics that are disproportionately large for the content.
Color artwork
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG),
EPS (or PDF), or MS Office files) and with the correct resolution. If, together with
your accepted article, you submit usable color figures then Elsevier will ensure, at no
additional charge, that these figures will appear in color on the Web (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 on the Web
only. For further information on the preparation of electronic artwork, please see
http://www.elsevier.com/artworkinstructions.
Please note: Because of technical complications which can arise by converting color
figures to 'gray scale' (for the printed version should you not opt for color in print)
please submit in addition usable black and white versions of all the color illustrations.
Cover art
Illustrations to be considered for the cover should be related to the authors'
submittedC article and be representative of their data, but need not necessarily be as
they appear in the manuscript. Cover art should be formatted to occupy the entire 8.5
X 11 inch cover and should be submitted in digital format (TIFF, Photoshop, JPEG or
Powerpoint) with a resolution of at least 300 dpi. Please also include a descriptive text
with your cover art submission. The files should be uploaded to a specified FTP site.
Please contact the Editorial Office at neuroscience@journal-office.com for
instructions. For authors who wish to postal mail a CD with the cover art, please
send it to: Neuroscience Editorial Office,
525 B Street, Suite 1700, San Diego, CA 92101, U.S.A. Please ensure that the
manuscript reference number is included on all materials.
Figure captions
Ensure that each illustration has a caption. Supply captions separately, not attached
to the figure. A caption should comprise a brief title (not on the figure itself) and a
description of the illustration. Keep text in the illustrations themselves to a minimum
but explain all symbols and abbreviations used.
Text graphics
Text graphics may be embedded in the text at the appropriate position. See further
under Electronic artwork.
Tables

15

Number tables consecutively in accordance with their appearance in the text. Place
footnotes to tables below the table body and indicate them with superscript lowercase
letters. Avoid vertical rules. Be sparing in the use of tables and ensure that the data
presented in tables do not duplicate results described elsewhere in the article.
References
The reference list should be included at the end of the main text. A paper which has
been accepted for publication but which has not appeared may be cited in the
reference list with the abbreviated name of the journal followed by the words "in
press". See Reference Style below.
Citation in text
Please ensure that every reference cited in the text is also present in the reference
list (and vice versa). Any references cited in the abstract must be given in full.
Unpublished results and personal communications are not recommended in the
reference list, but may be mentioned in the text. If these references are included in the
reference list they should follow the standard reference style of the journal and
should include a substitution of the publication date with either 'Unpublished results'
or
'Personal communication'. Citation of a reference as 'in press' implies that the item has
been accepted for publication.
Personal Communications may be used only when written authorization from the
communicator is submitted with the original manuscript; they may be mentioned only
in the text and in the following form: (G.H. Orwell, Department of Psychiatry,
University of Washington, personal communication). Unpublished or submitted
experiments by one of the authors may be mentioned only in the text, not in the
References. Initials, as well as surnames, must be given for authors whose
unpublished experiments are quoted: (M.L. King, unpublished observations).
Web references
As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to
a source publication, etc.), should also be given. Web references can be listed
separately (e.g., after the reference list) under a different heading if desired, or can
be included in the reference list.
Reference to arXiv
As with unpublished results and personal communications, references to arXiv
documents are not recommended in the reference list. Please make every effort to
obtain the full reference of the published version of an arXiv document. If a
reference to an arXiv document must be included in the references list it should
follow the standard reference style of the journal and should include a substitution of
the volume and page numbers with 'arXiv:YYMM.NNNN' or 'arXiv:archive/YYMMNNN' for articles submitted to arXiv before April 2007.
References in a special issue
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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 style
In the text, references should be quoted as the name of the first author and year in
chronological order. Multiple authors are indicated by "et al.", except when there are
only two authors, in which case both names are written. For example, The pattern of
the pathology instead represents a synaptically connected network of neurons (Braak
and Braak, 1991; Morris, 1997). This hypothesis was recently proposed by Nagy et
al. (1997).
The reference list should be on a separate page at the end of the manuscript, in
alphabetical order and arranged as follows: authors' names and initials, year, title of
the article, abbreviated title of the journal, volume, first and last page numbers.
Journal titles should be abbreviated according to the rules adopted in the fourth
edition of the World List of Scientific Periodicals (Butterworths, 1965). Note that first
and last pages are given in full. For example, Nagy ZA, Esiri MM, Cato A-M, Smith
AD (1997), Cell cycle markers in the hippocampus in Alzheimer's disease. Acta
Neuropath 94:6-15.
References to books should include the authors' names and initials, year, title of
book, volume, publisher, place of publication and page numbers. Where relevant, the
title of a paper within a book, and the editor's name(s) should be given. For example,
Morris JH (1997) Alzheimer's disease. In: The neuropathology of dementia, vol. 2
(Esiri MM, Morris JH, eds), pp 70-121. Cambridge: Cambridge University Press.
Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word
Abbreviations: http://www.issn.org/2-22661-LTWA-online.php.
Video data
Elsevier accepts video material and animation sequences to support and enhance
your scientific research. Authors who have video or animation files that they wish to
submit with their article are strongly encouraged to include links to these within the
body of the article. This can be done in the same way as a figure or table by referring
to the video or animation content and noting in the body text where it should be
placed. All submitted files should be properly labeled so that they directly relate to the
video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a
preferred maximum size of 50 MB. Video and animation files supplied will be
published online in the electronic version of your article in Elsevier Web products,
including ScienceDirect: http://www.sciencedirect.com. Please supply 'stills' with
your files: you can choose any frame from the video or animation or make a
separate image. These will be used instead of standard icons and will
personalize the link to your video data. For more detailed instructions please visit our
video instruction pages at http://www.elsevier.com/artworkinstructions. Note: since
video and animation cannot be embedded in the print version of the journal, please
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provide text for both the electronic and the print version for the portions of the article
that refer to this content.
AudioSlides
The journal encourages authors to create an AudioSlides presentation with their
published article. AudioSlides are brief, webinar-style presentations that are shown
next to the online article on ScienceDirect. This gives authors the opportunity to
summarize their research in their own words and to help readers understand what the
paper is about. More information and examples are available at
http://www.elsevier.com/audioslides. Authors of this journal will automatically receive
an invitation e-mail to create an AudioSlides presentation after acceptance of their
paper.
Supplementary data
Neuroscience accepts electronic supplementary material to support and enhance
your scientific research. Supplementary files offer the author additional possibilities to
publish supporting applications, sound clips, videos, and other formats that cannot
yet be embedded in our standard PDF files Elsevier accepts electronic
supplementary material to support and enhance your scientific research.
Supplementary files supplied will be published online alongside the electronic version
of your article in Elsevier Web products, including ScienceDirect:
www.sciencedirect.com. In order to ensure that your submitted material is directly
usable, please provide the data in one of our recommended file formats. Authors
should submit the material in electronic format together with the article and supply a
concise and descriptive caption for each file. For more detailed instructions please
visit our artwork instruction pages at www.elsevier.com/artworkinstructions.
For Neuroscience, authors are allowed to post supplementary material for review, but
for publication supplementary material will be restricted to formats that cannot be
published in the standard form of a PDF, such as movies.
3D neuroimaging
You can enrich your online articles by providing 3D neuroimaging data in NIfTI
format. This will be visualized for readers using the interactive viewer embedded
within your article, and will enable them to: browse through available neuroimaging
datasets; zoom, rotate and pan the 3D brain reconstruction; cut through the volume;
change opacity and color mapping; switch between 3D and
2D projected views; and download the data. The viewer supports both single (.nii)
and dual (.hdr and .img) NIfTI file formats. Recommended size of a single
uncompressed dataset is 100 MB or less. Multiple datasets can be submitted. Each
dataset will have to be zipped and uploaded to the online submission system via the
'3D neuroimaging data' submission category. Please provide a short informative
description for each dataset by filling in the 'Description' field when uploading a
dataset. Note: all datasets will be available for downloading from the online article on
ScienceDirect. If you have concerns about your data being downloadable, please
provide
a
video
instead.
For
more
information
see:
http://www.elsevier.com/3DNeuroimaging.
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Submission checklist
It is hoped that this list will be useful during the final checking of an article prior to
sending it to the journal's Editor for review. Please consult this Guide for Authors for
further details of any item. Ensure that the following items are present:
One Author designated as corresponding Author:
• E-mail address
• Full postal address
• Telephone and fax numbers
All necessary files have been uploaded
• Keywords
• All figure captions
• All tables (including title, description, footnotes) Further considerations
• Manuscript has been "spellchecked" and "grammar-checked"
• References are in the correct format for this journal
• All references mentioned in the Reference list are cited in the text, and vice versa
• Cover letter includes your agreement to the ethical standards: "I have read and
have abided by the statement of ethical standards for manuscripts submitted to
Neuroscience," as well as the other statement that all authors have approved
the final article.
• Permission has been obtained for use of copyrighted material from other sources
(including the Web)
• Color figures are clearly marked as being intended for color reproduction on the Web
(free of charge)
and in print or to be reproduced in color on the Web (free of charge) and in blackand-white in print
• If only color on the Web is required, black and white versions of the figures are also
supplied for printing purposes
For any further information please visit our customer support site at
http://epsupport.elsevier.com.
See also the IBRO Website http://www.ibro.org
AFTER ACCEPTANCE
Use of the Digital Object Identifier
The Digital Object Identifier (DOI) may be used to cite and link to electronic
documents. The DOI consists of a unique alpha-numeric character string which is
assigned to a document by the publisher upon the initial electronic publication. The
assigned DOI never changes. Therefore, it is an ideal medium for citing a document,
particularly 'Articles in press' because they have not yet received their full bibliographic
information. Example of a correctly given DOI (in URL format; here an article in the
journal Physics Letters B):
http://dx.doi.org/10.1016/j.physletb.2010.09.059
When you use a DOI to create links to documents on the web, the DOIs are
guaranteed never to change.
Proofs
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One set of page proofs (as PDF files) will be sent by e-mail to the corresponding
author (if we do not have an e-mail address then paper proofs will be sent by
post) or, a link will be provided in the e-mail so that authors can download the files
themselves. Elsevier now provides authors with PDF proofs which can be annotated;
for this you will need to download Adobe Reader version 9 (or higher) available free
from http://get.adobe.com/reader. Instructions on how to annotate PDF files will
accompany the proofs (also given online). The exact system requirements are given at
the Adobe site: http://www.adobe.com/products/reader/tech-specs.html.
If you do not wish to use the PDF annotations function, you may list the corrections
(including replies to the Query Form) and return them to Elsevier in an e-mail. Please
list your corrections quoting line number. If, for any reason, this is not possible, then
mark the corrections and any other comments (including replies to the Query Form)
on a printout of your proof and return by fax, or scan the pages and e-mail, or by post.
Please use this proof only for checking the typesetting, editing, completeness and
correctness of the text, tables and figures. Significant changes to the article as
accepted for publication will only be considered at this stage with permission from the
Editor. We will do everything possible to get your article published quickly and
accurately – please let us have all your corrections within 48 hours. It is important to
ensure that all corrections are sent back to us in one communication: please check
carefully before replying, as inclusion of any subsequent corrections cannot be
guaranteed. Proofreading is solely your responsibility. Note that Elsevier may proceed
with the publication of your article if no response is received.
Offprints
The corresponding author, at no cost, will be provided with a PDF file
of the article via e-mail or, alternatively, 25 free paper offprints. The PDF
file is a watermarked version of the published article and includes a cover
sheet with the journal cover image and a disclaimer outlining the terms and
conditions of use. For an extra charge, more paper offprints can be ordered
via the offprint order form which is sent once the article is accepted for
publication. Both corresponding and co-authors may order offprints at any time
via Elsevier's WebShop (http://webshop.elsevier.com/myarticleservices/offprints).
Authors requiring printed copies of multiple articles may use Elsevier
WebShop's
'Create Your Own Book' service to collate multiple articles within a
single
cover
(http://webshop.elsevier.com/myarticleservices/offprints/myarticlesservices/booklets).
See also the IBRO Website www.ibro.org
AUTHOR INQUIRIES
For inquiries relating to the submission of articles (including electronic
submission) please visit this journal's homepage. For detailed instructions on
the
preparation
of
electronic
artwork,
please
visit
http://www.elsevier.com/artworkinstructions. Contact details for questions arising after
acceptance of an article, especially those relating to proofs, will be provided by
the
publisher.
You
can
track
accepted
articles
at
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