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RESUMO

A restricado caldrica é considerada um fator de intervencéo ideal na
promo¢do da saude. Diversos autores demonstraram sua capacidade de
aumentar a expectativa de vida e proteger diversos organismos de uma série
de doencas, inclusive as que estdo relacionadas com o aumento do estresse
oxidativo. Intervengdes no periodo gestacional induzem uma reprogramacéao
metabdlica nos descendentes, podendo alterar o risco de desenvolver doencgas
cronicas na vida adulta. Nosso objetivo nesse trabalho foi avaliar os efeitos da
restricdo calérica materna de 40% durante o periodo gestacional sobre a
producdo de espécies reativas, modulacdo das defesas antioxidantes
enzimaticas e nao enzimaticas e pardmetros de dano oxidativo no cerebelo e
cortex cerebral total de ratas maes e seus filhotes. Uma diminuicdo na
concentracao de espécies reativas no cerebelo de maes e filhotes foi
encontrada, bem como, uma diminuicdo nos niveis de superoxido mitocondrial
no cerebelo dos filhotes. Por outro lado, o coértex cerebral dos filhotes
apresentou uma reduc¢do nos niveis de superoxido mitocondrial e um aumento
na concentracdo de Oxido nitrico. Foi encontrada uma diminuicdo da
capacidade antioxidante enzimatica e ndo enzimatica dos filhotes, onde a
superoxido-dismutase apresentou atividade aumentada; enquanto a catalase, a
glutationa-peroxidase e a glutarredoxina foram negativamente afetadas. As
ratas prenhes também apresentaram diminuicdo da capacidade antioxidante
enzimatica, entretanto, de maneira mais sutil. As defesas antioxidantes nao
enzimaticas nao sofreram alteragdes no cortex das maes, enquanto que no
cerebelo, demonstraram um padrdo adaptativo. Apesar disso, parametros de
dano oxidativo ndo sofreram alteragcdes. Nossos resultados sdo um ponto de
partida para esclarecer o impacto da ma nutricdo na vida intrauterina sobre
parametros de estresse oxidativo. Acreditamos que a restricdo calorica durante
a gestacdo aumenta a vulnerabilidade de ratas prenhes e seus filhotes a
futuros danos oxidativos. Entretanto, mais estudos sido necessarios para
explicar por quais mecanismos a restricdo calérica afeta as defesas

antioxidantes.



ABSTRACT

Caloric restriction has been considered the cornerstone of health,
considering its capacity of increasing life span and protecting distinct organisms
against a series of diseases, among which, those related to oxidative stress.
Interferences in the maternal environment are known to reprogram the offspring
metabolism response, impacting in the risk of chronic diseases development in
adulthood. Our aim was to assess the effect of 40% caloric restriction on
reactive species levels, enzymatic and non-enzymatic antioxidant defenses,
besides the oxidative damage parameters in the cerebellum and the total
cerebral cortex of pregnant rats and their offspring. Both dams and pups
showed an intense oxidative modulation caused by caloric restriction in the
cerebellum and cerebral cortex. Dichlorofluorescein oxidation was reduced in
the cerebellum of calorie restricted dams and their offspring, while the cerebral
cortex was not affected. Decreased mitochondrial superoxide levels were found
in the cerebellum and cerebral cortex of pups, while nitric oxide was increased
in cortex. Considering that reactive oxygen species were probably altered in
brain of diet restricted rats, we measured the activities of the most important
antioxidant enzymes responsible by its elimination. In a comprehensive way,
superoxide dismutase activity was increased in the cerebellum of dams and in
both structures of pups, while it was decreased on dams’ cerebral cortex. Both
brain structures were strongly affected concerning to catalase, glutathione
peroxidase, and glutaredoxin activities, which were decreased in pups and their
mothers. Furthermore, non-enzymatic defenses were significantly decreased in
pups, despite the fact that dams showed an adaptive pattern in the cerebellum
and no alteration in the cerebral cortex. Even though the results suggest
increased oxidative status, lipids and proteins were not oxidatively affected. Our
data clarify, at least in oxidative aspects, the effects of poor nutrition on brain
metabolism in critical periods of life: fetal development and pregnancy. In view
of our results, we believe that caloric restriction during pregnancy increases the

susceptibility of dams and their offspring to a future oxidative aggression.
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1. REVISAO DA LITERATURA

1.1. Introducao

A exposi¢cdo a fome na vida intrauterina seguida de plenitude na vida pods-
natal gera uma adaptacdo metabdlica inapropriada aos individuos, com
reflexos na saude na vida adulta [1]. Segundo estudos realizados apés a
invasdo alema na Holanda em 1944, gravidas expostas a desnutricdo, com
uma dieta de 400 a 800 calorias diarias deram a luz a individuos que tiveram
uma dieta com aporte caldrico pleno apds a invasdo, e esses individuos
apresentaram maior prevaléncia de obesidade e doengas cardiovasculares na
vida adulta [2]. Em individuos que tiveram a mesma privagao caldrica na vida
intrauterina, porém, nao tiveram plenitude apds o nascimento, como ocorreu no

cerco a Leningrado em 1941, as mesmas complicagbes ndo foram observadas

[3].

Diversos aspectos nutricionais estdao relacionados a prevencdo ou
desencadeamento de doengas que contém em sua fisiopatogenia o estresse
oxidativo [4]. O interesse em encontrar estratégias para diminuir o estresse
oxidativo e melhorar o estado redox se da pelo fato de que com a indugao do
estresse oxidativo, o individuo esta sujeito a uma série de complicacdes
relacionadas a oxidacado de lipideos de membranas, proteinas e DNA [5]. O
interesse particular pelo sistema nervoso central (SNC), nesse estudo, se da
pelo fato de que esse érgao apresenta um grande consumo de oxigénio, que
esta relacionado a formacao de espécies reativas e o alto conteudo lipidico, o
qual é um alvo das mesmas, bem como uma quantidade relativamente baixa
de enzimas antioxidantes, tornando-o um tecido vulneravel ao estresse

oxidativo [6, 7].
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1.2. Estresse oxidativo

1.2.1 Definigdes e conceitos basicos

Além da classica definicdo de estresse oxidativo cunhada por Sies e
Cadenas [8], definido como um desequilibrio entre a produgao de espécies
reativas e as defesas antioxidantes [6, 7], uma revisao de literatura trouxe uma
nova definicdo de estresse oxidativo, defendendo a hipotese de que o aumento
do mesmo ¢é definido pelo desequilibrio na relagdo glutationa

reduzida/glutationa oxidada (GSH/GSSG) [9].

Um equilibrio entre a produgdo de espécies reativas e as defesas
antioxidantes & essencial para a manutencdo da homeostase [10]. O papel dos
antioxidantes ndo é eliminar por completo as espécies reativas, mas manté-las
em uma concentragdo na qual possam exercer suas fungdes fisiolégicas sem
promover dano tecidual excessivo [7]. O excesso de espécies reativas esta
associado a oxidacao e consequente disfuncao proteica, peroxidacao lipidica e
dano oxidativo ao DNA [7]. O resultado do aumento de espécies reativas pode
levar ao dano celular extenso e irreversivel; ou a adaptagao celular, quando os
niveis de espécies reativas forem moderados, induzindo ativagéo de vias de
sinalizagdo que controlam a expressao de enzimas antioxidantes e de reparo

a0 DNA [7, 11-13].

1.2.2 Espécies reativas e defesas antioxidantes

O termo espécie reativa engloba diversas moléculas reativas, radicais livres

ou ndo, provenientes de oxigénio, nitrogénio, cloro e bromo [7]. Neste trabalho,
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o foco serdo as espécies reativas de oxigénio (ERO) e nitrogénio (ERN), cujo

metabolismo pode ser observado na figura 1.
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Figura 1. Esquema das reagdes e respectivas enzimas envolvidas na produgao
de espécies reativas de oxigénio e nitrogénio. NOS: 6xido-nitrico-sintase; SOD:
superoxido-dismutase; GPx: glutationa-peroxidase; Prx: peroxirredoxinas; GR:
glutationa-redutase; Grx: glutarredoxina; Trx: tiorredoxina; GSH: glutationa
reduzida; GSSG: glutationa oxidada. Adaptado de Livea Fujita Barbosa®,
Marisa H.G. de Medeiros e Ohara Augusto, Quim. Nova, Vol. 29, No. 6, 1352-

1360, 2006.

Dentre as ERN, o 6xido nitrico (NO) € a mais relevante, exercendo uma
ampla gama de papeis no metabolismo fisiolégico e patoldgico, tais como de
vasodilatador, neurotransmissor e modulador inflamatério [14, 15]. O NO é

sintetizado pela o6xido-nitrico-sintase (NOS), em uma reagdo que converte
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arginina e oxigénio em citrulina e NO. Essa enzima possui diferentes isoformas,
neuronal, induzivel e endotelial, com regulacdes e localizacido tecidual
diferenciadas [16]. A caracteristica quimica desse gas permite que ele
atravesse facilmente a membrana celular e possa atuar via ativagdo da enzima
guanilato-ciclase em células adjacentes a produzida, bem como reagir com
outras espécies reativas, tais como superoxido, gerando o radical peroxinitrito

[7, 15].

Embora o oxigénio seja essencial para a vida, ele também €& um gas
potencialmente tdxico, ja que seu metabolismo envolve a produgao de diversas
espécies reativas, que podem alterar a estrutura quimica de biomoléculas [7]. A
formacao de superéxido se da pela redugcdo monoeletrbnica da molécula de
oxigénio, o que pode ocorrer na cadeia respiratdria mitocondrial, em reacdes
catalisadas por xantina-oxidase, NADPH-oxidase e NOS desacoplada, bem
como pela auto-oxidagao de algumas moléculas de baixo peso molecular, tais
como dopamina e homocisteina. O radical superdxido pode reagir como outras
espécies reativas, tais como o NO, produzindo peroxinitrito, ou ser detoxificado
pela enzima superoxido-dismutase (SOD), presente na matriz mitocondrial na
isoforma MnSOD, e no espaco intermembranas e citosol como CuZnSOD [17],
produzindo perdxido de hidrogénio, uma ERO n&o radicalar. A eliminagdo do
peréxido de hidrogénio se da pelas enzimas catalase (CAT), encontrada em
altas concentragcbes no peroxissomo, glutationa-peroxidase (GPx), a qual
apresenta quatro isoformas diferentemente localizadas em mamiferos, todas
dependentes de selénio como cofator [18]. Ainda agem sobre o perdxido de
hidrogénio e peroxidos organicos, as peroxirredoxinas, sendo seis isoformas

distribuidas na célula. Essas enzimas nao contém grupos prostéticos, sendo as
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reacdes de oxidorreducdo mediadas por uma ou duas cisteinas no centro ativo.
Além dessas, as células ainda contam com as tiorredoxinas, que eliminam
peroxidos a custa de NADPH na mitocdndria (tiorredoxina 2) e citosol
(tiorredoxina 1), utilizado na sua regeneracdo mediada pela tiorredoxina-
redutase, outra enzima dependente de selénio [7]. A acdo coordenada dessas
enzimas elimina o peréxido de hidrogénio, evitando que o0 mesmo reaja com
ion ferroso, por meio da reagao de Fenton, e origine o radical hidroxil, a mais
danosa das espécies reativas. As proteinas glutarredoxinas (Grx), também
chamadas de tioltransferases, regeneram grupos tiois oxidados, utilizando GSH
como substrato, sendo encontradas na mitocondria e citosol. A GSH, além de
ser substrato das enzimas antioxidantes GPx e Grx, também atua como
varredora de radicais livres, assim como as vitaminas C e E, entre outras

moléculas antioxidantes de baixo peso molecular [6, 7, 10, 17].

1.3. Restricao caldrica

A restricao caldrica € um fator de simples aplicacdo quando utilizado como
tratamento, e também, uma realidade frequente em populacdes de baixa renda,
contribuindo para o interesse cientifico na mesma. Ja foi demonstrado que a
restricdo caldrica estd associada a alteracdo em processos normais de
envelhecimento em modelos animais adultos, por modular a maioria dos
declinios associados ao envelhecimento [19]. Experimentos demonstram que a
restricdo caldrica é capaz de frear o desenvolvimento de diversas doencas
relacionadas a idade [20]. Dentre elas estdo as doencas cardiovasculares [21],

diabetes [22], varios tipos de cancer [23] e doengas neurodegenerativas [24,

25]
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Diversos estudos demonstraram que a restricdo cal6rica esta associada a
modulagdo do estado redox e das defesas antioxidantes [26-28]. Foi
demonstrado que a restricdo cal6rica em ratos adultos melhorou o estado
redox em relagao a animais alimentados com dieta ad libitum, aumentando as
concentracdes de GSH, e também diminuindo a producao de espécies reativas,
ambos os pardmetros em cértex cerebral e hipocampo [29]. Resultados
também relacionam uma diminui¢do de 30% no dano ao DNA em hipocampo
de ratos adultos induzida pela restricdo caldrica [29]. Nesse contexto, tem sido
sugerido na literatura que a intervencgao dietética na forma de restricdo calorica
no periodo pés-desmame pode ser a melhor estratégia conhecida para retardar
os efeitos degenerativos da idade e promover um aumento da expectativa de

vida de mamiferos [30].

Apesar de a restricdo caldrica ter uma correlacao positiva com a expectativa
de vida, prevenindo alteracdes associadas ao processo de envelhecimento, a
restricdo caldrica no periodo anterior ao desmame pode causar uma reducao
na expectativa de vida de roedores [31]. A intervencao nutricional na forma de
restricdo caldrica em ratas prenhes é o alvo de estudo do presente trabalho.
Nesse contexto, a restricdo calérica de fémeas de camundongo prenhes foi
relacionada ao aumento no peso do cérebro dos filhotes [32], entretanto, outros
autores haviam demonstrado resultados contrastantes [33]. Partadiredja e
colaboradores [34] também evidenciaram um aumento nas defesas
antioxidantes n&o-enzimaticas. Um dos poucos estudos que relaciona
marcadores do estado redox e restricdo caldérica no periodo fetal e de
amamentagdo sugere que os resultados sao contraditérios e que mais

parametros precisam ser pesquisados, como por exemplo, marcadores de
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dano oxidativo, desde que, em seu estudo, foi evidenciada apenas a reducgéao
na expressao da enzima SOD, enquanto a CAT e a GPx néao foram afetadas

[32].

A restricdo caldrica parece ter um efeito hormético também sobre a
biogénese mitocondrial em ratos adultos e ha um forte debate no que diz
respeito a funcdo mitocondrial em relagdo a doengas causadas pela idade
avangada [35]. Entretanto, ndo ha correlagdo na literatura entre aumento ou
diminuigdo da biogénese mitocondrial e restricdo calérica na vida intrauterina. A
sirtuina 1 (SIRT1), que por um mecanismo desconhecido, tem sua expressao
aumentada durante a restricdo calorica esta relacionada com a promog¢ao da
biogénese mitocondrial, ativando o coativador-1 a do receptor ativador da
proliferacdo de peroxissomos (PGC1-a) [36], que aumenta a massa
mitocondrial e aumenta a expressao, inclusive, de enzimas antioxidantes [37],
entretanto, ndo esta descrito na literatura o papel da restricdo caldrica
intrauterina sobre a expressao de SIRT1 e de PGC1-a. O fator de transcricdo
nuclear eritroide 2 p45-relacionado (Nrf2) € um regulador de resisténcia celular
a elementos oxidantes, estando relacionado com a expressao basal e induzida
de diversos elementos antioxidantes [13], entretanto, alteracbes na sua

expressao em relacdo a restricdo calorica ndo estdo presentes na literatura.

Considerando-se os diversos resultados existentes na literatura em relagao
a restricao caldrica, € notavel o fato de que o periodo de aplicagao da restricao
caldrica € de suma importancia no que diz respeito ao aumento ou diminuicao
da progressdo de diversas doengas, embora diversos trabalhos demonstrem
uma correlacao entre restricdo caldrica e marcadores do estado redox em

diversos modelos animais adultos. Os mecanismos pelos quais a restricao
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caldrica pode acelerar o desenvolvimento de certas doencas quando aplicada
na fase fetal e de amamentacao, mas diminuir o desenvolvimento das mesmas
quando aplicada na fase adulta ainda necessitam ser esclarecidos. Algumas
hipéteses incluem adaptacbes metabdlicas, alteragcbes no ciclo celular,
modulagdo apoptética, biogénese mitocondrial, alteragdo do perfil
neuroenddcrino e/ou do estado redox [38-41]. Na literatura sao frequentes os
estudos que demonstram uma relagcdo positiva entre restricdo caldrica e a
melhora dos parédmetros do estado redox, envolvendo o aumento de
expectativa de vida, como demonstrado nos estudos citados acima, entretanto,
os resultados em relagdo a esta estratégia no periodo de gravidez e lactacao

ainda ndo séo claros, motivando o presente estudo.
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2. HIPOTESE
A restricdo caldrica durante a gestagdo pode ter um efeito metabdlico
adaptativo em encéfalo de filhotes de ratas que receberam esta intervengao no

periodo de prenhez.
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3. OBJETIVOS

3.1. Objetivo geral
Avaliar o efeito da restricdo calérica sobre parametros de estresse oxidativo
no SNC de ratas submetidas a intervencido nutricional durante o periodo de

prenhez e de seus filhotes.

3.2. Objetivos especificos

Avaliar o efeito da restricdo caldrica sobre a concentracdo de espécies
reativas, a oxidacdo de lipideos e proteinas, a atividade das enzimas
antioxidantes (SOD, CAT, GPx e Grx) e os niveis de antioxidantes n&o
enzimaticos em amostras encefalicas provenientes de ratas prenhes, apés o
parto, e seus filhotes submetidos a restricdo caldrica durante todo o periodo

gestacional.

Realizar a comparacéo entre os parametros avaliados na prole e nas maes

de ratos submetidos ao modelo de restricdo caldrica gestacional.
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Abstract

Caloric restriction has been considered the cornerstone of health,
considering its capacity of increasing life span and protecting distinct organisms
against a series of diseases, among which, those related to oxidative stress.
Interferences in the maternal environment is known to reprogram the offspring
metabolism response, impacting in the risk of chronic diseases development in
adulthood. Our aim was to assess the effect of 40% caloric restriction on
reactive species levels, enzymatic and non-enzymatic antioxidant defenses,
besides the oxidative damage parameters in the cerebellum and the total
cerebral cortex of pregnant rats and their offspring. Both dams and pups
showed an intense oxidative modulation caused by caloric restriction in the
cerebellum and cerebral cortex. Dichlorofluorescein oxidation was reduced in
the cerebellum of calorie restricted dams and their offspring, while the cerebral
cortex was not affected. Decreased mitochondrial superoxide levels were found
in the cerebellum and cerebral cortex of pups, while nitric oxide was increased
in cortex. Considering that reactive oxygen species were probably altered in
brain of diet restricted rats, we measured the activities of the most important
antioxidant enzymes responsible by its elimination. In a comprehensive way,
superoxide dismutase activity was increased in the cerebellum of dams and in
both structures of pups, while it was decreased on dams’ cerebral cortex. Both
brain structures were strongly affected concerning to catalase, glutathione
peroxidase, and glutaredoxin activities, which were decreased in pups and their
mothers. Furthermore, non-enzymatic defenses were significantly decreased in
pups, despite the fact that dams showed an adaptive pattern in the cerebellum

and no alteration in the cerebral cortex. Even though the results suggest
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increased oxidative status, lipids and proteins were not oxidatively affected. Our
data clarify, at least in oxidative aspects, the effects of poor nutrition on brain
metabolism in critical periods of life: fetal development and pregnancy. In view
of our results, we believe that caloric restriction during pregnancy increases the

susceptibility of dams and their offspring to a future oxidative aggression.

Keywords: Calorie restriction; oxidative stress; antioxidant enzymes;

intrauterine; brain; nutrition; metabolic programming.
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Introduction

Prenatal exposure to nutrient deprivation followed by plenitude in
postnatal life promotes negative metabolic adaptations [1]. The interest in
studying the effects of intrauterine caloric restriction (CR) started when the
Hongerwinter phenomenon was described. In the German invasion to the
Netherlands, caloric restricted women’s children presented higher occurrence of
obesity and cardiovascular diseases after plenitude in adult life [2], while in the
Leningrad Siege in 1941, where women were caloric restricted but children did
not have access to high caloric intake later, there was no occurrence of these
complications in adulthood [3]. Environmental changes during the intrauterine
life may affect the developing brain and reprogram an individual’s epigenome
[4]. When applied in the post weaning phase, insults may produce minor
damaging [5]. When submitted to stressful conditions in the uterus, the

response to stressors in the adult life may be inappropriate [6].

While CR is a frequent reality in poor populations, it is also applied as a
treatment for a series of diseases, drawing attention from the scientific
community. CR in adult life is widespread in the literature as a huge protective
factor, playing an essential role in life span extension [7-9] and a series of age
related diseases, among which, cardiovascular diseases [10], diabetes [11],
cancer [12], and neurodegenerative diseases [13, 14]. It is also commonly
associated to improved redox status and diminished DNA damage [15, 16]. CR
was defined elsewhere as “the most robust way to extend lifespan in most

model organisms studied so far, from yeast to primates” [17] and “the gold
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standard of aging intervention” [18]. Although CR is considered the cornerstone
of good nutrition and health, several authors alert for its negative aspects when
applied in the preweaning phase (intra and extra uterine). Among the most
common effects of early nutrient deprivation are late onset of obesity and
associated diseases [19, 20]. The mechanisms involved thereon are still not
clear and might be related to sirtuin (SIRT) expression [21] and impaired

hypothalamic response to fed/fasting conditions [22].

Nutritional aspects have important impact on oxidative stress related
diseases [23]. Oxidative status in the brain is extensively related to the effects
of CR [24, 25]. Calorie restricted models are commonly associated to reduced
oxidative stress hallmarks and there is massive data associating the positive
effects of CR on extending life span and preventing and/or treating obesity-
related comorbidities [26-30]. Notwithstanding, data from literature are sparse
concerning to the oxidative effect of calorie restriction during pregnancy on
mothers’ and their litters’ brain. To accomplish this aim, we evaluated reactive
species levels, the enzymatic and non-enzymatic antioxidant network, as well
as some parameters of protein and lipid damage in cerebellum and total
cerebral cortex of dams and their offspring restricted in 40% of calories during
pregnancy. Besides, we also compared the data from dams and pups in order

to establish a correlation.

Material and Methods
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Animals and Reagents

Eighty female adult Wistar rats (60 days-of-age, nulliparous) and forty
male adult Wistar rats (90 days-of-age) were obtained from the Central Animal
House of Departamento de Bioquimica, Instituto de Ciéncias Bésicas da Saude,
Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brazil. Animals
were maintained on a 12/12 h light/dark cycle in an air-conditioned constant
temperature (22 + 1°C) colony room. The animals were housed in the
proportion of 2 females per male for mating. After conception diagnosis by the
presence of sperm in vaginal smears, we housed three pregnant female rats
per cage in order to start the treatment. The experiments were approved by
local Ethics Commission (Comissdo de Etica no Uso de Animais/Universidade
Federal do Rio Grande do Sul) under the number 25447, and followed national
animal rights regulation (Law 11.794/2008) and the National Institute of Health
Guide for the Care and Use of Laboratory Animals (NIH publication No. 80-23,
revised 1996). We further attest that all efforts were made to minimize the

number of animals used and their suffering.

All chemicals were obtained from Sigma Chemical Co., St. Louis, MO,

USA.

Caloric Restriction Protocol

Control rats had free access to water and a 20% (w/w) protein
commercial chow. The CR group also had free access to water and received
the same commercial chow; however, the amount was reduced by 40% [31].

The diet for CR group was adjusted daily by body weight, using the chow
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amount consumed by control animals as standard. The protocol was applied

during the 21 days of gestation.

Sample Processing

The animals were divided into four groups: control dams (8 animals), CR
dams (8 animals), control pups (64 animals), and CR pups (64 animals). In the
delivery day, control and CR dams and their offspring (postnatal day O — PNDO)
were euthanized by decapitation without anesthesia, for the purpose of avoid
chemical contamination of the sample that could alter the biochemical
parameters evaluated. The pups were euthanized on PNDO to escape the
influence of lactation. Brain was dissected; cerebellum and total cerebral cortex
were rapidly isolated in a Petry plate on ice. The tissue was homogenized in 10
volumes (1:10, w/v) of phosphate buffered saline (PBS) pH 7.4, added 1 mM
ethyleneglycoltetraacetic acid (EGTA) and 1 mM phenylmethanesulfonyl
fluoride (PMSF). Homogenates were centrifuged at 1,000 x g for 10 min at 4°C,
to discard nuclei and cell debris. The pellet was discarded and the supernatant
was taken to biochemical assays.

Particular interest on the central nervous system (CNS) is explained by
its huge oxygen consumption, which is associated to increased reactive species
production in the respiratory chain, allied to its high content of polyunsaturated
lipids and iron, as well as reduced enzymatic antioxidant protection, implying in

a more vulnerable target to oxidative stress [32, 33].

The cerebellum was chosen because of its importance in terms of motor
regulation and learning, controlling the voluntary movements and body balance,
while the cerebral cortex is responsible by decisions-making, planning,

organization and personality.
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Biochemical Assays

Dichlorofluorescein oxidation

The reactive species content was assessed through the 2°,7'-
dichlorofluorescein (DCFH) oxidation method [34]. Briefly, the biological sample
was diluted in 40 volumes (1:40, v/v). Sixty yL of the diluted biologic sample
was incubated at 37 °C, in the dark, for 30 min, with the addition of 240 pL of
DCFH diacetate (DCFH-DA) in a 96-well plate. DCFH-DA is cleaved by cellular
esterases and form DCFH, a non fluorescent compound, that is oxidized by
reactive species present in the sample, producing a fluorescent compound,
DCF. DCFH oxidation was measured fluorimetrically, using a 488 nm excitation
and 525 nm emission wavelength. A standard curve, using standard DCF
(0.25-10 mM), was performed in parallel with the samples, and the results were

expressed as nmol/mg protein.

Flow cytometry assay

Mitochondrial superoxide was measured using the probe MitoSOX® red,
and nitric oxide was measured using the probe 4-amino-5-methylamino-2',7'-
difluorescein (DAF-FM®), both purchased from Invitrogen®, in a FACScalibur
flow cytometer (BD Biosciences®). The tissue samples (100 mg) were
dissociated with 1 mL of PBS pH 7.4 containing 1 mg% of collagenase IV and
0.5 mg% of DNase, filtered and incubated with the probe. One hundred
microliter of each sample was incubated at 37°C during 20 min in the presence
of MitoSox® red in a final concentration of 1 uM. One hundred microliter of each

sample was incubated at 37°C during 1 hour in the presence of DAF-FM® in the
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final concentration of 10uM. After that, 10,000 cells were evaluated per sample

in the flow cytometer. Data were analyzed using the software FlowJo®.

Antioxidant enzymes activity
Superoxide dismutase (SOD) (EC 1.15.1.1) activity was evaluated by
quantifying the inhibition superoxide-dependent autoxidation of epinephrine,
verifying the absorbance of the samples at 480 nm [35]. Considering the
protocol used in sample preparation, we measured total SOD activity,
expressed as the amount of enzyme that inhibits the oxidation of epinephrine by
50%, which is equal to 1 unit. The data were calculated as units/mg protein.
Catalase (CAT) (EC 1.11.1.6) activity was assayed according to Aebi [36]
by measuring the absorbance decrease at 240 nm in a reaction medium
containing 20 mM H,0,, 0.1% Triton X-100, and 10 mM potassium phosphate
buffer, pH 7.0. One CAT unit is defined as 1 uymol of hydrogen peroxide
consumed per minute and the specific activity is reported as units/mg protein.
Glutathione peroxidase (GPx) (EC 1.11.1.9) activity was measured
according to the method described by Wendel [37] using tert-butyl
hydroperoxide as substrate. Nicotinamide adenine dinucleotide phosphate
(NADPH) disappearance was monitored spectrophotometrically at 340 nm in a
medium containing 2 mM reduced glutathione (GSH), 0.15 U/mL glutathione
reductase (GR) (EC 1.8.1.7), 0.4 mM azide, 0.5 mM tert-butyl hydroperoxide
and 0.1 mM NADPH. One GPx unit is defined as 1 ymol of NADPH consumed
per minute and the specific activity is represented as units/mg protein.
Glutaredoxin (Grx) (EC1.20.4.1) activity was measured according to the
method described by Holmgren and Aslund [38] using hydroxyethyl disulfide

(HED) as substrate. NADPH disappearance was monitored
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spectrophotometrically at 340 nm in a medium containing 2.5 mM glutathione,
454 U/mL GR (EC 1.8.1.7), 2 mM HED and 5 mM NADPH. One Grx unit is
defined as 1 ymol of NADPH consumed per minute and the specific activity is

represented as units/mg protein.

Non-enzymatic antioxidants
Total Radical-trapping Antioxidant Potential (TRAP) and Total Antioxidant
Reactivity (TAR) were determined by chemiluminescence

TRAP represents the total non-enzymatic antioxidant capacity of the
tissue and was determined by measuring the luminol chemiluminescence
intensity induced by 2,2'-azo-bis (2-amidinopropane) (ABAP) at room
temperature [39]. Two hundred and forty microliters of 10 mM ABAP dissolved
in 50 mM sodium phosphate buffer pH 8.6 plus 5.6 mM luminol were added to
the microplate and the background chemiluminescence was measured. Ten
microliters of 300 uM trolox or supernatant were added and chemiluminescence
was measured until it reached the initial levels. The addition of trolox or sample
to the incubation medium reduced the chemiluminescence. The time necessary
to return to the levels presented before the addition was considered to be the
induction time, which is directly proportional to the antioxidant capacity of the
tissue and was compared to the induction time of trolox. The results are
reported as nmol of trolox/mg of protein.

In the same assay, we measured TAR [40], which represents the quality
of the tissue antioxidants. The chemiluminescence value was measured after
1 min after adding ABAP plus luminol. Ten microliters of trolox or brain
supernatants, which decrease light intensity, were then added and

chemiluminescence was measured after 60 s (final chemiluminescence). The
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ratio between the initial and the final chemiluminescence values is used to
calculate TAR measurement. TAR values were expressed as nmol trolox/mg of

protein.

Reduced glutathione (GSH) concentration

GSH concentration was measured according to Browne and Armstrong
[41], where GSH reacts with the fluorophore o-phthalaldehyde. The proteins in
supernatant were initially precipitated with meta-phosphoric acid (1:1, v:v),
centrifuged at 5.000 x g, for 10 min, at 25°C. Fifty uL of supernatant was
incubated with 15 uL of 7.5 mM o-phthaldialdehyde and 235 uL of 120 mM
sodium phosphate buffer pH 8.0, containing 5 mM ethylenediaminetetraacetic
acid (EDTA); at room temperature during 15 min. A blank sample was
performed in parallel. Fluorescence was measured using excitation and
emission wavelengths of 350 nm and 420 nm, respectively. Calibration curve
was prepared with standard GSH (0.001-1 mM) and the concentrations were

calculated as nmol/mg protein.

Vitamin C concentration

Vitamin C levels were measured by High-performance liquid
chromatography (HPLC) employing a reverse-phase column
(SUPELCOSIL™LC-18-DBHPLC Column; 15 cm x 4.6 mm, 5 ym patrticle size),
using a mobile phase flow rate of 1mL/min in 30 mmol/L
monobasic potassium phosphate (pH 3.6) and methanol (9:1, v/v). Samples
were injected in a volume of 25 pL. The absorbance of the column effluent was

monitored at 250 nm during a 10 min run time. Under these conditions, the
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retention time of vitamin C was 3.0 min. Vitamin C was expressed as mg/g of

protein [42].

Biomolecule oxidative parameters

Carbonyl levels

Protein carbonyl content, a marker of protein oxidative damage, was
assayed by a method based on the reaction of protein carbonyls with
dinitrophenylhydrazine forming dinitrophenylhydrazone, a yellow compound,
measured spectrophotometrically at 370nm [43]. Briefly, 1 mg of sample protein
was treated with 20% trichloroacetic acid, and centrifuged at 4,000 x g, 4°C for
5 min. The pellet was dissolved in 0.2 M NaOH, and was added of 10 mM
dinitrophenylhydrazine (prepared in 2M HCI). This was kept in the dark during
1h, and vortexed each 15 min. Samples were added of 20% thiobarbituric acid),
and centrifuged at 20,000 x g, 4°C for 5 min. The pellet was washed three times
with ethanol:ethyl acetate (1:1, v/v). The supernatant was discarded and the
pellet was re-suspended in 8M urea pH 2.3. The sample was vortexed and
incubated at 60°C for 15 min. After that, it was centrifuged at 20,000 x g for 3
min and the absorbance was measured at 370 nm. Protein carbonyl content

was expressed as nmol/mg protein.

Thiobarbituric Acid Reactive Substances (TBARS) levels

The lipid peroxidation was assessed using the methodology described by
Yagi [44], which measures the thiobarbituric acid reactive substances (TBARS)
levels with slight adaptations. Briefly, 200 yL of 10% trichloroacetic acid and
300 pL of 0.67% thiobarbituric acid in 7.1% sodium sulfate were added to

150 uL of tissue supernatants containing 0.3 mg of protein and incubated for 2 h
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in a boiling water bath. The mixture was allowed to cool on running tap water for
5 min. The resulting pink-stained complex was extracted with 400 uL of butanol.
Fluorescence of the organic phase was read at 515 nm and 553 nm as
excitation and emission wavelengths, respectively. Calibration curve was
performed using 1,1,3,3-tetramethoxypropane and subjected to the same

treatment as supernatants. TBARS levels were calculated as nmol/mg protein.

Malondialdehyde (MDA) measure

Concentration of MDA, a product of lipid peroxidation, was measured by
High-performance liquid chromatography (HPLC), in the same assay used to
quantify vitamin C. Under these conditions, the retention time of MDA was

5.6 min. MDA levels was expressed as mg/g of protein [42].

Protein concentration assay
Protein concentration was measured by the method of Lowry et al. [45],

using bovine serum albumin as standard.

Statistical analysis
Data were analyzed by Student’s t test, using GraphPad Prism 6.0
software. Dams and pups’ results were correlated utilizing Pearson’s correlation

test. Data were considered statistically significant when p<0.05.
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Results

CR was able to dramatically reduce weight gain in dams and pups, as

well as pregnancy rate

The three-week treatment during pregnancy was able to decrease weight
gain in CR dams after 8 days of gestation [p<0.01] (Figure 1), and litter weight
[t(22)=5.889; p<0.0001] (Table 1). On the other hand, 40% of calorie restriction
during pregnancy was not able to reduce litter size [t(22)=0.5745; p=0.5715].
Additionally, the pregnancy rate in CR dams was also diminished [t(73)=4.829;

p<0.0001] (Table 1).

—— Control

NS KRB B A D 0,0 NS DO DD DD

Pregnancy (days)

Fig. 1. Effect of caloric restriction (CR) in dam’s weight gain during pregnancy.
Results are expressed as mean + S.E.M. for n=8-16. Different for control,

**p<0.01 (Multiple t tests).
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Table 1. Effect of intrauterine caloric restriction on litter’'s weight and size, and pregnancy

rate
Control Caloric Restriction p value
Litter weight (weight/pup) 6.00 £0.10 5.00 + 0.15*** <0.0001
Litter size (number of pups) 9.50 £ 0.65 8.90+0.83 . 0.5715
Pregnancy rate (%) 77.8+11.1 16.7 £ 7.15*** <0.0001

Data was expressed as mean = S.E.M (Student’s t test) for n=8-16.

CR altered the reactive species detection in cerebellum of dams and

pups

The DCFH oxidation technique encompasses a wide number of reactive
oxygen/nitrogen species (ROS/RNS) for detection; meanwhile, it is more
sensible to certain species, such as hydrogen peroxide (in combination with
peroxidase, cytochrome ¢, or Fe®"), peroxynitrite, and hydroxyl radicals. The
flow cytometry assays performed are able to detect the levels of mitochondrial

superoxide and nitric oxide using specific probes.

In the cerebellum of pups, mitochondrial superoxide levels were
decreased [t(10)=9.449; p<0.0001)] (Figure 2b) and nitric oxide levels were not
altered [t(9)=1.271; p=0.2357)] (Figure 2c). In the cerebral cortex, mitochondrial
superoxide levels were decreased [t(18)=2.943; p=0.0087)] (Figure 3b), while

nitric oxide levels were increased [t(10)=4.068; p=0.0023)] (Figure 3c).

The DCFH oxidation was decreased in the cerebellum of CR dams

[t(14)=2.474; p=0.0268] (Figure 4a) and their offspring [t(10)=2.473; p=0.0329]
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(Figure 2a). On the other hand, DCF oxidation in the cerebral cortex remained
unaltered, both in CR dams [t(12)=1.007; p=0.3339] (Figure 4b) and pups

[t(14)=0.9889; p=0.3395] (Figure 3a).

In order to establish a correlation between mothers and their offspring
parameters, we performed Person’s analyses. In the cerebellum, dams and

pups showed a positive Pearson’s correlation [r=0.6665; p=0.0179].
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Fig. 2. Effect of intrauterine caloric restriction (CR) on 2’7’-dichlorofluorescein

(DCFH) oxidation (A), mitochondrial superoxide (B), and nitric oxide (C) levels
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in pups’ cerebellum. Results are expressed as mean = S.E.M. for n=4-8.
*p<0.05, **p<0.001 (Student’s t test). DAF-FM: 4-amino-5-methylamino-2',7'-

difluorescein.
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Fig. 3. Effect of intrauterine caloric restriction on 2’7’-dichlorofluorescein
(DCFH) oxidation (A), mitochondrial superoxide (B), and nitric oxide (C) levels
in pups’ cerebral cortex. Results are expressed as mean + S.E.M. for n=4-8.

**p<0.01 (Student’s t test). DAF-FM: 4-amino-5-methylamino-2',7'-difluorescein.
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Fig. 4. Effect of caloric restriction during pregnancy on 2’7’-dichlorofluorescein
(DCFH) oxidation in cerebellum (A) and cerebral cortex (B) of adult Wistar rats.

Results are expressed as mean + S.E.M. for n=6-8. *p<0.05 (Student’s t test).

CR significantly affects the enzymatic antioxidant network in dams and
pups

SOD, CAT, GPx, and Grx activities were measured in cerebellum and
cerebral cortex of adult female rats exposed to nutrient deprivation during
pregnancy and their offspring. Results showed that CR acted promoting
alterations in all of the assessed enzymes, producing a notable unbalance in
the antioxidant system. The CR pups showed increased SOD activity
[t(13)=2.441; p=0,0297], allied to decreased activity of CAT [t(14)=4.174;
p=0.0009], GPx [t(14)=2.165; p=0.0482], and Grx [t(9)=3.348; p=0.0085] both in

the cerebellum (Figures 5a, 5b, 5¢ and 5d, respectively) and the cerebral cortex
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[SOD: t(14)=2.231; p=0.0425, CAT: t(14)=2.181; p=0.0467, GPx: t(14)=2.565;
p=0.0225], even though Grx alteration was not statistically significant in the

cerebral cortex of pups [t(12)=1.427; p=0.1790] (Figures 6a 6b 6¢ and 6d,

respectively)
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Fig. 5. Effect of intrauterine caloric restriction (CR) on superoxide dismutase
(SOD) (A), catalase (CAT) (B), glutathione peroxidase (GPx) (C), and
glutaredoxin (Grx) (D) activities in the cerebellum of pups. Results are
expressed as mean = S.E.M. for n=5-8. *p<0.05; **p<0.01; ***p<0.001

(Student’s t test).
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Fig. 6. Effect of intrauterine caloric restriction (CR) on superoxide dismutase
(SOD) (A), catalase (CAT) (B), glutathione peroxidase (GPx) (C), and
glutaredoxin (Grx) (D) activities in the cerebral cortex of pups. Results are

expressed as mean + S.E.M. for n=7-8. *p<0.05 (Student’s t test).

Brain antioxidant network was affected in a similar way in dams. In the
cerebellum of CR dams, SOD activity was increased [t(13)=2.265; p=0.0412],
while CAT [t(14)=2.871; p=0.0123] and Grx [t(13)=2.302; p=0.0385] had their
activities diminished (Figures 7a, 7b and 7d). GPx was not affected in dams
cerebellum [t(14)=0.2078; p=0.8384] (Figure 7c). In the cerebral cortex of CR
dams, SOD [t(11)=3.273; p=0.0074], CAT [t(11)=2.655; p=0.224], and Grx
[t(10)=2.584; p=0.0272] had their activities decreased (Figures 8a, 8b and 8c)
while GPx remained unaltered [t(12)=1.154; p=0.2711], similarly to cerebellum

(Figure 8d).
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Fig. 7. Effect of caloric restriction (CR) during pregnancy on superoxide
dismutase (SOD) (A), catalase (CAT) (B), glutathione peroxidase (GPx) (C),
and glutaredoxin (Grx) (D) activities in the cerebellum of dams. Results are

expressed as mean + S.E.M. for n=7-8. *p<0.05 (Student’s t test).
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Fig. 8. Effect of caloric restriction (CR) during pregnancy on superoxide
dismutase (SOD) (A), catalase (CAT) (B), glutathione peroxidase (GPx) (C),
and glutaredoxin (Grx) (D) activities in the cerebral cortex of dams. Results are

expressed as mean + S.E.M. for n=6-7. *p<0.05 (Student’s t test).

Person’s analyses showed a positive correlation between mothers and

their offspring, in cerebellar Grx activity [r=0.7856; p=0.0071].

Non-enzymatic antioxidant defenses presented differential modulation

in CR pups and dams

CR pups possess decreased non-enzymatic defenses. TRAP
[t(14)=2.459; p=0.0276], TAR [t(14)=2.925; p=0.0111], and GSH [t(13)=2.285;
p=0.0398] were decreased in the cerebellum, while vitamin C presented a
statistical tendency to diminish [t(10)=1.519; p=0.1598] (Figures 9a, 9b, 9c and

9d, respectively). In the cerebral cortex, TRAP was decreased [t(12)=1.851;
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p=0.0890], while TAR [t(12)=1.606; p=0.1343] and vitamin C [t(10)=1.264;
p=0.2349] tended to diminish (Figures 10a, 10b and 10d). GSH was not altered
[t(14)=0.5757; p=0.5739] (Figure 10c). Conversely, in the cerebellum of CR
dams, TRAP tended to increase, although Student’s t test was not significant
[t(14)=1.362; p=0.1948], TAR was increased [t(14)=2.218; p=0.0436], and GSH
was not altered [t(13)=0.2350; p=0.8179] (Figures 1la, 11b and 11c). In the
cerebral cortex of CR dams, none of the non-enzymatic antioxidant parameters
evaluated was altered [TRAP: t(12)=0.02313; p=0.9819, TAR: t(12)=0.1078;

p=0.9159, GSH: t(12)=0.05573; p=0.9565] (Figures 12a, 12b and 12c).
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Fig. 9. Effect of intrauterine caloric restriction on total radical-trapping
antioxidant potential (TRAP) (A), total antioxidant reactivity (TAR) (B), reduced
glutathione (GSH) content (C), and vitamin C levels (D) in the cerebellum of
pups. Results are expressed as mean + S.E.M. for n=7-8. *p<0.05 (Student’s t

test).
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Fig. 10. Effect of intrauterine caloric restriction on total radical-trapping
antioxidant potential (TRAP) (A), total antioxidant reactivity (TAR) (B), reduced
glutathione (GSH) content (C), and vitamin C levels (D) in the cerebral cortex of
pups. Results are expressed as mean + S.E.M. for n=6-8. *p<0.05 (Student’s t

test).
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Oxidative damage parameters remained unaltered both in pups’ and

dams’ brain

Carbonyl, TBARS, and MDA content were assessed as indexes of
oxidative damage. None of the parameters were altered, neither in pups’ brain
[cerebellum: carbonyl: (12)=0.9122; p=0.3796, TBARS: 1(13)=0.5611;
p=0.5843, MDA: 1t(11)=0.6487; p=0.5298; cerebral cortex: carbonyl:
t(12)=0.5070; p=0.6214, MDA: 1(10)=1.048; p=0.3193] (Table 2), nor in dams
[cerebellum: carbonyl: t(14)=1.716; p=0.1081, TBARS: 1(12)=0.3713; p=0.7169;
cerebral cortex: carbonyl: t(12)=0.2571; p=0.8014, TBARS: {(9)=1.439;

p=0.1839] (Table 3).

Table 2. Effects of intrauterine caloric restriction on oxidative damaging parameters on

cerebellum and cerebral cortex of pups

Control Caloric Restriction p value
Cerebellum
Carbonyl levels 43.3+45 47.7+1.6 0.3796
TBARS 27.8+3.5 30.7+4.0 0.5843
MDA concentration 1.00+0.1 0.90+0.2 0.5298
Cerebral cortex
Carbonyl levels 36.3+2.9 39.2+4.9 0.6241
MDA concentration 1.00+0.2 0.80+0.1 0.3193

Data was expressed as mean + S.E.M (Student’s t test) for n=5-8.
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Table 3. Effect of caloric restriction on oxidative damaging parameters on cerebellum and

cerebral cortex of pregnant rats

Control Caloric Restriction p value
Cerebellum
Carbonyl levels 12.0+1.7 1150+ 1.6 0.8014
TBARS 247+ 2.6 2890+ 1.5 0.1839
Cerebral cortex
Carbonyl levels 16.7+£2.0 1540+1.5 0.1081
TBARS 22.6+4.0 20.87 15 0.7169

Data was expressed as mean = S.E.M (Student’s t test) for n=5-8.

Discussion

Although the beneficial effects of CR are some sort of common sense in
the literature, a recent review by Sohal and Forster [30] postulated a huge critic
to it, revising concepts and pointing issues. Based in a vast amount of evidence,
the authors share their concerns about the interpretation of published results,
especially (i) CR has inter and even intraspecific particularities [46] and (i) ad
libitum controls are not suitable, especially for showing abnormal tendency to
present age related diseases [47]. Albeit the focus of the present work is to
assess the CR effects under pregnant and neonate rats, it is mandatory to
mention that, unfortunately, the ad libitum control model utilized in laboratory
rodents is increasingly near to the western civilization lifestyle: a sedentary

overfed mammal.
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Literature presents mostly two intensities of CR: moderate (usually 20-
25%) and severe (usually 40%, including this work). One may expect a drastic
reduction dams’ weight gain and litter weight, which was actually found in this
work. Data in the literature suggests that dams may have a decreased weight
gain when their energy intake is restricted by 40% during pregnancy; however,
litter's size and weight shall not be altered [31]. Our data is in agreement in
respect to dams’ reduced weight gain and unaltered litter size; however, it is
contrasting in respect to litter weight, considering we found a significant

reduction.

It has been demonstrated that CR may decrease the production of
reactive species, such as superoxide anion and hydrogen peroxide in adult
mice [48]. In this work, we found decreased mitochondrial superoxide levels in
the cerebellum and cerebral cortex of CR pups. We also found a decreased
DCFH oxidation in the cerebellum of both dams and pups, suggesting a
reduction of ROS identified in this method, specially hydrogen peroxide,
peroxynitrite, and/or hydroxyl radical [34, 49]. The reaction between nitric oxide,
which is increased in the cerebral cortex of pups, and superoxide might produce
peroxynitrite. We believe that was not the case, considering that decreased
DCFH oxidation was found in the cerebellum, and remained unaltered in the
cerebral cortex, moreover, lipids and proteins were not oxidized. Corroborating
with our data, increased nitric oxide levels had already been found in response
to adult CR models elsewhere [50, 51]. Since the enzymatic modulation
presented both in dams and pups’ brain suggests increased ROS, especially
hydrogen peroxide, one may question why the DCFH oxidation was decreased

in the cerebellum and unaltered in the cerebral cortex. We believe that
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hydrogen peroxide could not be detected by this probe, considering the required
presence of peroxidase, iron, or cytochrome c to full reaction, or alternatively, it
should be metabolized by other antioxidant defenses, such as peroxiredoxins
and thioredoxins, which were not evaluated in our study [52-54]. The lack of
protein or lipid oxidation, demonstrated by carbonyl content, TBARS, and MDA
levels reinforce this hypothesis. Moreover, we might not discard the conversion
of DCFH reactive ROS in types of reactive species unable to oxidize DCFH,

resulting in unaltered results as found in cerebral cortex.

Although the reactive species own a negative facet, related to oxidative
stress and even to cell death, this chemical molecules are indispensable to
physiological cell signaling [33], promoting cellular adaptation to many moderate
stress inductors, notably aerobic exercise and dietary pattern [24, 25, 55].
Activation of a plethora of transcription factors by reactive species modulates
cell metabolism and function [33, 56], as the expression of antioxidant enzymes
[57-59]. Our concern is that the reduction in reactive species levels should

affect the cellular antioxidant status in calorie restricted animals [7, 60].

With the purpose to examine the hypothesis that calorie restriction
reduces oxidative stress in rodents, Walsh et al. [55] reviewed a great number
of different animal models, including organs evaluated, intensity of CR, and
period of onset, and concluded that literature presents conflicting data regarding
to ROS production, antioxidant enzymes activity, and oxidative damage.
Interestingly, brain SOD, CAT, and GPx are not altered in the majority of studies
evaluated by Walsh and colleagues; and only 1% of the evaluated studies
showed a decreased activity of these enzymes in dietary restricted rodents.

Nevertheless, literature is meager concerning to animal models caloric



57

restricted during pregnancy, and in our knowledge our data is one of the first to
evaluate maternal effect of 40% CR on brain oxidative status of dams and their
offspring. In our study, we found a meaningful modulation of antioxidant
enzymes in dams and their offspring, indicating an antioxidant unbalance
responsible by hydrogen peroxide accumulation, as a result of SOD activation,
which promotes the conversion of superoxide anion in hydrogen peroxide. The
mitochondrial superoxide decreased levels both in cerebellum and cerebral
cortex reinforce this hypothesis. Allied to that, we also found inhibition of
hydrogen peroxide eliminating enzymes, represented by CAT and GPx [61, 62].
Grx, responsible by disulphide reduction, was also inhibited by calorie
restriction, compromising the recovery of oxidized thiols [33, 38] in dams and

their litter.

We also assessed the effects of gestational CR on non-enzymatic
antioxidant defenses, where we found the largest difference between CR dams
and pups. CR dams present a feature of metabolism adaptation in cerebellum,
with increased antioxidant potential, GSH-independent. On the other hand,
cerebellum and cerebral cortex of pups submitted to intrauterine calorie
restricted presented diminished non-enzymatic antioxidant potential and
reactivity evaluated by TRAP and TAR, respectively. GSH was statistically
reduced in cerebellum, while vitamin C shows a tendency to reduction in both
structures. From this set of data emerges a relevant difference between
mothers treated during their first pregnancy and the pups delivered from them,
emphasizing the high sensitivity of the offspring. Agale et al. [31] found a
diminished total antioxidant potential both in dams and male pups applying a

similar restriction protocol but using a different detection technique, while
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Partadiredja et al. [62] found increased GSH levels in the brain of mice applying
a 25% CR in the gestational and breast-feeding periods, analyzing 21 and 61
day-old offspring. The contrasting results may exist considering: (i) different
animal models may have different responses to CR [30], (ii) CR intensity may
produce different results, and/or (iii) CR was applied in different developmental
periods, and the animals may have suffered adaptations during extra uterine
life. Albeit mostly results discussed so far suggest a pro-oxidative status in the
brain of CR dams and pups, the damage parameters assessed showed no
alterations. Agale et al. [31] found decreased MDA content in dams’ brain,

contrasting to our results, but also did not find any alteration in pups’ brain.

The mechanisms by which CR acts attract a huge interest of scientific
community. Evidences suggest that CR may have an important role on the
phosphoinositide 3-kinase/protein Kinase B (PI3K/Akt) pathway, which
promotes the phosphorylation of Forkhead transcription factors (FoxO) family
members [18, 63], which affect oxidative stress response [64]. Kim et al. [18]
purposed that age-related phosphorylation of FoxO6 by PI3K/Akt activation,
which is promoted by aging, negatively affected the expression of MNSOD and
CAT, while CR was able to protect rat kidney cells from this effect. FoxO4 has
been shown to reduce oxidative stress by directly increasing MNnSOD and CAT
[65]. FoxO1 regulates genes involved in cell cycle arrest, DNA repair, apoptosis
and oxidative stress in the liver [66]. Jian et al. [67] showed that FoxO1 (whose
activation is promoted via deacetylation by sirtuin 1 - SIRT1) mediates
transcription of MNSOD. It is also proposed that CR-related stress resistance is
promoted via SIRT1 pathway [68], which improves bioenergetics via

peroxisome proliferator-activated receptor gamma coactivator 1-alpha (PGC1-a)
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pathway activation [7]. SIRT1 overexpression was found in CR rats by Ran et
al. [69] and its synthesis, according to their results, may be a protective factor
for ischemic injury. As shown above, several pathways may exert effect on CR,
in minor or major extension, and we certainly are far away from establishing a
consensus. Even less is known about how CR exerts its effects in the
intrauterine life. Our results indicate that intrauterine CR exerts a robust
antioxidant disruption characterizing more intense effect in pups than in dams,

which may be related to the vulnerability of the developing brain [4].

Conclusion

We are able to conclude that CR promotes a huge negative modulation
in the brain antioxidant network, allied to reduction in cerebellar reactive
species, especially mitochondrial superoxide, while nitric oxide was increased in
cerebral cortex from offspring. Although the data present a clear oxidative
environment, proteins and lipids appear to be preserved. The results obtained in
this study clarify, at least in part, the effect of poor nutrition in brain’s oxidative
status in two remarkable stages of life. Noticeably, pups appear to be more
affected than their mothers, even though a similar oxidative pattern was
observed. The mechanisms of action and the impact of the observed metabolic

programming in adulthood remain to be elucidated.
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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 third party reuse of open access articles is determined by the author's choice of user license
(see http://www.elsevier.com/openaccesslicenses).

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. For more
information see http://www.elsevier.com/copyright.

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.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors
to comply with their funder's open access policies. Some authors may also be reimbursed
for associated publication fees. To learn more about existing agreements please visit
http://www.elsevier.com/fundingbodies.

Elsevier journals comply with current NIH public access policy.

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

Subscription

» Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs (http://www.elsevier.com/access).

* No open access publication fee payable by authors.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.
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For open access articles, permitted third party (re)use is defined by the following Creative Commons
user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
as they credit the author(s), do not represent the author as endorsing their adaptation of the article,
and do not modify the article in such a way as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The open access publication fee for this journal is USD 2200, 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.

Your Paper-Your Way

As part of the Your Paper-Your Way service, authors may submit a PDF version of their manuscript for
use in the refereeing process. This PDF file can be in any format or lay-out that can be used by referees
to evaluate your work. It should contain high enough quality figures for refereeing. References can
be in any style or format, as long as the full paper title is present. After revision, at acceptance,
source files of the paper, figures, tables and figure captions will then be required to produce the final
published version - not before.

Submission in the traditional way is also still possible.

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 (see above). 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.

Submit your article
Please submit your article via http://ees.elsevier.com/frbm

Referees

A minimum of four suitable potential reviewers (please provide their name, email addresses, and
institutional affiliation) should be provided. When compiling this list of potential reviewers please
consider the following important criteria: they must be knowledgeable about the manuscript subject
area; must not be from your own institution; at least two of the suggested reviewers should be
from another country than the authors'; and they should not have recent (less than four years) joint
publications with any of the authors. However, the final choice of reviewers is at the editors’ discretion.

PREPARATION

NEW SUBMISSIONS

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 your files to a single PDF file, which
is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
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figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

References

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Figures and tables embedded in text
Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file.

REVISED SUBMISSIONS

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. 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). 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

Subdivision - unnumbered sections

Divide your article into clearly defined sections. Each subsection is given a brief heading. Each heading
should appear on its own separate line. Subsections should be used as much as possible when cross-
referencing text: refer to the subsection by heading as opposed to simply 'the text'.

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

Material and methods

Provide sufficient detail to allow the work to be reproduced, with details of supplier and catalogue
number when appropriate. Methods already published should be indicated by a reference: only
relevant modifications should be described.

Results
Results should be clear and concise.

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

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

Essential title page information
* Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

AUTHOR INFORMATION PACK 23 Feb 2015 www.elsevier.com/locate/freeradbiomed 9

74



* 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 the e-mail address is given and that contact
details are kept up to date by the corresponding author.

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

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

Graphical abstract

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

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

The Editors strongly encourage graphical abstracts and suggest that amongst the examples given
http: //www.elsevier.com/graphicalabstracts, that example 11 and 12 best reflect the sort of graphical
abstract most suited to this field and journal.

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 editable file in the
online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point). See http://www.elsevier.com/highlights
for examples.

Keywords

Following the abstract, list keywords for indexing. These keywords should cover precisely the contents
of the submitted paper and should give readers sufficient information as to the relevance of the paper
to their particular field.

Abbreviations

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

Acknowledgements

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

Nomenclature and abbreviations

Stylistic details must be kept constant. For example, electron spin resonance is abbreviated either ESR
or EPR(for electron paramagnetic resonance). Either can be used, but both should be given and stated
as equivalent at the first mention.(This is the recommendation of the International EPR Society.)
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Formulas for radicals follow IUPAC recommendations and contain a superscripted (not centered) large
dot that precedes a charge,if any. Thus, superoxide is represented by O2e¢ —, not 02— e, or some
other permutation.

Other examples are HOe or «OH (not OHe), ROe, ROOe¢/¢NO2, «CH20H, etc. In the text, names of
radicals are preferred, rather than using formulas in the middle of sentences. For names of radicals,
use alkoxyl, peroxyl, and hydroxyl and not alkoxy, peroxy, etc. (correct nomenclature requires the
'I' on the end of radicals, as in methyl, hydroxyl, etc.). Use tert, not t-, etc., for abbreviations. For
example, CORRECT: tert-butoxyl, sec-peroxyl; INCORRECT: t-butoxy, s-peroxy.

Wherever possible, nomenclature and abbreviations should be in accordance with internationally
agreed rules. When an enzyme or compound is first mentioned in the text, specification by its code
number accompanied by its systematic name (as distinct from its trivial name) is requested by the
Editors, but not checked for correctness.

Official names of drugs are preferred to trade names.

Standard three-letter codes for the common amino acids may be used freely and without definition,
but the one-letter codes should be restricted to comparisons of long protein sequences. Similar
considerations apply to nucleosides and nucleotides. Standard three-letter codes for carbohydrates
and for purine and pyrimidine bases may also be used. All other abbreviations should be defined
when they first appear in the text. If an extensive list of abbreviations is used, please provide an
alphabetical list with definitions followed by the references at the end of the article.

Temperatures denoted by an unqualified degree symbol are assumed to be Celsius. For solution
strengths, percentages should be expressed by the sign %, followed in cases of ambiguity by w/w,
w/v, or v/v [e.g., 5% (w/v) means 5 g/100 ml].

All non-standard abbreviations should be defined in a footnote.

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.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity, manipulation for
purposes of deception or fraud will be seen as scientific ethical abuse and will be dealt with accordingly.
For graphical images, this journal is applying the following policy: no specific feature within an image
may be enhanced, obscured, moved, removed, or introduced. Adjustments of brightness, contrast,
or color balance are acceptable if and as long as they do not obscure or eliminate any information
present in the original. Nonlinear adjustments (e.g. changes to gamma settings) must be disclosed
in the figure legend.

Electronic artwork

General points

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

» Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

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

* Use a logical naming convention for your artwork files.

» Indicate per figure if it is a single, 1.5 or 2-column fitting image.

* For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

» Please note that individual figure files larger than 10 MB must be provided in separate source files.
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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 finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

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

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

« Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
* Supply files that are too low in resolution.

* Submit graphics that are disproportionately large for the content.

Color artwork

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

Please note: Because of technical complications that 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.

Figure captions

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

Tables

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

References

Citation in text

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

Web references

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

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

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

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct. If you do wish to format the references yourself they should
be arranged according to the following examples:

Reference style

Type references double-spaced and number them consecutively in the order in which they are first
mentioned in the text, not alphabetically. Cite references in the text, tables, and legends in sequential,
numerical order, placing the numbers in square brackets. References cited only in tables or figure
legends should be numbered in accordance with a sequence established by the first mention in the
text of the particular table or figure. Journal titles are to be abbreviated according to the List of
Journals Indexed in Index Medicus published by the U.S. Department of Health and Human Services.
Examples of reference style are as follows:

Journal:
[1] Muller, F. L.; Lustgarten, M. S.; Jang, Y.; Richardson, A.; Van Remmen, H. Trends in oxidative
aging theories. Free Radic. Biol. Med. 43:477-503; 2007.

Book:
[2] Van Faassen, E.; Vanin, A., eds. Radicals For Life: the Various Forms of nitric oxide. Amsterdam:
Elsevier; 2007.

Chapter in edited book:

[3] Zuo, L.; Clanton, T. L. Detection of reactive oxygen and nitrogen species in tissues using redox-
sensitive fluorescent probes. In: Sen, C. K.; Packer, L., eds. Redox cell biology and genetics, part A.
Methods in enzymology, volume 352. San Diego: Academic Press; 2002: 307-325.

Abstract:
[4] Freeman, B.; Aslan, M. Tissue oxidation and nitration reactions in a mouse model and humans
with sickle cell disease (abstract). Free Radic. Biol. Med. 33:5298; 2002.

Manuscripts that have been accepted for publication may be cited as "in press" in the reference list
using the estimated year of publication:

[5] Aguirre, J.; Lambeth, J.D. Nox enzymes from fungus to fly to fish and what they tell us about Nox
function in mammals. Free Radic. Biol. Med. In press; 2010.

Reference to a paper as "in press" implies that it has been accepted for publication. Evidence (e.g.,
a photocopy of the note of acceptance from the journal concerned) should accompany the submitted
typescript. Papers that are "in press" should be included as a number in the text. Other papers
submitted before or simultaneously with the paper in question should be included as a number in
the text and in the References section, stating the name of the journal. Copies of papers that are
submitted elsewhere should be provided for inspection by the Editors. Omission of this information will
delay publication and may lead to redating of a submitted manuscript. Papers presented at scientific
meetings that are not available in published form should not be cited as references in the References
section.

Unpublished results should not be listed in the References section. In the text they are mentioned
as follows: "(Tervoort MV and Glimcher J, unpublished data)". When unpublished results are cited,
the data should be provided for the Editors' information when essential for proper evaluation, or if
requested.
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A personal communication should be mentioned in the text as follows: "(Tervoort MV, personal
communication)”. Authors should not make unauthorized use of personal communications. Personal
communications are not to be included in the Reference section.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations:
http://www.issn.org/services/online-services/access-to-the-ltwa/.

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 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

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

Supplementary material captions
Each supplementary material file should have a short caption which will be placed at the bottom of
the article, where it can assist the reader and also be used by search engines.

Full Online Submission

The following list will be useful during the final checking of an article prior to sending it to the journal
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"
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» References are in the correct format for this journal - preferred but not essential.

» All references mentioned in the Reference list are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including the Web)
« Color figures are clearly marked as being intended for color reproduction on the Web (free of charge)
and in print or to be reproduced in color on the Web (free of charge) and in black-and-white in print
» If only color on the Web is required, black and white versions of the figures are also supplied for
printing purposes

For any further information please visit our customer support site at http://support.elsevier.com.
Submission checklist

The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

* E-mail address

« Full postal address

All necessary files have been uploaded, and contain:

* Keywords

« All figure captions

 All tables (including title, description, footnotes)

Further considerations

* Manuscript has been 'spell-checked' and 'grammar-checked'

» All references mentioned in the Reference list are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

Printed version of figures (if applicable) in color or black-and-white

» Indicate clearly whether or not color or black-and-white in print is required.

* For reproduction in black-and-white, please supply black-and-white versions of the figures for
printing purposes.

For any further information please visit our customer support site at http://support.elsevier.com.

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.

Online proof correction

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

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

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables
and figures. Significant changes to the article as accepted for publication will only be considered at
this stage with permission from the Editor.It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
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