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Resumo

O estresse € um aspecto presente diariamente em nossas vidas. Desafios reais
ou imagindrios sdo interpretados pelo nosso cerebro e respostas adequadas séo
geradas (sejam elas comportamentais, fisioldgicas ou bioquimicas), de modo a
restabelecer a homeostase do organismo. As respostas ao estresse sdo altamente
adaptativas e tém a finalidade de promover a sobrevivéncia do individuo. Porém,
guando em excesso ou mal-conduzidos, 0s mesmos sistemas de resposta podem gerar
danos e agravar processos fisiopatologicos. Dentre estes sistemas, destaca-se 0 €ixo
hipotalamo-hipofise-adrenal (HHA), cuja ativagdo culmina com a liberacdo de
glicocorticéides (cortisol em humanos, corticosterona em roedores), pelo cortex da
glandula adrenal. Estes hormonios afetam varios 6rgaos, incluindo o sistema nervoso
central, regulando sua propria liberagdo pelo mecanismo de retroalimentacéo
negativa. Além de promoverem as respostas do organismo frente a situacoes
estressoras, 0s glicocorticoides também afetam a memdria, o sistema imune, o apetite
e 0 comportamento alimentar. Alimentos palataveis, também chamados de
“alimentos confortantes”, possuem propriedades motivadoras potentes e seu
consumo parece estar relacionado com o sistema de reforgo-recompensa cerebral, de
modo a reduzir a atividade do eixo HHA. Outros fatores também podem alterar o
funcionamento do eixo HHA, como intervengdes feitas em periodos criticos do
desenvolvimento dos filhotes. O eixo HHA tem uma regulagéo extremamente fina no
periodo pré e pds-natal e disturbios no padrdo normal de secrecdo de glicocorticoides
causados por essas intervencGes podem alterar de forma definitiva as respostas do
filhote ao estresse. Uma intervencdo bastante usada é a manipulacdo neonatal, que
consiste na retirada dos filhotes do ninho por um breve periodo de tempo. Dessa
forma, ha um aumento no cuidado maternal e esses filhotes, quando adultos,
apresentam modificacdes enddcrinas, bioquimicas e comportamentais que perduram
por toda a vida do animal, incluindo menos medo em ambientes novos e maior
consumo de alimentos palataveis.

Uma vez que existe uma forte relacdo entre estresse, manipulagdo neonatal e
comportamento alimentar, o objetivo deste estudo foi investigar os efeitos desses trés
fatores sobre pardmetros comportamentais (ansiedade e locomocgédo), estresse
oxidativo em estruturas encefalicas (cértex pré-frontal e hipocampo) e glicose

plasmatica em ratos Wistar jovens. Ninhadas de ratos Wistar foram manipuladas (10
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min/dia) ou ndo nos dias 1-10 pds-natal. Os machos destes grupos foram
subdivididos em quatro subgrupos: dois foram estressados por isolamento na infancia
(pré-puberdade), e os outros dois, ndo. Ambos, porém, tiveram acesso a uma dieta
palatavel ou racdo padréo de laboratério concomitante ao estresse durante 7 dias. Os
ratos que receberam dieta palatavel consumiram mais alimento, mais calorias,
ganharam mais peso e tiveram um nivel maior de glicose plasmatica, porém sua
eficiéncia caldrica foi menor do que 0s grupos que receberam racdo padrdo. A
manipulacdo diminuiu o efeito da dieta em relacdo ao ganho de peso e consumo de
alimento no primeiro dia de isolamento. A dieta também aumentou o tempo na area
central do aparato do Campo Aberto e 0 tempo nos bragos abertos no Labirinto em
Cruz Elevado. A atividade das enzimas antioxidantes foi alterada principalmente pela
manipulacdo e dieta nas duas estruturas cerebrais analisadas (cortex pré-frontal e
hipocampo), e esses fatores tiveram efeitos opostos na maioria dos casos, com a
manipulagdo aumentando e a dieta diminuindo a atividade das enzimas. O efeito
ansiogénico do estresse foi contrabalanceado pelo acesso a dieta palatavel e, em
menor grau, pela manipulacdo neonatal. O uso de ambas as condi¢des, no entanto,
ndo parece trazer protecdo adicional contra os efeitos do estresse neste periodo

particular de vida, a pré-puberdade.



Abstract

Stress is an aspect of our daily lives. Real or perceived challenges are
interpreted by our brain and appropriate responses are generated (behavioral,
physiological or biochemical) in order to restore homeostasis. The stress responses
are highly adaptive and are designed to promote the survival of the individual.
However, when excessive or poorly conducted, the same response systems can cause
serious damage and aggravate pathophysiological processes. Among these systems,
there is the hypothalamic-pituitary-adrenal (HPA), whose activation culminates with
the release of glucocorticoids (cortisol in humans, corticosterone in rodents) from
adrenal glands’ cortex. These hormones affect multiple organs, including the central
nervous system, regulating their own release by a negative feedback mechanism.
Besides promoting the responses of the organism to stressful situations,
glucocorticoids also affect memory, immune system, appetite and eating behavior.
Palatable foods, also called "comfort foods"”, have powerful motivating properties
and their consumption appears to be related to the brain reward circuitry, in order to
reduce the activity of the HPA axis. Other factors can also alter the functioning of the
HPA axis, such as the interventions made during critical periods of development of
offspring. The HPA axis regulation is extremely thin in the pre and post-natal period
and changes in the normal pattern of secretion of glucocorticoids caused by these
interventions may permanently alter the responses of the offspring to stress. An
intervention that is widely used is neonatal handling, which consists of removing the
pups from the nest for a brief period of time. Thus, there is an increase in maternal
care and their pups, when adults, exhibit endocrine, biochemical and behavioral
changes that persist throughout the animal's life, including less fear in new
environments and greater consumption of palatable foods.

Since there is a strong relationship between stress, neonatal handling and
feeding behavior, the aim of this study was to investigate the effects of these three
factors on behavioral parameters (anxiety and locomotion), oxidative stress in brain
structures (prefrontal cortex and hippocampus) and on plasma glucose of young
Wistar male rats. Nests of Wistar rats were handled (10 min/day) or not (control
group) on days 1-10 after birth. Males from these groups were subdivided in
subgroups: stressed by isolation in childhood (pre-puberty), having access to a high

palatable diet or standard lab chow concomitant to stress for 7 days. Rats receiving
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high palatable diet consumed more food, more calories, gained more weight and had
a greater plasma glucose level, but had lower caloric efficiency than standard chow
groups. Handling decreased diet’s effect toward body weight gain and food
consumption on the first day. Palatable diet also increased time in central area in the
open field apparatus and time in open arms in the elevated plus maze. Antioxidant
enzymes activities were mainly altered by handling and diet in the two brain
structures analyzed, and these factors had opposite effects in most cases, with
handling increasing and palatable diet decreasing these enzymes activities. The
anxiety-like effect of isolation was counterbalanced by the access to a palatable diet
and, in a lesser extent, by neonatal handling. The use of both these conditions,
however, does not appear to bring additional protection against the effects of stress in

this particular period of life, the pre-puberty.



Introducéo

Estresse

Quando o corpo é desafiado fisica ou psicologicamente, 0 organismo
responde com alteracdes fisiologicas para restabelecer a homeostase, promovendo
adaptacdo e sobrevivéncia em curto prazo. No entanto, se esses desafios persistirem
por longos periodos de tempo, os mesmos sistemas de resposta fisiolégica podem
causar danos e agravar processos de doenca a longo prazo (McEwen, 2000). A
relacdo entre estes aspectos paradoxais desses sistemas de resposta ao estresse é
conhecida desde 1936, quando Hans Selye introduziu o conceito de estresse.

Este cientista definiu o estresse como a “Sindrome da Adaptagdo Geral”, ou
seja, a resposta adaptativa de um organismo a acdo de agentes nocivos — 0S
chamados agentes estressores. A resposta ao estresse seria dividida em trés estagios:
(1) alarme, onde o agente estressor seria notado; (2) resisténcia, no qual o organismo
estaria combatendo o agente estressor com sucesso; e, por fim, (3) um estado de
exaustdo, onde o organismo esgotaria sua capacidade de resposta de estresse, dai
advindo os seus efeitos deletérios (Selye, 1936, Kopin, 1995).

Assim, a palavra “estresse” tem sido interpretada como o conjunto de
respostas do organismo a um estressor. Esse estressor pode ser tanto um desafio ao
individuo, que potencialmente pode perturbar a homeostase, como também ser
apenas uma interpretacdo inadequada da situagdo, percebida erroneamente como
ameaca, que resulta em uma resposta comportamental e/ou hormonal (McEwen,
2002; Tsigos, 2002).

Sistemas de Resposta ao Estresse

A resposta ao estresse compreende uma cascata de respostas adaptativas
originadas no Sistema Nervoso Central (SNC) e na periferia. Isso causa mudancas
temporérias fisicas, psicologicas e comportamentais no organismo, afetando, entre
outros aspectos, o sistema imune, 0 metabolismo, o apetite e o comportamento
alimentar (Chrousos, 1992).

Ha dois sistemas de resposta ao estresse classicamente descritos: (a) o sistema

neurovegetativo, com liberacdo de catecolaminas (adrenalina) pela medula adrenal; e
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(b) o eixo hipotalamo-hipdfise-adrenal (HHA), com liberacdo dos glicocorticoides,
produzidos no cortex da adrenal sob estimulo hipotalamico e hipofisario (McEwen,
2002; Tsigos, 2002). A resposta ao estresse leva a alteracbes comportamentais e
metabolicas, num esforco de manter a homeostasia corporal e aumentar as chances
de sobrevivéncia. As alteracbes geradas vdo depender do tipo do estresse, da
intensidade, da duracdo e da idade do animal.

A ativagdo aguda desses sistemas promove respostas cldssicas de “luta ou
fuga”, sendo altamente adaptativas. Nessas circunstancias, a energia gasta em
atividades rotineiras, como ingestdo de alimentos, digestdo e reprodugdo, deve ser
direcionada a outras fungdes. Assim, parte da resposta estereotipada ao estresse
agudo inclui a supressao do apetite e da ingestdo de alimentos (Adam, 2007). Além
disso, para lutar ou fugir, o organismo precisa de energia. Como conseqliéncia, ha
uma mobilizacdo de estoques energéticos através de glicogendlise, lipdlise e
catabolismo protéico, aumento da atengdo e vigilancia, inibigdo da fungdo gonadal,
aumento da taxa de batimentos cardiacos e pressdo sangiinea, direcionamento do
fluxo sanguineo para Orgdos-alvo (como cérebro, musculo esquelético e coragédo),
para que 0 organismo supere a situacdo aversiva e continue vivo (Tsigos, 2002;
Majzoub, 2006). Entretanto, quando h& uma exposicdo cronica a situagdes
estressoras ou o controle inadequado das respostas ao estresse, ocorre um aumento
nos niveis basais de glicocorticéides circulantes, podendo ser danoso ao organismo
(Miller, 2002; Dallman, 2004).

O ambiente social € uma fonte de estresse, tanto para humanos, quanto para
0s roedores, em especial durante a puberdade. Nesse sentido, muitos estudos em
roedores tém mostrado que o isolamento por um longo periodo de tempo, que
abrange a puberdade, tem impacto no comportamento, na “emocionalidade” e na
reatividade ao estresse dos adultos (Douglas, 2004; Weiss, 2004; McCormick, 2007).
No ambiente natural, esses roedores vivem em grupo e exibem altos niveis de
comportamento social, tanto com animais mais novos, quanto mais velhos do que
eles (Panksepp, 2007). As interagcdes sociais sdo gratificantes para os roedores
(Panksepp, 2007), enquanto o isolamento social € um evento aversivo e aumenta a
atividade do eixo HHA (Douglas, 2004; McCormick, 2007).
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Eixo Hipotalamo-Hipdfise-Adrenal (HHA)

Apdbs a percepcdo do agente estressor, ocorre a ativacdo do eixo HHA. Ela
inicia com a secre¢do do hormoénio liberador de corticotropina (CRH) do nucleo
paraventricular do hipotadlamo, que estimula a sintese e liberacdo do horménio
adrenocorticotropico (ACTH) da hipdfise anterior para a circulacdo sanguinea. O
ACTH, por sua vez, estimula a secre¢do de glicocorticoides (cortisol em humanos e
corticosterona em ratos) pelo cortex da adrenal (Lupien, 2005), como pode ser

visualizado na Figura 1 abaixo:
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Figura 1: Eixo Hipotalamo-Hipdfise-Adrenal (HHA). Estimulos ambientais externos sdo captados

pelo sistema limbico, ativando os sistemas de resposta ao estresse, entre eles o eixo HHA.

O eixo HHA é um dos principais sistemas de controle da resposta aos
estressores psicologicos e psicossociais nos mamiferos (O’Brien, 1997; Sapolsky,
2000). Sinais neuronais associados ao estressor séo traduzidos em uma resposta
enddcrina no hipotalamo. Como dito anteriormente, aumentos agudos e por tempo
limitado nos niveis de glicocorticoides provocam uma resposta adaptativa.
Entretanto, o aumento prolongado nos niveis desses hormonios pode ter efeitos
negativos no sistema nervoso, além de outros tecidos, sendo associados a dilatagéo

ventricular, atrofia cerebral, reducdo na capacidade cognitiva (O’Brien, 1997) e
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possivel neurotoxicidade (Sapolsky, 2000). Esses aumentos causam danos também
ao hipocampo, levando a uma down-regulation dos receptores de glicocorticoides
nessa estrutura e prejudicando sua capacidade de controlar a retroalimentacéo
negativa. Esse ciclo vicioso de eventos ¢ referido como a “cascata dos
glicocorticoides” (Sapolsky, 1986).

O eixo HHA tem uma regulacdo extremamente fina no periodo pré e pos-
natal imediato, possuindo alta plasticidade (Francis, 1999). Distarbios no padréo
normal de secrecdo de glicocorticoides em periodos criticos do desenvolvimento
podem alterar de forma definitiva as respostas do organismo ao estresse (Levine,
1967). InteragBes genéticas e ambientais regulam os mecanismos neurais envolvidos
no desenvolvimento de determinados comportamentos, e experiéncias sensoriais no
inicio da vida pds-natal podem afetar o desenvolvimento neural e 0 comportamento
de um animal adulto. Estimulos estressantes sdo algumas das influéncias ambientais

que podem modificar o desenvolvimento neural (Gonzéles, 1990).

Periodos Criticos do Desenvolvimento

Existem periodos criticos no desenvolvimento dos filhotes, nos quais diversos
sistemas corporais ainda ndo estdo maduros, como o sistema nervoso central. Nesta
fase da vida, o principal contato dos filhotes com o mundo exterior € a mée, e as
interacdes méae-filhote (quando bem feitas) promovem um ambiente adequado para o
desenvolvimento da prole, gerando adultos saudaveis.

Em ratos, as duas primeiras semanas apds 0 nascimento representam o
chamado periodo hiporresponsivo ao estresse (Sapolsky, 1986). Durante essa fase, a
resposta do eixo HHA a estimulos nocivos é reduzida (Haltmeyer, 1966; Bartova,
1968), ou seja, ha uma exacerbacdo do mecanismo de retroalimentacdo negativa dos
glicocorticoides na hipofise e diminuicdo da sensibilidade da adrenal ao hormonio
adrenocorticotropico (ACTH). Conseqlientemente, a estimulacdo precoce atua sobre
0 desenvolvimento do sistema nervoso e induz uma variedade de mudancas
neuroquimicas e comportamentais no adulto.

Em condigdes naturais, o desenvolvimento neural em um rato ocorre
tipicamente em ambiente escuro e tranqguilo, em que a maior fonte de estimulacéo
provém da mde e dos seus companheiros de ninho (Caldji, 1998). Entretanto,

diversos estudos mostram que a manipulacdo pos-natal ou outra estimulacdo do
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animal nesse periodo alteram o comportamento da mée com seus filhotes, causando
mudangas na interacdo desta com a prole (Caldji, 1998; Francis, 1999; Pryce, 2001,
Parent, 2008; Litvin, 2010; Walker, 2010).

Manipulacdo Neonatal

A estimulagdo neonatal em ratos consiste tipicamente na “manipulacdo” dos
filhotes por alguns minutos no periodo que abrange as primeiras duas semanas de
vida. Dessa forma, a relagdo mée-filhote e alterada: as mées de filhotes manipulados
lambem mais a sua prole do que mées de filhotes ndo manipulados (Liu, 1997; Pryce,
2001). Este comportamento da méde em relacdo ao filhote promove uma série de
respostas comportamentais e fisiolégicas na prole, que incluem mudancas na
temperatura corporal, na locomocao, na freqliéncia cardiaca e na reagdo emocional.
A manipulacido neonatal também aumenta a expressao de receptores para CRH e a,-
adrenorreceptores na amigdala e no locus ceruleus, regides importantes para a
resposta ao medo (Caldji, 1998), assim como de receptores de glicocorticoides no
hipocampo e no cértex frontal, envolvidos na regulacdo da atividade do eixo HHA
(Francis, 1996).

Contudo, os niveis basais de corticosterona de animais manipulados e nédo
manipulados ndo diferem entre si quando adultos, mas as diferencas entre eles
parecem ser devido a uma sensibilidade diferencial do sistema nervoso central ao
mecanismo de retroalimentagdo negativa da adrenal (Levine, 1994). A maior
concentracdo de receptores de glicocorticoides no hipocampo de animais
manipulados promove um aumento da inibicdo mediada por esta estrutura cerebral e
uma diminuicdo da excitacdo mediada pela amigdala na resposta neuroenddcrina do
eixo HHA nos animais que sofreram estresse neonatal (de Kloet, 1998). Desse modo,
na idade adulta, esses animais apresentam uma resposta menos acentuada da
secrecdo de glicocorticdides pela adrenal quando expostos a estimulos estressores
(Meaney, 1991; Levine, 1993).

As consequéncias da manipulacdo neonatal na vida adulta desses filhotes
envolvem uma serie de alteracbes comportamentais e enddcrinas, incluindo uma
diminuicdo do medo a novos ambientes, com diminuicdo do comportamento de
congelamento e aumento da atividade exploratéria (Levine, 1967), além de

aumentarem a ingestdo de alimentos palataveis (Silveira, 2004).
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Comportamento Alimentar

O comportamento alimentar envolve complexos mecanismos que incluem
aspectos homeostaticos (demanda caldrica do organismo), heddnicos e cognitivos. A
via homeostatica aumenta a motivacdo para comer em funcéo do balanco energético,
sendo ativada quando ocorre a deplecdo dos estoques de gordura. Substratos
energéticos presentes no sangue sdo importantes reguladores da via homeostatica,
que também pode ser influenciada pela disponibilidade de nutrientes (Ely, 1997). Por
outro lado, a via heddnica, ou regulacdo baseada na recompensa, pode sobrepor-se a
via homeostatica durante periodos de relativa abundancia de energia, por aumentar o
desejo para o consumo de alimentos altamente palataveis.

Alimentos palataveis, também chamados “alimentos confortantes”, Sa0 uma
recompensa natural e possuem propriedades motivadoras potentes, sendo utilizados
em vaérias tarefas comportamentais como reforco. A ingestao de solucbes de sacarose
promove um aumento na liberacdo de dopamina no ndcleo accumbens, cortex pré-
frontal e hipotalamo, estruturas relacionadas com o comportamento alimentar
(Papaioannou, 2002; Hajnal, 2004; Adam, 2007). Dados da literatura sugerem que é
necessaria a integridade das vias de dopamina, serotonina e opidides para uma
resposta adequada ao estimulo da presenca de alimentos (Blundell, 1991). Também
foram relatadas relacfes importantes entre 0s niveis de corticosterona e a quantidade
ingerida de solugdes adocgadas, mostrando que os glicocorticoides alteram a
preferéncia e o consumo de alimentos (Dallman, 2003).

A ativacdo do eixo HHA apresenta grande influéncia sobre 0 comportamento
alimentar. Em situacdes de estresse cronico, a alta concentracdo de glicocorticdides
circulantes causa (1) aumento na expressdo de RNAm do hormonio liberador de
corticotropina (CRH) no nucleo central da amigdala, uma area emocional critica do
cérebro, recrutando a rede de resposta ao estresse crbnico; (2) aumento da
importancia das atividades prazerosas ou compulsivas (ingestdo de sacarose, gordura
e drogas); na presenca de insulina, estresse e glicocorticoides aumentam a ingestdo
de “alimentos confortantes”; (3) aumento dos depositos de gordura abdominal, o que
permite um aumento na sinalizacdo dos estoques de energia abdominais para inibir a
acdo de catecolaminas no tronco cerebral e expressdéo de CRH em neurbnios
hipotaldmicos que regulam a liberacdo de ACTH. Todas essas a¢fes visam a reducéao

da atividade do eixo HHA, de forma a reduzir a influéncia das respostas ao estresse
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cronico sobre efeitos comportamentais, autbnomos, e neuroendocrinos (Dallman,
2003 e 2005).

Manipulacdo Neonatal e 0 Comportamento Alimentar

Existem evidéncias de que a manipulagdo neonatal altera o comportamento
alimentar dos animais na vida adulta. Estudos anteriores do nosso laboratorio
demonstraram que ratos submetidos a manipulacdo neonatal apresentaram, na idade
adulta, um maior consumo de alimento doce quando este foi oferecido por um curto
periodo de tempo, tanto em aparato de comportamento alimentar quanto na caixa-
moradia, sem que houvesse alteracdo no consumo de racdo padrdo (Silveira, 2005 e
2006) e este efeito € observado somente apos a puberdade (Silveira, 2008). Nestes
ratos, ndo foram encontradas alteracbes nos niveis basais de corticosterona
plasméatica com relagdo aos animais controles (Silveira, 2004). Curiosamente,
qguando expostos cronicamente a alimentos palataveis, estes animais parecem ser
menos vulneraveis aos efeitos metabolicos adversos de tal sobrecarga de acglcar e
gordura (Benetti, 2007).

Em conjunto, estes dados sugerem que tanto a motivacao para aproximar-se
ou o impacto hedbnico da recompensa representado pela comida saborosa podem ser
afetados pelo ambiente neonatal. Considerando que o desejo por alimentos palataveis
pode estar associado a disturbios alimentares, compreender os mecanismos pelos
quais estes animais buscam mais avidamente este tipo de alimento pode

eventualmente contribuir para a forma de abordagem de distarbios alimentares.

Estresse e 0 Comportamento Alimentar

O comportamento alimentar pode ser alterado por diferentes fatores, dentre
eles o estresse (Ely, 1997). Os hormonios liberados em resposta ao estresse podem
afetar o apetite de diferentes formas. A noradrenalina (Halford, 2001) e o hormdnio
liberador de corticotropina (CRH) tém sido relatados como supressores do apetite
frente ao estresse, enquanto o cortisol estimula o apetite durante a recuperacdo do
estresse (Takeda, 2004). Estudos tém mostrado que o aumento na ingestdo de

alimentos palataveis, quando ha estimulo crénico do eixo HHA e aumento na
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liberacdo de glicocorticoides, seria baseado no sistema de refor¢o-recompensa
encefélico (Adam, 2007).

O aumento nos niveis de glicocorticéides causa mudancgas no metabolismo do
animal, alterando a producdo de insulina, leptina, grelina e neuropeptideo Y,
horménios envolvidos com o comportamento alimentar. Dessa forma, estes
alimentos confortantes conseguiriam reduzir a resposta do animal ao estresse
(Pecoraro, 2004). 1sso mostra que o0 eixo HHA nédo s6 é um condutor das respostas ao
estresse, como também esta intimamente relacionado com a regulagcdo enddcrina do
apetite (Adam, 2007), e esse tipo de acdo é considerado uma forma de o organismo
repor as energias gastas durante o periodo em que foi submetido ao estresse.

Alguns estudos em humanos mostraram que individuos que eram altamente
reativos ao estresse ingeriam mais calorias e que esse comportamento estava
associado com o comportamento compulsivo (Freeman, 2004; Epel, 2009). Em
concordéancia com tais estudos, trabalhos usando ratos adultos mostraram que, se
esses animais fossem submetidos a um estresse cronico, poderia ocorrer um aumento
da ingestdo de alimentos palataveis (Ely, 1997; Pecoraro, 2004; Silveira, 2004).
Além disso, a gravidade e a duragdo da exposicdo ao estressor sdo capazes de
modificar diferentemente o comportamento alimentar (Krolow, 2010).

Por sua vez, a atividade do eixo HHA também pode ser influenciada pelo tipo
de alimento consumido. Uma dieta hipercaldrica, rica em alimento doce e gordura,
pode levar a uma reducdo da resposta do eixo ao estresse (Pecoraro, 2004), sugerindo
um efeito metabdlico periférico da dieta sobre o cérebro (Dallman, 2003). Entretanto,
dietas palataveis podem aumentar os niveis de glicocorticoides basais e induzidos por
estresse, possivelmente agindo como um fator estressor per se (Tannembaum, 1997,
Kamara, 1998).

Estresse Oxidativo

O desequilibrio na homeostase derivado do estresse pode ser sentido pela
celula de diversas maneiras. Dentre elas, um importante sistema é o potencial redox.
Qualquer sinalizacdo que induza alguma espécie de dano ou estresse a organelas,
como afetar o potencial de membrana da mitocdndria ou gerar estresse do reticulo

endoplasmético rugoso, causa um aumento na producdo de espécies reativas de
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oxigénio (ERO), além de afetar os sistemas de defesas antioxidantes (Ceccatelli,
2007).

Radicais livres e ERO sdo constantemente formadas no organismo como
parte normal e essencial em processos bioldgicos (Halliwell, 1994; Murphy, 2011).
Porém, quando em excesso, causam dano oxidativo a biomoléculas e estruturas
celulares. Se, além do aumento da producdo de ERO, ha também uma diminuigéo
nas defesas antioxidantes, temos o estado de estresse oxidativo. Assim, as defesas
antioxidantes enzimaticas, tais como a superdxido dismutase (SOD), catalase (CAT)
e glutationa peroxidase (GPx), e defesas ndo-enziméticas (vitaminas, glutationa) ndo
sdo capazes de neutralizar espécies reativas de forma eficiente (Halliwell, 2007).
Como consequéncia, as proteinas celulares, lipidios e DNA podem ser danificados
(Cochrane, 1991).

Como ja mencionado, ap0s a exposicao a eventos estressores, hd aumento dos
niveis de glicocorticéides circulantes. Se esse aumento persiste por um longo tempo
(por exemplo, estressores cronicos), efeitos deletérios comecam a aparecer causando
danos ao organismo como um todo, especialmente ao sistema nervoso, e tém sido
relacionados com um aumento na geracdo de ERO (Mclntosh, 1996). O cérebro é
especialmente vulneravel a danos causados pelos radicais livres por causa de seu alto
consumo de oxigénio, abundante teor de lipidios e relativa escassez de enzimas
antioxidantes (Olanow, 1992; Halliwell, 2007). Ja foi demonstrado que o estresse
oxidativo estd envolvido na patogénese de muitas doencas (Metodiewa, 2000;
Gutteridge, 2000), incluindo aquelas causadas pelo estresse diario (McEwen, 2007).

N&o se sabe ao certo se 0 estresse oxidativo é causa ou consequéncia dos
efeitos deletérios decorrentes do estresse psicoemocional, mas ele existe e é
encontrado em diversas estruturas e tecidos apos eventos estressores. Além disso, 0s
efeitos do estresse oxidativo sobre as células s&o bem conhecidos, culminando com a
morte celular quando n&o revertido (Epel, 2004 e 2009). Isso pode explicar a
degeneracdo encontrada no SNC apds longos periodos de exposicdo ao estresse
(McEwen, 2000, Ceccatelli, 2007).
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Objetivo

Visto que existe uma forte relacdo entre estresse, manipulacdo neonatal e
comportamento alimentar, o objetivo deste estudo foi investigar os efeitos desses trés
fatores sobre parametros (ansiedade e locomocgdo), estresse oxidativo em estruturas
encefélicas (cortex pré-frontal e hipocampo) e glicose plasmética em ratos Wistar
jovens manipulados no periodo neonatal, estressados por isolamento na infancia (pré-
puberdade) e com acesso a uma dieta de alta palatabilidade concomitante ao estresse.
Nossa hipétese € que a manipulacdo no periodo neonatal, por reduzir a resposta ao
estresse, podera prevenir os efeitos da exposicdo ao estresse no periodo pré-pabere.
Além disso, uma vez que 0 acesso a uma dieta palatavel é capaz de reduzir a resposta
ao estresse, também teorizamos que esse acesso poderia contrapor-se aos efeitos do

isolamento sobre a ansiedade e 0 estresse oxidativo em estruturas cerebrais.
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Abstract

Early life events can change biochemical, endocrine and behavioral aspects
throughout the life of the animal. Since there is a strong relationship between stress,
neonatal handling and feeding behavior, the aim of this study was to investigate the
effects of these three factors on behavioral parameters (anxiety and locomotion),
oxidative stress in brain structures (prefrontal cortex and hippocampus) and on
plasma glucose. Nests of Wistar rats were handled (10 min/day) or not (control
group) on days 1-10 after birth. Males from these groups were subdivided in
subgroups: stressed by isolation in childhood (pre-puberty), having access to a high
palatable diet or standard lab chow concomitant to stress for 7 days. Rats receiving
high palatable diet consumed more food, more calories, gained more weight and had
a greater plasma glucose level, but had lower caloric efficiency than standard chow

groups. Handling decreased diet’s effect toward body weight gain and food
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consumption on the first day. Palatable diet also increased time in central area in the
open field apparatus and time in open arms in the elevated plus maze. Antioxidant
enzymes activities were mainly altered by handling and diet in the two brain
structures analyzed, and these factors had opposite effects in most cases, with
handling increasing and palatable diet decreasing these enzymes activities. The
anxiety-like effect of isolation was counterbalanced by the access to a palatable diet
and, in a lesser extent, by neonatal handling. The use of both these conditions,
however, does not appear to bring additional protection against the effects of stress in

this particular period of life, the pre-puberty.

Key-words: anxiety, high palatable diet, isolation stress, neonatal handling,

oxidative stress, pre-puberty

1. Introduction

There are critical periods in the development of offspring in which several
body systems are not yet mature [1], and the brain is particularly susceptible to
environmental influences that occur in early life [2-6]. Interventions in the neonatal
period may influence the mother's relationship with the pups, affecting the
development of the offspring nervous system and modifying biochemical, endocrine
and behavioral aspects throughout the animal’s life [7-10].

Experimental models have been developed to study the effects of
interventions in early life and its consequences. One such model is the neonatal
handling, a brief, repeated and seemingly harmless separation of pups from their
mothers. When the pups return to their home cage, there is an increase of maternal
care [11,12], which can cause, among other things, a permanent modulation of the
hypothalamic-pituitary-adrenal (HPA) of the offspring. The HPA axis is one of the
most important neuroendocrine systems that are activated in response to real or
perceived challenges of the environment [13]. As adults, handled pups have less fear
in new environments, elicited by a decrease in freezing behavior and increased
exploration activity [7]. Also, it was observed in these animals an increased intake of
palatable foods [14] and a smaller increase in the secretion of glucocorticoids by the

adrenal gland in response to stressors, when compared to non-handled animals [15].
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During the pre-puberty and adolescence periods, neuronal rearrangements
occur and the neural circuitry is structurally remodeled resulting in fine connectivity
and functionality of brain regions in adulthood [16,17]. In addition, some studies
support the hypothesis that the adolescent brain is particularly vulnerable to stress
and the prefrontal cortex would be more susceptible during this period [17]. The
social environment is a source of stress, both for humans and for rodents, especially
during puberty. Nevertheless, many studies in rodents have shown that isolation for a
period of time, covering puberty, have an impact on behavior, emotionality and stress
reactivity in adults [18-20]. In their natural environment, these rodents live in groups
and exhibit high levels of social behavior, both with younger and older animals [21].
Social interactions are rewarding to rodents [22], while social isolation is an aversive
event and increases the activity of the HPA axis [18,20].

The feeding behavior involves complex mechanisms that include caloric
demand of the body as well as hedonic and cognitive aspects [23-26]. Moreover, it
can be changed by different factors such as nutrient availability and stress [27]. The
hormones released in response to stress may affect appetite in different ways.
Norepinephrine and corticotropin-releasing hormone (CRH) have been reported as
appetite suppressants facing stress [28], whereas cortisol stimulates the appetite
during recovery from stress [29]. Studies have shown that increased intake of
palatable foods in response to a release of glucocorticoids would be based on a
reward-reinforcement system [23]. Thus, these comfort foods could reduce the
animal's response to stress [30].

After exposure to stressful events, there are increased levels of circulating
glucocorticoids. If this increase persists for a long time (e.g., chronic stressors),
deleterious effects begin to appear, damaging the body as a whole, especially the
nervous system. These deleterious effects have been reported to increase the
generation of reactive oxygen species (ROS) [31]. The brain is especially vulnerable
to free radical production and to oxidative damage because of its high oxygen
consumption, abundant lipid content and a relative paucity of antioxidant enzymes
[32,33]. Although ROS participate in normal physiological processes, when in excess
they can cause oxidative damage to biomolecules and cellular structures. If, in
addition to the increased production of ROS, there is also a decrease in antioxidant
defenses, a state of oxidative stress develops, which is involved in the pathogenesis

of many diseases, including those caused by everyday stress [34].
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Since there is a strong relationship between stress, neonatal handling and
feeding behavior, the aim of this study was to investigate the effects of these three
factors on behavioral parameters (anxiety and locomotion) and oxidative stress in
brain structures. In addition, we measured a metabolic parameter (plasma glucose) in
young Wistar rats neonatally handled and stressed by isolation in childhood (pre-
puberty), which had access to a high palatable diet concomitant to stress. Our
hypothesis was that neonatal handling and the access to a palatable diet could protect

against consequences of stress exposure.

2. Materials and Methods

2.1. Subjects

All animal proceedings were approved by the Institutional Ethical Committee
and followed the recommendations of the International Council for Laboratory
Animal Science (ICLAS) and of the Federation of Brazilian Societies for
Experimental Biology. All efforts were done to minimize animal suffering as well as
to reduce the number of animals.

Fourteen pregnant Wistar rats bred at our own animal facility were randomly
selected on gestational day 18, and housed alone in home cages made of Plexiglas
(65x25x15 cm) with the floor covered with sawdust and were maintained in a
controlled environment: lights on between 07:00 h and 19:00 h, temperature of 22 +
2°C, cage cleaning twice a week, food and water provided ad libitum. The day of
birth was considered day 0 and the litters were culled in 8 pups within 24 hours.

The litters were divided in two groups: handled and non-handled. The
neonatal handling occurred between days 1-10 after birth, between 11:00 h and 14:00
h, during 10 minutes/day [14]. Once during this period, dirty sawdust was carefully
removed from one side of the cage, without disturbing the mother and the nest, and
replaced by clean sawdust at that side by the main researcher.

Litters were weaned on postnatal day 21. Only the male offspring were used
in this study. Male pups were weighed and distributed into four groups, in such a
way that only one animal per litter was used in each group, with 5-8 animals/group.
The following groups were used: (1) receiving standard lab chow, and not stressed;
(2) receiving a high palatable diet [35], and not stressed; (3) receiving standard lab

chow, and stressed by isolation (one animal in a smaller home cage, 27x17x12 cm)
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[18]; (4) receiving a high palatable diet, and stressed. These interventions occurred
between postnatal days 21-28 and the daily food consumption was measured [36].

At postnatal day 28, the food was removed from the cages at the beginning of
light cycle. Two hours later, two behavioral tests were performed consecutively:
Open Field [37] and Plus Maze [38]. Both tests were recorded and analyzed by
computer programs.

After 8 hours of fasting, the animals were weighted again and killed by
decapitation. Trunk blood was collected and the brain was removed, dissected
(prefrontal cortex and hippocampus) and frozen at -70°C for further analysis. Also,
adrenal glands were dissected and weighed.

2.2. Neonatal handling

Pups of handled group were gently removed from the nest and placed in an
incubator at 32°C. The cages with the mothers remained in the same room and, after
10 minutes, pups were returned to their home cages. The researcher changed gloves
for the manipulation of each litter to avoid the spread of any kind of odor from nest
to nest. Pups of non-handled groups were kept with their mothers without

interventions until weaning.

2.3. High palatable diet

The high palatable diet used in this study is enriched with simple
carbohydrates, and it is made with condensed milk, sucrose, vitamins and salts mix,
powder standard lab chow, purified soy protein, soy oil, water, methionine and
lysine. The nutritional content of this diet is similar to that of a standard lab chow
(including 22% protein and 4-6% fat), however most carbohydrates in the palatable
diet were sucrose (from condensed milk and from sucrose); in contrast, the standard
lab chow had carbohydrates mainly from starch. The palatable diet was made at

postnatal day 20 and the pellets were daily switched.

2.4. Food consumption
Previously weighed amounts of standard lab chow and high palatable diet
were offered and the remaining amount was measured each day to evaluate the

consumption. The food consumption was measured per cage and, in the control
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cages, the amount of food consumed was divided by the number of animals per cage

to determine mean consumption per animal.

2.5. Caloric intake and caloric efficiency

To verify the amount of kilocalories consumed per animal, we multiplied the
amount of food ingested by the caloric content per gram of chow or diet. The
standard lab chow has a caloric content of 3.24 kcal/g, whereas the high palatable
diet has 4.5 kcal/g (being 38% more caloric than the standard chow). And to verify
gain weight by energy intake, we calculated the caloric efficiency dividing the
weight gain in milligrams by the total amount of kilocalories consumed in the period.

2.6. Behavioral tests

2.6.1. Open Field

The open field consisted of an open wooden arena (60x40 cm) with 12
equally divided squares measuring 15x13,3 cm. Fifty centimeter high walls bordered
the field. The frontal wall was made of glass, which allows the animal’s observation
by the researcher. The behavioral test was conducted in an observational room using
red light illumination. The animals were observed for 5 min and the locomotion
activity (number of line crossings), rearing (standing upright on the hind legs) and
time of grooming were analyzed. After these 5 minutes, the animals were placed in
the Plus Maze apparatus.

2.6.2. Plus Maze

The elevated plus maze apparatus was made of wood and consisted of two
opposed open arms (48,5x10 cm), two opposed enclosed arms with no roof
(48,5x9,5x49 cm), and an open square (13x10 cm) in the center. The maze was
elevated 50 cm above the floor. The behavioral test was conducted in the same
observational room using red light illumination. The animal was placed in the center
of the plus maze, facing one of the open arms, and remained in the apparatus for 5
min. The number of entries and the time spent in the open or enclosed arms,

frequency of head dipping, rearings and time grooming were analyzed.

2.7. Biochemical analysis
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For determination of antioxidant enzymes activities in prefrontal cortex and
hippocampus, these brain structures were homogenized in 10 volume (w:v) ice-cold
50 mM potassium phosphate buffer (pH 7.4), containing 1 mM EDTA. The
homogenate was centrifuged at 960 x g for 10 min at 4°C and the supernatant was
used. For determination of plasma glucose and lipid profile, the trunk blood was
collected into tubes with EDTA and centrifuged at 960 x g at 4°C for 10 minutes.

The plasma was separated and frozen at -70°C for further analysis.

2.7.1. Superoxide dismutase activity

SOD activity was determined using a RANSOD kit (Randox Labs., USA).
This method employs xanthine and xanthine oxidase to generate superoxide radicals
that react with 2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium chloride to
form a formazan dye that is assayed spectrophotometrically at 492 nm at 37°C. The
inhibition in production of the chromogen is proportional to the activity of SOD
present in the sample [39]. SOD activity was expressed as U per mg of protein, one
unit of SOD being defined as the amount that causes 50% inhibition of the rate of

reduction of INT under the conditions of the assay.

2.7.2. Glutathione peroxidase activity

GPx activity was determined according to Wendel [40], with modifications.
The reaction was carried out at 37°C in a solution containing 20 mM potassium
phosphate buffer (pH 7.7), 1.1 mM EDTA, 0.44 mM sodium azide, 0.5 mM
NADPH, 2 mM glutathione and 0.4 U glutathione reductase. The activity of GPx
was measured taking tertbutylhydroperoxide as the substrate at 340 nm. The
contribution of spontaneous NADPH oxidation was always subtracted from the
overall reaction ratio. GPx activity was expressed as nmol NADPH oxidized per

minute per mg protein.

2.7.3. Catalase activity

CAT is an enzyme that degrades hydrogen peroxide (H,O;), and its activity
assessment is based wupon establishing the rate of H,O, degradation
spectrophotometrically at 240 nm at 25°C [41]. CAT activity was calculated in terms
of umol of H,O, consumed per minute per mg of protein, using a molar extinction

coefficient of 43.6 M™cm™.
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2.7.4. Total thiol content

Total thiol content was determined spectrophotometrically based in the
reduction of 5,5 '-dithiobis-2-nitrobenzoic acid (DTNB) by thiol groups, which
become oxidized (disulfide), yielding a yellow compound (TNB) whose absorption is
measured at 412 nm [42].

2.7.5. Protein assay
The total protein concentrations were determined by the Lowry method with
bovine serum albumin as the standard [43], and it was used to normalize previous

analysis.

2.7.6. Plasma levels of glucose
Plasma glucose was measured using commercial kit from Wiener, Rosario,
Argentina [36].

2.8. Statistical analysis

For food consumption, statistical analysis was performed by repeated
measures ANOVA (time was the within subjects factor; between subjects factors
were handling, stress and diet). For the other analysis, a three-way ANOVA was
performed, with handling, diet and stress as factors. Data were expressed as mean +

standard error of mean and significance was given by p<0.05.

3. Results

3.1. Body and adrenal glands weight

The body weight of all animals increased with time [F(1,46)=1609.23,
p<0.005] (data not shown). At day 21, no difference was found between groups, but
at day 28, groups receiving palatable diet had higher body weights, compared to
groups receiving chow [F(1,46)=10.05, p<0.005]. Weight gain was also increased by
palatable diet [F(1,46)=26.19, p<0.005] and there was an interaction between
handling and diet [F(1,46)=4.47, p<0.05], since handling by itself increased weight
gain (Figure 1). There was no difference regarding adrenal glands weight (data not

shown).
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3.2. Food consumption

Over the seven days, the consumption of all groups increased with time
[F(1,20)=25.93, p<0.001] (data not shown), and groups receiving high palatable diet
had higher consumption than groups receiving standard lab chow [F(1,26)=17.79,
p<0.0005] (Figure 2). During the first day of exposure to the palatable diet, when
analyzing only isolated animals, we observed the effect of handling during the
neonatal period [F(1,22)=5.03, p<0.05] in addition to diet’s effect [F(1,22)=6.7,
p<0.05], since handling increased consumption when compared to non-handled
animals (Figure 3).

3.3. Caloric intake and caloric efficiency

Caloric intake was increased by exposure to the palatable diet
[F(1,46)=277.4, p<0.001] (Figure 4). However, despite the increase in weight gain
and in caloric intake, caloric efficiency was decreased by diet [F(1,46)=32.9,
p<0.001] (Figure 5).

3.4. Behavioral tests

3.4.1. Open Field

Time in the central squares of the Open Field was increased by exposure to
the palatable diet [F(1,46)=6.568, p<0.05] (Figure 6), but no difference was found in
total crossings, crossings in the peripheral area, time for the first crossing, frequency

of rearings and time of grooming (Table 1).

3.4.2. Plus Maze

Time in the open arms of the Plus Maze was decreased by stress
[F(1,38)=5.224, p<0.05], increased by palatable diet [F(1,38)=6.589, p<0.05] and
there was an interaction between handling and stress [F(1,38)=5.816, p<0.05], with
handling reducing the effect of stress (Figure 7). Stress also decreased frequency of
head dipping [F(1,46)=12.362, p<0.001]. Time of grooming was increased by stress
[F(1,46)=9.089, p<0.005] and decreased by handling [F(1,46)=5.001, p<0.05]. No

difference was found in frequency of rearings (Table 2).
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3.5. Biochemical measures

3.5.1. Prefrontal Cortex

An interaction was found between handling and diet on SOD activity
[F(1,36)=8.382, p<0.01] and on SOD/GPx ratio [F(1,34)=11.637, p<0.005], since
handling only increased them in chow groups, not groups receiving palatable diet.
CAT activity was increased by diet [F(1,43)=4.481, p<0.05] and there was an
interaction between stress and diet on GPx activity, since stress only increased it in
chow groups [F(1,37)=4.627, p<0.05]. Total thiol content was decreased by handling
[F(1,31)=5.004, p<0.05] and increased by diet [F(1,31)=8.995, p<0.001]. No
difference was found in SOD/CAT ratio (Table 3).

3.5.2. Hippocampus

SOD activity was increased by handling [F(1,39)=8.366, p<0.01] and
decreased by diet [F(1,39)=8.673, p<0.01]. There was an interaction between
handling and diet [F(1,36)=9.143, p<0.005] and another between the three variables
[F(1,36)=7.496, p<0.01] on CAT activity. Diet decreased GPx activity
[F(1,37)=9.251, p<0.005] and SOD/CAT ratio [F(1,34)=4.93, p<0.05], and in both
there were interactions between handling and diet [F(1,37)=6.432, p<0.05 and
F(1,34)=4.27, p<0.05, respectively], with handling accentuating diet’s effect.
SOD/GPx ratio was increased by handling [F(1,34)=9.33, p<0.05] and no difference
was found on total thiol content (Table 4).

3.5.3. Plasma glucose
Glucose level was increased by diet [F(1,37)=12.81, p< 0.001] (Figure 8).

4. Discussion

Juvenile animals receiving a high palatable diet showed increased caloric
intake, and gained more weight at the end of the week. However, their caloric
efficiency was lower than groups receiving standard lab chow. These results suggest
that, even consuming more calories, groups receiving this diet did not gain as much
weight as expected. Therefore, this excess of calories was possibly used in other

processes, such as increased basal metabolism. Another study of our group [36]
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using adult animals receiving chocolate (rich in fat and sugar) did not observed
reduced caloric efficiency, and this difference could be related to the age of the
animals (in the present study we used animals in the pre-puberty phase). The type of
palatable food used may also be important, as well as the fact that the stress in that
study was chronic (50 days), and it is known that chronically stressed animals do not
show the same behavior and do not experience the consequences that animals
exposed to acute or sub acute stress do [27,44-46]. Furthermore, we observed that
when animals are isolated, they decrease consumption in the first day, which
increases over time. This decreased consumption may reflect the stress of being
isolated. Also in the first day of isolation, besides the effect of palatable diet
(increasing consumption), a handling effect appears, since handled animals showed a
different pattern of consumption, suggesting that these animals are less susceptible to
stress consequences. This observation agrees with reports from the literature showing
reduced stress response in handled adults [13,15]. It is important to consider that the
present results were observed before puberty.

Both elevated plus-maze and open field task have been used to assess
neurobehavioral profiles of animals under the influence of anxiogenic/anxiolytic
agents [47,48]. In the present study, the open field task was used to assess
locomotion capacity and anxiety-like behavior. The results suggest that the access to
a high palatable diet during the pre-puberty period had an anxiolytic effect (since it
increased time in central squares of the open field and time in the open arms of the
plus maze apparatus), while stress (isolation) was anxiogenic. Therefore, such diet
seems to have properties of "comfort foods", as postulated in the literature [30,49].
These results agree with the hypothesis that a reward-based eating would decrease
the response to stress when animals have access to a palatable diet [23,30]. Also, the
high palatable diet had no influence over crossings and rearings in open field, which
is consistent with Souza [35]. Therefore, it is possible that exposure to social stress
during the pre-puberty period may lead to increased consumption of food rich in
carbohydrates and fat, contributing to the increasing epidemic of obesity which has
been observed also in children.

It is well established that neonatally handled rats exhibit in adulthood
decreased stress response [7,10,50] facing both acute [51] and chronic stress
situations [50,52]. When adults, handled rats show less fear in novel environments, a

greater exploratory behavior and lower anxiety [44,53-55]. Those results were not
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observed in juveniles, since handling by itself had no effect on anxiety or
locomotion. On the other hand, it partially prevented stress-induced anxiogenic
effects in the plus maze apparatus, thus adding further support to the suggested
protective effect of handling on some adverse environmental effects.

Several evidence point to a relation between anxiety-like behavior and
oxidative stress [56-59], and some studies have suggested that psychosocial stress
may lead to alteration in some cellular processes, which may cause oxidative stress
[60-62]. The brain is especially vulnerable to free radical production and to oxidative
damage because of its high oxygen consumption, abundant lipid content and a
relative paucity of antioxidant enzymes [32,33,63]. Excessive sugar intake, leading
to an elevated level of plasmatic glucose, has been considered the main source of free
radicals production in glucose intolerant situations [35]. An overload of glucose can
block the flux of electrons transport chain, generating elevated levels of reactive
nitrogen and oxygen species [64,65]. In this study, antioxidant enzyme activities
were mainly influenced by handling and diet, with opposed effects; in most cases,
handling increased and diet decreased activities. The isolation stress only affected
cortical GPx and hippocampal CAT. A previous study of our group found no
difference between handled and non-handled animals on the antioxidant enzyme
activities of handled animals [66], but the analyses were made in adult animals,
instead of in young ones, as is the case of this study. The present results suggest that
neonatal interventions affect antioxidant enzyme activities and the access to a
palatable diet tends to reduce this effect. However, since no measurements of
damage to macromolecules and production of free radicals were made, it is not
possible to conclude if there is a state of oxidative stress, or if it is involved in
behavioral changes found in this study.

Since food rich in sugar may cause deleterious effects, including changes on
metabolic parameters, we also evaluated plasma glucose. Palatable diet increased
plasma glucose, and this increase is considered a risk factor for some conditions,
such as metabolic syndrome [67]. Another study of our group showed that the
metabolic profile exhibited by handled adult animals suggests a particular metabolic
response concerning energy storage and expenditure when exposed long term to a
highly palatable diet [68], and handling has been suggested to protect these animals
from risks resulting from increases in the offer of nutrients. On the other hand, our

results suggest that, during infancy, handled animals do not present a profile that
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would protect them from exposure to increased offer of highly energetic substrates in
the form of palatable food.

In conclusion, both handling during the neonatal period and access to a high
palatable diet were able to reduce the effects of stress on anxiety-like behavior
generated by isolation. The use of both these conditions, however, does not appear to
bring additional protection against the effects of stress in this particular period of life,
the pre-puberty. This study also points to the importance of the previous life history
of the animal when studying behavioral and physiological disturbances.
Understanding how these factors (interventions and the type of diet during
development) affect brain and behavior can help to elucidate the pathophysiological

mechanisms related to eating disorders.
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Table 1. Effect of neonatal handling, isolation and palatable diet on behavior in the Open Field

Groups Total crossings C_rossmgs " Uil for L AT BN o Time of grooming
peripheral area crossing rearings
Standard | Non-stress | 112.71 +11.43 103.57 + 10.80 3.08 £ 0.68 42.00 + 6.85 10.15 + 1.56
Non- chow Stress 97.67 + 6.87 89.00 + 6.22 6.35 + 2.40 44.17 + 4.20 6.66 + 0.96
handling | palatable | Non-stress | 113.14 + 6.32 101.71 + 5.52 5.70 + 1.57 45.14 + 4.37 7.12+101
diet Stress 117.60 + 6.38 106.40 + 6.99 6.02 + 0.88 48.80 + 7.27 6.45 + 2.52
Standard | Non-stress |  96.71 +9.93 87.14 +9.23 8.80 + 1.49 53.43 + 4.85 7.01+2.71
Handling chow Stress 119.50 + 5.52 109.00 + 5.68 5.56 + 0.86 54.88 + 2.97 6.68 + 2.07
Palatable | Non-stress | 112.71 + 7.69 100.57 + 6.35 6.91+1.77 50.57 + 4.43 4.80 + 1.51
diet Stress 114.71 £ 5.39 102.29 + 4.96 8.37 + 2.63 49.57 +5.34 6.35 + 1.64

Data expressed as mean + S.E.M. N= 5-8/group. Three-way ANOVA showed no difference was found in total crossings, crossings in

the peripheral squares, time for the first crossing, frequency of rearings and time of grooming (p>0.05).




Table 2. Effect of neonatal handling, isolation and palatable diet on behavior in the Plus Maze

Groups

Frequency of head

Frequency of

Time of grooming

dipping rearings
Standard | Non-stress 9.71+3.50 15.57 +2.96 19.61 +5.62
Non- chow Stress 5.67 £ 2.59 15.50 + 3.63 19.25 + 6.62
handling | Palatable | Non-stress 18.00 + 4.33 14.14 £ 1.40 8.59 £ 3.49
diet Stress 4.00 + 1.64 18.00 + 3.29 33.12+11.05
Standard | Non-stress 14.29 + 2.66 17.14 + 2.58 553275
il fing chow Stress 8.63 +2.00 22.88 + 2.46 10.61 £ 4.63
Palatable | Non-stress 18.14 + 4.13 18.57 + 3.20 9.63+2.26
diet Stress 10.43 +2.43 16.86 + 1.67 12.07 + 2.83

Data expressed as mean + S.E.M. N= 5-8/group. Three-way ANOVA showed a significant effect of stress on frequency of head dipping

(p<0.001), on time of grooming (p<0.005) and effect of handling on time of grooming (p<0.05). No difference was found in frequency

of rearings (p>0.05).
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Table 3. Effect of neonatal handling, isolation and palatable diet on biochemical measures in prefrontal cortex

Groups SOD CAT GPx SOD/CAT | SOD/GPx Thiol
Standard | Non-stress | 7.35+1.69 | 2.78 +0.22 | 22.24+1.26 | 2.54 +0.46 | 0.32 + 0.06 | 60.05 + 2.38
Non- chow Stress 7.93+156 | 3.65+0.63 | 25.35+1.56 | 2.57 +0.66 | 0.31+0.05 | 64.33 + 3.53
handling | palatable | Non-stress | 9.66 +3.28 | 4.61+0.51 | 22.36 +3.26 | 2.04 +0.56 | 0.36 + 0.09 | 68.87 + 8.45
diet Stress 8.35+2.38 | 3.88+0.54 | 17.39+3.37 | 2.82+1.26 | 0.46 +0.08 | 66.27 + 10.12
Standard | Non-stress | 11.52 +0.74 | 3.70 £ 0.19 | 21.69+2.59 | 3.14+0.22 | 0.59 + 0.09 | 58.56 + 3.50
. chow Stress | 12.79+253 | 3.46+0.40 | 23.92+0.88 | 3.76 £ 0.68 | 0.53+0.09 | 60.12 + 3.25
Handling |- e | Non-stress | 8.54 +1.31 | 4.07 %042 | 22.78+ 153 | 2.33+0.56 | 0.35+ 0.05 | 65.58 + 2.87
diet Stress 7.92+143 | 345+0.23 | 22.32+1.32 | 2.26 £0.34 | 0.34+0.05 | 58.01+3.31

Data expressed as mean + S.E.M of SOD (U/mg protein), CAT (umol H,O, consumed/ min/mg protein) and GPx (nmol NADPH

oxidized/min/mg protein) activity and total thiol content (hmol TNB/mg de protein). N= 5-8/group. Three-way ANOVA showed an
interaction between handling and diet on SOD activity (p<0.01) and on SOD/GPx ratio (p<0.005), diet effect on CAT activity (p<0.05),
interaction between stress and diet on GPx activity (p<0.05), handling and diet effect on total thiol content (p<0.05 and p<0.001,

respectively) and no difference on SOD/CAT ratio (p>0.05).

41



Table 4. Effect of neonatal handling, isolation and palatable diet on biochemical measures in hippocampus

Groups SOD CAT GPx SOD/CAT | SOD/GPx Thiol
Standard | Non-stress | 5.64+0.73 | 3.80+0.43 | 17.39+0.68 | 2.05+0.22 | 0.42 +0.03 | 52.69 + 2.98
Non- chow Stress | 5.32+084 | 448+129 | 16.64+0.85 | 217+ 0.42 | 0.44 +0.04 | 52.57 + 4.81
handling | palatable | Non-stress | 4.60+0.90 | 3.51+0.78 | 1553 +1.03 | 2.07 +0.48 | 0.36 £ 0.02 | 52.83 +4.17
diet Stress | 4.86+0.86 | 439+0.69 | 1657+ 1.13 | 1.73+0.52 | 0.38 £ 0.03 | 52.32 + 3.61
Standard | Non-stress | 11.03+ 1.15 | 450+ 1.08 | 19.67 + 1.69 | 2.81 +0.35 | 0.57 + 0.05 | 52.63 + 4.56
. chow Stress | 6.52+0.69 | 3.23+0.32 | 17.06+1.00 | 2.78 + 0.38 | 0.49 + 0.05 | 53.25 + 4.96
Handling 0 e [ Non-stress | 5.61+1.19 | 5.15+0.72 | 1524 £ 0.60 | 1.49+ 0.18 | 0.46 £ 0.06 | 52.18 + 2.48
diet Stress | 5.18+127 | 465+142 | 13.61+1.18 | 1.78+0.32 | 0.47 +0.08 | 50.83 + 3.53

Data expressed as mean + S.E.M of SOD (U/mg protein), CAT (umol H,O, consumed/ min/mg protein) and GPx (nmol NADPH

oxidized/min/mg protein) activity and total thiol content (nmol TNB/mg de protein). N= 5-8/group. Three-way ANOVA showed a

significant effect of handling and diet on SOD activity (both p<0.01), an interaction between handling and diet and another one between

the three variables on CAT activity (p<0.005 and p<0.01, respectively), diet effect and an interaction between handling and diet on GPx
activity (p<0.005 and p<0.05 respectively) and on SOD/CAT ratio (both p<0.05), handling effect on SOD/GPx ratio (p<0.05) and no
difference on thiol content (p>0.05).
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Legends to figures

Figure 1. Body weight gain of handled (H) and stressed (Iso) animals receiving
standard chow or palatable diet. Data expressed as mean = S.E.M. Three-way
ANOVA showed a significant effect of diet (p<0) and an interaction between
handling and diet (p<0.05).

Figure 2. Average consumption during seven days of handled (H) and stressed (Iso)
animals receiving standard chow or palatable diet. Data expressed as mean + S.E.M.
Three-way ANOVA showed a significant effect of diet (p<0.0005).

Figure 3. First day consumption of standard chow or palatable diet of handled (H)
and stressed (Iso) animals. Data expressed as mean + S.E.M. Three-way ANOVA
showed a significant effect of diet (p<0.05). Considering only stressed animals, there

was also an effect of handling (p<0.05).

Figure 4. Caloric intake of handled (H) and stressed (Iso) animals receiving standard
chow or palatable diet. Data expressed as mean += S.E.M. Three-way ANOVA
showed a significant effect of diet (p<0.001).

Figure 5. Caloric efficiency of handled (H) and stressed (Iso) animals receiving
standard chow or palatable diet. Data expressed as mean = S.E.M. Three-way
ANOVA showed a significant effect of diet (p<0.001).

Figure 6.Time in central squares in the open field apparatus of handled (H) and
stressed (Iso) animals receiving standard chow or palatable diet. Data expressed as
mean £ S.E.M. Three-way ANOVA showed a significant effect of diet (p<0.05).

Figure 7. Time in open arms in the plus maze apparatus of handled (H) and stressed
(Iso) animals receiving standard chow or palatable diet. Data expressed as mean *
S.E.M. Three-way ANOVA showed a significant effect of stress (p<0.05), diet
(p<0.05) and an interaction between handling and stress (p<0.05).



Figure 8. Plasma glucose of handled (H) and stressed (Iso) animals receiving

standard chow or palatable diet. Data expressed as mean = S.E.M. Three-way

ANOVA showed a significant effect of diet (p<0.001)
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Figure 7
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Concluséao

Mesmo consumindo mais calorias e ganhando mais peso, 0S grupos que
receberam dieta palatdvel ndo ganharam tanto peso quanto esperado, pois tiveram
uma menor eficiéncia calorica. Possivelmente, esse excesso de calorias foi usado em
outros processos, como aumento do metabolismo basal. Como houve um aumento na
glicemia causado pela dieta, nossos resultados sugerem que, durante a infancia, esses
animais ndo apresentam um perfil metabolico peculiar que poderia protegé-los da
exposicdo a uma grande oferta de substratos altamente energéticos na forma de
alimentos saborosos, como parece haver em animais adultos. No primeiro dia de
isolamento, os animais que foram manipulados apresentaram um padréo diferente de
consumo, sugerindo gque esses animais sdo menos suscetiveis aos efeitos do estresse,
como apontam dados da literatura.

Os resultados deste trabalho sugerem que 0 acesso a uma dieta palatavel
durante o periodo pré-pubere teve um efeito ansiolitico (uma vez que aumentou o
tempo nos quadrados centrais do Campo Aberto e o tempo nos bragos abertos do
Labirinto em Cruz Elevado), enquanto que o estresse por isolamento teve efeito
ansiogénico. Dessa forma, a dieta utilizada parece apresentar propriedades de
"alimento confortante” como postulado na literatura. Estes resultados estdo de acordo
com a hipétese de que uma alimentacdo baseada no sistema de refor¢o-recompensa
diminuiria a resposta ao estresse quando 0s animais tém acesso a uma dieta palatavel.
Além disso, a dieta palatavel ndo alterou a locomocao (cruzamentos e levantamentos
no Campo Aberto), de acordo com dados da literatura. Assim, é possivel que a
exposicdo ao estresse social no periodo pré-pubere posso levar a um aumento no
consume de alimentos ricos em carboidratos e gordura, contribuindo para 0 aumento
na epidemia de obesidade que se observa também em criangas. A manipulagéo
durante o periodo neonatal ndo teve influéncia sobre a atividade exploratoria, ao
contrario do que se observa em animais adultos, mas preveniu parcialmente 0s
efeitos ansiogénicos do isolamento, reforcando dados da literatura a respeito do
efeito protetor da manipulacéo sobre eventos ambientais adversos.

Em relacdo aos parametros de estresse oxidativo, os resultados sugerem que
as intervencdes neonatais aumentam a atividade de enzimas antioxidantes e que o
acesso a uma dieta palatavel tende a reduzir este efeito. Porém, como ainda néo

foram feitas dosagens de dano a macromoléculas e producao de radicais livres, ndo é
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possivel dizer que ha um quadro de estresse oxidativo e que este esteja envolvido
com as alteragdes comportamentais encontradas neste estudo.

Como o efeito da exposicdo a uma dieta palatavel é influenciado pela
manipulacdo, este estudo também aponta para a importancia da histéria de vida
anterior do animal quando se estuda alteracBes comportamentais e fisiologicas.
Ainda existem poucos trabalhos envolvendo manipulagédo neonatal e alimentos
palataveis, e os resultados encontrados variam devido aos diferentes tipos de dietas
utilizadas, periodo de vida em que o animal € exposto e a duracdo da exposi¢cdo ao
alimento. Com o aumento constante de individuos obesos, estressados e com grande
acesso a alimentos caloricos e palataveis, é importante entender as relacbes entre o
consumo, a compulsdo e o estresse. Este padrdo alimentar alterado pode ter origem
em periodos mais precoces na vida do individuo, pois perturbacdes no inicio da vida
podem causar alteracdes persistentes em sistemas importantes no controle do apetite
e de resposta a situacOes estressoras. O eixo HHA parece ser o elemento-chave que
interliga esses fatores (manipulacdo, estresse e dieta), e o entendimento de como eles
afetam a atividade deste eixo pode ajudar a elucidar os mecanismos fisiopatologicos

que dao origem e estdo presentes em distarbios alimentares.

Perspectivas

e Dosar o0 conteudo de radicais livres pela técnica de DCF;

e Dosar nitritos, para ver se ha producdo de espécies reativas de nitrogénio;

e Verificar dano ao DNA celular no hipocampo e no cortex pré-frontal;

e Verificar atividade dos complexos da cadeia respiratoria;

e Dosar as concentracdes plasmaticas de insulina, leptina e grelina, horménios
relacionados ao comportamento alimentar;

e Verificar possiveis alteracfes neuroquimicas nas outras estruturas cerebrais
retiradas dos animais (bulbo olfatério, hipotalamo e estriado);

e Verificar se 0 aumento na ingestdo de dieta palatavel é realmente devido a uma
preferéncia dos animais por essa dieta; para isso, pretendemos deixa-los
crescerem até os 60 dias com acesso tanto & ragdo padrdo quanto a dieta
palatavel,

e Verificar sistemas dopaminérgicos, colinérgicos e serotoninérgicos;
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e Procurar elucidar os mecanismos da diminuigéo da eficiéncia caldrica.
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