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RESUMO

As variagOes das condigbes ambientais nas fases iniciais do desenvolvimento, como o
consumo excessivo de dietas ricas em acgucar durante o desenvolvimento, podem produzir
uma série de alteragdes neurofisioldgicas no hipocampo levando a prejuizos na
aprendizagem e memoria. Além disso, a exposi¢do a uma dieta palatavel pode alterar o
amadurecimento do hipocampo e causar perturba¢es na memaria emocional. Neste estudo
avaliou-se o efeito da dieta palatavel cronica na memoria e foi medido imunoconteudo de
biomarcadores no hipocampo durante o desenvolvimento em ratos Wistar. Os parametros
comportamentais de memoria foram avaliados pela tarefa de Reconhecimento de Objetos,
Tarefa de alternancia espontanea Y-maze e Tarefa de medo condicionado na idade adulta.
Os parametros bioquimicos que foram avaliados foram atividade da enzima Na*,K*-ATPase
e por Western Blotting o imunocontetdo de biomarcadores, como sinaptofisina (SYP),
neurabina, 6xido nitrico sintase neuronal (nNos), fator neurotréfico derivado do cérebro
(BDNF), receptor de neurotrofina da familia tirosina cinase (Trkb), e a cascata de
sinalizacdo da proteina cinase B (AKT) e sua forma fosforilada (p-AKT), no hipocampo
dos animais em diferentes fases do desenvolvimento. Foram utilizados 62 ratos Wistar,
divididos em 2 grupos: A (grupo controle racdo padrdo) e B (grupo racdo + Dieta palatavel).
Neste estudo, a exposicdo a uma dieta cronica palatavel induziu um comprometimento na
memoria de diferentes graus de emocionalidade. Adicionalmente, o consumo de dieta
palatdvel aumentou a atividade da enzima Na *,K *-Atpase no hipocampo no dia 28 pos-
natal (28 PND) e continuou a aumentar até & idade adulta. AlteragBes nos marcadores
sinapticos, como a sinaptofisina, o fator BDNF, AKT, p-AKT, foram reduzidas no
hipocampo no 28 PND apds o acesso a dieta. Entretanto, no dia 75 pds-natal (75 PND), a
dieta palatavel aumentou os niveis hipocampais de sinaptofisina, spinofilina/neurabin-I1 e
diminuiu BDNF e nNos em ratos adultos. Em conclusdo, este estudo apoia a ideia de que o
aumento do consumo de uma dieta palatavel durante os estadios de desenvolvimento esta
fortemente associado ao comprometimento da memoria de diferentes graus de
emocionalidade. A analise das proteinas e memoria relacionadas a plasticidade apresentou
resultados diferentes dependendo do estagio de desenvolvimento avaliado. Estas diferencas
encontradas nestes marcadores envolvidos na aprendizagem e na memoria podem ser
atribuidas a um processo adaptativo ou a uma falha na poda das espinhas dendriticas no

hipocampo do animal.

Palavras-chave: alimentos confortantes; memdria emocional; hipocampo; BDNF; nNos



Abstract

Variations of environmental conditions in the early stages of development, such as
excessive consumption of sugar-rich diets during development, can produce a number of
neurophysiologic changes without hippocampus leading to impairments in learning and
memory. In addition, exposure to a palatable diet may alter the maturation of the
hippocampus and cause disturbances in emotional memory. In addition, exposure to a
palatable diet can alter the ripening of the hippocampus and cause disturbances in emotional
memory. In this study the effect of the chronic palatable diet was evaluated in memory and
immunocontent of biomarkers in the hippocampus was measured during development in
Wistar rats. The memory behavioral parameters were evaluated by the task of Object
Recognition, Y-maze spontaneous alternation task and Conditioned fear task in adulthood.
The biochemical parameters that were evaluated were Na *,K *-ATPase enzyme activity
and Western blotting the immunocontent of biomarkers such as synaptophysin (SYP),
neurabin, neuronal nitric oxide synthase (nNos), brain derived neurotrophic factor (BDNF),
receptor (Trkb), and the protein kinase B (AKT) signaling cascade and its phosphorylated
form (p-AKT) in the hippocampus of animals at different stages of development. Wistar
rats were divided into two groups: A (control diet) and B (diet + palatable diet). In this
study, exposure to a chronic palatable diet induced a memory impairment of varying degrees
of emotionality. Additionally, the consumption of palatable diet increased Na ™ K *-Atpase
enzyme activity in the hippocampus at day postnatal 28 (PND 28) and continued to increase
until adulthood. Changes in synaptic markers, such as synaptophysin, BDNF factor, AKT,
p-AKT, were reduced in the hippocampus in 28 PND after access to the diet. However, at
postnatal period 75 (PND 75), the palatable diet increased the hippocampal levels of
synaptophysin, spinofloxin /neurabin-I1, and decreased BDNF and nNos in adult rats. In
conclusion, this study supports the idea that increased consumption of a palatable diet
during the developmental stages is strongly associated with impairment of memory of
different degrees of emotionality. The analysis of proteins and memory related to plasticity
presented different results depending on the stage of development evaluated. These
differences found in these markers involved in learning and memory can be attributed to an
adaptive process or a failure in pruning of dendritic spines in the animal's hippocampus.

Keywords: comfort foods; Emotional memory; hippocampus; BDNF; nNos.



1-INTRODUCAO:

Uma das principais caracteristicas do sistema nervoso é a sua plasticidade. Durante o
periodo pos-natal o sistema nervoso possui habilidade para modificar sua organizacéo
morfofuncional em resposta ao ambiente circundante, em que as células estéo se diferenciando
e os tecidos estdo em maturacdo(1). Esta plasticidade pode ser adaptativa ou tornar o cérebro
mais vulneravel a insultos externos. Nesse contexto, as variages das condi¢cdes ambientais nas
fases iniciais do desenvolvimento, como a exposicdo a dieta rica em aglcar pode alterar a
fisiologia e o desenvolvimento de diferentes estruturas no Sistema Nervoso Central (SNC),
como hipocampo, podendo prejudicar a trajetoria da maturacdo neural e assim, induzir um
prejuizo na memoria emocional (2).

A modulacdo da memoria depende de uma sequéncia de reacdes bioquimicas, as quais
sdo vulneraveis a intervencbes ambientais diversas, como o consumo de alimentos altamente
caldricos (3). Embora pesquisas recentes tenham chamado a atengdo para o desenvolvimento
do cérebro nas fases iniciais da vida (4-5), existem poucos estudos sobre como a preferéncia
por alimentos palataveis pode afetar o cérebro e a memoria durante a pré-puberdade e a
adolescéncia a fim de aumentar a susceptibilidade ao desevolvimento de transtornos
psiquiatricos e deméncias na idade adulta.

Os estimulos ambientais como dieta, podem afetar significativamente a neurogénese em
maltiplos niveis, mostrando efeitos sobre a cognicdo, humor e memdria (6). Alguns estudos
sugerem que a ingestdo de dietas ocidentais, ricas em gordura e agucar, estd associada com
prejuizos cognitivos na aprendizagem e em memdrias dependentes de hipocampo (7). Num
contraponto, um estudo recente traz evidéncias significativas e sugere que uma exposicdo a
dieta de restricdo calorica em algum periodo a partir da adolescéncia, melhora a memoria

espacial e aumenta os niveis do fator neurotréfico derivado do cérebro (BDNF) em ratos adultos

(8).
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Tem-se discutido os obstaculos envolvidos nos efeitos da dieta sobre a plasticidade do
cerebro, como visto em estudos com modelos animais, e em seres humanos, com intuito de
prevenir o desenvolvimento de transtornos psiquiatricos na idade adulta. Considerando que o
consumo deliberado de alimentos palataveis esta ligado a diversas alteracbes neuroquimicas e
comportamentais, 0 conhecimento dos mecanismos que desencadeiam esse comportamento €
importante para identificacdo de possiveis alteracbes na memoria emocional. Sendo assim, 0
objetivo do presente estudo foi verificar como o consumo de alimentos confortantes durante as
fases do desenvolvimento, pode modular memdrias de diferentes espectros emocionais em ratos
wistar na idade adulta. Corroborando com estes achados, as analises de marcadores bioldgicos,
no hipocampo, tornam-se uma questdo relevante de estudo, visto que, esta estrutura esta

intimamente envolvido com a memaria e a cognicao (9).

2- OBJETIVOS

2.1 Geral

O objetivo do presente estudo foi verificar os efeitos de uma dieta hiperpalatavel sobre
a modulacdo de memorias de diferentes graus de emocionalidade, avaliando proteinas
sinalizadoras envolvidas com a memoria e a cogni¢do no hipocampo de ratos wistar durante as

fases do desenvolvimento.

2.2 Especificos

» Avaliar memorias de diferentes graus de emocionalidade através de tarefas
comportamentais de memoria neutra, intermediaria e aversiva em ratos Wistar adultos,
submetidos a uma dieta hiperpalatavel durante o desenvolvimento;

» Verificar em qual tipo de tarefa comportamental avaliada, os animais que receberam

alimento confortante apresentardo maior prejuizo na memoria;
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 Investigar possiveis alteracdes nos biomarcadores: Na*K*-ATPase, Trkb, BDNF, AKT,
p-AKT, sinaptofisina, nNOS, Neurabina no hipocampo de ratos Wistar durante as fases
do desenvolvimento e verificar em qual destas fases ocorrera alteragdes.

» Correlacionar os biomarcadores alterados com as tarefas comportamentais de diferentes

graus de emocionalidade.

3. HIPOTESES

* Os animais submetidos ao consumo cronico de um alimento confortante terdo um
prejuizo na memdaria, observado na realizacdo das tarefas comportamentais de distinto
grau de emocionalidade como, neutro, intermediario e aversivo;

* O maior prejuizo da memoria induzido pelo consumo crdnico de alimentos confortantes
seré observado na tarefa aversiva do medo condicionado por avaliar uma memaoria com
alto grau de emocionalidade.

* O consumo de dieta hiperpalatavel ira induzir uma diminuicdo nos niveis dos
marcadores moleculares estudados no hipocampo de animais;

» Sera observada uma reducdo nos niveis dos marcadores bioldgicos a partir da
adolescéncia e permanecerdo reduzidos na idade adulta;

* A reducdo nos niveis do BDNF no hipocampo desde o periodo da adolescéncia, sera
diretamente correlacionada com o prejuizo da memoria, observado nos animais

expostos ao consumo de alimentos confortantes durante o desenvolvimento.
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4. REVISAO DE LITERATURA

4.1 Estratégias de busca

A base de dados consultada foi PUBMED. O quadro abaixo apresenta os descritores utilizados,
0 numero de resumos encontrados e selecionados, bem como o numero de artigos incluidos até
0 momento.

Os critérios de inclusdo foram: idioma inglés e portugués, modelo pré-clinico, memoria
relacionada a exposicao da dieta palatavel.

ARTIGOS
DESCRITORES PUBMED SELECIONADOS

Caloric Diet AND HPA

26 3
Caloric Diet AND Neural Development 41 3
Caloric diet AND Memory 144 2
Palatable Diet AND Memory 14 2
Sucrose Diet AND Memory 77 1
Caloric Diet AND BDNF 49 1
Caloric Diet AND Emotional memory 10 1
Artigos encontrados nas referéncias de
artigos 33
Total de artigos selecionados 46

No ANEXO A, apresenta-se um quadro resumido com 0s principais artigos utilizados na

elaboracdo deste projeto.
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4.2-Fundamentacao teorica:

4.2.1 Periodo Neonatal: Fases do Desenvolvimento e Sistema Nervoso Central

Existem periodos sensiveis no desenvolvimento, como por exemplo, o periodo neonatal, a
infancia e a adolescéncia, 0s quais sdo fases especificas quando processos dependentes da
genética e de fatores ambientais interagem para estabelecer caracteristicas funcionais (10).
Durante esses periodos iniciais da vida, o encéfalo estd passando por diversos processos
fundamentais como organizag@o funcional das redes neurais, proliferacdo neural, migracéo,
diferenciacéo, além de gliogénese e mielinizacdo (11).

Cronologicamente nos roedores podemos considerar o periodo neonatal logo apds a
gestacdo, compreendendo até o 21° dia de vida pés-natal. Logo apds o desmame, a partir do
21° até 30° dia de vida pds-natal o animal esta na fase pré-pubere a qual antecede a maturacéo
dos hormonios gonadais (12). Do 30° ao 45° dia de vida pds-natal os roedores estdo na
adolescéncia, periodo importante para o pico da maturacdo dos hormonios sexuais (13). Por
volta do 60° dia de vida pos-natal, o animal inicia sua fase adulta. Durante as fases da
prépuberdade e adolescéncia os animais estdo em constantes transformaces comportamentais
e neurobioldgicas, tais como aumento da forga, da funcdo imune e das habilidades cognitivas
(14). Além disso, esses periodos precoces do desenvolvimento sdo marcados pela maturagéo
dos comportamentos sociais como aumento do comportamento de brincadeira e do
comportamento exploratério (13, 15).

Durante o periodo pds-natal, o sistema nervoso € caracterizado por um intenso e constante
remodelamento cerebral sendo modificado e moldado pela experiéncia, a fim de ajusta-lo para
0 ambiente especifico em que o animal vai viver. Esta plasticidade promove mudancas de
adaptacdo, mas também torna o cérebro mais vulneravel a insultos. Cabe ressaltar que a
maturacgdo e a plasticidade durante o desenvolvimento s&o altamente variaveis em diferentes
regides cerebrais, incluindo aquelas envolvidas no processamento e na regulacdo do estresse e
da emocéo: o cortex pré-frontal, por exemplo, possui uma maturacgéo tardia (16), e o hipocampo
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apresenta um aumento na neurogénese e densidade dos espinhos dendriticos antes da
puberdade, o que diminui na idade adulta (10, 17). Além disso, a composi¢cdo de proteinas
sinalizadoras no hipocampo também é alterada entre o desmame e a idade adulta (17). Muitos
sistemas de neurotransmissores, incluindo o sistema dopaminérgico e o glutamatérgico,
apresentam uma maturacgdo durante estes estagios iniciais do desenvolvimento (18).

Baseado no exposto acima, intervencfes ambientais precoces durante essas fases de
intensa maturacdo cerebral podem influenciar a susceptibilidade a doencas ou a resiliéncia na
idade adulta (19). Foi demonstrado recentemente que a exposicao a fatores externos, como uma
dieta altamente caldrica, nas fases iniciais do desenvolvimento, levou ao prejuizo da
neurogénese em ratos adolescentes e causou déficits na memoria espacial na idade adulta (4).
Estes efeitos a longo-prazo, por influéncia do ambiente na vida precoce do animal ttm mostrado
prejuizos irreversiveis com relacdo aos aspectos emocionais, cognitivos, comportamentais e
metabolicos (20).

Assim, o desenvolvimento e a gravidade de diversas condi¢cdes patoldgicas na vida
adulta dependem ndo sé da vulnerabilidade genética do individuo, como também da exposicado
a fatores ambientais adversos e do periodo de ocorréncia do evento ou fator ambiental

(21), destacando-se principalmente os estagios iniciais do desenvolvimento.

4.2.1 Consumo de dietas palataveis: comportamento emocional

O comportamento emocional esta intimamente relacionado com a ingest&o de alimentos
altamente palataveis. E importante definir que a ingestio alimentar é regulada por duas vias
complementares: (a) homeostatica e (b) hedbnica. A via homeostatica controla o balango
energético por aumentar a motivacdo para comer quando ocorre a reducdo dos estoques de
gordura. A via hedonica, ou regulacdo baseada na recompensa, pode sobrepor-se a via
homeostatica durante periodos de relativa abundancia de energia, aumentando o desejo de
consumir alimentos altamente palataveis, comportamento este podendo estar associado as
caracteristicas emocionais do individuo. Foi demonstrado que este tipo de dieta altamente

palatavel alterou o comportamento cognitivo através da diminuicdo direta da plasticidade
15



neuronal e reduziu o impacto negativo do estresse em termos de ansiedade, depressdo e
atividade do eixo hipotalamo-pituitaria-adrenal (HPA)(22).

Por exemplo, uma dieta de cafeteria administrada durante as fases iniciais de
desenvolvimento, ndo s6 promove obesidade e distirbios metabolicos, mas também tem
impacto sobre o comportamento emocional, ativacdo do eixo HPA e prejuizo na memoria
espacial na vida adulta (23).

Sendo assim, é pertinente dizer que dependendo da quantidade, do tipo e do tempo de
exposicdo a um alimento confortante ao longo da vida, podem-se encontrar diferentes respostas
com relacdo as moléculas mediadoras da ativacao do eixo HPA e possivelmente diferencas com
relacdo ao comportamento emocional do animal.
4.2.2-Dietas palataveis e memorias de diferentes graus de emocionalidade.

Estudos epidemioldgicos tém demonstrado a intima associacao entre 0 aumento do consumo
de dietas altamente energéticas com o risco para o surgimento de doencas neuroldgicas e
déficits cognitivos, incluindo deméncia e Alzheimer (24-26). Em uma coorte prospectiva
populacional de idosos, o risco de comprometimento cognitivo leve ou deméncia foi aumentado
em individuos que derivaram uma alta porcentagem de sua energia de carboidratos, mas foi
reduzida naqueles que derivaram uma alta porcentagem de energia de gordura e proteina(4).
Dessa forma, a maior ingestdo de carboidratos, particularmente actcares simples, tém sido
associados com menor fungédo cognitiva.

A memoria pode ser definida como o registro da representacdo de informacoes
adquiridas através de experiéncias. A intensidade e a duracdo da memoria séo determinadas
pela importancia da informacdo e pela emogéo envolvida no momento da aquisi¢do da mesma
(3).

O estudo da memoria em modelos animais envolve tarefas comportamentais que
apresentam diferentes graus de emocionalidade. A tarefa do reconhecimento de objetos avalia
memaoria com emocionalidade neutra a qual pode ser avaliada com troca de objeto ou troca do
lugar do objeto, que sdo, respectivamente, dependentes do cortex e do hipocampo (8). Estudos
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vém demonstrando que dependendo do tempo de exposicdo aos alimentos altamente caloricos
pode ocorrer diferencas com relacdo a tarefa de reconhecimento de objetos. Uma curta
exposicdo de dietas ricas em gordura e aglcar ou apenas rica em acucar, induziu um prejuizo
na memoria de reconhecimento da troca de lugar do objeto, mas ndo houve diferenca com
relacdo a exploracdo do objeto novo, mostrando que o consumo de alimentos hiperpalataveis
prejudicou a memdria dependente de hipocampo (27). No entanto, 0 consumo crénico de uma
solucéo de 32% de sacarose mostrou um prejuizo no reconhecimento do objeto novo (28). Com
relacdo a avaliacdo de memorias de grau emocional intermediario como labirinto do brago
radial, Y-maze e labirinto aquéatico de Morris, ambas as tarefas comportamentais utilizam dicas
espaciais para aquisicdo da memoria dependente do hipocampo (29). Dentro deste parametro
de avaliacdo da memoria espacial, tem sido observado que o uso crénico de dieta ocidental (rica
em gordura e agUcar) induz prejuizos cognitivos na aprendizagem e memoria de roedores

adultos (7, 27).

No contexto de uma memdria aversiva, a tarefa do medo condicionado ao contexto, tem
sido investigadada com animais que recebem dietas palataveis. O animal é exposto a um
contexto aversivo com um breve choque nas patas, ap0s 24 horas 0s animais sd0 expostos
novamente a0 mesmo contexto e se ndo ocorreu um prejuizo no hipocampo os animais tendem
a lembrar deste contexto aversivo e respondem com um comportamento defensivo, congelando
os movimentos (“freezing”) (3, 30). Um recente estudo investigou animais na idade adulta
expostos a uma dieta de cafeteria oferecida por 8 semanas, e quando os animais foram expostos
ao contexto aversivo apresentaram um prejuizo no comportamento defensivo indicando que
possivelmente a exposicao crénica de alimentos palataveis prejudica memorias de medo (30).

O Medo condicionado Pavloviano induz um aumento na sincronizacao da atividade de
frequéncia-teta na amigdala lateral e regido CA1 do hipocampo (31). Tais resultados sugerem
fortemente que a ativacdo de um circuito amigdala-hipocampo esté envolvida na
aprendizagem e memoria do medo.
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Um estudo recente (30), sugere que o consumo de uma dieta rica em gordura e agucar
prejudica elementos de uma memoria aversiva dependente do hipocampo reduzindo a

plasticidade e causando déficits na memaria aversiva.

Vaérios estudos apontam para o prejuizo de memdrias induzidas pelo consumo tanto a
curto, quanto a longo-prazo de alimentos altamente cal6ricos, ricos em acgucar e/ou gorduras.
No entanto, pouco € sabido sobre como estes alimentos palataveis oferecidos durante as fases
do desenvolvimento podem modular a emocéo destes animais a ponto destes lidarem melhor
com uma tarefa comportamental neutra ou aversiva na idade adulta. Para isto, estudar a
correlagéo entre essas tarefas comportamentais de distinto grau de emocionalidade, torna-se
uma questéo digna de estudo.

Compreender os processos e sistemas neurobiolégicos que contribuem para tais

diferengas nas memorias € o foco da pesquisa sobre a modulacdo de memarias (32).

4.2.3 Dietas palataveis e biomarcadores envolvidos na memdria

Marcadores moleculares envolvidos com a cognicao e a neuroplasticidade tem sido alvo
de influéncias ambientais como a exposicdo de alimentos altamente palataveis, e estdo
diretamente envolvidos com o prejuizo na funcdo executiva, na atencdo, no aprendizado e na
memoria. Dentro deste contexto, é relevante para o desenvolvimento do sistema nervoso central
a atividade da Na*, K * -ATPase, uma enzima que mantém o gradiente neuroquimico essencial
para a excitabilidade neuronal e cuja atividade é influenciada por intervencdes ambientais,

como estressores no inicio da vida (Noschang et al., 2012; Silveira et al., 2011)

Um dos biomarcadores bem elucidado no contexto dos processos cognitivos e na

memoria é o fator neurotréfico derivado do cérebro (BDNF) (8). Esta neurotrofina apresenta
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um papel fundamental na sobrevivéncia, manutencdo e crescimento de muitos tipos de
neurdnios sendo expressa de forma abundante no hipocampo, hipotalamo e cortex cerebral (33).
O BDNF afeta a plasticidade neuronal e a memdria de longa duracéo. Relevante para o contexto
do presente projeto é que o0 BDNF é largamente expresso no hipocampo tanto no cérebro em
desenvolvimento sendo essencial para neurogénese (34) e sobrevivéncia de neurdnios durante
as fases precoces da vida (35). Com base no exposto acima, é fundamental o papel do BDNF
para maturacdo e desenvolvimento do hipocampo, e possivelmente intervencdes ambientais
precoces podem reduzir os niveis desta neurotrofina ao longo das fases do desenvolvimento e
induzir alteracbes comportamentais principalmente relacionadas com a memoria e a cogni¢ao

na idade adulta.

A exposicdo precoce e crbnica de alimentos caldricos durante as fases de
desenvolvimento do animal mostraram uma reducdo na expressao do BDNF no hipocampo.
Um estudo que avaliou uma exposi¢do a curto-prazo de uma dieta de cafeteria ndo encontrou
diferencas significativas com relacdo aos niveis de BDNF (36), porém sabe-se que uma reducéo
nos niveis desta neurotrofina causa um prejuizo na memaria em periodos de dieta usados em
estudos que variam a partir de 2 meses a 2 anos de exposicdo (27, 37). Em contrapartida,
restricao calorica durante adolescéncia induziu um aumento nos niveis de BDNF no hipocampo
dos animais (8). Esse fato € importante, pois as dietas ricas em gordura e agtucar tém mostrado
uma reducdo na expressdao de BDNF e tem sido correlacionada com déficits de memoria e

cognicédo, podendo ser marcadores bioldgicos de transtornos psiquiatricos.

Um importante marcador sinaptico é a sinaptofisina, uma proteina associada a vesicula
sinaptica, comumente usada como uma estimativa do numero de sinapses funcionais envolvidas
na neurotransmissdo (39). O oOxido nitrico sintase neuronal (NNOS), é um marcador bastante
estudado, podendo influenciar a plasticidade sinaptica e induzir a morte celular, levando a
degeneracgdo neuronal (41). Um estudo refere que a expressdo de nNOS foi reduzida apds dieta
cronica rica em gordura e carboidratos, tanto no cortex como no hipocampo ( 42).
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Outra proteina importante na participagdo da formacdo de sinapses é a neurabina cuja
funcéo primordial é atuar como um marcador de espinhos dendriticos dos neurdnios em regies
do cértex pré-frontal e hipocampo, onde podem servir como uma proteina adaptadora de
recrutamento das moléculas importantes para a transmisséo sinaptica e plasticidade. Um estudo
investigou a memoria do medo, a transmissao sinaptica basal, a curto prazo e a plasticidade
sinaptica a longo prazo (LTP e LTD) em neurdnios na regido CA1 do hipocampo de ratos
adultos. Os resultados deste estudo sugerem que a neurabina desempenha um papel critico no
hipocampo e que esté diretamente relacionada com a memoria de medo contextual,

(43).
Estes estudos mostram o quanto o hipocampo é vulnerdvel a influéncia de fatores

ambientais como alimentos altamente palataveis, e com isso os marcadores moleculares
presentes na funcionalidade desta estrutura encefalica tornam-se susceptiveis a exposi¢do do

consumo destes alimentos caléricos independente da fase do desenvolvimento.

5. METODOLOGIA

5.1 Delineamento

Estudo Experimental.

5.2 Animais e Desenho Experimental

Foram utilizados 62 ratos machos Wistar de 21 dias, provenientes do Biotério do
Departamento de Bioquimica da Universidade Federal do Rio Grande do Sul (Brasil),
randomicamente selecionados. Os ratos permaneceram, em caixas-moradia, confeccionadas em

Plexiglas medindo 65 x 25 x 15 cm, com assoalho recoberto de maravalha, e foram mantidos
em um ambiente controlado: ciclo normal claro/escuro de 12 horas, temperatura de 22 + 20C,

limpeza das caixas uma vez por semana, agua, dieta hiperpalatavel ou racdo padrdo ad

libitum.Todos os procedimentos foram realizados de acordo com Principles of Laboratory
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Animal Care (NIH publication 85-23, 1985), obedecem as normas propostas pelos Principios
Internacionais Orientadores para a Pesquisa Biomédica Envolvendo Animais (Council for
InternationalOrganizationsof Medical Sciences — CIOMS) e a Leia Lei AROUCA n° 11.794
de outubro de 2008. Os protocolos experimentais que foram utilizados neste estudo foram
submetidos & aprovacdo do Comité de Etica para experiéncia com animais da Universidade

Federal do Rio Grande do Sul.
Com relacdo ao desenho experimental os animais foram divididos em dois grupos:

animais que receberam apenas racdo padrdo e animais que receberam racdo padréo e dieta
hiperpalatavel. As analises bioquimicas foram realizadas no 28°, e 75° dia de vida p6s-natal,
enguanto que as tarefas comportamentais foram realizadas apenas na idade adulta por volta do

60° dia de vida pds-natal, como mostra na figura a baixo.

Analises Analises
Bioquimicas Bioquimicas
dos marca- dos marca-

dores bio- dores bio-

I6gicos I6gicos

Inicio das

Dietas: Racao Tarefas com-
padrao e di- portamentais
eta ricaem
carboidrato

simples
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5.3 Calculos do tamanho da amostra

Por meio da utilizagdo do programa Minitab foi determinado o nimero de animais que
deverdo ser utilizados para realizacdo das técnicas descritas nesse projeto, como estd descrito
abaixo:

Para as tarefas comportamentais avaliadas (reconhecimento de objetos, medo condicionado
e Y maze), que apresentam um desvio padrdo ao redor de 20%, utilizando-se uma diferenca
entre os grupos de 30%, poder de 0,8 e significancia de 0,05, o tamanho amostral serd de 11-18
animais por grupo, resultando em um poder real de 84%.

Para as andlises de proteinas (NaKATPase, Trkb, BDNF, Nnos, AKT, pAKT e
sinaptofisina) por meio da técnica de Western Blotting no hipocampo que apresentam desvio
padrdo ao redor de 30%, utilizando-se uma diferenca entre os grupos de 50%, poder de 0,8 e
significancia de 0,05, o tamanho amostral calculado foi de 5-7 animais por grupo, resultando

em um poder real de 83%.

5.4 Composicao da Dieta Hiperpalatavel:

Os grupos foram subdivididos em (a) recebendo racéo padréo ad libitum (livre escolha) ou (b)

recebendo racdo padrdo e uma dieta hiperpalatavel ad libitum.

Racdo: 50% carboidrato (proveniente do amido), 22% proteina, 12% umidade, 12% minerais
e fibras e 4% gordura.

Dieta_hiperpalatavel: é enriquecida com carboidratos simples e é feita de leite condensado,

sacarose, vitaminas e sais, racdo padrdo em po, proteina de soja purificada, 6leo de soja, agua,
metionina e lisina. O conteddo nutricional desta dieta € semelhante ao da racdo padrédo
(incluindo 22% de proteina e 4-6% de gordura), no entanto a maioria dos carboidratos na dieta
palatavel foram da sacarose (a partir de leite condensado e sacarose). Em contraste, a ragdo

padréo era composto de carboidratos complexos principalmente de amido.

O consumo de racdo e de dieta hiperpalatavel foi avaliado regularmente até atingir a

idade adulta. Os animais foram pesados uma vez por semana até o fim do experimento.
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5.5 Tarefas Comportamentais

5.5.1 Tarefa Reconhecimento de objetos (RO)

Habituacdo: Cada rato foi colocado durante 3 dias consecutivos, 20 minutos por dia na
caixa do RO a fim de que pudesse explora-la livremente antes do primeiro ensaio de
reconhecimento de objetos. No treino, 2 objetos diferentes (A e B) foram fixados na arena
(com a mesma distancia entre eles e as paredes laterais) para que os animais pudessem explora-
los livremente durante 5 minutos. Foi contabilizado como tempo de exploracdo do objeto toda
vez que o rato cheirar, tocar ou aproximar-se a menos de 2 cm do objeto. Apoiarse no objeto
ndo conta como exploracdo. O teste ocorreu 24h apds o treino quando um dos objetos foi
aleatoriamente substituido por um novo objeto (C/D/E/F) e os animais foram colocados
novamente na arena por 5 minutos (seguindo as mesmas observacdes do treino). Foi observado
o percentual do tempo total de exploracdo dedicado a cada objeto. Espera-se que o rato explore
igualmente os dois objetos no treino e, em caso de aprendizagem, no teste ele deve explorar

mais o objeto novo do que o antigo (38).

5.5.2 Troca do lugar do objeto

Os ratos foram familiarizados com um objeto em uma primeira fase, e depois ocorreu a troca
do lugar do objeto em uma segunda fase.

Na fase de teste de local, foram apresentados dois objetos idénticos utilizados para
familiarizacdo; um permaneceu na sua orientacao original local, enquanto o outro foi
transferido para um dos quatro cantos quadrantes da arena. A fase de teste durou 3 minutos. A
exploracdo foi definida como a cabeca do rato dentro perto de 2 cm do objeto com o pescoco

alargado e se movendo ao redor do objeto (27).
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5.5.3 Tarefa memoria espacial Y-maze

A memoria intermediaria de reconhecimento espacial dos animais foi investigada
usando um paradigma Y-maze (Dellu et al., 1997). O aparato consiste de trés bragos (50x10x
20 cm3) além de pléstico preto, colocado em uma sala com pistas visuais nas paredes. O teste
Y-maze consiste em dois ensaios separados por um intervalo de uma hora. No primeiro ensaio,
o animal foi colocado na extremidade de um braco e permitido o acesso a esse brago e outro
braco, durante 5 min. O terceiro brago foi bloqueado por uma porta de guilhotina. O rato foi
removido do labirinto e devolvido a sua gaiola de origem. Para o segundo julgamento, o rato
foi colocado de volta no brago de inicio do labirinto e foi dado livre acesso a todos os trés bragos
por 5 min. Foram registrados o nimero de entradas e o tempo passado em cada braco. A
percentagem de entradas e o tempo gasto no braco novo foram comparados com a exploracao
aleatoria dos trés bracos do labirinto. Todos os experimentos comportamentais foram realizados
em uma sala com som atenuado sob a luz de baixa intensidade. Todos os aparelhos foram limpos
com uma solucdo de etanol a 30% e, em seguida, secos com uma toalha de papel ap6s cada

ensaio (29).

5.5.4 Tarefa de medo condicionado

O teste de medo condicionado é utilizado para descrever a formagdo de memorias aversivas,
resultante de uma situacao de perigo, onde esta associada a processos de reagdes e adaptagdes
frente a situacOes de risco (3). No treino, os animais foram colocados em aparato de medo
condicionado ao contexto, que consiste em uma caixa de madeira nas dimensdes 28 x 26 x 23
cm, com barras metalicas na base, por onde é conduzida a corrente elétrica. Os animais
permaneceram na caixa durante 3 minutos, para ambientacdo. Ao término deste periodo, 0s
animais receberam 3 choques de 0,7 mA, com duragéo de 2 segundos e 30 segundos de
intervalo entre choques (sessdo de treino). O teste foi realizado vinte e quatro horas apds a
sessdo de treino, os animais foram colocados novamente no aparato, durante 5 minutos, mas

nédo receberam qualquer choque (sesséo de teste). O tempo de congelamento dos animais foi
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determinado, sendo este considerado uma medida da forga da memdria de medo do animal

(40)

5.6 Andlises Bioquimicas

Os animais foram mortos por decapitacdo aos 28°e 75° dias de vida p6s-natal. Os hipocampos
destes animais foram rapidamente dissecados. As amostras destinadas as técnicas de Western

Blotting foram imediatamente congeladas a -80° C.

5.6.1 Analise por Western Blotting das proteinas envolvidas com o paradigma de memoria

(Trkb, BDNF, Sinaptofisina, AKT, pAKT, Nnos, Neurabina)

Amostras foram fervidas na presenga de 500uL de solugdo bloqueadora (4% sddio
dodecil sulfato [SDS], 250mMTris—HCI, pH 6.8, 1% B-mercaptoetanol, 1% bromofenol Azul,
e 20% glicerol) por 2 minutos a 90 °C. Proteinas (40 ug por pista) foram separadas em um gel
de SDS-poliacrilamida e transferidas para uma membrana de PVDF (Millipore). As amostras
foram normalizadas de acordo com o total de proteinas, com quantidades iguais de cada proteina
carregada por pista. Depois de bloqueados com solucéo de leite 5% dissolvido em TBS-T por
2 h, as proteinas foram incubadas overnight a 4°C, com 0s anticorpos primarios
(anti-TRKB 1:1000; anti-BDNF 1:2000; No dia seguinte, as membranas foram lavadas com
TBS-T e TBS e incubadas com anticorpos secundarios anti-coelho conjugados a peroxidase
(anti-GR 1:1000; anti-TRKB 1:1000; BDNF 1:1000. Depois os blots foram lavados com TBS-
T e as proteinas foram observadas usando um reagente potencializador de quimiluminescéncia
(Amersham Pharmacia Biotech,Aylesbury,UK) por 5 min. Logo as membranas foram
colocadas em um foto documentador e os blots foram analisados com o programa adequado

chamado Image J.
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5.7 Analise de Dados

Os resultados foram analisados pelo programa estatistico SPSS 21.0 e representados em
gréaficos do programa Prisma 5. Para analise das tarefas comportamentais na idade adulta foi
utilizado o Test-t Student e a Andlise de variancia (ANOVA) de medidas repetidas, usando
como fator dieta palatavel. Para analise dos parametros bioquimicos avaliados foi utilizada
Test-t Student usando como fator dieta palatavel. Os valores foram representados através de
média +erro padrdo da média (e.p.m.). Os niveis de significancia foram aceitos como diferentes

quando o valor de p foi menor ou igual a 0,05.

5.8 Cronograma de atividades

O prazo para execucgéo do projeto foi de 24 meses, conforme cronograma abaixo (tabelas
1-2). O tratamento dos animais e a execucao das tarefas comportamentais foram desenvolvidos
no laboratoério de Neurobiologia do Estresse, sob supervisao da Prof?. Dr2. Carla Dalmaz, a qual
foi coorientadora deste projeto, do Departamento de Bioquimica da Universidade Federal do
Rio Grande do Sul. As analises bioquimicas foram realizadas no laboratério de neurociéncias

clinicas da UCPel sob supervisao da Profé. Dr2 Rachel S.S Bast, orientadora deste projeto.
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Tabela 1. Cronograma das atividades previstas do primeiro ano

Mar | Abr | Mai | Jun | Jul | Ago | Set | Out | Nov | Dez
Revisdo Bibliogréafica X | X | X | X | X | X | X | X ]| X | X
Comité de ética X | X
Qualificacao X
Tratamento dos animais (inicio da X | X | X
dieta palatavel)
Comportamento reconhecimento X | X
de objetos
Comportamento Y maze X | X
Comportamento Medo X | X
condicionado
Tabela 2. Cronograma das atividades previstas do segundo ano:
Jan | Fev | Mar | Abr | Mai | Jun | Jul | Ago | Set | Out | Nov | Dez
Revisdo Bibliogréafica X | X | X | X | X | X[ X | X | X | X |X
Digitagdo dos dados X | X
comportamentais
Anélises estatisticas dos dados X
comportamentais
Anélises bioquimicas X | X X | X
Digitacéo dos dados bioquimicos X X
Anélises estatisticas dos dados X | X
bioquimicos
Participagdo em congressos X X X X
Redacao de artigo cientifico X | X | X | X
Defesa da dissertacao X | X

27




5.9 Orcamento

Para realizacdo deste projeto os animais serdo fornecidos pelo Centro de Produgéo e

Experimentagdo Animal (CEPEA) do Departamento de Bioquimica da Universidade Federal

do Rio Grande do Sul. Os cuidados gerais com 0s mesmos (agua, racao, limpeza das gaiolas)

foram efetuados pelo pessoal do CEPEA do Departamento de Bioquimica. Os aparatos para a

realizacdo das tarefas comportamentais, 0s equipamentos necessarios para a realizacdo deste

trabalho (guilhotina, etc), diversos reagentes (tampdes, etc) foram disponibilizados no

Departamento de Bioquimica e no laboratorio da professora Dra. Carla Dalmaz e equipamentos

para andlises bioquimicas foram disponibilizados pela UCPel. No laboratorio de neurociéncias

clinicas.

Materiais de consumo

Valor total R$

Financiamento

Materiais diversos -
Ependorfs, ponteiras,
amarelas e azuis, luvas.

200,00 Préprio e CAPES
Reagentes bioquimicos —
Anticorpos para dosagem
de proteinas 2.267,00
Reagentes para Western Préprio e CNPg
blotting
- Caixas de géis 600,00

Total: 3067,00
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Considerac0es finais

O presente estudo verificou a forte influéncia do consumo de alimentos
palataveis ricos em acucar sobre a memoria emocional. Nossos achados
mostraram que 0 consumo precoce e crénico desta dieta caldrica, induziu
prejuizo na memoria com diferentes graus de emocdo no animal adulto. Além
disso, foi observado que os marcadores bioguimicos apresentaram diferentes
alteracdes no hipocampo dependendo do estagio do desenvolvimento avaliado.
Contudo, é importante apontar que o hipocampo apresenta diferente
vulnerabilidade a intervencdo ambiental dependendo do tempo e do periodo que
a dieta palatavel é oferecida.

Cabe ressaltar que o impacto do consumo de dietas ricas em acgucar a
longo-prazo no SNC é de grande importancia, ja que estudos clinicos e pré-
clinicos demonstraram uma associacdo entre 0 aumento do consumo de dietas
altamente energéticas com maior vulnerabilidade de lesdo cerebral e risco para
0 surgimento de déficits neurolégicos e cognitivos, incluindo deméncia e
Alzheimer. Nesse sentido, o nosso estudo aponta grande relevancia para o
ambito cientifico, uma vez que o consumo deliberado de alimentos palataveis
estd ligado a diversas alteracbes neuroquimicas e comportamentais e 0
conhecimento dos mecanismos que desencadeiam esse comportamento é
importante para identificacdo de possiveis alteragdes na memaria emocional,
principalmente quando o estudo ocorre em estagios precoces do
desenvolvimento, pois assim, possivelmente poderd se prevenir futuros

transtornos psiquiatricos.
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ANEXO A

Autor, ano e Titulo Delineamento Metodologia Resultados
pais
Kanoski& Western Diet Review -Diferentes metodologias de exposicao a -Dietas ricas em gordura e agucar refletem na
Davidson Consumption and dietas ocidentais associadas com prejuizos | diminui¢do dos niveis de BDNF no hipocampo além de
) C_ogni— ) cognitivos na aprendizagem e na memoria prejuizos na memaria espacial.
EUA tive Impairment: Links com énfase nas funcdes do hipocampo.
2010 toHlppoc_ampaI
Dysfunction and
Obesity
Kaptan et al, Long term Experimental
consequences on -Labirinto aquético de Morris para -A restri¢do calorica na adolescéncia aumenta o
Turkia spatial learning- 28 ratas investigar a memoria espacial, nimero de neurénios e niveis de BDNF no hipocampo.
2015 memory of low-calorie | submetidas a -Avaliacdo dos niveis de BDNF no -Melhora o desempenho dos ratos na tarefa de meméria
diet during uma dieta de hipocampo e CPF. espacial, melhora da cognicéo.
adolescence in female restricéo
rats; hippocampal and calérica
prefrontal cortex por 4 semanas.
BDNF level...
Morris et al, Why is obesity such a Review
problem in the 21st Discute a relagdo dos alimentos -A exposicdo aos carboidratos simples, estdo
Austrélia century? The confortantes com obesidade, stress e associadas a uma diminui¢do do BDNF no hipocampo.
2014 intersection of

palatable food, cues
and reward pathways,
stress, and, cognition.

cognigéo.

- Relacionado a memoria.
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Beilharz et al, | Short exposure to a diet| Experimental | -Ratos alimentados com dieta de cafetaria | -Curta exposi¢éo a dietas ricas em gordura e agucar ou
rich in both fat e uma solugdo de sacarose 10% durante | ricas em aglcar, prejudicam a memoria de reconheci-
Australia and sugar or sugar 5,11 e 20 dias. mento de lugar (dependentes de HP)
2014 alone impairs -Tarefa de Reconhecimento de objetos
place, but not object
recognition memory in rats
Reichelt et al, Dietary-induced obesity Experimental | -Memdria avaliada pela tarefa de medo -Ratos alimentados com dieta palatavel tiveram
disrupts trace fear 32 ratos condicionado, choque nas patas. reducdes na plasticidade do hipocampo e prejuizos
Australia condij[ioning and _ divididos na memoria aversiva.
2015 decreasesHippocampalreelin | 5 g1ynog - Ratos Dieta congelaram menos do que 0s ratos
expression 16C 16 alimentados com rag&o.
GDC
Beilharz et al, Diet-Induced Cognitive -Discute as rela¢fes das dietas ricas em -As dietas ricas em gordura e agUcar reduzem a
Deficits: Review gordura e aguicar com 0S mecanismos expressdo de BDNF no hipocampo e esta tem sido
Australia The Role of Fat and cognitivos e a memoria. correlacionadacom déficits de memoria.
2015 Sugar, Potential
Mechanisms and
Nutritional
Interventions
Osborne The neuroenergetics of Review -Alterac6es no metabolismo do stress e -O stress cronico e elevagdo prolongada dos
USA stress hormones in the glicose afeta a memoria. Glicocorticdides no HP causa excitotoxidade no
2015 ~ hippocampus and metabolismo da glicose e déficits de memoria.
implications for memory
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ABSTRACT

During the postnatal period, the nervous system is characterized by an intense and
constant brain remodeling, and excessive consumption of diets rich in sugar during
development promoting a series of neurophysiologic changes in the hippocampus. We
evaluated the effect of a chronic palatable diet on distinct types of memory in 62 male adult
Wistar rats (Object Recognition tests, Y-maze and fear conditioning) and investigated
hippocampal plasticity markers. In this study, the exposure to a chronic palatable diet induced
an impaired in the memory of different degrees of emotionality. Additionally, the palatable diet
consumption increased Na*,K*-Atpase activity in the hippocampus at postnatal day 28 (PND
28) and remained increasing until adulthood. Alterations in synaptic markers such as,
synaptophysin, Brain-derived neurotrophic factor (BDNF), protein Kinase B (AKT), protein
kinase B phosphorylated-(p-AKT), were reduced in the hippocampus at PND 28 after palatable
diet access. However, at postnatal day 75 (PND 75), the palatable diet increased hippocampal
levels of synaptophysin, spinophilin/neurabin-Il and decreased levels of BNF and neuronal
nitric oxide synthase (nNos) in adult rats. In conclusion, this study supports the idea that
increase in consumption of a palatable diet during the developmental stages is strongly
associated with memory impairment of different degrees of emotionality. Analysis of plasticity-
related proteins and memory had different results depending on the stage of development
evaluated. These differences found in these markers involved in learning and memory can be
attributed to an adaptive process or a failure in pruning of dendritic spines in the animal's
hippocampus.

Keywords: palatable diet; prepubertal period; adult period; hippocampus; memory; plasticity
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1. Introduction

During the postnatal period, the nervous system is characterized by an intense and
constant brain remodeling, promoting changes of adaptation and making the brain more
vulnerable to insults. It is important to note that maturation and plasticity during development
are highly variable in different brain regions, such as the hippocampus, which shows an increase
in neurogenesis and density of dendritic spines before puberty, which decreases in adulthood
(Crews F et al. 2007, Weitzdorfer R, et al, 2008). Although recent research has drawn attention
to the development of the brain in the early stages of life (Cormick C. 2010, Giedd JN and
Rapoport JL.. 2010), there are few studies approach how palatable foods can affect brain and
memory during pre-puberty and adolescence, increasing susceptibility to develop Psychiatric
disorders in adulthood.

Epidemiological studies have demonstrated an association between consumption of
highly energetic diets during development with the risk of neurological diseases and cognitive
deficits, including dementia and Alzheimer's (Eskelinen MH, et al. 2008, Solfrizzi V, et al
2010). It is known that memory can be defined as the recording of the representation of
information acquired through experiments and the intensity and duration of memory are
determined by the importance of the information and the emotion involved in the moment of its
acquisition (lzquierdo 1. 2011). Memory modulation depends on the sequence of biochemical
reactions, which are vulnerable to various environmental interventions, such as the consumption
of high-calorie foods. In this context, exposure to the diet with high sugar content may alter the
physiology and development of various structures in the central nervous system (CNS), such as
the hippocampus, which could cause changes in the neural maturation trajectory and thus, a
compromise of emotional memory.

A high calorie diet, in the early stages of development, led to the damage of
neurogenesis in adolescent rats and caused spatial memory deficits in adulthood (Cormick C.
2010). These long-term effects have shown irreversible damage to the emotional, cognitive,
behavioral and metabolic aspects (Pervanidou P, 2012). Other studies suggest that ingestion of
western diets rich in fat and sugar is associated with cognitive deficits in learning and memory
dependent on the hippocampus (Cormick C. 2010, Kanoski SE and Davidson TL., 2012).
Therefore, it is pertinent to say that depending on the amount, type and time of exposure to a
comforting food throughout life, different responses may be found regarding emotional

behavior.
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Brain structural changes in plasticity, such as loss of synapses and dendritic spines, as
well as reduced dendritic branching and reduction of glial cells in the hippocampus, have been
associated with cognitive deficits and others psychiatric disorder (Serafini et al., 2014;
Wongchitrat et al., 2016). Within this context, the consumption of caloric diets has been shown
to alter important proteins, such as Brain-derived neurotrophic factor (BDNF) and
synaptophysin, involved with plasticity and memory (Arnold et al., 2014; Najem et al., 2014;
Arcego et al., 2016). This neurotrophin involved in neurogenesis and modulation of brain
plasticity exerts many biological effects by binding and activating specific tropomyosin-related
kinase (Trk) receptors, which in turn triggers multiple intracellular signaling cascades,
including activation of phosphatidyl inositol 3-kinase P13 K/AKT, phospholipase C (PLC), and
SHC/RAS/MAPK pathways (Bennett and Lagopoulos, 2014). Alterations in BDNF or
intracellular signaling cascade have been associated with memory impairment induced by high
caloric intake (Cui et al., 2012; Granholm et al., 2008).

Considering that the deliberate consumption of palatable foods is linked to several
neurochemical and behavioral changes, knowledge of the mechanisms that trigger this behavior
is important to identify possible changes in emotional memory.

Thus, the purpose of this study was to verify how chronic consumption of a palatable
diet during the developmental stages can modulate memories of different degrees of
emotionality in Wistar rats in adulthood. Furthermore, this study verified proteins involved with
the plasticity, neurogenesesis, memory and cognition in the hippocampus of wistar rats during

developmental stages emphasizing the pre-pubertal period and adulthood of these animals.

2. Material and Methods

2. 1 Experimental subjects

All animal procedures were performed in strict accordance with the
recommendations of the Brazilian Society for Neurosciences (SBNeC) and
Brazilian Laws on the use of animals (Federal Law 11.794/2008), and were
approved by the Institutional Ethical Committee (CEUA-UFRGS #25488). All
efforts were made to minimize animal suffering, as well as to reduce the number
of animals used. Animals were housed in home cages made of Plexiglas (65 x
25 x 15 cm) with the floor covered with sawdust, and maintained on a standard
12h dark/light cycle (lights on between 7:00h and 19:00h), temperature of 22
+ 2°C. On postnatal day (PND) 21, 62 Wistar rats were weaned and only male
pups were used in this study. The animals were housed in groups of 4 per cage
and were subdivided into 2 other groups, according to their diet: (1) receiving
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standard lab chow or (2) receiving both standard chow plus palatable diet ad
libitum. Therefore, animals from this group could choose from the two diets
available. These interventions occurred between postnatal days 21-28 and daily
food consumption was measured. At postnatal day 28 (PND 28), half of the
animals in each group were killed by decapitation and biochemical evaluations
were performed in the hippocampus. The other half of the animals received
standard chow and also standard chow plus palatable diet were maintained on
these diets until adulthood. PND 60, the following behavioral tests were
performed on different days; exposure to open field, object recognition, Y Maze
and contextual fear conditioning. Days after finishing the behavioral tests, each
animal was euthanized by decapitation between 1:00 pm to 3:00 pm, and the
brain was removed, dissected on ice, and the hippocampus were immediately

frozen and stored at -80°C for further biochemical evaluations.

2.2 Palatable Diet

The palatable diet used in this study is enriched with simple carbohydrates, and made
from condensed milk, sucrose, vitamins and salts, powdered 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 was composed of carbohydrates that were mainly from starch.

The palatable diet was made on postnatal day 20 and the pellets were daily switched.

2.3. Food consumption

Previously weighed amounts of standard lab chow and palatable diet were offered and
the remaining amounts of pellets were measured each day to evaluate consumption. The food
consumption was measured per cage and the amount of food consumed was divided by the
number of animals per cage to determine mean consumption per animal. To verify the amount
of kilocalories consumed per animal, the amount of food ingested was multiplied by the caloric
content per gram of chow or palatable diet. The standard lab chow has a caloric content of 3.24
kcal/g, whereas the palatable diet has a caloric content of 4.5 kcal/g (being 38% more caloric
than the standard chow).

2.4 Behavioral Tests
Before each behavioral task, rats were placed in the test room (temperature 21+2°C) for one
hour to allow habituation in the environment and with the researcher.
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2.4.1. Open Field Test

Open field exposure was used to evaluate anxiety and locomotion by the time in central
area (sec), time in peripherical area (sec), number line crossings and distance traveled (m). A
50-cm high, 50 x 50-cm open field was used. The floor was subdivided with white lines into 16
equal 12.5- by 12.5-cm squares, and each animal was gently placed facing the left corner and
allowed to explore the arena for 20 min, in three consecutive days. The performance was
observed for 5 min, using the Any maze to behavioral analysis. The same apparatus was used

in the novel object recognition task, and was also considered as a habituation trial for that task.

2.4.2. Object Recognition

The novel object recognition task was based on Ennaceur and Delacour (1988) and
adapted from the task previously described by H. Ouchi et al. (2013). This test was used to
evaluate the rodents’ ability to recognize a novel object in the environment. It consists of 3
phases: habituation, training and testing. In habituation (before training), all animals were
exposed to an open-field arena for 20 min without objects during three days. In the training
phase (after 24 h the last habituation session), the animal was placed in the open-field arena
containing two identical objects, arranged separately (two cups or two magic cubes), for 5min.

They recorded the mouse operating time on each object. It was accounted for as
operating time of every object as the mouse smell, touch or approach within 3 cm of the object.
To prevent coercion to explore the objects, rodents were released against the center of the
opposite wall with its back to the objects. Then, animals returned to a separate housing box and
one of the objects was changed. To evaluate the short-term memory after 1 hour and a half the
animal was again placed in the same arena (test phase) with two objects, one equal to the
previously explored objects(cups) and one novel object(cube), and it was left to explore them
for 5 min. To evaluate the long-term memory, the test was performed 24 hours after placing the
animals back in the arena for exploring the familiar object (cups) and a new object (Tin) for 5
min. After each trial, objects were cleaned in an attempt to remove any olfactory cues. The
exploration time of the familiar and the new objects was compared. Exploration time was
defined as the time when the animal’s nose was directed towards the object at a distance of no
more than 2 cm and/or touching the object with the nose and paws (HernandezRapp et al., 2015).
If the animal climbed on top of or lined against the object, this period was not included in the
exploration time. The total exploration time of both objects in both trials was calculated. The
results are expressed as a % discrimination index, defined as the time spent exploring the novel

object/total time exploring objects. It was taken as a memory index to the task an increase in
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the exploration time of the novel object compared to the familiar object (H. Ouchi et al., 2013).

Preference for one of the objects was previously discarded with other animals (data not shown).

2.4.3 Object Location Test

The object location test was exactly identical to the object recognition task described above
except that in the test phase identical copies of the sample objects are exposed. To evaluate
the short-term memory after 1 hour and a half the animal was again placed in the same arena
(test phase) with the same two objects, but one of the two objects was moved to a novel

location.

2.4.4Y Maze

The Apparatus used have three symmetrical arms (each arm: 49 cm long x 13 cm wide x 33
cm high), placed in a room illuminated with 50 lux. The animal was placed on the end of an
arm (fixed arm), back turned to the center of the apparatus, and allowed access to this arm and
another arm for 5 min. It was determined the number of entries and the time spent on each arm.
The third arm (new arm) was blocked by a guillotine door. The rat was removed from the maze
and returned to its home cage at the end of training. The test occurred 1 hour after training, the
rat was placed in the fixed arm of the maze, back turned to the center of the apparatus, and given
free access to all three arms for 5 min. The number of entries and time spent on novel arm was

recorded.

2.4.5 Contextual Fear Conditioning

The Apparatus of contextual fear conditioning was a wooden box in the dimensions 28 x 26
x 23 cm, with metal bars at the base, where the electric current is conducted. In training, the
animals were placed in the apparatus of fear conditioning context for 3 minutes for setting. At
the end of this period, the animals received 3 footshocks of 0.7 mA intensity, 2 second duration
and 30 second interval between footshocks and remained 1 minute in the apparatus.
The response to each footshock was recorded to compare the reactivity to pain in animals. The
test was carried out twenty-four hours after the training session; the animals were placed again
in the apparatus for 5 minutes, but didn’t receive any shock. The freezing duration was
determined as a percentage of total test time and is considered a measure of the strength of the
animal's fear memory. The frequency of rearing and grooming was also determined as
complementary measures. The apparatus was cleaned with a solution of ethanol 30% and then
dried with a paper towel after each animal. It was considered freezing when the animal stood
still without showing any movement except those resulting from breathing (Blanchard &
Blanchard,1969).
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2.5 Biochemical Analysis

2.5.1 Na"K*-ATPase activity assay

At PND 28 and 75, Na',K™-ATPase enzyme activity determination, hippocampus was

homogenized in 10 vol (w:v) of 0.32 M sucrose solution containing 5mM HEPES and 1 mM

EDTA, pH 7.4. The homogenates were centrifuged at 1000g for 10 min and the supernatants

were used. The reaction mixture contained 5 mM
MgCl2, 80 mM NaCl, 20 mM KCI, and 40 mM Tris—HCI buffer, pH 7.4, in a final volume of
200ul. The reaction started by the addition of ATP (disodium salt, vanadium free) to a final
concentration of 3mM. Control was assayed under the same conditions with the addition of
1mM ouabain. Na*,K*-ATPase activity was calculated by the difference between the two assays
(de Souza Wyse et al.,, 2000; Tsakiris and Deliconstantinos,1984). Released inorganic
phosphate (Pi) was measured by the method of Chan et al. (1986). Enzyme specific activities
were expressed as nmol Pi released per minute per milligram of protein [evaluated according
to Bradford (1976)]. All assays were performed in duplicate, and the mean was used for

statistical analysis.

2.5.2 Western Blotting
Hippocampus were homogenized in ice-cold lysis buffer (pH 7.9): 10mM KCI, 10mM
Hepes, 0.6mM EDTA, 1% NP 40 and 1% protease inhibitor cocktail and centrifuged at 10009
for 10 min. Equal protein concentrations (40 pg/lane of total protein, determined using a
commercial kit BCA Protein Assay [Thermo Scientific, U.S.A]) were loaded onto NUPAGE®
4-12% Bis-Tris Gels. After electrophoresis, proteins were transferred (XCell SureLock®
Mini-Cell, Invitrogen) to nitrocellulose membranes (1 h at 50V in transfer buffer [48 mM
Trizma, 39 mM glycine, 20% methanol, and 0.25% sodium dodecyl sulfate])
(38). The blot was submitted to 2-h incubation in blocking solution (5% bovine serum albumin
in Tris-buffered-saline -TBS). After the incubation, the blot was incubated overnight at 4°C in
blocking solution containing one of the following antibodies: anti-BDNF(1:1000,
Abcam, RRID:AB_305367), anti-TrkB (1:1000, Millipore, receptor, anti-AKT (1:1000,
Cell Signaling, , RRID:AB_2225340), anti-phospho-AKT (Ser473, 1:1000, Cell
Signaling, RRID:AB_2315049), anti-synaptophysin (SYP, 1:500; Millipore,
RRID:AB_570874), antispinophilin/neurabin-11 (1:1000, Millipore, , RRID:AB_310266),
anti- neuronal nitric oxide synthase ( nNos, 1:1000, Millipore) or anti-p-actin (1:3000,
Millipore, RRID:AB_11214202). The blot was then washed with Tween-TBS and incubated
in solution containing peroxidaseconjugated anti-rabbit 1gG (1:1000, Millipore, , RRID:AB
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~11212848) or anti-mouse 1gG (1:1000, Millipore, RRID:AB_10679589), before developing
with a chemiluminescence ECL kit (Amersham, Oakville, Ontario).

The chemiluminescence was detected using a digital imaging system (Image Quant
LAS 4000, GE Healthcare Life Sciences) and analyzed using the Image Studio Lite
Software5.2(https://www.licor.com/bio/products/software/image_studio_lite, RID:SCR_01421
1). Results were expressed as the ratio of the intensity of the protein of interest to that of 1:3000
anti-p-actin (Millipore, RRID:AB_11214202) on the same membrane.

2.6. Statistical analysis

Data were expressed as means + standard error of the mean, and were analyzed using

Repeated Measures ANOVA for consumption of diets evaluation and Student’s t test in the
other cases. Significance level was accepted as different when the P value was less than 0.05.
Regarding Repeated Measures ANOVA, Greenhouse-Greisser correction was applied

considering violation of the sphericity assumption as shown by the Mauchly test.

3. Results

3.1 Food Consumption

Total caloric consumption was analyzed using Student’s t test during the prepubertal period
(at PND 28) and adulthood period (at PND 75) of life. With regard to the caloric consumption
during this first week (between PND 21-28), the animals with access to a high carbohydrate
diet had a higher caloric consumption, compared to the control group [t (13) =1.17, P<0,001]
as displayed in Fig.1B. In addition, also was observed higher caloric consumption of palatable
diet in adult animals, compared to the control group [t (13) =0,421, P<0,001] as displayed in
Fig.1C. The mean consumption for each week during all time of treatment was analyzed using
repeated measures ANOVA. During the period of food consumption, the results demonstrate
that rats had increased caloric consumption over time [repeated measures ANOVA, F (1.881,
43.10) = 12.74, P <0.001, correction for GreenhouseGeisser], with an interaction between time
and palatable diet, since palatable diet group showed a greater increase in consumption over
time [F (1.78, 21.40) = 6.00,P < 0.02, correction for Greenhouse-Geisser] (see, Fig 1D).

3.2 Behavioral Results
Fig. 2 shows the results from exposure to the open field evalued in adulthood. No

significant differences were observed in time in central area (sec), time in peripherical area
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(sec), number line crossings and distance traveled (m) (Fig 2A, 2B, 2C e 2D, respectively),
P>0.05, showing that these animals had no difference in locomotor activity and anxiety.

The novel object recognition task was carried out to assess short-term and long-term
memory. In the training phase (two identical objects) in both memory tasks, there was no
difference in the time exploring of the two objects and there were no differences between groups
(see table 1, P > 0.05), consequently all groups explored the two objects by chance. In contrast,
in the testing phase (familiar object x novel object), the palatable diet group decreased
exploration time in new object in short-term [t (27) =0.739, P<0.001] and long-term memory [t
(27) =2.074, P<0.001], see tablel. In addition, the palatable diet decreased the discrimination
index, in both, short-term [t (27) =3.027, P<0.001] and long-term memory [t (27) =2.099,
P<0.001] tests (see Fig 3 A e B, respectively).

In the object location test was evaluated short-term memory. This behavioral task, one of the
two objects was moved to a novel location. In the testing phase, the results showed that palatable
diet group increased exploration time of the object in the familiar place [t (26) =0.228, P<0.01]
and decreased exploration time of the object in the new place [t (26) =5.195, P<0.001], see table
2, respectively. In addition, the palatable diet decreased the discrimination index [t (26) =0.541,
P<0.001, see Fig 3C].

Fig. 4 summarizes the effects of palatable diet consumption on spacial and aversive memory,
assessed in the Y maze and contextual fear conditioning. Student t-test analysis revealed a
significant reduction of palatable diet group on the percentage of duration spent in the novel
arm visits [t (29) =1.946, P<0.01, see Fig 4A], indicating a deficit of spatial learning compared
with control group. However, no differences were found with regarding on the percentage of
entries in the novel arm (P>0.05), see fig 4B. In the fig.4C was evaluated aversive memory and
was verified that palatable diet group decreased the percentage of freezing time [t (22) =6.963,
P<0.001].

3.3 Biochemical results

Change in Na",K*-ATPase activity is important to learning and memory (Andero et al., 2014;
Petzold et al., 2015). Therefore we evaluated the possible effect of palatable diet consumption
on Na*,K*-ATPase activity in the hippocampus of animals at different stages of development.
At 28 PND, the palatable diet increased Na*,K™-ATPase activity [t (9) =2.237, P=0.04, see
fig.5], which remained increasing until adulthood [t (10) =2.316, P<0.05, see fig.5].
Since high calorie diets can influence the plasticity and neurogenesis in the hippocampus and
possible changes could lead to memory impairment, we then evaluated proteins related to
plasticity and memory process in the hippocampus in pre-pubertal and adult period, using

Western blotting. At PDN 28, hippocampal levels of synaptophysin [t (7) =0.277, P<0.05],
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BDNF [t (6) =4.883, P<0.05], AKT [t (6) =0.367, P<0.01], p-AKT [t (6) =0.719, P<0.05], were
reduced after palatable diet access (see Figures 6 and 7). No significant differences were found
in relation to hippocampal levels of nNos, spinophilin/neurabin-11 and TrkB receptor (P>0.05).
At PND 75, the palatable diet increased hippocampal levels of synaptophysin [t(9) =0.740,
P<0.05], spinophilin/neurabin-11 [t (10) =0.80, P<0.05], see Fig 6B and 6D. However, the
palatable consumption decreased hippocampal levels of BDNF [t (8) =1.063, P<0.05] and nNos
[t (9) =1.699, P<0.01], see Fig 6F and 8A, in adult rats.

4. Discussion

The nervous system has the ability to modify its morph functional organization in response
to the environment, especially during the initial stages of development, since intense brain
maturation occurs during this period. Variations in environmental conditions such as the
influence of a diet rich in carbohydrates during development, may affect the path of neural
maturation and contribute to cognitive impairment and memory changes. In this study, the
exposure to a chronic palatable diet induced an impaired in the memory of different degrees of
emotionality. Additionally, the palatable diet consumption increased Na*,K*-Atpase activity in
the hipocampus at PND 28 and remained increasing until adulthood. Alterations in synaptic
markers such as, synaptophysin, BDNF, AKT, p-AKT, were reduced in the hippocampus at
PND 28 after palatable diet access. However, at PND 75, the palatable diet increased
hippocampal levels of synaptophysin, spinophilin/neurabin-I1 and decreased levels of BDNF
and nNos in adult rats.

Previous studies using high caloric diet have also reported that its intake may lead to a
cognitive deficit and memory impairment, when offered either in a short (Kaczmarczyk et al.,
2013) or long-term period (Kosariet al., 2012; Wang et al., 2015). According to our findings,
events early in life, such as the chronic high caloric diet intake beginning at weaning induced
impairments in short-term and long-term memory in a novel object or object novel location
recognition tasks. The tasks of recognition of the object or object place change evaluated neutral
memory and requires a series of cognitive operations, such as perception, discrimination,
identification and comparisons (Warburtonand Brown, 2015), and are respectively dependents
on the cortex and hippocampus. It is important to note that the behavioral effects observed are
not related to altered locomotion, since no differences were observed in the open field
exploration. Beilharz et al (2014) showed that a short exposition of diets rich in fat and sugar

or only rich in sugar induced a loss in the memory of recognition of the change of place of the
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object, but there was no difference in relation to the exploration of the new object, showing that
the consumption of palatable foods prejudiced the hippocampusdependent memory.

Another behavioral task evaluated, in this study, was Y-maze, this task allows to check the
working memory using spatial tips. This type of behavioral task presents a greater requirement
of the animal for identification of the arms in the apparatus, leading to the animal a greater
degree of emotionality to perform the behavior. Our findings showed that palatable diet
consumption until adulthood induced a memory impaired by decreases the percentage of
duration spent in novel arm. Other studies that used the labyrinth of the radial arm and Morris's
aquatic labyrinth to evaluate spatial memory observed that the chronic use of western diet
(high in fat and sugar) induced cognitive impairment in learning and memory of adult rodents
(Kanoski and Davidson et al., 2011; Beilharz et al., 2015).

With regard to the context-dependent task of fear, the animals are exposed to an aversive
context with a brief shock in the legs, after 24 hours the animals are exposed again to the same
context and if there was no damage in the hippocampus, the animals tend to remember this
aversive context and respond with a defensive behavior as freezing. In this study, the palatable
diet reduced the percentage of freezing in the animals, suggesting damage in the hippocampus
dependent memory. A recent study showed that consumption of a cafeteria diet offered for 8
weeks, for animals in adulthood, showed that when the animals were exposed to the aversive
context they exhibited impairment in the defensive behavior, indicating that possibly the
chronic exposure of palatable foods harms memories of fear (Reichelt et al., 2015). With
respect to the behavioral findings, we observed that the supply of a palatable food during the
development was able to impair the memory on different degrees of emotionality. Based on
these behavioral results, proteins involved with plasticity, neurogenesis and memory were
evaluated at different stages of development. An finding was that the chronic consumption of a
palatable diet from the beginning of life until adulthood increased the activity of the enzyme
Na*,K*-Atpase at both stages of development. With regard to the ontogeny of activation this
enzyme, studies suggest that in hippocampus, Na™K*-Atpase pump activity is very low in the
first postnatal week but develops gradually over the first 5 weeks of life (Fukuda and Prince,
1992; Lopez et al., 2002). However our results showed that exposure to caloric diet in the early
life may alter the ontogeny of activation of this enzyme. It is interesting to note that other studies
using a palatable diet, rich in simple sugar, also induced an increase in the activation of this
enzyme that was reversed by withdraw of the diet (Krolow et al., 2012; da S Benetti et al.,
2010).

Within this context, levels of proteins related to plasticity, neurogenesis and memory
were evaluated in the hippocampus at different stages of animal development. We observed that

proteins such as synaptophysin, BDNF and its signaling pathway were reduced by the early
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consumption of a palatable diet at PND 28. These findings reinforce the brain vulnerability in
early life, since the hippocampus is in an intense process of neurogenesis, plasticity and
completes its maturation process around 35 days postnatal life (He e Crews, 2007; Yildirim et
al., 2008). During the initial stages of an individual's life, environmental changes may influence
the final process of maturation of the central nervous system’s neurochemical circuit (19).
Proteins such as, synaptophysin and BDNF are related to plasticity and memory

(Edelmann et al., 1995; Lu et al., 2005; Arcego et al., 2016;Wongchitrat et al., 2016). In
addition, the synaptophysin protein is a constituent of neurotransmitter-containing presynaptic
vesicle membranes, augmentation of this synaptic protein may reflect an increase in
neurotransmission leading to improved memory (Edelmann et al., 1995). With respect to the
BDNF protein, it is known that its functions are related to neurite outgrowth, cell survival and
synaptic strengthening (39). Interestingly, one of the pathways of the activation of the
intracellular cascade of BDNF was reduced by the early consumption of a palatable diet. The
AKT protein, a serine/threonine kinase, involved in the signaling pathway of BDNF showed a
reduction, both in its total immunocontent and in its phosphorylated form (Patapoutian and
Reichardt, 2001). Studies have shown that environmental interventions such as the consumption
of highcalorie foods may act by decreasing the expression of BDNF and synaptophysin (Arnold
et al., 2014; Najem et al., 2014). Consequently, it has been shown that the reduction of these
proteins may be directly associated with greater impairment in learning and memory (Cui et
al.,2012; Granholm et al., 2008; Trudeau et al., 2004).

The present findings show that chronic palatable diet during the early life until adulthood
altered proteins, related to plasticity, differently in relation to exposure to caloric food in the
prepuberal period, as discussed previously. Our results showed that the group that received
palatable diet during life, increased hippocampal protein levels of synaptophysin and neurabin.
This increase may suggest an adaptive process of CNS, since when analyzed the levels of
synaptophysin in the pre pubertal period a reduction in this protein was observed. It should be
noted that spinophilin/neurabin protein are highly enriched in the dendritic spines of
hippocampal neurons, where they may serve as an adaptor protein recruiting the related binding
molecules important for spine morphogenesis, synaptic transmission and plasticity
(Feng et al., 2000; Hu et al., 2006). On the other hand, we can speculate that the increase Na*,K*-
Atpase activity and in the synaptophysin, spinophilin/neurabin proteins levels, in the
hippocampus of adult rats, induced by palatable diet consumption may suggest a loss in
dendritic spines prunnig, since in this study was observed an impaired in the memory of
different degrees of emotionality in adult rats. During the pubertal period, the density of
dendritic spines decreases in the CA1 hippocampus and temporal lobe of both rodents (Yildirim

et al., 2008). This process is referred to as adolescent synaptic pruning which remove
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unnecessary brain connections to make room for new relevant memories. This is an important
process for optimal learning in adulthood (Afroz et al., 2016).

Other interesting findings were regarding the BNDF and nNos proteins. Both proteins
showed a reduction in the hippocampus of animals that received palatable diet. Other studies
have also observed that high caloric diets offered throughout life may reduce BDNF (Carmer et
al., 2015; Arcego et al., 2016). This reduction may be directly associated with memory
impairment (Arcego et al., 2016), contributing to our findings. Additionally, NO is synthesized
from L-arginine, in the presence of NADPH and O2, by a series of isoenzymes of the family of
NO synthases (NOS). High level of NO may influence synaptic plasticity and induce cell death,
leading to neuronal degeneration; it seems to be involved in learning and memory formation by
potentiating or facilitating mainly the acquisition process. Gzielo et al. (2016) also verified that
long-term consumption of high-caloric diet in rats reduced neuronal nitric oxide synthase
expression. In rats, it has been verified that NOS inhibition leads to a slight impairment of
memory (Brown and Bal-Price 2003; Arnaiz et al., 2004; Noschang et al., 2010).

In conclusion, this study supports the idea that increase of consumption of a palatable diet
during the developmental stages is strongly associated with memory impairment of different
degrees of emotionality. Analysis of plasticity-related proteins and memory had different results
depending on the stage of development evaluated. These differences found in these markers
involved in learning and memory can be attributed to an adaptive process or a failure in pruning
of dendritic spines in the animal's hippocampus. Within this context, regardless of the
hypotheses addressed, memory impairment was clearly observed in the animals that consumed
this highly palatable diet. Further studies are required to confirm and expand upon these results

and may help to understand the pathophysiology of some psychiatric disorders.
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Table 1: Effects of chronic access to palatable diet in novel object recognition in adult rats.

Groups Training | Training | Short-Test | Short- Long-test | Long-test
Time in| Timein Time in Test Time in Time in
object A object B familiar Time in familiar new

object new object object
object

Control 34.12+ | 34.62+2.5 | 31.62+ 3.9 61.6+ 29.12+ 2.3 58.6+

2.5 3.94 4.20

Palatable | 30.92+ | 31.61+2.7 | 39.8+5.04 37.6+ |37.61+296 | 34.53+

Diet 2.4 4.8* 3.0*

Time in the objects was expressed in seconds. Data are expressed as mean + SEM, N = 13 for
Control-Chow and 18 for Palatable diet. *The palatable diet group decreased exploration time
in new object (P<0,001) in short-term memory and long-term memory (P<0,001), test phase.

Table 2: Effects of chronic access to palatable diet in novel place of object recognition in adult

rats.
Groups Training Training Short-test Short-test
Time in Time in Time in familiar Time in new
object A object B object object
Control 30.60+ 2.2 31.20+ 2.1 30.40+ 3.4 56.53+ 4.5
Palatable 34.46+ 1.5 34.38+ 1.6 44.8+ 3.5 32.30+ 2.6*
Diet

Time in the place of objects was expressed in seconds. Data are expressed as mean + SEM, N
= 13 for Control-Chow and 18 for Palatable diet. *The palatable diet group decreased
exploration time in new place object (P<0,001), test phase.
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Fig.1: Time line and effect of caloric intake of a palatable diet during the development. Fig
1A: Time line. Fig 1B: kcal consumed of diets during 7 days (Between 21-28 postnatal days);
Fig 1C: Kcal consumed of diets during 7 weeks (Between 21-75 postnatal days); Fig 1D:
Consumption of food in grams during 7 weeks (Between 21-75 postnatal days). Data are
expressed as mean £ SEM, N = 4 (for cages of animals, with 4-5 animals/cage). The mean
consumption was analyzed using Student's t-test our repeated measures ANOVA. *Palatable
diet group increased Kcal and grams consumed in the pre-pubertal period and until adulthood.
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Fig 2: Effect of caloric intake of a palatable diet on open field behavior in adult rats. Fig 2A:
Time in area central (sec); Fig 2B: Time in peripheral (sec); Fig2C: Number line crossings; Fig
2D: Distance traveled (m). Data are expressed as mean £ SEM, N = 15 to control group and
N=13 to palatable group. The mean consumption was analyzed using Student's t-test. There
were no significant differences in any of the parameters evaluated (P>0.05).
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Fig 3: Effects of chronic access to palatable diet in novel object or place recognition in adult
rats. Fig 3A: percentage of discrimination index of object in short-test; Fig 3B: percentage of
discrimination index of object in Long-test and Fig 3C: percentage of discrimination index of
new object place in short-test. Data are expressed as mean £ SEM, N = 13 to control group and
N=15 to palatable group. The mean consumption was analyzed using Student's t-test.
*Palatable diet group decreased the discrimination index in all evaluated parameters (P<0.05).
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Fig 4: Effects of chronic access to palatable diet in Y-maze and Contextual fear conditioning,
in adult rats. Fig. 4A: percentage of duration of novel arm visits; Fig. 4B: percentage of number
of novel arm visits and Fig 4C percentage of time in freezing. Data are expressed as mean *
SEM, N = 13 to control group and N=15 to palatable group. The mean consumption was
analyzed using Student's t-test. * Palatable diet group decreased the duration of novel arm visits
and freezing in evaluated parameters (P<0.05).
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Fig 5: Effects of chronic access to palatable diet on Na",K*-ATPase activity during the
development. Fig. 5A: Na*,K*-ATPase activity, at PND 28; Fig. 5B: Na*,K*-ATPase activity,
at PND 75. Data are expressed as mean + SEM, N = 6 to control group and N=6 to palatable
group. The mean consumption was analyzed using Student's t-test. * Palatable diet group
increased the Na*,K*-ATPase activity (P<0.05), during the stages of development.
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Fig 6: Effects of chronic access to palatable diet on proteins levels in the hippocampus during
the development. Fig. 6A: Immunocontent of synaptophysin/B-actin, at PND 28; Fig. 6B:
Immunocontent of synaptophysin/B-actin, at PND 75; Fig. 6C: Immunocontent of
neurabin/Pactin at PND 28; Fig. 6D: Immunocontent of neurabin/B-actin at PND 75; Fig.6E:
Immunocontent of nNos/B-actin at PND 75; Fig. 6F: Immunocontentof nNos/B-actin at PND
75. Data are expressed as mean + SEM, N = 4-6 to control group and N=4-6 to palatable group.
The mean consumption was analyzed using Student's t-test. * Palatable diet group decreased
synaptophysin and neurabin (P<0.05), at PND 28. At PND 75, * Palatable diet increased
synaptophysin, neurabin and decreased nNos, (P<0.05).
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Fig 7: Effects of chronic access to palatable diet on proteins levels in the hippocampus at PND
28. Fig.7A: Immunocontent of BDNF/B-actin; Fig. 7B: Immunocontent of TRKB/Bactin; Fig.
7C: Immunocontent of AKT/B-actin, Fig. 7D: Immunocontent of pAKT/B-actin and Fig.7E:
phosphor-Akt/AKT. Data are expressed as mean = SEM, N = 4-6 to control group and N=4-6
to palatable group. The mean consumption was analyzed using Student's t-test. * Palatable diet
group decreased BDNF, AKT and pAKT proteins (P<0.05).
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Fig 8: Effects of chronic access to palatable diet on proteins levels in the hippocampus at PND
75. Fig.8A: Immunocontent of BDNF/B-actin; Fig. 8B: Immunocontent of TRKB/Bactin; Fig.
8C: Immunocontent of AKT/B-actin, Fig. 8D: Immunocontent of pAKT/B-actin and Fig.8E:
phosphor-Akt/AKT. Data are expressed as mean = SEM, N = 4-6 to control group and N=4-6
to palatable group. The mean consumption was analyzed using Student's t-test. * Palatable diet
group decreased BDNFprotein (P<0.05).
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