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RESUMO

As fases iniciais da vida representam um periodo critico no desenvolvimento do sistema
nervoso. O objetivo desse estudo foi avaliar efeitos da associagdo entre exercicio fisico em
esteira e suplementacdo com oOleo de peixe em ratosno inicio da vida, sobre ansiedade,
memoria e excitabilidade cerebral. Ratos Wistar foram divididos em: Oleo de Peixe ou
Veiculo e subdivididos em Exercitados ou Sedentarios. O periodo de treinamento ocorreu do
15° a0 45° dias de vida. A partir dos 46 dias de vida, foi realizada avaliagdo dos efeitos dessa
associacao sobre peso corporal, murinometria, respostas comportamentais relacionadas a
ansiedade, memoria e eletrofisiologia cortical. Os resultados demonstram que ndo houve
alteracdo nos dados murinométricos. No teste de labirinto em cruz elevado, os animais
exercitados apresentaram comportamento menos ansioso a julgar pelo maior nimero de
entradas nos bragos abertos. Além disso, animais suplementados e/ou exercitados
apresentaram memoria preservada para reconhecimento da identidade do objeto. Por outro
lado, a analise intragrupo demonstrou prejuizo dependente do tratamento, quando os animais
foram submetidos ao teste de reconhecimento quanto a localizacdo do objeto. Com relacdo a
analise intergrupo, a suplementacdo e o exercicio aumentaram o indice de discriminacéo para
0 objeto estacionario. Sobre a eletrofisiologia cerebral, houve potencializacdo da
suplementacdo sobre o exercicio na reducdo da velocidade de propagacdo da depressdo
alastrante cortical. Neste contexto, os resultados indicam que é necessaria cautela no uso da
associacao dessas estratégias referentes a modulacdo comportamental ou neural em periodos

criticos de desenvolvimento do sistema nervoso.

Palavras chaves: Oleos de peixe. Exercicio. Sistema nervoso. Periodo critico.



ABSTRACT

The early stages of life represent a critical period in the development of the nervous system.
The aim of this study was to evaluate how the association between treadmill exercise and
supplementation with fish oil in rats during lactation affect anxiety, memory and brain
excitability. Wistar rats performed two experimental groups as Fish Oil or vehicle, and then
divided into exercised or sedentary. The training period was from the 15th to 45th days of life.
From the 46 days of life, the effects of this combination on body weight, murimetric
parameters, behavioral assessment, and cortical electrophysiology were evaluated. The results
demonstrate that there was no change in murinometric data. In the elevated plus maze,
exercised animals were less anxious as judged by the largest number of entries into the open
arms as compared to the respective controls. Furthermore, supplemented and / or trained
animals showed preserved memory to recognize the identity of the object. On the other hand,
the intra-group analysis showed treatment-dependent impairment when the animals were
subjected to the recognition test on the object location. The inter-group analysis
supplementation and exercise increased the discrimination index for the stationary object. In
addition, supplementation with fish oil enhanced the effect of exercise on brain excitability by
reducing the velocity of propagation of cortical spreading depression. Therefore, the present
data indicate that caution is required in use of the association of these strategies concerning

behavioral or neural modulation.

Key-words: Fish oils. Exercise. Nervous system. Critical period of development.
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APRESENTACAO

As fases iniciais da vida representam um periodo critico no desenvolvimento do
sistema nervoso (SN). Nesta fase da vida, ocorrem processos de hiperplasia, hipertrofia,
mielinizacdo e migragdo neuronal com velocidade maxima, em relacdo a outras etapas da
vida pos-natal, o que torna o cérebro vulneravel as demandas do ambiente, como por
exemplo, as nutricionais (DOBBING, 1968; MORGANE et al., 1993).

Em ratos de laboratorio, esse periodo critico de desenvolvimento do SN é representado
pela fase pré-natal perdurando até a terceira semana pos-natal, coincidindo com o
desmame (CHEN & SU, 2013; HASHIMOTO et al., 2014).

Neste contexto, um dos principais avancos cientificos nos ultimos 40 anos foi o
reconhecimento da estreita relacdo entre o consumo de lipidios dietéticos, a composi¢do
lipidica do encéfalo e sua repercussdo sobre o desenvolvimento e funcionamento do
sistema nervoso central (SNC). E devido aos efeitos benéficos dos acidos graxos poli-
insaturados de cadeia longa (PUFA, polyunsaturated fatty acids) do tipo 6mega 3 (®-3),
comumente presentes no 6leo de peixe (OP), boa parte dos estudos tem sido direcionados
para essa classe de lipideos (YEHUDA et al., 2005; PERINI et al., 2010).

Além dos fatores dietéticos, o exercicio fisico moderado tem sido investigado pela
comunidade cientifica devido sua: (1) influéncia sobre a funcdo e plasticidade cerebral
(RACHETTI et al., 2013), (2) modulacéo da neurogénese hipocampal (DURING & CAO,
2006; VAN PRAAG et al., 1999) e (3) prevencao da ocorréncia de doencas psiquiatricas
(GOMEZ-PINILLA, 2006).

Dessa forma, nos ultimos anos o interesse na suplementacdo de PUFA do tipo 6mega
3 (w-3) e/ou exercicio fisico aumentou significativamente, sendo demonstrado em muitos
estudos os efeitos benéficos dessas estratégias sobre a maturagéo cortical, sinaptogénese e
mielinizag&o, redugéo do risco de déficits cognitivos e inflamacgdo, bem como beneficios
neuroplasticos na juventude e envelhecimento (DIK et al.,, 2003; BOURRE, 2005;
ENGSTROM et al., 2009; VINES et al., 2011; NYBERG et al., 2013).

Além disso, esta associacdo torna-se importante para a prevencgdo do desenvolvimento
de distarbios relacionados a ansiedade (GOMEZ-PINILLA & YING, 2010), uma vez que,
segundo dados epidemioldgicos, estes distdrbios estdo entre as doencas mentais mais
comuns, acometendo de 3 a 18% da populacdo mundial a cada ano (RAVIDRAN &
SILVA, 2013).
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Apesar de atualmente a literatura apresentar diversas informacBes clinicas e
experimentais acerca dos efeitos da suplementacdo com &cidos graxos insaturados (AGI)
e/lou exercicio fisico sobre diversas condigdes, incluindo disturbios cardiovasculares,
neuroldgicos e psiquiatricos, ha uma preocupacdo da comunidade cientifica quanto a
influéncia dessas estratégias, de forma isolada ou associada, nas fases iniciais da vida,
bem como a duracdo e dose necessarias para garantir o bom desenvolvimento e
funcionamento dos sistemas organicos.

Assim, a pergunta que norteou a realizacdo deste trabalho foi: a associacdo entre
exercicio fisico em esteira e suplementacdo com 6leo de peixe no inicio da vida apresenta
efeitos positivos sobre pardmetros relacionados a ansiedade, memoria episodica,
excitabilidade cortical e murinometria em ratos jovens Wistar? A partir desta pergunta
condutora foi hipotetizado que a associacdo entre a suplementacdo com o6leo de peixe
(dose de 85mg/kg) e o exercicio fisico em esteira no inicio da vida mantém a
murinometria adequada para idade. Além de promover efeitos positivos relacionados ao
desempenho dos animais em avaliagdes comportamentais, melhorando: (1) as respostas
aos testes para reconhecimento de objetos (TRO) e, consequentemente, memoria
episodica e (2) reduzindo indicadores ansiogénicos a julgar pelo comportamento durante a
realizacdo da tarefa no teste de adaptacdo ao campo aberto (TCA) e no labirinto em cruz
elevado (LCE). Bem como promove a diminui¢do da excitabilidade cerebral através da
reducdo da velocidade de propagacao da depressao alastrante cortical (DAC).

Diante disto, a abordagem proposta neste estudo esta distante do uso de tratamentos de
alto custo, uma vez que utiliza a suplementacdo com o OP e/ou exercicio fisico em esteira,
que representa uma abordagem natural, de baixo custo e acessivel, cuja simplicidade se
traduz em dois aspectos basicos da vida — nutricdo e movimento.

Assim, a proposta deste estudo foi avaliar os efeitos da associagdo da suplementagéo
com OP e exercicio fisico em esteira no inicio da vida de ratos Wistar, sobre parametros

murinometricos, ansiedade, memoria episddica e eletrofisiologia cerebral.
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2. REVISAO DA LITERATURA

2.1. Efeitos do exercicio fisico e/ou acidos graxos dmega-3 sobre memodria e
ansiedade

Cerca de 50 a 60% do peso seco do cérebro é constituido por lipidios, dos quais
aproximadamente 35% sédo representados pelos &cidos graxos poli-insaturados de cadeia
longa (PUFA). Estes desempenham um papel fundamental no desenvolvimento do
cérebro, estando sua disponibilidade na dieta associada ao processo de aprendizagem,
humor e habilidades motoras de animais em desenvolvimento (NICULESCU et al., 2011;
BRENNA, 2011; LONG & BENTON, 2013).

Os PUFA do tipo -3 (acidos a-linolénico-ALA, 18:3) e »-6 (acido linoléico-LA,
18:2), sdo considerados &cidos graxos essenciais (AGE) uma vez que ndo podem ser
sintetizados por mamiferos, e sdo considerados criticos para o desenvolvimento, estrutura
e funcédo do sistema nervoso central (SNC). O acido docosahexaendico (DHA, 22:6 n-3) e
acido eicosapentaendico (EPA, 20:5 n-3), metabdlitos do ALA, podem ser obtidos a
partir de peixes, sendo essenciais para o crescimento e desenvolvimento em mamiferos,
facilitando a formacédo de sinapses dendriticas e crescimento neuronal (CHYTROVA et
al., 2010; MIZUNOYA, 2013).

O 6bleo de peixe (OP), por sua vez, € uma fonte alimentar que apresenta alta
quantidade de EPA e DHA, tipos de PUFA comumente ausentes em outros 6leos
(MIZUNOYA etal., 2013).

Um dos PUFA do tipo w-3 presentes em maior concentracdo no cérebro é o DHA,
perfazendo até 17% do total de &cidos graxos, o qual apresenta papel importante no
desenvolvimento neuronal nas fases fetal e infantil precoce (FERRAZ et al., 2011),
estando sua suplementacéo ligada a melhora da aprendizagem e memdria relacionada ao
hipocampo em roedores, e a redugdo da incidéncia de desordens de humor em seres
humanos (CHYTROVA et al., 2010). Além disso, o DHA esta envolvido em diversos
processos neurais, tais como promocdo do crescimento dos neurdnios na regido do
hipocampo, reducdo da atividade inflamatoria e melhora da neurotransmissao de sinais
(CHYTROVA et al., 2010).

O EPA por sua vez, estd presente em concentracbes menores no SNC, porém
apresenta papel importante no sistema cardiovascular e imunoldgico (RACHETTI et al.,
2013).
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Particularmente, os PUFA do tipo ®-3 podem modular a fluidez da membrana
plasméatica cerebral através do deslocamento do colesterol (GOMES-PINILLA &
TYAGI, 2013) bem como aumentar 0 nimero de receptores, levando a uma melhora da
funcionalidade dos canais i6nicos e modulacdo da expressdo génica de proteinas
envolvidas na transducdo de sinais. Juntos esses efeitos parecem otimizar 0S processos
cognitivos (MURPHY et al., 2014).

Por sua vez, o exercicio fisico de forma regular, estd relacionado a processos
adaptativos que trazem efeitos benéficos ao funcionamento cerebral, incluindo
aprendizagem, potenciacdo de longo prazo, memoria e ansiedade (RADAK et al, 2001,
OGONOVSZKY et al, 2005, FULK et al., 2004). Além disso, o exercicio fisico parece
manter a integridade cerebrovascular, aumentar o crescimento dos capilares e conexdes
dendriticas (DING et al, 2006; LUCAS et al, 2012).

Em humanos, estudo utilizando auto-relatos de ansiedade tem apresentado um efeito
ansiolitico associado ao exercicio fisico (DISHMAN, 1998). O exercicio fisico regular
parece induzir efeitos positivos sobre o humor enquanto reduz a ansiedade, incluindo
sentimentos negativos relacionados a frustracdo e irritabilidade (LONG et al., 1995).

Atualmente acredita-se que ambas as estratégias, exercicio fisico e suplementacdo com
PUFA, estejam envolvidas em beneficios para a saide mental, devido ao suporte dado ao
funcionamento cerebral tanto em condi¢des normais quanto naquelas consideradas
criticas (CHYTROVA et al., 2010; RACHETTI et al., 2013), porém ha poucos estudos
que avaliem os efeitos da associacdo dessas estratégias sobre aspectos comportamentais.

No que diz respeito a memdria, a suplementacdo com OP e o exercicio fisico em
esteira nas fases iniciais da vida, parecem ser estratégias com efeitos independentes sobre
0S prejuizos a memdria associados ao envelhecimento. Porém os efeitos positivos
dependem do tipo de tarefa utilizada para avaliar a memoéria (RACHETTI et al., 2013).

Também tem sido demonstrada a influéncia do periodo de suplementacdo dos acidos
graxos na dieta bem como o perfil dos &cidos graxos suplementados sobre testes
comportamentais. MESSERI et al. (1975), ao avaliar filhotes de ratas alimentadas durante
a gestacdo com 6leo de milho, oliva, e 6leo de cartamo, demonstraram que estes filhotes
apresentaram aversao duas vezes maior a choques elétricos em tarefas de aprendizagem
de esquiva, quando comparados a ratas que tiveram a gordura saturada como fonte
lipidica no mesmo periodo.

A suplementacdo perinatal também revela uma melhora consistente da neurogénese

hipocampal em filhotes de ratas submetidas a suplementagdo de PUFA do tipo ®-3
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durante o periodo gestacional (NICULESCU et al., 2011). Em contrapartida a deficiéncia
de PUFA promove prejuizos permanentes sobre a aprendizagem de filhotes avaliados a
partir do LCE, quando os PUFA foram retirados da dieta das ratas nos ultimos 7 dias de
gestacdo. Porém esses prejuizos ndo foram observados quando esses &cidos graxos
formam retirados da dieta materna durante o periodo de lactacdo (LAMPTEY &
WALKER, 1978).

Apesar de uma variabilidade de desenhos experimentais para avaliar os efeitos dos
componentes dietéticos sobre as habilidades cognitivas, hd& um consenso de que a
deficiéncia dos PUFA do tipo @w-3 em roedores resulta em prejuizos a memdria e
aprendizagem. Porém o0s mecanismos pelos quais estes &cidos graxos afetam a
plasticidade cerebral e a cognicédo estdo em processo de elucidacdo (WU et al., 2008).

No mesmo sentido, a deficiéncia do DHA tem sido associada a diversas doencas
mentais como depressdo, esquizofrenia, bem como ao risco de desenvolvimento da
doenca de Alzheimer, estando sua suplementacdo ligada a efeitos opostos (WU et al.,
2008; WU et al., 2004; CORRIGAN, 1998; DUBNAU et al., 2003).

Sobre o comportamento ansioso, estudos tém demostrado a relacéo do exercicio fisico
e o0s niveis de ansiedade em animais, porém os resultados mostram-se controversos,
demostrando efeitos ansioliticos (FULK et al., 2004) e ansiogénicos quando avaliados
através do LCE e TCA (BURGHARDT et al., 2004) ou nenhum efeito (CHAOULOFF,
1994).

No entanto, a deficiéncia de PUFA do tipo ®-3 tem sido associada ao aumento do
fendtipo relacionado a ansiedade, bem como diminui¢do dos niveis cerebrais de DHA e
de marcadores de plasticidade, como por exemplo, o fator neurotréfico derivado do
cérebro (BDNF) e de sua sinalizacéo através do receptor BDNF TrKB (BHATIA et al.,
2011).
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2.2. Efeitos dos acidos graxos 6mega-3 e exercicio fisico sobre a Depressdo alastrante
cortical (DAC)

O tecido nervoso apresenta como caracteristica fisiologica principal a capacidade de
produzir atividade elétrica. Por meio desta, o encéfalo é capaz de executar diversas agdes
fisiologicas, desde as consideradas mais simples, até as mais complexas. Logo, as técnicas
que permitam o registro e a analise dessa atividade podem fornecer informacgdes relevantes
para a compreensdo do funcionamento do sistema nervoso, tanto em condicBes consideradas
normais, como patolégicas (GUEDES, 2005).

Neste contexto, o fendbmeno da Depressdao Alastrante Cortical (DAC) tem sido
utilizado para avaliacdo, por exemplo, dos efeitos do exercicio fisico (BATISTA-DE-
OLIVEIRA et al, 2012) e dieta hiperlipidica (GERMANO et al., 2013), entre outras condicdes,
sobre a excitabilidade cortical. Dessa forma a proposta do presente estudo é dar continuidade
a linha de pesquisa do qual este projeto faz parte dando subsidios para criacdo de uma nova
equipe de trabalho nessa &rea com o objetivo de investigar os efeitos do exercicio e da
suplementacdo com acidos graxos essenciais.

A DAC foi descrita pela primeira vez como uma depressdo da atividade elétrica
cortical espontanea em reposta a uma estimulacao elétrica, mecéanica ou quimica de um ponto
da superficie cortical (LEAO, 1944).

Essa depressdo se propaga de forma concéntrica por todo o cortex (com velocidade da
ordem de 2 a5 mm/min) e ao final, cerca de 10 a 15 min, o tecido cortical se acha recuperado.
A medida que a DAC se propaga para regides cada vez mais afastadas, a atividade elétrica
comega a se recuperar a partir do ponto estimulado. Acompanhando esta depressdo da
atividade elétrica espontanea, foi observada uma variacao lenta de voltagem (VLV) na regido
cortical onde estava ocorrendo a DAC (LEAO, 1944; LEAO 1947).

O fendmeno ¢é caracterizado pela despolarizacdo neuronal (DREIER, 2011) e tem sido
demonstrado no cérebro de diversas espécies de vertebrados (BURES et al., 1974) como
tambeém em humanos (FABRICIUS et al., 2008; GORJI & SPECKMANN, 2004).

Atualmente ndo ha pesquisas que demonstrem os efeitos da suplementacdo dos PUFA
do tipo ®-3 sobre a eletrofiosologia cerebral. Porém, foi demonstrado que dietas deficientes
em acidos graxos essencias do tipo ®-3 e -6 ofertadas desde o inicio da vida até a idade
adulta em ratos promove reducdo da velocidade de propagacdo da DAC com persisténcia

desse efeito até a segunda geracédo de filhotes (BORBA et al., 2010).
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Por outro lado, no que se refere ao exercicio fisico e eletrofisiologia cerebral, dados
presentes na literatura demonstram efeitos duradouros a depender da idade, pratica de
exercicio e estado nutricional prévio (BATISTA-DE-OLIVEIRA et al., 2012).

Diante do exposto, o uso da DAC se mostra como uma maneira simples e interessante
de estudar aspectos nutricionais e do desenvolvimento da eletrofisiologia cerebral (GUEDES,
2005).
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3. OBJETIVOS
3.1. Objetivo geral

Avaliar os efeitos da associacdo entre exercicio fisico em esteira e suplementacdo com

0leo de peixe no inicio da vida, sobre ansiedade, memdria e excitabilidade cerebral em ratos

Wistar.

3.2. Objetivos especificos

Acompanhar a evolucéo ponderal durante o periodo de experimentagéo;

Obter a avaliacdo murinométrica, através do indice de Lee, do IMC e da relacdo entre
circunferéncia abdominal e toracica;

Averiguar o efeito do exercicio fisico e da suplementacdo com éleo de peixe sobre a
memoria episddica e ansiedade;

Investigar o efeito do exercicio fisico e da suplementacdo com 0leo de peixe sobre a

velocidade de propagacédo da DAC;
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4. HIPOTESE

A associacdo entre exercicio fisico em esteira e suplementacdo com 6leo de peixe no
inicio da vida mantém a murinometria adequada para idade, aléem de promover efeitos
positivos relacionados ao desempenho dos animais em avaliagbes comportamentais,
melhorando: (1) as respostas aos testes para reconhecimento de objetos (TRO) e,
consequentemente, memdria episddica e (2) reduzindo indicadores ansiogénicos a julgar pelo
comportamento durante a realizacdo da tarefa no teste de adaptacdo ao campo aberto (TCA) e
no labirinto em cruz elevado (LCE). Além disso, havera diminuicdo da excitabilidade cerebral

através da reducdo da velocidade de propagacao da depressao alastrante cortical (DAC).
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5. MATERIAIS E METODOS

5.1. Aspectos éticos e delineamento experimental

Os métodos utilizados estdo de acordo com o disposto na Lei n® 11.794, de 8 de outubro
de 2008 e, especialmente, respeitando as Resolu¢cdes Normativas do Conselho Nacional de
Controle de Experimentacdo Animal — CONCEA. Este projeto de pesquisa foi aprovado pela
Comisséo de Etica no Uso de Animais da UFPE (protocolo n° 23076.027072/2014-20).

Foram utilizados ratos machos jovens da linhagem Wistar, provenientes da col6nia do
Departamento de Nutricdo da Universidade Federal de Pernambuco. Ratos neonatos foram
aleatoriamente distribuidos, 24 horas apds o parto, em ninhadas de 9 filhotes por mée. Destes,
foram separados dois grupos experimentais conforme descrito na Figura 1A. Assim, em
cada ninhada, os filhotes foram subdivididos em exercitados (E) ou controles sedentarios (S).
O periodo de treinamento ocorreu do 15° ao 45° dias de vida. Durante o periodo de
treinamento, tanto os animais exercitados, quanto os sedentarios foram suplementados por via
oral (gavagem) com uma solucdo contendo 6leo de peixe (OP), &gua destilada e cremophor
0,009% (Sigma®) ou solucdo veiculo (V) contendo apenas agua destilada e cremophor
0,009% (Sigma®). Durante todo o periodo de experimentacdo, os ratos foram alimentados
com a dieta de manutengdo do biotério (“Presence”, Purina do Brasil). A partir dos 46 dias de
vida, foi realizada avaliacdo dos efeitos da associacdo do exercicio com a suplementacdo com
6leo de peixe sobre a evolugdo ponderal, respostas comportamentais, murinometria e
eletrofisiologia cortical (Figura 1B). Para complementar as analises metodologicas, os tecidos
coletados foram avaliados, quanto ao estresse oxidativo, por equipes lideradas pelas Prof?
Claudia Lagranha e Prof® Mariana Fernandes. Foram 4 grupos experimentais, cada grupo

contendo 12 animais, com numero total de 48 animais.
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DESENHO EXPERIMENTAL

A) Distribuicao dos grupos experimentais
Oleo de Peixe (OP) Veiculo (V)
15-45 dias 15-45 dias
n=24 n=24

Grupo Exercitado (E) Grupo Sedentario (S) Grupo Exercitado (E) Grupo Sedentario (S)

n=12 n=12 n=12 n=12
T
8
& E Jovens Jovens Jovens Jovens
'§ é’ - (46 -70 dias) (46-70 dias) (46 -70 dias) (46-70 dias)
38 n=12 n=12 n=12 n=12
B
B) CRONOGRAMA EXPERIMENTAL -
Desmame
1 7 15 21 30 45 70 @ Sacrificio
—|— e 00 -x = ! x : ®
| 4 semanas I |
Divisdo de ratos | ;
38 : Testes comportamentais
neonatos/ninhadas EXgreiclo s estairs Avaliagdo m‘:xrinométrica
(n=9) Suplementa::ic;:om bisods Registro eletrofisiolégico
\ ] Coleta sangue e tecidos

Ganho ponderal

FIGURA 1. Desenho experimental/Distribuicdo dos grupos experimentais (A) e Cronograma Experimental (B).
Sequéncia de experimentos realizados com ratos jovens da linhagem Wistar. A partir do primeiro dia de vida, os
animais foram distribuidos em ninhadas de 9 filhotes/rata. Em cada ninhada, os filhotes foram subdivididos em
treinados (E) ou controles sedentarios (S). O periodo de treinamento ocorreu do 15° ao 45° dias de vida. Durante o
periodo de treinamento, tanto os animais exercitados, quanto os sedentarios foram suplementados por via oral
(gavagem) com dleo de peixe (OP) ou solucdo veiculo (V). Apbs quatro semanas de tratamento, foram realizados

os testes comportamentais, avaliagdo murinométrica e registro eletrofisiolégico.

5.2. Procedimentos gerais para o exercicio fisico

Conforme parametros descritos na literatura (SCOPEL et al., 2006 e BATISTA-DE-
OLIVEIRA et al.,, 2012), os animais foram submetidos ao exercicio fisico em esteira
motorizada (Insight EP-131, 0° inclinacdo). Os animais do grupo sedentario (S) também
foram mantidos na esteira pelo mesmo periodo de tempo, conforme descrito na tabela 1.0

(numero de sessbes), no entanto a esteira permaneceu desligada.
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TABELA 1. Parametros do exercicio fisico.

Grupo Parametros do
12 semana 22semana 32semana 42 semana
experimental exercicio

NUmero de sessoes

5 5 5 5
por semana
E
Velocidade 5m/min  10m/min 15m/min  20m/min
Tempo 20 min 20 min 20 min 20min

Adaptado de Batista-de-Oliveira et al., 2012.

O exercicio e a suplementacdo com os acidos graxos essenciais foram realizados
concomitantemente, do 15° ao 45°dias de vida. Doses diarias de 85 mg/kg/dia de dmega-3 nos
grupos OP foram administradas por via oral (técnica de gavagem). Nos grupos controles, a
solucgéo V de cremophor 0,009% (Sigma) foi administrada.

A solucdo de OP foi preparada a partir de capsulas (Sundown - Naturalis®) contendo 0s
seguintes acidos graxos poliinsaturados: DHA (85 mg/ 1 g) e EPA (128mg/ 1 g) e diluida em
agua destilada e cremophor 0,009% (Sigma®). A solucdo veiculo foi preparada utilizando

somente agua destilada e cremophor 0,009% (Sigma®).

5.3. Determinacdes Ponderais
5.3.1. Ganho ponderal
O peso corporal foi obtido aos 7, 14, 21, 30 dias de vida; além disso, 0s animais foram
pesados também no primeiro e Gltimo dia de cada semana de treino. Estes pesos corporais

foram comparados entre os grupos suplementados (OP e V) e de exercicio fisico (S e E).

5.3.2. Avaliagdo Murinométrica
No dia do registro eletrofisiologico (procedimentos descritos a seguir), apds anestesia
(procedimento descrito no topico 5.5), 0s animais tiveram o comprimento da ponta do
focinho até o anus (CFA), circunferéncia abdominal (CA), circunferéncia toracica (CT)

aferidos, para analise dos parametros murinométricos:
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e indice de Massa Corpdrea (IMC): peso corporal (g)/ comprimento? (cm2) (NOVELLI et
al., 2007).

e indice de Lee (IL): raiz cubica do peso corporal (g)/comprimento (cm) (NOVELLI et
al., 2007).

e Relacdo circunferéncia abdominal/ circunferéncia toracica (CA/CT) (cm) (NOVELLI et
al., 2007).

5.4. Analise comportamental
5.4.1. Labirinto em cruz elevado (LCE)

O teste consistiu em colocar o animal em um LCE, elevado do solo, formado por dois
bragcos fechados por paredes e dois abertos (perpendiculares aos primeiros), analisando-se a
frequéncia de entradas e o tempo gasto em cada tipo de braco, e outros comportamentos como
deslocamentos, levantar-se, esticar-se etc. O animal explora os dois tipos de braco, porém
entra mais e permanece mais tempo nos bragos fechados. Considera-se a porcentagem da
preferéncia (entradas e tempo gasto) pelos bragos abertos e pelos fechados um indice
fidedigno de ansiedade: quanto maiores os niveis de ansiedade, menor a porcentagem de
entradas nos bragos abertos e de tempo gasto nos mesmos (HANDLEY & MITHANI, 1984;
PELLOW & FILE, 1986).

O procedimento foi realizado entre as 10:00-14:00h, utilizando no minimo 12 animais de
cada grupo dos 46 a 55 dias de vida. No dia do experimento, os ratos machos foram colocados
na ante-sala experimental, individualmente, em gaiola apropriada e permaneceram 5 minutos
antes do inicio do teste, para adaptacdo ao novo ambiente.

O animal foi colocado no centro do aparato cuidadosamente com o focinho voltado para
um dos bracos fechados onde foi permitida a exploragéo livre por 5 minutos. A cada animal
testado, o labirinto era limpo com alcool a 70%, respeitando um intervalo de 5 minutos.

Posteriormente, as seguintes categorias comportamentais foram analisadas:

a) Distancia total percorrida;

b) Tempo de imobilidade;

c) Numero de entradas no brago aberto: foi considerada uma entrada quando o animal
entrou com as quatro patas no braco;

d) Tempo gasto nos bracos abertos;
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5.4.2. Teste de adaptacdo ao Campo Aberto (TCA)

Todos os animais foram submetidos ao teste de campo aberto para adaptacdo a arena. O
aparato consiste em uma arena circular (campo aberto), feito de madeira, com 1 metro de
diametro, localizada em um ambiente com iluminacdo reduzida. Por vez, cada animal foi
colocado, por 5 minutos na arena, para exploracdo ao ambiente, permitindo a anélise da
ansiedade pelo tempo gasto e o0 nimero de entradas na area central, a distancia percorrida e o
tempo de imobilidade. O teste foi validado segundo PLATEL & PORSOLT, 1982.

5.4.3. Tarefa de reconhecimento de objetos (TRO)

Entre os 46 e 55 dias de idade, os animais foram submetidos a TRO. O aparato consistia
em uma arena (campo aberto) localizada em um ambiente com iluminacdo reduzida. Os
animais foram colocados, por 5 minutos na arena, para se adaptarem ao ambiente e o
experimento comportamental propriamente dito foi realizado no dia seguinte a adaptacédo.
Foram avaliadas as diferencas, entre os grupos, na capacidade de identificacdo de objetos com
base na sua forma e localizagdo no campo aberto.

Em cada uma dessas duas tarefas, os animais, em uma primeira sessdo, exploraram por 5
minutos o ambiente. Numa segunda sesséo, apds 50 minutos, foi avaliado o reconhecimento
das caracteristicas de forma e localizacdo espacial dos objetos, como descrito adiante. Se,
nessa segunda sessdo, diante de dois objetos, um conhecido (da sessdo anterior — com
caracteristicas “familiar”) e outro com caracteristicas de “novidade” (seja na forma, ou na
posicdo), o rato reconhecer o objeto apresentado na primeira analise, ele, entdo, passara mais
tempo explorando o objeto “desconhecido”.

Entre as sessdes, 0s objetos e 0 campo aberto foram limpos adequadamente com alcool a
70% para eliminar pistas olfativas que pudessem influenciar o ensaio seguinte.

O critério para definir exploragdo ¢ baseado na “exploragdo ativa”, ou seja, quando o rato
estd tocando o0s objetos pelo menos com o focinho (O’CALLAGHAN et al., 2007; MELLO et
al., 2008; DERE et al., 2005). ENNACEUR & DELACOUR (1988) (apud DERE et al., 2005)
demonstram esses métodos utilizados para o0s testes de reconhecimento de objetos,
brevemente descritos a seguir:

Na discriminacdo das formas: dois objetos idénticos (A e B) foram posicionados na arena
para a primeira analise. Apos 50 minutos, os animais foram recolocados no campo aberto
(segunda sessdo) com o mesmo objeto A (conhecido), porém, o objeto B foi substituido por
outro, C (desconhecido), da mesma cor, tamanho e cheiro do objeto A, mas com uma forma
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diferente. O animal, entdo, diferenciara as formas quando, nessa segunda sessdo, passar mais
tempo explorando o objeto com a forma desconhecida.

Para avaliar a distincdo de localizacdo espacial: dois objetos idénticos (A e B) foram
colocados em determinadas posi¢cdes no campo aberto. Passados 50 minutos, 0s animais
foram novamente colocados no campo aberto (segunda sessdo) na presenga dos mesmos
objetos (A e B), todavia, neste segundo momento a posicdo de A se mantém (posicao
conhecida), e a localizacdo de B se modificou. Se o animal distinguir uma posi¢édo
desconhecida, ele gastara mais tempo explorando o objeto nessa posicao.

Para a analise do comportamento no reconhecimento de objeto, foram utilizados dados
referentes ao indice de discriminacdo (%), fundamentado no tempo de exploracdo no objeto
novo e no objeto familiar (quanto a identidade ou localizacdo) em relacdo ao tempo total de
exploracdo do animal (AKKERMAN et al., 2012).

Todos os testes comportamentais foram filmados através de uma camera instalada no teto
da sala e conectada a um programa computacional preparado para aquisicdo de imagens. Para
0 processamento e analise dos parametros comportamentais gravados em video foi utilizado o

software ANY-maze Video Tracking System version 4.99m.

5.5. Registro eletrofisiologico

Para a realizacdo dos registros eletrofisiol6gicos, os animais entre 55 e 70 dias de vida
foram anestesiados com uma solucao de uretana 10% + cloralose 0,4%, a dose de 1000 mg/kg
de uretana + 40 mg/kg de cloralose, via intra-peritoneal (ambos da Sigma Co., EUA). O
animal foi colocado em decubito ventral sobre um aquecedor elétrico de temperatura
regulavel. Em seguida, a cabeca do animal foi fixada a base de um aparelho estereotaxico. Por
meio de trepanacdo, foram feitos trés orificios, de cerca de 2 a 4 mm de didmetro cada,
alinhados paralelamente a linha média.

Os registros da variacdo lenta de voltagem (VLV) que acompanha a DAC foram feitos
durante 4 horas, por eletrodos de Ag/AgCl (GUEDES & BARRETO, 1992), com um par para
0 registro localizados no hemisfério parietal. Um terceiro eletrodo do mesmo tipo foi
colocado sobre 0 0sso nasal e serviu de referéncia comum aos dois eletrodos de registro. A
DAC foi provocada a cada 20 minutos por estimulagdo quimica com KCI a 2%, durante 1
minuto no orificio de estimulacdo na regido frontal.

A velocidade de propagacdo da DAC foi calculada com base na distancia entre 0s
eletrodos de registro e no tempo gasto pela DAC para percorrer esta distancia. Para cada uma

das horas de registro foram calculadas as velocidades médias de propagacgdo do fenémeno.
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6. Anélise Estatistica

Todos os dados foram expressos em médiatEPM ou mediana com intervalo
interquartilico e analisados estatisticamente utilizando o software GraphPad Prism 6.0
(GraphPad Software Inc., La Jolla, CA, EUA). O teste estatistico foi escolhido mediante a
andlise no teste de normalidade (teste de Kolmogorov-Smirnov). Para a distribuicdo
paramétrica, na analise intergrupo referente aos dados murinométricos, testes para avaliacdo
do comportamento ansioso (LCE e TCA) e registro eletrofisiolégico foram utilizados
ANOVA two-way, seguida de “post hoc” (Tukey) ou do teste “t” de Student ndo pareado. Para
a avaliacdo das diferengas significativa intragrupo referente aos dados comportamentais de
reconhecimento de objeto, os indices de discriminagdo foram analisados através do teste “t”
de Student pareado. As diferencas foram consideradas estatisticamente significativas quando
p<0,05.
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7. RESULTADOS

7.1. Evolucéo Ponderal e Dados murinometricos

A associacdo do exercicio fisico em esteira e da suplementacdo com o dleo de peixe
realizada do 15° ao 45° dia de vida pds-natal, ndo modificou de maneira significativa o
peso corporal e os dados murinométricos, entre os animais dos diferentes grupos
experimentais (ANOVA two-way, p>0,05), conforme demonstrado na FIGURA 2 e
TABELA 2.
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FIGURA 2. Ganho ponderal pés-natal apresentado como médiatEPM. Estes animais foram previamente
divididos em exercitado (E) (n=20, por grupo) e sedentarios (S) (n=20, por grupo). A partir do 15° dia de
vida, peso corporal foi mensurado até o 45° dia de vida. No mesmo periodo os animais receberam uma dose
didria de 6leo de peixe (OP), por 4 semanas. A analise realizada com ANOVA two-way (p>0,05) ndo

apresentou diferenca estatistica significativa no peso corporal, entre 0s grupos experimentais.
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TABELA 2. Os dados murinométricos sdo apresentados como médiatEPM. No 1° dia de vida pds natal, os animais foram
distribuidos aleatoriamente em ninhadas de 9 filhotes/mde. Ao 15° dia de vida, os animais foram subdivididos conforme a

suplementacdo e/ou exercicio fisico em esteira.

Grupo Dados murinométricos
Experimental (n) CA CT CAICT CC CFA IL IMC PCo/PC PF/PC
V&S (n=12) 15,15+0,35 12,50+0,34  15,15#0,35  15,02+0,30  20,50+0,43  0,30+0,003 0,55+0,01 0,45+0,01 1,32+0,06
V&E (n=12) 14,96+0,29  12,63+0,18  14,96+0,29  15,04+0,28  20,64+0,35 0,30+0,003  0,55+0,01 0,49+0,19 1,25+0,01
OP&S (n=12) 14,92+0,38  12,54+0,18  14,92+0,38  15,33+0,50 20,68+0,50  0,29+0,005  0,53+0,02 0,51+0,04 1,30+0,12
OP&E (n=12) 15+0,36 12,64+0.20  15,00+0,36 14,91+0,5 20,60+0,63 0,29+0,14 0,53+0,02 0,50+0,02 2,02+0,44

V&S - solucéo veiculo e sedentarios; V&E — solugdo veiculo e exercitados; OP&S 0leo de peixe e sedentarios; OP&E —6leo de
peixe e exercitados; CA(cm) - circunferéncia abdominal; CT(cm) -circunferéncia tordcica; CA/CT — Relagdo circunferéncia
abdominal/toracica; CC(cm) - comprimento caudal; CFA(cm) - comprimento focinho-anus; IL (g/cm) — indice de Lee; IMC
(Kg/m?) — indice de massa corporal; %PCo/PC- peso do coracdo; PF — peso do figado.

7.2. Avaliacdo comportamental

7.2.1. Teste de Adaptacdo ao Campo Aberto (TCA) e Labirinto em Cruz
Elevado (LCE)

O comportamento ansioso avaliado pelo teste de adaptacdo ao campo aberto (TCA) e
labirinto em cruz elevado (LCE) estdo apresentados na TABELA 3. No TCA ndo foram
observadas diferencas significativas nos parametros avaliados, quando comparados 0s
diferentes grupos experimentais (ANOVA two-way, p>0,05). Por outro lado, no LCE os
animais exercitados apresentaram maior numero de entradas no braco aberto, quando
comparados ao grupo controle (V/E 8 (3-9,75); versus V/S 3 (0,5-5,25); (ANOVA two-way,
seguida do teste de Tukey, p=0.01).



31

TABELA 3. (A) Teste de adaptacdo ao Campo Aberto (TCA) e (B) Labirinto em Cruz elevado (LCE). Os valores dos dados
estdo descritos em médiatEPM ou mediana (intervalo interquartilico). A letra sobrescrita representa diferenca estatistica
significativa entre os grupos (ANOVA two-way, seguida do teste de Tukey, p=0.01), V&S: sedentario suplementado com
solucdo veiculo. V&E: exercitado suplementado com solucdo veiculo; OP&S: sedentario suplementado com 6leo de peixe;
OP&E: exercitado suplementado com 6leo de peixe.

Testes comportamentais

Grupos experimentais

V&S (n=7) V&E (n=7) OP&S (n=8) OP&E (n=9)
(A)TCA
Distancia total percorrida (m) 21,72+3,64 22,10+2,10 23,58+4,61 26,27+3,61
Tempo de imobilidade (s) 59,41+20,66 61,51+21,39 45,33+17,24 42,12+16,96
N° de linhas cruzadas 93 (82-102) 86 (80-100) 92 (86-112,8) 96 (91,5-112,5)
N° de entradas na area central 8 (3-8) 7 (4-10) 7,5 (6-9,5) 7 (6-9)
Tempo na area central (s) 17,87+6,05 17,61+8,89 15,4945,43 17,87+6,05
V&S (n=8) V&EX (n=6) OP&S (n=9) OP&EX (n=8)
(B) LCE
Distancia total percorrida (m) 9,17+3,09 11,27+1,29 10,63+3,01 10,63 +3,01
Tempo de imobilidade (5) 102,99+19,32 78,15+29,92 83,79+25,90 83,79 £25,90
N° de entradas no brago aberto 3(0,5-5,25) 8 (3-9,75)° 6 (4-6,5) 6 (3,5-8)
Tempo no brago aberto (s) 12,31+1244 33 92490,40 33,16+21,72 33,16 +21,72

7.2.2. Teste de Reconhecimento de Objeto (TRO)

No que se refere ao desempenho dos animais nos testes relacionados a memdria

episddica, a andlise intragrupo (teste “t” Student pareado) demonstrou que 0s animais tiveram
a memoria preservada para o reconhecimento da identidade do objeto apresentando um indice
de discriminacgdo acima de 60% para o0 objeto novo versus o objeto familiar (OP&E, 63,3+£2,5
versus 36,7+2,5, p< 0,001; OP&S, 71,3+3,8 versus 28.7+3.8, p<0,001; V&E, 66,0+4,0 versus
34,0+4,0, p< 0,005 e V&S, 68,7£3,5 versus 31,3+3,5, p<0,001). A analise intergrupo
(ANOVA two-way, p>0,005) nao apresentou nenhuma diferenca significante.

Por outro lado, a comparagdo intragrupo (teste “t” Student pareado) com os dados
obtidos do teste de reconhecimento espacial, demonstrou um prejuizo dependente do
tratamento como julgado pelos valores de indice de discriminacdo para o deslocado versus o
objeto estacionario (OP&E, 39,6+2,7 versus 60,4+2,7, p< 0,005; OP&S, 39,3+3,1 versus
60,7£3,1, p<0,01). Este prejuizo nao foi observado nos ratos controles (V&E, 48,0+£3,8 versus
52,0£3,8, p>0,05; V&S, 62,2+2.6 versus 37,8+2,6, p< 0,01). A analise intergrupo (ANOVA
two-way seguida do teste “post hoc” Tukey) para o desempenho no teste de reconhecimento
espacial demonstrou que a suplementacdo e o exercicio fisico em esteira aumentam o indice

de discriminacdo relacionado ao reconhecimento da posicdo estaciondaria, e diminuiu 0s
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indices relacionado a discriminacdo do objeto deslocado (OP&S versus V&S, p<0,001, e
V&E versus V&S, p<0,05) (FIGURA 3 A e 3B)
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FIGURA 3. Figura do artigo “Fish oil and treadmill exercise have age-dependent effects on episodic
memory and oxidative state of the hippocampus” (APENDICE A). indices de discriminacio para os testes
de reconhecimento de objeto quanto a sua identidade (A) e localizacdo espacial (B), em animais sobre
diferentes condigdes experimentais. *p< 0,05 ou **p< 0,001 indica diferengas significantes intergrupo
(ANOVA two-way seguida do teste a posteriori Tukey), V&S versus OP&S, V&S versus V&E and V&S
versus OP&EX); #p< 0,001, ##p= 0,001 ou ###p< 0,0001 indica diferencas significativas intragrupo (teste
“t” Student pareado) V&S: sedentério suplementado com solucéo veiculo; V&E: exercitado suplementado
com solucéo veiculo; OP&S: sedentério suplementado com éleo de peixe; OP&E: exercitado suplementado
com oleo de peixe.

7.4. Registro eletrofisiologico

Na avaliacdo eletrofisioldgica dos efeitos da suplementacdo com Oleo de peixe e
exercicio fisico, utilizando o fendmeno da DAC, a figura 4(A), representa de forma
esquematica o registro eletrofisiolégico. Na analise estatistica intergrupo, demonstrou que a
associacao da suplementacdo com 6leo de peixe e o exercicio fisico foi capaz de diminuir a
velocidade de propagacdo do fenémeno da DAC tanto em relagdo aos animais apenas
suplementados (OP&E, 2,65+0,2 versus OP&S, 3,23+0,3, p<0,001 ANOVA de duas vias) e
0s animais controles (OP&E, 2,65+0,2 versus V&S, 3,21+0,2, p<0,001 ANOVA de duas vias,
V&EX, 3,06%0,2), como apresentado na figura 4 (B).
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FIGURA 4. (A) Figura do cranio de roedor adaptada de Francisco & Guedes (2015) representando os trés
orificios na superficie ventral do animal sendo o anterior para estimulo com KCI e os dois parietais
posteriores para os registros eletrofisioldgico; abaixo, as barras verticais correspondem a 10 mV (alteragéo
negativa de voltagem). Na DAC foi realizado estimulo quimico no cortéx frontal com KCI a 2% durante 1
minuto, como indicado pelas barras horizontais. As linhas tracejadas verticais indicam a laténcia para uma
onda da DAC atravessar a distancia entre os eletrodos. As varia¢@es de lenta voltagem (VLV) registradas nos
pontos 1 e 2 em quatro animais, sendo um de cada grupo experimental: a esquerda VLVs de animais
exercitados (E) e a direta de animais sedentarios (S), suplementados com 6leo de peixe (OP) ou veiculo (V);
(B) Velocidade de propagagdo da DAC (mm/s). Valores expressos em média = DP. ANOVA de duas vias,
seguido do teste “post hoc” Tukey’s) mostrou diferencas significativas entre os grupos (*p<0,001).
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8. DISCUSSAO

No presente estudo, foi investigado os efeitos da suplementacdo com Gleo de peixe
(OP) em uma dose diaria de 85 mg/kg/dia concomitante ao exercicio fisico em esteira durante
4 semanas, dos 15 aos 45 dias de vidas de ratos jovens Wistar.

Durante o periodo de realizacdo do protocolo de exercicio fisico, que ocorreu na fase
considerada de crescimento répido e desenvolvimento, o peso corporal e o indice de massa
corpdrea (IMC) foram realizados para determinar se o exercicio influenciaria o estado
nutricional do animal e poderia, assim, influenciar o crescimento normal. Como demonstrado,
0 protocolo de exercicio combinado com a suplementacdo de OP durante todo o periodo do
estudo, ndo modulou de forma negativa a evolugdo ponderal e demais parametros
murinométricos.

Recentemente, PEDROZA et al. (2015) também demonstraram que ratos machos
Wistar adultos e idosos, quando submetidos ao mesmo protocolo de suplementacdo e
exercicio fisico utilizado no presente estudo, ndo apresentaram alteracdes significativa sobre
peso corporal, IMC e razdo CA/CT, porém, neste mesmo estudo também foi observado um
aumento do peso do coracdo nos animais suplementados e exercitados comparado com 0s
animais apenas suplementados.

Para este parametro, nos dados obtidos neste trabalho, ndo foram encontradas
alteracOes significativas, possivelmente devido ao protocolo de exercicio fisico utilizado.
Porém dados presentes na literatura sugerem que o exercicio a longo prazo possa induzir uma
diminuicdo da razdo peso do coragdo/peso corporal devido a uma diminuicdo do peso corporal
(RADOVITS et al., 2013).

No que se refere a ansiedade, foi observado que o exercicio tem ac¢do ansiolitica, ao
comparar os resultados de animais exercitados com seus respectivos controles. Nesse caso
devido ao aumento do numero de entradas nos bragos abertos no teste do labirinto em cruz
elevado (LCE). Como descrito na literatura, o percentual de tempo e a frequéncia de entrada
nos bracos abertos no LCE séo considerados indices do nivel de ansiedade em animais
(FEDEROVA & JR, 2006). De forma semelhante, FULK et al. (2004) também observaram
efeitos ansioliticos associados a um protocolo de exercicio fisico crénico e de intensidade
moderada, com maior percentual de entradas nos bracos abertos e tempo na &rea central
durante o LCE.
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Curiosamente, em estudo realizado com objetivo de avaliar os efeitos de um protocolo
de exercicio a curto prazo (4 dias) sobre o comportamento ansioso no LCE, ndo demonstrou
efeitos ansioliticos relacionado ao exercicio a curto prazo (CHAOULOFF, 1994).

No que se refere aos efeitos dos acidos graxos dietéticos sobre os niveis de ansiedade
avaliados através do LCE, esses efeitos tém sido relacionados a sua deficiéncia, demonstrando
maior frequéncia de entradas e maior tempo gasto nos bragos fechados em camundongos
deficientes em &cidos graxos poli-insaturados do tipo w-3 (NAKASHIMA et al., 1993;
FRANCES et al., 1995; CARRIE et al., 2000). No entanto, os animais deficientes em acidos
graxos poli-insaturados do tipo w-3, quando suplementados por um curto periodo (1 semana)
apresentavam uma melhora significativa da ansiedade em termos de entrada nos bracos
abertos (TAKEUCHI et al., 2003). Acredita-se ainda, que esses achados possam ser também
influenciados pelas diferentes condi¢des experimentais (FEDEROVA & JR, 2006).

Outro teste utilizado neste estudo com o objetivo de avaliar o estado de ansiedade foi 0
teste do campo aberto (TCA). Porém, os parametros avaliados ndo demonstraram alteracdo
significativa em relacdo a ansiedade. Neste teste, 0s baixos niveis de exploracdo, aumento do
“freezing” e nimero de bolo fecal sdo comportamentos relacionados a ansiedade, enquanto
que o aumento da atividade exploratéria, como por exemplo, o tempo na area central e o
comportamento de “levantar” do animal sdo considerados caracteristicas de niveis reduzidos
de ansiedade (ROYCE, 1977, WALSH & CUMMINS, 1976). Da mesma forma que o
observado no LCE, o exercicio fisico em esteira com intensidade moderada também parece
promover efeitos ansioliticos durante o TCA (FULK et al., 2006).

A associacdo da suplementacdo com OP e exercicio em esteira também tem sido
associada a melhora do desempenho de ratos submetidos a diferentes tarefas relacionadas a
memoria (RACHETTI et al., 2013). Estes mesmos autores observaram que ratos
suplementados com uma dose diaria de 85 mg/Kg de 6leo de peixe apresentaram efeitos
positivos contra déficits de memoria quando submetidos a tarefa de reconhecimento de
objetos.

Similarmente, os animais suplementados e exercitados avaliados no presente estudo,
apresentaram memoria preservada a julgar pelos indices de discriminacdo na tarefa de
reconhecimento de objetos em relacdo a sua forma. Por outro lado, o0 mesmo ndo foi
observado nos animais suplementados com oOleo de peixe avaliados através da tarefa de

reconhecimento de objetos quanto a sua localizagéo.
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Estes dados corroboram os achados descritos na literatura, onde se observa que 0s
efeitos da suplementacdo com 6leo de peixe e exercicio fisico sobre a memoria dependem do
tipo de tarefa empregada (RACHETTI et al., 2013).

Na literatura ha diversos relatos demonstrando uma forte e influente relagcdo entre a
intervencdo dietética com os &cidos graxos poli-insaturados de cadeia longa, o exercicio e o
funcionamento do cérebro (MURPHY et al., 2014).

Sobre a eletrofisiologia cerebral, estudada através do fenémeno da depressao
alastrante cortical (DAC), diversas condi¢des podem interferir no aumento ou diminuicdo da
velocidade de propagacdo do fendmeno. No presente estudo, a suplementacdo do 6leo de
peixe potencializou os efeitos do exercicio sobre a reducdo do grau de excitabilidade do
tecido a passagem do fenémeno da DAC.

Os efeitos de acidos graxos essencias sobre a eletrofisiologia cerebral foram descritos
por BORBA et al. (2010) demonstrando que a deficiéncia cronica de acidos graxos essenciais
reduziu a suscetibilidade a DAC, a julgar pelas baixas velocidades de propagagdo. Diante
desses efeitos da deficiéncia de acidos graxos insaturados é possivel supor que a
suplementacdo de forma isolada, poderia agir de forma contraria aos efeitos observados sobre
a reducdo da DAC, porém o mesmo ndo foi observado diante do protocolo de suplementacéo
utilizado no presente estudo.

Em condicbes consideradas fisioldgicas, acredita-se que os PUFA tenham efeitos
diretos sobre o sistema glutamatérgico e que poderia induzir uma hiperexcitabilidade neuronal
(MILLER et al., 1992; NISHIKAWA et al, 1994). Da mesma forma que a DAC é um
fendmeno relacionado a excitabilidade cerebral, é importante destacar que os efeitos do
exercicio fisico regular por sua vez, relacionados a melhoria dos processos de aprendizagem,
potenciacdo a longo prazo e memdria, estdo intrinsicamente ligados a excitabilidade cerebral
(RADAK et al., 2001; OGONOVSZKY et al., 2005; PASSECKER et al., 2011).

Adicionalmente, respostas comportamentais (envolvendo ansiedade) tém sido
diretamente relacionados a incidéncia da DAC (DELPRATO, 1965; BOGDANOV et al.,
2013). Nesse sentido, os animais estudados nesse protocolo, quando exercitados,
apresentaram um comportamento ansiolitico significativo em relagdo aos controles, bem
como houve uma reducdo da velocidade de propagacdo da DAC, quando o exercicio foi
associado a suplementagdo com 6leo de peixe.

Diante do exposto, é possivel supor que a suplementacdo do Oleo de peixe e/ou
exercicio fisico em esteira no inicio da vida apresenta efeitos comportamentais, relacionados a

ansiedade e memoria, e sobre a eletrofisiologia cerebral.
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9. CONSIDERACOES FINAIS

Diante dos resultados obtidos no presente estudo, sugere-se que a suplementacdo com
0 Oleo de peixe e o exercicio fisico no inicio da vida, periodo considerado critico para o
desenvolvimento do sistema nervoso, ndo modula de forma negativa parametros
murinométricos, porém é necessario ter cautela quanto ao uso dessas estratégias no que se
refere as aces em nivel comportamental e neural.

E importante destacar que este trabalho vem a preencher algumas lacunas de interesse
da comunidade cientifica, quanto aos efeitos da associacdo dessas estratégias no inicio da vida
sobre aspectos organicos diferentes.

Apesar de preenchermos de maneira pioneira algumas lacunas, conforme supracitado
hd necessidade de se compreender melhor a relacdo entre: (1) a dose e volume da
suplementacdo com o6leo de peixe, (2) a associacdo entre 6leo de peixe e exercicio fisico
moderado, e (3), sobretudo o periodo apropriado para se observar os efeitos dessa associagao.

A realizacdo deste trabalho permitiu ainda a eclaboragdo do artigo “Fish oil and
treadmill exercise have age-dependent effects on episodic memory and oxidative state of the
hippocampus” submetido ao periodico “Journal of Nutritional Biochemistry” conforme
objetivo proposto pela presente dissertacdo, bem como a elaboragdo do artigo “Treadmill
exercise and Fish oil supplementation during development: A study of cardiac oxidative
metabolism.” submetido ao peridédico “Applied Physiology, Nutrition, and Metabolism” em

colaboragdo com o grupo de pesquisa liderado pela professora Claudia Jacques Lagranha.
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Abstract

There is a high interest to better understand how lifestyle choices can improve memory
functions. Exercise (Ex) and long-chain n—3 polyunsaturated fatty acids (PUFAs) found in
fish oil (Fo) are able to reduce inflammation, to stimulate hippocampal antioxidant defenses,
and to improve memory. The aim of this study is to test whether (Fo) and treadmill (Ex) can
improve the rat performance on memory tasks and optimize hippocampal antioxidant state in
an age-dependent manner. Therefore, young and adults Wistar rats were exercised and
received (Fo) during 4 weeks. Afterwards episodic memory was measured by the recognition
of object identity and spatial location tests, and hippocampal oxidative state was investigated
with the levels of malondialdehyde (MDA), carbonyls content, antioxidant enzymatic activity
(superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx)), and antioxidant
non enzymatic activity (reduced glutathione (GSH) and sulfhydryl content). Data show that
(Fo&EX) adult rats were able to recognize objects shape and placement, however (FO&EX)
young rats had impaired spatial recognition (p<0.05). (Fo&EXx) young rats did not have
reduced MDA or protein content, though, either (Fo) or (Ex) reduced MDA (p<0.05) and
carbonyl levels (p<0.01). (Ex) increased SOD (p<0.001) and CAT activities (p<0.05), and
(Fo) enhanced SOD activity (p<0.05). At adulthood, (Ex) increased MDA levels (p<0.05),
and (Fo&Ex) reduced MDA (p<0.001). Lastly, (Ex) and (Fo) improved non-enzymatic
antioxidant defense (p<0.05) only in adult rats. Results support an age-dependent effects of
the (Fo) and (Ex) on memory functions and oxidative state of the hippocampus during either

neurodevelopment or adulthood.

Keywords: fish oil, EPA, DHA, treadmill exercise, object recognition, hippocampal
oxidative stress.

Chemical compounds studied in this article

Eicosapentaenoic acid (PubChem CID 446284); Docosahexaenoic acid (PubChem CID:
445580); Malondialdehyde (PubChem CID: 10964); Reduced glutathione (PubChem CID:
7048684);
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1. Introduction

Memory disorders are associated to the malfunctioning of neuroanatomical structures
that are related to the storage, retention and recollection of memories. The prevalence and
complications of memory disorders such as Alzheimer’s disease, Dementia and Parkinson’s
disease represent a worldwide problem. Despite the ongoing research, underlying mechanisms
and preventive lifestyle choices related to these neurodegenerative diseases are still unclear.

Therefore, there is a growing interest to better understand how lifestyle choices and
their underlying mechanisms can improve cognition, memory and brain function to benefit
neurodevelopment, and to prevent or counteract neurodegenerative diseases [1, 2]. The object
recognition task is based on the natural curiosity towards novelty, the test is one-trial learning
task, that allows to separately analyze different memory processes, such as acquisition,
consolidation and retrieval [3]. This one-trial task has proven to be very useful and suitable
for accessing memory functions, and for studying the neurobiology of memory [4, 5].

Studies in humans [2, 6, 7] and animals [2, 8, 9] suggest that the effects of long chain
omega-3 (n-3) fatty acids and physical exercise can act on cognition and improve brain
function. Since the consumption of (n-3) PUFA and exercise can be simultaneously present in
daily life, the association between them could indicate that their effects on the brain are
complementary [10].

From early fetal life to adulthood, the adequate nutrition is an essential requirement for
morphogenesis of the brain, during this initial period, PUFASs play an important role [11]. The
n-3 consumption can benefits brain’s health, these benefits have been investigated by
experimental and epidemiologic studies. Specific features caused by n-3 consumption are
associated to hippocampal BDNF elevation, stimulation of mitochondrial function and

reduced oxidative stress [12].
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Experimental designs have been focused on the use of different sources of fish oil
supplementation on injury situations and their effects to minimize oxidative stress in aged
mice [13], as well as in young rats [14]. Furthermore, beneficial properties of fish oil can be
extended to a better performance of memory tests in animal models of Alzheimer’s disease
[15] and brain injury [16].

Fish oil intake can lead to differential effects if the animal was exposed to an early life
stress. For example, when adult rats were previously submitted to maternal separation, n-3
PUFAs had little benefit in those animals that were exposed to the early life stress, on the
other hand, the benefits were seen in the neurodevelopment of normal animals [17].

Furthermore, exercise can be useful for both maintaining health and in specific
pathological conditions. In animal studies, exercise can improve cognitive function depending
on which life stage the animal was submitted to the exercise routine [6], [8]. The underlying
mechanisms demonstrated beneficial effects such as preventing oxidative stress in brain
regions of adolescent [18] and aging rats [19].

Considering the association between two interventions, n-3 supplementation and
physical exercise improved cognitive function of healthy animals [9]. Interestingly, the effect
was observed in a long-lasting manner since it was seen in early life stages as well as at
adulthood. It is also known that beneficial effects provided by the association between fish oil
supplementation and exercise are characterized by enhanced antioxidant defenses that can
prevent deleterious effects of aging [20]. However, there is an age-dependent effect for the
fish oil intake and physical exercise, depending on the life stage, effects of fish oil
supplementation or exercise can be contradictory [2, 17, 21].

Notwithstanding, evidence show beneficial effects for the use of fish oil coupled with
exercise on oxidative stress and memory, there is still a lack of information about the

appropriate timings to maximize results of this therapeutic approach, as well as the underlying
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mechanisms for these effects are still unclear. Therefore, we aimed to investigate whether the
daily supplementation with fish oil coupled with moderate treadmill exercise in both young

and adult rats would influence memory and hippocampal oxidative stress.

2. Materials and methods

2.1 Animals and experimental design

Wistar rats were used from the colony of the Nutrition Department at the Federal
University of Pernambuco (Brazil). The experimental design followed the recommendations
of the Ethics Committee for Research on Animals (23076.027072/2014-20). These
recommendations were in accordance to the "Principles of Laboratory Animal Care"
(National Institutes of Health, Bethesda, USA). Every effort has been made to minimize
animal suffering and to reduce the number of animals per group.

The animals were randomly distributed, 24 hours after birth, in 9 rats per litter. They
were kept in a room with a temperature of 23 = 1 ° C and raised in a 12h light / dark cycle
(lights on from 7:00 am to 7:00 pm). After weaning, 21 days-old animals were divided into
cages with 3-4 rats with free access to water and food - standard diet of pellets laboratory
(Presence of Brazil Ltd, Present, S&o Paulo, Brazil) with 23% of protein.

Either 15, or 90 days-old rats were randomly assigned into 4 different experimental
groups: (1) supplemented with fish oil and exercised (FO&EXx, n=12 (young) and n = 11 (adult
rats)); (2) supplemented with fish oil and sedentary (Fo&S, n= 12 (young) and n = 11 (adult
rats)); (3) supplemented with vehicle solution and exercised (V&EX, n= 12 (young) and n =
11 (adult rats)) (4) supplemented with vehicle solution and sedentary (V&S, n=12 (young)

and n = 11 (adult rats)). The trial period was 4 weeks.
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2.2 Supplementation with fish oil

The daily supplementation was performed by gavage. Rats received a single daily dose
of fish oil (Fo, 85mg/kg/d and 1ml/250g/d) or vehicle solution (V, 1 ml/250g/d) as adapted
from [9, 20]. The capsules of fish oil (Sundown®) containing polyunsaturated fatty acids
[docoisahexaenoico (DHA; 85mg/1g) and ecoisapentaenoico (EPA; 128mg/1lg)] were
dissolved in Cremophor (Sigma ®) 0.009% then in distilled water and administered via
gavage. To perform the control group, a vehicle solution (V) was given with the same amount
of Cremophor and distilled water that were used to prepare the solution provided to

supplement the fish oil.

2.3 Treadmill exercise

All exercised rats were placed on the treadmill (Insight EP-131, 0° inclination)
following parameters of moderate exercise that were adapted from previous studies [21].
Briefly, animals were placed 30min/day on the treadmill and the speed was increased as it
follows: 5m/min (first week); 10 m/min (second week) and 15m/min (third and fourth weeks).
The rats in the sedentary group (S) were placed at same time in the apparatus but it remained
off.

The treadmill exercise lasted 4 weeks, it was performed at the same timeframe of the
supplementation with fish oil. Therefore, either from 15 to 45 or 90 to 120 days old, rats were
submitted to the treadmill and supplementation to perform the experimental groups with

young and adult animals, respectively.

2.4 Behavioral analysis
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All the behavioral tests were assessed individually at either 46 or 121 days old to
perform the young and adult groups, respectively. Detailed protocols and the rationale for the
test choices provided are discussed elsewhere [5, 22, 23]. Briefly, the experiment consisted of
a paradigm that utilizes the natural tendency of rodents to discriminate between a familiar and
a novel object, or a novel location, spending more time in exploring the novel objects, or
locations, as compared to the familiar ones.

In the present study, two experiments were designed to test the novelty recognition
paradigm, regarding the object’s novel shape or location. These experiments consist of three
days. In the first day, the rats were placed during five minutes in the open field apparatus to
explore and familiarize itself with the experiment’s environment. The apparatus consisted of a
circular arena with brown walls and an opened top. The floor of the arena is divided into 17
fields which are separated by black lines. In this arena, there are three concentric circles, and
it was located in a sound-attenuated room, with reduced lighting.

24 and 48 hours later, in the second and third days, each rat was returned to the
circular arena, which now contained two equal objects, made of clear glass. These objects
were explored by each rat during five minutes, and this constituted the trial session. After a
fifty-min interval, the animal returned to the arena to perform a five-min test session, in which
the capability of the rats to recognize novel object’s shape or novel object’s location
(dislocated object) was tested in the second and third day, respectively. Each experiment was
recorded by a camera installed in the room roof. The files were analyzed with the ANY-Maze
Software (version 4.99 m) by two previously trained observers, who were “blinded” regarding
the previous treatment of the animal. The videos were analyzed to assess the time spent by the
rat to explore each object. The criteria to define the time spent by the rats were based on the
“active exploration”, when rats were touching the objects with the vibrissae, snout or

forepaws, as previous published [22, 23]. In the trial session, the preference ratio was
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calculated for each animal as being the time spent by the rat in exploring each object/total
exploration time. The trial sessions ensured that rats employed equal time in exploring each of
the two objects, and therefore there was no preference for one of them. Rats that presented in
the trial session a ratio near 0.5, indicating equal exploration of the two objects, were eligible
to realize the test session; otherwise they were discarded.

In each test session, the rats were expected to recognize the familiar object or the
familiar (stationary) position previously presented (in the trial session). The preference ratios
for the familiar and for the novel shape or position (dislocated) were also calculated for these
animals, which would be expected to spend more time actively exploring the objects
representing novel shape or dislocated position in the arena.

The performance was represented by a discrimination index (%) which consisted of the
exploration time for each analyzed criteria (familiar versus novel shape and stationary versus
dislocated position), expressed as a percentage of the total time of exploration. This paradigm
does not involve the learning of any rule, since it is entirely based on the spontaneous
exploratory behavior of rats towards objects [5]. The objects were devoid of any ethological
meaning, they had never been paired as a reinforce, and were heavy enough to prevent being
moved by the animal. Because the objects were made with the same material, the rats could
not distinguish them by olfactory cues during the trial session. After each session, the objects

and the apparatus were thoroughly cleaned with 70% ethanol solution.

2.5 Drugs and reagents

All drugs and reagents were purchased from Sigma-Aldrich (St. Louis, MO, USA) (Sinc

Pernambuco, Brazil).

2.6 Oxidative Stress Biomarkers
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2.6.1 Sample preparation for oxidative stress and antioxidant analyses

Hippocampus from young and adult rats were homogenized in 50 mM-TRIS and 1mM-
EDTA (pH 7.4), with the addition of 1 mM-sodium orthovanadate and 200ug/mL
phenylmethanesulfonyl fluoride. Homogenates were centrifuged at 4000 RPM for 10 min at
4°C and the protein supernatant used for biochemical analyses after the protein content had

been quantified by Bradford method [24] .

2.6.2 Evaluation of Lipid Peroxidation
Lipid peroxidation was evaluated using malondialdehyde (MDA) levels as previously
published [25]. Three hundred pg protein was sequentially mixed to 30% (w/v)
Trichloroacetic acid (TCA) and 10 mM-TRIS buffer (pH 7.4). This mixture was centrifuged
at 2500g for 10 min and the supernatant was boiled for 15 min with 0.73% (w/v)
thiobarbituric acid. The pink pigment yielded then was measured at 535 nm absorption at RT

and expressed as nmol/mg protein.

2.6.3 Evaluation of Protein Oxidation

The protein oxidation was assessed using the procedures highlighted by Reznick and
Packer (1994)[26]. With the samples on ice, 30% (w/v) TCA was added to the sample and
then centrifuged for 14 min at 4000 RPM. The pellet was suspended in 10 mM
2,Adinitrophenylhydrazine and immediately incubated in a dark room for 1h with shake turned
on each 15min. Then the samples were washed and centrifuged three times in an ethyl/acetate
buffer and then final pellet was suspended in 6M guanidine hydrochloride, incubated for 30
min at 37°C and the absorbance read at 370nm. The results were expressed as [1M/mg

protein.
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2.6.4 Measurement of superoxide dismutase (SOD) activity
SOD determination was performed in accordance with the protocol developed by Misra
and Fridovich (1972)[27]. In brief, 300 ug protein were added to 0.05 M-Carbonate buffer
with 0.1 mM-EDTA (pH 10.2). The reaction was started with 150mM-epinephrine and the
SOD activity was determined by adrenaline auto-oxidation inhibition at 30°C. The decrease in
absorbance was followed for 1.5 min at 480 nm and the results expressed as U/mg protein

[27].

2.6.5 Measurement of Catalase (CAT) activity
The CAT activity was performed as previously described by Aebi (1984)[28]. Briefly,
0.3 M-hydrogen peroxide and 300 ug protein were added to a 50 mM-phosphate buffer (pH
7.0) at 20° C and the absorption decay was monitored for 3 min at 240nm with the results

expressed as U/mg protein [28].

2.6.6 Measurement of Glutathione-S-transferase (GST) activity
GST activity was measured as described previously by Habig, Pabst (1974) [29]. Two
hundred pg of protein was incubated in a 0.1 M-phosphate buffer (pH 6.5) containing 1mM-
EDTA at 30° C and had the assay started with the addition of 1 mM 1-chloro-2.4-
dinitrobenzene and 1 mM-GSH. The formation of 2.4-dinitrophenyl-S-glutathione was
monitored through the absorbance at 340 nm. One unit of enzymatic activity was defined as
the amount of protein required to catalyze the formation of 1 pmol-2.4-dinitrophenyl-S-

glutathione [30].

2.6.7 Measurement of reduced glutathione (GSH)
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To assess GSH levels, the samples were firstly diluted in a 0.1 M phosphate buffer
containing 5 mM-EDTA (pH 8.0). Then, an aliquot from the diluted sample was incubated
with o-Phthaldialdehyde at room temperature for exactly 15 min. Fluorescence intensities
measured at 420 nm and excitation at 350 nm were compared with a standard curve of known

concentrations of GSH (0.5-10 mM) as previously described [31].

2.6.8 Sulfhydryl content
To evaluates the levels of sulfhydryl we based the assay on the reduction of 5,5'-dithio-
bis(2-nitrobenzoic acid) (DTNB) by thiols, generating a yellow derivative (TNB) that absorve
at 412 nm in spectrophotometry [32]. Briefly, at TRIS buffer, pH7.4, 0.450 mg of
homogenate was added in addition to 1 mM DTNB. This mix was incubated 30 min at room
temperature in a dark room. Absorption was measured at 412 nm. The sulfhydryl content is
inversely correlated to oxidative damage to proteins. Results were reported as mmol TNB/mg

protein.

2.7 Statistical analysis

Results are expressed as means * the standard error of the mean (SEM). A two-way
ANOVA test was performed to assess significant differences between the groups. The tests of
significance were recommended based on the results of the tests of normality (Kolmogorov-
Smirnov test). Data were considered as statistically significant for p<0.05. To evaluate
intragroup differences regarding behavioral data, paired t test was used to evaluate significant
differences between the discrimination indexes of the object identity recognition (novel versus
familiar) and object placement (dislocated versus stationary) tasks. All data were plotted and
the statistical analysis performed using GraphPad Prism 6.0 software (GraphPad Software

Inc., La Jolla, CA, USA).
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3.0 Results

3.1 Behavioral assays

Discrimination indexes (MEAN£SEM) regarding the performance of young and adult
rats on the object identity and placement recognition tests are shown in Figure 1. The
intragroup analysis (paired t-test) demonstrated that young animals had preserved memory for
object identity recognition with a discrimination index above 60% for the novel versus
familiar object (FO&EX, 63.3£2.5 versus 36.7+2.5, p< 0.001; Fo&S, 71.3£3.8 versus
28.7+3.8, p<0.001; V&EX, 66.0+4.0 versus 34.0+4.0, p< 0.005 and V&S, 68.7£3.5 versus
31.3+3.5, p<0.001). Intergroup analysis (two-way ANOVA, p>0.05) did not show any
significant differences.

On the other hand, the intragroup comparisons (paired t-test) with the data obtained
from the object placement recognition tests showed a treatment-dependent impairment as
judged by the values of the discrimination index for the dislocated versus stationary object
(FO&EX, 39.6+2.7 versus 60.4+2.7, p< 0.005; Fo&S, 39.3+3.1 versus 60.7+3.1, p<0.01). This
impairment was not observed in young rats from the respective control groups (V&EX,
48.0£3.8 versus 52.0+3.8, p>0.05; V&S, 62.2+2.6 versus 37.8+2.6, p< 0.01). The intragroup
analysis (two-way ANOVA followed by Tukey) for the performance in the object placement
recognition tests showed that fish oil supplementation and treadmill exercise increased the
discrimination indexes related to the recognition of the stationary position, and decreased the
indexes related to the discrimination of the dislocated object (FO&S versus V&S, p<0.001,
and V&EX versus V&S, p<0.05). These results are described in Figure 1 A and C.

At adulthood, rats had the ability to recognize the novel and dislocated objects as shown
by the intragroup differences (paired t-tests) of the discrimination indexes for the object
identity recognition (novel versus familiar) and object placement tests (dislocated versus

stationary) (figure 1). In regards of the object identity recognition, adult rats presented higher
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values of the discrimination indexes (MEANxSEM) for the novel when compared to the
familiar object (FO&EXx, 69.3£2.9 versus 30.7+2.9, p< 0.001; Fo&S, 72.9+2.9 versus
27.0£2.9, p<0.001; V&EX, 76.0+3.6 versus 24.0£3.6, p< 0.001 and V&S, 75.5+4.26 versus
24.514.26, p<0.001). Similar results were observed for the object placement tasks as judged
by the increased discrimination indexes (MEANxSEM) for the dislocated as compared to the
stationary object (FO&Ex, 61.8+2.7 versus 38.2+2.7, p< 0.01; Fo&S, 64.4+3.1 versus
35.6+£3.1, p<0.01; V&EX, 63.2+3.6 versus 36.8+3.6, p< 0.01 and V&S, 63.9£3.7 versus

36.1+3.7, p<0.01). Figure 1 B and D describe these results.

3.2 Oxidative state

In addition to previous data, we observe that in young rats the exercise induces decrease
in lipid peroxidation evaluated by malondialdehyde (MDA\) levels (V&S: 37.7 + 8.0 nmol/mg
prot, n=6; V&EX: 16.1 + 0.6 nmol/mg prot, n=6, p<0.05) and protein oxidation evaluated by
carbonyls content (V&S: 19.4 + 1.7 umol/mg prot, n=6; V&Ex: 14.4 + 0.9 umol/mg prot,
n=7, p<0.01). Moreover, fish oil supplementation decreases lipid peroxidation (V&S: 37.7 £
8.0 nmol/mg prot, n=6; Fo&S: 17.0 + 2.7 nmol/mg prot, n=6, p<0.01) and protein oxidation
(V&S: 19.4 £ 1.7 pmol/mg prot, n=6; Fo&S: 10.5 + 0.6 pmol/mg prot, n=7, p<0.001);
however the association between exercise and fish oil supplementation did not induce a
significant difference. In adult rats, exercise induces a different response, it causes a
significant increase in MDA levels (V&S: 11.3 + 2.4 nmol/mg prot, n=6; V&Ex: 55.1 + 8.0
nmol/mg prot, n=6, p<0.001), on the other hand there was no differences in carbonyl content
(V&S: 1.6 £ 0.2 umol/mg prot, n=5; V&EX: 1.4 + 0.2umol/mg prot, n=5, p<0.05). However,
when exercise is associated to fish oil supplementation, we observed a significant decrease in

MDA levels (Fo&S: 15.9 + 2.8 nmol/mg prot, n=6; FO&Ex: 1.7 £ 0.4 nmol/mg prot, n=6,
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p<0.001), and in regards of protein oxidation (Fo&S: 1.7 = 0.1 umol/mg prot, n=5; FO&EX:
1.1 £ 0.1 umol/mg prot, n=5; p<0.05). These results are described in figure 2.

To better understand effects of the association between exercise and fish oil
supplementation, we evaluated antioxidant defenses, such as enzymatic and non-enzymatic
mechanisms. In young rats, the exercise increases SOD activity (V&S: 31.5 + 2.9 U/mg prot,
n=8; V&EX: 46.8 £ 1.7 U/mg prot, n=8, p<0.001); in addition, in supplemented rats, exercise
also induces increase in SOD activity (FO&S: 46.4 + 1.7 U/mg prot, n=8; FO&Ex: 55.9 + 1.3
U/mg prot, n=8, p<0.05). It was interesting to note that fish oil supplementation per se
increases SOD activity in sedentary as well as in exercised rats (V&S: 31.5 £ 2.9 U/mg prot,
n=8; Fo&S: 46.4 + 1.7 U/mg prot, n=8, p<0.001 and V&EXx: 46.8 £ 1.7 U/mg prot, n=8;
Fo&Ex: 55.9 + 1.3 U/mg prot, n=8, p<0.05).

Furthermore, in terms of the capacity to convert H202 in H20 by catalase, we observed
that exercise is the only variable that can induce a significant increase. This increase does not
depend on the supplementation with or without fish oil (V&S: 1.0 + 0.1 U/mg prot, n=6;
V&EX: 1.7 £ 0.1 U/mg prot, n=7, p<0.01, and Fo&S: 0.9 £ 0.1 U/mg prot, n=6; FO&EX: 1.6 £
0.3 U/mg prot, n=6, p<0.05). However, in regards to glutathione-S-Transferase, neither
exercise, nor fish oil supplementation induce differences in GST activity. In adult rats, the
antioxidant defense had a different response than observed in young rats, either exercise or
fish oil supplementation were able to induces differences in SOD, CAT or GST activity. All
the data of SOD, CAT and GST are described in figure 3.

Since the antioxidant defense is constituted by enzymatic and non-enzymatic
mechanisms, we also investigated non-enzymatic mechanisms. GSH is an important non-
enzymatic antioxidant that can be found in mammalian cells. In the reduced state, the thiol
group of cysteine present in GSH is able to donate a reducing equivalent to unstable

molecules, such as reactive oxygen species, that can decrease the toxicity of the unstable
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molecules. Young rats did not present any significant differences among the groups.
Moreover, when we evaluate the sulfhydryl content in samples from young rats we also did
not observe any difference.

On the other hand, in adult rats we observed that fish oil supplementation associated to
exercise can increase GSH levels in a significant manner (Fo&S: 4.5 £ 0.5 uM/mg prot, n=5;
Fo&Ex: 8.5 + 1.1 uM/mg prot, n=6, p<0.05). The same effect was observed in the Sulfhydryl
content (Fo&S: 0.1 £ 0.01 mM/mg prot, n=6; Fo&EX: 0.26 £ 0.04 mM/mg prot, n=5, p<0.05).
Similar results (figure 4) were also observed when we compared exercised supplemented
with fish oil to exercised animals that received vehicle (GSH levels V&EXx: 4.1 + 0.2 uM/mg
prot, n=5; FO&EX: 8.5 = 1.1 uM/mg prot, n=6, p<0.01 and Sulfhydryl content V&EX: 0.1 £

0.02 mM/mg prot, n=6; FO&EXx: 0.26 = 0.04 mM/mg prot, n=5, p<0.05).

4.0 Discussion

Fish oil intake coupled with treadmill exercise has been associated to improvements on
rat performance in different memory tasks. Evidence show that these improvements on brain
function can be long-lasting. The improvements depend on the memory task that is performed
[9].

Our data suggests that fish oil supplementation changes the rat performance on the task
of placement recognition in an age-dependent manner. In fact, young rats that received fish oil
during the brain critical development period had reduced ability to recognize the novel object
placement as compared to the performance of the respective controls. Since, depending on the
life stage, effects of fish oil supplementation can be contradictory, the present data highlight

the need to better understand the relationship between: (1) the dose and volume of fish oil
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supplementation, (2) the combination between (Fo) and moderate exercise, (3) and most
importantly an appropriate timing for this intervention.

Similarly to the present data, previous findings show that PUFAs and exercise have
been implicated in enhancing cognition and memory functions in healthy, adult rodents [2].
These authors reviewed a variety of data demonstrating a strong and influential relationship
between dietary intervention with PUFAs, exercise, and brain function. Besides these
previous findings in adult rodents, there are published data showing that the perinatal
supplementation with essential fatty acids improved hippocampal development in the
offspring, only when the dam received the enriched diet also during pregnancy [33]. Herein,
we observed an impairment to recognize the novel object placement when young rats received
fish oil during the brain critical development period. Present and previous data highlight the
importance of the appropriate timings for this lifestyle intervention to maximize results on
memory functions [2, 33].

Fish oil is a reliable source of (LC-PUFAs). Theses lipids have important hole in one’s
health state; they are considered essential because mammals are not able to produce them,
therefore LC-PUFASs have to be obtained by dietetic sources [34]. On the other hand, there are
challenges to reach the daily standard LC-PUFA recommendations through dietetic sources,
and to achieve beneficial effects on health care. Therefore, the supplementation with fish oil
as well as with other dietetic sources of LC-PUFA has grown exponentially either prescribed
by several physicians and nutritionists; or by the use from the general population without an
acknowledgement from a health care professional. In fact, the use of LC-PUFA has been
pointed out in a variety of acute and chronic inflammatory settings [35]. However,
experimental and clinical data about LC-PUFA underlying mechanisms and clinical efficacy

are still weak in some settings [2].
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Experimental data shows that LC-PUFA and treadmill exercise underlying mechanisms
on heart metabolism are related to enhancement of antioxidant defenses [20]. On the other
hand, clinical trials describe LC-PUFA benefits by reducing the time to fatigue, increased grip
strength, and decreased use of nonsteroidal antiinflammatory drugs [35].

Similarly to the age-dependent effects of fish oil and exercise on the rat behavior, we
observed that this intervention affected hippocampal oxidative stress also depending on the
life stage. The present data demonstrated that fish oil supplementation or exercise reduced
lipid peroxidation and protein content as judged by the amount of MDA and carbonyl content
in young rats. On the other hand, if fish oil was associated to exercise, there was a significant
reduction in MDA and protein content in adult rats. In regards of the antioxidant defenses,
while exercise increased SOD and CAT activity in young rats, fish oil supplementation only
increased SOD activity. In adult rats, we observed that the fish oil and exercise improved non-
enzymatic antioxidant defenses because of the increased activity of GSH and sulfhydryl
content.

We believe that there is a timing-related association between the behavioral data and the
changes on hippocampal defenses as judged by the present results. According to recently
published data diet coupled with exercise are key modulators of brain structure and function.
Together, diet and exercise can influence multiple aspects of brain plasticity, such as
neurodevelopment, neurotrophins, neurogenesis, synaptogenesis, and ultimate activity at the
brain network level [2].

In conclusion, we present relevant findings with the effects of fish oil supplementation
and treadmill exercise on memory function and hippocampal oxidative state. These findings
are highlighting a timing-related effect of this low-cost and suitable lifestyle intervention.
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Figure captions

Figure 1. Object identity (A, B) and placement recognition (C, D) tests. The
discrimination indexes with the performance of young and adult rats under different
experimental conditions are presented in the left (A and C) and right (B and D) panels,
respectively. *p< 0.05 or **p< 0.001 indicate intergroup significant difference (two-way
ANOVA followed by Tukey post-hoc test, V&S versus Fo&S, V&S versus V&EX and V&S
versus FO&EX); #p< 0.001, ##p= 0.001 or ###p< 0.0001 indicate intragroup significant
difference (paired t-test). V&S: sedentary supplemented with vehicle solution; V&EX:
exercised supplemented with vehicle solution; Fo&S: sedentary supplemented with fish oil,

Fo&Ex: exercised supplemented with fish oil.
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Figure 2. Oxidative stress biomarkers. Evaluation of lipid peroxidation and protein
oxidation in hippocampus from young and adult rats under different treatment (fish oil and/or
exercise) and control. A) MDA levels in young rats; B) MDA levels in adult rats; C)
Carbonyls content in young rats; D) Carbonyls content in adult rats. Values are presented as
mean = SEM. Asterisks indicate significant difference (two-way ANOVA, *p <0.05;

**p<0.01; ***p<0.001).
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Figure 3. Enzymatic antioxidant defense. Evaluation of enzymatic defense in
hippocampus from young and adult rats under different treatment (fish oil and/or exercise)
and control. A) SOD activity in young rats; B) SOD activity in adult rats; C) Catalase activity
in young rats; D) Catalase activity in adult rats; E) GST activity in young rats; D) GST
activity in adult rats. Values are presented as mean = SEM. Asterisks indicate significant

difference(two-way ANOVA, *p <0.05; **p<0.01; ***p<0.001).
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Figure 4. Non-enzymatic antioxidant defense. Evaluation of non-enzymatic antioxidant

defense in hippocampus from young and adult rats under different treatment (fish oil and/or

exercise) and control. A) GSH concentration in young rats; B) GSH concentration in adult

rats; C) Sulfhydryl content in young rats; D) Sulfhydryl content in adult rats. Values are

presented as mean + SEM. Asterisks indicate significant difference intragroup (two-way

ANOVA, *p <0.05; **p<0.01).
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Abstract

Studies indicate that lifestyle intervention since childhood may decrease the risk for
cardiovascular disease. Since the utilization of ® -3 PUFA and exercise can be present in
daily life, the association between them may improve cardiac health. Here we aimed
investigate the effect of moderate physical training and ® -3 present in fish oil (FO) on
oxidative metabolism in hearts of juvenile rats. Rats with fifteen-days of life were submitted
to exercise training and FO supplementation during a period of 4 weeks. At 46 days old, were
evaluated murinometric parameters, fasting glucose, lipid profile and oxidative status. There
were no differences of postnatal body weight, body mass index, and the AC/TC ratio. FO
associated to exercise decreased TG and VLDL-C levels. FO also reduced atherogenic index
and the levels of total cholesterol. On the other hand, FO increased HDL values. Additionally,
exercise and FO supplementation decreases oxidative stress biomarkers, increases antioxidant
defense and oxidative metabolism biomarker. Our findings suggest that intervention in

childhood indeed improve cardiac metabolism.

Key words: Exercise, Fish oil, Heart oxidative metabolism, Developmental period
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1. Introduction

Heart is the first organ to complete its formation in vertebrates, playing an important
role in the distribution of nutrients and oxygen to the embryo, meeting the body's metabolic
needs in response to the interference of the external environment to maintain
homeostasis(Buckingham et al. 2005). Each system has a physiological critical period of
development that varies with each species (Dobbing et al. 1985). According to Morgane et al.
(Morgane et al. 2002) the susceptible phase occur during the high proliferation and cell
differentiation, that normally comprises gestational and lactation period. Due to the organ
plasticity, heart can be influenced by external factors such as nutritional manipulation or
physical exercise modulating the biochemical milieu, which may induce a number of
adaptations to maintain its internal balance (Porrello et al. 2008; Wang et al. 2012). Studies
indicate that lifestyle intervention since childhood may decrease the severity of many adult
diseases such as heart disease, stroke, obesity among others, that can cause death (Pratt et al.
2007).

In rats, the adequate nutrition during lactation period is essential to contributes to the
maintenance of the structural and functional integrity of cells (Stillwell et al. 1997).
Therefore, polyunsaturated fatty acids (PUFAS) present in fish oil plays an important role for
the maintenance of the cardiac homeostasis (Gharami et al. 2015). A compile evidences
demonstrates that omega(n)-3 enhances the activity of mitochondria, decreases the reactive
oxygen species production and increase antioxidant defense either in human as in rat hearts
(Bourre et al. 1993; Bourre 2005; Garrel et al. 2012; Rodrigo et al. 2013; Anderson et al.
2014; Castillo et al. 2014; Uygur et al. 2014).

Cardiovascular disease remains the leading cause of death in the United States, where
ischemic heart disease and stroke remain the leading causes of premature death in the world

(Roth et al. 2015). A variety of studies have demonstrated that exercise can be useful to
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maintain health and preventing pathological conditions. When moderate exercise is practiced
regularly, it can decrease the chances of dying from cardiovascular disease by the reduction of
risk factors such as hypertension, obesity and hyperlipidemia (Smith 2010; Fiuza-Luces et al.
2013; Youtz et al. 2014).

Since the consumption of n-3 and exercise can be simultaneously present in daily life,
the association between them may improve health (Nakamura et al. 2008). Corroborating with
these observations, study from our laboratory, using adult and aged rats demonstrate that the
combination of fish oil supplementation and physical training enhances antioxidant defense in
aged rat heart, suggesting that even in a natural process with oxidative stress accumulation the
combined strategy can ameliorate cardiac metabolism and decreases further oxidative stress
damage (da Silva Pedroza et al. 2015).

Previous data demonstrate how fish oil and exercise can be good to maintain heart
health and decrease the risk of dying due to cardiac diseases. However, there is still a lack of
information about the best timing to achieve the optimal effects of this therapeutic approach.
Therefore, we aimed to investigate whether a daily moderate treadmill exercise coupled with
supplementation with fish oil during an early-life period would influence the cardiac

metabolism, lipid profile and BMI.

2. Material and Methods

2.1 Animals and experimental design

All the experimental procedures were performed to minimize animal suffering, and to
reduce the number of animals per group. The present experimental design used offsprings of
an outbred colony strain of Wistar rats obtained from Departamento de Nutricdo at
Universidade Federal de Pernambuco (Brazil). Each experimental phase was performed in

accordance with the guidelines of the Institutional Ethics Committee for Animal Research
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(approval protocol no. 23076.027072/2014-20), which comply with the “Principles of
Laboratory Animal Care” (National Institutes of Health, Bethesda, USA).

Newborn pups from 4 to 6 litters were first joined in a big pool. Male pups from this
pool were randomly assigned to perform the litters of this study. After weaning, all pups were
housed in groups of 3—4 per cage (51x35.5x18.5 cm). Rats were reared in a room with a
temperature of 23+1°C and a 12-h light/dark cycle (lights on from 7:00 am to 7:00 pm), with
free access to water and food — a commercial laboratory chow diet (Presence of Brazil Ltd.,
Sédo Paulo, Brazil) with 23% protein.

Fifteen days-old rats were randomly assigned into 4 different experimental groups: (1)
supplemented with fish oil and exercised (FO&EXx, n=10); (2) supplemented with fish oil and
sedentary (Fo&S, n= 10); (3) supplemented with vehicle solution and exercised (V&EX, n=

10); (4) supplemented with vehicle solution and sedentary (V&S, n=10).

2.2 Fish oil supplementation

Rats with Fifteen days-old received one single daily dose of fish oil (Fo, 85 mg/kg/d
and 1 ml/250g/d) or vehicle solution (V, 1 ml/250g/d) in order to obtain, respectively, the
supplemented group (Fo, n=20) and the control group (V, n=20). The capsules of fish oil
(Sundown®) containing polyunsaturated fatty acids [docosahexaenoic (DHA; 85mg/1g) and
eicosapentaenoic (EPA; 128mg/1g)] were dissolved in Cremophor (Sigma ®) 0.009% then in
distilled water, and administered via gavage. To perform the control group, a vehicle solution
(V) was given with the same amount of Cremophor and distilled water that were used to
prepare the solution provided to supplement the fish oil. The groups were supplemented with
daily Fo (85 mg/kg/d) or V (1 mL/250g/d) during a period of 4 weeks, from Monday to

Friday as adapted from (da Silva Pedroza, Lopes et al. 2015) (Rachetti et al. 2013).
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2.3 Treadmill exercise

Animals that were supplemented with fish oil or vehicle were subdivided into
sedentary (S) and exercised. The exercised groups were subjected to treadmill running during
the same 4 weeks period of supplementation. Rats exercised in a treadmill apparatus (Insight
EP-131, 0° inclination) as adapted from the routine of moderate exercise previously described
by (Batista-de-Oliveira et al. 2012) (da Silva Pedroza, Lopes et al. 2015). Periods of treadmill
exercise lasted 4 weeks. In summary, during the first 3 weeks, the animals were placed in the
treadmill for 30 min/day. The running speed was increased from 5 m/min during the first
week to 10 m/min during the second week, and increased again to 15 m/min during the third
week and fourth week. Rats from the sedentary groups were placed in the treadmill for the

same period as the exercised animals, but the treadmill remained off.
2.4 Postnatal body weight, murinometric evaluations and heart weight

At postnatal days 15, 21, 27, 34 and 45 the body weight (BW) was evaluated to test
whether the fish oil supplementation or the treadmill exercise would influence it. Therefore,
the rats were weighted in a semi-analytical digital electronic scale (Marte®, Minas Gerais
State, Brazil) and their weights were compared to the respective controls.

Abdominal circumference (AC, immediately anterior to the forefoot), thoracic
circumference (TC, immediately behind the foreleg), body weight (BW) and body length (BL,
muzzle-to-anus length) were determined in all rats as described by Novelli et al. (Novelli et al.
2007). The measurements were made in rats under anesthesia with a mixture of 1 g/kg
urethane plus 40 mg/kg chloralose (both from Sigma Co., USA) immediately before blood
and heart collection. The (BW), (BL), (AC) and (TC) were used to determine: body mass

index (BMI) = body weight (g)/length? (cm?) and AC/TC ratio.
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2.5 Blood analysis

Fasted (12-14 h) rats were anesthetized with a mixture of 1 g/kg urethane plus 40
mg/kg chloralose (both from Sigma Co., USA), and blood samples were obtained. The sample
collected from the tail was used to measure glucose levels with a glucometer (G-Tech Free
Sistema NoCode Accumed-Glicomed, Brazil). Then 4ml of blood sample was obtained by
cardiac puncture and immediately placed in separated tubes. After 20 minutes, the sample was
centrifuged at 8 000 rpm for 10 minutes. The serum was frozen at -15°C until assayed for
content of lipids. The lipid panel analysis was used as an initial broad medical screening tool
for abnormalities in lipids. The analyses of cholesterol (total cholesterol, TC and high-density
lipoprotein cholesterol, HDL-C) and triglycerides (TG) were performed by commercial Kits
(Labtest®, Lagoa Santa, MG). Very low-density lipoprotein (VLDL= triglycerides/5) and
atherogenic index were also calculated [log (triglyceridessHDL-cholesterol)] (Dobiasova et al.
2001) (Jurgonski et al. 2012). After the blood samples were obtained, the anesthetized animals
were then sacrificed by the collection of the hearts as described previously (Nascimento et al.

2014).

2.6 Drugs and reagents

All drugs and reagents were purchased from Sigma-Aldrich (St. Louis, MO, USA) (Sinc

Pernambuco, Brazil).

2.7 Heart preparations for biochemical analysis

Homogenate of heart tissues were prepared in 50 mM Tris buffer containing 1 mM
EDTA (pH 7.4), 1 mM sodium orthovanadate, 200 pg/ml phenylmethanesulfonyl fluoride
(PMSF) and centrifuged at 4000 RPM for 10 min at 4°C. The supernatant was collected and
used in the following experiments as described below. Concentration of protein in supernatant

was estimated using crystalline bovine serum albumin (BSA) as standard (Bradford 1976).
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2.8 Oxidative Stress Biomarkers

I. Evaluation of Malondialdehyde production

A total of 0.3 mg/ml heart homogenates were used to measure malondialdehyde
production following reaction with thiobarbituric acid (TBA) at 100 °C according to the
method of Draper(Draper et al. 1993). In the TBA test reaction, malondialdehyde or MDA-
like substances react to produce a pink pigment with a maximum absorption at 535 nm. The
reaction was developed by the sequential addition to the sample of 30% trichloroacetic acid
and Tris-HCI (3mM) followed by thorough mixing and centrifugation at 2 500 g for 10 min.
Supernatant was transferred to another tube and 0.8% TBA (v/v) was added before mixing
and boiling for 30 min. After cooling, the absorbance of the organic phase was read at 535nm
in a spectrophotometer. Results were expressed as nmol per mg of protein(Nascimento,

Freitas et al. 2014).

I1. Evaluation of Carbonyls content

The protein oxidation was assessed using the procedures highlighted by Reznick and
Packer (Reznick et al. 1994). With samples on ice, 30% (w/v) TCA was added to the samples
(0.3 mg/ml heart homogenates) and then centrifuged for 14 min at 4000 RPM. The pellet was
suspended in 10mM 2,4dinitrophenylhydrazine and immediately incubated in a dark room for
1h shake each 15min. Then the samples were washed and centrifuged three times in
ethyl/acetate buffer and then the final pellet was suspended in 6M guanidine hydrochloride,

incubated for 30 min at 37°C and the absorbance read at 370nm.

I11. Total and protein-bound sulfhydryl group content

This assay was performed according to Aksenov and Markesbery(Aksenov et al.

2001). Homogenates (0.5 mg/ml) were used to the reduction of 5,5’-dithiobis(2-nitrobenzoic
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acid) (DTNB) by thiol groups, generating a yellow-stained compound TNB whose absorption
is measured spectrophotometrically at 412 nm. The sulfhydryl content is inversely correlated

to oxidative damage to proteins. Results were calculated as mmol/mg protein.
IV. Superoxide dismutase assay

The determination of total superoxide dismutase enzyme activity (t-SOD) was
performed according to the method of Misra and Fridovich (Misra et al. 1972). Supernatants
(0.2 mg/ml heart) were collected from homogenized tissues following centrifugation were
incubated with 880 pl sodium carbonate (0.05%, pH 10.2, 0.1 mM EDTA) at 37°C before
development of the reaction by the addition of 30 mM epinephrine (in 0.05% acetic acid) and
determined by measuring the kinetic of the inhibition of adrenaline auto-oxidation at 480 nm

expressed at U/mg protein.
V. Catalase assay

Catalase (CAT) activity was measured according to the method described by Aebi
(Aebi 1984). The principle of the assay is based on the determination of the rate constant (k)
of H,O, decomposition, which in our conditions of temperature and pH was defined as 4.6
x10’. The assay content was compound by 50 mM-phosphate buffer (pH 7.0), 300 mM H202
and samples (0.3 mg/ml heart homogenates). The rate constant of the enzyme was determined
by measuring change in absorbance (at 240 nm) per minute over a 4 minutes period at 20 °C

and the CAT activity was expressed as U/mg protein.
VI. Glutathione S-transferases activity

Glutathione S Transferase (GST) is an antioxidant enzyme involved in the
detoxification of a wide range of toxic agents including peroxide and alkylating agents present

in the tissues. The activity of GST was measured by the method described by Habig (Habig et
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al. 1974). The principle of the assay is based on the determination through absorbance
spectroscopy of the conjugation of 1-chloro, 2,4-dinitrobenzene (CDNB) with reduced
glutathione (GSH). Absorbance was measured at 340nm at 30 °C. One unit of enzyme

conjugates 10.0 nmol of CDNB with reduced glutathione per minute.
2.9 Oxidative capacity biomarker
. Citrate synthase activity

Enzymatic activity was determined as described previously (Le Page et al. 2009).
Briefly, frozen ventricular tissue was homogenized in extraction buffer containing (100 mM-
tris base, 10 mM-EDTA, 2 mM-PMSF, 10 mM sodium orthovanadate) using a sampling
homogenizer (Tecnal, Sao Paulo, Brazil). After homogenization for 30 s, protein contents of
the homogenates were determined with the Bradford protein assay. For citrate synthase
activity 100 pg of protein was incubated in a reaction mixture containing (in mM) 100
Tris-HCI (pH 8.2), 1 MgCl,, 1 EDTA, 0.2 5,5-dithio-bis(2-nitrobenzoic acid) (DTNB)
(e=13.6 pmol'ml™ -cm™), 3 acetyl-CoA, and 5 oxaloacetate. Citrate synthase activity was
measured by assessing the rate of change in absorbance at 412 nm over 3 min (30-s intervals)

(da Silva et al. 2015).
2.10 Statistical Analyses

Results are expressed as meanszS.E.M. Two-way ANOVA test followed by Tukey
test were performed to assess significant differences between the groups. Data were
considered as statistically significant for p < 0.05. All data were plotted and the statistical
analysis performed using GraphPad Prism 6.0 software (GraphPad Software Inc., La Jolla,

CA, USA).
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3. Results

3.1 Postnatal body weight and Murinometric evaluations

Beside the training and supplementation been conducted during development, there
were no significant differences of body weight (figure 1A), body mass index (figure 1B) and
the AC/TC ratio (figure 1C) among rats from the different experimental groups, suggesting

that neither exercise nor supplementation induces a detrimental effect in the normal growth.

3.2 Fasting glycemia, lipid profile and atherogenic index

There is no significant difference in the values of the fasting glucose (V&S
124.38+4.92 mg/dL; V&Ex 121.33+4.89 mg/dL; Fo&S 114.90£5.35 mg/dL; Fo&EXx
118.56+6.80 mg/dL). However, fish oil associated to exercise reduced the levels of total
cholesterol, triglycerides and very low-density lipid (TC: Fo&S 109.66+4.77 vs. FO&EX
81.72+6.18 mg/dL, p<0.05; TG: V&Ex 82.01+4.29 vs. FO&Ex 60.24+6.25 mg/dL, p<0.05);
VLDL: V&Ex 16.40+0.86 vs. FO&Ex 12.05+1.25 mg/dL, p<0.05; (table 1). On the other
hand, the fish oil intake increased HDL-C values (V&S 43.90+2.50 vs. FO&S 59.43+3.15
mg/dL, p<0.05), and reduced atherogenic index (V&S 1.14+0.03 vs. Fo&S 1.01+0.04; V&EX

1.16+0.02 vs. FO&Ex 1.04+0.05) (table 1).

3.3 Oxidative capacity biomarkers

3.3.1 Oxidative stress biomarkers

The exercise training significantly decreases MDA and Carbonyls levels in heart of
juvenile rats (MDA: V&S 105.8+10.8 vs. V&EXx 67.3£13.5 nmol/mg prot, p<0.05; Carbonyls:
V&S 7.3£0.6 vs. V&Ex 5.2+0.5 [Omol/mg prot, p<0.05, figure 2), in addition fish oil
supplementation also demonstrate a significant effect against lipid peroxidation and protein

oxidation, decreasing both biomarkers (MDA: V&S 105.8+£10.8 vs. FO&S 56.6+5.5 nmol/mg



81

prot, p<0.01; Carbonyls: V&S 7.3+0.6 vs. Fo&S 4.5+0.5 [Jmol/mg prot, p<0.001, figure 2).
Interesting the association of exercise and fish oil supplementation did not induce an
incremental protective effect against lipid peroxidation and protein oxidation (MDA: FO&EX

63.3+4.6 nmol/mg prot; Carbonyls: Fo&Ex 5.4+0.3 [Imol/mg prot, figure 2).

3.3.2 Antioxidant defenses

Related to enzymatic defense, fish oil supplementation increases superoxide
dismutase-SOD activity either in sedentary as well as in trained exercise, when compared to
non-supplemented sedentary and trained animals (SOD: V&S 5.27+0.28 vs. FO&S 6.5+0.2
U/mg prot, p<0.05; V&EXx 5.25+0.33 vs. FO&EX 6.7+£0.4 U/mg prot, p<0.05, figure 3 A).
Related to the H,O, detoxification, we observed that the association of fish oil
supplementation with exercise training has an increase in catalase-CAT activity either when
compared to exercised vehicle, as well as in comparison to sedentary supplemented (CAT:
V&EXx 1.21+0.04 vs. Fo&Ex 1.51+0.1 U/mg prot, p<0.05; Fo&S 1.09+0.06 vs. FO&EX
1.51+0.1 U/mg prot, p<0.01, figure 3B). Beside the tendency of the increment, glutathione-S-

transferase-GST activity doesn’t show a significant difference among groups (figure 3C).

Enzymatic and non-enzymatic molecules compose our antioxidant defense, which
works in association to maintain our oxidative status in equilibrium combating reactive
oxygen species-ROS responsible to the oxidative stress. Glutathione reduced-GSH is a very
important intracellular thiol that combats ROS directly and indirectly acting as a co-factor in
enzymatic reactions. Our results demonstrated that exercise training in juvenile rats increases
GSH in heart (GSH: V&S 1.27+0.1 vs. V&Ex 1.96+0.2 [IM/mg prot, p<0.01, figure 3D) and
fish oil supplementation did not induce alteration in this molecule. In addition, we evaluate
total thiol in our groups; it’s important mention here that protein sulthydryl groups from

cysteine residues can be oxidized to form disulfide, altering the redox state of proteins. As
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observed in figure 3E, the association of exercise and fish oil supplementation increases
sulfhydryl-bound groups when compared to vehicle exercised and supplemented sedentary
(Thiol: V&EXx 19.6£1.2 vs. Fo&Ex 30.8+5.4 [IM/mg prot, p<0.05; Fo&S 17.8+1.2 vs. FO&EX

30.8+5.4 [IM/mg prot, p<0.05, figure 3E)

3.3.3 Oxidative metabolism biomarker

Citrate synthase is the first enzyme in Krebs cycle responsible for catalyzing the
condensation reaction of the two-carbon acetate residue from acetyl coenzyme A and
molecule of four-carbon, oxaloacetate, to form the six-carbon, citrate and its activity has been
commonly used as oxidative metabolic marker in a number of tissues. In juvenile rats, we
observed that there was an increased activity of citrate synthase in the trained group (85%)
when compare with sedentary (V&S 0.27+£0.02 vs. V&Ex 0.50+0.05 [JM/mg prot, p<0.05,
figure 4); in addition we observe that fish oil supplementation increases the citrate synthase
activity only in sedentary groups (V&S 0.27£0.02 vs FO&S 0.53+0.07 [JM/mg prot, p<0.05,

figure 4).



83

4. Discussion

To our knowledge there have been no published studies examining effects of physical
exercise combined with fish oil supplementation during developmental period on the hearts of
juvenile rats to assess possible relationships of this combination to strengthen antioxidant
defense and metabolic enzyme activity. Our results indicated that moderate exercise coupled
with fish oil supplementation induces an improvement on oxidative metabolism in the heart of
juvenile rats. To the best of our knowledge the majority of the studies associating exercise
with antioxidant and metabolic biomarkers are conducted in adult or aged rats, our data
suggest that early-life intervention influence positively cardiac metabolism, lipid profile
without alteration in BMI.

During the 30-day exercise-training period (15 to 45 days of age), which occurred
during a phase of rapid growth and development, the body weight and BMI was measured to
determine whether exercise interferes with normal growth. As demonstrates in our results the
exercise protocol and the fish oil supplementation, at any time during the study period did not
negatively modulate the body evolution of the juvenile rats.

With respect to lipid profile, we observed that the effect of the exercise coupled with
fish oil supplementation decreases the values of total cholesterol when compared FO&EX to
Fo&S. In addition FO&Ex showed decreases in TG, VLDL and atherogenic index when
compared to exercised not supplemented. Additionally, it’s interesting highlight that
supplemented group showed the highest HDL levels and the lowest atherogenic index,
suggesting that fish oil supplementation even without exercise can help markedly to decreases
the risk of develop cardiovascular diseases in juvenile rats. According to the criteria for
metabolic syndrome diagnosis, high levels of HDL as well as decreased levels of
triglyceridemia are both considered as important factors associated to the lowest risk of

cardiovascular diseases(Alberti et al. 2009). Both data from the literature and our results



84

regarding the lipid profile strongly support the idea that fish oil supplementation combined
with moderate treadmill exercise can decrease the risk of cardiovascular disease in rats.

More than 30 years ago, Holloszy and his colleagues first reported that endurance
exercise training improves oxidative metabolism and it is generally recognized that endurance
exercise training elevates the activities of mitochondrial enzymes. Our data showed that
exercise and fish oil supplementation is able to increase citrate synthase activity in the heart of
juvenile rat. In agreement with our data, a recent study using maternal omega—3
polyunsaturated fatty acid supplementation showed significantly enhanced activities of citrate
synthase, isocitrate dehydrogenase and a-ketoglutarate dehydrogenase (i.e. enzymes of Krebs
cycle) (Kashi-Chadli et al. 2014). Last year, we have published a manuscript here we showed
that moderate exercise coupled with fish oil supplementation increases the activity of citrate
synthase in adult and aged rats [21]. Since heart needs high level of ATP, situations that may
improve ATP production will be always a positive modulation for heart function. It’s worth
mention here that an increase in the accumulation of Krebs cycle products (i.e. NADH and
FADH2) results in a stronger regulation of mitochondrial function, coupling Krebs cycle
product with ATP production (Chance et al. 1956; Harris et al. 1991).

Taken together, our data suggest that moderate exercise coupled with fish oil
supplementation affect positively lipid profile, antioxidant and metabolic enzymes in juvenile
rats during development. To the best of our knowledge, the present data are the first findings
to demonstrate that there is a reduction of atherogenic risk by direct improvement of lipid
profile in association with an increase of antioxidant and metabolic enzymes in the hearts of
juvenile rats. Therefore our results suggest that an early intervention with moderate exercise
with omega—3 polyunsaturated fatty acid supplementation could help to decrease the
incidence and severity of cardiometabolic diseases, in part by the reduction of the damage that

occurs through oxidative stress.
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7. Figure Captions
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Table 1. Lipid profile in juvenile rats that was submitted to moderate exercise and fish oil

supplementation during development. V&S — vehicle and sedentary; V&Ex — vehicle and

exercised; Fo&S — fish oil and sedentary; Fo&Ex — fish oil and exercised; FG — fasting

glycaemia; TC — total cholesterol; TG — triglyceride; VLDL — very low density lipid; HDL —

high density lipid and Al — atherogenic index. Values from different groups that are marked

with the same letters were significantly different.

Experimental Blood data
Group (n) FG TC TG VLDL HDL Al
(mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (arbitrary

unit)
Fo&Ex (n=10) 118.56+6.80 81.7246.1° 60.24+6.25% 12.05+1.25% 48.85+5.14 1.04+0.05%
Fo&S (n=10) 114.90+5.35 109.66+4.77% 64.97+5.47 12.99+1.09 59.43+3.15° 1.01£0.04°
V&EXx (n=10) 121.33+4.89 84.69+3.66 82.01+4.29% 16.40+0.86° 51.14+4.51 1.16+0.02*
V&S (n=10) 124.38+4.92 97.66+9.66 79.27+5.75 15.85+1.15 43.90+2.50* 1.14+0.03°
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Figure 1. Murinometric data of the young rats are presented as mean + SEM. These rats were
previously subdivided into exercised and sedentary groups, and they received one single daily
dose of fish oil or vehicle solution (for 4 weeks). The body weight (A), body mass index (B)
and abdominal and thoracic circumferences ratio (c) were determined as previously described
(Novelli, 2007). The measurements were made in rats under anesthesia with a mixture of 1
g/kg urethane plus 40 mg/kg chloralose (both from Sigma Co., USA). Two-way ANOVA test
(p>0.05) did not find significant differences of body mass index and the AC/TC ratio among

young rats from distinct experimental groups.
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Figure 2. Oxidative stress biomarkers evaluated in heart from juvenile rats. All data are
presented as mean = SEM. These rats were previously subdivided into exercised and
sedentary groups, and they received one single daily dose of fish oil or vehicle solution (for 4
weeks). A) Lipid peroxidation evaluated by malondialdehyde concentration; B) Protein

oxidation evaluated by the concentration of carbonyls. *p<0.05; **p<0.01; ***p<0.001.
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Figure 3. Antioxidant defense evaluating enzymatic and non-enzymatic system in heart from
juvenile rats. All data are presented as mean £ SEM. These rats were previously subdivided
into exercised and sedentary groups, and they received one single daily dose of fish oil or
vehicle solution (for 4 weeks). A) Superoxide dismutase activity; B) Catalase activity; C)
Glutathione-S-transferase activity; D) Reduced Glutathione; E) Thiol levels. *p<0.05;

**1<0.01.
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Figure 4. Oxidative metabolic marker evaluated heart from juvenile rats. All data are
presented as mean + SEM. These rats were previously subdivided into exercised and

sedentary groups, and they received one single daily dose of fish oil or vehicle solution (for 4
weeks). *p<0.05
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ANEXO

A — Folha de aprovacéo da Comissdo de Etica no Uso de Animais do CCS/UFPE.

Universidade Federal de Pernambuco
Centro de Ciéncias Biolébgicas

Av. Prof. Nelson Chaves, s/n
50670-420 / Recife - PE - Brasil
fones: (55 81) 2126 8840 | 2126 8351

1\ fax: (55 81) 2126 8350
www.ccb.ufpe.br

Recife, 19 de novembro de 2014.

Oficio n° 75/14

Da Comiss&o de Etica no Uso de Animais (CEUA) da UFPE
Para: Prof? Manuella Batista de Oliveira Hornsby
Departamento de Nutricao

Universidade Federal de Pernambuco

Processo n® 23076.027072/2014-20

Os membros da Comissdo de Etica no Uso de Animais do Centro de Ciéncias
Biolégicas da Universidade Federal de Pernambuco (CEUA-UFPE) avaliaram seu
projeto de pesquisa intitulado, “Efeitos do exercicio em esteira e da suplementagio
com dleo de peixe sobre ansiedade, estresse oxidativo, proliferagio celular,
meméria episédica e excitabilidade cerebral em ratos Wistar.”

Concluimos que os procedimentos descritos para a utilizaggo experimental dos
animais encontram-se de acordo com as normas sugeridas pelo Colégio Brasileiro
para Experimentagdo Animal e com as normas internacionais estabelecidas pelo
National Institute of Health Guide for Care and Use of Laboratory Animals as quais sdo
adotadas como critérios de avaliag&o e julgamento pela CEUA-UFPE.

Encontra-se de acordo com as normas vigentes no Brasil, especialmente a Lei
11.794 de 08 de outubro de 2008, que trata da questdo do uso de animais para fins
cientificos e didaticos.

Diante do exposto, emitimos parecer favoravel aos protocolos experimentais a
serem realizados.

Origem dos animais: Biotério do
Departamento de Nutricio da UFPE;
Animais: ratos; Linhagem: Wistar; Idade: 7
a 150 dias; Peso: 15 a 500g; Sexo:
machos; N° total de animais: 144.

Atenciosamente, /
7 ) ’ /
7 4%

g

urpe  SIAPE 1801584

CCB: Integrar para desenvolver
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