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RESUMO

A obesidade é considerada uma doenca crbénica e multifatorial, que esta se
tornando uma epidemia mundial e refletindo negativamente sobre a saude da
populacado. Além de estar associada a doencas cardiovasculares, pode levar a
alteracdes metabdlicas no sistema nervoso central, podendo ser um fator que
predispde a diversas doengas neuroldgicas. Entretanto, os mecanismos
responsaveis pela maior suscetibilidade dos individuos obesos a déficits
cognitivos, por exemplo, ndo sdo bem conhecidos. O 6mega-3 é um acido
graxo poliinsaturado essencial que desempenha um importante papel anti-
inflamatdrio. Contudo, sua fungao neuroprotetora ainda é questionada. Neste
contexto, o objetivo deste estudo foi avaliar se a dieta hiperlipidica e o
tratamento com Omega-3 interfferem em parametros comportamentais
relacionados a memodria e marcadores de neuroinflamagdo dos animais.
Quarenta ratos Wistar machos foram divididos em quatro grupos: dieta padrao
(DP); dieta padrao + Omega-3 (DP+QO); dieta hiperlipidica (DH); dieta
hiperlipidica + 6mega-3 (DH+0O). O periodo de dieta foi de 20 semanas. Apods a
162 semana de dieta, iniciou-se a suplementagdo com dmega-3. Ao final do
periodo experimental, foram avaliados o ganho de peso, o peso de gordura
visceral, a glicemia de jejum e os niveis plasmaticos de insulina. A memoria
dos animais foi avaliada pelo teste de reconhecimento de objetos. Além disso,
foi avaliada a imunorreatividade ao GFAP no hipocampo e no cortex cerebral
dos animais estudados e a expressao génica das citocinas fator de necrose
tumoral-a (TNF-a), interleucina-6 (IL-6) e interleucina-10 (IL-10) no cortex
cerebral. A DH aumentou significativamente o peso corporal dos animais
(p<0,0001) e o 6mega-3 ndo modificou o ganho de peso total. Contudo, os
animais tratados com 6&mega-3 apresentaram uma menor quantidade de
gordura visceral (p=0,0015) e melhor sensibilidade a insulina (p=0,0154). No
teste de reconhecimento de objetos, os animais alimentados com dieta
hiperlipidica nao apresentaram diferencas significativas no tempo de
exploragao do objeto novo em relacdo ao objeto conhecido (DH p=0,2126,
DH+O p=0,6635), demostrando que a obesidade pode causar
comprometimento da memoéria de longo prazo. Encontramos resultados

significativos também no cértex cerebral do grupo DH, demonstrando que a



obesidade pode levar a ativagdo astrocitaria (p=0,0007). Encontramos um
aumento significativo na expressao génica das citocinas proé-inflamatérias IL-6
(p=0,0352) e TNF-a (p=0,0016) no grupo DH. Assim, a suplementagdo de
acidos graxos 6mega-3 apdés DH foi capaz de melhorar a sensibilidade a
insulina, diminuir a adiposidade visceral e diminuir o perfil neuroinflamatério.
Contudo, a suplementagdao com 6mega-3 nao foi suficiente para reverter o
déficit de memodria causado pela DH, embora tenha demonstrado um
importante papel na diminuicdo da neuroinflamagédo. Assim, os acidos graxos
da familia d&mega-3 podem exercer um importante papel no sistema nervoso

central, impedindo a progressao da neuroinflamacéo na obesidade.

Palavras-chave: Obesidade, acido graxo 6mega-3, dieta hiperlipidica,

neuroinflamag¢ao, memoaria, teste de reconhecimento de objetos.



ABSTRACT

Obesity is a chronic and multifactorial disease. Nowadays, it is becoming a
global epidemic, which affect negatively population's health. Besides being
associated with cardiovascular diseases, it can lead to metabolic alterations in
the central nervous system, and may be a risk factor that predisposes to several
neurological diseases. However, the underlying mechanisms of such
relationship are not well known. Omega-3 is an essential polyunsaturated fatty
acid that plays an important anti-inflammatory role, but its neuroprotective
function is still questioned. In this context, the objective of this study was to
evaluate if a high-fat diet and omega-3 supplementation may affect long-term
memory and neuroinflammation markers in rats. Forty male Wistar rats were
divided into four groups: standard diet (SD); standard diet + omega-3 (SD+O);
high-fat diet (HFD); high-fat diet + omega-3 (HFD+O). Diet administration was
performed for 20 weeks. Omega-3 supplementation started at the 16th week of
diet. At the end of the experimental period, visceral fat weight, fasting plasma
glucose and plasma insulin levels were analysed. The animals' memory was
evaluated using the object recognition test. In addition, we evaluated GFAP
immunoreactivity in the hippocampus and in the cerebral cortex of the animals.
Gene expression of tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6) and
interleukin-10 (IL-10) in the cerebral cortex was also analysed. HFD significantly
increased the body weight of the animals and omega-3 did not modify the total
weight gain (p<0.0001). However, the animals treated with omega-3 had a
lower amount of visceral fat (p=0.0015) and better insulin sensitivity (p=0,0154).
In the object recognition test, animals fed a high-fat diet did not present
significant differences in the time of exploration of the new object in relation to
the old one (HFD p=0.2126, HFD+0O p=0.6635), demonstrating that obesity can
cause long-term memory impairment. Omega-3 supplementation did not
improve recognition memory. We found significant results in GFAP
immunoreactivity in the cerebral cortex of the HFD group, demonstrating that
obesity can lead to astrocytic activation (p=0.0007). We also found a significant
increase in gene expression of proinflammatory cytokines IL-6 (p=0.0352) and
TNF-a (p=0.0016) in the HFD group. Thus, supplementation of omega-3 fatty

acids after HFD was able to improve insulin sensitivity, decrease visceral



adiposity and decrease neuroinflammatory profile. Our results demonstrate an
important metabolic role of omega-3 by improving insulin sensitivity and
reducing visceral adiposity. However, omega-3 supplementation was not
sufficient to reverse the memory deficit caused by HFD, although it has been
shown to play an important role in reducing the neuroinflammatory profile.
Therefore, omega-3 fatty acids may play an important role in the central

nervous system, preventing the progression of neuroinflammation in obesity.

Keywords: Obesity, omega-3 fatty acids, high-fat diet, neuroinflammation,

memory, object recognition test.
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1. Referencial Teorico

1.1 Obesidade e Inflamacao

A obesidade é considerada uma doencga cronica, multifatorial que esta
se tornando uma epidemia mundial, o que reflete negativamente sobre a saude
da populagéo (Popkin, 1998; Bahia et al., 2012) sendo que sua associagdo com
doengas cardiovasculares (Lotufo, 2000; Kenchaiah et al, 2004,
Aghamohammadzadeh e Heagerty, 2012), alguns tipos de cancer (Demark-
Wahnefried et al, 2012) e diabetes mellitus tipo 2 é bem conhecida
(Wannamethee e Shaper, 1999). O diagnédstico de obesidade pode ser
estabelecido com base no indice de massa corporal (IMC), que € calculado a
partir do peso corporal (em kg) dividido pelo valor da altura (em m) do individuo
ao quadrado. Um individuo é considerado obeso quando apresenta um IMC
igual ou maior que 30 e valores entre 25,0 a 29,9 séo classificados como
sobrepeso. De acordo com a Organizagao Mundial de Saude (OMS), em 2014
mais de 1,9 bilhdo de adultos no mundo estavam acima do peso (Who, 2015).
No Brasil, nos ultimos seis anos houve um aumento no numero de pessoas
com sobrepeso e obesidade, sendo que 52,5% da populagdo apresenta
sobrepeso e 17,9% séo obesos (Vigitel, 2014).

O tecido adiposo humano é classificado em tecido adiposo branco (TAB)
e tecido adiposo marrom (TAM). O TAB esta localizado perifericamente nas
regides subcutédnea e visceral, ele armazena energia e participa da regulagéo
do balango energético. Ja o TAM é especializado na producdo de calor
(termogénese) e, portanto, participa na regulagao da temperatura corporal. Os
depdsitos de TAM estao praticamente ausentes em humanos adultos, mas sao
encontrados em fetos e recém-nascidos. O TAB expressa e secreta
substancias ativas com acédo local ou sistémica chamadas de adipocinas, que
estdo envolvidas nos processos metabdlicos, neuroenddcrinos e imunologicos
(Kershaw e Flier, 2004). As adipocinas atuam exercendo efeitos enddcrinos,
paracrinos e autécrinos. Além disso, o tecido adiposo € capaz de expressar
receptores que |lhe permitem responder a sinais aferentes provenientes de

6rgaos enddcrinos e do sistema nervoso central (SNC) (Kershaw e Flier, 2004).
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Praticamente todas as adipocinas tem sua secrecédo alterada quando o
individuo apresenta obesidade, podendo estar relacionadas com a resisténcia a
insulina e inflamagdo. Uma importante adipocina é a leptina, que atua em
varios tecidos como figado, sistema imune e também no SNC (Badman e Flier,
2007). No SNC, auxilia na regulacdo da ingestdo alimentar e do gasto
energético (Ronti et al, 2006). A ligacdo da leptina aos seus receptores
hipotalamicos, localizados principalmente no nucleo arqueado, estimula a
sintese de neuropeptideos anorexigénicos nos neurdnios positivos para pro-
opiomelanocortina (POMC) e inibe a atividade dos neurdnios positivos para o
neuropeptideo Y (NPY), que possui acdo orexigena (Ahima et al., 1996). E
comum a ocorréncia de hiperleptinemia na obesidade, o que também esta
associado com resisténcia a insulina. Dessa forma, os niveis de leptina podem
corresponder a massa adiposa podendo ainda refletir mudancas do estado
nutricional do individuo.

O excesso de gordura visceral, que corresponde ao tecido adiposo
acumulado nas regides perirrenal, perigonadal e peritoneal, € um fator de risco
mais importante do que o excesso de peso corporal total de um individuo. Esta
bem demonstrado que o aumento da gordura visceral é um fator causal de
sindrome metabdlica (Després e Lemieux, 2006). O desenvolvimento do tecido
adiposo visceral contribui com a secre¢cdo aumentada de mediadores pro-
inflamatdrios na obesidade, o que leva a um estado de metainflamagéao, termo
empregado para designar a inflamagéo cronica de baixa intensidade gerada
por células metabdlicas (Gregor e Hotamisligil, 2011).

A inflamacdo causada pela obesidade é caracterizada pela secrecao
alterada de citocinas pré e anti-inflamatérias. As principais citocinas pré-
inflamatorias relacionadas a obesidade s&o o fator de necrose tumoral alfa
(TNF-a), a interleucina 1B (IL-1B), o interferon gama (IFN-y), interleucina 6 (IL-
6), a interleucina 12 (IL-12) e a interleucina 18 (IL-18). As citocinas anti-
inflamatdrias incluem o interferon a (IFN-a), a interleucina 4 (IL-4), a
interleucina 10 (IL-10) entre outras (Cavaillon, 2001). Na obesidade ocorre um
desequilibrio nos niveis dessas citocinas, com diminuicdo das anti-
inflamatodrias, que favorecem a sensibilidade a insulina, e aumento das pro-
inflamatdrias que estéo relacionadas a resisténcia a insulina (Maury e Brichard,
2010).
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O TNF-a foi a primeira citocina que foi demonstrada ter seus niveis
aumentados em roedores obesos (Morin et al., 1997). Apds este achado, foi
proposto que o TNF-a estaria relacionado com o desenvolvimento da
resisténcia a insulina (Fain et al., 2004). Esta citocina € um regulador local
dentro do tecido adiposo, atuando tanto de forma autdcrina quanto paracrina e
influencia uma grande variedade de processos, incluindo a apoptose (Coppack,
2001). Sua expressao € maior no tecido adiposo visceral do que no tecido
adiposo subcutaneo, e sua secreg¢ao ocorre principalmente por macréfagos
(Maury et al., 2009). O TNF-a possui um papel fundamental para a regulagéo
da secrecao de adipocinas na obesidade, ele pode estimular adipocinas pro-
inflamatdrias e também pode inibir adipocinas anti-inflamatérias (Maury et al.,
2009).

Outra citocina com efeito pro-inflamatério é a IL-6, que assim como o
TNF-a, € produzida pelos macrofagos e também pelos adipécitos no TAB,
principalmente no tecido adiposo visceral (Fantuzzi e Mazzone, 2007). Na
obesidade e no estado de resisténcia a insulina, os niveis sanguineos de IL-6
estdo aumentados. Nos tecidos periféricos, essa citocina pode atuar diminuindo
a expressao de receptores de insulina nas células alvo (Senn et al., 2003). A
IL-6 pode também atuar reduzindo a secrecdo de adiponectina, que é uma
adipocina que possui propriedades antioxidantes, anti-inflamatérias e que
melhora a sensibilidade a insulina (Kershaw e Flier, 2004; Maury e Brichard,
2010). Por outro lado, foi demonstrado que os niveis de IL-6 no liquido
cefalorraquidiano de humanos sao negativamente correlacionados com a
quantidade de gordura corporal em individuos obesos ou com sobrepeso
(Stenlof et al,, 2003). Sendo assim, sugere-se que a IL-6 desempenha um
papel importante no controle do peso corporal. A IL-6 geralmente é
considerada um fator pro-inflamatério, e seus niveis plasmaticos aumentados
se correlacionam com adiposidade e resisténcia a insulina. Porém, algumas
evidéncias sugerem que a IL-6 também pode exercer um efeito benéfico
melhorando a sensibilidade a insulina. O exercicio fisico promove a secregao
de IL-6 a partir do musculo esquelético, aumentando em cerca de 100 vezes
sua concentracado plasmatica, e isso parece estar associado com uma melhora
na sensibilidade a insulina (Ostrowski et al., 2000; Helge et al., 2003). Dessa

forma, as acdes da IL-6 nos disturbios metabdlicos sao incertas.
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Uma citocina com propriedades anti-inflamatérias é a IL-10, que pode
atuar reprimindo citocinas pro-inflamatérias como IL1-B, IL-6 e TNF-q,
produzidas por macréfagos e mondécitos ativados, e pode ainda estimular a
producdo enddgena de outras citocinas anti-inflamatérias (Zhang e An, 2007).
Ropelle e colaboradores, demonstraram que a infuséo intra-hipotaldmica de IL-
10 pode exercer uma importante acdo anti-inflamatéria no SNC de ratos
obesos. Esse efeito foi associado ao aumento da agao da leptina e da insulina,
0 que melhorou o controle do balango energético e diminuiu a ingestao
alimentar desses animais. Assim, a modulagao do estado inflamatério parece

exercer efeitos benéficos na obesidade (Ropelle et al., 2010).

1.2 Neuroinflamacao: aspectos gerais

A inflamagdo é uma resposta do sistema imunolégico que possui 0
objetivo de protegcdo ao organismo. A resposta inflamatéria é conduzida pela
interacdo de varios tipos de células e moléculas de sinalizagao, produzindo
respostas locais e sistémicas. Os leucécitos e as células endoteliais sdo as
principais células envolvidas na resposta inflamatéria. Contudo, além desse
carater protetor, uma reposta inflamatéria excessiva pode causar ou contribuir
para o surgimento de doengas (Morales et al., 2014).

O termo neuroinflamagéo é empregado para descrever o conjunto de
respostas imunitarias que ocorrem no SNC, as quais diferem da inflamacao
periférica. Essa diferenca pode ser exemplificada pelas células envolvidas, pois
no SNC a resposta inflamatdria envolve principalmente astrécitos e microglia. A
barreira hematoencefalica separa o SNC do sistema imune periférico, porém,
na inflamacao, a barreira torna-se permeavel aos mediadores pré-inflamatérios
derivados da periferia bem como aos linfocitos e outras células imunes
periféricas. Além disso, as células endoteliais, que também sdo componentes
da barreira hematoencefalica, sdo ativadas, aumentando a liberagao desses
mediadores que acabam alcangando o SNC (De Vries et al., 1996; Dilger e
Johnson, 2008). A resposta neuroinflamatéria pode resultar em prejuizos na
fungdo sinaptica e morte neuronal, o que culmina no desenvolvimento de varias

doencgas neuroldgicas.
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A ativagdo das células gliais sdo um componente importante das
respostas neuroinflamatérias na neurodegeneragdo. As células da microglia
sdo os macrofagos residentes no SNC e além de realizarem fagocitose,
também desempenham um papel importante na regeneragao neural, reparagéao
tecidual, remogao de neurdnios apoptéticos e ainda podem atuar regulando a
plasticidade sinaptica durante o desenvolvimento (Wakselman et al., 2008). A
microglia esta entre as primeiras células a serem ativadas em resposta a
lesdes do SNC. Diante de um estimulo nocivo, a microglia pode alterar a sua
morfologia e exercer uma variedade de fungdes. Quando ativada, a microglia
pode perder sua arborizagdo e assumir um formato ameboide (Goldmann e
Prinz, 2013). Sob condigbes patoldgicas, a microglia desempenha papéis que
podem ser neurotdxicos ou neuroprotetores. Isso ocorre pois essas células
gliais podem expressar reagdes funcionais especificas em resposta a sinais do
microambiente, e podem apresentar dois estados funcionais de polarizagcao
(Jha et al., 2016). Assim como os macrofagos periféricos, a microglia pode ser
fenotipicamente polarizada e desenvolver um fenoétipo classico pré-inflamatério
(M1) ou um fendtipo alternativo anti-inflamatério (M2) (Porta et al., 2009; Cherry
et al., 2014). A microglia com fendtipo M1 ¢é caracterizada por liberar
mediadores pré-inflamatorios e radicais livres contribuindo com danos a fungéo
neuroldgica e assim, promovendo neurodegeneragao. As principais citocinas
liberadas neste caso sao IL-1B, IL-6, IL-12 e TNF-a. O fendtipo M2 melhora a
capacidade de reparagdo e regeneragdo do encéfalo, aumentando a
fagocitose, e amplificando a liberacdo de fatores de crescimento, o que
contribui com a resolugao da neuroinflamacao, além de conferir prote¢ao contra
a desmielinizagao. No fendtipo M2 ocorre a liberacdo do fator de crescimento
semelhante a insulina-1 (IGF-1), IL-4, IL-10 e fator de transformagdo de
crescimento beta (TGF-B) (Jha et al., 2016). Esses fendtipos adotados em
resposta a uma lesdo especifica podem ser marcadores diagndsticos em
doencas neuroinflamatérias sendo que a natureza do microambiente inflamado
define os fendtipos globais ou estados funcionais da microglia (Ajmone-Cat et
al., 2013).

Os astrécitos desempenham uma grande diversidade de fungdes no
SNC como o fornecimento de nutrientes aos neurbnios, reciclagem de

neurotransmissores, sintese de fatores de crescimento, manutencdo da
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homeostasia do tecido nervoso e também participam da resposta imune.
Apesar de ndo serem consideradas células do sistema imune, os astrocitos
também podem expressar quimiocinas e citocinas como IL-1B, IL-6, IL-10, IFN-
a e IFN-B e TNF-a (Choi et al., 2014; Pekny e Pekna, 2014). Assim, como as
células microgliais, os astrdcitos podem alterar sua morfologia, retraindo ou
amplificando seus prolongamentos, e induzir mudancas que afetam a
neurotransmissao (Theodosis et al., 2008). Devido a capacidade dos astrocitos
de liberar diversos fatores com agao pré e anti-inflamatéria, e dessa forma,
exercer efeitos neuroprotetores e efeitos neurotdxicos, alguns estudos tentaram
definir os processos regulatorios da polarizagdo fenotipica dos astrécitos
(Tarassishin et al., 2011; Jang et al., 2013). Os astrécitos parecem
desempenhar um papel duplo de acordo com tal ativagdo fenotipica,
semelhante ao que é descrito para a microglia, caracterizando os fenétipos M1
e M2 (Hanisch e Kettenmann, 2007; Martinez et al., 2009). Essa polarizagéo
dos astrdcitos pode ocasionar a liberacao de citocinas pré ou anti-inflamatérias,
com efeitos neurotéxicos ou neuroprotetores, respectivamente. Astrécitos com
fenodtipo do tipo M1 podem liberar citocinas pré-inflamatérias como IFN-y e IL1-
B. Por outro lado, os astrocitos com fendtipo M2 liberam mediadores anti-
inflamatorios como IL-4 e IL-10 (Martinez et al., 2009).

A proteina fibrilar glial acida (GFAP) € um marcador de astrécitos ja que
€ expressa principalmente neste tipo celular. A marcacdo de GFAP é
amplamente utilizada para deteccédo de tumores de linhagem astrocitaria
(Liedtke et al., 1996), sendo o marcador imuno-histoquimico mais utilizado para
identificacdo de astrocitos (Bignami e Dahl, 1977; Catalani et al., 2002). A
GFAP é uma subunidade dos filamentos intermediarios do tipo Ill presentes no
citoesqueleto glial. A GFAP altera a estrutura do citoesqueleto, permitindo
alteragdes na morfologia dos astrécitos. Assim, pode-se afirmar que uma de
suas principais funcées € modular a motilidade e a forma dos astrocitos,
fornecendo estabilidade estrutural aos seus processos (Rodnight et al., 1997,
Allen e Barres, 2005). As células gliais mudam rapidamente sua estrutura e
funcdo em resposta a varios fatores, como perda ou comprometimento das
células nervosas, sendo que o aumento da imunorreatividade da GFAP é
considerado um indicador de lesdo cerebral. Sendo assim, os astrécitos

reagem a lesbes nervosas, aumentando a expressao de GFAP, e esta
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propriedade torna a imuno-histoquimica da GFAP um marcador util para
astrogliose, que ocorre no encéfalo apdés dano neuronal e alteragbes
vasculares (Latov et al., 1979; Hatten et al., 1991).

A astrogliose esta presente em muitas doengas que podem afetar o
SNC, incluindo as doencgas psiquiatricas e as doengas neurodegenerativas,
sendo assim, a GFAP se mostra util para a marcagéo da ativagao astroglial que
ocorre nessas doengas. Em um estudo post-mortem realizado por Mduller e
colaboradores, foi demonstrado um aumento na expressdo de GFAP nas areas
CA1 e CA2 do hipocampo em pacientes com transtornos afetivos (Muller et al.,
2001). Estudos in vitro e in vivo também demonstraram o aumento da ativagao
astroglial em diferentes modelos experimentais, como encefalomielite alérgica
experimental e modelos de epilepsia. Nessas circunstancias, os astrécitos se
tornam reativos e respondem de maneira tipica, sendo o GFAP utilizado como
um biomarcador sensivel e precoce, aumentando sua expressdo proximo ao
local de leséo (Eng et al., 2000). Doencgas neurodegenerativas como doenca de
Huntington e esclerose lateral amiotrofica também sao caracterizadas por
mudangas astrocitarias com aumento na expressdo de GFAP (Dutra et al.,
2012). A intensidade da sintese de GFAP pode estar envolvida no controle da
doencga apos a ativagéo astroglial. Se sugere que exista a participagédo desse
filamento nos processos de recuperagao e neuroprotegdo dos danos no
encéfalo (Dutra et al., 2012).

A GFAP também tem sido utilizada para marcacao de astrogliose em
estudos sobre obesidade. Em um modelo transgénico para obesidade e
diabetes mellitus tipo Il foi avaliada a imunorreatividade da GFAP no coértex
cerebral e no hipocampo. Nesses animais, foi demonstrado um aumento
significativo no numero de astrécitos no cortex frontal e parietal bem como no
hipocampo, indicando lesdo nervosa e astrogliose em decorréncia das
alteragbes metabdlicas provocadas pela obesidade (Tomassoni et al., 2013).
Outro estudo realizado por Cano e colaboradores avaliou as alteractes
morfologicas e a densidade dos astrécitos do hipocampo de ratos obesos. Foi
encontrado que os astrécitos desses animais apresentam projecbes mais
longas e menos abundantes quando comparados com 0s animais controle.
Esses dados mostram que o comprometimento funcional cognitivo que é

descrito em animais obesos € concomitante com alteragdes morfoldgicas nos
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astrocitos dentro do hipocampo (Cano et al., 2014). Assim, os astrocitos podem
responder aos insultos do SNC por sofrer hiperplasia e hipertrofia. A astrogliose
também ja foi investigada no hipotdlamo de camundongos em resposta a
obesidade, por meio de imuno-histoquimica para GFAP. Foi demonstrado que
a obesidade provoca um padrdo distinto de elevada imunorreatividade,
sugerindo que a astrogliose pode ocorrer como uma resposta a alteragdes na
barreira hematoencefalica e na circulagdo periférica dos animais obesos.
Assim, a astrogliose observada em resposta a obesidade pode ter um impacto

significativo na modulagéo e na comunicagéo neuronal (Buckman et al., 2013).

1.3 Neuroinflamacao e Prejuizos Cognitivos na Obesidade

O hipotalamo é o centro do controle energético do organismo e responde
rapidamente as alteragcbes metabdlicas. Essa capacidade é refletida pela
observacédo de que mesmo apds apenas um dia de dieta hiperlipidica, ja ocorre
ativacdo microglial no hipotdlamo e elevagcdo dos niveis de citocinas pro-
inflamatdérias como o TNF-a (Thaler et al., 2012; Kalin et al., 2015). Alguns
estudos indicam que a obesidade pode aumentar a suscetibilidade para o
desenvolvimento de doengas neurodegenerativas, e as células gliais séo
fundamentais na resposta inflamatoria central causada pelo excesso de
alimentacdo. Gonzdles e colaboradores demonstraram que uma dieta
hiperlipidica pode levar a uma produgdo excessiva de IL-6 pela microglia
ativada e causar também ativagdo subsequente de astrécidos, devido aos
estimulos das citocinas pré-inflamatérias (Tapia-Gonzélez et al., 2011).

Ao longo da vida existe um declinio natural das fungdes cognitivas,
contudo alguns fatores ambientais podem potencializar esse declinio, como a
obesidade (Haan e Wallace, 2004). Em humanos, ja foi demonstrado que a
obesidade pode causar déficits de aprendizagem e memoria (Elias et al., 2005).
As evidéncias atuais sugerem que a obesidade e as consequéncias da
obesidade que podem incluir hipertensdo, doenca cardiovascular, diabetes,
entre outras, contribuem significativamente para o declinio cognitivo e podem
acelerar o desenvolvimento de deméncias (Qiu et al., 2007).

A ativagdo de vias inflamatérias pode contribuir para prejuizos nas

funcdes cognitivas o que parece estar relacionado a obesidade, embora os
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mecanismos pelos quais isso ocorre ainda sejam pouco entendidos. Ja esta
demonstrado que a obesidade afeta a aprendizagem em roedores (Hwang et
al., 2010; Pistell et al., 2010). Nos humanos tem se sugerido que os individuos
que apresentam obesidade podem ter deficiéncia nos processos de atencao e
memoria e isso pode contribuir para a perda de controle da ingestdo alimentar
(Martin e Davidson, 2014; Prickett et al, 2015). Algumas investigacoes
demostram que animais e homens obesos que consomem dietas hiperlipidicas
podem apresentar pior desempenho em testes de meméria e de aprendizado,
gquando comparados aos que apresentam peso adequado e mantém uma dieta
mais equilibrada (Greenwood e Winocur, 2001; Heyne et al., 2009; Abildgaard
et al., 2011). Em humanos, uma elevada relagéo cintura/quadril € associada a
declinio cognitivo, especialmente em idades avancadas (Wolf et al., 2007).

Além disso, diversas evidéncias indicam que a neurodegeneragao pode
estar associada com a presenca de inflamagdo em varias doengas
neuroldgicas e neurodegenerativas, como por exemplo esclerose multipla,
doencga de Alzheimer, doenga de Parkinson, doenga de Huntington, depressao,
epilepsia, entre outras (Morales et al., 2014; Calsolaro e Edison, 2016).
Contudo, em algumas disfungdes neuroldgicas, especula-se se a inflamagao é
causa ou consequéncia dessas doencas. Na doenca de Alzheimer, por
exemplo, sabe-se que existe um aumento dos niveis de citocinas pro-
inflamatdrias como TNF-a ou IL-6 no tecido nervoso desses pacientes (Strauss
et al., 1992).

Nos paises ocidentais, as doencas neurodegenerativas sdo a sexta
maior causa de morte, sendo que 35,6 milhbes de pessoas sofrem de
deméncia em todo o mundo. E previsto que a populacdo de pacientes com
deméncia chegue a 115,4 milhdes em 2050 (Andrews-Hanna et al., 2007;
Wimo et al.,, 2013). Esse aumento também esta relacionado com a maior
longevidade da populagdo. Assim, ja que o numero de pessoas com deméncias
como a doenga de Alzheimer estd aumentando na populacdo mundial, os
estudos sobre tratamentos mais efetivos ou medidas preventivas sédo de
extrema importancia.

A doenca de Alzheimer é a causa mais comum de deméncia progressiva
do envelhecimento nas populacbes humanas, é um disturbio que esta

relacionado com a idade e é caracterizado pelo declinio nas fungdes cognitivas
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e sociais como perda de memodria, bem como alteragbes emocionais
(Grammas, 2011; Da Mesquita et al., 2016). Bayer-Carter e colaboradores
demostraram que a administracdo de uma dieta hiperlipidica por apenas quatro
semanas ja é suficiente para causar alteragbes comportamentais e bioquimicas
que indicam risco aumentado a doenga de Alzheimer em homens idosos
(Bayer-Carter et al., 2011). Os mecanismos envolvidos nessa correlagdo séo
indeterminados, porém estudos recentes indicam que o elo entre obesidade e
disfungdo neurologica pode ser a inflamagdo sustentada presente nestes
individuos (Glass et al., 2010). Portanto, j4 que a obesidade causa uma
inflamacado sistémica sustentada que repercute no SNC provocando
neuroinflamagao, pode-se presumir que a obesidade seja um fator causal de
disfungbes neuroldégicas por meio da ativagao desse fendtipo pré-inflamatério.
Dessa forma, estudos que busquem esclarecer esses mecanismos sao de
grande relevancia.

O impacto de uma dieta hiperlipidica sobre o metabolismo sistémico e
parametros comportamentais de memoria também ja foi investigado
comparando-se ratos machos e fémeas. Os machos alimentados com dieta
hiperlipidica tornaram-se obesos, apresentando também hiperglicemia de jejum
e elevacdao nos niveis de corticosterona. As fémeas submetidas a dieta
hiperlipidica apresentaram apenas elevagdo nos niveis de corticosterona.
Contudo, os animais de ambos os sexos alimentados com dieta hiperlipidica
apresentaram um pior desempenho no teste de reconhecimento espacial de
objetos, que é um teste de memodria que avalia a funcdo hipocampal
(Underwood e Thompson, 2016).

Como diversas evidéncias apontam para um prejuizo cognitivo na
obesidade, Kosari e colaboradores desenvolveram um estudo com o objetivo
de determinar se uma dieta hiperlipidica poderia afetar a memaria dos ratos ou
se a deficiéncia cognitiva induzida pela dieta estaria ligada ao nivel de
acetilcolina no encéfalo. Os resultados demonstraram que o consumo de uma
dieta hiperlipidica por doze semanas prejudicou a memoria espacial dos ratos,
0s quais tiveram aumento do peso corporal, da pressao arterial e nos niveis de
triglicerideos. Porém, nao foram observadas alteragdes significativas nos

marcadores de acetilcolina cerebral (Kosari et al., 2012).
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Apesar do numero expressivo de estudos que confirmam a associagao
entre a obesidade e o declinio cognitivo, os mecanismos biolégicos dos efeitos

da dieta sobre a fungao cerebral sdo desconhecidos.

1.4 Omega-3

Os acidos graxos 6mega-6 (n-6 ou w-6) e 6mega-3 (n-3 ou w-3) sao
acidos graxos poliinsaturados (PUFAs) essenciais, e dessa forma, ndo sao
produzidos pelo proprio organismo humano, devendo ser obtidos a partir da
dieta. Na familia 6mega-3, a estrutura quimica consiste em uma dupla ligagao
no 3o carbono a partir do grupo metil terminal, na extremidade oposta da
carboxila. Os acidos linoléico (18:2n-6, LA) e o araquidénico (20:4n-6, AA) sao
pertencentes a familia 6mega-6. A familia émega-3 é constituida pelos acidos
alfa-linolénico (18:3n-3, ALA), eicosapentaendico (20:5n-3, EPA) e
docosahexaendico (22:6n-3, DHA).

Nos alimentos, sdo encontrados os acidos ALA e LA, e a partir da acao
de enzimas hepaticas, eles sdo convertidos em acidos graxos poliinsaturados
de cadeia longa (LC-PUFAs), que apresentam importantes fungdes no
organismo, desde a constituicdo das membranas celulares até a regulacido de
processos metabolicos (Haag, 2003).

Esses acidos graxos poliinsaturados (PUFAs) do tipo EPA e DHA estéo
presentes em peixes como sardinha, salméo, cavalinha e atum. O ALA sofre
reacdes de dessaturacdo e alongamento no reticulo endoplasmatico das
células hepaticas, permitindo a formagado dos outros acidos graxos dessa
familia como o EPA e o DHA (Qiu et al., 2001). O EPA possui uma conhecida
acao anti-inflamatoéria no organismo, enquanto o DHA desempenha um papel
fundamental na visdo, neuroprotecdo, envelhecimento saudavel, memodria e
outras funcdes (Mesquita et al., 2011).

Os PUFAs do tipo dmega-3 exercem uma grande variedade de efeitos
biolégicos e sédo estudados em varias condicdes clinicas distintas como doenca
coronariana, hipertensao, hiperlipidemia, diabetes, doencas renais e doencgas
inflamatdrias. Esses PUFAs possuem uma agao anti-inflamatéria, pois reduzem
a sintese de derivados do acido araquidénico (Nicolas G. Bazan et al., 2012).

Além disso, no SNC, eles também influenciam na atividade enzimatica,
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sinalizagao celular, plasticidade sinaptica, liberagdo de neurotransmissores e
também modulacdo de citocinas que possuem atividade neuromodulatéria e
neurotransmissora (Hogyes et al., 2003).

Nemeth e colaboradores, investigaram os efeitos do consumo de acidos
graxos insaturados (UFAs) sobre o desempenho cognitivo de cobaias machos
e fémeas. Nesse estudo, dietas diferentes foram administradas entre os
grupos: um grupo recebeu uma dieta enriquecida tanto em sementes de chia
(ébmega-3), nozes (6mega-6), ou amendoim (dmega-9) e o outro grupo recebeu
uma dieta controle. Foi sugerido que o consumo de UFAs possa afetar
positivamente a aprendizagem espacial, a memoria e também diminuir as
consequéncias negativas do estresse fisiologico sobre as habilidades
cognitivas. O estudo ainda mostrou efeitos especificos do género.
Aparentemente, pode-se melhorar a aprendizagem espacial apenas no sexo
feminino, enquanto nos machos, os UFAS parecem melhorar a memoaria de
longa duragéo (Nemeth et al., 2015).

Outros estudos também mostram que o aumento do consumo de peixe e
o consumo de DHA e EPA sé&o associados com reducgéo de declinio cognitivo
(Kalmijn et al., 1997; Huang et al., 2005). Além disso, o declinio cognitivo
também esta associado com os niveis reduzidos de DHA no encéfalo (Schaefer
et al., 2006; Lopez et al., 2011). Além disso, a administragcado oral de DHA e
também de EPA protege contra perda de memoédria em modelo animal para
doenca de Alzheimer, e esse efeito protetor foi acompanhado por um aumento
cortical de EPA e DHA (Hashimoto et al., 2009). Isso também é acompanhado
por uma acumulacao de DHA nos tecidos, com uma diminuicido correspondente
no estresse oxidativo e um aumento na expressdo de proteinas relacionadas
com a plasticidade sinaptica (Hashimoto et al., 2009). Em outro estudo, foi
investigado se EPA e DHA poderiam melhorar a capacidade de aprendizagem
de ratos envelhecidos, e o resultado sugere que a administracdo cronica de
EPA e DHA pode ser uma estratégia de prevencao contra o declinio cognitivo
relacionado com a idade (Hashimoto et al., 2015).

A deficiéncia de DHA pode causar estresse oxidativo por meio de
processos de peroxidacdo lipidica, oxidacdo proteica e que também esta
associado ao aumento da produgéo do peptideo B-amiloide no SNC (Green et

al., 2007). O consumo de DHA pode evitar a produgcéo do peptideo B-amiloide
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por inibicdo do estresse oxidativo, podendo assim contribuir para a melhora do
aprendizado e do raciocinio (Hashimoto et al., 2005). Assim, o consumo do
Omega-3 possui beneficios que podem proteger o SNC dos efeitos do estresse
oxidativo e do envelhecimento.

Ainda, os acidos graxos do tipo dmega-3 podem ser incorporados aos
fosfolipidios das membranas celulares. A mudanga na composigdo dos acidos
graxos das membranas permite manter a fluidez nas mesmas e modificar a
formacado de derivados lipidicos, podendo influenciar, dessa forma, a funcao
celular. Essa alteragéao nas propriedades fisicas das membranas pode também
provocar efeitos sobre as vias de sinalizagdo por modificar os mecanismos de
transducao de sinal intracelular (Yagoob e Shaikh, 2010).

Existem dois fatores de transcricdo que desempenham um papel
importante na inflamagao, o fator de transcricdo nuclear kappa B (NF-kB) e o
receptor nuclear ativado por proliferadores de peroxissomos gama (PPARYy). O
NF-kB pode desempenhar um papel importante nas varias vias de sinalizagao
inflamatoérias podendo controlar a expressdo de moléculas de adesao,
quimiocinas e citocinas (Kumar et al., 2004). A via classica de ativagdo do NF-
KB por estimulos inflamatoérios ocorre por meio da fosforilagdo e degradacao de
sua subunidade inibitéria, o IkB, que esta localizado no citosol. A degradagao
do IkB causa a translocacdo das subunidades p50 e p65 para o nucleo da
célula o que leva a ativacdo do NF-kB. O NF-kB quando ativado induz a
expressdo de mais genes pro-inflamatérios. O PPARy possui uma agéo anti-
inflamatodria regulando a expressao génica, podendo interferir na ativacdo do
NF-kB ao inibir sua a¢ao, o que acaba criando uma interacado entre estes dois
fatores de transcricdo (Vanden Berghe et al., 2003). Os PUFAs parecem estar
envolvidos na inibicdo da degradagdo do |kB e consequentemente na
diminuicdo da ativagdo do NF-kB (Lee et al., 2001). Os PUFAs podem ser
considerados ligantes naturais de PPARy (Grygiel-Gérniak, 2014). Alguns
estudos sugerem que o dmega-3 pode melhorar o metabolismo lipidico e a
capacidade anti-inflamatoria, por regular genes relacionados a sinalizagdo do
PPARy (Banga et al., 2009; Anderson et al, 2014). Estudos envolvendo
suplementagdo com 6leo de peixe indicaram que o 6mega-3 pode atuar sobre
processos inflamatérios por inibir a ativacido do NF-kB e a producédo de TNF-q,
IL-18, IL-6 (Baumann et al., 1999; Trebble et al., 2003).
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O efeito anti-inflamatério do émega-3 também ocorre devido ao seu
envolvimento no desvio da sintese de acido araquidénico. O acido araquidénico
€ o substrato primario para a sintese de eicosanoides por meio das vias
ciclooxigenase (COX), lipoxigenase e citocromo P450, dando origem a
prostaglandinas seérie 2 e leucotrienos série 4 (Siriwardhana et al,, 2013). A
enzima COX é expressa como duas isoformas, a COX-1 e a COX-2. A COX-1
€ a enzima induzivel que é expressa em nivel basal na maioria dos tecidos,
sendo responsavel por funcdes protetoras do organismo. A COX-2, no entanto,
€ uma enzima ativada no processo inflamatério e que leva a produgao de
prostaglandinas (Donnelly e Hawkey, 1997). A COX desempenha um papel
essencial na neuroinflamacao, sendo que as enzimas COX-1 e COX-2 séo
localizadas nos neurdnios, astrocitos e nas células da microglia, e podem ser
induzidas por varias condi¢des (Consilvio et al., 2004). A regido promotora da
COX-2 contém dois sitios de ligagao para o NF-kB sendo demonstrado que
este fator de transcricao € um regulador positivo da expressdo de COX-2 em
varias células humanas (Chun e Surh, 2004).

Um estudo realizado com ratos submetidos a uma dieta com alto teor de
gordura em comparagdo com uma dieta com baixo teor de gordura, demostrou
que o aumento dos niveis de gordura da dieta podem reduzir a expressao de
COX-2 no SNC dos ratos (Zhang et al., 2005). Ja a privagdo do acido DHA
também reduz a COX-1 e aumenta a expressédo da COX-2 (Rao et al., 2007).
Os derivados do EPA atuam como antagonistas dos mediadores derivados do
AA (Calder, 2001).
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Figura 1- Metabolismo dos acidos graxos das familias émega-3 e dmega-6. AA,
acido araquidonico; DHA, acido docosahexaenodico; DPA, acido

docosapentaenoico; EPA, acido eicosapentaendico. [Fonte: Calder (2015)].

Os acidos graxos 6mega-3 e o 6mega-6 competem entre si pelas
mesmas enzimas envolvidas nas reagdes de elongacao e dessaturagcéo, sendo
que essas enzimas possuem umas maior afinidade pelos acidos graxos
6mega-3 (Teitelbaum e Allan Walker, 2001). As dessaturases sdo enzimas que
atuam oxidando dois carbonos da cadeia com formagédo de duplas ligagbes e
as elongases atuam adicionando dois atomos de carbono a cadeia. Essas
dessaturases possuem a capacidade de introduzir duplas ligagdes nas
posicoes A5, A6 e A9, sendo que as enzimas A5 e A6 atuam na dessaturagéo
dos PUFAs, e a A9 dessaturase atua na sintese dos acidos graxos
monoinsaturados (Qiu, 2003). E de grande importancia na alimentacdo humana
a razao entre a ingestao diaria de alimentos fontes de 6mega-6 e 6mega-3.
Tem sido recomendado por alguns autores as razées de dmega-6 e 6mega-3
2:1 a 3:1, por isso possibilitar uma maior conversédo do acido alfa-linolénico em

DHA que alcanga o seu valor maximo em torno de 2,3:1. Uma alimentagao
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baseada em razbes 6mega-6/6mega-3 inferiores a 1:1 ndo sao recomendadas,
por inibirem a transformagé&o do acido linoléico em PUFAs (Martin et al., 2006).

Os efeitos anti-inflamatérios do dmega-3 e as agbes benéficas do
consumo regular de alimentos enriquecidos com acidos graxos poliinsaturados
sobre a fungdo cognitiva sdo bem demonstrados (Robinson et al., 2010;
Muldoon et al., 2014). Contudo, sua fungdo neuroprotetora ainda €
questionada. Assim, o estudo de um modelo experimental de obesidade
associado a administracdo de 6mega-3 pode fornecer subsidios para o

esclarecimento da fungéo deste acido graxo como agente neuroprotetor.
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2. Obijetivos

2.1 Objetivo geral

Avaliar se a dieta hiperlipidica interfere na memoria e nos marcadores de
neuroinflamacado em ratos Wistar, e se o tratamento com émega-3 é capaz de
reverter estes efeitos.

2.2 Objetivos especificos

e Determinar se a dieta hiperlipidica empregada causa obesidade e/ou
sindrome metabdlica.

e Avaliar se a obesidade afeta a memoria de longa duragdo nos animais
estudados.

e Avaliar se o tratamento com 6&mega-3 reverte os efeitos da dieta
hiperlipidica sobre a memaria de longa duragao.

¢ Identificar qual o impacto da dieta hiperlipidica e da suplementagcao com
6mega-3 sobre a ativagdo astrocitaria no cértex cerebral e no
hipocampo.

e Determinar a expressdo génica das citocinas pro-inflamatérias IL-6 e
TNF-a e da anti-inflamatéria IL-10 no cértex cerebral dos animais
estudados.
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3. Justificativa

Uma das principais caracteristicas da obesidade é a exacerbagao do
estado inflamatério sistémico, sendo esta condicdo um fator predisponente a
diversas doencgas, incluindo as que afetam o SNC. Os mecanismos
responsaveis por esta relagcao nao sao completamente compreendidos, porém,
nos ultimos anos, diversas evidéncias indicam que a neuroinflamagao causada
pela obesidade pode ser um fator etioldgico para declinio cognitivo. Devido ao
crescente numero de obesos na populagdo mundial, € necessario a busca por
medidas preventivas e de combate ao ganho de peso, bem como o
desenvolvimento de terapias que minimizem os efeitos deletérios da obesidade
sobre a saude. Como os &acidos graxos da familia 6mega-3 possuem uma
importante acdo anti-inflamatdria, o estudo de seu efeito sobre neuroinflamacao
e cognigao pode auxiliar na busca de estratégias de prevencgao e/ou tratamento

dos efeitos deletérios da obesidade.
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ABSTRACT

Neuroinflammation is a consequence of overeating and may predispose to the
development of cognitive decline and neurological disorders. This study aimed
to evaluate the impact of omega-3 supplementation on memory and
neuroinflammatory markers of rats fed a high-fat diet. Male Wistar rats (n=40)
were divided into four groups: standard diet (SD); standard diet + omega-3
(SD+0); high fat diet (HFD); High fat diet + omega-3 (HFD+O). Diet
administration was performed for 20 weeks and omega-3 supplementation
started at 16th week. HFD significantly increased body weight and omega-3
supplementation did not modify the total weight gain (p<0.0001). However,
animals from HFD+O group showed a lower amount of visceral fat (p=0.0015)
along with an improvement in insulin sensitivity following HFD (p=0.0154). HFD
animals presented an impairment in the object recognition memory, which was
not recovered by omega-3. There was an increase in GFAP-positive cells in
cerebral cortex of HFD group (p=0.0007), however no differences were found in
hippocampus. We also found a significant increase in gene expression of
proinflammatory cytokines IL-6 (p=0.0352) and TNF-a (p=0.0016) in the HFD
group. Our results demonstrate a beneficial metabolic role of omega-3 following
HFD. However, omega-3 supplementation was not sufficient to reverse the
memory deficit caused by HFD, although it played an important role in reducing
the neuroinflammatory profile. Therefore, omega-3 fatty acids may play an
important role in the central nervous system, preventing the progression of

neuroinflammation in obesity.

Keywords: Obesity; polyunsaturated fatty acids; GFAP; tumor necrosis factor-

a; interleukin-6; inflammation
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Introduction

The prevalence of obesity has increased over the last decades making it
a major public health problem worldwide. An imbalance between energy intake
and energy expenditure leads to overproduction of body fat, which may cause
various metabolic disorders (Hossain et al. 2007; Mello et al. 2006). The
association between this excess of body fat and cardiovascular diseases
(Aghamohammadzadeh and Heagerty 2012; Kenchaiah et al. 2004; Lotufo
2000), some types of cancers (Demark-Wahnefried et al. 2012) and diabetes
mellitus type Il is well known (Wannamethee and Shaper 1999). Besides these
classical comorbidities, there is paramount evidence of the relationship between
obesity and neurological dysfunction, including neuropsychiatric and
neurodegenerative diseases (Calsolaro and Edison 2016; Morales et al. 2014).

An important feature of the obesity is the chronic low-grade inflammation
that occurs in the metabolic tissues, especially in the adipose tissue. This
inflammatory state, named metainflammation, is the main cause of the
maladaptative responses to obesity. The increased secretion of
proinflammatory cytokines by the adipose tissue, such as tumor necrosis factor-
alpha (TNF-a), interleukin 6 (IL-6) and interleukin-13 (IL-1B), can inhibit insulin
signaling (Bullé et al. 2007; Maury and Brichard 2010; Shah et al. 2008). Hence,
the proinflammatory phenotype is associated with insulin resistance, and
together, these features promote a widespread repercussion in the body
systems. On the other hand, it was already demonstrated that a reduction in the
body weight leads to an increased expression of anti-inflammatory adipokines
concomitantly with a decrease in insulin resistance and in the levels of
proinflammatory cytokines (Shah et al. 2008). Thus, strategies to contribute to
weight loss are highly beneficial.

Previous studies have shown that, in obesity, inflammation in the
hypothalamus may contribute to the inappropriate regulation of energy
metabolism (van de Sande-Lee and Velloso 2012). However, this
proinflammatory activity is not limited to hypothalamus, being propagated to
other brain regions affecting a variety of brain functions (Gregor and Hotamisligil
2011). In addition, obesity can increase susceptibility for the development of

neurodegenerative diseases, and neuroinflammation is a potential causal factor
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of the dysregulation in the central nervous system caused by overeating. It was
shown that a high fat diet can lead to excessive production of IL-6 by activated
microglia and also cause the subsequent activation of astrocytes due to
stimulation of the pro-inflammatory cytokines (Tapia-Gonzalez et al. 2011).
These neuroinflammatory responses are harmful, since these mechanisms are
associated with neuropathological processes and neurodegeneration
(Ransohoff et al. 2015). The long-term inflammation could have disastrous
consequences in the CNS, such as loss of synapses, affecting cognition and
executive functions (Hein and O'Banion 2009; Kohman and Rhodes 2013).
Throughout life there is a natural decline in cognitive functions, however, some
environmental factors, such as obesity, may accelerate this decline (Haan and
Wallace 2004). The activation of inflammatory pathways may contribute to
impairment in learning and memory, which may be related to obesity, although
the mechanisms by which this occurs are still poorly understood (Hwang et al.
2010; Pistell et al. 2010).

Polyunsaturated fatty acids (PUFAs) from omega-3 family are well known
to suppress neuroinflammation and reduce oxidative stress. These PUFAs have
an anti-inflammatory action, reducing the synthesis of arachidonic acid
derivatives (Nicolas G. Bazan et al. 2012). Furthermore, in the CNS, they
influence enzymatic activity, cell signaling, synaptic plasticity, neurotransmitter
release, and they modulate cytokines that have neuromodulatory activity
(Hogyes et al. 2003). It has been suggested that the consumption of
unsaturated fatty acids (UFAs) can positively affect spatial learning, memory
and also decrease the negative effects of physiological stress on cognitive skills
(Nemeth et al. 2015).

Despite the important action of omega-3 family of PUFAs as anti-
inflammatory molecules, the present study aimed to evaluate the impact of
omega-3 supplementation on memory and neuroinflammatory markers of obese

rats.
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Materials and methods

Animals

Male Wistar rats (n=40) from the animal facility of the Universidade Federal de
Ciéncias da Saude de Porto Alegre were used. Animals had free access to
standard rat chow and water until the age of 7 months. Rats were housed in
plastic cages (2-3 rats per cage) under controlled temperature (22-24°C) and
light (12h light/12h dark cycle; lights on at 6:00 a.m.) conditions.

All efforts were made to minimize animal suffering and to reduce the
number of animals used in the experiments and were performed in accordance
with international laws for the care of laboratory animals. All procedures were
approved by the Institutional Animal Care and Use Committee (UFCSPA, Brazil,
protocol No. 261/14).

Diet and omega-3 administration

Seven months old rats were divided into the following experimental
groups: standard diet + vehicle (SD, n=11); standard diet + omega-3 (SD+O,
n=8); high fat diet (HFD, n=12) + vehicle; high fat diet + omega-3 (HFD+O,
n=9). SD or HFD was administered for 20 weeks. Omega-3 supplementation
was performed from 16" to 20" week of diet administration. Omega-3 was
administered daily through gavage at a dose of 1g/kg.

SD and SD+O groups were fed with Nuvilab® CR-1 standard rat chow
(NUVITAL®, Curitiba, PR, Brazil) providing a total energy content of 3.4 kcal/g
(63% carbohydrates, 26% protein, 11% fat). Animals from HFD and HFD+O
groups were fed a high fat diet (Pragsolugbes Biociéncias, Jau, SP, Brazil)
providing a total energy of 4.5 kcal/lg (35.7% carbohydrate, 19.2% protein,

45.1% fat). Nutritional information was provided by manufacturers.

Object recognition test

In the last week of the diet administration, animals were submitted to the
object recognition test. In the first day, rats were habituated in an acrylic box
(40cm x 40cm) delimited by four walls 20cm height. Twenty-four hours after the

habituation, the training session was conducted. Animals were placed
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individually in the left rear quadrant of the box containing two different objects
(A and B), being allowed to freely explore them for 5 minutes. The retention test
was performed 24 hours after training session. For the test, rats were
individually reintroduced into the box where one of the objects presented during
training was randomly replaced by a new object (C). Exploration of an object
was defined as directing the nose towards the object at a distance less than 2
cm and/or when the animal touched the object with the nose (Ennaceur and
Delacour 1988). The exploration time of the familiar and the new object were

counted.

Tissue and blood collection

At the end of experimental time course, animals were decapitated for
blood and tissue collection. Trunk blood was collected and, after centrifugation
(1500 x g for 10 min at 4°C), serum was separated and stored at -80°C for later
analysis. The brain was quickly removed and right and left hemispheres were
separated. The right hemisphere was put in a fixative solution for histological
analyses. Cerebral cortex was dissected out from the left hemisphere and
quickly frozen in liquid nitrogen as previously described in De Moura et al.
(2015) (de Moura et al. 2015).

Blood analysis

Serum levels of glucose were analyzed using colorimetric kits (LabTest),
according instructions of manufacturer. Enzyme-linked immunosorbent assay
(ELISA) commercial kit (Millipore) was used to analyze serum levels of insulin

according instructions of manufacturer.

HOMA index

The HOMA (homeostasis model assessment) index was used in order to
quantify insulin resistance and beta cell function in the pancreas (Matthews et
al. 1985). The index is calculated based on blood levels of glucose (mmol/L)
and insulin (mU/L), using the following formula: (glucose blood levels x insulin
blood levels) / 22.5. (Nattiv et al. 2007).
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Immunohistochemical staining (IHC)

For immunohistochemistry, the left hemisphere of the brain was fixed in a
zinc buffer solution (pH 7.4) for 48h at room temperature. After this period,
tissues were dehydrated, embedded in paraffin and sectioned (8 um thick)
using a microtome. Sections were treated with 3% hydrogen peroxide in 10%
methanol for 30 min, washed in PBS for 30 min and incubated for 30 min in 3%
normal goat serum in PBS containing 0,4% Triton X-100 (PBS-T). Then,
sections were incubated for 48h at 4°C with a monoclonal anti-GFAP antibody
(Millipore), diluted 1:750. Sections were incubated with anti-mouse IgG
peroxidase-conjugated secondary antibody (Sigma), diluted 1:500 in PBS-T, for
90 min at room temperature. Immunoreaction was developed using a solution of
0.06% 3,3’-diaminobenzidine tetrahydrochloride (Sigma) and 0.005% hydrogen
peroxide in PBS. Sections were counterstained with hematoxylin, dehydrated,
and covered with Entellan (Merck) and coverslips. Digital images were acquired
using a digital camera coupled to an Olympus BX-41 microscope using a 20x
objective lens. The images were analyzed using ImageJ software

(http://imagej.nih.gov/ii/). Three randomly selected fields were analyzed in six

nonadjacent sections. Five animals per group were analyzed.

Molecular analyses
RNA extraction

RNA was extracted from the samples with Trizol (Invitrogen) which was
used according to the manufacturer's recommendations. The structures of the
brain were homogenized in the presence of Trizol (1:5, v/v); aqueous phase
was obtained by centrifugation (12000 x g, 15 min). The RNA was precipitated
with isopropanol, for 15 min at room temperature, followed by centrifugation at
12000 x g for 10 min. The pellets were resuspended in 0.1% DEPC-treated
water. The concentration of total RNA was determined by measuring the optical
density at 260 nm and purity of the RNA was evaluated on the basis of the ratio

280 nm / 260 nm and electrophoresis on agarose gel (Langnaese et al. 2008).

cDNA synthesis
Total RNA (1 ug) was used as a template to synthesize cDNA. The RNA
was incubated with 1 pl oligo (dT) (0.5 pg/pl, Invitrogen), 1 ul 10 mM dNTP and
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DEPC-water to a final volume of 12 pl, for 5 minutes at 60°C, and then 1 min in
ice. The following reagents were then added to a final volume of 19 pl: 4 pl of
RT buffer (50 mM Tris-HCI, pH 8.3, 75 mM KCI, 3 mM MgCl2), 2 yl 0.1 M DTT,
and 1 pl RNaseOUT (40 U/pl, Invitrogen). After 2 min incubation at 37°C, 1 pl
M-MLV-RT (200 U/ul; Invitrogen) was added and cDNA synthesis was carried
out at 50-C for 1 h. The reaction was inactivated by incubation at 70°C for 15

min.

Real time PCR (qPCR)

The expression of TNF-a, IL6 and IL10 was performed. The
housekeeping genes beta-actin (ActB) and Cyclophilin A (CypA), which have
been shown to be stable in each brain area, were used as control. Amplification
was carried out using 7.5 pL of SYBR Green PCR Master Mix (Applied
Biosystems), 0.5 uL of forward and reverse primers (0.33 M each), 100 ng of
cDNA and nuclease-free water, in a total volume of 15 pyL. Reactions were
performed in an optical 96-well plate, using a StepOnePlusTM thermocycler
(Applied Biosystems). After an initial denaturation step at 95°C for 10 min,
amplification was performed in 40 cycles of denaturation at 95°C for 30 s,
annealing at 60°C for 40 s and extension at 72°C for 40 s. Amplification was
followed by a melting curve analysis to confirm PCR product specificity. No
signals were detected in no-template controls. The experimental Ct (cycle
threshold) was calculated using the algorithm enhancements provided by the
equipment. All samples were run in duplicate and the mean value of each
duplicate was used for all further calculations (Cook et al. 2010; Langnaese et
al. 2008; Nelissen et al. 2010). The Ct value of each reaction was used to
calculate the level of mMRNA expression of each specific gene, after normalizing
it to the expression of the control housekeeping gene (HKG) genes analyzed in

the same reaction plate (Zimmermann-Peruzatto et al. 2016).

Statistical analyses

The data are expressed as mean + SEM, and analyzed by Student’s t test
or one-way ANOVA, with Student-Newman Keuls post-hoc. GraphPad Prism
5.0 was used for the statistical analyses. The significance level was set at
p<0.05.



O J o U bW

OO UG UG UIUUTOUTOTOT N BB BB BB DBEDDRNWWWWWWWWWWNRNRNNNNNNNN R R
GRWNRFRFOOVWOJdAANEWNROW®®JIANUTAWNROWOOAdNTEWNRFROWOW®-JAURWNROW®OW-T0UAWNR O W

Results

Animals from HFD group gained significantly more weight over time than
the animals fed a standard diet (F336=10.18, p<0.0001). Omega-3 treatment
(HFD+O group) did not revert significantly this parameter and weight gain in
HFD+O group was also higher than SD and SD+O groups.

However, when visceral adiposity was evaluated, HFD group showed a
significant increase in visceral fat depot compared to the other groups
(F336=6.325, p=0.001). Thus, omega-3 supplementation is able to prevent
visceral adiposity in obese rats. Plasma insulin (F335=2.311, p=0.09) and
glycemia (F334=4.089, p=0.01) did not show any differences among groups.
However, HOMA-IR, which provides an estimation of insulin resistance, was
significantly higher in HFD group (F336=3.487, p=0.02). HOMA-IR of HFD+O
group was similar to control groups, showing that omega-3 PUFA improves
insulin sensitivity in obesity (Table 2).

In order to assess if HFD-induced obesity can interfere in animal
recognition memory, object recognition test was performed. This task evaluates
long-term memory through the ability to memorize and recognize both new and
already known objects, 24 hours after the training session (Caletti et al. 2015;
Rossato et al. 2007). In SD and SD+O groups animals expend significantly
more time exploring the new object during the test session, which means that
these rats recognized familiar and non-familiar objects (SD p=0.02; SD+O
p=0.02). On the other hand, animals fed a HFD did not exhibit differences in the
exploration time between familiar and new objects (HFD p=0.21; HFD+O
p=0.66) showing that obesity causes long-term memory impairment. These
results also demonstrate that omega-3 did not exert a protective effect on the
recognition memory (Fig.1).

GFAP was assessed by immunohistochemistry in order to determine the
HFD effect on astrocyte activation. GFAP is an astrocyte marker and GFAP
labeling is widely used for the detection of tumors of astrocytic lineage (Liedtke
et al. 1996), being the most used immunohistochemical marker for the
identification of astrocytes (Catalani et al. 2002). There was an increase in the
number of GFAP-positive cells in the cerebral cortex of HFD group, showing
that obesity leads to astrocytic activation (F360=6.538, p=0.0007) (Fig 2).
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HFD+O group did not show the same increase in the number of GFAP-positive
cells, which indicates that omega-3 may exert a protective role in the cerebral
cortex by diminishing the activation state of astrocytes. Interestingly, there was
no significant difference among groups in the number of GFAP-positive cell in
the hippocampus (F3,164=6.278, p=0.43) (Fig.3).

The gene expression of the neuroinflammatory markers TNF-qa, IL-6 and
IL-10 was also determined in the cerebral cortex.. We found a significant
increase of pro-inflammatory cytokines IL-6 (F321=3.44, p=0.03) and TNF-a
(F320=6.57, p=0.001) gene expression in HFD group. Once more, HFD+O rats
exhibited a response similar to SD and SD+0O, demonstrating that omega-3 may
control obesity-induced neuroinflammation. The anti-inflammatory cytokine IL-
10 did not show differences in gene expression among groups (F324=0.45,
p=0.72) (Fig. 4).

Discussion

In the present study, we showed that omega-3 supplementation is able to
revert insulin resistance and the increase in visceral adiposity caused by HFD. It
is well demonstrated that increased visceral fat is a causal factor of metabolic
syndrome (Després and Lemieux 2006). The development of visceral adipose
tissue also contributes to a heightened secretion of proinflammatory mediators,
contributing to the systemic state of inflammation found in obesity (Gregor and
Hotamisligil 2011). Although we did not find significant differences in plasma
insulin and glycemia, HOMA-IR was significantly higher in HFD group. Omega-3
supplementation ameliorates insulin sensitivity since HFD+O group showed
HOMA-IR similar to rats fed standard diet. Our findings are in agreement with
previous studies that demonstrated reduction in adiposity and improvement in
insulin sensitivity when a high fat diet is associated with omega-3
supplementation (de Sa et al. 2016; Rokling-Andersen et al. 2009; Storlien et al.
1987). In the present study, we showed that HFD induced a higher weight gain
than SD, independent of omega-3 administration. LeMieux et al. (2015), also
reported that omega-3 did not interfere in total body weight in HFD fed mice.
However, they found a reduction in adipocyte size and adipogenesis following
omega-3 supplementation (LeMieux et al. 2015). Then, omega-3 exerts an

important role in the maintenance of metabolic tissues homeostasis.
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In spite of the important metabolic repercussions of omega-3
supplementation, we could not show any improvement in long-term memory
related to omega-3 treatment. Our findings are in agreement with previous
studies showing memory impairment in experimental models of obesity in
rodents. Molteni et al. (2002) reported spatial memory deficits in female rats two
months after they were fed a high saturated fat and refined sugar diet (Molteni
et al. 2002). A similar diet administered for five months produced deficits in
spatial learning and long-term memory evaluated in the 8-arm radial maze in
adult male rats (Ullrich et al. 2010). In our study, 20 weeks of HFD with 45% of
energy from fat also promoted memory impairment as showed by object
recognition task. However, shorter HFD administration is already sufficient to
induce cognitive deficits as demonstrated elsewhere. It was already shown that
four to five weeks of high fat diet also produces spatial memory deficits in young
rats (Gergerlioglu et al. 2016; Pathan et al. 2008).

In our study, omega-3 was administered for four weeks after 16 weeks of
HFD, in order to evaluate if the effects caused by HFD could be reversed by
omega-3. In this case, the results have shown that omega-3 did not exert a
protective effect on animal recognition memory. We can assume that four
weeks of omega-3 administration was not sufficient to cause an improvement in
the recognition memory of these animals following a HFD. It was shown that 12
weeks of administration of docosahexaenoic acid (DHA), a fatty acid from
omega-3 family, promotes an improvement in spatial cognition (Tanabe et al.
2004). Besides, in our study we used a higher dosage of omega-3 for a shorter
period of time. We can speculate that a lower dose of omega-3 over a longer
period may have a more positive effect on the memory. On the other hand,
Sopian et al. (2015), found an improvement in cognitive performance after three
weeks of fish oil supplementation, with a standard diet enriched with omega-3
PUFAs (Sopian et al. 2015). Another reasonable explanation for our results is
that omega-3 is unable to recover impairment in cognitive function caused by
HFD. In Alzheimer's disease transgenic mice, omega-3 treatment did not
promote any beneficial effect on cognition, suggesting that supplementation of
these fatty acids do not protect against Alzheimer’s disease in susceptible
individuals (Arendash et al. 2007). However, we cannot exclude their potential

in the prevention of cognitive decline. When eicosapentaenoic acid (EPA), also
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from omega-3 family, was administered previously to amyloid-B peptide
infusion, there was an improvement in the learning ability of rats. Since the
deposition of amyloid-B peptide occurs mainly in the aging, this finding indicates
that omega-3 supplementation may be a strategy to prevent age-related
cognitive decline (Hashimoto et al. 2009).

Increasing evidence demonstrates that besides cognitive impairment,
HFD can promote insulin resistance, immune and synaptic changes in different
brain areas (Liu et al. 2015; Petrov et al. 2015). Such alterations may promote
tissue lesions to which the astrocytes react, elevating GFAP expression. These
changes are directly related to neuroinflammation, since astrocytes, in
association with microglia, are able to release inflammatory mediators, directly
interfering on the nervous system milieu (Theodosis et al. 2008). Then,
astrocytic activation, which is a marker of neuroinflammation, may be evaluated
by a higher number of GFAP-positive cells. In obesity, neuroinflammation is well
described in the hypothalamus, which is a primary site where signals coming
from periphery arrive in the CNS (Cavadas et al. 2016; Miller and Spencer
2014). However, there are a few studies focusing on obesity and
neuroinflammation in other brain regions. In the present study, we showed an
increase in astrocytic activation in the cerebral cortex of HFD group. However,
when evaluating the effect of HFD on GFAP-immunoreactivity in the
hippocampus, we didn't find any difference among experimental groups.
Baufeld et al. described the opposite effect, showing an increased number of
astrocytes in the hippocampus but no in the cerebral cortex following 8 weeks of
HFD (Baufeld et al. 2016). In a transgenic model of obesity and type Il diabetes
mellitus, GFAP-immunoreactivity was increased in the frontal and parietal
cortex as well as in the hippocampus, indicating neuronal damage and
astrogliosis due to the metabolic changes caused by obesity (Tomassoni et al.
2013). Thus, despite the conflicting results on the brain areas that exhibit
astrocytic activation in response to obesity, certainly this is an important
neuroinflammatory response in this condition.

In the present study, we observed that omega-3 exerts a protective effect
in the brain by decreasing astrocytic activation in the cerebral cortex of HFD+O
group. This finding demonstrates that even for a short period of

supplementation, omega-3 is able to exert anti-inflammatory function. In
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addition to interfering in inflammation processes, omega-3 can be incorporated
into the phospholipids of inflammatory cell membranes, altering inflammatory
processes. This change in fatty acid composition allows membranes to maintain
its fluidity and to modify the formation of lipid derivatives, being able to
influence, in this way, the function of cells involved in the inflammation (Yagoob
and Shaikh 2010).

The anti-inflammatory effects of omega-3 PUFAs are well known. In
obesity, omega-3 prevents macrophage infiltration and decreases inflammatory
gene expression in adipose tissue (Todoric et al. 2006). Labrousse et al., found
that two-month treatment with EPA/DHA prevented the increase in
proinflammatory cytokines expression in the hippocampus (Labrousse et al.
2012). In the present study, we found an increased mRNA expression of
proinflammatory cytokines TNF-a and IL-6 in the cerebral cortex after HFD. This
proinflammatory profile in the brain caused by obesity is already shown in
previous studies (Sanchez-Sarasua et al. 2016; Toyama et al. 2015). In
addition, the neuroinflammatory status has been related to cognitive decline in
obesity (Miller and Spencer 2014). In the present study, omega-3
supplementation following induction of obesity was able to restrain the increase
in cytokines expression in the cerebral cortex. Despite this, omega-3 did not
improve long-term memory. This result is probably explained by the fact that
omega-3 acts preventing inflammation and consequently, cognitive decline, but
it is not able to revert an already established neuronal and/or synaptic damage.
This assumption is reinforced by studies focused on aging, since in this
situation there is a neuroinflammatory profile.

In conclusion, supplementation of omega-3 fatty acid for four weeks
following HFD was able to improve insulin sensitivity, decrease visceral
adiposity and diminish neuroinflammatory profile. These results emphasize the
anti-inflammatory role of this family of PUFAs not only in the periphery but also
in the CNS. However, the lack of a protective effect on the long-term recognition
memory after HFD suggests that omega-3 fatty acids are not able to revert
cognitive impairment already established. Thus, omega-3 supplementation
plays an important role to prevent more than revert neuronal function

impairment.
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Figure 1: Exploration time in the object recognition test. In SD and SD+0 groups, animals spent more time
exploring the new object in the retention session. HFD and HFD+O groups did not show differences in the
exploration time of familiar and unfamiliar object. Omega-3 did not exert a protective effect on recognition
memory. *p<0.05. n=7-8 for each group. Data are shown as mean = SEM.
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Figure 2: GFAP immunoreactivity in the cerebral cortex. The number of GFAP-positive cells was
significantly higher in HFD group. A) Representative photomicrographs of GFAP immunoreactivity in the
cerebral cortex. B) Data are the mean number of cells from two to three random fields from the cerebral
cortex in six nonadjacent sections. ***p<0.001. n=5 animals for each group. Data are shown as mean =
SEM.



Figure 3

SD

404
30+
HFD

209

109

Number of GFAP-positive cells/field

0"

SD SD+O HFD HFD+0O

Figure 3: GFAP immunoreactivity in the hippocampus. There was no differences in GFAP-positive cells
between groups. A) Representative photomicrographs of GFAP immunoreactivity in the hippocampus. B)
Data are the mean number of cells from two to three random fields from the hippocampus in six

nonadjacent sections. n=5 animals for each group. Data are shown as mean £ SEM.
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Figure 4: mRNA expression of TNF-a, IL-6 and IL-10 in the cerebral cortex. Pro-inflammatory cytokines
TNF-a and IL-6 mRNA expression increased in HFD group. IL-10 did not show differences between
groups. **p<0.01 and *p<0.05. n=5-11 for each group. Data are shown as mean + SEM.



Table 1

Table 1. Primer sequences used in the study

Gene Primer F Primer R

TNF-a 5' TGGCGTGTTCATCCGTTCTCTACC3' 5' CCCGCAATCCAGGCCACTACTT3'
IL-6 5' GACCAAGACCAT CCAACTCATC3' 5' GCTTAGGCATAGCACACTAGG3'
IL-10 5' AATTCCCTGGGTGAGAAGCTG3' 5'TCATGGCCTTGTAGACACCTTG3'
CypA 5'TATCTGCACTGCCAAGACTGAGTG3’ 5" CTTCTTGCTGGTCTTGCCATTCC3’
ActB 5'TATGCCAACACAGTGCTGTCTGG3’ 5" TACTCCTGCTTGCTGATCCACAT3’

Abbreviations: TNF-a, tumor necrosis factor alpha; IL-6, interleukin 6;IL-10, interleukin 10; CypA, cyclophilin A;
ActB, actin-beta.



Table 2

Table 2. Effects of High fat diet and omega-3 treatment on weight gain, visceral fat depot, glycemia, plasm

insulin and HOMA-IR.

SD (n=11) SD+0 (n=8) HFD (n=12) HFD+0 (n=9)
Weight gain (g) 5.27 +10.62 -0.25 £12.21 66.33 +9.37* 40.00 + 7.39*
Visceral fat weight (g) ~ 3.49 +0.625 3.29+0.534 10.77+ 2.186" 6.39 + 0.967
Glycemia (mg/dL) 129.4 +4.189 135.1 +8.084 151.1+5.894 133.3+6.064
Plasm insulin (ng/mL)  0.198 +0.073 0.196 + 0.080 0.397 + 0.080 0.186 + 0.037
HOMA-IR 1.014+0.3688  1.141+0.4580 2.749 +0.6191" 1.115+0.2128

Data are expressed as mean + SEM
*p<0.05 versus SD and SD+O
#p<0.05 versus SD, SD+0 and HFD+O
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4. Conclusao

A partir dos resultados obtidos foi possivel observar que o consumo de
uma dieta hiperlipidica aumentou o depdsito de gordura visceral dos animais, e
a suplementagao com acido graxo 6mega-3 foi capaz de prevenir este aumento
nos ratos obesos. Além disso, a suplementagdo de 6mega-3 por quatro
semanas, apés o consumo da dieta hiperlipidica, foi capaz de melhorar a
sensibilidade a insulina. Os resultados demonstram que a obesidade causa
comprometimento da memoria de longo prazo nos animais e que o 6mega-3
nao exerceu nenhum efeito protetor sobre este paradmetro comportamental.
Observamos que a dieta hiperlipidica causou um aumento no numero de
células imunorreativas ao GFAP no cértex cerebral dos animais, indicando
ativacado astrocitaria, e o 6mega-3 demonstrou exercer um papel protetor ao
diminuir o estado de ativagado dos astrocitos. Ao determinar a expressao de
citocinas proé-inflamatérias, TNF-a e IL-6, observamos um aumento significativo
no coértex cerebral no grupo com dieta hiperlipidica. O acido graxo 6mega-3
demonstrou que pode controlar a neuroinflamacio induzida pela obesidade.
Portanto, sugerimos que os acidos graxos émega-3 n&o s&o capazes de
reverter deterioracdo cognitiva quando ja esta estabelecida. Contudo, diversos
estudos indicam que a suplementagcdo com 6émega-3 melhora o desempenho
cognitivo em modelos experimentais em animais e também em humanos.
Sendo assim, concluimos que possivelmente, o papel principal do dmega-3
seja a prevengdo do declinio cognitivo e nao reverté-lo. Além disso, a
importante agao anti-inflamatdria desses acidos graxos evidenciada no sistema

nervoso central, reforga seu papel como agentes neuroprotetores.
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Research Papers: No page limitations but typical length is 6000 words with 60 references and a total of 8 figures and
tables.

Short Communications: Usually, 1500 words with no more than 2 tables or figures.

Review Articles: No page limitations but typical length is 6000 words.

Editorials: Approximately 1,000 words with 10 references.

Please contact the Editor to discuss the suitability of topics.

TITLE PAGE

Title Page

The title page should include:
The name(s) of the author(s)
A concise and informative title
The affiliation(s) and address(es) of the author(s)

The e-mail address, telephone and fax numbers of the corresponding author

Abstract

Please provide an abstract of 150 to 250 words. The abstract should not contain any undefined abbreviations or

unspecified references.

Keywords

Please provide 4 to 6 keywords which can be used for indexing purposes.

TEXT

Text Formatting

Manuscripts should be submitted in Word.

Use a normal, plain font (e.g., 10-point Times Roman) for text.

Use italics for emphasis.

Use the automatic page numbering function to number the pages.

Do not use field functions.

Use tab stops or other commands for indents, not the space bar.

Use the table function, not spreadsheets, to make tables.

Use the equation editor or MathType for equations.

Save your file in docx format (Word 2007 or higher) or doc format (older Word versions).

Manuscripts with mathematical content can also be submitted in LaTeX.
LaTeX macro package (zip, 182 kB)
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Headings

Please use no more than three levels of displayed headings.

Abbreviations

Abbreviations should be defined at first mention and used consistently thereafter.

Footnotes

Footnotes can be used to give additional information, which may include the citation of a reference included in the
reference list. They should not consist solely of a reference citation, and they should never include the bibliographic
details of a reference. They should also not contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should be indicated by superscript lower-case letters
(or asterisks for significance values and other statistical data). Footnotes to the title or the authors of the article are not
given reference symbols.

Always use footnotes instead of endnotes.

Acknowledgments

Acknowledgments of people, grants, funds, etc. should be placed in a separate section on the title page. The names of

funding organizations should be written in full.

SCIENTIFIC STYLE

Generic names of drugs and pesticides are preferred; if trade names are used, the generic name should be given at
first mention.

REFERENCES

Citation

Cite references in the text by name and year in parentheses. Some examples:

Negotiation research spans many disciplines (Thompson 1990).

This result was later contradicted by Becker and Seligman (1996).

This effect has been widely studied (Abbott 1991; Barakat et al. 1995a, b; Kelso and Smith 1998;
Medvec et al. 1999, 2000).

Reference list

The list of references should only include works that are cited in the text and that have been published or accepted for
publication. Personal communications and unpublished works should only be mentioned in the text. Do not use
footnotes or endnotes as a substitute for a reference list.
Reference list entries should be alphabetized by the last names of the first author of each work. Order multi-author
publications of the same first author alphabetically with respect to second, third, etc. author. Publications of exactly
the same author(s) must be ordered chronologically.

Journal article

Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, Bosquet L (2009) Effect of high
intensity intermittent training on heart rate variability in prepubescent children. Eur J Appl Physiol
105:731-738. doi: 10.1007/s00421-008-0955-8

Ideally, the names of all authors should be provided, but the usage of “et al” in long author lists will also

be accepted:
Smith J, Jones M Jr, Houghton L et al (1999) Future of health insurance. N Engl ] Med 965:325-329
Article by DOI



Slitka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine production. J Mol Med.
doi:10.1007/s001090000086
° Book
South J, Blass B (2001) The future of modern genomics. Blackwell, London
° Book chapter
Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of modern genomics, 3rd edn.
Wiley, New York, pp 230-257
° Online document
Cartwright J (2007) Big stars have weather too. IOP Publishing PhysicsWeb.
http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007
° Dissertation
Trent JW (1975) Experimental acute renal failure. Dissertation, University of California
Always use the standard abbreviation of a journal’s name according to the ISSN List of Title Word Abbreviations,
see
° ISSN LTWA
If you are unsure, please use the full journal title.
For authors using EndNote, Springer provides an output style that supports the formatting of in-text citations and

reference list.
EndNote style (zip, 2 kB)

TABLES
° All tables are to be numbered using Arabic numerals.
° Tables should always be cited in text in consecutive numerical order.
° For each table, please supply a table caption (title) explaining the components of the table.
° Identify any previously published material by giving the original source in the form of a reference

at the end of the table caption.

° Footnotes to tables should be indicated by superscript lower-case letters (or asterisks for

significance values and other statistical data) and included beneath the table body.

ARTWORK AND ILLUSTRATIONS GUIDELINES

Electronic Figure Submission

° Supply all figures electronically.

° Indicate what graphics program was used to create the artwork.

° For vector graphics, the preferred format is EPS; for halftones, please use TIFF format. MSOffice
files are also acceptable.

° Vector graphics containing fonts must have the fonts embedded in the files.

° Name your figure files with "Fig" and the figure number, e.g., Figl.eps.

Line Art

° Definition: Black and white graphic with no shading.

° Do not use faint lines and/or lettering and check that all lines and lettering within the figures are

legible at final size.

° All lines should be at least 0.1 mm (0.3 pt) wide.
° Scanned line drawings and line drawings in bitmap format should have a minimum resolution of
1200 dpi.

° Vector graphics containing fonts must have the fonts embedded in the files.
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Halftone Art

Definition: Photographs, drawings, or paintings with fine shading, etc.
If any magnification is used in the photographs, indicate this by using scale bars within the figures
themselves.

Halftones should have a minimum resolution of 300 dpi.
Combination Art

Definition: a combination of halftone and line art, e.g., halftones containing line drawing,
extensive lettering, color diagrams, etc.

Combination artwork should have a minimum resolution of 600 dpi.

Color Art

Color art is free of charge for online publication.

If black and white will be shown in the print version, make sure that the main information will
still be visible. Many colors are not distinguishable from one another when converted to black and white. A
simple way to check this is to make a xerographic copy to see if the necessary distinctions between the
different colors are still apparent.

If the figures will be printed in black and white, do not refer to color in the captions.

Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

Keep lettering consistently sized throughout your final-sized artwork, usually about 2-3 mm (8-
12 pt).

Variance of type size within an illustration should be minimal, e.g., do not use 8-pt type on an axis
and 20-pt type for the axis label.

Avoid effects such as shading, outline letters, etc.

Do not include titles or captions within your illustrations.

Figure Numbering

All figures are to be numbered using Arabic numerals.

Figures should always be cited in text in consecutive numerical order.

Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures, continue the
consecutive numbering of the main text. Do not number the appendix figures,
"Al, A2, A3, etc." Figures in online appendices (Electronic Supplementary Material) should, however, be
numbered separately.

Figure Captions

Each figure should have a concise caption describing accurately what the figure depicts. Include
the captions in the text file of the manuscript, not in the figure file.

Figure captions begin with the term Fig. in bold type, followed by the figure number, also in bold
type.
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No punctuation is to be included after the number, nor is any punctuation to be placed at the end

of the caption.

Identify all elements found in the figure in the figure caption; and use boxes, circles, etc., as
coordinate points in graphs.

Identify previously published material by giving the original source in the form of a reference
citation at the end of the figure caption.

Figure Placement and Size

Figures should be submitted separately from the text, if possible.

When preparing your figures, size figures to fit in the column width.

For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174 mm wide and not higher
than 234 mm.

For books and book-sized journals, the figures should be 80 mm or 122 mm wide and not higher
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Permissions

If you include figures that have already been published elsewhere, you must obtain permission from the copyright
owner(s) for both the print and online format. Please be aware that some publishers do not grant electronic rights for
free and that Springer will not be able to refund any costs that may have occurred to receive these permissions. In
such cases, material from other sources should be used.

Accessibility

In order to give people of all abilities and disabilities access to the content of your figures, please make sure that
All figures have descriptive captions (blind users could then use a text-to-speech software or a
text-to-Braille hardware)
Patterns are used instead of or in addition to colors for conveying information (colorblind users
would then be able to distinguish the visual elements)

Any figure lettering has a contrast ratio of at least 4.5:1

ELECTRONIC SUPPLEMENTARY MATERIAL

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other supplementary files to be
published online along with an article or a book chapter. This feature can add dimension to the author's article, as
certain information cannot be printed or is more convenient in electronic form.

Before submitting research datasets as electronic supplementary material, authors should read the journal’s Research
data policy. We encourage research data to be archived in data repositories wherever possible.

Submission

Supply all supplementary material in standard file formats.

Please include in each file the following information: article title, journal name, author names;
affiliation and e-mail address of the corresponding author.

To accommodate user downloads, please keep in mind that larger-sized files may require very
long download times and that some users may experience other problems during downloading.

Audio, Video, and Animations

Aspect ratio: 16:9 or 4:3
Maximum file size: 25 GB
Minimum video duration: 1 sec

Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts, mdv, 3gp



Text and Presentations

Submit your material in PDF format; .doc or .ppt files are not suitable for long-term viability.
A collection of figures may also be combined in a PDF file.

Spreadsheets

Spreadsheets should be converted to PDF if no interaction with the data is intended.
If the readers should be encouraged to make their own calculations, spreadsheets should be
submitted as .xIs files (MS Excel).

Specialized Formats

Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica notebook), and .tex
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Collecting Multiple Files

It is possible to collect multiple files in a .zip or .gz file.

Numbering

If supplying any supplementary material, the text must make specific mention of the material as a
citation, similar to that of figures and tables.

Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the animation (Online
Resource 3)", “... additional data are given in Online Resource 4”.

Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.

Captions

For each supplementary material, please supply a concise caption describing the content of the
file.

Processing of supplementary files

Electronic supplementary material will be published as received from the author without any

conversion, editing, or reformatting.

Accessibility
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In order to give people of all abilities and disabilities access to the content of your supplementary files, please make

sure that
The manuscript contains a descriptive caption for each supplementary material
Video files do not contain anything that flashes more than three times per second (so that users

prone to seizures caused by such effects are not put at risk)

ETHICAL RESPONSIBILITIES OF AUTHORS

This journal is committed to upholding the integrity of the scientific record. As a member of the Committee on

Publication Ethics (COPE) the journal will follow the COPE guidelines on how to deal with potential acts of
misconduct.

Authors should refrain from misrepresenting research results which could damage the trust in the journal, the

professionalism of scientific authorship, and ultimately the entire scientific endeavour. Maintaining integrity of the

research and its presentation can be achieved by following the rules of good scientific practice, which include:
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The manuscript has not been published previously (partly or in full), unless the new work
concerns an expansion of previous work (please provide transparency on the re-use of material to avoid
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No data, text, or theories by others are presented as if they were the author’s own (“plagiarism”).
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material, and permissions are secured for material that is copyrighted.

Important note: the journal may use software to screen for plagiarism.

Consent to submit has been received explicitly from all co-authors, as well as from the responsible
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out, before the work is submitted.

Authors whose names appear on the submission have contributed sufficiently to the scientific
work and therefore share collective responsibility and accountability for the results.

Authors are strongly advised to ensure the correct author group, corresponding author, and order
of authors at submission. Changes of authorship or in the order of authors
are not accepted after acceptance of a manuscript.
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Research involving Human Participants and/or Animals
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Introducéo E Adequada |:| Comentarios
Objetivos |z| Adequados |:| Comentarios
Relevancia e Justificativa E Adequados |:| Comentarios
Materiais e Métodos IZ| Adequados |:| Comentarios

Cronograma para execugdo da pesquisa IZ| Adequado |:| Comentarios
Orgamento e fonte financiadora [x | Adequados [ | Comentarios

Referéncias Bibliograficas lZl Adequadas l:l Comentarios

Rua Sarmento Leite, 245 » Porio Alegre, RS = CEP 90050-170 » Fone: 0xx 51 3303 9000 » Fax: 0xx 51 3303.8810 » wwwufcspa.edu.br



REFUBLICA FEDERATIVA DO BRASIL
MINISTERID DA EDUCAGAD

UFCSPA

UNIVERSIDADE FEDERAL DE CIENCIAS DA SAUDE DE PORTO ALEGRE

9) O PROJETO ESTA ADEQUADO A LEGISLAGAO VIGENTE:

[x ] sim [ ] Nao

10) INFORMAGOES RELATIVAS AOS ANIMAIS:

Grau de dor/estresse: B Cc |:| D E E |:|

Justifique:

Espécie: | Rattus norvegicus — linhagem Wistar Numero Amostral: 45
Redugdo Amostral: |:| Sim |:| N&o
Justifique:

Substituicdo de Metodologia: [ ] sim [x ] Nzo

Se achar necessdrio, justifique e sugira uma nova metodologia:

Aprimoramento da Metodologia: [ ]sim [x ] Néo

Se achar necessdrio, justifique e sugira aprimoramentos da metodologia:

Acomodacédo e manutencao dos animais: IZ| Adequada |:| Inadequada
Se achar inadequada cite abaixo as melhorias necessdrias:

Manipulagao dos animais: IZ| Adequada |:| Inadequada
Se achar inadequada cite abaixo as melhorias necessdrias:

Explicar no projeto como sera realizada a manipulacéo dos animais: onde serdo alojados
antes da injecdo de estreptozotocina. onde ficario antes e depois dos testes
comportamentais. Ver comentarios abaixo.

Analgesia dos animais (se aplicavel): E Adequada |:| Inadequada
Se achar inadequada cite abaixo as melhorias necessdrias com analgésico substituto:

Anestesia dos animais (se aplicavel): E Adequada |:| Inadequada
Se achar inadequada cite abaixo as melhorias necessdrias com anestésico substituro:

Nio se aplica por ndo haver manipulacio cimrgica.

Eutanasia dos animais (se aplicavel): [x | Adequada [ | Inadequada
Se achar inadequada cite abaixo as melhorias necessdrias com metodologia substituta:

Local de Realizagdo (Biotério/Labotarorio): UFCSPA e UFRGS.
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11) CRONOGRAMA DE UTILIZAGAO DE ANIMAIS
Data Espécie Sexo Quantidade

12) RECOMENDAGAO:

E Aprovado

I:l Com Pendéncia

|:| Né&o aprovado

Comentarios gerais sobre o projeto:

Todos os questionamentos foram respondidos.
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