PONTIFICIA UNIVERSIDADE CATOLICA DO RIO GRANDE DO SUL
PRO-REITORIA DE PESQUISA E POS-GRADUACAO
FACULDADE DE MEDICINA
PROGRAMA DE POS-GRADUACAO EM MEDICINA E CIENCIAS DA SAUDE

AREA DE CONCENTRACAO: NEUROCIENCIAS

MICHELLE FLORES DOMINGUES

MODULAGCAO DO INFLUXO DE CALCIO PELO PEPTIDEO YY (3-36) EM
CELULAS DO HIPOCAMPO DE RATOS

PORTO ALEGRE

2015



MICHELLE FLORES DOMINGUES

MODULACAO DO INFLUXO DE CALCIO PELO PEPTIDEO YY (3-36) EM
CELULAS DO HIPOCAMPO DE RATOS

Dissertagdo apresentada como requisito
para a obtencdo do grau de Mestre pelo
Programa de P6s-Graduagdo em Medicina
e Ciéncias da Saude da Faculdade de
Medicina da Pontificia Universidade
Catolica do Rio Grande do Sul.

Orientador: Prof. Dr. Jaderson Costa da Costa

Co-orientador: Prof. Dr. Chéariston André Dal Belo

PORTO ALEGRE

2015



Dados Internacionais de Catalogagao na Publicagao (CIP)

D671m Domingues, Michelle Flores
Modulag¢do do influxo de cdlcio pelo peptideo YY (3-36) em

células do hipocampo de ratos. / Michelle Flores Domingues. — Porto
Alegre, 2015.

97f. il.; tab. Inclui um artigo cientifico submetido para publicacgao.

Dissertacdo (Mestrado em Medicina e Ciéncias da Sadde. Area de
concentragdo: Neurociéncias) — Faculdade de Medicina, Pontificia
Universidade Catolica do Rio Grande do Sul - PUCRS.

Orientador: Prof. Dr. Jaderson Costa da Costa
Co-orientador: Prof. Dr. Chéariston André Dal Belo

1. Neurociéncias. 2. Influxo de Célcio. 3. Peptideo YY. 4. Receptor

Y2. 5. Hipocampo. |. Costa, Jaderson Costa da. Il. Belo, Chériston André
Dal. IIl. Titulo.

CDD 612.8

Bibliotecaria Responsavel: Elisete Sales de Souza - CRB 10/1441




MICHELLE FLORES DOMINGUES

MODULACAO DO INFLUXO DE CALCIO PELO PEPTIDEO YY (3-36) EM
CELULAS DO HIPOCAMPO DE RATOS

Dissertacdo apresentada como requisito
para a obtencdo do grau de Mestre pelo
Programa de P6s-Graduacdo em Medicina
e Ciéncias da Saude da Faculdade de
Medicina da Pontificia Universidade
Catdlica do Rio Grande do Sul.

Aprovada em: de de

BANCA EXAMINADORA:

Prof. Dr. Luciano Stliirmer de Fraga - UFRGS

Prof®. Dra. Celia Regina Ribeiro da Silva Carlini - PUCRS

Dr. Samuel Greggio — PUCRS

Dra. Gianina Teribele Venturin — PUCRS (Suplente)

PORTO ALEGRE

2015



Dedico esta dissertacdo aos meus pais pelo amor incondicional,

pela educacao recebida e pela dedicagdo imensuravel.



AGRADECIMENTOS

Ao Programa de Po6s-Graduacdo em Medicina e Ciéncias da Saude da PUCRS pela
oportunidade de realizar o meu mestrado e aos professores do programa pela contribuicéo

com o meu crescimento profissional e cientifico.

A Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior (CAPES) e ao
Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico (CNPq) pelas bolsas

concedidas e pelo incentivo a pesquisa.

Ao Instituto de Pesquisas Biomédicas da PUCRS (IPB/PUCRS) pela infraestrutura
oferecida para que este trabalho pudesse ser desenvolvido.

Ao Laboratorio de Neurociéncias e Sinalizacdo Celular do Instituto do Cérebro onde

foi possivel desenvolver e concluir com sucesso este trabalho.

Ao meu orientador Prof. Dr. Jaderson Costa da Costa dedico especial agradecimento
pela oportunidade de integrar o seu grupo de pesquisa em Neurociéncias desde a minha

iniciacdo cientifica e pela orientacdo deste trabalho.

Ao meu co-orientador Prof. Dr. Chariston André Dal Belo pelas valiosas contribuicdes
para o estabelecimento das técnicas essenciais para a realizacdo desse projeto e por todo o

auxilio até a concretizacdo do mesmo.

Ao meu colega e amigo Dénis Reis de Assis pela essencial contribuicdo para o
desenvolvimento desse trabalho, pelo auxilio ao longo dos experimentos, muitas vezes aos
finais de semana ou se estendendo até a noite, pelo empenho para a conclusdo desse trabalho e

pelas valiosas consideragdes no processo de elaboracdo do artigo.

A minha amiga e colega de mestrado Daniele Vieira pela amizade construida ao longo
desses dois anos, por compartilhar tantos momentos decisivos nesta etapa da minha vida,
pelas longas conversas, por dividir periodos de angustias e davidas relacionadas ao nosso
processo de aprendizagem e crescimento e pelo auxilio sempre que possivel aos

experimentos.

Aos técnicos do Laboratorio de Neurociéncias e Sinalizagdo Celular: Dra. Simone
Denise Salamoni, Ricardo Breda e Daniela Abreu pelo acolhimento desde a minha iniciagéo
cientifica, por todo o carinho, amizade e apoio para que este trabalho de mestrado pudesse ser

desenvolvido e concretizado com sucesso.



A Vanessa Fey, técnica do Laboratdrio de Parasitologia do IPB/PUCRS, pela amizade
de longos anos, desde a graduacdo, iniciacdo cientifica e agora no mesmo Instituto de

Pesquisa, obrigado por me apoiar sempre que necessario.

A Natéalia Jaeger pela amizade desde a graduacdo, por compartilharmos tantos
momentos especiais em nossas vidas ao longo destes anos, pelo apoio e ajuda de sempre, e em
especial nestes dois anos de nossos mestrados desenvolvidos no IPB/PUCRS.

A Prof. Dra. Denise Machado Cantarelli por disponibilizar a Sala de Cultura do
Laboratorio de Biologia Molecular e Celular para que parte essencial deste trabalho pudesse

ser desenvolvida.

A todos os colegas e amigos do laborat6rio de Neurociéncias e Sinalizagdo Celular e
dos demais laboratérios do IPB/PUCRS com quem dividi meus dias durante estes dois anos
de mestrado e que contribuiram de alguma maneira para o desenvolvimento e concretizacao

deste trabalho.

Aos meus pais, Flavio e Rejani, pelo amor incondicional, por sempre me incentivarem
nas minhas escolhas, por me apoiarem a alcancar os meus objetivos e por ndo medirem

esforcos para que eu pudesse sempre concretiza-los.

A minha irma Kelly pelo amor, amizade, incentivo e apoio em todos 0s momentos, por
sempre torcer e acreditar em mim e por se alegrar a cada nova conquista alcan¢ada. E ao meu

cunhado Alessandro por toda amizade e apoio de sempre.

A minha querida V6 Alzenira pelo amor e incentivo para que eu nunca desista dos

meus sonhos, por sempre torcer e rezar por mim e por sempre me acolher com tanto carinho.

A todos os meus queridos amigos, pelo carinho e pela compreensdo do meu
distanciamento principalmente neste Gltimo ano, e em especial a Grazi Hansen que também

contribui agora na reta final para a conclusédo deste trabalho.



RESUMO

O peptideo YY (PYY) pertence a familia do neuropeptidio Y que é composta também
pelo neuropeptidio Y (NPY) e pelo polipeptidio pancreatico (PP). S&o peptideos
biologicamente ativos, compostos por 36 aminoécidos e atuam via receptores acoplados a
proteina G. Existem quatro subtipos de receptores para a familia do NPY que s&o funcionais
em humanos, denominados como: Y1, Y2, Y4 e Y5. O PYY é secretado no intestino pelas
células L e circula no organismo em duas formas ativas que atravessam a barreira
hematoencefélica, que sdo 0 PYY (1-36) e sua forma clivada PYY (3-36). O PYY (3-36) € um
agonista seletivo do receptor Y2 e tem sido evidenciado por seu papel como um modulador do
apetite, promovendo a sensacdo de saciedade em mamiferos. O hipocampo é uma regido rica
em receptores Y2 e ja se demonstrou que a ativacdo destes receptores no hipocampo pode
inibir a transmissdo sinaptica excitatdria e a liberacdo de glutamato estimulada por potassio
em fatias hipocampais. Em camundongos knockout para o receptor Y2 observou-se déficits na
memoria espacial e na memoria ndo espacial nestes animais evidenciando também seu
envolvimento na regulacdo da funcdo cognitiva associada com o aprendizado e meméria. O
desenvolvimento desta dissertacdo teve por objetivo buscar uma melhor compreensdo da
interagcdo do PYY (3-36) e seu receptor Y2 em células do sistema nervoso central. Para isso
investigou-se a atividade deste peptideo no influxo de calcio (Ca**) em células cultivadas do
hipocampo de ratos Wistar neonatos. Avaliou-se a influéncia do Ca®* presente no meio
extracelular, bem como o envolvimento dos canais de Ca’* e Na* voltagem dependentes
presentes na membrana plasmatica, e a influéncia de mecanismos intracelulares presentes no
reticulo endoplasmatico (RE), como a bomba do reticulo sarco/endoplasmético Ca?*- ATPase
(SERCA), os receptores de inositol trifofato (IP3Rs) e os receptores de rianodina (RyRs) nas
respostas induzidas pelo PY'Y (3-36) sobre a modulacio da concentracdo de Ca®" intracelular
([Ca®"i), através da utilizacdo de bloqueadores especificos para estes canais. Foi observado
gue 0 aumento da concentracdo de Ca®* ([Ca’*]) citosdlico evocado pelo PYY (3-36) em
células do hipocampo é independente do Ca?* do meio extracelular. E através da utilizacdo de
bloqueadores dos canais de Na" voltagem dependentes conseguiu-se demonstrar que a acio
do PYY (3-36) é independente do influxo de Na®, sugerindo que a sua atividade sobre as
células hipocampais ndo induz ou independe da despolarizacdo celular. Nos experimentos
utilizando bloqueadores dos RyRs ou da bomba SERCA observou-se uma elevagéo do influxo

de Ca**, o que provavelmente ocorreu devido a ativacdo dos canais de célcio operados por



estoque (SOCC, do inglés store-operated calcium channels), porém na presenca concomitante
de blogqueadores de canais de Na* voltagem dependentes, este efeito foi blogueado, sugerindo
uma provavel inibicdo dos canais SOCC nessas condi¢des. Finalmente, na presenca de
inibidores dos IP3Rs, ocorreu uma diminuicdo da [Ca**] citosélico evocada pelo PYY (3-36)
nas células. Os resultados evidenciam que a acdo do PYY (3-36) sobre a mobilizagdo do Ca®*
é através de receptores intracelulares do RE, sugerindo que a elevacéo da [Ca®']i observada, é
modulada principalmente pela ativacdo da cascata de sinalizacdo do Ca*" intracelular pelos

receptores de IP3.

Palavras-chave: PYY (3-36). Receptor Y2. Influxo de Célcio. Hipocampo.



ABSTRACT

Peptide YY (PYY) belongs to the neuropeptide Y (NPY) family, which also includes
the neuropeptide Y (NPY) and pancreatic polipeptide (PP). These substances are biologically
active, constituted of 36 aminoacids, and act via G protein coupled receptors. There are four
functional subtypes of NPY family receptors in humans, namely Y1, Y2, Y4, and Y5. PYY is
secreted by the intestinal L cells, being present in the blood stream in two active forms
capable of crossing the blood brain barrier, PYY (1-36) and its cleavage product, PYY (3-36).
PYY is a selective agonist for the Y2 receptor (Y2R) and has been identified as a modulator
of appetite, promoting satiety sensation in mammals. Y2R are abundant in the brain
hippocampus, where these receptors inhibit excitatory synaptic transmission and
glutamatergic release when activated by potassium in hippocampal slices. Besides, knockout
mice for Y2R present deficits in spatial and non-spatial memory tasks, showing a role of Y2R
in learning and memory. The aim of this Master’s dissertation was searching for a better
understanding of the interaction of PYY (3-36) and its Y2 receptor in CNS cells. For this
purpose the activity of this peptide was investigated on Ca®* influx in hippocampal cell
cultures of Wistar neonate rats. We evaluated the influence of the presence of Ca** in the
extracellular fluid, as well as the involvement of plasma membrane voltage-dependent Ca**
and Na* channels, and the influence of intracellular mechanisms related to the endoplasmic
reticulum (ER), such as the SERCA pump, the inositol triphosphate (IP3) receptors and the
ryanodine receptors (RyRs) in the responses induced by PYY (3-36) on the modulation of the
[Ca*]i, by using blockers specific for these channels. It was observed that the increase of the
cytosolic [Ca**] evoked by PYY (3-36) in hippocampal cells is independent of Ca?* from the
extracellular environment. Using a voltage-dependent Na* channels blocker it was possible
demonstrate that PYY (3-36) action is independent on Na®*, suggesting that its activity on
hippocampal cells does not induce or does not depend on cellular depolarization. In the
experiments using RyRs or SERCA pump blockers it was observed an elevation of Ca®*
influx, that probably occurred due to the activation of SOCC, but with the concomitant
presence of the a voltage-dependent Na® channels blocker, this effect was abolished,
suggesting a probable inhibition of SOCC channels in these conditions. In the experiments in
the presence of an IP3Rs inhibitor, there was a decrease in cytosolic [Ca®*] evoked by PYY
(3-36). The results from our experiments indicate that the action of PYY (3-36) on Ca**
mobilization is mediated by intracellular receptors of the ER, suggesting that the observed



elevation of [Ca”]i is modulated especially by the activation of the intracellular Ca®*
signalling cascade through IP3 receptors.

Key-words: PYY (3-36). Y2 Receptor. Calcium Influx. Hippocampus.
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1. INTRODUCAO

1.1. FAMILIA DO NEUROPEPTIDIO Y

A familia do neuropeptidio Y é composta pelo neuropeptidio Y (NPY), pelo peptideo
YY (PYY) e pelo polipeptidio pancreatico (PP). S&o peptideos biologicamente ativos,
secretados por células do sistema gastrointestinal e do sistema nervoso. S&o compostos por 36
aminoacidos (Tabela 1), em uma cadeia linear de polipeptidios, e atuam via receptores
acoplados a proteina G (TATEMOTO; CARLQUIST; MUTT, 1982; TATEMOTO; MUTT,
1980). Enquanto o NPY atua primariamente como um neurotransmissor, 0 PYY e o PP atuam
como horménios. Ambos NPY e PYY sdo encontrados em todos os principais representantes
dos vertebrados, enquanto o PP somente em tetrdpodes. Evolutivamente o NPY é um dos
peptideos mais altamente conservados. Embora o PP tenha sido primeiramente descoberto e o
NPY tenha sido o altimo identificado, a analise evolutiva demonstrou que o PP é, na verdade,
0 mais novo membro desta familia peptidica (LARHAMMAR, 1996a). Entdo baseado nestas
consideracGes evolucionarias € recomendado que a familia destes polipeptidios seja

denominada como familia do neuropeptidio Y (MICHEL et al., 1998).

Tabela 1. Sequéncia de aminoacidos dos peptideos humanos da familia do

neuropeptidio Y

NPY - YPSKPDNPGEDAPAEDMARYYSALRHYINLITRQRY

PYY - YPIKPEAPGEDASPEELNRYYASLRHYLNLVTRQRY

PP - APLEPVYPGDNATPEQMAQYAADLRRYINMLTRPRY

Fonte: Tabela adaptada de Parker e Balasubramaniam (PARKER, S.; BALASUBRAMANIAM, 2008).
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1.1.1. Receptores Y

Existem cinco subtipos de receptores para a familia do neuropeptidio Y identificados,
em mamiferos, que sdo denominados como: Y1, Y2, Y4, Y5 e Y6, 0s quais medeiam 0s
amplos efeitos fisiologicos destes peptideos (MICHEL et al., 1998). Os receptores Y1 e Y2
sdo os que estdo melhores caracterizados, e ambos NPY e PYY se ligam a eles. A
similaridade de sequéncia entre Y1 e Y2 é baixa (apenas 31%), entretanto a evolucao destes
receptores parece ser lenta, pois tanto o receptor Y1 quanto o receptor Y2 apresentam uma
similaridade entre ratos e camundongos de 98% e entre ratos e humanos de 94%
(LARHAMMAR, 1996b).

Os receptores Y sdo acoplados a proteina G (GPCR, do inglés G protein-coupled
receptor), da familia rodopsina dos GPCR, e em geral, demonstram um acoplamento
preferencial a receptores G; e G, (que sdo proteinas G sensiveis a toxina pertussis)
(LIMBIRD, 1988). Os GPCR séo a classe de receptores mais abundantes em humanos.
Mecanismos de sinalizacdo celular via GPCR estdo envolvidos em importantes processos
fisiolégicos, incluindo a neurotransmissdo. O principal papel das proteinas G é ativar a
producdo de segundos mensageiros, 0 que leva a ativacdo de uma cascata de sinalizacdo
intracelular (GOLAN; TASHIJIAN; ARMSTRONG, 2011). Destes cinco subtipos
preliminarmente identificados (Y1, Y2, Y4, Y5, Y6) quatro sdo funcionais em humanos (Y1,
Y2, Y4, Y5) (MICHEL et al.,, 1998) e apresentam padrdes de expressdo especificos em
diferentes tecidos (MULLINS; ZHANG; HAWES, 2002).

Um estudo determinou e comparou a expressdo de RNA mensageiro (mMRNA, do
inglés messenger ribonucleic acid) dos receptores Y1, Y2, Y4, Y5 em diferentes regides do
cérebro de rato. Foi demonstrado que os receptores Y estdo amplamente distribuidos por todo
0 cérebro de rato, sendo particularmente evidenciados no sistema limbico, incluindo o
hipotdlamo, hipocampo, amigdala, cortex piriforme, cortex cingulado e &reas tegmental
(PARKER, R.; HERZOG, 1999). Estas é&reas estdo fortemente envolvidas com o
comportamento, emocdo, aprendizado, memdria e regulagdo homeostatica, o que sugere um
importante envolvimento destes receptores e seus ligantes em uma ampla variedade de

fungdes fisiologicas no organismo de mamiferos.

Os receptores Y estdo expressos e co-expressados, em diferentes niveis em cada regido

do sistema nervoso central (SNC). Neste mesmo estudo, observou-se que a expressdo do



20

MRNA do receptor Y5 sempre coincide com a presenca do receptor Y1 (0 inverso ndo
acontece). E cada regido exibe expressdo preferencial de um ou de uma combinacdo seletiva
de mRNA dos receptores Y, por exemplo, no hipocampo, o receptor Y1 apresenta maior
expressao no giro dentado, enquanto o receptor Y2 apresenta-se expresso em todas as regioes
do hipocampo, exibindo concentrages mais elevadas nas regides de CA1 e CA3, e o receptor
Y5 apresenta expressdo de mRNA nas regides de CA e no giro dentado (PARKER, R.;
HERZOG, 1999).

1.1.2. Neuropeptidio Y (NPY)

O NPY € o neuropeptidio mais abundante nos mamiferos e esta amplamente
distribuido no SNC e no sistema nervoso periférico (SNP), sendo primariamente sintetizado e
liberado por neurdnios (MICHEL et al., 1998). Muitas fungdes tém sido sugeridas para o
NPY, incluindo a regulacdo da alimentacdo, ansiedade, depressdo, epilepsia, doencas
neurodegenerativas e funcéo cardiovascular (DECRESSAC; BARKER, 2012; GRAY, 2008;
GRUNDEMAR; HAKANSON, 1994). O NPY pode atuar também como fator de proliferacio
neuronal (CORVINO et al., 2014; HANSEL; EIPPER; RONNETT, 2001) e est4 envolvido
com a regulacdo da funcdo cognitiva associada com o aprendizado e memoria (REDROBE,
JOHN P et al., 1999), cuja funcdo demonstrou-se estar ligada ao receptor Y2, onde um estudo
com camundongos knockout para o receptor Y2 encontrou déficits na memdria espacial e na
memoria ndo espacial nestes animais (REDROBE, JOHN PAUL et al., 2004). O receptor Y2
€ 0 Unico que apresenta localizacdo pré-sinaptica e é mediador da supressao auto inibitoria da
liberacdo de NPY (COLMERS et al., 1991; STANIC et al., 2011).

O hipocampo é uma regido do cérebro particularmente enriquecida com NPY e seus
receptores, incluindo especificamente os subtipos Y1, Y2 e Y5 (PARKER, R.; HERZOG,
1999). Observou-se que em camundongos knockout para 0 NPY ocorre uma maior expressao
de mRNA do receptor Y2 na regido de CAl, o que demonstra um efeito compensatorio
devido a falta de inibigdo pelo NPY (TRIVEDI et al., 2001).

Atuando via receptores Y2 o NPY pode inibir a transmissdo sinaptica excitatoria
(COLMERS et al., 1991) e a liberagdo de glutamato estimulada por potéssio em fatias
hipocampais (GREBER; SCHWARZER; SPERK, 1994). Quando administrado pela via
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intracerebroventricular o NPY apresenta efeito anticonvulsivante (VEZZANI; SPERK;
COLMERS, 1999).

Os receptores Y1 e Y2 ja foram identificados em terminais nervosos glutamatérgicos
no hipocampo e apresentam um importante papel na modulacdo da liberacdo de glutamato.
Quando ativados seletivamente nesta regido ambos inibem a liberacdo de glutamato induzida
por Ca®* (SILVA et al., 2001). Entretanto, o receptor Y2 parece ter um papel predominante no
controle da excitacdo sinaptica quando ativado por agonistas endogenos do NPY (SILVA et
al., 2003).

1.1.3. Polipeptidio Pancreéatico (PP)

O PP ¢é primariamente sintetizado e liberado por células enddcrinas das ilhotas
pancreaticas, denominadas como células F. E secretado ap6s a ingestdo de alimento,
apresentando elevacdo dos niveis séricos no periodo pos-prandial. Exerce efeitos regulatorios
sobre processos gastrointestinais, tais como a secrecdo pancreatica, contracdo da vesicula
biliar e esvaziamento gastrico (EKBLAD; SUNDLER, 2002). A acdo do PP é mediada pelo
receptor Y4, que esta expresso tanto no sistema gastrointestinal quanto no SNC. Poucos
estudos deste polipeptidio tém sido realizados no SNC, entretanto um estudo recente avaliou
um modelo de camundongo knockout para o receptor Y4 e observou reducdo do
comportamento relacionado a ansiedade e aumento das respostas depressivas nestes animais,
indicando que o PP através de seu receptor especifico também possui acdo no sobre o SNC
(TASAN et al., 2009).

1.1.4. Peptideo YY (PYY)

Em 1980, Talemoto and Mutt, isolaram pela primeira vez em intestino de porco o
PYY e subsequentemente o sequenciaram (TATEMOTO, 1982; TATEMOTO; MUTT,
1980). E em 1988, o isolaram em intestino humano (TATEMOTO et al., 1988). O PYY foi
assim nomeado devido ao residuo de aminodcido tirosina formar o C-terminal e o N-terminal

do peptideo, e pelo fato da tirosina ser abreviada como Y, designou-se peptideo YY.
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E predominantemente sintetizado e liberado por células intestinais enddcrinas,
chamadas células L. Estas células estdo difusamente distribuidas na mucosa ao longo do
intestino, principalmente na porc¢éo distal do intestino delgado e no colon (GRANDT et al.,
1994). Quando estas células sdo expostas para aumentar a quantidade de absorcdo de
nutrientes, elas liberam o PYY na circulagdo e no limen do trato gastrointestinal (GRANDT
etal., 1994).

O PYY circula no organismo em duas formas ativas: PYY (1-36) e PYY (3-36) e
ambas as formas atravessam a barreira hematoencefalica (NONAKA et al., 2003). A forma
PYY (3-36) resulta da clivagem do PYY (1-36) pela enzima dipeptidil peptidase IV (DPP-
IV), o que leva a perda do N-terminal tirosina-prolina do PYY (1-36) (MENTLEIN;
GALLWITZ; SCHMIDT, 1993). Importantemente, a DPP-IV é a mesma enzima responsavel
por inativar o horménio peptideo semelhante ao glucagon (GLP-1, do inglés glucagon-like
peptide 1), o qual também € secretado pelas células L do intestino, indicando que a DPP-1V
pode apresentar um papel essencial na regulacdo destes peptideos. Em um estudo com
humanos, a infusdo de GLP-1 diminui os niveis basais de PY'Y, sugerindo que a elevacdo dos
niveis de GLP-1 diretamente inibe a secrecdo de PYY pelas células L (LUGARI et al., 2004).

Através da dosagem por cromatografia liquida de alta eficiéncia (HPLC, do inglés
High  Performance Liquide Chromatograph) seguida por quantificagdo  por
radioimunoensaio demonstrou-se que ambas as formas do peptideo estdo presentes no plasma
humano, apresentando niveis pré-prandiais com média de 7.0 pM para o PYY (1-36) (63.1%)
e de 4.1 pM para o PYY (3-36) (36.9%). Em niveis pds-prandiais observou-se uma média de
22.0 pM para o PYY (1-36) (45.8%) e de 26.0 pM para o PYY (3-36) (54.2%). Demonstrando
a elevacdo do peptideo apds a ingestdo de alimentos (GRANDT et al., 1994).

1.1.4.1. Funcbes do PYY

O PYY pode exercer funcdo endocrina tanto pardcrina quanto sistémica. A acédo
paracrina do PYY, quando liberado pelas células L no limen intestinal, consiste na
diminuicdo da motilidade do trato gastrointestinal, diminuicdo da secrecdo de acido gastrico,
reducdo da secrecdo de bile, diminuicdo da secrecdo pancreatica e aumento da absorcéo dos
nutrientes pelos enterécitos (BIRD et al., 1996).
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Estudos tém demonstrado uma ampla agdo do PYY no SNC, evidenciando seu
envolvimento em importantes fungdes fisioldgicas e patologicas. Sabe-se que existe uma
comunicacdo bidirecional entre o intestino e o cérebro, denominada como eixo intestino-
cérebro, que esta ativa tanto no estado de saude quanto de doenca, apresentando envolvimento
ndo somente em patologias do sistema gastrointestinal, mas também em doencas
neuroldgicas, especialmente nas doencas psiquiatricas (HOLZER; REICHMANN; FARZI,
2012).

A forma clivada, PYY (3-36), tem sido evidenciada por seu papel como um
modulador do apetite, promovendo a sensa¢do de saciedade em mamiferos (BALLANTYNE,
2006; BATTERHAM, 2007; KODA et al., 2005). Este efeito do peptideo tem sido atribuido
a sua acao sobre os neurdnios do ndcleo arqueado do hipotdlamo (BALLANTYNE, 2006). As
duas formas do PYY apresentam efeitos opostos através da ligacao a diferentes receptores. O
PYY (1-36) age sobre o receptor Y1 e quando atua sobre estes receptores no hipotadlamo
apresenta funcdo de estimular o apetite, levando consequentemente ao ganho de peso,
enguanto o PYY (3-36) se liga ao receptor Y2, e no hipotalamo exerce a funcdo de inibicao
do apetite, promovendo a perda de peso (esquematicamente representado na Figura 1)
(BALLANTYNE, 2006).

Hipotdlamo! PYY(1-36) & PYY(3-36)
| Modulagao do

: apetite e perda de peso
' GLP-1

- Inativado

Limen
Intestinal

Nutrientes

Figura 1. Modulagdo da homeostase do apetite e do peso via PYY (1-36) e PYY (3-36) no hipotalamo.
Nutrientes no limen intestinal estimulam a liberagdo do PYY (1-36) pelas células L. A co-liberagdo do GLP-1
regula negativamente o PYY (1-36). A DPP-IV cliva o PYY (1-36) em PYY (3-36). As duas formas bioativas
atravessam a barreira hematoencefalica. PYY (1-36) se liga ao receptor Y1 e estimula o apetite e 0 ganho de
peso. PYY (3-36) se liga ao receptor Y2 inibindo o apetite e 0 ganho de peso e inibe a liberacdo do NPY.
Adaptada de Ballantyne (BALLANTYNE, 2006).
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Estudos recentes demonstraram diminui¢do dos niveis séricos basais e pds-prandiais
de PYY em individuos obesos quando comparados com individuos magros (BATTERHAM
et al., 2003). Além disso, em pacientes submetidos a cirurgia bariatrica para o tratamento da
obesidade morbida, os niveis séricos pos-prandiais do PYY aumentaram cerca de 10 vezes
(CHAN et al., 2006). Estes achados sugerem o envolvimento do PYY na patogénese da
obesidade. Porém, apesar de um amplo numero de trabalhos terem sido conduzidos na
tentativa de se entender os mecanismos centrais do PYY, ndo existe confirmacdo se a
deficiéncia do PYY no organismo poderia induzir a obesidade ou se a obesidade induziria a

diminuicdo dos niveis de PYY.

A administracdo periférica do PYY (3-36) é capaz de promover a ativacdo neuronal
em diferentes areas do SNC de ratos, isto foi evidenciado através da quantificacdo da
expressdao de c-Fos (STADLBAUER et al.,, 2012). Através de ressonancia magnética
funcional em humanos, demonstrou-se que a administracdo periférica de PYY (3-36) induz
ativacdo da via dopaminérgica mesocorticolimbica, promovendo ativacéo de varias regides no
cérebro, em especial uma area relacionada com o sistema de recompensa, localizada na regido
do coértex pré-frontal esquerdo. A ativacdo desta area foi diretamente proporcional a
diminuicdo do apetite nos individuos testados (BATTERHAM, 2007). Da mesma forma, a
administracdo de PYY (3-36) em ratos, ativou diversas regides do cérebro e provocou um
efeito anoréxico nos animais (KODA et al., 2005; STADLBAUER et al., 2012).

Entretanto, além de sua importdncia no comportamento alimentar e balango
energético, 0 aumento de evidéncias indicam que o PYY (3-36) pode estar envolvido em
distarbios neuropsiquiatricos e comportamento suicida, como demonstrado em analises post-
mortem, cuja causa tinha sido suicidio, onde encontrou-se uma diminui¢do da expressdo de
MRNA de NPY no cortex pré-frontal de individuos com doenca bipolar (CABERLOTTO;
HURD, 1999) e uma elevacdo significativa na expressao de mMRNA do receptor Y2 na camada
cortical IV (CABERLOTTO; HURD, 2001). A taxa de suicidio em pacientes submetidos a
cirurgia bariatrica para tratamento de obesidade torna-se cerca de 58% maior quando
comparado a individuos obesos ndo submetidos a cirurgia (ADAMS et al., 2007) e como
relatado acima os niveis de PYY (3-36) também se elevam nestes pacientes (CHAN et al.,
2006), entretanto ainda ndo ha evidéncias de correlagdo entre esses dois achados, devido a

caréncia de estudos investigando as causas do suicidio neste grupo de pacientes.

Além disso, alteragdes agudas em uma série de funcbes cognitivas e comportamentais,

algumas das quais sdo compativeis com alteragdes observadas em modelos de esquizofrenia,



25

foram observadas em ratos ap6s receberem administracdo periférica de PYY (3-36)
(STADLBAUER; LANGHANS; MEYER, 2013; STADLBAUER et al., 2014). Estas
alteracdes foram bloqueadas pela administracdo de haloperidol, um antagonista do receptor
D2. Desta maneira, atribuiu-se as alteracfes causadas pelo PYY (3-36) a transmissao
dopaminérgica, mas de forma indireta, uma vez que este peptideo reduz a atividade neural de
células gabaérgicas, consequentemente diminui a inibicdo de células dopaminérgicas,
facilitando assim a liberacdo de dopamina no corpo estriado (STADLBAUER et al., 2013;
STADLBAUER et al., 2014).

E importante salientar que os comportamentos acima referidos tém sido
correlacionados com alteracdes do hipocampo, o qual, por sua vez, ndo so afeta, mas também
modula a transmissdo dopaminérgica (BAST; FELDON, 2003; ZHANG; BAST; FELDON,
2002). Além disso, o hipocampo € rico em receptores Y2 (PARKER, R.; HERZOG, 1999).
Assim, é concebivel que as alteracdes comportamentais provocados por PYY (3-36) podem
ocorrer atraves de alteraces fisiopatoldgicas causadas por PYY (3-36) sobre células do
hipocampo. A identificacdo e compreensdo desses efeitos se torna necessario, a fim de
identificar novos mecanismos pelos quais 0 PYY (3-36) pode estar desempenhando sua
funcdo tanto em disturbios neuropsiquiatricos como em pacientes obesos submetidos a

cirurgia bariatrica.

Em resumo, todos estes estudos demonstraram que o PYY secretado ou administrado
perifericamente, especialmente em sua forma clivada PYY (3-36), agonista seletivo do
receptor Y2, é capaz de induzir a ativacdo neuronal em varias areas cerebrais, tanto em
modelo animal quanto em humanos, e a elevacao dos niveis séricos deste peptideo pode estar
relacionada com alteragdes cognitivas e comportamentais. Estas acBes do peptideo se

solidificam também devido a ampla distribuicdo do receptor Y2 em todo o SNC.

1.2. SINALIZACAO DO CALCIO

O fon célcio (Ca**) é um segundo mensageiro intracelular que regula varias funcdes
celulares como excitabilidade de membrana, exocitose, atividade sindptica e expressao génica
(SATTLER; TYMIANSKI, 2000). Dessa forma, os neurdnios séo células excitaveis que
transferem sinais eletroquimicos de maneira altamente controlada, sendo o Ca** o fator de

acoplamento entre a excitacdo e a propagacéo desses sinais. Além disso, o Ca®" medeia muitas
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respostas fisiologicas neuronais em resposta a estimulos quimicos e elétricos, sendo a
concentracdo de Ca”" intracelular ([Ca®*];) determinante para a atividade neuronal. Embora o
Ca®* seja fundamental para manutencdo da vida, um aumento exacerbado ou prolongado de
sua concentracdo pode levar a célula a morte, como demonstrado em processos de
excitotoxicidade central pelo glutamato (SATTLER; TYMIANSKI, 2000) ou periférica
induzido por neurotoxinas fosfolipasicas A2 de venenos animais (RIGONI et al., 2005).

A concentracdo de Ca** ([Ca®*]) no citosol de neurdnios é mantida em niveis muito
baixos, em torno de 100 nM, e alteracbes na homeostase desse ion foram relatadas por
induzirem a morte neuronal por apoptose e necrose, as duas principais vias de morte celular
envolvidas no processo de neurodegeneracao. Foi demonstrado, utilizando culturas de células
do SNC, que um aumento exacerbado na [Ca®*] citosélico, com niveis entre 0,5 e 1 uM,
promove a rapida inducdo de morte neuronal por necrose. Por outro lado, uma prolongada
diminuicdo da [Ca®*] citos6lico, com niveis abaixo de 60 nM, é capaz de induzir a morte
neuronal por desencadear o processo de sinalizagdo da via apoptotica na célula (FRANKLIN;
JOHNSON, 1994; FRANKLIN; JOHNSON JR, 1992).

Além disso, alteraces na homeostase do Ca®* podem também influenciar diretamente
na inducdo do potencial de longa duragdo (LTP, do inglés long-term potentiation) e da
depressdo de longa duracéo (LTD, do inglés long-term depression). O LTP é um aumento na
transmissdo sinaptica induzida por uma elevacéo breve na magnitude do Ca?* pés-sinaptico
(BLISS; COLLINGRIDGE, 1993). Quanto a LTD, a mesma se traduz por uma diminuicdo da
forca sinaptica induzida por uma elevacdo moderada e prolongada do Ca?* intracelular
(LINDEN, 1994). Nesse sentido, o glutamato é o principal neurotransmissor excitatério no
SNC e seus receptores n-metil d-aspartato (NMDA), o maior indutor do influxo de Ca** para
a formacdo da LTP. Uma diminuicdo na ativacdo dos receptores NMDA limita a inducéo de
LTP, favorecendo a LTD (FOSTER, 2007). O aumento da susceptibilidade para LTD pode
levar a perda sinaptica e a uma reducdo do volume cerebral (FOSTER, 2006). AlteracGes na
homeostase do Ca?* também sdo observadas no envelhecimento normal e em doencas

neurodegenerativas, como a doenca de Alzheimer e de Parkinson (MATTSON, 2007).

Portanto, é fundamental a manutencdo da homeostase do Ca®" intracelular, sendo
imprescindivel para a viabilidade e funcionamento neuronal. Desse modo, alteragbes na
maquinaria que controla os niveis de Ca?* podem causar sérios danos & célula. A elevacio da
[Ca?*] citosélico pode ocorrer por duas vias: liberagéo do Ca** de estoques intracelulares ou

através do influxo de Ca®* do meio extracelular. Os mecanismos que controlam as alteracées
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na [Ca?']; consistem de interacdes complexas entre trés categorias de eventos: influxo de
Ca®*, armazenamento intracelular de Ca®* e o efluxo de Ca** (SATTLER; TYMIANSKI,
2000).

O influxo de Ca®* é mediado por meio de canais distribuidos na membrana plasmética
neuronal. S&o descritos dois tipos de canais de Ca?*: os voltagem dependentes (VGCC, do
inglés voltage-gated calcium channel), que estdo expressos em todos 0s tipos de neurdnios, e
os ligante-dependentes (por exemplo, os receptores ionotropicos NMDA) (RECASENS;
VIGNES, 1995). Esses dois tipos de canais s&0 0s maiores promotores do transporte do Ca**
para 0 meio intracelular, promovendo o répido e sustentado influxo desse ion em células
neuronais. Estes canais podem ser ativados por estimulos extracelulares, neurotransmissores,
neuromoduladores e por despolarizacdo direta ou indireta (GUTIERREZ-MERINO et al.,
2014). Existem diferentes tipos de VGCC designados como: canais do tipo L (Ca,1.1, Ca,1.2,
Ca,1.3,Ca,1.4), N (Ca\2.1), P/Q (Ca,2.2), R (Ca,2.3) e T (Ca,3.1, Ca,3.2, Ca,3.3). Canais do
tipo Ca,1 sdo primariamente regulados por fosforilagdo de proteinas e os Ca,2 e Ca,3 sdo
regulados por proteinas G (CATTERALL, 2000). Os VGCC do tipo L sdo os mais relevantes
para a homeostase do Ca®" neuronal e estdo expressos em todos os diferentes tipos de
neurbnios. Dos seus quatro subtipos identificados, dois sdo expressos no cérebro, Ca,1.2 e
Ca,1.3, sendo que o Ca,1.2 representa cerca de 80% e Ca,1.3 representa entre 10 e 25% da
expressdo dos VGCC do tipo L no cérebro. Os tipos N, P/Q, R e T sdo amplamente expressos
nas membranas plasmaticas pré-sinapticas e sua ativacdo induz a liberacdo de
neurotransmissores nas sinapses (GUTIERREZ-MERINO et al., 2014).

O influxo de Ca?* também pode ocorrer através de canais operados por estoque
(SOCC, do inglés store-operated calcium channels), que estdo amplamente distribuidos na
membrana plasmatica de todas as células eucaridticas. Estes canais sdo ativados quando
ocorre a deplecdo dos niveis de Ca** do RE, e acredita-se que a principal funcdo dos SOCC é
a manutencdo dos niveis de Ca’* do RE (PAREKH; PUTNEY JR, 2005).

O Ca?* é removido do citoplasma para 0 meio extracelular através da bomba de Ca®*
da membrana plasmatica (PCMA, do inglés plasma membrane calcium pump) ou através de
bombas que transportam ativamente este ion para o meio extracelular (bombas trocadoras
Na*/ Ca**). O Ca** também pode ser removido do citosol através da bomba SERCA que
transporta ativamente o Ca®* para reservas intracelulares, podendo ainda ser removido através
de proteinas ligadoras do Ca®*, como a parvalbumina e a calbidina (CLAPHAM, 1995). O

armazenamento intracelular de Ca* ocorre em estoques intracelulares, tais como o RE e a
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mitocondria. As mitocondrias representam uma reserva adicional de Ca®* intracelular,
podendo armazenar uma quantidade relativamente grande de Ca* e embora os
transportadores mitocondrias apresentem menor afinidade pelo Ca** que a bomba SERCA,
eles também desempenham um importante papel na regulacdo dos niveis de Ca* citosélico
(CLAPHAM, 1995). A liberac&o de Ca** das mitocondrias neuronais é capaz de promover um
aumento consideravel de Ca®* no citosol, porém esta elevacdo tem sido observada somente
durante o processo de morte neuronal. Nesses casos ocorre uma maior permeabilidade do
poro de transicdo mitocondrial, tornando a liberacdo de Ca®* mitocondrial um provavel
mecanismo molecular que desencadeia eventos irreversiveis no processo de morte neuronal
(SMAILI et al., 2000).

Existem duas classes principais de canais para a liberacdo de Ca** das reservas do RE
em neurdnios: os canais dos receptores de rianodina (RyRs) e os canais dos receptores de
inositol trifosfato (IP3Rs). Os RyRs sdo estimulados pelo Ca?* citosélico, enquanto os IP3Rs
sdo sensiveis ao inositol trifosfato (IP3). Estes dois canais sdo ativados em diferentes
respostas neuronais e na plasticidade sinaptica (GUTIERREZ-MERINO et al., 2014).

1.2.1. Canais dos receptores de rianodina (RyRs)

Os RyRs sdo expressos em neurdnios e células musculares e sdo estimulados pelo
aumento dos niveis de Ca®" citosélico. Em neurdnios, a ativacdo da liberacdo de Ca**
induzida por Ca®* (CICR, do inglés calcium-induced calcium release) evocada por receptores
de rianodina pode ocorrer em resposta a entrada de Ca?* através de canais de Ca?* voltagem
dependentes. A liberacdo dos neurotransmissores pode também ser modulada por meio de
substancias que afetam as reservas internas de Ca’* ou por fatores que influenciam
negativamente a maquinaria de liberacdo desde o influxo de Ca** até os canais de Ca®*
dependentes de voltagem e idependentemente do Ca?* intracelular, influenciando diretamente
as proteinas de liberacdo que estdo envolvidas na exocitose (SCIANCALEPORE et al., 1998).
Uma dessas substancias é o vermelho de ruténio (formula estrutural (NH3) 5RU-O-Ru (NH3)
4-ORU (NH3) 5] CI6)), que é um potente blogueador dos RyRs. O vermelho de ruténio é um
corante inorganico sintético cristalino policatiénico utilizado inicialmente como corante em
microscopia eletronica de células e tecidos, pois reage fortemente com os fosfolipidos e
4cidos graxos ligando-se a &cidos mucopolissacarideos (MALECOT; BITO; ARGIBAY,

1998).
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1.2.2. Canais dos receptores de inositol trifosfato (IP3Rs)

Os IP3Rs sdo expressos em muitos tipos celulares e sdo sensiveis ao inositol trifosfato
(IP3). O IP3 em neurdnios é gerado apos a ativagéo da proteina Gg11 acoplada ao GTP ligado
a receptores do tipo de sete dominios transmembrana (GPCR), tais como 0s receptores
metabotropicos de glutamato (mGIuRs) do grupo | e os receptores muscarinicos do tipo M1
de acetilcolina (MAChR-M1) ou a proteina Gj, acoplada ao GPCR, como 0s receptores
MAChR-M2 e os receptores adrenérgicos 02. Apods a ativagdo, estes receptores estimulam a
troca da proteina G-guanina e se dissociam em duas subunidades, G, e Gg,. As subunidades
Gyiia € Giopy, por sua vez, estimulam a fosfolipase C (PLC) na membrana plasmatica, que
cliva o fosfolipidio da membrana fosfatidilinositol 4,5-bisfosfato (PIP2) em IP3 e
diacilglicerol (DAG). O IP3 mobilizado difunde-se através do citosol para se ligar aos IP3Rs,
enquanto que o DAG se liga a proteina quinase C (PKC) ativando-a (BANERJEE; HASAN,
2005). Existem duas classes de antagonistas de IP3Rs comercialmente disponiveis: a toxina
da esponja marinha xestospongina C e o derivado do composto quimico boro 2-
aminoethoxydiphenyl-borate (2-APB) (HAGENSTON et al., 2009).
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Figura 2. llustracdo dos principais sistemas de transporte que controlam a concentracdo de célcio
intracelular neuronal. As setas indicam a entrada de calcio para o citoplasma e a extrusdo do calcio do
citoplasma. Abreviaturas: NMDA-R, receptor de NMDA; VGCC, canais de calcio voltagem dependentes;
PMCA, bomba de calcio da membrana plasmatica, NCX, bomba trocadora de sddio/calcio; mGIuR, receptor
metabotrépico de Glutamato; ER, reticulo endoplasmatico; SERCA, bomba de célcio do reticulo endoplasmatico
IP3, inositol trifosfato; IP3R, receptor de inositol trifosfato; RyR, receptor de rianodina; PTP, poro de transicdo
mitocondrial; CaUP, unitransportador mitocondrial de célcio. Adaptada de Grienberger and Konnerth
(GRIENBERGER; KONNERTH, 2012).
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2. JUSTIFICATIVA

A cirurgia bariatrica revolucionou o tratamento da obesidade, sendo um método
seguro e viavel, e atualmente é o tratamento mais eficaz para a obesidade morbida. Estudos de
seguimento demonstram que, em geral, a cirurgia baridtrica diminui a morbidade e a
mortalidade em pacientes, levando a uma significativa perda de peso e a remissdo de suas
comorbidades (ADAMS et al., 2007). Porém, muitos mecanismos fisiologicos envolvidos
nestas alteracbes permanecem ainda desconhecidos. Estudos tém encontrado alteracfes
comportamentais nestes pacientes como maior dificuldade de controlar impulsos, aumento do
uso de alcool, além de taxas de suicidio mais elevadas nestes pacientes do que em individuos
obesos ndo operados e individuos magros (ADAMS et al., 2007; PETERHANSEL et al.,
2013). Sabe-se que existe uma comunicacdo bidirecional entre o intestino e o cérebro
determinada como eixo intestino-cérebro (HOLZER et al., 2012) e baseado nisto, acredita-se
que as alteracdes fisioldgicas promovidas pela cirurgia baridtrica podem estar fortemente

associadas com altera¢es hormonais neste eixo.

O PYY & secretado por células do sistema gastrointestinal e na Gltima década tornou-
se alvo de diversos estudos devido seu importante papel no controle do apetite e do peso
corporal. Estudos demonstram que em pacientes submetidos a cirurgia bariatrica os niveis
séricos deste peptideo estdo cerca de 10 vezes mais elevados (CHAN et al., 2006). Sabendo-se
gue o PYY atravessa a barreira hematoencefalica e possui acdo no SNC, através de sua
ligacdo aos mesmos receptores do neuropeptidio Y torna-se importante esclarecer 0s

mecanismos de acdo do PY'Y sobre células do SNC.

Sendo assim, este trabalho buscou uma melhor compreensédo da interacdo do PYY (3-
36) e seus receptores em células do SNC, utilizando a cultura priméaria de neurbnios do
hipocampo de ratos neonatos onde avaliou-se 0 envolvimento dos canais de Ca®* e Na'
voltagem dependentes bem como a influéncia da bomba SERCA e dos receptores de IP3 e de
rianodina presentes no RE nas respostas induzidas pelo PYY (3-36) sobre a modulacdo do

influxo de Ca**.
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3. OBJETIVOS

3.1. OBJETIVO GERAL

Avaliar a atividade do PYY (3-36) no influxo de célcio em células cultivadas do
hipocampo de ratos neonatos.

3.2. OBJETIVOS ESPECIFICOS

- Caracterizar os diferentes tipos celulares presentes na cultura priméria de hipocampo,
através de imunocitoquimica, utilizando anticorpos para a marcacgédo de neurdnios e células da

glia de ratos.

- Padronizar a dose do PYY (3-36) para utilizar nos experimentos de analise do
influxo de célcio nas culturas de células hipocampais.

- Discriminar os mecanismos celulares do célcio frente a acdo do PYY (3-36) por meio

da utilizacdo de diferentes moduladores das oscila¢6es do célcio intracelular, como:

. Remocdo do Ca** do meio extracelular;

o Inibicdo dos canais de Ca** e Na* voltagem dependentes;
o Inibicdo da bomba SERCA,;

o Inibigdo dos receptores de rianodina;

. Inibicdo dos receptores de inositol trifosfato.
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4. METODOLOGIA

4.1. ASPECTOS ETICOS

Este projeto foi desenvolvido no Laboratério de Neurociéncias do Instituto do Cérebro
da PUCRS, aprovado pelo Comité de Etica e Pesquisa da PUCRS e Comiss&o de Etica no

Uso de Animais sob protocolo numero 13/00340, conforme anexo A.

4.2. ANIMAIS

Foram utilizados ratos Wistar neonatos para a cultura primaria de células do
hipocampo. Os animais foram fornecidos pelo Centro de Modelos Bioldgicos Experimentais
(CeMBE) da PUCRS, e mantidos sob iluminacdo e temperatura controlada (alternando ciclo
claro e escuro de 12 horas e em temperatura de 22°C), recebendo agua e racdo a vontade.
Foram utilizadas cinco ninhadas de ratas Wistar diferentes (sendo utilizados quatro ratos
neonatos de cada ninhada, somando um total de 20 ratos neonatos) para o desenvolvimento
deste estudo. A eutanasia dos animais ocorreu ao 2° dia pds-nascimento para a obtencéo dos
hipocampos. Foi realizado com o minimo de dor, medo e angustia por deslocamento cervical
seguido de decapitacdo devido a rapidez do procedimento e por ser a forma mais indicada

para eutanasia de animais desta idade.

4.3. CULTURA DE CELULAS

A cultura priméaria de células do hipocampo foi realizada seguindo o protocolo
previamente descrito por Buschell et. al (BUSHELL et al., 2006) com pequenas alteracGes.
No 2° dia pds-nascimento, os ratos foram eutanasiados. Os cérebros foram entdo
cuidadosamente removidos em ambiente descontaminado (capela de fluxo laminar) e em
seguida foram dissecados os hipocampos dos dois hemisférios com o auxilio de pincas e
tesouras cirargicas. Os hipocampos foram triturados delicadamente com uma lamina de
bisturi e colocados em um tubo plastico conico de 15 mL. Para a digestdo do tecido os
hipocampos foram incubados com 5 mL de tripsina 0,25% durante 20 minutos em estufa

umida & 37°C com 5% de CO,. No meio deste periodo de incubacdo os tubos foram
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homogeneizados por inversdo. Apos foram centrifugados a 120 x g, durante 5 minutos. O
sobrenadante foi removido e as células foram ressuspendidas em 1 mL de meio neurobasal
suplementado com B27 (2 mL/dL) e glutamina 0,5 mM (1,25 mL/dL). A viabilidade e
densidade celular foram avaliadas pelo método de exclusdo com azul de tripan em camera de
Neubauer. As células foram semeadas em laminulas de 13 mm, em uma concentracéo de 10°
celulas/mL. As laminulas foram tratadas com 1 mg/ml de poli-L-lisina, incubadas durante
uma hora e lavadas com ddH20 duas vezes. As células foram mantidas em estufa Umida a
37°C com 5% de CO2. No 5° dia de cultura foi adicionado 10 uM de citosina-p-D-

arabinofuranoside (AraC) para inibir a proliferagdo de células da glia.

4.4. IMUNOCITOQUIMICA POR FLUORESCENCIA

No 11° dia de cultura, o meio foi removido e as células foram fixadas com
paraformaldeido 4% por 30 minutos. Apos, foram lavadas com tampéo fosfato-salina de
Dulbecco (DPBS, do inglés Dulbecco’s fhosphate buffered saline) 3 vezes por 5 minutos cada
e adicionou-se a solucdo de blogueio composta de 1% albumina de soro bovino (BSA, do
inglés bovine serum albumin), 5% soro fetal bovino (FBS, do inglés fetal bovine serum), 0.2%
de TritonX em DPBS) durante uma hora em temperatura ambiente. Apds, foi adicionado o
anticorpo primario proteina acida fibrilar glial (GFAP, do inglés Glial fibrillary acidic
protein) diluido na solucdo de bloqueio, na dilui¢do 1:100, e incubado over night a 4°C. A
solucdo foi removida e as células foram lavadas com DPBS, 3 vezes por 5 minutos cada,
entdo adicionou-se o0 anticorpo secundario, Alexa Fluor 633, diluido na solucdo de bloqueio,
na diluicdo 1:400 e incubou-se por 1 hora no escuro em temperatura ambiente. Foi removida a
solucdo e lavado com DPBS, 3 vezes por 5 minutos cada. Apo6s, foi adicionado o anticorpo
Fluoropan Neuronal Marker conjugado com fluorescein isothicyanate (FITC), diluido na
solucdo de bloqueio, na diluigdo 1:100 e incubado por 2 horas no escuro. Foi removida a
solugdo e as células foram lavadas com DPBS, 3 vezes por 5 minutos cada. Por fim, foi feito a
montagem da laminula sobre a lamina adicionando 20 pL de solu¢do de montagem contendo
4',6-diamidino-2-phenylindole (DAPI) 0,01%, para a marca¢do nuclear e incubado por 20
minutos no escuro em temperatura ambiente. As células foram analisadas utilizando

microscopio confocal Zeiss LSM-5 exciter com lente objetiva de 40X.
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4.5. IMAGEM DO CALCIO (CA™)

Os experimentos de imagem do Ca®* foram realizados seguindo o protocolo
previamente descrito por Meucci et al. (MEUCCI et al., 1998) com pequenas modificaces.
As células hipocampais encontravam-se viaveis para este experimento a partir do 11° dia até o
13° dia de cultura. Antes do experimento, 0 meio de cultura foi removido e as celulas foram
lavadas duas vezes com solucdo de HEPES tampao salina (HBS, do inglés HEPES-buffered
saline) composta por (em mM): 140 NaCl, 5 KCI, 2 MgCl2, 2 CaCl2, 10 HEPES e 10 D-
Glicose, pH 7.4 (ajustado pH com solucdo NaOH 10M) e osmolaridade 308-312 mOsm
(ajustado osmolaridade com sucrose). Apos, foi adicionado a cultura celular 5 uM de Fluo-4
AM (marcador do célcio) diluido em 1,5 mL de HBS e incubado durante 45 minutos no
escuro em temperatura ambiente. Apo6s, foi removido a solucéo e as células foram lavadas 3
vezes com HBS e mantidas com 2 ml de HBS no escuro em temperatura ambiente. Durante os
experimentos as células eram perfundidas continuamente com solucdo de HBS em fluxo de 1-
2 mL/minuto a temperatura ambiente. Todas as drogas testadas foram adicionadas nas células
via perfusdo. Todos os experimentos com imagem do célcio foram realizados em um sistema
de imagem digital de epifluorescéncia (WinFluor, J. Dempster, Universidade de Strathclyde,
Escécia), as imagens foram adquiridas pela camera digital Hamamatsu ORCA-ER adaptada
ao microscopio invertido Nikon Eclipse TE 2000 usando objetiva de 10X. Foi utilizado o
filtro Blue Excitation Filter Block B-2E/C com comprimento de onda de excitacdo de 493 nm
e emissdo de 513 nm. Os dados foram calculados de acordo com as alteracdes na taxa de
fluorescéncia e expressa como AF/F, onde F é a taxa de fluorescéncia basal, obtida durante a
fase de registro do controle e o AF é 0 pico maximo de fluorescéncia obtido pela saturacdo de
calcio. As células foram avaliadas individualmente. A figura 3A mostra o sistema adaptado

para a captura das imagens e a figura 3B mostra a analise do influxo de célcio nas células.
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Figura 3. Sistema para imagem do célcio. A) Microscdpio Nikon Eclipse TE 2000 adaptado com o sistema de
imagem digital de epifluorescéncia (WinFluor, J. Dempster, Universidade de Strathclyde, Escécia). B)
Experimento com a cultura de células do hipocampo de ratos marcadas com o Fluo-4, objetiva de 10X, e o
grafico demonstrando a taxa de fluorescéncia expressa como AF/Fq em resposta a administracdo do KCI na
concentragdo de 35 mM.

4.6. PEPTIDEO YY (3-36)

O PYY (3-36) foi adicionado nas células por meio do sistema de perfusdo continuo e
diluido em solucdo HBS, em diferentes concentragdes, sendo elas: 1 nM, 5 nM, 10 nM, 20
nM, 100 nM e 1 uM. A dose escolhida como padrdo para os demais experimentos foi de 10
nM, por ser uma concentracdo relativamente baixa e que demonstrou atividade excitatdria

sobre o Ca".



37

4.7. ENSAIOS PARA A DETERMINACAO DE MECANISMOS DE ACAO DO PYY (3-
36)

Todas as drogas testadas foram diluidas em solucdo HBS e adicionadas via perfusao
em fluxo continuo, seguindo o protocolo de registro de: 2 minutos de controle (com perfuséo
da solucdo HBS), 2 minutos com a droga, 2 minutos com a droga e o PYY (3-36), 2 minutos
de lavagem com a solucdo HBS e ao final de cada protocolo foi adicionado KCI 35 mM por 2
minutos. Uma vez que é esperado aumento do influxo de Ca®* para o citoplasma das células
intactas em resposta a alta concentragio de K" extracelular, assumiu-se que as elevacdes na
fluorescéncia de Ca** mediante a infusdo de KCI a certeza de que as células eram viaveis e
que o Fluo-4 estava funcionando corretamente como um marcador sensivel ao Ca®*" para

detectar as variacdes na concentracdo de Ca®* durante os experimentos.

Estéo listados a seguir os ensaios realizados:

4.7.1. Remocdo do Ca®* do meio extracelular

Sabendo-se que a elevacdo da concentragdo de Ca?* intracelular pode resultar do
influxo de Ca®* do meio extracelular ou da liberacéo de Ca®* armazenado em compartimentos
intracelulares, primeiramente avaliamos se a modulacdo do Ca®* pela acdo do PPY (3-36) era
dependente de Ca** extracelular. Entdo, neste ensaio n3o adicionamos o Ca’* na solucdo
extracelular, além disso, quelamos o Ca®* do meio externo com 1 mM de EGTA e
bloqueamos os canais de Ca”* dependentes de voltagem do tipo L, com 10 pM de nifedipina,
para averiguar se a acdo do PYY (3-36) era dependente de Ca?* do meio extracelular. A
solucdo estoque de nifedipina foi diluida em DMSO (dimethyl sulfoxide) a 0,1%, esta

concentracdo de DMSO no altera os niveis de Ca** ou a viabilidade celular.

4.7.2. Inibicéo dos canais de Na*

A tetrodotoxina (TTX) é um antagonista seletivo dos canais de Na® presentes nas

membranas de células excitaveis, seletivamente impedindo o influxo de Na®*, bloqueando
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assim efetivamente os potencias de acdo de neurdnios. Este experimento foi importante para
avaliar se a acdo do PYY (3-36) poderia ser modulada pelos canais de Na*. A solugio estoque

de TTX foi diluida na solucdo em H,0 e a concentracdo usada nos experimentos foi de 1 uM.

4.7.3. Inibi¢cdo da bomba SERCA

A tapsigargina € um antagonista especifico da bomba do reticulo sarco-
endoplasmético Ca®*-ATPase (SERCA), ela bloqueia efetivamente a atividade da SERCA,
promovendo assim a deplecdo dos estoques de Ca** do RE, devido impedir a captacio de Ca®*
para repor os estoques do RE. Este experimento avaliou se a acdo do PYY (3-36) é modulada
pela atividade da bomba SERCA. A solucdo estoque de tapsigargina foi diluida em DMSO na

concentracdo de 0,1% e a concentracdo usada nos experimentos foi de 2 uM.

4.7.4. Inibicéo dos receptores de rianodina

O vermelho de ruténio é um blogueador especifico dos receptores de rianodina (RyRs)
do RE. Este experimento avaliou se a a¢do do PYY (3-36) é modulada pela atividade dos
RyRs. A solucdo estoque de vermelho de ruténio foi diluida em H,O e a concentragcdo usada
nos experimentos foi de 30 uM.

4.7.5. Inibicéo dos receptores de inositol trifosfato

O 2- aminoethoxydiphenylborate (2-APB) é um bloqueador especifico dos receptores
de inositol trifosfato (IP3Rs) do RE. Este experimento avaliou se a acdo do PYY (3-36) é
dependente da atividade dos IP3Rs. A solucdo estoque de tapsigargina foi diluida em DMSO

na concentracao de 0,1% e a concentracdo usada nos experimentos foi de 100 uM.
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4.8. ANALISE ESTATISTICA

Os experimentos foram realizados em ceélulas provenientes de cinco culturas
individuais obtidas de diferentes animais, onde se avaliou o pico de fluorescéncia expresso
como AF/F,. Todos os resultados foram expressos como a média + EPM, onde n indica o
namero de células avaliadas. As médias foram comparadas pelo teste t de Student ou por
ANOVA de uma via seguido do teste de Tukey, conforme apropriado. As diferencas foram
consideradas significativas quando P < 0,05. Os dados foram analisados utilizando o software
GraphPad Prism 5.0 (GraphPad Software, San Diego, CA, Estados Unidos).
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5. RESULTADOS

5.1. CULTURA PRIMARIA DE CELULAS DO HIPOCAMPO

As culturas de células obtidas do hipocampo de ratos Wistar neonatos apresentavam-
se aderidas a laminula desde o primeiro dia em cultura, com inicio dos processos neuronais ja
na primeira semana. As culturas utilizadas neste trabalho caracterizavam-se basicamente por
dois tipos celulares: neurénios e células astrocitarias (Figura 4). Os astrocitos mesmo com a
utilizacdo do inibidor AraC, encontravam-se em maior nimero do que os neurénios. Para 0s
experimentos de influxo de célcio as células encontravam-se viaveis e em Otimas condigdes

durante 0 11°, 12° e 13° dia in vitro.

FluoroPan

Figura 4. Cultura priméaria de células do hipocampo. As células foram identificadas por imunofluorescéncia
através da utilizacdo dos anticorpos especificos: Fluoropan (verde) marcardor neuronal (1:100), GFAP
(vermelho) marcador de astrocitos (1:100) e DAPI (azul) marcador nuclear. As células foram analisadas
utilizando microscdpio confocal Zeiss LSM-5 exciter com lente objetiva de 40X.

5.2. EFEITO DO PYY (3-36) NA CONCENTRACAO DE CA? INTRACELULAR DAS
CELULAS HIPOCAMPAIS

As células foram tratadas com diferentes concentragfes do PYY (3-36) (1 nM, 5 nM,
10 nM, 20 nM, 100 nM e 1 uM). O PYY (3-36) foi diluido em solu¢cdo HBS e administrado

por meio do sistema de perfusdo continua. Observou-se aumento da concentracdo de ca®*
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intracelular em todas as doses testadas. Nas concentra¢Ges mais baixas (1 nM, 5 nM, 10 nM e
20 nM) houve aumento do influxo de célcio semelhante entre as doses, sem diferenca
significativa entre elas (4.2 £ 0.43, n = 26; 4.8 £0.29, n = 20; 45+ 0.37,n = 18; 4.2 £ 0.31,
n = 21; respectivamente). Nas concentra¢des mais elevadas (100 nM e 1 uM) também ocorreu
aumento do influxo de célcio sem diferenca significativa entre elas (5.5 + 0.44, n = 21; 5.4 +
1.1, n = 20) ou com as doses menores, entretanto estas duas concentragdes apresentaram

tendéncia para um maior aumento da concentracéo do Ca®* intracelular (Figura 5).
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Figura 5. Efeito do PYY (3-36) sobre o influxo de Ca®* nas células hipocampais. As células da cultura de
hipocampo foram expostas a diferentes concentragdes do PYY (3-36) (1 nM, 5 nM, 10 nM, 20 nM, 100 nM e 1
uM) em perfusdo com fluxo continuo. Os resultados foram expressos como a média £ EPM e comparados por

ANOVA de uma via seguido pelo teste de Tukey.

53. EFEITO DO PYY (3-36) NA CONCENTRACAO DE CA?* CITOSOLICO NAS
CELULAS HIPOCAMPAIS NA AUSENCIA DE CA* NO MEIO EXTRACELULAR

As células hipocampais foram perfundidas com solucédo HBS sem adicéo de Ca?*, com
1 mM de EGTA para quelar o Ca** do meio extracelular ¢ com 10 pM de nifedipina para
bloquear os canais de Ca** voltagem dependentes do tipo L, seguidas por exposicdo ao PYY
(3-36) na concentracdo de 10 nM. Estas células apresentaram aumento da [Ca?*] citosblico
(5.3 £ 0.32, n = 24) e esta elevagdo néo foi significativamente diferente em comparagdo com
as células do grupo controle que foram perfundidas com a solucdo HBS com Ca®* e expostas

a mesma concetracdo do peptideo (4.5 £ 0.37, n = 18) (Figura 6).
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Figura 6. Efeito do PYY (3-36) sobre a concentracdo de Ca®" citosélico nas células hipocampais na
auséncia de Ca®* no meio extracelular. As células da cultura de hipocampo foram expostas a 10 nM do PYY
(3-36) em perfuséo com fluxo continuo de solugéo tamp&o sem Ca®*, com 1 mM de EGTA e com 10 uM de
nifedipina. Os resultados foram expressos como a média £ EPM e comparados pelo teste t de Student.

5.4. EFEITO DO PYY (3-36) QUANDO 0OS CANAIS DE NA" VOLTAGEM
DEPENDENTES ESTAO BLOQUEADOS

As células hipocampais foram tratadas com 1 uM de TTX para bloquear os canais de
Na®, seguidas da adicdo de 10 nM do PYY (3-36) administrados por meio do sistema de
perfusdo continua. Estas células apresentaram uma [Ca®"] citosdlico significativamente
aumentada (6.2 £ 0,39, n = 37) (**P <0,01) quando foram comparadas com as celulas do
grupo controle (4.5 £ 0.37, n = 18) que foram perfundidas com a solu¢do HBS e expostas a

mesma concetracdo do peptideo (Figura 7).
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Figura 7. Efeito do PYY (3-36) sobre a concentracéo de Ca®* citosélico nas células hipocampais quando o0s
canais de Na* voltagem dependentes estdo bloqueados. As células da cultura de hipocampo foram expostas a
1 uM de TTX, seguido por exposi¢ao a 10 nM do PYY (3-36) em perfusdo com fluxo continuo. Os resultados
foram expressos como a média £ EPM e comparados pelo teste t de Student. **P < 0,01.

5.5. EFEITO DO PYY (3-36) EM PRESENCA DE BLOQUEADORES DA BOMBA
SERCA

As células hipocampais foram tratadas com 2 uM de tapsigargina, um bloqueador da
bomba SERCA, seguido pela adi¢do de 10 nM de PYY (3-36) ou foram tratadas com 2 uM de
tapsigargina juntamente com 1 uM de TTX, seguido pela adi¢ao de 10 nM do PYY (3-36),
todos administrados em perfusdo continua. As células tratadas com tapsigargina apresentaram
influxo de Ca?* significativamente maior (6.1 + 0.31, n = 50) quando comparadas tanto ao
grupo controle (4.5 £ 0.37, n = 18) (**P < 0,01) bem como quanto ao grupo de células
tratadas com tapsigargina e TTX (3.2 £ 0.13, n = 29) (***P < 0,001). Também houve

diferenca significativa entre o grupo controle (4.5 £ 0.37, n = 18) e 0 grupo tratado com
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tapsigargina e TTX (3.2 £ 0.13, n = 29) (*P < 0,05) , onde o grupo tratado com as duas
drogas apresentou influxo de Ca** menor do que o controle (Figura 8).
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Figura 8. Efeito do PYY (3-36) sobre a concentragdo de Ca®" citosélico nas células hipocampais quando a
bomba SERCA esté bloqueada. As células da cultura de hipocampo foram expostas a 2 uM de tapsigargina,
seguido por exposicdo a 10 nM do PYY (3-36) ou as células eram expostas a 2 uM de tapsigargina juntamente
com 1 pM de TTX, seguido por exposi¢do a 10 nM do PYY (3-36) em perfusdo com fluxo continuo. Os
resultados foram expressos como a média £+ EPM e comparados por ANOVA de uma via seguido pelo teste de
Tukey. *P < 0,05; **P < 0,01; ***P < 0,001.
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5.6. EFEITO DO PYY (3-36) NA PRESENCA DE BLOQUEADORES DE RECEPTORES
DE RIANODINA

As ceélulas hipocampais foram tratadas com 30 uM de vermelho de ruténio que é um
bloqueador dos RyRs, seguido pela adicdo de 10 nM de PYY (3-36), ou as células foram
tratadas com 30 uM de vermelho de ruténio juntamente com 1 uM de TTX, seguidos pela
adicdo de 10 nM de PYY (3-36), todos administrados em perfusdo continua. As células
tratadas com vermelho de ruténio apresentaram um influxo de Ca®* significativamente maior
(6.5 £ 0.19, n = 63) quando comparadas tanto ao grupo controle (4.5 + 0.37, n = 18) (***P <
0,001) quanto ao grupo de células tratadas com vermelho de ruténio e TTX (3.5 £ 0.21, n =
23) (***P < 0,001). Nao houve diferenca significativa entre o grupo controle e o grupo

tratado com as duas drogas simultaneamente (Figura 9).
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Figura 9. Efeito do PYY (3-36) sobre a concentracéo de Ca®* citosélico nas células hipocampais quando o0s
RyRs bloqueados. As células da cultura de hipocampo foram expostas a 30 uM de vermelho de ruténio, seguido
por exposicdo a 10 nM do PYY (3-36) ou as células eram expostas a 30 uM de vermelho de ruténio juntamente
com 1 uM de TTX, seguido por exposi¢do a 10 nM do PYY (3-36) em perfusdo com fluxo continuo. Os
resultados foram expressos como a média + EPM e comparados por ANOVA de uma via seguido por teste de
Tukey. ***P < 0,001.

5.7. EFEITO DO PYY (3-36) QUANDO OS RECEPTORES DE INOSITOL TRIFOSFATO
ESTAO BLOQUEADOS

As células hipocampais foram tratadas com 100 uM de 2-APB, que é um bloqueador
dos IP3Rs, seguido pela adi¢cdo de 10 nM de PYY (3-36) ou foram tratadas com 100 uM de 2-
APB juntamente com 1 uM de TTX seguidos pela adicdo de 10 nM PYY (3-36), todos
administrados em perfusdo continua. As células tratadas somente com o 2-APB apresentaram
um influxo de Ca*" significativamente menor (3.1 + 0.25, n = 35) quando comparadas ao
grupo controle (4.5 = 0.37, n = 18) (*P < 0,05). O mesmo ocorreu comparando as células
tratadas com o 2-APB com aquelas em que também se adicionou 0 TTX (6.7 + 0.46, n = 24)
(***P < 0,001). Houve diferenca significativa entre o grupo controle (4.5 +0.37,n=18) e 0
grupo tratado com 2-APB e TTX (6.3 £ 0.46, n = 24) (***P < 0,001), onde o grupo tratado

com as duas drogas apresentou influxo de Ca** maior do que o grupo controle (Figura 10).
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Figura 10. Efeito do PYY (3-36) sobre a concentracdo de Ca2+ citosolico nas células hipocampais quando
0s IP3Rs estdo bloqueados. As células da cultura de hipocampo foram expostas a 100 pM de 2-APB, seguido
por exposicdo a 10 nM do PYY (3-36) ou as células eram expostas a 100 uM de 2-APB juntamente com 1 uM
de TTX seguido por exposi¢do a 10 nM do PYY (3-36) em perfusdo com fluxo continuo. Os resultados foram
expressos como a média + EPM e comparados por ANOVA de uma via seguido pelo teste de Tukey. *P < 0,05;
***P < 0,001.
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6. DISCUSSAO

Nesse trabalho foi investigada a interacdo funcional entre o PYY (3-36) e 0s seus
receptores utilizando a cultura priméria de neurénios do hipocampo de ratos Wistar neonatos.
Além disso, avaliou-se o envolvimento dos canais de Ca’* e de Na* dependentes de voltagem
bem como a influéncia da bomba Ca®*- ATPase (SERCA) presente no RE, e dos receptores de
IP3 e de rianodina sobre as respostas induzidas pelo PYY (3-36) sobre o aumento da [Ca*']

citosolico.

Inicialmente realizou-se o ensaio de concentracdo-resposta do peptideo em cultura de
células mistas de hipocampo, onde se observou uma atividade variavel do PYY (3-36), mas
estatisticamente ndo significativa, demonstrando que sua acdo ndo foi dose-dependente. Esse
aumento variavel na resposta do peptideo provavelmente se deve a variedade de tipos
celulares presentes em nossas condigfes experimentais, as quais demonstraram conter um
grande numero de células gliais (astrocitos) e neurébnios em menor numero, em concordancia
com Bushell e cols. (2006) (BUSHELL et al., 2006). A dose-padrédo escolhida para os demais
ensaios foi uma concentracéo relativamente baixa (10 nM) em comparacéo a outros estudos in
vitro realizados com o0 PYY (3-36) (SILVA et al., 2001). Em nossas condigdes experimentais,
0s baixos niveis de secrecdo do peptideo no organismo, nortearam a escolha de doses baixas
para 0 estudo dos mecanismos do célcio. Por exemplo, em individuos magros os niveis pos-
prandiais médios do PYY (3-36) sdo de 37.0 £ 11.6 pg/mL. Em individuos obesos submetidos
a cirurgia bariatrica, onde se sabe que os niveis pos-prandiais deste peptideo se elevam cerca
de quase 10 vezes, a média da concentracdo € de 303.0 + 37.0 pg/mL (CHAN et al., 2006).

Os ensaios farmacoldgicos para a investigacao da relacdo de diferentes canais i6nicos
e receptores intracelulares na atividade do peptideo revelaram alteracGes significativas sob
sitios celulares especificos as respostas moduladoras do Ca?* evocadas pelo PYY (3-36).
Dessa forma, em ensaios com PYY (3-36) em que as células foram banhadas com solucéo
extracelular sem Ca”*, em presenca do EGTA e da nifedipina houve um aumento da
fluorescéncia do Ca®* citosélico, que é nesse caso, independente da ativacdo das vias do Ca®*
extracelular. Com relacdo a esse Gltimo ensaio, a exacerbacdo da liberacio do Ca**
possivelmente foi decorrente da mobilizacdo dos estoques desse ion de reservas intracelulares
(GUTIERREZ-MERINO et al., 2014). Nesse sentido, esse dado também sugere uma
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atividade exclusiva do peptideo sobre receptores intracelulares, que seria independente de
uma atividade sobre os canais de Ca’* voltagem dependentes do tipo L da membrana
plasmatica. Estudos em células cultivadas do hipocampo tém demonstrado a atividade de
terminais pré-sinapticos independentemente de alteracdes na [Ca®*]i (MALGAROLLI; TSIEN,
1992). Além disso, j4 foi demonstrado que na auséncia de Ca** no meio extracelular ocorre &
deplecéio dos estoques de Ca?* intracelulares (SAVIC; SCIANCALEPORE, 1998), o que
explicaria a elevacdo da [Ca**] que foi evidenciada em nossas condicBes experimentais na

auséncia de Ca®" extracelular.

Em nossas condiges experimentais, quando a TTX, uma toxina que inibe
seletivamente os canais de Na* voltagem dependente, foi incubada previamente ao peptideo,
houve um aumento na [Ca®*] citosélico nas células hipocampais. Esse dado demonstra que a
acdo do PYY (3-36) foi independente do influxo de Na*, sugerindo que a sua atividade sobre
as células hipocampais ndo induz ou independe da despolarizagdo celular. Além disso, o fato
da despolarizacdo neuronal estar impedida pela acdo da TTX reforca a possiblidade do
peptideo induzir uma hiperpolarizacdo celular, reforcando o papel inibitério do PYY (3-36)
no SNC (STADLBAUER et al., 2014). De fato, esse efeito corrobora uma atividade pré-
sinaptica inibitéria do peptideo sobre neurdnios gabaérgicos (ACUNA-GOYCOLEA; VAN
DEN POL, 2005) e glutamatérgicos do hipocampo de ratos, pela ativacdo de receptores Y2
(GREBER et al., 1994).

Os ensaios em presenca da tapsigargina, um inibidor da bomba SERCA, resultaram
em elevacdo da [Ca®'] citosélico pela acdo do PYY (3-36) sobre as células do hipocampo.
Devido a tapsigargina causar a deplecdo dos estoques de Ca?* intracelulares (THASTRUP et
al., 1990) sugere-se que 0 aumento do Ca®* na presenca dessa droga, ocorra pela ativagdo dos
SOCC, que sdo canais ativados na vigéncia da deplecdo dos estoques de Ca®* do RE
(PAREKH; PUTNEY JR, 2005). Este ultimo dado, evidéncia um efeito do peptideo sobre a

mobilizacdo do Ca®* por meio de uma ago sobre os receptores intracelulares do RE.

Por outro lado, quando a TTX e a tapsigargina foram incubadas previamente a adi¢éo
do peptideo nas células hipocampais, houve inibicdo do efeito da tapsigargina, que resultou
em significativa diminuicdo na fluorescéncia do Ca*". Embora a tapsigargina ative os SOCC,
estes canais parecem ndo serem ativados em presenca de um inibidor de canais de Na®
voltagem dependente. Ensaios futuros deverdo concentrar-se na investigacdo da participacdo
dos canais de Na* dependentes voltagem, nessa possivel agido dos SOCC em células excitaveis

do hipocampo. Nesse contexto, o fato de ter sido demonstrado que 0os SOCC sdo permeaveis
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aos fons Na* além do Ca** (ARNON; HAMLYN; BLAUSTEIN, 2000), poderia justificar
uma acgédo da TTX sobre esses canais, 0 que resultaria em uma consequente diminuicdo nos

niveis de Ca®* citos6lico em presenca da tapsigargina e TTX.

Quando utilizamos o vermelho de ruténio, um blogueador dos RyRs, observou-se uma
resposta semelhante & da tapsigargina isolada, onde ocorreu um aumento exacerbado da
fluorescéncia do Ca**. Esse efeito também sugere a ativacdo dos SOCC. Além disso,
inicialmente esse dado poderia sugerir uma ativacdo dos VGCC do tipo L, devido ao
acoplamento funcional entre esses canais e 0s RyRs (CHAVIS et al., 1996). No entanto, esta
via de acdo ndo parece estar envolvida devido a inibigéo da ativagdo dos VGCC do tipo L em
presenca de bloguedores dos RyRs (CHAVIS et al., 1996). E, igualmente aos ensaios com
tapsigargina, quando utilizou-se a TTX juntamente com vermelho de ruténio, o efeito
promovido pelo vermelho de ruténio foi inativado, ocorrendo uma significativa diminuicdo na
[Ca?*] do citosol das células do hipocampo, ressaltando que os canais SOCC parecem nao

serem ativados em presenca de um inibidor de canais de Na* voltagem dependente.

Por fim, o tratamento das células hipocampais com 2-APB, um antagonista dos IP3R,
inibiu 0 aumento da fluorescéncia do Ca®* induzido pelo PYY (3-36). A contraposicdo desse
efeito pela TTX, sugere que pelo menos em parte, o aumento da [Ca?*] citosélico evocado
pelo PYY (3-36) em cultura de células hipocampais, esteja associado a cascata de sinalizacdo
do IP3. Como dito anteriormente na parte introdutéria desse trabalho, em neurénios, o IP3 é
gerado apos a ativagdo da proteina Ggu1 ou G, acoplada aos receptores do tipo de sete
dominios transmembrana ligado a GPCR. Apds a ativacao, estes receptores estimulam a troca
da proteina G guanina e a sua dissociagdo em duas subunidades G, e Gg. As subunidades
Gy/i1a € Giopy, pOr sua vez, estimulam a PLC na membrana plasmatica, que cliva o fosfolipido
da membrana, fosfatidilinositol 4,5-bisfosfato, em IP3 e DAG. O IP3 mobilizado difunde-se
através do citosol para se ligar aos IP3Rs provocando a propagacdo de ondas internas de Ca**
liberado do RE (BANERJEE; HASAN, 2005).

Nossos resultados sugerem que o efeito do PY'Y (3-36) sobre as células do hipocampo,
além de complexo, envolva a cascata de sinalizagdo do IP3. Devido ao fato do DAG
permanecer retido na membrana plasmatica para que haja a ativagdo da PLC (BANERJEE;
HASAN, 2005), sugere-se que o IP3 esteja mais relacionado ao aumento da [Ca®'] citosélico
observado em nossas condicGes experimentais, ja que 0 mesmo tem a capacidade de se

difundir pelo citosol celular.
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Assim, as alteraces fisioldgicas e patoldgicas induzidas pelo PYY sobre o SNC, onde
a sua concentracdo encontra-se especialmente alterada em doencas psiquidtricas
(DECRESSAC; BARKER, 2012; HOLZER et al, 2012) e neurodegenerativas
(DECRESSAC; BARKER, 2012), teriam uma forte relacdo com a modulacéo da [Ca*']i. Por
exemplo, alteracdes na homeostase do Ca?* sdo observadas no envelhecimento normal e
também em doencas neurodegenerativas, como doenga de Alzheimer e doenca de Parkinson.
Nesse contexto, o glutamato € o principal neurotransmissor excitatorio e os receptores NMDA
a maior fonte de entrada do Ca** para a inducdo do potencial de longa duracdo (LTP). Uma
diminuigéo na ativacdo dos receptores NMDA limita a inducéo de LTP (FOSTER, 2007). O
PYY (3-36), devido a sua acdo inibitoria sobre neurdnios glutamatérgicos, inibe a liberacéo de
glutamato (GREBER et al., 1994) e consequentemente diminui a ativacdo dos receptores
NMDA. Esse efémero efeito poderia estar interferindo com a LTP, favorecendo a inducéo da
LTD (FOSTER, 2007). N&o obstante, 0 aumento da susceptibilidade para a LTD poderia
promover alteracbes morfoldgicas cerebrais como a perda sinéptica e a reducdo do volume
cerebral (FOSTER, 2006).

Portanto, um aumento exacerbado dos niveis de PYY (3-36) no organismo pode estar
corroborando para danos ao SNC, contribuindo principalmente sobre as fungdes cognitivas.
Esses efeitos deletérios resultariam em danos nas respostas mnemonicas, e poderiam estar
também favorecendo o surgimento de outras doencas neurodegenerativas. Porém, mais
estudos serdo necessarios no sentido de investigar a acdo deste peptideo no SNC,
principalmente envolvendo trabalhos com modelos in vivo que avaliem as fungdes cognitivas

e comportamentais.

Em conclusdo, foi demonstrado neste trabalho que o aumento da [Ca®] citosélico
evocado pelo PYY (3-36) em células do hipocampo é independente do Ca** do meio
extracelular. Além disso, fica claro que a mobilizagdo de Ca®* observada foi modulada
principalmente pela ativagéo da cascata de sinalizagdo do Ca®* intracelular pelos receptores de
IP3. Foi também demonstrada uma diminuicio do influxo de Ca** na presenca de
bloqueadores de canais de Na* dependentes de voltagem com tapsigargina ou vermelho de

ruténio, sugerindo a inibigdo dos canais SOCC nessas condigdes.
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Abstract

Peptide YY (3-36) [PYY (3-36)] is a peptide belonging to the NPY peptides family,
synthesized in the intestine, and well-known for acting in hypothalamic neurons, where it
binds to Y2 receptors and induces satiety. Besides its importance on eating behaviour and
energy balance, recent evidence implicate PYY (3-36) in dopamine-dependent behaviors
related to neuropsychiatric disorders and suicide. Besides, PYY (3-36) accumulation in
patients after bariatric surgery to treat obesity correlates with an increase of suicide rates.
Since brain regions linked to these behaviours are strongly modulated by the hippocampus,
here we evaluated the effects of PYY (3-36) on calcium oscillations in primary cultures of
hippocampal cells from rats. We show that several doses of PYY (3-36) increase calcium
oscillations on hippocampal cells. Besides, experiments based on pharmacological
interventions suggest that the increase of cytoplasmic calcium induced by PYY (3-36) is
mediated at expenses of calcium mobilized from the endoplasmic reticulum by channels
regulated by IP3 receptors. Case our results can be extrapolated for in vivo conditions, we
suggest a possible involvement of hippocampal cells in the behavioural changes caused by
PYY (3-36).

1. Introduction

The peptide YY (PYY) is a 36 amino acid molecule belonging to the same family as the
neuropeptide Y (NPY) and the pancreatic polypeptide (PP), exerting their effects through four
different G-protein coupled receptors in humans: Y1, Y2, Y4, and Y5. PYY is predominantly
produced by the intestinal secretory L cells as PYY (1-36), being further cleaved by the
enzyme dipeptidyl peptidase IV (DPP-I1V) into the PYY (3-36) (GRANDT et al., 1994;
MENTLEIN et al., 1993; MICHEL et al., 1998; TATEMOTO et al., 1982; TATEMOTO;
MUTT, 1980). Both peptides are present in the bloodstream as biologically active molecules
and are permeable to the blood-brain barrier acting not only in the gastric system, but also in
sites as distant from the intestine as the brain (NONAKA et al., 2003). Locally, PYY reduces
gastrointestinal secretions and motility while increases the absorption of nutrients (BIRD et
al., 1996). In the brain, though, PYY (1-36) and PYY (3-36) present opposite affects, since
these peptides bind to distinct receptors (Y1 and Y2, respectively). In the thalamus, for
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example, PYY (1-36) increases appetite, provoking gain of weight, while PYY (3-36)
decreases the appetite, causing loss of weight (BALLANTYNE, 2006). A study applying
magnetic resonance imaging have shown that infusion of PYY (3-36) into humans activates
neurons in several brain regions, especially in the left caudolateral orbital frontal cortex
(OFC), a region related to reward. OFC activation was directly correlated with decrease of
appetite in the tested individuals. PYY (3-36) also activates brain regions such as the limbic
system, ventral striatum, and the frontal, parietal, temporal and cerebellar cortices
(BATTERHAM, 2007), confirming that Y receptors are present in several brain regions
(PARKER, R.; HERZOG, 1999). Similarly, PYY (3-36) administration in rats activated
several brain areas and provoked an anorexic effect in the animals (KODA et al., 2005;
STADLBAUER et al., 2012).

Besides its importance in eating behaviour and energy balance, increased evidence has
pointed that PYY (3-36) may be implicated in neuropsychiatric disorders and suicide
behaviour. Accordingly, post-mortem analyses have shown an decrease of NPY mRNA
expression in the prefrontal cortex of individuals with bipolar disorder (CABERLOTTO;
HURD, 1999) and an increase in the Y2 receptors mRNA expression in the cortical layer IV
of subjects whose cause of death was suicide (CABERLOTTO; HURD, 2001). Interestingly,
levels of PYY (3-36) are found up to ten times increased in patients who have undergone
bariatric bypass surgery to treat obesity (CHAN et al., 2006), whilst, their rate of suicide
becomes around 58% higher as compared to obese subjects who have declined the surgery
(ADAMS et al., 2007). In addition, mice receiving exogenous administration of PYY (3-36)
present significant alterations in several parameters of behaviour relevant to neuropsychiatric
disorders and attributed to alterations in dopaminergic transmission, but in an indirect fashion
since PYY (3-36) reduces the neural activity of GABAergic cells thereby facilitates the
release of dopamine in the striatum (STADLBAUER et al., 2013; STADLBAUER et al.,
2014).

It is important to highlight that the behaviours mentioned above have long been correlated to
hippocampal alterations, which, in turn, not only affect, but also modulate dopaminergic
transmission (BAST; FELDON, 2003; ZHANG et al., 2002). Besides, hippocampus is rich in
Y2 receptors, the binding sites for PYY (3-36) molecules (PARKER, R.; HERZOG, 1999).
Thus, it is conceivable that the behavioural alterations caused by PY'Y (3-36) could occur via
physiological alterations caused by PYY (3-36) on hippocampal cells. Identification and

understanding of these effects would be of interest in order to identify novel mechanisms by
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which PYY (3-36) could play a role in both neuropsychiatric disturbances and in obese
patients after bariatric surgery.

The purpose of the present study was to investigate the interactions of PYY (3-36) on
molecular targets of CNS cells using primary cultures of hippocampal cells from rats. We
evaluated the involvement of voltage-gated calcium (Ca?*) and sodium (Na*) channels as well
as the influence of the sarcoplasmic-endoplasmic reticulum Ca®*-ATPases (SERCA pump),
inositol 1,4,5-triphosphate receptors (IP3R) and ryanodine receptors (RyRs) present in the
endoplasmic reticulum (ER) in responses induced by PYY (3-36) on the Ca®" influx

modulation using of Ca**- imaging techniques.

2. Materials and Methods

2.1. Materials

Hanks Balanced Salt Solution (HBSS), Dulbecco’s Phosphate Buffered Saline (DPBS), Fetal
Bovine Serum (FBS), HEPES Buffered Saline (HBS), Neurobasal-A medium, B27
supplement, L-glutamine, poly-I-lysine and secondary antibody Alexa Fluor 633 were
purchased from Invitrogen-Gibco (La Jolla, USA). PYY (3-36) was purchased from Bachem
(Bubendorf, Switzerland). Fluo-4 AM was purchased from Molecular Probes (Eugene, OR,
USA). Trypsin, Bovine Serum Albumin (BSA), Triton X-100, monoclonal anti-mouse Glial
Fibrillary Astrocytic Protein (GFAP) and all drugs used in pharmacological interventions
were purchased from Sigma-Aldrich (St. Louis, MO, USA). Fluoropan Neuronal Marker
Fluorescein Isothicyanate (FITC)-cojugated from Millipore (Billerica, Massachusetts, EUA),
and mounting solution containing 0.01% 4',6-diamidino-2-phenylindole (DAPI) from Vector

laboratories (Burlingame, CA).

2.2.  Animals

Two-day-old Wistar rats of both sexes were used for the primary cell cultures. Pregnant
female rats were purchased from the Centre of Biological Experimental Models from the
Pontificia Universidade Catolica do Rio Grande do Sul (PUCRS). The animals were kept

under an alternate 12 hours cycle of light/dark, at a constant 22°C temperature, with ad
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libitum access to water and food. The newborn rats were kept with the dams until the moment
of the sacrifice.

The experiments were conducted at the Neurosciences Laboratory of the Brain Institute, at
PUCRS. The study was performed according to and approved by the Ethics and Research
Committee and Ethics Commission in Animal Use, under the protocol number 13/00340.

2.3.  Primary cultures of hippocampal cells

Primary cultures of hippocampal cells were performed following the method of Bushell and
colleagues (BUSHELL et al., 2006) with small modifications. The neonate rats were
sacrificed by cervical displacement followed by decapitation. The heads were placed in sterile
Petri dishes inside a laminar flow hood. The brains were removed, and the hippocampi
dissected. Hippocampal tissue was carefully chopped and placed in a conical plastic tube to be
digested with 0.25% trypsin in HBSS for 20 minutes at 37°C. After incubation, the cells were
mechanically dissociated and centrifuged at 120 x g for 5 minutes. The supernatant was
removed and the cells resuspended in 1 mL of Neurobasal-A medium supplemented with
0.2% B27, and 0.5 mM L-glutamine, to be counted with a Neubauer chamber. Next, 1 x 10°
cellss/mL were seeded onto 13 mm round coverslips coated with poly-L-lysine. These
coverslips containing cells were kept in 35 mm plastic Petri dishes with supplemented
Neurobasal-A medium in a humidified incubator with 5% CO, at 37° C. Half of the medium
was changed every three days. Glial proliferation was stopped by the addition of 10 uM
cytosine-R-D-arabinofuranoside (AraC) into the cells at 5 DIV. All experiments were

performed in a minimum of three different cultures from different animals.

2.4.  Immunocytochemistry

At the day of the experiment, medium was removed and cells fixed with 4%
paraformaldehyde for 30 minutes. Cells were subsequently washed 3 times with DPBS for 5
minutes and were treated with a blocking solution (1% BSA, 5% FBS, 0.2% Triton-X in
DPBS) for 1 hour at RT. After this, the primary anti-GFAP antibody was added (1:100 in
blocking solution) and incubated overnight at 4° C. After this, the solution was washed 3
times with DPBS and the secondary antibody (Alexa Fluor 633, 1:400 in blocking solution)
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was added and incubated for 1 hour at RT in the dark. The cells were washed and the
Fluoropan Neuronal Marker (1:100 in blocking solution) was added and incubated for 2 hours
at RT in the dark. Finally, cells were washed and the coverslips were mounted onto slides,
using the mounting solution containing DAPIL. The slides were analysed through a

fluorescence Zeiss LSM-5 exciter microscope, under a 40X magnification objective.

2.5.  Calcium (Ca®") imaging

Ca’* imaging experiments were performed following the method described by Meucci and
colleagues (MEUCCI et al., 1998) with modifications. Cells of 11 to 13 DIV had the culture
medium removed and were washed twice with HBS solution, constituted of (in mM): 140
NaCl, 5 KCI, 2 MgCl,, 2 CaCl,, 10 HEPES, and 10 D-glucose (pH 7.4, mOsm/Kg 308-312).
Next, the cells were incubated in the dark and at RT with 5 uM Fluo-4 AM (a Ca®* sensitive
dye) for 45 minutes. After this, the cells were washed twice and kept in HBS solution until
being placed into a closed chamber, allowing a constant perfusion (1-2 mL per minute),
having HBS as the external solution. All the tested drugs were added to the cells via
perfusion. Data were calculated according to alterations in the fluorescence rates, expressed as
AF/Fo. Ca?* imaging was recorded through an epifluorescence digital imaging system
(WinFluor, J. Dempster, University of Strathclyde, Scotland), adapted to a Nikon Eclipse TE

2000 microscope, using a 10X objective.

2.6.  Treatment with peptide YY (3-36) and pharmacological interventions

PYY (3-36) and all tested drugs were administrated to the cells via perfusion (during 2
minutes, at 1-2 mL/minute) diluted in HBS solution. Initially, PYY (3-36) was tested at
concentrations ranging from 1 nM to 1uM, and thereafter we chose the concentration of 10
nM to test several types of pharmacological interventions. Then, for each coverslip containing
cells it was performed a 2 minutes perfusion followed by a 2 minutes wash between drugs
infusion. After the last drug infusion, cells were washed and 35 mM KCI was added. Since it
is expected a Ca®* influx into the cytoplasm of intact cells in response to high extracellular
[K*], we assumed that elevations in Ca*" fluorescence upon KCI infusion assured that the
cells were viable and that Fluo-4 was working properly as a Ca**-sensitive dye to detect

variations in [Ca®*] during the experiments. The pharmacological interventions were
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extracellular solution without Ca®* with the Ca** chelator and the L-type Ca’* channel
blocker; voltage-dependent Na* channel blocker; inhibition of SERCA; ryonidine receptor

blocker and inositol trisphosphate receptors blocker.

2.7.  Statistical analyses

Experiments were performed on cells taken from five separate cultures obtained from
different rats which evaluated the peak of the fluorescence change rate, expressed as AF/ Fo.
The rates of fluorescence alteration, AF/Fy, were obtained through an epifluorescence digital
image system (WinFluor, J. Dempster, Univerity of Strathclyde, Scotland) adapted to the
microscope used during the experiments. All the results were expressed as mean = SEM,
where n = the number of cells investigated. Statistical significance was determined using
Student “t” test or One Way Analysis of Variance (ANOVA), followed by post hoc test of
Tukey, with p < 0.05 taken as significant. Data were analyzed using GraphPad Prism 5.0
software (GraphPad Software, San Diego, CA, United States).

3. Results
3.1.  Primary cultures of hippocampal cells

We could observe the growing of neuronal processes since the first week of culture, and
verified that the culture constituted of a mixture of astrocytes (GFAP positive cells) and
neurons (Fluoropan positive cells) at 11 DIV, as shown in Figure 1, despite the addition of the
inhibitor of glial cell proliferation AraC at 5 DIV. It was verified that the cultures achieved
confluence and optimal Ca* response upon the infusion of an external solution with high K*

at 11 to 13 DIV (data not shown). Thus all experiments were performed within this period.

3.2.  Effect of PYY (3-36) on the intracellular Ca** concentrations ([Ca®*]i)

PYY (3-36) infusion significantly increased [Ca?']i in all tested concentrations, ranging from
1 nM to 1uM. For the lower doses (between 1 to 20 nM), it was observed an increase in AF/Fy

similar between doses, with no significant difference between them (4.2 + 0.43, n = 26; 4.8 +
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0.29, n = 20; 45 £ 0.37, n = 18; 4.2 + 0.31, n = 21; respectively), whereas the higher
concentrations of PYY (3-36) tested (100 nM and 1 pM) caused an greater increase but no
significant difference between them or with lower doses (5.5 +0.44,n =21;5.4+1.1, n = 20;
respectively) (Figure 2). It was clear that the increased caused by PYY (3-36) on [Ca®']i did
not occur in a dose-dependent manner. Then we chose 10 nM as the working concentration
from here on, since this was a small concentration that could fully elicit a significant effect of

the peptide on the cells.

3.3.  Effect of PYY (3-36) in the absence of extracellular Ca®*

In order to test whether the effect of PYY (3-36) on the increase of [Ca*']i was due to the
entrance of Ca®* from the extracellular fluid, we prepared an extracellular solution (HBS)
without Ca**, and with the Ca®* chelator EGTA (1mM) and the L-type Ca** channels blocker
nifedipine (10 nM). We first perfused the cells with this Ca**-free solution and then with PYY
(3-36) diluted in this same solution. As it can be observed in Figure 3, removing Ca®* from
the extracellular solution did not impair the increase in the [Ca®*]i caused by PYY (3-36)
(Free Ca?* solution: 5.3 + 0.32, n = 24 and control: 4.5 + 0.37, n = 18) indicating that the
increase of cytoplasmatic Ca®* induced by the peptide did not occur at the expense of Ca?*
from outside the cells. This suggests that in hippocampal cells, PYY (3-36) probably acts by

mobilizing Ca®*from intracellular compartments into the cytoplasm.

3.4.  Effect of PYY (3-36) when the voltage-dependent Na™ channel is blocked

Next, we tested if the effect of PYY (3-36) on the hippocampal cells depend on voltage-
dependent Na* channels, by blocking it with infusion of tetrodotoxin (TTX - 1uM) followed
by infusion of PY'Y (3-36). Figure 4 shows that blocking these channels magnifies the [Ca®"]i
caused by PYY (3-36), so that AF/Fg significantly increased (4.5 + 0.37, n = 18 from 6.2 +
0,39, n = 37) (**P <0,01). This result indicated that PYY (3-36) do not exert its effect by
extracellular Ca®* passage into the cytoplasm through voltage-dependent Na* channels, nor is
dependent on action potentials, being in agreement with the results showing that abolition of
extracellular Ca?*does not affect the effect of PY'Y (3-36) on hippocampal cells.
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3.5.  Effect of PYY (3-36) when the sarco/endoplasmatic reticulum Ca®*-ATPase (SERCA)
is inhibited

As the results above indicated that extracellular Ca®* did not contribute for the raise of
cytoplasmatic Ca?* caused by PYY (3-36), we start pursue the hypothesis that PYY (3-36)
could elicit Ca?* mobilization from another source, the endoplasmic reticulum (ER). The
sarco/endoplasmic reticulum Ca**-ATPase (SERCA) is the pump responsible for the active
transport of Ca** from the cytoplasm into the endoplasmic reticulum (ER), contrary to RyR
and IP3R, thus decreasing cytoplasmatic Ca®* when activated. We wondered that if the effect
of PYY (3-36) was really relying on mobilization of Ca** from ER, inhibition of SERCA
could enhance even more the increase in [Ca®]i provoked by the peptide. In order to test
SERCA influence on the PYY (3-36)-induced increase of [Ca®']i, we infused the SERCA
inhibitor thapsigargin (2 uM) to the cells prior to PY'YY (3-36). We also tested this effect in the
presence of TTX. As shown in Figure 5, when SERCA is blocked there is an increment in the
effect of PYY (3-36) (AF/F increased from 4.5 + 0.37, n = 18 to 6.1 + 0.31, n = 50) (**P <
0,01) , as expected, since stopping Ca®* intake by ER may contribute to cytoplasmatic Ca**
accumulation. However, for our surprise, the presence of TTX did not only hamper this
additive effect, but also significantly decreased it (AF/Fo= 3.2 £0.13, n = 29) (***P < 0,001).

3.6.  Effect of PYY (3-36) when the ryonidine receptor channel (RyR) is blocked

The ryanodine receptor channel (RyRs), could play a role in the PYY (3-36) effect, by
blocking RyRs with ruthenium red (RR 30 uM) and voltage-dependent Na* channels with
TTX (1 uM) prior to PYY (3-36) infusion. Co-incubation with RR potentiated the effect of
the peptide, whereas the presence of TTX decreased this effect (Figure 6, AF/F, for PYY (3-
36) alone = 4.5 +0.37, n = 18; AF/Fyfor PYY (3-36) + RR = 6.5 +0.19, n = 63; and AF/F, for
PYY (3-36) + RR+ TTX = 3.5 +0.21, n = 23) (***P < 0,001).

3.7.  Effect of PYY (3-36) when the inositol trisphosphate receptor (IP3R) is blocked

The channel regulated by RyR is not the only way Ca?* can be transported from the ER to the

cytoplasm. Another channel with this same function is the inositol trisphosphate receptor
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channel (IP3R). In order to test the influence of IP3R on the effects mediated by PYY (3-36),
we blocked IP3R with the drug aminoethoxidiphenil borate (2-APB, 100 pM), and the
voltage-dependent Na* channels with TTX before PYY (3-36) infusion. As displayed in the
Figure 7, co-infusion of 2-APB with PY'Y (3-36) significantly decreased the effect of PYY (3-
36) infusion alone (AF/Fp = 3.1 +0.25, n = 35 and 4.5 + 0.37, n = 18, respectively) (*P <
0,05), pointing out that the opening of IP3R could be one of the ways PYY (3-36) increases
calcium transients in hippocampal cells. However, as IP3R is not the only target for 2-APB,
we cannot rule out the participation of other mechanisms. In contrast, in the presence of 2-
APB and TTX, the effect of PYY (3-36) was potentiated (6.7 + 0.46, n = 24), indicating that
in the absence of action potentials possibly PYY (3-36) shifts its mechanism of action by

recruiting Ca®* from another source in hippocampal cells.

4. Discussion

To our knowledge, herein we show for the first time the effect of PYY (3-36) on intracellular
calcium oscillations in a mixed culture of neurons and astrocytes from neonate rat
hippocampus. We have also investigated the mechanisms mediating PYY (3-36) [Ca®]i

modulation through specific inhibitors of cellular Ca®* transport systems.

Initially, we verified that low physiological doses of PYY (3-36) (from 1 to 20 nM) increased
about 4-fold the basal levels of [Ca*]i in these cells. Despite the effect was not dose-
dependent, it is important to emphasize that the cells responded to higher doses (100 nM and
1 uM) of the peptide producing a further increment in [Ca®*]i. Next, we demonstrated that in
the absence of extracellular Ca** and blockage of L-type Ca®* channels with nifedipine
elevations of [Ca®*]i mediated by PYY (3-36) kept intact, so that the peptide does not act by
mobilizing extracellular calcium into the cells. Then we infused the selective blocker of
voltage-dependent Na" channels TTX prior to PYY (3-36) application and observed an
increase in the [Ca®*]i in the hippocampal cells. This demonstrates that the PY'Y (3-36) action
was independent on Na* influx, suggesting that the activity of PYY (3-36) does not induce or
not depend on cellular depolarization. Moreover, this impairment of neuronal depolarization
by TTX reinforces the possibility of a hyperpolarization induced by the peptide, confirming
the inhibitory role of PYY (3-36) on the CNS (STADLBAUER et al., 2014). In fact, this
effect corroborates for a pre-synaptic inhibitory activity of PYY (3-36) on rat hippocampal
GABAergic (ACUNA-GOYCOLEA; VAN DEN POL, 2005) and glutamatergic neurons, via
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activation of Y2 receptors (GREBER et al., 1994). Next, we studied the effect of PYY (3-36)
on the two receptors of channels transporting Ca®* from the ER stores to the cytoplasm,
ryanodine (RyR) and IP3 receptors (IP3R), by blocking them with ruthenium red and 2-APB,
respectively. Our results showed that 2-APB, but not ruthenium red decreased elevations of
[Ca?*]i mediated by PYY (3-36), suggesting that PYY (3-36) may increase [Ca®']i in
hippocampal cells by activating Ca®* transport from ER into the cytoplasm mediated by IP3R.
Then we tested the influence of PYY (3-36) on SERCA, the main transport system
replenishing Ca** ER stores, by inhibiting its activity with thapsigargin. This treatment
enhanced even more the elevation of [Ca®*]i by PYY (3-36), being compatible with the sum
of the Ca®" mobilized by the effect of PYY (3-36) on IP3R activation, plus the Ca*
accumulated in the cytosol due to SERCA inhibition by thapsigargin. In this experimental
conditions, we could not rule out the contribution of extracellular Ca®* transported by SOCC
(store-operated calcium channels), in response to thapsigargin-induced Ca** depletion
(PAREKH; PUTNEY JR, 2005) . Interestingly, in this experiment co-infusion of TTX and
thapsigargin prior to PYY (3-36) in the hippocampal cells decreased the rise [Ca®*]i elicited
by the peptide, a result compatible the contribution of SOCC in the effect of thapsigargin
potentiating PY'Y (3-36) effect, since SOCC are probably sensitive to voltage-dependent Na*
channels, once they are permeable to both Ca?* and Na* (ARNON et al., 2000). However, we
discarded that PYY (3-36) could act by activating SOCC channels because these channels are
involved in the transport of extracellular Ca®* (KOSS et al., 2013), the first mechanism
excluded by our experiments showing that the effect of PYY (3-36) on [Ca®']i does not
depend on extracellular Ca®*. Since our scope was not studying the influence of PYY (3-36)
on mitochondrial stores of calcium, so we cannot discard an effect of this peptide on

mitochondria.

PYY (3-36) has long been known by its role as a modulator of appetite, causing satiety
sensation in mammals (BALLANTYNE, 2006; BATTERHAM, 2007; KODA et al., 2005;
STADLBAUER et al., 2012). It has been attributed to the action of the peptide on neurons at
the arcuate nucleus of the hypothalamus. Besides, blood levels of this peptide rise up to ten-
fold in obese patients after bariatric bypass surgery, being considered as an important
contributor in the successful weigh loss after this procedure (BALLANTYNE, 2006). This
anorexigenic effect has made PYY (3-36) an attractive candidate compound to be used to treat
obesity in the future (ACUNA-GOYCOLEA; VAN DEN POL, 2005).
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On the other hand, there is growing evidence that NPY family of peptides may also be
involved in behavioural abnormalities. Accordingly, it has been found a decrease in the
expression of NPY mRNA in patients with bipolar disorder (CABERLOTTO; HURD, 1999)
and an increased expression of Y2 receptor mRNA in individuals that committed suicide,
which is in most of cases linked to previous psychiatric problems (CABERLOTTO; HURD,
2001). In parallel, a more than 50% increase in the rates of suicide has been reported in the
obese patients after bariatric surgery (ADAMS et al., 2007) a condition causing rise in PYY
(3-36) levels (CHAN et al., 2006), indicating a possible correlation between behavioural
changes and PY'Y (3-36) rise. On the other hand, acute systemic administration of PY'Y (3-36)
in rats produces deficits in social interaction, sensorimotor gating, and working memory, all
closely related to schizophrenia and anxiety disorder and associated with dopaminergic
transmission, since they are preventable by the D2 receptor antagonist haloperidol
(STADLBAUER et al., 2013). In a first place, it was believed that PYY (3-36) would directly
activate dopamine release from neurons in the striatum, as shown in a study using rat striatal
slices (ADEWALE; MACARTHUR; WESTFALL, 2007). Nevertheless, a more recent work
has shown that systemic administration of PYY (3-36) in rats disturbs behaviours dependent
on dopaminergic signalling by activating rather GABAergic than dopaminergic neurons in the
ventral and dorsal striatum. This clearly implicates an indirect rather than direct effect of PYY
(3-36) on brain dopaminergic cells. Another possibility would be an indirect influence of
PYY (3-36) on dopaminergic neurons after a direct depolarization or hyperpolarization of
cells from areas projecting to dopaminergic areas. This is the case of hippocampus, a brain
area well-known for projecting outputs to dopaminergic regions implicated in
neuropsychiatric behaviours like the nucleus accumbens, amygdala, and prefrontal cortex, a
fact that could explain why alterations in hippocampal functioning ultimately result in
behaviours related to schizophrenia and bipolar disorder (BAST; FELDON, 2003; ZHANG
et al., 2002). Here we found a considerable effect of PYY (3-36) increasing calcium
oscillations in hippocampal cells. We provided evidence that this effect occur at expenses of
calcium transported from the endoplasmic reticulum to the cytoplasm through channels
controlled by IP3 receptors, probably resulting in neurotransmitter release (EMPTAGE;
REID; FINE, 2001). Extrapolating these results for in vivo conditions would provide evidence
that PYY (3-36) could have a significant physiological effect, since NPY family of
neuropeptides is involved in important physiological functions for the CNS, including during
neuropsychiatric (HOLZER et al., 2012) and neurodegenerative illnesses (DECRESSAC,;
BARKER, 2012). Considering our present results, alterations in Ca?* homeostasis under the
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influence of these peptides are likely to contribute for the pathologic findings in these
diseases. In this sense, it is possible that the inhibitory action of PYY (3-36) on glutamatergic
(GREBER et al., 1994) and GABAergic (STADLBAUER et al., 2014) neurons in the
hippocampus may disrupt LTP and favour a LTD induction, ultimately affecting hippocampal
output to dopaminergic areas responsible for neuropsychiatric relevant behaviours (BAST,;
FELDON, 2003).

Gaining deeper knowledge about the mechanisms underlying the effects of PY'Y (3-36) on the
hippocampus is of critical importance due to its relevance in neuropsychiatric disorders and
obesity. Complementary in vivo studies are needed to confirm our theory, as well as to
determine accurately the identity of the cells activated or deactivated by PYY (3-36) in the

hippocampus.
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Figure Legends

Fig. 1. Primary culture of rat hippocampal cells. Hippocampal cells were identified by
immunocytochemistry through the neural marker Fluoropan (1:100, green colour), the
astrocyte marker GFAP (1:100, red colour), and the nuclear marker DAPI (blue). Cells were

analysed using a 40X magnification objective of a Zeiss LSM-5 exciter microscope.

Fig. 2. Effect of different doses of PYY (3-36) on intracellular calcium concentrations.
Rat hippocampal cells were infused with different doses of PY'Y (3-36), ranging from 1 nM to
1uM. The results were expressed as mean + SEM and compared by one-way ANOVA,

followed by Tukey’s test.

Fig. 3. Effect of PYY (3-36) on intracellular calcium concentrations when extracellular
calcium is removed. Hippocampal cells were infused with a solution of PYY (3-36) without
calcium and with 1 mM EGTA and 10 uM nifedipine. The results were expressed as mean of
+ SEM and compared by the Student t test.

Fig. 4. Effect of PYY (3-36) on intracellular calcium concentrations when voltage
dependent Na* channel are blocked. Hippocampal cells were infused with 1 pM TTX
following the infusion of 10 nM PYYY (3-36). The results were expressed as mean + SEM and
compared by the Student t test. **P < 0.01.

Fig. 5. Effect of PYY (3-36) on intracellular calcium concentrations when calcium pump
SERCA is blocked. Hippocampal cells were infused with 2 uM thapsigargin following the
infusion of 10 nM PYY (3-36), or with 2 uM thapsigargin and 1 uM TTX following the
infusion of 10 nM PY'Y (3-36). The results were expressed as mean = SEM and compared by
one-way ANOVA, followed by Tukey’s test. *P < 0.05; **P < 0.01; ***P < 0.001.

Fig. 6. Effect of PYY (3-36) on intracellular calcium concentrations when calcium
channels regulated by ryanodine receptors are blocked. Hippocampal cells were infused
with 30 puM ruthenium red following the infusion of 10 nM PYY (3-36), or with 30 puM
ruthenium red and 1 puM TTX following the infusion of 10 nM PYY (3-36). The results were
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expressed as mean + SEM and compared by one-way ANOVA, followed by Tukey’s test.
***P < 0.001.

Fig. 7. Effect of PYY (3-36) on intracellular calcium concentrations when calcium
channels regulated by inositol triphosphate are blocked. Hippocampal cells were infused
with 100 uM 2-APB following the infusion of 10 nM PYY (3-36), or with 100 pM 2-APB
and 1 uM TTX following the infusion of 10 nM PYY (3-36). The results were expressed as
mean = SEM and compared by one-way ANOVA, followed by Tukey’s test. ¥*P < 0.05; ***p
<0,001.
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8. CONCLUSOES

Os resultados desta dissertacdo de mestrado indicam que:

o O PYY (3-36) aumenta a concentragdo de Ca®" intracelular em células
hipocampais em concentracGes que variam entre 1 nM e 1 pM, apresentando uma atividade

de resposta varidvel ndo dose-dependente.

o O PYY (3-36) exerce atividade independente da ativacido das vias do Ca?*
extracelular. O aumento da concentracdo de Ca®" intracelular evocado pelo peptideo é

possivelmente decorrente da mobilizacdo do Ca** das reservas intracelulares.

. A atividade do PYY (3-36) sobre as células hipocampais é independente do
influxo de Na*, o que sugere que a sua atividade ndo induz ou independe da despolarizagdo

celular.

o O aumento da concentragdo de Ca?* intracelular evocado pelo peptideo néo é

dependente dos canais de receptores de rianodina e da bomba SERCA.

. O aumento da concentragdo de Ca®" intracelular evocado pelo peptideo é
modulado principalmente pela ativacdo da cascata de sinalizacdo do Ca*" intracelular pelos

receptores de IP3.



75

9. REFERENCIAS

ACUNA-GOYCOLEA, C.; VAN DEN POL, A. N. Peptide YY3-36 inhibits both anorexigenic
proopiomelanocortin and orexigenic neuropeptide Y neurons: implications for hypothalamic
regulation of energy homeostasis. The Journal of neuroscience, v. 25, n. 45, p. 10510-10519, 2005.

ADAMS, T. D. et al. Long-term mortality after gastric bypass surgery. New England Journal of
Medicine, v. 357, n. 8, p. 753-761, 2007.

ADEWALE, A. S.; MACARTHUR, H.; WESTFALL, T. C. Neuropeptide Y-induced enhancement of the
evoked release of newly synthesized dopamine in rat striatum: Mediation by Y< sub> 2</sub>
receptors. Neuropharmacology, v. 52, n. 6, p. 1396-1402, 2007.

ARNON, A.; HAMLYN, J. M.; BLAUSTEIN, M. P. Na+ entry via store-operated channels modulates Ca2+
signaling in arterial myocytes. American Journal of Physiology-Cell Physiology, v. 278, n. 1, p. C163-
C173, 2000.

BALLANTYNE, G. H. Peptide YY (1-36) and peptide YY (3-36): Part I. Distribution, release and actions.
Obesity surgery, v. 16, n. 5, p. 651-658, 2006.

BANERIEE, S.; HASAN, G. The InsP3 receptor: its role in neuronal physiology and neurodegeneration.
Bioessays, v. 27, n. 10, p. 1035-1047, 2005.

BAST, T.; FELDON, J. Hippocampal modulation of sensorimotor processes. Progress in neurobiology,
v. 70, n. 4, p. 319-345, 2003.

BATTERHAM, R. L. PYY modulation of cortical and hypothalamic brain areas predicts feeding
behaviour in humans. Nature, v. 450, n. 7166, p. 106-109, 2007.

BATTERHAM, R. L. et al. Inhibition of food intake in obese subjects by peptide YY3-36. New England
Journal of Medicine, v. 349, n. 10, p. 941-948, 2003.

BIRD, A. et al. Peptide regulation of intestinal glucose absorption. Journal of animal science, v. 74, n.
10, p. 2523-2540, 1996.

BLISS, T. V.; COLLINGRIDGE, G. L. A synaptic model of memory: long-term potentiation in the
hippocampus. Nature, v. 361, n. 6407, p. 31-39, 1993.

BUSHELL, T. J. et al. Characterization of proteinase-activated receptor 2 signalling and expression in
rat hippocampal neurons and astrocytes. Neuropharmacology, v. 50, n. 6, p. 714-725, 2006.



76

CABERLOTTO, L.; HURD, Y. L. Reduced neuropeptide Y mRNA expression in the prefrontal cortex of
subjects with bipolar disorder. Neuroreport, v. 10, n. 8, p. 1747-1750, 1999.

. Neuropeptide Y Y1 and Y2 receptor mRNA expression in the prefrontal cortex of psychiatric
subjects. Neuropsychopharmacology, v. 25, n. 1, p. 91-97, 2001.

CATTERALL, W. A. Structure and regulation of voltage-gated Ca2+ channels. Annual review of cell
and developmental biology, v. 16, n. 1, p. 521-555, 2000.

CHAN, J. L. et al. Peptide YY levels are elevated after gastric bypass surgery. Obesity, v. 14, n. 2, p.
194-198, 2006.

CHAVIS, P. et al. Functional coupling between ryanodine receptors and L-type calcium channels in
neurons. Nature, v. 382, n. 6593, p. 719-722, 1996.

CLAPHAM, D. E. Calcium signaling. Cell, v. 80, n. 2, p. 259-268, 1995.

COLMERS, W. F. et al. Presynaptic inhibition by neuropeptide Y in rat hippocampal slice in vitro is
mediated by a Y2 receptor. British journal of pharmacology, v. 102, n. 1, p. 41-44, 1991.

CORVINOQ, V. et al. The Neurogenic Effects of Exogenous Neuropeptide Y: Early Molecular Events and
Long-Lasting Effects in the Hippocampus of Trimethyltin-Treated Rats. PloS one, v. 9, n. 2, p. e88294,
2014.

DECRESSAC, M.; BARKER, R. Neuropeptide Y and its role in CNS disease and repair. Experimental
neurology, 2012.

EKBLAD, E.; SUNDLER, F. Distribution of pancreatic polypeptide and peptide YY. Peptides, v. 23, n. 2,
p.251-261, 2002.

EMPTAGE, N. J.; REID, C. A.; FINE, A. Calcium stores in hippocampal synaptic boutons mediate short-
term plasticity, store-operated Ca< sup> 2+</sup> entry, and spontaneous transmitter release.
Neuron, v. 29, n. 1, p. 197-208, 2001.

FOSTER, T. C. Biological markers of age-related memory deficits. CNS drugs, v. 20, n. 2, p. 153-166,
2006.

. Calcium homeostasis and modulation of synaptic plasticity in the aged brain. Aging cell, v. 6,
n. 3, p. 319-325, 2007.



77

FRANKLIN, J. L.; JOHNSON, E. M. Block of Neuronal Apoptosis by a Sustained Increase of Steady-State
Free Ca $7{2+} S Concentration. Philosophical Transactions of the Royal Society of London. Series B:
Biological Sciences, v. 345, n. 1313, p. 251-256, 1994.

FRANKLIN, J. L.; JOHNSON JR, E. M. Suppression of programmed neuronal death by sustained
elevation of cytoplasmic calcium. Trends in neurosciences, v. 15, n. 12, p. 501-508, 1992.

GOLAN, D. E.; TASHIIAN, A. H.; ARMSTRONG, E. J. Principles of pharmacology: the pathophysiologic
basis of drug therapy. Lippincott Williams & Wilkins, 2011. ISBN 1608312704.

GRANDT, D. et al. Two molecular forms of peptide YY (PYY) are abundant in human blood:
characterization of a radioimmunoassay recognizing PYY 1-36 and PYY 3-36. Regul Pept, v. 51, n. 2,
p.151-159, 1994.

GRAY, W. P. Neuropeptide Y signalling on hippocampal stem cells in health and disease. Molecular
and cellular endocrinology, v. 288, n. 1, p. 52-62, 2008.

GREBER, S.; SCHWARZER, C.; SPERK, G. Neuropeptide Y inhibits potassium-stimulated glutamate
release through Y2 receptors in rat hippocampal slices in vitro. British journal of pharmacology, v.
113, n. 3, p. 737-740, 1994.

GRIENBERGER, C.; KONNERTH, A. Imaging calcium in neurons. Neuron, v. 73, n. 5, p. 862-885, 2012.

GRUNDEMAR, L.; HAKANSON, R. Neuropeptide Y effector systems: perspectives for drug
development. Trends in pharmacological sciences, v. 15, n. 5, p. 153-159, 1994.

GUTIERREZ-MERINO, C. et al. Cytosolic Calcium Homeostasis in Neurons—Control Systems,
Modulation by Reactive Oxygen and Nitrogen Species, and Space and Time Fluctuations. 2014.

HAGENSTON, A. M. et al. 2-Aminoethoxydiphenyl-borate (2-APB) increases excitability in pyramidal
neurons. Cell calcium, v. 45, n. 3, p. 310-317, 2009.

HANSEL, D.; EIPPER, B.; RONNETT, G. Neuropeptide Y functions as a neuroproliferative factor.
Nature, v. 410, n. 6831, p. 940-944, 2001.

HOLZER, P.; REICHMANN, F.; FARZI, A. Neuropeptide Y, peptide YY and pancreatic polypeptide in the
gut—brain axis. Neuropeptides, v. 46, n. 6, p. 261-274, 2012.

KODA, S. et al. The role of the vagal nerve in peripheral PYY3-36-induced feeding reduction in rats.
Endocrinology, v. 146, n. 5, p. 2369-2375, 2005.



78

KOSS, D. J. et al. Store-operated Ca< sup> 2+</sup> entry in hippocampal neurons: Regulation by
protein tyrosine phosphatase PTP1B. Cell calcium, v. 53, n. 2, p. 125-138, 2013.

LARHAMMAR, D. Evolution of neuropeptide Y, peptide YY and pancreatic polypeptide. Regul Pept, v.
62,n.1, p.1-11, 1996a.

. Structural diversity of receptors for neuropeptide Y, peptide YY and pancreatic polypeptide.
Regul Pept, v. 65, n. 3, p. 165-174, 1996b.

LIMBIRD, L. E. Receptors linked to inhibition of adenylate cyclase: additional signaling mechanisms.
The FASEB journal, v. 2, n. 11, p. 2686-2695, 1988.

LINDEN, D. J. Long-term synaptic depression in the mammalian brain. Neuron, v. 12, n. 3, p. 457-472,
1994.

LUGARI, R. et al. Glucagon-like peptide 1 (GLP-1) secretion and plasma dipeptidyl peptidase IV (DPP-
IV) activity in morbidly obese patients undergoing biliopancreatic diversion. Hormone and metabolic
research, v. 36, n. 02, p. 111-115, 2004.

MALECOT, C. O.; BITO, V.; ARGIBAY, J. A. Ruthenium red as an effective blocker of calcium and
sodium currents in guinea-pig isolated ventricular heart cells. British journal of pharmacology, v.
124, n. 3, p. 465-472, 1998.

MALGAROLI, A.; TSIEN, R. W. Glutamate-induced long-term potentiation of the frequency of
miniature synaptic currents in cultured hippocampal neurons. Nature, v. 357, n. 6374, p. 134-139,
1992.

MATTSON, M. P. Calcium and neurodegeneration. Aging cell, v. 6, n. 3, p. 337-350, 2007.

MENTLEIN, R.; GALLWITZ, B.; SCHMIDT, W. E. Dipeptidyl-peptidase IV hydrolyses gastric inhibitory
polypeptide, glucagon-like peptide-1 (7-36) amide, peptide histidine methionine and is responsible
for their degradation in human serum. European Journal of Biochemistry, v. 214, n. 3, p. 829-835,
1993.

MEUCCI, O. et al. Chemokines regulate hippocampal neuronal signaling and gp120 neurotoxicity.
Proceedings of the National Academy of Sciences, v. 95, n. 24, p. 14500-14505, 1998.

MICHEL, M. C. et al. XVI. International Union of Pharmacology recommendations for the
nomenclature of neuropeptide Y, peptide YY, and pancreatic polypeptide receptors. Pharmacological
reviews, v. 50, n. 1, p. 143-150, 1998.



79

MULLINS, D. E.; ZHANG, X.; HAWES, B. E. Activation of extracellular signal regulated protein kinase by
neuropeptide Y and pancreatic polypeptide in CHO cells expressing the NPY Y4, Y,, Y, and Y 5 receptor
subtypes. Regul Pept, v. 105, n. 1, p. 65-73, 2002.

NONAKA, N. et al. Characterization of blood-brain barrier permeability to PYY3-36 in the mouse.
Journal of Pharmacology and Experimental Therapeutics, v. 306, n. 3, p. 948-953, 2003.

PAREKH, A. B.; PUTNEY JR, J. W. Store-operated calcium channels. Physiological reviews, v. 85, n. 2,
p. 757-810, 2005.

PARKER, R.; HERZOG, H. Regional distribution of Y-receptor subtype mRNAs in rat brain. European
Journal of Neuroscience, v. 11, n. 4, p. 1431-1448, 1999.

PARKER, S.; BALASUBRAMANIAM, A. Neuropeptide Y Y2 receptor in health and disease. British
journal of pharmacology, v. 153, n. 3, p. 420-431, 2008.

PETERHANSEL, C. et al. Risk of completed suicide after bariatric surgery: a systematic review.
Obesity Reviews, v. 14, n. 5, p. 369-382, 2013.

RECASENS, M.; VIGNES, M. Excitatory amino acid metabotropic receptor subtypes and calcium
regulation. Annals of the New York Academy of Sciences, v. 757, n. 1, p. 418-429, 1995.

REDROBE, J. P. et al. Characterization of neuropeptide Y, Y2 receptor knockout mice in two animal
models of learning and memory processing. Journal of Molecular Neuroscience, v. 22, n. 3, p. 159-
166, 2004.

REDROBE, J. P. et al. Multiple receptors for neuropeptide Y in the hippocampus: putative roles in
seizures and cognition. Brain research, v. 848, n. 1, p. 153-166, 1999.

RIGONI, M. et al. Equivalent effects of snake PLA2 neurotoxins and lysophospholipid-fatty acid
mixtures. Science, v. 310, n. 5754, p. 1678-1680, 2005.

SATTLER, R.; TYMIANSKI, M. Molecular mechanisms of calcium-dependent excitotoxicity. Journal of
molecular medicine, v. 78, n. 1, p. 3-13, 2000.

SAVIC, N.; SCIANCALEPORE, M. Intracellular calcium stores modulate miniature GABA-mediated
synaptic currents in neonatal rat hippocampal neurons. European Journal of Neuroscience, v. 10, n.
11, p. 3379-3386, 1998.

SCIANCALEPORE, M. et al. Facilitation of miniature GABAergic currents by ruthenium red in neonatal
rat hippocampal neurons. Journal of neurophysiology, v. 80, n. 5, p. 2316-2322, 1998.



80

SILVA, A. P. et al. Modulation of intracellular calcium changes and glutamate release by
neuropeptide Y1 and Y2 receptors in the rat hippocampus: differential effects in CA1, CA3 and
dentate gyrus. Journal of neurochemistry, v. 79, n. 2, p. 286-296, 2001.

. Functional interaction between neuropeptide Y receptors and modulation of calcium
channels in the rat hippocampus. Neuropharmacology, v. 44, n. 2, p. 282-292, 2003.

SMAILI, S. S. et al. Mitochondria in Ca2+ signaling and apoptosis. Journal of bioenergetics and
biomembranes, v. 32, n. 1, p. 35-46, 2000.

STADLBAUER, U. et al. Possible mechanisms of circulating PYY-induced satiation in male rats.
Endocrinology, v. 154, n. 1, p. 193-204, 2012.

STADLBAUER, U.; LANGHANS, W.; MEYER, U. Administration of the Y2 Receptor Agonist PYY3-36 in
Mice Induces Multiple Behavioral Changes Relevant to Schizophrenia. Neuropsychopharmacology, v.
38, n. 12, p. 2446-2455, 2013.

STADLBAUER, U. et al. The Y2 receptor agonist PYY3—36 increases the behavioural response to
novelty and acute dopaminergic drug challenge in mice. The International Journal of
Neuropsychopharmacology, v. 17, n. 03, p. 407-419, 2014.

STANIC, D. et al. Characterization of NPY Y2 receptor protein expression in the mouse brain. Il.
Coexistence with NPY, the Y1 receptor, and other neurotransmitter-related molecules. Journal of
Comparative Neurology, v. 519, n. 7, p. 1219-1257, 2011.

TASAN, R. et al. Increased novelty-induced motor activity and reduced depression-like behavior in
neuropeptide Y (NPY)-Y4 receptor knockout mice. Neuroscience, v. 158, n. 4, p. 1717-1730, 2009.

TATEMOTO, K. Isolation and characterization of peptide YY (PYY), a candidate gut hormone that
inhibits pancreatic exocrine secretion. Proceedings of the National Academy of Sciences, v. 79, n. 8,
p.2514-2518, 1982.

TATEMOTO, K.; CARLQUIST, M.; MUTT, V. Neuropeptide Y—a novel brain peptide with structural
similarities to peptide YY and pancreatic polypeptide. 1982.

TATEMOTO, K.; MUTT, V. Isolation of two novel candidate hormones using a chemical method for
finding naturally occurring polypeptides. 1980.

TATEMOTO, K. et al. Isolation and primary structure of human peptide YY. Biochemical and
biophysical research communications, v. 157, n. 2, p. 713-717, 1988.



81

THASTRUP, O. et al. Thapsigargin, a tumor promoter, discharges intracellular Ca2+ stores by specific
inhibition of the endoplasmic reticulum Ca2 (+)-ATPase. Proceedings of the National Academy of
Sciences, v. 87, n. 7, p. 2466-2470, 1990.

TRIVEDI, P. G. et al. Differential regulation of neuropeptide Y receptors in the brains of NPY knock-
out mice. Peptides, v. 22, n. 3, p. 395-403, 2001.

VEZZANI, A.; SPERK, G.; COLMERS, W. F. Neuropeptide Y: emerging evidence for a functional role in
seizure modulation. Trends in neurosciences, v. 22, n. 1, p. 25-30, 1999.

ZHANG, W.-N.; BAST, T.; FELDON, J. Prepulse inhibition in rats with temporary inhibition/inactivation
of ventral or dorsal hippocampus. Pharmacology Biochemistry and Behavior, v. 73, n. 4, p. 929-940,
2002.



10. ANEXOS

10.1.  ANEXO A — APROVACAO DO PROJETO PELA CEUA - PUCRS

|

A ontificia Universidade Catdlica d o Grande do Sul

’-"."ﬂ c E U A - PRO-REITORIA DE PESQUISA, INOVAGCAQ E DESENVOLVIMENTO
LK COMISSAO DE ETICA NO USC DE ANIMAIS

Oficio 66/13 - CEUA Porto Alegre, 13 de setembro de 2013.

Prezado Sr(a). Pesquisador(a),

A Comissao de Etica no Uso de Animais da PUCRS apreciou e aprovou seu
Protocolo de Pesquisa, registro CEUA 13/00340, intitulado “Avaliar in vitro os
ofcitos de diferentes concentragdes do petideo YY (1-36) e peptideo YY (3-36)
sobre neurdnios do hipocampo de camundongo C57/BL6".

Sua investigagao, respeitando com detalhe as descrigbes contidas no projeto e
formularios avaliados pela CEUA, esta autorizada a partir da presente data.

Informamos que & necesséario o encaminhamento de relatdrio final quando
finalizar esta investigacio. Adicionalmente, ressaltamos que conforme previsto na Lei
no. 11.794, de 08 de outubro de 2008 (Lei An:ouca), que regulamenta os
procedimentos para o uso cientifico de animais, é funcao da CEUA zelar pelo
cumprimento dos procedimentos informados. realizando inspegdes periddicas nos

locais de pesquisa.
Atenciosamente,
- > Prof.Dr. Joao:Blatista Blessmann Weber
" Coordenador da CEUA/PUCRS
limo. Sr.
Prof. Jaderson Costa da Costa
INSCER

Nesta Universidade

Campus Central

Av. Ipiranga, 6690 ~ Prédic 60, sala 314
CEP: 90610-000

| Fone/Fax: (51) 3320-3345

! E-mail:

PUC

82



83

10.2. ANEXO B — NORMAS DE PUBLICAGAO DA REVISTA INTERNACIONAL
INDEXADA NEUROPHARMACOLOGY

NEUROPHARMACOLOGY

I  AUTHOR INFORMATION PACK

TABLE OF CONTENTS

- Description p-1
» Audience p.2
- Impact Factor p-2
» Abstracting and Indexing p.2
» Editorial Board p.2
» Guide for Authors p.3
DESCRIPTION

Newropharmacsiogy publishes high quality, original ressarch and review artiches within the discipline
of neurcsciance, especally articles with a neuropharmacological component. However, papers within
any area of neuroscience will be considerad. The journal does not usually accept dinical research,
although predinical neuropharmacological studias in humans may be considensd, The journal anly
considers submissions in which the chemical structures and compositions of experimental agents are
readily available in the literature or disdosed by the avthors in the submitbed manuscript. Only in
exceptional dreumstances will natural products be considered, and then anly If the preparation is well
defined by scientific means, Newopharmacology publishes articles of any length {original ressarch
and reviews).

Newropharmacolegy also publishes suceing topical reviews on subjects within s remit. These
reviews [of between 3000 and 5000 words) are commissioned by the Editorial Team or arise after
correspondence with potential authors. Unsolicibed reviews will be considered, but authors are
encouraged to contact the Editor-in-Chiel ahead of tme of their intention to submit a review and
to indicate clearly how the review differs from, and adds be, recent published reviews on related
topics. On the basis of the case made by authors, potential overlap with planned Neurapharmacoiogy
content, and discussions with the Editorial Team, the Editor-in-Chief will provide authors with 2
dedision regarding their proposed review as quickly s possible.

The seope of the journal 1s broad. IE covers many disciplines and spans molecules (e.g., molecular
blology, biochemistry) through systems [e.g. neurophysiology) to behaviour (e.g. cognition,
peychopharmacology ). The journal covers all aspects of neurcscience with an emphasis on
newrotransmitbers and their receptors, jon channels, signalling, psychcopharmacology and animal
miodels of disease, such &s investigations on the neurcbiology of cognition, depression, schizophrenia,
aniety, epilepsy, ischaemia, neuroprotection, neurcdegenaration, drugs of abuse and pain,

The journal publishes oocasional Special Tssues (and will consider publishing Supplements). Each
vear Elsevier/Newropharmacology organise a sabellibe symposium to the Mesting of the Sociely
for Meuroscience, The journal publishes a Special Issue to accompany each mesting. Please
see hittp:/fwenw.neuropharmacalogy-conference. elsevier.com, for details of this years mesting and
socompanying Spedal Tssue,

US National Institutes of Health (NIH) voluntary posting ("Public Access") policy
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GUIDE FOR AUTHORS

Your Paper Your Way

We now differentiate between the requirerments for new and revised submissions. You may choode o
submit yeur Manuseript 5% a single Weord or PDF file o be wsed In the referesing process, Only wihven
your paper Is at the revision stage, will you be requested to put your paper in bo a ‘comect format’
fer acoeptance and provide the (kems required for the publication of your article.

To find out more, please visit the Preparation section below.

BEFORE YU BEGIN

Ethics in publishing

For information on Ethics in publishing and Ethical guidelines for journal publication see
Rt www. elsevier. com/publishingethics and http:/) www.elsevier comyjournal-authors ethics.

Conflict of interest

Al authors are requested to discose any actual or pobential conflict of interest including any financial,
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Subvnission dedaralion

Submission of an article implies that the work described has not been published [exospk
in the form of an abstract or a5 part of 8 published |lecture or academic thesis), that it is mot
under consideration for publication elewhera, that k2 publication 15 approved by all authors and
Iscitly or explictly by the responsible authorities where the work wes carfed oul, and bthat,
Il accepted, it will not be published alsewhere in the same form, in English or in any ather
language, incleding electronically without the written consent of the copyright-holder. To verify
originality, your article may be checked by the originality debection software IThenticate. See aleo
hittg /Y wewiwr el ssder comeditors/plagdetact.

Authorship
Al authors should have made substantial contributions to all of the following: (1) the conception and
design of the study, or acquisition of data, or analysis and interpretation of data, (Z) drafting the
article or revising It critically for important intellectual content, (3) final approval of the version to
be submitted.

Changes ro authorship

This palicy concems the sddition, deletion, or rearrangement of suthor names in the autharship of
sccepted manuscripks:

Before the sccepbed manuscript is published i an oniine issue: Requests to add or remove an author,
or to rearrangs the author names, must be sent to the Jowrnal Manager from mem-rupnndlnq author
ol the accepbed manuseript and must include: (a) the reason the name should be added or removed,
o the author names rearranged and (B) written confirmation (e-mail, fx, letter] from all suthors that
thery agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this indudes confirmation from the author being added or removed, Requests that are not sent by
thi eorresponding author will be forwarded by the Journal Mansger to the corresponding author, who
Frviest Foillow the procedure as described above, Note that: (1) Journal Managers will inform the Journal
Editors of any such requests and (2) publication of the accepted manuscript in an onling issue is
suspended until authorship has been agreed.

After the accepted manuscript & published In an ealing lssue: Ay requests to add, delete, or rearrange
author names in an artide published in an online Bsue will follow the same policies as noted above
and result In & corrigendum.

Article transfer service

This journal 15 part of our Article Transfer Service. This means that if Bhe Editor feels your artide is more
sultable in one of our other participating jeurnals, then you may be asked bo congsider ransterring the
article to one of thase. If you agree, your article will be transferred automatically on your behalf with
no need to reformat. Please note that your article will be reviewed again by the new journal. More
Information about this can be found here: vitp://www.elseviercom/authors/ article-trans fer -service,

Copyright
This journal offers authors a cholce in publishing their research: Open access and Subscription,

AUTHOR INFORMATION PACK 28 Jan 2015 vowveelsevier.com,Tocate/neuropharm 4

86



Forr subecription artickes
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more Infarmation on this and copyright, see http://www.elseviercom/copyright). An e-mail will be
sent to the corresponding author confirming receipt of the manusecript together with & “Journal
Publishing Agreement’ farm or & lnk ko the online version of this agresment,

Subscribars may|reproduce tables of contents or prepare lisks of Briicles including abstracts For internal
dreulation within thelr institutions. Permission of the Publisher ks required For resale or distribution
outside the institution and fee all ather dervative works, Induding compilations and translations
(please consulk Mitn: fwwe elsevier com/ permissiona). I exeerpta from other copyrighted wiarks are
included, the ssthor(s) must abtain written permission from the eopyright ewners and credit the
source(s) in the artide, Elsevier has preprinted forms for use by authors in these cases: please consult
bt vewive. el s, o pry permissions

For open access articles

LW'I .BI!I'.‘I!‘!E'II'.‘E of an artide, authors will be asked o Eﬁl‘l‘lplEE an CExdusive License
Agreament’ (for mare information see Rip:Swww. eleevier com/OAauthoragreament ). Permitted
reuse of open acress articles i determined by the author's chelce of user license (see
hibtg:/ /v elsevier comy openaccesslicenses).

Retained author rghts

As an author you (or your employer or institution) retsin certaln rights. For more information on
author rights for:

Subscription artices please ]
Rt fwww. elsevier.comy journal-author s author-rights-and-responsibilities.

Open access articles please see hitp:/www.alseviercom/DAauthoragreasment,

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the articke &nd to briefly describe the role of the spansor(s), If any, in study design; in
the collection, analysis and Interpretation of data; in the writing of the report; and in the dedigion to
subrmit the artice for publication. I the funding souros]s) had no such involvement then this should
be stabed.

Funiding body agresments and palicies

Elsevier has established agresments and developed polides to allow authors whose artides appear in
journals published by Elsevier, to comply with potential manuscript archiving reguirements zs specified
as conditions of Eheir grant awards. To leam mone about existing agreemants and policies please visit
hittp: v elsevier. comyfunding bodies.

US Mational Institutes of Health {NIH) voluntary posting (" Public Access™) policy

Elsevier fecilitates author response to the NIH veluntary posting request (referred bo as the NIH
"Public Acress Palicy™: soe hbtp:/www nih.gov/abouty publicaceess indes_hitm) by posting the peer-
reviewed author's manuseript directly bo PubMed Central on reguest from the authes, 12 months alter
Farrnal publication. Upon notificstion from Elsevier of acceptance, we will 2k you bo confirm vis e-
rruail by e-railing us b NIHauthorreguest@elsevier com) that your work has recelved NIH funding
and that you intend te respond bo the NIH policy request, along with yeur NIH award nurmber to
Facilltate processing. Upon such confirmation, Elsevier will submit ba PubMed Central on your behsl!
& version of your manuscript that will include pear-review comments, for posting 12 months afer
Ferrnal publication. This will ensure thak you will have responded Fully ko e NIH request policy. There
will be e meed For yeu te pest your manuseript directly with PubMed Central, and any such pasting
s prohibited,

Exgeplions: It is the policy of Elsevier that suthers nesd not obtain permisglon in the following cases
enly: (1) bo use thelr origingl fgures or tables in thelr future werks: [2) ko make coples of thelr papers
for wse in their classroom teaching; and (3) to include their papers as part of their dissartations

Open access
This journal offers authors a cholce in publishing their research:

Open aconss
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» Articles are freely available o both subscribers and the wider public with permitted reuse

+ An open acoess publication fee |s payable by authors or their research funder

Subscription

+ Articles are made avallable to subscribers as well 2s developing countries and patient groups throwgh
OUr BOCESS programs (hitp:/fwew_elsevier. com) Bioess)

+ Mo open aocess publication fee

Al articles published open access will be immediately and permanently free for everyone to resd
and download. Permitted reuse is defined by your choioe of ane of the following Creative Commons
user loanises:

Creative Commons Attribution (CC BY): lets others distribute and copy the artide, to creste
extracts, abstracts, and other revised versions, adaptations or derfvative works of or from an article
{such &s & translation), o include in & collective work (such as an anthalogy), to text or data mine
the artiche, even for commerdal purposes, as long as they cradit the author(s), do met represent the
suthor 25 endorsing their adaptation of the artide, and do not modify the article in sech a way as
b damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-Sharedlike (CC BY-NC-SA): for non-
ommerdal purposes, lets others distribute and copy the artide, to create extracts, abstracts and
other revised versions, daptations or derivative works of or from an article (such &s a translation),
to inclsde in & collective work [such as an anthology), to text and data mine the article, as long as
they credit the auther(s), do nob represent the authar as endorsing their adaptation of the article, do
not modify Bhe atice in such a way as to damage the suthor's honor o reputation, and license thelr
new adaptations or creations under identical terms (OC BY-NC-SA).

Creative Commons Attribution-MonCommercial-NoDerive (OC BY-NC-ND): for non-
enmmerdsl purposes, lets obhers distribute snd copy the article, and to indude in & collective werk
(such as &n anthology ), &5 long &s they credit the author(s) and provided they do not alter or modify
the artiche.

To provide open access, this journal has & publication fee which needs to be met by the authors or
their research funders for esch artide published open acoess.

Your publication choice will have no effect on the peer review process or soceptance of submitted
artiches,

The aipsen ac0ess publication fee in this journal is $2200, excluding taxes. Learn mone about Elsevier's
pricing policy: http://www.elseviercom/openaccesspricing.

Language [usage and editing services)

Please write your text in good English (Amercan or British usage is accepted, but not a
mibture of these). Authors who feel their English language manuscript may require editing
to eliminate possible grammatical or spelling errors and to conform to cormect scentific
English rmay wish to use the English Language Editing service availsble from Elseviers
WebShop (hittp://webshop elsevier com/flanguaseaditing/] o wislt our custormer support site
(Mt faupport.elsevier.com ) fer mone information.

Submission

Our online submission system quides you stepwise through the process of entering your article
details and uploading your fles. The System comverts your articke files to a single POF file used in
the peer-review process. Editable files (e.g., Word, LETeX) are reguired to typesst your artice for
final publication. All correspondence, induding notifcation of the Edibor's decision and requests for
resdsion, Is sent by e-mail,

Referces

Please submit the names and institutional e-mail addresses of several potential refersss, For mare
details, visit owr Support site. Mobe that the editor retaing the sobe right to decde whether or not the
suggested reviewers are wsed,

Additional information
The Neuroscience Peer Review Consortium

Newropharmaoology 15 & member of the Neurosdence Peer Review Consortium [NPRC). The NPRC
has been formed o redece the Hme expended and, in particular, the duplication of effort by, and
EEociabed burden on reviewers invalved in the peer review of original neurosdence reseanch papers.
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It is an alliance of neurcscience journals that have agréed b accepl manuscript reviews from other
Consartium journals. By reduding the nember of times that & manescript i reviewed, the Consortivm
will reduce the load on reviewers and Editors, and speed the publication of resgarch results.

If & manuscript has been refected by another journal in the Consortium, authors can submit the
manuseript to Newrapharmacology and indicate that the referses’ reports from the first jowrnal will
be made available bo the Editors of Newropharmacology.

It is the authors' decision as to whether or nob bo indicabe that a seb of referes’s reports should
be forwarded frem the first journal bo Newopharmacokgy, I an author does nob wish for this to
happen, the manuscript can be submitted to Newropharmacolegy withoul reference bo the previous
subrmission. Mo information will be exchanged between journsls exceplt a1 the request of authars,
However, If the eriginal referees’ reports suggested that the paper is of high quality, but not sultable
for the first journal, Hhen it will aften be to an author's sdvantage to indicate that referess’ reports
should be made svailable,

Authors should revise the orginal submission in accordance with the Arst journal's set of referes
reports, and submit the paper ko Neurapharmacology with a covering letter descoribing the changes
that have been made, and informing the Editors that the authors will ask for the referes’s reports
o be forwandesd from the Consortium journal. The authors then must contect the first journal, and
sk that reviews be forwarded, indicating they have submitted bo Nesropharmaoslogy, providing the
new rmanuseript ID numiber,

The Editars of Newopharmacology will use Tarwarded referea's reports ab thelr discretion, The Editars
may wse the reports directly bo make a decision, or they may request Turther reviews If they Fesl
such are necsssary.

Wit hitp:/fnpre.inclorg for a list of Consortium journals, & well as further information an the scheme.

PREPARATION

NEW SLIBMISSTONS

Submission to this journal proceeds totally enling and you will be guided stepwise through the creation
and uploading of your files, The system automatically converts your filés to a single POF file, which
is used in the peer-review process,

As part of Bhe Your Paper Your Way Service, you may chooss o submil your manuscript as a single file
to be used in the referesing process. This can be a POF file or a Word document, In any format or lay-
out that can be used by referess to evaluate your manuscript. Tt should contain high enowgh guality
figures for refereeing. IF you prefer to do so, you may still provide all or some of the source files at
the initial submission. Mease note that individual figere files larger than 10 MB must e uploaded
separately,

References

There are no strict requirements on reference formatting 8t submission. References can be in any style
o formmat as long s the style ks conslstent. Where spplicable, suthor(s) name(s), joemal Bte/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
fist be present, Use of DOT is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proaf stage. Note that missing data will be highlighted
&t prool stage for the author 10 cormect.

Formatting requirenents

There are no strict formatting requirements but &l manusoripts must conkain the essential elements
neaded bo eofvey your manuscript, Tor example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

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

Divide the article into clearly defined sections.

Rgures and tables embedded in text
Please ensure the figunes and the tables induded in the single fle are placed next to bthe relevant bext
in the manuserpt, rather than at the battem or the top of the e,

REVISED SUBMISSTONS
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Use of word processing soffwars

Regardless of the file format of the erginal submission, 2k revigien you must provide us with an
editable file of the entire article. Keep the layout of the text as simple 2 possible. Most formalting
endes will be removed and replaced on processing the article. The electranic text should be prepared in
& way very similar bo that of conventional manugcripts {ses ales the Guide bo Pullishing with Elsevier:
Fittgs:/ fvrwwe. el sevier comyguidepublication). See aleo e section on Electrenic artwerk.

To evold unnecessary errors you are strongly advised bo wse the 'spell-check’ and 'grammar-check’
functions of your word processar,

Article structure

Subdvision - numbeved sections

Divide your articke into dearly defined and numbered sections. Subsadtions should be numbered
1.1 (then 1.1.1, 1.1.2, ...}, 1.2, elc. (the abstract i3 not induded in section numbering). Use this
numbering &lso for internal cross-referencing: do not just refer to ‘the text’, Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introdudtion

State the objectives of the werk and provide an adequete backgreund, avelding 2 detailed literature
SUrvEY OF 3 Surmmanry of the results.

Material and methods

Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a refi oe: only rel it modiications should be described.

Experimenial

Experimental procedures

Al animal experiments should be carried out In sccordance with the UK. Animals (Sdentific
Procedures) Ack, 1986 and associsted guidelines, the European Communities Councll Directive of
24 Mevermber 1986 (86/60%/EEC) or the Metional Institubes of Heslh guide for the care and
use of Leborstory animale (NIH Publications Me. 8023, revised 1978) and the suthors should
clearly Indicate in the manuscript that such guidelines have been followed. All animal sbudies
need bo ensure they comply with the ARRIVE guidelines. Mare information can be found b
Rtk vewe. nedrs.org.uk/page. seplid =1357.

Manuscripts should be sccompanied by a staterment that all efforts were made bo minimise animal
suffering, to reduce the number of animals vsed, and o utilise alternatives to in vivo bechnigues,
IF available.

Authors are sdvised to consult A Fair press for animals [New Scientist (1992) 1816: 1830] before

preparing their manuscript. The Editors reserve the right to reject papers if there s doubt whether
suitable proceduras have been used.

Theary /calcelation

A Theory section should extend, not repeat, the background to the artide already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis,

Resulls
Results should be dear and concise.

DS crssion
This should explore the significance of the results of the wark, not repeat them. A combined Results
and Discussion section & often appropriate. Avold extensive diations and discession of published
literature.

Condlusions
The mgin conclusions of the study may be presented in a short Conclusions sedction, which may stand
alomne or form & subsection of & Discussion or Results and Discussion section.

Appandices

I there ks more than one appendix, they should be identified as &, B, etc. Formulae and equations in
appendices should be given separate numbering: Bg. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) 2nd so on. Similarly for tables and Agures: Table A.1: Fig. A1, ete.

AUTHOR INFORMATION PACK 28 Jan 2015 vewve.elsevier.com/locate/ neurapharm E

90



Essential title page information

» Tida, Concise and informative. Tithes are often used in information-retrieval systems, Avoid
abbreviations and formulae where possible.

» Author names and affiliations. Whare the family name may be ambiguous (e.g., 2 double namea),
please indicate this dearly. Present the svthors’ affliation addresses (where the actual work was
done) below the names. Indicake all affliations with a lower-case superscript letter immediately after
the author's name and in front of the appropriate address. Provide the full postal address of each
affiliation, including the courtry name and, if available, the e-mail address of sach author.

» Corresponding suthor. Clearly indicate wha will handle correspondence at sl stages of refereeing
and publication, also post-publication. Ensure that phone numbers (with country and area
code) are provided in addition to the e-mail address and the complete postal address.,
Contact details must be kept up to date by the corresponding author.

+ Present/ permanent address. If an author has moved since the work described in the artide was
done, oF was visiting &t the time, & ‘Present address’ (or “Permanent address’) may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for Such footnotes.

Abstract

A concise and factual abstract 15 required. The abstract should state brisfly the purpose of the
resaarch, the principal resolts and major condusions. An 2bstract 15 ofben presented separatsly from
the articde, 2o it must be able o stand alone. For this reason, References should be avoided, buk if
essential, Hhen cite the authar(s) mnd year(s). Also, non-standard o unoommon shbreviations should
be avoilded, but If essential they must be defined at their Arst mention in the abstract kself.

Graphical abstract

Althawgh a graphical abstract is optional, ke vse is encouraged & ik draws more attention ba the onling
articlke. The graphical abstract should summarize the contents of the artice in & concse, pictorial form
designed bo capture the attention of a wide readership. Graphical abstracts should be submitied as a
separate file in the onling submission system, Image size: Pease provide an image with a minirmm
of 531 = 1328 pixels {h = w) or proportionally more. The image should be readable &t a size of 5 =
13 tm using a regular screen resolution of 96 dpi. Preferred fle types: TIFF, EFS, FOF or M5 Ofice
Ales. Spe hitp:/fwew_elsevies com/graphicalabstracts for examples.

Authors can make use of Elsevier's Iustration and Enhantement service b ensure Hhe Dbest
presentation of their images and in aotordance with all bechnical requirements: Tlustration Service.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that
cormey the core findings of the articde and should be submitted in a separate editable file in the
online submission systerm. Please use 'Highlights' in the fle name and include 3 bo 5 bullet points
[maxirmuem BS characters, induding spaces, per bullet point). See http:/fwww.slsevier. oom/highlights

fior examples.

Keywords

Imediately after the abstract, provide 3 masimuem of 6 keywords, using Amercan spelling and
svoiding general and plural berms snd mulliple concepts (avold, for example, ‘and, 'of |. Be sparing
with abbreviztions: anly abbreviations firmly established in the fisld may be eligible. These keywords
weill [ used for indeing purposes,

Chemical compounds

You can enrich your artice by providing 2 list of chemical compounds studied in the artice, The list of
compounds will be vsed to extract relevant inforrmation from the NCBIL PubChem Compound database
and display it néxt to the online version of the article on ScenceDirect. You can include up to 10
names of chemical compounds in the article. For each compound, please provide the PubChem CID
of the most relevant record as in the following example: Glutamic acid {PubChem CID:611). The
PubChern CIDs can be found via http://wew.nchi.nlm.nih.gov/pocompound. Please position the list
ol compeunds immediately belaw the 'Meywords' section, It is strongly recemmendad 1o Fellow the
exack text formatting as in the example below:

Chemical compouwnds studied in this articde

Etfiylene glycol (PubChem CID: 174); Plitidepsin (PubChem CID: 44152164): Benzalkonium chioride
(PubChem CID: 15865)

More information s available at: http://wew.elsevier com, PubChem.

AUTHOR INFORMATION PACK 28 Jan 2015 vewwe.elsevier.com/locate/neuropharm E

91



Abbreviations

Deefine abbreviations that are not standard in this feld in & footnote to be placed on the first page
of the artide. Such abbreviations that are unavoidalble in the abstract must be defined at their Arst
renkicn there, a5 well 33 in the fostnote, Ensure consistency of abbrevistions throughout the amicde,

Acknowledgements

Collate acknowledgements in a separate section at the end of the artide before the referenoss and do
not, therefore, Inchede them on the title page, as a footnobe to the title or otherwise. List here those
individuale whe provided help during the recasrch (2., providing langeage help, writing assicance
or proof reading the article, etc,).

Units

Follow intermaticnally accepbed rules and comventions: use the intermnational systern of unils (5I). I
other units are mentioned, please ghe their equivalent in S1.

Database linking

Elsewier encourages authors bo connect articles with external databases, giving their readers one-
dick aotess Lo relevant databases that help to build & betber understanding of the desoribed researdh.
Flease refer to relevant database identifers using the following format in your article: Databage: xxxx
(e.q., TAIR: AT1GO1020; CCDC: 734053; POB: 1XFN). See hitp://wew. elsevier comydatabaselinking
for more information and a full list of supported databases,

Math formulae

Please subymit math equations as editable text and not as images. Present simple Formulae in
line with normal bext where possible and use the solidus () instead of & horizontal line for small
fractional terms, e.g., X/¥. In principle, variables are to be presanted in italics, Powers of e are often
more conveniently denoted by exp, Number consecutively any eguations that have to be displayed
separately from the text |if referred to explicitly in the text ).

Footnotes

Footnotes should be used sparingly. Mumber them consscubively throwghout the article. Many word
processors build footnobes into the text, and this feature may be used. Should this not be the case,
Indicate the position of footnotes in the text and present the fooknobes themselves separately at the
end of the article.

Artwork

Electrovifc ariwark

Gzeneral polnls

+ Make sure wou use uniform lettering and sizing of your origingl arbwaork,

= Preferred fonts: Ardal (or Helvetica), Times New Roman (or Times ), Symbal, Cowrier.

= Murmber the illustrations according to their sequence in the bexdt.

+ Use 3 lagical naming comeention for your arbwork files,

= Indicate per fAigure if it 15 & single, 1.5 o 2-column Mtting image.

= For Word submissions only, you may still provide gures and thelr captions, and tables within a
gingle fle at the revidon stage.

= Please nobe that individual figure Ales langer than 10 MB must be provided in separate sounte files.
A detsiled guide on electronic artwork 15 available on our website:

hittpf wownr. el Sevier cormy artworkinstructions.

You are urged bo visit this site; some excerpts from the detailed information are given hera,
Formals

Regardless of the application wsed, when your electronic artwork B8 finalized, plesse “seve as' or
cormvert the images bo one of the follvwing formats {note the resclution reguirements for ling drawings,
halftones, and lingfhalftone combinations given balow):

EPS [or PDF): Vector drawings. Embed the font or Sawve the text a8 ‘graphics’.

TIFF [@r JMG): Color or grayscale phobtographs (halftones): always use a minimum of 300 dpi.

TIFF [or 1PG): Bitrmapped line drawings: vse a mindmom of 1000 dpi.

TIFF {or IPGE): Combinations bitmapped line/half-tone {oolor or grayscale): a minimum of 500 dpi
18 requirsd.

Please do not:

= Supgply files thal are optimized for scneen use (e.g., GIF, BMP, PICT, WPG): the resolution S too low.
= Supply files that are too low in resolution.

= Submit graphics that are disproportionately large for the content.
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Colar artwork

Please make sure that artwark fles are In an seceptable farmat (TIFF (o JPEG), EPS (or PDF), ar
M5 Office files) and with the correct resalution. IF, together with your accepted article, you submit
usable color Aigures then Elsevier will ensure, at noe additienal charge, that these figures will appear
in esler online (e.q., SdenceDirect and ather sites) regardiess of whether or net these lllustrations
are reproducad in color in the printed version. For color reproduction in print, you will receive
informatien regarding the costs from Elsevier after receipt of your accepted article. Plagse
indicate your preference for color: in prink o enling enly. For further information on the preparation
ol electronic artwerk, ploase see hitp: [ www elsevler.com/artworkinetructions,

Please note: Because of technical complications that can arise by converting color figures to "gray
arale’ (for the printed version shauld you not opt for color In peint) please aubmit in addition usalle
bleck and white versions of sl the color llustrations.

Tlustration services

Elsevier's WebShop (http://webshopoelsevier comyillustrationservices) offers MNustration Services
to authors preparing to submit a manuescript bub concermed about the quality of the images
socompanylng their article. Elsevier's expert illustrators can praduce seentific, bechnical and medicsl-
style images, 3 well as a full range of charts, tables and graphs. Image “palishing’ s alse aveilable,
where aur illustrators tke your image(s) and improve them to a professional standard, Please visit
the website to ind out more.

caplions
Ensure that each illustration has a caption. A caption should comprise & brief tite {not on the figure
it22lf) and & description of the illustration. Keep text in the [lestrations themselves to & minimum buk
explain all symbaols and abbreviations used.

Tables

Please submit ables as editable text and not as images. Tables can be placed either next to the
relevant bext in the artide, or on separate pageds) at the end. Mumber tables consecubively in
sccordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhera in the article. Plaase avold wusing wertical rukes.

References

CAalion in bext

Please ensure that every reference dted o the text s slso present in the reference list (and vice
wersa). Amvy references dted in the abstract must be ghven in full. Unpublished results and
ommunications are not recommended in the reference list, but mey be mentioned in the text. Ifthese
referentes are induded in the reference list they should follow the standard reference style of the
journal and should inclede a substitution of the publication date with either ‘Unpublished resulls’ or
‘Personal communication’. Ctabon of a reference as in press’ implies that the item has been sccepted
for puetilication.

Reference links
Increased discoverabilty of research and high quality peer review are ensured by online links to
the sources cited. In order bo allow us to create links to abstracting and indexing services, such as
Smpus, CrossPel and PubMed, piease ensure that data pmu'lda:l in the references are oorredd. Plagse
note that Incerrect sumames, journal/book ttkes, publication year Bnd pagination may prevent Hnk
craation. When copying references, please be careful as they may already contain errors. Use of the
D01 s encouraged.

Web refaran feg

As B minimoem, the full URL should be given and the date when the reference was last acoessed. Any
further information, if known (DOI, author names, dates, reference 1o a source publication, etc.],
should a&lso be given. Web references can be listed separately (e.q., after the reference list) wnder a
different heading IF desired, or can be indweded in the reference list.

References in & Epfﬂuﬁ' fespe
Please ensure that the words "this lssue’ are sdded bo ainvy referances In the list {-H'ld any citations bn
Hhe bext) to obher artiches in the same Spedal Tssue.
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Reference formatting

Thee=re are o strict rEqIJ"‘E‘ﬁEI'IH on reference ﬁ:nrmul:ﬂngnt subrmission. References can be in any Stﬂlﬂ
&r Format a3 long 2s the style i consistent. Where Bpplicable, Buthans) name(s), journal HHe/Boak
title, chapter tlefartide title, year of publication, volume number/book chapter and the pagination
riust be present. Use of DOT s highly encouraged. The reference shyle used by the journal will be
applied to the accepted article by Elsevier at the prool stage. Note thet missing data will be highlighted
&t prool stage for Hhe author bo correct. IF you @6 wish to format the references yourself they should
be arranged according bo the following examples:

Referance siyls

Text: Al ctations in the text should refer to:

1. Single suthor: the author's name (without initisls, unless there is ambiguity) and the year of
publication

2. Two suthors: both authors’ names and the Year of publq:athn;

3. Three or more aubhors: Tirsk author's name followed by ‘et Bl and the year of publication.
Ctations may be made directly {or parenthetically). Groups of references should be lsbed Frst
alphabetically, then chronologically.

Examples: ‘as demonstrated (Allan, 2000, 2000b, 1999; Allan and Jones, 1999). Kramer et al,
(2010) have recently shown ...

List: Heferences should be arranged first alphabetically and then further sorted chrenslogically if
neceseary. More than one reference from the same author(s) in the same year must be identified by
the letters &', I, ‘e, ele., placed after the year of pullication.

Exarnpias:

Reference to & journal pullicstion:

Van der Geer, )., Hanraads, 1A.1., Lupton, RA, 2010, The &t of writing a scentific artide. J. S,
Commun. 163, 51-59,

Referance bo a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.
Reference bo a chapter i an edibed book:

Mettam, G.R., Adams, LB, 2009. How ko prepare an electronic version of your article, in: Jones, B.S.,
Smith , B.Z. (Eds.), Intraduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.

Journal sidwevialions sounce
Journal narmes should be abbrevisted socording to the Lst of Titke Word Abbrevistions:
P Fwewie issn. orgS servicesfonling-servioes) Booes g-to-the-Ibway .

Video data

Elsevier accepts video material and animabion seguences to support and enhance your sclentific
research. Authors who have video or animation files that they wish to submilt with their artide are
strongly encouraged bo inchede links 1o these within the body of the artide, This can be done in the
same way s & figure or table by referring to the videa or animation content and noting In the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relabe o the video file's conbent. In order o ensure that your videos or animation material is directly
ugable, please provide the files in one of our recommended file formats with a preferred maximum
size of 50 MB. Videa and animation fAles supplied will be published onling in the sedronic version
of your artide in Elsevier Web products, including SclenceDirect: http:/vwww. sclencedirect.com.
Please supply "stills’ with your files: you can choose any frame from the video or animation or
make & separate image. These will be used instead of standard cons and will personalize the
link to your video data. For more detailed instructions please vislt our video instruction pages at
hitp: v elssdier oomartworkinstructions. Nobe: since video and animation cannot be embedded
in the print version of the journal, please provide text for both the electronic and the print version
for the portions of the artide that refer bo this conbent.

AvdioSlides

The journal entoursges authors b create an AudioSlides presentation with thelr published artice.
AudioSlides are brief, webinar-style presentations that are shown next to the online articke on
ScienceDirect. This gives sUthors the opportunity to Summanze teir research in Lheir own words and
to help readers understand what the paper is about. Mere information and examples are available at
hitkp: ) Fwwie el sevier comy audiosides, Authors of this journal will automatically receive an invitation
e-mail bo creabe an AsdioSlides presentation after sooeptance of thieir paper.
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Supplementary data

Elsevier accepts electronic supplementary material to support and enhance your sdentific ressarch,
Supplementary files offer the author additional passibilities to publish supporting applications, high-
resolution images, background datassts, sound cips and more. Supplementary Tiles supplied will be
published online alongside the eledronic version of your artiche in Elsevier Web products, including
ScenceDirect: http:/lwwew sdencedirect.com. In order by ensure that your submitied material s
directly usable, please provide the data In one of our recommended file formaks. Avthors should
subrmit the material In electronic format together with the article and supply a concse and descriptive
caption for each file. For more detalled instructions please visit our artwork instruction pages at
hitp: Ao elseviercomy artworkinstructions,

Submission checklist

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

Ensure that the following ibems are presant:

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

+ E-mail address

» Full postal address

* Ti

Al necessary files have been uploaded, and contain:

» Keywords

» Al figure captions

» Al tabiles {including title, description, footnates)

Further considerations

» Manuscript has been ‘spell-checked' and 'grammar-checked’

= Al references mentioned in the Referencos list are cdted in the bext, and vice versa

» Permission has been obtained for use of copyrighted material from other sources (Incleding the
Inbermnet

Printed 3a*slnn of figures {If applicable) In color or black-and-white

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

» For reproduction in black-and-white, please supply black-and-white versions of the fgures for
prnting purposes.

Far any further information please visit our customer support site &t MEp:/fsupport. slsevier com,

AFTER ACCEPTANCE

Use of the Digital Object Identifier

The Digital Object Identifier (D0I) may be used to cite and link to electronic documents. The DO
conslsts of a enigue alpha-nemeric character string which 15 assigned bo & document by the publisher
upon the initial electronic publication. The assigned DOT never changes. Therefore, It i an ideal
meditm for citing a document, particularly Articles in press’ because they have not yet received thelr
full biblisgraphic infarmation. Example of & correctly given DOT (in URL format: here an article in the
journal Physics Letters B):

Fibtg /. i orgy/ 10, 104 6/]. physleth. 2010.09.059

When you use a DOI bo create links to docurments on the web, the DODs are guaranteed never to
change.

Proafs

For all accepted manuscripts, page proofs will be sent to the corresponding author (or the first-
named author) for checking. Corrections to the proofs must be restricted bo prinber’s errors.
Any substantial slterstions other than these may be charged ta the author. Authors are particularly
requested to return their corrected proofs 2s quickly as possible n order to facilitate rapid publication.
Please nobe that authors are urged to check their proofs carefully before return, since late
corrections cannot be guaranteed for inclusion in the printed journal. Reprints and copies of
the issue (at a specially reduced rate) can be ordered an the form which will sccompany the proofs,
Thege should be returmned bo: Blsevier Lhd, Bampfylde Street, Exeter, EX1 2AH, U.K.

Disclaimer:
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Whilst every effort ks made by the publishers and editorial board Lo see that no inaccurste or
misleading data, opinion or statement appears In this journal, they wish to make it clear that the
deta and epinions Bppesring in the articles and advertizernents herein are the sole respansibility of
the contributer or advertiser concerned. Aocordingly, the publishers, the editorisl bosrd and editors
and their respective employess, officers and agents accept no responsibility or lability.

Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to M5 Word: In addition to
editing text, you can &lso comment on figures/tables and answer guestions from the Copy Editor,
Web-based proofing provides & faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential Introduction of errers,

If preferred, you can still choose o annotate and upload your edits on the PDF version. All iInstructions
for proafing will be given in the e-rmail we send to authors, incuding sltemative methods to the online
version and PDF,

we will do everything possible to get your artice published guickly and accurately, Please wse this
prool enly For checking the typeselting, editing, completensss and correctness of the text, tables
and Rigures. Significant changes bo the article as accepted for publication will only be considered at
this stage with permission from the EditorIt i important to ensure that all cormections are sent batk
bo us in one communication, Please check carefully before replying, as incdusion of any subseguent
corrections cannot be guaranteed. Proofreading s solely your responsibility.

OMfprints

mepmnwmung suthor, at no cost, will be provided with a personalized link providing 50
days free access bo the Anal published wersion of the artide on Sciencelirect. This link can
slsn be used for sharing vis email snd soral nebworks. For an extra charge, paper affprints
can be ordered via the offprint order forrm which is sent once the artice s accepbed for
publication. Both corresponding and co-authors may order offprinks ab any bime via Elsevier's
WebShog {httn: fwelshop.elsevier oom/myartideservicest offprints). Aubhors requiring printed coples
of multiple articles may use Elsevier WebShop's "Create Your Own Book® service to collate multiple
articles within a single cover [http:/ webshop, elsevier.com/ myarticeservioss /boaklets ).

AUTHOR INQUIRIES

You can track your submithed article ak hitp:,//help.elseviercom/app/answers/detsil/a_id/89/p/B045/,
You can brack yowr E'.‘I'.'EFIEI] article at htlp:f;'w‘ww.&ﬁl‘:rl&f.tmlﬁ:ﬂfkirﬂﬂe. You are alsd waloome I

contad Customer Support wia hitp://support.elseviercom,
& Copyright 2014 Esevier | http://www_elsevier.com
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10.3. ANEXO C - SUBMISSAO DO MANUSCRITO PARA PUBLICACAO

Elsevier Editorial System(tm) for Neuropharmacology
Manuscript Draft

Manuscript Number:

Title: PEPTIDE YY (3-36) MODULATES CALCIUM INFLUX IN PRIMARY CULTURES OF RAT
HIPPOCAMPAL CELLS

Article Type: Research Paper

Keywords: PYY (3-36); Y2 receptor; Influx of Calcium; Hippocampus.

Corresponding Author: Ms. Michelle Flores Domingues, Master degree student
Corresponding Author’s Institution: Pontificia Universidade Catolica do Rie Grande do Sul
First Author: Michelle Flores Domingues, Master degree student

Order of Authors: Michelle Flores Domingues, Master degree student; Dénis R Assis, PhD; Chariston 4
Dal Belo, PhD; Jaderson C da Costa, PhD

Absftract: Abstract

Peptide YY (3-36) [PYY [3-36)] is a peptide belonging to the NPY peptides family, synthesized in the
intestine, and well-known for acting in hypothalamic neurons, where it binds to ¥2 receptors and
induces satiety. Besides its importance on eating behaviour and energy balance, recent evidence
implicate PYY (3-36) in dopamine-dependent behaviors related to neuropsychiatric disorders and
suicide. Besides, PYY (3-36) accumulation in patients after bariatric surgery to treat obesity correlates
with an increase of suicide rates. Since brain regions linked to these behaviours are strongly
modulated by the hippocampus, here we evaluated the effects of PYY (3-36) on calcium oscillations in
primary cultures of hippocampal cells from rats. We show that several doses of PYY (3-36) increase
calcium oscillations on hippocampal cells. Besides, experiments based on pharmacological
interventions suggest that the increase of cytoplasmic calcium induced by PYY (3-36) is mediated at
expenses of calcium mobilized from the endoplasmic reticulum by channels regulated by IP3 receptors.
Case our results can be extrapolated for in vive conditions, we suggest a possible involvement of
hippocampal cells in the behavioural changes caused by PYY [3-36).

MNeuropharmacology

Title: PEPTIDE YY (3-36) MODULATES CALCIUM INFLUX IN PRIMARY CULTURES OF RAT HIPPOCAMPAL CELLS

Authors: Michelle Flores Domingues, Master degree student; Dénis R Assis, PhD; Chariston A Dal Belo, PhD; Jaderson C da Costa,
PhD

Article Type: Research Paper

Dear MIchelle,

Your submission entitled "PEPTIDE YY (3-36) MODULATES CALCIUM INFLUX IN PRIMARY CULTURES OF RAT HIPPOCAMPAL
CELLS" has been received by Neuropharmacology.

You may check on the progress of your paper by logging on to the Elsevier Editorial System as an author. The URL is
http://ees.elsevier.com/neuropharm;.

Your manuscript will be given a reference number once an Editor has been assigned.
Thank you for submitting your work to this journal. Please do not hesitate to contact me if you have any queries.
Kind regards,

MNeuropharmacology
*kkk *kk

For any technical queries about using EES, please contact Elsevier Author Support at authorsupport@elsevier.com



