UNIVERSIDADE FEDERAL DE SANTA MARIA
CENTRO DE CIENCIAS NATURAIS E EXATAS
PROGRAMA DE POS-GRADUACAO EM CIENCIAS BIOLOGICAS:
BIOQUIMICA TOXICOLOGICA

CAFEINA SUPRIME A MELHORA NA MEMORIA DE LONGA DURACAO E DE
LOCALIZACAO INDUZIDA PELO EXERCICIO EM RATOS DE MEIA-IDADE

DISSERTACAO DE MESTRADO

José Luiz Cechella JUnior

Santa Maria, RS, Brasil
2014



CAFEINA SUPRIME A MELHORA NA MEMORIA DE LONGA DURACAO E DE
LOCALIZACAO INDUZIDA PELO EXERCICIO EM RATOS DE MEIA-IDADE

José Luiz Cechella JUnior

Dissertacdo apresentada ao Programa de P6s-Graduacdo em Ciéncias
Bioldgicas, Area de Concentracdo em Bioquimica Toxicoldgica, da
Universidade Federal de Santa Maria (UFSM, RS), como requisito para
obtencédo do grau de
Mestre em Bioquimica Toxicoldgica

Orientador: Prof. Dr. Gilson Rogério Zeni

Santa Maria, RS, Brasil
2014



Ficha catalografica elaborada através do Programa de Geracao Automatica
da Biblioteca Central da UF5M, com os dados fornecidos pelo(a) autor(a).

Cech=lla, Jos&é€ Luiz Jr

CAFEINA SUPRIME I MELHORA NA MEMORIA DE LONGA EURA;ﬁD
E DE lGCAlIZAgﬁD INDUZIDA PELO EXERCICIO ;H EATOS DE
MEIA-IDADCAFEINA SUPRIME A MELHCOEA MNA MEMORIA DE LONGA
DURhQﬁG E DE lGCAlIZA;ﬁD INDUZIDA PELO EXERCICIO EM
RATOS DE MEIA-IDADE / José& Luiz Jr Cechella.-2014.

51 p.; 30cm

Orientadora: Gilson Zeni

Dissertagdc (mestrado) - Universidade Federal de Santa
Maria, Centro de CiBncias da Satde, Programa de Pds-
Graduagio em Bioguimica Toxicolégica, RS, 2014

1. Cafeina 2. Memdria 3. EBExercicio 4. Meia-idade I.
Feni, Gilson II. Titulo.




Universidade Federal de Santa Maria
Centro de Ciéncias Naturais e Exatas
Programa de P6s-Graduacéo em Ciéncias Biologicas: Bioquimica
Toxicoldgica

A Comissdo Examinadora, abaixo assinada, aprova a Dissertacdo de Mestrado

CAFEINA SUPRIME A MELHORA NA MEMC)RIA DE LONGA DURACAO E DE
LOCALIZACAO INDUZIDA PELO EXERCICIO EM RATOS DE MEIA-IDADE

elaborada por
José Luiz Cechella Junior

como requisito parcial para obtencdo do grau de
Mestre em Bioquimica Toxicologica

COMISSAQ EXAMINADORA:

(/ { (gz-

| &flson R. Zeni, Dr.
{Presidente. Otientador)

Leandro Hnu!rigu Ribuire, Dir, (UT5M0)

gilirr: “‘j':;klhl. i @f{;?\_ T

Elisangela é.’ulph  pr.t {L’NIFR‘-‘L‘}. .

Santa Maria, 29 de Julho de 2014.



AGRADECIMENTOS

As primeiras palavras de agradecimento vao dirigidas aos meus orientadores, Gilson
e Cristina, pelo apoio de todas as formas, pelo respeito, dedicagéo, pela afetividade sempre
presente, pela generosidade em compartilhar os seus conhecimentos, pela paciéncia, pelo
compromisso com a minha formacdo e desenvolvimento, pela oportunidade e por me
apresentarem um mundo ainda muito desconhecido por mim, mas muito fascinante. Serei
eternamente grato a vocés, do fundo do meu coracdo, MUITO OBRIGADO.

Ao amor da minha vida e esposa, Tissiana, pelo carinho, dedicacdo, pela paciéncia e
principalmente pelo incentivo aos meus (nossos) projetos de vida, Te Amo Vida.

A minha familia, pelo carinho, apoio e palavras de incentivo.

A familia Nogueira, Eduardo, Ester, Caca, Melissa, Bete, Vini, Guigo, Kaia, pelo
apoio, carinho e incentivo.

Aos meus colegas de laboratério, pela amizade, pelos ensinamentos e camaradagem.

Aos grandes amigos Cesar, Marlon e Fernando, pela grande amizade e
companheirismo.

Aos amigos do Lab. GZ, pela amizade, companheirismo e camaradagem.
Aos colegas do Lab. Félix e do LABIOEX, pelo companheirismo e amizade.
A banca por avaliar este trabalho.

Ao Rinaldo, por cuidar dos animais.

A CAPES, pelo auxilio financeiro durante a realizacdo deste trabalho.

A Universidade Federal de Santa Maria e ao Programa de Pds-Graduag&o em
Bioquimica Toxicologica.

A todos que de alguma forma contribuiram para a realizacdo deste trabalho e que
ainda continuam contribuindo para o meu crescimento profissional.

Muito Obrigado!



RESUMO
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Cafeina suprime a melhora na memdria de longa duracéo e de localizac¢éo induzida pelo
exercicio em ratos de meia-idade

AUTOR: JOSE LUIZ CECHELLA JUNIOR
ORIENTADOR: GILSON ROGERIO ZENI
Data e Local da Defesa: Santa Maria, 29 de Julho de 2014

O declinio da funcao cognitiva estd intimamente relacionado com mudancas cerebrais
geradas pela idade. Estudos tém demonstrado que tanto a cafeina quanto o exercicio fisico
previnem o dano na memdria em modelos animais € em seres humanos. O objetivo do
presente estudo foi investigar se o exercicio de natacdo e a administracdo de cafeina
melhoram a memoria em ratos Wistar de meia-idade. Ratos Wistar machos (18 meses)
receberam cafeina numa dose de 30 mg/kg, 5 dias por semana, por um periodo de 4 semanas.
Os animais foram submetidos ao exercicio de natacdo com uma sobrecarga de 3 % de peso
corporal, 20 minutos por dia, durante 4 semanas. Apds o treinamento, foram realizados o teste
de reconhecimento do objeto (ORT) e o teste de localizacdo do objeto (OLT). Apds os testes
comportamentais, os animais foram mortos por decapitacdo, os cérebros foram removidos e
0s hipocampos separados para as analises. Os resultados deste estudo demonstraram que a
cafeina suprimiu o efeito do exercicio na melhora da memoria de longo prazo (ORT) e na
memodria espacial (OLT) nos animais de meia-idade, e esse efeito parece estar relacionado a
uma diminuicdo na sinalizacdo hipocampal da proteina de ligacdo ao elemento de resposta ao
AMPc fosforilada (CREB). Este estudo também forneceu evidéncias de que os efeitos deste
protocolo na memoria ndo foram acompanhados por alteragdes nos niveis de proteina quinase
serina/treonina (p-Akt) fosforilada . A captacéo de glutamato [°H] foi reduzida no hipocampo
dos ratos de meia-idade que receberam cafeina e foram submetidos ao protocolo de natagéo.
Em conclusédo, a cafeina suprimiu o efeito do exercicio na melhora da memoria de longa

duracdo, memdria espacial, nos niveis fosforilados e ativos de CREB e Akt.

Palavras-chave: cafeina, memoria, exercicio, CREB, Akt, meia-idade
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Caffeine suppresses exercise-enhanced long-term and location memory in middle-aged
rats

AUTHOR: JOSE LUIZ CECHELLA JUNIOR
ADVISOR: GILSON ROGERIO ZENI
Date e Place of the Defense: Santa Maria, July 29, 2014

The cognitive function decline is closely related with brain changes generated by age. The
ability of caffeine and exercise to prevent memory impairment has been reported in animal
models and humans. The purpose of the present study was to investigate whether swimming
exercise and caffeine administration enhance memory in middle-aged Wistar rats. Male
Wistar Rats (18 months) received caffeine at a dose of 30 mg/kg, 5 days per week by a period
of 4 weeks. Animals were subjected to swimming training with a workload (3% of body
weight, 20 min per day for 4 weeks). After 4 weeks, the object recognition test (ORT) and the
object location test (OLT) were performed. After behavioral tests, all animals were killed by
decapitation, brains were removed and hippocampi were separated for analysis. The results of
this study demonstrated that caffeine suppressed exercise-enhanced long-term (ORT) and
spatial (OLT) memory in middle-aged and this effect may be related to a decrease in
phosphorylated cAMP-response element-binding protein (p-CREB) hippocampal signaling.
This study also provided evidence that the effects of this protocol on memory were not
accompanied by alterations in the levels of phosphorylated serine/threonine protein kinase (p-
Akt). The [°*H] glutamate uptake was reduced in hippocampus of rats administered with
caffeine and submitted to swimming protocol. In conclusion, caffeine suppressed the effect of
exercise in improving long-term memory, spatial memory, the active and phosphorylated
levels of Akt and CREB.

Keywords: caffeine, memory, exercise, CREB, Akt, middle-aged.
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1 INTRODUCAO

1.1 Envelhecimento, memodria e sinalizagao celular

Amparado pela maior expectativa de vida, reducdo nas taxas de natalidade (figura 1),
melhores condicBes socioecondmicas atuais e 0s avancos da medicina no diagndstico precoce
e no tratamento de doencas antes ndo controlaveis, aumentou-se o percentual de pessoas
idosas nas sociedades em todo o mundo. O numero de brasileiros acima de 65 anos deve
praticamente quadruplicar até 2060, passando de 14,9 milhdes (7,4% do total), em 2013, para

58,4 milhdes (26,7% do total) (IBGE, 2010b).

Composicdo relativa da populacdo resldente total, por sexo e grupos de Idade - Brasil - 1991/2010

Mulheres

Homens

De BD anos ou mais
De 75 a 7 anos
De 70 a 74 anos
De &5 a 69 anos
De 60 a 64 anos
De 55 a 592 anos
De 50 a 54 anos
De 45 a 49 anos
De 40 a 44 anos
De 35 a 39 anos
De 30 a 34 anos
De 25 a 29 anos
De 20 a 24 anos
De 15 a 19 anos
De 10a 14 anos

De 5a %anos
De 0 a 4 anos

7,0 50 3,0 1,0 1,0 3,0 50 7,0

= 193] 2000 L]

Figura 1. Composicéo relativa da populacéo residente total, por sexo e grupos de idade - Brasil - 1991/2010

(IBGE, 2010a).

Naturalmente, com o aumento da expectativa de vida surgem preocupag¢fes com
respeito & qualidade de vida no envelhecimento, principalmente com o bem estar mental
(ROSENZWEIG E BARNES, 2003). O envelhecimento é um processo dindmico, progressivo e

fisiologico, acompanhado por modificagbes morfoldgicas e funcionais, assim como
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modificagdes bioquimicas e psicologicas (ZAMBALDI ET AL., 2007). Nesse processo, O
acumulo progressivo de danos a macromoléculas, bem como a diminuicdo da eficiéncia dos
sistemas de reparo e manutencdo celular é bem caracterizado (RAHMAN, 2009). O
envelhecimento celular ocorre de uma deterioracdo geneticamente programada, o qual indica
0 término da capacidade das células de se dividirem, se renovarem e se regenerarem (SANTOS
ET AL., 2009). Segundo (PALACIOS ET AL., 2004), este tipo de enfraquecimento € inevitavel e
definido por regras biologicas que ainda ndo sdo totalmente esclarecidas. O organismo
envelhece como um todo, mas o envelhecimento é diferenciado para cada tecido, érgédo,
célula e o estilo de vida que é assumido ou imposto desde a infancia ou adolescéncia
influenciam neste processo de envelhecimento fisioldgico (NEwsoN E KEMPS, 2005). Déficits
fisicos, cognitivos e comportamentais observados no envelhecimento resultam de um
conjunto de alteracBes bioldgicas que desencadeiam cascatas de eventos moleculares e
celulares as quais geram diversos danos ao sistema nervoso central (DRACHMAN, 1997). Um
dos primeiros alvos do SNC, susceptivel aos danos estruturais e fisiolégicos relacionados ao
envelhecimento, é o hipocampo (ROSENZWEIG E BARNES, 2003, JACOBSON ET AL., 2008), em
parte estes danos hipocampais sdo responsaveis pelo declinio da meméria com o
envelhecimento (DRISCOLL E SUTHERLAND, 2005).

Em relagdo as alteracBes cognitivas no processo de envelhecimento, uma das
principais queixas dos idosos, tem sido em relacdo as dificuldades na memoria (PARENTE,
2006). A memoria tem sido definida como um conjunto de sistemas que permite adquirir,
reter permanentemente ou temporariamente e recuperar informacdes e conhecimentos
(CASANOVA SOTOLONGO ET AL., 2004). Os diferentes tipos de memdria podem ser
classificados de acordo com o tempo que duram (imediata, de curta e longa duracéo), e de

acordo com seu contetdo (declarativas e procedurais), existindo uma correlagdo entre estas
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memorias e as zonas cerebrais que intervém em sua formacdo e, talvez, em seu
armazenamento (SQUIRE E ZOLA, 1996, 1ZQUIERDO E MCGAUGH, 2000, 1ZQUIERDO, 2011).

Memoria imediata

Memodria imediata é o tipo de memoria que se mantém durante alguns segundos, no
méaximo alguns minutos, a informacdo que esta sendo processada no momento; sua
capacidade é limitada (aproximadamente sete itens) e as informacfes sdo mantidas por
processos de atencdo e ensaio. Esta espécie de memoria diferencia-se das demais por nédo
deixar tracos e ndo produzir arquivos (IzQUIERDO, 2002).

Memo@ria de curto prazo

Memoria de curto prazo retém as informacdes durante um curto periodo de tempo,
podendo durar minutos ou horas. Este tipo de memoria deixa tracos e produz arquivos 0S
quais, em determinado momento, podem ser eliminados ou transferidos definitivamente para
0 sistema de memoria de longo prazo.

Memoria de longo prazo

Memoria de longo prazo é ilimitada em sua capacidade, automantida e estavel (dura
dias, semanas, meses ou anos), permitindo a evocacgdo de informacdes depois de décadas de
armazenamento (BAXTER E BAXTER, 2001, ULLMAN, 2004). A memoria de longo prazo é
subdividida de acordo com o seu conteudo, e fazem parte deste subsistema a memdria
declarativa ou explicita que é a lembranca consciente de fatos e acontecimentos, memarias
adquiridas com plena intervencao da consciéncia. Sdo processadas as memarias para eventos,
fatos, palavras, faces, musicas, todos 0s conhecimentos que adquirimos durante uma vida de
experiéncias e aprendizados, que podem potencialmente ser declarados, trazidos a mente de
uma forma verbal ou como uma imagem mental (IzQUIERDO, 2002, SQUIRE E KANDEL, 2003).
Este sistema esta subdividido em memoria episodica e memdria semantica (EICHENBAUM,

1997, 1zQUIERDO, 2002, SQUIRE E KANDEL, 2003). Memoria episodica relne as memarias
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autobiograficas (experiéncias, emocgdes e acontecimentos especificos), referentes a eventos
aos quais assistimos ou participamos (1zQUIERDO, 2002, SQUIRE E KANDEL, 2003). Memdria
semantica retne as memorias para fatos, se referindo a capacidade de evocar fatos, conceitos,
significados e conhecimentos gerais acerca do mundo (IzQUIERDO, 2002, SAUMIER E
CHERTKOW, 2002, SQUIRE E KANDEL, 2003).

Memo@ria procedural ou implicita sdo adquiridas gradualmente ao longo de diversas
experiéncias, e esta relacionada com a capacidade ou habilidade motora e sensorial (habitos).
Apresenta qualidade automatica resultante da experiéncia, onde tarefas sdo desempenhadas
sem que percebamos, como por exemplo, andar de bicicleta, nadar, correr (SQUIRE E KANDEL,
2003, 1zQUIERDO, 2011).

O processo de formacdo da memdria envolve algumas etapas, comecando pela
aquisicdo ou registro de um acontecimento, de um pensamento, de uma emocdo (evento
qualquer) nos sistemas neurais ligados a memoria (SQUIRE E KANDEL, 2003). A segunda etapa
consiste na codificacdo destes eventos que compara ou seleciona através das semelhancas e
diferencas, entre memorias recentes e antigas para ser armazenado na meméria (GUYTON E
HALL, 1997, SQUIRE E KANDEL, 2003). Seguindo para a etapa de armazenamento ou
consolidacdo, que é a manutencdo do conhecimento, onde podem ser reforcados pela
repeticdo ou associacdo com outros dados e onde ficam disponiveis para ser lembrados
(GUYTON E HALL, 1997). A ultima etapa € conhecida como evocagdo ou recordagdo, que
consiste num processo que permite a localizacdo ou acesso a uma memoria armazenada para
utiliza-la mentalmente ou através do comportamento (I1zQUIERDO, 2002).

Todas estas etapas envolvidas no processo de formacgdo da memoria envolvem eventos
moleculares, que ocorrem em estruturas diferentes no sistema nervoso central (WYSE ET AL.,
2004). Alteracdes na liberacdo de neurotransmissores pelos neurdnios, bem como a eficiéncia

na comunicacdo entre tais neurbnios no hipocampo, cortex cerebral e outras estruturas
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encefalicas, parecem ser eventos neuroquimicos primarios para a formacdo da memoria
(IzQUIERDO E MCGAUGH, 2000, McGAUGH, 2002). De fato, estudos com roedores
(EICHENBAUM H. ET AL., 2002) e com primatas (BRASTED ET AL., 2003), revelam que o
aumento na liberacdo de neurotransmissores, principalmente o glutamato, corresponde ao
primeiro passo para a formacdo da memoria (MCGAUGH, 2000, MCGAUGH E 1ZQUIERDO,
2000). Além disso, todos os processos de formacdo de memoria e sinalizacdo celular estdo
sujeitos a modulacgéo, inclusive por outros neurotransmissores diferentes do glutamato que sédo
liberados por neurbnios presentes na propria estrutura ou em estruturas adjacentes
(IzQuIERDO, 1993, CAHILL E MCGAUGH, 1998, MCcGAUGH, 2002), como a ativacdo dos
receptores de tirosina quinase B (TrkB), que modulam a diferenciacdo e sobrevivéncia
neuronal e a plasticidade sinaptica por meio de multiplas vias de sinalizacdo. Como por
exemplo, através da ativacdo das vias da fosfatidilinositol 3 quinase (PI3K)/proteina quinase
serina/treonina (Akt) e da proteina ligante ao elemento de resposta do AMPc (CREB), gque sédo
essenciais para a formacdo da memoria e o aprendizado (OHIRA E HAYASHI, 2009, SAKAMOTO
ET AL., 2011). A integridade da sinalizacdo para a ativacdo dos receptores de TrkB ¢ afetada
pelo envelhecimento, sendo correlacionada com déficits de memodria em roedores velhos
(KRAMER ET AL., 2006, VON BOHLEN E HALBACH, 2010).

Dada a escassez de medidas terapéuticas efetivas para o declinio na memoria com o
envelhecimento e em diversas doencas neurodegenerativas, uma importante tendéncia de

investigacao cientifica é a pesquisa de novos compostos com propriedades neuroprotetoras .

1.2 Cafeina e receptores de adenosina

A cafeina (figura 2) quimicamente conhecida por 1,3,7-trimetilxantina, é uma
substancia estimulante mais consumida no mundo (SVILAAS ET AL., 2004). Existem mais de
60 espécies de plantas que fornecem cafeina, sendo as mais conhecidas o café, o cha, o cacau,

erva mate e o guarana. O contetdo de cafeina presente em diversos produtos e bebidas
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depende da planta utilizada e do modo de preparo. O café é a principal fonte de cafeina e pode
fornecer de 40 a 180 mg de cafeina por 150 ml de bebida. Esta diferenca deve-se ao tipo de
grédo utilizado e ao modo de preparo (BARONE E ROBERTS, 1996). O consumo mundial de
cafeina é estimado em 70 a 76 mg/pessoa/dia, sendo que nos Estados Unidos e Canada € de
210 a 238 mg/dia e pode chegar a mais de 400 mg/pessoa/dia em paises como Suécia e
Finlandia (BARONE E ROBERTS, 1996). A dose letal de cafeina em humanos € em torno de 200
mg/kg, o que equivale a 80-100 copos médios de café (FREDHOLM ET AL., 1999). A cafeina é
completamente absorvida pelo trato gastrointestinal apds 45 minutos de sua ingestdo. Nos
adultos saudaveis a meia vida é de aproximadamente 3 a 4 horas, enquanto que em ratos é em
torno de 1 hora (FREDHOLM E BATTIG, 1999). A cafeina, por ser uma molécula hidrofobica,
tem sua passagem facilitada em todas as membranas biologicas (LACHANCE ET AL., 1983,
TANAKA ET AL., 1984), sendo metabolizada principalmente no figado pelas enzimas do
sistema citocromo P450 em dimetilxantinas, como a paraxantina, teobromina e teofilina. Cada
um destes metabolitos tem suas fun¢bes no organismo, sendo excretados na urina depois de
metabolizados. As metilxantinas sdo estruturalmente similares aos nucleotideos ciclicos e tém
sido amplamente estudadas pela capacidade de interagir com as fosfodiesterases. Cafeina e
teofilina atuam como inibidores competitivos das isoenzimas da fosfodiesterase em varios
tecidos, incluindo o cérebro (VERNIKOS-DANELLIS E HARRIS, 1968).

Acredita-se que a cafeina possua mecanismos de acdo central e periférico que
desencadeariam importantes alteracdes metabolicas e fisioldgicas, e que a acdo estimulante da
cafeina no sistema nervoso central envolva a estimulacdo do sistema nervoso simpaético,
aumentando a liberacdo e, consequentemente a acéo das catecolaminas, dopamina, serotonina
e acetilcolina ocasionando um aumento da atividade neuronal, diminuindo o fluxo sanguineo

cerebral e consequentemente, aumentando o seu metabolismo em funcdo da vasoconstricdo
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causada pelas catecolaminas e pela inibicdo do efeito vasodilatador da adenosina (RACHIMA-

MAOZ ET AL., 1998, SIEPMANN E KIRCH, 2002).

g 0 N/CH3
in >
|

CHs

Cafeina Adenosina

Figura 2. Estruturas moleculares da cafeina e a adenosina. Adaptado por Higdon e colaboradores (HIGDON E
FREI, 2006).

A adenosina é um ribonucleosideo (figura 2) constituido por uma base purica
(adenina) ligada a uma pentose (D-ribose) que esta envolvida em funcgdes cruciais no SNC
tais como neuromodulacédo da transmissdo sinaptica e neuroprotecdo, também atuando como
uma molécula sinalizadora extracelular. A adenosina liberada modula a atividade do sistema
nervoso através da inibigcdo ou facilitacdo da liberagdo de neurotransmissores pré-sinapticos,
pela hiperpolarizacdo ou despolarizacdo dos neurdnios pos-sinapticos e atuando nas células da
glia. A adenosina por ndo ser liberada em vesiculas sinapticas, mas através de transportadores
especificos, é considerada um neuromodulador € ndo um neurotransmissor (RIBEIRO ET AL.,
2003). Atualmente quatro diferentes subtipos de receptores de adenosina foram clonados e
identificados em humanos e roedores, receptores dos tipos A1, Aza, Azs € As (figura 3), sendo

gue todos os subtipos sdo acoplados a proteinas G (FREDHOLM ET AL., 2003, SEBASTIAO E
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RIBEIRO, 2009). Os receptores A1 e As estdo acoplados a proteinas G inibitorias enquanto 0s

receptores Az2a e Az2g estdo acoplados a proteinas G estimulatdrias (FREDHOLM ET AL., 2001).

Terminal pré-sinaptico 3 Astrocito
GLUTAMATO CA@
ATP
A2A
AMP
A ]
2A ) =
/Adenoslna sl i
Vasodilatagao 1
Adenosina

Regiao Dendritica

Figura 3. Reresentacdo esquematica da sintese de adenosina e seu mecanismo de agdo no sistema nervoso
central. 5’NT — 5’nucleotidase; AC — adenilato ciclase; ADK - adenosina quinase; AMP — adenosina
monofosfato; ATP — adenosina trifosfato; EctoN — ectonucleotidases; ENT — transportador de nucleosideos;
NMDA — N-metil-D-aspartato, adaptado de (BENARROCH, 2008).

A cafeina é considerada um psicoestimulante, cujo alvo molecular é o bloqueio néo-
seletivo dos receptores de adenosina A; e Aya (FREDHOLM E BATTIG, 1999). Concentragoes
fisiolégicas de adenosina estimulam facilmente os receptores A; e Aza, enquanto 0s
receptores A, sdo ativados somente com concentracdes elevadas de adenosina, por isso, a
administracdo de cafeina parece melhorar o desempenho cognitivo em humanos e animais,
embora esse efeito tenha sido mais bem caracterizado em animais (DE MENDONCA E CUNHA,
2010, NEHLIG ET AL., 2010, RIBEIRO E SEBASTIAO, 2010). Sugere-se que parte desses efeitos

seja causado pelo blogueio preferencial dos receptores A;a € ndo dos receptores A;
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(FREDHOLM ET AL., 2005). Os receptores de adenosina A; quando ativados, provocam a
inibicdo da liberacdo de varios neurotransmissores, como o glutamato e a dopamina
(BRUNDEGE E DUNWIDDIE, 1996). A cafeina, agindo nesses receptores, inibe os efeitos da
adenosina provocando efeitos estimulantes (HOEXTER ET AL., 2005). A ac¢do da cafeina como
antagonista dos receptores A,a provoca um aumento da atividade motora pela interagdo destes
receptores com os receptores de dopamina (FISONE ET AL., 2004).

Estudos demonstraram que o blogqueio dos receptores A2a medeiam a neuroprotecao
através das vias de sinalizacdo operadas pelo fator neurotrofico derivado do cérebro (BDNF) e
facilitam a modulacdo da transmissdo sinaptica pelo BDNF nas sinapses do hipocampo
(DIOGENES ET AL., 2004, STONE ET AL., 2009), ativando principalmente os receptores de
tirosina quinase B (TrkB) (CHEN E WEBER, 2004), iniciando uma cascata de sinalizacdo
intracelular, como a ativacdo da Akt e CREB (VIOLA ET AL., 2000, SAKAMOTO E KARELINA,
2011) que podem promover neuroprotecdo, diferenciacdo celular, sobrevivéncia neuronal,
migracdo, arborizacdo dendritica, sinaptogénese, e plasticidade sinaptica (POLLOCK ET AL.,
2001, ALONSO ET AL., 2002, TYLER ET AL., 2002, SILHOL ET AL., 2008, GREENBERG ET AL.,
2009). Evidéncias demonstram que os niveis de TrkB (CROLL ET AL., 1998, SILHOL ET AL.,
2005), alteracdes da expressdo de CREB (Suzukl ET AL., 2011, CECHELLA ET AL., 2014), bem
como uma modificacdo do imunoconteido do BDNF e/ou da expressdo de seus receptores
tem sido descrito durante o envelhecimento normal e podem estar associados com atrofia ou

morte neuronal (SILHOL E ARANCIBIA, 2008, TAPIA-ARANCIBIA ET AL., 2008).

1.3 Exercicio e qualidade de vida

A atividade fisica é considerada um dos fatores mais importantes, acessiveis e de
baixo custo para prevenir e proteger as funcdes cerebrais (KRAMER E ERICKSON, 2006).
Estudos utilizando a natacdo com um modelo animal de exercicio de treinamento revelaram a

ocorréncia de adaptacdo ao treinamento de exercicio fisico similar ao observado em seres
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humanos (VOLTARELLI ET AL., 2002). O exercicio tem sido proposto como uma das formas de
manter a salde cerebral e proteger da perda do déficit cognitivo progressivo associado com o
envelhecimento (MEEUSEN, 2005, PIETRELLI ET AL., 2012). As alteracbes cognitivas que
surgem em idosos saudaveis ndo sdo estaticas nem unitarias, havendo algumas capacidades
que declinam mais rapidamente do que outras (CHRISTENSEN, 2001). Além disso, as
alteracbes de memoria variam muito de pessoa para pessoa, uma vez que existe uma
combinacdo de fatores como saude, atividade fisica, habitos alimentares, motivacéo,
personalidade, estimulacdo cognitiva, atividade social, alteragdes no funcionamento
emocional ou praticas cotidianas entre outros que acabam por influenciar de alguma forma
todo o processo de envelhecimento.

A atividade fisica atenua o processo natural do envelhecimento, através da manutencao
de um estado saudavel, principalmente do cérebro, afastando os fatores de risco comuns a
terceira idade promovendo uma melhor qualidade de vida (MEIRELLES, 1997, COTMAN E
ENGESSER-CESAR, 2002). Sabe-se que com o avanco da idade cronolégica, as pessoas tornam-
se menos ativas e com as alteragdes psicoldgicas que acompanham a idade, facilita a aparicéo
de doencas cronicas que contribuem para acelerar o processo de envelhecimento (MATSUDO
ET AL., 2000). Evidéncias indicam que a grande maioria dos idosos apresenta nivel elevado de
comprometimento funcional, dependéncia e soliddo (BALTES E SMITH, 2006).

A perda de memoria por causa da idade est associada com a diminuigdo da neurogénese
e 0 aumento da apoptose no giro denteado do hipocampo. A consequéncia desta reducdo no
namero de células observadas no envelhecimento é o declinio das func¢Bes cognitivas
relacionadas as habilidades verbais, visuais e temporais. A morte celular por apoptose €é
normal durante o envelhecimento, porém sugere-se que o exercicio fisico seja uma 6tima
estratégia na prevencdo do deficit de memdria decorrente do envelhecimento (Kim ET AL.,

2010). Estudos realizados com animais comprovaram que 0 exercicio previne a apoptose no
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hipocampo e facilita a recuperacdo de danos cerebrais causados pelo envelhecimento, melhora
0 aprendizado e a memoria (LEE ET AL., 2006, VAN PRAAG, 2009). A atividade fisica regular e
bem orientada, sendo ela aerébica ou com pesos, proporciona muitos beneficios como a
prevencdo de doencas, manutencdo do corpo forte e resistente e melhora as rela¢6es sociais. O
exercicio tambeém é essencial para manter a independéncia funcional em idosos, pois contribui
para a aptiddo cardiorrespiratéria, a forca muscular, a coordenacdo, o equilibrio e a
flexibilidade, reduzindo o risco de quedas e fraturas (DUARTE ET AL., 2002, BARNES ET AL.,
2003). Habitos saudaveis como ndo fumar, ndo ingerir bebidas alcoodlicas, alimentacdo
balanceada, repouso diario entre 7 a 8 horas, controle do estresse e vida social ativa também
auxiliam na promocéo e na manutencdo da qualidade de vida (CIVINSKI ET AL., 2011).

Assim o déficit na memoria decorrente do processo de envelhecimento evidencia a
importancia da busca de novas estratégias terapéuticas, bem como o estudo dos mecanismos
envolvidos (BRUNBECH E SABERS, 2002). Portanto, este estudo pretende contribuir para o
desenvolvimento de novas estratégias terapéuticas que associem exercicio fisico e a cafeina,

para a memdria.
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2 OBJETIVOS

2.1 Objetivos gerais

Avaliar o efeito da associacdo da administracdo de cafeina e do exercicio fisico

aerdbico na memoria e nas alteragdes moleculares em ratos de meia idade.

2.2 Objetivos especificos

Considerando os aspectos mencionados, 0s objetivos especificos deste estudo

compreendem:

v' Verificar se a administracdo de cafeina e o exercicio fisico de natacdo
melhoram o desempenho de ratos de meia idade em tarefas comportamentais
de aprendizado e memodria;

v Determinar se a administracdo de cafeina e o exercicio fisico de natacéo
modificam os niveis hipocampais da proteina de ligacdo ao elemento de
resposta do AMPc (CREB) e da proteina quinase serina/treonina (Akt) em
ratos de meia idade;

v Avaliar se a administracdo de cafeina e o exercicio fisico de natacao alteram a

captacdo de glutamato no hipocampo de ratos de meia idade.
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3 DESENVOLVIMENTO

Os resultados que fazem parte dessa dissertacdo estdo apresentados na forma de um
manuscrito. Os itens Materiais e Métodos, Resultados, Discussdo e Referéncias Bibliograficas
do manuscrito estdo dispostos de acordo com a recomendacéo do periddico cientifico no qual

esta submetido.
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3.1 Manuscrito

Cafeina suprime a melhora na memdria de longa duracéo e de localizac¢do induzida pelo
exercicio em ratos de meia-idade: Envolvimento da sinalizacdo hipocampal de CREB e
Akt

Caffeine suppresses exercise-enhanced long-term and location memory in middle-aged
rats: Involvement of hippocampal Akt and CREB signaling

José L. Cechella, Marlon R. Leite, Juliana T. da Rocha, Fernando Dobrachinski, Bibiana M.
Gai, Félix A. A. Soares, Guilherme Bresciani, Luiz F. F. Royes, Gilson Zeni
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Abstract

The cognitive function decline is closely related with brain changes generated by age. The
ability of caffeine and exercise to prevent memory impairment has been reported in animal
models and humans. The purpose of the present study was to investigate whether swimming
exercise and caffeine administration enhance memory in middle-aged Wistar rats. Male
Wistar Rats (18 months) received caffeine at a dose of 30 mg/kg, 5 days per week by a period
of 4 weeks. Animals were subjected to swimming training with a workload (3% of body
weight, 20 min per day for 4 weeks). After 4 weeks, the object recognition test (ORT) and the
object location test (OLT) were performed. The results of this study demonstrated that
caffeine suppressed exercise-enhanced long-term (ORT) and spatial (OLT) memory in
middle-aged and this effect may be related to a decrease in hippocampal p-CREB signaling.
This study also provided evidence that the effects of this protocol on memory were not
accompanied by alterations in the levels of activated Akt. The [°H] glutamate uptake was
reduced in hippocampus of rats administered with caffeine and submitted to swimming

protocol.

Key words: caffeine, memory, exercise, CREB, AKT, middle-aged.
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1. Introduction

Aging is a set of processes, which contribute to health deterioration, and the optimal
treatment to prevent or delay the onset of the age related diseases is the intervention in the
basic process of aging [5]. Previous studies have demonstrated the greatest benefits of aerobic
physical activity [4, 22]. Physical activity is considered one of the most important and
accessible factors to prevent and protect brain functions at low cost [25]. Extensive evidence
from animal and human studies [11, 27] suggests that exercise has a positive impact on
cognitive [23, 25, 37] and emotional aspects of behavior [28]. Moreover, exercise [20, 35] and
caffeine [40] protect the brain against neurodegenerative disorders.

In addition, studies aimed to understand the neurobiological bases of these benefits
have demonstrated that exercise modifies neuronal activity [10, 33], and cell proliferation
[43]. Many of these alterations have been observed in hippocampal formation, a brain region
linked to learning, memory, and emotional processes [21, 24] and highly susceptible to
damage in neurodegenerative diseases [19]. Although the exact neurobiological bases
underlying the cognitive benefits of physical exercise remain to be elucidated, considerable
evidence supports the importance of adaptive neuronal responses in the central nervous
system (CNS), such as increased synaptic plasticity [11, 15, 43], neurogenesis [44] and
production of neurotrophic factors — most notably the brain derived neurotrophic factor
(BDNF) [2, 11].

Caffeine is present in many commercial beverages and medicines and its
concomitant use with habitual exercise or sports training may alter the physiological response
to exertion [42]. Caffeine is the most widely consumed CNS stimulant and acts as a
competitive antagonist of adenosine receptors [48]. The ability of caffeine to prevent memory
impairment has been reported in animal models and humans. [13, 36]. In contrast, another

study that evaluated chronic caffeine administration failed to find improved performance in a
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battery of cognitive and motor tests, in comparison with animals that consumed only water
[3].
This study was designated to investigate whether swimming exercise and caffeine

administration enhance memory in middle-aged Wistar rats.

2. Results

2.1 Short-term memory

There was no significant difference among groups in the total time exploring both
objects during training (Figure 1A) and in the time exploring the novel object during the STM

test (P=0.228) (Figure 1B).

2.2 Long-term memory

Figure 1C shows that caffeine administration to middle-aged male rats impaired
recognition index ameliorated by swimming exercise in the LTM test. The two-way ANOVA
of percentage of preference demonstrated a significant caffeine and swimming exercise

interaction (F 27= 4.29; p<0.05).

2.3 Object Location Test

Figure 2 show that swimming exercise reduced the recognition index enhanced by
administration of caffeine to middle-aged rats in the OLT test. The two-way ANOVA of
percentage of preference demonstrated a significant caffeine exposure and swimming exercise

interaction (F( 27= 14.41; p<0.0007).

2.4 Activity Chamber
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Table 1 shows that there was no significant difference among groups in the velocity

and distance traveled.
2.5 [*H] glutamate uptake

[*H] glutamate uptake in hippocampal slices was reduced in middle-aged rats which
received caffeine administration and in animals submitted to swimming exercise and
administered with caffeine (Figure 3). The two-way ANOVA of [°H] glutamate uptake

revealed a significant difference for caffeine exposure (F(,g= 10.45; p<0.0037).
2.6 CREB and AKT

As illustrated in Figures 4A and 4B, two-way ANOVA revealed that p-Akt levels
increased in the hippocampus of middle-age rats after the swimming exercise protocol (F .=
12,84; p<0.0071).

Caffeine and swimming exercise protocol increased p-CREB levels in the
hippocampus of middle-age rats. Rats submitted to swimming training protocol and exposed
to caffeine showed a decrease in the levels of p-CREB. The two-way ANOVA of data
demonstrated a significant exercise x caffeine interaction (F1,g= 68,35; p<0.000034) (Figures

4C and 4D).

3. Discussion

The influence of physical exercise or caffeine on memory has been extensively
investigated [7, 32, 36]. The most relevant contribution of this study is the demonstration that
interactions between exercise and caffeine exposure do not necessarily respond in a pre-
established manner, thereby emphasizing the complexity of the modulation of memory and

motor skills in regard to these stimuli.
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The results of the present study demonstrate that administration of caffeine suppressed
swimming exercise-enhanced long-term and location memory in middle-aged rats and this
effect may be related to a decrease in hippocampal p-CREB signaling. The swimming has
been chosen as a suitable model of endurance exercise training since it is a natural behavior of
rodents [26]. In this context, studies using swimming as an animal model of training exercise
revealed the occurrence of adaptation to physical exercise training similar to those observed in
human beings [45]. Studies suggest that exercise helps in maintaining brain health and
protects against the progressive cognitive deficits associated with aging [32, 37]. A decrease
in p-CREB levels is associated with age-induced memory impairment [29] and deterioration
of hippocampal plasticity [46]. The p-CREB promotes the synthesis of a wide array of
proteins implicated in neuronal plasticity (Impey et al. 2004), which makes CREB well suited
for regulation of long-term memory formation. In this study the swimming exercise protocol
was effective in improving memory and spatial learning in middle-age rats that were
accompanied by the activation of hippocampal Akt and CREB.

The benefits of physical exercise in memory are explained by the activation of the
phosphatidylinositol 3-kinase/tyrosine kinase B (PI13-K/TrkB) via [8, 9] and the consequent
increase of p-Akt and p-CREB levels. Cassilhas and collaborators [7] demonstrate an increase
in the hippocampal levels of mature BDNF and TrkB receptor of rats subjected to a protocol
of aerobic exercise. Although the levels of BDNF and TrkB were not determined in this
study, an increase in the expression of p-Akt and p-CREB was observed, which could be
related to the improvement of the long-term memory and memory location in the exercise
group.

By contrast, caffeine administration did not alter memory of animals in the ORT but
improved spatial memory in the OLT. Caffeine exerts multiple effects on cells. At the low

doses of caffeine achieved by dietary intake (1-10 uM), the primary effect of caffeine in the
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CNS is believed to be inhibition of adenosine receptors and subsequent modulation of
neurotransmitter release [17, 18]. But high doses of caffeine can block GABA-A receptors,
reducing the inhibitory input in functional neuronal networks, inhibit phosphodiesterase
activity leading to increased cellular cAMP levels which in turn triggers CREB
phosphorylation [49]. This way, one can suppose that the improvement of memory in the
OLT could be due to the increase in p-CREB triggered by caffeine.

The contradicting caffeine effects seen in different tests is might be due to difference
in psychobiological meanings of various tests. For instance, caffeine ameliorated memory in
the OLT but not in the ORT. This inter-test variation suggests the construct differences
between these tests assess different aspects of memory. Thus, the variations in caffeine effects
observed in this study might be due to the construct difference of these two behavioral
paradigms.

In this study the benefits of caffeine or swimming training exercise were restricted to
OLT and long-term memory, respectively, since neither swimming exercise nor caffeine or
the association of both altered short-term memory of middle-aged rats.

Different from our expectation the association of caffeine and swimming exercise protocol
impaired long-term memory and spatial memory ameliorated by caffeine or exercise
individually in middle-aged rats. The hippocampal levels of Akt and CREB elucidate, at least
in part, the molecular mechanisms by which caffeine and swimming exercise did not
ameliorate memory in middle-aged rats. In fact, the levels of activated CREB increased by the
exercise protocol returned to the control levels in animals submitted to caffeine and
swimming exercise.

It is important to recognize that the effect of caffeine and exercise are not always in
accordance with alterations in Akt and pCREB, suggesting that other mechanisms play a role

in these pathways.
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The biphasic effects of caffeine on locomotion have been widely described, with low
doses increasing and high doses decreasing the locomotor activity [16, 31], but in the present
study the protocol of caffeine administration failed to cause any effect on the locomotor
activity of middle-aged rats. Although Silva and Frussa-Filho [39] demonstrated that
treatment with anxiogenic doses of caffeine causes an unsatisfactory performance in learning
and memory task, the results presented in this study support the hypothesis that is unlikely
that caffeine had triggered an anxiety-like behavior in this protocol. In fact, the distance
traveled and speed (parameters of locomotion) and the adrenal weight of middle-aged animals
were not altered among groups.

It has been reported that reduced glutamate uptake due to a decrease in the number of
glutamate transporters is associated to behavioral and cognitive decline in aging rodents [38].
In a previous study the improvement of spatial learning and memory caused by short bouts of
mild exercise was independent of the glutamate uptake in aging rats [1]. Accordingly, in this
study the swimming protocol failed in altering the glutamate uptake in the hippocampus of
middle-aged rats. By contrast, an increase in the hippocampal glutamate uptake of adult mice
submitted to long-term running wheel training was demonstrated [30]. Regarding caffeine
administration, the decrease in the glutamate uptake demonstrated in the hippocampus of
middle-aged rats helps to explain the improvement of spatial memory caused by caffeine.
Unexpectedly, the exercise and caffeine protocol neither improved memory, nor altered the
hippocampal levels of p-Akt and p-CREB, although it decreased the hippocampal glutamate
uptake in middle-aged rats.

In conclusion the results of the current study demonstrated that caffeine exposure
suppressed exercise-enhanced long-term and spatial memory in middle-aged rats. In addition,
a connection between caffeine administration and swimming protocol with the reduction of

activated CREB to the control levels was reported. This study also provided evidence that the
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effects of this protocol on memory were not accompanied by the alterations in the levels of

activated Akt.
4. Materials and methods
4.1 Animals

Middle-aged male Wistar Rats (18 months-old, weighing 450-550 g) were obtained
from a local breeding colony and were housed in cages, with free access to food and water.
They were kept in a separate air-conditioned (22 + 2 °C) room, on a 12-h light/12-h dark
cycle, with lights on at 7:00 a.m. The animals were used according to the guidelines of the
Committee on Care and Use of Experimental Animal Resources, the Federal University of

Santa Maria, Brazil.
4.2 Drugs

Caffeine (CAF) was purchased from Sigma-Aldrich (Dorset, UK) and dissolved in
warmed phosphate buffered saline (PBS). L-[*H]glutamate (specific activity 50 Ci/mmol) was
purchased from Amersham International (Amersham, Buckingham, UK). Choline chloride

was purchased from Sigma Chemical CO (St. Louis, MO, USA).
4.3 Caffeine administration

The animals (n = 7 - 8 rats per group) were divided into four groups as follows:
sedentary (rats that did not perform swimming exercise) group, sedentary + CAF group,
exercise group and exercise + CAF group. Rats were orally treated, by gavage, with CAF (30
mg/kg, 30 min before training) or vehicle (PBS), 5 days per week. The period of treatment
was 4 weeks (Scheme 1). The dose of 30 mg/kg, corresponding to the equivalent of 4-6 cups

of coffee in humans, causes the maximal behavior effects in rodents [18].
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4.4 Exercise training program

For the groups exercise and exercise + CAF, the pre-training period lasted for 5 days,
20 min per day. After the swimming adaptation period, the rats were subjected to swimming
training with a workload (3% of body weight, 20 min per day for 4 weeks) [34] (Scheme 1).
Swimming was always performed in water at a temperature of 32 °C between 19:00 and 21:00
p.m. Together with the training session, sedentary and sedentary + CAF rats were placed in
the bottom of a separate tank with shallow water (5 cm) at 32 °C, without the workload. At
the completion of exercise, rats were towel-dried and returned to their respective cages.

The individual body weight of rats was recorded two times a week for 5 weeks. At
the end of protocol, adrenal and epididymal weights were recorded. Relative (to body weight)
adrenal and epididymal weights were calculated. There were no significant differences
between groups in the body weight gain, relative adrenal and epididymal weights (data not

shown).
45 Behavioral tasks

The choose of object memory tasks was based on the fact that they are ideal to study
both short- and long-term memory formation because learning occurs within a single session
[47]. A previous pilot experiment performed by our research group demonstrated that age-

deficits are apparent in 18 months-old rats on the tasks performed in this study.
Object Recognition Test (ORT)

All animals were submitted to a habituation session where they were allowed to
freely explore the open field for 5 min. No objects were placed in the box during the
habituation trial [12]. Twenty-four hours after arena exploration, training was conducted by

placing individual rats for 5 min in the field, in which two identical objects (objects 1A and



34

2A; duple Lego toys) were positioned in two adjacent corners, 9 cm from the walls. In a short-
term memory (STM) test given 1.5 h after training, the rats explored the open field for 5 min
in the presence of one familiar (A) and one novel (B) object. All objects presented similar
textures, colors and sizes, but distinctive shapes. The results were expressed as exploratory
preference, a recognition index was calculated for each animal by the ratio TB/ (TA+TB)
x100 [TA=time spent exploring the familiar object A; TB=time spent exploring the novel
object B]. Between trials, the objects were washed with 10% ethanol solution. In a long-term
memory (LTM) test given 24 h after training, the same rats explored the field for 5 min in the

presence of familiar object A and a novel object C.

4.6 Obiject Location Test (OLT)

The apparatus used for this test was the same field used in the ORT as the LTM
objects (object A and object C). The OLT, a hippocampal-dependent spatial memory task,
was performed to evaluate potential cognitive deficits resulting from aging. The period of
acclimation was performed as in the ORT.

In the sample trial, objects A and C were placed in the apparatus as described in the
ORT. After 5 min of the object exploration, the rats were returned to their home cages for a 4
h interval. Subsequently, in the test trial, object C was moved to a location that was
diagonally opposite to object A, and the rat was left in the field for 5 min exploration [14].
The time spent exploring novel and familiar objects location was recorded. The exploration

criterion and the results were expressed as in ORT.

4.7 Activity Chamber

With the purpose of excluding some motor abnormality, the spontaneous locomotor
activity was tested. The animals were pre-exposed to the chamber before testing, and activity

was monitored under light and sound-attenuated conditions. Testing took place in a clear
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acrylic chamber (500 x 480 x 500 mm) equipped with 16 infrared sensors for the automatic
recording of horizontal activity (Model EP149, Insight Instruments Ltda, Sdo Paulo, BR).
Each animal initially was placed in the center of the testing chamber and allowed to freely
move while being tracked by an automated tracking system. The data (distance traveled and
velocity) were collected and recorded during 5 min.

After behavioral test, all animals were killed by decapitation, brains were removed

and hippocampus was separated.
4.8 [*H] glutamate uptake

The glutamate uptake evaluation was carried out because the reduction in glutamate
uptake has been reported in aging rats [38]. The hippocampi were dissected and transverse
slices of 0.4 mm were obtained using a Mcllwain Tissue Chopper for subsequent analysis.
Hippocampal slices (five) were then transferred immediately to 24- well culture plates and
washed with 1.0 ml of Hank’s balanced salt solution (HBSS) containing (in mM): 137 NaCl,
0.63 NayHPO,, 4.17 NaHCOg3, 5.36 KCI, 0.44 KH,PQO,, 1.26 CaCl,, 0.41 MgSO,, 0.49
MgCl,, and 5.55 glucose, adjusted to pH 7.2. Glutamate uptake was performed as previously
described [41]. After 15 min of pre-incubation, the uptake assay was performed by adding
13.3 uM L-[*H]glutamate in 300 pl HBSS at 37 °C. Incubation was terminated after 5 min by
three ice-cold washes with 1 ml HBSS immediately followed by the addition of 0.5 M NaOH,
which was kept overnight. Unspecific uptake was measured using the same protocol described
above, with differences in the temperature (4 °C) and medium composition (choline chloride
instead of sodium chloride). Na*- dependent uptake was considered as the difference between
the total uptake and the unspecific uptake. Both uptakes were performed in triplicate.
Incorporated radioactivity was measured using a liquid scintillation counter (Wallac 1409).

Results were expressed as pmol of L-[*H]glutamate uptake/mg protein/min.
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4.9 Western Blot assay

Samples of hippocampus were homogenized in 10 mM Tris-HCI, 1 mM EDTA, pH
7.4, and centrifuged (9,800 x g at 4 °C for 5 min) to concentrate the proteins. The pellet was
reconstituted in a buffer solution (10 mM Tris-HCI, pH 7.6, 5 mM MgCl,, 1.5 mM KAc, 1%
NP-40, and protein inhibitor cocktail (Sigma-Aldrich Co., St. Louis, Missouri, USA) and
incubated for 30 min on ice followed by 10 min on ultrasonic bath, and then centrifuged
(3,900 x g for 10 min, at 4 °C). Hippocampal extracts were diluted to a final protein
concentration 2 pg/ml in SDS-PAGE buffer. The samples (50 pg of protein) and pre stained
molecular weight standards (Sigma-Aldrich Co., St. Louis, Missouri, USA) were separated on
12% resolving with 4% concentrating SDS-polyacrylamide electrophoresis gels. Proteins
were transferred to PVDF membrane using Transfer-Blot® Turbo™ Transfer System (1.0
mA; 0.5 h). After blocking with 5 % BSA solution, the blots were incubated overnight at 4 °C
with rabbit anti-AKT (serine/threonine protein kinase) and rabbit anti-phospho-Akt (Ser 473)
(1:500, Santa Cruz Biotechnology, Santa Cruz, CA, USA), rabbit anti-CREB (CAMP-
response element-binding protein) and rabbit anti-phospho-CREB (Ser 133) (1:200, Santa
Cruz Biotechnology, Santa Cruz, CA, USA). Rabbit anti-a-actin (1:200, Santa Cruz
Biotechnology, Santa Cruz, CA, USA) were stained as an additional control of the protein
loading. After primary antibodies incubation, membranes were washed and incubated with
secondary antibodies conjugated with horseradish peroxidase (Bio-Rad Laboratories,
Hercules, CA, USA) for 1 h at room temperature and developed with chemiluminescence kit
(Amersham, Sdo Paulo/Brazil). Optical density (O.D.) of the western blotting bands was
quantified using Image J (NIH, Bethesda, MD, USA) software for Windows. Each value was
derived from the ratio between arbitrary units obtained by the protein band and the respective
a-actin band. The results were showed by % of control of quantification of the phosphorylated

ratio: O.D. of the phosphorylated band/O.D. of the total band.
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4.10 Protein determination

Protein concentration was determined by the method previously described [6] using

bovine serum albumin (1 mg/ml) as a standard.

411  Statistical Analysis

All experimental results are expressed as means + SEM. Statistical analysis was
performed using a Two-way ANOVA (interaction of exercise and caffeine) followed by the
Duncan’s test for post hoc comparison when appropriate. A value of P < 0.05 was considered

to be significant. The main effects are presented only when interactions were not significant.
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Legend of figures

Figure 1. Effect of caffeine exposure (30 mg/kg, p.o.; for 4 weeks, 5 days week) and

swimming exercise on total time exploring in the training (A), the short-term memory (STM)

(B) and long-term memory (LTM) (C) of middle-aged male rats in the object recognition test.

Object recognition test was carried out 72 h after the last training exercise. Recognition

memory test was performed after 1.5 h and 24 h of training for the STM and LTM,

respectively. Values are expressed as mean £+ SEM (n = 7 - 8 rats per group). Data were
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analyzed by Two-way ANOVA followed by the Duncan’s post hoc test. * P< 0.05 as
compared to sedentary rats; * P< 0.05 as compared to rats submitted to exercise.

Abbreviations: Sed — Sedentary; CAF — Caffeine; Ex — Exercise.

Figure 2. Effect of caffeine exposure (30 mg/kg, p.o.; for 4 weeks, 5 days week) and
swimming exercise on the object location test of middle-aged male rats. Object location test
was performed after 4 h training for LTM. Values are expressed as the mean £ SEM (n = 6-9
rats per group). Data were analyzed by Two-way ANOVA followed by the Duncan’s post hoc
test. * P< 0.05 as compared to sedentary rats; * P< 0.05 as compared to rats exposed to

caffeine. Abbreviations: Sed — Sedentary; CAF — Caffeine; Ex — Exercise.

Figure 3. Effect of caffeine exposure (30 mg/kg, p.o.; for 4 weeks, 5 days week) and
swimming exercise on the hippocampal glutamate uptake of middle-age male rats. Values are
expressed as mean £ SEM (n = 3 rats per group). Data were analyzed by Two-way ANOVA
followed by the Duncan’s post hoc test. * P< 0.05 as compared to sedentary rats; * P< 0.05 as
compared to rats submitted to exercise. Abbreviations: Sed — Sedentary; CAF — Caffeine; Ex

— Exercise.

Figure 4. Effect of caffeine exposure (30 mg/kg, p.o.; for 4 weeks, 5 days week) and
swimming exercise on p-Akt (A) and a representative assay of Western blot of Akt (B), and
on p-CREB (C) and a representative assay of Western blot of CREB (D) in the hippocampus
of middle-age male rats. VValues are expressed as the mean + SEM (n = 3 rats per group). Data
were analyzed by Two-way ANOVA followed by the Duncan’s post hoc test. * P< 0.05 as
compared to sedentary rats; # P< 0.05 as compared to rats submitted to exercise; * P< 0.05 as
compared to rats exposed to caffeine. Abbreviations: Sed — Sedentary; CAF — Caffeine; Ex —

Exercise.
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Scheme 1
Interval
24 hours
——
caffeine (30 mg/kg) or vehicle 30 10 20 3 4° Day
| | minutes before training | | |
I I
’ J | Y J
1 week 4 weeks (3% Box Training Long-term
adaptation body weight) activities Open Field test o tomate uptake
I Adaptation to 1h30 |
I the Open Field min 4 h western Blot
Short-term .
I J test C-ble_ct
Swimming training (20 min/day, 5times a week) |°‘t33"t°"
e5
Tables

Table 1. Effect of caffeine exposure and swimming exercise on the locomotor behavior of

middle-aged rats.

Distance (meters) Speed (mm/s)
Sedentary 2.333 £0.441 13.973 £2.472
Sedentary + Caffeine 3.159 +0.462 15.794 +2.708
Exercise 2.436 +0.441 9.308 £2.472

Exercise + Caffeine 2.264 +0.488 13.484 +2.708
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4 CONCLUSOES

Os resultados deste estudo demonstraram que:
v A cafeina suprimiu o efeito do exercicio fisico de natacdo nos testes de memdria de
reconhecimento do objeto de longo prazo e de localizacdo de objeto;

v" A administracdo de cafeina blogueou o efeito do exercicio fisico de natacdo em aumentar
os niveis hipocampais fosforilados e ativos dA proteina de ligacdo ao elemento de
resposta do AMPc (CREB) e da proteina quinase serina/treonina (Akt) em ratos de meia
idade;

v" A suplementacdo com cafeina diminuiu a captacdo de glutamato em fatias de hipocampos
em ratos de meia idade, e 0 exercicio de natacdo ndo alterou este parametro.
Mais estudos sdo necessarios para elucidar de que forma a suplementacgéo, pré-treino com

cafeina, prejudicou a memdria de ratos de meia-idade exercitados.
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