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RESUMO
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Toxicolégica Universidade Federal de Santa Maria, RS, Brasil

ESTUDO DA INTERAGAO DO SISTEMA PURINERGICO, COLINERGICO
E FUNGOES COGNITIVAS NA DEMENCIA ESPORADICA DO TIPO

ALZHEIMER: OS EFEITOS DAS ANTOCIANINAS
Autor: JESSIE MARTINS GUTIERRES
Orientadora: ROSELIA MARIA SPANEVELLO

Co-orientador: MARIA ROSA CHITOLINA SCHETINGER
Data e local de Defesa: Santa Maria, 29 de Abril de 2013.

A deméncia é uma desordem cerebral caracterizada por um declinio em varias fungbes
mentais e resulta em déficits no funcionamento da memoria e em uma variedade de tarefas
cognitivas. Evidéncias tém surgerido que as antocianinas (ANT) possuem propreidades
antioxidantes, vasodilatadoras e neuroprotetoras, sendo capazes de melhorar a memoria. O
objetivo do nosso trabalho foi investigar o papel das ANT sobre a memoéria e, relacionar
estas mudancas com o sistema colinergico e purinérgico em um modelo de amnésia
induzido por escopolamina (SCO), em um modelo de deméncia esporadica do tipo
Alzheimer (DAS), induzido por administracdo intracerebroventricular de streptozotocina
(ICV-STZ). Foram utilizados ratos machos adultos, os quais foram tratados previamente com
um extrado rico em ANT (200mg/kg) durante sete dias. Para cada protocolo de estudo, foi
utilizada a mesma dose de ANT variando apenas o tempo de administracdo das drogas
SCO ip (Img/kg) e ICV-STZ (3mg/kg) especificas para aos modelos de amnésia e de
deméncia, respectivamente. Os resultados obtidos demonstraram que o tratamento prévio
de ANT reverteu déficits de memodria no modelo de amnésia e no modelo de DAS. Em
relacdo a atividade da enzima AChE foi observado um aumento significativo nos grupos
SCO acompanhado por uma diminuicdo da atividade das enzimas Na* K*-ATPase e Ca**-
ATPase, e estes efeitos foram prevenidos pelo tratamento com ANT. Foi também observado
aumento na atividade da NTPDase, diminuicdo na atividade da ADA e 5’-NT no cérebro de
animais injetados com SCO, acompanhado por uma reducdo nos niveis de ATP e
adenosina, ao qual pode comprometer a sinalizacdo purinérgica. E o tratamento com ANT
impediu alteragdes na atividade destas enzimas. Os animais ICV-STZ tratados
apresentaram elevado comportamento ansiogénico e o tratamento com ANT previniu este
efeito, indicando que as ANT podem ser consideradas moléculas com propriedades
ansioliticas, uma vez que experimentos in vitro, mostraram sua afinidade pelo sitio
benzodiazepinico de receptores GABA,. Os animais tratados com ICV-STZ apresentaram
marcante elevacéo na atividade da AChE e Ca**-ATPase, e reducéo na atividade da Na*,K*-
ATPase, causando perturbacées nas concentracfes eletroliticas de Na* e de Ca?' e isto
poderia levar a excitotoxicidade neuronal e aumento na atividade da AChE na DAS, e estes
efeitos foram prevenidos pela administracdo de ANT. Além disso, tanto a densidade como a
immunorreatividade para a 5-NT foi marcadamente reduzida em animais ICV-STZ em
comparacgdo com o grupo de ratos normais. Além disso, o tratamento com STZ mostrou uma
diminuicdo significativa para a atividade da NTPDase e 5-NT no modelo em animais ICV-
STZ tratados. No hipocampo de animais ICV-STZ tratados foi encontrado uma elevagéo
consideravel nos niveis de ROS total, MDA e NOx, indicando marcante estresse oxidativo,
que poderia levar a diminuicdo na viabilidade de neurbnios e na atividade das enzimas
NTPDase e 5-NT, uma vez que elas estdo ligadas a membrana celular. Neste contexto,
podemos sugerir que tanto o sistema colinérgico como purinérgico podem ser regulados
pelo tratamento com antocianinas, definindo assim, o uso deste composto como uma nova
estratégia para controlar a deteriorizagdo mnemonica no envelhecimento associado a esses
dos sistemas.

Palavras-chave: Antocianina. Memaoria. Deméncia. Sistema colinergico e purinergico.






ABSTRACT
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STUDY OF PURINERGIC AND CHOLINERGIC SYSTEM AND
COGNITIVE FUNCTIONS INTERACTION IN SPORADIC DEMENTIA

OF ALZHEIMER TYPE: EFFECTS OF ANTHOCYANINS
Author: JESSIE MARITNS GUTIERRES
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Dementia is a brain disorder characterized by decline in several mental functions and
results in deficits in memory functioning in a variety of cognitive tasks. Evidence has
emerged showing that anthocyanins (ANT) possess antioxidant, vasodilator and
neuroprotective properties, and more recently are able to improve memory. The aim of
our study was to investigate the role of ANT on memory and relate these changes to the
cholinergic and purinergic in a model of amnesia induced by scopolamine (SCO), in a
model of sporadic dementia of the Alzheimer type (SDAT), induced by
intracerebroventricular injection of streptozotocin (ICV-STZ). We used male adult rats,
which were previously treated with an extract rich in ANT (200mg/kg) for seven days. For
each study protocol, we used the same dose of ANT only varying the time of drug
administration SCO ip (Img/kg) and ICV-STZ (3mg/kg) specific to the models of amnesia
and dementia, respectively. The results showed that pretreatment with ANT reversed the
memory deficits in an amnesia model and also in the model of SDAT. Regarding the
activity of AChE enzyme was observed a significant increase in SCO group
accompanied by a decrease in the activity of Na*, K*-ATPase and Ca**-ATPase, and
these effects were prevented by ANT treatment. It was also observed an increase in
NTPDase activity, decreased in ADA and 5'-NT activity from brain of animals injected
with SCO, accompanied by a reduction in the ATP and adenosine levels, which can
compromise the purinergic signaling. ANT treatment was able to prevent changes in
NTPDase, ADA and 5-NT. The ICV-STZ treated animals showed a high anxiogenic-like
behavior and ANT treatment prevented this effect, indicating that it can be seen with
anxiolytic properties molecules, as in vitro experiments demonstrated their affinity for the
benzodiazepine site of GABA, receptors. The animals ICV-STZ treated showed marked
increase in AChE activity and Ca**-ATPase, and decreased activity of Na*, K*-ATPase,
causing disturbances in electrolyte concentrations of Na* and Ca®* and this could lead to
neuronal excitotoxic and increased activity AChE in SDAT, and these effects were
prevented by administration of ANT. Moreover, both the density and immunoreactivity for
5'-NT was markedly reduced in animals ICV-STZ as compared with the group of -normal
rats. In addition, ICV-STZ treatment showed a significant decrease in 5-NT and
NTPDase activity in a model of SDAT. In the hippocampus of ICV-STZ animals was
found considerable increase in levels of ROS total, MDA and NOX, indicating marked
oxidative stress, which could lead to a decrease in neuronal viability and NTPDase and
5'-NT activity, since they are linked to the cell membrane. In this context, we suggest that
both cholinergic and purinergic systems can be regulated by ANT treatment, thus
defining use of this compound as a new strategy to control the deterioration of memory in
aging associated with these systems.

Keywords: Anthocyanin. Memory. Dementia. Cholinergic and purinergic system.
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APRESENTACAO

Os resultados cientificos que fazem parte desta tese estdo apresentados na

forma de artigos originais publicados em revistas e jornais cientificos internacionais e

manuscritos em fase de preparacdo, ao qual se encontram no item Manuscrito. As

secdes Materiais e Métodos, Resultados, Discussdo e Referéncias encontram-se no

proprio artigo ou manuscrito e representam a integra deste estudo.

O item Conclusdes encontra-se no final desta tese e apresenta interpretacdes

e comentarios gerais sobre os resultados contidos neste trabalho.

As referéncias referem-se somente as citacbes que aparecem nos itens

Introducdo, Revisdo Bibliografica e Conclusdes desta tese. A seguir encontra-se

uma lista com as publicagbes em revistas e manuscritos em preparacao:

1)

2)

3)

4)

Jessié M. Gutierres, Fabiano B. Carvalho, Maria Rosa C. Schetinger, Patricia C.
Marisco, Marilia V. Rodrigues, Cinthia M. Mazzanti, Michele M. Rosa, Juliano M.
Vieira, Roberta Schmatz, Maribel A. Rubin, Vera M. Morsch, Roselia Spanevello.
Effect of Anthocyanin on memory retention in rats: Possible involvement of
cholinergic system. Submetido para o periddico: Neurochemical Research.

Jessié M. Gutierres, Fabiano B. Carvalho, Maria R.C. Schetinger, Marilia V.
Rodrigues, Roberta Schmatz, Victor C. Pimentel, Juliano M. Vieira, Michele M. Rosa,
Patricia Marisco, Daniela A. Ribeiro, Claudio Leal, Maribel A. Rubin, Cinthia M.
Mazzanti, Roselia Spanevello. Protective effects of anthocyanins on the
ectonucleotidase activity in the impairment of memory induced by scopolamine
in adult rats. Life Sciences 91 (2012) 1221-1228

Jessié M. Gutierres, Fabiano B. Carvalho, Paula Agostinho, Maria Rosa C.
Schetinger, Patricia Marisco, Marilia Rodrigues, Maribel A. Rubin, Roberta Schmatz,
Cassia R. da Silva, Julia C. Farias, Giana de P. Cognato, Michele M. Rosa, Cinthia
M. Mazzanti, Mauricio Bogo, Carla D. Bonan, Roselia Spanevello. Anthocyanins
restore behavioral and biochemical changes caused by streptozotocin-induced
sporadic dementia of Alzheimer's type. Em revisdo pela Revista Physiology and
Behaviour.

Anexo |. Resultados complementares, em fase de preparacao.






1. Introducao







31

1 INTRODUCAO

Os primeiros estudos dos pigmentos flavondides foram realizados por Robert
Boyle, em 1664, que descreve os efeitos de acidos e bases sobre a pigmentacéo e a
cor dos extratos de flores de plantas e outros tecidos. Em 1936, o ganhador do
Prémio Nobel Dr. Albert Szent-Gyorgyi e colaboradores relataram que a preparagao
de flavondides de paprica e casca de citricos poderia restaurar a saude de cobaias
com escorbuto, que é provocada pela deficiéncia de vitamina C da dieta. Szent-
Gyorgyi sugeriu que esses pigmentos foram cruciais para a integridade dos vasos
sanguineos e para o tratamento da pele purpura. Albert Szent-Gyorgyi e colegas
tentaram classificar esses compostos vegetais como vitamina P, porém a
diversidade quimica dos flavondides impede sua classificacdo como uma vitamina.

Desde a descoberta, os cientistas isolaram mais de 4.000 flavondides. As
isoflavonas estédo entre os primeiros flavondides estudados biologicamente, devido
aos grupos hidroxilas nas posicdes 7 e 4 da estrutura do anel basico, ao qual possui
forte afinidade com receptores de estrogénio (Shibata, Shibata et al., 1912).

Os flavonéides compreendem varios tipos de substancias naturais, entre 0s
qguais muitos delas responsaveis pela cor amarela, laranja, vermelha, violeta e azul,
de muitas flores, folhas e frutos. Essas substancias aparentemente desconhecidas
da populacdo em geral, estdo presentes em grande parte de nossa vida, e também
em grande parte na histéria da humanidade. Na antiguidade a mitologia romana,
nomeava deuses para representar a beleza, cor e capacidades nutritivas das frutas,
um exemplo € Pomona considerada a deusa dos frutos. Seu nhome vem da palavra
latina pomum, que se traduz como "fruto". Ela é deusa unicamente romana, e é
particularmente associada com o florescimento das arvores (ver Figura 1). Desde o
inicio da humanidade, mesmo também nos contos biblicos do paraiso terrestre de
Adao e Eva, as frutas de diversas cores, caracteristicas da presenca de flavondides,
estavam simbolizadas na macéa vermelha com que a Eva seduziu Adao. Assim, 0s

flavonéides foram incorporados com certa ironia no pecado original.
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E na leitura dos filosofos antigos, torna-se claro que, os flavondides tém
estado presente na mesa de jantar desde os primeiros homens na terra, e servindo
também como alimento nutritivo para diversas espécies animais (Shibata, Shibata et
al., 1912).

Figure 1. Pomona a Deusa das Frutas e do florescimento dos pomares (esquerda) pintura
do artista Nicolas Founché (c. 1700) e Baco o Deus do Vinho, dos excessos e da natureza
(c.1595) é uma pintura do barroco italiano de Michelangelo Merisi da Caravaggio (retirado
do livro Caravaggio, de Gilles Lambert; Editora Taschen, 2010) (Lambert, 2012).

Os flavonoides fendlicos tém sido abundantemente encontrados em sucos de
uva e no vinho tinto, e esses compostos possuem diversas propriedades, como
antioxidantes, aos quais neutralizam radicais livres e evitam a oxidacdo de
macromoléculas celulares (Waterhouse, 2002). Os compostos fendlicos presentes na
uva e seus derivados apresentam uma grande diversidade e sdo subdivididos em dois
grandes grupos em razdo da similaridade de suas cadeias de atomos de carbono:
flavonoides e nao-flavondides. Do ponto de vista quimico, os compostos fendlicos sao
caracterizados por apresentar um nudcleo benzénico, com um ou mais substituintes
hidroxilicos, incluindo seus grupos funcionais (Waterhouse, 2002; Abe, 2007). Os
flavonoides sdo caracterizados por um esqueleto base contendo 15 atomos de carbono
(C6-C3-C6), do tipo 2-fenil benzopirona. Esta grande familia é dividida em inUmeras

subclasses, as quais se distinguem entre si através do grau de oxidagdo do seu grupo
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pirano (Bravo, 1998) (Figura 2). Fazem parte deste grupo os flavonois (catequina,
epicatequina e epigalocatequina), flavonas (caempferol, quercetina, rutina e miricetina) e
as antocianinas (malvidina e cianidina) (Mamede e Pastore, 2004). Também fazem parte
do grupo dos flavondides, a classe dos dihidroflavondis e as flavonas das folhas da
parreira (Gonzalez-Paramas, Esteban-Ruano et al., 2004).

GH oH QH
QH
‘ HO o, ‘ HO cr\_/@/
HO 0 g = |
O oH g
OH
M CH
Flavanal [Catequina) Antocianidina {Pelargonidina) Flavona (Apigenina)
QH
aH
HO o]
OH
oH CH © OH ©
Isoflavena (Genistelna) Flavanal {Quercatina) Flavanona {Taxifalina)

Figura 2. Estrutura das principais classes de flavondides (CERQUEIRA et al., 2007).

O termo antocianina, derivado das palavras gregas anthos (flor) e kyans
(Azul), foi introduzido em 1835 por Ludwig Clamor Marquart, em seu livro Die Farben
der Bluthen, para designar substancias azuis extraidas de algumas flores.
Atualmente, o termo € empregado para indicar genericamente toda esta familia de
pigmentos naturais, independentemente da coloracdo que possam apresentar
(Whiting, 2001; Curtright, Emry et al., 2004). O estudo das antocianinas comegou na
metade do século XIX. A cianina, uma das substancias mais abundantes, foi isolada
em 1854, mas sua formula molecular so6 foi estabelecida em 1913 (Shibata, Shibata
et al., 1912; Spencer, 2009).

O interesse recente no estudo de antocianinas deve-se ao potencial de
aplicacdo que estes compostos podem ter como corantes na industria de alimentos.

Além disso, as antocianinas fazem parte da dieta humana ha milhares de anos e é
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possivel afirmar que os seres humanos estdo bem adaptados ao consumo destes
compostos. Alguns extratos vegetais que contém antocianinas ja séo utilizados
comercialmente, como os obtidos do bagaco de uvas (subprodutos da industria
viticultora), repolho roxo, batata-doce e hibisco, entre outros.

As antocianinas sao moléculas presentes nos grupos dos flavondis
(polifendis) e compreendem o maior conjunto de pigmentos sollveis em agua do
reino vegetal. Diferentemente das clorofilas e dos caratendides, a absorcao
eletrbnica das antocianinas esta distribuida por toda a regido visivel do espectro
eletrénico (400 nm — 700 nm). Além de serem responsaveis pelas cores vermelha,
azul e roxa da maioria das flores e frutas (Timberlake e Bridle, 1976). As moléculas
de antocianinas sdo encontradas nas plantas no interior dos vacuolos de células
epidérmicas, tanto na forma de cristais como dissolvidas, dando origem a ions com
carga positiva, o cétion flavilio, que podem desprotonar e formar uma estrutura
eletricamente neutra, denominada base quinoidal (Andersen e Markham, 2006).

A cor exibida por estas moléculas foi explicada por Pauling, em 1939, que
propds que a estrutura de ressonancia do ion flavilio causou a intensidade da sua
cor (Wrolstad, Durst et al., 2005).

Ha uma enorme variedade de antocianinas, distribuidas na natureza (homes e
as abreviaturas dos mais comuns estdo listados na Tabela 1). As principais
diferencas entre elas sdo o numero de grupos hidroxilados, a natureza e o numero
de acucares ligadas a sua estrutura, os carboxilatos alifaticos ou aromaticos ligados
ao acucar na molécula e a posicéo destas ligacdes (Kong, Chia et al., 2003). Até o
momento, ha relatos de mais de 500 antocianinas diferentes (Andersen e Markham,
2006) e 23 antocianidinas (Giusti, Rodriguez-Saona et al., 1999; Wrolstad, Durst et
al., 2005; Andersen e Markham, 2006), das quais apenas seis sd0 0S mais comuns
em plantas, Pelargonidina (Pg), Petunidina (Pt), Cianidina (Cy), Malvidina (Mv),
Peonidina (Pn) e Delfinidina (Dp). Os derivados de glicosideos das trés antocianinas
nao-metiladas (Cy, Dp e Pg) sdo as mais comuns na natureza, sendo encontrado
em 80% de folhas pigmentadas, e 69% em frutas e 50% em flores (Dey e Harborne,
1993).
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Nome Abreviacédo Padrao de substituicao Cores
R1 R2 R3 R4 R5 R6 R7

Apigeninidina Ap OH H OH OH | H NR?
Arrabidina Ab H OH | OH OH | OMe
Aurantinidina Au OH OH OH | OH OH | H
Capensinidina Cp OH OMe | H OMe |OH |OH OMe | azul-vermelho
Carajurina Cj H H OH | OH H (©OMe | OMe | NR*
Cianidina Cy OH OH OH OH |OH H laranja-vermelho
Delfinidina Dp OH OH OH OH |OH OH | azul-vermelho
Europinidina Eu OH OMe OH OMe |OH OH | azul-vermelho
Hirsutidina Hs OH OH H OMe |OMe |OH OMe | azul-vermelho
3p-HydroxyAb 3'OHAb H H OH |OH OH |OH OMe | NR?*
6-Hydroxy Cy 60HCy OH OH OH |OH OH |OH OH | vermelho
6-Hydroxy Dp 60HDp OH OH OH |OH OH |OH OH | azul-vermelho
6-Hydroxy Pg 60HPg OH OH OH |OH H OH H NR?*
Luteolina Lt H OH H OH OH |OH H
Malvidina Mv OH OH H OH OMe |OH OMe | azul-vermelho
5-Metil-Cy 5-MCy OH OMe | H OH OH |OH laranja-vermelho
Pelargonidina Pg OH OH H OH H OH
Peonidina Pn OH OH H OH OMe [OH laranja-vermelho
Petunidina Pt OH OH H OH OMe |OH OH | azul-vermelho
Pulchellidina Pl OH OMe | H OH OH |OH OH | azul-vermelho
Ricionidina A RIA OH H OH |OH H OH NR®
Rosinidina Rs Rs OH OH OMe |OMe |OH vermelho
Tricetinidina Tr H OH OH OH |OH OH | vermelho

Tabela 1. Identificacdo estrutural de antocianidinas (agliconas). (Castafieda-Ovando, Pacheco-
Hernandez et al., 2009). *NR: Nao reportado
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Além disso, as antocianinas isoladas sdo altamente instaveis e muito
susceptiveis a degradacao (Giusti, Rodriguez-Saona et al., 1999; Giusti e Wrolstad,
2001). A sua estabilidade € afetada por varios fatores tais como pH, temperatura de
armazenagem, a estrutura quimica, a concentracdo, a luz, o oxigénio, os solventes,
a presenca de enzimas, flavondides, proteinas e ions metalicos (Rein, 2005).

A enorme variedade de antocianinas encontrados na natureza faz delas um
grupo muito complexo e interessante. Recentemente, estudos tém indicado que a
cianidina-3-o-glicosideo (Cyn-3G), abundante em legumes coloridos é um composto
fotoquimico que é capaz de reduzir danos oxidativos gerados pelo envelhecimento e
isquémica cerebral (Garcia-Beneytez, Cabello et al., 2003)

E em diversos estudos tem sido demonstrado que as antocianinas possuem
potente capacidade antioxidante e propriedades anti-inflamatérias (Harborne e
Williams, 2000), e muitos frutos e vegetais altamente pigmentados tém sido
identificados por apresentarem elevada atividade antioxidante, através do ensaio de
capacidade de absorcdo do radical oxigénio (ORAC) (Wu e Prior, 2005). H& uma
guantidade consideravel de estudos na literatura com compostos que apresentam
propriedades antioxidantes e atuam como agentes anti-inflamatorios na dieta, e tém
sido utilizados para reverter déficits comportamentais e neuronais associados com o
envelhecimento. Mais importante, estudos prévios (Youdim, Dobbie et al., 2003), tem
indicado que a suplementacdo dietética de curto prazo com extrato de mirtilo foi
eficaz de reverter os déficits relacionados a idade, funcdes neuronais e
comportamentais (tais como cognitivo e motor). A suplementacdo com extrato de
mirtilo foi também relacionado com melhorias significativas em varios indices de
sinalizacdo neuronal (e.g. sensibilidade do receptor muscarinico, e ativacdo de
guinases reguladas por sinal extracelular, ERK) (Joseph, Shukitt-Hale et al., 2005).
Entre os muitos compostos encontrados em mirtilos que podem ser mediadores de
efeitos benéficos estdo as catequinas, proantocianidinas e antocianinas. Tem sido
demonstrado, que as antocianinas, dentre outros compostos polifenélicos
apresentam uma seérie de efeitos periféricos (Youdim, Dobbie et al., 2003),
incluindo: (a) estabilizacdo do tecido conjuntivo, (b) promover a formacédo de
colageno e (c) na prevencédo ao dano oxidativo em vasos sanguineos.

Além disso, alguns autores sugerem que o uso da casca escura do grao de
soja (rico em antocianinas: cianidina-3-glicosideo, delfinidina-3-glicosideo e

petunidina-3-glicosideo) pode servir de estratégia farmacologica para modular
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desordens cardiovasculares (Rechner, Smith et al., 2004). Nestes trabalhos foi
verificado que as antocianinas e metabdlitos colbnicos de polifendis in vivo
apresentam propriedades anti-trombaticas, por inibir a agregacao plaquetaria. Entre
esses trabalhos, foi observaram que a ativacdo das plaquetas (expressao da P-
seletina) estava significativamente reduzida de 10 a 40% das plaquetas em repouso,
e plaquetas advindas do estresse provocado por peroxido de hidrogénio e por
plaguetas pré-ativadas pela epinefrina, relativo aos controles. Nesse estudo, 0s
autores concluem que as antocianinas e metabdlitos de polifendéis, bem como fontes
da dieta e seus precursores sdo promotores em potencial para a saude
cardiovascular (Rechner, Smith et al., 2004).

Adicionalmente, Kim et al. (2006) examinaram a inibicdo da expressao de
alguns genes inflamatorios provocada pela injaria da isquemia/reperfusdo (I/R).
Antocianinas isoladas da casca escura do grdo de soja diminuiram niveis vasculares
de moléculas de adesédo celular-1 (VCAM-1), moléculas de adesdo intracelular-1
(ICAM-1) e niveis de ciclooxigenases-2, induzidas pelo fator de necrose tumor alfa
(TNF-alfa), aos quais sao dependentes da via NF-kappaB (Kim, Son et al., 2004).

As antocianinas dos alimentos sdo biodisponiveis, principalmente em sua
forma intacta glicosilada. Estas podem ser absorvidas a partir do estébmago
(Passamonti, Vrhovsek et al., 2003), estando presente no plasma (Matsumoto, Inaba
et al., 2001), no figado e no rim (Tsuda, Horio et al., 1999) e também na urina
excretada (Felgines, Texier et al., 2002). Kalt, Blumberg et al., (2008) demonstram
que o modelo mais adequado para avaliar a absorcdo digestiva humana € utilizando
porcos como cobaias, e este modelo foi usado para examinar a deposicdo de
antocianinas em tecidos, incluindo o figado, olho e tecido cerebral. Os porcos foram
alimentados com dietas suplementadas com 0, 1, 2, ou 4% de mirtilos (Vaccinium
corymbosum L. 'Jersey’) por 4 semanas. Apesar das antocianinas nao serem
detectados no plasma ou urina dos animais em jejum, os resultados de LC-MS/MS
mostraram que uma concentragdo relativa de 11 antocianinas intactas foram
encontradas no figado, olhos, cortex cerebral e cerebelo. Estes resultados sugerem
gue as antocianinas podem acumular-se em tecidos, incluindo tecidos superiores a
barreira hemato-encefalica (Kalt, Blumberg et al., 2008).

Como vimos, o0 estresse oxidativo € amplamente aceito como um dos
responsaveis pela sinalizacdo e ativagcdo de vias deletérias e prejuizos

comportamentais observadas na senescéncia. Por conseguinte, inimeros estudos
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tem investigado exaustivamente a eficacia dos antioxidantes no que diz respeito a
reducdo dos efeitos deletérios do envelhecimento cerebral. Esta tese, e estudos de
outros autores, sugerem que as combinacdes de antioxidantes e componentes anti-
inflamatorios encontrados em frutas e vegetais podem diminuir ou reverter déficits
relacionados a funcéo cerebral e comportamento cognitivo (Joseph, Shukitt-Hale et
al., 2005; Gutierres, J. M., Carvalho, F. B. et al., 2012)

O envelhecimento esta associado com muitas doencas cronicas
degenerativas comuns e, as causas precisas da degeneracao neuronal subjacente a
estas doencas ainda ndo estd completamente clara. Pensa-se que muitos eventos
celulares e moleculares envolvidos, incluem o aumento do estresse oxidativo,
diminuicdo das funcdes mitocéndrias, ativacdo de apoptose neuronal, deposicdo de
proteinas agregadas e excitotoxicidade. Até agora, a maioria dos tratamentos com
drogas existentes para o tratamento de perturbacdes neurodegenerativas s&o
incapazes de prevenir a degeneracao de neurdnios e, consequentemente, existe um
desejo de desenvolver terapias alternativas capazes de impedir a perda progressiva
de populacdes neuronais especificas. Uma vez que a neuropatologia de muitas
doencas do cérebro tem sido associada ao aumento do estresse oxidativo cerebral
e, historicamente, grandes esforcos tem sido dirigidos a explorar estratégias
alternativas como o0 uso de compostos antioxidantes para combater estes danos
neuronais (Swerdlow, 2011).

De fato, tem havido um crescente interesse nos efeitos neuroprotetores de
plantas que apresentam um grupo de metabdlitos secundarios conhecidos como
polifendis, que sdo antioxidantes poderosos in vitro. Um grande numero de estudos
de intervencéo dietética em seres humanos (Macready, Kennedy et al., 2009) e em
animais (Maher, 2009), em particular aqueles que utilizam os alimentos e bebidas
derivadas de Vitis vinifera (uva), Camellia sinensis (cha), Theobroma cacao (cacau)
e Vaccinium spp. (Blueberry), demonstraram efeitos benéficos sobre a funcao
vascular humana e na melhoria da memdéria e do aprendizado (Maher, 2009;
Rendeiro, Spencer et al., 2009; Spencer, 2009; Rendeiro, Vauzour et al., 2012).

Evidéncias comecaram a emergir indicando que o baixo peso molecular, e os
componentes nao-nutricionais podem ser responsaveis pelos efeitos benéficos dos
alimentos ricos em flavonoides, in vivo, através da sua capacidade de interagir,
direta ou indiretamente, com a arquitetura inata do cérebro para a memoria (Zini, Del

Rio et al., 2006). As a¢Oes biologicas de flavonoides no cérebro foram atribuidos a
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sua capacidade de exercer seu potencial antioxidante (Shimmyo, Kihara et al., 2008)
através da sua habilidade de eliminar espécies reativas ou através de influéncias no
estado redox intracelular (Williams e Spencer, 2012). No entanto, estudos mais
recentes demonstram que a atividade antioxidante classica de doar hidrogénio a
uma espécie reativa, ndo pode explicar a bioatividade de flavonoides in vivo,
particularmente no cérebro, onde sdo encontrados em concentra¢ces muito baixas
(Maher, Akaishi et al., 2006). Em vez disso, tem sido postulado que os seus efeitos
no cérebro sdo mediados por uma capacidade de proteger a vulnerabilidade de
neurdnios, melhorando a fungdo neuronal existente, e estimulando o fluxo sanguineo

cerebral e induzindo neurogénese (Williams e Spencer, 2012) (ver Figura 3).

Flavonoides
Via de Inibigdo Via de Ativagdo
/ JNK1/2/3, p38, ASK1 ERK1/2, Akt/PKB -\ \
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K Neuroinflamacdo Viabilidade Neuronal N (Morfologia Neuronal Efeitos Vasculares
Supressdo da micréglia Inibigdo de apoptose Comunicag3o neuronal Aumento do fluxo sanguineo
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Figura 3. Flavonoides induzem em células neuronais e gliais a ativacao e inibi¢cdo de vias de
sinalizagéo e de funcionalidade. Adaptado de (Williams e Spencer, 2012).

Estudos in vitro, mostram que os flavondides e o0s seus metabolitos
fisiologicos sdo capazes de ativar importantes vias de sinalizacdo neuronais e gliais

na inducéo de plasticidade sinaptica, porém em baixas concentra¢cdes nanomolares,
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semelhante ao relatado para o cérebro. No entanto, a sua interacdo com estas vias
tem maior importancia, uma vez que estas sdo também as vias de sinalizacdo
responsaveis pela determinacdo do destino que os neurdnios irdo seguir uma vez
expostos a neurotoxinas e também em relacdo aos mediadores inflamatérios e ao
controle do fluxo de sanguineo cerebral, importantes para o correto funcionamento
cerebral que é afetado principalmente na Doenca de Alzheimer e deméncias
associadas ao envelhecimento do sistema nervoso central (Willlams e Spencer,
2012).

A maioria das histérias de deméncia senil comeca com a descricdo de Alois
Alzheimer em 1906 sobre o primeiro caso da doenca de Alzheimer, mas a historia de
deméncia senil antes de 1906 € bastante rica, e remonta aos antigos médicos e
fildsofos gregos e romanos (Berchtold e Cotman, 1998). Ao longo dos 2500 anos
desde os tempos antigos, o conceito de deméncia senil evoluiu a partir de uma
nocao bastante vaga de que o declinio cognitivo ocorre inevitavelmente na velhice, e
nos dias atuais esse conceito € definido por um conjunto distinto de caracteristicas
clinicas e patolégicas. Ao longo da histéria, muitos idosos com comportamento
imprevisivel foram deixados em instituicdes asilares, e a linha entre transtornos
mentais e deméncia senil sempre foi nebulosa. A identificacdo da doenca de
Alzheimer no inicio do século 20 foi decisiva para a compreensao da deméncia senil,
e 0s conceitos e achados histolégicos apresentados pelos pesquisadores iniciais da
doenca de Alzheimer (DA) continuam a ser relevantes ainda hoje (ver Figura 4). Na
verdade, estes resultados iniciais estdo provando ser uma fonte continua de
“‘insight”, como muitos dos assuntos debatidos na virada do século que ainda
continuam por serem esclarecidos (Berchtold e Cotman, 1998).

Uma das modificagBes presentes na maioria das doencas do cérebro é a
deteriorizacdo cognitiva. Esta deteriorizacdo cognitiva é a causa mais comum de
mortalidade durante a velhice, contribuindo para um desfecho dramatico, por
acarretarem perda de autonomia do doente e custos elevados de acompanhamento
diario e internamento.

Um relatério divulgado pela Organizacdo Mundial da Saude (OMS) e a
Associacgéo Internacional da doenca de Alzheimer (ADI) consideram a DA como uma
prioridade mundial no ambito de saude publica. A OMS reconhece o tamanho e a
complexidade do desafio da deméncia e exorta os paises em vé-la como uma

prioridade critica de saude publica, uma vez que um caso de DA surge a cada
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quatro segundos no mundo (Wortmann, 2012). Segundo a ADI aproximadamente
35,6 milhdes de pessoas em 2010 convivem com o Alzheimer, e a estimativa é de
gue este numero praticamente dobre a cada 20 anos, chegando a 65,7 milhdes em
2030 e a 115,4 milhdes em 2050 (Wortmann, 2012).

A DA esta relacionada com a idade e é caracterizada por uma gama de
alteracbes na anatomia do cérebro, biologia e funcdo. Nenhum tratamento ou
opcOes de intervencdo, que possam atuar nos eventos moleculares centrais que
constituem a sua fisiopatologia estdo disponiveis atualmente. A mais proeminente
caracteristica neuropatologica da DA é a presenca de placas senis compostas por
peptideos B-amildide e emaranhados neurofibrilares (Swerdlow, 2007) derivado da
agregacédo de microtubulos associados a proteina tau, como representado na Figura
4.

Estudos epidemiologicos tem demonstrado que a Diabetes mellitus tipo 2
(DMT2), uma sindrome metabdlica associada ao envelhecimento caracterizada por
resisténcia periférica a insulina, é um fator de risco importante para o
desenvolvimento de danos cognitivos e deméncia, incluindo a DA (Liu, Liu et al.,
2011). A cascata de neurodegeneracdo da DA estd associada com persistente
estresse oxidativo, disfuncdo mitocondrial, comprometimento no metabolismo
energético, e a ativacdo de genes de vias de sinalizacdo pré-morte. Mais
recentemente, estudos com o tecido cerebral de humanos postmortem associou
como caracteristica molecular e patologica na DA a reducdo da expressdo de
insulina e genes do IGF (insulin-like growth factor) e seus receptores
correspondentes (Liu, Liu et al., 2011).

E amplamente reconhecido que o envelhecimento resulta em déficits no
funcionamento da memodria em uma variedade de tarefas cognitivas (Salthouse,
2003). No entanto, a natureza dos mecanismos que conduzem a estes déficits

relacionadas com a idade permanece controversa.
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Figura 4. Fotografias de microscopia eletrénica de neurbnios de sujeitos normais e com
doenca de Alzheimer (DA). (a) neurbnios normais de sujeito controle; (b) Degeneracéo
neural contendo emaranhados neurofibrilares (setas) em pacientes com DA; (c)
Degeneracdo neuronal mostrando a deposi¢cao de peptideo B-amildide e acumulacdo de
vacuolos autofagicos na DA. Retirado do artigo de revisdo (Yamashima, 2013).

Evidéncias indicam que o envelhecimento pode afetar diferencialmente o
processamento da memoria como a codificacdo da elaboracdo e da recuperacao
estratégica da memoria durante o seu processamento  (Salthouse, 2003).
Alternativamente, € possivel que o declinio cognitivo global, seja o resultado do
processo de envelhecimento associado a doencas neurodegenerativas (Krueger e
Salthouse, 2011), corroborando para o declinio na velocidade de processamento de
informacdes e também em deméncia (Soubelet e Salthouse, 2011).

A deméncia € uma desordem cerebral caracterizada por um declinio em
varias funcdes mentais superiores (por exemplo, memodria, inteligéncia e
personalidade) causando prejuizos significativos no funcionamento diario cerebral
(Canadian study of health and aging: study methods and prevalence of dementia,
1994). A prevaléncia da deméncia aumenta com a idade, dobrando a cada cinco
anos entre as idades de 60 e 90 anos (Corrada, Brookmeyer et al., 2008). Com base
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nos dados epidemiolégicos, a deméncia é amplamente reconhecida como um
grande problema social, médico e econdmica nos paises desenvolvidos (Gao,
Hendrie et al.,, 1998). Infelizmente, a deméncia esta se tornando um grande
problema nos paises em desenvolvimento, onde ela ndo existia ha 50 anos (Zilkens,
Davis et al., 2013).

Mais de 50 milhGes de pessoas no mundo tém deméncia, e a causa mais
comum e irreversivel desta deméncia é a DA (Adlard, James et al., 2009). A DA é
dividida em duas formas principais, nomeadamente familiares (DAF) e esporadicas
(DAS) caracterizadas por déficits cognitivos e perda neuronal extensa no SNC
(Michon, 2009; Reed, Pierce et al.,, 2009) e ao nivel molecular pela presenca de
anormalidades especificas do citoesqueleto, incluindo emaranhados neurofibrilares
intracelulares (NFT), formadas por proteina tau hiperfosforilada e a presenca de
niveis elevados de fragmentos de aminoacidos AB40-42 (Woodhouse, Shepherd et
al., 2009).

A forma de inicio precoce (isto é, DAF) tem uma forte correlagdo existente
entre a genética e tragcos caracteristicos da patogénese DA bem como mutacfes na
proteina precursora de amildide (APP) (Bernardi, Geracitano et al., 2009),
presenilina (PS-1), e PS-2 (Huang e Jiang, 2009) De particular interesse, a outra
forma de DA, a DAS é uma doenca multifatorial, em que fatores genéticos e
epigenéticos cestdo envolvidos (Zawia, Lahiri et al., 2009). As mutacdes genéticas
gue ocorrem na DAS sdo mutacdes no gene da apolipoproteina E (APOE) mais
especificamente no alelo 4 (Wharton, O'callaghan et al., 2009) e no gene PS-2
promotor de polimorfismo (Liu, Liu et al., 2008). Muitos estudos indicam que 0s
distarbios de varios aspectos do metabolismo celular parecem ter certa importancia
patolégica na DAS.

Entre estes, a resisténcia a insulina aumentada no cérebro (Salkovic-Petrisic,
2008), diminuicdo do metabolismo energético e utilizacdo da glicose sdo observadas
nos estadios iniciais da doenca (De La Torre, 2008). Em consequéncia do déficit de
energia, o estresse oxidativo (Droge e Kinscherf, 2008) e inflamacao (De La Monte,
Neusner et al., 2009) sdo mais pronunciados no tecido neuronal podendo causar
neurodegeneracdo em DAS.

Alguns dos aspectos patolégicos da DAS em seres humanos podem ser
induzidas pela administragao intracerebrovetricular (ICV) de estreptozotocina (STZ)

em ratos, que é comumente empregado para estudar a deméncia experimental.
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Mais importante ainda, é que doses subdiabetogenicas de ICV-STZ podem induzir
alteracdes no receptor cerebral de insulina (RI), mudancgas na sinalizagdo da insulina
e, consequentemente, alteracdes comportamentais, neuroquimicas, alteracdes
bioquimicas, morfolégicas e histologicas semelhantes ao envelhecimento cerebral
(Salkovic-Petrisic, 2008).

Além disso, tem sido demonstrado que o modelo de ICV-STZ em ratos tem
como alvo o funcionamento do cérebro e a sinalizacdo em cascata induzida pelo RI.
No cérebro, a diminuicAo dos niveis de glicose/metabolismo energético,
particularmente nas regides do cértex cerebral e hipocampo tém sido relatados a
partir de 1 semana apoés a administracdo ICV-STZ (Pathan, Viswanad et al., 2006) e,
consequentemente, gera disfuncdo mitocondrial (Agrawal, Tyagi et al., 2009). Além
disso, um progressivo estresse oxidativo tem sido encontrado tanto em horas como
uma semana apés a administracdo ICV-STZ (Pathan, Viswanad et al., 2006;
Gutierres, J. M., Carvalho, F. B. et al., 2012). Assim, além do metabolismo
energético reduzido e disfuncdo mitocondrial, o aumento da producédo de radicais
livres, estresse oxidativo e nitrosativo sdo considerados fatores que poderiam
prejudicar a aprendizagem e a memoéria conduzindo a disfuncdo cognitiva (Ishrat et
al, 2009 a, b,. Tiwari et al, 2009).
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Figura. 5. Mecanismo central de acdo da estreptozotocina intracerebroventricular
administrado em ratos (Mehan, Arora et al., 2012).

Uma diminui¢do na transmissao colinérgica (colina-acetiltransferase diminuida
e aumento da atividade da acetilcolinesterase) comecgou a ser encontrada mais tarde
no hipocampo de ratos ICV-STZ tratados (Mehan, Arora et al.,, 2012). A
administracdo de ICV-STZ é também associada com alteracdes morfoldgicas
cerebrais, seguido por perda de células extensiva e neurodegeneracao por indugéo
de danos especificos na mielina e astrogliose reativa encontrada uma semana apos
o tratamento (Sonkusare, Srinivasan et al., 2005). A administragéo de ICV-STZ ao
reduzir a disponibilidade de energia pode também causar um aumento no calcio
citoplasmatico (Ca® *) (Muller, Nitsch et al., 1998), confirmados por uso
farmacoldgico de bloqueadores do canal de calcio (lercanidipina) que marcadamente
atenuam alteracbes comportamentais e bioquimicas em ratos tratados dom ICV-STZ
(Sonkusare, Srinivasan et al., 2005). E bem sabido que as funcdes cerebrais
dependentes de ATP sdo marcadamente afetadas por falhas no estado energético

cerebral bem como o metabolismo de glicose reduzido. Todas essas alteracdes
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neuroquimicas e estruturais foram observadas logo ap6s duas semanas de
administracdo ICV-STZ e estudos tem mostrado que essas alteracdes persistem por
mais 12 semanas de tratamento, acompanhadas por longo prazo de déficits
progressivos na aprendizagem e memoria (Hoyer, Lannert et al.,, 1999) e
desempenham assim um papel importante na patogénese da DAS.

Diversos estudos vém investigando o papel do sistema colinérgico sobre a
modulacdo de fungdes cognitivas, através do uso de antagonistas de receptores
muscarinicos, de agonistas nicotinicos, ou da enervacéo colinérgica, em estruturas
envolvidas na consolidagdo de memodrias e na execucdo de atencgdo e vigilia (Gold,
2003).

A sintese de ACh se da a partir da transferéncia de um grupo acetil de uma
molécula de acetil coenzima A (acetil CoA), proveniente da metabolizacao celular da
glicose, para uma molécula de colina. Esta reacdo € catalisada pela enzima colina
acetiltransferase (ChAT), presente principalmente no citoplasma da célula
colinérgica (figura 6). A ACh recém sintetizada € entdo armazenada em vesiculas,
através da atividade do transportador vesicular de acetilcolina (VAChT), que utiliza o
gradiente eletroquimico da bomba H*-ATPase e realiza a troca de dois prétons H*
presentes no limen vesicular por uma molécula de ACh do citoplasma (Nguyen, Cox
et al., 1998). Na fenda sinaptica, a acetilcolinesterase (AChE) hidrolisa a ACh e a
colina liberada é entéo reciclada apds captacdo pelo transportador de colina de alta
afinidade (ChT1) do neur6nio colinérgico (Rand, 2007).

Muitas evidéncias tém emergido e destacado a importancia da participacéo do
sistema colinérgico em processos cognitivos. A acetilcolina (ACh) participa do
processamento de memaorias procedurais no estriato, conforme observado no teste
de “rotarod” (cilindro giratério) (Carta, Stancampiano et al., 2006). Estudos apontam
o papel da ACh sobre a formacédo de memdarias explicitas ou declarativas. A injecao
de escopolamina, um antagonista de receptores muscarinicos, compromete a
memoria episbdica para o reconhecimento de objetos (Ennaceur e Meliani, 1992; De
Bruin e Pouzet, 2006), enquanto a administracdo de agonistas nicotinicos, por sua
vez, é capaz de potencializar essa memoéria (Puma, Deschaux et al., 1999). A
escopolamina impede também a capacidade de ovelhas reconhecerem seus filhotes,
guando injetada em um periodo de até 8 horas pos-parto (Ferreira, Gervais et al.,
1999). O sistema colinérgico parece participar da modulacdo do comportamento

agressivo, através de sua atuacdo no nucleo da estria terminal, aumentando a
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laténcia para a exibicdo de comportamento defensivo apds estimulagéo elétrica do

hipotalamo de gatos (Kono, Tashiro et al., 1986).
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Figura 6. Representacado da Neurotransmissao colinérgica adaptado de (Jones, Byun et al.,
2012).

Além disso, no neurdnio poés-sindptico da neurotransmissdo colinérgica,
existem dois tipos de receptores, 0s nicotinicos (NAChRs) e o0s muscarinicos
(mAChRs). Os nAChRs sdo receptores do tipo canal idnico que permitem a
despolarizacdo da membrana neuronal devido a sua permeabilidade a Na*, K* e
Ca”". Os mAChRs sdo receptores metabotrépicos acoplados & proteina G e podem
ser do tipo excitatério ou inibitério (Figura 7) (Rand, 2007)

As proteinas ChAT, ChTl e VAChT s&o especificas de neurdnios
colinérgicos. Logo, estas proteinas tem sido utilizadas como marcadores de
neurdnios colinérgicos, permitindo a identificacdo das regides de sintese de ACh,

bem como os alvos centrais de suas inervacdes (Schafer, Eiden et al., 1998).
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As projecBes colinérgicas para o cOrtex perirrinal participam do
processamento da memoaria para o reconhecimento de objetos em ratos (Winters e
Bussey, 2005) e também da memodria visual em macacos (Tang, Mishkin et al.,
1997). No hipocampo, a ACh é importante para a formacdo da memoaria espacial
(Hunsaker, Rogers et al., 2007) e do condicionamento contextual ao medo (Rogers e
Kesner, 2004).

Fenda Sinaptica Canal de K*
Membrana Pés-Sinaptica
N agonista Receptor Fosfolipase C
Muscarinico

M1 receptor

Proteina G
Estimulatoria

Citoplasma @\&\ \&\&\—\ v i | R .
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Figura 7. Representacao do receptor muscarinico metabotrépico (receptor M1), acoplado a
uma proteina G, e as vias de sinalizacdo induzidas pela ativacdo do receptor por seu
agonista especifico (Rang, Dale et al., 2001).

A ACh modula também a capacidade de atencdo e vigilia, através de
inervagbes colinérgicas do cortex pré-frontal, parietal e somatosensorial
(Klinkenberg, Sambeth et al., 2011). No bulbo olfatério, o processamento de pistas

7

olfatérias € modulado pelas projecdes colinérgicas, que parecem potencializar a
discriminagao entre odores quimicamente similares (Mandairon, Ferretti et al., 2006).

As estratégias terapéuticas para combater os transtornos cognitivos tém sido
desenvolvidos com a perspectiva de melhorar a disponibilidade de ACh no SNC. Os
agonistas de receptores colinérgicos (muscarinicos e nicotinicos), potencializam o

nivel endégeno de ACh (promotores e inibidores da sintese de enzimas
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metabolizadoras) e tém sido utilizados para tratar a deméncia esporadica do tipo
Alzheimer. Dentre as vérias abordagens testadas, a inibicdo da AChE (a enzima de
metabolizacdo de ACh) € a Unica abordagem considerada eficaz (Giacobini, 1996).
Uma vez que os inibidores da acetilcolinesterase sao utilizados como base do
tratamento para a DA, 0s mesmos possuem um importante papel de interacdo com
0S processos neuropatolégicos em curso, podendo ser mais vantajoso para a
neuroprotecao.

A sinalizacdo purinérgica também constitui atualmente como um importante
alvo de estudos que apresentam interesse em investigar o papel deste sistema em
modular uma variedade de processos bioldgicos, incluindo a tromboregulacéo,
inflamacé&o e neurotransmisséo (Burnstock, 2006; Schetinger, Morsch et al., 2007)

O sistema purinérgico caracteriza-se pelo envolvimento de trés componentes
principais: os nucleotideos e nucleotideos extracelulares, os receptores através dos
quais estes nucleotideos exercem seus efeitos e as ecto-enzimas responsaveis pelo
controle dos niveis extracelulares destas moléculas (Burnstock, 2006).

Em 1954 os pesquisadores Holton & Holton demonstraram, pela primeira vez,
o ATP como um neurotransmissor, mostrando a sua liberacdo a partir de nervos
sensoriais. Anos mais tarde em 1972, Burnstock propés pela primeira vez que, além
da transmissao colinérgica e noradrenérgica, existe no sistema nervoso autbnomo a
transmissao purinérgica, onde o ATP é o principal neurotransmissor. Além disso, o
ATP é co-liberado com diversos neurotransmissores em neurdnios do SNC e
periférico (Abbracchio e Burnstock, 1998). O mecanismo exato de liberacdo do ATP
permanece ainda uma incégnita, apesar de inUmeros estudos tentando esclarecer o
seu mecanismo (Bodin e Burnstock, 2001).

Adicionalmente, ha varios argumentos provando que o ATP armazenado nas
vesiculas sinapticas € liberado como um co-transmissor de terminais nervosos por
exocitose, em conjunto com outros neurotransmissores, como a acetilcolina e

noradrenalina (Zimmermann, 1994).
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Figura 8. Receptores isolados e estaticamente espalhados na membrana extracelular
(painel superior, adaptado de H. Matisse, La Musique, 1910, tela a 6leo), em seguida, se
agrupam em um "bloco receptor”, depois da ativacao pelo seu ligante especifico o ATP, e a
transmisséo da sensacao de liberag&o funcional em um sistema (painel inferior, adaptado de
H. Matisse, La Musique, 1910, tela a 6leo) (Volonte, Amadio et al., 2008)

Quando liberados, os nucleotideos de adenina interagem com receptores
especificos e sado hidrolisados por ecto-enzimas até seus respectivos nucleotideos
(Grobben, Anciaux et al., 1999). Os nucleotideos extracelulares de adenina ATP e
ADP, e nucleotideo correspondente a adenosina sédo considerados importantes
moléculas sinalizadoras, para uma variedade de processos bioldgicos, incluindo a
neurotransmissao, a contracdo muscular, modulacdo da funcdo -cardiaca e
plaguetaria, vasodilatacdo, no metabolismo do glicogénio hepético, dor, proliferacéo,
diferenciacédo, apoptose entre outros (Agteresch, Dagnelie et al., 1999).

Os nucleotideos e nucleotideos de adenina podem exercer seus efeitos
através da ativacdo de receptores purinérgicos subdivididos em dois grandes
grupos: P1 e P2. Os purinoreceptores do tipo 1 sdo mais eficientemente ativados por


http://www.google.com.br/url?sa=i&rct=j&q=upper+panel,+adapted+from+H.+Matisse,+La+Musique,+1910,+oil+on+canvas&source=images&cd=&cad=rja&docid=DCWDVP8Uu_rKnM&tbnid=vcnm-vJkpbAN5M:&ved=&url=http://www.sciencedirect.com/science/article/pii/S0165017308000337&ei=QDRsUcmwEYmw8QTXlYGwDg&bvm=bv.45175338,d.eWU&psig=AFQjCNHdpJQuoG5lHGpw8snnJ-0zhueNbQ&ust=1366132160928663
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adenosina, enquanto o0s receptores P2, principalmente por ATP (Figura 9)
(Burnstock e Kennedy, 1985).
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Figura 9- Receptores purinérgicos ligam o ATP extracelular e os produtos das reagfes que
resultam da hidrélise enzimatica do ATP por ectonucleotidases. Adaptado de (Fields e
Burnstock, 2006).

Apos a liberagdo no meio extracelular e a ativacdo dos receptores
especificos, o0s nucleotideos de adenina podem ser hidrolisados, através de
sucessivas reacdes, por ecto-enzimas ou caracteristicamente nomeadas de
ectonucleotidases, que convertem estes nucleotideos até a producédo de adenosina.
Essa via constitui uma cascata enzimatica capaz de controlar a concentracdo e o
tempo em que essas moléculas sinalizadoras permanecem no espaco extracelular

(Figura 9) (Zimmermann, 2001).
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Figura 10. Fung¢Bes do ATP liberado no terminal nervoso e sua completa hidrolise até
adenosina no espaco extracelular (Zimmermann, 2001).

As ectonucleotidases constituem um eficiente mecanismo de controle dos
niveis de nucleotideos e nucleosideos no espaco extracelular (Zimmermann, 2001).
Vérias familias de ectonucleotidases podem degradar os nucleotideos
extracelulares, dentre os quais podemos citar os membros da familia das E-
NTPDases (Ecto-nucleosideo trifosfato difosfoidrolases), E-NPPS (Ecto-nucleotideo
pirofosfatase/fosfodiesterases, PDEase, EC 3.1.4.1) e as fosfatases alcalinas, para a
hidrolise de nucleotideos di e trifosfatados. Os nucleotideos monofosfatados podem
ser hidrolisados pela ecto-5’-nucleotidase e fosfatases alcalinas (Figura 11)

(Zimmermann, 2001).
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Figura 11. Atividade catalitica e topografia de membrana para a familia das
ectonucleotidases Adaptado de (Zimmermann, 2001).

Estudos relatam a atividade de membros de uma familia de nucleosideo
trifosfato difosfoidrolases como as NTPDases 1 a 8 (E.C. 3.6.1.5), e uma 5'-
nucleotidase (E.C. 3.1.3.5, CD73) participarem no controle dos niveis extracelulares
do ATP na fenda sinaptica e no controle da neuromodulagcéo e da neurotransmissao
purinérgica (Robson, Sevigny et al., 2006).

A familia das E-NTPDases sdo enzimas ancoradas a membrana plasmatica
via dominios hidrofébicos, com o sitio ativo voltado para o meio extracelular. Estas
enzimas sao caracterizadas por hidrolisar nucleotideos extracelulares tri e
difosfatados na presenca de Ca** e Mg®* (Robson, Sevigny et al., 2006), sendo bem
caracterizada no SNC e em outros tecidos, como em plaguetas e em linfocitos
(Schetinger, Vieira et al., 2001; Lunkes, Lunkes et al., 2003). Quatro das NTPDases
sdo enzimas tipicamente localizadas na membrana celular com um sitio catalitico
voltado para a face extracelular (NTPDase 1, 2, 3 e 8), enquanto que as quatro
restantes exibem localizacg&o intracelular (NTPDases 4, 5, 6 e 7) (Robson, Sevigny et
al., 2006) como pode ser observado na figura 12, adaptado de Robson e
colaboradores (2006):
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Figura 12. Membros da Familia das NTPDases.

As 5’-nucleotidases (EC 3.1.3.5) constituem uma familia de enzimas com
distribuicdo tecidual ampla e com capacidade de produzir nucleosideos a partir de
nucleotideos 5’-monofosfatados (Zimmermann, 1996). Diferentes distribuicbes
celulares sdo encontradas para a familia de 5’-nucleotidases, existindo na forma
solivel e ancoradas a membrana plasmatica (Bianchi e Spychala, 2003). A 5'-
nucleotidase (5’-NT) € uma glicoproteina ancorada a membrana plasmatica através
de uma éancora lipidica de glicosilfosfatidilinositol (GPI), com peso molecular
aparente de 62 a 74 kDa e que possui forma estrutural de dimero com pontes
dissulfeto entre as cadeias (Zimmermann, 2001). Esta presente na maioria dos
tecidos, sendo expressa na superficie de células nervosas, e nas sinapses durante o
seu desenvolvimento e remodelagcédo (Zimmermann, Braun et al., 1998).

O sitio catalitico desta enzima esta voltado para o meio extracelular, e sua
atividade catalitica € inteiramente ativada por cations divalentes e inibida por ADP,
ATP e 5-a,3-metileno-difosfato. Sete subtipos de 5’-nucleotidases foram clonados,

sendo que seis delas de localizagéo intracelular e uma na membrana plasmatica
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(Bianchi e Spychala, 2003). O AMP € o nucleotideo mais eficientemente hidrolisado
pela 5’-nucleotidase, mas a enzima pode hidrolisar também CMP, UMP, IMP, GMP,
até seus respectivos nucleosideos (Cunha, 2001). A participagdo da 5’-NT na via
das ectonucleotidases tém um papel primordial na modulacdo da producédo da
adenosina extracelular. A adenosina é uma purina endégena com importante papel
na regulacdo da excitabilidade neuronal e na transmissdo sinaptica de baixa
freqiéncia, sendo também considerada como neuromodulador no fendbmeno de
plasticidade sinaptica (Cunha, 2001).

A atividade da 5’-NT encontra-se aumentada em astrécitos, células microgliais
(Bianchi e Spychala, 2003) e em sinaptossomas de hipocampo de ratos apos a
isquémica focal e reperfusdo (Schetinger, Barcellos et al., 1994). Além disso, foi
demonstrado que, em varias regides cerebrais, a atividade desta enzima é crescente
a medida que o animal envelhece (Fuchs, 1991). A atividade da 5’-NT mostrou-se
alterada em diferentes modelos experimentais estudados por pesquisadores do
nosso grupo, em ratos desmielinizados (Spanevello, Mazzanti et al.,, 2006) e
diabéticos (Schmatz, Schetinger et al., 2009) ocorrendo um aumento na sua
atividade em sinaptossomas de cortex cerebral, indicando que esta enzima pode ter
um papel crucial no SNC por aumentar os niveis de adenosina extracellular, um
reconhecido nucleosideo com propriedades neuromodulatérias e neuroprotetoras.

A enzima Na'K'-ATPase, também conhecida como bomba de sodio e
potassio, € uma proteina ligada a membrana com propriedades cataliticas. Seu
papel é transportar ativamente trés ions sodio para fora da célula e dois ions
potassio para dentro, contra seus gradientes de concentracdo, consumindo uma
molécula de ATP (Skou, 1957; Skou e Esmann, 1992; Kaplan, 2002). Para a
realizacdo do transporte, a Na',K'-ATPase apresenta em sua estrutura a
subunidade alfa, que contém a porcao catalitica, e a subunidades beta, responsavel
pela insercdo da enzima na membrana celular. A porcdo gama pertence a uma
familia de proteinas de membrana envolvidas no transporte de ions pela membrana
e nao apresenta sua funcdo completamente estabelecida (Skou e Esmann, 1992;
Kaplan, 2002). A Na*,K*-ATPase desempenha um papel vital para o funcionamento
e para a sobrevivéncia das células atuando na manutencdo da homeostase dos
eletrolitos intracelulares em praticamente todos os tecidos. No sistema nervoso
central sua atividade é de extrema importancia para a manutencdo do gradiente

eletroquimico através da membrana plasmatica (Lingrel e Kuntzweiler, 1994; Lingrel,
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Van Huysse et al., 1994). Este gradiente atua como fonte energética para
manutencdo do potencial de repouso e da excitabilidade neuronal, bem como na
regulacdo do pH intracelular e no volume da célula (Geering, 1990). Estudos
mostram que a Na',K'-ATPase também desempenha um importante papel na
plasticidade sinaptica, na potencializa¢do de longa duracédo (Glushchenko e lzvarina,
1997) e no aprendizado e memoria em diferentes tarefas (Brunelli, Garcia-Gil et al.,
1997; Gibbs, 2003; Wyse, Bavaresco et al., 2004; Zhan, Tada et al., 2004). Quando
ocorre a diminuicdo da atividade desta enzima, a neurotransmissédo e a atividade
neural sdo prejudicadas (Lees, Lehmann et al., 1990; Jamme, Petit et al., 1995; Li e
Stys, 2001; Vaillend, Mason et al.,, 2002). Além disso, tem sido descrito que
inibidores da atividade da Na*,K*-ATPase induzem aumento de Ca2+ intracelular e o
estabelecimento de insultos excitotoxicos (Brines e Robbins, 1992; Greene e
Greenamyre, 1996; Veldhuis, Van Der Stelt et al., 2003) e pioram a memaoria em
ratos (Rogers, Oettinger et al., 1977; Sato, Tanaka et al., 2004; Zhan, Tada et al.,
2004). Tem sido demonstrado que a inibicdo da atividade enzimatica da Na* K'-
ATPase esta envolvida com o desenvolvimento neurodegenerativas (Kumar e Kurup,
2002). Na doenca de Alzheimer, por exemplo, estudos revelam uma diminuicdo
tanto na expressdo (Chauhan, Lee et al., 1997) quanto na atividade. desta enzima
em humanos (Liguri, Taddei et al., 1990).

A enzima Ca®’-ATPAse também é uma ATPAse ancorada a membrana
celular e atua na manutencéo das concentracdes de Ca** citoplasmaticas uma vez
que promove a extrusdo do Ca*" intracelular (Fakira, Gaspers et al., 2012; Lukyanets
e Lukyanetz, 2013). Modelos experimentais para a DA tem mostrado que ha um
influxo excessivo de ions calcio e aumento de suas concentracdes intracelulares
(Chin, Tse et al., 2006; Vignini, Nanetti et al., 2007). Além disso, estudos também
reportam que uma diferenca de afinidade da Ca?*-ATPase para fons Ca** pode estar
relacionado com a etiologia da doenca de Alzheimer. (Rizopoulos, Chambers et al.,
1988). Foi descoberto que a Ca®*-ATPAse comporta-se de maneira diferente quando
ha um aumento no influxo de calcio em pacientes com Alzheimer que apresentaram
uma menor atividade em relacdo a pacientes que ndo possuem Alzheimer

(Rizopoulos, Chambers et al., 1989).
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Figura 13. Esquema de eventos celulares relacionados com o envelhecimento cerebral e
doencas neurodegenerativas. Adaptado de (Zaidi, 2010)

Estudos com envelhecimento também demonstram uma reducdo na
expressdo da regucalcina, uma proteina ligante do calcio, que regula as
concentracdes intracelulares de Ca*" e a atividade da Ca?*-ATPase (Yamaguchi,
2012). O envelhecimento cerebral leva a um aumento no estresse oxidativo
associado a membrana, que por sua vez prejudica a atividade das enzimas
ancoradas a membrana. A reducdo na atividade destas enzimas, dentre elas a Ca-
ATPase reduz o desenvolvimento de neuritos, aumenta a suceptibilidade neuronal
ao estresse celular favorecendo o desenvolvimento de doengas neurodegenerativas.

Neste contexto, tendo em vista que tanto a sinalizacdo purinérgica como
colinérgica constituem-se atualmente como importantes alvos de estudos que

investigam o0s mecanismos da degeneracdo mnemonica e a deméncia no
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envelhecimento, torna-se relevante avaliar se compostos com propriedades
neuroprotetoras e que melhoram a memaria possam regular estes sistemas, a fim de
contribuir para a busca de novas terapias que possam beneficiar pacientes com

disturbios cognitivos e deméncias.



2. Objetivos
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2.1 Objetivo geral

O principal objetivo deste estudo foi determinar a capacidade neuroprotetora

das antocianinas de prevenirem os déficits de memoria em um modelo de amnésia,

e déficits cognitivos em um modelo de deméncia esporadica do tipo Alzheimer, e em

seguida definir as antocianinas como compostos que podem regular o sistema

purinérgico e colinérgico, de modo a permitir tracar um mecanismo de acao para a

neuroprotecao conferida pelo consumo de curto prazo de antocianinas.

2.2 Objetivos especificos

X/

R/

Verificar o efeito do pré-tratamento com antocianinas sobre parametros de
memoria, ansiedade e locomo¢do em um modelo de amnésia e de deméncia

esporadica do tipo Alzheimer em ratos.

Determinar o efeito do tratamento com antocianinas sobre a atividade das
enzimas acetilcolinesterase, Na*, K*-ATPase e Ca®*-ATPase em um modelo

de amnésia e de deméncia esporadica do tipo Alzheimer em ratos.

Determinar o efeito do tratamento com antocianinas sobre atividade das
enzimas NTPDase e 5’-nucleotidase em um modelo de amnésia e de

deméncia esporadica do tipo Alzheimer em ratos.

Caracterizar alteragbes na densidade e imunorreatividade para enzimas
NTPDase 1 e 5-nucleotidase em um modelo de deméncia esporadica do tipo

Alzheimer em ratos.

Avaliar alteragbes em parametros de estresse oxidativo e nitrosativo em um

modelo de deméncia esporadica do tipo Alzheimer em ratos.

Avaliar, in vitro, a afinidade das antocianinas para o sitio benzodiazepinico de

receptores GABA, em membranas sinapticas purificadas.






3. Manuscrito I
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Abstract

Anthocyanins are a group of naturally occuring phenolic compounds related to
improve memory and have antioxidant properties. Here, we have investigated
the therapeutic efficacy of anthocyanins in a pharmacological model for
Alzheimer’s disease induced by scopolamine. Moreover, we evaluated whether
the levels of nitrite/nitrate (NOx), as well as Na*,K*-ATPase, Ca**-ATPase and
acethylcholinesterase (AChE) activities in the cerebral cortex (CC) and
hippocampus (HC) are altered in scopolamine administered animals. The
animals were divided in 4 different groups: control (CTRL), anthocyanins (ANT),
scopolamine (SCO), and scopolamine+anthocyanins (SCO+ANT). After seven
days of treatment with ANT (200mg/kg; oral), the animals were SCO injected
(Img/kg; IP), and later were performed the behavior parameters, and submitted
to euthanasia. A memory deficit was found in SCO group, but ANT treatment
showed to prevent this impairment of memory (P<0.05). Our results showed a
per se an anxiolitic effect of ANT treatment (P<0.05). AChE activity was found
to be increased in HC and CC in SCO group, which was attenuated by ANT
(P<0.05). SCO decreased Na*,K*-ATPase activity in HC and CC, and significant
decreased Ca?*-ATPase activity in HC, but ANT was able to prevent these
effects (P<0.05). NOx levels showed no significant interactions between groups
both in HC and CC. In conclusion, this study was a first to show that ANT is
able to modulate cholinergic neurotransmission and protect enzymes ATP
dependent, as well as act as anxiolytic compound and enhance memory in

scopolamine administered animals.

Keywords: Anthocyanins; Scopolamine; Acetylcholinesterase; Memory;

Anxiety-like behaviour.
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Introduction

Alzheimer's disease (AD) is a degenerative disorder affecting memory,
judgment and the ability to reason (Scarpini e Cogiamanian, 2003; Scarpini,
Scheltens et al., 2003). AD results from neurodegeneration characterized by the
deposition of amyloid plaques, the development of neurofibrillary tangles,
inflammation, and neuronal loss in specific regions of the forebrain
(Sambamurti, Greig et al., 2002). Although multiple neurotransmitter systems
appear to be affected in AD, cholinergic degeneration and functional impairment
have received the greatest amount of research interest. Acetylcholinesterase
(AChE) is an important enzyme involved in cognitive process of learning and
memory since this enzyme rapidly hydrolyses acetylcholine (ACh) promoting
the maintenance of these levels in the synaptic cleft (Gron, Brandenburg et al.,
2006; Hut e Van Der Zee, 2011). The ACh is a neurotransmitter with a major
role in the regulation of cognitive functions that is mainly found in the brain,
muscles and cholinergic neurons (Blokland, 1995; Paleari, Grozio et al., 2008).
This shows that AChE is not limited to cholinergic transmission but also is
implicated in several non-cholinergic actions including cell proliferation
(Appleyard, 1994) and neurite outgrowth (Chacon, Reyes et al., 2003). In this
way the AChE activity has been the target of the emerging therapeutic
strategies to treat cognitive disorders and the use of polyphenols in red wine
have been proposed by researchers for these compounds has properties of
modulate the affected pathways for neurodegenerative diseases like AD (Ibach
e Haen, 2004; Musial, Bajda et al., 2007).

Anthocyanins (ANT) are flavonoid found in grape juice and red wine, with
phenolic groups present in their chemical structure and give colors a wide
variety of flowers and fruits (Williams e Grayer, 2004; Veitch e Grayer, 2008;
Yoshida, Mori et al., 2009). It has been shown that ANT are potent antioxidants
(Kahkonen, Hopia et al., 2001; Kahkonen e Heinonen, 2003) and have
neuroprotective properties (Del Rio, Borges et al., 2010), preventing deleterious
effects found in models of Parkinson's (Kim, Ju et al., 2010) and AD disease
(Shih, Chan et al., 2010). It can suggest that flavonoids compounds also have
beneficial effects on memory and cognition (Spencer, 2010) since ANT
improves memory in old rats in Morris water maze (Andres-Lacueva, Shukitt-
Hale et al., 2005) and also in older humans (Krikorian, Shidler et al., 2010).
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Cognitive disorders affect the activity of Na*,K*-ATPase and Ca*'-
ATPase, important enzymes that contribute for ionic homeostase, generation of
the membrane potential and synaptic neurotransmission. Na',K*-ATPase is
responsible for the active transport of Na® and K and maintains the ionic
gradient for neuronal excitability (Kaplan, 2002; Jorgensen, Hakansson et al.,
2003). Moreover, Na*,K*-ATPase might play a relevant role in neuronal and
synaptic plasticity (Glushchenko e lzvarina, 1997; Scuri, Lombardo et al., 2007)
and decreased enzyme activity or expression directly impairs signaling, with
deleterious consequences on memory and anxiety in rats (Dos Reis, De
Oliveira et al., 2002; Moseley, Williams et al., 2007), increases Ca** influx in
brain slices (Fujisawa, Kajikawa et al., 1965) and causes death in rats (Lees,
Lehmann et al., 1990). Ca**-ATPase is responsible for control of intracellular
Ca®* homeostasis. Furthermore, the decreased activity of Ca®*-ATPase has
been associated with production of reactive oxygen species and
neurodegenerative diseases (Skou e Esmann, 1992; Kodavanti, 1999; Clarke e
Fan, 2011).

Scopolamine (SCO) is a non-selective muscarinic antagonist used to
induce deficits in animal models of memory dysfunction (Klinkenberg e
Blokland, 2010). It has been reported also that SCO reduces frontal cortex
perfusion in young humans (Honer, Prohovnik et al., 1988) and impairs the
energetic metabolism reducing the ATP levels in the cerebral cortex of rats
(Ray, Blin et al., 1992; Blin, Piercey et al., 1994). The impairment of
mitochondrial function and reduction of ATP levels are pathological conditions
found in neurodegenerative diseases such as AD, which is closely linked to the
decline of cognitive processes (Ferrer, 2009; Hauptmann, Scherping et al.,
2009).

In this context, since ANT has an important function as antioxidant
andneuroprotective compound, in this study we investigated whether this
natural compound has the ability to prevent memory deficits found in a
mnemonic model induced by SCO. We also evaluated the nitrite/nitrate (NOX)
levels, as well as the activities of enzymes important for neurotransmission such
as AChE, Na*,K*-ATPase and Ca®*-ATPase, which are known to be altered in

Alzheimer's disease.
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Results

Behavioral tests
Anthocyanins prevents the impairment of memory induced by scopolamine.

In this study we used 4 groups of animals: control (CTRL), anthocyanins
(ANT), scopolamine (SCO), and scopolamine plus anthocyanins (SCO+ANT).
Table 1 shows the effect of the treatment with ANT on the SCO-induced
memory deficits, in the step-down latencies. Statistical analysis of Scheirer—
Ray—Hare test (nonparametric two-way ANOVA) showed a significant saline or
SCO (1mg/kg; IP) vs saline or ANT (200mg/kg) interaction, revealing that
treatment with ANT prevented the impairment of memory induced by SCO
(Table 1). Statistical analysis of training showed no difference between groups
(Table 1). However, motivational disparities in the training session may account
for differences in inhibitory avoidance at testing, experiments were performed to
assess whether SCO or ANT affected shock threshold, or locomotor ability of
the animals. Statistical analysis of open-field data (one-way ANOVA) revealed
that SCO did not alter the number of crossing [F (3,36)=0.99, P>0.05; Table 2]
or rearing [F (3,36)=0.13, P>0.05; Table 2] responses in a subsequent open-
field test session, suggesting that neither SCO nor ANT caused gross motor
disabilities at testing. Moreover, SCO did not alter foot shock sensitivity, as
demonstrated by the similar flinch and jump thresholds exhibited by the
animals. These data suggest that neither treatment with SCO+ANT
administered before nor SCO administered after training of inhibitory avoidance
caused motor disabilities or altered foot shock sensitivity: flinch [F (3,36)= 1.30;
P>0.05], jump [F (3,36)= 0.48; P>0.05] and vocalization [F (3,36)= 1.11;
P>0.05] (Table 2).

Effect of anthocyanins treatment on anxiolytic-like behavior

Although there are studies showing that flavonoids have anxiolytic
effects, there are no studies showing that ANT act as compounds possessing
these properties. In this sense, we decided to investigate the effect of the ANT
or SCO treatments on anxiolytic-like behavior in the elevated plus maze task
(Figure 1). Statistical analysis of testing (two-way ANOVA) showed a significant
Saline or ANT (200 mg/kg) interaction to Time in Closed Arms [F (1,36)=
14.780; P<0.0001; Figure 1B], revealing that treatment with ANT has a per se
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anxiolytic effect. Did not observed significant difference between ANT or SCO
treatments on % Time in Open Arms [F (1,36)= 0.001; P>0.05; Figure 1A] and
N° Entries in Closed Arms [F (1,36)= 0.132; P>0.05; Figure 1C] or N° Entries in
Arms [F (1,36)= 0.846; P>0.05; Figure 1D].

Enzymatic activities
Anthocyanins prevents the increase in AChE activity induced by scopolamine.

The evidence pointing to cholinergic impairments come from studies that
report alterations in AChE activity, the sequence of experiments we investigated
whether ANT restores AChE activity in the pharmacological model of AD
induced by SCO. Figure 2 shows the effect of ANT and SCO on the activity of
AChE in cerebral cortex and hippocampus, both in S1 and synaptosomes of
rats. Statistical analysis of testing (two-way ANOVA) showed a significant
Saline or SCO (1mg/kg) vs Saline or ANT (200m/kg) interaction, suggesting that
the ANT treatment prevents the increase in AChE activity in synaptosomes of
cerebral cortex [F= (1,28)= 6.135; P<0.05; Figure 2A] and hippocampus [F=
(1,28)= 7.515; P<0.05; Figure 2A] induced by SCO.

Statistical analysis of testing (two-way ANOVA) also showed a significant
Saline or SCO (1mg/kg) vs Saline or ANT (200mg/kg) interaction, suggesting
that the ANT treatment prevents the increase in AChE activity in S1 fraction of
cerebral cortex [F= (1,28)= 6.322; P<0.05; Figure 2B] and hippocampus [F
(1,28)= 5. 447; P<0.05; Figure 2B] induced by SCO.

Anthocyanins prevents the decrease of Na*K'-ATPase and Ca®*-ATPase
activities induced by scopolamine in hippocampus.

Na*,K*-ATPase and Ca**-ATPase are enzymes involved in the control of
neurotransmission, since regulating membrane potential and intracellular
Ca®"concentrations, respectively. Figure 3 shows the effect of ANT and SCO on
the activity of Na' K'-ATPase and Ca*-ATPase in cerebral cortex and
hippocampus of rats. Statistical analysis of testing (two-way ANOVA) showed a
significant Saline or SCO (1mg/kg) vs Saline or ANT (200mg/kg) interaction,
suggesting that the ANT treatment prevents the decrease in Na',K'-ATPase
activity in cerebral cortex [F (1,28)= 7.781; P<0.05] and hippocampus [F (1,28)=
5.866; P<0.05] induced by SCO (Figure 3).
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Additionally, two-way ANOVA showed a significant Saline or SCO
(Img/kg) vs Saline or ANT (200mg/kg) interaction, suggesting that the ANT
treatment also prevents the decrease of Ca?-ATPase activity in the
hippocampus [F (1,28)= 4.803; P<0.05] induced by SCO (Figure 3B). However,
in cerebral cortex did not observed significant differences between groups [F
(1,28)=1.080, P<0.05]

NOx levels determination

Anthocyanins are described to possess antioxidant effects, at this set of
experiments we decided to investigate if ANT alters nitrite plus nitrate (NOXx) in
the brain of rats. Figure 4 shows the effect of ANT and SCO on the NOx levels
production in cerebral cortex and hippocampus of rats. Statistical analysis of
testing (two-way ANOVA) showed no significant interactions between groups in
cerebral cortex [F (1,28)= 1.149; P<0.05] and hippocampus [F (1,28)= 0.009;
P<0.05]

Discussion

Ageing has been recognized as an irreversible and inevitable process
since ancient times. Ageing-associated disorders include immune dysfunction
(Candore, Balistreri et al., 2006; Sansoni, Vescovini et al., 2008), cognition
degeneration (Barzilai, Atzmon et al., 2006; Mehta, 2007), cardiovascular
disease (Dominguez e Barbagallo, 2007) and metabolic syndrome (Maggi,
Noale et al., 2008). Increasing evidence suggests that ageing increases the risk
of degeneration of the nervous system, which mostly affects the moral and
physiological life of the elderly. As a result of the development of medical
science and health care, the average human life span is increasing; however,
the future socioeconomic burden of the elderly must be a source of concern in
developed countries (Shih, Chan et al., 2010).

A number of investigators have found that flavonoids, including some
anthocyanins, possess oral bioavailability in rats (Miyazawa, Nakagawa et al.,
1999; Matsumoto, Inaba et al., 2001; Mcghie, Ainge et al., 2003) and that they
are able to cross the rat blood—brain barrier after blueberry (Andres-Lacueva,
Shukitt-Hale et al., 2005) and blackberry (Talavera, Felgines et al., 2005)

supplementation, as well as after a single administration (Youdim, Dobbie et al.,
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2003; Passamonti, Vrhovsek et al., 2005) suggesting that these compounds can
feasibly have a direct effect on brain processes. Dietary consumption in some
individuals has been estimated to be up to 200 mg/day of anthocyanins, which
is higher than that of other flavonoids (23 mg/day) such as quercetin (Scalbert e
Williamson, 2000; Frank, Kamal-Eldin et al., 2002; Mcghie, Ainge et al., 2003).
In the present study, pre-administration of anthocyanins (ANT) potentiated
memory retention in scopolamine (SCO) administered animals, and evidences
have demonstrate that ANT is able to improve memory of old rats in Morris
water maze (Andres-Lacueva, Shukitt-Hale et al., 2005), and of mice in the
inhibitory avoidance task (Barros, Amaral et al., 2006) and elderly humans
(Krikorian, Shidler et al., 2010). Moreover, a 2-month dietary supplementation of
rats with blueberries prevented deficits in learning performance induced by
bilateral hippocampal injections of kainic acid, and the loss of CA1 pyramidal
neurons (Duffy, Spangler et al., 2008). It has been shown that ANT are potent
antioxidants, and prove to be effective scavengers of reactive oxygen species
(ROS) and reactive nitrogen species (RNS) (Kahkonen, Hopia et al., 2001;
Kahkonen e Heinonen, 2003), having a clear neuroprotective role (Del Rio,
Borges et al., 2010).

These results implicate that ANT possess health benefits. Of particular
interest, procyanidins as well as resveratrol are considered to be one of the
bioactive ingredients in red wine for the cardioprotective effects, known as
“French Paradox” (Nishizuka, Fujita et al., 2011). If this is the case, these
protective effects conferred on polyphenols in red wine also may be related to
prevention of learning and memory deficits associated with aging, since it is well
recognized that populations which consume rich fruit anthocyanins have an
improvement in memory (Krikorian, Eliassen et al., 2010; Krikorian, Boespflug
et al., 2012).

Furthermore, shock motivated learning tests, particularly in those that
investigate the effect of drugs given before the acquisition test, is whether
pharmacological treatments affect locomotor activities or motivational aspects of
learning, such as shock sensitivity. Immediately after inhibitory avoidance test,
the animals were subjected to an open-field test which is widely used for
evaluating motor abnormalities (Belzung e Griebel, 2001). The open field
session revealed that the treatment with SCO or ANT did not alter spontaneous

locomotor activity, the animals showed a similar number of crossing or rearing
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responses (Table 2). Moreover, we observed that the rats of different groups did
not shows altered shock sensitivity, as verified by their similar flinch, jump and
vocalization thresholds (Table 2). Thus, these data suggest that neither SCO
nor ANT administration caused motor disabilities or altered foot shock
sensitivity, excluding their possibility of interference in step-down latencies of
inhibitory avoidance task.

Besides to learning and memory evaluation, we also measured the
anxiolytic-like behavior of the rats by the elevated plus maze task, commonly
used to study anxiety-related behavior in rodents (Belzung e Griebel, 2001).
Our result showed an anxiolytic effect per se of ANT group (200 mg/kg) (Figure
1 B). Thus, these findings are in agreement with other studies which show that
ANT also has an anxiolytic effects in rats and mice in the elevated-plus maze
test (Ramirez, Izquierdo et al., 2005; Barros, Amaral et al., 2006). Our research
group investigated whether ANT has affinity for GABAA receptors (data not
shown), important targets for the control of anxiety, and in this study the ANT
(100uM) was shown to have affinity for GABAa receptors since that
displacement about 60% binding of flunitrazepan to the benzodiazepine site of
the GABAA receptor.

The activation of muscarinic m1 receptors, which are coupled to the
phosphoinositide (Pl) second messenger transduction system, is the initial
objective of cholinergic replacement therapy in AD (Bymaster, Carter et al.,
1998; Bymaster, Shannon et al., 1998). This way, scopolamine is used since it
compromises cholinergic neurotransmission and, in some ways, mimics the
memory deficit observed in diseases characterized by impairment in cholinergic
neurotransmission, such as AD (Kopelman e Corn, 1988; Wesnes, Simpson et
al., 1991; Christensen, Maltby et al., 1992). The present study showed that ANT
attenuated scopolamine-induced impairment on memory retention, indicating
that ANT and cholinergic system have a close interaction. The data are in
agreement with results of others (Izquierdo, 1989; Blitzer, Gil et al., 1990),
which showed that muscarinic cholinoceptors play important roles in
hippocampal-based learning, memory and neuronal plasticity (Messer, Bohnett
et al., 1990; Anagnostaras, Josselyn et al., 2000). It should be considered that
ANT might have a neuroprotective effect in the hippocampal cholinergic system.

Our results showed that scopolamine administration significantly

increases AChE activity in the cerebral cortex and hippocampus of animals, and
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these results are consistent with other (Jeong, Lee et al., 2008; Choi, Lee et al.,
2012; Rang Oh, Jin Kim et al., 2012). Scopolamine has been used to screen
antiamnesic drugs for age-related central nervous system (CNS) dysfunction
(Sakurai, Kato et al., 1998). The elevation of brain oxidative status after
administration of amnesic doses of scopolamine further substantiates the value
of scopolamine-induced amnesia as an animal model to test for drugs with
potential therapeutic benefits in dementia (EI-Sherbiny, Khalifa et al., 2003). In
addition, the axonal transport of endogenous AChE showed impairment both of
fast antero and retrograde transport (Southam, Thomas et al., 1991). In vivo
investigation of rats treated with scopolamine, showed that brain AChE was
markedly reduced (Southam, Thomas et al., 1991). Our results showed that
scopolamine increased the AChE activity and this effect was prevented by the
treatment with ANT. These results together with the parameters of memory
seem to show that ANT may exert mechanisms of up-regulation of the
cholinergic pathway.

AChE metabolizes ACh to choline and acetyl-CoA. AChE exists into
different molecular forms, which can be distinguished on the basis of their
shapes, e.g., collagen-tailed asymmetric forms and globular (G) forms (Lane,
Potkin et al., 2006). Although few studies have shown that isoforms of AChE
may be more expressed in different brain regions (Malatova, Nicak et al., 1980;
Zakut, Matzkel et al., 1985; Lane, Potkin et al., 2006), and that these isoforms
can be considered important markers for AD (Kasa, Rakonczay et al., 1997;
Shen, 2004; Lane, Potkin et al., 2006), it is known that AChE activity in S1
shows the total AChE activity (different isoforms associated), while the
synaptosomal are re-sealed nerve terminal with a greater amount of membrane-
bound isoforms G4 (Mazzanti, Spanevello et al., 2006). In this case, we found
that SCO treatment increase AChE activity both in homogenate (S1) and
synaptosomes of cerebral cortex and hippocampus of rats suggesting that all
AChE isoforms are altered.

Studies have shown that SCO impairs energy metabolism and reduces
the ATP levels in the cerebral cortex of rats (Ray, Blin et al., 1992; Blin, Piercey
et al., 1994). It is known that worsening of mitochondrial function and reduction
of ATP levels are pathological conditions found in neurodegenerative diseases
such as AD, which is closely linked to the decline of cognitive processes

(Ferrer, 2009; Hauptmann, Scherping et al., 2009). Other studies also show that
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SCO reduces the frontal cortex perfusion in young humans (Honer, Prohovnik
et al., 1988). In addition, it was also observed that intramuscular SCO
administration impairs the oxygen consumption and the tissue metabolism of
the cardiovascular and CNS of humans (Kirvela, Kanto et al., 1994).
Corroborating with previous studies Stone et al (1991) found that glucose
treatment was able to prevent deficits on the memory induced by SCO,
suggesting that deleterious effects of SCO could be related to energy depletion
in neurons (Stone, Walser et al., 1991). In addition, our group showed that SCO
reduced the levels of ATP in the cerebral cortex and hippocampus of rats, and
ANT treatment prevented the depletion of ATP tissue in both structures
(Gutierres, J. M., Carvalho, F. B. et al.,, 2012). To explain this effect, the
possible mechanism could be related to the vasodilatory capacity of
anthocyanins (Mudnic, Budimir et al., 2011), since that ANT crosses the blood
brain barrier (Youdim, Dobbie et al., 2003), induces vasodilation and activate
endothelial oxide nitric synthase, thus it increases the production of nitric oxide
(Edirisinghe, Banaszewski et al., 2011; Min, Yu et al., 2011; Mudnic, Budimir et
al., 2011).

The ATP levels into the cell has been suggested as an important
modulator of Na*,K*-ATPase and Ca*-ATPase activities since a reduction of
intracellular ATP decreases the activity of these enzymes (Michaelis, Michaelis
et al., 1983; Therien e Blostein, 2000; Erecinska e Silver, 2001; Parsons, Sun et
al., 2004). The high cost energetic used by these enzymes is responsible to
maintain the electrochemical gradient necessary for excitability neuronal,
adjustment of cell volume, osmotic balance, transport of molecules attached to
the co-transport of Na* and intracellular Ca®** homeostasis (Kaplan, 2002;
Jorgensen, Hakansson et al., 2003; Mata e Sepulveda, 2010).

Besides alterations in the cholinergic transmission, cognitive disorders
also have an impairment of the generation of membrane potential and the influx
of neuronal Ca** (Berrocal, Marcos et al., 2009; Mata, Berrocal et al., 2011).
Considering that Na*,K*-ATPase is one of the most abundant brain enzyme,
consuming about 40-60% of the ATP generated (Kaplan, 2002), it is not
surprising that alterations in its activity may cause a variety of abnormalities. It
has been describe that a decrease in Na',K*-ATPase results in depletion of
intracellular K*, accumulation of intracellular Na®, and, consequently, leads to

membrane depolarization and increases in intracellular free Ca®" due to
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activation of voltage-gated Ca?* channels and a reversed operation of the
Na*/Ca®" exchanger (Archibald e White, 1974; Dipolo e Beauge, 1991; Geering,
1997; Pavlov e Sokolov, 2000; Xiao, Wei et al., 2002). On the other hand,
alterations in the intracellular Ca** concentrations are responsible for
modulating the activity of Ca®*-ATPase enzyme which regulates the intracellular
levels of this second messenger (Mata e Sepulveda, 2010; Verkhratsky,
Rodriguez et al., 2012; Yamaguchi, 2012).

We have found a reduction in the activity of Na* K*-ATPase and Ca**-
ATPase activities in cerebral cortex and hippocampus of animals treated with
SCO. These enzymes are sensitivities to tissue levels of ATP, it is possible that
the decreased of Na*,K*-ATPase and Ca?*-ATPase activities induced by SCO
may also be associated with the reduction of ATP levels. In line with this view,
reduced activity of the Na*,K*-ATPase and Ca®*-ATPase has been suggested
to play a central role in memory process (Dos Reis, De Oliveira et al., 2002;
Lingrel, Williams et al., 2007; Moseley, Williams et al., 2007) and pathogenesis
of neurodegenerative diseases, such as AD (Hattori, Kitagawa et al., 1998;
Mata, Berrocal et al., 2011) and Parkinson’s disease (Grisar, Guillaume et al.,
1992; Rose e Valdes, 1994; Zaidi, 2010).

Material and Methods

Chemicals

Acetylthiocholine, Trizma Base, Acetonitrile, Percoll, Coomassie Brilliant
Blue G and Scopolamine (SCO) were purchased from Sigma Chemical Co (St
Luis, MO, USA). Anthocyanins was extracted and purified from grape skin (AC-
12-R-WS-P/10120/Gin:601412) and are commercially available by Christian
Hansen A/S. All other reagents used in the experiments were of analytical

grade and of the highest purity.

Animals

Male Wistar rats (3 month year old) weighing 350—400 g were used in the
study. They were kept in the Central Animal House of Federal University of
Santa Maria in colony cages at an ambient temperature of 25+2 °C and relative
humidity 45-55% with 12 h light/dark cycles. They had free access to standard
rodent pelleted diet and water ad libitum. All procedures were carried out
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according to NIH Guide for Care and Use of Laboratory Animals, and Brazilian
Society for Neuroscience and Behavior (SBNeC) recommendations for animal
care. This work was approved by the ethical committee of Federal University of
Santa Maria (23081.003601/2012-63).

Drug administration

The animals were divided into two groups of analysis; the first analysis
consisted in treat seven to ten animals per group with anthocyanins per 7 days
(200mg/kg body weight; by gavage around 10 a.m) and last day the animals
received anthocyanins 30 min before the training in inhibitory avoidance
apparatus. Scopolamine (1mg/kg) was dissolved in saline and injected
intraperitoneally (i.p) 30 min after the training in inhibitory avoidance apparatus
in according with previously describe (Ali e Arafa, 2011); the second group of
analysis the animals were submitted to same treatment and the euthanasia was
two hours post training with seven animals per group (see Scheme 1). The dose
of anthocyanins was chosen on the basis of previous studies indicating
neuroprotection (Saija, Princi et al., 1990; Manach, Scalbert et al., 2004;
Varadinova, Docheva-Drenska et al., 2009; Gutierres, J. M., Carvalho, F. B. et
al., 2012). In addition, the daily intake of anthocyanins in residents of the United
States is estimated to be about 200 mg or about 9-fold higher than that of other
dietary flavonoids, and this also served as a basis for this study (Manach,
Scalbert et al., 2004; Wang e Stoner, 2008).

Behavioral procedure

Inhibitory avoidance task

The final day of treatment with anthocyanins (7" days), animals were
subjected to training in a step-down inhibitory avoidance apparatus with
previously describe (Rubin, Boemo et al., 2000), following the animals received
scopolamine (1 mg/kg; IP) thirty minutes after training. Next, twenty four hours
after training the animals were subjected to test in a step-down inhibitory
avoidance task. Briefly, the rats were subjected to a single training session in a
step-down inhibitory avoidance apparatus, which consisted of a 25x25x35-cm

box with a grid floor whose left portion was covered by a 7x25-cm platform, 2.5
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cm high. The rat was placed gently on the platform facing the rear left corner,
and when the rat stepped down with all four paws on the grid, a 3-s 0.4-mA
shock was applied to the grid. Retention test took place in the same apparatus
24 h later. Test step-down latency was taken as a measure of retention, and a

cut-off time of 300s was established.

Open field

Immediately after the inhibitory avoidance test session, the animals were
transferred to an open-field measuring 56x40x30 cm, with the floor divided into
12 squares measuring 12x12 cm each. The open field session lasted for 5 min
and during this time, an observer, who was not aware of the pharmacological
treatments, recorded the number of crossing responses and rearing responses
manually. This test was carried out to identify motor disabilities, which might

influence inhibitory avoidance performance at testing.

Elevated plus maze task

Anxiolytic-like behavior was evaluated using the task of the elevated plus
maze as previously described (Frussa-Filho, Barbosa-Junior et al., 1999; Rubin,
Albach et al., 2000). The apparatus consists of a wooden structure raised to 50
cm from the floor. This apparatus is composed of 4 arms of the same size, with
two closed-arms (walls 40 cm) and two open-arms. Initially, the animals were
placed on the central platform of the maze in front an open arm. The animal had
5 minutes to explore the apparatus, and the time spent and the number of
entries in open and closed-arms were recorded. The apparatus was thoroughly

cleaned with 30% ethanol between each session.

Foot shock sensitivity test

Reactivity to shock was evaluated in the same apparatus used for
inhibitory avoidance, except that the platform was removed and was used to
determine the flinch and jump thresholds in experimentally naive animals
(Rubin, Albach et al., 2000; Berlese, Sauzem et al., 2005). The animals were
placed on the grid and allowed a 3 min habituation period before the start of a
series of shocks (1s) delivered at 10 s intervals. Shock intensities ranged from
0.1 to 0.5 mA in 0.1 mA increments. The adjustments in shock intensity were

made in accordance with each animal's response. The intensity was raised by
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one unit when no response occurred and lowered by one unit when a response
was made. A flinch response was defined as withdrawal of one paw from the
grid floor, and a jump response was defined as withdrawal of three or four
paws. Two measurements of each threshold (flinch and jump) were made, and

the mean of each score was calculated for each animal.

Brain tissue preparation

The animals were anesthetized under halothane atmosphere before
being killed by decapitation and brain were removed and separated into
cerebral cortex and hippocampus and placed in a solution of Tris—HCI 10mM,
pH 7.4, on ice (Gutierres, Kaizer et al., 2012a). The brain structures were gently
homogenized in a glass potter in Tris—HCI solution. Aliquots of resulting brain
structure homogenates were stored at —80°C until utilization. Protein was
determined previously in a strip that varied for each structure: cerebral cortex
(0.7 mg/ml) and hippocampus (0.8 mg/ml), as determined by the Coomassie
blue method as previously described (Bradford, 1976), using bovine serum

albumin as standard solution.

Synaptosomes Preparation

Synaptosomes were isolated essentially as previously described (Nagy e
Delgado-Escueta, 1984), using a discontinuous Percoll gradient. The cerebral
cortex, hippocampus and were gently homogenized in 10 volumes of an ice-
cold medium (medium 1) containing 320 mM sucrose, 0.1 mM EDTA and 5 mM
HEPES, pH 7.5, in a motor driven Teflon-glass homogenizer and then
centrifuged at 1,000xg for 10 min. An aliquot of 0.5 mL of the crude
mitochondrial pellet was mixed with 4.0 mL of an 8.5% Percoll solution and
layered into an isosmotic discontinuous Percoll/sucrose gradient (10%/16%).
The synaptosomes that banded at the 10/16% Percoll interface were collected
with a wide-tip disposable plastic transfer pipette. The synaptosomal fraction
was washed twice with an isosmotic solution consisting of 320 mM sucrose, 5.0
mM HEPES, pH 7.5, and 0.1 mM EDTA by centrifugation at 15,000 g to remove
the contaminating Percoll. The pellet of the second centrifugation was
resuspended in an isosmotic solution to a final protein concentration of 0.4-0.6
mg/ml. Synaptosomes were prepared fresh daily and maintained at 0°-4°

throughout the procedure and used to measure AChE activity.
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Assay of Lactate Desydrogenase (LDH)

The integrity of the synaptosomes preparations was confirmed by
determining the lactate dehydrogenase (LDH) activity which was obtained after
synaptosome lysis with 0.1 % Triton X-100 and comparing it with an intact

preparation, using the Labtest kit (Labtest, Lagoa Santa, MG, Brasil).

Determination of AChE activity in brain

The AChE enzymatic assay was determined by a modification of the
spectrophotometric method (Gutierres, Jessié Martins, Carvalho, Fabiano
Barbosa et al., 2012) as previously described (Ellman, Courtney et al., 1961).
The reaction mixture contained 100 mM K*-phosphate buffer, pH 7.5 and 1 mM
5,5'-dithiobisnitrobenzoic acid (DTNB). The method is based on the formation of
the yellow anion, 5,5'-dithio-bis-acid-nitrobenzoic, measured by absorbance at
412 nm during 2min incubation at 25°C. The enzyme (40-50 pg of protein) was
pre-incubated for 2 min. The reaction was initiated by adding 0.8 mM
acetylthiocholine iodide (AcSCh). All samples were run in triplicate and the

enzyme activity was expressed in umol AcSCh/h/mg of protein.

Na* K*-ATPase activity measurement

Na" K'-ATPase activity was measured as previously described
(Carvalho, Mello et al., 2012). Briefly, the assay medium consisted of (in mM)
30 Tris-HCI buffer (pH 7.4), 0.1 EDTA, 50 NaCl, 5 KClI, 6 MgCl, and 50 ug of
protein in the presence or absence of ouabain (1 mM), in a final volume of 350
ML. The reaction was started by the addition of adenosine triphosphate to a final
concentration of 3 mM. After 30 min at 37°C, the reaction was stopped by the
addition of 70 uL of 50% (w/v) trichloroacetic acid. Saturating substrate
concentrations were used, and reaction was linear with protein and time.
Appropriate controls were included in the assays for non-enzymatic hydrolysis
of ATP. The amount of inorganic phosphate (Pi) released was quantified
colorimetrically, as previously described (Fiske e Subbarow, 1927), using
KH,PO, as reference standard. Specific Na*,K*'-ATPase activity was calculated
by subtracting the ouabain-insensitive activity from the overall activity (in the

absence of ouabain) and expressed in nmol of Pi/min/mg of protein.
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Ca?*-ATPase activity measurement

Ca’*-ATPase activity was measured as previously described (Rohn,
Hinds et al., 1993) with minor modifications (Trevisan, Maldaner et al., 2009).
Briefly, the assay medium consisted of (in mM) 30 Tris-HCI buffer (pH 7.4), 0.1
EGTA, 3 MgCl, and 100 pg of protein in the presence or absence of 0.4 CaCls,
in a final volume of 200 pL. The reaction was started by the addition of
adenosine triphosphate to a final concentration of 3 mM. After 60 min at 37°C,
the reaction was stopped by the addition of 70 uL of 50% (w/v) trichloroacetic
acid. Saturating substrate concentrations were used, and reaction was linear
with protein and time. Appropriate controls were included in the assays for non-
enzymatic hydrolysis of ATP. The amount of inorganic phosphate (Pi) released
was quantified colorimetrically, as previously described (Fiske e Subbarow,
1927), using KH,PO, as reference standard. The Ca®’-ATPase activity was
determined by subtracting the activity measured in the presence of Ca®" from
that determined in the absence of Ca®* (no added Ca®* plus 0.1 mM EGTA) and

expressed in nmol of Pi/min/mg of protein.

Assay of NOx (NO; plus NO3) as a marker of NO synthesis

For NOx determination, an aliquot (200 pl) was homogenized in 200mM
Zn,S0O,4 and acetonitrile (96%, HPLC grade). After, the homogenate was
centrifuged at 16,000 xg for 20min at 4°C and supernatant was separated for
analysis of the NOx content as previously described (Miranda, Espey et al.,
2001). The resulting pellet was suspended in NaOH (6M) for protein

determination.

Statistical analysis

Statistical analysis of test step-down latencies was carried out by the
Scheirer—-Ray—Hare extension of the Kruskal-Wallis test (nonparametric two-
way ANOVA). The training latency, open field, binding assay and foot shock
sensitivity were analyzed by one-way ANOVA following by student Newman-
Keuls. The other tests were analyzed by two-way ANOVA, followed by Tukey
test, and considered P<0.05 or P<0.001 as significant difference in all

experiments.

Conclusion
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In conclusion, the present study provides evidences suggesting that ANT
may affects sensitivity of cholinoreceptors and protect enzymes ATP
dependent. Therefore, ANT indeed has a close interaction with the cholinergic

system and underlying memory retention process.
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Legends

Scheme 1. Exposure design

Table 1 - Effect of anthocyanins treatment (200 mg kg?) and scopolamine
injection (1 mg kg™*) on memory parameters in adult rats.

Table 2 - Effect of scopolamine and anthocyanin on the behavior of rats
(number of crossing and rearing responses) and on foot shock sensitivity (flinch,

jump and vocalization).

Figure 1 - Effect of anthocyanins (200 mg kg™) and scopolamine (1 mg kg™?) on
anxiety-like behavior in adult rats. Bars represent the mean * SEM. ~
Represents a significant saline or ANT versus saline or SCO interaction (Two

way ANOVA).

Figure 2 - Effect of anthocyanins (200 mg kg™*) and scopolamine (1 mg kg™) on
AChE activity in synaptosomes (A) and supernatant (B) in cerebral cortex and
hippocampus of rats. Bars represent the mean + SEM. = Represents a

significant saline or ANT versus saline or SCO interaction (Two way ANOVA)

Figure 3 - Effect of anthocyanins (200 mg kg™) and scopolamine (1 mg kg™) on
Na*, K*-ATPase (A) and Ca**-ATPase (B) activities in cerebral cortex and
hippocampus of adult rats. Bars represent the mean + SEM. ~ Represents a

significant saline or ANT versus saline or SCO interaction (Two way ANOVA)

Figure 4 - Effect of anthocyanins (200 mg kg™) and scopolamine (1 mg kg?) on
NOXx levels in cerebral cortex and hippocampus of rats. Bars represent the
mean + SEM (Two way ANOVA).



95

Table 1. Effect of anthocyanin treatment (200 mg kg™) and scopolamine injection (1 mg

kg™) on memory parameters in adult rats.

Latency of Training

Latency of tes'

Groups Mean + SEM minimum median maximum
Control 7.50+£1.99 69.00 175.00 300.00
ANT 8.37+£1.79 110.00 210.00 300.00
SCO 5.30+1.59 25.00 66.50 * 110.00
SCO+ ANT 8.22+1.35 116.00 218.00 * 300.00
Statistical Faa=0.77; - H=9.75; -
Analysis P>0.05 P<0.01

Data training are means + SEM. Data Test are the median * interquartile, 8-10 animals in each group. *

P<0.05 compared with the others groups. ¥ P<0.05 compared with SCO group by the Dunn’s

nonparametric multiple comparisons task (Scheirer-Ray-Hare extension of two way ANOVA,

nonparametric test).
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Table 2 - Effect of scopolamine and anthocyanin on the open field and on

foot shock sensitivity test.

Open Field Foot shock sensitivity
Groups Crossing Rearing Flinch (mA) Jump (MmA) Vocalization
(mA)
Control 21.75+3.13 16.00+2.28 0.36+0.01 0.45+0.02 0.35 £ 0.05
ANT 17.25+2.19 13.63+£2.09 0.41+0.03 0.36 + 0.02 0.41+0.03
SCO 22.10+2.57 18.00+2.96 0.34+0.01 0.43 +0.02 0.44 + 0.02
SCO+ ANT 23.89+3.01 20.22+2.36 0.37+£0.03 0.33+0.02 0.41+0.03
Statistical F(3.36)= 0.99; F(3‘35): 0.13; F(3‘35): 1.30; F(3‘36)= 0.48; F(3.35)= 1.11;
Analysis p>0.05 P>0.05 P>0.05 P>0.05 P>0.05
Data are means = SEM for 8-10 animals in each group.
SCO (1mg/Kg)
Euthanasia
o A o - —_
| | ® o
r L T 1 ‘_l
-7 7 days of pre-treatment 0 05h 2h 24h
Anthocyanins (200 mg/Kg) Inhibitory avoidance
, Open field
@ Behavioral parameters
: .. Elevated plus maze
@) Biochemical analysis Training

Scheme 1

Shock sensitivity
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Aims: We investigated whether the treatment with anthocyanins prevents the scopolamine-induced memory
deficits and whether ectonucleotidase activities and purine levels are altered in the cerebral cortex (CC) and
hippocam pus (HC) in this model of mnemonic deficit in rats.

Main methods: The animals were divided into 4 experimental groups: control (vehicle), anthocyanins (Antho),

Kmrd""'l scopolamine (SC0), and scopolamine plus anthocyanins (SCO+ Antho). After seven days of treatment, they
gimu;i"';?m"_‘“ were tested in the inhibitory avoidance task and open field test and submitted to euthanasia. The CC and the HC
Et:nJP:LI.'Icul:ida_-ius were collected for biochemical assays. The effect of treatment with Antho (200 mg kg™ ', i.p.) was investigated
Memary in rats trained to a smble level of performance and post-treated with 5C0 (1 mg kg~ ', ip. 30 min after training).
Key findings: The treatment with SC0 demeased the step-down latency in inhibitory avoidance task Antho
prevented the smpolamine-induced memory impairment and also the inoease of NTPDase activity in the CC
and HC. Furthermare, the treatment with anthocyanins prevents the decrease in 5°-nuclentidase activity and
the increase in adenosine deaminase activity induced by SCO in HC In addition, the treatment with Antho
prevented the decrease in ATP levels induced by SC0 in the CCand HC
Significance; Our results show that scopolamine may affect purinergic enzymatic cascade or cause alterations in
energy membolism indudng loss of memory. In contrast Antho could reverse these changes, suggesting a
neuroprotective effect of Antho on ectonucleotidase adtivities and neuronal energetic metabolism.
@ 2012 Elsevier Inc. All rights reserved.
Introduction The extracellular levels of ATP and adenosine are regulated by a

cascade of cell-surface-bound enzymes named ectonucleotidases
(Battastini et al, 1991). The NTPDase is an enzyme that hydrolyzes
ATP and ADP into AMP, which is subsequently converted to adencsine
by the enzyme 5'-nucleotidase (Battastini et al, 1991; Zimmermann,

The extracellular nucleotide ATP and its nucleoside derivative aden-
osine are important signaling molecules involved in innumerous phys-
iological and pathological functions (Bours et al, 2006; Burnstock,

2006a). It has been shown that ATP and adenosine have an amay of
functions in the central nervous system (CNS) acting as neurotransmit-
ters and activaring purinergic and adenosinergic receptors, respectively
{(Burnstock, 201 1; Zimmermann, 1996, 1999, 2006). The levels of extra-
cellular ATP and adenosine may be related to processes of leaming and
memory formation, since various evidences point to LTP and LTD and
synaptic plasticity as a neural basis for cognitive processes (Cooke and
Bliss, 2006; Howland and Wang, 2008; Lovinger, 2010; Malenka, 1994).

* Correspondence to: |. M. Gutierres, Laboratirio de Enzimologia Tocicokgica, Centro
de GiEncias Maturais ¢ Fxatas, Universidade Federal de Santa Maria, Santa Maria, RS
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#* Corresponding author, Tel,/fax: +55 55 3220 9557,
E-mail addreses: jessie gutierres@hotmail.com (M. Gubierres ),
rspanevelloi@gmail.com (R Spanevello).

0024-3205/% - see front matter © 2012 Elsevier Inc. All rights reserved.
hitp: //d:cdoi.org/10.1016/5fs 2012.09.01 3

1996, 1999, 2006 ). Moreover, adenosine is cleaved by the enzyme aden-
osine deaminase in inosine in the synaptic cleft (Robson et al, 2006,
2005). Together, these enzymes constitute an organized enzymatic cas-
cade for the regulation of nucleotide-mediated signaling, controlling
rate, degradation, and nucleoside formation (Abbracchio et al, 2009;
Burnstock, 2009, 2011; Schetinger et al, 2007, 2001 ). The involvement
of ectonudectidases on the process of learning and memory in rats has
also been described (Bonan et al., 1998, 2000; Pereira et al., 2002).
Scopolamine (SCO) is a non-selective muscarinic cholinergic an-
tagonist which produces a transient memory impairment in rodents
(Klinkenberg and Blokland, 2010). It has been also reported that
SCO reduces frontal cortex perfusion in young humans (Honer et al.,
1988) and impairs the energetic metabolism reducing the ATP levels
in the cerebral cortex of rats (Blin et al, 1994; Ray et al., 1992). The
impairment of mitochondrial function and reduction of ATP levels
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are pathological conditions found in neurodegenerative diseases such
as Alzheimer's disease (AD), which is closely linked to the dedine of
cognitive processes (Ferrer, 2009; Hauptmann et al., 2009).

Anthocyanins belong to the flavonoid family; they present phenolic
groups in their chemical structure and give colors to flowers and fruits
of a great variety of plants (Veitch and Grayer, 2008; Williams and
Grayer, 2004; Yoshida et al., 2009). It has been shown that anthocyanins
are potent antioxidants (Kahkonen and Heinonen, 2003; Kahkonen et
al, 2001) and have neuroprotective properties (Del Rio et al, 2010),
preventing neurotoxicity induced by reperfusion damage model of cere-
bral ischemia (Min et al, 2011; Shin et al., 2006), by deleterious effects
found in models of Parkinson's (Kim et al, 2010) and AD (Shih et al,
2010). Altogether these evidences suggest that flavonoid compounds
also have beneficial effects on memory and cognition (Spencer, 2010).
In fact, it has been described that anthocyanins improve memory in
old rats in Morris water maze ( Andres-Lacueva et al, 2005) and also
cognition in older humans (Krikorian et al,, 2010).

In this context, we sought to investigate if anthocyanin treatment
prevented the scopolamine-induced memory deficits and if the ecto-
nucleotidase enzymes as well as the ATP and adenosine levels are
involved.

Materials and methods
Chemicals

Nucleotides, Trizma Base, Percoll, and Coomassie Brilliant Blue G
were purchased from Sigma Chemical Co (St Luis, MO, USA). Scopol-
amine HCI (SCO) was purchased from Sigma-Aldrich Chemie GmbH
(Schnelldorf, Germany ), and anthocyanins were extracted and purified
from grape skin and gently donated by Christian Hansen A/S. All other
reagents used in the experiments were of analytical grade and of the

highest purity.
Animals

This study used three months old adult male Wistar rats (350-
400 g). They were kept in the Central Animal House of Federal Univer-
sity of Santa Maria in colony cages at an ambient temperature of 254+
2 "Cand relative humidity of 45-55% with 12 h light/dark cycles. They
had free access to standard rodent pelleted diet and water ad libitum,
Experiments were conducted in accordance with the Institutional Ethi-
cal Committee of the Federal University of Santa Maria.

Exposure
Seven to ten animals per group were usually tested in the experi-
ments (Scheme 1). Rats were treated ip. with Antho (200 mg kg—!

body weight) daily for 7 days (around 10 a.m.). The doses were cal-
culated as free base form. Scopolamine was dissolved in saline and

Anthocyanin (200 mg Kg*)

injected ip. at a dose of 1 mg kg~ !, and administered 30 min after
the training in inhibitory avoidance apparatus in accordance with that
previously described (Ali and Arafa, 2011). The dose of anthocyanins
was chosen on the basis of previous studies indicaring neuroprotection
{Manach et al., 2004; Saija et al, 1990; Varadinova et al., 2009). In addi-
tion, the daily intake of anthocyanins in the residents of the United
States is estimated to be about 200 mg or about 9-fold higher than
that of other dietary flavonoids, and this also served as a basis for this
study (Manach et al,, 2004; Wang and Stoner, 2008 ).

Behavioral procedure

Inhibitory avoidance task

In the final day of treatment with anthocyanins ( 7th day), the an-
imals were subjected to training in a step-down inhibitory avoidance
apparatus in accordance with that previously described { Rubin et al,,
2000}, and then the animals received SCO (ip. 1 mg kg~ ") 30 min
after training. Next, 24 h after the training the animals were sub-
jected to test in a step-down inhibitory avoidance task. Briefly, the
rats were subjected to a single training session in a step-down inhib-
itory avoidance apparatus, which consisted of a 25x 25 x 35-an box
with a grid floor whose left portion was covered by a 7 x 25-cm plat-
form, 2.5 cm high. The rat was placed gently on the platform facing
the rear left corner, and when the rat stepped down with all four
paws on the grid, a 3-s 0.4-mA shock was applied to the grid. Reten-
tion test took place in the same apparatus 24 h later. Test step-down
latency was taken as a measure of retention, and a cut-off time of
300 s was established.

Open field

Immediately after the inhibitory avoidance test session, the animals
were transferred to an open-field measuring 56 x 40 30 cm, with the
floor divided into 12 squares measuring 12x 12 cm each. The open
field session lasted for 5 min and during this time, an observer, who
was not aware of the pharmacological reatments, recorded the number
of crossing responses and rearing responses manually. This test was car-
ried out to identify motor disabilities, which might influence inhibitory
avoidance performance at testing.

Foot shock sensitivity test

Reactivity to shock wasevaluated in the same apparatus used for in-
hibitory avoidance, except that the platform was removed and was used
to determine the flinch and jump thresholds in experimentally naive
animals {Berlese et al, 2005; Rubin et al, 2000). The animals were
placed on the grid and allowed a 3 min habituation period before the
start of a series of shocks (1 5) delivered at 10 s intervals. Shock inten-
sities ranged from 0.1 to 0.5 mAin 0.1 mA increments. The adjustments
in shock intensity were made in accordance with each animal's re-
sponse. The intensity was raised by one unit when no response oc-
curred and lowered by one unit when a response was made. A flinch

0 A A

SCOi.p (1mgKe")

l Euthanasia
1 i ‘J
E 9

7 days of pre-treatment | L Inhibitory avoidance test
"\"’:E:"'\‘ Openfield
a nce
Training ) Shock sensitivity

Scheme 1. Exposure design.
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response was defined as withdrawal of one paw from the grid floor, and
a jump response was defined as withdrawal of three or four paws. Two
measurements of each threshold (flinch, and jump) were made, and the
mean of each score was calculated for each animal.

Brain tissue preparation

After behavioral tests, the animals were anesthetized under halo-
thane atmosphere before being killed by decapitation and brain
were removed and separated into cerebral cortex (CC) and hippocam-
pus (HC) and placed in a solution of Medium 1 (320 mM sucrose,
0.1 mM EDTA and 5 mM HEPES, pH 7.5) on ice (Gutiemes et al,
2012). The brain structures were gently homogenized in aglass potter
in Medium L Protein was determined by the Coomassie Blue method
with that previously described (Bradford, 1976), using bovine serum
albumin as standard solution.

Synaptosome preparation

Synaptosomes were isolated essentially as that previously described
(Nagy and Delgado-Escueta, 1984), using a discontinuous Percoll gradi-
ent. The CC and HC were gently homogenized in 10 volumes of an
ice-cold medium (medium I) containing 320 mM sucrose, 0.1 mM
EDTA and 5 mM HEPES, pH 7.5, in a motor driven Teflon-glass homog-
enizer and then centrifuged at 1000xg for 10 min. An aliquot of 0.5 ml
of the crude mitochondrial pellet was mixed with 4.0 ml of an 8.5%
Percoll solution and layered into an isoosmotic discontinuous Percoll/
sucrose gradient (10%/16% ). The synaptosomes that banded at the 10/
16% Percoll interface were collected with a wide-tip disposable plastic
transfer pipette. The synaptosomal fraction was washed twice with an
isoosmotic solution consisting of 320 mM sucrose, 5.0 mM HEPES, pH
75,and 0.1 mM EDTA by centrifugation at 15,000 g to remove the con-
taminating Percoll. The pellet of the second centrifugation was
resuspended in an isoosmotic solution to a final protein concentration
of 04-0.6 mg/ml. Synaptosomes were prepared fresh daily and
maintained at 0°-4" throughout the procedure and used for NTPDase
and 5'-nuclectidase assays.

Assay of lactate dehydrogenase

The integrity of the synaptosomes preparations was confirmed by
determining the lactate dehydrogenase (LDH) activity which was
obrained after synaptosome lysis with 0.1% Triton X-100 and compar-
ing it with an intact preparation, using the Labtest kit ( Labtest, Lagoa
Santa, MG, Brasil).

Assay of NTPDase and 5'-nucleotidase activities

The NTPDase enzymatic assay of the synaptosomes was carried out
in plates with a reaction medium containing 5 mM KCl, 1.5 mM CaCl,
0.1 mM EDTA, 10 mM glucose, 225 mM sucrose and 45 mM Tris-HCl
buffer, pH 8.0, in a final volume of 200 wl as described in a previous
work from our laboratory (Schetinger et al, 2000). The 5'-nucleotidase
activity was determined with that previously described (Heymann et
al, 1984) in a reaction medium containing 10 mM MgS0, and
100 mM Tris-HCl buffer, pH 7.5, in a final volume of 200 pl. In synapto-
somes 20 l of enzyme preparation (8-12 pg of protein ) was added to
the reaction mixture and pre-incubated at 37 “C for 10 min. The reac-
tion was initiated by the addition of ATP or ADP to obtain a final concen-
tration of 1.0 mM and incubation proceeded for 20 min. For AMP
hydrolysis, the 5'-nuclectidase activity was carried out as previously
described and the final concentration of the nucleotide AMP added
was 2 mM. The reactions were stopped by the addition of 200 wl of
10% trichloroacetic acid (TCA) to provide a final concentration of 5%
Subsequently, the tubes were chilled on ice for 10 min. Released inor-
ganic phosphate (Pi) was assayed using malachite green as the

colorimetric reagent and KHPO, as standard (Chan et al, 1986).
All samples were run in triplicate. Enzyme specific activities are
reported as nmol Pi released,/min/mg of protein. Adenosine deaminase
activity was estimated spectrophotometrically by the method of Giust
(1974), and the values were expressed as U/L of protein for ADA.

Analysis of purine levels in cerebral cortex and hippocampus by high
pressure liguid chromatography

Sample preparation

ATP and its breakdown products were extracted with that previous-
Iy described (Ryder, 1985). Briefly, different amounts of the CC or HC
were weighted and homogenized with 0.6 M perchloric add at 0 °C
for 1 min with an Ultra-turrax homogenizer (model T 18, IKA® Works
Inc, Wilmington, Del, USA). The homogenate was centrifuged at
2000 g for 10 min, and the supernatant was immediately neutralized
to pH 6.5 to 6.8 with 1 M potassium hyd roxide,

High performance liguid chromatography analysis

High performance liquid chromatography (HPLC) was performed
with a Shimadzu ( Kyoto, Japan) equipment composed of a reciprocating
pump model LC-20AT, a degasser mode | DGU-20A5, a diode array detec-
tor {DAD) model SPD-M20A, auto-sampler (SIL-20A) and integrator
model CBM-20A, operated by the LC Solution 1.22 5P1 software. Separa-
tion was achieved with a Phenomenex Synergi 4 um Fusion RP-80A col-
umn (150> 4.60 mm, 4 um) with precolumn, using 0.04 M potassium
dihydrogen orthophosphate (KHzPO,) and 0.06 M dipotassium hydro-
genorthophosphate (K;HPO,) as mobile phase A and acetonitrile as mo-
bile phase B. A gradient elution was used according to the specifications
previously described (Schereret al,, 2005), at a flow rate of 0.7 ml/min.
Mobile phases were filtered through a 0.45 pm Millipore filter prior to
analysis, and all the reagents utilized were of HPLC grade. Purines in
the samples (ATP, ADP, AMP and adenosine) were identified by their re-
tention times and DAD spectrum ( in the range 200-400 nm), and quan-
tified by comparison of the peak’s area with standards. The results are
expressed by pmol of the different compounds per ml of sample.

Protein determination

Protein was measured by the Coomassie Blue method with that
previously described ( Bradford, 1976), using bovine serum albumin
as standard.

Staristical analysis

Statistical analysis of latency test was carried by Scheirer-Ray-Hare
{extension of the Kruskal-Wallis test or two-way ANOVA). Foot shock
sensitivity test was analyzed by unpaired t test. Enzymatic activity, nu-
cleotide and nucleoside levels, crossing and rearing responses were an-
alyzed by one- or two-way ANOVA, followed by Tukey's multiple range
tests. P<0.06 was considered to represent a significant difference in all
experiments.

Results
Behavioral tests

Anthocyanins prevent the impairment of memory induced by scopolamine

Fig. 1 shows the effect of the treatment with anthocyanins (Antho)
and scopolamine-induced (SCO) memory deficits, on step-down la-
tencies. Statistical analysis of testing (nonparametric two-way ANOVA)
showed a significant scopolamine (1 mg kg—') vs anthocyanins
{200 mg kg—') or vehicle interaction (Control), revealing that treat-
ment with anthocyanins reverses the impairment of memory ind uced
by SCO [H=1975; P 0.01]. Statistical analysis of training (one-way
ANOVA) showed no difference between groups [F(3,31)=0.77,
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Anthocyanins prevent the decrease in 5’ -nucleotidase activity induced by
scopolamine

Fig. 3 shows the effect of Antho and SCO on the activity of
5'-nucleotidase in the CC (Fig. 3A) and HC (Fig. 3B) of rats. Scopol-
amine decreased the 5’-nucleotidase activity in the HC. Antho
prevented the decrease in 5'-nucleotidase activity induced by SCO
inthe HC[F(1,20) =12.98; P0.01, Fig. 3B]. No significant differences
in the activity of 5'-Nucleotidase in the CC was observed [F(1,20) =
0.288: P 0.05, Fig, 3A].

Anthocyanins prevent the increase in adenosine deaminase activity
induced by scopolamine
Fig. 4 shows the effect of Antho and SCO on the activity of adenosine
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Fig. 1. Oral administration of anthocyanins (200 mg ke ~') once a day during 7 days
reverses the impairment of memory induced by scopolamine (1 mgkg™") in adult
rats. Data are the median4interquartile range for 8-10 animals in each group.
*P<0,05 compared with the other groups, #P<0.05 compared with the scopolamine
(SCO) group by the Scheirer-Ray-Hare nonparametric multiple comparisons task.

P 0.05]. Because motivational disparities in the training session may ac-
count for differences in inhibitory avoidance at testing, experiments
were performed to assess whether SCO or Antho affected shock thresh-
old, or locomaotor ability of the animals. Statistical analysis of open-field
data (one-way ANOVA) revealed that scopolamine did not alter the
number of crossing [F(3,31) =0.99; P<0.05] or rearing [F(3,31)=
0.13; P<0.05] responses in a subsequent open-field test session,
suggesting that neither SCO nor Antho caused gross motor disabilities
at testing (Table 1). Moreover, SCO did not alter foot shock sensitivity,
as demonstrated by the similar flinch [unpaired ¢ test: F(3,31)=1.30;
P=0.05], jump [unpaired t test: F(3,31) =4.48; P> 0.05] and vocaliza-
tion [unpaired t test: F(3,31)=1.11; P>0.05] thresholds exhibited by
the animals. These data suggest that neither treatment with Antho ad-
ministered before nor SCO administered after training of inhibitory
avoidance caused motor disabilities or altered foot shock sensitivity
(Table 1).

Enzymatic activities

Anthocyanins prevent the increase in NTPDase activity induced by
scopolamine

Fig. 2 shows the effect of Antho and SCO on the activity of NTPDase
in the CC and HC of rats. SCO increased the NTPDase activity in the CC
(Fig. 2A) and HC (Fig. 2B) using ATP nucleotide as substrate. Antho
prevented the increase in NTPDase activity induced by SCO in the
CC [F(1,20)=7.371; P 0.05, Fig. 2A] and HC [F(1,20)=6.397; P 0.05,
Fig. 2B). SCO also increased the NTPDase activity in HC using ADP nu-
cleotide as substrate and Antho prevents this effect [F(1,20) =6.397;
P 0.05, Fig. 2D]. No significant differences in the activity of NTPDase in
the CC were observed in the groups [F(1,20)=0.002; P 0.05, Fig. 2C].

Table 1

deaminase in the CC (Fig. 4A) and HC (Fig. 4B) of rats. SCO increased the
adenosine deaminase activity in the HC. Antho prevented the increase
in adenosine deaminase activity induced by SCO in the HC [F(1,20) =
4.897, P 0.05, Fig. 4B]. No significant differences in the activity of aden-
osine deaminase in the CC was observed [F(1,20)=0071, P 0.05,
Fig. 4A].

Content of nucleotides and nucleosides of adenine

Anthocyanins can restore decrease in purine levels induced by scopolamine

Table 2 shows the effect of Antho and SCO on the nudeotide levels in
the CC of rats. SCO decreased the ATP levels CC in relation to the all groups.
However, when the animals received anthocyanins (SCO + Antho), the
levels of ATP were similar to those of the vehicle group [F(1,12)=
14.23; P 0.01]. No significant differences in ADP [F(1,12)=0.036;
PO.O5) AMP [F(1,12)=3.002; P 0.05] and adenasine levels were ab-
served [F(1,12) =4.013; P0.05].

Table 3 shows the effect of Antho and SCO on the nucleotides
levels in the HC of rats. SCO decreased the ATP levels in the HCin re-
lation to all the groups. However, when the animals received antho-
cyanins (SCO+ Antho), the levels of ATP were similar to those of
the vehide group [F(1,12) =5.648; P 0.05]. No significant differences
in ADP [E(1,12)=3.593: P 0.05], AMP [F(1,12)= 1.684: P 0.05] and
adenosine [F(1,12)=0373; P 0.05] levels were observed.

Discussion

In the present study, we have evaluated the potential preventive
role of the anthocyanins (Antho) in the scopolamine-induced memo-
ry deficits in rats. Our results have shown that scopolamine impaired
the memory consolidation in rats trained in the inhibitory avoidance
task. Interestingly, in this study we found that anthocyanins at a dose
of 200 mg kg ' during 7 days did not improve the memory of rats in
the inhibitory avoidance task, but it prevented the memory deficits
induced by scopolamine (SCO) (Scheme 1).

SCO is an alkaloid derived from Atropa belladonna (Zhang et al.,
2008) and acts as a competitive antagonist of the muscarinic acetyl-
choline receptor (mAChR) (Wang et al., 2003). For this reason, SCO
is used to compromise cholinergic neurotransmission and, in some

Effect of anthocyanins (200 mg kg~') and scopolamine (1 mg kg~ ') on the latency of training, and behavior of rats (number of crossing and rearing responses ) in the open-field
immediately after the inhibitory avoidance testing session and on foot shock sensitivity (flinch, jump and vocalization).

Group Training Crossing Rearing Flinch (mA) Jump {mA) Vocalization (mA)
Vehicle 750+£1.99 21.75+£313 1600+2.28 036+0.0 0454002 0354005
Antho 837+1.79 17.254+£219 1363+£2.09 041+£003 0.36+£002 0.41+£003
SC0 530+1.59 2210+ 257 18.00+2.96 034+0M 0.43+£002 0.44+002
5C0 +Antho 8224135 23.89+3.01 2022+236 037+0.03 0.33+£002 0.41+003

Statistical analysis  F(331)=0.77, P>005

F(331)=099; P>005 F(3,31)=130; P=005

F(331)=1.30; P>005 F331)=448; P=005 F(3,31)=111;P=005

Data are means+ SEM for 6-10 animals in each group.
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Fig. 2. Effects of Antho and SCO on NTPDase activity in synaptosomes of the cerebral cortex and hippocampus using ATP [ Aand B) and ADP (C and D) respectively as substrates. Bars
represent the mean+ SEM. *Represents a significant difference in all groups, P<0.05. [ ANOVA two-way, Tukey test).

ways, mimics the memory deficit observed in diseases characterized by
impaiment in cholinergic neurotransmission, such as AD (Christensen
etal, 1992; Kopelman and Corn, 1988; Wesnes et al, 1991).

It has been reported that dietary supplementation of antioxidant-
rich berries (eg., blueberry, strawberry) can improve the learning and
memory in the aged animal {Williams and Grayer, 2004; Williams et
al, 2008). The daily intake of anthocyanin chosen for this study
(200 mg kg~ ')isinagreement with the consumption of that in the res-
idents of the United States population {Manach et al, 2004; Wang and

Stoner, 2008). Moreover, previous studies indicate that a daily intake
of 200 mg/kg of anthocyanins has protective effects in rats, mice and
humans (Bao et al,, 2008a, 2008b; Choi et al, 2007; Heinonen, 2001)
and improve learning and memory in female rats ovarectomized
(Varadinova et al, 2009). Furthermore, there are few studies using
acute treatment with anthocyanins, because diverse number of flavo-
noid compounds, including anthocyanins, seem to require a short-
term or long-term to accumulate and promote beneficial effects in the
brain of rodents (Bamos et al, 2006; Hassimotto and Lajolo, 2011; Ke
etal, 2011; Minetal, 2011; Yang et al., 2011). Acute doses of anthocy-
anins may result in immediate beneficial changes on the peripheral ho-
meostasis and biochemical tissue parameters (Matsumoto et al, 2001;
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Rossi et al, 2003). However, no previous study of acute and subacute
doses of anthocyanins associated with learning and memory have
been observed at this point

Additionally, studies have shown that Antho have the ability to im-
prove memory of old rats in Morris water maze ( Andres-Lacueva et al,,
2005), and of mice in the inhibitory avoidance task (Barros et al, 2006).
Interestingly, it was also shown to be a cognitive improvement in older
humans (Krikorian et al., 2010). In line with this view, studies with the
Cyanidin-3-0-glucopyranoside (Cy-3G), an isolated Antho and abun-
dant in colorful vegetables and fruits, has recently been identified as
potent neuroprotective phytochemical since this compound protects
against AP peptide-mediated cytotoxicity in SH-SYSY neurocytes
(Tarozzi et al., 2008, 2007, 2010) and also can reduce cerebral ischemia
damage and age-related neuronal deficits (Shin et al., 2006).

Despite SCO's dassical use as an amnesic agent, there are a lot of dis-
crepancies in relation to SCO effects in locomotion. Some studies, in fact,
challenge the viability of SCO use as a cognitive impairer, questioning if
the alterations in behavior are related to peripheral locomotor effects,
instead of memory disruption (Klinkenberg and Blokland, 2010). As
shown in Table 1, there were no changes in none of the parameters
analyzed. We have also shown in a pilot test {data not shown) that
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Fig. 3. Effects of Antho and SO0 on 5-nudeotidase activity in synaptosomes of the cerebral cortex and hippocampus using AMP as substrate. Bars represent the mean + SEM. *Rep-

resents a significant difference in all groups, P<005. (ANOVA two-way, Tukey test).
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A Cerebral Cortex NTPDase activity in synaptosomes of the CC and HC in rats treated
Ly In synap
__ 104 . with 5CO leads to a reduction of extracellular ATP in the synaptic cleft,
g [ Vehicle which mayimpair the purinergic signaling since it reduces the availabil-
3 B Hl Antho ity of extracellular ATP. In addition, these enzymes differ in their ratios
b and preferably for the substrate hydrolysis. The NTPDase 1 hydrolyzes
E 6 ATP and ADP in the same way; also, NTPDases 2, 3 and 8 hydrolyze
= T T ATP more than ADP, and NTPDase 4 preferentially hydrolyzes UDP
O 4 (Zimmermann, 2001). Based on these findings, we believe that the ef-
25
g fects found in the hippocampus and cerebral cortex can be related to
§ 2- the activity of different enzyme isoforms. Enzymatic hydrolysis of ATP
ﬁ and ADP in the hippocampus suggests the involvement of NTPDase 1,
0 . . whereas in the cerebral cortex other isoforms with greater affinity to
Vehicle sco ATP can be involved (Fig 2). Furthermore, the reduction on the ATP
. levels can impair processes like the establishment of the neuronal LTP
Hippocampus
B 10+ PP P (Fujii, 2004; Min et al, 2011; Wieraszko and Ehrlich, 1994; Yamazaki
ot [ Vehicle * et al, 2003) affecting memory formation (Cooke and Bliss, 2006;
3 s B Antho T Howland and Wang, 2008; Lovinger, 2010; Malenka, 1994). These re-
@ sults corroborate our findings when compared with the memory evalu-
E ated in the inhibitory avoidance task, where the amnesic effect induced
£ g ory

E by SCO was prevented by the treatment with Antho,
ﬂ il T The next step was to assess the 5'-nucleotidase and adenosine de-
@ aminase activity. As it can be seen in Fig. 3, SCO decreased the activity
2 5 of 5'-nucleotidase in synaptosomes of the HC (Fig. 3B), and the treat-
g ] ment with Antho was able to prevent this decrease. Furthermore, our

p

ﬁ results showed that 5'-nudeotidase and ADA activities seem to be
0 Vehicle SCO more sensitive in the HC than CC, so we believe that ectonucleotidase

Fig 4 Effects of Antho and 500 on adenosine deaminase activity in synaptosomes of
the cerebral cortex and hippocampus using adenosine as substrate. Bars represent
the mean+ SEM. *Represents a significant difference in all groups, P<0.05. (ANOVA
two-way, Tukey test).

exposure to SCO for 1 h immediately before inhibitory avoidance
training did not impact training performance, since control and
scopolamine-treated animals' training session latendies did not change.

In the brain, information storage is involved with an increase in effi-
ciency of synaptic stimulatory pathways (Wieraszko, 1996; Wieraszko
and Ehrdich, 1994). Since the first demonstration of ATP-dependent re-
lease of CNS stimulation (Holton, 1959), there is a growing interest in
the role of ATP and adenosine in synaptic transmission (Cunha and
Ribeiro, 2000). ATP and adenosine act as neurotransmitters modulating
purinergic and adenosinergic receptors, respectively (Zimmermann,
1996, 1999, 2006). It has been reported that ATP and adenosine modu-
late low term potentiation (LTP) and low term depression (LTD) in neu-
rons (de Mendonca et al, 2002; Fujii, 2004; Wieraszko and Ehdich,
1994; Yamazaki et al, 2003) and also contribute to neuronal synaptic
plasticity (Costenla et al, 1999; de Mendonca and Ribeiro, 1997;
Wieraszko, 1996). These processes are related with learning and mem-
ory formation (Cooke and Bliss, 2006; Howland and Wang, 2008;
Lovinger, 2010; Malenka, 1994).

In CNS, the NTPDase is an important enzyme involved in the
purinergic neurotransmission. Our results show that an increase in the

Table 2

Effect of anthocyanins (200 mg kg~ ') and scopolamine (1 mg kg™ ") on the nudeo-
tides levels (ATP, ADP, AMP and Adenosine) in the cerebral cortex of rats. The data
were analyaesd by two-way ANOVA followed by Tukey's test and expressed in nmol of
nudeotide/mg of tissue. 4‘Rn:prl:m: nts a significant difference in all groups, P<0.05.

in the hippocampus is more affected by scopolamine (see Figs. 3 and
4). However, we can not exclude that specific regions of the cerebral
cortex which are known to participate in memory formation, as the pos-
terior cingulate and entorhinal cortex (Lima et al.,, 2009; Pereira et al,
2005, 2001; Souza et al, 2002}, are also affected by SCO administration,
so ectonucleotidase activities were measured in the whole cerebral cor-
tex and not in specfic regions, might have been the reason that no sig-
nificant differences were observed in thisbrain structure. The activity of
thisenzyme is very important because this leads to production of extra-
cellular adenosine { Burnstock, 20063, b; Robson et al., 2006; Schetinger
et al, 2001). It was also observed that S5CD increased the activity of
adenosine deaminase, and this effect was prevented by the treatment
with Antho. The 5-nuleotidase and adenosine deaminase are key-
enzymes in the regulation of extracellular levels of adenosine in the
synaptic deft. A decrease of 5'-nuclectidase activity reduces the adeno-
sine formation and the increase of adenosine deaminase activity in-
creases the hydrolysis of adenosine to inosine. Thus, the effect of SCO
on these enzymes leads to an increased removal of extracellular adeno-
sine decreasing its levels, which may lead to impairment of the ade-
nosinergic neurotransmission.

The depletion of extracellular adenosine can disrupt memory forma-
tion since adenosine has been reported as an important neuromodulator
in the establishment of LTP and LTD, as well as in synaptic plasticity (de
Mendonca et al,, 2002), (Costenla et al., 1999; de Mendonca and Ribeiro,
1997; Wieraszko, 1996). Based on the activity of the ectonucleotidases,
it can be seen that the treatment with SCO increased the hydrolysis of

Table 3

Effect of anthocyanins (200 mg kg~ ') and scopolamine (1 mg kg~ ') on the nuckeo-
tdes levels (ATP, ADP, AMP and Adenosing) in the hippocampus of rats. The data
were analyzed by wo-way ANOVA followed by Tukey's test and expressed in nmol of
nucleotide/mg of tssue. 4‘Rn:|:|r\|:s|:r|.l‘_ti asignificant difference in all groups, P<005.

Groups ATP ADP AMP Adenosine Groups ATP ADP AMP Adenosine
Vehicle 0.78 4+ 0.089 05640187 0.40 40017 0.91 40128 Vehide 1.0 40,044 0.394-0.089 0.22 4= 0.090 046 4= 0087
Antho 0.83 +0.120 0714 0.040 0.54 40,089 L1440.258 Antho 0934 0.030 04540064 0.284-0.080 05440110
SC0 0.58 _+_1lﬂ32* 0594 0.089 0.54 401057 L174+0.174 SC0 ﬂ.—|-|_+_[|_ﬂB* 04640059 0304 0.100 0.59 4 0094
SCO+Antho 0.90 40,023 0.77 4+ 0.052 0.45 +10.161 LO7 4 0.104 SCO+Antho 0894 0.043 04140056 0264 0.089 051 40098
Statistical  F{1,12)= F(1.12) = Fi1,12)= F(1.12)= Statisical  F(1,12) = F(1.12) = Fi112)=1. F1L12)=
analysis 1423 P<001 0036; P>005 3.002; P=-005 4013; P>0,05 analysis 5648, P<005 3593, P=-005 648 P=005 0375, P=003

Data are means 4 SEM for 4 animals in each group (cerebral cortex).

Data are means+ SEM for 4 animals in each group (hippocampus).
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Abstract

The aim of this study was to analyze if the pre-administration of
anthocyanin on memory and anxiety prevented the effects caused by
intraceberoventicular streptozotocin (icv-STZ) administration-induced sporadic
dementia of Alzheimer’s type (SDAT). Moreover, we evaluated whether the
levels of nitrite plus nitrate (NOx), Na',K*-ATPase, Ca**-ATPase and
acethylcholinesterase activities in the cerebral cortex (CC) and hippocampus
(HC) are altered in this experimental SDAT. The animals were divided in 4
different groups: control (CTRL), anthocyanin (ANT), streptozotocin (STZ), and
streptozotocin+anthocyanin (STZ+ANT). After seven days of treatment with
ANT (200mg/kg; oral), the animals were icv-STZ injected (3mg/kg), and four
days later were performed the behavior parameters, and submitted to
euthanasia. A memory deficit was found in STZ group, but ANT treatment
showed to prevent this impairment of memory (P<0.05). Our results showed a
higher anxiety in icv-STZ group, but the treatment with ANT showed a per se
effect and prevented the anxiogenic behavior induced by STZ (P<0.05). Our
results reveal that ANT (100uM) tested diplace the specific binding of [H?]
flunitrazepam to benzodiazepinic site of GABA, receptors (P<0.05). AChE, Ca'-
ATPase activities and NOx levels were found to be increased in HC and CC in
STZ group, which was attenuated by ANT (P<0.05). STZ decreased Na',K'-
ATPase activity and ANT was able to prevent these effects (P<0.05). In
conclusion, this study was a first to show that ANT is able to maintain
electrolytic gradients and cholinergic neurotransmission, as well as able to

enhance memory and act as anxiolytic compound in animals with SDAT.

Keywords: Anxiety-like behavior; Nitric oxide production, Acetylcholinesterase,

Anthocyanin; Dementia; Memory.
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1. Introduction

Anthocyanins belong to the flavonoid family, which present phenolic
groups in their chemical structure and give colors to a great variety of flowers
and fruits (Williams e Grayer, 2004; Yoshida, Mori et al., 2009; Veitch e Grayer,
2011). It has been shown that anthocyanins (ANT) are potent antioxidants, and
prove to be effective scavengers of reactive oxygen species (ROS) and reactive
nitrogen species (RNS) (Kahkonen, Hopia et al., 2001; Kahkonen e Heinonen,
2003), having a clear neuroprotective role (Del Rio, Borges et al., 2010). ANT
were shown to prevent neurotoxicity induced by: i) ethanol in developing brain
mice (Ke, Liu et al., 2011), ii) reperfusion damage model of cerebral ischemia
(Shin, Park et al., 2006; Min, Yu et al., 2011), iii) deleterious effects found in
models of Parkinson's (Kim, Ju et al., 2010) and Alzheimer's (Shih, Chan et al.,
2010). Moreover, ANT have beneficial effects on memory and cognition
(Shukitt-Hale, Cheng et al., 2009; Spencer, 2010), improving the memory in old
rats in Morris water maze test (Andres-Lacueva, Shukitt-Hale et al., 2005), in
mice on inhibitory avoidance task (Barros, Amaral et al., 2006) and also
ameliorate the cognitive performance of elderly humans (Krikorian, Shidler et
al., 2010). Other behavioral findings showed that ANT also have anxiolytic
effects in rats and mice in the elevated-plus maze test (Ramirez, lzquierdo et
al., 2005; Barros, Amaral et al., 2006).

Acetylcholinesterase (AChE) is an important regulatory enzyme that
rapidly hydrolyses the neurotransmitter acetylcholine released by the
cholinergic neurons (Paleari, Grozio et al., 2008). Several experimental and
clinical studies clearly indicate an undisputed major role of acetylcholine (ACh)
in the regulation of cognitive functions (Blokland, 1995). However, the biological
role of AChE is not limited to cholinergic transmission. AChE has been
implicated in several non-cholinergic actions, including cell proliferation
(Appleyard, 1994), neurite outgrowth (Chacon, Reyes et al., 2003) and other
responses to various insults as stress and amyloid formation (Grisaru, Sternfeld
et al.,, 1999). Recently, several therapeutic strategies that enhance AChE
activity have been implemented to ameliorate cognitive disorders. Cognitive
disorders also affect the generation of membrane potentials and the influx of

neuronal Ca®* (Berrocal, Marcos et al., 2009; Mata, Berrocal et al., 2011).
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The Na'K*-ATPase and the Ca*-ATPase are key enzymes in the
maintenance of electrolyte gradients in excitable cells and neurons (Jimenez,
Sanchez et al., 2010; Panayiotidis, Franco et al., 2010). The former enzyme is
responsible for the active transport of Na* and K*, and it is necessary to
maintain the ionic gradient across membranes and thus it is essential to
regultate neuronal excitability (Kaplan, 2002; Jorgensen, Hakansson et al.,
2003; Jimenez, Sanchez et al., 2010). It has been reported that Na*,K*-ATPase
can play a relevant role in neuronal and synaptic plasticity (Glushchenko e
Izvarina, 1997; Scuri, Lombardo et al., 2007) and in the regulation of learning
and memory performances (Brunelli, Garcia-Gil et al., 1997; Wyse, Bavaresco
et al., 2004). The Ca**-ATPase is one of the most powerful modulators of
intracellular Ca®* levels (Casteels, Wuytack et al., 1991; Raeymaekers e
Wuytack, 1991; Huang, Nagaraja et al., 2010). The transients changes in
intracellular Ca®" levels regulate a wide variety of cellular processes; and cells
employ both intracellular and extracellular sources of Ca** for the activation of
signaling pathways and regulation of many physiological and pathological
processes (Missiaen, Callewaert et al., 2000; Missiaen, Robberecht et al., 2000;
Ruknudin e Lakatta, 2007; Huang, Nagaraja et al., 2010).

Alzheimer’s disease (AD) is the most common cause of dementia in the
elderly, and this disease is characterized by abnormalities in glucose
metabolism, reduced glucose utilization and levels of energy rich phosphates
(Hoyer, 2004a; b). The intracerebroventricular (icv) injection of STZ in rats has
been used as a model of sporadic dementia of Alzheimer's disease (Tota,
Awasthi et al., 2010) since it mimics many pathological processes in this
disease, as impaired brain glucose and energy and leads to progressive deficits
in learning and memory (Lannert e Hoyer, 1998; Awasthi, Tota et al., 2010).
Furthermore, it was also observed that icv STZ injection increases AChE
activity (Lester-Coll, Rivera et al., 2006; Awasthi, Tota et al., 2010), and
decreases the activity and expression of Na',K*-ATPase (Chauhan e Siegel,
1997a; b; Chauhan, Lee et al., 1997). Moreover, it was shown an upregulation
of Ca**-ATPase in the brain of AD patients (Berrocal, Marcos et al., 2009; Mata,
Berrocal et al., 2011).

Considering that AD is the most prevalent neurodegenerative disease
worldwide in older adults, the search for preventive compounds for this disease

is of great social importance. Since ANT have an important function as



117

antioxidant, neuroprotective and anxiolytic compounds, in this study we
investigated whether this natural compound has the ability to prevent memory
deficits found in a model of sporadic dementia induced by icv administration of
STZ. We also evaluated the levels of nitrite/nitrate and the activities of enzymes
important for neurotransmission such as AChE, Na',K*-ATPase and Ca*'-

ATPase, which are known to be altered in Alzheimer's disease.
2. Material and Methods
2.1. Chemicals

Acetylthiocholine, Trizma Base, Acetonitrile, Percoll, Coomassie
Brilliant Blue G and Streptozotocyn (STZ) were purchased from Sigma
Chemical Co (St Luis, MO, USA). Anthocyanins was extracted and purified
from grape skin and are commercially available by Christian Hansen A/S. All
other reagents used in the experiments were of analytical grade and of the

highest purity.
2.2 Animals

Male Wistar rats (3 month year old) weighing 350—-400 g were used in the
study. They were kept in the Central Animal House of Federal University of
Santa Maria in colony cages at an ambient temperature of 25+2 °C and relative
humidity 45-55% with 12 h light/dark cycles. They had free access to standard
rodent pelleted diet and water ad libitum. All procedures were carried out
according to NIH Guide for Care and Use of Laboratory Animals, and Brazilian
Society for Neuroscience and Behavior (SBNeC) recommendations for animal
care. This work was approved by the ethical committee of Federal University of
Santa Maria (23081.003601/2012-63).

2.3. Administration of drugs to animals

2.3.1. Intracerebroventricular (icv) injection of streptozotocin
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Adult male Wistar rats (300-350g) were anaesthetized with thiopental
(180mg/kg). The head was placed in position in the stereotaxic apparatus and a
midline sagittal incision was made in the scalp. The stereotaxic coordinates for
lateral ventricle (Paxinos e Watson, 1986) were measured accurately as
anterio-posterior -0.8mm, lateral 1.5mm and dorso-ventral, -4.0mm relative to
bregma and ventral from dura with the tooth bar set at 0 mm. Through a skull
hole, a 28-gauge Hamilton® syringe of 10 pl attached to a stereotaxic
apparatus and piston of the syringe was lowered manually into each lateral
ventricle. We used 4 different groups: control (CTRL), anthocyanin (ANT),
streptozotocin (STZ), and streptozotocin plus anthocyanin (STZ+ANT). The STZ
groups received bilateral icv injection of streptozotocin (3 mg/kg, body weight)
was dissolved in citrate buffer (pH 4.4) (Tiwari, Kuhad et al., 2009). The
concentration of STZ in citrate buffer was adjusted so as to deliver 5 pl/injection
site of the solution. Rats in the control group were given icv injection of same
volume of citrate buffer as in STZ treated (Scheme 1).

2.3.2 Drug administration

Seven to ten animals per group were usually tested in the experiments.
Rats were treated by gavage with anthocyanin (200 mg/kg body weight) daily
per 7 days (around 10 a.m.). The dose of anthocyanin was chosen on the basis
of previous studies indicating neuroprotection (Saija, Princi et al., 1990;
Manach, Scalbert et al., 2004; Varadinova, Docheva-Drenska et al., 2009;
Gutierres, J. M., Carvalho, F. B. et al., 2012). The control groups received only

vehicle (2ml/kg gavage of saline, daily per 7 days).
2.4 Behavioral procedure
2.4.1 Inhibitory avoidance task

At the last day of anthocyanin treatment (7" day), the animals were
subjected to training in a step-down inhibitory avoidance apparatus as
previously described (Rubin, Boemo et al., 2000), after that the animals
received icv-STZ (3 mg/kg). Next, twenty four hours after the training the

animals were subjected to test in a step-down inhibitory avoidance task. Briefly,
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the rats were subjected to a single training session in a step-down inhibitory
avoidance apparatus, which consisted of a 25x25x35-cm box with a grid floor
whose left portion was covered by a 7x25-cm platform, 2.5 cm high. The rat
was placed gently on the platform facing the rear left corner, and when the rat
stepped down with all four paws on the grid, a 3-s 0.4-mA shock was applied to
the grid. Retention test took place in the same apparatus 24 h later. Test step-
down latency was taken as a measure of retention, and a cut-off time of 300s

was established.

2.4.2 Open field

Immediately after the inhibitory avoidance test session, the animals
were transferred to an open-field measuring 56x40x30 cm, with the floor
divided into 12 squares measuring 12x12 cm each. The open field session
lasted for 5 min and during this time, an observer, who was not aware of the
pharmacological treatments, recorded the number of crossing responses and
rearing responses manually. This test was carried out to identify motor
disabilities, which might influence inhibitory avoidance performance at testing

(Gutierres, Jessié Martins, Carvalho, Fabiano Barbosa et al., 2012).

2.4.3 Foot shock sensitivity test

Reactivity to shock was evaluated in the same apparatus used for
inhibitory avoidance, except that the platform was removed and was used to
determine the flinch and jump thresholds in experimentally naive animals
(Rubin, Albach et al., 2000; Berlese, Sauzem et al., 2005). The animals were
placed on the grid and allowed a 3 min habituation period before the start of a
series of shocks (1s) delivered at 10 s intervals. Shock intensities ranged from
0.1 to 0.5 mA in 0.1 mA increments. The adjustments in shock intensity were
made in accordance with each animal's response. The intensity was raised by
one unit when no response occurred and lowered by one unit when a response
was made. A flinch response was defined as withdrawal of one paw from the
grid floor, and a jump response was defined as withdrawal of three or four
paws. Two measurements of each threshold (flinch and jump) were made, and

the mean of each score was calculated for each animal.
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2.4.4 Elevated plus maze task

Anxiolytic-like behavior was evaluated using the task of the elevated plus
maze as previously described (Frussa-Filho, Barbosa-Junior et al., 1999; Rubin,
Albach et al., 2000). The apparatus consists of a wooden structure raised to 50
cm from the floor. This apparatus is composed of 4 arms of the same size, with
two closed-arms (walls 40 cm) and two open-arms. Initially, the animals were
placed on the central platform of the maze in front an open arm. The animal had
5 minutes to explore the apparatus, and the time spent and the number of
entries in open and closed-arms were recorded. The apparatus was thoroughly

cleaned with 30% ethanol between each session.

2.5 Brain tissue preparation

After behavioral tests, the animals were anesthetized under halothane
atmosphere, euthanized by decapitation and the brain was removed and
separated into cerebral cortex and hippocampus and placed in a solution of
Tris—HCI 10mM, pH 7.4, on ice. The brain structures were gently homogenized
in a glass potter in Tris—HCI solution. Aliquots of resulting brain structure
homogenates were stored at —20°C until utilization (Gutierres, Jessié Martins,
Carvalho, Fabiano Barbosa et al., 2012). Protein was determined previously in
a strip that varied for each structure: cerebral cortex (0.7 mg/ml) and
hippocampus (0.8 mg/ml), as determined by the Coomassie blue method as
previously described (Bradford, 1976), using bovine serum albumin as standard

solution.

2.6 Isolation of synaptosomes with a discontinuous Percoll gradient

Synaptosomes were isolated essentially as previously described (Nagy e
Delgado-Escueta, 1984), with a minor modification (Gutierres, Kaizer et al.,
2012b) using a discontinuous Percoll gradient. The cerebral cortex,
hippocampus and were gently homogenized in 10 volumes of an ice-cold
medium (medium 1) containing 320 mM sucrose, 0.1 mM EDTA and 5 mM

HEPES, pH 7.5, in a motor driven Teflon-glass homogenizer and then
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centrifuged at 1,000xg for 10 min. An aliquot of 0.5 mL of the crude
mitochondrial pellet was mixed with 4.0 mL of an 8.5% Percoll solution and
layered into an isosmotic discontinuous Percoll/sucrose gradient (10%/16%).
The synaptosomes that banded at the 10/16% Percoll interface were collected
with a wide-tip disposable plastic transfer pipette. The synaptosomal fraction
was washed twice with an isosmotic solution consisting of 320 mM sucrose, 5.0
mM HEPES, pH 7.5, and 0.1 mM EDTA by centrifugation at 15,000 g to remove
the contaminating Percoll. The pellet of the second centrifugation was
resuspended in an isosmotic solution to a final protein concentration of 0.4-0.6
mg/ml. Synaptosomes were prepared fresh daily and maintained at 0°-4°
throughout the procedure and used to measure Ca?*-ATPase and AChE

activities.

2.7. Assay of Lactate Desydrogenase (LDH)

The integrity of the synaptosomes preparations was confirmed by the
lactate dehydrogenase (LDH) activity, which was obtained after synaptosome
lysis with 0.1 % Triton X-100 and comparing it with an intact preparation, using
the Labtest kit (Labtest, Lagoa Santa, MG, Brasil).

2.8. Determination of AChE activity in brain

The AChE enzymatic assay was determined by a modification of the
spectrophotometric method (Rocha, Emanuelli et al., 1993) as previously
described (Ellman, Courtney et al., 1961). The reaction mixture contained 100
mM K*-phosphate buffer, pH 7.5 and 1 mM 5,5'-dithiobisnitrobenzoic acid
(DTNB). The method is based on the formation of the yellow anion, 5,5'-dithio-
bis-acid-nitrobenzoic, measured by absorbance at 412 nm during 2min
incubation at 25°C. The enzyme (40-50 pg of protein) was pre-incubated for 2
min. The reaction was initiated by adding 0.8 mM acetylthiocholine iodide
(AcSCh). All samples were run in triplicate and the enzyme activity was
expressed in pmol AcSCh/h/mg of protein.



122

2.9. Analysis of Gene Expression using semiquantitative RT-PCR

The analysis of AChE expression was carried out using semiquantitative
reverse transcriptase polymerase chain reaction (RT-PCR). The hippocampus
and cerebral cortex were dissected under sterile conditions, and total RNA was
extracted using the TRIzol® Reagent (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer's instructions. The RNA was quantified by
spectrophotometry, and cDNA was synthesized using the ImProm-II™ Reverse
Transcription System (Promega). PCR reactions for the AChE and B-actin
genes were performed using 0.1 pyM of the appropriate primers (AChE forward:
5- GAC TGC CTT TAT CTT AAT GTG -3' and reverse: 5'- CGG CTG ATG AGA
GAT TCA TTG -3'; B-actin forward 5-TAT GCC AAC ACA GTG CTG TCT GG-
3'; and reverse 5-TAC TCC TGC TTC CTG ATC CAC AT-3'), 0.2 uM dNTP,
2 mM MgCl,, and 0.1 U Platinum Taq DNA polymerase (Invitrogen) in a total
volume of 25 pL for AChE and 20 uL for B-actin (Da Silva, Richetti et al., 2008).
The following conditions were used for the PCR reactions: 1 min at 94°C; 1 min
at the annealing temperature (54°C for 3-actin and 55°C for AChE) and 1 min at
72°C for 35 cycles. Post-extension at 72°C was performed for 10 min. For each
set of PCR reactions, a negative control was also included. The PCR products
(AChE, 785 bp; B-actin, 210 bp) were analyzed on a 1.5% agarose gel
containing GelRed® (Biotium) and visualized under ultraviolet light. The Low
DNA Mass Ladder (Invitrogen) was used as a molecular marker, and

normalization was performed using 3-actin as the constitutive gene.

2.10. Na',K*-ATPase activity measurement

Na*,K'-ATPase activity was measured as previously described (Wyse,
Streck et al.,, 2000) with minor modifications (Carvalho, Mello et al., 2012).
Briefly, the assay medium consisted of (in mM) 30 Tris-HCI buffer (pH 7.4), 0.1
EDTA, 50 NaCl, 5 KCI, 6 MgCl, and 50 ug of protein in the presence or
absence of ouabain (1 mM), in a final volume of 350 uL. The reaction was
started by the addition of adenosine triphosphate to a final concentration of 3
mM. After 30 min at 37°C, the reaction was stopped by the addition of 70 uL of
50% (w/v) trichloroacetic acid. Saturating substrate concentrations were used,

and reaction was linear with protein and time. Appropriate controls were
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included in the assays for non-enzymatic hydrolysis of ATP. The amount of
inorganic phosphate (Pi) released was quantified colorimetrically, as previously
described (Fiske e Subbarow, 1927), using KH,PO, as reference standard.
Specific Na",K*-ATPase activity was calculated by subtracting the ouabain-
insensitive activity from the overall activity (in the absence of ouabain) and

expressed in nmol of Pi/min/mg of protein.
2.11. Ca**-ATPase activity measurement

Ca’*-ATPase activity was measured as previously described (Rohn,
Hinds et al., 1993) with minor modifications (Trevisan, Maldaner et al., 2009).
Briefly, the assay medium consisted of (in mM) 30 Tris-HCI buffer (pH 7.4), 0.1
EGTA, 3 MgCl, and 100 pg of protein in the presence or absence of 0.4 CaCls,
in a final volume of 200 pL. The reaction was started by the addition of
adenosine triphosphate to a final concentration of 3 mM. After 60 min at 37°C,
the reaction was stopped by the addition of 70 uL of 50% (w/v) trichloroacetic
acid. Saturating substrate concentrations were used, and reaction was linear
with protein and time. Appropriate controls were included in the assays for non-
enzymatic hydrolysis of ATP. The amount of inorganic phosphate (Pi) released
was quantified colorimetrically, as previously described (Fiske e Subbarow,
1927), using KH,PO, as reference standard. The Ca®’-ATPase activity was
determined by subtracting the activity measured in the presence of Ca®" from
that determined in the absence of Ca®* (no added Ca®" plus 0.1 mM EGTA) and

expressed in nmol of Pi/min/mg of protein.
2.12 [H?®] Flunitrazepam specific binding
2.12.1 Membrane preparation

Cerebral cortex from each animal was thawed and homogenized in 10 ml
of homogenization buffer A (10 mM Tris-HCI, 300 mM sucrose, and 2 mM
EDTA, pH 7.4) per gram of tissue. This homogenate was centrifuged at 1,000 X
g for 10 min at 4°C. The resulting supernatant was centrifuged at 16,000 X g for
20 min at 4°C. The resulting pellet was then resuspended in 1 ml of

homogenization buffer and frozen at -70°C until analyzed.
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2.12.2 Radioligand binding assay

[*H] flunitrazepam binding to benzodiazepinic site of GABAa receptors
was determined as previously described (Vogel, Frye et al., 1980), by first
washing the cell membrane preparation as follows: individual aliquots were
diluted with five volumes of wash buffer B (50 mM Tris-HCI and 2 mM EDTA,
pH 7.4), mixed, and centrifuged at 16,000 X g for 10 min at 4°C, and the
samples were incubated for 30 min at 37°C. This washing procedure was
repeated twice, and the final pellet was resuspended in binding assay buffer C
(20 mM HEPES and 1 mM EDTA, pH 7.4). The protein concentration of each
sample was determined by a spectrophotometric protein dye-binding assay
based on the method of Bradford (1976), using bovine serum albumin as the
standard. The incubation was carried out in duplicate in polycarbonated tubes
(total volume 500 pL) containing 50 mM Tris—HCI (pH 7.4), 0.5 mg of protein
membrane and essential oil of lavender or orange (1, 10 and 100 pg/ml).
Diazepam (0.1 uM) was used as a positive control. Incubation was started by
adding 1 nM [3H] flunitrazepam (85,8Ci/mmol), and run at ice for 60 min. The
reaction was stopped by vacuum filtration and each filter was washed with 15
mL of cold 10 mM Tris—HCI buffer. Filters were individually placed in
polycarbonated tubes and 1 mL of scintillation liquid was added. Radioactivity
was determined using a Packard Tri-Carb 2100TR liquid scintillation counter.
Non-specific binding was determined by adding 1 uM diazepam to the medium
in parallel assays. Specific binding was considered as the difference between
total binding and non-specific binding. Results were expressed as percentage of

specific binding.

2.13. Assay of NOx (NO2 plus NO3) as a marker of NO synthesis

For NOx determination, an aliquot (200 pl) was homogenized in 200mM
Zn,S0O,4 and acetonitrile (96%, HPLC grade). After, the homogenate was
centrifuged at 16,000 xg for 20min at 4°C and supernatant was separated for
analysis of the NOx content as previously described (Miranda, Espey et al.,
2001). The resulting pellet was suspended in NaOH (6M) for protein

determination.
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2.14. Glucose analysis

The glucose levels were measured using standard enzymatic methods
from Ortho-Clinical Diagnostics® reagents on the fully automated analyzer

(Vitros 950® dry chemistry system; Johnson & Johnson, Rochester, NY, USA).
2.15. Statistical analysis

Statistical analysis of training and test step-down latencies was carried
out by the Scheirer—-Ray—Hare extension of the Kruskal-Wallis test
(nonparametric two-way ANOVA). The open field, binding assay and foot shock
sensitivity was analyzed by one-way ANOVA following by student Newman-
Keuls. The other tests were analyzed by two-way ANOVA, followed by Tukey
test, and considered P<0.05 or P<0.001 as significant difference in all

experiments.

3. Results

3.1 Behavioral tests

3.1.1 Anthocyanin prevents the impairment of memory induced by STZ.

In this study we used 4 groups of animals: control (CTRL), anthocyanin
(ANT), streptozotocin (STZ), and streptozotocin plus anthocyanin (STZ+ANT).
Figure 1 shows the effect of ANT treatment on the STZ-induced memory
deficits, in the step-down latencies. Statistical analysis of Scheirer—Ray—Hare
test (nonparametric two-way ANOVA) showed a significant difference between
STZ (3 mg/kg) vs ANT (200 mg/kg) or vehicle interaction (CTRL), revealing that
treatment with ANT prevented the impairment of memory induced by STZ [H2 =
9,75; P< 0.01; Figure 1D]. Statistical analysis of the data obtained during
training showed no difference between the different groups (Figure 1C).

Although, motivational disparities in the training session may account for
differences in inhibitory avoidance testing, experiments were performed to

assess whether STZ or ANT affected shock sensitivity threshold and locomotor
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capacity of the animals. Statistical analysis of open-field data (one-way ANOVA)
revealed that STZ did not alter the number of crossing (F (3,42)=0.11, P>0.05;
Figure 1A) or rearing (F (3,42)=1.82, P>0.05; Figure 1B) responses in a
subsequent open-field test session, suggesting that neither STZ nor ANT
caused gross motor disabilities in this task. Moreover, STZ did not alter foot
shock sensitivity, as demonstrated by the similar flinch and jump thresholds
exhibited by the animals. In table 4 it can be seen that neither ANT+STZ
animals nor STZ animals were affected in their motor performances and foot
shock sensitivity: flinch [F (3,30)= 1.33; P>0.05], jump [F (3,30)= 1.66; P>0.05]
and vocalization [F (3,30)= 1.76; P>0.05]

3.1.2 Effect of STZ and anthocyanin treatment on anxiolytic-like behavior

Figure 2 shows the effect of the treatment with anthocyanin and STZ on
anxiolytic-like behavior in the elevated plus maze task. Statistical analysis (two-
way ANOVA) showed a significant CTRL or STZ (3 mg/kg) vs CTRL or ANT
(200 mg/kg) interaction to time spent (s) in open arms [F (1,41)= 6.264; P<0.05;
Figure 2D] and time in closed arms [F (1,41)= 4.925; P<0.05; Figure 2C],
revealing that treatment with ANT prevented the anxiolytic like-behavior induced
by STZ. However, no significant differences in the number of entries in open
arms [F (1,41)= 0.279; P>0.05; Figure 2B] and in the number of entries in all
arms [F (1,41)= 0.68; P>0.05; Figure 2A] were observed. The number of total
entries in arms suggests that neither icv-STZ nor ANT animals had altered

locomotor activity in the elevated plus maze task.

3.2 Binding of [*H] flunitrazepam to benzodiazepinic site assay

Since we observed an anxiolytic effect of ANT in the elevated plus maze
task, we decided to investigate whether the compound binds to the
benzodiazepinic site for GABAa receptor. The results presented in Figure 3
reveal that the ANT (100pM) reduced by 43% the [*H] flunitrazepam binding to
benzodiazepinic site of GABA, receptors [F (2,17)= 47.890; P<0.0001] and this

result demonstrates that ANT can bind to GABAAx receptor.
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3. 3 Activity and expression of acetylcholinesterase

3.3.1 Effect of STZ and anthocyanin treatment on the AChE expression in the
cortex and hippocampus of rats.

Figure 5 shows the effect of ANT and STZ on the AChE expression in
cerebral cortex and hippocampus of rats. No significant differences in AChE
expression between groups were observed in the cerebral cortex [F (1,8)=
0.423; P>0.05] and hippocampus [F (1,8)= 0.140; P>0.05].

3.3.2 Anthocyanin prevents the increase in AChE activity induced by STZ.

Previous studies report cholinergic impairments in cognitive disorders by
quantification of acetylcholinesterase (AChE) activity. Therefore, we
investigated whether ANT restores AChE activity in the model of SDAT. Figure
4 shows the effect of ANT and STZ on the AChE activity in cerebral cortex and
hippocampus, both in S1 and synaptosomes of rats. We found a significant
CTRL or STZ (3 mg/kg) vs CTRL or ANT (200 mg/kg) interaction, suggesting
that the ANT treatment prevents the increase in AChE activity in S1 fraction of
cerebral cortex [F= (1,28)= 7.973; P<0.05] and hippocampus [F (1,28)= 4.995;
P<0.05] (Figure 4A) induced by icv-STZ.

Importantly, synaptosome fraction analysis showed a significant CTRL or
STZ (3 mg/kg) vs CTRL or ANT (200 mg/kg) interaction, suggesting that the
ANT treatment prevents the increase in AChE activity in the synaptosomes of
cerebral cortex [F (1,28)= 4.760; P<0.05] and hippocampus [F (1,28)= 8. 434;
P<0.01](Figure 4B) induced by icv-STZ.

3.4 Anthocyanin prevents the decrease of Na*,K*-ATPase and increase of Ca**-
ATPase activity induced by STZ.

Na*,K*-ATPase and Ca*-ATPase are enzymes involved in the control of
neurotransmission, regulating the membrane potential and extracellular calcium
concentrations, respectively. Figure 6 shows the effect of ANT and STZ on the
activity of Na'K'-ATPase and Ca?*-ATPase in cerebral cortex and
hippocampus of rats. Statistical analysis (two-way ANOVA) showed a significant
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CTRL or STZ (3 mg/kg) vs CTRL or ANT (200 mg/kg) interaction, suggesting
that the ANT treatment prevents the decrease in Na*,K*-ATPase activity in the
cerebral cortex [F (1,28)= 17.760; P<0.001] and hippocampus [F (1,28)= 4.978,
P<0.05] induced by icv-STZ (Figure 6A).

Additionally, two-way ANOVA showed a significant CTRL or STZ (3
mg/kg) vs CTRL or ANT (200 mg/kg) interaction, suggesting that the ANT
treatment prevents the increase of Ca®*-ATPase activity in the cerebral cortex
[F (1,28)= 5.671; P<0.05] and hippocampus [F (1,28)= 5.272; P<0.05] induced
by icv-STZ (Figure 6A).

3.5 NOx levels determination

Anthocyanins are known by their antioxidant properties, so in this set of
experiments we investigated if ANT alters nitrite plus nitrate in the brain of rats.
Figure 7 shows the effect of ANT and STZ on the NOx levels production in
cerebral cortex and hippocampus. Statistical analysis (two-way ANOVA)
showed a significant CTRL or STZ (3 mg/kg) vs CRTL or ANT (200 mg/kg)
interaction, suggesting that the ANT treatment prevents the increased NOXx
levels both in cerebral cortex [F (1,28)= 8.583; P<0.05] and hippocampus [F
(1,28)= 23.350; P<0.0001] induced by icv-STZ.

3.6 Glucose Levels

During the complete study there were no differences in body weight and
water consumption in all groups (data not shown). There was no significant
difference between the mean peripheral glucose levels after 3 mg/kg icv-STZ
groups and citrate buffer (pH 4.4) icv injection groups. The mean peripheral
glucose levels were 109.36 + 2.20 CTRL group, 102.66£2.13 ANT group,
110.44 + 1.92 STZ group and 106.77+2.09 STZ+ANT group, respectively,
indicating that the dose was sub diabetogenic (Table 1).
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4. Discussion

Anthocyanins are flavonoids found in fruits and fruit juices, and have the
capacity to improve memory (Harborne e Williams, 2001; Williams e Grayer,
2004; Williams, ElI Mohsen et al.,, 2008). Increasing evidences have
demonstrated that anthocyanins are able to improve memory of old rats in
Morris water maze (Andres-Lacueva, Shukitt-Hale et al., 2005), and of mice in
the inhibitory avoidance task (Barros, Amaral et al., 2006) and eldery humans
(Krikorian, Shidler et al., 2010). Furthermore, a 2-month dietary
supplementation of rats with blueberries prevented deficits in learning
performance induced by bilateral hippocampal injections of kainic acid, and the
loss of CA1 pyramidal neurons (Duffy, Spangler et al., 2008). In line with this
view, studies with the Cyanidin-3-O-glucopyranoside (Cy-3G), an isolated
anthocyanin abundant in colorful vegetables and fruits, has been reported to be
a neuroprotective phytochemical compound against the AP peptide-mediated
neurotoxicity in SH-SY5Y cells (Tarozzi, Marchesi et al., 2005; Tarozzi, Morroni
et al., 2007; Tarozzi, Merlicco et al., 2008; Tarozzi, Morroni et al., 2010). This
compound also reduces cerebral ischemia damage and age-related neuronal
deficits in rats (Shin, Park et al., 2006).

Since a large number of evidences suggest the neuroprotective role of
anthocyanins, we investigated whether this natural compound is able to prevent
the alterations found in a model of sporadic dementia of Alzheimer's type
(SDAT) induced by icv-STZ injection. Intracerebroventricular administration of
STZ (3mg/kg), a subdiabetogenic dose to rodents has been reported to model
SDAT (Lester-Coll, Rivera et al., 2006; Grunblatt, Salkovic-Petrisic et al., 2007),
causing a progressive memory impairment and synaptic loss and dysfunction
(Lannert e Hoyer, 1998; Pinton, Da Rocha et al., 2010). Our results have shown
that icv-STZ impaired the acquisition of memory in rats trained in the inhibitory
avoidance task. Interestingly, in this study we found out that a dose of 200
mg/kg of ANT per se, during 7 days, did not affect the memory of rats, but it
prevented the memory deficits induced by icv-STZ (Figure. 1 D), as assessed
by the inhibitory avoidance task. Furthermore, previous studies from our
laboratory demonstrated that the dose of 200mg/kg anthocyanins antagonized
scopolamine-induced performance deficits in rats in the inhibitory avoidance
task (Gutierres, J. M., Carvalho, F. B. et al., 2012) suggesting that anthocyanins
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have a close interaction with cholinergic system. The daily intake of
anthocyanin chosen for this study (200mg/kg) is in agreement with consumption
in residents of the United States population (Manach, Scalbert et al., 2004;
Wang e Stoner, 2008). In line with this, previous studies also indicate that a
daily intake of 200 mg/kg of anthocyanins has protective effects in rats, mice
and humans (Heinonen, 2001; Choi, Ok et al., 2007; Bao, Yao, Tsi et al., 2008;
Bao, Yao, Yau et al., 2008) and improve learning and memory in female rats
ovarioctomized (Varadinova, Docheva-Drenska et al., 2009).

A major concern in shock motivated learning tests, particularly in those
that investigate the effect of drugs given before the acquisition test, is whether
pharmacological treatments affect locomotor activities or motivational aspects of
learning, such as shock sensitivity. To rule out this possibility, immediately after
inhibitory avoidance test, the animals were subjected to an open-field test which
is widely used for evaluating motor abnormalities (Belzung e Griebel, 2001).
The open field session revealed that the treatment with icv-STZ or ANT did not
alter spontaneous locomotor activity as the animals showed a similar number of
crossing or rearing responses (Figure 1 A, B). Moreover, we observed that the
rats of different groups did not show altered shock sensitivity (Table 2), as
verified by their similar flinch, jump and vocalization thresholds. Thus, these
data suggest that neither STZ nor ANT administration caused motor disabilities
or altered foot shock sensitivity, excluding their possibility of interference in
step-down latencies of inhibitory avoidance task.

Besides to learning and memory evaluation, we also measured the
anxiolytic-like behavior by the elevated plus maze task, commonly used to study
anxiety-related behavior in rodents (Belzung e Griebel, 2001). Our results
showed a higher anxiety in icv-STZ group (3 mg/kg) (Figure 2 C; D) which is in
accordance with previous observations that mice subjected to icv-STZ, in short
time (7days) and long time (21 days) treatments, have a rise increase in
anxious behavior (Pinton, Da Rocha et al., 2011). Although we found an
anxiolytic effect of treatment with ANT per se for the time in closed arm, there
was no changed the number of entries and time spent in open arms, which is
the parameter most commonly used to represent an anxiolytic effect. In this
study, we used a dose of 200 mg/kg based on previous studies showing
beneficial effects on learning and memory (Varadinova, Docheva-Drenska et
al., 2009; Gutierres, J. M., Carvalho, F. B. et al., 2012). However, we suggest to
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investigate anxiolytic effects of anthocyanins per se would be important to
select a range of doses. Additionally, the dose chosen in this study (200 mg/kg),
was able to prevent the anxiogenic behavior caused by icv-STZ administration
(Figure 2 C and D). We believe that the mechanism by which ANT plays
anxiolytic effect is related with the affinity of this compound to GABAA receptor,
because the ANT significantly displace the specific binding of [°H] flunitrazepam
to benzodiazepinic site of this receptor (Figure 3). This work is the first to
describe a specific location where this compound may act to promote an
anxiolytic effect, suggesting that anthocyanins may be considered an important
pharmacological agent in situations of anxiety.

The pivotal role of cholinergic system in memory is further underlined by
use of acetylcholine esterase inhibitors in AD to prevent memory decline. In this
study, we found that icv-STZ group showed an increase in AChE activity in
supernatant and synaptosomes in relation to all tested groups (Figure 4). This
finding is in conformity with the previous studies showing increase in AChE
expression (Lester-Coll, Rivera et al., 2006) and activity upon icv-STZ
administration (Tota, Kamat et al., 2009; Awasthi, Tota et al., 2010; Tota,
Awasthi et al., 2010). In addition, icv-STZ also caused cholinergic deficiency
supported by reduced cholineacetyltransferase (ChAT) activity in hippocampus
of rats (Blokland e Jolles, 1993; Sharma e Gupta, 2001b; a; Sonkusare,
Srinivasan et al., 2005). It is possible that the increased AChE activity is due to
a reduction in energy metabolism and oxidative stress leading to cognitive
dysfunction by inhibiting the synthesis of adenosine triphosphate (ATP) and
acetyl-CoA (Blokland e Jolles, 1993). Moreover, the impairment in insulin
signalling and increased oxidative stress induced by icv-STZ administration was
associated with the upregulation of AChE in the brain of rats (De La Monte,
Tong et al., 2006; Lester-Coll, Rivera et al., 2006). Our research group has
demonstrated that intraperitoneal STZ administration, a model of diabetes type
2; causes a significant increase in AChE activity in synaptosomes of cerebral
cortex of rats (Schmatz, Mazzanti et al., 2009). In the present study, we
observed that ANT was able to prevent the AChE upregulation in hippocampus
and cerebral cortex of icv-STZ animals, although this compound per se had no
effect on AChE activity. This effect of ANT can be attributed to its potent
antioxidant effect.
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Agonists of cholinergic receptors and inhibitors of AChE have been
extensively used in order to increase endogenous acetylcholine (ACh) levels
and thus overcome cognitive deficits (Lane, Potkin et al., 2006). AChE
metabolizes ACh to choline and acetyl-CoA. AChE exists into different
molecular forms, which can be distinguished on the basis of their shapes, e.g.,
collagen-tailed asymmetric forms and globular (G) forms (Lane, Potkin et al.,
2006). Although few studies have shown that the isoforms of AChE may be
differentially expressed in different brain regions (Malatova, Nicak et al., 1980;
Zakut, Matzkel et al., 1985; Lane, Potkin et al., 2006), and that these isoforms
can be considered important markers of AD (Kasa, Rakonczay et al., 1997;
Shen, 2004; Lane, Potkin et al., 2006), it is known that AChE activity in
homogenate (S1) shows the total AChE activity (different isoforms associated),
while the synaptosomal fractions are re-sealed nerve terminal with a greater
amount of membrane-bound isoforms G4 (Mazzanti, Spanevello et al., 2006).
Our work showed that treatment with STZ or ANT did not affect a specific AChE
isoform, because the AChE activities measured in S1 and synaptosomes
fractions were similar.

While it is not evaluated whether glial or neuronal Na*,K*-ATPase and
Ca?*-ATPAse are preferentially affected by STZ, it is conceivable that STZ may
alter both cell types. If this was the case, icv-STZ could alter Na*, K* and Ca*
intracellular gradients, facilitating neuronal depolarization and impairing sodium
and potassium gradient-dependent transport processes, such as
neurotransmitter uptake (Gether, Andersen et al., 2006; Gouaux, 2009;
Benarroch, 2011). In this view, it is known that a decreased activity and
expression of Na’, K'-ATPase, directly affects the signaling of
neurotransmitters, impairing learning and memory, as well as locomotor activity
and anxiety behaviours of rats (Dos Reis, De Oliveira et al., 2002; Lingrel,
Williams et al., 2007; Moseley, Williams et al., 2007). In vitro studies showed
that the inhibitor of Na*,K*-ATPase, ouabain, increases the Ca?" influx into
slices of rats brain (Fujisawa, Kajikawa et al., 1965), induces the release of
glutamate by reverse transport of Na* (Li e Stys, 2001) and cause excitotoxicity
in hippocampal neurons (Lees, Lehmann et al., 1990). Corroborating these
findings, our study showed that icv-STZ administration decreased Na®, K'-
ATPase activity and increased Ca®*-ATPase activity (Figure 5), suggesting that

a disturbance in the eletrolitic concentrations of Na* and Ca®" could lead to



133

excitotoxicity and neuronal death in icv-STZ induced experimental model of
Alzheimer’s type.

Furthermore, it was also found that the inhibition of Na’,K'-ATPase
increase NMDA-mediated currents in the hippocampus (Zhang, Guo et al.,
2011). It is known that NMDA receptor activation increases the nitric oxide (NO)
synthesis by increasing nitric oxide synthase activity (NOS) (Sattler, Xiong et
al., 1999; Prast e Philippu, 2001). NO is a retrograde messenger which diffuses
through the cellular membranes and activation of guanylate cyclase and PKG
(East e Garthwaite, 1991). Previous studies have demonstrated that activation
of NOS and synthesis of NO are related with the reduction of Na*, K*-ATPase
activity (Boldyrev, Bulygina et al., 2003; Boldyrev, Bulygina et al., 2004;
Carvalho, Mello et al., 2012). Our results, show that icv-STZ administration
increases the nitrate/nitrite levels (Figure 6), markers of NO synthesis, so these
findings may be related to the reduction of Na*, K*-ATPase in two ways: 1- NO
can inhibit the Na',K'-ATPase activity through its binding to thiol groups,
generating S-nitrosothiol and consequently leading to the formation of nitrous
compounds (Takeguchi, Honegger et al., 1976; Lipton, Choi et al., 1993; Lipton,
Singel et al., 1994; Boldyrev e Bulygina, 1997; Boldyrev, Bulygina et al., 1997);
2- activation of signaling pathway related with NOS/cGMP/PKG (Carvalho,
Mello et al., 2012).

Increasing evidences have demonstrated a correlation between the
consumption of fresh fruits and vegetables with the prevention, delay or onset of
chronic degenerative diseases including cancer (Juranic e Zizak, 2005),
diabetes mellitus (Matsui, Ogunwande et al., 2006) and AD (Bishayee,
Haznagy-Radnai et al., 2010; Darvesh, Carroll et al., 2010). These studies have
stated that in addition to ANT antioxidant effects, these compounds decrease
the levels of NO (Blokland e Jolles, 1993; Juranic e Zizak, 2005). The data
presented in this paper demonstrates that ANT (200 mg/kg) prevented the
augment of NOx levels induced by icv-STZ. Previous studies have shown that
ANT is able to decrease the INOS expression as well as NO production in
macrophages and JC77 cells exposed to lipopolysaccharide induced
inflammation (Pergola, Rossi et al., 2006; Wang, Xia et al., 2008). This leads us
to believe that the ANT might prevent excitotoxic mechanisms related with NO
synthesis, since the overproduction of reactive nitrogen species (RNS) results in

“nitrosative” stress that contributes to several pathological processes that
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underlie neurodegenerative and inflammatory diseases (Rutkowski, Pancewicz
et al.,, 2007; Valko, Leibfritz et al., 2007). The Na', K'-ATPase is a
transmembrane enzyme sensitive to ROS and RNS (Wyse, Bavaresco et al.,
2001; Dos Reis, De Oliveira et al., 2002; Franzon, Lamers et al., 2003), while
the Ca?*-ATPase is an enzyme sensitive to intracellular Ca®" levels (Casteels,
Wauytack et al., 1991; Raeymaekers e Wuytack, 1991; Huang, Nagaraja et al.,
2010). The latter enzyme is the major modulator of the intracellular
concentrations of this second messenger, and increases in the activity of Ca**-
ATPase could be a compensatory mechanism to remove an excess of Ca®*
ions, and this can be the result of oxidative damage in the Na*, K'-ATPase
enzyme induced by icv-STZ injection. Thus, the antioxidant activity of the ANT
may be related with a protective effect on the dysfunction of these enzymes.

Besides ANT antioxidant properties we can not discard other ANT
neuroprotective mechanisms in the prevention of the increase in NOx induced
by STZ such as for the affinity of ANT to GABAA receptors. Studies have shown
that compounds which potentiate GABAA receptors (benzodiazepines) prevent
the increase of NO induced by NMDA administration in the cerebellum of rats
(Fedele, Ansaldo et al., 2000). Furthermore, the activation of GABAA receptors
protects neurons against A toxicity in AD-affected regions in mammalian brain
(Paula-Lima, De Felice et al., 2005).

Thus, since up-regulation of cholinergic system, memory impairment
associated with anxiogenic behavior has been related with pathophysiology of
AD, our results suggest that the ANT could exert beneficial actions, preventing
the increase in AChE activity and memory loss induced by icv-STZ, a model of
SDAT. Interestingly, our results showed, for the first time that ANT has affinity
for GABAA receptors, which may explain the anxiolytic effect per se and
counteract the increased anxiety of icv-STZ animals. Moreover, additional
therapeutic implications can be attributed to ANT through its capacity to
modulate NO production and regulate Na®, K*-ATPase and Ca’-ATPase
activities in pathological situations. More experiments are already being
conducted to investigate possible biochemical targets of flavonoids, as ANT, in
the SDAT.
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Legends

Table 1. Structural identification of anthocyanins.

Table 2. The primers used for the gene amplification

Table 3. Effects of anthocyanin (200mg/kg) treatment and icv-STZ (3mg/kg)
injection on glucose (mg/dL) levels. Data are reported as means + S.E.M. with

8-10 rats for group. ANOVA (one-way) followed by Tukey test.

Table 4. Effect of anthocyanin (200 mg/kg) and icv-STZ (3 mg/kg) on foot shock
sensitivity (flinch, jump and vocalization). Data are reported as means + S.E.M.
with 8-10 rats for group. ANOVA (two-way) followed by Tukey test.

Scheme 1. Exposure design

Figure 1. Oral administration of anthocyanin (200 mg/kg) once a day during 7
days prevents the impairment of memory induced by icv-STZ (3 mg/kg) in adult
rats. (A) Number of crossing, (B) number of rearing and (C) latency of training
(s) were was reported as means + S.E.M and analyzed by one or two-way
ANOVA, followed by Tukey test. (D) Latency of test (s) was reported as median
* interquartile range with 8-10 rats for group. *Denotes P<0.05 as compared to
the others groups, # Denotes P<0.05 as compared with icv-STZ group by
Scheirer-Ray-Hare test (nonparametric two-way ANOVA); H2 = 9,75; P< 0,01.

Figure 2. Effects of anthocyanin (200mg/kg) treatment and icv-STZ (3mg/kg)
injection on anxiety-like behavior in the elevated plus maze task: (A) number of
entries in arms; (B) number of entries in open arm; (C) time in closed arms (s)
and (D) percentage of time in open arm. Data are reported as means = S.E.M.
with 8-10 rats for group. *Denotes P<0.05 as compared to the control (CTRL)
group, ANOVA (two-way) followed by Tukey test.
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Figure 3. Anthocyanin (100uM) reduced the specific [3H] flunitrazepam binding
to benzodiazepinic site of GABA, receptors. Data are reported as means *
S.E.M. *P<0.05 compared with the Diazepan (0.1 uM) and control groups;
***P<0.01 compared with control and ANT groups. ANOVA (one-way) followed
by Tukey test.

Figure 4. AChE activity (A) in supernatant fraction and (B) synaptosomes
fraction of hippocampus and cerebral cortex in CTRL, ANT, STZ and STZ+ANT
groups. Data are reported as means + S.E.M. with 8-10 rats for group. *P<0.05

compared with the others groups; ANOVA (two-way) followed by Tukey test.

Figure 5. Relative gene expression pattern of AChE (A) in hippocampus and
(B) cerebral cortex in CTRL, ANT, STZ and STZ+ANT groups. Data are
reported as means + S.E.M. with 4 rats for group. *P<0.05 compared with the
others groups; ANOVA (two-way) followed by Tukey test. No significative

changes were observed between groups.

Figure 6. Na',K*-ATPase (A) and Ca*-ATPase (B) activity in hippocampus and
cerebral cortex in CTRL, ANT, STZ and STZ+ANT groups. Data are reported as
means = S.E.M. with 8-10 rats for group. *P<0.05 compared with the others
groups; ANOVA (two-way) followed by Tukey test.

Figure 7. Effects of anthocyanin and icv-STZ administration on NOXx levels in
hippocampus and cerebral cortex of rats. Data are reported as means = S.E.M.
with 8-10 rats for group. *P<0.05 compared with the others groups; ANOVA
(two-way) followed by Tukey test.
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Table 1. Structural identification of anthocyanins.

OH

OR,
OH

Z0H

OH
Anthocyanins R1 R2 Formula M.W
Cyanidin OH H C15H1106 322,72
Malvidin OCH3 H C16H1306 336,74
Delphinidin OH OH C15H1107 338,72
Petunidin OCH3 OH C16H1307 352,74
Malvidin OCH3 OCH3 C17H1507 366,77
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Table 2

PCR
primers
design
Accession number
Proteins Primer sequences (50-30) (MRNA)
B-Actin® F-TATGCCAACACAGTGCTGTCTGG ENSDART00000055194
R-TACTCCTGCTTCCTGATCCACAT
AChE? F-GACTGCCTTTATCTTAATGTG NP_571921

R-CGGCTGATGAGAGATTCATTG

& According to [64]



Table 3

Groups Glucose levels (mmol/L)
CTRL 109.36 + 2.20
ANT 102.66 + 2.13
STZ 110.44 £ 1.92
STZ+ANT 106.77 + 2.09
Table 4

Group Flinch (mA) Jump (mA) Vocalization (mA)
CTRL 0.18 £0.01 0.22 £ 0.02 0.42 £ 0.01
ANT 0.20+0.01 0.23 £ 0.02 0.41 +0.02
STZ 0.21+£0.01 0.21 +0.02 0.43+0.01
STZ+ANT 0.18+£0.01 0.24 £ 0.01 0.44 £ 0.01
Statistical F(3,30): 1.33; F(3.3o): 1.66; F(3.3o): 1.76;
Analysis p>0.05 p>0.05 p>0.05

Data are means + SEM for 6-10 animals in each group.
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Figure 1
A- C
g | T X

CJ CTRL ANT BB STZ STZ+ANT CJ CTRL &S] ANT @ STZ STZ+ANT

B D
400+

3004
200+ ‘

1004 |

. NIEEN

CJ CTRL ANT @l STz STZ+ANT 3 CTRL ANT @ STZ STZ+ANT

N
(&)
1

_I

=
ol
1

H
<
Latency (s)

*

Number of rearing

7/a

74




151

Figure 2
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Figure 3

*k*%k

0.1

W

H

100

CTRL

1501

o o

o

o Lo

i
uedaze.yunid[H]
Buipuiqg o1y199ds %

Diazepam (uM)

ANT (uM)



153

Figure 4
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Figure 6
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Figure 7
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6. Anexo I

Resultados complementares, em fase de preparacao.
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CONTROL

<) ie

Figure 1. Cresyl violet staining in the hippocampal region of control group (A) and ICV-STZ group (B) at 28

days of treatment. In the ICV-STZ group, only a few neurons in CA1 (E), CA3 (F) region are stained compared to
CA1 (C) and CA3 (D) region of control group. The dentate gyrus (G) of control group showed many cresyl violet-
positive cells are found in compared to dentate gyrus (H) of ICV STZ group. CA1, cornu ammonis 1; CA3, cornu

ammonis 3; dentate gyrus. Scale bar=50 pum.
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CONTROL STZ

Figure 2 Fluoro-Jade C histochemistry staining in hippocampus (CA1, CA3 and giro dentate)
after 28 days of the intracerebroventricular STZ or vehicle injections. Digital images of rat
brain sections showing no difference for Fluoro-Jade C-positive neurons in hippocampus
regions of control (CA1, CA3 and gyro dentate) or ICV-STZ injections (CAl, CA3 and gyro
dentate). Original magnification: (A) and (B)x5, (C-H)x20; Scale bar=50 um.
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Figure 3. Fluorescence Immunohistochemistry of 5’-nucleotidase (red) and synaptophysin

(green) in ICV-STZ and normal brains. Examples of coronal sections of the hippocampus

from ICV-STZ and normal brains. 5-nucleotidase (5-NT) immunoreactivity in CA3 and

dentate gyrus (DG) were observed in normal rat brains, but ICV-STZ group showed lower
reactivity for 5-NT both in CA3 or DG. Similarly, ICV-STZ injection showed weaker

immunoreactivity for synaptophysin in CA3 and dentate gyrus compared to the normal

brains. Original magnification: (A)x20.
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Figure 4 - Intracerebroventricular injection of STZ alter proteins density for NTPDase 1 (A)
and 5-NT (B) were determined by Western-blot analysis. Equalization of protein loading was
determined using B-actin as the house keeping protein. (C) ATP levels measured by high
pressure liquid chromatography (HPLC). (D) ATPase activity; (E) ADPase activity and (F)
5NT activity in synaptosomes of hippocampus of CTR and ICV-STZ groups. Data (mean
valuestSEM) were submitted to t-test statistical analysis. Significance level adopted was
*P<0.05 versus CTR group.
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Figure 5. Intracerebroventricular injection of STZ display changes in cognitive behavior. (A)
The CTR groups significantly differ in search times during acquisition training. (B) Probe test
after the original training. (C) Number of crossings on the platform. (D) panels plot the %
relative time and (E) % of entries in open arms in Elevated plus maze task during the 5-
minutes. (F) Novel object recognition assessment of CTR and STZ groups. Recognition
index = (time spent exploring a novel object) / (total time spent exploring both novel and
familiar objects). # p<0.05; One sample t test relative to CTR (n = 10).
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Figure 7. Effects of intracerebroventricular STZ or vehicle injection on superoxide dismutase

activity, MDA, nitrite plus nitrate levels and ROS generation of the hippocampus. Graphs
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Data (mean valueszSEM) were submitted to t-test statistical analysis, (D) Graph express

changes in ROS generation (percentage) of STZ group in relation to CTR group. Significance

level adopted was P<0.05.

Table 1 — Primary and secondary antibodies for immunohistochemistry

Antibody Supplier Host Type Dilution
Synaptophysin Millipore Mouse Monoclonal 1:200
5’-nucleotidase Sevigny Lab Rabbit Monoclonal 1:500
ALRIEITER A Invitrogen Donkey IgG (H+L) 1:400
Fluor 488
Anti-rabbit Alexa- Invitrogen Donkey lgG (H+L) 1:400
Fluor 594
Primary antibodies for Western Blot analysis

Antibody Supplier Host Type Dilution
NTPDasel Sevigny Lab Rabbit Polyclonal 1:1000
5’-nucleotidase Santa Cruz Mouse Polyclonal 1:1000
B-actin Sigma Mouse Monoclonal 1:20000

Table 2 — Reagents used and respective suplier

Reagent Supplier

Sodium thiopental B.Braun Medical (Portugal)
Sucrose Sigma-Aldrich (Portugal)
Tissue-Tek (Sakura-Americas, USA)
TMED Sigma-Aldrich (Portugal)
Triton - x -100 Sigma-Aldrich (Portugal)
Trizma base Sigma-Aldrich (Portugal)

Tween Sigma-Aldrich (Portugal)
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Table 3 — Reagents used and respective suplier

Reagent Supplier

Ammonium persulfate (APS) Sigma-Aldrich (Portugal)

BCA Kit Thermo scientific (USA)

Calcium chloride (CaCl2) Sigma-Aldrich (Portugal)

Citric acid Sigma-Aldrich (Portugal)

DAKO Fluorescence Mounting Medium DAKO (Denmark)

Ethylenediaminetetraacetic acid (EDTA) Sigma-Aldrich (Portugal)

Glucose Sigma-Aldrich (Portugal)

Halothane Sigma-Aldrich (Portugal)

Hydrochloric acid (HCI) Sigma-Aldrich (Portugal)

Metanol Sigma-Aldrich (Portugal)

Paraformaldehyde Sigma-Aldrich (Portugal)

Penylmethanesulfonylfluoride (PMSF) Sigma-Aldrich (Portugal)

Sodium dodecyl sulfate (SDS) Bio Rad (Portugal)

Sodium Bicarbonate (NaHCO3) Sigma-Aldrich (Portugal)

Sodium phosphate monobasic (NaH2P04) Sigma-Aldrich (Portugal)




7. Discussdo
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7.1 Discusséao

O envelhecimento tem sido reconhecido como um processo irreversivel e
inevitdvel desde os tempos antigos. Distarbios associados ao envelhecimento
incluem disfuncdo imunolégica (Candore, Balistreri et al., 2006), degeneracao
cognitiva (Barzilai, Atzmon et al.,, 2006), doencga cardiovascular (Dominguez e
Barbagallo, 2007) e sindrome metabdlica (Maggi, Noale et al., 2008). Diversas
evidéncias sugerem que o envelhecimento aumenta o risco de degeneragdo do
sistema nervoso, afetando principalmente a retencdo de memoria, gerando perda de
memoria e disfung¢des cognitivas em idosos (Shih, Chan et al., 2010).

Estudos tem demonstrado que as antocianinas sdo capazes de melhorar a
memoéria de ratos velhos no labirinto aquéatico de Morris (Andres-Lacueva, Shukitt-
Hale et al., 2005), na tarefa da esquiva inibitéria em ratos (Barros, Amaral et al.,
2006) e também em seres humanos idosos (Krikorian, Shidler et al., 2010; Krikorian,
Boespflug et al., 2012). Alguns investigadores descobriram que os flavonadides,
incluindo algumas antocianinas, possuem uma biodisponibilidade oral em ratos
(Mcghie, Ainge et al., 2003) e que sdo capazes de atravessar a barreira hemato
encefélica ap6s suplementacdo com mirtilo (Andres-Lacueva, Shukitt-Hale et al.,
2005) e amora (Talavera, Felgines et al., 2003; Talavera, Felgines et al., 2004;
Talavera, Felgines et al., 2005), bem como depois de uma Unica administracdo
(Passamonti, Vrhovsek et al., 2005), sugerindo que estes compostos possam ter um
efeito direto sobre os processos cerebrais. Adicionalmente, o consumo alimentar
para individuos foi estimada ser de até 200 mg/dia de antocianinas, que € maior do
gue a de outros flavonéides como a quercitina (23 mg/dia) (Scalbert e Williamson,
2000; Mcghie, Ainge et al., 2003). Nesta tese, nosso objetivo inicial foi investigar o
papel das antocianinas sobre a memodria e relacionar estas mudancas com o
sistema colinergico e purinérgico em um modelo de amnésia induzido por
scopolamina. Uma vez encontrado efeitos deste composto sobre parametros
comportamentais, especialmente memoéria, definimos o passo seguinte, que seria
investigar se o tratamento com antocianinas poderia prevenir déficits encontrados
em um modelo de deméncia esporadica do tipo Alzheimer, induzido por
administracao intracerebroventricular de streptozotocina (ICV-STZ), comparar 0s

resultados nos dois modelos e sugerir que tanto o sistema colinérgico como
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purinérgico podem ser regulados pelo tratamento com antocianinas, sugerindo
assim, o uso deste composto como uma nova estratégia terapéutica para controlar a
deteriorizacdo mnemaonica no envelhecimento.

Nosso primeiro estudo (Manuscrito 1) foi conduzido para avaliar o papel
preventivo das antocianinas (ANT) nos déficits de memoria induzidos por
escopolamina (SCO) em ratos. Nossos resultados mostraram que a SCO prejudicou
a aquisicdo de memodria em ratos treinados na tarefa de esquiva inibitéria.
Curiosamente, neste estudo verificou-se que uma dose de 200 mg/kg de ANT
durante sete dias ndo melhorou per se a memdria de ratos na tarefa de esquiva
inibitéria, mas impediu que os déficits de memdria induzidos pela SCO ocorre-se. A
SCO é um alcal6ide derivado de Atropa belladonna e atua como um antagonista
competitivo do receptor de acetilcolina muscarinico M1 (mAChR) (Wang, Lu et al.,
2003). Por esta razdo, a SCO € usada para comprometer a neurotransmissao
colinérgica e, em alguns aspectos, reproduz o déficit de memoria observado em
doencas caracterizadas por uma deficiéncia na neurotransmissao colinérgica, tais
como a DA (Christensen, Maltby et al., 1992). E neste primeiro estudo, os resultados
mostraram que a administracdo de SCO aumentou significativamente a atividade de
acetilcolinesterase (AChE), no cortex cerebral e no hipocampo de animais, e estes
resultados sdo consistentes com o de outros autores (Choi, Lee et al., 2012; Oh, Kim
et al., 2013). A SCO tem sido utilizada para investigar drogas antiamnésicas para o
SNC relacionado com a idade (Sakurai, Kato et al., 1998). Em investigacdes in vivo
de ratos tratados com SCO, foi mostrado que a AChE cerebral foi marcadamente
reduzida (Southam, Thomas et al.,, 1991). Nossos resultados demonstraram que
SCO aumentou a atividade da AChE e este efeito foi prevenido pelo tratamento com
ANT. Estes dados, juntamente com os parametros de memoria sugerem que as ANT
pode exercer seus mecanismos pela regulacdo da via colinérgica.

Além das alteragbes na transmissao colinérgica, disturbios cognitivos,
apresentam uma diminuicdo da geracdo do potencial de membrana e o influxo de
Ca?* neuronal (Mata, Berrocal et al., 2011). Considerando que a Na*, K*-ATPase é
uma das mais abundantes enzimas do SNC, consumindo cerca de 40-60% do ATP
gerado (Kaplan, 2002), ndo € surpreendente que as alteracbes na sua atividade
podem causar uma variedade de anormalidades. Neste primeiro estudo, foi
encontrado uma reducdo na atividade de Na*, K*-ATPase e Ca**-ATPase no cortex

cerebral e no hipocampo de animais tratados com SCO, o qual foram atenuadas
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pelo tratamento com ANT (200mg/kg). Adicionalmente, a atividade reduzida da Na”,
K*-ATPase e da Ca*-ATPase, tem sido sugerido desempenhar um papel central no
processo de formacdo da memoaria (Lingrel, Williams et al., 2007; Moseley, Williams
et al., 2007) e na patogénese de doengas neurodegenerativas, tais como a DA
(Mata, Berrocal et al., 2011) e doenca de Parkinson (Zaidi, 2010).

No SNC, as NTPDases sao importantes enzimas envolvidas na
neurotransmissao purinérgica. E no segundo estudo realizado por nosso grupo de
pesquisa (ARTIGO 1), foi observado um aumento significativo na atividade das
NTPDases em sinaptossomas de cortex cerebral e hipocampo em ratos tratados
com SCO, e este efeito pode ser responsavel pela reducdo do ATP extracelular na
fenda sinaptica, ao qual comprometeria a sinalizacdo purinérgica, uma vez que
reduz a disponibilidade de ATP extracelular. Além disso, estas enzimas diferem nas
suas proporcdes e preferéncia para substrato. O NTPDases 1, hidrolisa ATP em
ADP e da mesma forma, também NTPDases 2, 3 e 8, hidrolisam mais ATP do que
ADP, e, preferencialmente, a NTPDase 4 hidrélisa UDP (Zimmermann, 2001). Com
base nestes resultados, sugere-se que os efeitos encontrados no hipocampo e no
cortex cerebral podem estar relacionados com a atividade das diferentes isoformas
da enzima. A hidrolise enzimatica de ATP e ADP no hipocampo sugere o
envolvimento da NTPDases 1, ao passo que no cortex cerebral outras isoformas,
com maior afinidade para o ATP podem estar envolvidas. Estes resultados parecem
fazer algum sentido quando comparados com o0s resultados de memoria avaliados
na tarefa de esquiva inibitéria, onde o efeito amnésico induzido pela SCO foi
impedido pelo tratamento com ANT. Avaliou-se também, neste modelo de amnésia,
a atividade da adenosina deaminase (ADA) e 5'-nucleotidase (5’-NT). Como pode
ser visto no Artigo 1, a SCO diminuiu a atividade da ADA e da 5-NT em
sinaptossomas de hipocampo, e o tratamento com ANT foi capaz de prevenir esta
diminuicdo. Em adicao, a atividade da 5’-NT é muito importante uma vez que leva a
producdo de adenosina extracelular (Schetinger, Vieira et al., 2001; Burnstock,
2006).

A deplecao da adenosina extracelular pode perturbar a formacao da memoria,
pois a adenosina tem sido considerada um neuromodulador importante no
estabelecimento da LTP e LTD, bem como na plasticidade sinaptica (De Mendonca,
Costenla et al., 2002). Com base na atividade das ectonucleotidases, pode ser visto

que o tratamento com SCO aumentou a hidrélise de ATP e de adenosina
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extracelular. A reducdo dos niveis extracelulares dessas moléculas pode reduzir a
sinalizacdo da neurotransmissdo adenosinérgico e purinérgica, respectivamente, e
comprometer a aquisicdo da formacdo da memoaria. No entanto, nenhum estudo na
literatura mostra o efeito da SCO e do tratamento com ANT sobre a atividade de
ectonucleotidases, devido ao fato da escasses de trabalhos que investiguem estas
abordagens, o possivel mecanismo pelo qual a SCO ou as ANT atuam no sistema
coliérgico e purinérgico precisam ser ainda investigados.

Uma vez que um grande numero de evidéncias sugere um papel
neuroprotetor para ANT, e que 0s primeiros objetivos desta tese foram alcancados,
em seguida foi investigado no segundo manuscrito desta tese (Manuscrito 1) se este
composto natural é capaz de prevenir as alteragcdes encontradas num modelo de
deméncia esporadica do tipo de Alzheimer (DAS), induzida por injeccdo ICV-STZ. A
administracdo intracerebroventricular de STZ (3mg/kg), em uma dose
subdiabetogénica para roedores tém sido relatada como apropriado modelo para a
DAS (De La Monte, Tong et al., 2006) causando um enfraquecimento progressivo da
memoria, perda sinaptica e disfuncdo neuronal (Blokland e Jolles, 1993). Os
resultados obtidos mostraram que o ICV-STZ prejudica a aquisicdo de memadria em
ratos treinados na tarefa de esquiva inibitoria, e nesse estudo utilizou-se também a
dose de 200 mg/kg de ANT, mostrando que este composto foi capaz de impedir 0s
déficits de memoéria encontrados em ratos tratados com ICV-STZ. Além disso, nos
objetivos iniciais desta tese, definimos que a dose 200mg/kg de ANT antagonizou 0s
déficits de desempenho mneménico induzidos por SCO em ratos, 0 que sugere que
as ANT possuem uma estreita interacdo com o sistema colinérgico. A ingestéo diaria
de ANT foi escolhida por estar de acordo com o consumo da populacéo dos Estados
Unidos (Manach, Scalbert et al., 2004). Em consonancia, estudos anteriores indicam
também que uma ingestdo diaria de 200 mg/kg de ANT apresentam efeitos
protetores em ratos, camundongos e humanos (Blokland e Jolles, 1993) e pode
melhorar a aprendizagem e memodria em ratas velhas e ovarioectomizadas
(Varadinova, Docheva-Drenska et al., 2009).

Além da aprendizagem e avaliacdo de memoria, neste segundo manuscrito,
avaliamos o comportamento de ansiedade dos animais pela tarefa de labirinto em
cruz elevado (Belzung e Griebel, 2001). Os nossos resultados mostraram uma
ansiedade maior no grupo ICV-STZ (3 mg/kg), que esta de acordo com observagdes

anteriores em que os ratos submetidos a ICV-STZ, em curto periodo de tempo (7



173

dias) de tratamento apresentam um aumento no comportamento ansioso (Pinton, Da
Rocha et al., 2011). Porém, também testou-se um protocolo de exposicdo maior ao
ICV-STZ (28 dias, dados preliminares), e os resultados demonstraram que nesse
periodo o comportamento ansiogénico destes animais parece estabilizar (ANEXO |,
Figura 5 D e E). Embora ndo tenha sido encontrado um efeito ansiolitico do
tratamento com ANT per se por 7 dias para 0 tempo nos bracos abertos, foi
encontrado uma diminuicdo do tempo gasto nos bracos fechados pelos animais
tratados com ANT. Porém, neste estudo foi utilizada uma dose de ANT que
apresenta efeitos benéficos sobre a aprendizagem e memdéria (Varadinova,
Docheva-Drenska et al., 2009; Gutierres, J. M., Carvalho, F. B. et al., 2012). No
entanto, sugerimos que para investigar os efeitos ansioliticos das antocianinas, com
maior adquacédo, seria pertinente selecionar um intervalo de doses. Além disso, a
dose escolhida neste estudo foi capaz de prevenir 0 comportamento ansiogénico
causado pela administragdo ICV-STZ. Por esta razdo, sugere-se que 0 mecanismo
pelo qual as ANT desempenham seus efeitos ansioliticos esta relacionado com a
afinidade deste composto pelo receptores GABAA, uma vez que neste estudo
mostramos que as ANT deslocam significativamente a ligacdo especifica do
[®H]flunitrazepam com o sitio benzodiazepinico conhecido deste receptor. E este
trabalho é o primeiro a descrever um local especifico onde este composto pode agir
de forma a promover um efeito ansiolitico, sugerindo que as ANT podem ser
considerados como um agente farmacologico em situacdes de ansiedade.

O papel fundamental do sistema colinérgico na memoaria é ainda sublinhado
pelo uso de inibidores da acetilcolinesterase na DA, com o intuito de evitar o declinio
da memoria. Neste estudo, verificou-se ainda, que o grupo ICV-STZ apresentou um
aumento na atividade da AChE em sobrenadante e sinaptosomas de hipocampo e
cortex cerebral em relacdo a todos os grupos testados. Este resultado esta em
conformidade com os estudos anteriores que mostram aumento na expressao de
AChE (Lester-Coll, Rivera et al.,, 2006) e de sua atividade com a administracédo
intracerebroventricular de STZ (Awasthi, Tota et al., 2010)[. Além disso, a injecao
ICV-STZ também causou deficiéncia colinérgica apoiada pela reducéo da atividade
cholineacetiltransferase (CHAT) no hipocampo de ratos (Blokland e Jolles, 1993;
Sonkusare, Srinivasan et al., 2005). E possivel que o aumento da atividade da AChE
ocorra devido a uma diminuicdo no metabolismo energético e estresse oxidativo

levando a disfunc¢des cognitivas, inibindo a sintese de ATP e acetil-CoA. Além disso,
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a deficiéncia na sinaliza¢ao da insulina e aumento do estresse oxidativo induzido por
administragao ICV-STZ foi associada com uma regulagdo positiva de AChE no
cérebro de ratos (Lester-Coll, Rivera et al., 2006). O nosso grupo de pesquisa
demonstrou que a administracao intraperitoneal de STZ (em doses superiores: entre
60-76mg/kg), um modelo de diabetes do tipo 2; provocou um aumento significativo
na atividade da AChE em sinaptosomas de cOrtex cerebral de ratos (Schmatz,
Schetinger et al., 2009). Adicionalmente, neste terceiro estudo, foi observado que as
ANT foram capazes de prevenir a up-regulagdo de AChE no hipocampo e no cértex
cerebral de animais injetados ICV-STZ, mesmo que este composto per se ndo
apresenta qualquer efeito sobre a atividade de AChE.

Embora nédo avaliamos neste estudo se a Na*, K*-ATPase ou a Ca**-ATPase
neuronal e glial sdo preferencialmente afetadas pela administracdo de ICV-STZ, é
concebivel que a injecdo ICV-STZ pode alterar ambos os tipos de células. Se for
este 0 caso, a administracao ICV-STZ poderia alterar os gradientes intracelulares
como o Na*, K e Ca®", facilitando a despolarizacdo neuronal e prejudicando os
processos de transporte dependentes do gradiente de potassio, tais como a
captacdo de neurotransmissores (Benarroch, 2011). Neste ponto de vista, sabe-se
que uma diminuicdo da atividade e expressdo de Na*, K'-ATPase, afeta diretamente
a sinalizacao de neurotransmissores, prejudicando a aprendizagem e a memoria,
bem como a atividade locomotora e os comportamentos de ansiedade de ratos (Dos
Reis, De Oliveira et al., 2002). E em estudos in vitro foi mostrado que o inibidor da
Na*, K*-ATPase, a ouabaina, aumenta o influxo de Ca®" em fatias de cérebro de
ratos (Fujisawa, Kajikawa et al., 1965), induz a liberacdo de glutamato por transporte
reverso de Na* [108] e causa a excitotoxicidade em neurénios do hipocampo (Lees,
Lehmann et al., 1990). Corroborando com estes achados, o nosso estudo mostrou
gue a administragao ICV-STZ tanto em um curto periodo (manuscrito 1) quando em
longo periodo (ANEXO I, Figura 6 A e B) reduziu a atividade da Na*, K*-ATPase e
causou um aumento da Ca?*-ATPase, sugerindo que uma perturbacdo nas
concentracdes eletroliticas de Na* e de Ca®" pode levar a excitotoxicidade neuronal
em um modelo experimental para a DAS.

Além disso, é sabido que a inibicdo de Na*, K'-ATPase pode aumentar as
correntes mediadas por receptores NMDA no hipocampo (Zhang, Guo et al., 2012)
Sabe-se que a ativacdo do receptor de NMDA aumenta a producdo de 6xido nitrico

(NO), aumentando tanto a sintese, como a atividade da 6xido nitrico sintase (NOS)
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(Prast e Philippu, 2001). O NO é um mensageiro retrogrado que se difunde através
das membranas celulares e pode ativar a guanilato ciclase e a PKG (East e
Garthwaite, 1991). Estudos anteriores tém demonstrado que a ativacdo da NOS e a
sintese de NO esta relacionado com uma reducido da Na*, K'-ATPase (Boldyrev,
Bulygina et al., 2004). Os resultados obtidos demonstraram que a administracao
ICV-STZ, aumenta o0s niveis de nitrato/nitrito (NOx), que sao considerados
marcadores da sintese de NO, e estes resultados podem estar relacionados com a
reducdo de Na’, K'-ATPase, de duas maneiras: i) O NO pode inibir a Na*, K'-
ATPase através da sua ligacdo a grupos tids, gerando S-nitro-tidis e,
consequentemente, conduzindo a formacdo de compostos nitrosos (Boldyrev e
Bulygina, 1997; Boldyrev, Bulygina et al., 1997)], ii) A ativacio da via de sinalizagéo
relacionada com a NOS/cGMP/PKG (Carvalho, Mello et al., 2012).

Evidéncias tém demonstrado uma correlacdo entre o consumo de frutas e
vegetais frescos, com a prevencdo e atraso do aparecimento de doengas cronico-
degenerativas, incluindo cancer (Juranic e Zizak, 2005) e DA (Darvesh, Carroll et al.,
2010). Estes estudos indicaram que, além dos efeitos antioxidantes das ANT, por
exemplo, estes compostos podem diminuir os niveis de NO (Blokland e Jolles,
1993). Os dados apresentados neste trabalho demonstram que o tratamento com
ANT (200 mg/kg) impediu a elevacdo no niveis de NOx induzido pela administracao
ICV-STZ. Estudos anteriores demonstraram que as ANT sdo capazes de reduzir a
expressdo de iINOS, bem como a producdo de NO em macrofagos e células JC77
expostas ao lipopolissacarideo (LPS) induzindo inflamacédo (Pergola, Rossi et al.,
2006). Essas evidéncias sugerem que as ANT podem impedir 0s mecanismos
excitotoxicos relacionados com a sintese de NO, ja que o excesso de producdo de
espécies reativas de nitrogénio (RNS) resulta em estresse nitrosativo, 0 que
contribui  para varios processos patologicos subjacentes a doencas
neurodegenerativas e inflamatdrias (Valko, Leibfritz et al., 2007). A Na*, K*-ATPase
€ um enzima transmembranar sensivel a ROS e RNS (Franzon, Lamers et al., 2003)
enquanto que a Ca®*-ATPase é uma enzima sensivel aos niveis de Ca®" intracelular
(Pereira, Ferreira et al., 1996; Huang, Nagaraja et al., 2010). Esta ultima enzima é a
principal moduladora da concentragédo intracelular deste segundo mensageiro, e
aumentos na atividade de Ca?*-ATPase pode ser um mecanismo compensatorio
para remover um excesso de fon Ca*, e isto pode ser o resultado da injecdo ICV-

STZ, uma vez que neste terceiro estudo a atividade da Ca?**-ATPase foi elevada
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nesse grupo, diferente do encontrado no modelo de amnésia induzido por SCO. E
interessantemente, o tratamento com ANT preveniu estes efeitos deletérios,
portanto, a atividade antioxidante das ANT pode estar relacionada com um efeito
protetor sobre a disfuncéo destas enzimas.

Além das propriedades antioxidantes das ANT, n&o podemos deixar de
descartar outros mecanismos neuroprotectores na prevencdo do aumento do NOx
induzido por ICV-STZ, tais como a afinidade das ANT aos receptores GABAAa.
Estudos tém investigado que os compostos que potencializam receptores GABAa
(benzodiazepinas) podem impedir o aumento da producdo de NO induzido pela
administracdo de NMDA no cerebelo de roedores (Fedele, Ansaldo et al., 2000).
Além disso, a ativacdo dos receptores GABAA protege o0s neurdnios contra a
toxicidade ao peptideo B-amiléide em regibes afetadas no cérebro de animais com
DA (Paula-Lima, De Felice et al., 2005).

Uma vez que a regulacdo do sistema colinérgico, a perda de memodria
associada com o comportamento ansiogénico tem sido relacionada com a
fisiopatologia da DA, os nossos resultados sugerem que as ANT podem exercer
acOes benéficas, impedindo o aumento da atividade da AChE e perda de memodria
induzida pelo ICV-STZ. E os resultados obtidos nesse estudo demonstraram, pela
primeira vez, que as ANT possuem afinidade para os receptores GABA,, 0 que pode
explicar o efeito ansiolitico per se delas em neutralizar o aumento da ansiedade de
animais injetados com ICV-STZ. Além disso, as implicacdes terapéuticas para o uso
das ANT pode ser através da sua capacidade de modular a producdo de NO e
regular a atividade da Na*, K*-ATPase e Ca’-ATPase em situagdes patoldgicas.

Outro fato bastante interessante a ser destacado, é que um dos objetivos
deste estudo também foi caracterizar modificacbes morfolégicas presentes no
hipocampo de animais tratados com ICV-STZ, por esta regidao cerebral ter um papel
central no processamento mnemonico associado aos testes comportamentais de
avaliacdo do desempenho de memodria escolhidos (Maia e De Mendonca, 2002;
Lynch, 2004). Para verificar as modificagfes da arquitetura dos neurdnios principais
do giro dentado e do cornu Ammonis foi utilizando uma coloragéo de violeta de cresil
(Duarte, Carvalho et al., 2009) e também a presenca de neurénios lesados utilizando
uma coloracdo com Fluoro Jade-C (Schmued, Stowers et al.,, 2005) tal como
previamente descrito (Canas, Porciuncula et al., 2009). A exposi¢cdo dos animais a

injecdo de ICV-STZ por 28 dias foi capaz de alterar a morfologia de células
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neuronais confirmadas pela coloracdo de violeta de cresil (ANEXO I, Figura 1).
Nossos resultados revelaram que a administracdo de ICV-STZ sozinha resultou na
diminuicao seletiva de viabilidade de neurdnios, mais proeminentemente nas regioes
da lamina dorsal do que a regido ventral do hipocampo, com a perda de células
maxima vista principalmente na regido do giro dentado do hipocampo (ANEXO I,
Figura 1H). Uma perda de células piramidais na regido CA3 também foi observada
em todos os animais injetados ICV-STZ (ANEXO |, Figura 1F). Porém, quando
verificado lesdes e morte de neurdbnios em animais injetados ICV-STZ pela
coloracdo de Fluoro Jade C, nado foi observada qualquer mudanca significativa em
relacdo ao grupo controle.

Interessantemente, neste estudo de caracterizacdo morfolégica, também
resolvemos investigar a densidade de proteinas para a NTPDase 1 e da 5’-
nucleotidase por Western Blot, o qual verificamos uma reducdo na densidade
apenas da 5-NT (ANEXO |, Figura 4B). Uma vez verificado esta mudanca de
densidade especifica para a 5-NT, resolvemos selecionar esta enzima para
confirmar a presenca desta no hipocampo, através da sua immunoreatividade
utilizando anticorpos especificos conjugados a fluoréforos. Nossos resultados
mostraram uma marcante redugdo na immunoreatividade para a 5’-NT nos animais
injetados com ICV-STZ, e mudancas na atividade de ectonucleotidases também
foram avaliadas nesse modelo.

O tratamento de maior duracdo com STZ apresentou uma diminui¢ao
significativa para a atividade da NTPDase, utilizando ATP como substrato, e
diminuicdo na atividade da 5’-NT nesses animais (ANEXO |, Figura 4 D, E e F). Além
disso, a atividade da &-NT mostrou-se alterada em diferentes modelos
experimentais estudados por pesquisadores do nNnoOsSsO grupo, em ratos
desmielinizados (Spanevello, Mazzanti et al., 2006) e diabéticos (Schmatz,
Schetinger et al., 2009) ocorrendo um aumento na sua atividade em sinaptossomas
de cortex cerebral. Uma vez que a densidade desta enzima mostrou-se diminuida
em animais ICV-STZ tratados, é possivel inferir que em situagdes de deméncia esta
enzima apresenta efeitos mais pronunciados do que a NTPDase 1, indicando que
esta enzima pode ter um papel crucial na deméncia esporadica do tipo Alzheimer,
afetando as concentragdes de adenosina extracellular, um reconhecido nucleosideo
com propriedades neuromodulatérias e neuroprotetoras. Adicionalmente, outros

resultados que corroboram com os anteriores, € que os animais ICV-STZ tratados
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mostraram no hipocampo um aumento de até 50,96% maior para 0s niveis de
espécies reativas totais (ROS total) em relacdo ao controle, também aumento nos
niveis de peroxidacdo de lipideos (medida do MDA) e de Oxido nitrico (NOX),
indicando marcante estresse oxidativo e nitrosativo ao qual poderia culminar na
diminuicdo da viabilidade de neurdnios, confirmadas pela coloracdo de violeta de
cresil, e diminuicdo da atividade da NTPDase e 5-NT, uma vez que elas estédo
ligadas a membrana celular (Figura 4, B-D)

Curiosamente, a atividade da enzima NTPDase (utilizando ATP como
substrato) apresentou uma diminuicdo significativa no grupo STZ. Apesar da sua
densidade néo ter sido alterada durando o tratamento com STZ, os resultados da
atividade enzimatica estdo em conformidade com a diminuicdo dos niveis de ATP
verificados por HPLC em animais ICV-STZ tratados. Sabe-se que a piora da funcéo
mitocondrial e reducdo dos niveis de ATP sdo condi¢cdes patolodgicas encontradas
em doencas neurodegenerativas, como DA, e isto esta intimamente ligada a
diminuicdo dos processos cognitivos (Ferrer, 2009; Hauptmann, Scherping et al.,
2009).

No cérebro, o armazenamento da informacdo esta envolvido com um
aumento na eficiéncia de vias estimuladoras sinapticas (Wieraszko e Ehrlich, 1994;
Wieraszko, 1996). Desde as primeiras demonstracdes de estimulacdo da libertacéo
ATP (Holton, 1959), existe um interesse crescente no papel da adenosina e do ATP
na transmissdo sinaptica (Cunha e Ribeiro, 2000). ATP e adenosina atuam como
neurotransmissores modulando receptores purinérgicos e adenosinérgicos,
respectivamente (Zimmermann, 1994). Tem sido relatado que o ATP e adenosina
modulam a LTP e LTD em neurdnios (De Mendonca, Costenla et al., 2002) e
também contribuem para a plasticidade sinaptica neuronal (Wieraszko, 1996).
Finalmente, estes processos estéo relacionados com a aprendizagem e formacao da
memoria (Lovinger, 2010), corroborando com nossos estudos, onde foi possivel
guantificar o déficit mneménico de animais ICV-STZ tratados, e esses animais
apresentaram perda significativa de memoria espacial encontrada na tarefa do
labirinto aquéatico de Morris, e memoria sensorial encontrado na tarefa do
reconhecimento de objetos como pode ser observado no ANEXO | (Figura 5 AB e

F) desta tese.



8. Conclusoes
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8.1 Conclusdes

v' A administracdo de ANT foi capaz de antagonizar os déficits de memoria

induzidos pela injecao intraperitoneal de SCO em ratos.

v A atividade das enzimas AChE, Na'K'-ATPase e Ca?-ATPase foram
alteradas nos animais injetado com SCO. E o tratamento prévio com ANT
reestabeleceu a atividade destas enzimas tanto no cértex cerebral como no
hipocampo destes animais. Este efeito preventivo das ANT, juntamente com
0os parametros de memoria parece demonstrar que esse composto pode

exercer seus mecanismos pela regulacdo da via colinérgica.

v' Além das alteracdes na transmissdo colinérgica, foi também mostrado que
enzimas do sistema purinérgico foram afetadas pela SCO. O aumento na
atividade da NTPDase, diminuicdo na atividade da ADA e 5’-NT no cérebro de
animais injetados com SCO pode ser responsavel pela reducdo do ATP e
adenosina extracelular na fenda sinaptica, ao qual pode comprometer a
sinalizacdo purinérgica. E o tratamento com ANT impediu alteracbes na
atividade destas enzimas, podendo assim aumentar a disponibilidade de ATP

e adenosina reestabelecendo o funcionamento correto desta via.

v Quando testamos se as ANT sdo capazes de prevenir as alteracbes
encontradas num modelo de DAS, induzida por inje¢do ICV-STZ, nossos
resultados mostraram que a injecao de ICV-STZ prejudicou a aquisicdo de
memoria dos animais, o tratamento com ANT foi capaz de impedir os déficits
de memoria encontrados nesse modelo sugerindo um efeito neuroprotetor

deste composto.
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v' Os animais ICV-STZ tratados apresentaram elevado comportamento

ansiogenico e o tratamento com ANT previniu este efeito, indicando que as
ANT pode ser considerada um composto com propriedades ansioliticas, uma
vez que experimentos in vitro, mostraram uma afinidade deste composto pelo

sitio benzodiazepinico de receptores GABAA.

Os animais ICV-STZ tratados apresentaram marcante elevacdo na atividade
da AChE e Ca2+-ATPase, e reducdo na atividade da Na+,K+-ATPase em
ambos tratamentos de curta e longa duracdo, podemos sugerir que a injecao
de ICV-STZ causa uma perturbacdo nas concentracdes eletroliticas de Na+ e
de Ca2+ e isto poderia levar a excitotoxicidade neuronal e aumento na
atividade da AChE no modelo experimental para a DAS, e estes efeitos
podem ser prevenidos, pelo menos, a curto prazo com a administracao de

ANT, como observado neste estudo.

Os animais ICV-STZ tratados por 28 dias apresentaram modificacdes
morfolégicas em células neuronais, indicando diminuicdo seletiva de
viabilidade de neuronios, mais especificamente nas regides CA1l, CA3 e giro
dentado do hipocampo em comparacdo com animais normais. Porém, a
injecdo ICV-STZ nao foi responsavel por lesbes que levariam a morte dos

neuronios.

Tanto a densidade como a immunoreatividade para a 5’-NT foi marcadamente
reduzida em animais ICV-STZ tratados em comparagao com o grupo de ratos
normais. Além disso, o tratamento com STZ mostrou uma diminui¢ao
significativa para a atividade da NTPDase e 5’-NT. Uma vez que a densidade
da 5-NT mostrou-se diminuida em animais ICV-STZ tratados, & possivel
sugerir que em situacfes de deméncia esta enzima apresenta efeitos mais
pronunciados do que a NTPDase 1, indicando que a 5'-NT pode ter um papel

importante na DAS.



183

v" No hipocampo de animais ICV-STZ tratados foi encontrado uma elevagéo
consideravel nos niveis de ROS total, MDA e NOx, indicando marcante
estresse oxidativo, que poderia levar a diminuicdo na viabilidade de neurénios
e na atividade das enzimas NTPDase e 5-NT, uma vez que elas estdo

ligadas a membrana celular.
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