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RESUMO

Hoje ha um grande interesse em componentes da dieta, como os polifendis do cha
verde, os quais podem exercer efeitos de prote¢ao contra varias doengas neurolégicas,
incluindo Alzheimer, isquemia e acidente vascular cerebral. O objetivo deste estudo foi
investigar o efeito da (-) epicatequina 3-galato (ECG), um dos principais antioxidantes
do cha verde, em células da linhagem C6. Avaliamos morfologia e integridade celular,
captacdo de glutamato e secrecdo de S100B e o efeito sobre a genotoxicidade
induzida por H-O,, na presenca de 0,1; 1 € 10 uM de ECG. Ap6s 6 h de incubagéo,
houve alteragcdo morfoldégica somente com 10 uM de ECG. Entretanto, apds 24 h,
todas as concentragdes de ECG induziram formagéo de processos ao redor do corpo
celular. Houve perda da integridade celular (~ 6%) somente apds 24 h, apenas na
presenca de 10 uM de ECG. Houve diminuigao (~36%) na captagéo de glutamato apds
1 hcom1e 10 uM de ECG. Apos 6 h, houve aumento na captacéo de glutamato
(~70%) a partir de 0,1 uM. Também se observou aumento significativo na secre¢ao de
S100B com 1 uM de ECG (~ 36%) e com 10 uM (69%) apos 1 h, enquanto apos 6 h,
todas concentragbes induziram um aumento na secrecdo de S100B (~60%).
Curiosamente, na presenga de 10 uM de ECG houve efeito genotdxico, dependente do
tempo de exposicdo. Ja com doses mais baixas (0,1 e 1 uM), a ECG foi capaz de
prevenir completamente a genotoxicidade induzida pelo HO.. Em suma,
demonstramos que a ECG pode modular captacédo de glutamato e secrecdo de
S100B. Além disso, pode exercer efeitos genoprotetores ou genotoxicos em células
C6, dependendo da concentragao e do tempo de incubagao. Estes resultados sugerem
que a ECG pode contribuir para o papel neuroprotetor das células gliais e contrapor-se

a patologias neurolégicas associadas ao estresse oxidativo.
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ABSTRACT

There is a current interest in dietary compounds, such as green tea
polyphenols, that can favor protection against a variety of brain disorders,
including Alzheimer's disease, ischemia and stroke. The objective of the
present study was to investigate the effects of (-)-epicatechin-3-gallate (ECG),
one of three major green tea antioxidants, on C6 lineage cells. We evaluated
cell morphology and integrity; specific astrocyte activities; glutamate uptake;
S100B secretion and the effect on genotoxicity induced by H>O. in the presence
of 0.1, 1 and 10 uM ECG. During 6 h of incubation, cell morphology was altered
only at 10 uM ECG; After 24 h, cells become stellate (process-bearing cells), in
the presence of all concentrations of ECG. Loss of cell integrity (~ 6%) was
observed after 24 h with 10 uM ECG. ECG (1-10 uM) induced a decrease (~
36%) in glutamate uptake after 1 h, however, after 6 h, occurred a sustained
increase in glutamate uptake (~ 70%) from 0.1 pM. A significant increase in
S100B secretion was observed at 1 uM ECG (36%) and 10 pM ECG (69%)
after 1 h, in contrast to 6 h, when all doses induced a significant increase (~
60%). Interestingly, ECG 10 uM showed genotoxic effects depending on time of
incubation. In contrast, smaller doses of ECG (0.1 and 1 uM) were able to
almost completelly prevent genotoxicity induced by H:O.. In summary, this
study demonstrates that ECG can induce a significant improvement in
glutamate uptake and S100B secretion. Also, ECG can exert genoprotective or
genotoxic effects in C6 cells depending on concentration and time of incubation.
These results suggest that ECG could contribute to the neuroprotective role of

astroglial cells to counteract brain pathologies associated with oxidative stress.
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LISTA DE ABREVIATURAS

EAAC = Transportador de glutamato (do Inglés “excitatory aminoacid carrier”)

EAAT = Transportador de glutamato (do Inglés “excitatory aminoacid
transporter”)

ECG = Epicatequina galato

EGC = Epigalocatequina

EGCG = Epigalocatequina galato

ERO = Espécies reativas de oxigénio

GFAP = Proteina acida fibrilar glial (do Inglés “glial fibrillary acidic protein”)

GLAST = Transportador de glutamato astrocitico (do inglés “glutamate

astrocyte transporter”)
GLT = Transportador de glutamato (do Inglés “glutamate transporter”)
RL = Radical livre

SOD= Superoxido dismutase
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I. INTRODUGAO

O cha é uma das bebidas mais consumidas no mundo todo (Yang et al,1998).

O crescente interesse pela bebida deve-se grandemente a estudos que mostram

uma relagao inversa entre seu consumo € o risco de doencas degenerativas como

cancer e de doengas cardiovasculares (Elbling et al, 2005).

1. Camellia Sinensis

O cha, derivado da Camellia sinensis (Figura 1), apresenta muitos efeitos

benéficos a saude (Yang et al., 1998). Tais beneficios estdo sendo atribuidos a

propriedade antioxidante dos polifendis que o constituem (Hakim et al, 2003).

Figure 1. Morphology of Green Tea, Camellia sinensis.

Esta espécie é extensivamente
cultivada no mundo, particularmente:
Sri Lanka, india, China, Japao,
Taiwan, Quénia, Camardoes,
Tanzania e Malawi. No Brasil, esta
associado a colbnias japonesas, por
exemplo, como ocorre no municipio
de Registro, localizado na regido sul-
atlantica, no interior do estado de

Sao Paulo.

Figura 1. llustracao da planta Camellia sinensis. Retirado de Ravindranath et al

(20086).



Os chas comerciais sao usualmente classificados em quatro grandes
categorias: Cha Branco, feito das mais tenras folhas, por desidratagao solar, mais
raro e de maior custo, com alta capacidade antioxidante; Cha Verde, produzido
sob altas temperaturas, um processo que inativa a oxidacao; Cha Oolong,
conhecido como cha roxo, sofre um processo de semi-oxidacao e o Cha Preto,
intensamente oxidado (Friedman et al,2007).

O cha verde é rico em flavonodides, que sao estruturas polifendlicas de baixo

peso molecular encontradas naturalmente nas plantas.

2. Flavonoides

Os flavondides sado metabdlitos secundarios de plantas e podem ser
subdivididos em seis classes: flavonas, flavanonas, isoflavonas, flavondis,
flavandis e antocianinas. O que diferencia os flavondis dos demais flavondides é a
presenca do grupo hidroxilico (na posicao 3) e do grupo carbonilico (na posicao 4)

no anel C, (Mukhtar & Ahmad, 2000), conforme ilustrado na Figura 2.

A Ry

Figura 2. Estrutura basica de flavondis (A) e de flavonéides (B). Retirado de

Mukhtar & Ahmad (2000).



Os flavonodides comecgaram a ser estudados no inicio dos anos 80 quando
Steinmentz e Potter (1991) demonstraram a relacao existente entre uma dieta rica
em frutas e vegetais e a reducao do risco de doengas cronicas. Desde entao, a
atencdo passou a ser direcionada para os compostos potencialmente bioativos,
aos quais a familia dos flavonéides pertence (Harnly et al, 2006).

Dos flavonodides do tipo flavanol (catequinas), encontrados no cha verde, em
geral, somente 10% do peso seco do cha é composto por 3-flavanol, que é a
catequina propriamente dita, ocorrendo um predominio dos derivados deste
flavonoide, dos quais podemos citar: (—)-epigalocatequina-3-galato (EGCG), (-)-
epigalocatequina (EGC), (-)-epicatequina-3-galato (ECG) e a (-)-epicatequina (EC)
conforme ilustrados na Figura 3.
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Figura 3. Estruturas caracteristicas dos principais derivados de catequinas.

Retirado de Mukhtar & Ahmad, 2000).



Algumas das principais caracteristicas dos flavondides em sistemas
biolégicos incluem a sua habilidade de transferir elétrons para ERO, quelar metais,
ativar enzimas antioxidantes e inibir oxidases (Doronicheva et al, 2007).

Durante o processo de oxidacdo, as catequinas vao sendo polimerizadas,
formando derivados caracteristicos de cada cha. A Figura 4 ilustra os polimeros de
catequinas presentes no cha preto, as teaflavinas e as tearubiginas (Yang et al,

1998).

Figura 4. Estruturas caracteristicas de dois polimeros de catequinas, a

teaflavina (A) e a tearubigina (B). Retirado de Mukhtar & Ahmad (2000).

Das catequinas presentes no cha verde, a EGCG é a mais abundante (40—
60%), seguido pela ECG (10-20%), EGC (10-20%), EC (4—6%). A ECG e a
EGCG possuem algumas caracteristicas quimicas em comum, ambas
demonstram uma grande capacidade sequestradora (do inglés “scavenging”) de
radicais. De todas as catequinas, tem se demonstrado que a ECG apresenta o

melhor efeito antioxidante (Caturla et al,2003)



Estudos mostram que o pico de concentracdo plasmatica atingidos pelos
metabdlicos das catequinas ocorre entre uma e duas horas apds o consumo e
corresponde a aproximadamente 3% da quantidade ingerida (Tsang et al., 2005).
As catequinas podem atravessar a barreira hemato-encefélica e em funcao disso,
se tem sugerido um importante papel neuroprotetor para estes compostos
(Kakuda, 2002). Embora alguns estudos demonstrem que o efeito neuroprotetor
das catequinas ocorra principalmente pela prevencao da peroxidacao lipidica e
pelo seu papel no seqlestro de radicais livres (Kakuda, 2002), ainda é pouco

conhecido o efeito destes polifendis sobre neuroprotecao envolvendo fungao glial.

3. Astrocitos e Neuroprotecao

Os astrécitos exercem um papel fundamental na manutencdo da biologia
celular durante o desenvolvimento. Além disto, em situacdes de injdria ou frente a
uma patologia neural, podem tornar-se reativos. Esta reatividade ocorre, por
exemplo, em resposta a agentes téxicos, infeccbes virais, isquemia/hipdxia e
doencas neurodegenerativas. Todas estas patologias estdo acompanhadas por
estresse oxidativo.

Estudos prévios demonstram que, em estagios iniciais de injuria cerebral, a
reatividade dos astrécitos é benéfica para os neurdnios por regular varios
processos bioldgicos, tais como: concentracdo de ions e de neurotransmissores
extracelulares (como glutamato), secrecdo de fatores troficos (como a proteina
S100B), controle da interface sangue-cérebro e defesa antioxidante (Takuma et al,

2004).



3.1 Linhagem C6

A linhagem C6 tem sua origem datada da década de 60 e constitui-se numa
grande fonte de estudos bioquimicos. Ela foi obtido apds injecbes em ratos do
agente alquilante N-nitrosometiluréia (Benda et al, 1968). Esta linhagem ¢é
morfologicamente similar a glioblastomas, quando injetada no cérebro de ratos
neonatos (Auer et al, 1981).

A linhagem C6 constitui-se como uma linhagem neural, podendo apresentar
caracteristicas de oligodendrécitos, astrocitos e neurdnios (Parker et al, 1980),
dependendo do nimero de passagens. A expressao das proteinas gliais GFAP e
S100B atesta o carater astrocitario (Benda et al, 1971; Dos Santos et al, 2006).
Por apresentar caracteristicas de uma célula astrocitaria, a linhagem C6 também é
utilizada para investigacbes de caracteristicas bioquimicas e metabdlicas que
envolvam funcdes astrociticas (Mangoura et al, 1989; Feng & Zhang, 2004; Cechin
et al, 2005; Funchal et al, 2005).

Estas células sdo também largamente utilizadas em pesquisas visando a
regulacao de fatores de crescimento e fatores tréficos (como a S100B), bem como
inumeras vias de transducao de sinal (Grobben et al, 2002; Kim et al, 2006).

3.2 Proteina S100B

A S100B é um membro da familia de proteinas S100, encontrada
principalmente na forma homodimérica (~21 kDa). E uma proteina ligante de calcio
do tipo EF-hand (hélice-alca-hélice), com dois sitios de ligacdo ao calcio por
mondmero (Van Eldik & Wainwright, 2003). Foi isolada h& mais de 40 anos (Moore,

1965), a partir de um extrato de cérebro bovino. Posteriormente, verificou-se que
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este extrato continha duas proteinas muito similares, a S100A1 e a S100B, e a
mesma foi identificada também em tecidos periféricos. Atualmente, sao
conhecidos 21 membros da familia S100 presentes nos mais diversos tipos
celulares de vertebrados (Donato, 2003), os quais possuem aproximadamente
50% de homologia na sua seqtiéncia de aminoacidos (Zimmer & Van Eldik, 1988).
As proteinas da familia S100 receberam esta denominacao por serem sollveis
mesmo em 100% de sulfato de aménio.

No sistema nervoso central (SNC), a S100B é produzida e secretada
principalmente por astrdcitos e exerce efeitos autécrinos e paracrinos sobre outras
células gliais e neurbnios apresentando fungdes intra e extracelulares como
fosforilacdo de GFAP e manutengcdao da integridade do citoesqueleto (Donato,
2003; Frizzo et al, 2004). Culturas primarias de astrécitos e culturas de células da
linhagem C6 sdo comumente utilizadas para estudar a expressao e a secrecao de
S100B (Van Eldik & Zimmer, 1987; Pinto et al, 2000; Davey et al, 2001).

A proteina S100B tem um efeito duplo dependente da concentracéo, ou seja,
em concentragdes na ordem de nanomolar exerce efeito neurotrofico, promovendo
crescimento de neuritos, aumentando a sobrevivéncia de neurdnios durante o
desenvolvimento e em situacdes de injuria ao SNC (Tramontina et al, 2002;
Gottfried et al, 2003; Leite et al, 2006) e protegendo neurbnios contra a
excitotoxicidade do glutamato (Ahlemeyer et al, 2000; Tramontina et al, 2006). O
efeito tréfico também é exercido em astrécitos. Ja em concentracées na ordem de
micromolar, exerce efeito neurotoxico induzindo apoptose (Van Eldik &

Wainwright, 2003).



3.3 Glutamato

O glutamato € o principal neurotransmissor excitatério do sistema nervoso
central e participa de varios processos fisiologicos, incluindo aprendizado e
memoria (Lee et al, 2004). Os neurbnios contém aproximadamente 1 a 10 mM de
glutamato vesicular, que é liberado das células por impulso. O glutamato contribui
para a transducado de sinal por estimular seus receptores e abrir canais iGnicos.
Depois, o glutamato é captado pelos neurbnios ou principalmente pelas células
astrogliais por transportadores, e assim, sua concentracao no espago extracelular
€ mantido entre 1 e 2 mM. O glutamato captado pelos astrécitos é convertido em
glutamina e transferido para os neurdnios, onde entdo é convertido novamente em

glutamato (Kakuda, 2002), conforme ilustrado na Figura 5.

Glutamatergic

Capillary

K*
Na*, K--ATPase
Na*

Figura 5. Modelo de acoplamento metabdlico entre neurénios e astrocitos.

Retirado de Magistretti, 2006.



Atualmente, cinco tipos de transportadores de glutamato dependentes de
sodio estdo bem identificados e caracterizados: GLAST (EAAT1), GLT-1 (EAAT2),
EAAC1 (EAAT3), EAAT4 e EAAT5 (Amara & Fontana, 2002). Os transportadores
de glutamato localizados nas membranas das células gliais sdo de fato os
responsaveis pela manutencao dos baixos niveis extracelulares de glutamato,
garantindo dessa forma a homeostase celular (Anderson & Swanson, 2000;
Tanaka 2000; Amara & Fontana, 2002; Emanuelli et al, 2003; Porciuncula et al,
2004).

Dos cinco subtipos de transportadores de glutamato identificados até hoje,
GLT-1, localizado exclusivamente nos processos astrociticos, representa a rota
predominante de remocao do glutamato extracelular no encéfalo de ratos adultos,
e sua inativacdo funcional aumenta a concentragdo de glutamato extracelular a
niveis téxicos (Zhou & Sutherland,2004).

A linhagem celular C6 pode apresentar os seguintes transportadores de
glutamato dependentes de sédio, EAAT1 (GLAST), EAAT2 (GLT-1) e EAATS
(EAACT) (Takano et al, 2001; Beart & O"Shea, 2007). Também é expresso em C6
o trocador cistina-glutamato independente de sddio (sistema XC) (Ye &
Sontheimer, 1999; Takano et al, 2001). A principal fungdo do sistema XC é a
captacao de cistina e manutencao dos niveis de glutationa intracelulares (Takano

et al, 2001).



4. Efeito de Polifendis sobre Espécies Reativas de Oxigénio

Os polifenéis do Cha Verde sao potentes antioxidantes, e a habilidade destes
componentes sobre a remocao de ERO, como peréxido de hidrogénio e radicais
superoxidos, dependem da sua estrutura quimica (Yamamoto et al,2004).

Inimeros estudos caracterizaram os flavanols como potentes antioxidantes,
capazes de atuar eficientemente na remocao de espécies reativas de oxigénio e
de nitrogénio. O mecanismo de sua acado envolve a doagdo de um atomo de
hidrogénio e/ou elétron para estabilizacdo do radical (Spencer, 2003).

As propriedades antioxidantes das catequinas ocorrem principalmente por
impedir a formacao e também atuar na remocao de radicais livres e por quelar
metais, principalmente ions ferro e cobre, os quais catalisam reagdes que
envolvem radicais livres (Sugisawa & Umegaki, 2002).

O cérebro € um dos mais importantes alvos de ERO, pois apresenta altos
niveis de acidos graxos poliinsaturados, alto consumo de oxigénio e grande

conteudo de metais de transicao (por exemplo: o ferro) (Duarte et al, 2004).

5. Peréxido de Hidrogénio (H20,)

Embora o H.O, ndo seja estritamente um radical livre (RL), por definicdo ele
€ uma espécie reativa de oxigénio (ERO) importante, por sua capacidade de gerar
radical hidroxila (OH") na presenga de metais como ferro (Figura 6). Ele é formado
principalmente na matriz mitocondrial durante o processo de redugédo do oxigénio,
ou pela dismutacdo do radical superdoxido, por meio da enzima superoxido

dismutase (Fridovich, 1998).
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Fe** + H,O, —> OH + OH + Fe*

Figura 6. Reacao de Fenton

6. Dano ao DNA

O dano ao DNA produzido por oxidagdo € considerado o mais significante
dano oriundo do metabolismo celular. Estima-se que aproximadamente 2x10*
lesbes oxidativas ao DNA ocorram no genoma humano por dia (Ames &
Shigenaga, 1992). Acredita-se que, desta maneira, o reparo destas lesdes possua
um papel central na prevencdo do aumento de mutacées nos organismos vivos
(Maluf, 2004).

O excesso de ERO (por ex: H2O,) pode levar a oxidagdo de lipidios,
proteinas € DNA, causando dano as membranas celular e nuclear. O dano
irreparavel ao DNA esta envolvido na carcinogénese, envelhecimento e outras
doencas degenerativas (Cozzi et al, 1997). Porém, devemos levar em
consideracdo que o dano ao DNA pode ser induzido por habitos alimentares e
estilo de vida (McCord & Edeas, 2005).

Dependendo da concentracdo, as catequinas podem induzir apoptose celular
e algumas vezes causar dano ao DNA (Noel et al, 2006), fendmeno associado ao
estresse oxidativo. Isto pode ser provocado pela ligacao direta das catequinas ao
DNA (Kuzuhara et al, 2007).

Desta forma, com base nas propriedades benéficas demonstradas para as

catequinas do cha verde e nos importantes aspectos estruturais dos seus
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derivados, o estudo da resposta de ECG sobre parametros envolvendo funcao
glial e neuroprotecédo ira contribuir para a melhor compreensao do efeito deste

polifenol sobre a homeostase do sistema neural.
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Il. OBJETIVOS

Esta dissertacdo serd apresentada na forma de capitulos, constituidos de

artigos cientificos, visando atingir os seguintes objetivos gerais:

Capitulo I:
Avaliar a acdo de ECG na linhagem celular C6, sobre os seguintes

parametros:
1. Andlise da morfologia e da integridade celular
2. Captacao de glutamato

3. Conteudo intracelular e secrecao de S100B

Capitulo lI:
Avaliar o efeito da ECG sobre dano ao DNA na linhagem celular C6,
abordando os seguintes aspectos:
1. Curva de concentracao e de tempo de incubacéo da ECG
2. Efeito genoprotetor da ECG sobre dano oxidativo ao DNA induzido por

peroxido de hidrogénio.
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Abstract There is a current interest in dietary com-
pounds, such as green tea polyphenols, that can favor
protection against a variety of brain disorders, including
Alzheimer’s disease, ischemia, and stroke. The objective of
the present study was to investigate the effects of (-)-epi-
catechin-3-gallate (ECG), one of three three major green
tea antioxidants, on C6 lineage cells. Here, we evaluated
cell morphology and integrity and specific astrocyte
activities; glutamate uptake and secretion of S100B in the
presence of 0.1, 1 and 10 pM ECG. During 6 h of incu-
bation, cell morphology was altered only at 10 uM ECG;
however, after 24 h of treatment, cells become stellate in
the presence of all concentrations of ECG. Loss of cell
integrity was observed after 24 h with 10 pM ECG and
represented only 6% of cells, in contrast with 2% observed
at basal conditions. ECG (1-10 uM) induced a decrease
(about 36%) in glutamate uptake after 1 h of incubation.
After 6 h, an opposite effect occurred and ECG induced a
sustained increase in glutamate uptake of about 70% from
0.1 uM. In addition, a significant increase in S100B was
observed at 1 pM ECG (36%) and 10 uM ECG (69%) after
1 h, in contrast to 6 h of treatment, where all doses of ECG
induced a significant increase (about 60%) in S100B
secretion. These data demonstrate that ECG induces a
significant improvement in glutamate uptake and S100B
secretion in C6 cells, indicating that ECG could contribute
to the neuroprotective role of astroglial cells.
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Introduction

Green tea is manufactured from the fresh leaves of the
Camellia sinensis plant and is a popular beverage world-
wide; its possible health benefits have received a great deal
of attention. Documented beneficial effects of green tea
and its active components include cancer chemoprevention,
inhibition of the growth, invasion and metastasis of tumor
cells, as well as antiviral, anti-inflammatory, and antioxi-
dant activities [1-3].

The green tea polyphenols are natural plant flavonoids
and this group contains four major types of catechins:
(m)-epigallocatechin-3-gallate (EGCG); (-)-epicatechin-3-gal-
late (ECG), (-)-epicatechin (EC) and (-)-epigallocatechin
(EGC) [4]. These polyphenolic compounds, specifically
EGCG, EGC and ECG, which account for 30-40% of the
extractable solids of green tea leaves, has been thought to
possess significant health-promoting effects. In vivo, green
tea catechins lower the incidence of cancers and collagen-
induced arthritis; oxidative stress-induced neurodegenera-
tive diseases, and streptozotocin-induced diabetes (See [5]
for a review). Also, EGCG can reduce body weight and
body fat [6], contributing to nutritional strategies for the
prevention and treatment of type 2 diabetes mellitus. In
addition, it has been shown that ECG has the greatest
antioxidant effects of all of the catechins [7]. More
recently, it was demonstrated that ECG significantly
improve the quality of wound healing and scar formation, a
full thickness incisional model of wound healing in rats [8].

Various epidemiological studies have suggested that the
consumption of polyphenols derived from fruits, vegetables,
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and beverages may reduce the risk of age-related neurolog-
ical disorders such as dementia of the Alzheimer’s type
(AD), stroke, and Parkinson’s disease [9]. The catechins
consumed in tea are absorbed into the blood vessels from the
intestinal tract. Trace amounts of tea catechins pass through
the blood-brain barrier. While tea catechins are very effec-
tive in preventing atherosclerosis through their antioxidant
effect and scavenging of active oxygen species, their actions
in the brain remain unclear [10].

Glutamate is a principal excitatory amino acid in the
central nervous system and is known to play key roles in
various physiological processes, including learning and
memory [4]. Glutamate excitotoxicity has been suggested
to be an underlying cause in the pathogenesis of ischemia
and neurodegenerative diseases. Therefore, attenuation of
the glutamate excitotoxicity, particularly by stimulating
glial glutamate uptake, may be a promising therapeutic
target [11]. In this context, dysfunction of astrocytes, the
major CNS cell type, has been implicated as the main cause
of neurotoxicity in several experimental models [12, 13].
Astrocytes participate in neuronal excitability by control-
ling the extracellular levels of glutamate and release
glutamine back to the neurons [14].

S100B is a calcium-binding protein that is primarily
expressed in the central nervous system by astroglia. This
protein belongs to the S100 family involved in the regu-
lation of cell proliferation and morphology. Besides its
intracellular role, S100B is secreted by an unknown
mechanism and exerts regulatory effects on neighboring
cells (astrocytes, neurons, and microglia), depending on its
concentration, being neurotrophic at nanomolar levels and
apoptotic at micromolar levels [15, 16].

The C6 glioma cell line was originally derived from rat
brain tumors induced by N-nitrosomethylurea [17]; these
cells have oligodendrocytic, astrocytic, and neuronal
properties [18] and are widely used as an astrocyte-like cell
line [19, 20-24]. In our preparations, more than 95% of the
C6 cells were identified as astrocytes by their immunore-
activity for GFAP, as previously demonstrated by
immunocytochemistry [24]. Here, we investigated the in
vitro effect of ECG on various parameters of astrocyte
activity, namely glutamate uptake, S100B secretion, cell
morphology and death, in C6 glioma cell lineage, in order
to better understand the mechanisms by which ECG exerts
the beneficial biological activities.

Material and methods
Materials

L—[3H]Glutamate was purchased from Amersham Interna-
tional (UK). (-)-epicatechin-3-gallate (ECG), monoclonal
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anti-S100B (SH-B1, S100B protein, phenylmethyl-sulfo-
nylfluoride (PMSF), ethylene glycol bis(2-aminoethyl
ether)-N,N,N'N'-tetraacetic acid (EGTA), 4-(2-Hydroxy-
ethyl)-1-piperazineethanesulfonic acid (HEPES), carbonate-
bicarbonate buffer, bovine serum albumine (BSA), tween-20,
triton X-100, Sigma fast O-phenylenediamine dihidro-
chloride tablets sets (OPD), sodium dodecyl sulfate (SDS),
propidium iodide (PI), trypsin/ethylene-diaminetetraacetic
acid (EDTA), and other materials for cell culture were
purchased from Sigma (St. Louis MO, USA). Dulbeccés
modified Eaglés medium (DMEM) was purchased from
Gibco BRL (Carlsbad, CA, USA), fetal bovine serum
(FBS) from Cultilab (Campinas, SP, Brazil). Peroxidase-
conjugated polyclonal anti-S100B antibody from DAKO.
High-binding flat-bottom plates from Greiner Bio-One
were used in ELISA. All other chemicals were purchased
from common commercial suppliers. For cell analysis, it
was used as an inverted microscope from Nikon containing
digital camera (Sound Vision Inc. Wayland, MA) and TE-
FM Epi-Fluorescence accessory.

Cell culture

C6 glioma cells were obtained from the American Type
Culture Collection (Rockville, Maryland, USA). Cells were
seeded in flasks and cultured in DMEM (pH 7.4) supple-
mented with 5% fetal bovine serum (FBS), 2.5 mg/ml
Fungizone® and 100 U/l gentamicin as previously descri-
bed [24]. Cells were kept at a temperature of 37°C, a
minimum relative humidity of 95%, and an atmosphere of
5% CO, in air. Exponentially growing cells were detached
from the culture flasks using 0.25% trypsin/EDTA and
seeded in 24 well plates (5 x 10° cells/well). After cells
reached confluence, the medium was replaced by
DMEM without serum in the absence (controls) or pres-
ence of ECG at time and concentrations indicated in each
assay.

Cell morphology and integrity analysis

Cells were incubated for 1, 6, and 24 h in the absence
(controls) or presence of 0.1, 1 or 10 uM ECG. Cellular
damage was assessed by fluorescent image analysis of
propidium iodide (PI) uptake. Cells were incubated with
7.5 uM PI concomitantly with treatments and photo-
graphed after 1, 6, and 24 h of incubations. Optical density
was determined with the Optiquant version 02.00 software
(Packard Instrument Company). Density values obtained
were expressed as density light units (DLU). All images are
representative fields from two experiments carried out in
triplicate.
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Glutamate uptake assay

C6 cells were pre-incubated in the absence (controls) or in
the presence of 0.1, 1.0 or 10.0 M of ECG for 1 and 6 h.
Glutamate uptake was performed as previously described
[25] with some modifications. Briefly, C6 glioma cells
were incubated at 37°C in a Hank’s balanced salt solution
(HBSS) containing (in mM): 137 NaCl; 5.36 KCI, 1.26
CaCl,, 0.41 MgSO,, 0.49 MgCl,, 0.63 Na,HPO, - 7H,0,
0.44 KH,PO,, 4.17 NaHCOs;, and 5.6 glucose, adjusted to
pH 7.4. The assay was started by the addition of 0.1 mM
L-glutamate and 0.33 pCi/mL L-[2,3—°H] glutamate.
Incubation was stopped after 10 min by removal of the
medium and rinsing the cells twice with ice-cold HBSS.
The cells were then lysed in a solution containing 0.1 M
NaOH and 0.01% SDS. Radioactivity was measured in a
scintillation counter. Final glutamate uptake was obtained
by discounting nonspecific uptake in assays carried out in
sodium-free medium, prepared by replacing NaCl with
choline chloride in the HBSS.

S100B measurement

S100B was measured in the culture medium at 1 and 6 h in
the absence (controls) or in the presence of ECG (0.1, 1.0,
and 10.0 pM). S100B measurement was carried out by
enzyme linked immunosorbent assay (ELISA), as previ-
ously described [26]. Cells were harvested in PBS
containing 1 mM EGTA and 1 mM PMSF. Briefly, 50 pl
of sample plus 50 pl of Tris buffer were incubated for 2 h
on a microtiter plate previously coated with monoclonal
anti-S100B. Polyclonal anti-S100B was incubated for
30 min and peroxidase-conjugated anti-rabbit antibody was
then added for a further 30 min. The color reaction with
OPD was measured at 492 nm.

Protein determination

Protein concentrations were determined by the method of
Lowry et al [27], using bovine serum albumin as standard.

Statistical analysis

Data from the experiments are presented as means £
S.E.M. and were analyzed statistically by one-way analysis
of variance (ANOVA) followed by the Tukey’s test. Val-
ues of P < 0.05 were considered to be significant. All
analyses were carried out in a PC-compatible computer
using the Statistical Package for Social Sciences (SPSS)
software.

Results
Morphology and integrity in C6 cells exposed to ECG

To assess whether ECG could modulate cell morphology,
C6 cells were incubated in the presence or absence of 0.1, 1
or 10 uM of ECG for 1, 6 and 24 h and phase contrast
images were obtained at the end of the treatment. Fig-
ures la—c,e-g show that no alterations were observed in C6
cell morphology when cultures were exposed to 1 pM ECG
during 1 and 6 h expositions. However, with 10 pM ECG
(Fig. 1d,h) cells become stellate, with process-bearing
cells. In contrast, after 24 h of treatment, cells become
stellate at all ECG used concentrations (Fig. 1j-1). To
investigate whether ECG interferes in cell integrity, a PI
uptake assay was performed. There was a small increase in
PI incorporation after 24 h of incubation (up to 4%,
P < 0.05), only between basal (0.19 £ 0.034) and 10 uM
ECG exposure (0.59 £ 0.042), data not shown.

Effect of ECG on glutamate uptake in C6 cells

To test whether ECG affects glutamate uptake, C6 cells were
incubated in the presence or absence of 0.1, 1 or 10 uM of
ECG for 1 and 6 h. Basal glutamate uptake under these
conditions after 1 and 6 h of treatment was 0.28 + 0.03
(P < 0.05)and 0.39 % 0.04 (P < 0.05) respectively (Fig. 2)

ECG [uM]

Fig. 1 Effect of ECG on C6 cell morphology. Cells were incubated
in the presence or absence of 0.1, 1 or 10 uM ECG for 1, 6 and 24 h
and phase contrast images were obtained at the end of treatment.
Scale bar = 100 pm
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Fig. 2 Influence of ECG exposure on the glutamate uptake in C6
cells. Cells were treated with increasing concentrations (0.1, 1 and
10 pM) of ECG for 1 and 6 h, in DMEM without serum. After
incubation, the medium was removed and glutamate uptake per-
formed during 10 min, as described in Materials and Methods. Data
represent the mean £ S.E.M. values of four independent experiments
performed in quadruplicate. Significant difference from control (0.1%
DMSO) value is indicated by *P < 0.05

and was not affected by vehicle (0.1% DMSO). ECG
(1-10 uM) induced a decrease of 36% in glutamate uptake
after 1 h of incubation. Interestingly, after 6 h, an opposing
effect was observed and ECG induced a sustained increase in
glutamate uptake of approximately 70% (0.1-10 uM).

Effect of ECG on S100B secretion in C6 cells

In order to determine whether ECG could modulate S100B
secretion by C6 cells, extracellular S100B content was
measured after 1 and 6 h of ECG exposure (Fig. 3). Basal
S100B secretion under our conditions was not affected by
vehicle (0.1% DMSO). After 1 h of incubation a significant
increase in SI00B was observed with 1 uM ECG (36%,
P < 0.05), and 10 upM ECG (69%, P < 0.05). Although
there was an apparent dose-dependent increase in S100B
secretion after 1 h of incubation, these values were not
significantly different from each other. After 6 h of treat-
ment, there was an increase (of about 60%) in S100B
secretion from 0.1 to 10 uM ECG.

Discussion

Since ECG is a component of green tea and possesses
several beneficial biological activities, many previous
studies have been performed to elucidate its mechanisms of
action. There is a growing recognition that polyphenolic
catechins exert a protective role in neurodegenerative dis-
eases [28, 29, 30]. With regard to this, astrocytes, the most
abundant cells in the nervous system are intimately
involved in many aspects of neuronal function, such as
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Cells were treated with increasing concentrations (0.1, 1, and 10 uM)
of ECG for 1 and 6 h, in DMEM without serum. Data represent the
mean + S.E.M. values from four independent experiments performed
in quadruplicate. Significant difference from control (0.1% DMSO)
value is indicated by *P < 0.05

glutamatergic transmission and, thus, with synaptic plas-
ticity and neuroprotection [31-34]. Primary astrocytes and
C6 glioma cell preparations have been used commonly and
indistinctly to study astroglial functions [35, 36, 24, 37].
Data from the present study, using C6 lineage cells,
delineate that ECG exhibits differential effects on glial
morphology and activity related to glutamate uptake and
S100B secretion.

Our observations demonstrate that typical morphology
of C6 cells was maintained with almost all times and doses
of ECG. However, with 10 uM ECG cells became stellate
after 6 h of incubation, in contrast with 24 h where ECG
induced stellation at all concentrations tested. This effect
needs more investigations to clarify the influence of
high doses of ECG on cell cytoskeleton, especially actin
microfilaments modulation. In addition, there was a small
increase in PI incorporation after 24 h of incubation, but
only at 10 pM ECG. Based on cell morphology alteration
and death observed after 24 h of treatment, we decided to
investigate glutamate uptake and S100B secretion only at 1
and 6 h of ECG exposure.

Unexpectedly, ECG (from 1-10 uM) induced a decrease
of about 36% in glutamate uptake after 1 h of incubation.
However, after 6 h, ECG (from 0.1-10 pM) induced a
sustained increase in glutamate uptake of about 70%.
Previous in vitro studies indicate that glutamate uptake by
glial cells is regulated by the surrounding redox environ-
ment and that this uptake activity decreases under
oxidizing conditions (see [38] for a review). We have
previously demonstrated, in primary astrocyte cultures, that
H,0, exposure induces a decrease in glutamate uptake
[39]. On the basis of these results, it may be suggested that
ECG induces an initial oxidative burst by generation of
ROS, including H,0,, as previously demonstrated with the
other green tea catechin EGCG, in human oral tumor cell
lines [40] and in human astroglioma cell line [41]. Con-
sidering this possibility, we assume that astroglial cells, in
the presence of ECG, become more prepared to improve
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glutamate uptake with time, as observed after 6 h of
incubation, probably followed by H,O, consumption.
Therefore, ECG could affect the redox environment of
glutamate transporters modulating their activities. It is
possible that during an initial oxidative burst the decrease
in glutamate uptake observed at 1 h can be mediated by
oxidation of protein sulthydryl (SH) groups [42]. More
investigation, however, is necessary to demonstrate this
hypothesis and to characterize which signaling is mediating
this effect. In spite of the initial effect observed with ECG
on glutamate uptake, results suggest that after 6 h there
was a beneficial cell response induced by this polyphenol,
indicating that ECG should be able to protect the brain
against excitotoxicity induced by glutamate. In fact, a
number of in vivo and in vitro studies have shown that
polyphenol catechins from green tea extract possess a
protective role in neurodegeneration [43]. Indeed, reports
show increased extracellular levels of glutamate in certain
neurodegenerative diseases, such as Alzheimer’s disease,
amyotrophic lateral sclerosis, motor neuron disease, and
stroke [44]. It is also very well-known that, in these brain
disorders, increases in ROS levels occur, which have been
associated with increased release and decreased uptake of
glutamate [45]. Furthermore, the regulation of the gluta-
mate levels in the synaptic cleft by glutamate transporters,
located mainly in astroglia, is critical to avoid excitotoxic
injury.

In addition, we found that ECG can induce a significant
increase in S100B secretion. It has been proposed that
extracellular S100B, at sub-nanomolar levels, can protect
hippocampal neurons against glutamate-induced damage
[46]. More recently, it was shown that addition of S100B
protected hippocampal neurons against NMDA-mediated
glutamate toxicity [47]. It may be postulated that S100B
secretion, induced by ECG, may be associated with the cell
improvement of glutamate uptake [48].

Promising future treatments of neurodegenerative dis-
eases and aging depend on the availability of effective
brain-permeable, neuroprotective drugs that could prevent
the progression of neurodegeneration. Long-term con-
sumption of tea can result in the absorption and retention of
sufficient levels of flavonoids to exert beneficial effects
directly in tissues or, indirectly, by modulating cell sig-
naling pathways [49]. It is important to mention that we
investigated ECG at a concentration range of 0.1-10 uM
based on other in vitro assays; however plasmatic levels of
this polyphenol are lower (of about 20 nM) [1, 50].
Therefore, although we found a promising benefit of ECG
in C6 cells, these results cannot be automatically extended
to other neural cells, such as neurons; additional investi-
gation into the neuroprotective activity of ECG, as well
other catechins in other experimental models and cell types
is required.

In summary, in agreement with the protective roles
previously demonstrated for green tea polyphenols, we
have demonstrated here, for the first time to our knowl-
edge, that treatments with ECG result in a significant
improvement in glutamate uptake and S100B secretion in
C6 glioma cells, indicating that ECG could contribute to
the neuroprotective role of astroglial cells.
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ABSTRACT

Green tea contains polyphenolic compounds that have important biological properties,
including strong antioxidant activity. Oxidative stress is recognized as a major contributing
factor for the development of brain pathologies. The present study was undertaken to
evaluate the effect of one of the major green tea polyphenols, epicatechin-gallate (ECG), at
0.1, 1 and 10 uM, on genotoxicity induced by hydrogen peroxide in C6 astroglial cells. We
have employed the comet assay to measure permanent DNA strand breaks in individual
cells and the micronucleus assay to investigate DNA damage at the chromosome level in
binucleated cells. Interestingly, ECG 10 uM showed genotoxic effects depending on
concentration and time in both methods, commet (F 39 = 336,148; P<0.001) and
micronucleus (F39) = 23,228; P<0.001). In contrast, smaller doses of ECG (0.1 and 1 uM)
were able to almost completelly prevent genotoxicity induced by H,O,. In summary, this
study demonstrates that different concentrations of ECG can exerts genoprotective and
genotoxic effects in C6 cells. It indicates that small doses of polyphenols from diet could
have beneficial effects on neural cells, contributing to a counteract brain pathologies
associated with oxidative stress. Also, the consumption of large quantities of antioxidants

in fortified foods or supplements needs caution and should not be encouraged.
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1. INTRODUCTION:

Green tea, derived from the plant Camellia sinensis, is widely consumed throughout the
world and has received a great deal of attention because tea polyphenols are strong
antioxidants (Khan and Mukhtar, 2007). The chemopreventive effects of green tea have
been attributed to the biochemical activities of its polyphenolic constituents such as (-)-
epicatechin gallate (ECQG), (-)- epicatechin (EC), (-)-epigallocatechin 3-gallate (EGCG),
and (-)-epigallocatechin (EGC) (Henning et al., 2006; Tipoe et al., 2007). The relative
antioxidant activity among tea catechins is EGCG = ECG > EGC > EC (Haque et al., 2006).
Tea polyphenols are retained in the brain and may exert neuroprotective effects simply by
their ingestion (Mandel et al., 2006). Numerous studies have reported increased reactive
oxygen species (ROS) such as hydrogen peroxide (H,0,) and oxidative stress in various
neurodegenerative disorders (see Nakamura and Lipton, 2007 for a review). Studies have
demonstrated that intracellular ROS can lead to the destruction of cellular components,
including lipid, protein and DNA (Hwang and Kim, 2007), or that cell still survive due to
activated repair and/or diverse antioxidant mechanisms (Gorbunova et al., 2007). The brain
penetrating property of polyphenols, as well as their antioxidant and iron-chelating
properties may make such compounds an important class of drug to be developed for
treatment of neurodegenerative diseases where oxidative stress has been implicated
(Levites et al., 2001).

Glial cells, particularly astrocytes are known to interact extensively with neuronal
elements in the brain, influencing their activity and exerting a prominent role in protection
and repair of nervous tissue after damage (Suzumura et al., 2006). The C6 cell line was
originally derived from rat glial tumors induced by N-nitrosomethylurea (Benda et al.,

24


Carmem
Text Box
24


1968) and is widely used as an astrocyte-like cell line (Mangoura et al., 1989; Feng and
Zhang, 2004; Cechin et al., 2005; Funchal et al., 2005; Chen et al., 2006; Dos Santos et al.,
2006). In our preparations, more than 95% of the C6 cells exhibited immunoreactivity
positive to GFAP, as previously demonstrated (Dos Santos et al., 2006).

The main aims of this study were to elucidate the effects of ECG per se in C6 cells and
also against genotoxicity induced by H,O, by measuring DNA strand breaks and
chromossome loss.

2. MATERIAL AND METHODS

2.1 Material

Ethidium bromide, material for cell culture and (-)-epicatechin gallate (ECG) were
purchased from Sigma (St. Louis, MO, USA). 4’°,6’-diamidino- 2-phenylindole (DAPI) was
from Calbiochem (La Jolla, CA). Dulbecco’s modified Eagle’s medium (DMEM) was
purchased from Gibco BRL (Carlsbad, CA, USA) and fetal bovine serum (FBS) was from
Cultilab (Campinas, SP, Brazil). All other chemicals were purchased from regular
commercial suppliers.

2.2 Methods

2.2.1 Cell Culture

C6 glioma cells were cultured essentially accordingly to the procedure previously described
(Dos Santos et al., 2006). Late passage cells (i.e. after at least 100 passages) were seeded in
flasks and cultured in DMEM (pH 7.4) supplemented with 5% fetal bovine serum, 2.5
mg/mL Fungizone® and 100 U/L gentamicin. Exponentially growing cells were incubated
for 1, 6, 12 and 24 h at 37°C in an atmosphere of 5% C02/95% air in DMEM (pH 7.4)
without serum in the absence or presence of ECG (0.1, 1 or 10 uM). The concentrations of
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ECG used in these experiments were obtained from previous determinations (Abib et al.,
2008).

2.2.2 Hydrogen Peroxide Treatment

In order to investigate the genoprotective effects of ECG against oxidative stress induced
by H,O,, cells were pre-incubated with different concentrations of ECG (0.1, 1 and 10 uM)
for 1 h at 37°C in an atmosphere of 5% CO,/ 95% air in DMEM (pH 7.4) without serum.
After this time, the medium was maintained and 1 mM H,0, was added (Quincozes-Santos
et al., 2007). Cells were incubated at the same conditions for more 30 min.

2.2.3 Nuclear Morphology Assay

C6 cells were cultured on circular glass coverslips and treated with or without 1 and 10 uM
of ECG for 1, 6, 12 and 24 h. The Cell cultures were fixed for 20 min with 4%
paraformaldehyde in phosphate buffer (PBS), stained with 0.2 pg/ml of 4°,6’-diamidino-2-
phenylindole (DAPI) for 1 h and visualized under a fluorescent microscope (Nikon inverted
microscope using a TE-FM Epi-Fluorescence accessory). Apoptotic cells could be
morphologically identified by nuclear shrinkage and chromatin condensation and/or
fragmentation.

2.2.4 Comet Assay

After different treatments as described above, C6 cells were detached by incubating in the
presence of trypsin/EDTA 0.05%. During trypsinization, cells were carefully manipulated
to avoid mechanical stress. Comet assay (single-cell gel electrophoresis) was performed as
previously described (Quincozes-Santos, et al., 2007). Briefly, slides were prepared by

mixing 30 pL of C6 glioma suspension with 70 pL of low melting point agarose (0.75%).
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Following electrophoresis, slides were incubated with 5 pg/mL ethidium bromide and left
in the dark for 20 min to stain the DNA. Images of 100 randomly selected nuclei were
analyzed for each treatment in duplicate. Nuclei were scored visually for comet tail size
based on an arbitrary scale of 0—4, ranging from no damage to extensive damage of DNA.
Slides were viewed on a Nikon inverted microscope using a TE-FM Epi-Fluorescence
accessory and images were transferred to a computer with a digital camera (Sound Vision
Inc., Wayland, MA).

2.2.5 Cytokinesis-block Micronucleus Assay

Micronuclei are DNA-containing structures that result from chromosomal loss during
mitosis. They represent a subgroup of all chromosomal aberrations. This makes the
micronucleus frequency test a widely accepted method for investigating in vitro and in vivo
genotoxicity in human biomonitoring studies (Fink et al., 2007). The cytokinesis-block
micronucleus technique was performed as described by Fenech, (2000) and Reyes et al.,
(2001) with some modifications. After treatment, cells were incubated with 2 pg/ml
cytochalasin B for 24 h, fixed with chilled methanol/glacial acetic acid (3:1) for 5 min and
stained with Giemsa. Each data point represents the mean of eight independent
experiments. In each experiment 1000 binucleated cells/sample were alanysed.

2.2.6 Statistical Analysis

To verify the main effect of time course and different doses of ECG we used analysis of
variance (ANOVA) for repeated measures, followed by a post hoc analysis (Tukey’s test).
ECG x different doses of H,O, were analyzed statistically by one-way ANOVA followed

by a post hoc analysis (Tukey’s test). Data are presented as mean = S.E.M. Values of
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P<0.001 were considered to be significant. All analyses were carried out in a PC-
compatible computer using the Statistical Package for Social Sciences (SPSS) software.

3. RESULTS

3.1 Effect of ECG on nuclear morphology and DNA strand-breacks in C6 cells.

To assess the direct effect of ECG on DNA integrity, cells were incubated with 0.1, 1 and
10 uM of ECG for 1, 6, 12 and 24 h. As shown in Figure 1, ECG induced DNA damage
(F3,69) = 1946,747; P<0.001). This effect was concentration and time dependent (F3 ) =
336,148; P<0.001). Only 2% of cells exposed to 10 uM ECG after 24 h presented nuclear
fragmentation by DAPI staining assay (data not shown).

3.2 Effects of ECG on chromosome loss in C6 cells.

Micronucleus frequency was increased by ECG, compared to their respective control values
(Fr3.45 = 262,381; P<0.001). The analysis also indicate a significant interaction between
concentration and time (F 3¢ = 23,228; P<0.001).

3.3 Genoprotective effects of ECG against H,O;-iduced DNA damage in C6 glioma
cells

To investigate the effect of ECG on DNA damage induced by H,O,, cells were pre-
incubated with different concentrations of ECG (0.1, 1 and 10 uM) for 1 h. After this time,
1 mM H,0, was added and maintained for 30 min (Figure 2A). This assay was performed
at 1 h taking into account that at this time ECG per se had minimal influence on DNA
integrity, as observed in Figure 1. Genoprotective effects of ECG after treatment are shown

in Figure 2B. The index of DNA damage observed when cells were incubated in the
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presence of H,O, without ECG was 42.5 £ 3.9. In this context, ECG was able to almost
totally prevent the genotoxicity induced by H,O, at 0.1 and 1.0 uM (F=47,529; P<0.001).
4. DISCUSSION

It is very well documented that several redox active compounds could have a dual
effect, been beneficial or toxic depending on their concentration (De la Lastra and Villegas,
2007; Dos Santos et al., 2006; Halliwell, 2007; Quincozes-Santos et al., 2007). The ability
of polyphenols to scavenge ROS and superoxide radicals depends on their chemical
structures (Yamamoto et al., 2003). Also, the anti-oxidant/prooxidant activity of the redox-
active compounds, such as polyphenols from diet, largely depends upon the levels
consumed and may sometimes cause DNA damage (Noel et al., 2006), that may be
triggered by the direct binding of polyphenol to DNA (Kuzuhara et al., 2007).

As reported previously in our group (Abib et al., 2008), 10 uM ECG induces alteration
in C6 cell morphology (process-bearing cells) with a small increase in PI incorporation
after 24 h of incubation (up to 4%). In the present work, we observed that at least up to 24
h, ECG did not induce alterations in nuclear morphology indicative of apoptosis (data not
shown). These data demonstrated that in this experimental model, ECG was not cytotoxic
to C6 cells. However, we showed that ECG can affects DNA in these cells, playing
genoprotective and genotoxic roles, depending on concentration and time of exposure.
DNA strand breaks in individual cells resulting from events such as direct scission of the
DNA backbone was assessed by the comet assay. It is important to mention that index

values bellow 30 are obtained from less prominent DNA stand breaks. In this context, the
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first 6 h of ECG incubation resulted in slight DNA damage. After this time ECG clearly
induced a time and dose dependent genotoxicity.

The degree of chromosome loss, analyzed by the micronucleus frequency test, reflects
the capacity of the cells to resist oxidative stress and repair single strand breaks (Noel et al.,
2006). As ECG per se induced DNA damage at higher doses, we decided to investigate if
this genotoxic effect impaired DNA repair. Actually, micronuclei frequency values from
ECG exposure were significantly higher than control values. The highest dose of ECG
induced an increase (about 60%) in all times of incubation. It indicates that ECG
genotoxicity at higher doses affects the repair system, probably via a pro-oxidant effect
(Halliwell, 2007).

In order to investigate genoprotective effects of ECG against DNA damage induced by
oxidant conditions, we used an experimental procedure previously stablished in our group
(Quincozes-Santos et al., 2007). In this model, cells were pre-incubated with antioxidant for
1 h before the insult with H,O,. Hydrogen peroxide is particularly attractive as a model
oxidant because its cellular actions and its fate are well understood due to the observations
that it readily crosses the cellular membranes, and gives rise to the highly reactive hydroxyl
radical, which has the ability to react with macromolecules, including DNA, proteins, and
lipids, and to ultimately damage a cell (Halliwell et al., 2000).

Following the observation that 1 h of ECG exposure in C6 cells did not induce
prominent genotoxic effects per se, we decided to use this time of ECG pre-incubation,
before 30 min H,O, pulse, which we know is enought to induce genotoxic properties
(Quincozes-Santos et al., 2007). We found that genotoxicity induced by H,O, was almost
completely prevented by 0.1 and 1 uM ECG. This indicates that at these concentrations
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ECG plays a benefic effect probably by its antioxidant properties. The reaction between
ECG and the hydroxyl radical is particularly important for preventing oxidative injury
because the hydroxyl radical has been shown to be highly responsible for pathogenesis
under a diversity of disease conditions.

In summary, this study demonstrated that ECG can exerts genoprotective and genotoxic
effects in C6 cells, depending on concentration and time of exposure. It indicates that small
doses of polyphenols from diet could play genoprotective effects at neural cells,
contributing to ameliorate brain pathologies associated with oxidative stress. Also, the
consumption of large quantities of antioxidants or supplements in foods needs caution and

should not be encouraged.
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Frequency of micronucleus in 1000 binucleated cells

ECG [uM]
Time (h)
0 0.1 1 10
1 1.0 £ 0.09a 1.3 £0.11b 14 £ 0.12b 1.6 £ 0.12¢
6 1.0 £ 0.07a 1.3 £+ 0.09b 1.3 £0.11b 1.7 £ 0.12¢
12 14 + 0.11b 2.0 £ 0.15d 2.0 +£0.19d 2.3 +£0.17e
24 1.6 + 0.13c 2.3 £ 0.14¢ 24 +£0.17¢ 2.7 £0.19f

Table 1. Micronucleus frequency in C6 cells after incubation with ECG. Cells were
incubated with ECG (0.1, 1.0 and 10 uM) for 1, 6, 12 and 24 h. Each value (mean = S.E.M)
indicates micronucleus frequency in 1000 binucleated cells, from eight independent
experiments performed in duplicate To verify the main effect of time course and different
doses of ECG, ANOVA of repeated measures was used, followed by a post hoc analysis of

Tukey’s test. Values that are not sharing a common letter differ significantly at P <0.001.
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Figure 1. Effect of different concentrations of ECG on DNA damage in C6 glioma
cells. Cells were incubated for different times (1-24 h) in the presence of different
concentrations (0.1, 1 and 10 uM) of ECG. The extent of damage to DNA was assessed by
the comet assay and the index of DNA damage was calculated as described in Material and
Methods section. Data represent the mean + S.E.M. of the sixteen experimental
determinations performed in duplicate. To verify the main effect of time course and
different doses of ECG it was used ANOVA of repeated measures, followed by a post hoc
analysis of Tukey’s test. Bar values that are not sharing a common superscript differ

significantly at P <0.001.

Figure 2. Inhibitory effect of ECG on H,0,-induced DNA damage in C6 glioma cells.
Cells were pre-incubated for 1 h in the presence of ECG (0.1, 1 and 10 uM) before the
addition of H,O,. After this time, the medium was maintained and 1 mM H,O, was added.
Cells were incubated in the same conditions for more 30 min. The extent of damage to
DNA was assessed by the comet assay and calculated as described Material and Methods
section . Data from the experiments are presented as means = S.E.M. and were analyzed
statistically by one-way ANOVA followed by the Tukey’s test. *Significant differences

from control values (P <0.001).
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Table 1

Frequency of micronucleus in 1000 binucleated cells

ECG [uM]
Time (h)
0 0.1 1 10
1 1.0 £ 0.09a 1.3 £ 0.11b 1.4 +£0.12b 1.6 £ 0.12¢
6 1.0 + 0.07a 1.3 + 0.09b 1.3 +£0.11b 1.7 £ 0.12¢
12 14 +0.11b 2.0 + 0.15d 2.0 +0.19d 23 £0.17¢
24 1.6 + 0.13c 2.3 + 0.14¢ 24 +0.17e 2.7 +£0.19f

Table 1. Micronucleus frequency in C6 cells after incubation with ECG. Cells were
incubated with ECG (0.1, 1.0 and 10 uM) for 1, 6, 12 and 24 h. Each value (mean +
S.E.M) indicates micronucleus frequency in 1000 binucleated cells, from eight
independent experiments performed in duplicate To verify the main effect of time
course and different doses of ECG, ANOVA of repeated measures was used, followed
by a post hoc analysis of Tukey’s test. Values that are not sharing a common letter

differ significantly at P < 0.001.
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V. DISCUSSAO

Sabe-se que habitos alimentares influenciam a salde da populagao, e
dependendo da quantidade e da qualidade dos componentes ingeridos, 0s
alimentos podem tanto proteger quanto contribuir com o desenvolvimento de
doencas. Em funcdo disso, a area de nutracéuticos' esta cada vez mais ganhando
a atencao de pesquisadores, com o objetivo de compreender os efeitos que os
alimentos causam no organismo. O estudo de substancias isoladas de plantas tem
mostrado um papel importante na prevencdo de patologias € no aumento da
longevidade (Mukhtar & Ahmad, 2000; Sinclair, 2005).

Embora um consideravel numero de estudos evidencie um importante papel
do cha na prevengado do cancer, o entendimento do mecanismo pelo qual os
polifendis do cha reduzem o risco das doencas é extremamente importante para
se desenvolver estratégias para melhorar a saude (Mukhtar & Ahmad, 2000).
Enquanto as catequinas do cha sao muito eficientes na prevengdo da
aterosclerose devido ao seu efeito antioxidante, sua acdo no cérebro ainda esta
um pouco confusa (Kakuda, 2002).

Atualmente, o conhecimento popular e também cientifico tem voltado a
atencao principalmente para as propriedades benéficas das catequinas do chéa
verde, o que contribui para o aumento do consumo de suplementos e de alimentos

enriguecidos com estes componentes, porém em certas concentracdes, 0s

' Nutracéutico: Alimento ou parte de um alimento que proporciona beneficios para a sautde,
incluindo a prevengédo e/ou tratamento da doenca e pode ser classificado como fibra dietética,
acido graxo poliinsaturado, proteina, peptidio, aminoacido ou cetoacido, mineral, antioxidante, etc.
(Andlauer & Furst, 2002).
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mesmos podem exercer efeitos potencialmente téxicos, oferecendo risco a saude
(Elbling et al, 2005). Desde que foram atribuidos varios beneficios a ECG, muitos
estudos passaram a ser realizados para elucidar os seus mecanismos de agao.
Sabe-se que as catequinas exercem um papel protetor em doencas
neurodegenerativas (Komatsu & Hiramatsu, 2000; Levites et al, 2001; Mandel et
al, 2006). Assim, tratamentos promissores para doengas neurodegenerativas e
relacionadas com a idade dependem da disponibilidade de drogas
neuroprotetoras, que sejam permeaveis ao cérebro e que possam prevenir a
progressao da neurodegeneragao. O consumo de cha verde, a longo prazo, pode
resultar na absorcdo e na retencdo de niveis suficientes de flavondides para
exercer efeitos benéficos diretamente nos tecidos ou, indiretamente, por modular

vias de sinalizagao celular (Friedman et al, 2007).

1. Concentracoes de ECG em modelos in vivo e in vitro

Investigamos a ECG em concentragdes de 0,1 a 10 uM basendo-nos em
outros ensaios in vitro (Lamy et al, 2002; Sigisawa & Umegaki, 2002), contudo os
niveis plasmaticos deste polifenol em humanos é mais baixo (aproximadamente
20 nM) (Tsang et al, 2005). E importante salientar que o efeito in vivo de
compostos derivados da dieta & desencadeado por niveis plasmaticos baixos, mas
cronicos, algo que nao se pode fazer com ensaios em células isoladas, devido as
limitacbes de tempo. Portanto, para visualizar efeitos agudos num modelo com
cultura de células, uma dose menor, proxima do que se obtém no plasma, seria

insuficiente para desencadear um mecanismo de sinalizacdo em apenas algumas
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horas. Assim, se costuma usar in vitro, doses maiores por minutos ou horas e
desta forma as células respondem. Diante disso, € muito importante fazer estudos
de citotoxicidade, onde se faz uma curva de concentracdo e de tempo de
incubacao, com ensaios de vida e morte celular e se escolhe doses que nédo sejam
citotoxicas. Com esta estratégia metodoldgica, se consegue investigar nestes
modelos com células em cultura, vias metabdlicas e rotas de sinalizagdo que
podem ser moduladas por um composto isolado. Desta forma, os resultados
obtidos in vitro e principalmente as hip6teses geradas, necessitam num segundo
momento, investigac¢des in vivo, onde se obtenham doses plasmaticas na mesma
ordem de grandeza das que se obtém com tratamentos em humanos. Com estas
abordagens, se tenta entdo, correlacionar os resultados obtidos e validar as
hipoteses. Com esta linha de raciocinio, estudos posteriores em nosso grupo ja
estdo sendo planejados, visando uma abordagem in vivo, em ratos Wistar com as

catequinas do cha verde.

2. Efeitos da ECG sobre morfologia e viabilidade celular em C6

Nosso trabalho demonstra que em quase todas as doses e tempos testados
a ECG nao alterou a morfologia das células C6. Contudo, na concentracéo de 10
uM de ECG a células passaram a apresentar um formato estrelado ap6s 6 h de
incubacado. E em 24 h, todas as concentracdes testadas alteraram a morfologia
das células. Este efeito encontrado deve ser mais investigado para esclarecer qual
a influéncia de altas concentragbes de ECG sobre o citoesqueleto. Estudos

mostram que a EGCG, especialmente, inibe a proliferagdo celular por se ligar a
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proteinas estruturais intracelulares e prevenir sua fosforilagdo, como a vimentina
(Ermacova et al, 2005).

Ha grandes evidéncias que sugerem que os componentes do cha podem
atuar diretamente interrompendo o ciclo celular, causando apoptose (Park & Dong,
2003). Porém, no nosso modelo experimental, demonstramos que a ECG nao
interferiu na morfologia nuclear, indicando a auséncia de apoptose, nem induziu
morte por necrose, a hao ser uma pequena parcela de morte com a dose mais alta
e no maior tempo. Pode-se concluir que doses entre 0,1 e 10 uM de ECG néao sao
citotéxicas em células C6. Baseando-se nesta alteracdo morfoldgica observada
apds 24 h de tratamento, decidimos investigar a captacdo de glutamato e a

secrecao de S100B somente em 1 € 6 h.

3. Efeito da ECG sobre captacao de glutamato

Estudos mostram que h& aumento dos niveis extracelulares de glutamato em
certas doencgas neurodegenerativas, como Alzheimer, esclerose amiotrofica lateral
e derrame (Campiani et al, 2003). Também ja esta descrito que em doencas
neuroldgicas ocorre aumento nos niveis de ERO, os quais estdo associados com
0 aumento da liberacdo e diminuicdo da captagcdo de glutamato (Bowling & Beal,
1995). Além disso, a regulacao dos niveis de glutamato na fenda sinaptica pelos
transportadores de glutamato, localizados principalmente nos astrocitos, € um
ponto critico para evitar a excitotoxicidade.

Demonstramos previamente que o H>O, induz a diminui¢cdo na captacao de

glutamato por astrécitos em cultura (De Almeida et al, 2008). Baseado nestes
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resultados, pode-se supor que a ECG poderia induzir inicialmente a geracao de
ERO, inclusive H,O,, como previamente demonstrado com EGCG, em linhagens
de células tumorais humanas e em linhagem celulares de astrogliomas humanos.
Considerando esta possibilidade, supde-se que células astrogliais, na presenca de
ECG, tornam-se mais preparadas para aumentar a captacdo de glutamato num
segundo momento, onde todo o H.O. gerado endogenamente, teria sido
metabolizado e removido, como observado apés 6 h de incubacido em C6.
Portanto, a ECG pode afetar direta ou indiretamente o ambiente redox dos
transportadores de glutamato modulando suas atividades. E possivel que durante
0 processo de oxidacgao inicial, a diminuicao da captacao de glutamato observada
em 1 h possa ser mediada pela oxidacdo do grupamento sulfidrila (SH) de
proteinas relacionadas com a modulacdo do transportador glial (Volterra et al,
1994).

A ECG nas concentragdes de 1 a 10 uM induziu uma diminuicdo de 36% na
captacdo de glutamato apds 1 h de incubacdo. Contudo, apés 6 h, a ECG nas
concentracdes de 0,1 a 10 uM induziu um grande aumento na captacdo de
glutamato de aproximadamente 70%. Estudos mostram que a captacdo de
glutamato pelas células gliais é regulado pelo ambiente em que se encontra,
sendo diminuida em condi¢cdes oxidantes (Trotti et al, 1998). Apesar do efeito
inicial observado com a ECG sobre a captacao do glutamato, resultados mostram

que apo6s 6 h had uma resposta benéfica destas células induzida por este polifenol,
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indicando que a catequina ECG pode estar apta para protecao do cérebro contra a

excitotoxicidade induzida pelo glutamato.

4. Efeito da ECG sobre secrecao de S100B

Sabe-se que a S100B extracelular pode proteger neurbnios hipocampais
contra dano induzido por glutamato por aumentar a recaptacao glial (Ahlemeyer et
al, 2000). A secrecao de S100B foi avaliada apés 1 h e 6 h de exposicao de ECG.
Apés a incubacao de 1 h, houve aumento significativo de aproximadamente 36%
de S100B na concentragdo de 1 uM de ECG, e de aproximadamente 69% na
concentracéo de 10 uM de ECG. Apéds 6 h de tratamento, houve um aumento de
aproximadamente 60% na secrecao de S100B tanto na concentragdo de 0.1
quanto na de 10 uM de ECG. De acordo com resultados anteriores, a S100B
extracelular pode aumentar a captacdo de glutamato (Tramontina et al, 2006).
Assim, pode-se sugerir que o aumento de S100B induzido por ECG possa

também estar modulando o transporte de glutamato glial.

5. ECG como composto redox ativo

Uma producdo exacerbada de ERO é comum em doengas como as
neurodegenerativas, cardiovasculares e reacées inflamatérias (Huang et al, 2005).
O estresse oxidativo, uma condicdo de desbalanco no estado redox, a favor do
estado pré-oxidante, também induz a producdo de ERO, levando a sérias
complicagdes funcionais como o declinio cognitivo (Haque et al, 2006). A atividade

antioxidante/pro-oxidante de compostos redox-ativo, como os polifendis da dieta,
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depende dos niveis consumidos e por vezes podem causar dano ao DNA (Noel et
al, 2006).

Estudos in vitro mostram que as catequinas do cha verde possuem alta
atividade em reduzir a quantidade de dano oxidativo ao DNA, por reagirem com
radicais hidroxil (OH") e peroxil (ROQO’) (Liu et al., 2000; Khan & Mukhtar, 2007). A
geracao de altas concentracbes ERO leva ao dano de proteinas, de lipidios e de
acidos nucléicos. Como conseqliéncia disto, as células podem sofrer apoptose ou
sobreviver ativando mecanismos de reparo e/ou antioxidantes (Elbling et al, 2005).
A atividade antioxidante relativa entre as catequinas é EGCG=ECG>EGC>EC.
Estes polifendis possuem um efeito protetor contra doencas neuroldgicas
associadas a ERO. Este sistema de defesa antioxidante pode prevenir o dano
oxidativo encefélico. A ingestao a longo-prazo das catequinas do cha verde pode
ser importante, pois as células estdo constantemente expostas ao estresse
oxidativo. Os polifendis podem ser retidos no cérebro e exercer efeitos
neuroprotetores simplesmente através de sua ingestdo (Haque et al, 2006).
Levites et al (2001) demonstrou o efeito neuroprotetor de catequinas em modelos
de Parkinson em ratos, sugerindo que este efeito ocorra por aumento da atividade
das enzimas antioxidantes superdxido dismutase (SOD) e da catalase. Chan et al
(2002) comprovou que as catequinas realmente aumentam a atividade da SOD
em astrécitos, protegendo assim os neurdnios do dano pelos radicais livres (Etus

et al, 2003).
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6. Efeito da ECG sobre dano ao DNA em C6

Em nosso estudo comprovamos que a ECG pode afetar o DNA, exercendo
um efeito genoprotetor ou genotéxico, dependendo da concentracdo e do tempo
de exposicdo. Para estes ensaios, utilizamos a técnica do Cometa, que mede
indice de dano ocorrido por quebra das fitas de DNA. O DNA fragmentado é
submetido a um campo elétrico e quanto maior a quantidade de fragmentos que
migram a partir do nucleo, maior o grau de dano. Durante as primeiras 6 h de
incubacao com ECG, as células C6 sofreram um dano minimo ao DNA, mas apés
este periodo a ECG claramente induziu um efeito genotoxico tempo-dose-
dependente, assim como também demonstrado em outro estudo com a EGCG
sobre outra linhagem celular de rato (Elbling et al, 2005).

Como a ECG per se induziu dano ao DNA em altas concentracoes,
decidimos investigar se este efeito genotdxico prejudicou a capacidade de reparo
celular, pelo ensaio de medida da freqiéncia de micronucleos em células
binucleadas. Este ensaio mede diversas alteracdes cromossomais, entre 0s
diferentes tipos, avaliamos a perda de cromatina. Quando uma célula perde a
capacidade de reparo durante a divisdo celular, parte da cromatina pode ser
liberada para fora do nucleo e este aglomerado de cromatina é chamado entédo de
micronucleo. A ECG na dose mais alta induziu aumento de frequéncia de

micronlcleos? (aproximadamente 60%) em todos os tempos estudados, indicando

? Este indice é referente ao nimero de células que contém microntcleos em cada 1000 células
binucleadas. O indice final é resultado da média de oito amostragens.
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que a genotoxicidade da ECG em altas concentracbes afeta o sistema de reparo

celular, provavelmente por meio de um efeito pré-oxidante.

7. Efeito da ECG contra a genotoxicidade induzida por H.O-

Para investigar o efeito genoprotetor da ECG contra o dano ao DNA induzido
por condigdes oxidantes, usamos um procedimento experimental previamente
estabelecido por nosso grupo (Quincozes-Santos et al., 2007). Neste modelo, as
células sao pré-incubadas com o antioxidante por 1 h antes do insulto com o Hx0».

Sabe-se que o HxO. difunde-se facilmente através das membranas
(Halliwell et al., 2000) e para o ndcleo das células, causando dano ao DNA por
gerar radical OH'. Esse dano pode ser fatal as células, se ndo for devidamente
reparado. Sabendo entdo, que em 1 h a ECG néo induziu efeito genotbxico per se
sobre as células C6, decidimos pré-incubar a ECG neste tempo, antes dos 30
minutos do pulso com H>O,, que sabemos que é o suficiente para induzir efeitos
genotoxicos em C6 (Quincozes-Santos et al, 2007). Observamos que a
genotoxicidade induzida pelo H>O, foi quase totalmente prevenido por 0,1 e 1 uM
de ECG, indicando que nestas concentragbes a ECG desempenha um efeito
benéfico, provavelmente por sua acao antioxidante.

Mais investigacdes sado necessarias para confirmar esta hipétese e
caracterizar quais vias de sinalizacdo e quais fatores medeiam este efeito, como
por exemplo a hipétese de que as catequinas possam agir especificamente sobre
fatores de transcricdo, como a proteina ativadora 1 (AP-1) ou fator nuclear kappa

B (NF-kB) (Park & Dong, 2003).
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8. Hipoteses e Mecanismos

O estresse oxidativo ativa varias vias de transducdo de sinal, mas uma das
mais estudadas é a via do NF-kB, o qual existe amplamente nas células e
participa da regulacao de respostas inflamatérias, sobrevivéncia e diferenciagao
celular (Huang et al, 2005). Muitas doencas cronicas estdo associadas com a
ativacao do NF-kB e assim, muitas estratégias terapéuticas estdo voltadas para a
inativacdo deste fator, visando o tratamento da inflamacdo e de doencas
neurodegenerativas. Muitos estudos comprovam que o H>O, causa a dissociacao
do inibidor (IkB) do NFkB, promovendo sua translocacdo para o nucleo e sua
ativacao. Foi mostrado que as catequinas inibem esta translocacao para o nicleo
em certos tipos celulares, atuando desta forma como moduladores negativos da
atividade de NF-kB (Huang et al, 2005).

As catequinas apresentam um carater parcial lipofilico, podendo atravessar a
bicamada lipidica que compde a membrana plasmatica. . E provavel que elas
estejam localizadas principalmente perto e/ou no interior das superficies das
membranas, onde o principal iniciador da oxidagao lipidica — o radical hidroxil -
prende-se facilmente e estd acessivel para iniciar a cadeia de radicais peroxil.
(Sugisawa, 2002)

Lee e colaboradores (2000) sugere alguns mecanismos de acao que podem
contribuir para agdo antioxidante das catequinas: atividade sequestradora de
radicais livres; atenuacdo da peroxidacao lipidica; inibicdo da xantina oxidase;

bloqueio da inducao da oxido nitrico sintase (Etus et al, 2003).
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Alguns mecanismos ja foram sugeridos para explicar os efeitos da
catequinas, tais como: inducao da formacado de ERO que levam a morte celular
(apoptose); inibicdao do citocromo P450 (CYP), enzimas envolvidas na ativacao da
pro-carcinogenese e ativacdo das enzimas da fase 2 como a glutationa-S-
transferase e quinona redutase, que cataliza a detoxificacdo de carcindgenos;
modulacao de proteinas de transducao de sinal; ligacao as proteinas plasmaticas
e outras que levam supressao da secrecao de metaloproteinases necessarias ao
funcionamento normal das células; ligacao e dano ao DNA e RNA; inibicao da
expressao e da liberacdo do fator de necrose tumoral e inibicdo da angiogénese
em células cancerosas (Friedman et al, 2007).

Varios mecanismos estao sendo apresentados como hip6teses para explicar
os efeitos do cha verde, incluindo um que sugere que a estrutura galato é
importante para a inibicdo do crescimento de células tumorais (Park & Dong,
2003). As catequinas com a estrutura galato, que apresentam mais grupamentos
fendlicos hidroxilados, possuem maior habilidade de quelar metais, do que as

catequinas que nao possuem a estrutura galato (Chen et al, 2003).

51



V I. CONSIDERAGCOES FINAIS

De acordo com os papéis neuroprotetores previamente demonstrados para
os polifendis do cha verde (Kakuda, 2002), nés demonstramos, pela primeira vez,
que tratamentos com ECG resultam em um significativo aumento na captacao de
glutamato e na secrecdo de S100B pela linhagem celular C6, indicando que a
ECG pode contribuir para neuroprotecao em células astrogliais.

Demonstramos também que a ECG pode exercer efeitos genoprotetores e
genotoxicos, dependendo da concentracdo e do tempo de exposicao, indicando
que o consumo de pequenas doses deste polifenol pela dieta pode apresentar um
efeito genoprotetor, contribuindo para atenuar patologias neurais associadas ao
estresse oxidativo. Contudo, é necessario ter bastante atengcdo em relacdo ao
consumo de grandes quantidades de suplementos ou alimentos acrescidos de
antioxidantes.

O consumo de polifendis da dieta ou em bebidas pode nao ter efeito
genotoxicos em animais e humanos que tenham uma dieta normal, porém o
consumo de grandes quantidades de polifendis através de suplementos
alimentares pode tornar altos os niveis deste componente nos tecidos podendo
afetar o DNA (Fang et al, 2007).

Embora tenhamos achado um beneficio promissor da ECG em células C6,
estes resultados ndo poderdo automaticamente se estender para outras células
neurais, como neurdnios; e também investigacbes sobre a atividade
neuroprotetora da ECG, assim como de outras catequinas em outros modelos

experimentais e outros tipos celulares sdo necessarios.
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E importante conhecer a biodisponibilidade dos flavondides quando se
pretende extrapolar de estudos in vitro para situacées in vivo. Devido ao numero
limitado de informacbes sobre a biodisponibilidade dos polifenéis do cha apds o
consumo, estudos sobre a absorcao, distribuicdo e metabolismo dos polifendis do
cha verde em animais e em humanos sao necessarios (Vaidyanathan & Walle,
2003). Apdés uma cuidadosa avaliagdo destes aspectos, recomendacoes
especificas poderao ser feitas para o consumo do cha e de suplementos como
forma de prevencéo e tratamento para humanos (Mukhtar & Ahmad, 2000).

Finalmente é muito importante confirmar os mecanismos e aplicacoes
clinicas dos efeitos neuroprotetores das catequinas para manter e promover a

saude do cérebro em uma sociedade que esta envelhecendo (Kakuda, 2002).
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VIl. CONCLUSOES

Conclusao Geral

Os resultados obtidos com células da linhagem C6 nos permitem concluir que

a ECG pode atuar tanto como modulador de fungdes gliais (captacao de glutamato

e secrecdo de S100B) quanto exercer efeito genoprotetor contra insultos

oxidativos.

Conclusoes Especificas

Capitulo |

1.

2.

3.

Doses entre 0,1 e 10 mM de ECG nao foram citotoxicas no modelo
estudado.

A ECG interferiu na morfologia celular, o que pode estar relacionado com
diferenciacao celular, pois nao alterou a integridade de membrana.

Apesar do efeito negativo inicial da ECG sobre a captacao do glutamato,
mostramos que apds 6 h ha uma resposta benéfica induzida por este
polifenol, observado com aumento na captacdo de glutamato, indicando
que a ECG pode participar dos mecanismos de protecdo neural contra a

excitotoxicidade induzida pelo glutamato.

. A secrecao de S100B foi aumentada por ECG, evidenciando um possivel

papel tréfico deste composto.
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Capitulo I

1. A ECG induziu dano ao DNA em células C6 em doses maiores, indicando
que a genotoxicidade da ECG em altas concentracdes afeta o sistema de
reparo celular, provavelmente por meio de um efeito pré-oxidante.

2. A ECG protegeu a linhagem celular C6 do dano ao DNA induzido por H2Oo,
sugerindo que nas concentragdes de 0,1 e 1 uM, a ECG desempenha um
efeito benéfico, provavelmente por sua agao antioxidante.

3. A ECG pode exercer efeito genoprotetor e genotdxico em células C6,
dependendo da concentracao e do tempo de exposigéo.

5. Dses moderadas deste polifenol podem apresentar efeitos protetores em
células neurais, contribuindo para prevencgao de patologias associadas ao
estresse oxidativo.

6. O consumo indiscriminado deste antioxidante como suplemento na dieta

nao deve ser estimulado.
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