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APRESENTACAO

Em 1992, Renaud e Lorgeril chamaram a atencao marddade cientifica e médica
para o fato de que a incidéncia de doenca cardigaémica era menor na Franca do que em
outros paises industrializados, apesar deste passiip uma dieta rica em gorduras e uma alta
incidéncia de fumantes na populacdo. Este fatatid@buido ao consumo regular de vinho
pelos franceses, tendo como consequéncia a eledasgiaiveis de HDL (high density
lipoprotein ou lipoproteina de alta densidade), hemido como o “bom colesterol”. O
Paradoxo Francés de Renaud e Lorgeril chamou nauigdencdo dos pesquisadores, da
imprensa mundial e consequentemente, do publico.

Entretanto, conhece-se também os comprometimen®s qconsumo exagerado de
alcool pode trazer ao ser humano. Assim sendo,opess em estudar os beneficios
potenciais que o0 suco de uva poderia gerar a $airdana. A regido nordeste do Rio Grande
do Sul é a principal produtora de suco de uva & pa

Durante 0 meu mestrado entitulado “Atividade antarte, mutagénica e
antimutagénica de sucos de uva”’ determinou-se @asigéo nutricional, contetdo fendlico e
a atividade antioxidante de sucos de uva tintosiggdgade Bord6) e brancos (Niagara)
organicos e convencionais produzidos em escaldopdoadquiridos comercialmente. Os
resultados obtidos foram publicados na revista FGbémical and Toxicology (2007) e
mostraram diferencas importantes na composicao lideanéentre sucos organicos e
convencionais. Desta forma, durante o meu doutorbdecou-se verificar as atividades
benéficas do suco de uva tinto, organico e conweeatiin vivo, utilizando-se como modelo
bioldgico ratos Wistar. Avaliou-se ainda a influénae alguns polifendis isolados na
protecdo contra danos causados por diferentesesgestressores em linhagens de levedura

Saccharomyes cerevisigeoficientes e deficientes em defesas oxidantes.



A tese esta dividida em sete partes: 1) introdugéde se caracterizou o suco de uva,
bem como seus principais constituintes e sua atiddenéfica a saude; 2) objetivos; 3) parte
experimental, divididas em 7 capitulos, os quaigespondem aos artigos publicados,
submetidos para publicacdo e em preparacdo; 4ussi&o geral; 5) conclusdes; 6)
perspectivas; 7) referéncias; e 8) anexos.

Os anexos estéo divididos em 3 partes: a) artigptigado com os dados do mestrado,
que instigou o tema desta tese, b) artigo de reyisélicado na Revista Ciéncia e Movimento

do Centro Universitario Metodista IPA, e c) curtigun vitae da autora.

Vi
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RESUMO

Embora os efeitos benéficos da ingestdo moderadavimo sejam bem
conhecidos, a capacidade antioxidante de sucosalé ainda pouco estudada. O suco
de uva é um alimento composto por uma importardatiplade de polifendis e pode ser
incluido entre os alimentos com potencial antionida Seu estudo é muito relevante
pelo amplo consumo desta bebida e a importanciadetica que apresenta em nossa
regido. Atualmente contamos com diferentes sucasrdeo mercado, brancos, tintos e
roses, organicos ou convencionais. O suco de ussupearios nutrientes e compostos
bioativos com atividades antioxidante, antimutag@ni anticarcinogénica e
antiaterogénica, entre outras. Os polifendis sddemtes de grande importancia no
suco de uva, visto que a presenca destes podébcumpara coloragéo, acidez e outras
caracteristicas importantes do suco. Aos poliferjaisao atribuidas varias atividades
benéficas a saude do homem. Entretanto, poucobse sabre a atividade do suco, o
gual é uma substancia complexa. Neste sentidoesttdo buscou avaliar: 1) atividade
antioxidante e antimutagénica de diferentes sue3ang e a influéncia de metais
presentes nestes sucos; 2) atividade antioxidamteudo de uva rose; 3) atividade
neuroprotetora e hepatoprotera do suco de uva s Ydistar jovens; 4) atividade
antioxidante sérica do suco de uva em ratos Wjstans; 5) atividade neuroprotetora,
hepatoprotetora, antigenotoxica em ratos Wistarelecidos; e 6) protecdo do
resveratrol e da catequina frente a diferentestag@stressores em diferentes linhagens
da levedursS. cerevisiaeAlguns metais apresentaram correlacdes positivas esias
atividades, como o Manganés, e negativas comoexemplo, o Enxofre. O contetdo
de minerais variou entre sucos brancos e tintosetamto, entre os mais prevalentes,
esta o potassio. Sendo assim, as correlacdes a@ae também diferenciam entre os

sucos brancos e tintos. Modelasvivo contaram com grupos de ratos Wistar (machos)



que foram tratados por gavagem duas vezes ao chatdu30 dias, tendo no total um
volume de suco de uva corresponde ao seu pesoat@s foram divididos em trés
grupos: controle (recebeu salina), suco de uvaermional e suco de uva organico. No
30° dia os animais recebiam uma dose equivalense@@eso de um agente estressor
(CCl4) e apos cinco horas foram sacrificados. Bssprel observar que os sucos de uva
estudados possuem atividade antioxidante e antj@uitza importante no modelo da
levedura S. cerevisiae No modeloin vivo (ratos Wistar) observou-se uma acgao
neuroprotetora, hepatoprotetora e antioxidanteaé&m ratos jovens. Nos ratos mais
velhos observou-se também acdo antigenotoxica tamger Nestes trabalhos,
observou-se importantes correlacdes entre as adesl benéficas e o conteiudo
polifendlico, principalmente referente ao conteldk resveratrol e catequina, nao-
flavondide e flavonodide, respectivamente. Obsergss®l que 0 suco de uva é uma
mistura complexa, foram realizados estudos envdlveestes polifendis a fim de
analisar a influéncia dos mesmos isoladamente relnaa levedur&. cerevisiaeFoi
possivel observar pelos resultados que ambos daeruos, quando em quantidades
semelhantes, sdo antioxidantes em potencial, séenenita estatistica. Entretanto,
utilizando-se linhagens proficientes e deficiemes sistemas de defesa antioxidante,
foi possivel observar que os danos causados pgdrdes estressores sao revertidos por
ambos polifendis pela acao principalmente da enziatalase. Estudos adicionais com
modelos especificos para determinadas doencaauesmo com humanos fazem-se
necessarios, entretanto pode-se concluir que o decova € um alimento rico em
polifendis, vitamina C, minerais e que possui um@drtante atividade antioxidante

tantoin vitro comoin vivo.



ABSTRACT

Although the beneficial effects of the moderate intake of wine are well known, the
antioxidant capacity of grape juices is still little reported. Grape juice is a food which
has important amount of polyphenols, thus, it can be included among the foods with
high antioxidant potential. Studies with grape juice are very relevant since this
beverage is widely consumed and presents economical importance in our region.
Nowadays there are several types of grape juices in the market; white, purple and rose,
organic or conventional. Grape juice has many nutrients and bioactive compounds with
antioxidant, antimutagenic, anticarcinogenic and antiteratogenic activities. Polyphenols
are components which play important roles in grape juice, since their presence
contributes to the coloring, acidity and other characteristics of the juice. Several
beneficial activities to human health are attributed to polyphenols. However, studies
related to juice beneficial activity, a complex substance, were scarce. This study aimed
to assess: 1) antioxidant and antimutagenic activities of different grape juices and the
metals influence in these activities; 2) antioxidant activity of rose grape juice; 3)
neuroprotective and hepatoprotective activities of grape juice in young Wistar rats; 4)
serum antioxidant activity of grape juice in young Wistar rats; 5) neuroprotective,
hepatoprotective and antigenotoxic activities in old Wistar rats; and 6) protective
activity of resveratrol and catechin against distinct stressor agents in different strains of
S. cerevisiaeyeast. Some metals like Manganese and Sulfur showed positive and
negative correlations with these activities, respectively. Moreover, mineral content
varied between white and purple juices. However, Potassium was the most prevalent
mineral (in both juices). Thus, the correlations reported could also distinguish white
from purple juices. Wistar rats (male) were usethasvo models. They were treated

by gavage twice a day, for 30 days, receiving in total a volume of grape juice



corresponding to their weight. Rats were dividetb ithree groups: control (saline),
organic and conventional grape juice. On th& 8ay, half of each group received a
single dose of the stressor agent £€juivalent to their weight. After six hours, the
animals were sacrificed. Experiments with the miojaéastS. cerevisiaglemonstrated
that the grape juices studied present importanb@dant and antimutagenic activities.
The in vivo model (Wistar rats) showed neuroprotective, hgpatective and seric
antioxidant actions of grape juices in young r#tsoldest rats, antigenotoxic activity
was found. These studies demonstrated importantlatons between beneficial
activities and polyphenolic content, mainly relatiedresveratrol and catechin, non-
flavonoid and flavonoid compounds, respectivelyncgi grape juice is a complex
mixture of compounds, involving these polyphenoésavcarried out in order to analyze
their isolated influence o1%. cerevisiagyeast model. Our results suggest that both
polyphenols when applied in similar amountm have siame antioxidant potential.
However, when studying strains proficient and defitin antioxidant defense systems,
the damages from stressor agents are reverted thypob/phenols, mainly under the
action of catalase enzyme. Further studies witltiBpemodels of certain diseases or
even with humans are needed. Our findings demdadtthat grape juice is a food rich
in polyphenols, vitamin C and minerals which plaggortantin vitro andin vivo

antioxidant activities.



1. INTRODUCAO



1.1 Uva e seus derivados: beneficios a salide humana

A uva é uma das frutas mais cultivadas no mundmurgamente com seus
derivados, faz parte da dieta de diversos paisesigalmente os localizados na regido
do Mediterraneo (Ollala et al., 2004). Entre osw@elos da uva, o mais estudado € o
vinho, principalmente pelo seu beneficio a satudeama. Estudos epidemioldgicos tém
revelado uma correlacéo inversa entre consumond® \tinto e a incidéncia de doencas
cardiovasculares, um fenémeno comumente conhecmoo c“Paradoxo Francés”
(Reunad & Logeril, 1992; Vidavalur et al., 2006ntée os beneficios relacionados a
ingesta de vinho ao ser humano, inclui-se a redwzonorbidade e mortalidade
cardiovasculares, de céancer, doenca de Alzheimerekoras no déficit cognitivo
(Vidavalur et al., 2006; Opie & Leocur, 2007). Etanto, um dos questionamentos
gerados por estes estudos era se as atividadefichsrestavam ligadas a presenca do
alcool ou dos compostos fendlicos. Desta forma, eofmalidade de responder esta
questdo, estudos buscaram comparar as atividadedidas do vinho com outras
bebidas alcodlicas, tais como: cerveja, vinho byamalestilados, e com bebidas néo-
alcdolicas como o suco de uva e o0 vinho desaldizestes estudos, observou-se que
em humanos saudaveis, apenas o0s tomadores de timibomelhoraram o fluxo
coronariano, bem como também foram os Unicos a @tam®s niveis de HDL-
Colesterol e os niveis de antioxidantes plasmatmesndo comparados a humanos que
ingeriram as mesmas quantidades (em g/alcool) nleovbranco ou vodka (Opie &
Lecour, 2007). Ainda, quando comparados tomadaesno tinto e vodka, apenas 0s
referentes a primeira bebida apresentaram uma&ahio fator NF-Kappa-B durante
lipemia poés-prandial, provendo assim um mecanismiinflamatério (Cruz et al.,

2006).



Em adicéo, Vinson et al. (2001) compararam a ghcdo vinho tinto, vinho
tinto sem alcool e o0 suco de uva em reduzir osteseateroscleroticos em hamster.
Agua e etanol (6,75%) foram dados ao grupo contfolncentracio de polifendis das
trés bebidas foi normalizada a um mesmo valor pataste com os animais. Os
resultados mostraram que o etanol e todas as lsefpgdaram uma reducéo significativa
na aterosclerose. Observaram também que o suceadé&umais efetivo do que o
vinho tinto e o vinho desalcolizado em inibir aragelerose, bem como se mostrou
mais antioxidante. Comparando o vinho tinto e dweitinto sem alcool, verificaram
que os efeitos nao diferiram estatisticamente, @dpmonstra que o etanol ndo exerce
uma funcdo importante nos beneficios agregadogestia moderada de vinho. Sendo
assim, este fato sugeriu que os compostos fenglipossentes em quantidade
significativa no vinho sd8o os componentes resp@isaem parte, pelos beneficios

observados (Saiko et al., 2008).

Ainda é importante ressaltar que alguns estudosramogjue o alto consumo de
alcool esté relacionado ao aparecimento de divelsascas, entre elas: cirrose, cancer
de figado, cancer do trato superior digestivo (bes&fago, laringe e faringe), bem
como doengas cardiacas (Da Luz & Coimbra, 2004asksvidéncias vém contribuindo
para que Vvarios grupos de pesquisas venham busoaaidces explicacdes a respeito
do beneficio da ingestdo do suco de uva, o quaup@svantagem de ser um produto
nao alcodlico e que pode ser consumido pela maidais pessoas, inclusive as

portadoras de algumas doencas (hepatite) e agasian

1.2. Suco de uva

(o] (0]
Segundo a legislacdo brasileira, Lei. MN678 artigo 4°, paragrafo,5de 8 de

novembro de 1988, suco de uva é a bebida extreadavd através de processo
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tecnolégico adequado, ndo fermentado, ndo alcqola® cor, aroma e sabor
caracteristico, submetido a tratamento que assegste conservacao e apresentacao
até o momento do consumo (Rizzon et al., 1998)ucd sle uva pode ser elaborado a
partir de variedade¥itis labruscaou Vitis vinifera,a primeira comumente utilizada na
América e a segunda, na Europa. Dentre as variedadpregadas para elaboracéo de
suco na Ameérica estdo: Bordo, Concord e Isabela(paoducédo de sucos tintos),

Niadgara (sucos brancos) e Goethe (suco rose) (Retzal., 1998; ANEXO A).

Além das diferentes variedades de uvas, 0 meraasddiro vem contando com
duas classes distintas de sucos de uva. A primdgapminada convencional, é
elaborada a partir de uvas provenientes de vinhgdesreceberam tratamento com
fitodefensivos. A segunda, denominada organicédoedala a partir de uvas colhidas de
vinhedos nos quais o0 uso de fitodefensivos e/olerdmayia genética sdo proibidos
(Wang et al., 2008). Alguns estudos tém relatadereficas no conteudo fendlico e
nutricional de frutas (morangos, péssegos e ampiwauzidas pelo método tradicional
(convencional) e organico (Asami et al., 2003; Landlp-Boccia et al., 2004).

Recentemente, Dani et al. (2007) (ANEXO A) reabmarum estudo com sucos
de uva brancos (Niagara) e tintos (Bordo), orgém&oonvencionais, mostrando que 0s
sucos elaborados com uvas provenientes de culbkginicos apresentavam um teor
fendlico superior ao suco produzido a partir deswle cultivos convencionais. Este fato
pode ser explicado pelo fato dos compostos ferglggrem metabdlitos secundarios
das plantas, produzidos e acumulados durante 8asale estresse. Como 0s pesticidas
ndo sdo utilizados no cultivo organico, as platasam-se mais suscetiveis a acao de
patdgenos, produzindo uma quantidade maior destepastos a fim proporcionar a

defesa da planta contra estes agressores (Olsabn2€07).
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Diferentes metodologias podem ser utilizadas naoedecdo de sucos de uva. Na
producao de sucos tintos, a polpa é aquecida j@miEntom a casca e a semente, a fim
de incorporar a coloracao caracteristica, resuttatembém, em um produto com um
maior conteudo de polifendis, os quais estdo Ipadbs principalmente nestes
compartimentos na uva (Fuleki & Ricardo-da-SilMa)2). Neste cenario, recentemente
foi demonstrado que os sucos de uva tintos prodazddgundo processo descrito acima
apresentam um maior conteudo de compostos fenplemsoidratos e valor caldrico,
quando comparado com o0s sucos brancos (ANEXO Aprodlucdo de suco de uva
branco é caracterizada por metodologia a frio, ua, pndo ha aquecimento da casca

(ANEXO A).
1.3. Polifendis

Os constituintes fendlicos sdo de grande imporg@nta enologia pelas
caracteristicas, direta ou indiretamente, ligadagjualidade do vinho e suco,
especialmente em relacdo a cor e a adstringéniiarfRu-Gayon et al., 2003). Estes
compostos também séo de interesse nutricionaheataridgico (entre eles antioxidante,
antiinflamatério e antiplaquetario) (Riberéau-Gayainal., 2003; Ferguson &Philipot,

2008).

Em videiras, a biossintese de polifendis é diretdenanfluenciada pela
variedade de uva e de suas caracteristicas genéBioaers et al., 1993; Boulton et al.,
1995). Diversos fatores viticolas estdo intrinsemae ligados ao processo de
biossintese de polifendis. Entre eles: porta-eoxeudtilizado (influéncia na
susceptibilidade a doencas), temperatura (gradiémeico ideal entre o dia e a noite
proximo de 15° C), umidade (incidéncia de doengagitas), exposi¢édo solar (horas de
incidéncia direta dos raios do sol sobre as uvapresesso de maturacéo), tipo de solo

e adubacdo (altos teores de matéria organica f@mreum rendimento excessivo,
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prejudicando a qualidade do fruto) e o manejo dsseovegetativo (maior controle

sobre maturacao e rendimento) (Boulton et al., 1@@8tell et al., 2005).

Os polifendis possuem, pelo menos, um anel aromaiw qual, um dos
hidrogénios € substituido por um grupamento hidsoxPodem ser classificados
segundo o tipo de esqueleto principal, dividindeese flavonoides e nao-flavonoides

(Ferguson, 2001; D’Archivio et al., 2007).
1.3.1 Flavondides

As substancias relacionadas a esta grande fand@ibads/ididas em varias
subclasses que se distingiiem pelo grau de oxidéE&®u nucleo pirano (Manach et
al., 2004) (Figura 1).

Segundo Riberéau-Gayat al. (2003), os flavondides baseiam-se, na forma
geral, em estruturas do fenil-2-benzopirona, eoepténcipalmente representados na
uva pelos flavondis. Entretanto, os flavondides ssm sentido amplo, compreendem
igualmente os antocianos e os 3-flavandis. Encon@na uva, também, outros grupos
de menor importancia como os di-hidroflavonéisvdiadis) e, nas folhas, as flavanas
(Cheynier et al., 2000).

Os taninos sé&o, por definicdo, substancias capdeesombinar-se com as
proteinas e com outros polimeros vegetais como assspcarideos, sendo 0s
responsaveis pela estrutura e adstringéncia ddéwgjre também estdo presentes no
suco. Sua configuracdo quimica € composta por miaedendlicas relativamente
volumosas, resultantes da polimerizacdo de molgcelementares de funcéo fenol.

Estas estruturas estdo subdivididas em tanino®lisiélveis ou galicos e os taninos

condensados ou catéquicos (Riberéau-Gagtaal., 2003).
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Os taninos condensados da uva e do vinho sdo poBnwmomplexos de 3-
flavandis ou catequinas, cujas unidades estrututaisbase sdo a catequina e a
epicatequina. Os 3-flavanois estdo presentes nanavibrma de mondmeros e, em
menor forma, representados polimericamente comostitointes dos taninos
catéquicos. As principais formas presentes na @vag+)-catequina e seu isémero (-)-
epicatequina.

As procianidinas dimeras podem ser subdivididasi@stipo ('A' e 'B") (Figura
2). As procianidinas do tipo B §gH26012) sdo dimeros resultantes da condensacao das
unidades 3-flavandis unidas entre elas por liga€ie€£8 (B1 a B4) ou C4-C6 (B5 a
B8). As procianidinas do tipo A 4015 sdo dimeros que possuem unides
interflavanos C4-C8 ou C4-C6 e uma ligacdo étereens carbonos C5 ou C7 da
unidade terminal com o carbono C2 da unidade supedis procianidinas trimeras
também podem ser classificadas em duas categdfiase ('D") (Figura 2). As
procianidinas trimeros do tipo C apresentam unidsflavanos correspondentes ao
tipo B dos dimeros, enquanto que as procianidinasetas do tipo D possuem uma
ligacado interflavano do tipo B e outra do tipo Al&éau-Gayoet al., 2003; Mayer et
al., 2008).

O suco de uva possui principalmente, (+)-catequi)egpicatequina e quatro
procianidinas (B1, B2, B3 e B4). Sendo que as aunaedes séo influenciadas pelo
método de elaboragdo escolhido, quente ou frion@aaa variedade de uva utilizada
(Fuleki & Ricardo-da-Silva, 2003)

Fazem parte dos compostos flavondides, também, tupogespecial de
substancias denominadas antocianos que constitorenvasta familia de polifendis em
plantas e sdo responsaveis pela coloracdo de nfuitas e flores (Wang et al., 2003).

De forma geral, estes pigmentos sdo também endostraa polpa das cepas tintérias.
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No nivel subcelular, estdo presentes no vacuoldle gmodem estar inclusos em

organelas especializadas, definidas como antodastop (Cheynier et al., 2000;

Riberéau-Gayon et al., 2003).
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Figura 2. Principais procianidinas presentes na(Ay8, C e D) de acordo com o

explicado no texto acima (adaptado de Mayer e2@08)

Embora seja relatada atividade antioxidante parflasendides, torna-se

interessante salientar que muitos podem exercéo®fero-oxidantes, principalmente

0S que possuem o anel pirogalol (Trueba & Sanck€fl). Este efeito esta

relacionado, no entanto, com outros aspectos, damo exposicdo a metais de

transicdo, niveis de estresse celular, pH e coramgd do antioxidante no meio

(Ferguson, 2001).

16



1.3.2. Nao-flavonoéides

Entre os compostos denominados nao-flavonodidesdestvados do acido
benzdico e cindmico e os estilbenos merecem ateegi@decial. O resveratrol (trans
3,5,4 — trihidroxiestilbeno) (Figura 3) € um impamte exemplar dos polifendis

presentes nas uvas e seus derivados (Sun et@l;, ROndu & Surh, 2008).

OH

HQ —

OH

Figura 3. Molécula do trans-resveratrol

Foi isolado primeiramente em 1940 como um ingrddiedas raizes do
Veratrum grandiflorume tem sido encontrado desde entdo em uma variedade
aproximadamente 70 espécies da planta, incluinds, blueberriese amendoins (para
revisdo, ver Saiko et al., 2008). O resveratroinépwlifenol e foi classificado como um
fitoalexina fangico (para revisdo, ver Saiko et, aR008). Foi identificado,
posteriormente, em 1963, como o componente atigrdizes secas déolygonum
cuspidatum igualmente chamado Ko-jo-kon no Japao, e usadmedicina asiatica
tradicional para tratamento de dermatites e hipamiias (Burns et al., 2002; Saiko et
al., 2008)

O resveratrol foi detectado nas uvagti®/vinifera) em 1976, e entdo no vinho
em 1992 (para revisdo, ver Saiko et al.,, 2008). MNea&s, especialmente quando

contaminado com o fungBotritis cinerea o resveratrol € sintetizado exclusivamente

17



na epiderme da folha e nas cascas da uva, masar@apa (Craysi et al., 2002; Saiko
et al., 2008). Embora o contetdo de néo flavongidgsecialmente o resveratrol, seja
bem conhecido em vinhos (Fuleki & Ricardo-da-Sil2803; Kasdallah-Grissa et al.,
2007; Gambuti et al., 2007) existem poucos estuples mostram o conteudo deste
polifenol em sucos de uva (Soleas et al., 1995uiveisal., 1997, Romero-Pérez et al.,

1999; Wang et al., 2002).
1.4. Composicédo mineral

Além dos compostos fendlicos, 0s sucos também sept@m outros
componentes, entre eles os minerais, que tambéanpedr eleitos como responsaveis
ou capazes de influenciar atividades biologicas remmanos. Ollala et al. (2004)
mostraram em trabalho realizado com uvas e sucosuwke produzidos e
comercializados na Espanha, a partir Wéis vinifera que ambos possuem
concentracdes significativas de cobre e zincopbesivel observar, neste trabalho, que
a variagcdo na quantidade de minerais pode serliziada entre as diferentes amostras,
estando fortemente influenciadas pelo tipo de sptocessos agricolas utilizados e
variedade de uva utilizada (Ollala et al., 2004).

Os minerais sdo introduzidos no ambiente por fowiral e antropogénica.
Esses elementos estédo presentes em quase todgsismos e exibem uma variedade
de funcgBes biologicas. Por exemplo, tragos de alglementos, tais como cromo (Cr),
selénio (Se) e niquel (Ni) sdo requeridos por $Eumeficios nutricionais, entre eles:
metabolismo de diversas enzimas, o equilibrio abmke, a pressdo osmdtica, a
atividade muscular e nervosa, facilitam a transigeede compostos essenciais através
das membranas e, em alguns casos, fazem partéeduwn#os constituintes dos tecidos

do organismo (para revisao, ver Valko, 2005). Omdap (Mg), por exemplo, € um co-
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fator para DNA polimerase e um protetor efetivoteicarcinogénese induzida vivo
pelo Ni (Rojas et al., 1999).

O ferro (Fe), o cobre (Cu), o zinco (Zn) e Se wAportantes componentes de
moléculas envolvidas na estabilidade gendmica, tarabém podem apresentar efeitos
adversos (Rojas et al., 1999; Beyersmann and Har&008). Cr, Cd (Cadmio), Ni e Pb
(Chumbo) podem, também, ter efeitos genotdxicoa esrcinogénicos em humanos
(Beyersmann and Hartwig, 2008).

A mutagenicidade de minerais pode ocorrer por gariecanismos, tanto diretos
quanto indiretos. Os mecanismos diretos incluenmtgyacdo com diferentes bases do
DNA, alterando o pareamento das bases ou dispiniaidé do substrato para replicacao
de DNA ou transcricdo de RNA,; 2) interacdo de ioretais com DNA polimerases,
diminuindo a fidelidade da sintese de DNA; e 3gnatdo de ions metais com as
ligacoes fosfodiésteres do DNA, alterando a estautio DNA e a formacéo de pontes

DNA-proteina (Tkeshelashvili et al., 1991). J4 acamesmo indireto, pode ocorrer pela

formacgao de OHpela reacao do tipo Fenton (Fenton-likekitu no DNA (Meneghini,
1997); ou pela formacéo de ERO e ER®,( OH, NO e H,0,). A reacdo de Fenton

consiste na decomposicéo dgddmediada por sais de ferro que gerd Otbura 3). A

adicdo de um agente redutor, como 0 ascorbatoalewa ciclo que aumenta o dano as
biomoléculas (McNaught & Wilkinson, 1997). A reagd® Fenton pode ser mediada

por outros metais como o cobre (Fenton-like).

Fe** + H,0, —» Fe*" + OH + OH’

Figura 4. Reacao de Fenton (adaptada de Halli2@0g)

A reacdo de Haber-Weiss consiste de duas etapquerdP), sendo a segunda
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reacdo uma fonte potencial de OHs. Acredita-se @gpieomplexos contendo Fe(lll)
podem catalizar esta reacdo, primeiro sendo redwzfkeke(ll) por @ e entdo reoxidado
por H,O,. A exemplo das reacdes Fenton-like, a reacdo deHAeiss também pode

ser catalizada por outros metais (McNaught & Wakin, 1997)

H,0, + OH"=4H,0 + O, + H’
H,O0,+ O, —# 0O, + OH + OH’

Figura 5. Reacdo Haber-Weiss (Adaptada de Halli\2608)
Sabe-se que frequentemente a formacéo dos ratidaixil € pelas reacdes de
Fenton e Haber Weiss, sendo que estes radicaic@@itecidos por causar dano

oxidativo a lipidios, proteinas e ao DNA (Beyersm&Hartwig, 2008) (Figura 6).

Fosforilacio Fagocitos ativados . .
Cy £ g Fatores ambientais
oxidatra
‘0,
Superoxido Dismutase | Catalaﬁia_ . HD+0,

Cr(V), Fe(ll), Co(ll), Ni(ll}, Cu(ll)

’ Peroxidase ~ HO

Peroxidacdo lipidica Dano Oxidativo a proteina  Dapo ao DNA

Figura 6. lons metalicos e estresse oxiddiinodificada de Beyersmann and Hartwig,
2008)
Tracos de cobre sdo essenciais nos organismoggs@asnetal tem papel crucial

como co-fator de enzimas, tais como a citocromidase e a Cu/Zn superéxido
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dismutase. Teoricamente, os ions de Cu podem mdoRi e causar danos as
biomoléculas, incluindo lipidios e o DNA, provaveime pela reacdo de Fenton

(Beyersmann & Hartwig, 2008).
1.4. Atividade benéfica do suco de uva

Véarios estudos tém mostrado que o consumo de seicovd pode conferir
beneficios a saude humana (para revisdo, ver t@pitl). O efeito bioldgico mais
estudado dos sucos de uva é o antioxidéatehrman et al., 1995; Day et al., 1997;
Davalos et al., 2005; ANEXO ADavalos et al. (2005) e Dani et al. (2007) (ANEXO
A) mostraram importante atividade antioxidaintgitro de sucos de uwditis viniferae
Vitis labrusca respectivamente. Estudos mostraram também quegestéo de
aproximadamente 125-480 mL/dia de suco de uva tiattvencional, principalmente
provindo das variedadaétis vinifera é capaz de aumentar a atividade antioxidante em
homens adultos saudaveis (Day et al., 1997; Frastkal., 1998; Osman et al., 1998;
Freedman et al., 2001; O'Byrne et al., 2002). Acosde uva também é atribuido a
diminuicdo de doencgas cardiovasculares, principatengela sua capacidade em
melhorar a fungéo endotelial em homens saudaveisrgeriram aproximadametne 8
mL/kg/dia de suco de uva (Stein et al.,, 1999; Clebual., 2001). A atividade
cardioprotetora do suco de uva também estd assoéiathpacidade do mesmo em
minimizar processos ateroscleréticos em ratosdoastgor duas semanas com suco de
uva (Vinson et al., 2001).

Em adicdo, Keevil et al. (2000) compararam a calaaa de trés diferentes
sucos: uva, laranja e pomelo (5-7,5 mL/kg/dia, dig& a 10 dias), em evitar eventos
de agregacao plaquetaria em humanos sadios e &bmtOs resultados observados
permitiram concluir que apenas o suco de uva api@seste beneficio (Keevil et al.,

2000). Suco de uva tinto apresenta uma concentidggmlifendis trés vezes superior
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ao sucos citricos, fato que pode, em parte, expticeito potencial dos polifendis na
acdo anti-agregacao plaquetaria. Este efeito dstéambiente relacionado com uma
reducdo nos casos de trombose coronariana e rsodatto do miocardio (Keevin et

al., 2000).

Corroborando com essas observacbes, Shanmuganayagaal. (2007)
mostraram ainda que o consumo diario de suco deesiéaenvolvido na reducdo do
desenvolvimento de ateromas, agregacdo plaquetar@s niveis de colesterol sérico
em coelhos hipercolesterolémicos tratados com 2R5ensuco de uva tinto por dia,
durante 96 dias. Ao suco de uva também pode skwiata a capacidade de ser
antiinflamatoério, estudo este realizado em indieglpreviamente diagnosticados como
portadores de doencas coronarianas, que recebacamle uva durante duas semanas
(Albers et al., 2004).

Aos constituintes do suco de uva tinto também fobwaida a capacidade em
inibir processos tumorogénicos na glandula mamdeiaatos, induzida por DMBA
(7,12-dimetilbenzo[a]antraceno), tratados por @émanas (Singletary et al., 2003).
Neste cenario, Park et al. (2003), utilizando otete€ometa $ingle cell gel
electrophoresisSCGE), mostraram que o consumo de suco de uvalewaa reducao
significativa nos danos ao DNA de homens saudayess ingeriram 480 mL/dia de
suco por oito semanas, quando comparado com r@ntEsores a suplementacao.

Recentemente, Shukitt-Hale et al. (2006) mostrayaeno suco de uva Concord
€ capaz de melhorar a capacidade cognitiva e mdtweante o envelhecimento de ratos,
0S quais receberam suco de uva em trés concerdré@,020 e 50% de suco) por seis
semanas para analise da atividade motora, e duBasEmanas para avaliacdo da

cognicao.
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Além das atividades benéficas ao ser humano daescdtsuco de uva e demais
derivados da uva possuem um importante papel edoadara o Pais, principalmente
para o Estado do Rio Grande do Sul e para a regi&erra Gaucha, justificando assim
0 seu estudo. Acredita-se que no ano de 2008 tesldprocessados em torno 600
milhdes de quilos de uva, sendo que as variedditisslabruscacorrespondem a 88%
do total produzido. Neste ano, foram produzidosx@pradamente 12 milhdes de litros
de suco de uva no pais, sendo que em torno de HOras sdo sucos organicos
(IBRAVIN, 2008). Destes 12 milhdes, em torno de 98%uco tinto, principalmente
das variedades Bordo, Isabel e Concord (tafias labrusca) uma vez que, no Brasil,
ndo se produz suco coryitis vinifera A producdo de suco de uva branco,
principalmente a partir da variedade Niagavati§ labruscg, corresponde a uma
parcela pequena da producéo, atingindo em torn@aela producdo de suco total. A
comercializacdo de sucos de uva no Brasil vem ept&sdo um acréscimo expressivo.
No ano 2002, comercializava-se aproximadamenteniltides de litros de suco de uva.
Em 2007, este valor passou para proximo de 1970es! (IBRAVIN, 2008), sendo que
o grande crescimento se deu entre os anos 200®& 206rrespondente a 97% de
aumento.Segundo o ranking divulgado pela Associacdo Biesildas Industrias de
Refrigerantes e das Bebidas Nao-Alcoolicas (Abiguco de uva pronto para beber é o
mais vendido no pais, se mantendo a frente do skegé e de laranja, correspondendo

a 20,8% do mercado em sucos prontos para bebar, 280I8).

1.5. Avaliacao da atividade antioxidante, antimuta@nica e antigenotoxica.

1.5.1 Avaliacao da Atividade antioxidante
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A atividade antioxidante pode ser avaliada por iessia vitro e in vivo.
Diferentes metodologias tém sido desenvolvidas pzbter uma avaliagdo, seja
qualitativa ou quantitativa, da capacidade antiaxid de compostos, tanto por meio de
testes sem a utilizacdo de células ou utilizandturas celulares. Com o crescente
interesse na funcéo e diversidade de antioxidateslimentos, varias metodologias
rapidasin vitro para medir esta atividade foram desenvolvidas.trPers ensaiofm
vitro existentes, um dos mais utilizados é o radical DRR,1 difenil 2-picrilhidrazil),
gue quantifica a capacidade de varredura dos aiotes (Katsube et al., 2004). Esse
método é amplamente utilizado para avaliar a atédantioxidante de forma rapida e
econdmica, além de gerar um radical estavel e deddtencdo (Mensor et al., 2001;
Katsube et al., 2004). Halliwell (2008) ressaltanportancia de serem realizados testes
in vitro ein vivo, visto que determinadas substancias foram comrglderantioxidantes
em modelosn vitro, e posteriormente, quando avaliattayivo, ndo apresentaram 0s
mesmos resultados. Fato este associado principeman biodisponibilidade e
capacidade de metabolizacdo de diversos polifeesiisdados (Soleas et al., 2006;

Halliwell, 2008).

Desta forma, ensaian vivo utilizando microrganismos tém se mostrado muito
adequados na triagem rotineira de varios produgesdo testes rapidos, sensiveis,
econdmicos e reprodutiveis (Rabello-Gay et al. 1198 descri¢cdo do ciclo de vida da
levedura Saccharomyces cerevisia® 0 conhecimento das caracteristicas genéticas
basicas, além da facilidade de manipulacdo e, ipdhmente, do fato deste
microrganismo ser eucarioto, proporcionaram a graliflisio deste sistema biolégico
como metodologia experimental para estudos dadatie antioxidante (Lopes et al.,
2004; Raspor et al., 2005; Spada et al., 2008haimeros compostos (Henriques et al.,

2001). Os dados obtidos nesse tipo de teste apmesenma correlacdo de,
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aproximadamente, 70% em relacdo ao observado nerhqRabello-Gay et al., 1991;
Kim et al., 2005). O estudo da atividade antioxtdabaseia-se na avaliacdo do
crescimento celular apds tratamentos realizadqeesenca e auséncia do composto a
ser testado adicionado de um agente reconhecidarfentador de espécies reativas,

como por exemplo, o peréxido de hidrogénio (Spadé ,2008).

Além dos estudos com microrganismos, ensaios andia roedores tém se
mostrado bastante Uteis na determinacdo da atevidadioxidante de diferentes
compostos tanto a nivel sérico como tecidual (Dztd? et al., 2001; Ferreira et al.,
2006). A utilizacdo deste modelo permite tambémadiacdo do estresse oxidativo em
diferentes tecidos (figado, sistema nervoso cergrdale outros) (Kappel et al., 2008;
Caregnato et al., 2008). Neste modelo € possiaiaa\o nivel de peroxidacéo lipidica
(Producdo de MDA), peroxidacdo protéica (ensaiocadoonil), bem como medir a
atividade das enzimas antioxidantes superoxido udase (SOD) e catalase (CAT). A
enzima superoxido dismutase (SOD) é responsavaliporutar anions superéxido em
H.O, e Q. (Fridovich, 1998) e a enzima catalase (CAT) diema peroxido de
hidrogénio em agua e oxigénio (Fridovich, 1998)taEsenzimas sdo responsaveis,
juntamente com a glutationa peroxidase (GPx), pdddssas antioxidantes enzimaticas
do organismo, sendo que estas procedem de mamgurastrada para eliminar os sub-

produtos do metabolismo oxidativo (Figura 7).
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Figura 7. Principais defesas antioxidantes enzoagti Adaptado de Proctor &
Reynolds, 1984. (GSH peroxidase: glutationa peasad GSH redutase: Glutationa

redutase)

1.5.2 Avaliacao da atividade mutagénicae antimutagé&a

A levedura S. cerevisiaetem sido amplamente estudada, tornando-se uma
ferramenta importante nas pesquisas sobre mutag@dssnsaios com levedura sao de
grande utilidade na determinacdo de agentes mutagémmbientais ou farmacoldgicos
(Poli et al., 1999; Teerziyska et al.,, 2000). Eseesaios sao rapidos, sensiveis,
econdbmicos e reprodutiveis, apresentando resultadodiaveis na identificacao
biologica. Além disso, a levedura possui um sistemddgeno de ativacdo metabolica
constituido de um complexo enzimatico (citocroma@lo®) de detoxificacdo, que
dispensa a adicdo de um sistema exdgeno, tendespairazao, uma vantagem relativa
aos ensaios bacterianos (Paula-Ramos et al., M8feno et al.,, 1991; Poli et al.,
1999). Experimentos de mutacdes reversas sao sscoraumente utilizados. Baseiam-
se na restauragdo ou compensacdo de um defeit@ogéesponsavel por um

requerimento nutricional (Zimmermann, 1984).
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A restauracdo se deve a uma reversao exata do ef@inal, enquanto que a
compensacao pode ser causada por uma mutacao &eawhehtro do gene (mutacao
supressora interna) ou por uma mutacdo externap cmntaso dos alelos sem sentido
(mutacdononsensgque resulta na alteracdo de um codon que codifitaminoacido
para um cédon de terminacédo) (Hawthorne & Leop@Ri74; Atkin et al., 1993).
Reversao de auxotrofia para prototrofia pode sesaxda por uma substituicéo, insercao
ou delecdo de pares de bases ou, ainda, por untagduunduzida por supressor do
gene mutante original (para reviséo, ver Henrigaiesd., 1997; da Costa Medina et al.,
2008). Para que seja identificada a mutacdo revérsacessaria a utilizacdo de uma
linhagem com marcas genéticas adequadas, comexemplo, a linhagem haploide de
S. cerevisiaeXV185-14c, isolada por Von Borstel (Parry & Part@84; Boeira et al.,
2002; Rosa et al., 2004). Essa linhagem permitetecddo de dois tipos de mutacdes
l6cus especificas: reversdes do alelo ocre lysakeracdo para o codon UAA de
término de cadeia) ou do alelo missense hisl-7oft@dterado codifica um aminoacido
diferente) e reversbes por deslocamento de quagrteitira do DNA frameshif}
verificadas no locus hom3-10. As células reverenpedem ser detectadas pela
semeadura em placas contendo meio seletivo, no qu&tor de crescimento
inicialmente requerido ndo esta presente, ou estageantidades muito pequenas,
permitindo somente um crescimento inicial (Zimmemmal984; Pungartnik et al.,
2005).

Os testes usados em avaliagbes de atividade midagée carcinogénicos
podem ser utilizados para identificar substancrasraitagénicas e anticarcinogénicas
(De Flora et al., 1998; De Flora et al., 2001). Sabcias que apresentam atividade
antimutagénica em leveduras também podem ter feste antimutagénico em sistemas

de cultura com células de mamiferos (Raspor e2@05). Para que uma substancia
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possa ser considerada antimutagénica ela presisdera mutagénese induzida por um
agente mutagénico, como por exemplo, o peroxidbidi®génio (HO,) (Henriqueset
al., 2001). O HO; nao é toxico sozinho, mas € altamente reatiwovo pela reacdo de
Fenton e reacdo de Haber-Weiss, 0 qual reage lpagcite com ions metalicos tais
como o F& ou Cu para formar radical hidroxil (O} que pode danificar diretamente

o DNA, e assim gerar mutacdes (Halliwell e Gutigeid1999).
1.5.3. Atividade genotoOxica e antigenotdxica

A avaliacdo do potencial genotdéxico de um agentdepser determinada por
varias metodologias, entre elas o ensaio Cometangaio Cometa, conhecido como
SGCE {ingle Cell Gel Electrophoregjstem sido amplamente utilizado pela
comunidade cientifica como um teste rapigo vivo e in vitro para detectar
genotoxicidade como consequéncia de danos ao DNAes@ Cometa é utilizado
amplamente em genética médica, genética toxicadgic ecotoxicolégica, em
diagnosticos e tratamentos médicos, medicina ar@biere ocupacional,
biomonitoramento ambiental, dentre outras aplica¢ba Silva et al., 2000).

Em condi¢des alcalinas, o ensaio Cometa detectaragisimples e duplas, além
de sitios alcali-l4beis. Dentre as vantagens die,telestacam-se: sensibilidade para
deteccdo de baixos niveis de danos ao DNA; pequémero de células; flexibilidade;
economia; facilidade de aplicacéo; habilidade pepaduzir estudos usando um
pequeno numero de amostras; rapidez (curto pededmpo para o experimento);
pode ser usado em humanos e em estudos ambienfzésa avaliar reparo de DNA
(Tice et al., 2000; Hartmann et al., 2003; CongjoTice, 2003; Collins, 2004). As
células englobadas em gel sobre uma lamina sdoesiglam a uma corrente elétrica,

que faz migrar para fora do nucleo os segment@Nfelivres, resultantes de quebras.

Apoés a eletroforese, as células que apresentamuaheanredondo sao identificadas
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como normais, sem dano reconhecivel no DNA. Paiodatlo, as células lesadas séo
identificadas visualmente por uma espécie de cacmimp de um cometa, formada
pelos fragmentos de DNA. Estes fragmentos podenapsesentar em diferentes
tamanhos, e ainda estar associados ao nucleo pamrcadeia simples. Para alguns
autores o tamanho da cauda € proporcional ao daeofoi causado, mas somente é
de consenso que a visualizacdo do "Cometa"”, signiiano ao DNA, podendo ser
quebra simples, duplas e/ou lesdes alcali-labarse (€t al., 2000; Hartmann et al.,
2003; Maluf &Erdtmann, 2003; Collins, 2004). Os damo DNA, avaliados pelo
ensaio Cometa, sao classificados de acordo comgeagdo do DNA em 4 classes,
podendo ser de zero (nenhum dano) até 4 (dano ropx#dem disso, o ensaio Cometa
permite a visualizacdo de células apoptéticas (Ri@) (Franke et al., 2005a; 2005b;

Pra et al., 2005; Franke et al., 2006).

»

Classe J

Figura 8 . Classes de dano no DNA das células aasnalizado no ensaio Cometa.

O ensaio Cometa também pode ser utilizado paraiaavals efeitos
antigenotéxicos de diferentes substancias (sucotasf polifendis isolados e extratos
de plantas) frente a agentes reconhecidamente Gyécmg (Jang et al., 2008). A
protecdo de extratos vegetais contra agentes de dicdta sobre o DNA esta

relacionada, provavelmente, com a variedade de astop polifendis que podem
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interferir com o citocromo P450-oxidase, mediandmetabolismo de xenobioticos, e
interagir diretamente com pro-mutagenos e/ou sewtabulitos ou por suas

propriedades antioxidantes (Marnewick et al., 20B@ya avaliar a acdo antigenotéxica
podem-se utilizar diferentes estratégias, comotratémento, co-tratamento ou pos-

tratamento (De Flora, 2001).
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2.1. Objetivo Geral

O objetivo deste trabalho foi avaliar comparativateea atividade antioxidante,

mutagénica/antimutagénica de sucos de uva elab®radpartir deVitis labrusca,

variedades Bordo (tinto), Niagara (Branco) e R@methe), obtidos a partir de cultivos

organicos e convencionais.

2.2 Objetivos especificos

Analisar a composicdo nutricional, mineral, e @nteddo de polifendis e de
vitamina C dos sucos de uva;

Avaliar a atividade antioxidante de sucos de tum@s, brancos e rose, bem como
atividade mutagénica e antimutagénica de sucosstiatbrancos, utilizando como
modelo a levedur&accharomyces cerevisjae

Avaliar o nivel de peroxidacao lipidica e de @gdo de proteinas (carbonil) no
soro, figado e tecidos do sistema nervoso (estreadwmibstancia nigra) de ratos
Wistar tratados com suco de uva tinto organicoreencional;

Avaliar a atividade das enzimas antioxidantesesipdo dismutase e catalase em
soro, sangue total e homogeinizado de tecidosd@igestriado e substancia nigra)
de ratos suplementados com suco de uva tinto @g&ntonvencional,

Avaliar a atividade genotdxica/antigenotoxica g&0 Cometa) em ratos
suplementados com sucos de uva tinto (Bordo) ocgd@convencional,

Avaliar a capacidade do resveratrol e da categem modular o nivel de estresse
oxidativo na levedur&accharomyce cerevisidiente a exposicdo aguda ao cadmio,
peroxido de hidrogénio e tetracloreto de carbono;

Relacionar os resultados obtidos nos ensaidggidms com a composi¢ao quimica

dos sucos de uva.

32



3. CAPITULOS

33



3.1. CAPITULO |

MINERAL CONTENT OF GRAPE JUICES AND ITS INFLUENCENDTHE
ANTIOXIDANT AND ANTIMUTAGENIC ACTIVITIES IN SACCHAROMYCES

CEREVISIAE

Artigo a ser submetido para a revista Biometals

Neste artigo, demonstrou-se a composicado minetal rpetodologia de PIXE
(Particle-Induced X-ray Emissign a atividade antioxidante e
mutagénica/antimutagénica pelo modelo da leve@uraerevisiacde sucos de uva
brancos e tintos. Importantes diferengas entrengosicdo mineral dos sucos tintos e
brancos foram observadas, onde os tintos apreaentealores superiores de cloro,
calcio e magnésio. Observou-se também que o minas&d abundante no suco é o
potdssio. Neste trabalho, mostrou-se também quesamb sucos, tintos e brancos,
apresentaram importante atividade antioxidante/ivo e antimutagénica revertendo
danos causados pelo peréxido de hidrogénio. Entmetas sucos brancos possuem
atividade antioxidanten vivo superior aos tintos. Correlacdes apresentadas antr
concentracdo de minerais e as atividades biologichsam que estes minerais podem,

em parte, influenciar as atividades benéficas il aos sucos de uva.

34



MINERAL CONTENT FROM GRAPE JUICES AND ITS INFLUENCE IN THE
ANTIOXIDANT AND ANTIMUTAGENIC ACTIVITIES IN SACCHAROMYCES

CEREVISIAE

CAROLINE DANIY, LIVIA S. OLIBONIY, DANIEL PRA?, DIEGO BONATTO,
MARIA LUCIA YONEAMA 2, JHONNY F.DIAS, MIRIAN SALVADOR® AND

JOAO A. P. HENRIQUES&**

YInstituto de Biotecnologia, Universidade de CaxiasSul, Caxias do Sul (UCS), Rio

Grande do Sul, Brazil.

“Centro de Biotecnologia/Departamento de Biofisifiwiversidade Federal do Rio

Grande do Sul (UFRGS), Porto Alegre, Rio Grand&udk Brazil.

3Instituto de Fisica, Universidade Federal do Riar@e do Sul (UFRGS), Porto

Alegre, Rio Grande do Sul, Brazil.

*Address to which correspondence should be sent to:

Joédo Antonio Pegas Henriques

Instituto de Biotecnologia da Universidade de Caxia Sul,
Universidade de Caxias do Sul,

Rua Francisco Getulio Vargas 1130, Caxias do Ssi),BRazil, 95070-560.
Telephone: +55 54 218-2105. Fax: +55 54 218-2664.

E-mail: henriques@cbiot.ufrgs.br

35



Abstract

Grape juices are an important source of food armtéoxs. Unfortunately, there are
not enough data about the mineral composition dred imfluence of frappe juice on
antioxidant, mutagenic and antimutagenic activitresukaryote cells. Thus, the purpose of
this work was to evaluate the mineral contents (BigP, S, Cl, K, Ca, Mn, Fe, Cu, Zn) of
Vitis labruscajuices. And also, we evaluate the potential amti@xt, mutagenic and/or
antimutagenic activities in the yed@8accharomyces cerevisiaghe results indicated that
potassium is presented at higher concentration grnatirthe minerals assayed. All grape
juices showed significant antioxidant and animutégectivities inS. cerevisiaeln this
sense, these activities showed a positive coroslatiith copper and zinc contents but a
negative correlation with chloride and silicium temts. These results demonstrate that the
mineral composition of grape juices can exert apidl antioxidant and antimutagenic
protection inS. cerevisiaeells.

KEYWORDS: grape juice; minerals; antioxidant; mutagenicigtimutagenicity
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Introduction

Diets have an important role in the prevention @ine pathologies related to oxidative
stress, such as atherosclerosis and cancer [LpeGuaces are a source of different antioxidants
elements and compounds, mainly polyphenols [2]raady different minerals [3]. In red fortified
wines produced with polyvarietal grapes from a 60year old vineyard cadmium (Cd),
chromium (Cr), cupper (Cu), iron (Fe), nickel (NBad (Pb), vanadium (V) and zinc (Zn) were
presented [4]. Interestingly, there is only oneoré@bout the presence of Zn and Cu in grape
juices fromVitis viniferawhite and red grapes [3].

While some minerals are essential for human nairie.g., Fe, Cu, Se and Zn), others like
Cr, Cd, Ni, As and Pb can induce DNA damage byadtlireteraction, and some studies have
shown these metals also to induce DNA strand braaischromosomal aberrations in cultivated
mammalian cells [5,6] or through the formation afactive oxygen species (ROS) [7,8].
Apparently, Fe, Cu, Zn and Se are necessary to tkeegenetic stability; however, these minerals
could have carcinogenic, mutagenic and oxidativeces in specific physiological conditions [8-
10].

This study is the first to show the mineral composiof a variety of grapes (purple and
white) and its relationship with the biological exfs of grapes juices. It was determined the
mineral composition, of grape juices and theirsicamdant, mutagenic and antimutagenic

activities of white and purpl¥itis labruscajuices usings. cerevisia@s a biological model.

Material and methods
Grapes and Grape Juices
Grape juice were produced frovitis labrusca,\arieties Bordo and Niagara, and classified

in purple and white grape juices, respectively.pRujuices were hot extracted using pulp, seeds,
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and skins [2]. For white juices the skin was rentbbefore extraction. Validity periods were
observed, and the same juices were used for tive study.
Mineral composition of grape juices

Mineral contents in grape juices were quantified rogans of Particle-induced X-ray
emission (PIXE) method [11]. Briefly, each samplaswositioned in the proton beam by means
of an electric-mechanical system. The characteristrays induced by the proton beam were
detected by an HPGe detector from EG&G (GLP seB&&G Ortec, CA, USA), with an energy
resolution of 180 eV at 5.9 keV. The electronicasisted of a Telenec 245 amplifier associated
with a PCA3 multichannel analyzer (Oxford InstrumernN, USA) running in a PC-compatible
computer. The GUPIX code [12] was used for datdyaisghe mineral analysed were Fe, Mn, Ca,
K, Cl, S, P, Cu, Zn, Si, and Mg.
Antioxidant Activity

The evaluation ofn vivo antioxidant activity was carried out using the st cerevisiae
strain XV185-14qMATa, ade2-2, arg4-17, hisl-7, lysl-1, trp5-48, hom3-di@dly provided by
Dr. R. C. Von Borstel (Genetics Department, Alb&taversity, Canada). Yeast cells suspensions
containing 210" cells/mL (exponential phase), with or without hygen peroxide (bD.; 75
mM) and juices (20% v/v) were incubated for 1 hteAfincubation, samples were serially diluted
to 2x10° cells/mL in saline solution [0.9 % (w/v) NaCl],aed onto YPD [0.5% (w/v) yeast
extract, 2% (w/v) bacto-peptone, 2% (w/v) glucomed 2% (w/v) bacto-agar for solid medium]
and incubated at 28 °C for 48 h. Colonies were tteamted and compared to those obtained on
control plates, which were assumed to represerfold@fQyeast cells survival.

Mutagenic and antimutagenic activities of grape@s
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The yeast XV185-14c strain was also used for muiagend antimutagenic assayscell
suspension containing<20® cells/mL was prepared from a yeast culture in eeptial phase of
growth and incubated for 3 h in two different grgpee concentrations (10% and 25% v/v).
Survival was determined by colony counting in Setith Complete Medium —SC (contained
0.67% yeast nitrogen base with no amino acids, Ritoge, 2% bacto-agar and 0.25% @S0,
(3-5 days, 2&C), and mutation inductiorLY Sr, HIS+ or HOMO+ revertants) was performed on
corresponding deficient media as described by Zimmaan [13]. Plating was done in triplicate
for each dose. As a positive control of mutagenésigas employed 4-nitroquinolein-1-oxide
(4NQO; uM).

Antimutagenic assay was also performed with thmesgeast strain, which was done by
cells’ co-treatment with with grape juices (10%ydadh0O, (50 mM) for 4 h at 28 °C with shaking.
Samples were plated onto SC, SC-his, SC-lys anth@@&-media. Hydrogen peroxide (50 mM)
was used as positive control. Plating was donephdate for each dose.

Statistical Analyses

Values were determined as parametrical or non-paracal by the Kolmogorov-Smirnoff
test. Data were submitted to analysis of variad¢dVA), and means were compared using the
test of Tukey. Groups were compared using Studertest and Mann-Whitney test (test U).
Relationships between variables were assessed uspagson’'s product-moment correlation

coefficient.

Results and Discussion
To our knowledge, this is the first study of grgpees elaborated frorvitis labrusca,

Bordo and Niagara cultivars, are important sourtenmerals, havingn vivo antioxidant and



antimutagenic activitiesAlso, there is only one study showing that grapgseg from Vitis
vinifera contains Cu and Zn [3], indicating that is necessaore studies in this field are needed.
The results obtained about mineral content by med®dXE analysis demonstrated that
each grape juice has an individual mineral prdfllable 1). Among the assayed potassium is the
one with highest concentration in both purple ardtevgrape juices (Table 1). Interestingly,
purple grape juices contains significant levelsCdf P and Mg when compared to white grape
juices (Table 1). By its turn, white grape juices @cher in Cu content compared to purple ones

(Table 1).

Metals are introduced into our environment bothmfnoatural and anthropogenic sources.
These elements are found practically in all liviogganisms, and exhibit a wide range of
biological functions, such as components of enzignand redox systems, and asenzyme
activators. Metals are ingested daily by humangaas of their diet. For instance, spinach and
cauliflower concentrate cadmium, while lead is fdun Brussel sprouts and Chinese beets. In
seafood, such as oysters and fish, Pb, Cd, Hg aretédcommonly found. Several trace elements,
such as Cr, Se and Zn are required for the nutatiavell-being of humans and animals. Recent
studies suggest that ultra-trace elements suchsaand Ni may also have a role both in animal
and human nutrition. [8].

The antioxidant, mutagenic, and antimutagenic &fetwhite and purple grape juices and
a possible correlation with mineral content waslyrel by employing the yea&§. cerevisiae.
Many studies use8. cerevisia@s an important model to evaluate antioxidantJ&}-mutagenic
and antimutagenic activities of different compouadd elements present in foods.

The highest non-cytotoxic concentration [20% (vi)prape juices was used in tinevivo

antioxidant assay. All juices showed significanti@idant activity, decreasing or preventing
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oxidative damage induced by®, (Figure 1). White juices presented a higher ptotgceffects
when compared to purple juices and the positiverob(Fig. 1). Analyzing only the purple grape
juices, we observed that the antioxidant activitgvsed a positive correlation with Cu (r=0.785,
p<0.05) and a negative correlation with Mg cont@nt0.982, p<0.01; Table 2). No correlation
between mineral content and antioxidant protectwas observed in white grape juices.
Mutagenic assay was performed employing two grapee jconcentrations [10 and 25% (v/v)].
None of the analyzed grape juices presented mutagetivity at any concentration.

In addition, we found an important correlation be¢w mineral content and antimutagenic
activities (Table 4). Analyzing only purple grapeices we observed a positive correlation
between antimutagenic activity féys locuswith Cu and Mn (r=0.761, p<0.01). For the same
locus, CI, Si and S content showed a negative kediva with antimutagenic activity (r=-0.761; -
0.828; -0.761, p<0.05, respectively). Negative €ations between antimutagenic activity and Cl,
Siand S were observed in tlye andhomloci (Table 5).

If considering only white grape juices a negativarelation between antimutagenic
activity (hom locu¥ and Si, S and Mg content was found (Table 5).0&ifve correlation was
observed between antimutagenic activigs (locug and Zn content (r=0.741, p<0.05; Table 2),
antimutagenic activity his locu3 and Mg content (r=0.781, p<0.05; Table 2) ando als
antimutagenic activitynfom locu¥ and Cu content (r=0.781, p<0.05) (Table 2).

It was already observatat Cu content showed a negative correlation WA damage
in a study made with orange juices [17]. In additidn is a component of more than 70 different
enzymes with functions in many aspects of cellolatabolism, involving metabolism of proteins,
lipids and carbohydrates [18], being also an imgdrantioxidant and decreasing ROS production
[19]. Some studies have reported the ability oft@mnteract with essential elements such as Cu

and Fe, decreasing their content in tissues aaddiat) the oxidative processes [20].
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In this sense, the CI contents showed a negativelaton with the antimutagenic activity
of the purple grape juices. In some situations,@haon could complex with hydroxyl radicals
and form hypochlorous acid (HOCI), which inducepartant damages to the cells [1]. Thus, the

negative correlation observed between antioxidadt antimutagenic activity and Si content can

be partially explained because this mineral is abléorm free radicals (Siand SiO) [1] that

induce the peroxidation of unsaturated fatty agut®spholipids, glycolipids, sterols, amino acids

and sulfhydryl groups of the transmembrane proteips]. Manganese content showed

contraditory effects as we obsvered both negatige ositive correlations between this mineral

and the antimutagenic activity of grape juices. &&m act as both pro- and antioxidant and that
oxidative stress-related effects of Mn are depenhdenonly on the intracellular concentrations of

the metal, but also the exposure duration, secgrudadative challenges, and the overall oxidant
buffering capacity of the cells [22].

Although the influence of minerals in the physiglogf the yeast cells should be
extensively studied, our results demonstrated thatmineral contents can be responsible for
theirs antioxidant and antimutagenic propertie®) tlvaracteristics that are present in wines [23].
In conclusion, grape juices elaborated frovia labrusca cultivars are a good source of
micronutrients which present a correlation witle #ntioxidant and antimutagenic effects, a
characteristic of grape juices and wine, contrilyitio prevent some diseases caused by oxidative

stress, such as atherosclerosis, cancer and ngeroetative diseases like Parkinson.
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Tables

Table 1. Grape juices mineral composition.

Grape juice Mineral composition (mg/L)?
Fe Mn Ca K Cl S P Cu Zn Si Mg
Purple 19.80+£8.10 3.25+0.43 117.2+12.41321.4+15.3 27.3+0.57 21.5+0.8631.75+1.29 5.25+1.70 7.00+£1.67 9.90+1.27 97.4+0.23
grape juice
White 20.30£0.37 2.56x0.20 67.8£2.03* 262.4+£15.6525.23+1.05 20.6+1.07 31.1+2.18 21.9+12.1*11.7+2.70 10.5+0.93 94.5+2.26

grape juice

a Mean =SD; *p<0.05 differently between purple avidte grape juice.
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Table 2. Correlations between antioxidant and antiratagenic activities and mineral

composition in purple grape juices.

Correlation Cl Cu Si S Mn Mg
In vivo antioxidant activity wC 0.785* wC wC 0.785* -0.982*
Antimutagenic activityllys  -0.761* 0.761** -0.828** -0.761* 0.761* wC
Antimutagenic activity Idis) -WC -0.859*  0.737* wC -0.859* 0.908**
Antimutagenic activitylfdom) -0.781*  0.976** -0.926** -0.781**  0.976** -0.781**

Numbers indicate the r value; *p<0.05, **p<0.01

WC= without correlation.
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Table 3. Induction of punctual mutation (isl-7), ochre allele ys1-1), and frameshift
mutation (hom 3-1Q phase inS. cerevisiaestrain XV185-14C exponential growth after

treatment with the juices (10% v/v) for 3 h.

Survival His1/10 Lys1/10 Hom3/10’
Sample$
(%) survivors 2 survivors 2 survivors °
3.54+0.22
0 100.0 (234§ 9.82+1.54(69) 7.11 +1.61 (50)
(25)
Purple grape
86.82 (209) 9.72+1.0(70) 5.65+0.61 (39) 3.96+ 0.47 (28)
juice
White grape
92.0 (220) 6.62 + 1.60 (44) 6.71 +0.78 (49) 2.9282 (21)
juice

& Locus-specific revertants.

P Locus non-specific revertants (forward mutations).

¢ Numbers in parenthesis are the actual numberslofies scored in three plates for each
dose.

9 Mean and standard deviation of three independeyeraments.

Values of the positive control 4NQO (5uM) lochigs (16.01+0.05), locudys (16.25+2.48),

and locuhomo(18.51+4.13).
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Table 4. Induction of point mutation (his 1-7), ochre allele [ys1-1), and frameshift mutation
(hom 3-1Q in exponentially growth cells ofSaccharomyces cerevisiatrain XV185-14C after

co-treatment with the juices (10% v/v) and hydrogen peroxide 50 mM for 3 h.

His 1/10 Lys1/10 Hom3/10
Samples Survival (%)
survivors @ survivors 2 survivors °
0 (Control) 100.0 1.58+ 0.83 0.00 £ 0.00 0.00 £ 0,00
H,O, 50Mm 45.0 24.70 = 1.09* 3.18+ 1.14* 5.74+ 0.66*
Purple grape juice ) ~ ~
86.9 578+ 1.657 2.02+0.80"  2.84+ 0.84™
(10%)+ HO,
White grape juice
88.6 294+ 110 0.80+0.287  2.14+0.347

(10%)+ HO;,

®Locus-specific revertants.

®Locus non-specific revertants (forward mutations).

*Values statistically different in relation to the control by analysis of variance (ANOVA) and
Tukey pos-test, for p<0.05

**Values statistically different in relation toJ@, by analysis of variance (ANOVA) and Tukey

pos-test, for p<0.01
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Table 5. Correlations antimutagenic activities andmineral composition in white grape

juices.

Correlation Cu Si S Zn Mg
Antimutagenic activity I(ys) wC wC wC 0.741* wC
Antimutagenic activity Kis) wC wC wC wC 0.781*

Antimutagenic activityldom) 0.781* -0.781** -0.781** wC -0.781*

# r value; *p<0.05, **p<0.01

WC= without correlation
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Figure legend

Figure 1. Survival (%) of the yeasSaccharomyces cerevisideeated with hydrogen

peroxide at 75mM in the presence or absence ddréifit grape juices (20% v/v).

100

50

Survival (%)
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3.2 CAPITULO Il

ANTIOXIDANT ACTIVITY, PHENOLIC AND MINERAL CONTENT OF ROSE

GRAPE JUICE

Artigo publicado no Journal of Medicinal Food

Este estudo teve por objetivo avaliar a atividadgogidantein vitro e in vivo,
assim como determinar o contetdo de polifendisstad@ido ascorbico e contetdo mineral,
em um suco de uva rose, produzido a partir de dadale Goethelftis labrusca) Os
resultados mostraram que o suco de uva rose é tamdegfonte de polifendis, superior aos
sucos tinto (Bordo) e branco (Niagara), estudado®etro trabalho do grupo (Anexo A).
De todos o0s metais analisados, 0 potassio, o c&lcinagnésio e o ferro mostraram o0s
valores mais elevados. Este suco também apresenpmutante atividade antioxidanie
vitro, avaliado pela metodologia da capacidade de varaedio radical DPPHe @ vivo,

utilizando o modelo da levedus cerevisae
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Short Communication

Antioxidant Activity and Phenolic and Mineral Content of Rose Grape Juice

Caroline Dani.! Livia S. Oliboni.! Begina Vanderlinde ! Daniel Pra.2 Johnny F. Dias,?
Maria Lucia Yoneama,? Diego Bonatto,! Mirian Salvador.! and Jodo A.P. Henrigues!2
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ABSTRACT There am many studies related to the antioxidant activity of grape products: however, they concern only pur-
ple and white grape varieties. Up to now. there are no reports of studies on the Goethe rose grape variety. either on its an-
tioxidant activity or on its phenolic and mineral quantification. Thus, the purpose of this study was to evaluate fn vire and
in vive antioxidant activity. as well as to quantify total phenolic compounds, ascorbic acid. and mineral content, in a4 Goethe
rose grape juice. The results obtained showed that the Gosthe rose grape juice is a great polyphenol source, which contains
catechin, epicatechin, and procyaniding (Bi. Bz, By, and Ba). OF all metals analyzed, potassium, calcium, magnesiam, and
iron showed the highest values, We found that this rose grape juice shows an important anticxidant activity in én wire (2,2-
diphenyl- |-picrylhydraryl radical scavenging activity) and dn vive fusing the Saccharomyces corevisiae veast cells) assays.
The antioxidant activity could be explained by the significant phenolic content and ascorbic acid levels found in the juice.
The mesults showed that rose grape juice i= an excellent antionidant source, which could contribute to the prevention of many

discases mlated to oxidative stress, such as atherosclkerosis and Parkinson's discase.

KEY WORDS: « antioxidant « ascorbic acid « grape fuice « phenolic compounds

INTRODUCTION

I'r HAS ALREADY BEEN REPORTED that a moderate intake
of grape products—wings or juices—have health pro-
tzction effects. In this sense, some of these activities can
be attributed to the phenclic compounds present in
grapes.! Grape juices can be made from hundreds of dif-
ferent grape wvarieties. but the Viris fabrusca species,
which includes the Goethe variety, 15 the most commonly
used. This is a rose grape variety, also known as Roger's,
originally from the United States, but which can also be
found in several other countries, e.g.. Brazil, China, Ger-
many, France, India, and Italy, according to the 2002 Eu-
ropean Viris Database 2

As already reported in other studies. white and purple
grape juices are a source of antioxidants. especially of phe-
nolic compounds such as catechin and procyanidins,

Manuseapt received 7 Apnl 2008, Revision accepted 31 May 20608,

Addrers reprisy requens 1o; Carolize Daaf, Innewee de Bivecaciogie, Universidedes de
i iizs do 5, Rua Franciecs Gendlie Var pas, 1130, Caxier do S, RS, CEP 95070.560,
Bragl, E-mal: carclinedoni @ yaboo.com be

which have well-known antioxidant activity ** Neuropro-
tective and hepatoprotective effects in Wistar rats were
also atributed to grape juices *° However, no study has
vet been conducted to quantify the chemical and pheno-
lic compounds of rose grape juice (RGJ) and their an-
tioxidant activity.

Thus, the purpose of this study was to evaluate the ca-
pacity of RGI to scavenge the 2.2-diphenyl-|-picrylhydrazyl
radical (DPPH?) (in vitro assay) as well as its in wvo an-
tioxidant activity, by using Saccharomyces cerevisiae yeast
cells exposed to hydrogen peroxide (Hz0:). This study was
undertaken to extend the database on {4+ )-catechin, { —J<pi-
catechin, procyanidins, and vitamin C amount and mineral
contznt in RGI

MATERIALS AND METHODS

Samples

The RGI. produced in 2005 from V. labrusca Goethe va-
rizty grapes, was kindly donated by a local winery and was
kept in a controlled-temperature room. The main character-
istics of the juice are shown in Table |
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Tapre |, Man CHARACTERISTICS OF THE GOETHE RGI

Paramerer analvied Mean = 5D
Tatal acidity (g/ 100 mL) 0.497 = 0.02
Valatile acidity (/100 mL] 0018 = 0.1
Ethylic alcohol (% volivel) 010 = 0,00
# Relative density 20020°C LOTT0 = 0.03
pH 337 = (01
Carbohydrates (%) 12,51 = 0,05
Proteins { %) 0.24 = 005
Alimentary fiber (%) 0.51 = 0.03
Humidity (%) 2648 = 0.02
Ash (%) 0.25 = 0.00
Caloric value (kI 100 mL) 214 = 0.20

Chemicals

DFPH?, trans-resveratrol, {+ b-catechin. {— J-epicatechin.
gallic acid, and procyanidins By, Ba. B, and By were all ob-
tained from Sigma-Aldrich (St Louwis, MO). The antho-
cyanin pigments cyanidin-2-glucoside, delfinidin-3-gluco-
side, peonidin-3-glucoside, and malvidin-2-glucoside were
obtained from Extrasynthese (Gennay, France) Methyl
parathion was obtained from Baver. and the acetyl-
cholinesterase kit was bought from UFRJ (Rio de Janeiro,
Brazil). All other chemicals were purchased from E. Merck
(Darmstadt, Germany],

Chemical analysis and nutvitional evaluarion of
the grape juice

Alooholic grade, total acidity. volatile acidity, pH. total 30,
and ascorbic acid wemre determined wsing the methods de-
scribed by Zoecklein er i’ All analyses were performed in
duplicate. The levels of carbohydrates, food fiber, saturated
Fats, prodeins, humidity, and caloric value were determined ac-
cording to the official methodologies of analysis of the Asso-
ciation of Official Analytical Chemists Intemational

Phenolic compound content

Total phenol content was guantified using the Singleton
and Rossi modification of the Folin-Ciccaltzau colorimetric
method ® High-performance liquid chromatography analy-
sis was used to quantify individual phenolic compounds. Be-
fore high-performance liquid chromatography analysis, 5
mL of gach sample was filtered through a cellulose mem-
brane with a 0.20-mm diameter. The equipment used in the
analysis consisted of a liquid gradient chromatographic sys-
tem  LC-DAD Series 1100, Hewlent Packard, Palo Alio, CA)
with a diode amray detector system. A Zorbax 300 5B Cg
(12mm = 46mm ¥ 5 pm) precolumn and a Cy 005 (150
mm * 4 mna X 5 g ) column (Agilent Technologies, Palo
Alto) were used.

In arder to quantify procvaniding By, Bs. Ba. and By, (+)-
catechin, { — lepicatechin, and gallic acid we used a mobile
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phase with sobvent A (50 mM ammoniom hydroxide diphos-
phate, pH 2.6}, solvent B (20% solvent A and 807 ace-
tonitrike ), and solvent C (0.2 M orthophosphonc acid, pH
1.5, in a constant flow of 0.5 mL/minute. in a controlled-
temperature room at 40°C. The peak was detected at 204
nm, and the amount of sample injected was 5 pl. The elu-
tion conditions were standardized according (o the proce-
dure of Lamuela-Raventos and Waterhouse, 1"

Particle-induced X-ray emission { PIXE)

Metals quantified in grapes were analyzed by means of
the PIXE method.'! In this assay, 400 mL of RGJ was dried
and transformed in tablets. PIXE analysis was carried out at
the 3-MV Tandetron accelerator facility at the Instituto de
Fisica of the Universidade Federal do Rio Grande do Sul,
Porto Alegre, Brazil. All measurements were performed us-
ing a 2-MeV proton beam with an average current of 5 nA.
The acquisition time for each sample was approximately
[(-20 minutzs. The beam spot at the target position was
about @ mm?. The filters containing grape juice. blank, and
calibration targets were placed in a target holder, which ac-
commadaies up to 10 samples. Each sample was positioned
in the proton beam by means of an electnc-mechanical sys-
tem. The characteristic X-rays induced by the proton beam
were detected by an high-purity germanium detector (GLP
series, EG&G ORTEC®, CA). with an energy resolution of <
[50 eV at 3.9 ke'V. The detector was positioned at 45°C in
relation to the beam axis. The electronics consisted of a Te-
lenzc 245 amplifier associated with a PCA3 multichanne]
analyzer (Oxford Instrument. Memphis. TN}, running on a
PC-compatible computer. GUPIX code!? was used for data
analysis,

Antioxidant aciivity

The antioxidant activity of the juice was measured by in
vitro (DPPH* radical scavenging activity) and in vive (S
cerevisiae veast cells) assays.

Scavenging of DPPH* was measured vsing a method mod-
ified from that of Yamaguchi er al '? in which grape juice
solutions were added to obtain final concentrations of 0.1%,
L0, 10005, 50.0%, and 100.0% (valfvel). The tubes were
stored in the dark for 20 minutes. after which absorbance
was measured at 517 nm. The results were expressed as the
concentration of juice necessary to scavenge 500 of DPPH®
radical (IC g, ). The control used distilled water instead of an-
tioxidant solutions. Catechin was vsad as the standard.

The determination of the in wve antioxidant activity of
the juice was performed using eukarvotic cells of 8 cere-
visige XY 185-14c yeast (MAT e, adel-2, arpd-17. hisl-7.
fvsl-d, trp3-48, hom3-10), kindly provided by Dr. R.C. Von
Borstel, Department of Genetics, University of Alberta, Ed-
monton, AB, Canada, treated with H2Os to induce oxidative
strzss. 1418 Suspensions containing 2 % 107 cells/ml (ex-
ponential phase), with or without HyOs (75 mM) and dif-
ferent concentrations of the juice, were incubated for | hour,
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ROSE GRAPE JUICE ANTIOXIDANT ACTIVITY 3

TapLe 2. Mam DirrerenceEs BETwER RGI aMDp WHITE anD PURFLE COMMERCIAL GRAFE JUICES

RGT Whire Niagara® Prirple Bordo®
Ascorbic acid (mg/L) 454 = 010 I7.6 = 0.30 0.8 £ 040
Carbohydrate (%) 12.51 = 0.05 1119 = 003 943 = 001
Alimentary fiber (%) 0.51 = 0.03 0,271 = 001 0010 = 000
Total phenclic content 1566 = 515 30095 = 106 119.+= 353
{mg of catechin'mL)
ilhata from Dani er al4
The juice concentrations chosen for this assay were 0%, DISCUSSION

25%. and 50% (vol/vol), the last one being the highest non-
cytotoxic dose. After incubation, samples were diluted in
0.9% (wt/vol) saline solution, plated onto YPL (0L5% yveast
extract, 2% bactopeptone, and 2% glucose), and incubated
For 48 hours at 28°C. Colonies were then counted and com-
pared to the control plates. which were considered to repre-
sent 100% of survival of veast cells.

Statistical analyses

Except for catechin, epicatechin, and procyanidins, all as-
says were performed in triplicate. Data were analvzed by
analysis of variance, and means wers compared using
Tukey’s test. All tests used the SPSS version 12.0 software
package (5PS5, Chicago, IL).

RESULTS

The main findings abouwt RGI are shown in Table L.
Through these results we can observed that RGI is an im-
portant nutritional source. Total phenolic compounds found
in BGI were 156.6 * 5,15 mg of catechin/mL of juice. Spe-
cific phenolic compounds found and their contents were cat-
echin (2.2 ppm). epicatechin (168 ppm). and procyvanidins
By (4.22 ppm). Bz (1.95 ppm), B; (2,14 ppm), and By (1.71
ppmt In a comparison with White Niagara and Puarple
Bordo, it was seen that RG] presented higher levels of ascor-
bic acid, carbohydrates, and fibers among these three kinds
of juices (Table 2).

Fifteen metals were analvzed in RGJ. The main metals
found were potassiom (2909 ppm), calcium (977 ppm),
magnesium (96.5 ppm), and iron (65.8 ppm). Phosphorus,
chloride, sulfur, copper, zing, and manganese were found in
loweer levels (<210 ppm ). The mmaining five metals { sodiam,
aluminum, silicon, titanium, and nickel) were below the
level of detzction.

In the in vitre assay, RGI showed an 1Cs; value of 4%
(catechin standard, 8.03%). In the in vive assay, noncyto-
toxic concentrations (10, 25%. and 50% volfvel) of RGI
were chosen for the test. RGI was able to inhibit damages
cavsed by the stressing agent (H2O5) in all concentrations.
The 30% and 25% (volfvall concentrations showed the same
antioxidant activity, both being better than the 10% (vol/ivol)
concentration (Fig. 1)

[t is well known that grapes and grape juices are an im-
portant nutritional source. RG] was shown to be an impor-
tant nutritional source with significant vitamin € and
polvphenol contents. RGI presented higher values of ascor-
bic acid. carbohydrates, and alimentary fiber than Niagara
white and Bordo purple commercial grape juices analyzed
in another study* conducted by our group (Tabke 2). The dif-
ference could be attributed to several factors, such as grape
cultivar, soil. climate, processing methods, etc.’

Although there are other juices richer in ascorbic acid
content than RGI. e.g., orangs (1,379 mg/L) and grapefruit
(337 mg/L), RG] juice showed a significant ascorbic acid
content (484 mg/L) similar to other fruit juices such as
peach (66 mg/L) and apple (57 mg/L).7 Vitamin C plays a
protective role against mactive species generated during
photosynthesis and the respiration processes in plants'® and
also has antioxidant and antimutagenic effects 819

RGI was richer in total phenolic (1566 += 515 mg of cat-
echinfmL ) content than the Bordo (119 * 3.53) and Niagara
(2995 * 1.06) commercial grape juices (Table 2) analyzed
by our group* Many factors could influence the phenolic
content, for example, the grape juice production process and
the ripeness level **? According to the literature, the main
compounds found in grape juices made from Vits winifera
and V. labrusca are (+)-catechin, (—epicatechin, and the
procyvaniding dimers. ' RGJ showed higher catechin (2.2
ppmi) values when compared with a V. labrusca purple grape

1l =
B0 Linfreskid

[ L

ESIRG {1098 Oy
I R { 25% b Hp O
IR {50 0y

B murvival
g

0

FIG. 1. Survival of 5 cerevisiae strains untreated and treated with
RGI andfor the stressing agent HaOa (75 mM). Different ketters cor-
mspond to valves statistically different by analysis of variance and
Tukey's postdest: *P <2 05,
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juice (1.2 ppm) (Concord variety).> This difference occurs
because phenolic compounds are secondary metabolites pro-
duced and accumulated in plant tissues, and changes in phy-
topathogenesis, among other factors, may result in different
concentrations of these compounds in plant organs.??

This is the first study showing the mineral composition
of the V. labrusca grape juice. Minerals, such as iron, mag-
nesium, sodium, and others, have important physiological
functions in the human body.** Although more studies are
necessary, RGI is capable of supplying minerals important
to human health.

Except for one study showing in vitre antioxidant activ-
ity of white grape juice,* all other studies about antioxidant
activity of grape juices are related to juices produced with
V. vinifera purple grapes.'-24235 This is the first study that
showed the i vitro and in vive antioxidant activity of RGJ
from V. labrusca species (Goethe variety). In vivo antioxi-
dant activity was assessed using S. cerevisiae yeasts cells,
which are a useful model to screen natural antioxidants,'#16
In this model, RGJ was able to protect yeast cells from dam-
ages induced by H,0,.* This important biological activity
could be attributed, at least, in part, to high levels of phe-
nolic compounds and ascorbic acid found in RGJ. In fact, it
has already been shown that phenolic compounds and ascor-
bic acid contents are related to antioxidant activity.22-26-27

Although the results show an important antioxidant ac-
tivity of RGI, in both in vitro and in vive assays, more stud-
ies are needed. The data are very useful since RGJ could
become an important component in the diet of adults and
children. Our findings show that RGJ could be considered
a potentially active compound to be used in conditions where
reactive oxygen species are involved, thus protecting against
important diseases, such as arteriosclerosis, Parkinson’s dis-
ease, cancer, and others.
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INTAKE OF PURPLE GRAPE JUICE AS AHEPATOPROTECTIVE AGENT

IN WISTAR RATS

Artigo publicado no Journal of Medicinal Food 112008, 127-132.

Neste estudo, avaliou-se a possivel atividadexdd#atein vivo (ratos Wistar) dos
sucos de uva tintos, organico e convencional. Ggltexlos obtidos permitiram observar
gue ambos os sucos foram capazes de reduzir tivgisroxidacao lidica e proteica, bem
como modular a acdo das enzimas antioxidantes SODAE, reduzindo a razéo
SOD/CAT, no figado. No plasma, foi possivel obsemae somente 0 suco organico
reduziu os niveis de peroxidacdo lipidica, enttetammbos reduziram os niveis de
oxidacdo protéica. Além desta atividade, 0 sucaw@eorganico apresentou uma reducao
significativa na razao SOD/CAT no plasma quandopamado com o grupo que recebeu o
suco convencional. Visto que o0 suco organico pasiugiis de polifendis totais e isolados
estatisticamente superiores aos convencionaiss&yab concluir que estes compostos sao

muito importantes na atividade benéfica apresemadaste modelo.
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Intake of Purple Grape Juice as a Hepatoprotective Agent in Wistar Rats

Caroline Dani.! Livia S. Oliboni.! Matheus A.B. Pasquali,> Marcos R. Oliveira,’
Fernanda M. Umezu.! Mirian Salvador.! Jos¢ C.F. Moreira.> and Jodo A.P. Henriques'
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and *Centro de Estudo em Estresse Oxidativo, Departamento de Bioquimica,
Universidade Federal do Rio Grande do Sul, Porto Alegre, Rio Grande do Sul, Brazil

ABSTRACT  Grape juice is a source of polyphenols, as catechin, anthocyanidins, resveratrol, and others. Some health ben-
efits have been altributed to these compounds (e. g., antioxidant and antitumorigenic properties). In this study, we investigated
the possible antioxidant activity of two different grape juices: organic purple grape juice and conventional purple grape juice.
The antioxidant activity of both grape juices was evaluated by an animal model of three groups: control and organic and con-
ventional juices. After 30 days, all animals were sacrificed, and blood and liver were collected to evaluate lipid peroxidation
level (thiobarbituric acid-reactive substances [TBARS] assay), protein oxidative level (carbonyl assay), and catalase (CAT)
and superoxide dismutase (SOD) activities. The group treated with organic grape juice showed the highest SOD and CAT ac-
tivities in both plasma and liver when compared with the conventional and control groups (P <2 .05}, In plasma, we observed
a positive correlation among SOD and CAT activities, resveratrol. and all anthocyanin conlents. suggesting that these polyphe-
nols may be, at least in part, responsible for this increased antioxidant defense. The grape juices were capable of reducing
carbonyl and lipid peroxidation levels in plasma and liver. However, in plasma. the organic group showed lower carbonyl and
TBARS levels when compared to the conventional grape juice group (F <2 .05). Our findings suggest that the intake of pur-
ple grape juice, especially of organic juice, induces a better antioxidant capacity when compared to convertional juice and

that this may be an important issue for further investigations in the area of biochemical functional foods.

KEY WORDS: « antiovidant « hepatoprotective » oxidative stress « phenolic content

INTRODUCTION

HE LIVER REGULATES many important metabolic func-

tions. Hepatic injury is associated with distortion of
these metabolic functions.! Additionally, the liver is the
key organ of metabolism and excretion, and it is continu-
ously and variedly exposed to xenobiotics because of its
strategic placement in the body. Thus, liver diseases re-
main one of the more serious health problems. The CCly-
induced hepatotoxicity model is frequently used for in-
vestigating hepatoprotective effects of drugs and plant
extracts.2?

CClg-induced toxicity is a well-characterized murine
model for the study of oxidative damage in vivo. The toxi-
city of CCly results from its reductive dehalogenation by the
liver cytochrome P450 enzyme system into  the
trichloromethyl free radical. which readily interacts with
molecular oxygen to form trichloromethyl peroxyl radicals.*

Manuscript received 18 August 2007 . Revision aceepted 3 October 2007,

Address reprint requests to: Caroline Dani, Institute de Biotecnalogla da Universidade
de Caxias de Sul, Universidade de Caxtas do Swl, Riwa Francisco Getiilio Vargas, 1130,
Caxias do Sul. RS, Brazil, 95070-560), E-meil: carolinedani@yahoo.com.br
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Both radicals are able to attack proteins and lipids or still
abstract hydrogen atoms from an unsaturated lipid, leading
to membrane lipid peroxidation, cellular dystunction, and,
finally, to cell necros

In a recent study, grape leat extracts were able to reduce
the damage caused by CCly.® The possible hepatoprotective
activity of purple grape juices, either organic or conven-
tional, has not been reported so far.

Grape juice is a very rich source of polyphenols, such as
flavonoids, tannins, and resveratrol.” Although there are
studies reporting that Vitis vinifera grape juices show an-
tioxidant activity,* ' there is no reference in literature about
this on Vitis labrusca cultivars. Presently, there is an in-
creasing interest in a healthier and more environmentally
friendly production method for fruits. Organic production is
a cultivation method characterized by restrictions against the
use of synthetic pesticides and fertilizers, as well as of ge-
netic engineering.!!

Given these considerations, the aim of the present study
was to investigate the beneficial effects of two different pur-
ple grape juices—organic and conventional—in reducing
the damage to liver and the oxidative stress in plasma and
liver, using the well-established murine model.
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MATERIALS AND METHODS
Grape juices

The grape juice samples used in this study were produced
from V. labrusca, variety Bordo, vintage 2005. The organic
juices were produced with organically cultivated grapes (no
pesticides) and were obtained from Cooperativa Aecia (An-
tonio Prado, RS, Brazil), which received the ECOVIDA cer-
tificate, a guarantee of organic food production. The con-
ventional juices were obtained from Vinhos Monte Reale
(Flores da Cunha, RS, Brazil ). Both grape juices were kindly
donated by these wineries.

Phenolic compounds

Total phenolic content was measured by using the mod-
ification of Singleton et al.'? of the Folin-Ciocalteu col-
orimetric method. High-performance liquid chromatogra-
phy (HPLC) analysis was used in order to quantity the
presence of individual phenolic compounds. Prior to
HPLC analysis, 5 mL of each sample was filtered through
a cellulose membrane with a 0.20-mm diameter. The
equipment used in the analysis consisted of a chromato-
graphic system of liquid gradient, LC-DAD Series 1100
chromatograph (Hewlett-Packard, CA, USA), with a de-
tector system of diode array. A Zorbax 300 SB C18 pre-
column (12 mm X 4.6 mm, 5 pm particle size) and C18-
ODS column (150 mm X 4 mm, 5 pm particle size) were
used in the equipment.

In order to quantify the resveratrol compound, we used a
mobile phase of ultrapure water and acetonitrile (75:25
vol/vol) (pH 3.0), at a constant flow of 1.0 mL/minute for
20 minutes, in a controlled-temperature room at 20°C. The
peak was detected at 306 nm. and the amount of sample in-
jected was 20 uL."3

In order to determine cyanidin-3-glucoside, delphidin-3-
glucoside, peonidin-3-glucoside, and malvidin-3-glucoside,
a mobile phase with solvents A (ultrapure water, formic acid,
and acetonitrile [87:10:3 by volume]) and B (ultrapure wa-
ter, formic acid, and acetonitrile [40:10:50 by volume]), at
a constant flow of 0.8 mL/minute, in a controlled-tempera-

ture room at 25°C, was applied. The peak was detected at
518 nm, and the amount of sample injected was 50 pL.. The
elution conditions were 50-60% (30 minutes), 60—-100% (30
minutes), and 100-50% (10 minutes).'*

Animals

Twenty-four male Wistar rats (60 days old, weighing
200 = 50 g) from our breeding colony were used in the ex-
periments. The animals were handled under standard labo-
ratory conditions of a 12-hour light/dark cycle and fixed
temperature (25 = 2°C). Food and water were available ad
libitum. All experimental procedures were performed in ac-
cordance with the U.S. National Institutes of Health’s Guide

for the Care and Use of Laboratory Animals with the ap-

proval of the local ethics committee.

Treatment

The animals were randomly allocated into one of the three
experimental groups (n = 8): group 1 served as the control
and received vehicle saline, and conventional or organic pur-
ple grape juices were given to groups 2 and 3, respectively.
The doses of purple grape juice were determined by calcu-
lating the amount of juice that would be consumed daily in
average by a 70-kg male human. !5 Juices were administered
to the rats (7 uL of grape juice/g of body weight) twice a
day. During the experiment, the amount was adjusted ac-
cording to the animals’ weight. Before sacrifice, the ani-
mals” blood was colleted and kept in heparin-coated tubes.
On day 30, half of the animals received a single intraperi-
toneal CCly (3 mL/kg) dose. The animals that received CCly
or only vehicle (mineral oil [control]) were killed 6 hours
later by decapitation. Liver samples were isolated and stored
at —70°C until analysis.

Oxidative stress analyses

We used the thiobarbituric acid-reactive species (TBARS)
output during an acid-heating reaction as an index of lipid
peroxidation, which is widely adopted as a sensitive method
for the measurement of lipid peroxidation, as previously de-

TaBLE 1. ToTaL PHENOLIC CONTENT AND LEVELS OF RESVERATROL AND ANTHOCYANINS (CYANIDIN,
DELPHINIDIN, PEONIDIN, AND MALVIDIN) IN ORGANIC AND CONVENTIONAL GRAPE JUICES

Grape juice

Organic Conventional
Total phenolic compounds (mg of catechin/mL) 262.50 £ 0.70% 11959 £ 353
Resveratrol amount (ppm) 0.213 = 0.005% 0.075 = 0.010
Cyanidin (ppm) 11.79 + 0.42% 076 * 0.04
Delphinidin (ppm) 26.30 x 1.15% 4.10 = 040
Peonidin (ppm) 19.21 * 1.43% 8.59 * 0.82
Malvidin (ppm) 23246 + 425% 9526 * 195

Data are mean + SD values.

*Statistically different between the two grape juices (P << .05).
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scribed. ' In brief, the samples were mixed with 10%
trichloroacetic acid and 0.67% thiobarbituric acid and then
heated in a boiling water bath for 15 minutes. TBARS were
determined by absorbance at 535 nm.

The exidative damage to proteins was assessed by deter-
mining carbonyl groups based on the reaction with dinitro-
phenylhydrazine, as previously described.!” In brief, pro-
teins were precipitated by addition of 20% trichloroacetic
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FIG. 1. (A) TBARS level, (B), carbonyl levels (protein oxidation
assay), and () antioxidant enzyme activities and their ratio in the
plasma of rats treated with different grape juices. Control rats received
saline. Data are mean £ SD values, *P <2 .05 compared to control:
P < 05 compared to conventional grape juice treatment. MDA,
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FIG. 2. TBARS content in liver of chronic grape juice-treated Wis-
tar rats. Data are mean & SD values. #P < 03 compared to control +
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vehicle: P <2 .05 compared to control + CCly. MDA, malondialde-
hyde.

actd and redissolved in dinitrophenylhydrazine, and the ab-
sorbance was read at 370 nm.

Antioxidant enzyme assays were performed in tissue ho-
mogenates, as previously described. Catalase (CAT) activ-
ity was assayed by measuring the rate of decrease in H,O,
absorbance at 240 nm.'® Superoxide dismutase (SOD) ac-
tivity was assayed by measuring the inhibition of adrenaline
autooxidation at 480 nm, as previously described.!”

Statistical analyses

Biochemical data are expressed as mean = SEM values,
and analysis of variance and Tukey’s test were performed
using the SPSS (Chicago, IL) version 12.0 package. All tests
were performed in duplicate. Pearson’s correlation coeffi-
cient was used to test the correlation between polyphenol
content and the assays.

RESULTS

Table 1 shows the content of phenolic compounds in the
two types of purple grape juice used in this study. The two
types present a statistical difference in the content of total
phenolic compounds (P <2 .035), especially in resveratrol
amount: the organic purple grape juice had higher amounts
in both parameters. Important differences could be observed
between both grape juices with regard to content of antho-
cyanins {malvidin, cyanidin, delphinidin, and peonidin}; we
also observed that the organic juice is richer in the amount
of all phenolics than the conventional juice (Table 1).

In this study, we have demonstrated that grape juice. es-
pecially the organic one, was capable of altering oxidative
parameters in plasma. It was observed that the animals that
received organic grape juice showed lower plasma lipid per-
oxidation levels when compared to conventional grape juice
and control groups (£ < .05) (Fig. 1A). We found a nega-
tive correlation between lipid peroxidation (TBARS) and to-

—

tal phenolic content (r = —0.511) and resveratrol (r =
—0.540), cvanidin (r = —0.604), peonidin (r = —0.512),
delphinidin (r = —0.593), and malvidin (» = —0.526) con-
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tents (P << .01 for all comparisons). Indeed, the protein ox-
idative damage decreased after treatment with both grape
juices, showing a significant difference in relation to the
control (P << .05) (Fig. 1B). In this assay, the polyphenol
content showed an important correlation: we also observed
a negative correlation between carbonyl content and
polyphenol total amount (r = —0.799) and resveratrol (r =
—0.679), cyanidin (r = —0.604), peonidin (r = —698), del-
phinidin (» = —0.629), and malvidin (» = —0.692) contents
(P =2 .05 for all comparisons). When analyzing the activi-
ties of antioxidant enzymes, we observed that the group
treated with organic grape juice had higher SOD and CAT
activities as compared to the conventional grape juice and
control groups. We observed a positive correlation between
the SOD and CAT activities (» = 0.707; P << .01). We ob-
served a positive correlation between SOD and CAT activ-
ities and total phenolic content (r = 0.773 and 0.578, re-
spectively) and also between resveratrol (r = 0.775 and
0.602), cyvanidin (r = —0.775 and 0.632), peonidin (r =
0.687 and 0.578), delphinidin (r = 0.766 and 0.629), and
malvidin (r = 0.721 and 0.588) contents (P << .01 for all
comparisons). This suggests that these polyphenols may be
responsible for this increased antioxidant defense. The
SOD/CAT ratio of the organic group presented the lowest
level when compared to conventional juice and control
groups (£ < .05) (Fig. 1C). This ratio showed a negative
correlation with the content of phenolic compounds: we ob-
served this correlation with resveratrol {(» = —0.621), cyani-
din (r = —0.608), peonidin (» = —0.609), delphinidin (r =
=0.619), and malvidin (r = —0.615) (P << .05 for all com-
parison).

CCly damage was quantified through the lipid peroxida-
tion detection assay, and the level of lipid peroxides was
significantly increased in the liver of rats after the CCly in-
jection (P <2 .05) (Fig. 2). However, after treatment with or-
ganic grape juice these levels decreased significantly (P <<
.03) when compared to conventional grape juice and con-
trol treatments (Fig. 2). This could be explained by the phe-
nolic content; we observed a negative correlation between
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FIG. 3. Liver protein peroxidation (carbonyl) levels in liver. Data
are mean = SD values. *P <2 .05 as compared to control + vehicle:
#p < 035 compared to control + CCly: *#P <0 05 compared to con-
ventional grape juice treatments.
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FIG. 4. Levels of enzyme activity—(A) CAT, (B) SOD, and (C)
SOD/CAT ratio—in liver in rats treated with different grape juices
and that received CCly or vehicle injection. *P =2 .05 compared to ve-
hicle; #P <2 .05 compared to CCly: *#P < .05 compared to organic
and conventional grape juice treatments,

liver lipid peroxidation and total phenolic content (r =
—=0.511) and resveratrol (r = —0.546). cyanidin (r =
—0.604), peonidin (» = —0.512), delphinidin (r = —0.593),
and malvidin (» = —0.526) contents (P =< .05 for all com-
parisons).

Figure 3 shows the capacity of CCly to induce protein ox-
idative damage in liver when compared to control (P < .05).
A significant attenuation of the oxidative damage induced
by the CCly injection can be observed in the groups that
were given grape juice (P << .035), but the group that received
conventional grape juice showed lower values (higher pro-
tection against damage) when compared to the group that
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received organic grape juice (P << .05) (Fig. 3). However,
in the groups that received vehicle in addition to grape juice,
the organic grape juice group showed a more significant de-
crease when compared to the conventional grape juice
group, but both grape juices provided protection when com-
pared to the vehicle-only group (P << .05) (Fig. 3).

Figure 4 shows the effects of grape juice treatment on
CAT and SOD and on the ratio of both enzymes™ activities
in liver. Modifications in CAT activity in the liver were ob-
served between the control and CCly-treated groups, with
the CCly group showing higher values (P << .05) (Fig. 4A).
However, a significant increase in CAT activity was also
observed in the organic grape juice group when compared
to the conventional grape juice and control groups that had
both received vehicle in addition (P << .05). We observed a
correlation between CAT activity and total phenolic content
(r = 0.372) and resveratrol (r = 0.380), cyanidin (r =
0.376), delphinidin (r = 0.381). peonidin (r = 0.373), and
malvidin (r = 0.376) contents (P << .01 for all comparisons).
SOD activity was reduced in CCly-treated rat liver (P << .03)
(Fig. 4B). We observed that both juices reduced SOD ac-
tivity in liver when compared to the control group that re-
ceived vehicle only (P << .05) (Fig.4B). The liver SOD/CAT
ratio decreased significantly when compared to the control
and conventional groups (Fig. 4C).

DISCUSSION

In our study we observed that chronic treatment with
grape juice was able to reduce the lipid peroxidation level
in liver and plasma after CCly injection, whereas the organic
juice induced a more significant reduction than the conven-
tional juice. These protection activities could indicate a he-
patoprotective action of grape juice since the CCly damage
was smaller after grape juice intake.

Orhan et al.® showed that the ethanol extract of V.
vinifera—despite not having measured its active compounds
in their study—was capable of inducing a possible hepato-
protective action. They believed that it could be due to (1)
inhibiting the cytochrome P450-dependent oxygenase ac-
fivity, (2) preventing lipid peroxidation, and (3) stabilizing
the hepatocyte membrane, induced by polyphenolic com-
pounds.

We also observed that CCly injection increased lipid per-
oxidation level 6 hours after a single intraperitoneal injec-
tion, suggesting that this agent makes a good topic for in-
vestigating the antioxidant effect of chronic treatment with
grape juice. The phenolic content of the juices could be a
possible explanation for this effect. Organic grape juice
showed higher contents of total phenolic compounds and
other phenolics, such as resveratrol and anthocyanins, asso-
ciated with antioxidant activities,®20-23

Phenolic compounds are secondary metabolites produced
and accumulated in plant tissues. Depending on the pres-
ence of biotic and abiotic factors (e.g., phytopathogenesis,
water availability), different amounts of these compounds
in plant organs would result. Actually, organic farming is a

small-scale practice, in which there is no use of chemical
protective substances like pesticides or artificial fertilizers
to promote plant growth. Since pesticides are not used, the
plants are more susceptible to the action of phytopathogenic
organisms, resulting in the production of larger amounts of
phenolic compounds.'' This study shows that the choice of
agricultural practice used for grapes (organic vs. conven-
tional) results in different amounts of total phenolic com-
pounds, resveratrol, and anthocyanins. The correlations ob-
served between amount of resveratrol and anthocyanins with
antioxidant enzyme activity could help explain why some
important studies attributed health benefits?2%-23 to grape
juice intake, as we have shown our study.

Our study further showed that especially after treatment
with organic grape juice the liver SOD/CAT ratio was lower
than that in the control group. This parameter is very im-
portant because as a result of an imbalance between these
two enzymes oxidative stress may be induced, and it par-
ticipates in some diseases. 2423 SOD activity leads to the
production of hydrogen peroxide, which can react with iron
via the Fenton reaction to generate hydroxyl radicals, which
are thought to be the most toxic oxygen molecules in vivo.26
CAT could scavenge an excess of hydrogen peroxide, avoid-
ing its potential role as an oxidative stress-facilitating mol-
ecule. Our results showed that grape juice treatment induced
CAT activity in a different way than SOD, reducing the
SOD/CAT ratio and suggesting a better antioxidant protec-
tive status once there would be no extra hydrogen peroxide
to overcome Fenton chemistry.

In conclusion, based on earlier reports providing ev-
idence of antiplatelet and antioxidant benefits from grape
consumption and on our results showing reduced oxidative
stress in liver and plasma, it seems reasonable to recommend
that moderate quantities of purple grape juice be regularly
included in daily servings of fruits and vegetables in order
to help maintain a healthy life by attenuating oxidative dam-
age and providing hepatoprotective action, at least in some
in the organs studied.

27-29
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3.4. CAPITULO IV

PROTECTIVE EFFECTS OF PURPLE GRAPE JUICE ON CARBON
TETRACHLORIDE-INDUCED OXIDATIVE STRESS IN BRAINS ORDULT WISTAR

RATS

Artigo publicado no Journal of Medicinal Food, 1)12008, 55-61

Neste estudo, objetivou-se avaliar a protecdo dessde uva tintos, organico e
convencional, aos danos oxidativos presentes eidoteao Sistema Nervoso Central
(estriado e substancia nigra) de ratos Wistar.af@s iforam divididos em grupos de acordo
com o tratamento: controle (salina), convencionatgénico, e tratado durante 30 dias. Os
resultados mostram que os dois sucos estudada® fwapazes de reduzir os niveis de
peroxidacao lipidica em ambos os tecidos. Quanddiaala a capacidade de reduzir os
niveis de oxidacdo protéica, foi possivel obseguer, na substancia nigra, ambos os sucos
possuiram esta atividade, entretanto no estriatdopestecdo foi conferida somente pelo
suco organico. A atividade neuroprotetora tambérdepser atribuida aos sucos pela
capacidade dos mesmos em reduzir os niveis da 82B6CAT em ambos tecidos. Estes
resultados permitem que novamente se mostre &indla do conteudo fendlico a atividade

benéfica do suco de uva.
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Protective Effects of Purple Grape Juice on Carbon Tetrachloride-Induced
Oxidative Stress in Brains of Adult Wistar Rats
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ABSTRACT The antioxidant properties of purple grape juice, organic and conventional, in brain tissues are not well known.
In this study our objective was to evaluate the antioxidant activity in substantia nigra and striatum of rats chronically treated
with organic or conventional purple grape juice and to correlate the results obtained with the polyphenol content (total polyphe-
nolic content, resveratrol, and anthocyanins [malvidin, delphinidin, peonidin, and cyanidin]). We observed that CCly damage
decreased significantly in the grape juice-treated groups when compared with the control group. In the grape juice-treated
groups we further observed a decrease of lipid (thiobarbituric acid-reactive substances assay) and protein (carbonyl) peroxi-
dation, as well as a significant antioxidant protection through the increase of enzyme activity. Antioxidant activities were sig-
nificantly correlated with polyphenol content. These findings demonstrated that both grape juices have potent antioxidant prop-
erties and these activities could be at least attributed to the high phenolic content present in these juices.

KEY WORDS: « antioxidant « grape juice « neuroprotection « oxidative stress « phenolic content

INTRODUCTION

NOWADAYS SEVERAL STUDIES have shown that a high con-
sumption of vegetables and fruits is consistently asso-
ciated with a low risk of oxidative stress-induced diseases.
Polyphenols are the main compounds believed to be re-
sponsible for this protection. These classes of compounds
are found in many fruits, like grapes and its products.! Grape
juice is a very rich source of polyphenols, such as flavonoids
and anthocyanides, and nonflavonoids, such as resveratrol .2

CCly-induced toxicity is a well-characterized murine
model for oxidative damage in vive. The toxicity of CCly
results from its reductive dehalogenation by the cytochrome
P450 enzyme system into a trichloromethyl free radical,
which readily interacts with molecular oxygen to form the
trichloromethyl peroxyl radical 3

Several studies have demonstrated that the liver is not the
only target organ of CCly. CCly has been reported to cause
lipid peroxidation in other organs such as kidney, heart, and
brain.>4 In the present study, levels of thiobarbituric acid-
reactive substances (TBARS) and carbonyl proteins and ac-
tivities of antioxidant enzymes were quantified in brain
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structures to examine the antioxidant activity with purple
erape juice pretreatment.

The substantia nigra and the striatum, components of the
dopaminergic pathway, play an important role in the regu-
lation of movements and of some cognitive functions. The
high metabolic rate and the oxidative degradation of
dopamine by the mitochondrial monoamine oxidase in these
structures contribute to the oxidative damage in biomole-
cules. Indeed, oxidative stress is involved in some patholo-
gies that affect the nigrostriatal axis.’

There 1s an increasing interest in healthier and more en-
vironmentally friendly production methods for different
fruits. Nowadays organic production is not one cultivation
method, but many, characterized by restrictions against the
use of synthetic pesticides and synthetic fertilizers, although
the detailed regulations of what can be called organically
cultivated vary.®” Nevertheless, consumers today buy prod-
ucts that are labeled “organically cultivated™ in stores, and
many expect the quality to be superior to that of conven-
tionally cultivated products in terms of contents that make
the products healthier.® There are some studies that showed
some differences in antioxidant activities and in the pheno-
lic content in fruit juices obtained from organic and con-
ventional procedures, but until now these studies are incon-
clusive 58

Although there are many brain diseases caused by free
radicals, like Parkinson’s disease, we did not find consistent
data in literature suggesting a relationship between grape
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juice intake and antioxidant protection to the central nervous
system. One study showed that different Concord grape juice
concentrations (10% and 50%) were beneficial in reversing
the course of neuronal and behavioral aging.” Given these
considerations, the aim of the present study was to investi-
gate the beneficial effects of organic and conventional pur-
ple grape juices in reducing the oxidative stress in the stria-
tum and the substantia nigra isolated from 60-day-old Wistar
rat brains.

MATERIALS AND METHODS
Grapes and grape juices

The grape juice samples used in this work were made
with grapes of the Vitis labrusca Bordo variety. The organic
juices were obtained from the Cooperativa Aecia (Antonio
Prado, RS, Brazil) and were certified by ECOVIDA. while
the conventional juices were obtained from Vinhos Monte
Reale (Flores da Cunha, RS, Brazil). Throughout the tests,
we observed the expiry dates of the juices and always used
the same trademarks.

Phenolic compounds

Total phenolic content was measured using the modifi-
cation of Singleton et al.'” of the Folin-Ciocalteau colori-
metric method. High-performance liquid chromatography
(HPLC) analysis was used in order to quantify the presence
of individual phenolic compounds. Before the HPLC analy-
sis, 5 mL of each sample was filtered through a cellulose
membrane (diameter, 0.20 mm). The equipment used in the
analysis consisted of an LC-DAD Series 1100 liquid chro-
matographic system (Hewlett-Packard, Palo Alto, CA) with
a diode array detector system.

Resveratrol analvsis. In order to quantify the trans-resver-
atrol compound, we used a mobile phase of ultrapure water
and acetonitrile (75:25 vol/vol) (pH 3.0} in a constant flow
of 1.0 mL/minute for 20 minutes in a controlled-tempera-
ture room at 20°C. The peak was detected at 306 nm, and
the amount of sample injected was 20 L.

Anthocvanin analvsis. In order to determine cyanidin-3-
glucoside, delphinidin-3-glucoside, peonidin-3-glucoside,
and malvidin-3-glucoside, we used a mobile phase with sol-
vents A (ultrapure water. formic acid. and acetonitrile) and
B (ultrapure water, formic acid. and acetonitrile) in a con-
stant flow of 0.8 mL/minute in a controlled-temperature
room at 25°C. The peak was detected at 518 nm, and the
amount of sample injected was 50 pl.12

Animals

Twenty-four male Wistar rats (60 days old, weighing
200 = 50 g) from our breeding colony were used in the ex-
periments. The animals were handled under standard labo-
ratory conditions of a 12-hour light/dark cycle and fixed

temperature (25 = 2°C). Food and water were available ad
libitum. All experimental procedures were performed in ac-
cordance with the U.S. National Institutes of Health's Guide
for the Care and Use of Laboratory Animals with the ap-
proval of the local ethics committee.

Chronic intake

The animals were randomly allocated to one of the three
experimental groups (n = 8): group | served as the control
and received saline, and groups 2 and 3 were given purple
erape juice (conventional and organic. respectively). The
doses of purple grape juice were determined by calculating
the daily amount of juice consumed on average by a 70-kg
human male. As a reference. we used a study with humans
who received 480 mL/day.'* The amount of juice was ad-
ministered to the rats according to their body weight. We
cave 7 ul of grape juice/g of body weight. twice a day:
however, during the experiment the amount varied. On day
30, half of the animals received a single intraperitoneal dose
of CCly (3 mL/kg). The animals that received CCly (posi-
tive control) or animals that received only oil (vehicle) (neg-
ative control) were Killed 6 hours later by decapitation. Brain
structures were isolated and stored at —707C until analysis.

Oxidative stress parameters

As an index of lipid peroxidation we used the formation
of TBARS during an acid-heating reaction, which is widely
adopted as a sensitive method for measurement of lipid per-
oxidation, as previously described.'

The oxidative damage to proteins was assessed by the de-
termination of carbonyl groups based on the reaction with
dinitrophenylhydrazine, as previously described.!

Antioxidant enzyme assays were performed in tissue ho-
mogenates, as previously described.” Catalase (CAT) activ-
ity was assayed by measuring the rate of decrease in H,O,
absorbance at 240 nm.'® Superoxide dismutase (SOD) ac-
tivity was assayed by measuring the inhibition of adrenaline
autooxidation, as previously described.!”

Statistical analyses

Statistics were calculated by means of analysis of vari-
ance and Tukey’s test using the SPSS (Chicago, IL) version
12.0 package. All tests were performed in duplicate. Pear-
son’s correlation coefficient was used to test correlation be-
tween polyphenol content and the assays.

RESULTS

Table 1 presents additional information about the content
of phenolic compounds in the two types of purple grape juice
used in this study. There is a statistical difference in the con-
tent of total phenolic compounds (P << .05) between both

juices, especially in the resveratrol amount: the organic pur-

ple grape juice had higher amounts in both parameters. It is
possible to observe an important difference between these
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TaBLE |. ToraL PHENOLIC CONTENT AND LEVELS OF RESVERATROL AND ANTHOCYANINS (CYANIDIN,
DELPHINIDIN, PEONIDIN, AND MALVIDIN) IN OrGANIC AND CONVENTIONAL GRAPE JUICES

Grape juice

Organic Conventional
Total phenolic compounds (mg of catechin/mL) 262.50 = 0.70* 119.59 = 3.53
Resveratrol amount (ppm) 0213 = 0.005% 0.075 = 0.010
Cyanidin (ppm) 11.79 = 042* 0.76 = 0.04
Delphinidin (ppm) 26.30 £ 1.15% 4.10 £ 0.40
Malvidin (ppm) 23246 = 4.25% 95.26 * 1.95

Data are mean * 5D values.

*Statistically difference between the two grape juices (P << .05).

two grape juices in content of anthocyanins (malvidin, cian-
idin, delphinidin, and peonidin): the organic juice was richer
than the conventional one (Table 1}.

CCly induced an increase in lipid peroxidation in the stria-
tum and substantia nigra when compared to the control
aroup (P < .05). The chronic treatment with both grape
juices did not induce significant differences in the striatum
when compared to the control group, but we observed a sig-
nificant reduction in TBARS in the substantia nigra of iso-
lated organic juice-treated rats (P < .05). Both grape juices
had a protective effect when comparing the CClg-induced
groups (Fig. 1).

Concerning protein peroxidation damage (carbonyl as-
say), there is a significant difference between the CCly and
vehicle groups, in which CCly increased the protein oxida-
tive level as expected (Fig. 2). However, after the intake of
organic grape juice, carbonyl levels showed an important
and significant attenuation in the striatum when compared
with the negative (vehicle) and positive (CCly) controls (Fig.
2A). This decrease showed a positive correlation with all
phenolic compounds: resveratrol (r = 0.786), malvidin (r =
0.796), delphinidin (r = 0.796), peonidin (r = 0.786), cian-
idin (r = 0.786), and total phenolic content (r = (.693) (all
P < .05).. In the substantia nigra both organic and conven-

A
0.03, =

0.02 =

TBARS (nmol/ml)
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0.00

[] Control + vehicle
[l Organic + CCl4

[ Contral + CCl4

[ ] Conventional + vehicle

tional grape juices were capable of reducing the carbonyl
levels when compared to CCly-induced groups. but the con-
ventional juice showed a better performance than the or-
ganic juice (Fig. 2B). In these groups the decrease in car-
bonyl levels showed also an important correlation with the
grape juice phenolic content: resveratrol (r = 0.493), mal-
vidin (r = 0.534), delphinidin (r = 0.493), peonidin (r =
0.453), cianidin (r = 0.493), and total phenolic content (r =
0.530) (all P <<.05).

Both grape juice-treated groups showed higher CAT ac-
tivity (P < .03) in the striatum as compared to the negative
and positive controls. In this same structure we observed a
significant increase in the positive control (CCly) when com-
pared with the negative control (Fig. 3A). CAT activity was
increased in both grape juice groups when compared with
the positive control group in striatum. In this tissue, there
was a positive correlation between CAT activity and total
polyphenol content (r = 0.5339; P < .01), resveratrol (r =
0.552; P <<.01), cyanidin (r = 0.450; P << .01), delphinidin
(r=0476; P<.05), peonidin (r = 0.538; P < .01), and
malvidin (r = 0.533: P << .01). Because of this positive cor-
relation, the increase of CAT activity could be explained, in
part, by the presence of these compounds. Furthermore, the
positive control group showed a significant decrease (P <
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FIG. 1. TBARS level in (A) striatum and (B) substantia nigra with different grape juice treatments. *P <2 .05 compared to control + vehicle:

#p < 05 comparing the grape juice treatments to control + CCly.
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FIG. 2. Protein peroxidation level (carbonyl assay) in (A) striatum and (B) substantia nigra with different grape juice treatments. *P <2 05 com-
pared to control + vehicle; **P < 05 comparing the organic and conventional grape juice treatments; #P < 05 comparing the grape juice treat-

ments to control + CCly.

{005} in the substantia nigra when compared with the neg-
ative control (Fig. 3B). A positive correlation was observed
when for CAT activity with total phenolic and peonidin con-
tent (= 0437 and 0.434, respectively: P << .035).

When analyzing the SOD activity it was observed that
the organic grape juice combined with CCly increased the
activity of this enzyme in the striatum when compared
with the positive control, showing a positive correlation
with resveratrol content (r = 0.633: P <2 .05) (Fig. 4A).
In the substantia nigra the organic grape juice group pre-
sented the highest values of SOD activity when compared
with both controls, negative and positive (Fig. 4B). A pos-
itive correlation was observed between SOD activity and
contents of the phenolic compounds resveratrol (r =
0.693: P <2 .01), cyanidin (r = 0.689; P < 05), peonidin
(r = 0.682. P <.01), delphinidin (r = 0.695. P < .01),
and malvidin (r = 0.687; P << .01) and total phenolic con-
tent (= 0.681; P < .05), showing an important action of
these compounds in increasing this enzyme activity after
CCly exposure.

We observed a significant decrease of the SOD/CAT
ratio in the striatum and the substantia nigra in both
chronic grape juice intake groups when compared with the
positive control; however, the organic juice was able to
reduce this ratio in the striatum more than the conven-
tional juice (Fig. 5). Indeed, in both grape juice-treated
groups the SOD/CAT ratio showed lowest levels in the
striatum and substantia nigra when compared with the neg-
ative control (vehicle), but the organic grape juice reduced
this level more significantly in the striatum (P << .005)
(Fig. 5). This high reduction property of organic grape
juice could be explained, at least in part, as being due to
the rich phenolic content analyzed in this juice, which in
striatum and substantia nigra showed a negative correla-
tion with the SOD/CAT ratio. In striatum this correlation

was observed with resveratrol (r = —0.577; P << .01},
cyvanidin (= —0.587; P < .01), peonidin (r = —0.591;

P <2.01), delphinidin (r = —0.501: P << .05), and mal-
vidin (r = —0.587: P << .01).

DISCUSSION
Organisms can suffer oxidative damage, vet the animal
brain is often said to be especially sensitive: one reason is
its high oxygen consumption and high lipid content. The
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[] Conventional + vehicle [l Conventional + CCl4
FIG. 3. CAT activity level (in units [U] of enzyme activity) in (A)
striatum and (B) substantia nigra with different grape juice treatments.

#P < 05 compared to control + vehicle: #P < .05 comparing the
grape juice treatments to control + CCly.
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FIG. 4. SOD activity level {in units [U] of enzyme activity) in (A)
striatum and (B) substantia nigra with different grape juice treatments.
P <05 compared to control + vehicle: ##P <2 05 comparing the or-
ganic and conventional grape juice treatments: #P < 05 comparing
the grape juice treatments to control + CCly.

present study is the first one to show that purple grape juice
can reduce oxidative stress in structures of the nervous sys-
tem, such as the substantia nigra and the striatum. In another
study, the intake of juice obtained from the Concord grape,
a variety of purple grape, was able to enhance motor per-
formance and dopamine release.”

In our study we observed that chronic grape juice intake
reduced lipid peroxidation and oxidative protein damage af-
ter treatment with CCly, known as an oxidative stressor.”
The reduction of the lipid peroxidation level in brain struc-
tures was observed in other studies with rats that received
grape seed extract.'® In the present study, the reduction ob-
served could be explained, at least in part, by the phenolic
content—of which grape products show an important
amount.

This fact could be observed in our study: positive corre-
lations were observed between the phenolic content and the
reduction of the lipid peroxidation and protein oxidation
(carbonyl) inducted by CCly. CCly-induced toxicity is a
well-characterized murine model for oxidative damage in
vive, because the radicals produced by this agent are able to
attack proteins and lipids or still abstract hydrogen atoms

from an unsaturated lipid, leading to membrane lipid per-
oxidation, cellular dysfunction, and finally cell necrosis.'®
Against these damages the organisms have important an-
tioxidant defenses, such as SOD and CAT enzymes: how-
ever, other nonenzymatic compounds can reduce this dam-
age, such as the polyphenol compounds. Many biological
activities are attributed to phenolic compounds, ¢.g.. an-
tioxidant, anti-inflammatory, and anti-oncogenic.”’ Data
from a recent study suggest that Viris vinifera can be used
as a chemopreventive agent against oxidative stress and car-
cinogenesis, mainly because of their phenolic compounds.?!

Park ef al.'? showed in their study that purple grape juice
was capable of reducing DNA damage, as evidenced by the
Comet assay. It has already been reported that the com-
pounds present in grape juice can inhibit (1) platelet activ-
ity.22 (2) low-density lipoprotein oxidation and oxidative
damage to DNA."® and (3) coronary disease and athero-
sclerosis.!

Phenolic compounds are secondary metabolites produced
and accumulated in plant tissues. Nowadays organic farm-
ing is a widely utilized small-scale practice, in which no
chemical substances like pesticides or artificial fertilizers to
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FIG.5. SOD/CAT ratio in (A) striatum and (B) substantia nigra with
different grape juice treatments. *P <2 .05 compared to control + ve-
hicle; **P <2 .05 comparing the organic and conventional grape juice
treatments; “P < .05 comparing the grape juice treatments to
control + CCly.
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promote plant growth are used. Since pesticides are not used,
plants are more susceptible to the action of phytopathogenic
organisms, resulting in the production of larger amounts of
phenolic compounds.®® We observed that depending on
which agricultural practice is chosen (organic vs. conven-
tional), it will result in different amounts of resveratrol, an-
thocyanins, and tannins, with the organic practice being rich-
est in these compounds (Table 1).

The brain has antioxidant defenses that could act against
free radicals, but with aging these defenses decrease. As de-
fenses one can cite enzymes such as SOD and CAT. SOD
plays a key role in detexifying superoxide anions, which
otherwise damage the cell membranes and macromole-
cules.?? Clinical studies demonstrated a reduction of SOD
activity in parkinsonism associated with other neurodegen-
erative disorders, showing the key role played by this en-
zyme in fighting free radicals produced in the brain.>*23

In the present study, CAT activity was increased after
chronic intake of purple grape juice, especially in the or-
ganic juice group. suggesting that a high content in pheno-
lic compounds is capable of increasing the activity of the
enzymatic antioxidant defenses. SOD activity was signifi-
cantly increased in the purple grape juice chronic intake
aroups, once more suggesting that the juice is capable of in-
creasing the activity of the enzymatic antioxidant defenses.
Indeed, the organic grape juice group showed the highest
increase, a fact that could be explained by the richer con-
tent of total phenolics and higher levels of resveratrol and
anthocyanins found in the organic juice. Recently, a study
reported that resveratrol was capable of reducing the lipid
peroxidation and increasing activities of the antioxidant en-
zymes SOD and CAT.?® Furthermore, this increased enzy-
matic activity was also observed in other studies that re-
ported higher SOD and CAT activities in brain regions of
rats treated with grape seed extracts.' Balu e al.' attrib-
uted this increase to the free radical quenching action of the
dihydroxyl (catechol) structure in the B-ring of proantho-
cvanin present in grape seeds.

We could also observe that after chronic intake of grape
juice the SOD/CAT ratio was lower in this group than in the
control. In the striatum, the organic grape juice group showed
the lowest ratio level when compared with the negative and
positive control groups. The SOD/CAT ratio is a very impor-
tant parameter because an imbalance between these two en-
zymes of the antioxidant defenses may induce an increase in
oxidative stress level and thus to the development of many dis-
eases associated with it*7 SOD activity leads to the produc-
tion of hydrogen peroxide, which reacts with iron to generate
hydroxyl radicals via the Fenton reaction, which in turn are
thought to be the most toxic oxyzen molecules in vive,” CAT
could clean up an excess of hydrogen peroxide, thus dimin-
ishing its oxidative effects. Our results showed that treatment
with grape juice can induce an increase in CAT and SOD ac-
tivity and reduce the SOD/CAT ratio, suggesting an important
antioxidant activity of grape juice, and with no reactive species
being produced in excess, proving a grape juice health bene-
fit shown in another study.*”

In conclusion, the results of the present study suggest that
arape juice intake enhances antioxidant status in rats by re-
ducing the levels of lipid peroxidation end products, whose
accumulation would otherwise play a key role in brain ag-
ing, and reduces the incidence of brain diseases. such as
Parkinson’s, Alzheimer’s, and other diseases. Further stud-
ies are needed to obtain a better understanding of the mol-
ecular mechanism by which chronic grape juice intake may
modulate CAT and SOD activities.
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3.5. CAPITULO V

ANTIOXIDANT AND ANTIGENOTOXIC ACTIVITIES OF PURPLE

GRAPE JUICE- ORGANIC AND CONVENTIONAL —INADULT RA TS

Artigo submetido a Journal of Medicinal Food

(Recentemente enviamos as corre¢des sugeridas p&evisores da Revista)

Neste trabalho, avaliou-se a capacidade dos sueosivd tintos, organico e
convencional, em reduzir os danos oxidativos, efarehtes tecidos, em ratos Wistar
adultos. Os resultados obtidos permitem obsenaiagqubos os sucos de uva foram capazes
reduzir os niveis de peroxidagéo lipidica no cqrexbstancia nigra e no hipocampo,
entretanto na substéancia nigra o suco organiccsapt@u uma reducdo estatisticamente
maior que o suco convencional. A reducdo nos noegeroxidacao lipidica no plasma foi
observada somente no grupo que recebeu o sucommoval. No cértex, se verificou uma
reducédo significativa na razdo SOD/CAT nos grupes igeceberam 0s sucos organicos e
convencionais. Entretanto, a reducéo foi estatistente menor no grupo que recebeu suco
convencional. No hipocampo, também se observouamuigos 0s sucos reduziram este
parametro, mas diferentemente neste tecido, o @gamico apresentou valores inferiores
ao convencional. Neste estudo, também foi possbbslervar que ambos 0s sucos
apresentaram importante atividade antigenotéxicale oambos os sucos mostraram-se
capazes de reduzir o dano ao DNA. Sendo assimadssdsugerem que 0s sucos de uva
tintos sdo importantes “escudos” contra estes dasamulados durante este processo,
visto que sdo antioxidantes, ou seja, capazes wieninar os danos causados pelo estresse

oxidativo.
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Abstract

Oxidative damage to biomolecules occurs by the ractation of free-radicals
molecular damage and/or a diminution of antioxidamotection. The aim of this study was
to evaluate the protection of organic and convesalipurple grape juices in brain, liver and
plasma from adult Wistar rats (7 months old) agaihe oxidative damage provoked by
carbon tetrachloride (Cgl Adult rats were divided into three groups (cohtr
conventional and organic purple grape juice). tédlthe rats received CLand the other
half received the vehicle (vegetable oil). The cloatanalytical determination showed that
with organic purple grape juices showed the higleagls of total phenolic, resveratrol and
catechins contents.. Considering the treatmentpgroil was observed that in all tissues
(brain structures and liver) and plasma CCl4 treatinmcreased the lipid peroxidation (LP)
levels. Both grape juices were capable to reduceldls in cerebral cortex and
hippocampus, however in striatum and substanti@ananly the organic grape juice
reduced LP level. The CELprovoked an increase in catalase (CAT) activitycémebral
cortex, hippocampus and substantia nigra, andialsoperoxide dismutase (SOD) activity
in substantia nigra. This increase was reducechbybbth juices in substantia nigra and
hippocampus structures (p<0.05). In the alkalinesiga of the comet assay performed on
whole blood it was observed that G@las capable to induce mainly 4 and 3 DNA damage
class frequencies, which was reduced significamthgroups that received both purple
grape juices.This implies that both grape juicegehan important antigenotoxic activity.
Key Words: grape juice, oxidative stress, DNA damage
Acknowledgments:We are grateful for the support received from PR&FS, CNPq,
CAPES, and FAPERGS.
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Introduction

Epidemiological studies have suggested an inverskation between the
consumption of polyphenol-rich foods and beveragesthe risk of degenerative diseases,
particularly cancers and cardiovascular diseasednlynby their antioxidant capacity’.
Some researches have shown, also, that dietsrritthiis and vegetables are beneficial in
both forestalling and reversing the deleterious@# of aging on neuronal communication
and behavior*® In these studies, the observed protection mayhkeresult of the
antioxidant and anti-inflammatory properties of guyphenolic compounds found in these
fruits and vegetables Grape juice is a very rich source of polyphensish as flavonoids,
tannins, and resveratrglshowing important antioxidant activity vitro .

However, the question remains if properties dematesd inin vitro studies are
relevant to protect against oxidative damagevivo. Indeed, in previous study® we
observed that chronic intake of grape juices — mmgand conventional — was able to
reduce oxidative stress damage in brain tissuest(sh and substantia nigra), liver and
plasma in young rats (2 months old), using the,@Elthe damage oxidative inducer.

CCls-induced toxicity is a well-characterized murinedabfor oxidative damage
vivo. The toxicity of CCJ results from its reductive dehalogenation by tgtochrome
P450 enzyme system into a trichloromethyl free aaldiwhich readily interacts with
molecular oxygen to form the trichloromethyl perbxwadical. Several studies have
demonstrated that the liver is not the only tagygian of CCJ. CCl, has been reported to
cause lipid peroxidation in other organs such dedy, heart, and brafft**

The aging is a process that accumulates oxidativeage leading to DNA, lipids,
and protein damages. Such free radical-mediatechglesnare prevalent during aging and

are associated with diseases like Alzheimer ankifam**3 In this study we choose rats

76



older than the first studiés’ to verify if the grape juice protection is als@gent in older
individuals. Consequently, the aim of the preséuatls was to investigate the beneficial
effects of two different purple grape juices—orgarnd conventional—in reducing
oxidative stress generated by ¢@® 7 months-old rats.

2 Material and Methods

2.1 Grapes and Grape Juices

The grape juices used in this work were elaborati#iul grapes of th&/itis labruscaBordo
variety. Organic grape juice was produced with gsapultivated with no pesticidds
certified by ECOVIDA, and was obtained from Coopiee Aecia (Antonio Prado, Rio
Grande do Sul, RS, Brazil). Conventional juice wesduced with grapes cultivated using
traditional methodg, and was obtained from Vinhos Monte Reale (Flat@<unha, RS,
Brazil). Throughout the tests, we observed the rgxgéates of the juiceand always used
the same trademarks.

2.2 Phenolic Compounds

Total phenolic content was quantified using a Stagl and Rossi's modification of the
Folin-Ciocalteau colorimetric methdd High performance liquid chromatography (HPLC)
analysis was used in order to measure the presginphenolic compounds. Before the
HPLC analysis, 5 mL of each sample were filteredulgh a cellulose membrane of 0.20
mm diameter. The equipment used in the analysisistad of liquid chromatographic
system, LC-DAD Series 1100 (Palo Alto, CA), witkiade array detector system (DAD).
2.2.1 Resveratrol analysis

In order to quantify resveratrol, we used a mophase of ultra-pure water and acetonitrile

(75:25 viv) pH 3.0, in a constant flow of 1.0 mLmi for 20 min, in a controlled-
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temperature room at 20 °C. The peak was detect8@Gnm, and the amount of sample
injected was 2@L *°.

2.2.2. Catechins analysidn order to determine the catechins ((+)-catechid &-)-
epicatechin) it was used a mobile phase with soldefammonium hydroxide diphosphate
50 mMol.L-1, pH 2.6), solvent B (20 % of solventaAd 80 % of acetonitril) and solvent C
(ortophosphoric acid 0.2 Mol.L-1, pH 1.5), in a stant flow of 0.5 mL.min-1, in a
controlled-temperature room at 40 °C. The peakdedscted in 204 nm, and the amount of
sample injected was|d_. The elution conditions were: 100 % of solventoA5 min; 96 %

of solvent A and 4 % of solvent B for 10 min; 92d¥solvent A and 8 % of solvent B for
10 min; 8 % of solvent B and 92 % of solvent C20rmin; 30 % of solvent B and 70 % of
solvent C for 5 min; 40 % of solvent B and 60 %solvent C for 5 min; 80 % of solvent B

and 20 % of solvent C for 5 min and, 100 % of sotv& for 5 min'®.

2.3 Animals

Twenty-four male Wistar rats (7 months old) fronr cmeeding colony were used in the
experiments. The animals were handled under stdndaoratory conditions of a 12-h
light/dark cycle and fixed temperature (252 °GQ)o#& and water were availakdd libitum

All experimental procedures were performed in adance with the NIH Guide for the
Care and Use of Laboratory Animals with the appro¥ahe local ethics committee.

2.4 Chronic intake

The animals were randomly allocated into one of ttivee experimental groups (n==8).
Group 1 served as control and received saline pgr@uand 3 were given purple grape juice
(conventional and organic, respectively). The daggsurple grape juice were determined

by calculating the daily amount of juice consumacdhgerage by a 70-kg human male. As a
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reference, we used a study with humans who recei88dmL/day’. The amount of juice
was administered to the rats according to theirybedight. The rats received by oral
gavage 7 pL of grape juice/g of body weight, twecday. On day 30, half of the animals
received a single intraperitoneal dose of £@GI mL/kg). The animals that received GClI
(positive control) or animals that received onlygetble oil (vehicle) (negative control)
were Killed 6 hours later by decapitation. The dos€Cl, was previously chosen on the
basis of pilot experiments, which indicated thas dhose demonstrated significant increase
in protein and lipid oxidative damage and animatwisal of 100%',

The whole blood was colleted with heparin, one pas for Comet assay, the other
part was centrifuged and the plasma isolated amckdtuntil analysis (TBARS, CAT e
SOD activities). Brain structures (cerebral corteigpocampus, striatum and substantia
nigra) and liver were isolated and stored at -70up@l analysis (TBARS, CAT e SOD
activities).
2.5 Oxidative stress parameters
As an index of lipid peroxidation, we used the fation of thiobarbituric acid reactive
species (TBARS) during an acid-heating reactionicivins widely adopted as a sensitive
method for measuring lipid peroxidation, as presigulescribed”®. Antioxidant enzyme
assays were performed in plasma and tissue homgeras previously describéd
Catalase (CAT) activity was assayed by measuriagdlte of decrease in,8, absorbance
at 240 nm, and the results are expressed in UCATdgein **. Superoxide dismutase
(SOD) activity was assayed by measuring the inbibiof adrenaline autoxidation, as
previously described, and the results are expressg&OD/mg proteirf*.

2.6 Comet assays (CA)
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The standard protocol for preparation and analgkithe CA followed Tice et af’. The
slides were prepared by mixingub whole blood, collected in the group that receioedly
vehicle (saline, conventional or organic grapegs)owith 90uL low melting point agarose
(0.75%). The mixture (cells/agarose) was added ftdlya frosted microscope slide coated
with a layer of 30QuL of normal melting agarose (1%). After solidifizat, the cover slip
was gently removed and the slides were placeddaslysolution (2.5 M NaCl, 100 mM
EDTA and 10 mM Tris, pH 10.0-10.5, with freshly addl % Triton X-100 and 10 %
dimethyl sulfoxide [DMSO]) for a minimum of 1 h and maximum of 7 days.
Subsequently, the slides were incubated in fregtdpared alkaline buffer (300 mM NaOH
and 1 mM EDTA, pH 12.6) for 20 min. The DNA wasattephoresed for 20 min at 25 V
(0.90 V/cm) and 300 mA; the buffer was neutralizgth 0.4 M Tris (pH 7.5). Finally, the
DNA was stained with silver nitrafé. The slides were coded for blind analysis. In otde
ensure adequate eletrophoresis conditions andegffiz, negative and positive controls
(human blood) were used for each experiment. Imagd90 randomly selected cells (50
cells from two replicated slides) were analyzedrfreach animal. Cells were also scored
visually according to tail size into five classtsm no tails (0), to maximally long tails (4),
resulting in a single DNA damage score for eachemipand consequently for each study
group. The results were expressed in damage ckpsecy (%5°.

2.6 Statistical Analysis

The statistical analysis was done by means of aisabf variance (ANOVA) and Tukey's
test using the SPSS 12.0 package. All tests weréorpeed in duplicate. Pearson's
correlation coefficient was used to test correfatimetween polyphenol content and the
results of the assays.

3. Results
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It can be seen in the Table 1 that the organicegjajge present a higher levels of
total phenolic compounds , resveratrol and catectian those observed in conventional
purple grape juice (p<0.05). It was observed @&, induced an increase in lipid
peroxidation in all tissues (Table 2) when compaiedhe control group (p<0.05). The
chronic treatment with both grape juices reducesxpeation levels in the cerebral cortex
and hippocampus (Table 2). In the substantia régi striatum, only the organic grape
juice was capable of reducing the G@iduced peroxidation levels. In plasma (Table 2)
only the conventional grape juice group showed dieisrease. If considering all the groups
that received the vegetable oil (vehicle), bothpg juices were capable of reducing
TBARS levels in cerebral cortex when compared &dbntrol (saline). In substantia nigra
only the organic was able to reduce the TBARS kvand in plasma, only the
conventional (Table 2).

CCl, induces a reduction in SOD activity in cerebratteo, hippocampus, plasma
and liver (Table 3). However, in substantia nighés activity increased when compared to
the control (p<0.05). The SOD activity depletionswastored by both grape juices in
hippocampus, however only the conventional grape jrtestored this activity in plasma. In
the striatum, CGldid not alter the values when compared with thetrobnhowever, if
comparing the CGlgroup with the grape juice groups it was obsertled both grape
juices reduced SOD activity. Considering only thehiele groups both grapes juices
increased SOD activity in substantia nigra andrlivdowever, in hippocampus and
cerebral cortex only the conventional group incedashis enzyme activity, while in
striatum and plasma the organic group showed tjeelst level (p<0.05) (Table 3).

The group that received CC3howed a significant reduction in CAT activitytime

striatum and plasma (Table 4). However, in thepla only the organic grape juice was
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capable to increase CAT activity. In cerebral carsibstantia nigra and hippocampus the
CCl, provoked an increase in CAT activity. In substamigra, both grape juice were able
to reduce this increase, but the organic juice better (reduced more). In hippocampus,
only the organic juice was able to reduce thiserais

If considering the vehicle groups, it was obsertleat both grape juice increased
CAT activity in cerebral cortex and substantia aigvhen compared to the control
(p<0.05); in the plasma the organic grape juices wapable to increase this enzyme
activity. However, in the striatum both grape jsiceduced CAT activity (Table 4).

In the striatum, we observed a negative correlatietween CAT activity and total
phenolic content and resveratrol (r=-0.492 and .828, p<0.05), respectively. We also
observed a significant increase of SOD/CAT ratidha liver of rats that received CCI
However, in this tissue, only the organic grapegqudecreased these levels (Table5). In
cortex, both grape juices were capable to reduce garameter if comparing with the
vehicle or CCJ group.

In Cometa assay the internal controls (human blsbdwed low damage in the
negative control [Damage 1 (12%); Damage 0 (88%xi} Aigh damage in positive control-
MMS [Damage 4 (15%), 3 (22%), 2 (32%), 1(19%) and19%). In Figure 1, it was
observed that C¢lwas capable to induce DNA damage identified by itiezease of
damage 4 and 3 frequencies if comparing with th&rob group (received only the olil).
And in the groups that received the grape juice/iais observed a significative reduction of
the damage 4, 3 and 2 frequencies. However thigctiesh was more expressive in the
organic group.

4. Discussion
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Polyphenol-rich food with health benefits has beeanmore common element in
food marketing®?’. In a recent study, purple grape juice was thetame that showed the
highest antioxidant propertiés vitro, higher than e.g. orange, acai and apple jtfic@e
antioxidant activity was also observed in healthgividuals who received 100 mL/day of
purple grape juice during 14 days. These indivislugtiowed an increase in plasmatic
antioxidant activitf®. Grape juice benefits were also demonstratedpire@ious study, with
younger rats (2 moths). We observed that chromiatiinent with grape juice was able to
reduce lipid peroxidation and protein oxidationdksvin liver, plasma and brain structures
after CC} injectiorf®. Indeed, it was observed that the organic juices wapable of
reducing lipid peroxidation in the plasma and sab& nigra more significantly than the
conventional juice. This was also observed in pnotidation, where the organic juice
showed better results in the liver and striatumesEh protection activities—observed in
young rats—could indicate a neuro- and hepatogieéeaction of the purple grape juice
since the CGldamage was reduced after grape juice ifftake

Considering that ageing is a process where theea iaccumulation of oxidative
damage and that oxidative stress is considereskdactor and a contributor to age-related
increase of oxidized lipids and protéifshis study evaluated tha vivo antioxidant and
antigenotoxic effects of grape juice on the rat etodf CCk-induced toxicity, using
7-months old rats, older than the previous studit @imonths old rafs.

The findings of the present study conducted witleolrats suggest a reduction of
lipid peroxidation in the brain structures and plasin groups that received the purple
grape juices. However, we observed that the orggmaige juice was more efficient than the
conventional one. The explanation could be the drigiotal phenolic, resveratrol and

catechin contents (Table 1) of this juice. Thesmmounds have been reported in many
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studies for their beneficial propertis Although the lipid peroxidation decrease was
observed in some structures, it is important tchigdpt the reduction observed in the
hippocampus, because this structure is one of i@ begions with an ability to generate
neurons (neurogenesis), a feature that decreagesgéging">*

When comparing the results obtained in this studth whose from assays
performed with younger rats®2 we observe that the LP levels in older (7 montias
were higher than those observed in younger ra@3@0 Moreover, it can also be seen that,
in young rats, both grape juices were capable dficig lipid peroxidation induced by
CCl,. These differences might be explained by an iceifit endogenous antioxidant
system as found in ageing ritand by the difference in the brain tissues, stheebrain is
vulnerable to oxidative damage due, amoogsers”, to the high utilization of oxygen and
the large amount of easily oxidizable polyunsaeddatty acid’. Although we did not find
any correlation between TBARS level and polypheoohtent, we may attribute the
decrease in the peroxidation level to these comgmumhich are present in both juices, but
especially in the organic one.

According to Park et df, healthy men who received grape juice (480 mLlydar
8 weeks showed depletion of free radical leveleRty, a similar study was conducted,
in which either grape juice (10 ml/kg/day) @+#tocopherol (400 IU/day) was given for 2
weeks to healthy subjects who were otherwise omaweorfioid-restricted diet. In both
treatments, serum oxygen radical antioxidant c@ypa(®RAC) and LDL oxidation
resistance were increasedimplying that the grape juice had a possible fradical
scavenging effect. More specifically, grape juicepgementation reduced protein

oxidation more efficiently than-tocopherol supplementation. The authors suggebsd
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grape juice supplementation provided a strong aitimt activity’>. Moreover, in another
study, purple grape juice was capable of redudjpid beroxidation induced by cadmium
in older (13 months) rats

The free radical damages could be prevented oiregphy the antioxidant defense.
In the human body, there are two major enzymes, 8Q@DCAT. SOD plays a key role in
detoxifying superoxide anions, which otherwise dgenathe cell membranes and
macromolecule¥. CAT has the ability to detoxify 4D, radicals. Release of B,
promotes the formation of numerous other oxidargcgs that greatly contribute to
oxidative stress leading to pathogen®si€linical studies demonstrated a reduction of
SOD activity in Parkinsonism associated with otheurodegenerative disorders, showing
the key role played by this enzyme in fighting fradicals produced in the bra° In our
results, we observed that in some tissues (cerebrtdx, hippocampus, liver, and plasma)
CCl, decreases SOD activity. According to Chang ét,ahe decrease of SOD activity by
CCl; could result from the consumption of SOD to congag¢e excessive peroxyl radicals
derived from CCl4's metabolite. In a further stuthg authors showed that the decreased
SOD activity in aged tissue was brought back ta meamal level upon grape seed extract
administration, perhaps because this extract a&t® g@otent scavenger of superoxide
radicals and metal chelafar The reduction caused by GGlas increased by both grape
juices in the hippocampus.

Our current results show that after @@ljection CAT activity was increased in the
cerebral cortex, substantia nigra, and hippocamphbis increase was diminished in the
substantia nigra in both purple grape juice grodfisvever, in the hippocampus only the
organic juice was capable of reducing the actieityhis enzyme. This could be explained

by the higher content in phenolic compounds of thise. When comparing the results
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from the young rats' stull), we observe that SOD and CAT activities are highethe
older rats than the younger ones in control grdgpine). This might be explained by the
fact that the older rats have a greater oxidatiamabe, requiring a higher antioxidant
activity than the younger ones. This was also olegkm the prior study comparing only
the vehicle group —that received oil-, which showet CAT activity was increased in the
striatum and liver after chronic intake of purplege juice, especially in the group that
received organic juice. This suggests that a hattent in phenolic compounds is capable
of increasing the activity of the enzymatic antaamt defenses. When comparing only the
groups that received vehicle, the results of oudgtshowed that both purple grape juices
increase CAT activity in the cerebral cortex antistantia nigra. However, in liver, only
the organic juice was capable of increasing théviactof this enzyme. This was also
observed in young ratsThis increase might be explained by the phermdintent and the
ability to remove toxic reactive species presers irormal physiological functiéh

When analyzing the results of SOD and CAT actisitiere observed that CCl4
brought about a reduction in SOD activity and aréase in CAT activity. This imbalance
might explain the increase of oxidative damagey@noby the high LP observed in older
rats. SOD/CAT ratio is a very important parametecause an imbalance between these
two enzymes of the antioxidant defenses may inducelcrease in oxidative stress level
and thus lead to the development of many diseasexiated with ff. SOD activity leads
to the production of hydrogen peroxide, which reaaith iron to generate hydroxyl
radicals via the Fenton reaction, which in turn #reught to be the most toxic oxygen
moleculesin vive®™. CAT could clean up an excess of hydrogen perosfes reducing its
oxidative effects. The differences found amongsallictures could be explained, at least in

part, by the fact that, with age, some structutesssa greater accumulation of oxidative
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damage than others, particularly in the striatuimgesthis area is especially vulnerable to
oxidative stress during ageing. The reason behimday be that accelerated oxidation of
dopamine by monoamine oxidase in the nerve tersioflthe striatal neurons increases
H,0, production in these neurdis

In a recent article, it was observed that the dleramake of both purple grape
juices, but especially the organic juice, redudezl $OD/CAT ratio—increased by the ¢ClI
injection—in the striatum and substantia nigraindeed, our present study, this ratio
decrease was observed in the cerebral cortex,aulashigra, and liver. However, in liver,
only the organic juice was capable of reducing riie, and in the substantia nigra, the
organic juice also performed best. In agreemertt wiher studies’®*’ we observed that
the combinations of antioxidant polyphenolics foundfruits and vegetables may show
efficacy in ageing. These secondary compounds senaiety of functions that enhance
the plants' survivability. Moreover, they may bspensible for the putative multitude of
beneficial effects of fruits and vegetables on theeelated issué&

Purple grape juice— organic and conventional —weapable of reducing DNA
damage caused by CGh older (7 months) rats. Indeed, our findings ®sjghat the
purple grape juices were capable of reducing tiggd biamage frequency when compared
with the control that received only vegetable dil.this sense, Park et dl.showed by
Comet assay that purplétis viniferagrape juice was capable of reducing DNA damage in
healthy individuals. This protection — that the gmunds present in grape juice can inhibit
the oxidative damage to DNA — has already beenrtepdy Fergusdh Comet assay
conducted in other studies with fruits and theicgs, e.g. orange juice, furnished evidence

of important antigenotoxic activity in rats' bld8d%>*
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Although further research is necessary, our sthyvs that a supplementation with
grape juice could at least help preventing or desing the damages caused by oxidative
stress, especially those associated with ageinglaasnson’s and Alzheimer's diseases,
and others.
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Legend to figure

Figure 1. Damage class frequency in whole blood that received both grape juices,

organic and conventional, comparing with control.
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Table 1. Total phenolic content (mg catechin/megwveratrol and catechins amount (ppm) in grapegui(organic and conventional)

Grape juices Total phenolic compounds (mg Resveratrol (ppm) Catechins (ppm)
catechin/ mL)

Organic 271.5+£12.02 0.214+0.0023 36.58+0.020

Conventional  120.67+1.87 0.0730.0021 24.13+0.001

*p<0.05 between the juices.

Table 2. TBARS level (nmol/ml) in the cerebral extsubstantia nigra, hippocampus, striatum, lared plasma of rats treated with

conventional and organic grape juices.

Treatments Cerebral Cortex Substantia nigralippocampus Striatum Liver Plasma
Control 4.55+1.58 2.06+0.04 1.91+0.10 1.43+0.08 520519 69.06+5.07
CCl4 7.46+2.56 2.53+0.73* 14.00+0.10 2.82+0.77 5.27+1.19 80.55+6.69
Conventional  1.41+0.6%) 3.02+1.09* 2.90+0.4{" 2.90+0.74  6.27+1.09 51.03+2.06 )
Conventional +0.98+0.04™ 2.81+0.44* 7.85+1.58™ 2.12+0.50  4.10+2.38 62.06+7.687
CCl4
Organic 2.62+0.747 2.10+0.48*  2.45+0.36" 1.62+0.18 5.70+1.23 71.82+6.00%
Organic + CCl4 3.81+0.647* 2.17+0.457*  3.85+0.547* 1.30+0.27  6.33+1.01 82.75+0.65'

*p<0.05, different from control, ** p<0.05, diffené from CCI4, # p<0.05 different between grape gsi¢reatments Control rats

received saline. Data are mean + SD values.



Table 3. Superoxide Dismutase (USOD/mg proteinyiggtin the cerebral cortex, substantia nigra,gupampus, striatum, liver and
plasma of rats treated with conventional and orygrape juices

Treatments Cerebral Cortex Substantia nigrélippocampus Striatum Liver Plasma
Control 62.11+12.35 4.33+0.24 15.03+1.21 207.2+84.833.93+0.90 23.84+3.82
CCla 35.92+4.09 21.6415.84 6.93+0.14 187.5+¢59.41 30.93+1.94 5.85+0.69

Conventional 130.05+35.00”7 119.05+24.45" 22.08+1.01”  36.85+5.62"" 42.70+2.43")  11.27+0.33C"

. - (**) - *(**) (**)#
Convcegfnm * 55 016.00% 32.3246.06® 95.23+10.95 14.9644.16®) 18.55¢5.30 7.72+0.85

Organic ~ 45.71x1.68"  31.224154"%  6.39+0.77* = 354.19+103.3 43.93+2.35")  45.15+1.78""
Organic + CCl4 11.00+1.707  27.30+1.567  26.78+9.18'" 91.16+23.84"* 12.04+1.19""* 4.95+1.10

*p<0.05, different from control, ** p<0.05, diffené from CCI4, # p<0.05 different between grape gsi¢reatments Control rats

received saline. Data are mean + SD values.
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Table 4. Catalase activity (UCAT/mg protein) in texebral cortex, substantia nigra, hippocampuisitsin, liver and plasma of rats

treated with conventional and organic grape juices

Treatments Cerebral Cortex Substantia nigra  Hipppces Striatum Liver Plasma
Control 1.62+0.31 3.19+1.52 1.78+0.55 161.08+48.2.9520.65 3.08+0.50
CCl4 3.7240.29 9.72+3.97 33.613.50 26.03+6.60 3.04+0.70 0.85:0.23*
Conventional 62.67+23.28 8.18+2.68 1.08+0.31" 13.62+3.66 2.05+1.26 5.30+1.35")
Convcc:agtlfnal + 11,0944 48" 3.39+0.9£" 29.02+2.23 195406 2.10£1.26 1.42+0.28
Organic  3.11+0.2%) 7.74x1.64") 2.94x1.11 29.6645.07 5.09+1.06" 1.20£0.40°
Organic + CCl4 3.31+1.1% 0.84+0.13*  503+1.387%  2158+5.07 8.03+0.84* 2.10+0.07""

*p<0.05, different from control, ** p<0.05, diffené from CCI4, # p<0.05 different between grape gsi¢reatments Control rats

received saline. Data are mean + SD values.
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Table 5. SOD/CAT ratio in the cerebral cortex, $abga nigra, hippocampus, striatum, liver and pla®f rats treated with different
grape juices

Treatments Cerebral Cortex Substantia nigra  Hipppces Striatum Liver Plasma
Control 38.20+0.46 1.63+1.09 23.22+3.33 6.29+2.59 .6481.89 7.75+0.35
CCl4 9.30+0.62* 2.73+0.67 0.60+0.19 10.22+2.80  QFA22* 7.54+1.19
Conventional  0.15+0.0%” 13.63+1.92 20.1+0.62 470+2.21  10.06+2.31* 2.24%0.72
Conventional + 7.331.35" 27.0+0.17 11.50+6.7 5.12+0.17
cCla 10.05+1.10 8.55+2.94
Organic 14.39+1.357* 4.26+0.80 0.85+0.18 10.31+2.38  13.25+3.88 42.18+18°1
Organic + CCl4 3.80+1.69"* 33.02+9.41™%  2.80+0.48" 7.73+3.17  3.26+1.78V 16.35+1.657%

*p<0.05, different from control, ** p<0.05, diffen¢ from CCl4, # p<0.05 different between grape ggidcreatments. Control rats

received saline. Data are mean + SD values.



3.6 CAPITULO VI

ANTIOXIDANT PROTECTION OF RESVERATROL AND CATHECHINN S.
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2008 Jun 11;56(11):4268-72

Neste trabalho, avaliou-se a capacidade do resvkeatla catequina em proteger a
levedura Saccharomyces cerevisiamntra conhecidos agentes estressores: peroxido de
hidrogénio, tetracloreto de carbono e cadmio. Lgems da levedurds. cerevisae
proficiente e deficientes nas defesas antioxidafdaperoxido dismutases, catalase ou
glutatione redutase) foram utilizadas. Frente adoas agentes estressores e em todas as
linhagens, ambos os polifendis aumentaram o peraknie sobrevivéncia da levedura,
embora a protecdo tenha sido menor frente ao mkroge hidrogénio. Entretanto,
utilizando linhagens deficientes nas defesas ad@oxes, mostrou-se possiveis
mecanismos antioxidantes destes polifendis. Odtaei®s propuseram que, provavelmente,

a enzima catalase seja a mais envolvida nestesaess.
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Moderate consumption of red wine reduces the risk of heart disease and extends lifespan, but the
relative contribution of wine polyphenols to these effects is unclear. In this work, the capacity of
resveratrol and catechin to protect the eukaryotic microorganism Saccharomyces cerevisiae against
oxidative stress caused by different agents, hydrogen peroxide, carbon tetrachloride, and cadmium,
was evaluated. Under all stress conditions, both polyphenols increased tolerance, although their
protection was more evident under peroxide exposure. By using mutant strains deficient in specific
antioxidant defense systems (superoxide dismutases, catalase, or glutathione), it was observed that
increased H.O, tolerance produced by both polyphenols was associated with catalase, as well as
the rise in survival rates caused by resveratrol under CCl,. The acquisition of tolerance was correlated
with a reduction in lipid peroxidation, indicating that the antioxidant property of resveratrol and catechin

involves protection against membrane oxidation.

KEYWORDS: Catechin; resveratrol; oxidative stress; lipid peroxidation; Saccharomyces cerevisiae

INTRODUCTION

Oxidative stress has been correlated with aging and diseases.
On the other hand. phytochemicals present in fruits and
vegetables may have antioxidant effects that protect from the
oxidative damage arising from metabolic and exogenous sources
(/). Although the protective effects have been primarily at-
tributed to the well-known antioxidants, such as vitamins C and
E and f-carotene. plant phenolics also seem to play a significant
role. Grapes are rich in phenolic compounds. such as flavonoids
(catechin, epicatechin, querceting anthocyanins, and procyani-
dins). and resveratrol (2, 31 Increasing evidence indicates the
importance of wine consumption in the daily diet since it is
supposed o be one of the explanations for the “French
paradox”™—the low incidence of heart discase and cancer in
France in spite of high fat consumption (4).

Resveratrol (3.5 4-trihydroxystilbene) is one of most impor-
tant polyphenols found in red wine. It is associated with a
surprising number of health benefits. most notably the mitigation
of age-related discases, including neurodegeneration, carcino-
genesis, and atherosclerosis (5). Catechin is a flavan-3-ol.
namely, 2-(3.4-dihydroxyphenyl)-3.4-dihydro-2H- I-benzopyran)
present mainly in white wine (3). It has been shown that catechin
is very effective in blocking the growth of human cell lines
originating from prostate (6) and breast (7) cancers and is also
a potential antioxidant and antimutagenic agent.

* To whom correspondence should be addressed. Tel/Fax: 55-21-
562-7735. E-mail: eliscael@iq.ufrj.br.
Universidade de Caxias do Sul.
“UFRJ.
¥ UFRGS.

10.1021/jf800752s CCC: $40.75

Despite the studies that showed the antioxidant properties of
resveratrol and catechin. the molecular mechanisms of how they
function in vivo remain unclear. These polyphenols show
different bioavailabilities (8). which make it difficult to deter-
mine the antioxidant potential of each one. In addition. their
protective effects have been reported to be more pronounced
in vitro, using high, nonphysiological concentrations (9).

The bicavailability appears to differ greatly between the
various polyphenols. and the most abundant polyphenols in our
diet are not necessarily those that have the best bioavailability
profile (8). Recently. we found that Wistar rats that consumed
purple grape juice daily showed protection against oxidative
stress, but the results obtained did not allow us to state which
polyphenol was absorbed most or gave the best protection (2).

The aim of this work was (o evaluate the mechanism by which
resveratrol and catechin protect Saccharomyces cerevisiae. a
useful model to screen in vivo for natural antioxidants: Its entire
genome sequence has been elucidated. and it is a genetically
tractable organism. amenable to modifications such as gene
disruption or mutation. which facilitates the identification of
gene targets of chemicals or drugs or stress. such as oxidative
stress, response  pathways ([0). S. cerevisiae has similar
antioxidant responses to mammals, and 30% of known genes
involved in human disease have yeast orthologues, that is.
functional homologues (/7). Furthermore. by using this micro-
organisn, the differences in bioavailability of polyphenols would
be discarded. We tested different oxidative stresses. generated
by carbon tetrachloride, hydrogen peroxide, or cadmium. The
toxicity of CCly results from its reductive dehalogenation by
cytochrome P450 into trichloromethyl free radical. which readily

¢ 2008 American Chemical Society
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interacts with molecular oxygen to form trichloromethyl peroxyl
radicals (/2). Both radicals are able to attack proteins and lipids
or to remove hydrogen atoms from unsaturated lipids feading
to membrane lipid peroxidation, cellular dysfunction, and finally
cell necrosis (/3). Cadmium is an environmental carcinogenic
pollutant that inactivates several proteins involved in DNA repair
systems and creates an oxidative stress that can result in
additional DNA lesions (/4). HyO, can generate hydroxyl
radical, the most reactive and toxic reactive oxygen species
(ROS) (15).

MATERIALS AND METHODS

Chemical Reagents. H2O3 was purchased from Merck: dimethyl
sulfoxide (DMSO), resveratrol, and catechin were acquired from Sigma-
Aldrich. Media components were obtained from Difco.

S, cerevisiae Strains and Growth Conditions, Wild-type (WT)
strain BY4741 (MATa, his3, lew2, metlS, and wra3) and its isogenic
mutants sed/A, sod2A. ettIA, and gshiA, harboring the genes SODI.
SOD2, CTT1, or GSHI, respectively, mterrupted by gene KanMX4,
were acquired from Euroscarf (Frankfurt, Germany). Stocks of yeast
strains were maintained on solid 2% YPD (1% yeast extract, 2%
glucose, 2% peptone, and 2% agar): in the case of the mutant strains,
the medium also contained 0.02% geneticine. For all experiments, cells
were grown in liquid YPD medium using an orbital shaker at 28 *C
and 160 rpm with the ratio of flask volume/medium of 5/1.

In Vivo Antioxidant Analysis. Yeast cells at the midlong phase
(10° cells/mL) were reinoculated in fresh medium (the initial cell
concentration was 107 cells/mL), containing or not the antioxidant agent
(10 gg/mL catechin or resveratrol), and incubated, for 1 h, at 28 °C/
160 rpm. To choose the doses of the polyphenols used in the adaptive
treatments, cells were exposed to increased concentrations of resveratrol
or catechin and then spotted adjacently on YPD agar plates incorporat-
ing CCly, peroxide, or cadmium. The concentration chosen was the
lowest that could improve cell growth as compared to cohorts exposed
to stress without being treated with polyphenol. Both cultures, treated
or not with polyphenol, were subjected to oxidative stress (2.5 mM
H:0,. 10mM CCly, or 2.5 mM CdSOy) at 28 “C/160 rpm for 1 h. Cell
viability was analyzed by plating, in triplicate, on solid YPD medium,
after proper dilution. Plates were incubated at 28 “C for 72 h, and the
colonies were counted. The number of colonies in each plate was
between 150 and 200. Tolerance was expressed as a percentage of
survival (/6).

Detection of Lipid Peroxidation. Cells (50 mg) were centrifuged
at 2000g for 2 min and washed twice with distilled Millipore purified
water. The pellets were resuspended in 0.5 mL of 10% trichloroacetic
(wiv), and 1.5 g of glass beads was added. The samples were lysed by
six cycles of 20 s agitation on a vortex followed by 20 s on ice. Extracts
were centrifuged at 2000g for 3 min, and the supernatant was mixed
with (L1 mL of 0.1 M EDTA and 0.6 mL of 1% (w/v} thiobarbituric
acid in 0.05 M NaOH. The reaction mixture was incubated in a boiling
water bath for 15 min, and after the mixture was cooled, the absorbance
was measured at 532 nm (/7).

Intracellular Oxidation. The oxidant-sensitive probe 2'7"-dichlo-
rofluorescein diacetate was used to measure intracellular oxidation (/8).
Fluorescence was measured using a Photo Technology International
(PTT) spectrofluorimeter set at an excitation wavelength of 504 nm and
an emission wavelength of 524 nm. A fresh § mM stock solution of
2" 7'-dichlorofluorescein diacetate dissolved in ethanol was added to
the culture (the final concentration was 10 @M} and incubation at 28
“C continued for 15 min to allow uptake of the probe. The culture was
divided according to treatment {with or without polyphenol). After 1 h.
the oxidative agent (CCly, Cd*t, or H>0;) was added. Thereafter, 50
mg of cells was harvested by centrifugation and washed twice with
water. The pellets were res

spended in 500 uL of water, and 1.5 g of
glass beads was added. The samples were Ivsed by three cycles of |
min agitation on a vortex mixer followed by 1 min on ice. The
supernatant solutions were obtained after centrifugation at 25000¢ for
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Figure 1. Effect of resveratrol and catechin on survival rates of cells
stressed with 10 mM CCl, (A}, 2.5 mM H,0, (B), or 2.5 mM CdSO, (C).
Black bars mean that cells were directly stressed, gray bars mean that
cells were adapted with resveratrol and stressed, and white bars mean
that cells were adapted with catechin and stressed. Data represent the
means + SDs of at least three independent experiments. Each stress
was analyzed separately to determine statistical differences (different letters
mean statistically different results in each oxidative stress group; p < 0.05).

5 min and diluted 6-fold with water, and then, the fluorescence was
measured. As a control, the fluorescence was analyzed in cells that
had not been exposed to oxidative stress.

Statistical Analyses, The statistics were done by means of analysis
of variance and Tukey's test using the SPSS 12.0 package. The latter
denotes homogeneity between experimental groups at p < 0.05. In all
figures and tables, different letters mean statistically different results.

RESULTS AND DISCUSSION

Resveratrol and Catechin Increase Oxidative Stress Tol-
erance in S. cerevisice. According to Figure 1, 2.5 mM H,0,
was the most toxic stress for all strains tested. followed by CCly
and Cd*". This result was expected since HaOz generates the
most toxic and highly reactive hydroxyl radical. against which
the organisms have no defense (15). Cells of the WT strain
acquired tolerance o all stresses when preadapted with res-
veratrol or catechin. The increased tolerance caused by each
polyvphenol was similar. and the best protection was observed
under peroxide.

Molecular studies have revealed that phenolics can modulate
the cell response by interacting with a wide spectrum of
molecular targets, such as protein kinases, transcription factors
NF-&fi and ¢-JUN. and antioxidant detoxifying enzymes (5).
To investigate the involvement of some antioxidant defense
system in the mechanism of acquisition of tolerance, mutant
strains deficient in superoxide dismutase. catalase. or glutathione
synthesis were used. Free radical scavenging enzymes such as
catalase and superoxide dismutase are the first line of cell
defense against oxidative injury. The equilibrium between these
enzymes is a major process for the effective removal of ROS
(19). S. cerevisiae possesses two isoforms of superoxide
dismutase {the cytosolic Sod1 and the mitochondrial Sod2) and
two isoforms of catalase. although only the cytosolic Cttl seems
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Table 1. Effect of Resveratrol and Catechin on Lipid Peroxidation

stress freatment WT ctt!
CCly without polyphenol 15+ 02%a° 16+01a
resveratrol 09+01b 05+00¢
catechin 09£01b 14+£00d
Hz0, without polyphenol 26+01a 27+01a
resveratrol 11£01b 15+00¢
catechin 12+01b 1.0+02b
Cd without polyphenol 12+01a 14+01c
resveratrol 0B£01b 04+00d
catechin 06+£00b 07+02b

“The results were expressed as a ratio between lipid peroxidation levels of
stressed, adapted or not with pelyphenol, and nonstressed cells. Data represent
the means + SDs of at least three independent experiments. © Each stress was
analyzed separately to determing statistical differences (different letters mean
statistically different results at p < 0.05).

o be directly involved in oxidative stress (20). The second line
of defense consists of nonenzymatic scavengers, The most
important one is ghutathione (GSH). present from bacteria to
higher cukaryotes and whose synthesis in §. cerevisiae reguires
the enzymes Gshl and Gsh2 (21).

Under our experimental conditions. cells fermented glucose.
and thus, some of the intracellular antioxidants were absent or
present at very low concentrations. Catalase and superoxide
dismutase activities and glutathione levels increase significantly
only when cells are breathing (22). Therefore, although we did
not test it in this study, we can assume that if a mutant strain
deficient in a specific antioxidant system is not able to acquire
tolerance after the adaptive treatment, this might mean that the
protection mechanism caused by polyphenol involves the
induction of this antioxidant.

Catechin was capable of increasing the tolerance of all mutant
strains o CClL. indicating that both Sods, Cul, and GSH are
not necessary for this adaptive treatment (Figure 1A). On the
other hand. the protection caused by resveratrol against CCly
seems o need the eytosolic catalase, since the effl strain was
not able o acquire tolerance when adapted with resveratrol. Citl
seems also o be involved in the protection mechanism achieved
by both polyphenols against HaO» (Figure 1B). Against
cadmium stress. both polyphenols were capable of increasing
the survival rates of all mutants. although in the gsh/ strain the
protection caused by catechin was slightly less effective than
in WT (Figure 1C).

Levels of Lipid Peroxidation and Intracellular Oxidation.
Next, intracellular oxidation and lipid peroxidation were ana-
lyzed to understand how catechin and resveratrol protect cells
against the oxidative damage caused by CCly, HaOz. and ca*t.
One of the targets of free radical attack is the membrane, leading
to lipid peroxidation. cell leakage, and death. Table 1 shows
that all stresses increased the levels of lipid peroxidation. Both
polyphenols showed similar capacities of reducing the oxidative
damage to membrane. Peroxide stress was most aggressive 1o
the membrane, which is in accordance with the low survival
rates (Figure 1), However, the treatment with polyphenols
practically inhibited the increase in lipid peroxidation caused
by peroxide in WT (the increase fell from 160% o around 109 ).
CCly and Cd** produced a more modest increase in lipid
peroxidation (50 and 20%. respectively), which was suppressed
by resveratrol and catechin. The protection conferred by
resveratrol and catechin against membrane oxidation appears
o be dircetly correlated to the acquisition of tolerance. since
the greatest increase in survival rates was reached during
peroxide exposure. While the phenols increased almost 20-fold
the tolerance to peroxide, reducing to around 10% the rise in
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Table 2. Enhancement of Intracellular Oxidation Produced in Response to
Peroxide or Carbon Tetrachloride Stress

stress rreatment WT ettt

CCly without palyphenol 49+ 014780 20+01b
resveratrol 33+ 04¢ 26+£00d
catechin 34+03¢ 08+01¢

Ha0s without polyphenol 1224+ 034d 16+01b
resveratrol 46+ 03¢ 19+04b
catechin 102+ 05a 21+02a

“The results were expressed as a ratio between fluorescence of stressed,
adapted or not with polyphenol, and nonstressed cells. Data represent the means
+ SDs of at least three independent expariments, ® Each stress was analyzed
separately to determine statistical differences (different letters mean statistically
different results at p < 0.05).

the lipid peroxidation levels, under carbon tetrachloride and
cadmium stresses, the increase in the survival rates did not
exceed 3-fold, and the reduction in the levels of peroxidation
was smaller.

Because eytosolic catalase might be involved in the protection
mechanism achieved by polyphenols (Figures 1A.B). peroxi-
dation was also investigated in the eftd mutant strain. However,
the behavior of the mutant was similar o that of the WT strain,
In the mutant. both polyphenols were able to reduce the levels
of lipid peroxidation caused by all stresses, although the ¢t/
strain had not acquired tolerance after polyphenol treatment and
peroxide stress or after catechin adaptation and carbon tetra-
chloride stress. These results indicate that Cttl is not involved
in the protection conferred by catechin and resveratrol against
lipid oxidation.

Polyphenols exhibit a wide range of biological effects (23}
many ol them have been attributed o their free radical
scavenging activity. To determine whether resveratrol and
catechin are responsible for the increase in tolerance by
decreasing reactive oxidative species concentration, the level
of intraceHular oxidation was measured by using the fluorescent
probe 27.7-dichlorofluorescein diacetate. This probe is widely
used (o evaluate the enhancement of reactive oxidative species
after oxidative stress since, once inside the celll it becomes
susceptible to attack by reactive oxidative species, producing a
more fluorescent compound (24). According to Table 2. after
direct exposure of the WT strain o peroxide and CCly, there
was an increase in intracellular oxidation. There was a greater
inerease after HaO,, which can be correlated with the higher
sensitivity shown by cells under this stress condition (Figure
1). Cell exposure to 2.5 mM CdaSOy for 60 min did not increase
the levels of intracellular oxidation (data not shown).

Similarly to what occurred with lipid peroxidation, both
catechin and resveratrol decreased the levels of reactive oxida-
tive species produced by peroxide or carbon tetrachloride (Table
2). After resveratrol treatment. the levels of reactive oxidative
species produced in response to peroxide were almost 3-fold
lower, suggesting that resveratrol has a high capacity to eliminate
hydroxyl radicals formed by a Fenton reaction. In the absence
of cytoplasmic catalase, the fevels of reactive oxidative species
produced by carbon tetrachloride were only reduced when the
mutant was adapted with catechin, the same treatment that led
to acquisition of tolerance of ¢ftd strain (Figure 1A). In the
mutant. neither catechin nor resveratrol was able to reduce the
increase in the levels of intracelular oxidation caused by
peroxide: coincidentally, neither treatment increased the toler-
ance of this strain (Figure 1B). Considering these results, Cul
seems o contribute o the elimination of reactive oxidative
species achieved by resveratrol under CCly and HaOz stresses
as well as by catechin under HaOx exposure.
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Resveratrol and Catechin Antioxidant Protection

The mutant deficient in Cutl showed an increase in intracel-
lular oxidation caused by CCly and HaOs lower than the WT
strain. This could be associated with super expression of other
antioxidant systems as a form of compensation. Several other
studies have shown that a deficiency in one antioxidant system
is overcome by an increase in the remaining defense system
(25, 26).

The medicinal actions of resveratrol and catechin are mostly
attributed to their antioxidant capacity and free radical scaveng-
ing potential, since oxidative stress is involved in aging as well
as in the onset and evolution of more than 100 discases (27).
However. the true antioxidant effect of these polyphenols and
the mechanisms by which they protect the organisms against
axidative stress have not yet been elucidated. The antioxidant
potential of catechin and resveratrol has been investigated mainly
through in vitro analyses, although several studies have shown
that phenolics are extensively metabolized in vivo, resulting in
significant alteration in their redox potentials (28). Therefore,
itis essential to screen the efficacy of these compounds in vivo.
The physiological significance of dietary antioxidants depends
on their absorption and biotransformation mechanism. In animal
maodels, it is more difficult to interpret the results, which warrants
Turther investigation on the bioavailability of the polyphenols.

As previously observed (25, 29, 30). peroxide. carbon
tetrachloride, and cadmium stresses caused damage in S,
cerevisiae cells. Peroxide and carbon tetrachloride produced free
radicals, verified by the increase in the levels of intracellular
oxidation, and all stresses tested were able to attack the
membrane, leading to lipid peroxidation. Both resveratrol and
catechin increased the tolerance to all oxidative conditions. and
their protective effects were similar (Figure 1)

Resveratrol and catechin reduced intracellular oxidation and
lipid peroxidation. which could explain why cells acquired
tolerance when adapted with these polyphenols. By reducing
the ROS level. biomolecules become fess prone to oxidation.
The prevention of  low-density  protein (LDL) oxidation
seems to protect against heart diseases. while the prevention of
DNA oxidation diminishes genomic instability and the chances
of developing cancer (31). Heart disease and cancer are the two
leading causes of death worldwide.

The antioxidant properties of polyphenols seem to he associ-
ated with their capacity to donate hydrogen to free radicals,
leading to the formation of stable molecules. Resveratrol and
catechin reduced the levels of ROS produced in response o
H50; or CCly (Table 2). These stresses generate different free
radicals. which contribute o the increase in the levels of
intracellular oxidation, Cadmium stress, achieved by submitting
cells to 2.5 mM CdSOy for T h, did not increase the level of
intracellular oxidation but did induce lipid peroxidation (Table
1). The toxicity of this metal is associated with its attack against
a membrane. Polyphenols are preferentially incorporated into
membrane lipid bilayers and act as hydrogen donors. trapping
free radicals and inhibiting the formation of lipid radicals (35).
According to our results. both resveratrol and catechin reduced
the level of lipid peroxidation caused by peroxide, carbon
tetrachloride. and cadmium (Table 1).

While there has been a major focus on the antioxidant
properties. there is an emerging view that polyphenols. and
their in vivo metabolites, may affect signaling pathways that
madulate cell response (5). According to the literature. the
addition of polyphenols o commonly used cell culture media
leads to the generation of substantial amounts of hydrogen
peroxide (32). Such H,O, gencration could explain the
increased tolerance to oxidative stress after adaptive treat-
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ments with polyphenols. Several studies show that treatment
of yeast (and even human cells) with low concentrations of
H20: induces adaptive responses. which protect cells from
the lethal effects of a subsequent challenge with higher
concentrations of oxidants (25). In silico data mining with
Yeast Microarray Global Viewer (33) revealed that peroxide
treatment preferentially activates genes involved with Hx(h,
degradation, such as CTT/.

According to our results, in the cff/ mutant strain,
pretreatment with resveratrol or catechin did not increase
tolerance to peroxide, nor did resveratrol induce tolerance
to CCly. Catalase activity is very low in cells that are
fermenting but increases linearly over a wide range of HaOn
concentrations. thereby maintaining a controlled intracellular
peroxide concentration and avoiding oxidative damage (o
membranes, one of the main causes of several diseases and
aging (/5). Taken together, these results suggest that high
levels of ROS could be reduced after resveratrol and catechin
treatment. presumably by the activation of cellular defenses.
like Cttl. Therefore, we can conclude that if the same
concentration of polyphenol is used and ignoring the differ-
ences in metabolism and permeability. both resveratrol and
satechin achieved excellent protection against oxidative
st which has been implicated in the ctiology and
progression of several acute and chronic disorders.
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3.7 CAPITULO VII

GRAPE JUICE: ITS COMPOUNDS AND HEALTH BENEFITS

Capitulo enviado para uma série de livros: ResearthBioactive Natural Products

Vérios estudos na literatura tém mostrado que o glecuva € um composto com
importante atividade benéfica a saude e com umidendsel conteddo de polifendis.
Sendo assim, neste capitulo procurou-se fazer ww@do da literatura cientifica
internacional, relatando os principais composta®lfeos presentes nos sucos de uva
produzidos a partir de diferentes espéciésig labruscae Vitis viniferg, bem como de

diferentes cultivares (brancas e tintas).
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GRAPE JUICE: ITS COMPOUNDS AND HEALTH BENEFITS

Caroline Dani, Livia S. Oliboni, Jodo A.P. Henriguend Mirian Salvador

Instituto de Biotecnologia, Universidade de CaxiasSul, RS, Brazil.

ABSTRACT

Experimental data have increasingly suggested teditlar oxidative damage has a
relevant pathophysiological role in several typeluman diseases, such as atherosclerosis
and cancer (Amest al, 1993). In order to minimize oxidative stress @etls have
developed a complex biochemical redox mechanismsisting of both enzymatic and non-
enzymatic components (Pagk al, 2003). Moreover, the diet, especially the constimn

of fruits and vegetables, also has an importarg molthe maintenance of physiological
redox equilibrium. These foods supply several aidi@ants, including several polyphenolic
compounds to the body. Grapes are rich in plemampounds, such as flavonoids
(catechin, epicatechin, quercetin, anthocyaningcyanidins), and resveratrol (3,5,4 -
trinydroxy-stilbene), which are mainly found in regdape products (Wangt al, 2002;
Soleaset al, 1997; Fuleki and Ricardo da- Silva, 2003). lis thapter we review the main
constituents of purple and white grape juices dmarthealth benefices. All findings
suggest that grape juices induce significant ardanX, antiplaquetary, antitumoral and
antimutagenic activities, and this may be an imgrdrtssue for further investigations in the

area of biochemical functional foods.



Grape juice and its constituents

Grapes are the most widely grown fruit in the wprsecond to oranges, and
represent an essential component in the Mediteairadeet and culture (Olalla et al., 2004).
In North America, purple commercial grape juiceisnarily made fronVitis labruscacv.
Concord grapes. Niagara grapes, anothbruscatype cultivar, is responsible for the
typical flavor of commercial white grape juice. Bobf these cultivars are extensively
grown for juice production in the Niagara regiorntud province of Ontario, Canada (Sun et
al., 2001). Wine, grape and grape products cart&ilto $162 Billion to US economy,
according to study by MKF Research LLC of Napa ®&alinveiled on Capitol Hill by the
Congressional Wine Caucus on January 17 (2007)edRes documenting many positive
health benefits associated with the consumptiongm@pes and grape products are

increasing the market for these products.

Actually there are several types of grape juicesaondwide markets. At first, grape
juice can be manufactured with any variety of gsapehere they reach an appropriate
maturation. Grape juices produced in traditionahevcountries are elaborated whfitis
vinifera grapes, from white or purple cultivars. On theeothand, the Brazilian grape
juices are manufactured wititis labruscagrapes, known as american or hybrid, mainly
Bordo and Concord (purple types), Niagara (whitesrand Rose (Goethe) (Rizzon et al.,

1998; Dani et al., 2007).

The chemical composition of grape juice slightlffeis from the fruit, except for
the higher amounts of raw fiber and oil, found eed. The technology of preparation,

mainly related to temperature and extraction tinegulates the solubility and diffusion
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intensity of the compounds, from the skin into test. This is an outstanding influence on
the chemical composition and on the type of thalfroduct (Rizzon et al., 1998). In
general, white, purple and rose grape juices witterent nutritional characteristics and

phenolic content can be obtained, although thelitlesstudy about it.

Besides the different varieties of grapes, the actmarket counts on the
conventional and the organic juice classes. Thisjlace belongs to the organic farming,
which is currently practiced worldwide, and does ose chemical substances, such as
pesticides and synthetic fertilizers. Some stulieage reported differences in phenolic and
nutritional contents of fruits (strawberry, peachdaplum) growth according to the
traditional and organic methods (Asami et al., 2008mbardi-Boccia et al., 2004).
However, there is no agreement on which methodeigeb and neither on how the

agricultural practice could possibly influence fireduct’s final chemical content.

A recent study with eight different types of grgpiees, white (Niagara) or purple
(Bordo), manufactured with organically- or convenally-produced grapes assessed
polyphenol content of different kinds of juices (Dat al., 2007). Depending on the
agricultural method, organic juices presented higiodyphenol content when compared to
juices manufactured with conventionally-grown gy@ani et al., 2007). This fact could
be explained because phenolic compounds are segomdetabolites produced and
accumulated in plant tissues, during stress sdnaths pesticides are not used in organic
farming, plants are more often attacked by phytopgénsa situation which causes the
plant to produce higher amounts of phenolic compsias a means to defend itself (Soleas

et al., 1997).
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Different methodologies are applied in grape jumanufacturing. When purple
juices are produced, the pulp is heated along thighskin and seed, resulting in a higher
incorporation of phenolic compounds into the ju{€aleki & Ricardo-da-Silva, 2003).
Purple grape juices produced with skin heating sftbw higher phenolic compound
content when compared to white juices (Table I)d also high carbohydrate and caloric

levels (Dani et al., 2007).

Phenolic constituents are very important to enplbgcause they are directly or
indirectly related to wine and juice’s quality, esflly with regard to their color and
astringency, and have also nutritional and phariogamal activities (Riberéau-Gayon et al.
2003). The polyphenol structure has at least ooeatic ring, in which (at least), one
hydrogen is replaced with a hydroxyl group. Theg ba classified as flavonoid and non-

flavonoid compounds (Riberéau-Gayon et al., 26@3guson, 2001).

Flavonoids include the anthocyans, quercetin, cbéte epicatechin and
procyanidins (Ferguson, 2001). Grape juice praserdinly (+)-catechin, (-)-epicatechin
and four procyanidins (B1, B2, B3 e B4) (TableThe concentration of these compounds
can change according to the pressing method (hobldrmaceration), to the cultivar and,
to a lesser degree, pasteurization and vintageeKFuk Ricardo-da-Silva, 2003).
Anthocyanins are responsible for many of the famd floral colors observed in nature. In
Concord grape juice the major anthocyanins arehitalin, cyanidin, petunidin, malvidin,
and peonidin, in this order of quantity (Wang et 2003).

Among the compounds named non-flavonoid, stilberi®enzoic and cinnamic acid
derivatives deserve special attention. Resveradrstilbene, is the major component of the

polyphenols from grapes and their products (Sual.e2001). It is a phytoalexin present in
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grapevines (Flanzy, 2003), which was originallyntiieed as the active ingredient of an
Oriental herb (Kojo-kan), used for treatment of #&evvariety of diseases including
dermatitis, gonorrhea, fever, hyperlipidemia, aosalerosis, and inflammation (Sun et al.,
2001). Altought non-flavonoids contents, espégiadsveratrol, are well-known in wines
(Fuleki e Ricardo-da-Silva, 2003) there are vew fstudies about the content of these
compounds in grape juices (Table 1), opening aerasting possibility of new studies
about this issue.

Phenolic content of different varieties of grapeés, most of them originated from
Vitis labruscagrapes, are shown in Table 1. It is possibleotica that polyphenol content

can be modify according to the variety and tlabetation process of the juices.
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1. Table 1 Phenolic content of different varieties of griyiees

Specie of  Variety Main
cultivar Characteristic Catechin Epicatechin  Procyanidin Procyanidin Procyanidin Procyanidin B4  Resveratrol Total phenolic Authors
(ppm) (ppm) B1 (ppm) B2 (ppm) B3 (ppm) (ppm) (ppm) content
Vitis Bordo Conventional
labrusca purple grape
Juice 2.06 2213 1.33 1.83 7.95 4.66 0075 11959 Dani et al., 2007
Vitis Niagara Conventional
. *
labrusca Wh}f,(?cgerape 7.39 5.95 7.53 1.32 13.06 2.45 ND 48.05 Dani et al., 2007
Vitis Bordo Organic Purple
labrusca grape juice 33.89 2.72 7.53 2.32 10.03 0.64 0.213 262.50 * Baal., 2007
Vitis Niagara  Organic White
. . %
labrusca grape juice 0.90 181 3.45 158 185 3.59 ND 60.20 Dani et al., 2007
Vitis Concord Conventional Fuleki and
labrusca Purple grape 5.53 6.89 18.03 11.61 153 1.01 ND 14581*  Ricardo-da-Silva,
juice 2003
Vitis Vincent Conventional Fuleki and
vinifera White grape 18.41 33.11 32.14 17.99 6.55 11.12 ND ND  Ricardo-da-Silva,
juice 2003
Vitis Niagara Conventional Fuleki and
labrusca white grape 0.98 1.07 ND 0.35 0.04 0.16 ND 32.81*  Ricardo-da-Silva,
juice |l 2003
Vitis Concord conventional
labrusca PUFJPL:ingrape ND ND ND ND ND ND ND 2.06%+ Seeram etal., 2008
Vitis NI Conventional
vinifera Whj!L"icgefaPe ND ND ND ND ND ND ND 327% Frankel et al., 1998
Vitis Concord Conventional
labrusca PUVP'% Srape ND ND ND ND ND ND ND 1742% Frankel et al., 1998
jui
Vitis Concord conventional
labrusca Purple grape - Singletary et al.,
juice ND ND ND ND ND ND ND 977 2003
concentrate
ND = not determined; * mg catechin/mL; *x mg of galic acid/ L; *rx mg of gal
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Grape juice and its health benefits

It has been already reported that grape juice oawvept: (i) platelet aggregation, (ii)
LDL oxidation and oxidative damage to DNA, (iii) romary disease and atherosclerosis
(Table 2). The most studied biological effect oé thrapes juices is their antioxidant
activity, which can be observed in in vitro, exaiand in vivo assays In in vitro and ex
vivo assays, purple grape juices, mainly the organics,osleowed a better antioxidant
activity, which is positively correlated to resagpl, catechin, and total phenolic contents
(Dani et al., 2007; Ferguson, 2001). On the otend, inin vivo assaysusing the
Saccharomyces cerevisigeast model), white juices present a better ptioteactivity
against damages generated by hydrogen peroxidendrtite purples grape juices, the
organic ones showed a better antioxidant activityyhich is positivelly correlated to
resveratrol content (unpublished data from our gyou

The disparities related to results obtained thromg¥itro andin vivo assays could
be attributed, at least, in part, to phenols b@tam. h vivoantioxidant effects depend on
polyphenols bioavailabity and metabolism (Vinsorakt 2004), which can be influenced
by their structure, absorption and interactiothwither compounds (Manach et al. 2004).

Oxidative stress is considered as a major riskofdatiat contributes to age-related
increase in lipid peroxidation and declined antaxits in the central nervous system
during aging (Balu et al., 2005). Several repodsehshown that long term polyphenols
supplementation improves cognitive performance lth Wistar rats, mainly because the
capacity to these polyphenol in prevent the oxidastress damage (Joseph et al., 1999;
Bastianetto & Quirion, 2002).

The results from a study of Barbara Shukitt-Halalget(2006), which evaluates the

effects of Concord grape juice on cognitive andandeficits in aging, suggest that it may
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take a higher concentration of grape juice to enbanotor performance, whereas lower
concentration may be sufficient to alter cognitperformance. A study with striatum and
substantia nigra isolated from adult Wistar rats wee pioneer to show that purple grape
juices can reduce oxidative stress in brain strestyDani et al., 2008b). This result is
corroborated by Balu et al., (2005), whom foundrnmal levels of lipid peroxidation and
antioxidant defenses in grape seed extract-sumggriesd aged rats.

Additionally, some studies showed that the intakapproximately 125-480mL/day of

conventional purple grape juice elaborated f\itis viniferagrapes is able to increase

antioxidant levels in men (Day et al., 1997; Osraetal., 1998; Freedman et al., 2001;

O’Byrne et al., 2002). This demonstrates thatdie¢is one defense strategy to

prevent, intercept, or repair age-induced oxidastvess. In fact, all kind of fruit intake

is associated with a lowered risk of degeneratigeate, whereas the lack of adequate

consumption of fruits and vegetables is linkedanaer incidence (Ames et al., 1993).

It is also attributed to the grape juice the deseeaf cardiovascular diseases
(Vinson et al., 2001; Singletary et al., 2003; S$emzcMoreno et al., 1999). Platelet
aggregation can be reduced by the intake (5-7.%gilday) of grape juice for one week,
which is not observed for orange or grapefruit ggicntake (Keevil et al. 1999). Purple
grape juice presents a concentration of total geyol three times higher than citric juices,
which indicates the potential effect of polyphneols platelet aggregation. This effect
could consequently reduce thrombosis coronary ayocardium infarct risks (Keevin et
al., 2000). Intake of purple grape juice improvalso, endothelium function in patients

with atherosclerotic vascular disease (Chou e28D]1).
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Inhibition of chemically induced rat mammary tungamesis was observed for
Concord grape juice constituents, suggesting @npial breast cancer prevention
(Singletary et al., 2003). Park et al. (2003) shdwhat grape juice consumption result in a
pronounced reduction in the levels of DNA damageben compared to the pre-
supplementation level. Additionally, both purple darwhite grape juices showed
antimutagenic activity irSaccharomyces cerevisigeast, which is positive correlated
with the phenolic content of the juices. In fachlyphenol antimutagenic activity
(flavonoids or non-flavonoids) has been alreadyrea in literature (Ferguson, 2001).

Briefly, this review shows that grape juices, bogurple and white, are rich in
several bioactive compounds, which are able toadeer oxidative stress damages, assisting
in many important diseases such as cancer, cordreast disease, neurological diseases,
and others. Besides, grape juice is a non-alcobelerage, which can be include in diets

of children and eldery peoples, where an the aliobeverage is not indicated.
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Table 2.Beneficial effects related for different grape psc

Specie of cultivar

Vitis labrusca

Vitis labrusca

Vitis labrusca

Vitis labrusca

Vitis vinifera

Vitis vinifera

Vitis labrusca

Vitis labrusca

Variety

Bordo

Niagara

Bordo

Niagara

ND

ND

Concord

Bordo and Niagara

Main Caracheristic

Convetional Purple grape juice

Conventional White grape juice

Organic Purple Grape juice

Organic White Grape juice
Conventional purple grape
juice
Conventional purple grape

juice

Conventional purple grape

juice

Conventional Purple and

white, respectively grape juice

Biological activity

Antioxidant activity

Antioxidant activity

Antioxidant activity

Antioxidant atyi

Antioxidant activity

Antioxidant activity

Antioxidant activity

Antioxidant activity

References
Dani et al., 2007; Dani
et al., 2008a ; Dani et
al., 2008b
Dani et al., 2007
Dani et al., 2007; Dani
et al., 2008a ; 2008b
Dani et al., 2007
Sanchez-Moreno et al.,

1999

Day et al., 1997

Osman et al., 1998
Freedman et al., 2001
O’Byrne et al., 2002
Davalos et al., 2005

Wang et al., 1996

Dani et al., 2007

Fuhrman et al., 1995

11¢



Vitis labrusca

Vitis labrusca

Vitis vinifera

Vitis labrusca

Vitis labrusca

Vitis labrusca

Vitis labrusca

Vitis vinifera

Concord
Conventional Purple grape
juice
Concord
Conventional purple grape
juice
ND Conventional purple grape
juice
Concord Conventional purple grape
juice
Concord Conventional purple grape
juice
Concord Conventional purple grape
juice
Concord Conventional purple grape
juice
ND

Conventional purple grape

Inhibition of platelet

aggregation

Antioxidant activity

Antioxidant activity

Inhibiton of atherosclerosis

Antithrombotic and
vasodilatory activities

Antithrombotic activity

Antiinflammatory activity

Vasodilatory activity

Carbonaro et al., 2002
Keevil et al., 2000.
Osman et al., 1998

Demrow et al., 1995

Abu-Amsha et al., 1996;
Durak et al., 1999
Frankel et al., 1998

Stein et al., 1999

Day et al., 1997

Vinson et al., 2001

Folts et al., 2002

Demrow et al., 1995

Albers et al., 2004

Takahara et al., 2005



Vitis labrusca

Vitis labrusca

Vitis labrusca

Vitis labrusca

Concord

Concord

Concord

Concord

juice

Conventional purple grape

juice

Conventional purple grape

juice

Conventional purple grape
juice
Conventional purple grape

juice

Chou et al., 2001
Vasodilatory activity
Stein et al., 1999

Barbara Shukitt-Hale et
Benefits on cognitive and
al., 2006
motor deficits in aging
Park et al., 2003

Antitumoral activity Park et al., 2003

Antitumoral activity Singletary et al., 2003

11¢



REFERENCES

Abu-Amsha, R., Croft, K.D., Puddey, I.B., ProudfodtM., Beilin, L.J. (1996). Phenolic
content of various beverages determines the extemthibition of human serum and low-
density lipoprotein oxidation in vitro: identifiGah and mechanism of action of some
cinnamic acid derivatives from red wir@linical Science91:449-58.

Albers, A.R., Varghese, S., Vitseva, O., Vita, J.Areedman, J.A. (2004). With Stable
Coronary Artery Disease The Antiinflammatory Effeof Purple Grape Juice Consumption in
SubjectsArteriosclerosis, Thrombosis, and Vascular Biold2®179-180.

Ames, B.N., Shigenaga, M.K., Hagen, T.M. (1997).idarts, antioxidants and the
degenerative diseases of agiRgoceedings of the National Academy of Sciencdsedinited
States of Americ®0:7915-7922.

Asami, D. K., Hong, Y., Barret, D. M., Mitchell, A&.(2003) Comparison of the total phenolic
and ascorbic acid content of freeze-dried and r@ddmarionberry, strawberry, and corn
grown using conventional, organic, and sustainaddgicultural practices.Journal of
Agricultural and Food Chemistrpl: 1237-1241.

Balu, M., Sangeetha, P., Haripriya, D., Panneease/\C. (2005). Rejuvenation of antioxidant
system in central nervous system of aged rats bgegseed extradNeurosc eince Letters
383(3:295-300.

Bastianetto, S.& Quiron, R. (2002). Natural extsaas possible protective agents of brain
aging.Neurobiology Aging23(5)891-97

Carbonaro, M., Mattera, M., Nicoli, S., Bergamo, €apelloni, M. (2002). Modulation of
antioxidant compounds in organic vs conventionait ffPeach, Prunus persica L., and Peatr,

Pyrus commumis L.)Journal of Agricultural and Food Chemisty0: 5458-5462.

119



Chou, E.J., Keevil, J.G., Aeschlimann, S., Wiebd).DFolts, J.D., Stein, J.H. (2001). Effect
of Ingestion of Purple Grape Juice on Endotheligidtion in Patients Wuth Coronary Heart
DiseaseThe American Journal of Cardiolog§8553-555.

Day, A.P., Kemp, H.J., Bolton, C., Hartog, M., $thie, D. (1997). Effect of concentrated red
grape juice consumption on serum antioxidant capacid low-density lipoprotein oxidation.
Annais of Nutrition & Metabolisn#1: 353-357.

Dani, C.; Oliboni, L.S.; Vanderlinde, R.; Bonati».,, Salvador, M.; Henriques, J.A.P. (2007).
Phenolic content and antioxidant activities of whénd purple juices manufactured with
organically-or conventionally-produced grapeésod and Chemical Toxicolgg5:2575-2580.
Dani, C., Oliboni, L.S., Pasquali, M., Oliveira, R.Umezu, F.., Salvador, M., Moreira, J.C.,
Henriques, J.A.P. (2008a). Intake of purple grapeejas a hepatoprotective agent in Wistar
rats.Journal of medicinal foadl1 (1)127-32.

Dani, C., Pasquali, M., Oliveira, M.R, Umezu, Balvador, M.., Henriques, J.A.P., Moreira,
J.C. (2008c). Protective effects of purple grap&eguon carbon tetrachloride-induced
oxidative stress in brains of adult Wistar ramurnal of medicinal foadl1 (1) 55-61.

Davalos, A., Bartolomé, B., Gomez-Cordovés, C. B00Antioxidant properties of
commercial grape juices and vineg&sod Chemistry93: 325-330.

Demrow, H.S.; Slane, P.R.; Folts, J. (1995). Adstnattion of wine and grape juice inhibits
in vivo platelet activity and thrombosis in stendb$@anine coronary arterieAmerican Heart
Association91:1182-1188.

Durak, I., Avci, A., Kagmaz, M., Buyukkocak, S., Bk Cimen, M. Y., Elgun, S. Ozturk, S.,
(1999). Comparison of antioxidant potentials of nethe, white wine, grape juice and
alcohol.Current Medicinal Research Opinioh5: 316-320.

Ferguson, L.R. (2001). Role of plant polyphenolggénomic stability Mutation Research

475 89-111.

120



Flanzy, C. (2003). Enologia: Fundamentos cientifigotecnoldgicos. 2 ed. Madrid: AMV
Ediciones & Mundo- Prensa, 797p.

Freedman, J.E,; Parker Ill, C., Li, L., Perlmam.JFrei, B., lvanov, V., Deak, L.D. lafrati
MD, Folts JD. (2001). Select flavonoids and whale¢ from purple grapes inhibit platelet
function and enhance nitric oxide releaSeculation. 1032792-2798.

Folts JD. Potential health benefits from the flamadis in grape products on vascular disease.
(2002).Advances in Experimental Medicine and Bioldsf)s 95-111.

Fuhrman, B., Lavy, A., Aviram, M. (1995) Consungptiof red wine with meals reduces the
susceptibility of human plasma and low-density pipgein to lipid peroxidationAmerican
Journal of Clinical Nutrition 61(3) 594-54

Fuleki ,T. & Ricardo-da-Silva, JM. (2003). Effeai§ cultivar and processing method on the
contents of catechins and procyanidins in grapeejulournal of Agricultural and Food
Chemistry51, 640-646.

Frankel, N.E., Bosanek, A.S.M., Siliman, K., Kirk,L. (1998). Commercial Grape Juices
Inhibit the in Vitro Oxidation of Human Low-Densityipoptroteins.Journal of Agriculture
and Food Chemistryl6: 834-838.

Joseph, J.A., Shukitt-Hale, B., Denisova, N.A., liBs&ki, D., Martin, A., McEwen, J.J.,
Bickford, P.C.(1999) Reversals of age-related desliin neuronal signal transduction,
cognitive, and motor behavioral deficits with bleety, spinach, or strawberry dietary
supplementationlournal of Neuroscienc49(18)8114-21.

Keevil, J. G., Osman, H.E., Reed, J. D., Foltd).J(2000). Grape Juice, But Not Orange
Juice or Grapefruit Juice, Inhibits Human Platefgggregation. Journal of Nutrition.
130(1)53-6

Lombardi-Boccia, G., Lucarini, M., Lanzi, S., AguzA., Capelloni, M. (2004). Nutrients

and antioxidant molecules in yellow pluma (Prunasndstica L.) from conventional and

121



organic productions: a comparative studgurnal of Agricultural and Food Chemistrg2,
90-94.

Manach, C., Scalbert, A., Morand, C., Remesy, hedez, L. (2004). Polyphenols: food
sources and bioavailabilitAmerican Journal of Clinical Nutritior.9: 727-747.

O’'Byrne, D. J., Devaraj, S., Grundy, S. M., Jialal, (2002). Comparison of the
antioxidant effects of concord grape juice flavai®wia-tocopherol on markers of
oxidative stress in healthy adultAmerican Journal of Clinical Nutrition76: 1367-
1374.

Olalla, M., Fernandez, J., Cabrera, C., Navarrg, W&z, RG., Lopez, C. (2004) Nutritional
Study of Copper and Zinc in Grapes and Commercrap& Juices from Spaidournal of
Agriulture and . Food Chemistrg2, 2715-2720

Osman, H. E., Maalej, N. M., Shanmuganayagam, DltsFJ. D. (1998). Grape Juice
but not orange or grapefruit juice inhibits platedetivity in dogs and monkey#/@caca
fascicularig. Journal of Nutrition 128 2307-2312.

Park, Y. K., Park, E., Kim, J-S., Kang, M-H. (2Q0Baily grape juice consumption
reduces oxidative DNA damage and plasma free radeeels in healthy Koreans.
Mutation Researchb29 77-86.

Ribéreau-Gayon, P., Dubourdieu, D., Donéche, Bavhaad, A. (2003). Tratado de Enologia:
microbiologia del vino- vinificaciones. Vol. 1. Banes Aires: Editorial Hemisfério Sur. 636p.
Rizzon, L.A., Manfroi, V., Meneguzzo, J. (1998)aBoracao de suco de uva na propriedade
viticola. Bento Gongalves: Embrapa Uva e Vinho72A1.

Sanchez-Moreno, C., Larrauri, J.A., Saura-Calixto, (1999). Free radical scavenging
capacity and inhibition of lipid oxidation of winegrape juices and related polyphenolic

constituentsFood Research Internationa82: 407-412.

122



Seeram, N.P., Aviram, M., Zhang, Y., Henning, &nd; L., Dreher, M., Heber, D. (2008).
Comparison of Antioxidant Potency of Commonly Cansd Polyphenol-Rich Beverages in
the United Stateslournal of Agriculture and Food ChemistB6: 1415-1422.

Shukitt-Hale, B., Carey, A., Simon, L., Mark, D.Agseph ,J.A. (2006) Effects of Concord
grape juice on cognitive and motor deficits in @gidutrition. 22(3)295-302

Singletary, K. W., Stansbury, M. J., Giusti, M.pMareemen, R. B., Wallig, M., Rimando, A.
(2003) Inhibition of rat tumorigenesis by concordage juice constituentslournal of
Agriculture and Food Chemistrypl: 7280-7286.

Soleas, G. J., Diamandis, E. P., Goldberg, D. M97) Resveratrol: A molecule whose time
has come? And goneClinical Biochemistry30: 91-113.

Stein, J.H,, Keevil, J.G., Wiebe, D.A., Aeschlima®., Folts, J.D.(1999) Purple grape juice
improves endothelial function and reduces the sugukty of LDL cholesterol to oxidation
in patients with coronary artery diseaSé&culation. 100(10)1050-5

Sun, B., Spranger, |., Roque-do-Vale, F., Lean@o,& Belchior, P. (2001). Effect of
different winemaking technologies on phenolic cosipon in Tinta Miuda red wines.
Journal of Agricultural and Food Chemist9, 5809-5816.

Takahara, A., Sugiyama, A., Honsho, S., SakagithiAkie, Y., Nakamura, Y., Hashimoto,
K. (2005). The Enothelium-Dependent Vasodilatoridwwtof a New Beverage Made of Red
Wine Vinegar and Grape Juid&ological & Pharmaceutical Bulletir28(4)754-756.

Vinson, J.A., Teufel, K., Wu, N (2001). Red winesattoholic wine, and especially grape
juice, inhibit atherosclerosis in a hamster modéherosclerosisl56: 67-72

Vinson, K. T. and Wu, N. (2004). Green and blac&stenhibit atherosclerosis by lipid,
antioxidant, and fibrinolytic mechanismdournal of Agricultural and Food Chemistry2:
3661-3665.

Wang, H., Cao, G., Prior, R. L. (1996). Total axiitant capacity of fruitsJournal of

123



Agricultural and Food Chemist§4: 701-705.
Wang, H., Race, E.J., Shrikhande, A.J. (2003). &ftarization of anthocyanins in grape
juices by ion trap liquid chromatography-mass specetry. Journal of Agricultural and

Food Chemistry51:1839-1844.

124



4. DISCUSSAO
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Atualmente existenvarias evidéncias epidemioldgicas correlacionanetasl
ricas em frutas e vegetais frescos e a reducéaai@éncia de doengas associadas ao
envelhecimento e a perturbacdo da estabilidadengeadp como canceres, doencas
cardiovasculares e neurodegenerativas (para rewsficAmes, 2003; Fenech et al.,
2005). Esta protecdo estéd diretamente associadasanga de polifendis em vérias
frutas, verduras e seus derivados (Fenech & Feng2€®1; Ames et al., 2005; Fenech,

2005; Fenech et al., 2005).

Anteriormente os alimentos eram avaliados em furdg@@resenca de certos
nutrientes, como proteinas, carboidratos e lipidéogretanto, nos ultimos anos,
passaram a despertar também interesse em relag@m@ostos que protegem o
organismo, entre eles os polifendis e as vitami@anes, 2001; para revisao, ver
Fenech, 2008). O suco de uva possui uma quantaadaderavel de polifendis (Anexo
A), com relacdo aos quais ja foram relatados dogeteneficios a saude humana, tais
como a capacidade de influenciar no status oxidativna estabilidade genb6mica de

forma direta ou indireta (Figura 9; Ferguson, 2001)

Desta forma, varios estudos tém demonstrado quaco de uva pode ser
incluido entre os alimentos com beneficios potémcasaude humana (Figura 10,
Capitulo VII). Estes beneficios sdo encontradoscjpalmente nos sucos produzidos
com variedade¥itis vinifera (Keevil et al., 2000; Singletary et al., 2003; kPat al.,
2003). Entretanto, pouco se conhece a respeitesibsneficios dos sucos produzidos
com variedadeVitis labrusca utilizadas no Brasil e em toda a América. Esstgdos
assumem particular interesse visto a importanmaduica que o setor da uva e seus
derivados tém na Regido Nordeste do Estado do Rind& do Sul, bem como em todo

o Pais.

12¢



Anticancer

Redugéo na
inflamagdo

B

Anfrviral

«—— Proliferagto celular

—
-\-\-\-\_""\-\-_\_\_

—

\

Redugdo nas
alergtas

| Angiogénese

Redugdo em doengas
cardiovasculares

Antioxidante //'
Antitrombogénic
1Colesterol

Vmobilizagdo de

leuchcitos \

Quelante de ferro—,

L Ativago o //J

complemento

| Mieloperoxidagéio
|Ciclooxigenase
|5-lipoxigenase

Imibigdo da produgdo de
ox1do nitrico

Redugdo no dano em
1squemia-reperfusio

Figura 9. Hipéteses de possiveis agdes dos poidfend sua interacdo com diferentes

doencas (Adaptado de Nijveldt et al., 2001 e Fengua001)
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Figura 10. Principais beneficios relatados ao slecova na literatura e nesta tese.

De modo geral, podem-se obter sucos de uva bratiotss e rosados com
caracteristicas nutricionais e composicoes ferldiatintas (Capitulo I, Capitulo 1l e
Anexo A). Além das diferentes variedades de uvaspuem ser utilizadas, o mercado
atual conta com outras classes de sucos, 0S coomaisx e 0S organicos, sendo 0s
altimos produzidos sem a presenca tanto de agom®xbu engenharia genética
(IFOAM, 2008). Sendo assim, no presente traballnanfoavaliadas nove amostras de

suco de uva: quatro brancos (Niagara), quatrogi(Bordo) e um rose (Goethe).

Recentemente, Dani et al. (2007) (Anexo A) avatmeaatividade antioxidante e
a composigao nutricional de oito amostras de secavé: brancos (Niagara) e tintos

(Bordo), produzidos com uvas organicas e convea@orbem como elaborados em
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escala piloto e comercial. Neste trabalho, obseseogue os sucos organicos (brancos e
tintos) apresentaram, em geral, maior composi¢édlitm do que os convencionais.
Convém ressaltar que diferencas significativas &amforam encontradas entre sucos
brancos e tintos, onde os Ultimos apresentaramaisres valores. Os sucos organicos
mostraram também valores superiores no conteludoesieratrol e antocianidinas
(Anexo A). Estas diferencas podem ser explicadds escolha na metodologia de
producdo dos sucos (brancos e tintos), bem como manejo organico, que se
caracteriza por produzir mais metabolitos secund&m virtude de estresse pelo nao
uso de agrotoxicos (Soleas, 1997).

No capitulo Il, compararam-se 0s resultados obtadws o suco rose produzido
com a variedade Goeth¥éitis labruscacom aqueles obtidos com sucos brancos e tintos
convencionais comerciais (Anexo A). Observou-se @geIcO rose possui valores de
compostos fendlicos e acido ascorbico superiorepif@o Il, Tabela 2) aos demais
sucos tintos e brancos (Anexo A).

Entre os polifendis, o que vem chamando mais atedg&omunidade cientifica
nos ultimos dez anos é o resveratrol (um estilbedaofamilia dos néo flavondides)
(Figura 11).

1.200 —

1997

Resveratrol previne
1.000 — <cancer

1992
800 —} Resveratrol esta
pPresente no

1976 vinho tinto

Resveratrol @ uma

600 — fitoalexina
1940 '

Descoberta do

400 — resveratrol

Nimero de citacBes com a palavra resveratrol

1
'
'
1
'
1
1
'
'
'
'
]
'
1
'
1
200 — :
'
1

]
]
]
1
]
[ ]
[ 1
[ 1
[ 1
] ]
[ 1
&

< L T T
1940 1970 1980 1990 2000
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Este crescente interesse tem levado a numerosadosstiue objetivaram a
determinacdo deste composto em todos os vinhosrcamse(Roldan et al., 2003),
estabelecendo que os niveis de resveratrol sdorgeanms vinhos tintos do que nos
brancos, devido fundamentalmente a técnica deicagiio empregada (Roldan et al.,
2003). Por outro lado, a quantidade de resverasitdl diretamente correlacionada com a
influéncia de alguns fatores no cultivo da uva, carvariedade de uva, clima, solo e
estado sanitario da videira. De acordo com Jeaatletl. (1995), o conteudo de
resveratrol nos vinhos produzidos a partir de dades tintas é trés vezes superior aos
produzidos com variedades brancas quando cultivados nas mesmas condigdes.
Muitas das variacdes observadas entre os difergmteitos podem ser explicadas
parcialmente pelas propriedades intrinsecas ddiwanals, como a idade da videira, 0
grau de maturacdo da uva, e o nivel de infeccém Batrytis cinerea Neste mesmo
cenario, radiacdo solar, temperatura, umidade eipitacdo, podem influenciar no
conteudo de resveratrol em todos os derivados @ wvgto que a sintese deste
composto esta relacionada a ativacdo de mecanidgendsfesa da planta antes do dano
ou por ataque de algum patégeno (Roldan et al3)200

Diferencas observadas no conteudo de resverath@ sacos e vinhos (Tabela
2) se devem, provavelmente, ao fato dos vinhosapasspor processo de fermentagéo
em contato com as cascas (parte da uva que camcemrgsveratrol), diferente dos
sucos, que nao passam por este processo. Consmgaatd, na literatura existem
poucos estudos que relatam a quantidade deste oemtpcem suco de uva. Na tabela 1
€ possivel observar que a variedade de uva utiljzhdm como as caracteristicas
especificas do suco e do sistema de conducao {cogaronvencional) influenciam na

quantidade deste composto.
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Tabela 1. Quantidade de resveratrol em sucos e vios.

Suco/Vinho Espécie dauva  Resveratrol Referéncia
utilizada
Suco organico comercial Vitis labrusca  0,22+0,03 mg/L ANEXO A
Suco organico escala Vitis labrusca  0,18+0,02 mg/L ANEXO A
piloto
Suco convencional Vitis labrusca  0,08+0,02 mg/L ANEXO A
comercial
Suco convencional escala Vitis labrusca  0,07+0,03 mg/L ANEXO A
piloto
Concord Grape Juice  Vitis labrusca 0,228 mg/L Wang et al., 2002
Suco de uva Japonés N&o 0,04 a 0,44 mg/L Yasui et al., 1997
especificado
Suco de uva Varietal Nao 0,003 a 0,015 mg/L Soleas et al., 1995
especificado
Suco de uva tinto Vitis vinifera 0,5(0,09a1,09) Romero-Pérez et
mg/L al., 1999
Suco de uva branco  Vitis vinifera 0,05 (nd a0,19) Romero-Pérez et
mg/L al., 1999
Vinho Brasileiro Cabernet Vitis vinifera 2,01 mg/L Souto et al., 2001
Sauvignon
Vinho Brasileiro Merlot  Vitis vinifera 5,10 mg/L Souto et al., 2001

Além da composicdo nutricional e fendlica de difées sucos de uva, na tabela
1 do Capitulo | esta apresentada a composicdo ahides sucos brancos e tintos
produzidos com variedad#&étis labruscadeterminada pela técnica de PIXE. Pode-se
observar importantes diferengas na composicéo alieatre estes sucos, tais como o
maior contetdo de cobre nos sucos brancos do dgtas Este resultado € similar ao

encontrado por Ollala et al.(2004) em sucos prath&zia partir deVitis vinifera De
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acordo com Angelova et al. (1999), a variacdo ok pode estar fortemente
relacionada com o tipo de solo e 0s processosa@sienvolvidos.

Em adicéo, Ollala et al. (2004) observaram que um®ss tintos tém valores
maiores de zinco do que os sucos bran¢ds (vinifera).Esta diferencga, entretanto, ndo
foi observada nos resultados apresentados na Thioel&apitulo 1. Os valores de Cu e
Zn em sucos de uv¥ifis vinifera) apresentados por Ollala et al. (2004) e Onianwa e
al. (1999) (Tabela 2), sao inferiores aos do Caplticom suco de uva/(tis labrusca.
Este fato pode, em parte, ser explicado pelasithstvariedades de uva utilizadas.

Tabela 2. Valores médios de Cu e Zn encontrados esucos de uva.

Suco Cu (mg/L) Zn(mg/L) Referéncia
Tinto (Vitis vinifera) 0,05 0,55 Ollala et al.(2004)
Tinto (Vitis labrusca 5,25 7,00 Capitulo |
Branco Vitis vinifera 0,06 0,41 Ollala et al.(2004)
Branco Yitis labrusca 21,9 11,7 Capitulo |

Suco de uva (Nigéria)- variedade na®,001 a 0,27 0,23a Onianwa et al.,,

informada 1,96 1999.
Recomendacgdes diarias em 1,5-3 mg 11-40 mg National Research
adolescentes Council, 1989.

Os resultados apresentados na tabela mostram gsacos sdo importantes
fontes nutricionais de cobre e zinco, e pode-senafi que a quantidade requerida pelo
National Research Council (1989) seria mais facilimeatingida com 0s sucos
produzidos conVitis labrusca mostrando assim a importancia deste produto. Alésn
teores/da quantidades de cobre e o zinco apress(@all no Capitulo | (Tabela 1), foi

determinada a presenca de outros minerais, como, feranganés, célcio, potassio,



cloro, enxofre, fosforo, cobre, zinco, silicio e gnésio. Dentre estes minerais 0
presente em maior quantidade para ambos os su@s@s e tintos) foi o potassio,
seguido de magnésio e calcio (Capitulo I, Tabela 1)

Atualmente, a determinagdo de minerais em uvaz@dem sido considerada
relevante ndo apenas por questdes nutricionais, tarabém do ponto de vista
tecnologico. Estes minerais podem ter uma infllgremnsideravel no processo de
producdo, podendo, em alguns casos, exercer efesgativos como reagdes de oxi-
reducdo, precipitacdo e/ou altera¢gBes nas carstatas organolépticas dos derivados da
uva (Ollala et al., 2004). Do ponto de vista nubnal, pode-se afirmar que o suco de
uva é uma fonte de minerais, 0os quais possuem ferges funcdes fisioldgicas no
organismo humano, tais como atuar como co-fat@ndénas, auxiliar na estabilizacéo
da membrana plasmaética, participar do mecanismbotecostase e no o equilibrio
acido-base, influenciar a atividade muscular e asay atuar/estar envolvido na
sinalizacdo e na progresséo celular (Halliwell &té&udge, 1999). A tabela 3 mostra as
recomendagfes para ingestdo diaria de minerais Ipam@gens adultos saudaveis.
Baseada nestas recomendacgfes e a partir do contendml conhecido destes sucos
(Tabela 1, Capitulo 1), é possivel estimar queBQQe sucdVitis labruscapor dia (em
torno de 2 copos) é capaz de suprir 100% a neeelssitiaria de ferro, manganés, cobre
e zinco. Desta forma, este conjunto de observagégdeva a propor a importancia a
saude humana que a ingesta diaria deste produtogavdr nos seres humanos, visto a

influéncia de varios minerais em diversas fun¢@slbgicas do corpo humano.
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Tabela 3. Recomendacdes diérias de ingesta de miaisrsugeridas a adultos.

Minerais Referéncias para ingestao diaria
Homens adultos Mulheres adultas

Calcio 1200 mg 2500 mg 1200 mg 2500 mg
Cromo 30 pug ND 25 ug ND
Cobre 900 ug 10 mg 900 ug 10 mg
Ferro 8 mg 45 mg 18 mg 45 mg
Magnésio 420 mg 350 mg 320 mg 350 mg
Manganés 2,3 mg 11 mg 1,8 mg 11 mg
Fosforo 700 mg 4000 mg 700 mg 4000 mg
Selénio 55 ug 400 pug 55 ug 400 ug
Silicio ND ND ND ND
Zinco 11 mg 40 mg 8 mg 40 mg

Dados adaptados do NATIONAL RESEARCH COUNCIL, Reowmnded Dietary
Allowances (1989).

Além da composicdo fendlica e mineral, ao longbatao verificou-se que os
sucos, quando avaliados em tegtegitro (Anexo A; Capitulo 1) én vivo (Capitulo I;
Capitulo 1), podem ser considerados excelentesefomntioxidantes. Nos testes
vitro, 0S sucos tintos, principalmente o0s organicos,esgmtaram atividades
antioxidantes elevadas quando comparadas aos bumosos. Correlacdes positivas,
tanto para branco como para tintos, entre o coote@dpolifendis (r=0,616; p<0,05),
catequina (r=0,741; p<0,05) e procianidinas (0,528),01) e atividade antioxidante
(Anexo A). Os sucos tintos, organicos e convenaemnapresentaram correlacoes
positivas também entre o conteddo de antocianinasvielade antioxidantén vitro
(0,781; p<0,05). Estas correlacbes encontram rsmah diversos trabalhos nos quais
se atribui aos polifendis uma atividade antioxidantvitro significativa (para revisao,

ver Ferguson, 2001; Ferguson & Philpot, 2008).
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No capitulo | e I, utilizando a levedur@. cerevisiaecomo modelo bioldgico,
observou-se que todos os sucos (brancos, tintosse) rapresentavam atividade
antioxidantein vivo. Entretanto, os sucos brancos mostraram maioegiotaos danos
gerados pelo perdxido de hidrogénio do que os dirttos e o rose, apesar dos brancos
apresentarem 0s menores valores de polifendis doogusucos tintos. Este resultado
pode ser explicado pelo fato do suco de uva sermmtura complexa, formada por
outros compostos bioativos como vitaminas e migel@elénio), os quais, em
sinergismo, podem estar relacionados com a atigigaotetora aos danos gerados pelas
ER (Halliwell, 2008). Em adicdo, Déavalos et al. @@D afirma que a atividade
antioxidante de derivados da uva € influenciadaap@mas pelo conteudo de polifendis,
mas também por outros componentes como vitamirageGdo fendlico ndo é o unico
fator que influencia na atividade antioxidante éewidos da uva. Franke et al. (2004)
atribuem a atividade antioxidante encontrada enpssude laranja a vitamina E,
carotendides e aos minerais (selénio), podendos estfr isoladamente ou em
sinergismo.

Além da atividade antioxidante, os sucos de uméggie brancos, apresentaram
atividade antimutagénica importante, sendo capaieesreduzir a freqiéncia de
mutacdes induzidas pelo agente reconhecidamentagémito perdxido de hidrogénio
(Tabela 4 do Capitulo 1). Existem consideraveisudiss que relatam atividade
antimutagénica de polifendis (para revisédo, vegéson, 2001). Entretanto, o contetdo
de minerais parece, também, estar correlacionado esia atividade, uma vez que
correlacdes positivas foram observadas entre eceédatde Zn (0,741, p<0,05) e Mg
(0,781, p<0,05) em sucos brancos. E importantealtassjue zinco e magnésio tém
grande importancia na estabilidade gendmica, seadatores de enzimas envolvidas

nos processos de reparo por excisdo de bases (PBR)xcisdo de nucleotideos
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(NER) e nos multiplos estagios de formacao de tem@rartiwig, 2001). Em adicgéo,
tem sido mostrado que o Mg é um co-fator para a iphdikmerase e um protetor
efetivo contra carcinogénese (Rojas et al., 1999).

Nos capitulos 1l e IV, foram avaliadas a capac&adntioxidante,
neuroprotetora, hepatoprotetora e antigenotoxicdgoiesucos de uva tintos comerciais
(organicos e convencionais), utilizando-se ratoshos Wistar (jovens e envelhecidos)
tratados com tetracloreto de carbono. Observouiseaqmbos 0s sucos foram capazes
de reduzir os niveis de peroxidacao lipidica (TBARSs tecidos do SNC, estriado e
substéancia nigra, como também no figado de rat@ng(Figura 1A e 1B do Capitulo
IV e Figura 2 do Capitulo lll, respectivamente)trétanto, quando avaliados em ratos
envelhecidos, observou-se que a reducdo nos niediBARS ndo ocorreu em todos as
estruturas (Capitulo V, Tabelas 1 a 6). Esta regfmébservada apenas no cortex e no
hipocampo nos ratos que ingeriram ambos 0s sucasaleEntretanto, somente 0 suco
organico foi capaz de reduzir os niveis de TBARSulastancia nigra. Neste cenario,
recentemente, Balu et al. (2006) visualizaram €ifeas quanto aos niveis de estresse
oxidativo entre grupos de ratos jovens e velhasadios com extrato de semente de uva
(Vitis vinifera). Os ratos envelhecidos apresentaram um aumergmdacédo de anions
superoxido e nos danos ao DNA em diferentes tedddoSNC. Apesar da diminuicdo
nos niveis de TBARS ndo ser observada em todoseddos, a neuroprotecao
observada, principalmente no hipocampo, tem sun@orit@ncia, visto este tecido
corresponde a uma das regifes de neurogénesajadaviesta diminuida com o
envelhecimento (Kempermann et al., 1998; Kuhn.efl8B6). Em adicdo, o hipocampo
e 0 cOrtex sdo conhecidos por estarem envolvidosimnpapel crucial na memoria

(Hale et al., 1996). E importante ressaltar, aimge, o hipocampo é uma das estruturas
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do SNC mais suscetivel a danos oxidativos, prihtipate por eventos de peroxidagao
lipidica (Cechetti et al., 2008).

No Capitulo V, figura 2, mostrou-se que sucos $ir{trganico e convencional)
possuem atividade antigenotoxica, quando avaliatatpste Cometa em linfécitos de
sangue periféricos em ratos envelhecidos tratadostetracloreto de carbono. Nesse
mesmo sentido, Franke et al.(2005a; 2005b;2006)trarasn que 0 suco de laranja
também possui atividade antigenotdxica, a quadtigbuida ao contetdo de vitamina C
e polifendis. Neste sentido, Park et al. (2003yn&im que um dos possiveis
mecanismos pelos quais 0 suco de uva reduz o dardNA seria pelo contetdo
fendlico, visto que estes podem agir como seqicestta de radicais livres e assim
reduzir a liberacdo destes no plasma. Esses autam@sem demonstraram que o
consumo de suco de uva em homens saudaveis pom&nas resultou em uma
pronunciada reducdo nos niveis de dano ao DNA cadpaao controle (homens que
nao fizeram esta ingesta). Segundo Park et al3§2@0dano ao DNA é conhecido por
ser o marcador biolégico sensivel na avaliagdostiesse oxidativo, representando o
ndo balanco entre geracao de espécies reativdgi€mEas no sistema antioxidante.

O conjunto de resultados descritos @apitulos | a V permite identificar
correlagbes importantes entre a atividade antioxea vitro, ex vivoe in vivo e 0
contetudo de polifendis, levando-nos, em variasagdas, a propor que esta atividade
benéfica do suco de uva fosse atribuida aos polgepresentes, principalmente o
resveratrol, entre 0s sucos tintos, e a categeirteg 0s sucos brancos.

A partir destas observagdes, no tQEpVI avaliou-se a atividade isolada do
resveratrol e da catequina, utilizando linhagendesdaduraS. cerevisiagroficientes
e/ou deficientes em mecanismos de defesa antideid@s resultados obtidos neste

estudo mostraram que ambos resveratrol e cateqfinaantioxidantes potenciais,



quando presentes em concentragdes equimolaressantisise capazes de reduzir 0s
niveis de lipoperoxidagdo induzida pelos agenteessores: peroxido de hidrogénio,
tetracloreto de carbono e cadmio (Tabela 1 do Glapivl). De acordo com o0s
resultados apresentados no Capitulo VI, os praAmntos com resveratrol ou
catequina nao foram capazes de aumentar a tolaraoncperéxido de hidrogénio em
cultura deS. cerevisiaedeficientes na enzima catalase citosélicdl). Entretanto,
frente ao CCJ apenas a catequina foi capaz de aumentar artolar® conjunto dessas
observagdes sugere que altos niveis de ER podsdameduzidas apds tratamento com
resveratrol e catequina, presumidamente pela ativade defesas celulares,
principalmente envolvendo a atividade da enzimalase¢. Entretanto, vale salientar que
a acdo dos polifendis pode ser atribuida ao mesabol dos mesmos, envolvendo
ingestao e biodisponibilidade, influenciada pel&rutsra dos compostos, absorgéo,
interacdo com outros compostos e metabolismo deswge(Manach et al., 2004).

Em sumo, os resultados obtidos neste trabalhoewasn a sugerir que o suco de
uva, branco ou tinto, organico ou convencionaldpridos a partir de variedadegis
labrusca é uma bebida rica em varios compostos, os gs@iscapazes de diminuir os
danos causados pelo estresse oxidativo, possiveEmaela inducdo das defesas
celulares existentes na célula (Halliwell, 2008nhtr&tanto, € possivel observar,
também, que estes sucos possuem diferencas quapiantidade de polifendis e nas
atividades biologicas testadas. Desta forma, ad@enfacilitar esta observacdo e de
propor uma possivel escolha do melhor suco, conyséona tabela 4 as principais
atividades biologicas, bem como o conteddo de gudic dos diferentes sucos
estudados, a qual possibilita concluir que o sus® mais se destaca é o suco bordo
organico comercial, por ser o mais rico em polifer&® com uma atividade biolégica

mais expressiva.
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Tabela 4. Principais atividades bioldgicas e contdd de polifendis dos diferentes sucos estudados teesstudo.

Atividade Biol6gica

Tipo de Suco Polifendis  Antioxidantein vivo Antimutagénica $. Hepatoprotetora Neuroprotetora  Antigenotéxica
Totais (S. cerevisiae cerevisiag

Bordo Organico Comercial 2 2 2 1 1 1

Bordo Organico Escal 1 2 2 ND ND ND

Piloto

Bordo Convenciona 5 3 2 1 2 1

Comercial

Bordo Convencional Escale3 2 2 ND ND ND

Piloto

Niagara Orgéanico 6 1 1 ND ND ND

Comercial

Nidgara Organico Escal& 1 1 ND ND ND

Piloto

Nidgara Convencional7 1 1 ND ND ND

Comercial

Nidgara Convencional9 1 1 ND ND ND

Escala Piloto

Rose comercial (Goethe) 4 1 N&o determinada ND ND D N

Referéncias Anexo eCapitulo 1 e Il Capitulo | Capitulo llI Capituly' | Capitulo V
Capitulo Il

* Os nameros referem-se ao ranking , onde 1 coorepao maior valor e 9 0 menor valor.
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Em conclusao, estes resultados s&o importantes gt a regido Nordeste do
RS é responsavel pela producéo de um produto rgodmso e interessante em termos
de manutencdo de saude, e este € um produto disp@ntodos, de facil acesso e
comercializacdo. Em concordancia, é possivel afiqna o suco de uva € um alimento
com importantes atividades benéficas a saude, Havdiferencas entre brancos e
tintos, e organicos e convencionais, entretantos@presentaram importante atividade
antioxidante. Este produto ainda tem a vantagenpatker ser consumido desde a

infancia até a velhice, visto que, por ndo serd@ico, ndo acarreta nenhum dano.
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CONCLUSOES

As avaliacbes das atividades antioxidante, mutagémtimutagénica de sucos de

uva, Vitis labrusca,tintos (Bordo), brancos (Niagara) e rosado (Goet® diferentes

sistemas bioldgicos, permitem concluir que:

a)

b)

d)

f)

9)

h)

0S sucos de uva tintos apresentaram o maiodéepolifendis totais, resveratrol,
catequina, epicatequina, procianidinas e antodimsdem relacdo aos sucos
brancos e rose;

0S sucos organicos, tanto brancos quanto tintosfraram maior conteudo de
polifendis totais do que os produzidos pelo do juaocenvencional,

0 suco bordo organico produzido em escala pipmssui a maior atividade
antioxidantein vitro, a qual apresentou correlacdo positiva com o cdotei@
polifendis total, procianidinas B1 e B3 e com categ;

0S sucos de uva apresentam importante contelth@ral)y suprindo as
necessidades diarias de alguns destes mineraipagseem funcao fisioldgica
importante, como por exemplo, o ferro;

correlagbes importantes entre minerais e ati@gldiologicas foram observadas
nos sucos estudos;

0S sucos de uva brancos mostraram maior atiei@dadioxidanten vivo do que
os tintos e o rosado. Entre 0s sucos tintos, o&nargs mostraram-se mais
efetivos do que os produzidos a partir de manajweacional;

correlacdes positiva entre o conteldo de regeéraa atividade antioxidanie
vivo dos sucos tintos foram observadas;

todos os sucos possuem importante atividadenatztgénica em células da

leveduraS.cerevisiad¢ratadas com perdxido de hidrogénio;
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)

K)

0S sucos tintos convencionais e organicos aptasem atividade neuroprotetora
e hepatoprotetora em ratos Wistar jovens, exp@stdstracloreto de carbono;
0s grupos de ratos Wistar que receberam suao/ageorganico e convencional,
apresentaram valores de peroxidacéo lipidica, ipeoté relacdo SOD/CAT
diminuidos em relagc&o ao controle;

sucos de wuva tinto, organico e convencional, eggtaram atividade
antigenotéxica quando avaliada em um grupo de rats velhos (7 meses), e
também de uma atividade neuroprotetora e hepatipratneste grupo.

ambos os polifendis mostraram-se capazes de rdama tolerancia frente a
diferentes agentes estressores quando avaliadodiferentes linhagens da
leveduraS.cerevisiagoroficientes e deficientes nas defesas antioxéda(god,
cat e gsh); e,

neste modelo, observou-se que 0 aumento nanciarparece estar associado a

atividade da enzima catalase.
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PRESPECTIVAS

. Realizar a dosagem de marcadores neurolégicosctaiso GFAP, S108
GDNF, NOS neuronal em cérebro e soro de ratogdtyataom sucos tintos organicos e

convencionais.

. Investigar o efeito de diferentes sucos de uvaesparametros comportamentais

como memodria, atividade locomotora e exploratéria.

. Avaliar a atividade antigenotéxican vivo ou in vitro, pelo teste de

micronucleos, de diferentes sucos de uva.

. Determinar a influéncia da ingestdo de sucos deeuvaliferentes modelos de
ratos que explorem diferentes doencas, tais comoanBan, doencas cardiovasculares,

cancer e Alzheimer.
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Abstract

Although the beneficial effects of moderate wine intake are well-known, data on antioxidant capacity of grape juices are scarce and
controversial. The purpose of this study was to quantify total polvphenoels, anthocvamins, resveratrol, catechin, epicatechin, procvani-
dins, and ascorbic acid contents in grape juices, and te assess their possible antioxidant activity. Eight Viris labrusea juices — white or
purple, from organicallv- or conventionallv-grown grapes, and obtained in pilot or commercial scale — were used. Organic grape Juices
showed statistically different (p < 0.05) higher values of total polvphenols and resveratrol as compared conventional grape juices. Purple
juices presented higher total polvphenol content and @ virre antioxidant activity as compared to white juices, and this activity was
positively correlated (r = 0.680; p < 0.01) with total polyphenol content. These results mdicate that white and purple grape juices can

be used as antioxidants and nutritional sources.
© 2007 Elsevier Ltd. All nghts reserved.
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1. Introduction

Experimental data have increasingly suggested that cel-
lular oxidative damage induced by reactive species (RS)
has a relevant pathophysiological role in several types of
human discases, such as atherosclerosis and cancer (Ames
et al.. 1993). In order to neutralize these RS. our cells have
developed a complex biochemical redox mechanism. con-
sisting of both enzymatic and non-enzymatic components
{Park et al., 2003). Morcover, foods, particularly fruits
and vegetables, also have an important role in maintaining
physiological redox cquilibrium. These foods supply
several antioxidants, such as vitamin C and several
polyphenolic compounds, to the body. Grapes are rich in
phenolic compounds, such as flavonoids {catechin, epicate-
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chin, quercetin. anthocyanins and procyanidins). and
resveratrol (3.5.4'-trihydroxy-stilbene), which are mainly
found 1n red grape products (Wang et al., 2002; Soleas
et al., 1997 Fuleki and Ricardo-da-Silva, 2003). It has been
already reported that grape juice compounds can prevent:
(1) platelet aggregation, (ii) LDL oxidation and oxidative
damage to DNA, (iii) coronary discases and atherosclerosis
{(Frankel ct al.. 1998: Osman ct al., 1998:; Day et al., 1997:
Singletary et al.. 2003).

As grape juices are a relevant source of polyphenolic
compounds. many people are becoming aware of the
importance of their consumption in their daily diet. There
1s an increasing public concern as to developing healthy
habits and eating quality food. Some consumers are also
taking into account agricultural methods (conventional
or organic) when purchasing their food. Organic agricul-
ture. among other practices, does not use pesticides during
the cultivation (IFOAM, 2005). Organic strawberries and
tomatoes present higher content of secondary metabolites
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(e.g. polyphenolic compounds). as they suffer more fungal
infections, thereby producing a higher level of these metab-
olites for their defense (Asami et al., 2003; Lombardi-Boc-
cia et al, 2004). To our knowledge, there are no studies in
literature on how organic cultivation of grapes may change
the chemical characteristics of grapes and their products
(wine and juices). In addition, we did not find any studies
comparing the biological activities of organic and conven-
tional, white and purple grape juices.

This study aimed at assessing the antioxidant capacity of
different types of grape juices (white or purple juices from
organically- or conventionally-grown grapes) using stan-
dard in vitro and ex vivo assays. In addition, (+)-catechin.
(—-epicatechin, rrans-resveratrol, anthocyanidin, and indi-
vidual procyanidin contents of juices produced from differ-
ent Vitis labrusca varieties were analyzed by HPLC.

2. Materials and methods
2.1. Chemicals

DPPH", trans-resveratrol, (+)-catechm, {—)epicatechm, gallie acid,
and procyaniding B1, B2, B3 and B4 were obtained from Sigma-Aldrich
{5t Louis, MO). The anthocyanin pigments eyanidin-3-glucoside, del-
phinidin-3-glucoside, peonidin-3-glucoside, and malvidin-3-glucoside were
obtained from Extrasynthese (Gennay, France). Methyl-parathion was
obtamed from Bayer, and the acetyleolinesterase kit was purchased from
UFRJ (Rio de Janeiro, Brazil). All other chemicals were purchased from
E. Merck (Damstadt, Germany).

2.2 Grapes and grape juices

Grape juice samples produced (rom V. labrusea, varieties Bordo and
Niagira, were analyzed according to eight different groups (Table 1)
Organic grapes cultivated with no pesticides, and commercial organic
Juices were obtained from Cooperativa Aecta (Antonio Prado, Rio
Grande do Sul, RS, Brazil). Conventional grapes, cultivated using tradi-
tional methods, and commercial conventional juices were obtained from
Vinhos Monte Reale (Flores da Cunha, RS, Braal). Valdity periods were
observed, and the same brands were used for the entire study.

Grapes were cultivated in 2005, and all juices were manufactured
during the same year. Purple juices were heat-extracted using pulp, seeds,
and skin, whereas the skin was removed before extraction in the white
juices, Commercial conventional juices were manufactured by heat
extraction (approximately 50 *C), with a subsequent pressing m order to
separate the pulp, and then submitted to pasteurization (at 85%). All other
juices, purple and white, were manufactured by heat extraction, immedi
ately followed by bottling, both at 80 *C.

Table 1
Analyzed grape juices (n=8)

2.3, Grape juice chemical analysis and nurritional ecaluation

Alcoholic grade, total acdity, volatile acidity, pH, total 805, and
ascorbic acid were determined using the methods described by Zoecklem
et al. (2000). All analyses were performed in duplicate. Carbohydrates,
food fiber, saturated fats, proteins, and humidity levels, as well as calorie
values were determined according to AOAC International official meth-
odologies (ADAC, 1998).

2.4, Pesticide determination

Organophosphorus and carbamate pesticides were determined in juice
samples as methyl parathion-equivalent activity, which causes inhibition
of the enzyme acetylcholinesterase (AChE), as previously described by
Bastos et al. (1991) and Lima et al. (1996). Methyl-parathion (Foludol
600% — Bayer, Brazil) calibration curve was used o express AChE activity
m ppm of methyl-parathion.

2.5, Phenolic compound content

Total phenol content was measured using Singleton and Rossi’s
modification of Folin-Ciocalteau’s colorimetric method (Smgleton et al.,
1999). High performance liquid chromatography (HPLC) analysis was
used to quantify the presence of ndividual phenolic compounds. Before
HPLC analysis, SmL of each sample were filtered through a (.20-mm
cellulose membrane. The equipment consisted of a hquid-gradient chro-
matographic system, LC-DAD Sertes 1100 (Palo Alte, CA), with diode
array  (DAD) detector system.  Zorbax 300 SB C18  pre-column
(12 mmx 4.6 mmx 5 pm) and C18-0DS column (150 mm » 4 mm % 5 pm)
{Agilent Technologies, USA) were used.

2.5.1. trans-Resverairol analysiy

In order to quantifly frans-resveratrol, ultra-pure water and acetonitrile
mobile phase (7525 v/v)., pH 3.0, in constant flow of 1.0 mLmin™" for
20 min in a controlled-temperature room at 20 °C, was used. The peak was
detected at 306 nm, after injection of 20-pL samples (Jeandet et al., 1995),

2.3.2. Anthocyaning analysis

In order to determine cyanidin-3-glucoside, delphidin-3-glucoside,
peonidin-3-glucoside, and malvidin-3-glucoside levels, mobile phase with
solvents A: ultra-pure water, formic acid, acetonitrile (87:10:3 v/v/v), and
B: ultra-pure water, formic acid, acetonitrile (40:10:50 v/v/v), in constant
flow of 08 mL min~', in a temperature-controlied room at 25°C, was
used. The peak was detecied at 518 nm, after injection of 50-uL samples
(Office International de la Vigne et du Vin, 2003).

2.3.3. Procyaniding analysis

In order to determine procyaniding By, Ba, By, and By, (+}-catechin,
[ =}=eprcatechin, and gallic add, mobile phase with solvent A {ammonium
hydroxide diphosphate 50 mmol L™', pH 2.6), solvent B (20% of solvent
A and B0% of acetonitrile), and solvent C (orthophosphoric acid

Name Cultivar Agriculture practice Production scale Heal treatment

BCC Bordo Conventional Commercial Pasteurized at 85 °C*
BCP Bordo Conventional Pilot Hot bottled at 80°C"
BOC Bordo Organic Commercial Hot bottled at 80 °C
BOP Bordo Organic Pilot Hot bottled at 80 °C
NCC Niagara Conventional Commercial Pasteurized at 85 °C

NCP Niagara Conventional Pilot Hot bottled at 80 °C
NOC Niagara Organic Commercial Hot bottled at 80°C
NOP Niagara Organic Pilot Hot bottled at 80°C

* Juice pasteurized at 85 °C, for 3 min in pasteurization unity for fresh juices EFC-250 I/h, ETAL®, before being bottled.

b Juice hotted at 80 °C and immediately bottled.
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0.2mol L™, pH 1.5}, i a constant flow of 0.5 mL min~", in a tempera-
turecontrolied room at 40 °C, was used. The peak was detected at
204 nm, after injection of 5-pl samples. Elution conditions were stan-
dardized according to Lam uela-Raventos and Waterhouse {1994},

2.6. Antioxidant activity

Juice antioxidant activity was measured by in pitro {DPPH" radical-
scavengng activity, and sod and cat-Itke activities) and ex vive (inhibition
of serum lipid peroxidation ).

2.6.1. Chemical measurement of DPPH -radical scavenging activity
DPPH" radical scavenging was measured using a modified Yamaguchi
et al. {1998) method, in which white and purple grape juiae solutions were
added to obtain fina! concentrations of 0.1, 1.0, 10.0, 30.0, and 100.0% v/v.
Tubes were stored in the dark for 20 min, after which absorbance was
measured at 517 nm. Results were expressed as the amount of juice nec-
essary to scavenge 0% of DPPH' radical (1Cs). Distlled water was used
mstead of antioxidant solutions as control. Catechin was used as standard.

2.6.2. Superoxide dismutase- and catalase-like activities

Superoxide dismutase-like activity was spectrophotometrically deter-
mined in grape juice samples by measuring the inhibition of selfcatalyte
adrenochrome formation rate at 480 nm, in & reaction medium containing
I mmol L™ adrenalfine (pH 2.0), and 50 mmol L™ glyeine (pH 10.2). This
reaction was performed at 30°C for 3 min {Banmister and Calabrese,
1987). Results were expressed as the amount of grape juice needed to
reduce 50% of adenochrome. Catalase-like activity assay was performed
according to the method deseribed by Achi {1984), by determining
hydrogen peroxide decomposition rate at 240 nm. Results were expressed
i micromoles of Ha0s decomposed per minute.

2.6.3. mhibition of serum lipid peroxidation assay

Inhibition of serum Ipid peroxidation was determined using a modi-
fication of the method deseribed by Durak et al. (1999). Pooled fresh
human serum of 1 mL, 150 pL of grape juices sample, and 15 pl of CuSO,
(5 mM; positive control) were mncubated at 37 °C for | h. Oxidative stress
fevels were then spectrophotometrically measured as thiobarbituric acid
reactive substances concentration { TBARS), as described by Wills (1996},
TBARS results were expressed as nmol/mL.

2.7. Statistical analyses

Values were determined as being parametrical or non-parametrical by
the Kolmogorov-Smirnofl test. All assays were performed in triplicate.
Data were submitted to analysis of variance {ANOVA), und means were
compared using the test of Tukey. Groups were compared using Student’s
t-test and Mann-Whitney Us-test. Relationships between variables were

Tablke 2
Nutritional analyses and acid ascorbic level in different grape juices (n =8)

C Dani et al | Food and Chemical Toxicology 43 (2007} 25742580

assessed using Pearson’s product-moment correlation coellicient. SPSS
12.0 software package was used in all statistcal analysis.

3. Results

3.1 Grape juice chemical analysis and
mutritional evaluation

Grape juice alcohol levels were between 0.03% and 0.3%
{v/v). with total acidity between 040 and 0.96 g/100 mL
tartaric acid. No volatile acidity was detected in any juice.
pH values varied from 3.21 to 3.60, and sulfur dioxide from
0.027 to 0.029 ¢/L. Table 2 shows nutritional analyses and
ascorbic acid content. Juices produced at pilot scale pre-
sented the highest calorie value and carbohydrate content.
Purple grape juices had high vitamin C {ascorbic acid)
levels. Except for the purple grape juice produced at pilot
scale (BOP), organic juices presented higher ascorbic acid
values as compared to conventional juices.

3.2, Pesticide determination

No organophosphorus or carbamate pesticides were
detected in the analyzed grape juice samples.

3.3, Total phenolic content

Purple juices presented higher total phenolic content as
compared to white juices (Fig. 1). Within agricultural
method. organic juices presented higher polyphenol con-
tent as compared to juices manufactured with convention-
ally-grown grapes (Fig. 1).

3.4. Resveratrol and anthocyanins contents

Resveratrol and anthocyanins contents were only mea-
sured in purple grape juices. which were heated with the
skin, allowing phenolic compound to be transferred to
the juice (Fuleki and Ricardo-da-Silva, 2003). Organic
Juices presented higher resveratrol (Fig. 2) and anthocya-
nins contents (Table 3) as compared to conventional juices.

Sample®  Calorie values (kJ)  Carbohydrates (%) Protein (%) Fiber (%) Moisture (%) Ashes (%) Ascorbic acid {mg %)
BCC 30.04 + 0.054% 943+ 0014 0317005 0010+000F  90.02+002° 0099+ 0.00° 308+ 040°
BCP 5368+ 0,100 12.93 + 0.02* 0487+ 005 02504001 861240020 097 +000°  44.0+013°
BOC 247+ 0.0F 782+ 007 0240+ 005 01051005 9L6S 008 02H000° ST24070°
BOP 48.36 + 0.08" 1176+ 002" 03324+ 005"  0I20000F 87560015 02060000 308+ 0.90°
NCC 46.03 + 001 1119 + 003 0310+ 005 0271001 SK10+00F  010+00%  17.6+ 000
NCP 52124172 12,68 + 046" 0316005 00931001 867910464 006 0000 440108
NOC 35.07 +0.0% 843 +002° 03270015 01704005 9084 +002°" 0224+ 0000 22.0+080¢
NOP 50.92 4 0.08" 1248 £ 002" 03274005 0I20H000° 8688 +0350 026000 885+021"

A BCC: Bordo conventional commercial; BOP: Bordo conventional pilot scale; BOC: bordo conventional organic; BOP: Bordo organic pilot seale; NCC:
niagari conventional commerciall NCP: Niagara conventional pilot seale; NOC: Niagara conventional orgame; NOP: Niagara organie pilot Seale.
B Different letters correspond to mean values statistically different by analysis of variance [ANOVA) and Tukey post ho test, forp < 0.01, that means a,

b, ¢, d.e [ g at same column are statistically different.
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4004

BCC

BOP NCC NCP NOC NOP

Polyphenols amount {mg catechin/mL)

Fig. 1. Polyphenols amount in different grape juices. Values are the mean
+8SD of three replicates. BCC: Bordo conventional commercial; BCP:
Borde conventional pilot scake; BOC: Bordo conventional organic; BOP:
Bordo organie prlot scale; NCC: Niagara conventional commerctal; NCP:

Nuagara conventonal pilot scale; NOC: Numgara conventional organic;
NOP: Niagara organic pilot scale. Different lett ond (o mean
values statistically diflerent by analysis of variance { Au‘\() A and Tukey
post fog test, forp < 001, that means a, b, ood, e, g hat same figure are
staustically significantly different.

~ 0.25-
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Fig. 2. Resveratrol amount m different purple grape juices. BCC: Bordo
conventional commercial; BCP: Bordo conventional pilot scale; BOC:
Bordo conventional organie; BOP: Bordo organic pifot scale. Different
letters correspond to mean values statisteally different by analysis of
vartanee (ANOVA} and Tukey post hoc test, for p < 0.01 that means a, b,
¢ at same figure are statistically significantly different.

3.5. Catechins and procyanidins content

Many differences were observed in the contents of cate-
chins and procyanidins between purple and white juices
(Table 4). Except for NCC, purple juices presented higher
catechin and epicatechin contents as compared to white
Juices. Among all evaluated procyanidins, the Bs fraction
presented the highest level in all analyzed juices (Table 4).

6. Scavenging of DPPIT radical

Except for NCP and NOP, all juices showed higher or
similar antioxidant activity as compared to the standard
solution, which contained catechin (Fig. 3). Among all
assayed samples, BCP, BOC. BOP. and NOC presented
higher antioxidant activity. This activity was positively cor-
related with total phenolic (r = 0.616; p < 0.03), procyani-
dins By (r = 0,689 p < 0.05), Ba (r = 0.521: p < 0.05). and
catechin (r = 0.545: p <0 0.05) contents. Purple juice antiox-
idant activity was positively correlated with malvidin,

cyanidin, peonidin, and delphinidin (r = 0.781; p < 0.01},
cat‘cchin (r="0741: p<001). and procyanidin Bl

Z0.01) contents.

3.7. Serum lipid peroxidation infiibition assay

CuSOy-induced lipid peroxidation inhibition was tested
for the cight grape juices samples {Table 5). Except for
NCP, all grape juices were able to suppress serum lipid per-
oxidation induced by CuSO,; Among all tested samples,
BCP showed the highest lipoperoxidation protection activ-
ity (2,94 4 0.03 nmol/mL) as compared to the CuSOy
control (4.88 + 0.03 nmol/mL).

3.8, Superoxide dismutase and caralase-like activities

In the present study. superoxide dismutase and catalase-
like activities of different grape juices were tested. Among
all tested samples {Table 6), BOP showed the highest super-
oxide-like activity, with the lowest 1C50 value (3.52 +
0.00 ml). There was a positive correlation between sod-like
activity and total phenolic content (r = 0.838, p < 0.01),
epicatechin content (r = 0.824, p < 0.01). and ascorbic acid
level (r=0.625, p<0.01). NCP presented the highest

Table 3

Anthocyanins content in different purple grape juices (n=4)

Sample® Cyanidin (ppm) Delphynidin {(ppm}) Peonidin {ppm) Malvidin {(ppm}
BCC 0.76 + 0,045 410+ 040° 8.59 £0.82* 95.26 + 1.95°
BCP 1298 +0.51" 302241357 2 A8 30876 + 4.20°
BOC 11.79 + 0.42" 26030+ 115" 1921 +1.43 23246 +4.25¢
BOP 2091 + 083" 4951 + 1.80° 3260 +1.78 42596 + 636"

Values are the average of three replicates +8D.
& BCC: Bordo Conventional Commercial;

BCP: Bordoe Conventional Pilot Scale: BOC: Borde Conventional Organic; BOP: Bordo Organie Pilot Scalke.

5 Different letters correspond 1o mean values statistically different by analysis of variance (ANOVA ) and Tukey post hoc test, for p < 001, that means a,

b e, d, at same column are statistically different.
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Table 4
Catechins and procyaniding content in diflerent grape juices {(n = §)

Sample? Catechins {ppm) Procyanmidiag {ppm)
Catechin Epicatechin Bl B2 B3 B4

BCC 206+ 0.15%" 22134 192 13340184 183+ 016" 7.95+0.58¢ 4.66 + 0.36%
BCP §6.43 +2.31° 211+ 020° 7.98 +0.67° 188+ 015 27.04 4+ 1.32° 227+ 0270
BOC 1389+ 1827 2724022 753+ 052" 2324015 1003+ 0.51¢ 0.64 4 0.13¢
BOP 76.69 + 2700 491 +021" 14.0 4+ 0.82* 113+ 034 2568+ 117 2.93 + 0,38
NCC 7304+ 0.52¢ 505 +032° 753 +031" 132+ 042 13.06 + 0.62¢ 2.45 + 026"
NCP 0.79 + 0.05% 0.97 +0.14% 0,93+ 0.06% 0.94 + 023 14.78 + 034" 1.68 +0.27¢
NOC 090 + 0.06% 181+ 0.00° 345+ 043¢ 1,58 + 0.38* 185 +0.7" 3.59 +0.50°
NOP 0.38 + 0024 0.92+0.16% 0.76+ 0114 0.61+0.10" 747+ 028" 1.23+0.24¢

Values are the average of three replicates £SD.

* Different letters correspond to mean values statistically different by analysis of variance {ANOVA ) and Tukey post hoe test, for p < 0.01, that means a,

b, e, d, e at same column are statistically diflerent.

* BCC: Bordo conventional commercial; BCP: Bordo conventional pilot seale; BOC: Bordo conventional orgamic; BOP: Bordo organie pilot scale: NCC:
Niuagara conventional commercial; NCP: Niagara conventional pilot scale; NOC: Niagara conventional organie; NOP: Niagara organic pilot scale.
B g ¥ g 8 2 g ¥

o

1C 50 (%)
rpsaBRBEES

Fig. 3. IC 50 {amount of samples needed 1o reduce 50% of DPPH.) of
different grape juices. Values are the mean + SD of three replicates. BCC:
commercial; BCP: Bordo conventional pilot scalke;
;- BOP: Bordo organic pilot scale, N
CP: Numgara conventional prlot sca
NOC: Nuagara conventional organic; NOP: Niagara organie pilot seale.

Bordo conventior

BOC: Bordo conventional organ
Niagara conventional commer

Different fetters correspond o mean values statsteally significantly
different by analyss of varance (ANOVA} and Tukey post hoe test, for
p < 001, that means a, b, ¢ at same figure are statstcally.

catalase-like activity (34.37 £ 0.62 umol of H,0, decom-
posed/min).

4. Discussion

4.1, Grape juice phenolic compounds, vitamin C, and
nutritional analyses

Phenolic compounds are secondary metabolites pro-
duced and accumulated in plant tissues. Changes in phyto-
pathogenesis, among others factors, may result in different
concentrations of these compounds in plant organs.
Organic farming is currently practiced world wide, and
does not use chemical substances, such as pesticides and
synthetic fertilizers, for growing crops. As pesticides are
not used. plants are more susceptible to the action of phy-

Table 5
Peroxidation levels of serum treated with or without CuSO, or grape juice
{n=8})

Sample® TBARS {nmol/mL}
Control 3129+ 003
CuSOy 488 +003"

4414000 (")
204 +003" ()

CuSO,~+ BCC
CuSO,+ BCP

CuSO, + BOC 438000 ("
CuSO,+ BOP 351+ 003
CuSO4+ NCC 3774003
CuSO4+ NCP 490+000""
CuSO, + NOC 433006 ("

CuSO, + NOP 401 £000" ("

Values are the average of three replicates £8D.
’: p < 0.05 compared to CuSO,.
p < 0.05 compared to control.

* BCC: Bordo comventional commercial; BCP: Bordo conventional pilot
scale; BOC: Bordo conventional organic; BOP: Bordo organie pilot scale;
NCC: Nugara conventional commercial; NCP: Niagara conventional
pilot seale; NOC: Niagara conventional organic: NOP: Niuagara organi
pilot scale.

topathogens, and this causes the plant to produce higher
amounts of phenolic compounds as a means to defend itself
{Soleas et al., 1997). In the present study. it was observed
that the choice of agricultural method {organic versus con-
ventional) resulted in different amounts of resveratrol,
anthocyanins, and tannins in grape juices (Fig. 2: Tables
3 and 4). It should be noted that the present study is the
first to report resveratrol content differences between
organic and conventional grape juices. This difference is
due to the fact that no pesticides are used in organic vine-
yards {Carbonaro et al.. 2002).

Moreover, different methodologies are applied in grape
juice manufacturing. When purple juices are produced.
the pulp is heated along with the skin, resulting in the
incorporation of phenolic compounds into the juice (Fuleki
and Ricardo-da-Silva, 2003). In the present study, we also
observed that purple juices presented higher phenolic
compound content as compared to white juices, in which
manufacturing process the grape skin is not heated (Fig. 1).
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Table 6
Sod-like and catalase-like activity in different grape juices (n =8)

Sample® Sod-like activity Cat-like activity
{1C 50)® {pmol of H.0,
decomposed/min}
BCC 540+ 0054 377 +0.02
BCP 11.64 +0.01¢ 20.27 +0.25"
BOC 647+ 0.01° 7.60 010"
BOP 352+ 002° 9.37 +1.87
NCC 2053+ 0.17¢ 1212 +0.87™
NCP 2298+ 001" 337 +0.62¢
NOC 8700 4+ 025" 15.00 £0.10¢
NOP 3042 + 0048 18.87 +0.125¢

Values are the average of three replicates +8D.

A BCC: Bordo conventional commercial; BCP: Bordo conventional pilot
scale: BOC: Borde conventional organic; BOP: Bordo organie pilot scake;
NCC: Niagara conventional commercial; NCP: Nugara conventional
pifot scale; NOC: Niagara conventional organic; NOP: Niagara organc
pilot scale.

5 Amount of sarmples {ml} necessary to reduce S0% the adrenochrome
formation.

¢ Different letters correspond to mean values statistically significantly
different by analysis of varance (ANOVA) and Tukey post hoo test, for
p< 001, that means a, b, ¢, d, e, £, g at same column are Statistically
significantly different.

In addition to phenolic compounds. vitamin C is also
present in grape juices. In plants, vitamin C provides pro-
tection against RS generated during photosynthesis and
respiration processes. Vitamin C is also involved in cell
growth, and it is a co-factor of several enzymes participat-
ing in the synthesis of anthocyanidins and several second-
ary metabolites (Barata Soares et al., 2004). Vitamin C
levels were positively correlated to total polyphenol
p<0.01). procyanidins Bl (r=0.676:
p = 0.01) and B2 (0.852: p < 0.01). and catechin (0.799:
p < 0.01) contents. Except for BCP juice. organic juices
presented higher vitamin C content as compared to con-
ventional juices (Table 2). Similar results were found by
Carbonaro et al. (2002) with organic and conventionally-
grown peaches. Significant variation in vitamin C levels
was observed between purple and white juices, and this is
probably due to grape variety, ripening grade, and hours
of sun exposure (Wang et al., 1996).

Several factors may influence grape juice nutritional
analyses. such as grape variety, soil, climate, processing
methods, cte. (Fuleki and Ricardo-da-Silva, 2003). In the
present study, we observed that grape juices produced at
pilot scale presented high carbohydrate levels. Although
further studies are needed to confirm this hypothesis, this
fact may be attributed to manufacturing process {Table 2).

4.2, Grape juice antioxidant properties

Except for one study that showed in vitro antioxidant
activity of a white grape juice (Ddvalos et al., 2003), all
other studies on antioxidant activity of grape juices used
purple grape juices elaborated from Vitis vinifera (Castilla
et al.. 2006: Rho and Kim. 2006: Day ct al., 1997). This

is the first study that showed the antioxidant activity of
grapes juices produced with V. labrusca varieties (Bordo
and Niagara), which are frequently used to produce grape
juice in South America.

All studied grape juices showed significant in vitro anti-
oxidant activity (Fig. 3). In the ex vive assay, only one
grape juice (NCP) did not prevent CuSOy-induced peroxi-
dation in serum (Table 5). Indeed. this grape juice
presented the lowest total phenolic and ascorbic acid con-
tents. This result suggests that these compounds provide
protection by inhibiting lipid peroxidation. as shown by
Carbonaro et al. (2002) in peaches. Although the measure-
ment of other possible chemicals found in juices would be
important. grape juices are a very complex mixture of com-
pounds. The biologically active compounds are mainly
phenolic and ascorbic acid. To our knowledge. the presence
of alkaloids and aflatoxins in grapes juices is rare. No
references on this issue were found in a recent literature
database revision.

It was observed that white juices presented higher cata-
lase-like activity antioxidant response as compared to pur-
ple juices (Table 6). In fact, some polyphenols are able to
decompose H,0, (Ferguson, 2001), thereby reducing the
damage induced by this oxidative agent (Halliwell and
Gutteridge. 1999).

This study showed that grape juices elaborated from V.
labrusca are good antioxidant sources. This biological
activity can be influenced by agricultural methods and
polyphenols and ascorbic acid levels present in the juices.
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Artigo Completo

Suco de uva: seus componentes
e atividades benéficas a saude

Grape juice: its components and beneficial activities to the health

Caroline Dani* Mirian Salvador***
Livia S. Oliboni** Jodo A.P Henrigues* ***
RESUMO

Embora os efeitos benéficos da ingestdo entrada moderada do vinho sejam bem conhecidos, dados sobre
a capacidade antioxidante de sucos de uva & escassa e controversa. A finalidade deste estudo foi mostrar a
quantidade importante de polifendis, por exemplo, as antocianinas, o resveratrol, catequina, epicatequina, pro-
cianidinas, bem como o indice &cido ascdrbico em sucos de uva, e assim avaliar sua possivel atividade antioxi-
dante. Em nosso estudo nds avaliamos oito sucos do labrusca de Vitis labrusca, branco ou tinto, a partir de vi-
nhedos organicos e convencionais, obtidos em escala piloto ou comercial. Através dos resultados nos pudemos
observar que todos os sucos de uva apresentaram um indice total importante de polifendis, bem como ativida-
de antioxidante in vitro, além disso observou-se que os sucos foram capazes de reduzir 0s danos causados
pelos radicais livres no cérebro e no figade. Estes resultados indicam que os sucos de uva brancos e tintos po-
dem ser usados como fontes antioxidantes e nutritivas.
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uva; polifendis; antioxidante.

ABSTRACT

Although the beneficial effects of moderate wine intake are well-known, data on antioxidant capacity of gra-
pe juices are scarce and controversial. The purpose of this study was to show the important total polyghenols,
anthocyanins, resveratrol, catechin, epicatechin, procyaniding, and ascorbic acid contents in grape juices, and to
assess their possible antioxidant activity. In our study we evaluated eight Vitis labrusca juices — white or purple,
from crganically- or conventionally-grown grapes, and obtained in pilot or commercial scale. Through the results
we could ohserve that all grape juices presented important total polyphenol content and in vitro antioxidant ac-
tivity. Besides, juices were capable to reduce free radical action in brain and liver. These results indicate that
white and purple grape juices can be used as antioxidants and nutritional sources.
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grape, polyphenols, antioxidant.
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SUCO DE UVA

A histéria da elaboragéo do suco de uva comegou
nos Estados Unidos, na cidade de Vineland, New Jer
sey, em 1868. Aplicando as idéias de Louis Pasteur na
elaboragio de uvas Concord, um grupo de religiosos
pdde fazer um “vinho ndo fermentade sacramental”
para uso em sua igreja. Tamanho foi o sucesso que,
em 1893, o suco de uva era a bebida favorita nos Es-
tados Unidos. Do mornento de sua criag8o até os dias
de hoje, a busca do equilibrio entre o teor de aglcar
e acidez é premissa basica para se produzir um suco
de uva de bosa gualidade {CAINELL!, 20086).

Segundo a legislacio brasileira, Lei N°. 7678 artigo
4°, paragrafo 5°, de 8 de novembro de 1988, suco de
uva & uma bebida extraida da uva atraves de processo
tecnolégico adequado, nac fermentado, ndo alcodli-
co, de cor, aroma e sabor caracteristico, submetido a
tratamento que assegure a sua conservacao e apre-
sentacao até o momento do consumo (RIZZON et al.,
1998). O Brasil no cendrio internacional é o 21° pals
em drea cultivada, 14° em produgdo de uvas, 24° em
exportacio de uva e o 10° pals em exportagéo de su-
co de uva. {CadastroVinicola— IBRAVIN/2006). O suco
de uva, bem como todos os produtos provenientes da
uva, possui um impartante papel econdmico na regido
da Serra Galcha, & em todo o Estado do Rio Grande
do Sul.

Devido a facilidade de elaboragao, aliada as carac-
teristicas organolépticas & ao seu valor nutricional, o
suco pede contribuir na dieta alimentar. A principio, o
suco pode ser elaborado com uva de qualquer varie-
dade, desde que este alcance uma maturagao ade-
quada e apresente hom estado sanitério. O suco pro-
duzido em muites paises de tradigo viticola é elabo-
rado com uvas Vitis vinifera tanto de culiivares bran-
cas quanto tintas. Ja o suco de uva brasileiro & elabo-
rado principalmente com uvas dos grupos das Vitis
fabrusca, ou conhecidas como americanas e hibridas
tintas, principalmente Bordo e Concord (RIZZON et
al., 1898). No entanto, recentemente, tem sido utili-
zadas também uvas das variedades Niagara branca
(sucos brancos).

Na viticultura convencional, utiliza-se tradicional-
mente, herbicidas, inseticidas e fungicidas, principal-
mente dos grupos guimicos ditiocarbamatos e orga-
nofosforados (RIZZON et al., 1998). Entretanto os
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SUCOSs organicos sao elabarados segundo as diretrizes
de padrao de gualidade {1° ed. de 31 de cutubro de
1989) que tiveram por base as normas da IFOAM (In-
ternational Federation of Organic Moviments), sendo
produzidos a partir de uvas colhidas de vinhedos sem
uso de fitodefensivos efou engenharia genética, entre
‘outras normas pré-estabelecidas pelas diretrizes cita-
das acima.

A produgio de alimentos organicos € caracieriza-
da pela auséncia ou limitagao no use de produtos qui-
micos sintéticos. Alguns destes podem aumentar ou
diminuir a producdo de compostos fendlicos em plan-
tas. |sto ocorre, pois, entre outras fungoes, os com-
postos fenélicos fazem parte do sistema de defesa da
planta, ou seja, 0 conteudo nas plantas & influenciado
pelas condigdes de cultivo e colheita, assim como
condigdes de crescimento, grau de amadurecimento,
tamanho dos frutos, e a variedade da planta (HERR-
MANN, 1976).

Geralmente as plantas provindas da agricultura
orgénica tém um perfodo de amadurecimento maior
em comparagdo com as convencionals, principal-
mente devido a uma liberagdo mais lenta de nutrien-
tes. Como os flavondides sao formados durante o
periodo de amadurecimento, acredita-se que ¢ con-
telido destes seja maior nas planta com manejo or
génico (GRINDER-PEDERSEN et al., 2003). No entan-
to, um limitado numero de estudos tern investigado
o efeito da técnica de cultivo no contetido fendlico, e
os resultados sao contraditérios (ASAMI et al., 2003,
LOMBARDI-BOCCIA et al., 2004). ASAMI e colabo-
radores (2003) observaram um aumenito significativo
na quantidade de polifentis em morangos orgénicos
quando comparados as culturas convencionais. Ate o
momento nido existem estudos comparando o conte-
Udo polifendlico de sucos de uva organicos e conven-
cionais.

Q suco de uva, principalmente os elaborados a
partir das variedades tintas, assim como o vinho, é
uma fonte de flavondides como, por exemplo, cate-
guina, epicatequina e antocianidinas (FULEKI & RI-
CARDO-DA-SILVA, 2003). Recentemente demons-
trou-se que sucos tintos e brancos produzidos a pariir
de Vitis vinifera, apresentam importante atividade an-
tioxidante in vitro (DAVALQOS et al., 2005). Entretanto
apenas um estudo vern mostrando atividade antioxt-
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dante de sucos de uva brancos e tintos (variedades
Bordo e Niagara) elaborados a partir de Vitis fabrusca,
variedades estas usadas em larga escala na vitivini-
cultura brasileira {DANI et al., 2007a). O mesmo estu-
do ainda compara a atividade antioxidante dos sucos
com relagdo as suas variedades, a pratica agricola (o
géanico x convencional) & ao método de elaboragéo
(escala piloto e comercial} {DANI et al., 2007a).

A ingestdo de aproximadamente 125-480 ml/dia
de suco de uva tinto convencional, principalmente pro-
vindos das variedades Vitis vinffera, foi capaz de au-
mentar a atividade antioxidante (DAY et al., 1997; OS-
MAN et al., 1998; FREEDMAN et al., 2001; O'BYRNE
et al., 2002). Ao suco de uva também & atribufdo &
diminuigdo de doengas cardiovasculares, e a inibigdo
de processos tumorais, através da reducéo de danos
oxidativos ao DNA (VINSON et al., 2001; SINGLETARY
et al, 2003; PARK et al., 2003; SANCHEZ-MORENO
et al., 1899}, além de ser um inibidor da oxidagao da
LDL (ABU-AMSHA et al., 1996; WANG et al_, 1996;
DURAK et al., 1999).

POLIFENOIS

Os constituintes fendlicos sdo de grande impor
tdncia na enologia pelas caracteristicas direta ou indi-
retamente ligadas & qualidade do vinho e suco, espe-
cialmente em relagdo a cor e 4 adstringéncia. Estes
compostos tambem s&o de interesse nutricional e far-
macolégico (RIBEREAU-GAYON et al. 2003). A uva
contém compostos ndo flavondides na palpa e flavo-
néides nas cascas e sementes. Isto permite adaptar
as condigdes de extracdo dos polifendis a partir das
diferentes partes dos graos de maneira essencial &
composigao fendlica dos vinhos e sucos (RIBEREAU-
GAYON et al. 2003)

Os polifendis possuem, pelo menos, um anel aro-
matico no qual, ao menecs um hidrogénio é substituido
por um grupamento hidroxila. Podem ser classificados
segundo o tipo de esqueleto principal, dividindo-se
em flavondides e os nao-flavondides (FERGUSON,
2001}

Aos polifendis em geral, atribui-se a capacidade de
quelar metais, inibir a atuacdo do radical livre superd-
xido e do oxigénio singlet. Alem disso, os palifenodis
apresentam também, atividades antitrombdtica, an-
tinflamatéria, antiviral, antialérgica e de prote¢do aos
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hepatécitos, como também atividade anticancerigena
{por inibigao das enzimas topoisomerases | @ |1} (FER-
GUSON, 2001: TRUEBA & SANCHEZ, 2001; LAN-
DRAULT et al., 2003).

Em videiras, a biossintese de polifendis & direta-
mente influenciada pela variedade de uva, de suas
caracteristicas genéticas, da area de producido bem
como do método de elaboragdo (BOWERS et al.,
1993; BOULTON et al., 1995; PEREZ-MAGARINOC e
GONZALEZ-SANJOSE, 2004). Diversos fatores vitico-
las estdo intrinsecamente ligados ao processo de
biossintese, tais como, porta-enxerto utilizado (sus-
ceptibilidade a doengas, vigor, etc .}, temperatura {gra-
diente térmico ideal entre o dia e a noite proximo de
15° C), umidade (incidéncia de doengas fungicas), ex-
posicao solar (horas de incidéncia direta dos ratos do
sol sobre as uvas em processo de maturagao), tipo de
solo e adubagao (altos teores de matéria organica fa-
vorecermn um rendimento excessivo, prejudicando a
qualidade do fruto}, manejo do dossel vegetativo
{maior controle sobre maturagao e rendimento)
{BOULTON et al., 1895; CORTELL et al., 2005), entre
ocutros. A maturagdo da uva também apresenta um
impacto ja estabelecido no teor de polifendis, em vir
tude da grande variedade de processaos fisicos e bio-
gquimicos que acorrem durante o amadurecimento
das uvas (GONZALEZ-SANJOSE, 2006},

A concentracao de polifendis em sucos varia de
acordo com diversos fatores, como: método de ela-
boragao escolhido, rendimento da prensagem, tempo
e temperatura de maceragao, estabilizacéo e filtracao
(FULEKI & RICARDO-DA-SILVA, 2003), entre outros.

NOSSOS RESULTADOS

Em nosso estudo, oito amostras de suco de uva,
brances {Niagara) e tintos (Bordo), preduzidos com
uvas organicas e convencionais, bem como elabora-
dos em escala piloto e comercial foram utilizadas pa-
ra avaliar diversos par@metros nutricionais e antioxi-
dantes (DANI et al., 2007a). Nossos resultados foram
obtidos a partir de diferentes metodologias e os mes-
mos estac expressos na tabela 1. A guantificagéo de
compostos fenslicos totais foi determinada espectro-
fotometricamente, UV (280nm) utilizando a curva de
catequina como padrio (SINGLETON et al., 1996). Os
compostos majoritarios (catequina, epicatequina, pro-
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cianidinas, resveratrol e antocianinas} foram determi-
nados por Cromatografia Liquida de Alta Eficiéncia
(CLAE).

Os sucos tintos apresentaram, em geral, maior
contetdo fendlico {principalmente taninos) do que os
brancos e o rosado. Quanto a diferenga entre sucos
organicos e convencionais, 0S SUCOS OrGaNIcos iNcor-
poraram maior nivel de compostos fendlicos, resvera-
trol, catequinas e antocianidinas (DAN| et al., 2007a).
Este fato pode ser explicado, pois os compostas fe-
nolicos sdo metabolitos secundarios da planta, produ-
zidos em situacdo de estresse, que no caso da vidsi-
ra orgénica € gerado, pois ela ndo recebe prote¢do dos
fitodefensivos, ou outros agentes (SOLEAS, 1997).

O método de elaboracdo dos sucos tambem apre-
senta diferenciagdes, principalmente na produgao de
sucos brancaos e tintos, onde geralmente os primeires
s80 produzidos no métode a frio e os outros na me-
todologia a quente, ou seja, se agquece 0 Suco em
contato com a casca e semente, fato este que pode
ser responséavel pela maior incorporagdo de compos-
1os fendlicos e demais compostos (FULEKI & RICAR-
DO-DA-SILVA, 2003}. Em nosso trabalho os sucos
elaborados em escala piloto, ou seja, aquecimento
para tintos e a frio para os brancos, apresentaram di-
terencas em alguns par@metros nutricionais, como
carboidratos e valor caldrico. Aqueles produzidos em
escala piloto, apresentaram maiores niveis de carboi-
dratos e conseqlientemente, uma maior valor calérico
(DANI et al., 2007a). Esta afirmacac pode vir a contri-
buir para a escolha do melhor processo de produgdo
de sucos, para a maior incorporagao de compostos
nutricionais importantes.

Dentre 0s ensaios in vitro existentes, um dos mais
utilizados é o radical DPPH"* (1,1 difenil 2-picrilhidrazil)
que vem sendo utilizado para medir a capacidade de
varredura dos antioxidantes (RICE-EVANS et al., 1995}).
0O método de varredura do radical DPPH* {1,1-difenil-
2-picrilhidrazil) ¢ um método amplamente utilizado
para avaliar a atividade antioxidante em um tempo
relativamente curto comparado com outros métodos
(BRAND-WILLIANS er al.. 1995, MENSOR et al.,
2001). Os antioxidantes reagem com ¢ DPPH®, que é
um radical livre estavel, e provocarmn a diminuigao da
coloragdo indicando o potencial de varredura da solu-
cao antioxidante. A atividade da amosira a ser testada
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é atribuida a sua capacidade de doar elétrons (MUR-
THY et al., 2002).

Além dos ensaios in vitro, testes ex-vivo, como a
inibigho de hemdlise pelo radical AAPH e a inibigao da
peroxidagao lipidica em soro, tem sido extensamente
utilizados (EDENHARDER & GRUNHAGE, 2003; BUB
ot al., 2003). Dados obtidos através de testes in vitro,
ex-vivo e in vivo podem apresentar diferentes resulia-
dos quanto a avaliagdo da capacidade antioxidante.
Em células, a expressao da atividade antioxidante &
mais complexa, pois envolve questoes de permeabi-
lidade celular e possivel metabolizagado dos compos-
tos ensaiados, além de um complexo sisterna regula-
t6rio enzimatico de defesas antioxidantes endégenas
celulares (RASPOR et al,, 2003).

A atividade antioxidante in vitro foi comprovada
por diversos testes, entre eles a capacidade de varre-
dura do radical DPPH*. Neste teste, os sucos tintos
apresentaram uma melhor atividade antioxidante,
destacanda-se o tinto organico comercial (DANI et ak.,
2007a) SANCHEZ-MORENQ et al. (1999) mostraram
por meio deste mesmo teste, DPPH', que vinhos @
sucos tintos apresentam atividade antioxidante supe-
rior a dos produtos brancos.

Ainda na avaliagao da atividade antioxidante in vi-
tro, as habilidades de seqUestrar superdxido (Sod-like)
e degradar peroxido de hidrogénio (Cat-like) também
foram dosadas. Os sucos tintos apresentaram uma
melhor atividade Sod-like do que os brancos. Este
fato em parte pode ser explicado, pois estes também
580 0s mais ricos em polifendis e acido ascorbico {DA-
Nl etal., 2007a). Em um estudo realizado observou-se
que extratos ricos em polifendis preservam atividade
de enzimas antioxidantes devido a sua atividade se-
qliestradora de radicais livres e/ou indugdo de defesa
de expressao das enzimas (CHIDAMBARA MURTRY
et al., 2002). Com relacso 4 atividade Cat-like, obser
vou-se que 0s sucos brancos apresentaram uma me-
lhor atividade quando comparados aos tintos (DANI et
al., 2007a), valores estes gue apresentam uma corre-
lacao positiva com a atividade antioxidante in vivo,
determinada em células da levedura eucaridtica Sac-
charomyces cerevisiae.

A atividade antioxidante ex vivo foi determinada
pelo teste inibigdo de hemdlise, que utiliza como in-
dutor de hemolise o agente estressor 0 AAPH" e pelo

174




teste de inibigdo da peroxidagao lipidica do soro, utili-
zando como agente estressor, ¢ sulfato de cobre. Na
inibigdo da hemdlise, todos os sucos apresentaram
uma excelente atividade antioxidante, sendo que a
maioria conseguiu inibir em 100% a atividade hemo-
iitica dos eritrécitos induzida pelo AAPH®. Este méto-
do j& foi validado por autros trabalhos nos quais foram
considerados excelentes antioxidante composios
que possuiam esta atividade inibitoria, como por
exemplo, o extrato aquoso de Bidens pilosa e alguns
flavondides isolados (ABAJQ et al., 2004; EDENHAR-
DER & GRUNHAGE, 2003).

Sornente o suco nidgara convencional escala pilo-
to n&o apresentou capacidade de inibir a peroxidagéo
lipidica induzida pelo reconhecido agente esiressor,
sulfato de cobre sendo que este foi o que apresentou
o menor conteldo fendlico e o menor teor de 4cido
ascorbico. Os demais sucos apresentaram excelente
inibicdo da peroxidagao lipidica. Se considerados so-
mente 03 SUCOS tintos esta atividade antioxidante po-
de ser atribuida aos compostos fendlicos e 4s procia-
nidinas (DANI et al., 2007a). Ainda, atribul-se aos com-
postos fendlicos a atividade protetora na inibigdo da
peroxidaco lipidica, conforme descrito por CARBO-
NARO et al. (2002) em seus estudos com péssegos.

Estudos mostraram que o consumo de sucos de
frutas e vinho & capaz de reduzir peroxidacao lipidica
atraves do teste das especies reativas do dcido tiobar-
bitarico (TBARS), mostrando assim dados que corro-
boram com a atividade apresentada neste trabalho
{FUHBRMAN et al., 1995).

Os dados acerca da capacidade antioxidante e/ou
mutagénica de suco de uva sdo poucos e contraditd-
rios (PATRINELLI et al., 1996a; 1996b). Em nosso tra-
balho os sucos se mostraram excelentes fontes an-
tioxidante, sejam através de testes jn viiro ou in vivo,
Nos testes in vitro 0s sucos tintos, principalmente os
organicos, apresentaram melhores valores, mostran-
do correlagbes positivas com o conteudo fendlico to-
tal, resveratrol, catequinas (FERGUSON, 2001). Con-
forme afirmado por FRANKE et al., 2004, no presentie
trabalho observou-se uma correlagdo negativa da ati-
vidade antioxidante corn a quantidade de agucar, car
boidratos {DANI et al., 2007a).

Os ensaios microbianos tém se mostrado muito
adequados na triagem rotineira de varios produtos,
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sendo testes répidos, sensfveis, econdmicos, repro-
dutiveis quandc comparados a ensaios realizados
com animais, e apresentando resultados confidveis
na identificagéo da atividade biolégica (HENRIQUES
et al., 1987). Vérias razdes, tem tornado & levedura
Saccharomyces cerevisiae um excelente modelo para
se estudar oxidacdo intracelular e estresse oxidativo,
sendo que os resultados obtidos nas células de leve-
dura podem ser extrapolados a células humanas
(RASPOR et al., 2005). Trata-se de um organismo pro-
vido de nucleo e de organelas com metabolismo se-
melhante & de eucariotos superiores.

Os ensaios com levedura tém sido de grande uti-
lidade na determinagéo de agentes mutagénicos am-
bientais ou farmacolégicos e servem para comple-
mentar 05 ensaios de mutagenicidade realizados em
bactérias (HENRIQUES et 2., 1987). A levedura S. ce-
revisiae tem sido amplamente estudada, tornando-se
uma ferramenta importante nas pesquisas sobre mu-
tagénese. Experimentos de mutagdes reversas sfo
os mais comumente utilizados. Estes testes baseiam-
se na restauragdo ou compensacao de um defeito
génico responsavel por um requerimento nutricional
(ZIMMERMANN et al., 1984).

Os testes usados em avaliagdes de atividade mu-
tagénicas e carcinogénicas também sao cada vez
mais utilizados para identificar potencial antimutagé-
nico e anticarcinogénico devido a sua flexibilidade pa-
ra variagbes metodoldgicas (DE FLORA et al., 2001).
Substéancias que apresentam atividade antimutagéni-
ca em leveduras tambem podem ter este efeito anti-
mutagénico em sisiemas de cultura com células de
mamiferos (RASPOR et al.,2003). Para que uma subs-
tancia possa ser considerada antimutagénica ela pre-
cisa reverter a mutagénese induzida por um agente
mutagénico, como por exemplo, o perdxido de hidro-
génio (H,0,} {(HENRIQUES et al., 2001).

Nos testes in vivo, 0s sucos brancos apresenta-
ram uma melhor atividade protetora aos danos gera-
dos pelo peréxido de hidrogénio. Entre os sucos tin-
tos, os organicos mostraram valores melhores quanto
a protecéo, atividade esta que apresentou correlagio
positiva com o contetdo de antioxidante nao-flavonoi-
de, o resveratrol. Outro estudo ja relatou a capacidade
do resveratrol de ser um potente antioxidante e de
inibir peroxidacao lipidica (VINSON, 1995).

1"
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Apesar dos sucos brancos apresentarem os me-
nores valores polifendis eles apresentaram uma ativi-
dade protetora significativamente superior a0 SUCOs
tintos quante aos danos gerados pelo peroxidoe de hi-
drogénio e do terc-butil. Esta afirmac¢ao pode em par-
te ser explicada, pois segundo SOLEAS et al. (1997}
o conteGdo fenslico ndo é o tnico fator que influencia
na atividade antioxidante de derivados da uva, existem
outros compostos bicativos como vitaminas e mine-
rais {sel&nio), bem como o sinergismo entre eles pode
também estar relacionado com a atividade protetora
aos danos gerados pelas espécies reativas de oxigé-
nio (ERO).

As diferengas apresentadas nos sfeitos antioxi-
dantes observados em modelos jn vitro, ex vive e in
vivo, poderia ser atribuida ao metabolismao dos polife-
nois. Diferencas estas que ja foram apresentadas em
estudos que mostram que os efeitos antioxidantes in
vivo dos polifendis dependerm de sua ingestao e da
sua biodisponibilidade {VINSON et al., 2004). Segun-
do MANACH et al. (2004}, a biodisponibilidade dos
polifenais pode ser influenciada pela estrutura dos
compostos, absorgao, interagdo com outros compos-
tos e metabolismo.

Nao foram detectados organofosforados ou pes-
ticidas nas amostras analisadas de suco de uva, em
nosso estudo (DANI et al., 2007a). No entanto, as fru-
tas, assim como a uva, também podem causar muta-
genicidade e toxicidade, uma vez gue a presenca de
pesticidas e/ou alguns compostos quimicos podem
apresentar efeitos adversos, podendo atuar na proli-
feracio de tumores (AMES et al., 1897). Além disso,
antioxidantes presentes nas frutas podem vir a sofrer
auto-oxidagao e gerar substancias reativas pré-oxidan-
iesdependendodas condigoes celulares (HALLIWELL
& GUTTERIDGE, 2000}

Os sucos neste trabalho, em concentracdes maio-
res (50 e 25 %), apresentaram uma fraca atividade
antimutagénica, a qual pode ser atribuida em parte a0
conteddo de polifendis totais, vitaminas, ou até mes-
mao a combinacdo destes fatores. Entretanto, na con-
centragao de 10% a maioria dos sucos apresentou
atividade antimutagénica importante, sendo capazes
de reverter mutagdes geradas pelo agente reconhe-
cidamente mutante, o perdxido de hidrogénio.

A atividade antimutagénica apresentou correlagao
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positiva com o contelido fendlico na maioria dos su-
cas, sendo gue nos tintos esta atividade foi principal-
mente correlacionada ao conteido do resveratrol, A
atividade antimutagénica de polifendis, sejam flavo-
ndides ou nao-flavonsides, j4 foi relatada pela literatu-
ra, 0 que leva a populacao a busca de dietas ricas nos
mesmos (FERGUSON, 2001).

A partir dos resultades discutidos acima, estudos
adicionais investigando os efeitos dos sucos de uva
em animais s&o necessarios, para auxiliar no melhor
entendimento de como os sucos de uva protegem
biomoléculas contra dano oxidativo.

Estudos recentes do nossoe grupo de pesquisa,
utilizando como modelo in vivo ratos machos Wistar,
avaliaram parametros antioxidantes em dois sucos de
uva tintos, organicos e convencionais, em diversos
tecidos (substancia nigra, estriado e figado}, bem co-
ma no plasma (DANI et al., 2007b; 2007c}.

£m um dos estudos, observou-se gue 0s SUcos
de uva, principalmente os organicos, foram capazes
de altera os parametros oxidativos no plasma e figado
dos animais. O grupo de animais que recebeu diaria-
mente suco de uva orgdnico apresentou uma maior
reducdo nos niveis de peroxidagao de lipidios (TBARS)
quando comparado a0 grupo que recebiu o Suco con-
vencicnal e ao grupo controle, que sé recebeu salina.
No entanto, o dano oxidativo as proteinas diminuiu
apos o tratamiento com ambos 0s grupos que recebe-
ram 0s sucos, mostrando-se melhor do que o grupo
contrale. Quando avaliado as enzimas antioxidantes,
0s grupos tratados com sUcos organicos apresenta-
ram uma atividade Sod e Cat maiores quando compa-
rados aos grupos tratados com suco de uva conven-
cional e salina (DANI et al., 2007b).

Essas atividades de protegdo poderiam indicar
uma agao hepatoprotetora do suco de uva. ORHANe
cols (2007) mosiraram que o extrato de etanol de Vitis
vinifera foi capaz de induzir uma possivel agao hepa-
toproteiora, apesar de nao terem sido medidos 0s
compostos ativos, Eles acreditam que possa ser de-
vido 4 {i) inibigdo da atividade da citocromo P450 oxi-
genase-dependente; (i prevengao da peroxidagao li-
pidica e {iii) estabilizacde da membrana do hepatéeito,
induzida pelos compostos fenolicos. Alem do mais,
outros estudos relatam que, as plantas que ndo s&o
tratadas com pesticidas e agrotéxicos sdo mais sus-
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cetiveis 4 ag8o de organismos fitopatogénicos, a que
resulta numa maior producéo de compostos fendlicos
{(BOURN et al., 2002). Isso foi possivel chservar nesse
estudo uma vez que o suco de uva organico apresen-
tou um maicr contelido de compostos fendlicos e
conseqientemente uma melhor atividade antioxidan-
te, dados estes que corrobaram com outros estudos
(FERGUSON, 2001: MOKNI et al., 2007).

No outro estudo de nosso grupo utilizou-se um
grupo de ratos mais velhos e verificou-se a atividade
antioxidante dos sucos de uva em amostras de tecido
do cerebro (substéncia nigra e estriado). Esse & pri-
meiro estudo a mostrar que sucos de uva tintos po-
dem reduzir o estresse oxidativo em estruturas do
sistema nervoso (DANI et al., 2007¢). Nesse estudo
observou-se que a ingesido cronica de suco de uva
reduziu a peroxidagao lipidica e o dano oxidativo & pro-
teina apos tratamento com tetracloreto de carbono
{CCl,), reconhecido agente estressor. A reducio do
nivel de peroxidagao lipidica em estruturas do cérebro
foi relatada em outros estudos com ratos 0s quais
receberam extrato de semente de uva (BALU et al.,
2005). Essa redugdo pede ser em parte explicada pe-
lo conteddo fendlico, do qual as uvas apresentam uma
guantidade importante. O papel de seqliestrar os ra-
dicais livres e a capacidade de guelar metais ativos
redox tem sido atribuido as uvas e seus derivados
{BALU et al.,, 2005).

Pode-se também observar que a ingestdo cronica
de suco de uva diminui a proporgéo Sod/Cat nos gru-
pos tratados com SUCOS em COMparagao ao grupo
controle. No estriado, 0 suco de uva organico mostrou
a menor proporgag gquando comparado aos grupos
controles positivos & negatives. A proporgao Sod/Cat
& um pardmetro bastante importante porgque um de-
sequilibrio entre essas duas enzimas de defesa antio-
xidante pode elevar o estresse oxidativo e induzir o
desenvolvimento de diversas doencas (DALPIZZOL
et al., 2001). A atividade da Sod resulta na preducao
de perdxido de hidrogénio que na reagao com ferro
gera radical hidroxil via a reagdo de Fenton. A Cat de-
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grada o perdxido de hidrogénio, diminuindo dessa for
ma, os efeitos oxidativos (HALLIWELL AND GUTTE-
RIDGE, 1999). Nossos resultados mostram que o
tratamento com suco de uva pode induzir um aumen-
tc da atividade Cat e Sod e reduzir a proporcao Sod/
Cat, 0 que sugere uma importante atividade antioxi-
dante dos sucos de uva (DANI et al., 2007¢).

Além do mais, foi possivel observar que a ingestao
de sucos de uva tintos, orgénicos e convencionais,
também reduz danos ao DNA, através do teste Co-
meta {dados n5o publicados). PARK et al. (2003) tam-
hém mosirou em seu estudo que o suco de suco de
uva for capaz de reduzir o danc ac DNA, evidenciado
pelo teste Cometa.

Apesar de mais estudos serem necessarios, é
possivel afirmar que o suco é uma excelente fonte
nutricional, capaz de fornecer componentes nutricio-
nais efou polifendlicos.

O suco de uva, por ndo ser uma bebida alcodlica,
pode ser ingerido por criancas e idosos, gue fazem
uso da polifarmacia, por exemplo. Estudos relatam
que o censumo excessiva e cronico do etanol, que
também esta presente nos vinhos, resulta em danos
a diversos 6rgdos, incluindo o cérebro e figado. Isso
possivelmente acontece em parte devido & habilidade
do etanal em aumentar o ¢ estresse oxidativo em
diterentes sistemas ¢elulares, levando ao aumento da
produgéo de ERO e produtos da lipoperoxidagao (SUN
et al., 2001b; MONTELIU et al., 1995).

Dessa forma, muitos sdc os projetos desenvolvi-
dos em nossa regiao para a incorpora¢io do suco de
uva na merenda escolar de escolas estudais e muni-
cipais. Através deste trabalho pode se afirmar que o
suco de uva & um alimente rico em diversos compos-
tos e que se ingerido desde a infancia terd grande
importéncia na melhoria da qualidade de vida. Esta
melhoria é conquistada pelo fato do suco ter se mos-
trado um excelente antioxidante, capaz de reduzir os
danos gerados pelo estresse oxidativo, reduzindo as-
sim doengas importantes como o cdncer, doengas
neurclogicas, entre outras.
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2005. v.unico.
12. DANI, Caroline, UMEZU, Fernanda de MedeiroAS®UALOTTO, Fabio,
SALVADOR, Mirian Regular coffe intake is related tacreased sperm motility and

antioxidant levels in infertile men In: IV Meetirgf the south american group of the
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society for free radical biology and medicine, 200%nais do IV Meeting of the South
American Group of the Society for Free Radical 8gy and Medicine. Sdo Paulo: ,
2005. v.1.

13. WAGNER, Sandrine Comparsi, DANI, Caroline, REREJ O, Simone, CASTRO,
Simone Prevalencia de anemias em gestantes emselnigos publicos do RS In:
Congresso Brasileira de Hematologia e Hemoterapd®4, Sao Paulo. Revista
Brasileira de Hematologia e Hemoterapia. Sdo Pa@lociedade Brasileira de

Hematologia e Hemoterapia, 2004. v.26. p.7 - 7

Trabalhos publicados em anais de eventos (resumopaxdido)

1. DANI, Caroline, SALVADOR, Mirian, HENRIQUES, 30 Antonio Pegas
Avaliacdo da Capacidade Antioxidante de sucos @deauganicos e convencionais In:
Simposio Vinho e Saude, 2005, Bento Gongalves. nh¥ie Saude - Vinho como
alimento natural. Bento Gongalves: Editora Sino2@5. v.1. p.82 - 82

2. DANI, Caroline Avaliacédo da capacidade antiaxigt de sucos de uva organicos e
convencionais In: Simposio Internacional Vinho €d&sg 2005, Bento Gongalves. .,
2005.

3. DANI, Caroline, OLIBONI, Livia Soldatelli, SALXDOR, Mirian, HENRIQUES,
Jodo Antonio Pegas Avaliacdo da capacidade anéintedde sucos tintos e brancos
produzidos no RS In: IV Pharma, 2005, Caxias do Zi05.

4. DANI, Caroline, UMEZU, Fernanda de Medeiros, L¥ADOR, Mirian,
PASQUALOTTO, Fabio Regular coffee intake is relatedincreased sperm motility
and antioxidants levels in infertiles men In: IV &leg of the south american group of
the society for free radical biology and medici@8p5, Aguas de Linddia. Program

and Abstracts. , 2005.
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Artigos em jornal de noticias

1. DANI, Caroline Suco de uva contra o envelhecimento e o cancer. Pesquisa
desenvolvida por aluna do Mestrado em Biotecnologia comprova acdo antioxidante e
antimutagénica dos sucos de uva. Jornal da UCS. Caxias do Sul, p.11 - 13, 2006.
Apresentacédo de Trabalho

1. Gemelli,T, Carvalho, CAS, Guerra, R.B., Rigon, P., DANI, Caroline, Araujo, AS,
Marcello, M., Funchal, C Efeito de cetona alfa-beta insaturada contendo o grupo fenil
selénio sobre alguns parametros estresse oxidativo em soro de seres humanos, 2007.
(Outra,Apresentacao de Trabalho)

2. Carvalho, CAS, Gemelli,T, PENZ, J., Guerra, R.B., DANI, Caroline, Marcello, M.,
Araujo, AS, Funchal, C Efeito de cetona alfa-beta insaturada contendo o grupo fenil
telario sobre alguns parametros de estresse oxidativo em soro de seres humanos, 2007.
(Outra,Apresentacao de Trabalho)

Trabalhos de conclusao de curso de graduacéo

1. Sandra Galliazzi Silva. AVALIACAO DA PREVALENCIA DE
ENTEROPARASITAS E SUA ASSOCIACAO A PRESENCA DE ANEMIA E/OU
CARENCIA NUTRICIONAL ESCOLARES DO MUNICIPIO DE FLORES DA
CUNHA. 2007. Curso (Biomedicina) - Centro Universitario Metodista IPA

2. Juliane dos Santos. Sucos e vinhos: comparacgéo entre suas atividades antioxidantes e
composicao fendlica. 2007. Curso (Biomedicina) - Centro Universitario Metodista IPA
Orientac&o de outra natureza

1. Ericksen Borba. Avaliagdo de enteroparasitoses e anemias em escolares do
municipio de Flores da Cunha. 2008. Orientacdo de outra natureza (Biomedicina) -

Centro Universitario Metodista IPA
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Eventos

Participacdo em eventos

1. Apresentacao de Poster / Painel no(a) | Cosgrkgernacional de Bioanalises, IV
Congresso Sul Brasileiro de Biomedicina e VIII Sem&aucha de Biomedicina, 2008.
(Congresso) Avaliacao de prevaléncia da anemiassmlazes do municipio de Flores
da Cunha.

2. Laboratorio de Bioética, 2008. (Simposio).

3. Seminario Docente Extensionista- Extensdo namersidades: espaco de
aprimoramento intelectual e humano, 2008. (Senahari

4. Apresentacao Oral no(a) XIX Saldo de IniciaGéentifica- XVI Feira de Iniciacdo
Cientifica- 1l Saldo UFRGS Jovem, 2007. (Outra)

Atividade Antioxidante de Sucos de uva brancostesi organicos e convencionais.

5. Conferencista no(a) IV Jornada Académica danBiticina, 2007. (Seminario)
Atuacado do biomédico no RS.

6. Apresentacdo de Poster / Painel no(a) V MEETI®G SFRBM - SOUTH
AMERICAN GROUP / 'V INTERNATIONAL CONFERENCE ON
PEROXYNITRITE AND REACTIVE NITROGEN SPECIES, 200(Congresso)
Protection of purple grape juice, organic and catieeal, against free radical damages
in old Wistar rats. ; ANTIOXIDANT POTENTIAL OF RES®RATROL AND
CATECHIN: THE IN VIVO EVIDENCE.

7. Apresentacao de Poster / Painel no(a) 11l Cesgy Sul Brasileiro de Biomedicina,
2007. (Congresso)

SUCOS DE UVA BRANCOS E TINTOS, ORGANICOS E CONVENINAIS:
AVALIACAO DA ATIVIDADE ANTIOXIDANTE.

8. Neuroprotecdo e Produtos Naturais, 2007. (Ssimopo

195



9. Apresentacédo de Poster / Painel no(a) XXXV ReuAnual da Sociedade Brasileira

de Bioquimica e Biologia Molecular, 2006. (Congmgss

The antioxidant protection of the purple grapeguit rats wistar.

10. Apresentacao de Poster / Painel no(a) | Sirap@isho e saude, 2005. (Seminario)

Atividade antioxidante do suco de uva.

11. Apresentacao de Poster / Painel no(a) IV Mgati the south american group of

the society for free radical biology and medicid@)5. (Congresso)

Regular coffe intake is related to increased speratility and antioxidant levels in

infertile men.

12. Sunrise Free Radical School, 2005. (Simpdsio)

.13. V Semana Gaucha de Biomedicina, 2005. (Seimjna

. 14.

. 15.

Curso Biologia Molecular: Fundamentos eiéggdes, 2004. (Seminario)

Il Jornada de Integracédo Farmacéutica-Biboag 2004. (Simpasio)

16. Workshop Internacional Estresse Oxidatino @astroenterolgia- Dos modelos

experimentais a clinica, 2004. (Congresso)

. 17. Discusséo sobre pesquisa utilizando cétateeo embrionarias humanas, 2003.

(Encontro)

. 18.

. 19.

. 20.

. 21,

. 22,

. 23.

. 24,

| Ciclo Biomédico AGAB, 2003. (Congresso)

Curso Tedrico sobre Perfusdo Extra-Corp@@@3. (Seminario)
32 Semana Gaucha de Biomedicina, 2003.gi€sso)

| Ciclo Interno de Palestras do ICSA, 2q@&minario)

Curso de Extenséo Habilidades Clinicasdd&as002. (Seminario)
Reuniao Cientifica, 2002. (Encontro)

Curso de Extenséo : Hemoglobinopatias, 2@yontro)
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25. Xl Congresso Brasileiro de Biologia Celular, 2002. (Congresso)
26. Curso de Dor, 2002. (Seminario)

27. Curso de Extensédo Universitaria, 2002. (Outra)

28. Palestra Projeto Genoma, 2001. (Encontro)

29. Curso Basico de Cancerologia, 2001. (Congresso)

30. Hemograma e Citologia Hematoldgica, 2001. (Seminario)

31. Curso intesivo para auxiliar de farmacia, 2001. (Simp0sio)

Bancas

Participacdo em banca de comissoées julgadoras

Outra

1. 1l SALAO DE INICIAGAO CIENTIFICA E EXTENSAO- Centro Universitario

Metodista IPA, 2007 Centro Universitario Metodista IPA
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