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Resumo

A formacao de radicais livres e o stresse oxidativo estdo envolvidos numa série de fendmenos
fisiologicos e patoldgicos do nosso organismo, tais como o envelhecimento, o cancro, a
aterosclerose, a diabetes, a anemia hemolitica e a doenga de Alzheimer. O eritrocito constitui
um modelo celular adequado para o estudo dos efeitos de radicais livres, em virtude da sua

simplicidade estrutural, acessibilidade e da vulnerabilidade dos seus constituintes a oxidagao.

Neste trabalho foram utilizadas suspensdes de eritrocitos humanos para avaliar o efeito
protector dos extractos metandlicos da folha e fruto (casca, polpa e semente) de marmeleiro
(Cydonia oblonga Miller) na danificagdo oxidativa induzida pelo 2,2"-azo-bis(2-
amidinopropano) (AAPH). O AAPH ¢ um sistema gerador de radicais livres (do tipo
peroxilo) no meio extracelular que atacam a membrana eritrocitaria causando vérias

alteracdes oxidativas, as quais foram avaliadas neste estudo pela inducdo da hemolise.

Os resultados obtidos mostram que os extractos metandlicos da folha, casca e polpa de C.
oblonga protegem os eritrocitos da lesdo oxidativa de uma forma dependente da concentragao
de extracto e do tempo de incubagdo, enquanto que as sementes de marmeleiro apresentam

actividade hemolitica.

O perfil fenolico da folha e fruto de C. oblonga foi igualmente determinado neste trabalho por
HPLC/UV. O composto fendlico maioritario foi o acido 5-O-cafeoilquinico para a folha,
polpa e casca, enquanto que para as sementes foi a 2-estelarina. Em termos quantitativos,
podem ser ordenados pela seguinte ordem decrescente de teor fendlico total: folha > casca >

polpa > semente.

Os resultados indicam que a folha, polpa e casca de C. oblonga apresentam um consideravel
potencial anti-radicalar, o que sugere a sua eventual aplicagdo como adjuvantes na terapéutica
de diversas situagdes patoldgicas em que os radicais livres estdo implicados, bem como na

respectiva prevengao.
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I. Introducao
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1.1 Enquadramento e objectivos

Os radicais livres participam na patogénese de multiplas situagdes patologicas das quais se
salientam doencas cardiovasculares como a aterosclerose, doengas neurodegenerativas
(doenga de Alzheimer e doenca de Parkinson), doengas auto-imunes (lupus eritematoso
sistémico, artrite reumatdide), varios tipos de cancro, bem como no envelhecimento. A
producdo endogena excessiva de espécies reactivas de oxigénio, a exposi¢do a fontes
exogenas de radicais livres ou a diminuigdo das defesas antioxidantes podem levar a
sobrecarga/lesdo oxidativa (Cerutti et al., 1994; Bianchi e Antunes, 1999). Quando o balango
normal entre as espécies pro-oxidantes e antioxidantes ¢ deslocado com favorecimento dos
primeiros, a célula entra numa situacdo de stresse oxidativo. A suplementagdo com
antioxidantes parece prevenir o aparecimento de algumas doencas cardiovasculares e de

certos tipos de cancro.

Varios estudos demonstraram que as plantas possuem diversos antioxidantes naturais, tais
como carotendides, vitaminas e compostos fenolicos, que possuem um consideravel potencial
anti-radicalar, podendo intervir na preven¢do de doengas nas quais os radicais livres estdo
envolvidos. De entre os diferentes tipos de compostos naturais, o grupo dos compostos
fendlicos ¢ talvez dos mais estudados, com actividade antioxidante comprovada em diversos
sistemas. Os 4acidos fenodlicos e os flavondides sdo reconhecidos como poderosos
antioxidantes. De facto, muitos flavondides amplamente distribuidos na natureza, como os
encontrados no cha verde ou no vinho tinto, sdo varias vezes mais potentes que a vitamina C
ou E. Estes compostos actuam prevenindo os danos provocados pelos radicais livres e, desta
forma, tém uma vasta gama de efeitos protectores tais como anti-inflamatorios, prevencao da
oxidacdo de lipoproteinas de baixa densidade, e ac¢do antihipertensiva, antitrombodtica e

carcinostatica.

O marmeleiro (Cydonia oblonga Miller) ¢ uma espécie origindria da regiao do Caucaso, que
se difundiu até a Europa Central e Paises Mediterraneos (Oliveira et al., 2007a). O seu fruto, o
marmelo, ¢ consumido em grande quantidade no nosso pais, sendo utilizado tradicionalmente

na producdo de doces, compotas, geleias e em fitoterapia. O marmelo ¢ conhecido como

sendo adstringente, emoliente e antidiarreico (Oliveira et al., 2007a). As folhas de C. oblonga
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Miller, quando submetidas a decocgdo, sdo utilizadas pela medicina popular devido a sua
actividade sedativa, calmante, antipirética, antidiarreica, antitissica, entre outras. Na ultima
década a composi¢do quimica da folha e fruto de C. oblonga tem sido largamente estudada,
tendo-se verificado que se trata de uma excelente fonte de compostos fenolicos e de acidos
organicos (Silva, 2005; Silva et al., 2004, 2008; Oliveira et al., 2007b, 2008). Tendo em
consideracdo a sua composi¢do quimica ¢ de prever que esta espécie vegetal tenha um
consideravel potencial anti-radicalar, podendo intervir na prevencao de doengas nas quais os
radicais livres estdo envolvidos. De facto, estudos preliminares demonstraram a actividade
sequestrante para o radical 1,1’-difenil-2-picrilhidrazilo (DPPH’) de extractos obtidos de
frutos (Silva, 2005; Silva et al., 2004, 2008). Assim, o objectivo do presente trabalho de
monografia ¢ o de avaliar a actividade antioxidante da espécie C. oblonga em sistemas
biologicos. Para o efeito, o eritrocito humano foi escolhido como modelo in vitro para
avaliacdo da actividade antioxidante, visto que a membrana dos eritrocitos ¢ rica em acidos
gordos poliinsaturados que s@o muito susceptiveis a peroxida¢ao lipidica mediada por radicais
livres. O eritrocito constitui assim um bom modelo experimental para o estudo in vitro dos
mecanismos de lesdo por radicais livres nas membranas bioldgicas, bem como do efeito
protector de alguns compostos. Os azocompostos tém sido usados para estudar o mecanismo
de stresse oxidativo em eritrécitos. O 2,2"-azo-bis(2-amidinopropano) (AAPH) produz
radicais livres do tipo peroxilo por decomposi¢do térmica unimolecular em uma taxa
constante. Estes radicais gerados no meio extracelular atacam a membrana eritrocitaria
causando varias alteragdes oxidativas, tais como formacao de perdxidos lipidicos, redugdo da
deformabilidade, mudancas na morfologia, ligacdo cruzada e fragmentagdo de proteinas,
hemolise e alteragdes no metabolismo intracelular. Neste estudo, os danos oxidativos serdo

avaliados pela percentagem de hemolise.

Pretende-se assim estudar o papel protector dos extractos metanolicos obtidos de folhas e
frutos de C. oblonga relativamente aos danos oxidativos induzidos pelo AAPH em eritrocitos
humanos. Dada a reconhecida actividade antioxidante das folhas de cha verde (Camellia
sinensis), outro objectivo deste trabalho ¢ o de comparar a actividade dos extractos de folha

de marmeleiro com a do cha verde.
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1.2 Plano geral

A presente monografia encontra-se estruturada em sete capitulos.

No presente Capitulo procedeu-se ao enquadramento da monografia e apresentaram-se os

objectivos do trabalho.

Nos Capitulos 2 e 3, “Espécies oxidantes” e “Sistemas de defesa antioxidantes”, faz-se uma
revisdo da literatura no que concerne aos fundamentos tedricos e a importancia do balanco

entre as espécies pro-oxidantes e sistemas antioxidantes na saude humana.

No Capitulo 4, “O eritrocito como modelo in vitro para avaliagdo da actividade antioxidante”,
¢ apresentado o modelo experimental escolhido para a realizagdo do estudo do efeito

antioxidante da espécie C. oblonga.

A “parte experimental” é apresentada no Capitulo 5 na forma de duas publicagdes cientificas.
De salientar que os resultados apresentados na publicacdo de Costa et al. (2009) referentes a
determinagdo do perfil fendlico e avaliagdo do poder antioxidante dos extractos metanolicos
da folha de C. oblonga através do estudo do efeito protector na danificagdo oxidativa em
eritrocitos humanos foram obtidos no ambito do trabalho de investigacdo realizado na

presente monografia.

No Capitulo 6, “Consideracdes finais e conclusdes”, faz-se a sinopse deste trabalho.

Por ultimo, no Capitulo 7 ¢ apresentada uma listagem de todas as referéncias bibliograficas

citadas ao longo do texto.
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I1. Espécies oxidantes
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2.1 Radicais livres e espécies oxidantes

O termo “radical livre” ¢ frequentemente usado para designar qualquer atomo ou molécula
com existéncia independente, contendo um ou mais electrdes desemparelhados (Tabela 1). E
esta configuragdo que torna os radicais livres moléculas altamente instaveis, quimicamente
muito reactivas ¢ com um tempo de semi-vida curto (Ternay e Sorokin, 1997; Halliwell e

Gutteridge, 1990).

Radicais livres

0, Radical superdxido

HO,’ Radical hidroperoxilo

HO’ Radical hidroxilo

RO’ Radical alcoxilo

ROO’ Radical peroxilo

NO’ Radical mondxido de azoto
NO,’ Radical didxido de azoto

Tabela 1 — Exemplos de espécies radicalares

Os radicais livres sao gerados continuamente durante os processos metabolicos, tendo como
principal fonte os organelos citoplasmaticos que metabolizam o oxigénio e o azoto. No

entanto, a producao excessiva de radicais livres pode levar a diversas formas de dano celular.

O alvo celular dos radicais livres (proteinas, lipidos, DNA) estd relacionado com o local de
formagdo. O radical hidroxilo (HO") mostra uma pequena capacidade de difusdo e é o mais
reactivo na indugdo de danos oxidativos nos componentes celulares. Assim, o HO" ataca
moléculas proximas ao local onde ¢ formado, essencialmente lipidos. Este radical ¢ capaz de
abstrair um hidrogénio das duplas ligagdes dos acidos gordos presentes nas membranas
celulares, iniciando-se assim o processo de peroxidagao lipidica. No caso do radical peroxilo,
este tem um tempo de semi-vida mais longo, o que significa que poderd sair do local onde ¢

produzido e exercer o seu efeito toxico noutros alvos celulares (Myers, 1997).
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2.1.1 Espécies Reactivas de Oxigénio (ROS)

O conceito de “espécies reactivas de oxigénio” ¢ mais amplo e abrange ndo apenas os radicais
livres de oxigénio mas também espécies quimicas ndo radicalares com potencial oxidante. As
espécies reactivas de oxigénio que apresentam maior relevancia em sistemas biologicos sao

apresentadas na Tabela 2 (Halliwell e Gutteridge, 1999).

Radicais livres

0, Radical superdxido

HO,’ Radical hidroperoxilo

HO’ Radical hidroxilo

RO’ Radical alcoxilo

ROO’ Radical peroxilo
Espécies nao radicalares

o, Oxigénio singuleto

H,0, Peré6xido de hidrogénio

HCIO Acido hipocloroso

O3 Ozono

Tabela 2 — Espécies reactivas de oxigénio

Estas espécies sdo geradas em varios processos no nosso organismo, nomeadamente na cadeia
respiratdria mitocondrial, via xantina oxidase, via NADPH oxidase em células fagociticas, via
sintese de prostaglandinas no reticulo endoplasmatico liso € no sistema enzimatico citocromo

P450 (Myers, 1997; Acworth et al., 1997).

O radical superdxido (O,") é formado pela adi¢do de um electrdo a molécula de oxigénio no
estado fundamental (Figura 1). Com apenas mais um electrao adicionado a este radical, surge
o anidio perdxido (0,%), que aquando a adicdo de outro electrio forma o radical hidroxilo
(HO"). Por fim, se o oxigénio molecular consumido na cadeia respiratoria mitocondrial for

reduzido pela adi¢do simultdnea de quatro electrdes forma-se a d4gua (Acworth et al., 1997).
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0,—<» 0,” 2t H O, < , HO H*ey H,0

Radical Peroxido de Radical
superéxido hidrogénio hidroxilo

Figura 1 — Formagao de espécies reactivas de oxigénio por redugdo do oxigénio molecular

O perdxido de hidrogénio apesar de nao ser considerado um radical livre, pois apresenta a sua
orbital externa emparelhada, ¢ capaz de inactivar enzimas, principalmente por oxidacdo de
grupos tidis essenciais. No entanto, a sua toxicidade deve-se em grande parte a conversao no
radical hidroxilo na presenca de metais de transi¢do (M), como o ferro e cobre, presentes na
célula através da reacgao de Fenton (Reaccdo 1) e pela interac¢do com o radical superdxido na

reaccao de Haber-Weiss (Reaccdo 2) (Acworth et al, 1997).

M™ + H,0, —» M"Y+ HO + OH (Reacgdo 1)

0," +H,0, £& HO +OH + 0, (Reacgdo 2)

Apesar do radical superdxido nao ser um radical muito reactivo, ¢ considerado toxico uma vez
que esta envolvido na formagdo de outras ROS bastante reactivas, nomeadamente o radical
hidroxilo através da reaccdo de Haber-Weiss (Reac¢do 2) e o anido peroxinitrito (ONOQO") por

reac¢do com o monoéxido de azoto (Reacgdo 3).

0,"+NO" — ONOO (Reacgdo 3)

O radical hidroxilo ¢ extremamente reactivo, podendo levar a um efeito de extrema
toxicidade, via, por exemplo, peroxidagdo dos lipidos das membranas celulares e quebra e

modificag¢ao das bases de DNA levando a alteragcdes na expressao genética (Richter, 1997).
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2.1.2 Espécies Reactivas de Azoto (RNS)

Dentro das espécies reactivas de azoto incluem-se o mondxido de azoto (NO), 6xido nitroso
(N203), acido nitroso (HNO,), nitritos (NO;'), nitratos (NO;) e peroxinitritos (ONOQO")
(Halliwell e Gutteridge, 1999). O radical NO™ pode ser gerado a partir da L-arginina por acgio
da enzima sintetase do monoxido de azoto (NOS) (Acworth et al., 1997). O monodxido de
azoto ndo ataca directamente 0 DNA, mas pode reagir com o anido superoxido formando o
peroxinitrito. E o peroxinitrito que pode sofrer reac¢des secundarias, formando compostos
capazes de nitrar aminoacidos aromaticos, como por exemplo a tirosina gerando a
nitrotirosina, e as bases do DNA, em particular a guanina, no qual o produto principal ¢ a 8-

nitroguanina (Eiserich et al., 1996; Barreiros et al., 2006).

2.2 Lesao oxidativa induzida por radicais livres

2.2.1 Stresse oxidativo

A formacgao de radicais livres in vivo ocorre através da acc¢ao catalitica de enzimas, durante os
processos de transferéncia de electrdes que ocorrem no metabolismo celular, e pela exposicao
a factores exogenos, tais como as radiacdes gama e ultravioleta, medicamentos, dieta e tabaco.
Contudo, a concentracdo destes radicais pode aumentar devido a um aumento de produgdo
intracelular ou pela deficiéncia dos mecanismos antioxidantes (Cerutti et al., 1994; Bianchi e
Antunes, 1999). Quando o balanco normal entre as espécies pro-oxidantes e antioxidantes &
deslocado com favorecimento dos primeiros, a célula entra numa situagdo de stresse
oxidativo. A ocorréncia de stresse oxidativo moderado ¢ frequentemente acompanhado do
aumento das defesas antioxidantes enzimaticas, mas a produ¢do de uma grande quantidade de

radicais livres pode causar danos irreversiveis e morte celular.

Os radicais livres podem reagir com diversas macromoléculas celulares, tais como acidos
nucleicos, lipidos ou proteinas, o que resulta na formagao de diversos produtos de oxidagao

(Figura 2). Deste modo, o stresse oxidativo pode estar envolvido em processos de
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mutagénese, carcinogénese, processos inflamatodrios, envelhecimento, aterosclerose, entre

outros.

Pathological Xenobiotics
disorder

R
+ / Free radicals
. R
Metabolic
0Oy
processes \ /
[0 A
reactive oxygen

————= Antioxidants
/ species T~ Oxidated H,N._ COOH

, OH’, '0,

Oxidated i ) »
nucleic acids // amino acids ?:’H”
¢ OH
Oxidated
nucleotides H,0;
2 o-tyrosine
N
EJNI > OH
H,N o Y OH

8-hydroxy-guanosine

R = COOH
o lipid peroxides &

/\r/=\=/\= R OH OH
N
OH OOH
A 8-isoprostane
0O°N l (8-epi-PGF,)
thymidine glycol alkanes aldehydic
products
conjugated
dlenes
\ o,-unsaturated
aldehydes
i n-aldehydes
Ly oH
- 0 R )\N 0]

malondialdehyde
frans-4-hydroxyalkenal

Figura 2 — Produtos da danificagdo oxidativa induzida por radicais livres (adaptado de Zwart

etal., 1999)

2.2.2 Peroxidacao lipidica

A peroxidacao lipidica ¢ a consequéncia mais estudada do stresse oxidativo. Os radicais livres
sdo os responsaveis pelo inicio deste processo (Figura 3). Quando um radical livre (como por
exemplo o HO") contacta com estruturas como as membranas celulares, constituidas por

lipidos insaturados, hd abstraccdo de um hidrogénio das duplas ligacdes dos &cidos gordos,

10
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iniciando-se assim o processo de peroxidagdo lipidica. O radical lipidico formado (L") é
convertido sucessivamente a radical peroxilo (LOO) pela entrada de O,, a hidroperoxido
(LOOH) e radical alcoxilo (LO") pela reacgdo de Fenton. A consequente fragmenta¢do da
origem a hidrocarbonetos como o etanol e a aldeidos como o 4-hidroxinonenal ¢ o
malonildialdeido. Este processo propaga-se ciclica e continuamente, dado que estdao
constantemente a formar-se radicais lipidicos (L"). O termo do processo ocorre quando ha
uma condensagdo de radicais ou a intervencdo de sistemas de defesa antioxidantes

enzimaticos e nao enzimaticos.

Como consequéncias da peroxidacao lipidica pode ocorrer alteragdo da fluidez,
permeabilidade e integridade das membranas e “cross-linking” das proteinas das membranas

celulares.

11



Estudo do efeito protector da espécie Cydonia oblonga Miller na danifica¢do oxidativa em eritrocitos humanos

H\ /H
N — R Liido
HO. . . ~
Iniciacao
HyO  Abstracgdo do Hidrogénio
H
ol R
— — — Radical Lipidico (L)
l Conjugagio do Dieno
H
loz Adigio do Oxigénio Propagacao
PN M/R . Lo . .
/c\ 7 N— — Radical Lipidico Peroxilo (LOO')
0—0 H LH
KL, Abstraccdo do Hidrogénio
N S R g e
/C\ 7 e — Hidroperoxido Lipidico
H—0—0 H 2+
Fe
HO <_/l<\ “ Reacgdo de Fenton
Fe R
/\C\J/\=/\=/ Radical Lipidico Alcoxilo (LO')
-O/ H
l Fragmentagao
e R ido Lipidi
/C\ e R Aldeido Lipidico
o H
Finalizacao

LOO’/L" + Vit E — Vit E'+ LOOH/LH
LOOH + GSH — LOH + GSSG +H,0O
LOO’+LOO" — LO + LOH + O,
LOO"+R"— LOOR

Figura 3 — Representagdo esquematica das etapas e dos radicais livres envolvidos no processo

de peroxidagao lipidica
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2.2.3 Danificacao do DNA

Os danos oxidativos causados por ROS e RNS envolvem a alteracdo de bases (oxidagdo e
desaminacdo), perda de bases, fragmentacao e ligagdes cruzadas no DNA, desempenhando
um papel importante nos processos de mutagénese e de carcinogénese (Poulsen et al., 1998;

Richter, 1997).

Dada as diferencas existentes na reactividade das ROS/RNS, o padrdo da lesio no DNA
depende da natureza da espécie em questdo (Richter, 1997). Assim, o O, e o HyO, ndo
reagem directamente com o DNA, mas sdo espécies importantes na geracdo do radical
hidroxilo catalizada por metais. O radical HO" reage com as 4 bases do DNA, com formagio
de varios produtos caracteristicos, entre os quais a 8-hidroxiguanina (8-OHG) (Figura 4). Esta
base modificada também pode ser formada pela reacgio do 'O, com o DNA. O NO' e
espécies analogas causam essencialmente desaminagdes no DNA, mas o ONOO™ causa um

padrio de dano similar ao induzido pelo radical HO™ (Richter, 1997).

O radical hidroxilo pode igualmente reagir com a desoxirribose (Figura 4). O ataque ocorre
por abstrac¢cdo de um dos atomos de hidrogénio do carbono 1, 2 ou 4 do residuo de agucar, o
que leva quase sempre a ruptura da cadeia de DNA tendo como principais produtos a 5’-8-
ciclo-2’-desoxiadenosina (8-OHdA) e a 5’-8-ciclo-2’-desoxiguanosina (8-OHdG) (Richter,
1997).
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Figura 4 — Principais produtos da oxida¢cdo do DNA por ROS e RNS. B, base do DNA; dR,
desoxirribose (adaptado de Barreiros et al., 2006).

2.2.4 Oxidacao de proteinas

E j4 bem conhecido que a exposicio de proteinas a ROS leva a alteragdo das cadeias laterais

de residuos de aminodacidos, conversdo das proteinas em formas de elevado peso molecular
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(ligagdes cruzadas entre proteinas) e fragmentagdo da cadeia peptidica (Stadtman e Berlett,

1997), alterando a func¢ao dessas proteinas (Levine et al., 1990).

O HO’ pode reagir na cadeia lateral, onde ataca preferencialmente a cisteina, histidina,
triptofano, metionina e fenilalanina, e, em menores propor¢des, arginina e¢ asparagina. Os
ataques aos aminoacidos que compdem as proteinas podem gerar danos como clivagens de
ligagdes com ou sem geracdo de fragmentos e ligagdes cruzadas, o que pode ter como
consequéncia a perda de actividade enzimatica, dificuldades no transporte activo através das
membranas celulares e morte celular. O ataque ocorre por adi¢do do radical ou por abstrac¢ao
de hidrogénio. Todos os aminoacidos podem sofrer abstrac¢do do hidrogénio do carbono Ca
ligado ao grupo carboxilico e ao grupo amina. Essa abstrac¢do, com excepg¢do da glicina, leva
a perda de CO, e formagdo de um carbono radicalar, o qual reage com o O, dando origem a
um radical peroxilo. Este radical ¢ posteriormente responsavel pela clivagem da cadeia

polipeptidica (Stadtman e Berlett, 1997).
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III. Sistemas de defesa antioxidantes
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A producdo continua de radicais livres durante os processos metabolicos levou ao
desenvolvimento de muitos mecanismos de defesa antioxidante para limitar os niveis
intracelulares e impedir a indu¢do de danos (Sies, 1993). Segundo Halliwell e Gutteridge
(1995), um antioxidante pode ser definido como “qualquer substancia que, quando presente
em baixas concentracdes, comparadas as de um substracto oxidavel, retarda ou previne
significativamente a oxidacdo desse substrato”. Estes agentes que protegem as células dos
efeitos dos oxidantes podem ser classificados como antioxidantes enzimaticos ou nao
enzimaticos (Bianchi e Antunes, 1999). Estes mecanismos incluem antioxidantes endogenos
(glutationa, vitamina A, C e E, 4cido Urico) e enzimas antioxidantes, como a catalase,

superoxido dismutase, glutationa peroxidase, glutationa redutase e glutationa S-transferase

(Tabela 3).

Agentes ndo enzimaticos

Agentes enzimaticos

Vitamina E
Vitamina C
Glutationa
[-caroteno

Acido urico

Flavonoides

Acidos fendlicos

Proteinas especificas para metais

Superoxido dismutase
Catalase

Glutationa peroxidase
Glutationa redutase
Glutationa-S-transferase

Tiorredoxina

Tabela 3 — Principais agentes de defesa antioxidante

Os agentes antioxidantes protegem os organismos de quatro formas possiveis (Sies, 1993;

Bianchi e Antunes, 1999):

(1) impedindo a formagao dos radicais livres;

(i1) interceptando os radicais livres formados pelo metabolismo celular ou por fontes

exdgenas;
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(ii1) reparando as lesdes causadas pelos radicais;

(iv) e ainda por vezes proporcionando uma adaptacdo do organismo em resposta a

geracdo desses radicais, com o aumento da sintese de enzimas antioxidantes.

3.1 Antioxidantes enzimaticos

3.1.1 Superoxido dismutase

A superdxido dismutase (SOD) encontra-se presente em todos os tecidos, sendo a sua
actividade particularmente elevada no figado e rim (Somani et al., 1997). Esta enzima protege
as células aerdbias da ac¢do do radical superdxido, catalisando a conversao deste em perdxido

de hidrogénio (Reaccao 4).

20, +2H" 595, H,0,+ 0, (Reacgdo 4)

Pode conter diferentes grupos prostéticos metalicos, sendo os mais comuns o cobre € 0 zinco
presentes na enzima citoplasmatica e 0 manganés presente na enzima mitocondrial (Somani et

al., 1997).

3.1.2 Catalase

A catalase ¢ uma enzima citoplasmdtica, presente nos peroxissomas, que cataliza a
decomposicdo do perdxido de hidrogénio a agua. Encontra-se no figado em niveis

relativamente elevados (Somani et al., 1997).

A catalase exerce uma dupla func¢do: (i) decomposicdo de H,O,, originando O, (actividade
catalitica) (Reacgdo 5) e (ii) oxidagdo de dadores de H, como ¢ o caso do metanol, acido

formico e fenois, com o consumo de peroxido (actividade peroxidica) (Reacgdo 6).

2H,0, —Stlise o HH,0+ 0, (Reacgdo 5)
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ROOH + AH, _Catalase H,O + ROH + A (Reacgdo 6)

Tem a mesma ac¢do que a glutationa peroxidase ao metabolizar o peroxido de hidrogénio,
mas ¢ mais activa que esta quando as concentragdes de H,O, sdo da ordem dos milimolar

(Somani et al., 1997).

3.1.3 Glutationa peroxidase

A glutationa peroxidase (GPx) ¢ uma enzima dependente do selénio, que tem como fungdo
metabolizar o peroxido de hidrogénio (Reacg¢do 7) e os hidroperdxidos organicos (ROOH)
(Reaccdo 8). Nesta accdo, a GPX utiliza a glutationa (GSH) como cofactor (Somani et al.,

1997).

2GSH + H,0, -2 GSSG + 2H,0 (Reaccdo 7)

2GSH + ROOH —S™ , ROH + H,0 + GSSG  (Reacgdo 8)

Esta enzima encontra-se em grandes quantidades quer no citoplasma quer na mitocondria. E
importante realcar que a nivel mitocondrial ndo existe catalase e, por isso, a glutationa
peroxidase exerce ai um papel fundamental na metabolizacdo do perdéxido de hidrogénio
(Halliwell e Gutteridge, 1999). No citoplasma a GSHPx ¢ mais activa que a catalase para

concentragdes de peroxido de hidrogénio da ordem dos micromolar (Kaul e tal, 1993).

3.1.4 Glutationa redutase

A glutationa redutase (GR) ¢ uma enzima citosolica essencial na manutencdo do quociente
GSH/GSSG, regenerando a glutationa na forma reduzida a partir da sua forma oxidada,

utilizando o NADPH como cofactor (Reacgao 9) (Halliwell e Gutteridge, 1999).
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GSSG + NADPH + H' —S® 5 2GSH + NADP™ (Reacgdo 9)

3.1.5 Glutationa-S-transferase

A glutationa-S-transferase (GST) ¢ uma familia de isoenzimas que catalisa a conjugacdo da

GSH com compostos electrofilicos (Reacc¢ao 10) (Salinas e Wong, 1999).

RX +GSH —5L  RSG +HX (Reacgdo 10)

O figado ¢ particularmente rico nesta enzima, que ¢ maioritariamente citosolica, embora
também se encontre ligada a membranas (Halliwell e Gutteridge, 1999). A GST possui
multiplas fun¢des no metabolismo enddgeno de xenobioticos, além de poder funcionar como
transportadora de proteinas celulares, tais como o grupo heme, a bilirrubina, entre outros

(Halliwell e Gutteridge, 1999).

3.1.6 Tiorredoxina

No sistema tiorredoxina incluem-se as reac¢des catalisadas pelas enzimas oxirredutases:
tiorredoxinas e tiorredoxina redutase (Figura 5) (Nordberg e Arner, 2001). As tiorredoxinas
(TR-(SH),) doam equivalentes redutores para proteinas, GSSG, H,0,, ficando desta forma
oxidadas (TR-SS) e sdo em seguida reduzidas pela tiorredoxina redutase (TRR). Esta enzima
utiliza NADPH para reduzir pontes de dissulfureto da tiorredoxina. Varios outros substractos
podem ser reduzidos pela TRR, tais como o acido desidroascorbico, hidroperoxidos lipidicos,

GSSG, H,0,, peroxirredoxinas e outras proteinas oxidadas.

As glutarredoxinas (GRO-(SH),) sdo tiorredoxinas que contém um dissulfureto redox activo e
um local de ligacdo para GSH e juntamente com NADPH, glutationa redutase ¢ glutationa

formam o principal sistema oxirredutase de dissulfuretos proteicos (Nordberg e Arner, 2001).
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THIOREDOXIN GLUTAREDOXIN
PATHWAY PATHWAY
Prot,-SH + Prot,-SH
W Prot,-SH + Prot,
Pmt.-SS-Pml.Flm“ /— \‘ > Loy iy Prot-5SG Prot-SH + GSH
Prot-Met=0 Prot-Met + H,0

TR-{SH], TR-55 GRO[SH], GRO-55

TRR-85 TRR{SH], fet:Eote] 2G5H

NADPH + H* MADP GR-[SH], GR-5%

NADF* NADPH = H*

Figura 5 — Mecanismo de actuacdo do sistema tiorredoxina (adaptado de Klaassen, 2001)

Por fim, ¢ importante salientar que as enzimas antioxidantes apresentam cooperacao sinérgica
para manter os niveis de ROS dentro de limites fisiologicos, tal como esquematizado na
Figura 6. A catalase e a SOD actuam principalmente em regides hidrofilicas, enquanto o
sistema GPx protege regidoes hidrofobicas, com especificidade para peroxidos lipidicos
(Michiels et al., 1994). O sistema tiorredoxina protege amplamente os componentes celulares

e auxilia as demais enzimas na manutengao do estado redox celular (Nordberg e Arner, 2001).
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G-6-P Dehydrogenase
G-6-P ll 6-Phosphogluconate

GSH

GSSG
»©® :
\ e Catalase

Free Radical
Intermediate

Figura 6 — Interligacdo das funcdes dos agentes antioxidantes enzimaticos

3.2 Antioxidantes nao enzimaticos endégenos

Além das enzimas ja referidas acima, a célula contém também substancias antioxidantes que

lhe conferem proteccao contra as espécies reactivas de oxigénio e de azoto.

3.2.1 Glutationa

A glutationa (y-glutamilcisteinilglicina) ¢ um antioxidante hidrossoluvel, reconhecido como o
tiol ndo proteico mais importante nos sistemas vivos (Sies, 1999). E sintetizada no organismo
e trata-se de um tripéptido linear, constituido por trés aminoacidos: glicina, acido glutamico e
cisteina, sendo o grupo tiol (-SH) deste ultimo o local activo responsavel pelas propriedades

bioquimicas da molécula (Figura 7) (Sies, 1999).
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NH,H H CH, H

OH H H H (0] H H Ol H H OH

GLUTAMATO CISTEINA GLICINA

Figura 7 — Estrutura da glutationa

Trata-se de um tripéptido pouco comum devido a ligacdo entre o NH» do residuo de cisteina e
o carboxilo gama do acido glutdmico, que o torna resistente a degradacdo pelas peptidases,
excepto pela y-glutamiltranspeptidase, situada especialmente em algumas membranas

celulares, nomeadamente nos rins, pancreas, intestinos e figado.

Existe, na maioria das células, em concentra¢des compreendidas entre 1 ¢ 8§ mM, sendo o
figado o 6rgdo mais rico neste tripeptideo (Halliwell e Gutteridge, 1999). Ao nivel
mitocondrial parece ter a sua propria “pool”, de importancia crucial na proteccdo da
mitocondria da ac¢do das ROS. Ao nivel extracelular a concentracdo de GSH ¢ da ordem de

5-50 uM (Griffith, 1999).

Pode encontrar-se na forma reduzida (GSH) ou dimerizada (GSSG, forma oxidada da GSH).
Em situagdes normais a GSSG representa apenas uma pequena frac¢do da glutationa total
(menos de 10%) (Halliwell e Gutteridge, 1999). No entanto, em situacdes de stresse
oxidativo, o quociente GSH/GSSG pode estar diminuido, uma vez que a GSH ¢ consumida
com formag¢dao de GSSG. A GSH pode, no entanto, também formar dissulfuretos do tipo

GSSR com o tiol da cisteina presente em proteinas (Sies, 1999).

23



Estudo do efeito protector da espécie Cydonia oblonga Miller na danifica¢do oxidativa em eritrocitos humanos

A GSH ¢ sintetizada em dois passos, catalisados pela y-glutamil-cisteina-sintetase e pela
glutationa-sintetase (Sies, 1999). Este processo ocorre essencialmente no figado, sendo a GSH

exportada, através da circulagdo sanguinea, para todos os tecidos.

A glutationa estd omnipresente na célula onde tem um papel crucial na (i) metabolizagdo do
H,0, e outros hidroperoxidos (ROOH) como cofactor da GPx; (ii) na metabolizacdo de
xenobioticos como cofactor da GST; (ii1) no co-transporte de xenobidticos para o exterior da

célula e (iv) e na desactivagdo de radicais (Halliwell e Gutteridge, 1999).

A glutationa pode reagir com as espécies reactivas de oxigénio de duas formas (Sciuto, 1997):

-actuar como redutor, originando GSSG e H,0, mediante reacgao catalisada pela enzima

glutationa peroxidase (Reacgdes 7 e 8);

-ou reagir directamente com os radicais, com transferéncia do electrdo livre para a GSH,

levando a formagéo do radical livre glutationilo (GS") (Reacgédo 11).

GSH+R'— GS'+RH (Reacgdo 11)

O R’ pode ser um HO", RO", ROO’, radicais com centro de carbono ou o oxigénio singuleto

('0,).

Posteriormente, o radical GS’ pode dimerizar e formar GSSG (Reacgio 12).

GS'+GS" — GSSG (Reacgdo 12)

Por fim, a glutationa oxidada pode ser regenerada a GSH pela enzima glutationa redutase

(Reacgao 9).
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O ciclo redox da glutationa (Figura 8) constitui o meio de defesa antioxidante mais importante

usado pelas células.

Substrato NADH NADPH GSH ROH
H,0
Glutations redutase Glutationa perm(idasc
Substrato NAD* NADP* GSSG H,0,
oxidado ? ROOH
ATP

Figura 8 — Ciclo redox da glutationa

Adicionalmente, a glutationa funciona como sequestrador nucleofilico de véarios compostos e
dos seus metabolitos, através de mecanismos quimicos e enzimaticos (mediado pela
glutationa-S-transferase), ligando-se covalentemente a centros electrofilicos (Reacgao 13)

(Sciuto, 1997).

RX + GSH — RSG + HX (Reacgdo 13)

A glutationa ¢ importante para a redugdo de dissulfuretos proteicos e sulfuretos mistos de
GSH e proteina, contribuindo assim para a manuten¢do do potencial redox celular e do

equilibrio sulfidrilo-dissulfureto proteico (Reac¢ao 14).

Proteina-SSG + GSH <« Proteina-SH + GSSG (Reacgao 14)

As fungdes de proteccdo da glutationa ndo podem ser atribuidas unicamente a presenca do
residuo de cisteina. A GSH estd também envolvida na regeneracdo da vitamina C e do a-

tocoferol e na inibi¢do da peroxidacao lipidica.
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A GSH serve também de reservatdrio nao toxico e nao rapidamente oxidavel de cisteina e
participa na biossintese de varios compostos enddgenos, nomeadamente prostaglandinas,

leucotrienos e estrogénios catecolicos.

Durante a sintese de DNA, a GSH ¢ necessaria para a reducdo de glutaredoxina, que por sua

vez fornece electroes a ribonucleotideo redutase.

Em suma, a GSH tem um papel muito importante na defesa celular e a sua deplecdo pode

resultar na exacerbacgdo da toxicidade induzida por ROS e RNS.

3.2.2 Vitamina C

A vitamina C, também conhecida como acido ascorbico (Figura 9), ¢ um antioxidante com
caracteristicas hidrofilicas, presente no citoplasma celular e no soro em concentracdes da

ordem das micromoles.

A vitamina C ¢ obtida através da dieta, uma vez que o organismo humano n3o a consegue
sintetizar. E, geralmente, consumida em grandes doses pelos seres humanos, sendo adicionada
a muitos produtos alimentares para inibir a formacdo de metabolitos nitrosos carcinogénicos.
Estudos epidemioldgicos atribuem a esta vitamina um possivel papel protector no

desenvolvimento de tumores nos seres humanos (Bianchi ¢ Antunes, 1999).

Possui caracteristicas que lhe sao conferidas pelo grupo enodiol:

Figura 9 — Estrutura do acido ascérbico
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As suas caracteristicas permitem-lhe actuar como agente redutor e assim reagir directamente
com as ROS, originando o 4cido dehidroascorbico (DHA) (Reacgdo 15) (Somani et al., 1997).
O DHA pode ser posteriormente reduzido a acido ascorbico por agentes redutores como a

glutationa (Reacc¢ao 16).

VitC+R" — VitC +R (Reacgdo 15)

2Vit C'+2H" — Vit C + DHA (Reaccdo 16)

A vitamina C pode também actuar indirectamente através da regeneracdo da vitamina E a

partir do radical tocoferilo (Reacc¢do 17) (Ternay e Sorokin, 1997; Liebler e Reed, 1997).

Tocoferol-O" + Vit C — Vit C* + Tocoferol-OH  (Reacgéo 17)

O efeito cooperativo entre as vitaminas C e E ¢ frequentemente mencionado, mostrando que a
accdo destas duas vitaminas € efectiva na inibi¢do da peroxida¢do dos lipidos da membrana e

na protec¢do do DNA (Bianchi e Antunes, 1999).

De notar, no entanto, que em experiéncias in vitro a vitamina C demonstrou actuar como pro-
oxidante (Liebler e Reed, 1997). Por exemplo, na presenca de ferro, a vitamina C quando em
baixa concentra¢do induz fortemente a peroxidacdo lipidica dada a sua capacidade para

reduzir metais de transi¢do, como por exemplo o Fe'" a Fe*" (Reaccdes 18 ¢ 19).

Fe'" + Vit C — Fe*™ + Vit C' + 2H" (Reacgdo 18)

Vit C" + Fe’" — Fe*" + DHA Reaccio 19
¢

onde o Fe** podera catalisar a reaccdo de Fenton, levando a formacdo do radical hidroxilo

(Reacgdo 1).
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3.2.3 Vitamina E

Quimicamente, a vitamina E ¢ uma mistura de quatro tocoferois e quatro tocotrienois
lipossoluveis (Figura 10), sendo o a-tocoferol o mais activo (Halliwell e Gutteridge, 1999;

Liebler e Reed, 1997).

R2

HO
a-tocopherol: R1 = R2 = CH,

B-tocopherol: R1 = H; R2 = CH,
R1 0] y-tocopherol: R1 = CH;; R2=H
d-tocopherol: R1 =R2 =H

CH

a-tocotrienol: R1 = R2 = CH,
B-tocotrienol: R1 = H; R2 = CH,
y-tocotrienol: R1 = CH;; R2=H
d-tocotrienol: R1 = R2 =H

Figura 10 — Estrutura dos tocoferdis (adaptado de Seabra et al., 2006)

O a-tocoferol ¢ uma molécula lipossoluvel presente nas membranas celulares e lipoproteinas
plasmaticas, com capacidade para quebrar a cadeia de radicais livres do processo de
peroxidagdo lipidica. Esta molécula apresenta um grupo hidroxilo fendlico na sua estrutura,
cujo atomo de hidrogénio ¢ facilmente abstraido por radicais peroxilo (LOO) e alcoxilo (L")

formados durante a peroxidacao dos lipidos das membranas (Reacgao 20).

a-tocoferol-OH + LOO’/L" — a-tocoferol-O° + LOOH/LH (Reacgéo 20)

28



Estudo do efeito protector da espécie Cydonia oblonga Miller na danifica¢do oxidativa em eritrocitos humanos

Desta forma, a vitamina E evita a reaccdo destes radicais com as cadeias de acidos gordos
poliinsaturados, prevenindo a peroxidagdo lipidica. O radical a-tocoferilo (a-tocoferol-O°)
formado ¢ pouco reactivo e pode originar dimeros ou ser regenerado a a-tocoferol pela

vitamina C, glutationa ou ubiquinol (Liebler e Reed, 1997).

Paradoxalmente, tratando-se de reacgdes de equilibrio, a vitamina E em concentragdes

elevadas pode actuar como pro-oxidante, originando peroxidacao lipidica.

3.2.4 B-caroteno e outros carotenoides

Os carotendides que incluem o a, 3, y e d-caroteno sdo antioxidantes lipossoluveis abundantes
em plantas verdes, cenouras e outros vegetais. O -caroteno ¢ o mais importante precursor da

vitamina A (Ternay e Sorokin, 1997).

Figura 11 — Estrutura do B-caroteno (adaptado de Seabra et al., 2006).

Estes compostos reagem directamente com as ROS e os radicais lipidicos peroxilo e alcoxilo

formados durante a peroxidacao lipidica e apresentam algum sinergismo com a vitamina E.

3.2.5 Acido Urico

O 4cido urico (Figura 12) ¢ o produto do metabolismo das purinas:

Guanina — Xantina — Acido urico

Adenina — Hipoxantina — Xantina — Acido urico
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OH
-
OH
HOAN N

Figura 12 — Estrutura do 4cido trico

Nas concentragdes em que se encontra no plasma (124-450uM), o acido urico reage com os
radicais hidroxilo e peroxilo e reage também com o 4cido hipocloroso. Este composto liga-se
ao ferro e ao cobre, presentes na célula, em formas que ndo promovem as reacgdes

radicalares.

3.2.6 Proteinas especificas de licacio aos metais

Nos sistemas bioldgicos existem diversas proteinas que captam e armazenam metais na forma
ionizada, tais como o ferro e o cobre. Ao faze-lo, estas proteinas evitam a participagdo destes
metais na formagdo de ROS pela reaccdo de Fenton e Haber-Weiss. Para o ferro essas

proteinas sdo a ferritina, a transferrina e a lactoferrina e para o cobre ¢ a ceruloplasmina.

3.2.7 Compostos fenolicos

Os mecanismos endogenos de defesa, referenciados até aqui, podem ser auxiliados
favoravelmente com a introducdo de antioxidantes por meio da dieta (Brenna & Pagliarini
2001; Yildirim et al., 2002). Os alimentos, principalmente as frutas, verduras e legumes,
contém agentes antioxidantes, tais como as vitaminas, clorofilinas, os flavonoides, acidos
fenolicos, carotendides, curcumina e outros que sdo capazes de restringir a propagagdo das
reaccdes em cadeia e as lesdes induzidas pelos radicais livres (Stavric 1994; Fotsis et al. 1997;

Pool-Zobel et al.,1997).

Os compostos fenodlicos formam um dos maiores e mais diversos grupos de metabolitos
secundarios das plantas. A ac¢do antioxidante destes compostos assenta essencialmente no

elevado potencial que apresentam para sequestrar radicais livres, tais como, os radicais
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superoxido, hidroxilo e peroxilo (Halliwell, 2000; Yanishlieva-Maslareva 2001). Os
compostos fendlicos ndo reagem rapidamente com o peroxido de hidrogénio mas sdo capazes

de sequestrar o oxigénio singuleto e 4cido hipocloroso (Paya et al., 1992).

Uma outra propriedade dos compostos fendlicos ¢ a possibilidade de quelatarem ides
metalicos (Rice-Evans et al.,1995; Decker, 1997; Brown et al.,1998; Croft, 1998). No entanto,
esta capacidade podera conferir-lhes poder pré-oxidante na medida em que podem reduzir os

10es metalicos aumentando desta forma a formagdo de radicais livres via reac¢do de Fenton.

Adicionalmente, os compostos fendlicos podem ainda interagir sinergicamente com outros

antioxidantes como o acido ascorbico e o a-tocoferol (Croft, 1998; Liao e Yin, 2000).

Os compostos fenolicos podem ser divididos em dois grupos: os flavondides e os nao

flavondides, estando ambos presentes em frutas e vegetais.

=  Flavonoides

Os flavonoides sao pigmentos naturais de baixo peso molecular, com uma estrutura base C6-

C3-C6 (Figura 13) (Aherne e O’brein, 2002 ; Proencga da Cunha, 2005).

Figura 13 — Estrutura base e sistema de numeracdo geral dos flavondides

Dependendo da substituicdo e do nivel de oxidacdo do anel C, os flavonodides podem ser
divididos em 14 classes, sendo os que se incluem na dieta divididos essencialmente em 6

(Figura 14):
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e Flavonas - possuem um grupo carbonilo na posi¢do 4 ¢ uma ligacdo dupla entre as

posigdes 2,3. Exemplos: apigenina, luteoleina.

e Flavonodis - possuem um grupo carbonilo na posi¢do 4, um grupo hidroxilo na posi¢cao
3 e uma ligacdo dupla entre as posi¢des 2,3. Exemplos: quercetina, kaempferol e

quercitagetina.

e Flavanonas - possuem um grupo carbonilo na posicdo 4. Exemplos: miricetina,

hesperidina, naringina, naringenina.

e Flavandis - possuem um grupo hidroxilo na posicdo 3. Exemplos: catequina,

epicatequina.

e Antocianidinas - possuem um grupo hidroxilo na posicdo 3 e duas ligagdes duplas,
uma entre o atomo de oxigénio e o carbono 2 e outra entre os carbonos 3 e 4.

Exemplos: cianidina, petunidina, malvidina.

e Isoflavonas - possuem um grupo carbonilo na posi¢do 4 e o anel B encontra-se ligado
a restante molécula através do carbono 3. Podem ainda possuir uma ligacdo dupla

entre os carbonos 2 e 3. Exemplos: genisteina, coumestrol.
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Flavonas Flavonois oH Flavanonas

OH O
Apigenina Quercetina Naringenina
Flavanois Antocianidinas Isoflavonas

94
|
OH O O

(+)-catequina Cianidina Genisteina

OH

Figura 14 — Estruturas das principais classes de flavonoides presentes na dieta humana

(adaptado de Seabra et al., 2006)

Geralmente, os flavondides encontram-se na natureza sob a forma de glicosidos, o que
promove uma melhor absor¢do gastro-intestinal e uma maior biodisponibilidade destes
compostos. No entanto, os glicdsidos apresentam menor actividade anti-radicalar que a
aglicona correspondente (Rice-Evans et al., 1996, Hopia and Heinonen 1999, Fukumoto and
Mazza 2000), o que pode ser justificado, pelo menos em parte, pela sua maior hidrofilia, o

que dificulta o acesso do antioxidante a fase lipidica (Heim et al., 2002).

A actividade antioxidante dos flavondides depende da sua estrutura quimica, estando
associada as seguintes caracteristicas estruturais: (i) padrdo de substitui¢do orfo-di-hidroxi no
anel B (grupo catecol), (ii) ligacao dupla entre os carbonos 2 ¢ 3 e grupo carbonilo em 4, no
anel C, e (iii) grupos hidroxilo em 3, no anel C, e em 5 e 7, no anel A (Valentao, 2002, Silva,

2005; Silva et al., 2004) (Figura 15).
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Figura 15 — Relagao estrutura-actividade antioxidante dos flavondides (adaptado de Valentao,

2002).

As propriedades antioxidantes dos flavondides prendem-se sobretudo com a sua capacidade
de sequestrar os radicais livres (Decker, 1997). Estes actuam como antioxidantes na
inactivagdo dos radicais livres nos compartimentos celulares lipofilicos e hidrofilicos, dada a
capacidade destes compostos de doar atomos de hidrogénio e, desta forma, inibir as reac¢des
em cadeia provocadas pelos radicais livres (Hartman et al., 1990; Arora et al., 1998). Como
mostra a Figura 16, a oxidagdo do flavonoide por um radical livre (R") origina um radical

flavonoide relativamente estavel devido a estabilizagdo do electrao desemparelhado.

Flavonoide (OH) + R" — Flavondide (O') + RH

Figura 16 — Sequestrag@o de radicais livres por flavonoides

Este radical flavondide pode reagir com um segundo radical (R") tal como demonstrado na

Figura 17 para a quercetina (Rice-Evans et al., 1996, Pietta, 2000, Seabra et al., 2006).
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LOO" LOOH HoO

Hydrogen bond
stabilized semiquinone

OH
’//0
HO N>
-
'\\
e
extended paraquinone orthoquinone

Figura 17 — Mecanismo de ac¢@o antioxidante da quercetina (adaptado de Dai et al., 2006).

Sabe-se ja ha alguns anos que existem flavondides com uma actividade muito mais potente
que a vitamina C ou E, como os encontrados no cha verde ou no vinho tinto. Estes compostos
tém uma vasta gama de efeitos protectores tais como anti-inflamatdrios, prevencdo da
oxidacdo de lipoproteinas de baixa densidade, e ac¢do antihipertensiva, antitrombodtica e

carcinostatica (Middleton et al., 2000).

As catequinas, principais constituintes do cha verde, possuem uma das mais elevadas
actividades antioxidantes determinadas, pelo que tém sido sugeridos efeitos protectores tais
como anti-inflamatdrios, prevengdo da oxidagdo de lipoproteinas de baixa densidade e ac¢do
antihipertensiva, antitrombotica e carcinostatica (Nijveldt et al., 2001). Os extractos obtidos
das folhas de cha verde tém uma actividade antioxidante potente que resulta sobretudo da
presenca dos seguintes flavanois: epigalhocatequina galhato (EGCG), epigalhocatequina
(EGC), epicatequina galhato (ECG), epicatequina (EC), galhocatequina galhato (GCG),
galhocatequina (GC) e catequina (C) (Borse et al., 2007). Estas catequinas sdo sequestradores
eficazes de radicais livres, sendo mais potentes as que possuem uma molécula de galhato em

C3 (Rice-Evans e Miller, 1996) e uma estrutura trihidroxi no anel B (Nanjo et al., 1996).
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Viarios estudos epidemiologicos e pré-clinicos sugerem fortemente que a ingestdo de cha
verde diminui o risco de cancro e doenga cardiovascular (Dreosti et al., 1997; Tijburg et al.,
1997). Outros efeitos benéficos para a saude também ja foram reportados tais como anti-

inflamatorios e anti-tromboticos.

= Niao flavonoides

Os compostos fenolicos ndo flavonodides incluem os 4cidos fenolicos, as cumarinas, os
taninos, os estilbenos e os lignanos. Dentro deste grupo, os acidos fendlicos sdo os mais
abundantes na natureza, estando presentes em frutos e vegetais. Estes compostos estdo
divididos em dois grupos: os derivados do acido hidroxicindmico e os derivados do acido

hidroxibenzoico (Figura 18) (Degéspari et al., 2004).

Phenolic acids

Benzoic acid derivatives Cinnamic acid derivatives
R R
/ COOH
HO COOH HO
R' R’

R=R'=H; p-hydroxybenzoic acid R = R' = H; p-coumaric acid
R = OH, R' = H; protocatechuic acid R =OH, R' = H; caffeic acid
R = OCH;,, R' = H; vanillic acid R = OCH,, R' = H; ferulic acid
R =R'= OH; gallic acid R =R'= OCHj; sinapic acid

R =R'= OCHj; syringic acid

Figura 18 — Estrutura dos principais acidos fendlicos (adaptado de Seabra et al., 2006)

A posi¢ao e o nimero de grupos hidroxilo presentes nestes compostos sdo determinantes para
a sua actividade anti-radicalar (Figura 18). O hidroxilo do 4cido ferulico existente na posi¢ao
orto com o grupo metoxilo, dador de electrdes, constitui um factor que aumenta a estabilidade
do radical fenoxilo e bem como a eficiéncia antioxidante deste acido fenolico (Cuvelier et al,

1992). A presenga de um segundo hidroxilo na posi¢do orto ou para, também aumenta a
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actividade anti-radicalar. O efeito sequestrante do radical hidroxilo parece estar directamente

relacionado aos grupos hidroxilo localizados na posi¢ao para no anel aromatico.

Os 4cidos hidroxicinamicos, como os acidos sinaptico, ferulico e p-cumarico, sdo
antioxidantes mais eficazes do que os acidos hidroxibenzobicos, tais como acido procatéquico,
siringico e vanilico. Isso deve-se a dupla ligagdo presente na molécula dos derivados do acido
cindmico (-HC=CHCOOH) (Silva, 2005; Silva et al., 2004; Valentao, 2002), que participa da
estabilizacdo do radical por ressondncia de deslocamento do electrdo desemparelhado,
enquanto que os derivados do acido benzdico ndo apresentam essa caracteristica (Natella et

al., 1999).
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IV. O eritrécito como modelo in vitro para

avaliacao da actividade antioxidante
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4.1 O eritrocito humano

O eritrocito humano maduro ¢ uma célula simples, que vive aproximadamente 120 dias na
circulagdo periférica. A sua principal funcao ¢ transportar oxigénio para os tecidos através da

hemoglobina (Dacie e Lewis, 1995).

Durante o processo de diferenciagdo do eritrocito, a partir de células progenitoras da medula
Ossea, ocorre a perda, por exocitose, do nicleo e organelos citoplasmaticos, como o reticulo
endoplasmatico, mitocondrias e ribossomas. Dessa forma, o eritrocito maduro ¢ incapaz de
sintetizar proteinas, e ndo possui metabolismo aerdbio (Krukoski, 2006). A forma normal do
eritrocito € de disco biconcavo, com diametro de cerca de 8 um, com caracteristicas de

deformabilidade e superficie ideais para o transporte e trocas de gases com os tecidos.

A membrana tem um papel fundamental na manutencdo da forma do eritrdcito, sendo
constituida por 42% de lipidos, 52% de proteinas e 7% de carbohidratos. Entre os lipidos, o
colesterol e os fosfolipidos estdo organizados em bicamada, em quantidades quase
equimolares. A interacdo das proteinas do citoesqueleto (periféricas) com a bicamada lipidica
e com as proteinas integrais da membrana sdo responsaveis pela flexibilidade e

deformabilidade do eritrocito.

O eritrocito ¢ um excelente modelo experimental, dada a facilidade de obtengdo e preservagao
desta célula, bem como o interesse pelos processos fisiopatologicos que nele ocorrem.
Distarbios causados por alteragdes genéticas ou exposicdo a agentes externos quimicos e
fisicos podem levar a uma diminui¢@o na vida média do eritrdcito, muitas vezes relacionada a

processos oxidativos (Ferrali et al., 1992).

4.1.1 Sistema antioxidante do eritrocito

O eritrocito transporta grande quantidade de oxigénio de forma relativamente segura para a
sua integridade, gragas a um complexo sistema de defesa antioxidante, que previne a

acumulagdo de radicais livres e de outras espécies altamente reactivas. Estes mecanismos
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incluem os antioxidantes enzimaticos e os antioxidantes ndo enzimdaticos endogenos ja
referidos (Biswas et al., 2005). Entre estes, a glutationa tem um papel crucial na manutencao
do estado redox no eritrocito. Como referido anteriormente, a GSH tem como fun¢do manter
os componentes intracelulares no estado reduzido, especialmente proteinas e ides Fe*™ de
grupos heme. A GSH também actua como um nucleofilo, ligando-se covalentemente a centros
electrofilicos, € como cofactor da glutationa peroxidase, exercendo ai um papel fundamental
na metabolizagdo de peroxidos. Deficiéncia ou comprometimento nas enzimas deste
metabolismo, nomeadamente a glucose-6-fosfato desidrogenase, aumentam claramente a
susceptibilidade do eritrocito ao stresse oxidativo. Outras enzimas importantes sao a
superoxido dismutase (SOD), que forma peroxido de hidrogénio a partir do radical
superoxido, e a catalase, que remove o peroxido de hidrogénio formado. A hemoglobina auto-
oxidada pode ser convertida a desoxihemoglobina pela metahemoglobina redutase, uma
enzima NADH dependente (Krukoski, 2006). Os eritrocitos possuem ainda mecanismos
capazes de transferir equivalentes redutores através da sua membrana para o meio
extracelular. A actividade da oxirredutase transmembranar esta relacionada a manutengao do
estado redox de proteinas, neutralizacdo de agentes oxidantes externos e reciclagem da

vitamina E na membrana (May, 1999).

Compostos ndo enzimaticos de baixo peso molecular que actuam na remogao preventiva de
ROS e RNS também sdo muito importantes para a manuten¢ao do equilibrio redox na célula.
Pode-se citar compostos como os tocoferdis (vitamina E), compostos fenolicos, como os
flavonoides e acidos fendlicos, o acido ascorbico e quelantes de ferro. A vitamina E revela-se
mais eficaz na protec¢do da membrana das células e consequentemente na prevencdo de
hemolise oxidativa (May et al., 1998), especialmente na presenga de co-antioxidantes que a

regeneram continuamente, nomeadamente a vitamina C (Chan et al., 1999).

Compostos polifendlicos, como os flavonoides, também tém actividade antioxidante
comprovada, sendo capazes de entrar no eritrocito e inactivar radicais hidroxilo e peroxilo. Os
flavondides também sdo capazes de quelatar metais, podendo inibir o dano oxidativo

resultante da reaccao de Fenton (Ferrali et al., 1997).
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Desta forma, o eritrécito constitui um bom modelo experimental para o estudo in vitro quer
dos mecanismos de lesdo por radicais livres em membranas bioldgicas, quer para a

investigacdo do efeito protector de alguns compostos.

4.2 Danificacio oxidativa eritrocitaria

O eritrécito constitui um sistema celular adequado para o estudo dos efeitos de ROS e RNS,
em virtude da sua simplicidade estrutural, acessibilidade e vulnerabilidade dos seus
constituintes a oxidagdo. As principais estruturas eritrocitarias afectadas por estas espécies sao
os constituintes membranares e a hemoglobina. A membrana dos eritrocitos € rica em acidos
gordos insaturados sendo, por isso, muito susceptiveis a peroxidacao lipidica. As proteinas do
eritrocito também podem ser modificadas no processo oxidativo, sobretudo se possuirem

grupos sulfidrilo (-SH), ocorrendo uma acumulacao intracelular de proteinas desnaturadas.

A acg¢do dos radicais livres em membranas eritrocitarias pode levar a uma série de alteragdes
como formacgao de perdxidos lipidicos, reducdo da deformabilidade, alteracdo na morfologia
celular, fenomenos de cross-linking proteico, hemolise e alteracdes no metabolismo
intracelular (Shiva et al., 2007; Begum e Terao, 2002; Sato et al., 1995; Sandhu et al., 1992).
Estas alteracdes tém como principal consequéncia a diminui¢do do tempo médio de vida do

eritrocito.

4.3 Substancias oxidantes usadas como modelos experimentais

Diversas substancias t€ém sido usadas como modelos de agentes oxidantes para estudar o
mecanismo de injiria oxidativa em eritrocitos, tais como o peroxido de hidrogénio (Lii e
Hung, 1997), terc-butilhidroperdxido (Rice-Evans et al., 1985; Zou et al., 2001), primaquina
(Grinberg e Samuni, 1994) e hidrazinas (Biswas et al., 2005). Entre os agentes oxidantes
usados, o 2,2"-azo-bis(2-amidinopropano) (AAPH) tem sido largamente empregue como
gerador de radicais livres em estudos biologicos (Dai et al., 2006; Ma et al., 2000; Cai et al.,
2002; Shiva et al., 2007). O AAPH ¢ um composto azo hidrossolivel gerador de radicais

livres do tipo peroxilo por decomposi¢do térmica (a 37° C) unimolecular em taxa constante
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(Figura 19) (Sato et al., 1995; Lenfant et al., 2000). A geragao de radicais pelo AAPH ¢ tempo
e dose dependente (Sandhu et al., 1992; Sato et al., 1995; Lenfant et al., 2000; Zou et al.,
2001). Estes radicais gerados no meio extracelular atacam a membrana do eritrécito causando
varias alteragdes oxidativas, tais como formacdo de perdxidos lipidicos, reducdo da
deformabilidade, mudancas na morfologia, ligagdo cruzada e fragmentacao de proteinas,
hemolise e alteracdes no metabolismo intracelular. Essas alteragdes t€ém como principal

consequéncia a diminui¢ao do tempo de semi-vida do eritrocito.

HN CHz  CH3NH HN.  CHs HN  CHs
N=N—— Ny 2 (- 0, 2 Y»+too0.-
HoN CHy  CHgNH2 A HoN - CHj HoN - CH,4
(+ 2 HCI)
AAPH ROO -

Figura 19 — Reacg¢ao de oxidagdo do AAPH (adaptado de Dunlap et al., 2003)

A hemolise induzida pelo AAPH proporciona assim um bom modelo para o estudo de lesdes
oxidativas na membrana induzidas por radicais livres e pode ser caracterizada principalmente
por dois eventos: (i) a peroxidagdo lipidica, resultante do ataque dos radicais gerados pelo
AAPH aos lipidos insaturados da membrana do eritrécito e (ii) a redistribui¢do de proteina de
banda 3 oxidada na membrana, devido a sua alteracdo conformacional. Esta redistribuicao
leva a formacdo de poros hemoliticos e a forma caracteristica de disco biconcavo dos

eritrocitos ¢ alterada principalmente para formato esferocitico (Sato et al., 1995).
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V. Parte experimental: Estudo do efeito
protector da espécie Cydonia oblonga Miller na

danificacido oxidativa em eritrécitos humanos
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Evaluation of free radical-scavenging and antihemolytic activities of quince
(Cydonia oblonga) leaf: A comparative study with green tea (Camellia sinensis)
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This study aimed to determine the phenolic profile and to investigate the antioxidant potential of quince
(Cydonia oblonga) leaf, comparing it with green tea {(Camellia sinensis). For these purposes, methanelic
extracts were prepared and phenolics content of quince leaf was determined by HPLC/UV. The antioxi-
dant properties were assessed by Folin-Ciocalteu reducing capacity assay and by the ability to quench
the stable free radical 2,2'-diphenyl-1-picrylhydrazyl (DPPH) and to inhibit the 2,2"-azobis(2-amidino-
propane) dihydrochloride {AAPH}-induced oxidative hemolysis of human erythrocytes.
S-0-Caffeoylquinic acid was found to be the major phenolic compound in quince leaf extract. Quince
leaf exhibited a significantly higher reducing power than green tea {mean value of 227.8 +34.9 and
112.5 + 1.5 g/kg dry leaf, respectively). Quince leaf extracts showed similar DPPH radical-scavenging
activities (ECso mean value of 21.6 + 3.5 pgfml) but significantly lower than that presented by green
tea extract (ECsp mean value of 12.7 + 0.1 pg/ml). Under the oxidative action of AAPH, quince leaf meth-
anaolic extract significantly protected the erythrocyte membrane from hemolysis in a similar manner to
that found for green tea (ICsq mean value of 30.7 £ 6.7 and 24.3 £ 9.6 pg/ml, respectively, P > 0.05). These
results point that quince leaf may have application as preventive or therapeutic agent in diseases in
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Quince leaf
Hemalysis

Phenolic compounds
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which free radicals are involved.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Many plants have been known to produce biologically active
substances, some of which are related to special flavour or taste
and others are found to be useful as antioxidants and/or antimicro-
bial agents. Antioxidants reduce oxidative damage to cells and bio-
molecules due to reactive oxygen/nitrogen species (ROS/RNS)
{Fiorentino et al., 2008). During the past years, ROS and RNS have
been implicated in the oxidative deterioration of food products
as well as in the pathogenesis of several human diseases such as
atherosclerosis, diabetes mellitus, chronic inflammation, neurode-
generative disorders, including Alzheimer's disease, and certain
types of cancer (Valko et al., 2006, 2007). The putative protective
effects of antioxidants against these deleterious oxidative-induced
injuries have received increasing attention in recent times, espe-
cially within biological, medical, nutritional, and agrochemical
areas. Among dietary antioxidants, phenelic compounds, second-

* Corresponding author. Address: CEBIMED, Faculdade de Cigncias da Satde,
Umversidade Fernando Pessoa, R. Carlos da Maia, 296, 4200-150 Porto, Portugal.
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0278-6915$ - see front matter © 2009 Elsevier Ltd. All rights reserved,
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ary metabolites from plants, are the most abundant natural antiox-
idants (Fiorentino et al, 2008). Phenolics are able to act as
antioxidants in a number of ways. These antioxidants act as reduc-
ing agents, hydrogen donators, free radicals scavengers, and singlet
oxygen quenchers and, therefore, as cell saviours (Fattouch et al.,
2007).

Several studies have showed that quince tree {Cydonia oblonga
Miller) is 2 good and low-cost natural source of phenolic acids
and flavonoids (Silva et al,, 2004, 2008; Oliveira et al., 2007), which
are potent antioxidants. These compounds could provide a chemi-
cal basis to sorne health benefits claimed for quince leaf and fruit in
folk medicine, namely in cardiovascular diseases, haernorrhoids,
bronchial asthma, and cough {Oliveira et al.,, 2007, 2008; Yildirim
et al,, 2001 ). However, the supporting scientific information is Jack-
ing. At present, quince fruit is recognized as an important dietary
spurce of health promoting compounds, due to its antioxidant,
antimicrobial and antiulcerative properties (Fattouch et al.,, 2007;
Figrentino et al., 2006, 2007, 2008; Garcia-Alonso et al., 2004;
Hamauzu et al., 2005, 2006; Silva et al., 2004, 2008; Yildirim,
2006; Wang et al., 2006).

Green tea (Camellia sinensis) is one of the most widely con-
sumed beverages in the world. A number of polyphenolic
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compounds extracted from green tea, especially catechins (flavan-
3-pl family}, have been found to be potent antioxidants (Cao ef al.,
1996; Li et al,, 2008; Pokorny, 2007; Stewart et al., 2005; Wheeler
and Wheeler, 2004) and to be effective in preventing cancer (Li
et al., 2008; Wheeler and Wheeler, 2004). Interest in natural anti-
oxidant sources prompted us to investigate the antioxidant activity
of quince leaf having green tea extract as reference. So, following
our wark on quince tree and considering the high phenolic content
of leaf (Oliveira et al, 2007), its methanolic extract capacity to
scavenge the 2,2'-diphenyl-1-picrylhydrazyl radical {DPPH) was
studied and compared with that of green tea. Additionaily, normal
human erythrocytes were used to investigate the capability of the
methanolic extracts of quince leaf (12.5-50 pgfml) to protect
erythrocytes against oxidative damage in vitro. In this study, 2,2'-
azobis(2-amidinopropane) dihydrochloride {AAPH) was used as
the free-radical initiator to induce oxidative damage in erythro-
cytes, ultimately leading to hemolysis. As far as we know, this is
the first time that antioxidant activity of quince leaf is evaluated
by using these two micreassays.

2. Materials and methods
2.1. Chemicals

The standards were obtained from Sigma (St. Louis, MO, USA) and from Extra-
synthése (Genay, France). Methano! and formic acid were obtained from Merck
{Darmstadt, Germany). The water was treated in a Milli-Q water purification systern
(Millipore, Bedford, MA. USA). 2.2’-Diphenyl-1-picrylhydrazyl (DPPH) and 2,2'-azo-
bis(2-amidinopropane) dihydrochloride {AAPH) were purchased from Sigma (St.
Louis, MO, USA).

2.2, Sample preparation and extraction

Twelve healthy quince leaf sarnples were collected in the beginning of June and
October 2008, in three different places of two geographicat origins of Northern and
Central of Portugal {Carrazeda de Ansides and Covilh3, respectively). Each quince
leaf sample was dried in a stove at 30+ 2 °C for 5 days (in the dark), The mean dry-
ing yield was 50%. Green tea dried leaf sample was purchased on the Portuguese
market.

For each sample, three methanolic eXtracts were prepared. Briefly, 0.25 g of
dried sample was tharoughly mixed with methanol (3 x 25 ml) at 40 °C,

Fer HPLC analysis. samiple 1 extract was filtered, concentrated to dryness under
reduced pressure (40 °C) and redissolved in methanel (1 ml).

2.3. Identification and quantification of phenolic compounds

Quince leal extract {sample 1) was analyzed using an analytical HPLC unit {Gil-
son} and a C18 Spherisorb ODS2 column (25,0 x 0.46 cm; 5 um, particle size) from
Woarers (Ireland). The solvent system used was a gradient of water-formic acid
(19:1) {A) and methanol (B}, starting with 5% methano! and installing a gradient
to obtain 15% B at 3 min, 25% B at 13 min, 30% B at 25 min, 35% B at 35 min, 45%
B at 39 min, 45¥% B at 42 min, 50% B at 44 min, 55% B at 47 min, 70% B at 50 min,
75% B at $6 min and 80% B at 60 min, at a solvent flow rate of 0.9 m}{min (Oliveira
et al., 2007). Detection was achieved with a Gilson Diode Array Detector (DAD).
Spectral data from all peaks were accumulated in the range 200-400 nm, and chro-
matagrams were recorded at 350 nm. Chromatographic data was processed by Uni-
point® System software from Gilson Medical Electronics {Villiers le Bel, France). The
compounds in each sample were identified by comparing their retention times and
UV-Vis spectra in the 200-40C nm range with the library of spectra previously
campiled by the authors (Oliveira et al., 2007).

Quantitative determinations were made by injection of 20 ul of sample 1 ex-
tract on a HPLC system equipped with UV detector (Agilent 1100 series) set at
350 nm. Chromatographic separation was carried out using a C18 Lichrocart®
250-4 column (250 x 0.40 cm; 5 pm, particle size) from Merck {Germany) and
the same solvent system described above for qualitative analysis. Phenclic quanti-
fication was achieved by the absorbance recorded in the chromatograims relative to
external standards. 3-0-Caffeoylquinic and 3,5-0-dicaffeoylquinic acids were quan-
tified as 5-O-caffecylquinic acid. Kaempferol-3-0-glycoside was quantified as
kaempferol-3-O-rutinoside. The other compounds were quantified as themselves.

24, Fulm—Ciocarteu_reducing capacity assay
As proposed by Huang et al. (2005), the Folin-Ciocalteu's phenol reagent was

used here for the measurement of total reducing capacity of samples, according to
a previously described procedure (Wang et al., 1997). Briefly, 100 /i of methanclic
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extract was rmixed with 1 ml of Folin—-Ciocalteu’s phenol reagent and 5 m! of sodium
carbonate solution (20%) and the mixture adjusted to 10 ml with water, The reac-
tion was kept in the dark for 20 min, after which the absorbance was read at
735 nm, The total reducing capacity was determined from a standard curve using
5-0-caffeoylquinic acid as standard.

2.5, DPPH radical-scavenging activity assay

The antiradical activity of ascorbic acid, 5-O-caffeoylquinic acid and methanolic
extracts was determined spectrophotometricaily, by monitoring the disappearance
of DPPH, as previously described (Silva et al., 2004). For each extract, z dilution ser-
ies (five different concentrations) was prepared in a 96 well plate, The reaction mix~
tures in the sample wells consisted of 25 pl of extract and 200 pl of 150 pM DPPH
(dissolved in methanol). The reaction was conducted at room temperature, until no
variation of the absorbance was observed. Ascorbic and 5-O-caffeoylquinic acids
were used as reference compounds, Four experiments were performed in triplicate.
The antiradical activity was expressed in terms of the amount of antioxidant neces-
sary to decrease the initial DPPH absorbance by 50% (ECso). The ECsp value for each
extract {or reference compounds) was determined graphically by plotting the per-
centage of DPPH scavenging as a function of extract concentrarion.

2.6, Preparation of human erythrocyte suspensions and hemolysis assay

Blood {5-10 ml) was obtained from healthy non-smoking volunteers by veni-
puncture, after written informed consent was obtained, Human erythrocytes from
citrated blood were imimediately isolated by centrifugation at 1500rpm for
10 min, at 4°C. After removal of plasma and buffy coat, the erythrocytes were
washed three times with phosphate-buffered saline (PBS; pH 7.4), and then resus-
pended using the same buffer to the desired hematocrit level. In order to induce
free-radical chain oxidation in erythrocytes, aqueous peroxyl radicals were gener-
ated by thermal decomposition of AAPH (dissolved in PBS; final concentration
50 mM). To study the protective effects of methanolic extracts against AAPH-in-
duced hemolysis, an erythrocyte suspensicn at 2% hematocrit was preincubated
with the extracts of quince leaf (sample 1) and green tea (redissolved in PBS; final
concentrations 12.5~50 pg/mi) at 37 °C for 30 min, followed by incubation with and
without 50 mM AAPH. This reaction mixture was shaken gently while being incu-
bated for 4 b, at 37°C. In all experiments. a negative control (erythracytes in PBS),
as well as extract contrals {erythrocytes in PBS with each extract) were used.

The extent of hemnolysis was determined spectrophotometrically according to a
method reported before (Ko et al., 1997). Briefly, aliquots of the reaction mixture
were taken out at each hour of the 4 h incubation period, diluted with saline, and
centrifiged at 4000 rpm for 10 min to separate the erythrocytes. The percentage
of hemolysis was determined by measuring the absorbance of the supernatant
{A) at 545 nm and compared with that of complete hernotysis (B), by treating an alt-
guot with the same volume of the reaction mixture with distilled water. The hermo-
lysis percentage was calculated using the formula: A/B x 100, The inhibitary
concentration 50% (ICso) at 3 h was also calculated from dese-response curve ob-
tained by plotting the percentage of hemolysis inhibition versus the extract concen-
tration. Five independent experiments were used for these calculations.

2.7. Statistical analysis

Statistic analysis was performed using the Statistical Package for Social Sciences
(SPSS, version 16.0) for Windows. Comparisons between two groups were per-
formed by unpaired r-test. Multiple comparisons between more than two groups
were performed by one-way ANOVA supplemented with Tukeys HSD post hoc test.
Significance was accepted at P lower than 0.05.

3. Results and discussion
3.1. Phenolic profile

Methanolic extract from quince leaf (sample 1) was submitted
to HPLC analysis for phenotics determination. This extract pre-
sented a chemical profile composed by six phenolic compounds:
3-0- and 5-0-caffeoylquinic acids, 3,5-O-dicaffeaylquinic acid,
quercetin-3-0-rutinoside (rutin), kaempferol-3-O-glycoside and
kaempferol-3-O-rutinoside (Fig. 1; Table 1). Caffeoylquinic acids
were the major phenolic compounds, being 5-0O-caffeoylquinic acid
(chlorogenic acid) the most abundant one, followed by 3-O-caf-
feoylquinic acid (45% and 22%, respectively). In a previous study,
4-0-caffeoylquinic acid, quercetin-3-O-galactoside and kaempfer-
ol-3-0-glucoside were also found in quince leaf (Oliveira et al,
2007), but in small amounts. These compounds were not detected
in the analysed sample, probably due to lower extraction effective-
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Fig. 1. HPLC phenolic prafile of quince leaf methanolic extract (sample 1), Detection at 350 nm, Peaks: (1) 3-O-caffeoylquinic acid, (2) 5-0-caffeoylquinic acid, (3) 3,5-0-
dicaffeoyluinic acid, (4) quercetin-3-O-rutinoside, {5) kaempferol-3-0-glycoside and (§) kaempferol-3-O-rutinoside,

Table 1
HPLC/UV quantification of phenolic compounds present in quince leaf methanolic
extract (sample 1),

Phenoiic cun]pbp:}ﬁ 3 tem(g)kgof ‘ “igp (g[kg of ;
: . : PO ethianolic extracty . 3. methanolic extract)
3-0-Caffeoylquinic acid:: v .- - 7,85 :

5-0-Caffeoylquinic aci
3,5-0-Dicaffeoylquinic:acid

Quercetin-3-0-rutinoside; -
Kaempferol-3-0-glycoside- *
Kaempferol-3-0-rutinoside .

1571

Total {sum)

3494

ness {three extractions with methanol instead of ten extractions
used before). Considering the extraction yield of 35% obtained for
sample 1 (Table 3), the sum of determined phenolic compounds
(35 g/kg of methanolic extract) was within the range of phenolic
content previously reported (Oliveira et al,, 2007).

The phenolic profile of quince fruit has already been established
by HPLC/DAD (Silva et al., 2005ab, 2008). Even considering the
drying and extraction yields of sample 1 {50% and 25%, respec-
tively), the total content (6,1 g{kg of fresh matter) was much high-
er than that found for pulp, peel and seed (0.2, 1.2 and 0.1 g/kg of
fresh matter, respectively) (Silva et al, 2005a,b, 2008). As peel,
quince leaf revealed the presence of kaempferol glycosides. Never-

Table 2
Total reducing capacity of quince leaf samples as determined by Folin-Ciocalteu
assay.

theless, leaf presented the greatest content of kaempferol deriva-
tives, especially kaempferol-3-O-rutinoside. The high flavonoidic
content of this leaf is not surprising since this type of compounds
act as UV filters, protecting some fragile cell structures, such as
chloroplasts, from UV radiation {Oliveira et al., 2007; Silva et al,,
20054, 2008).

3.2, Antioxidant activity

In the present study, the antioxidant properties of quince leaf
and green tea samples were evaluated by three distinct assays:
reducing capacity, DPPH radical-scavenging activity, and inhibition
of erythrocyte hemolysis mediated by peroxyl free radicals. Table 2
presents the total reducing capacity of twelve samples of quince
leaf as determined by Folin-Ciocalteu assay. Quince leaf reducing
power varied between 164.5 and 294.6g of 5-O-caffegylquinic
acidjkg dry leaf {mean value of 227.8 + 34.9 g of 5-0-caffeoylquinic
acidfkg dry leaf) and was found to be significantly higher
{P < 0.001) than that observed for green tea {112.5+1.5 g of 5-0-
caffeoylquinic acid/kg dry leaf).

As shown in Fig. 2, both quince [eaf and green tea methanolic
extracts presented a strong concentration-dependent antiradical
activity. Quince leaf extract exhibited high DPPH free radical-scav-
enging capacity, although significantly lower than that observed
for green tea extract (P < 0.005). The ECsq values calculated for
quince leaf extracts varied from 14.5 to 27.6 pg/ml {mean value
of 21,6 £ 3.5 pgfml) (Table 3), while for green tea it was found an

Table 3
Extraction yields and ECsy values found in the DPPH assay of quince leaf samples.

Samples Geographical’ .- Cotlection Jn(a[‘reduci‘ﬂgcapgcizty N sD{g/kg of Samples: wh E_C;{l_ (fxg'_qﬁf S i SDHEET
origin soimonths s (gikg ofidryleaf)’ ot o cdryleaf). PRI O methaholic extract/ml) métianolic éxtractiml)

: B T T e R

7 2 18

5 : 3 12

4 ‘Covillia 4 plaghgabd g g D 15

3 : 5 OB

G 6" 0.8

7 Carrazeda de: . - 7ot
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Fig. 2. Antiradicalar activity of the methanolic extracts from quince leaf {sample 1)
and green tea.

ECsq of 12.7 2 0.1 pgfml. As suggested by Silva et ak. (2004, 2008),
hydroxycinnamic acid derivatives seem to be the main responsible
for this activity. The antioxidant effect of caffeoylquinic acids can
be explained by the presence of a catechol group, which confers
a great stability to phenoxyl radicals by participating in electron
delocalization. Additionally, conjugated double bond in the side
chain of a catechol group is likely to have great effect in stabilizing
the putative phenoxyl radical and, therefore, in enhancing antirad-
ical activity (Laranjinha et al., 1994; Silva et al,, 2004, 2008),

Considering the ECsp values obtained for the reference com-
pounds used in this assay, both ascorbic and 5-O-caffeoylquinic
acids presented higher antiradical potential (ECsy value of 8.1
and 15.1 pgfml, respectively) than quince leaf extracts. Neverthe-
less, the content of 5-O-caffeoylquinic acid in these concentrated
quince leaf extracts is much lower than the ECsq of individual pure
compound. For sample 1, total caffeoylquinic acids content is about
0.4 pgfml, which is much lower than ECsg value of 5-0-caffeoylqui-
nic acid solution (15.1 pg/ml}. The assays were performed with the
whole methanolic extract, since it could be more beneficial than
isolated constituents due to additive and synergistic effects of phy-
tochemitals. In fact, the present results clearly indicate that the po-
tent antioxidant activity of quince leaf might be due to the
synergistic action of bipactive compounds, for instance between
phenclic compounds and/or between them and organic acids, pres-
ent in the methanolic extracts.

As expected, cansidering the high phenolics contents of quince
leaf, this material is much more effective than fruit (Silva et al,,
2004). In that earlier study, peel methanolic extract showed an
ECsq of 600 pg/ml, followed by pulp and seed extracts, with ECsq
of 1700 and 2000 pgfml, respectively.

Some authors have reported excellent linear correlations be-
tween antioxidantfantiradical activity tests and Folin-Ciocalteau
assay (Kim et al, 2008; Li et al., 2005). In our study, no linear cor-
relation was observed between the scavenging effects on DPPH
radjcals and the reducing power expressed by Folin-Ciocalteu as-
say (data not shown}. However, and in accordance with other
authors {Yildirim et al., 2001; Garcfa-Alonso et al., 2004), our re-
sults indicate that, although the reducing power of a substance
or an extract may be an indicator of its potential antioxidant activ-
ity, there is not necessarily a linear correlation between those two
activities. This could be the result of the synergies (or antagonisms)
among the antioxidants in the mixture, still unknown.

Recent research has demonstrated an increasingly interest in
the protective biochemical function of naturally occurring antioxi-
dants in biological systems and on the mechanism of their action.
The in vitro oxidative hemolysis of human erythrocytes was used
here as a model to study the free radical-induced damage of bio-
logical membranes and the protective effect of quince leaf (sample
1) and green tea methanolic extracts. Fig. 3 shows the antihemo-
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Iytic effects of the quince leaf (A) and green tea (B) methanolic ex-
tracts (12.5-50 pgiml) on human erythrocytes exposed to the
water~-soluble radical initiator AAPH. Erythrocytes incubated at
37°C as a 2% suspension in PBS were stable, with little hemolysis
observed within 4 h (5.8 + 0.6%). When AAPH was added to the
erythrocytes’ suspension, hemolysis induction was time-depen-
dent. The hemolysis is lagged, indicating that endogenous antioxi-
dants in the erythrocytes, namely glutathione, tocopheral,
ascorbate and enzymes, such as catalase and superoxide dismu-
tase, can efficiently quench radicals to protect them against free
radical-induced hemolysis, as described previously (Zou et al.,
2001} Both gquince leaf and green tea extracts significantly pro-
tected the erythrocyte membrane from hemolysis induced by
AAPH in a concentration- and time-dependent manner (Fig. 3A
and B, respectively). Further, a strong correlation can be demon-
strated between lag time and extract concentration. The ICsq value
calculated for quince leaf and green tea after 3 h of incubation were
30.7 £ 6.7 and 24.3 + 9.6 |ig of methanalic extractiml, respectiveiy.
Comparison of results based on inhibitory efficiency did not reveal
any statistically significant difference (F=0.257) between quince
leaf and green tea. When the cells were incubated with 50 pgfmi
extracts of quince leaf or green tea alone, hemolysis was main-
tained at a background level similar to that in the control samples
[AAPH untreated samples) (data not shown).

Erythrocyte membrane is rich in polyunsaturated fatty acids
which are susceptible to free radical-mediated peroxidation.

~8— Control
A -0~ AAPH
~¥—+ Quince leaf 12.5 pgfml

100~ %+ Quince leaf 25 ng/ml

-~ + Quince Jeaf 50 pg/ml %
#
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— 15
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E-. " 50
©
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B -8~ Controt
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—¥—+ Green tea 12.5 pg/ml
1004 ¢t Green tea 25 ug/ml
~&~ + Green tea 50 pg/ml #
¥
— 75
£
8
:;. 50 -
[~]
H
T 254
a T T T T 1
[i] 1 2 3 4 5

Time (h)

Fig. 3. Effects of quince leaf (sample 1) and green tea methanolic extracts on AAPH-
induced hemolysis in erythrocytes. An erythrocyte suspension at 2% hematocrit was
preincubated with quince leaf or green tea extracts at the indicated concentrations
for 30 min at 37 °C. The cell suspension was then incubated with 50 mM AAPH for
4h at 37 °C, In all experiments, control erythrocytes (incubated only with PBS) and
AAPH-treated erythrocytes (incubated with 50 mM AAPH) were used. Values are
expressed as the mean+SEM of five independent experiments. 'P<0.05, as
compared with AAPH at respective time; *P<0.05, as compared with control at
respective time.
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Thermal decomposition at physiological temperature of AAPH gen-
erates peroxy! radicals (ROO') in the aqueous phase (Niki, 1990),
which can attack the erythrocyte membrane to induce lipid perox-
idation. Since peroxidation of membrane lipids is a free-radical
chain reaction, the erythrocyte membrane is quickly damaged,
leading to hemolysis. Green tea catechins are well-known effective
scavengers of free radicals (Nanjo et al., 1996) and, as expected,
protected human erythrocytes against AAPH-induced oxidative
hemolysis. Likewise, the antioxidant activities of chlorogenic acid
and related catechols have already been studied in both cell free
systems (such as DPPH microassay) and in cell models (as erythro-
cytes) (Lekse et al,, 2001; Ohnishj et al., 1994; Psotova et al,, 2003),
Those comipounds always exhibited strong antiradical activities
and inhibitory effects on hemolysis. So, as expected, quince Jeaf
phenolic compounds present in the incubation medium may
quench peroxyl radicals in the aqueous phase before the radicals
attack the biomolecules of the erythrocyte membrane to cause oxi-
dative hemolysis.

Although antioxidant activity of polyphenols is attributed
mainly to their capacity to scavenge ROS and RNS (Bors et al.,
1990) and to chelate redox-active metals (van Acker et al., 1998),
recent studies have suggested that certain polyphenols may inter-
act with the membrane bilayer, decreasing its fluidity and the dif-
fusion of free radicals into the cell membranes and its consequent
damaging effects (Chaudhuri et al., 2007; Singh and Rajini, 2008;
Suwalsky et al., 2007). In our study we did not looked for morpho-
logical changes induced in erythrocytes but it was clearly observed
that erythrocytes incubated in presence of quince leaf or green tea
extracts sedimented faster, in a concentration-dependent manner,
which may suggest that at least some phenolic compounds bind to
the erythrocyte membrane. However, their interactions with cell
membranes warrant future investigation.

In conclusion, the results of this study indicate that quince leaf
methanolic extracts exhibit strong antioxidant activities similar to
those of green tea extract. The scavenging activities observed
against DPPH and peroxyl radicals, as well as the protective activ-
ities against erythrocyte damage, lead us to propose quince leaf as
a promising natural source of antioxidants suitable for application
in nutritional/pharmaceutical fields, in the prevention of free rad-
ical-mediated diseases. Further studies are needed to explore the
potential of quince leaf bioactive compounds as chemopreventive
and therapeutic agents.
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ABSTRACT

The aim of this study was to determine the phenolic content and evaluate the antioxidant activity of
quince (Cydonia obionga) fruit. For this purpose, fruits were separated into pulps, peels and seeds and
methanolic extracts were prepared. The phenolic profiles were determined by HPLC/UV and antioxidant
properties were studied for their ability to quench the stable free radical 2,2'-diphenyl-1-picrylhydrazyl
(DPPH) and to inhibit the 2,2-azobis(2-amidinopropane) dihydrochloride (AAPH}-induced cxidative
hemolysis of human erythrocytes,

The main phenolic compounds were 5-O-caffeoylquinic acid for pulp and peel {57% and 29%, respec-
tively) and stellarin-2 for seed (18%). Total phenolics content was 2.5, 6.3 and 0.4 g/kg of methanolic
extract for pulp, peel and seed, respectively. Pulp and peel extracts showed similar DPPH free radical
scavenging activities (ECsq of 0.6 and 0.8 mgfnl, respectively), while seed extract presented much lower
antioxidant potential (ECsy of 12.2 mg/ml). Under the oxidative action of AAPH, pulp and peel extracts
shawed significant protection of the erythrocyte membrane from hemolysis, in a time- and concentra-
tion-dependent manner. Seed extracts by themselves induced extensive hemolysis. These results indicate
higher antioxidant activity for certain parts of quince fruit, namely pulp and peel, that may therefore rep-
resent accessible sources of natural antioxidants with potential application in nutritional/pharmaceutical

fields, as preventive or therapeutic agents in diseases in which free radicals are implicated.

2009 Elsevier Ltd. All rights reserved.

1. Introduction

Biomolecules in fruits and vegetables have attracted a great
deal of attention mainly concentrated on their role in preventing
diseases. Epidemiological studies have consistently shown that
there is a clear significant positive association between intake of
these natural food products, consumed regularly as part of the
Mediterranean diet, and reduced rate of heart disease mortalities,
comman cancers, and other degenerative diseases, as well as aging
(Yafiez et al,, 2004; Fattouch et al., 2007; Silva et al,, in press). The
protection that fruits and vegetables provide against those diseases
has been attributed to several antioxidants, especially to antioxida-
tive vitamins, including ascorbic acid (vitamin (), o-tocopherol
(vitamin E} and pB-carotene (provitamin A) (Caoc et al, 1996).
Nevertheless, recent studies seem to indicate that {poly)phenolic

* Carresponding author. Address: CEBIMED, Faculdade de Ciéncias da Sadde,
Universidade Fernando Pessoa, R. Carlos da Maia, 296, 4200-150 Porto, Portugal.
Tel.: +351 225074630; fax: +351 225508269,

E-mail address: mecarv@ufp edu.pt (M. Carvalho),

0278-6G915/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/i.fct.2009.03.017
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substances are the main phytochemicals with antioxidant proper-
ties of higher plants (Cao et al., 1996; Silva et al,, 2004, in press;
Giada and Fitho, 2006; Fattouch et al., 2007; Qiiveira et al,, 2007;
Fiorentino et al., 2008).

More than 4000 phenolic compounds (such as phenaolic acids,
flavonoids or tannins) have been found in vascular plants, where
they prevent free radical damage to proteins, carbohydrates, lipids
and DNA caused by UV radiation from the sun (Vinson et al., 2005).
In human body, these phytochemicals are able to operate as reduc-
ing agents, hydrogen donors, free radicals scavengers, and singlet
oxygen quenchers and, therefore, as cell saviors (Fattouch et al.,
2007). Thus, scientific interest in antioxidants isolated from plant
materials, in particular fruits, leaves and seeds, has recently been
encouraged in order to ascertain whether the course of oxidative
stress related diseases can be altered. Considering the results of re~
cent research, it is expectable that in a near future an adequate va-
lue for a “recommended dietary ingestion” of this class of
phytochemicals will be established (Giada and Fifho, 2006).

Several studies have showed that Cydonia oblonga Miller species
is an excellent natural source of phenolic acids and flavonoids,
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which are considered potent antioxidants (Silva et al., 2004, in
press; Oliveira et al., 2007). In fact, quince fruit is recognized as
an important dietary source of health promoting compounds, due
to its antioxidant, antimicrobial and antiulcerative properties (Sil-
va et al., 2004, 2008; Garcla-Alonso et al., 2004; Hamauzu et al.,
2005, 2006; Yildirim, 2006; Wang et al., 2006; Fattouch et al,
2007; Oliveira et al,, 2007; Forentino et al, 2006, 2007, 2008).
Interest in natural antioxidant sources prompted us to investigate
the antioxidant activity of C. oblenga fruit phenolics, So, the capac-
ity of methanolic extracts of quince pulp, peel and seed to scavenge
the 2,2'-diphenyl-1-picrylhydrazyl (DPPH) radical was studied and
the phenolics profile determined by HPLC/UV. Additionally, normal
human erythrocytes were used to investigate the capability of the
methanolic extracts of quince fruit parts to protect erythrocytes
against oxidative damage in vitro. The erythrocyte was chosen as
an in vitro model to study the oxidant/antioxidant interaction since
its membrane is rich in polyunsaturated fatty acids, which are ex-
tremely susceptible to free radical-mediated peroxidation, and is
considered to be representative of the plasma membrane in gen-
eral (Shiva Shankar Reddy et al., 2007). Erythrocyte lipid peroxida-
tion may be involved in normal cell aging and it has been
associated with a variety of pathological events (Ko et al,, 1997;
Sivilotti, 2004). In this study, 2,2'-azobis{(2-amidinopropane) dihy-
drochloride (AAPH) was used as the free radical initiator to induce
oxidative damage in erythrocytes. Thermal decomposition at phys-
iological temperature of AAPH generates peroxyl radicals (RO0-) in
the aqueous phase (Niki, 1990), which can attack the erythrocyte
membrane to induce lipid peroxidation. Since peroxidation of
membrane lipids is a free radical chain reaction, the erythrocyte
membrane i{s quickly damaged, leading to hemolysis. As far as
we know, this is the first time that antioxidant activity of quince
fruit is evaluated by using this last microassay.

2. Materials and methods
2.1. Chemicals
The standards were obtained from Sigma (St. Louis, MO, USA) and from Extra-

synthésge (Genay, France). Methanol and formic acid were obtained from Merck
(Darmstade, Germany). The water was treated in a Milli-Q water purification system

Table 1

(Millipore, Bedfard, MA, USA). 2,2*-Diphenyl-1-picrylhydrazy! (DPPH) and 2,2'-azo-
his(Z2-amidinopropane) dihydrochloride {AAPH) were purchased from Sigma {St.
Louis, MO, USA).

2.2. Sample preparation and extraction

Healthy quince fruits were collected in Carrazeda de Ansides (Northern Portu-
gal). Fruits were separated into pulps, peels and seeds and each part was freeze-
dried. Lyophilization was carried out using a Labconco 4.5 apparatus (Kansas City.
MO).

For each part of the fruit, methanclic extracts were prepared. Briefly, 0.25 g of
Iyophilized sample was thoroughly mixed with methanol (3 x 25 mL) at 40 °C.
The methanolic extract was filtered, concentrated to dryness under reduced pres-
sure at 40 °C, The extraction efficiency in relation to dry matter was variable as fol-
lows: 69%, 62% and 19% for pulp, peel and seed, respectively.

2.3. Identification and guantification of phenolic compounds

Extracts were redissolved in methanol {1 ml) and 20 pl were analyzed using an
analytical HPLC unit {Gilson) and a C18 Spherisorb OD52 column {25.0 x 0.46 cm;
5 um, particle size) from Waters {Ireland). The solvent system used was a gradient
of water-formic acid {19:1) {A) and methanol (B}, starting with 5% methanol and
installing a gradient to obtain 15% B at 3 min, 25% B at 13 min, 30% B at 25 min,
35% B at 35 min, 45% B at 39 min, 45% B at 42 min, 50% B at 44 min, 55% B at
47 min, 70% B at 50 min, 75% B at 56 min and 80% B at 60 min, at a solvent flow
rate of 0.9 mL/min (Qliveira et al, 2007). Detection was achieved with a Gilson
Diode Array Detector (DAD). Spectral data from all peaks were accumulated in
the range 200-400 nm, and chromatograms were recorded at 350 nm. Chromato-
graphic data was processed by Unipoint® System software from Gilson Medical
Electronics (Villiers le Bel, France). The compounds in each sample were identified
by comparing their retention times and UV-Vis spectra in the 200-400 nm range
with the library of spectra previously compiled by the authors (Oliveira et al,
2007)

Quantitative determinations were made by injection of 20 pl of extracts on a
HPLC system equipped with UV detector (Agilent 1100 series) set at 350 nm. Chro-
matographic separation was carried out using a €18 Lichrocart® 250-4 column
(25.0 % 0,40 cm; 5 um, particle size) from Merck (Germany) and the same salvent
system described above for qualitative analysis. Phenolics quantification was
achieved by the absorbance recorded in the chrematograms relative to external
standards. 3-0-caffeoylquinic and 3,5-O-dicaffeoylquinic acids were quantified as
5-0-caffeoylquinic acid. Kaempferol-3-0-glycoside, kaempferol-3-0-glucoside and
kaempferol glycoeside acylated with p-coumaric acid were quantified as kaempfer-
al-3-0-rutinoside, Quercetin-3-0-galactoside and quercetin glycosides acylated
with p-coumaric acid were quantified as quercetin-3-O-rutineside. Luteolin, apige-
nin and chrysoeriol derivatives were quantified as luteolin-7-0-glucoside, apigenin-
7-0-glucoside and chrysoeriol, respectively. The other compounds were quantified
as themselves.

Phenolic composition of quince pulp, peel and seed methanolic extract®.

Pheriglic co_;_np'(f)m?d‘ e REE

100

Peel il Seed
T28:004 - :

3-0-cafféoyiquinie #cid 02 0,01 £0.00
5-O-caffedytquinic acid = 1471006 “1.84%0.09 S 005000
Lucenin-2~ % L SR S nd I 0.03 £0.90
Vicenin-2 : ond EREE 0.06 £0.00
Stellarin-2 ‘nid” : 0.08 £0.00
Isoschaftoside . soondien o : 0,02 £0,00
Schaftoside .~ it : Sl SO D06 £0.00
6-C-pentosyl-8-C-glucosyl chrysoeriol:.: ‘nd: - S 0031000
G-C-glucosyl-8:€-pentasyl chrysoeriol’ nd L e Y06 £0.00
3,5-0-dicaffeaylquinic o 0,13 +0.00 nd
quercetin-3-O-gatacioside T 055001 : nd
i nd
nd
nd:
nd
nd
nd
nd
0.40

Abbreviations:

nd - Not detected.

SD - Standard deviation.

2 - Sun of the determined phenolics.

® Values are expressed as mean # standard deviation of three assays for each sample (gfkg of methanolic extract).
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2.4, Determination of DPPH radical scavenging activity

The antiradical activity of ascorbic acid, 5-0-caffeoylquinic acid and methano-
lic extracts was determined spectrophotometrically. by monitoring the disappear-
ance of DPPH, according to a previously described procedure (Silva et al., 2004).
For each extract, a dilution series (five different concentrations) was prepared in
a 96 well plate, The reaction mixtures in the sample wells consisted of 25 pL of

mAL

extract and 200 pL of 150 pM DPPH (dissolved in methanol). The reaction was
conducted at room temperature, until no variation of the abserbance was ob-
served. The extract concentration previding 50% of radical scavenging activity
{ECso) was calculated graphically by pletting the percentage of DPPH scavenging
activity as a function of extract concentration. Ascorbic and 5-O-caffeoylquinic
acids were used as reference compounds. Four experiments were performed in
triplicate.
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Fig. 1. HPLC phenolic profite of quince pulp (A), peel (B) and seed (C) methanolic extracts. Detection at 350 nm. Peaks: (1) 3-0-caffeoylquinic acid, (2) 5-O-caffeoylquinic acid,
(3] lucenin-2, (4) vicenin-2, (5) stellarin-2, {6) isoschaftoside, {7) schaftoside, (8) 6-C-pentasyl-8-C-glucoside of chrysoeriol, (9) §-C-glucosyl-8-C-pentoside of chrysoeriol, (10)
1,5-0-dicaffeaylquinic acid, {11) guercetin-3-O-galactoside, (12} quercetin-3-O-rutinoside, {13) kaempferol-3-0-glycoside, (14) kaempferol-3-0-glucoside, (15) kaenipferol-
3-0-rutinoside, (16 and 17) quercetin glycosides acylated with p-coumaric acid and (18) kaempferol glycoside acylated with p-coumaric acid,
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2.5. AAPH-Iinduced hemolysis assay

Blood (5-10 ml) was obtained from healthy consenting donors by venipuncture
and cellected into tubes containing citrate as anticoagulant. Samples were immedi-
ately centrifuged at 1500 rpm for 10 min at 4 °C and plasma and buffy ceat were
then carefully discharged. Erythrocytes were washed three times with phosphate-
buffered satine (PBS; pH 7.4), and then resuspended using the same buffer to the
desired hematocrit level. In order to induce free radical chain oxidation in erythro-
cytes, agueous peroxyl radicals were generated by thermal decomposition of AAPH
(dissolved in PBS; final concentration 50 mM). To study the protective effects of the
methanolic extracts against AAPH-induced hemolysis, an erythrocyte suspension at
2% hematocrit was preincubated with the methanolic fractions of guince pulp, peel
and seed (dissolved in PBS; final concentrations 250-2000 pgfml) at 37 °C for
30 min, followed by incubation with and without 50 mM AAPH. This reaction mix-
ture was shaken gently while being incubated for 4 h at 37 °C. In all experiments, a
negative contrel (erythrocytes in PBS), as well as extract controls (erythrocytes in
PBS with each extract) were used.

The extent of hemolysis was determined spectrophotometriczlly as described
previously (Ko et al,, 1997), Briefly, aliquots of the reaction mixture were taken
out at each hour of the 4 h of incubation, diluted with saline, and centrifuged at
4000 rpm for 10 min to separate the erythrocytes. The percentage of hemolysis
was determined by measuring the absorbance of the supernatant (A) at 545 nm
and compared with that of complete hemolysis (B) by treating an aliquet with
the same valume of the reaction mixture with distilled water. The hemalysis per-
centage was calculated using the formula: A{B x 100, The extract concentration
providing 50% inhibition (ICsp) at time 3 h was also calculated from dose-response
curve obtained by plotting the percentage of hemolysis inhibition versus the extract
concentration. Six independent experiments were used for these calculations.

2.6, Statistical analysis

Statistic analysis was performed using the Staristical Package for Social Sciences
(SPSS, version 16.0) for Windows. Multiple comparisons between groups were per-
formed by one-way ANOVA supplemented with Tukeys HSD post hoc test. Signifi-
cance was accepted at p lower than 0.05.

3. Results and discussion
3.1. Phenolic profile determination

Table 1 shows that methanolic extracts of gquince fruit parts
contains significant ameunts of polyphenclic compounds. Pulp ex-
tract presented a chemical profile composed by four phenolic com-
pounds (Fig. 1A and Table 1): 3-0- and 5-O-caffeoylquinic acids,
3,5-0O-dicaffeoylquinic acid, and quercetin-3-O-rutinoside (rutin).
Caffeoylguinic acids were the major phenolic compounds (99%)
and the most abundant was 5-0O-caffeoylquinic acid (57%). In pre-
vious studies, 4-0-caffeoylquinic acid was also found in quince
pulps (Silva et al,, 2004, 20052a), but in small amounts,

Peel extract contained a phenolic profile composed by eleven
compounds (Fig. 1B and Table 1): the same which were found in
pulp and quercetin-3-0O-galactoside, a kaempferol-3-0O-glycoside,
kaempferol-3-0-glucoside, kaempferol-3-0-rutinoside, two quer-
cetin glycosides acylated with p-coumaric acid and a kaempferol
glycoside acylated with p-coumaric acid. 3-G- and 5-0-caffeoylqui-
nic acid and quercetin-3-0O-rutinoside were the main phenolic
compounds (20%, 29% and 24%, respectively). Silva et al. (2004
and 2005a) also reported the presence of 4-0-caffeoylquinic acid
and another kaempferol glycoside acylated with p-coumaric acid
in quince peels, but in low concentrations.

Seeds extract was characterized by the presence of nine phenolics
[Fig. 1C and Table 1): 3-0- and 5-0-caffeoylquinic acids, lucenin-2,
vicenin-2, stellarin-2, isoschaftoside, schaftoside, a 6-C-pentosyl-8-
C-glucosyl chrysoeriol and a 6-C-glucosyl-8-C-pentosyl chrysoeriol.
C-glycosil flavones were the major phenolic compounds (85%) and
the most abundant was stellarin-2 (18%). In previous studies, 4-0-
caffeoylquinic and 3,5-O-dicaffeoylguinic acids were also detected
in quince seeds (Silva et al,, 2004, 2005b), although in smalt levels.

Total phenolics content decreased in the following order: peel >
pufp >> seed (6.3, 2.5 and 04g | kg of methanolic extract,
respectively). ‘
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3.2, DPPH radical scavenging activity

Fig. 2 shows that methanolic extracts of all quince fruit parts
presented a strong concentration-dependent antiradical activity.
The scavenging ability against DPPH radicals was high even at
low extract concentrations, especizally for pulp and peel extracts.
ECsy values obtained for quince pulp, peel and seed were 0.6, 0.8
and 12,2 mg of methanolic extractiml, respectively. These results
evidenice that pulp and peel extracts have similar antiradical activ-
ities but greatly higher than that of seed extracts. Considering the
lowest total phenolic content cf seed extract, its higher EC5p value
(12.2 mg of methanolic extract/m!) was expected. Nevertheless, in
a previous work, our research group has found an ECsp value of
2 mg of seed methanolic extractiml (Silva et al., 2004). This dis-
crepancy may be due to natural variability, different maturity
stages or edapho-climatic conditions.

Although total phenolic content of pulp and peel extracts were
different (2,5 and 6.3 gfkg of methanolic extract, respectively), to-
tal caffeoylquinic acids content was closer (2.5 and 3.2 g/kg of
methanolic extract, respectively). As suggested by Silva et al
(2004 and 2008), caffeic acid derivatives seem to be the main
responsible for the antioxidant activity of quince fruit. In fact,
our results indicate that the antioxidant activity of quince pulp,
peel and seed methanolic extracts is statistically correlated with
total phenolic content (r = 0.913; p < 0.05) and especially with rotal
caffeoylquinic acids content (r=0.989; p< 0.05). Noteworthy, in
our previous study (Silva et al., 2004) seed methanolic extract
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Fig. 2. DPPH radical scavenging activity of quince (A) pulp, peel and (B) seed
methanolic extracts.
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presented a iower ECsq value (2 mg of extract/ml against 12.2 mg
of extractiml) but a higher total caffeoylquinic acids centent
(0.14 gjkg of extract against 0.06 g/kg of extract), which may ex-
plain the observed differences of antioxidant activities.

In this study, reference antioxidants and extracts showed differ-
ent arders of activity. The ECsq values of antioxidants showed that
ascorbic acid had higher antiradical activity than 5-0-caffeoylqui-
nic acid (8.1 and 15.1 pg/ml, respectively). The scavenging activi-
ties of all fruit parts (pulp, peel and seed) extracts were lower
than those of ascorbic acid or 5-0O-caffeoylquinic acid. Noteworthy,
this assay was carried out using whole extracts since it could be
more beneficial than individual compounds. According to Liu
(2003), additive and synergistic effects of phytochemicals in fruits
and vegetables are responsible for their potent bioactive properties
and the benefit of a diet rich in fruits and vegetables is attributed to
the complex mixture of phytochemicals present in whoie foods. In
fact, the total content of caffeoylquinic acids presented in these
concentrated pulp, peel and seed extracts is about 1.5, 2.6 and
0.8 pg/ml, which is much lower than the ECsy value of 5-0-caf-
feoylquinic acid standard solution (15.1 pg/ml). This may indicate
that interactions between different antioxidant components, for
example between phenclics andfor between them and organic
acids, are likely important in terms of the overall antioxidant activ-
ity of each fruit part.

3.3. Inhibition of erythrocyte hemolysis mediated by peroxyl free
radicals

The in vitro oxidative hemolysis of human erythrocytes was
used here as a model to study the free radical-induced damage of

A. 100 q

75 4

Hemolysis (%)

2549

biological membranes and the protective effect of quince fruit
methanelic extracts. When the erythrocytes were incubated with
extracts of quince pulp or peel alone (without AAPH) at the highest
concentration tested {2000 pg/m!), hemolysis was maintained at a
background level similar to that in the control samples (AAPH un-
treated samples) (data not shown). The same was not observed
with the seed extract. Even the lowest concentration studied
(250 pgfml) induced significant hemolysis when compared to con-
trol samples (data not shown). We also performed additional
experiments using seed extract concentrations in which hemolysis
was maintained at a background level similar to that in control, but
those lower concentrations (12.5-50 pg/ml) provided no protec-
tion against AAPH-induced oxidative hemolysis (data not shown).
This result is in accordance with the DPPH assay since ECsg of seed
extract was found to be much higher than that of pulp or peel ex-
tracts. Hemolytic activity of seeds extract may be explained by the
presence of saponins in the erythrocyte suspension, since these
compounds are also extracted by methanol and recognized by their
hemolytic activity and foaming properties (Vincken et al,, 2007). in
our experiments, durable foamn was observed when tubes of seed
extracts were shaken, Nonetheless, as far as we know, the chemical
structures of quince seed saponins have not yet been identified.
Fig. 3 shows the effects of quince pulp and peel methanolic ex-
tracts (250-2000 pgfml) on human erythrocytes exposed to the
water-soluble radical initiator AAPH. Erythrocytes incubated at
37°C as a 2% suspension in PBS were stable with little hemolysis
observed within 4h (5.8 £0.6%). When AAPH was added to the
suspension of erythrocytes, hemolysis induction was time-depen-
dent until 3 h. The hemolysis is lagged, indicating that endogenous
antioxidants in the erythrocytes, namely glutathione, tocopherol,
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Fig. 3. Inhibition of AAPH-induced erythrocyte hemolysis by quince (A) pulp and (B) peel methanolic extracts. Erythrocyte suspension at 2% hematocrit was preincubated
with methanolic extracts of quince pulp and peel at the indicated concentrations for 30 min at 37 °C. The cell suspension was then incubated with 50 mM AAPH for 4 h at
37 °C. In all experiments, control erythrocytes (without any treatment) and an AAPH-treated erythrocytes {with 50 mM AAPH) were used. Values are expressed as the
mean + 3EM of six independent experiments. *p < 0.05, as compared with AAPH at respective time; #p < 0.05, as compared with controf at respective time.
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ascorbate and enzymes such as catalase and superoxide dismutase,
can efficiently quench radicals to protect them against free radical-
induced hemolysis, as described previously (Zou et al, 2001).
When production of peroxyl radicals (and other reactive species
formed throughout the free radical chain propagation) overcomes
the numerous antioxidant barriers of defence, an “oxidative stress”
condition will develop, inducing oxidative damage on erythrocyte
constituents, namely on membrane and haemoglobin, which may
lead ultimately to hemolysis (Cimen, 2008). It is clearly evident
from Fig. 3 that both pulp and peel extracts significantly protected
the erythrocyte membrane from hemaolysis induced by AAPH in a
concentration- and time-dependent manner. Mareover, a correla-
tion can be demonstrated between lag time and extract concentra-
tion. The ICgy value calculated for pulp extract after 3h of
incubation was 652 pg/ml, roughly the same as that of peel extract
(695 pg/ml). The obtained results are in agreement with DPPH free
radical scavenging activities determined for each quince fruit part.

It is known that pelyphenolics enhance red blood cell resistance
to oxidative stress both in vitre and in vive (Youdim et al., 2000).
These compounds contain one or more aromatic hydroxyl groups
that actively scavenge free radicals and are responsible for the
antioxidant activity. So, phenolic antioxidant compounds of quince
fruit (pulp and peel) present in the erythrocyte suspension may
quench the chain propagating peroxyl radicals in the aqueous
phase to stop the peroxidation, hence inhibiting hernolysis. In fact,
the antioxidant activities of chlorogenic acid and related catechols
have already been studied by both cell free systems (such as DPPH
microassay)and in cell models (as erythrocytes) (Lekse et al,, 2001,
Psotovd et al., 2003). Those compounds always exhibited strong
antiradical activities and inhibitory effects on the hemolysis. How-
ever, the molecular mechanisms of the antioxidant action of phe-
nolic compounds have not been fully elucidated and are still a
matter of considerable debate. Recent studies have suggested that
the ability of certain polyphenols to partition in cell membranes
and the resulting restriction of their fluidity could sterically hinder
diffusion of free radicals and thereby decrease the kinetics of free
radical reactions (Chaudhuri et al, 2007; Suwalsky et al., 2007;
Singh and Rajini, 2008). However, the putative interaction of
quinge fruit phenolic compounds with the erythrocyte membrane
bilayer was not yet studied and thus warrants future investigation.

In conclusion, our results indicate that quince fruit extracts,
particularly pulp and peel, suppressed radical-induced oxidative
hemolysis of erythrocytes in vitro. As far as we know, this is the
first report concerning the antihemolytic activity of this fruit. The
work herein indicates a high patential of application for these ex-
tracts in food and drug products, with remarkable benefits for hu-
man health.
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Os compostos fendlicos sdo fitoquimicos com propriedades antioxidantes amplamente
distribuidos no Reino Vegetal. O seu consumo tem sido associado ao efeito protector
cardiovascular e anticancerigeno de certas dietas. O perfil fendlico da folha e fruto de C.

oblonga foi determinado neste trabalho por HPLC/UV.

O extracto metanolico da folha de C. oblonga revelou conter uma quantidade significativa de
compostos polifendlicos. Este extracto apresentava um perfil quimico composto por seis
compostos fenolicos: os acidos 3-O- e 5-O-cafeoilquinicos, o acido 3,5-O-dicafeoilquinico, a
quercetina-3-O-rutinésido (rutina), o campferol-3-O-glucosido e o campferol-3-O-rutinosido.
Os 4cidos cafeoilquinicos foram os compostos fenolicos encontrados em maior quantidade e o
mais abundante foi o acido 5-O-cafeoilquinico, seguido do acido 3-O-cafeoilquinico (45 e
22%, respectivamente). Em estudos realizados previamente o acido 4-O-cafeoilquinico, a
quercetina-3-0O-galactésido e o campferol-3-O-glucésido foram também encontrados nas

folhas de marmeleiro (Oliveira et al., 2007a), mas em menor quantidade.

Os extractos metanolicos da polpa, casca e semente de C. oblonga também exibiram
quantidades significativas de compostos polifendlicos. O extracto de polpa apresentou um
perfil quimico constituido por quatro compostos fendlicos: acidos 3-O- e 5-O-
cafeoilquinicos, acido 3,5-O-dicafeoilquinico e quercetina-3-O-rutindsido (rutina). Os acidos
cafeoilquinicos apresentaram-se como os constituintes em maior percentagem (90%), sendo o

composto maioritario o acido 5-O-cafeoilquinico (57%).

Os extractos metandlicos da casca apresentaram um perfil fenolico constituido por onze
compostos, 0os mesmos encontrados na polpa acrescidos da 3-O-galactosilquercetina, o 3-O-
glicosilcampferol, o 3-O-rutinosilcampferol e trés compostos parcialmente identificados (um
glicésido do campferol acilado com o acido p-cumarico e dois glicésidos da quercetina
aciladas com acido p-cumarico). Os acidos 3-O- e 5-O-cafeoilquinicos ¢ a quercetina-3-O-
rutinosido foram os constituintes fendlicos maioritarios (20, 29 e 24%, respectivamente) deste

extracto metanolico.

Os extractos metanolicos da semente foram caracterizados pela presenca de nove compostos

fenolicos: acidos 3-O- e 5-O-cafeoilquinicos, 2-lucenina, 2-vicenina, 2-estelarina,
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1soshaftosido, 6-C-pentosil-8-C-glucosil crisoeriol e 6-C-glucosil-8-C-pentosil crisoeriol. O
constituinte fenolico maioritario dos extractos de semente foram as flavonas C-glicosiladas
(85%) e o mais abundante a 2-estelarina (18%). Em estudos ja realizados, os acidos 4-O-
cafeoilquinico e 3,5-O-dicafeoilquinico também foram detectados, embora em quantidades

diminutas (Silva et al., 2004, 2005).

Tendo em consideracdo o contetido fendlico das varias partes do fruto do marmeleiro, poder-
se-ia ordenar pela seguinte ordem decrescente de teor fenolico total: casca > polpa > semente

(6,3, 2,5 ¢ 0,4 g/Kg de extracto metanodlico, respectivamente).

Os resultados obtidos neste estudo mostram que a espécie C. oblonga representa uma
excelente fonte de compostos fenodlicos, sendo de prever que a mesma tenha um consideravel
potencial anti-radicalar, podendo intervir na preven¢do de doencgas nas quais os radicais livres
estao envolvidos. O eritrocito foi utilizado neste trabalho como modelo celular para o estudo
in vitro dos efeitos dos radicais livres nas membranas biologicas, visto a membrana do
eritrocito ser rica em acidos gordos poliinsaturados, os quais sdo muito susceptiveis a

peroxidacgdo lipidica mediada por radicais livres.

Os azocompostos tém sido usados para estudar o mecanismo de stresse oxidativo em
eritrocitos. O AAPH foi utilizado neste estudo como gerador de radicais peroxilo (ROO"), os
quais atacam a membrana eritrocitaria causando vérias alteracdes oxidativas em lipidos e
proteinas presentes (Sato et al., 1995; Lenfant et al., 2000). Os eritrocitos humanos foram
incubados com os extractos metanolicos da folha, casca, polpa e semente de C. oblonga na
presenca e auséncia de AAPH 50 mM. O grupo controlo (suspensdo eritrocitaria em tampao
fosfato sem adicdo de AAPH) incubada a 37°C manteve-se estavel, com uma hemolise
reduzida, ao longo das quatro horas de incubagdo. Quando se adicionou o AAPH a suspensao
eritrocitaria, a indu¢ao de hemolise passou a ser proporcional ao tempo de ensaio decorrido. O
inicio da hemolise induzida pelo AAPH foi retardado, indicando que as defesas antioxidantes
do eritrécito, nomeadamente a glutationa, vitamina E, 4cido L-ascorbico e enzimas como a
catalase ¢ a superdxido dismutase, sdo capazes de sequestrar os radicais livres, conferindo

protec¢do contra estas espécies (Zou et al., 2001).
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Os resultados obtidos neste estudo demonstraram que os extractos metanolicos de folha de
marmeleiro, bem como os extractos de polpa e casca de marmeleiro protegem
significativamente a membrana dos eritrocitos das lesdes oxidativas induzidas pelo AAPH, de
um modo dependente da concentragdo e do tempo de incubacdo. Dada a reconhecida
actividade antioxidante das folhas de cha verde (Camellia sinensis), a actividade anti-
hemolitica da folha de marmeleiro foi comparada com a do cha verde, tendo-se verificado um
efeito similar (ICsp de 30,7 e 24,3 pg/mL, respectivamente, P > 0.05). O valor de ICsg
calculado para o extracto de polpa apds trés horas de incubagdo foi de 652 pg/mL, muito
semelhante ao obtido para o extracto de casca (695 pg/mL). Porém, ndo foi o observado para
os extractos de sementes, em que mesmo a concentra¢do mais baixa estudada (250 pg/mL)
induziu uma hemolise consideravel quando comparada ao grupo controlo. Quando se
experimentaram concentracdes mais baixas (12,5-50 ug/mL) verificou-se que a hemolise
descia para valores semelhantes aos encontrados no controlo, mas estas concentragdes ja nao
conferiam protec¢do contra a hemolise induzida pelo AAPH. A actividade hemolitica das
sementes de marmeleiro pode ser explicada pela presenca de saponinas, uma vez que estes
compostos também sdo extraidos pelo metanol e apresentam reconhecidas actividades

hemoliticas (Vincken et al., 2007).

As catequinas do ché verde sdo reconhecidas sequestradoras de radicais livres (Nanjo et al.,
1996), protegendo desta forma os eritrocitos da indugdo oxidativa do AAPH. De igual forma,
os compostos fendlicos antioxidantes da espécie C. oblonga presentes na suspensio
eritrocitaria poderdo ter sequestrado os radicais peroxilo na fase aquosa, interrompendo desta
forma a propaga¢do em cadeia dos radicais peroxilo e evitando o ataque destes as membranas
dos eritrécitos, ricas em acidos gordos poliinsaturados, e com isto inibindo a peroxidagdo
lipidica e consequente hemdlise. Esta actividade antioxidante das folhas e fruto de marmeleiro
pode ndao se dever apenas aos compostos fenolicos, mas ao resultado de diferentes

fitoquimicos presentes que poderdo ter efeito aditivo ou sinérgico.

Em conclusdo, os nossos resultados mostram que os extractos metanolicos da folha, casca e
polpa de C. oblonga protegem os eritrocitos da lesdo oxidativa induzida por radicais livres, o
que sugere a sua eventual aplicagdo como adjuvantes na terapéutica de diversas situagdes

patologicas em que os radicais livres estdo implicados, bem como na respectiva prevengao.
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