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RESUMO

O objetivo deste trabalho foi isolar proantociamédi de folhas de barbatimdo e avaliar a
atividade citotoxica para células de tumor mamhtmano, MCF-7 (ER+) e MDA-MB-435
(ER-). As proantocianidinas foram isoladas da frag@juosa de folhas de barbatim&o,
utilizando-se cromatografia em coluna de Sephad#@2@ e metanol (10-100% ) e acetona
(70%) como eluentes. A presenca de proantociarsdimas fracdes obtidas, foi monitorada
por cromatografia de camada delgada e esta regelew fracdo eluida com metanol 100%
(usada nos experimentos) apresentou o maior tepradmtocianidinas. A despolimerizacao
acida permitiu quantificar as procianidinas na @mog a analise por HPLC revelou a
presenca de acido galico, procianidina diméricaeBt)-epicatequina-8-galato. A fracéo
apresentou atividade antioxidante, sendo que aichgue antioxidante total foi de 470,28 +
14,36 mg acido ascorbico/g de fracdo. A atividastgisstrante de radicais livres DPPH 50%
foi de 12 pg/mL e a atividade inibidora maxima aé&acéo de proteinas foi obtida com 50
ng/mL de fracdo. A fracdo apresentou atividadet@tioa para células de tumor mamario
MCF-7 e MDA-MB-435. O tratamento das células confracdo aumentou a atividade
redutora de MTT, o que indica aumento da viabildazklular. Entretanto, a analise
morfolégica revelou intensa vacuolizacdo citoplasraddependente da concentracdo da
fracdo. Os vacuolos acumularam MTT, indicando testase de vacuolos autofagicos. Outras
alteracbes morfologicas observadas com o tratanferdn a perda da morfologia celular
tipica, condensacéo da cromatina (principalmem@dgQdo de nucleo picndtico), alteracdes
na membrana plasmatica e apos 48 h de tratament@ moarcante diminuicdo do tamanho
das células. Nao foi observado o padrdo de DNAdescaracteristico de apoptose nos
diversos tratamentos. Os resultados parecem indjoar a fracdo isolada pode induzir
autofagia nos dois tipos celulares estudados. Afagia pode potencializar os efeitos
antitumorais de quimioterapicos, o que pode sénatierapia contra o cancer e as folhas de
barbatimdo parecem ser uma valiosa fonte de suts$anioativas.

Palavras-chave: Neoplasias da Mama. Proantociasid@iryphnodendron adstringens



ABSTRACT

The aim of the present study was to isolate praaydnidins from barbatiméao leaves and
evaluate its cytotoxic activity to MCF-7 (ER+) e MEMB-435 (ER-) cells. The
proanthocyanidins were isolated from the aqueoastin of barbatimdo leaves using
Sephadex LH-20 column chromatography and methat®{100%) and acetone (70%) as
eluents. The proanthocyanidins presence in ther@utdractions was monitored by thin layer
chromatography and it revealed that the methand%lCluted fraction (used in the
experiments) exhibited the highest content of pitv@ryanidins. The acid depolimerization
allowed quantifying the procyanidins in the sampled the HPLC analysis revealed the
presence of gallic acid, procyanidin dimmer Bl &)ekpicatechin-32-gallate. The fraction
exhibited antioxidant activity, being the total iamtdant capacity 470.28 + 14.36 mg ascorbic
acid/g of fraction. The 50%DPPH free radical scgweq activity was obtained with 12 pg/mi
and the maximum protein oxidation inhibitory adiyjvivas achieved with 50 pg/ml fraction.
The fraction was cytotoxic to breast cancer MCFd 8MDA-MB-435 cells. Cell fraction
treatment enhanced the reducing MTT activity thadigates increased cell viability.
However, the morphological analysis showed intery@eplasmic vacuolization in a dose-
dependent manner. The vacuoles accumulated MTT¢chwkeems to be consistent with
autophagic vacuoles. Other morphological changssrebd after cell treatment include cell
lost of typical morphology, chromatin condensat{ominly pyknosis), membrane blebbing
and after 48 h-treatment there was prominently slaiihkage. No DNA-laddering formation,
typical of apoptosis, was obtained after cell meait. The results seem to indicate that the
isolated fraction could induce autophagy in bothd&d breast cancer cell lines. Autophagy
could enhance the effects of antitumor chemothetiagtycan be useful in anti-cancer therapy
and barbatiméo leaf seems to be a valuable sof@itweaxtive substances.

Key words: Breast neoplasia. Proanthocyaniditg/phnodendron adstringens
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1 REVISAO DE LITERATURA

1.1 Barbatim&o: caracterizacéo e propriedades meditais

Stryphnodendron adstringen®artius) Coville (Fabaceae), conhecida populateen
como barbatiméo, barbatim&o-verdadeiro, barbardé@etj chordozinho-roxo e casca-da-
virgindade, € uma &arvore comum no cerrado, com amistribuicdo geografica, ocorrendo
em varios estados, desde o Pard até Sao PauloindwlIMinas Gerais. Apresenta altas
densidades em varias localidades do Brasil ceatgalencontrada mais freqientemente em
fitofisionomias do cerrado tipico, campo-sujo erae@o (FELFILI et al., 1993; 1994;
FELFILI; SILVA JUNIOR, 1993; BORGES FILHO; FELFILR003).

A planta é uma espécie perenifélia, com pico deafiédo, producdo de folhas novas e
queda de folhas entre julho e outubro. Apreseritar@scéncias com numero variavel de
flores pequenas de cor marrom, hermafroditas, cmgelvidade de apenas um dia. As folhas
sdo compostas, bipinadas, com seis a oito paréslids por pina. O fruto é um legume
séssil, grosso e carnoso, linear-oblongo com ceecd0 cm de comprimento (CORREA,
1984). O caule atinge de 20 a 30 cm de diametre € d 5 m de altura (FELFILI; SILVA
JUNIOR, 1993).

O barbatiméo é importante fonte de compostos fepglisendo que a casca desta planta
possui pelo menos 20% de taninos (MELLO; DE PETHREIWHRSTEDT, 1996a). Santos
et al. (2002) analisaram o extrato acetdnico deafok casca d& adstringeng verificaram a
presenca de flavonadis, acidos fendlicos, ésterefci®d galico, taninos e outros compostos
fendlicos complexados a glicosidios e ao acidocga$. adstringengpossui prodelfinidinas
3-flavondis, prorobinetidinas e procianidinas diweés (MELLO; DE PETEREIT;
NAHRSTEDT, 1996a; 1996b; 1999).

O extrato bruto obtido por decoccdo ou infusdo dsca e das folhas é utilizado,
popularmente, para o tratamento de leucorréiaréiggrinflamacdes e como cicatrizante
(SANTOS; TORRES; LEONART, 1987; PANIZZA et al., 8MACEDO; FERREIRA,
2004). S. adstringensapresenta ainda diversas outras atividades deradastr O extrato
aquoso de barbatiméo apresentou atividade antiafidria, analgésica e protetora da mucosa
géastrica (BERSANI-AMADO et al., 1996; LIMA; MARTINSDE SOUZA, 1998; AUDI et
al., 1999; MARTINS; LIMA; RAO, 2002; LOPES et a2005).
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O extrato metandlico da casca$leadstringenspresentou toxicidade para mitocéndria
isolada de figado de rato, promovendo o desacoplama inibicdo do transporte de elétrons
e da ATP sintase, em concentracdes superiores aud/®L. (REBECCA et al.2003). O
extrato acetbnico de casca de barbatiméo inibiepdicacdo de poliovirus e herpesvirus
bovino e a sintese de antigenos virais (FELIPH.eR@06). O extrato bruto de barbatiméo
ainda inibiu o crescimento dderpetomonas samuelpessqdlOLETZ et al., 2005) e de
Candida albicans(ISHIDA et al., 2006). Bersani-Amado et al. (200)servaram efeito
antinociceptivan vivo do extrato bruto de barbatiméo e suas fracfessaqeiacetato de etila.
A administracdo do extrato metandlico de cascaadedtimao para camundongos, por 7 dias,
nao apresentou toxicidade. Contudo, a administrgcétmngada (30 dias) de 800 e 1600
mg/kg para ratos foi toxica, induzindo diminuicém miassa corporal, aumento de glicose e

aspartato aminotransferase séricas, além de irdmldig timo (REBECCA et al., 2002).

1.2 Taninos: proantocianidinas

Os taninos sdo compostos fendlicos sollveis em, gopdem precipitar alcaldides e
proteinas e segundo a estrutura quimica sdo otaskis em trés grupos: hidrolisaveis,
complexos ou parcialmente hidrolisaveis e condersaml nao-hidrolisaveis (COS et al.,
2004; KOLECKAR et al., 2008).

Os taninos hidrolisaveis consistem de ésteres idesgl ou outro poliol com &cido
galico (galotaninos) ou acido elagico (elagitanjnegndo os ultimos mais freqlentes. Os
taninos complexos apresentam uma unidade 3-flavareke liga (ligacdo glicosidica) a um
galotanino ou elagitanino. Os taninos condensa@lo®kgomeros e polimeros compostos por
unidades fendlicas 3-flavanol e como néo se apt@seglicosilados, ndo sao prontamente
hidrolisaveis. Contudo, o aquecimento dos taninmsdensados em meio alcoodlico-acido
produz pigmentos vermelhos (antocianinas) e par denominados proantocianidinas
(FIGURA 1) (COS et al., 2004; KOLECKAR et al., 2008
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Figura 1- Classificagdo dos taninog, acido galico;B, acido elagico,C, (+)-catequina;

D, (-)-epicatequina. Fonte: adaptado de Cos e2@04).

As proantocianidinas originam-se por ligagédo, ppaknente, tipd3 entre o C4 do anel
C de uma unidade nucleofilica flavanil e o C8 {€4£8) ou C6 (C4— C6) do anel A de
outra unidade flavanil, formando compostos oligdot& ou poliméricos compostos de
subunidades 3-flavanol, principalmente, (+)-categsie (-)-epicatequinas (FIGURA 2). Os
taninos condensados representam um grupo com gmindesidade estrutural devido a
variacdo no padréo de hidroxilacdo, estereoquinvsarés centros quirais, localizacao e tipo
de ligacdo entre os monémeros, além da possibdidiedglicosilacdo e esterificacdo com o
acido gélico. Sdo classificados de acordo com adgade hidroxilagdo, sendo os mais
abundantes as procianidinas. As procianidinas go 8 (diméricas) e C (triméricas)
apresentam ligacdo simples entre os mondémerosaeta@as procianidinas A (diméricas)
possuem ligacdo éter adicional entre o C2 de undade e a hidroxila do C7 e/ou C5 de
outra unidade (FIGURA 2) (COS et al., 2004; KOLEGKAt al., 2008).
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Figura 2- Formulas estruturais da catequina e procianididasatequinaB, procianidina B
(epicatequinafd - 8-catequina); C, procianidina B (catequina-d4 - 8-catequina); D,
procianidina A (epicatequinafd— 8, 3 - 7-epicatequinakE procianidina ¢ (epicatequina-

43 -, 8-epicatequina{fd- 8-epicatequina). Fonte: modificado de Cos et 8I042.
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1.3 Tumor mamario: incidéncia e fatores de risco

O cancer de mama € o segundo tipo de cancer negjigeinte no mundo e o primeiro
entre as mulheres. E relativamente raro antes 8amn8s de idade, mas acima desta faixa
etaria sua incidéncia cresce rapida e progressii@mAs estatisticas indicam o aumento de
sua freqUéncia tanto nos paises desenvolvidos @uaod paises em desenvolvimento.
Segundo a Organizacdo Mundial da Saude, nas dédadi#kse 70 registraram-se aumento de
10 vezes nas taxas de incidéncia, ajustadas pie,idas diversos continentes (INCA, 2008).
No Brasil, o cancer de mama € o prevalente entrauleres. O Ministério da Saude, por
meio do Instituto Nacional do Cancer estimou 49.4600s casos de cancer de mama no
Brasil, em 2008 (INCA, 2008). No Estado de Minagd&&e0 cancer de mama também € o
mais frequente entre as mulheres, sendo a estanp#ita 2008, de 4.280 novos casos de
cancer de mama por 100.000 mulheres e na capi@8@ENCA, 2008).

Esta bem estabelecido que fatores de risco rekagama vida reprodutiva da mulher, tais
como: menarca precoce, idade da primeira gestacaerrao acima dos 30 anos,
anticoncepcionais orais, menopausa tardia e tedsgpraposicao hormonal estédo relacionados
com o desenvolvimento do cancer de mama. Além sgesselade continua sendo um dos
mais importantes fatores de risco. As taxas delémgia aumentam rapidamente até os 50
anos, e posteriormente ocorre de forma mais lerqage tem sido atribuido a menopausa.

Alguns estudos apontam para dois tipos principaisa@hcer de mama: o primeiro tipo,
mais freqlente na pré-menopausa, € caracterizadosgyometastatico agressivo e nao
expressar o receptor de estrégeno (ER-); o segeondomaior freqiiéncia na pdés-menopausa,
esta associado com caracteristicas indolentesgipaimente, por expressar o receptor de
estrogeno (ER+). As variagcbes morfologicas tumdeaishém estdo relacionadas ao receptor
de estrégeno, como por exemplo, os carcinomas medulndo expressam receptor de
estrdgeno, enquanto os carcinomas tubulares eal@subxpressam o receptor de estroégeno.

Os carcinomas medulares estdo também associadosutagdes no gen®8RCAL
localizado no cromossomo 17 e sdo mais frequiemtegopulacdes de baixo risco, como as
japonesas. Por outro lado, os carcinomas tubularésbulares tém associacdo com as
mutacdes do genBRCAZ localizado no cromossomo 13 e s&o mais comunpgagmlacoes
de alto risco, como nos Estados Unidos (JO et2805; INCA, 2008). Outras mutacdes
genéticas, como as que ocorrem no gpB8 parecem ser desencadeadoras da doenca,

surgindo com maior freqiéncia em alguns grupos@n{VALLE, 1999). O gen&lER2é
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um receptor dos fatores de crescimento epidérm@mn eropriedades oncogenéticas e
mutacdes com ganho de fungdo aparecem em 20 a 88%asos de cancer de mama
(DOWSET et al., 2000).

Apesar de ser considerado um céncer de relativemamn progndéstico, as taxas de
mortalidade por cAncer de mama continuam elevagl&asil, muito provavelmente porque

a doenca ainda € diagnosticada em estadios avan@aidoA, 2008).

1.4 Células MCF-7 e MDA-MB 435

Linhagens celulares tém sido utilizadas para estdddbiologia de carcinoma mamario
humano, bem como para a avaliagéo da atividadeeaaral de diversos compostos (DIMRI,
BAND; BAND, 2005). Dentre as linhagens celularesmanas utilizadas destacam-se as
células MCF-7 e MDA-MB-435 (FIGURA 3).

Figura 3- Células de adenocarcinoma mamario humano. A, MCB;7MDA-MB-435.
Fonte: American Type Culture Colection
(http://www.atcc.org/CulturesandProducts/CellBiotgellLinesandHybridomas/tabid/169/D

efault.aspx)

As células MCF-7 expressam o receptor de estrOgERa) e a analise citogenética
revelou aneuploidia (2n= 66-87), a presenca de tandg cromossomo submetacéntrico e
trés grandes subtelocéntricos em 80% das metafaséissomia do cromossomo 20 e
dissomia do X. Estas células mantém varias cafatiters do epitélio mamario diferenciado,

incluindo a capacidade de processar o estradiol rppeio de receptores de estrégeno
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citoplasmaticos. Contém o oncogene Tx-4, seu ¢restb € inibido por TNé e a secrecéo
de IGFBP pode ser modulada pelo tratamento correatrbgénios.

As células MDA-MB-435 sao independentes de estrogemis ndo expressam o
receptor de estrégeno (ER-), expressam os recepfme EGF e TGF e 0 oncogene
WNT7B. A andlise citogenética dessas células revedmeuploidia, com duplicacdo
cromossOmica (2n= 52-68), auséncia dos cromoss@m45, rearranjos cromossdmicos e
trissomia de autossomos.

As linhagens celulares de carcinoma mamario humM©F-7 e MDA-MB-435,
apresentam potencial proliferativo diferente, beoma diferentes respostas a agentes
quimioterapicos e antitumorais potenciais obtidespthntas, devido a suas caracteristicas

geneéticas.

1.5 Efeito de proantocianidinas sobre células de taor mamario

A prospecc¢édo da atividade biologica de compostas atividade antitumoral potencial
pode ser avaliada utilizando-se culturas celulafssculturas celulares oferecem ainda a
possibilidade de estudos sobre o mecanismo de dgadrogas e compostos, 0 que é
dificultado em modelos animais e humanos.

A formacédo de radicais livres e de espécies reatile oxigénio no organismo esta
envolvida em processos fisiologicos. O organismgp@? de um sistema antioxidante
composto por substancias enddgenas e vindas @ @it como os compostos fendlicos. A
producao excessiva de radicais livres e de espézadisas de oxigénio ou falhas no sistema
antioxidante podem causar o0 estresse oxidativo, consequente lesdo de biomoléculas
(lipidios, DNA, acucares e proteinas). As lesdesDidA podem desencadear diversas
patologias dentre elas o cancer e doencas degeagedém de outras (GOUVEA, 2004).

As proantocianidinas sado antioxidantes naturaispeesantam amplo espectro de
atividade biologica. Podem exercer efeito protator organismo contra a oxidacdo de
proteinas e lipideos minimizando os efeitos daletéde espécies reativas e 0s riscos de
doencas como o cancer. O tamanho e composicao rdastqcianidinas parecem estar
relacionados a sua atividade antioxidante, bemaaonmplexacdo ao acido galico na posicao

3, aumenta a atividade antioxidante. O mecanismax@e antioxidante das proantocianidinas
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inclui a atividade sequestrante de radicais lier@sinibicdo enzimatica (ARIGA, 2004; COS
et al., 2004).

Além da atividade antioxidante os compostos fenéliexercem outras atividades que
podem estar relacionadas a capacidade de seqéestradicais livres. Estas atividades séo
mediadas por interacdo a receptores e incluemdatlei antiproliferativa, de regulacdo do
ciclo celular e indugéo de apoptose, constituinelcagportantes na prevencao e bloqueio do
crescimento de células tumorais (WILLIAMS; SPENCERCE-EVANS, 2004).

As proantocianidinas de extrato de uva mostraraitoetitotoxico para células MCF-7,
além de outras linhagens tumorais (YE et al., 182&RIA et al., 2006). As proantocianidinas
de uva foram também citotoxicas para outras linhagie células de tumor mamario, tais
como 4T1 e MDA-MB-468, induzindo diminuicdo da piedacdo e viabilidade celular, bem
como induziu apoptose das células 4T1, provaveknpat alterar a relacdo Bax/Bcl-2, em
favor da apoptose (MANTENA; BALIGA; KATIYAR, 2006).

Kozikowski et al. (2003) demonstraram que as prodiaas de cacau e sintéticas (com
estrutura molecular idéntica a da procianidinaa@réncia natural) inibiram varias linhagens
de células tumorais mamarias humanas: MCF-7, MDA-238B, MDA-MB-435 e SKBR-3.
Utilizando a linhagem MDA-MB-231 foi possivel estddcer que a inibicdo celular foi
provocada pela paralisacdo do ciclo celular na fa®éG1l e a morte celular foi mais
consistente com necrose do que apoptose.

A proantocianidina galato, prodelfinidina B-2 3d8'O-galato (PB233'0OG), apresenta
atividade antioxidante e antiviral e Kuo et al. 2D demonstraram que este composto
também apresenta atividade anti-proliferativa deilag MCF-7. A PB233'OG induziu
apoptose das células sem mediagéo de p53 e p21/VD&Fdutores sugeriram que a apoptose
foi induzida pelo sistema apoptatico Fas/Fas ligant

Em outro estudo, Ramljak et al. (2005) demonstragai® procianidina pentameérica
natural de cacau induziu paralisacdo do ciclo aeluh fase GO/G1 das linhagens celulares de
carcinoma mamario MDA-MB-231, MDA-MB-436, MDA-MB-4& SKBR-3 e MCF-7 e de
células 184A1N4 e 184B5 imortalizadas por benza@)p. Entretanto, culturas primarias de
células epiteliais mamarias normais e MCF-10A etpwamente imortalizadas foram
resistentes ao tratamento. Os autores verificaraen & procianidina pentamérica induziu
despolarizacdo da membrana mitocondrial das céMBA-MB-231, mas ndo das células
MCF-10A. As demais células apresentaram resultadio&veis. A despolarizacédo das células
MDA MB-231, revelou desfosforilacdo especifica, salteracdo da expressao de proteina

moduladoras da fase G1 como Cdc2, p53 e outrassfosforilacdo da p53 pela procianidina
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pentameérica foi também confirmada nas células MDB-4A468. Contudo, nestas células o
tratamento induziu diminuicdo da expressao e fdaf@o da p53. Este trabalho demonstrou
que as células de carcinoma mamario humano satvaelente susceptiveis aos efeitos
citotoxicos da procianidina pentamérica. Em outabalho, taninos condensados obtidos de
Acacia catechuinibiram o crescimento de células MCF-7, em bab@ncentragéao,
provavelmente por inibicdo da biossintese de lggd@HANG et al., 2008)

Além das proantocianidinas, os flavondides espeeate, epicatequina galato e
epigalocatequina galato apresentam atividade amtital, atuam modulando o ciclo celular e
podem potencializar o efeito de quimioterapicos I(ZAC et al., 1996; SEERAM; ZHANG,;
NAIR, 2003; CHISHOLM; BRAY; ROSENGREN, 2004; FARARIOLI et al.,, 2007;
HSIEH; WU, 2008).
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SUMMARY. We isolated proanthocyanidins from barbatiméo Isaaed evaluated their
antioxidant properties. Proanthocyanidins wereaignl from the aqueous fraction from
barbatiméo leaves, using Sephadex chromatograpieyTLC allowed identifying that 100%
methanol eluted the fraction with the highest contef proanthocyanidins. This fraction
seems to contain dimeric proanthocyanidin, procianB1 and epicatechin @-gallate. The
extract content of proanthocyanidins was 242.17427 mg of proanthocyanidins / g of
extract. The total antioxidant capacity was 4702814.36 mg ascorbic acid/g of
proanthocyanidin. These compounds also exhibite@HDRree radical scavenging activity
(SA), being the S& 12 pg/ml. The reducing power of barbatiméo legwesmnthocyanidins
increased with concentration increasing and theimax activity was obtained with 100
png/ml of proanthocyanidins. The isolated proantloayins presented a dose-dependent
protein oxidation inhibitory activity, and 50 pug/mi proanthocyanidins produced maximum
inhibition. In conclusion barbatiméo leaves carrible source of proanthocyanidins that act as
antioxidants, which may be highly relevant to thaimenance of normal health and disease

management in humans.

KEY WORDS: Proanthocyanidin§tryphnodendron adstringgrantioxidant
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INTRODUCTION

Stryphnodendron adstringen®artius), Coville (Fabaceae) grows in open fieksd
savannah regions in Brazil, where it is populampkn as “barbatimad” The stem bark has
been empirically used as wound healing, astringamtimicrobial, antifungal, antidiarrheal
and hypoglycemic agefit

This plant is a rich source of tannins (10-37%ainly proanthocyanidins or condensed
tannins. It is also known as oligomeric proanthodgis, pycno-genols or leukocyanidins,
oligomers or polymers of flavan-3-ols. The proawtanidins that exclusively consist of
epicatechin units are designated procyanidinsitbst abundant type of proanthocyanidins in
plants. The less common proanthocyanidins contgieigallocatechin subunits are called
prodelphinidiii. Mello et al®’ isolated and identified several flavan-3-ols, miptiinidins
and prorobinetinidins from an ethyl-acetate extraft barbatimdo stem bark. These
polyphenols are composed of monomeric flavan-3-aitsu [(+)-catechin and/or (-)-
epicatechin.

Several biological effects are attributed to prbanyanidins, namely, antibacterial,
antiviral, anticarcinogenic, anti-inflammatory, aadtiallergic activit§°. Moreover, a special
interest has been devoted to their antioxidanwigtsince proanthocyanidins can exert a
protective action in the organism against proteid &pid oxidation, reducing the risk of
chronic diseases such as coronary heart diseaseestain types of canc8r't In healthy
individuals, the production of oxidative speciesbiglanced with the antioxidant defense
system. Oxidative stress is defined as disturbamntethe balance in favor the oxidative
species leading to potential biomolecules dartfdge

The aim of the present work was to isolate the mabundant fraction of
proanthocyanidins of barbatiméo leaves and evalistaentioxidant properties. There is no

published work on the barbatiméo leaf proanthoajiasiisolation and properties.

MATERIALS AND METHODS
Extraction and fractionation of plant material

Leaves of Stryphnodendron adstringen@artius), Coville was collected in Alfenas
(Minas Gerais State, Brazil) in Julho/2007. A voerickpecimen is deposited at the Herbarium
of the Universidade Federal de Alfenas (Brazil)eTdryed leaves were ground and the
proanthocyanidins were extracted according to Foau&, with modifications. To obtain

proanthocyanidin polymers representative of thassgnt in intact plant tissues, extreme care
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was taken to prevent exposure of the preparatiorfseat, light, and air, and the dry plant
material was homogenized three times, during 5 dmch, with acetone/water (7:3), an
efficient solvent system for extracting proanthaugan polymers. The combined extracts
were concentrated by low-pressure evaporation at@0o eliminate acetone, and the
concentrated aqueous solution was extracted agtiretiyl acetate (1:1, 5 times), to remove
lipids and fat-soluble pigments. The remaining amysesolution was lyophilized, and 2 mg of
freeze-dried product was dissolved in 10% aqueoethamol and fractioned on a 40 cm x 2
cm i.d. Sephadex LH-20 column (Pharmacia, Uppsalgden). After the column was rinsed
with 100 ml of water (discarded), fractions werdlexied by increasing the methanol content
of the eluent from 0 to 100% (v/v) in incrementsl@f6 (100 ml each) followed by 2 x 100

ml fractions of acetone-water (70:30, v/v). Thegmhocyanidin composition of the fractions

was monitored using thin-layer chromatography (TEg5tem.

TLC

Analytical TLC was performed according to Rosthal™® on 20 cm x 20 cm silica gel
(Merck) using methanol-toluen-acetic acid (3:3:1y/w). The spots were visualized with
vanillin (5%) and HCI (10%).

Quantitative analysis of proanthocyanidins
The content of proanthocyanidins of the water faacivas determined photometrically
after acid depolymerization to the correspondinthacyanidin®. Triplicate samples were

run for each set.

Total antioxidant capacity

The total antioxidant capacity of the proanthocglars isolated (2.0 mg/ml) was
determined by the phophomolibdeniun metpdbased on the spectrofotometrically
determination of M&' to Mo™ reduction and ascorbic acid was used as standaplicate

samples were run for each set.

DPPH freeradical scavenging assay
The hydrogen atoms or electrons donation abilitthefproanthocyanidin fraction (0.5-
200.0 pg/ml) was measured from the bleaching gblpurolored methanol solution of DPPH

according to Yen & WH. The scavenging activity was determined accortbrtje equation:
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DPPH scavenging activity (%) = 10(1%) x 1049
C

Where, Ac is the absorbance of the control (withprdanthocyanidins) and At is the
absorbance of the different solutions of proanthoajins. Triplicate samples were run for
each set.

Reducing power

The ferric reducing potential of the proanthocyamsd10.0-500.0 pg/ml) was determined
according to the method of OyafZu Ascorbic acid was used as standard and higher
absorbance of the reaction mixture indicated greattucing power. Triplicate samples were

run for each set.

Protein oxidation assay
The effects of proanthocyanidins (10.0-500.0 pgbml)protein oxidation were carried out

according to the method of Leezal®

Triplicate samples were run for each set.
Statistical analysis
Data were analyzed using ANOVA with post hoc analysy Tukey test, when p<0.05.

Results are expressed as mean + standard deW&i)n

RESULTS AND DISCUSSION

The extensive investigations with the proanthoayiasi have identified various molecular
targets that can potentially be used for the preeenor treatment of cancers and other
diseases caused by the oxidative strelNgtural and synthetic antioxidant compounds can
exert a number of effects in vivo; e.g., promotimgreased synthesis of endogenous
antioxidant defenses or themselves acting diredlgntioxidants. The feasibility of an extract
or compound exerting antioxidant effects can bduated by in vitro tests that investigate
how the putative antioxidant can or cannot reath wélevant free radicdfs In the present
work we have demonstrated, for the first time tha# proanthocyanidins isolated from
barbatiméo leaves present antioxidant properties.

The TLC allowed identifying that the fraction witthe highest content of
proanthocyanidins was isolated with 100% methahbis fraction seems to contain dimeric
proanthocyanidin, procyanidin B1 and epicatechi@-8allate.
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The content of proanthocyanidins isolated fromabaeous fraction of barbatiméo leaves
demonstrated a concentration of 242.17 + 14.27 mgra@anthocyanidins/g of extract. The
content obtained in the present work was supeddhat obtained by othéf&* indicating
that the barbatiméao leaf is a rich source of pioacyanidins.

The proanthocyanidins isolated presented antioxidativity. The total antioxidant
capacity was 470.28 = 14.36 mg ascorbic acid/groamthocyanidin. These compounds also
exhibited DPPH free radical scavenging activity JSi#eing the SA 12 pg/ml (Fig. 1). We
obtained a maximum SA with 100 pg/ml of proanthoiga, and the maximum SA for
ascorbic acid was obtained with 12.5 pg/ml. Howgtrer proanthocyanidin from barbatiméo
leaves were more active than that frBnunus>.

One of the mechanisms of action involved in thdoaidant activity is the ability of
donating H (a single electron) to free radical spétfé It has been reported that a great
number of flavan-3-ols and proanthocyanidins presadical scavenging activity and it was
found that the introduction of a gallic acid fumctiat position 3 increases significantly the
radical scavenging activity, while glycosylation thie position 3 decreases the scavenging
ability®®. The results suggests the human use of the pmahidins from barbatimao
leaves, as free radicals seem to be involved imtagrity or in all of human diseases onset
and progressidfi. Barbatiméo leaves proanthocyanidins could beuiliary to prevent the
DNA, lipids and protein lesion caused by free ratlic

There is some literature evidence that the redupower of a compound is related to its
electron transfer ability and may therefore sergseaasignificant indicator of its potential
antioxidant activity”. The reducing power of barbatimao leaves proarn#midins increased
with concentration increasing and the maximum &gtiwas obtained with 100 pg/ml of
proanthocyanidins (Fig. 2). Although the isolatetbgmthocyanidins presented a lesser
reducing power than ascorbic acid, it exhibitedcepbteducing ability, which may account to
its antioxidant activity. The isolated proanthocagams showed a higher reducing power than
that reported to some plant extratts

The carbonyl derivatives are formed by the freecaldattack to the amino-acyl residues
of proteins or by the reaction with oxidants fromid and carbohydrates degradation. The
oxidative protein modification brings structural tehtions and consequent enzyme
inactivatior!®. The isolated proanthocyanidins presented a proteiidation inhibitory
activity, which increased with the concentratioonréasing. The maximum protein oxidation

inhibition was obtained with 50 pg/ml of proanthanidins (Fig. 3).
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The inhibitory activity of proanthocyanidins on tipeotein oxidation, observed in the
present study may be related to a proanthocyamiden radical scavenging activity. Protein
oxidation inhibitory activity of proanthocyanidingas also demonstrated by Senthilmolean
al.*®. They conducted a 12 week clinical trial with Egenol®, a commercially available
proanthocyanidin-rich flavonoid extract derived nfrothe bark of Pinus radiate and
demonstrated that the diary ingestion of 480 mgoBerol® reduced by 51% the protein
carbonyl concentration after 6 and 12 weeks of Eupentation by older human subjects. In
the present work we obtained a 48,87 % decreadimyatein carbonyl formation with 50

pg/ml barbatiméo proanthocyanidins.

CONCLUSIONS
In conclusion the oligomeric proanthocyanidins asetl from barbatiméo leaves present
antioxidant activity, which may indicate its use as auxiliary to prevent some diseases

caused by the oxidative stress.
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Figure legends

Fig. 1. DPPH free radical sacavenging activity. Proantaptocyanidins from the leaves of
S. adstringens AA, ascorbic acid. The results are the meanSD of 3 independent

experiments in triplicate.

Fig. 2. Reducing power. Proant, proanthocyanidins from|#aes ofS. adstringensAA,

ascorbic acid. The results are the me&D of 3 independent experiments in triplicate.

Fig. 3. Protein oxidation inhibition activity of g@anthocyanidins from the leaves 8t

adstringensThe results are the mearSD of 3 independent experiments in triplicate.
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The cytotoxic effect of a procyanidin rich fractiaeolated from Stryphnodendron
adstringens(barbatiméo) leaves was evaluated in two humaasbreancer cell lines, the
estrogen-dependent ER (+) MCF-7 and the estrogigpendent ER (-) MDA-MB-435 cells.
HPLC analysis revealed that this fraction is congolosy gallic acid, proacyanidin dimer B1
(main component) and (-)-epicatechir®3gallate. Fraction, at concentrations higher than 5
Mg, induced cell death an increased the capacitthese cells to reduce MTT. This was
concurrent with the appearance of an intense iytipptasmic vacuolization, which seems to
be consistent with autophagic vacuoles. The accatmoul of the formazan product in these
vacuoles could justify the enhancements of MTT otidu. Other morphological changes
observed after cell treatment include cell lostypical morphology, chromatin condensation
(mainly pyknosis), membrane blebbing and after 48htment there was prominently cell
shrinkage. No DNA-laddering formation, typical gfaptosis, was obtained after treatment of
the cells with barbatiméo fraction. These resudts$ fo the suggestion that the barbatimao
fraction could induce autophagy in both breast eamell lines. In view of cancer therapy,
autophagy could be important to enhance the effgcti-cancer therapies and barbatiméo

leaf would be a valuable resource of bioactive wrnres.
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Stryphnodendron adstringeriMartius) Coville (Fabaceae) is a native tree tpatws in
open fields and savannah regions in Brazil, wheis popularly known as “barbatim&d”.
The stem bark has been empirically used as wouradinige astringent, antimicrobial,
antifungal, antidiarrheal and hypoglycemic agetit.Barbatimdo is rich source of
proanthocyanidins, including procyanidins, prodeiphins and prorobinetinidin‘é‘.” This
class of phenolic compounds has attracted greaitaih due to their wide range of biological
activities and they can potentially be used for phmevention or treatment of cancers of
various organ$? It has been reported that proanthocyanidins froape seed inhibited
proliferation and induced apoptosis of MCF-7 and MMB-468, while enhanced normal
cells growth and viability”™ Pentameric proanthocyanidins froffheobroma cacao
selectively inhibited growth of several breast @ncells lineage through ;@nodulatory
effect® and more recently proanthocyanidins from catecims lseen proven to significantly
inhibit MCF-7 cells growtH?

In this study we demonstrated, for the first tirtigt the fraction containing procyanidin
dimmer B1 isolated from barbatimédo leaves inhibitd@F-7 and MDA-MB-435 breast
carcinoma cells lineage growth. Breast carcinomane of the most common malignant
tumors worldwide, and is the first malignancy in men. Therefore, we chose two
phenotypically different human breast carcinomé logs as model to explore the effects of
procyanidin rich barbatiméo leaf fraction on cancell growth in order to assess its value in

cancer prevention and therapy.
MATERIALS AND METHODS

Extraction and Fractionation of Plant Material Leaves of Stryphnodendron
adstringens(Martius) Coville was collected in Alfenas (MindSerais State, Brazil) in
Julho/2007. A voucher specimen (N. 196) is depdsitethe Herbarium of the Universidade
Federal de Alfenas (Brazil). The dryed leaves wgmind and the proanthocyanidins were
extracted by three times homogenation with aceveatef (7:3), during 5 days each. The
combined extracts were concentrated by low-pressweporation at 30° C to eliminate
acetone, and the concentrated aqueous solutiorextescted with ethyl acetate (1:1), for 5
times, to remove lipids and fat-soluble pigmentfie Tremaining aqueous solution was
lyophilized, and 2 mg of freeze-dried product wassdlved in 10% aqueous methanol and
fractioned on a 40 cm x 2 cm i.d. Sephadex LH-20roao (Pharmacia, Uppsala, Sweden).

The elution rate was 0.5 ml/min and fractions ofngl0each were collected by increasing the
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methanol content of the eluent from 0 to 100% (Wwv)ncrements of 10% (100 ml each)
followed by 2 x 100 ml fractions of acetone-waté0:30, v/v). The proanthocyanidin content
of the fractions was monitored using thin-layercchatography (TLC) systend)

TLC Chromatographic fractions were analyzed on 20 cr@0Oxcm silica gel plates
(Merck) using methanol-toluen-acetic acid (3:3:1v/w). The spots were visualized with
vanillin (5%) and HCI (109§ The fraction eluted with 100% methanol showedHiuhest
content of proanthocyanidins. It was used in thpeexnents and referred as “barbatimao
fraction”.

n-Butanol-HCI hydrolysis This reaction was performed with a sample of bamdd
fraction (1 mg) in a capped tube containing 5% KCh-butanol (2 ml). The mixture was
heated in a boiling water bath for 1 h. The resglttyanidin indicated the presence of
procyanidin™®

Degradation with Phloroglucinol A sample of barbatim&o fraction (2 mg) was mixed
with phloroglucinol (2 mg) and 1 ml of 1% conceméch HCI in ethanol was added. After
standing for 1 h at ambient temperature the reagfoducts were examined by HPEE.

High Performance Liquid Chromatography The HPLC analysis were performed on a
Shimadzu high performance liquid chromatography202&D system equipped with a diode
array detector, vacuum degasser, quaternary puatp;sampler and thermostated column
compartment. After filtration on Millipore filtergper (0.22um) 20 pl solution (barbatimao
fraction after phloroglucinol degradation) wereeted on a Shim-pack Shimadzu RP-18
column (4.5um pore size, 4.6 mm i.d. x150 mm) and eluted wiftow rate of 0.5 ml/min
with column temperature set at°3D. The following solvents were used: A [acetic Avater
(2/98 v/v)] and B [acetic acid/acetonitrile/wat@/Z0/78 v/v)]. The gradient applied was 100
to 80% A for 20 min and then 100% B for 60 min de¥ed by washing and reconditioning for
10 min. The products were detected by absorpti@s@amnm*®

Identification Gallic acid, (-)-epicatechin-8-gallate and procyanidin dimer B1 were
identified by comparison with authentic standard289 nm.

Cell Culture The two human breast cancer cell lines used, BRVGF-7 (CR117) and
ER (-) MDA-MB-435 (CR119), were provided by the Rie Janeiro Cell Bank (Brazil). Cells
were grown as monolayers and maintained in RPMB1L®#&dium supplemented with 20%
heat-inactivated FBS, 2mM glutamine, 100 U/ml p#livicand 100 mg/ml streptomycin, at
37° C in a humidified atmosphere with 5% €O

Cell Treatment Viable cells were counted using Trypan blue exiclgdmethod in a
hematocytometer. The exponential growing MCF-7 BHoA-MB-435 cells were obtained
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by plating 1 x18cells/ml in 96-well microtiter plates, followed 4 h incubation. After that
the cells were treated with six different amouts1(, 20, 40, 80 and 16®) of barbatiméo

fraction. Cyclophosphamide (CP; Sigma) was useabagive control (550 pg for MCF-7; 50
pug and 110 pg for MDA-MB-435 cells). The barbatinféaction was dissolved in sterilized
water, added to cell cultures and the plates wemebiated for another 24 or 48 h, at 87

MTT Assay After cell treatment, 10 uL of MTT (5 mg/ml) weraedded and cells
incubated for further 4 h. Formazan products wereikslized with isopropanol and the
absorbance was measured at 570 nm. The percentagd 10 reduction was calculated
comparing the absorbance of treated cells to thanteated control celf$)

Cell Morphologic Analysis Cells growing exponentially in coverslips were teghas
described above. After treatment cells were fixath W% buffered paraformaldehyde and
stained with hematoxylin-eosin. Slides were mounteBntellan and observed under a light
microscope. Typical apoptotic nuclear condensatias used as the morphological marker of
apoptosis.”)

Determination of Apoptosis by DNA Ladder Measuremeh The DNA of the cells was
isolated using the SDS/Proteinase K/RNase A extrachethod. The presence of apoptosis
was indicated by the appearance of a ladder obwligleosomal DNA fragments that are
approximately 180-200 bp multiples and necrosisth®y appearance of a smear on the
agarose gef®

Statistical Analysis Data were analyzed using ANOVA with post hoc asialypy Tukey
test, when p<0.05. Results are expressed as mgt@amdard deviation (SD).

RESULTS AND DISCUSSION

The extensive investigations with the proanthoayisi have identified various molecular
targets that can potentially be used for the preeeror treatment of cancef€ In the present
study we obtained, for the first time, a fractiachrin procyanidin from brabatiméo leaves
which is cytotoxic for breast carcinoma cells.

The TLC allowed identifying that the fraction withthe highest content of
proanthocyanidins was isolated with 100% methabatl{atiméo fraction). This fraction was
shown to have procyanidin by the production of agisnon heating in highly acidic medium.
We next reacted the barbatiméo fraction with phdbroinol. This reaction involved cleavage
of the interflavonoid bonds of procyanidins to gene carbocations at C-4 of the flavan
extender units that were then captured by the ppbiéc phloroglucinol to give flavan-



38

phloroglucinol addition products and releasing bm¢ton or terminal flavan-3-ol and these
products were analyzed by HPLC. The HPLC analyfimvad identifying three major
components of the barbatimdo fraction: gallic a€id, procyanidin dimmer Bl [2,
epicatechin-(B8 - 8)-catechin; the main component] and (-)-epicate@D-gallate (3; Fig.
1).

The effect of the barbatiméo fraction on cell vidypwas investigated by the widely used
MTT assay (Fig. 2). The barbatiméo fraction incegsathe MTT reducing capacity of MCF-7
and MDA-MB-435 cells in a dose-dependent manner.shdaificant enhancements in MTT
reducing activity were observed in MCF-7 cells atteatments with low concentrations (5
and 10 pg) for 24 and 48 h, but higher conceninatitnan those increased cell capacity to
reduce MTT. In MCF-7 cells, this capacity reachemkimum values of 168.07 £ 9.27 % and
192.67 £ 9.57 % for treatment with 40 ug fractiespectively, after 24 and 48 h. In MDA-
MB-435 cells no enhancement in MTT reducing agfiwas observed with 5 pg, but fraction
concentrations higher than that increased MTT reducapacity, as observed for MCF-7
cells. Maximum values of 135.89 + 13.21 % and 12%912.98 % were registered for
treatments with 80 pg (24 h) and 40 ug (48 h). €hesults led us to investigate the cause of
this intense formazan production in cells. A direetiuction of MTT by the extract was
excluded as the cause of this enhanced formazatugion since the barbatim&o fraction
showed no capacity to reduce this tetrazoliumatadiny concentration used (data not shown).
However, microscopic observation of cells showgar@ound cell morphology change and
an intense cytoplasmic vacuolization, mainly incéleated with 40 pg barbatiméo fraction,
which was not detected in untreated control cé&le results of the morphological analysis do
not correlated with the viability increasing indied by the MTT assay. Small vacuoles that
occupied almost all the cytoplasm and remained loned after staining with hematoxilin-
eosin were visualized in cells treated with barbdb fraction and at a lesser extent with
cyclophosphamide (CP). Other morphological changeserved after fraction treatment
include cell lost of typical morphology, assumingoand (MCF-7 and MDA-MB-435) or a
very thin spindle shape (MDA-MB-435), chromatin densation (mainly pyknosis) and
membrane blebbing. It was also observed some sivedils after 24 h of treatment, which
may indicate a perturbation in membrane fluiditydaafter 48 h-treatment there was
prominently cell shrinkage. The barbatiméo fractimed in the present work is composed of
flavan-3-ols derivative. It has been reported thatgreat number of flavan-3-ols and

proanthocyanidins with an introduction of a galbcid function at position 3 have a



39

significantly increased biological activity, whitgycosylation of the position 3 decreases the
activity.” 1929

A 24 h-treatment with 5 pg barbatiméo fraction vedde to induce the appearance of
vacuoles. In spite of the intense intracellularu@ization, the viability estimated by the MTT
reduction of MCF-7 and MDA-MB-435 remained very ig>100%). Based on the
knowledge that MTT is also reduced in intracellulasicles and that these vesicles
accumulate the reduced formazan protiote hypothesized that the enhancements of
formazan detected after cell treatment, could ke tduan accumulation of the MTT reduced
product in the vacuoles induced by the compoundsent in the barbatiméo fraction. To
prove this, we selected the highest concentratioth® fraction and, after treatment, cells
were incubated with MTT for 4 h and immediately ebed by light microscopy (Fig. 5). As
expected, an intense accumulation of violet-coldoechazan within the cytoplasmic vacuoles
was observed, which could explain the enhancememd T reduction detected.

It is important to point out that untreated MCF47daMDA-MB-435 cells are typical
adherent cells (Figs. 3 and 4). After treatmenhwirbatimao fraction almost all the cells had
detached from the microplate and were floating,clwido not correlated the viability assay. In
the CP-treated samples dead floating cells were alserved at a lesser extent than in
fraction-treated samples, and the adherent ceksned to be intact. This observation
suggested that the viability assessed using the M3$3ay do not corresponded to the
morphological features of the fraction-treated selhcreases of the cellular MTT-reducing
activity in the presence of growth inhibition hasiso been reported by othEr&?® and
represent a pitfall in the MTT viability assay. $tialse negative result would have lead to the
conclusion that our fraction did not affect celbgth. The antiproliferative effect of the
fraction would have been missed if only the MTTagswas used. Despite the great use of
MTT assay, the cellular mechanism of MTT reductismot yet completely understood. It
was demonstrated that MTT can be reduced in irlttdae vesicles, many of which were
identified as endosomes and lisossomes, with aatpplbeing suggested as a possible
mechanism for the accumulation of the MTT formazamduct in these vesiclgs
Autophagy is defined as a process in which prodeith organelles are degraded by lysosomal
protease$™?®

CP an anticancer drug has been reported to be atjmdpt” so we next investigated
whether typical biochemical apoptotic features ajppé as cell death proceeded. We assessed
DNA ladder formation using a DNA fragmentation as¢aig. 6 and 7). When MCF-7 cells
were treated with CP, there was little effect, watrmost 20% cell death and no DNA ladder
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was detected, even after 48 h of treatment. Tosouprise, when cells were treated with
barbatiméo fraction we still did not detect a tgbitow-molecular-weight DNA-ladder, in
spite of the morphological changes observed. Timeswas obtained for MDA-MB-435.
Although DNA-ladder formation is a well-known apopt feature, it was not seen in all of
the treated cells analyzed in the present studikefMaour results together it seems that
morphologically defined apoptotic and non-apoptattl death occurred in the MCF-7 and
MDA-MB-435 cell samples treated with barbatimaatran.

It has been reported that MCF-7 cells are defica@ntunctional caspase-3 owing to a
deletion within exon 3 of th€ ASP-3gene and functional caspase-3 is essential tocendu
internucleossomal DNA laddering formation duringpisis?® Kugawaet al.*® also found
the presence of the characteristic apoptotic celipimology, but no DNA-ladder formation in
MCF-7 cells treated with CP. These authors condutiat CP induced apoptosis without its
classical biochemical features. However, the MDA-MBS cells are not reported to be
CASP-3gene-defective and did not exhibit DNA fragmemtati which suggests that cell
death other than apoptosis could be also occurring.

Morphological, biochemical and molecular observaiorevealed that active self-
destruction of cells is not confined to apoptosig bells may use different pathways to
commit suicidé*?® It was demonstrated that tamoxifen in low dos&mér autophagy of
MCF-7 cell$” and it also seems the case of the treatment withyfated flavones” The
findings of the present study suggest that a satifra of dying cells may undergo autophagic
cell death with an apoptotic nuclear morphologyergfore, in a given cell type several
pathways leading to active death may co-exist.Heurtlifferences between autophagic cell
death and current models of apoptosis include Dhyrhentation. In this study no DNA-
laddering formation was observed, suggesting thtdphagy might possibly being occurring
after barbatiméo fraction treatment. In the preséudly pyknotic nuclei, which constitute the
predominant type of nuclear alteration, indicatt tielative little DNA cleavage may result in
dramatic changes in nuclear and cell morphologylead cells to commit suicide. A possible
perturbation of the cell membrane fluidity could d&eo induced by the barbatiméo fraction-
treatment, although necrosis was not clearly oleskerv

We showed that the enhancements in MTT reducticgsemied in barbatiméo fraction-
treated cells were accompanied by an intense viaation of the cytoplasm and that the
MTT formazan product was accumulated in these dgsopic vacuoles. This accumulation
could explain the observed increases in MTT reductThis vacuolization observed in both
MCF-7 and MDA-MB-435 cells that could be due to thduction of autophagic vacuoles
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added to the high viability of cells, led us tonthithat we might have encountered compounds
with the capacity to induce autophagy of breastnhadarcinoma cells. In view of cancer
therapy autophagy could be important when apopissieregulated and its induction could
enhance the effects of anti-cancer therapies. &udre in progress in our laboratory to

identify molecularly the type(s) of cell death i by barbatiméo fraction.
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Figure legends

Fig. 1. HPLC-DAD (absorbance, 280 nm) plot of ba&rb&o fraction phloroglucinol
degradation products. Peaks: 1, gallic acid; 2¢yanidin dimer B1l; 3, (-)-epicatechinG-

gallate.

Fig. 2. Effect of barbatimdo fraction on the celhhility estimated by the MTT reducing
capacity of MCF-7 (A) and MDA-MB-435 (B) cells. &lwere treated with 55Qug
cyclophosphamide (CP) and with 5, 10, 20, 40, 80 &60 ug fraction, for 24 and 48 h.

Results are the mean £ SD of three independentiexpeats.

Fig. 3. Morphological alterations induced by theba@imao fraction on MCF-7 cells. Light
microscopy of stained untreated control MCF-7 celsd treated with 550 pug
cyclophosphamide and with 5 and J&§fraction, for 24 and 48 h. Scale bar =1 um.

Fig. 4. Morphological alterations induced by thedagimao fraction on MDA-MB-435 cells.
Light microscopy of stained untreated control MCFeélls and treated with 110 pg
cyclophosphamide and with 5 and J&@fraction, for 24 and 48 h. Scale bar = 1 um.

Fig. 5. Accumulation of MTT formazan product in tbgtoplasmic vacuoles of MCF-7 (A)
and MDA-MB-435 (B) cells induced by barbatiméo fran-treatment for 48 h. Light

microscopy. Scale bar =1 um.

Fig. 6. Gel Electrophoresis of DNA extracted fronCK7 cells treated with barbatimé&o
fraction. 1, 100 bp ladder marker; 2, Control; 30 pig cyclophosphamide; fraction: 4,1f;
5, 10ug; 6, 20ug; 7, 40ug; 8, 80ug; 9, 160ug. These data are the representative of three

independent experiments.

Fig. 7. Gel Electrophoresis of DNA extracted fromDMMB-435 cells treated with
barbatimao fraction. 1, 100 bp ladder marker; 2qt€&d; cyclophosphamide: 3, 3@y; 4, 110
ug; fraction: 5, 5ug; 6, 10ug; 7, 20ug; 8, 40ug; 9, 80ug; 10, 160ug. These data are the

representative of three independent experiments.



44

[PSInet]Manuscript assigned, MS# b081401(Biol. Pharm. Bull.)

From: Pharm.Soc.Jpn.PSJnet (eronb@pharm.or.jp)

Sent: Thursday, December 18, 2008 7:52:08 AM

To: cibelegouvea@hotmail.com
This is an automatic notification. Please do not reply to this e-mail.

This manuscript was assigned to the follow ng editor.
Editor in charge: Mtonmasa Kobayashi

Nane: Cibele Marli Callo Paiva Gouvll

Title: Low Concentration of Procyanidin rich fraction from Stryphnodendron
adstringens (Barbatiml) Leaves Inhibits Gowh of MCF-7 and MDA- MB-435
Cells

Type: Regular Article

Manuscript 1D b081401

Journal: Biol. Pharm Bull.



