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Figure 3. Scanning electron microscopy of OVCAR-03 cells after the following treatment: A, B: non-

treated cells; C to H: cells exposed to increasing concentration of triterpene active compound; C (2,5
ug/mL ), D (25 pg/mL), E, F (50 ug/mL) G, H (250 pg/ml). Bar Scale: AB,C,D: 40 um and E, F, G,

H: 16um. (arrow: membrane blebbing; Pr PItS).uccieciciriieciirierieriee e st et sresse s sereenes 102
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Estropie 0 homem e vocé terd o seu Walter Scott;
Enterre-0 nas neves de Belinfort, e vocé terd um George Washington;
Eduque-o em pobreza abjeta e vocé terd um Abraham Lincon;
Atinja-o com poliomielite ¢ ele se torna um Franklin Rossvelt;
Ensurdega-o e vocé terd um Ludwig Van Beethoven;
Chame-o de aprendiz lerdo e retardado e dispense-o por ser incapaz de aprender ¢

voceé terd um Albert Eisten!

(Tedd Angstron)

Do que vocé tem medo? A {nica coisa que devemos temer € o medo.

A eficiéncia e a grandeza aguardam aqueles que se recusam a correr de medo.
O medo € o0 microscdpio que aumenta o perigo!

{(Franklin Rossvelt)
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Reconhecamos a forga propuisora de um sonho e que continuemos sonhando, pois, de
certo modo, o sonho é como uma semente.

E o poder de uma semente nunca deve ser subestimado, pois em uma semente podemos
encontrar uma floresta, ja que em cada semente ha uma drvore € em cada arvore ha frutos
e sementes que germinardo em outras arvores com frutos e sementes.

Em sintese, o que nos vemos na semente nio ¢ tudo que existe. Isto ¢ chamado de

potencial, ou seja, ndo se trata do que é, mas do que podera vir a ser.

Aos meus pais:
Ignez Agostini Antdnio e José Antdnio

Obrigada por plantar e cuidar da semente!
Proteger a florestal!
Regar a arvore!
Estimular o potencial
Fazer deste trabalho um sonho realizado!
Obrigada por tudo!
Por vocés existirern dentro do meu coracéo,
Por terem me permitido ser parte de vocés.
Pelo primeiro inceﬁtivo a ciéncia,

Este trabalho & dedicado a vocés.
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oportunidades, aceitar os desafios.

“O professor sempre afeta a eternidade, ele nunca sabe onde sua influéncia
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Resumo



Resumo

Gaylussacia  brasiliensis (Spreng) Meisn. (Ericaceae), popularmente conhecida como
"camarinha”, é usacia na medicina popular brasileira no tratamento de processos inflamatérios. Os
objetivos deste trabalho foram: (1) avaliar a atividade antitumoral de extratos brutos obtidos desta
espécie vegetal em modelo “in vitro” de cultura de células tumorais humanas; (2) determinar as
fragBes ativas farmacologicamente nos modelos de cultura de células tumorais humanas e isolar ¢
caracterizar quimicamente o(s) principio(s) ativo(s) responsdvel(eis) por esta atividade; (3)
avaliar a correlaglo entre o mecanismo responsével pela atividade antitumoral do principio ativo
isolade de Gaylussacia brasiliensis (Spreng.) Meisn. ¢ a inibic3o da enzima ciclooxigenase em
modelos “in vitro” e “in vivo” e, (4) avaliar 0 mecanismo responsével pela atividade antitumoral
do principio ativo isolados de Gaylussacia brasiliensis Meiss. em modelo “in vitro”. A atividade

antiproliferativa do extrato bruto diclorometinico (EBD) foi avaliada no ensaio da



sulforrodamina B em quatro concentragdes (250, 25, 2.5, 0.25 ug/ml), ap6s 48 horas de
incubagio. EBD inibiu o crescimento de todas as linhagens celulares, de forma; concentracio-
dependente, com melhor atividade citocida sobre a linhagem celular NCI-ADR. Entlio, EBD foi
pré-purificado em coluna cromatogréafica seca em silica-gel fornecendo 5 fragdes. Dentre estas, a
fragdo C (FC) foi a mais ativa, inibindo todas as células na concentragio de 25pg/mL. FC foi
fracionada em silica-gel com uma mistura de hexano-acetato de etila, originando o composto
puro MAA-266. Este composto foi identificado com base em experimentos 2D-NMR como um
triterpeno  (acido 2B, 3B dihidroxi-urs-12-ene-28-0ic). MAA-266 apresentou  atividade
antirproliferativa concentragdo-dependente ¢ seletividade para as Inhagens celulares 786-0 e
MCF-7; o menor valor de ICs; foi de 6 ug/mL para a linhagem celular NCI-ADR. Varios
trabalhos t€m demonstrado a participagio do acido acetilsalicilico na reducio dos riscos de
cancer de colon intestinal e estudos in vitro € in vivo tentam avaliar o0 mecanismo de acdo
antiproliferativo dos inibidores especificos da COX-2, provavelmente relacionado 2 indugdo da
apoptose celular ¢ o bloqueio da produgio de PGE;. A avaliacio de uma ag:éd inibitéria de EBD
sobre a sintese da PGE; em mucosa gastrica de ratos ¢ de MAA-266 sobre a sintese da PGE; em
celula tumoral humana HT-29, sugeriu que o mecanismo de acdo antiproliferative poderia
envolver a biossintese dos eicosandides. Por outro lado, foram analisadas outras hipéteses a fim
de evidenciarmos qual o mecanismo de agio resbonsévei pela atividade antiproliferativa do
composto MAA-266 obtido de Gaylussacia brasiliensis (Spreng.) Meisn., como possiveis acdes
no DNA e na indugdic da apoptose. Assim, investigamos se a atividade antiproliferativa de MAA-
266 era dependente do tempo de exposicio da célula ac mesmo, inferindo que a citotoxicidade de
um farmaco por interferéncia com ¢ metabolismo dos 4cidos nucléicos fosse um processo lento.

Quando a célula tumoral humana OVCAR-03 foi exposta, em diferentes periodos de tempo, ac



composto MAA-266, nﬁo foi demonstrado um incremento do efeito antiproliferativo dependente
do tempo de exposicdio, o que pode sugerir gue MAA-266 ndo deva inte;feﬁr em rotas
metabdlicas das bases piiricas e pirimidinicas, funcionando como um antimetabélito. Além disso,
a estrutura quimica do composto MAA-266 ndo apresenta similaridade com os metabdlitos
endogenos. Para investigar a hipétese de que o mecanismo de a¢8o antiproliferativo do composto
MAA-266 envolvesse a intercalagio nos 4cidos nucléicos, realizados o ensaio denominado
“Teste do DNA-methylgreen”. Os resultados obtidos demonstraram que o composto MAA-266
fol inativo, enquanto que a doxorrubicina foi capaz de reduzir a absorbincia em 48%, sugerindo
que o mecanismo de agho antiproliferativo de MAA-266 ndo deva envolver a intercalacdo do
DNA. Finalmente, o efeito pré-apoptético de MAA-266 foi avaliado através da andlise
morfoldgica de células da linhagem OVCAR-03, em microscopia dtica e eletrbnica e varredura,
expostas a diferentes concentragdes deste composto (250, 50, 25 € 2,5 pg/mL), por 48 horas. A
analise microscopica Otica revelou fragmentacio nuclear, vacuolizagio citoplasmatica,
multinucleagdo e células gigantes. J4 na microscopia eletrénica de varredura foi observado
formagdo de vesiculas na membrana celular com redugio do volume da mesma, caracteristicas
estas associadas ao perfil apoptético. A correlagiio entre os achados morfolégicos e o mecanismo
antiproliferativo esté atualmente sendo investigado através do teste da anexina V, assim como o

isolamento de outros compostos ativos presentes nesta espécie vegetal.
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Abstract

Gaylussacia brasiliensis (Spreng.) Meisn.(Ericaceae), popularly known as "camarinha”, is used
in Brazilian folk medicine for treatment of several inflammatory processes and as healing agent,
The first scope of this work was to evaluate the antiproliferative activity of the crude
dichloromethanic extract (CHD) obtained from G. brasiliensis and to identify the active
compound(s) responsible for this activity. CHD was evaluated on sulforhodamine B
antiproliferative assay in four-level concentration (250, 25; 2.5; 0.25 ug/mL) for 48 hours
incubation. CHD showed a concentration-dependent inhibition on all cell lines, but had better
cytocidal activity for NCI-ADR cell line. Therefore, CHD was submitted to column
chromatography on silica-gel providing fractions that revealed activity on the antiproliferative

assay employed. CHD was pre-purified by dry column chromatography over silica-gel affording



five fractions. Among these, fraction C (FC) was the most active inhibiting all cells line at
25pg/mL. FC was further fractionated over silica-gel with hexane-ethyl acetate muxtures
affording pure Compound 1. This compound was identified on basis of 2D-NMR experiments.
Compound 1 showed concentration-dependent activity and selectivity for 786-0 and MCF-7
cancer cell lines; the lowest ICso was for NCI-ADR line with 6 ug/mL. Based on experimental
evidence that inhibition of COX 2 causes tumor regression, the second scope of this work was to
evaluate the correlationship between CHD and Compound 1’s antiproliferative activity and COX
inhibition. The CHD in vivo anti-inflammatory activity was analyzed through the
antiedematogenic model induced by carrageenin in rats. CHD (1000 mg/kg, po) inhibited paw
edema and its maximum inhibitory effect (44%) was obtained after 5h of the carrageenin
injection. Indomethacin (10 mg/kg, po) started to reduce the paw edema on the second hour after
the edema induction and a maximum inhibitory effect (64%) was obtained after 4h of the
injection. The systemic effect of CHD (500 mg/kg, po) over the synthesis of PGE, in the gastric
mucosa of rats, with or without previous indomethacin (5 mg/kg, sc) treatment, was measured.
CHD inhibited 50% of its PGE; synthesis, which was potentiated (82%) of indomethacin
previous administration. To evaluate the same pharmacological activity of Compound 1
(25Cug/mL), the amount of PGE; in human cancer cell lines (HT-29 - colon) was measured, for
48 . Both Compound 1 and indomethacin reduced the synthesis of PGE, in vitro, at 64 and 57%,
respectively. Overall, experimental data suggest that the Compound 1 antitumor mechanism is
related to COX inhibition. The third scope of this work was to evaluate the antiproliferative
activity mechanism of Compound 1 (28, 3p dihydroxy-urs-12-ene-28-oic acid) isolated from G.
brasiliensis (Spreng.) Meisn. (Ericaceas), employing the sulforhodamine B antiproliferative

assay using OVCAR-03 (human ovary cancer) cell line. Its possible pharmacological



mechanisms of action were investigated including DNA synthesis, cell division interference and
its capacity to induce in vitro cellular transformation. The DNA-MG bioassay revealed no signs
of DNA intercalation. The time-independent (exposure from 4 to 120 hours) antiproliferative
activity over OVCAR-03 cell line exposed to this compound together with the motphological
analysis revealed an apoptotic phenotype. These results suggest that the triterpene’s both
citotoxicity and ability to induce cellular transformation lead to apoptosis. The correlation
between the morphological findings with changes in the optical properties of the cultures is
currently being carried out using the annexin V test as well as a bioassay guided isolation of other

active components present in this plant.
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INTRODUGCAO GERAL



Introducgao Geral

1. Dados Epidemiolégicos

Atualmente, mais de cem tipos de cincer s3o conhecidos, diferenciados pela etiologia, histéria
natural, terapéutica e prognéstico. Apesar da grande evolucdo no conhecimento sobre o
desenvolvimento tumoral, pouco sucesso foi obtido no desenvolvimento de técmicas eficientes

para sua prevenc&o e cura (VERDECCHIA et al., 2001; VERWEL e JONGE, 2000).
A distribuic@o das taxas de incidéncia e mortalidade de tumores malignos tem sido, em muitos
paises, de grande importdncia para o estabelecimento de diretrizes politicas publicas e o

planejamento de agBes de prevengo e controle do cancer e de assisténcia paliativa (PARKIN et
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al., 1997). Na maioria dos paises desenvolvidos o cancer se constitui na segunda causa de morte
da populacde, superado somente pelas doencas do sistema cardiovascular. Segundo estimativas
da Organiza¢do Mundial de Satide (OMS) surgem a cada ano nove milhdes de novos casos e
cinco milhdes de pessoas vio a dbito em decorréncia do cancer. No entanto esses valores sio
subestimados pelas dificuldades de registro dessa patologia em muitos pafses. O aumento da
incidéncia de cancer €, principalmente, conseqiiéncia do aumento da expectativa de vida da

populagiio, pois o aparecimento dessa patologia é favorecido com o envelhecimento do

organismo (CAIRNS, 1981; OSBORNE et al.,1997).

Dados epidemiologicos brasileiros evidenciaram que nos homens o cancer de pulmdo est4 entre
os mais freqiientes, tendo sua incidéncia aumentada nos 1iltimos anos e estando relacionado ao
hébito de fumar. Os carcinomas gastrointestinais, como os de colorretal ¢ de estomago também
apresentam grandes indices de incidéncia entre os homens. J4 nas mulheres, o cincer mais

comurm ¢é o de mama, mais freqtiente que o de colo uterino (COELHO et al., 1998).

O céncer de pulm@o continua a ser o cancer mais incidente no mundo (12,3% de todos os casos
novos de cincer) e também ¢ a causa de morte por cincer mais fregiiente (FERLAY, 1998;
PISANI, 1999; PARKIN et al., 2001). No Brasil, o cincer de pulmfo ¢ a primeira causa de morte
por cancer em homens ¢ a segunda em mulheres. Apesar da alta efetividade da prevencfio
primdria, através da prevencio e do controle do tabagismo, a sua incidéncia também permanece
elevada. O Mimistério da Satde, por intermédio do Instituto Nacional do Cancer (INCA), dentre
as agdes voltadas para vigilancia de fatores de risco de cancer, desenvolveu em 2001 uma
pesquisa sobre tabagismo no municipio do Rio de Janeiro, quando foi observado uma prevaléncia

de fumantes de cerca de 23% e a idade média de iniciagio foi mais precoce em mulheres, o que
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enfatiza a importancia de reforgar agbes de combate ao tabagismo, principalmente entre mulheres

¢ jovens (MINISTERIC DA SAUDE, 2003).

Mundialmente, o cincer de célon e reto € a quarta neoplasia mais incidente em ambos os sexos.
A sua mortalidade ¢ considerada baixa, refletindo um .prognéstico relativamente bom. A
sobrevida global em cinco anos € de 40-50% e n#o sio observadas diferencas muito grandes entre
paises desenvolvidos e em desenvolvimento (PARKIN et al., 2001). No Brasil, este cancer figura
entre as cinco primeiras causas de morte por cancer, tendo-se observado um aumento consistente
de suas taxas de mortalidade ao longo das dltimas décadas. Estudos epidemioldgicos
desenvolvidos, tanto em paises desenvolvidos quanto em desenvolvimento, tem apontado
fortemente para um alto risco de cincer de célon e reto em pessoas sob dieta alimentar pobre em
vegetais ¢ fibras, e rica em came vermelha. Esses mesmos estudos sugerem que a atividade fisica

regular atuaria como fator de protecgo, talvez através da prevencio da obesidade (MINISTERIO

DA SAUDE, 2003).

Ja o clncer de estdmago permanece como 2 segunda causa de Sbito mais ocorrente no mundo
(FERLAY, 1998; PARKIN, 1999); contudo, tem sido observado uma queda nas suas taxas de
mortalidade e incidéncia. No Brasil, também se constata uma diminuicdo temporal das taxas de
mortalidade por este tumor. O mesmo decréscimo parece também estar ocorrendo com relagéio a
incidéncia, possivelmente refletindo mudanca de habitos alimentares da populacio e de
facilidades para a conservagio dos alimentos, ou uma diminuicio da prevaléncia do possivel
agente causal, Helicobacter pylori. Vale ressaltar que a possivel melhoria da qualidade do

diagnéstico do cancer primario de estdmago, com o resultante aumento de sua identificag3io, pode
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ter levado 4 subestimac@o da magnitude do declinio temporal observado nas taxas de mortalidade

e incidéncia nas ltimas décadas (PISANI, 1999).

No mundo, o cancer de mama, entre as mulheres, apresenta-se como a segunda neoplasia maligna
mais incidente, assim como uma causa relevante de mortes por cancer (PARKIN et al., 2001).
Nio existem medidas préticas especificas de prevengio priméria do cancer de mama aplicaveis &
populagdo, embora estudos observacionais tenham sugerido que a prevencio do tabagismo,
alcoolismo, obesidade ¢ sedentarismo reduzam o risco de cincer de mama. Avangos tecnoldgicos
tém sido direcionados ao diagnéstico e tratamento precoces, no sentido de methorar a sobrevida
das pacientes. Os estudos internacionais tém apresentado um aumento global na sobrevida das
mulheres com céncer de mama, principalmente para os casos em que esta doenga se encontra em
estagios clinicos iniciais. Segundo Parkin, na Europa, a sobrevida cumulativa é de 91% apés um

ano e de 65% apos cinco anos; ja nos Estados Unidos, a sobrevida € de 96,8%, no primeiro ano

(PARKIN et al.,, 2001).

Ao contririo do que ocorre nos paises mais .desenvolvidos, as taxas de mortalidade por cancer do
colo do utero continuam moderadamente altas no Brasil e, do ponto de vista temporal, vem
aumentando. O cédncer do colo do dtero ainda € relevante, em termos de casos novos e de morte
por cancer no mundo, principalmente por conta das estatisticas referentes aos paises em
desenvolvimento, sendo 80% dos casos novos ocorrem nestas localidades (PARKIN, 2001). Tem
sido observado, entretanto, gue, mesmo sendo wma causa relevante de morte no Brasil e em
outros paises em desenvolvimento, a mag;‘ﬁmde das taxas de mortalidade s3o bem menores que
as de incidéncia (PARKIN, 2001). A infec¢o pelo virus do papiloma humano (HPV) tem sido

descrita como fator necessario para a ocorréncia do cincer do colo do ttero. Entre os co-fatores
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que se associam a um elevado risco de desenvolver este cincer se encontram idade prematura de
inicio da vida sexual, multiplicidade de parceiros, co-infecgdo pelo HIV e o tabagismo. Portanto,
a prevencdio primaria "radical" estd focalizada na mudanca do comportamento sexual e na
erradicago do tabagismo. Para a prevengiio primdaria do cincer do colo do utero, assim como
para a prevencio secundéria de seus estadios iniciais, a estratégia atualmente reconhecida ¢ a

detecglio precoce por meio do exame preventivo de Papanicolaou (MINISTERIO DA SAUDE,

2003).

De forma geral, o desenvolvimento do processo tumoral vai depender da maior ou menor
exposigio da populagdo aos agentes carcinogénicos. Portanto, o aumento da incidéncia do cancer
€, praticamente, conseqiiéncia do aumento da expectativa de vida da populacdo, pois o
aparecimento dessa patologia ¢ favorecido com o envelhecimento do organismo associado a

exposi¢do a agentes carcionogénicos (VERWEL e JONGE, 2000).

2. O Desenvelvimento Tumoral

A defini¢Bo de neoplasia mais aceita foi elaborada em 1930 pelo patologista inglés Rupert Willis
(COTRAN et al, 1999) que a define como uma massa tumoral anormal de tecido, cujo
crescimento excede e ndo estd coordenado ao crescimento dos tecidos normais e que persiste
mesmo cessada a causa que a provocou. Desta forma, a célula cancerigena caracteriza-se pela
perda de fungio em consegiiéncia da auséneia de diferenciagsio, proliferagio incontrolada,
invasividade dos tecidos adjacentes e metéastase. A origem dessa célula é conseqiiéncia de
alterages genéticas que podem ser produzidas por diversos mecanismos como a inativacio de

genes supressores de tumor, ativagio de oncogenes, inativacic de genes responsaveis pela
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apoptose € mutagdes produzidas por agentes quimicos, fisicos e biologicos (BRENTANI et al.,

1968; SIMPSON et al., 1998).

Essas alteragbes génicas podem ser produzidas por diversos mecanismos, tais como: (1)
inativacgdo dos genes supressores de tumor (DPC4, pl5, NF-1), (2) ativagdo de oncogenes (mye,
myb, src, ras, fes. jun, fos), (3) inativacdo dos genes responsaveis pela apoptose (p33, RB) e (4)
mutagdes por agentes quimicos, fisicos e bioldgicos (SIEBER, HEINIMANN ¢ TOMLINSON,

2003).

2.1. O Desenvolvimento Tumoral e Ciclo Celular

Organismos eucanidticos dependem de um intrincado e evolucionalmente conservado ciclo
celular de controle da divisiio de suas células. O ciclo de eventos que leva a divisio celular é

regulado por familias de proteinas, estando, portanto, sob controle genético (SWANTON, 2004).

A proliferag@o celular e a morte celular estio mantidas em um equilibric em tecidos normais e
saudéveis. Na hiperplasia ha um aumento tecidual, com manutencfio de estrutura e funcio
normais, enquanto que na displasia, as células diferem das normais em forma e tamanho do
nucleo. Os ciclos de crescimento de algumas dessas células s3c anormais e células em processos
de divisdo aparecem em porcentagem maior da populacgio total celular. Ja no carcinoma in situ as
alteragdes celulares comegam a ser mais pronunciadas, sendo que as células apresentam-se como
células tumorais, com caracteristicas de perda da funcfo, proliferagdo incontrolada, invasio e

metastase (RANG, RITTER e DALE, 2604).
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Com relagdo ao ciclo célular, as células quiescentes estfio na fase GO, sendo que durante este
periodo ndo ocorre divisdo, mas pode ocorrer diferenciagio através de processos de maturago,
com inicio da fungio bioldgica como um tipo celular maduro. Entretanto, quando as células
recebem sinais externos sdo estimuladas a voltar ao ciclo celular, ingressando na fase G1.
Durante esta fase as células sintetizam componentes celulares, assim como o RNA e proteinas,
preparando-se para a divisdo celular. Na seqiiéncia, as células promovem duplicacio do seu
DNA, na fase S. Durante a préxima fase, denominada (G2, as células continuam a sintetizar
proteinas ¢ RNA. Finalmente as células ingressam na fase M, durante a qual cada célula-filha
recebe 0 genoma celular, assim como todos os constituintes necessarios para sua funcfo e

maturagio (HARTWELL e KASTAN, 1994).

Durante este ciclo celular existem “pontos de restri¢sio”, sendo que a proteina codificada pelo
gene p53 constitui um destes pontos. Assim, quando uma célula entra na fase S e seu DNA
apresenta-se danificado, o ciclo ¢ interrompido 2 fim de permitir o reparo do mesmo. Caso esse
dano seja severo ou irreversivel e nfio possa ser corrigido, a célula é encamirthada para o processo

de apoptose {(COOPER, 2003).

Mutag3es no gene p53 ou outros genes regulatérios, que codificam proteinas que corrigem danos
no DNA podem alterar o ciclo celular, de tal forma que estas alteracdes podem levar a célula a
prosseguir no ciclo com DNA defeituoso, o que contribui para anormalidades CIOMmMOossomais,
levando & futura desregulacio do ciclo celular, como proliferaciio excessiva e apoptose

diminuida, que ¢ basicamente a situag#o no cancer (PARDEE, 1674).
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Desta forma, falhas no “ponto de restri¢io™ est3io associadas ao processo tumoral, sendo que a
progressao da célula no ciclo celular & regulada por duas famililas de ciclinas, a familia da ciclina
tipo D (D1, D2 e D3) e a familia da ciclina tipo E (E1 ¢ E2). A atividade de ambas ciclinas tipo D
e E ¢ requerida para regular a progressio celular da fase G1 para a fase S, o que é mediado,
parcialmente, por fosforilagdo coordenada do substrato de retinoblastoma (Rb). Desta forma, a
regulagio da atividade do sistema ciclina/cdks (ciclina dependente da quinase) é extremamente

importante para a fung¢io do “ponto de restricdo” (SWANTON, 2004).

Fatores de crescimento e sinais mitogénicos estimulam a expressio da familia das ciclinas D,
promovendo o ingresso na célula no ciclo celular. A ciclina D constitui ¢ primeiro integrador dos
sinais que iniciam a progresséio da célula da fase G1. Os caminhos sinalizadores que controlam a
transcrigfo, translagio e localizag3o nuclear da ciclina D constituem alvos terapéuticos para inibir
a proliferagdo celular (TETSU e McCORMICK, 1999). Do ponto de vista clinico, a expressio

excessiva da ciclina E em céncer de mama estd associada com baixa sobrevida dos pacientes

(PORTER et al., 1997).
2.2, Desenvalvimgnto Tumoral ¢ Metastase

Para muitos tipos celulares tumorais, a habilidade de sofrer metéastase configura, clinicamente,
uma doenga incurdvel. Apesar da importincia do processo metastatico, o conhecimento, no
mbito bioquimico ¢ molecular, das etapas envolvidas ainda ¢ incompleto (FIDLER, 2003).
Entretanto, ¢ sabido que este processo envolve complexas fungdes celulares, muitas das quais

podem ser iniciadas por multiplos e redundantes estimulos (STEEG, 2003).
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Para que a célula neoplasica possa adquirir habilidade invasiva sio necessérias mudancas na
adesio celular, promogio de motilidade e protedlise da matriz extracelular (CHAMBERS,
GROOM ¢ MacDONALD, 2002). Assim, quando ocorre a invasio dos tecidos circunvizinhos,
células metastaticas penetram no tecido conectivo da lamina basal e estroma e produzem
alteragSes das fungSes orginicas. Para isso as células empregam proteases, que degradam a
matriz extracelular (colageno e tecido conectivo), podendo invadir os tecidos e alcancar a
circulagdo. A invas@o e metdstase sdo processos que letaimente espalham células pelo organismo.
Inicialmente as células destacam-se a partir do sitio primario, digerem a matriz éxtracelular,
podendo penetrar na membrana basal préxima aos vasos sangiiineos. As células estio livres na
circulag@o ¢ eventualmente podem alcancar um capilar sangiiineo e entéio expressar moléculas de

adesdo, promovendo sua aderéncia a parede celular, gerando um tumor secundario (CHAMBERS

et al., 2001).

O. processo metastético € reconhecidamente um processo ineficaz, j4 que poucas das dez mil
células que escapam do tumor primério sobrevivem para colonizar um tumor secundario (WEIS,
1990). Dentre as etapas cruciais envolvidas na formaggo do tumor secundério podemos destacar a
ades2o celular, a qual € considerada vital para a migracio das células tumorais. Foram descritos
dois tipos de adesdo, ou seja, a adesfo célula - célula ¢ a adesfio célula — matriz extracelular. Se
uma célula ndo aderir a outra, ela pode tornar-se mais invasiva € migrar através da matriz
extracelular; entretanto, se uma célula n3o aderir 4 matriz extracelular, ela pode destacar-se do
tecido primério. Por outro lado, se wma célula normal falhar em aderir & matriz extracelular ou

aderir 2 uma matriz extracelular errbnea, ela morre através da apoptose (SUGARBAKER, 1993).
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O padrio de metastise pode ser explicado, em parte, pela arquitetura do sistema circulatério
(PAGET, 1989). Tumores de pele e muitos outros tecidos freqilentemente colonizam o pulmao.
Em contraste, devido a circulagiio porta-hepatica, o figado ¢ o sitio primério de metastase
colorretal. Entretanto, a circulagfo nio é o tnico fator que determina a colonizago do tumor
secundario, ja que existe um tropismo de algumas células metastaticas por determinados tecidos,
devido a expressdo de moléculas de adesdo especificas. Um exemplo ¢ a colonizagio do tecido
osseo por células neoplésicas provenientgs de tumor prostatico, devido a afinidade entre estes

tecidos (CHAMBERS, GROOM e MacDONALD, 2002).

2.3. Desenvolvimento Tumoral e Processeo Angiogénico

A angiogénese ¢ o crescimento de novos capilares sangiiineos. Constitui uma etapa essencial no
desenvolvimento tecidual pré e pods-natal e também participa na cicatrizagio, reproducio,
doengas inflamatérias ¢ degenerativas, distirbios metabdlicos e neoplasia. A angiogénese
associada aos tumores solidos € um processo em que novos capilares sio formados no estroma
tumoral a partir de c€lulas endoteliais do hospedeiro. Isto permite o crescimento do tumor além
de 2-3 mum, através da perfusio de oxigénio e nutrientes e remocio de metabdlitos t6xicos, a0
invés da simples difusdo no espago extracelular que mantém o tumor restrito e com uma pequena

populagfio celular (FOLKMAN, 1971).

Evidéncias experimentais demonstram que a angiogénese também contribui com o processo
metastatico, pois & medida em que hé expansio da vascularizagéio, maior € a superficie para o
escape de celulas tumorais na circulagio, o que também pode ser facilitado pela imaturidade dos

novos vasos formados. Desde a demonstrag3o pioneira por Folkman, em 1971, o crescimento
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tumoral ¢ considerado angiogénese-dependente, a partir do isolamento do “fator de angiogénese
do tumor”. Desde entéo; numerosos fatores angiogénicos foram identificados € os mais
freqilentemente encontrados em tumores s3o o fator de crescimento fibrobléstico basico (bFGF) e
o fator de crescimento endotelial vascular (VEGF). Estes sdo liberados pelas células tumorais,
células endoteliais ou pela matriz extracelular. A formacio de novos vasos sangiliineos requer a
inibico dos fatores inibidores da angiogésese, tais como: trombospondina-1, fator plaquetario 4,
inibidores teciduais das metaloproteinases, prolactina, angiostatina, fator de crescimento do
fibropblasto (bFGF), fator transformador de crescimento B (TGFP) e interferon (FOX,

GASPARINI ¢ HARRIS, 2001).

O papel da angiogénese na progressio do tumor primério e sua associacdo com metastases
hematogénicas e sobrevida tem sido extensamente estudado — principalmente no carcinoma de
mama — com a maioria dos estudos publicados em tumores de pulmio, trato gastrointestinal e
genitourinario demonstrando associagio estatisticamente significativa entre a intensa

neovascularizaco e pior progndstico (RANG, RITTER e DALE, 2004).

Drogas antiangiogénicas podem bloquear a formaciio de noves vasos e conseqlientemente
destruir a massa tumoral, sendo que este tipo de droga j4 est sendo utilizado em ensaios ciinicos.-
Exemplos destas novas drogas compreedem angiostatina, inibidores da protease (batimistar,
marimistat), fator plaquetdrio 4, anticorpos aos fatores angiogénicos especificos, antagonista do
receptor dos fatores angiogénicos especificos, Cm101, tetraciclinas, endostatina, talidomida,
interferons, TNP-470 e inibidores da quinase (suramina, genesteina). Além disso, novas geracBes

de drogas antiangiogénicas potentes tais como a endostatina e angiostatina podem ser utilizadas
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na regressio tumoral. Esta abordagem parece apresentar melhores resultados quando
administrada precocemente no tratamento adjuvante e, preferencialmente, associada 2 terapéutica
citotéxica convencional, necessitando ser administrada a longo prazo (meses ou anos) porque a

regressdio do leito vascular ¢ um processo mais lento do que a lise celular tumoral. (HU ¢

KAVANAGH, 2003).

2.4. Desenvolvimento Tumoral e Ciclooxigenase (COX)

A ciclooxigenase (COX), enzima que catalisa a conversio de &cido araquidbmico em
prostaglandinas, estd envolvida em diversos processos fisiologicos e patoldgicos, sendo duas
isoformas conhecidas. A COX-1 € expressada pela maioria dos tecidos e produz prostaglandinas
envolvidas na manuten¢3o da mucosa géstrica, regulagio do aporte sanguineo renal ¢ agregacio
plaquetdria (DANNENBERG et al., 2001). A isoforma induzivel, COX-2, é expressada tanto
pelos tecidos inflamados como pelos tumorais sendo, portanto, estimulada por fatores pré-
inflamatérios e mutagénicos, tais como: fator de crescimento epitelial (EGF), fator de
crescimento endotelial (VEGF), fator de crescimento de fibroblastos (B-FGF) e citocinas (fator de

necrose tumoral o (TNFa ), interleucinas 1o e 15 (DIAZ et al., 1998).

Acredita-se que as prostaglandinas participam de um amplo espectro de processos fisiolégicos e
patoldgicos: respostas reprodutivas, imunoldgicas, endécrinas, tumorigénicas, cardiovasculares
(KLEIN et al,, 2004) e ainda na citoprotecéio gastrica (EBERHART e DUBOQIS, 1995). Com
relaclo a citoproteco géstrica, os prostandides PGE; ¢ PG, protegem a mucosa géstrica atraveés

de muitos mecanismos, tais como a reducfio da secregiio gastrica e aumento da produgio de
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bicarbonato e muco. As prostaglandinas também aumentam o fluxo sanguineo em mucosas
(KATORI e MAJIMA, 1997). Fatores como estresse, uso cronico de antiinflamatérios e bebidas

alcodlicas representam algumas das principais causas de tlceras gastricas (BAROCELLI et al,,

1997).

Pesquisas recentes apontam a influéncia da COX-2 no cancer, participando dos processos de
hiperproliferagdo, —transformagio celular, crescimento tumoral, invasio e metastase
(DANNENBERG et al., 2001). Diversas prostaglandinas, tais como a PGE,, regulam a producio
de linfocinas, proliferacdo de células T e B, atividade citotéxica de células NK (natural killers) e
secre¢do de TNFo e interleucina 10 (CHANDRASEKHARAN et al., 2002). Foi demonstrada
uma estreita correlagéio entre PGE; e sistemas de sinalizaciio envolvendo receptores EGF. A
PGE; promove a ativagio das metaloproteinases MMP2 e MMPY, aumenta a expressio de
TNFa, ativa o receptor EGF e aciona a sinalizagio mitogénica nas células neoplasicas do epitélio
gastrico. Este fato também se repete nas células da mucosa géstrica de ratos submetidos 2 ensaios

experimentais (GASPARINI et al., 2003).

A literatura revela fortes evidéncias de que a inibigio da COX-2 induz regressio tumoral.
Estudos farmacodindmicos descreveram diversos mecanismos de a¢io para os efeitos
antineoplasicos de drogas antiinflamatérias COX-2 seletivas: bloqueio da angiogénese, inducio
de apoptose, modulagio das respostas inmune ¢ inflamatéria, entre outros (MASFERRER et al.,

2000; LIU et al.,2000; STODAHL, 2001; GASPARINI et al., 2003).
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2.5. Desenvolvimento Tumoral e Oxido Nitrico (NO)

Oxido nitrico (NO) é uma importante molécula sinalizadora em numerosos processos fisiolégicos
e condi¢des patoldgicas, sendo produzida quando a enzima éxido nitrico sintase (NOS) cataliza a
conversdo de L-arginina a L-citrulina. Existem trés isoformas de NOS, sendo que duas
constitutivamente expressas pelo tecido endotelial ¢ neuronal, que s3o responsiveis pela
producdo basal de NO, sendo dependentes de célcio. J4 a terceira isoforma, denominada NOS
induzivel, € calcio-independente, ndo € expressa na maioria dos tecidos sob condi¢fes normais,

mas pode ser estimulada por lipopolissacarideos e varias citocinas (ABRAMSON et al., 2001).

Recentemente, o NO foi reportado por apresentar atividade antitumoral e também propriedades
pro-tumorais, na dependéncia da concentragio ¢ do tempo de exposico, assim como do tipo de
tecido (WINK et al., 1998). Baixas concentragdes de NO podem estimular o crescimento celular

e proteger vérios tipos celulares do processo apoptdtico, enquanto que altas concentragdes podem

inibir o crescimento celular e induzir 4 apoptose (KIM et al., 2002).

Aparentemente, a morte celular mediada por NO ocorre tanto por necrose como por apoptose
(ALBINA et al., 1989; KRONCKE et al., 1997). Os efeitos pré-apoptéticos parecem estar mais
relacionados a condicbes fisiopatologicas, gnando grandes quantidades de NO s#o produzidas por
sintese induzida de NO. Em contraste, a liberac8io continua de NO pelo endotélio inibe a apoptose
e pode contribuir para a funcdo antiaterosclerética do NO (DIMMELER e ZEIHER, 1997). O NO
pode afetar a expressdo € a atividade de proteinas criticas no ciclo celular e, por sua vez, também

ser alvo das mutagdes do DNA celular. A exposicio das células aos doadores de NO pode
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resultar em supra-regulacio do gene supressor de tumor, o p53, possivelmente em resposta ao

dano do DNA mediado pelo NO (WINK et al., 1998).

O desenvolvimento tumoral, sua vascularizagio e seu potencial invasivo estio relacionados a
reduzidas concentragdes de NO produzidas pelas células tumorais (JENKINS et al., 1995). Em
lesBes pré-malignas e em tumores intestinais, a sintese de NO est4 reduzida ou ausente, ao passo
que altos niveis de NO foram encontrados em tumores ginecoldgicos (CHHATWAL et al., 1996).
Correlagio inversa entre o potencial metastitico de tumores e a producdo de NO foi observada

por muitos pesquisadores (JENKINS et al., 1995; HAJRI et al., 1998).

Em estudo recente, Gasparini e colaboradores (2003) descreveram uma possivel interag3o entre a
COX e o dxido nitrico, considerando-se que um aumento no Anion superdxido pela enzima 6xido
nitrico sintase é um potencial ativador da COX. Um carreador biolégico de NO, o qual serve
como um fonte do mesmo, o S-nitrosoglutitiona (GSNO), aumenta a producéo de PGE; e induz a
expressio de COX-1 e COX-2, dependendo do tempo de exposicio das células assim como da
concentracio do mesmo. Por outro lado, altas concentragdes de GSNO inibem o crescimento

tumoral e induzem a morte celular, provavelmente por apoptose (LUI, CHAN e MAHENDRAN,
2003).

2.6. Desenvolvimento Tumoral e Apoptose

Apoptose, ou morte celular programada, é um processo fisioldgico o qual ocorre durante o
desenvolvimentc embriondrio assim como na manutencio da homeostase tecidual (HU e

KAVANAGH, 2003). O processo apoptético é um processo biolégico geneticamente regulado.
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As células apoptéticas sdo caracterizadas pela perda de volume, condensagio nuclear, agregacio
da cromatina e quebra internucleossomal do DNA. Essas altera¢des celulares ocorrem apds uma
cascata de sinalizagfio celular ¢ eventos mediados pelas caspases, enzimas que regulam a

liberag@o de proteinas apoptéticas e antiapoptdticas (JAATTLEA, 2002).

Através de um mecanismo ainda desconhecido, o estimulo apoptdtico ativa a expressio de "genes
letais" que induzirfio a sintese e ativagiio de uma endonuclease Ca™ ¢ Mg™? dependente e de uma
transglutaminase. A endonuclease causard a fragmentac¢io internucleossdémica do DNA, levando
ao classico "padrdo em escada” na eletroforese em gel de agarose. A transglutaminase aumenta as
ligagBes cruzadas das proteinas celulares, aumentando a estabilidade da membrana plasmatica,
limitando assim o vazamento de constituintes citoplasmaticos durante a fragmentaciio celular em

corpos apoptoticos (WILLINGHAM, 1999).

3. Estratégias de Tratamento

Com relagio as estratégias terapéuticas, de uma forma geral, podem ser empregadas a cirurgia, a
radioterapia ¢ a quimioterapia. De acordo com o tipo e estigio da moléstia, o sucesso do
tratamento geralmente € conseguido com a associacBo desses trés tipos de tratamento. No
entante, a quimioterapia ¢ o tratamento que oferece as menores chances de cura, pois, em
conseqlitncia da baixa seletividade dos antineoplasicos, o aparecimento de efeitos colaterais
téxicos € muito fregliente. Outro problema da quimioterapia é o aparecimento de resisténcia aos
medicamentos, que conduz o fratamento para ¢ uso combinado de drogas aumentando a

probabilidade efeitos colaterais téxicos (CALABRESI e CHABNER, 1996).

25



O fator inicial e decisivo na escolha o tratamento é o diagndstico histologico da doenca. Cada
tipo patologico tem historia natural a resposta quimioterapia particulares. Por‘ exemplo, com
relacdo ao céncer de pulmio, os carcinomas (pequenas células) sBo altamente sensiveis aos
quirmnioterapicos, ao passo que carcinomas epiderméides geralmente sdo refratarios 2
quimioterapia. Assim o tratamento empirico deve ser proscrito e o diagnéstico histologico

sempre exigido (RANG, RITTER e DALE, 2004).

O segundo fator determinante da terapia é o estadiamento da doenga, que permite ao oncologista
clinico decidir se o tumor devera ser tratado com medidas locais, como a cirurgia e radioterapia,
ou se serd mecessario tratamento sistémico com quimioterdpicos. Foram criadas convengdes
internacionais para uniformizar o estadiamento de diferentes neoplasias, denominada sistema
TNM (T: tumor; N: nddulo e M: metastase). A determinacgio do estadiamento inicial da neoplasia

também serd 1til para definir, posteriormente, a resposta ao tratamento (CALABRESI e

CHABNER, 1996).

Além disso, demais fatores progndsticos especificos a cada caso devem ser estabelecidos através
de estudos citogenéticos, bioquimicos, imunolégicos e moleculares. Por exemplo, em pacientes
com carcinoma de mama estagio I (tumor menor que dois centimetros com linfonodos axilares
negativos), certos fatores adversos como a auséncia de receptores estrogénicos ¢ alta expressio
de oncogene c-erb-2 / HER-2-new podem ser indicativos para realizacio de quimiotera?ia

adjuvante (RANG ¢ DALE, 2004).

Finalmente, a avaliac@o clinica geral do paciente, incluindo idade e doenga concominantes

também ¢ decisiva na determinagio da estratégia de tratamento. Nesse sentido o conhecimento da
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farmacologia clinica dos diferentes agentes antineoplésicos permite melhor julgar a relagio risco

x beneficio da terapia para cada paciente especifico (CALABRESI e CHABNER, 1996).

De posse destas informacSes (diagnéstico histolégico, estadiamento da doenga, estudos
citogeneéticos, bioquimicos, imunolégicos € moleculares e avaliagio clinica geral do paciente), o
oncologista clinico deve determinar o objetivo do tratamento, se curativo ou paliativo, definindo
o papel da quimioterapia. Desta forma, em caso de possibilidade de cura, podem ser prescritos
agentes que envolvem alto grau de toxicidade e riscos, os quais n3o teriam sentido num

tratamento paliativo (FUCHS e WANNMACHER, 1998).

A quimioterapia & referida como adjuvante quando realizada apés tratamento local (cirurgia ou
radioterapia) objetiva menos risco de recorréncias sistémicas da doenca eliminando eventuais
micro metastases ndo identificadas no diagnéstico. Esta estratégia tem sido largamente
empregada em carcinoma de mama ou célon de pacientes com doenga localizada, nas que tem

alto risco de recorréncia (FUCHS ¢ WANNMACHER, 1998).

Ja a quimioterapia neo-adjuvante ou priméria é a terapia realizada antes do tratamento local
definitivo (cirtrgico ou radioterdpico). Objetiva reduzir massa tumoral e a maior possibilidade de
ressecglo cirurgica completa. Outras vantagens desta estratégia incluem: menor morbidade e
seqiielas do ato cirurgico, erradicagio de micrometastases e facil identificagio da
quimiosensibilidade do tumor. Esta estratégia tem sido empregada em tumores de cabeca e
pescogo, cancer esofagico, carcinoma de pulmfo (nfio pequenas células), os osteosarcomas de

partes mole e carcinoma de mama local ¢ avangado. Por oufro lado, a quimicterapia de inducio é
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administrada em neoplasias avangadas, podendo ser paliativa, aumentar a sobrevida ou ser

curativa (RANG, RITTER e DALE, 2004).

A avaliacdo da resposta ao tratamento pode ser classificada como completa, quando do
desaparecimento de todos os sinais e sintomas por pelo menos um més; parcial, quando ¢
observada redugdo de pelo menos 50% das lesBes e auséncia de progressdo da doenga ou
aparecimento de qualquer nova lesdo; estével, quando da auséncia de alteracdes em tamanho
tumoral ou sinais e sintomas da doenca e progressdo tumoral, com aumento de pelo menos 25%

do tumor ou surgimento de nova lesiio (KATZUNG, 2003).

3.1. Perspectivas Futuras

Embora a terapia atual para o cancer dependa principalmente do uso de cirurgia, irradiagdo e
quimioterapia, a evdlucdo na compreensio da biologia da transformacio maligna e das diferencas
no controle da proliferagdo da célula normal e cancerosa proporcionaram a descoberta de novos
alvos possiveis para o tratamento do cancer. E improvavel que novas terapias venham a substitoir
totalmente as drogas existentes, uma vez que estas drogas tomaram-se mais eficazes e suas
toxicidades, mais tratdveis e previsiveis, nos tiltimos anos. No entanto, uma combinagio de
drogas existentes, novas abordagens e a obtencio de um perfil molecular / genético de cada
tumor fariam com que todo o pacienﬁe tivesse um tratamento individualizado e especifico para o
seu caso, aumentando a eficicia do tratamento e diminuindo a incidéncia de efeitos colaterais

(EVAN, 2001).
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Ate recentemente, o tratamento medicamentoso do céncer baseava-se exclusivamente na
utilizacfio de drogas citdtéxicas. Entretanto, atualmente diversas abordagens moleculares estdo
em fase de investigacdo, sendo que cerca de 200 novas drogas estfio em fase III de estudo clinico.
A maioria delas, baseadas nos progressos realizados no conhecimento da biologia da célula
cancerosa, referem-se ao uso de alvos seletivos para atuagio dos agentes antitumorais. Dentre as
abordagens promissoras da terapia anticancer podemos destacar as drogas que visam alteraciio da
expressdo génica / terapia génica, os inibidores da transduco de sinal, as inibidores da invasio
do tumor e metdstases, os inibidores de angiog@nese, os agentes diferenciadores, os inibidores
imunogénicos, os reversores de resisténcia induzida por drogas e as novas drogas citotdxicas e

indutores de apoptose (NYGREN e LARSSON, 2003)

Um desafio significante no campo da terapia antineoplésica envolve estratégias de manipulacio
génica visam a restauracio dos mecanismos protetores como p53; a inativacio da expressdo de
oncogenes, o fornecimento de um gene para células malignas, tornando-as sensiveis 3s drogas, 0
fornecimento um gene as células hospedeiras sadias para protegé-las da quimioterapia e a
marcaglo de células cancerosas com genes para torné-las imunogénicas. A identificaciio de
alteragBes moleculares relacionadas ao céncer dirige parte da pesquisa atual para estratégias que
visam a correcdo da alteragdo genica expressa pelos diferentes tipos de neoplasias, através de

manipulag@o genética (ARAJ, OGSTON ¢ BEARD, 2001).

A utilizagdo de oligonucleotideos, pequenos segmentos sintéticos de DNA de filamento finico
que sdo complementares a uma porgdo do mRNA e que podem ligar-se 3 sua seqiiéncia
correspondente no mRNA, permite o bloqueio da expressdo de um oncogene. Desta forma, é

possivel bloquear a expressdo de um oncogene que sofreu mutagfo, sem, contudo, atingir a
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expressdo do proto-oncogene, como foi mostrado para o oncogene Ras, abrindo a possibilidade
para um tratamento totalmente ausente de efeitos colaterais. E importante mencionar, no entanto,
que este tipo de tratamento exigiria um conhecimento bastante especifico das alteracses genéticas
de cada paciente acometido de céncer, mas a simplificaciio dos métodos de sequenciamento esta

abrindo esta possibilidade para um futuro n3o muito distante (BRUMMELKAMP et al., 2003).

Dentre os inibidores da transdugdo de sinal incluem-se, os inibidores da ligagio dos fatores de
crescimento ao receptor. Quando fatores de crescimento, como por exemplo, EGF (fator de
crescimento epidermal), ligam-se as proteinas de membrana chamadas Her-2, essas se dimerizam
€ enviam ao nicleo sinais pré-mitdticos. Bsse mecanismo ocorre em células normais, mas uma
diferenga das células normais para as células malignas & que, na superficie das células tumorais, a
proteina estd presente em quantidades tdo grandes, que as moléculas, mesmo sem fatores de
crescimento, se unem em dimeros, de modo que a mitose ocorre constantemente. O ZD 1839 &
uma nova molécula em estudo que tem por mecanismo de agio impedir que as células formem
dimeros. Dessa forma, o processo de multiplicaciio das células tumorais € reduzido (TZAHAR et
al., 1998). Baseado nesse mesmo raciocinio, ha outros inibidores de RTKs, sendo testados com a
finalidade de interferir nos mecanismos de transdugdo de sinal envolvidos na proliferacio celular

(NYGREN ¢ LARSSON, 2003; PEGGS e MACKINNON, 2003).

A este grupo pertencem, também, os inibidores de Ras (proteina de ligacsio de guanina-
nucleotidios com atividade de GTPase) ¢ vias por ela ativada. Esses inibidores bloquelam a
capacidade que tem os genes Ras mutantes de se tornarem células malignas. Nas células normais,
a proteina Ras, uma vez sintetizada, migra para a membrana celular, 3 qual se fixa por uma

espécie de “gancho molecular” (um grupo famesil). Este grupo é adicionado i proteina pela
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enzima farnesiltrasferase. Recentemente, foram produzidos compostos que inibem esta enzima,
como o RI 15777. Foi demonstrado, por testes in vitro e in vivo (Fase Clinica IIT), que esse
composto reverte a transformag@io maligna em células cancerosas que contdm o oncogene ras,

restaurando os padrdes normais de crescimento, sem interferir na divisio celular das células

normais (NYGREN e LARSSON, 2003 ).

Intervengdes no sentido de mimetizar os in_ibidores da cdk tém sido estudadas. Triagem clinica de
um farmaco que apresenta este mecanismo antitumoral, o falvopiridol, estd sendo realizada. J o
modulador do ciclo celular, o UCN-01 apresenta um complexo mecanismo de agfio, podendo
promover e inibir da atividade cdk. Dados promissores provenientes de estudos de fase I e II
destes agentes revelaram que os reguladores do ciclo celular podem promover interrupcdo da
proliferagdo celular, indugdo de diferenciagfio ou apoptose. Entretanto, existem muitas questdes
relacionadas ao ciclo celular que ainda no foram respondidas, mas com o aprofundamento do
conhecimento do mecanismo de acio de agentes citostaticos e sua intrincada regulagio do ciclo
celular, a oportunidade de oferecer um tratamento que podera restaurar o controle normal do ciclo

celular das celulas neoplasicas podera transformar-se em realidade (SWANTON, 2004),

Recentemente, muita atencfo tem sido direcionada a possibilidade de se impedir que a célula
tumoral seja capaz de induzir degradaciio da matriz extracelular e invadir o estroma, ocasionando
metastases. O uso de mecanismos de inibicfio de disseminagio dessas células tem sido bem
sucedido. As enzimas chamadas metaloproteinases, que sio uma familia de endopeptidases, estio
envolvidas, tanto na invasio, quanto nas metéstases dos canceres, por terem a capacidade de

degradar os componentes da matriz extracelular. Agentes que inibem essas enzimas, como, por
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exemplo, 0 marimastat, ja se encontram em estudos clinicos de Fase III (NYGREN e LARSSON,

2003).

Além disso, agentes antiangiogénicos, promissores coadjuvantes na quimioterapia, que
bloqueiam a angiogénese, necessaria para nutricio e conseqliente progresséo do tumor. Ha varios
reguladores enddgenos (positivos e negativos) que controlam a angiogénese, como a angiogenina
¢ o fator de crescimento endotelial vascular. Os inibidores da angiogénese atuam nesses
reguladores end6genos, a fim de impedir a irrigagio do tumor, mas os mecanismos exatos sdo
ainda controversos. Inclui-se, nesta categoria, a talidomida, medicamento usado, no passado, para
enj0os, durante a gravidez (uso abolido devido a teratogénese causada), mas que, por mostrar
atividade antiangiogénica, tem sido usada em estudos clinicos, nos Estados Unidos e Europa, no
tratamento de diferentes tipos de tumores, em combinagiio com outros agentes (RAJE e

ANDERSON, 2002; SEPP-LORENZINO et al., 2004).

Por outro lado, sabe-se que um dos processos que resultam na malignidade das células é a perda
do processo de diferenciagdo. Estudos com o objetivo de induzir a diferenciaco e tornar as
células “normais” utilizam anlogos da vitamina D3 e agonistas do receptor do 4cido retindico,

mas as vias pelas quais esses compostos induzem a diferenciagso ainda nfio estio bem descritas

(NYGREN e LARSSON, 2003).

Além disso, anticorpos monoclonais (Mabs) sio moléculas versiteis com potencial terapéutico e
aplicagBes em viérias enfermidades humanas, incluindo o cincer (COSTELLO et al., 2004). Estio
sendo utilizados Mabs direcionados para fatores de crescimento, citocinas e outras moléculas ou

receptores que controlam o crescimento e outras fungdes da célula tumoral e, também, Mabs anti-
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idiotipicos como vacinas para gerar uma resposta imune. Ressalta-se que algumas vacinas
geraram resultados negativos, mas que sua eficiéncia tem sido observada, principalmente quando

administrada como adjuvante, observado em céncer colorretal em estudo de Fase Clinica III

(NYGREN e LARSSON, 2003).

Dados da literatura demonstram que muitas drogas citotéxicas exercem seu efeito por indugio de
apoptose, porém muitas células adquirem resisténcia a essas drogas por modificaces em
clementos chaves da sinalizagio apoptdtica. Assim, a conjugacdio de drogas citotoxicas a
anticorpos (imunoconjugados) é uma alternativa muito promissora na terapia do cincer. Qutra
alternativa € o acoplamento de um anticorpo a uma enzima capaz de converter uma droga nio
toxica em um metabdlito de elevada toxicidade. Os anticorpos sfio direcionados a antigenos
especificos do tumor, de modo que a droga € conduzida e concentra-se, no tumor, nio afetando os

tecidos normais das proximidades (RANG, RITTER E DALE, 2004).

Finalmente, desde o surgimento do emprego da quimioterapia para o cancer, foram identificados
muitos de caminhos pelos quais as células cancerosas “escapam”™ do agente quimico. No
momento em que as celulas desenvolvem resisténeia a uma droga, elas podem também
desenvolver resisténcia cruzada a outras drogas, quimica e fisicamente nfo relacionadas, em um
fendémeno conhecido como resisténcia multi-droga (MDR). Muitas formas de MDR resultam da
expressdo de bombas de fluxo ATP-dependente com acio sobre diferentes substratos (NYGREN
e LARSSON, 2003). Muitos estudos mostram o envolvimento de uma P-glicoproteina nessa
resisténcia. Uma das estratégias consiste na utilizaciio de drogas que inibam essa proteina

transportadora, como verapamil e ciclosporina A (LACONI, PANI e FARBER, 2000).
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4. Pesquisa e Desenvolvimento de Agentes Antineoplasicos

Nos 1ltimos cingiienta anos a pesquisa de novas drogas anticancer, introduzin na terapéutica
cerca de 70 medicamentos. Quando se analisa a forma como essas drogas foram introduzidas, é
possivel indicar novos rumos para o desenvolvimento de métodos de triagem de substincias

anticancer (BOYD, 1989, JOHNSON, 1990; CRAGG et al., 1994).

Os primeiros programas de pesquisa de novas drogas antitumorias utilizavam exclusivamente
leucemias murinas como modelos de triagem ir vitro laboratorial. Este tipo de metodologia foi
selecionada por apresentar alta reprodutibilidade e produtividade, resultados quantitativos e baixo
custo operacional (JOHNSON, 1990). Um dos importantes centros de pesquisa que adotou este
programa de triagem foi o National Cancer Institute (NCI - Washington, USA). Nesta ocasifo, a
leucemia murina codificada como L1210 passou a ser empregada como o tinico modelo padrao

para a seleciio de novas drogas antitumorais.

Posteniormente, um novo protocolo de tﬁagem de novas drogas in vitro foi implementado,
utilizando a nova leucemia murina, a P388, por apresentar maior sensibilidade as drogas
disponiveis na época (GRINDEY, 1990). Com isso, houve um grande desenvolvimento teérico e
foram definidos importantes conceitos relativos & quimioterapia (HAMBURGUER, 1981), assim
como varias drogas foram descobertas, as quais ainda sdo tteis na terapéutica antineoplasica atual
(SHOEMAKER, 1986). Entretanto, esta leucemia murina apresentava uma alta sensibilidade as
substancias que interferem com a sintese de DNA e, consequentemente, ocorreu um repetitivo
isolamento de substéncias com o mesmo mecanismo de agdo, apesar de apresentarem estruturas

quimicas distintas (CORBETT, 1987).
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Tal estratégia aparenternente gerou uma selegfio tendenciosa {doenga-orientada) de compostos
ativos, principalmente contra aqueles tumores humanos que foram melhor representadas pelos
modelos tumorais murinos (linfomas e leucemias), resultando em um baixo indice de eficiéncia e

conseqiiente estagnacio no desenvolvimento de novas drogas antitumorais (GRINDEY, 1990).

Na tentativa de aprimorar a triagem antitumoral, foi implementada uma nova estratégia, que
consistia em realizar uma pré-selecio com a leucemia murina P388 e em testes posteriores
utilizar 5 linhagens celulares murinas (melanoma B186, pulmio Lewis, colon 26, célon 38 e

mamario CD8F1) e 3 linhagens humanas (mama MX1, pulmio LX1 e célon CX1) (GOLDIN et
al., 1981).

A seguir, com o avango das pesquisas de antibi6ticos e com o aprimoramento das técnicas de
cultura de tecidos e de microorganismos, foram desenvolvidos modelos experimentais in vitro,

tornando possivel a avaliacdo da quimiossensibilidade de microorganismos, células normais e

tumorais (HAMBURGUER, 1981).

Porém, os ensaios in vitro ainda apresentavam, no inicio da década de 70, varios problemas
técnicos; tais como: crescimento celular em cultura inadequado ou ausente (apenas 66% das
espécimes celulares se desenvolviam in vitro), contaminacSes freqiientes, auséncia de
padronizagdo do tempo de exposicio as drogas ¢ de sua concentragio utilizada e dificuldade na

quantificacio dos resultados (HAMBURGUER, 1981).



Através de uma andlise de todos os resultados obtidos até a década de 80 foi possivel o
desenvolvimento de um novo painel de linhagens celulares utilizando modelos experimentais in
vitro (GRINDEY, 1990). Este painel era formado por 60 linhagens celulares diferentes, oriundas
de oito tipos de tumores sélidos (pulméo, melanoma, mama, rim, célon, prostata, ovario, cérebro)
e do sistema hematopoiético (leucemia). Dessa maneira, essa metodologia permitia a avaliagao
das drogas em diversos tipos de células neoplasicas, possibilitando a descoberta de drogas com

maior especificidade, buscando a representacio de importantes neoplasias (MUGGIA, 1987

SKEHAN et al., 1990).

Segundo Grindey (1990), com a utilizagiio dos ensaios in vitro foram identificadas 79 substincias
antineoplésicas, as quais foram inativas no modelo das leucemias murinas. A analises destes
dados revelaram que os ensaios in vitro s3o mais especificos e sensiveis que aqueles das

leucemias.

Atualmente, muitos dos problemas técnicos foram solucionados, entretanto o maior obsticulo
para o desenvolvimento da oncologia experimental é a diversidade dos tumores. Muitas
evidéncias demonstram que a grande maioria dos tumores sio origindrios de uma unica célula,
sendo entdo classificados como tumores monoclonais (FEARON, 1987; ARNOLD, 1988). Por
outro lado, uma pequena porcentagem das neoplasias pode ser considerada proveniente da
proliferagio de varias c€lulas transformadas independentemente, que sdo entio classificadas

como tumores policlonais (PONDER, 1986).

Independente da origem da neoplasia, quando esta se torna clinicamente detectavel, suas células

componentes s3o extremamente heterogéneas, ja que as mesmas podem sofrer alteracBes
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geneticas (falhas nos processos de transduc¢dio e transcricdo dos acidos nucléicos) durante o
processo de replicaciio das células tumorais e geram populacdes diferentes de células originarias

de um mesmo tumor (FOULDS, 1975; CAIRNS, 1975).

Assim, as distintas caracteristicas genéticas e morfo-fisiolégicas das células tumorais acarretam
dificuldade de desenvolvimento de uma metodologia abrangente, que seja satisfatéria para
detectar a ag#io farmacolégica de uma nova droga sobre qualquer tecido neoplasico (VON HOFF,
1685). Alem disso, uma Unica metodologia ndo é capaz de detectar diferentes mecanismos de

aco farmacolégicos de agentes antitumorais (HAMBURGER, 1981).

Deste modo, para atender a grande variedade das caracteristicas celulares, estio sendo
desenvolvidos diversos modelos experimentais in vitro capazes de detectar a agHo citotéxica ou
citostatica de um novo agente antineoplasico, pois de acordo com o contexto descrito é evidente a
necessidade do aprimoramento das estratégias de triagem/selecio de novas drogas

antineoplasicas, que apresentem mecanismo de acio inédito (CHABNER, 1990).

3. Contribuicfo das Espécies Vegetais na Obtencio de Drogas AnticAncer

Plantas sdo reconhecidas por sua habilidade de produzir metabélitos secundarios e por séculos,
espécies vegetais tem sido tteis para o tratamento de uma variedade de doengas (CRAGG et
al.,1999; CRAGG e NEWMAN ,1999). Metabdlitos secundérios sio biosintetisados nas plantas
com diferentes propésitos, incluindo regulagio do crescimento, interagdes inter e intra-espécies e
defesa contra predadores ¢ infecgdes. Muitos desses produtos naturais apresentam interessantes

atividades bioclogicas e farmacoldgicas e tem sido utilizados como quimioterapicos ou fornecendo
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moléculas precursoras para o dg:senvolﬁmento de novos medicamentos (VERPOORTE, 1998,

2000; PHILLIPSON, 2001).

Até meados do século XX os medicamentos de origem vegetal constituiam a base da terapia
medicamentosa, quando o desenvolvimento da sintese quimica foi rapidamente introduzindo
novas drogas. Atualmente cerca de 50% dos medicamentos utilizados sio de origem sintética e
cerca de 25% sio originarios de plantas, isolados diretamente ou produzidos por sintese a partir
de um precursor vegetal. No entanto, nos tiltimos anos o interesse pelos medicamentos de origem

vegetal voltou a crescer, acompanhado de um aumento significativo nos investimentos em

pesquisa (TOPLISS et al., 2002).

Entre os diversos fatores que impulsionaram esse retorno esté a descoberta de drogas muito
eficazes no tratamento do céncer. Um dos exemplos mais importantes é o da Catharanthus
roseus, conhecida também como Vinca rosea, utilizada pela populacio de Madagascar no
tratamento do diabetes. Durante os teste de atividade hipoglicemiante, os extratos dessa espécie
produziram granulocitopenia em conseqiiéncia da supressio da medula 6ssea dos animais,
sugerindo avaliagdo em modelos de leucemias e linfomas. A confirmacio da atividade nesses
modelos levou ao isolamento dos alcaléides vimblastina e vincristina que, atualmente, sdo de

grande utilidade no tratamento de leucemias, linfomas e cancer testicular (FELLOWS, 1995;

CRAGG e NEWMAN, 1999).

No final de 1940 foram isolados dois alcaléides de espécies do género Podophyllum, que eram
utilizadas pelas populacSes nativas da América e da Asia no tratamento do cancer de pele €

verrugas. No entanto os resultados experimentais com esses alcaldides niio foram encorajadores.
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Mais tarde foram obtidos por semi-sintese dois derivados desses alcaldides, a ectoposida e a
teniposida, cujos estudos experimentais permitiram a introdug3io dessas drogas na terapia do

cancer (CRAGG e NEWMAN, 1999).

Outra descoberta importante na area de cancer foi o paclitaxel, isolado da casca do teixo (Taxus
baccata e Taxus brevifolia), em 1971 (WANI et al., 1971). Estudos clinicos revelaram que essa
substincia era capaz de regredir o cancer de mama e de ovério, resistentes a terapia tradicional
(ROWINSKY et al., 1995). Como essa substancia teria que ser extraida de espécies que levam
décadas para o seu crescimento, a introdugio dessa droga na terapgutica teve que esperar pelo
desenvolvimento da sintese quimica, de extrema complexidade, e pela descoberta de precursores
obtidos de fontes renovaveis. Essas dificuldades adiaram a introducdio do placlitaxel e do
docetaxel na terap@utica para a década de 90. Além do tratamento do céncer de mama e ovario,
essas drogas estdo sendo avaliadas no céncer de pulméo, esdfago, cabega e pescogo (NEWMAN,

CRAGG e SNADER, 2003).

A camptotecina, um alcaldide extraido da arvore chinesa Camptoteca acuminata, testado em
ensaios clinicos no inicio da década de 70 (WALL et al.,, 1966), foi o primeiro inibidor da enzima
topoisomerase I, uma enzima do niicleo celular que estd envolvida com a manutengio da
estrutura topografica do DNA durante o processo de translag@o, transeri¢io e mitose (ZIJLSTRA
et al., 1990; BURRIS e FIELDS, 1994). Apesar de ter sua atividade antitumoral confirmada
nestes estudos, a camptotecina apresentou toxicidade incoﬁtrciével e sua utilizacdo foi
mterrompida (MUGGIA et al., 1970). Todavia, este composto ainda é usado como molécula
matriz no desenvolvimento de novos inibidores da topoisomoerase I (POMMIER, 1996), como o

topotecano e irinotecano, derivados semi-sintéticos da camptotecina que apresentam considergvel
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hidrossolubilidade (KINGSBURY et al., 1989; KINGSBURY et al., 1991), também capazes de

promover a inibic8o da enzima topoisomerase I (CREEMERS et al., 1994; POTMES&, 1994).

6. A espécie vegetal Gaylussacia brasiliensis (Spreng.) Meisn.

Nos ultimos anos o CPQBA-Unicamp, através de projetos financiados pelo CNPq (n°
000521449/94), FAPESP (n° 95/09607-5) e verbas obtidas com a prestagio de servigos,
desenvolveu dois projetos de avaliagio do potencial anticancer de espécies vegetais da Amazénia
e do Cerrado do Estado de Sao Paulo (FERRI, 1975; FERRI, 1980). Parte dos recursos obtidos
foram utilizados para implantagiio de um Laboratério de Cultura de Células Tumorais Humanas.
As linhagens tumorais foram cedidas pelo National Cancer Institute (NCI) e dessa maneira foi

possivel o desenvolvimento da mesma metodologia utilizada por esse Centro de Pesquisas.

Esses extratos foram produzidos pelo Laboratério de Fitoquimica do Imstituto Nacional de
Pesquisas da Amazdnia (INPA) e pela Divisdo de Fitoquimica do CPQBA. No NCI tiveram sua
atividade antiproliferativa avaliada no painel composto por sessenta linhagens tumorais humanas.
Embora esses projetos tenham sido foram planejados para comparar a atividade de extratos
obtidos de plantas desses ecossistemas (cerrado e floresta amazonica), os resultados mais
significativos foram obtidos com as espécies do cerrado, sendo que foi selecionada para estudo
neste projeto a Gaylussacia brasilienis (Spreng.) Meisn., considerando-se os parimetros de
especificidade celular, inibicic do crescimento maior que 50% e presenca de agdo

antiproliferativa de maneira dose dependente.

4G



As partes acreas da Gayfussacia brasiliensis (Spreng.) Meisn. foram coletadas na “Reserva
Biologica e Estacao Experimental de Mogi Guagu” em S30 Paulo, Brasil, sendo a exsicata depositada

no Herbério do Instituto de Biologia / UNICAMP sob mimero de registro UEC-266.

A Gaylussacia brasiliensis (Spreng.) Meisn., popularmente conhecida como camarinha, é uma
planta arbustiva, muito encontrada nas restingas da mata atlantica, inclusive na Ilha do Mel,
Mumnicipio de Paranagua - PR, Brasil, onde os moradores desta regifio usam seu fruto para
produgio de geléias e aromatizagdo de aguardente, dentre outras finalidades. A propagacio da

camarinha ocorre naturalmente, por sementes, onde os passaros tém fundamental papel na sua

disseminacio (CORREA, 1942).

O género Gaylussacia € conhecido por apresentar atividade antifiingica, provavelmente devido &
presenca de compostos fendlicos (CTPOLLINI e STILES 1992). Outros compostos conhecidos
neste género incluem o estilbeno (ASKARI et 2l,1972) e derivados das antocianinas
(BALLINGTON et al., 1988). Uma revisgo bibliografica demonstrou que foi avaliada a atividade
antiproliferativa do extrato bruto desta espécie em cultura de células mononucleares humanas

sangiiineas, revelando acéo citotoxica (SOUZA-FERNANDES et al., 2002).
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Summayry

Gaylussacia brasiliensis (Spreng.) Meisn.(Ericaceae), popularly known as "camarinha", is

used in Brazilian folk medicine for treatment of several inflammatory processes and as healing
agent. The scope of this study was to evaluate the antiproliferative activity of the crude
dichloromethanic extract (CHD) obtained from G. brasiliensis and to identify the active
compound(s) responsible for this activity. CHD was evaluated on sulforhodamine B
antiproliferative assay in four-level concentrations (250, 25; 2.5; 0.25 pg/mlL) with 48 hours
incubation. CHD showed a concentration dependent inhibition on all cell lines, but had better
cytocidal activity for NCI-ADR cell line. Therefore, CHD was submitted to column
chromatography on silica-gel providing fractions that revealed activity on the antiproliferative
assay employed. CHD was pre-purified by dry column chromato graphy over silica~gel affording
five fractions. Among these, fraction C (FC) was the most active inthibiting all cells line at 25
ng/mL. FC was further fractionated over silica-gel with hexane-ethyl acetate mixtures affording
pure Compound 1. The compound was identified on basis of 2D-NMR experiments. Compound 1
showed concentration-dependent activity and selectivity for 786-0 and MCF-7 cancer cell lines;
the lowest ICso was for NCI-ADR line with 6 ug/mL. Investigation of the other fractions is also

being carried out by using bioassay guided isolation of further active components.

Key words: Gaylussacia brasiliensis, antiproliferative, antitumor, medicinal plants, triterpenoids.



Introduction

Over the last years, the interest in research on natural products has increased focusing on new
chemotherapeutic substances and resulting in the discovery of more efficient drugsv for many
diseases and especially on cancer treatment, playing an important role in the development of
chemotherapy (Newman et al., 2003; Lee, 1999; Calixto, 2000; Rates, 2001; Phillipson, 2001).
One of the most important examples are the taxoid compounds (docetaxel and paclitaxel) (Schiff
et al. 1979, Walker and Croteau 2001), obtained from Taxus genus species (Pezzuto, 1997; Mattos
et al. 2001) and the camphtotecin derivateé (irinotecan and topotecan), obtained from
Camptotheca acuminata (Wall et al. 1966, Wall 1998, Chang, 2000). |

Currently, over a hundred types of cancer are known, differentiated by etiology, natural history,
therapeutic and procedures. Notwithstanding the great evolution of basic knowledge concerning
this pathology, little was being achieved towards the development of efficient techniques of
prevention and cure (Verdecchia et al. 2001; Verweij and Jonge, 2000).

In 1997, the Pluridisciplinary Chemical, Biological and Agricultural Research Center of the State
University of Campinas (UNICAMP), with financial support from Fundagao de Amparo a
Pesquisa do Estado de Sio Paulo (FAPESP), established a research program in order to identify
natural products with potential antineoplastic activity. Therefore, a survey of several plant species
from the Brazilian cerrado woods was carried out. This region was selected considering the great
chemical vaniety encountered among this biodiversity, the relatively small amount of biologic
knowledge and the rapid cerrado extinction areas (Ferri, 1969). Gaylussacia brasiliensis
{Spreng.) Meisn. was selected throuéhout that screening programm. This work evaluated the in
vitro antiproliferative activity of extract and isolated coumpound from Gaylussacia brasiliensis

{Spreng.) Meisn., popularly known as “‘camarinha”. This plant, used in Brazilian folk medicine
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for treatment of several inflammatory processes and as healing agent, is an arbust, which could be
found in the Atlantic Forest (Ilha do Mel, Paranagu4 - PR, Brazil) (Corréa, 1942).

The genus Gaylussacia is known to present antifungal activity, probably due to the .presence of
phenolic compounds (Cipollini & Stiles 1992). Other known compounds in the genus include
stilbene (Askari et al., 1972) and anthocyanin derivatives (Ballington et al., 1988). An update
literature search has shown that the compounds present in this genus have not been evaluated for

activity on the in vitro antiproliferative assay.

Material and Methods

General Experimental Procedures

The physical and spectral data (mass, 'H-NMR, " C-NMR) were recorded at 11,75 Tesla (500
MHz for 'H and 125 MHz for C) using INOVA 500 spectrometer, tetra -methylsylane was used
as internal standard. Optical rotation on Polarimeter-Lep A,with sodium lamp; IR spectra
recorded on Bomen MB series Hartmann& Braun-Michelson instrument TLC was performed on
precoated aluminum sheeté (Merck 5554). Compounds were visualized by spraying with p-
anisaldehyde-H,SO4-acetic acid (0,5:1:50 ml) followed by heating at 110-120°C to vield blue,
pink or purple spots. For cc, Si 60 (70-230 mesh and 230-400 mesh, Merck) All solvents were
analytical grade aﬁd redistilled before use.

Gas Chromatography / Mass Spectrometry analysis (GC/MS) were carried out using a HP-
5890/5970 system equipped with a J&W Scientific CP-SIL 24 CB fused capillary column (30 m
x 0,25mm x 0,25 m). Temperature program 150°C (2min)-(5°C/min.) — 240°C — (10°C/min)-
300°C (34 min). Injector 280°C and detector 300°C. Helium was used as carrier gas (0,7 bar, 1
mb/min). The MS were taken at 70eV. Scanning speed was 0,84 scans/s from 40 to 550. Sample

volume was 1 uL.
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Plant Material

The aerial parts of Gaylussacia brasiliensis (Spreng.) Meisn. were collected at “Reserva Biolégica
¢ Estac3o Experimental de Mogi Guagu” in S&o Paulo-Brazil by both botanist Prof2. Dr* M. Carmo
E. do Amaral and Prof. Dr. Volker Bittrich. Voucher specimen is deposited at Instituto de

Biologia/UNICAMP under registration number UEC-266.

Crude extract and fractions preparation

The material was grinded to a fine power prior to use. The powder (500 g) was submitted to
dynamic maceration with dichloromethane (700 mL) during 4 h. This procedure was repeated 3
times with the same powder. After filtration, the solvent evaporated under vacuum at 40°C
resulting the crude dichloromethanic extract (CHD) with 9,6% vield.

The crude extract was pre-purified by dry column chromatography on silica-gel 60 (Merck 7734)
with chloroform/methanol 5% providing five different fractions. The active Fraction C was
further fractionatedi(it} g) on successive column chromatograﬁhy using Silica-gel (Merck 7734)

(5 X 60 cm) with hexane/CH>Cl, mixtures, affording Compound 1.

Cell Culture

The experiments were performed using the following human cancer cell lines: MCF-7 (breast),
NCI-ADR (breast expressing the multidrug resistance phenotype), NCI-460 (lung), UACC-62
(melanoma), 786-0 (renal), OVCAR-03 (ovarian), PC-03 (prostate) and HT-29 (colon). The

National Cancer Institute, Frederick MA/USA (NCI), kindly donated these cell lines and stock

cultures were kept in liguid nitrogen.
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Cells were cultured in 25 cm? flasks (Nunc Brand Products) containing 5 mL of RPMI 1640
(Gibco BRL, Life Technologies.) with 5% fetal bovine serum (Gibco BRL, Life Technologies).

After the twentieth serial passages the cells were discarded and new flasks were unfrozen for use.

Biological Assays

All the adherent cell lines were detached from the culture flasks by addition of 0,5 mL of trypsin
(Nutricell Nutrientes Celulares). Thereafter, trypsin was inactivated by addition of 5 mL of 5%
serum in RPMI 1640 medium. Cells were séparated 1mto single-cell suspensions By a gentle
pipetting action. After counting, the cells were diluted into appropriate séeding densities and
inoculated onto 96-wells microtiter plates (Nunc Brand Products). Cells plating volume was 100
nL per well. Seeding densities varied among the cell lines as follows: 6,5 x 10° (MCF-7),5,0x
10* (NCI-ADR), 4,0 x 10* (NCI-460), 3,0 x 10° (UACCS62), 5,0 x 10* (786-0), 6,5 x 10*
(OVCAR-03), 4,5 x 10* (PC-03) and 5,0 x 10° (HT-29) cells per mL. Microtiter plates containing
cells were pre incubated for 24 hours at 37°C in order to allow stabilization before the addition
(100 uL) of the test substance (either crude extract, fractions or drugs). The plates were incubated
with the test substance for 48 hours at 37°C and 5% CO, (Skehan et al., 1990). The positive
contro] of these experiments were doxorrubicin [(DOX) (Sigma Chemical Co.)] and tamoxifen
[(TAM) (Sigma Chemical Co.)] (Chabner, 1995). These agents were tested at five 10-fold
concentrations, starting from with maximum concentration of 10~ M for DOX and SuM for

TAM in RPMI/FBS/gentamicin.

Solubilization and Dilution of Test Substance
For initial screening, the crude extracts were tested at 250 pg/mL. If antiproliferative activity was

detected, the test substance was retested at four concentrations (0,25; 2,5; 25; 250 pg/mL), and
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each concentration was studied in triplicate wells. All samples were initially solubilized in
dimethyl sulfoxide (DMSO) (Sigma Chemical Co.) at 400 times the desired final maximum test
concentration. Extracts stocks were stored frozen at — 70°C. The concentrates were diluted with

complete medium containing 50 pg/ml gentamicin (Schering-Plough).

Assay Antiproliferative - Sulforhodamine B (SRB) Assay

Sulforhodamine B (SRB) is an aminoxantine with a bright pink color that has two sulfonic

- groups. Since it is an anionic dye in weak acid solution it is capable of bonding to protein’s
aminoacids basic terminals cells fixed with trichloroacetic acid. Therefore this non-clonogenic

methodology permits a high sensitive protein with a straight relationship to cell culture (Skehan

et al. 1990 and Johnson, 1590).

The SRB assay was performed according to the assay described by Skehan et al. (1990). Briefly,
the cells were fixed by means of protein precipitation with 50 % trichloroacetic acid (TCA)
(Sigma Chemical Co.) at 4°C (50 uL/well, final concentration 10%) for 1 h. The supernatant was
then discarded and the plates were washed 5 times with tap water. The cells were stained for 30
minutes with 0.4% the SRB (Sigma Chemical Co.), dissolved in 1% acetic acid (50uL/well)
(Sigma Chemical Co.) and subsequently washed 4 times with 1% acetic acid to remove unbound
stain. The plates were dried and bound protein stain was solubilized with 150 pL of 10mM

Trizma buffer (Sigma Chemical Co.). The optical density was read on an automated

spectrophotometer plate reader (Molecular Devices Versa Max Microplate Reader) at 540 nm.
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Data Calculations

The optical density data were calculated according to Excel® program (Microsoft Office Package)
and the values for mean + average standard error of data from replicated wells Weré calculated.
The background optical measurements were subtracted from appropriated control well values and
the appropriate drug-blank measurements. Cellular responses were calculated for growth
stimulation, test substance effect and growth inhibition. Three measurements were run at: time
zero (TO) value of SRB protein content at the beginning of test substance incubation, control
value (C) at the end of the test substance incubation, and a set of test substance-treated test values
(T) at the end of the test substance incubation period. If T was greater than or equal to TO
(cytostatic effect), the calculation was 100 x {(T-T0)/(C-T0)]. If T was less than T0, cell killing
(cytocidal effect) occurred and was calculated from 100 x [(T-T0)/T0]. The ICs values (drugs
concentration eliciting 50% inhibition) were determinated by non-linear regression analysis.

This results presented here refer to a representative experiment since all assays were run in

triplicates the average standard error was always lower than 5%.

Results & Discussion

Plants are recognized for their ability to produce a wealth of secondary metabolites and, for
centuries, mankind has used many species to treat a variety of diseases (Cragg ef al. 1999; Cragg
and Newman ,1999). Secondary metabolites are biosynthesized in plants for different purposes
including growth regulatibn, inter and intra-specific interactions and defense against predators
and infections. Many of these natural products have presented interesting biological and
pharmacological activities and have been used as chemotherapeutic agents or served as the

starting point in the development of modern medicines (Verpoorte 1998, 2000).
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Our phytochemistry studies were biomonitored throughout the cell growth percentages analysis
on the antiproliferative assay. The criteria selection for those extract and/or fractions was growth
percentage lower than 50% (negative values meaning cell death) and/or seiectivé activity on a
type of cell line, with a profile of concentration-dependent antiproliferative activity. The positive
controls were the chemotherapeutic doxorubicin (DOX) and the antiestrogen agent tamoxifen
(TAM).

In this study, aenal parts from Gaylussacia brasiliensis (Spreng.) Meisn were initially extracted
with dichloromethane and sequentially with 70% ethanol. The crude extracts were tested at
concentrations of 0,25 to 250 pg/mL, for 48 hours. The crude dichloromethanic extract (CHD)
presented the highest antiproliferative activity, inhibiting all cell lines with cellular death for
OVCAR -03 (ovarian), PC ~03 (prostate) and 786-0 (renal) lines in a concentration-dependent
relationship, whereas DOX showed no selectivity in its antiproliferative action (Table 1).
Subsequently, CHD was pre-purified by dry coluran chromatography over silica-gel affording
ﬁye different fractions, from which fraction C (FC) was most active, inhibiting all cell lines at 25
pg/mL. Fraction C obtained from CHD presented antiproliferative activity in all cell lines studied
and was more potent than CHD. The ICs; values for all cell lines are listed in Table 1.

FC was further fractionated over silica~gel with hexane-ethyl acetate mixtures affording
Compound 1. Compound 1’s EIMS (70 eV) mass spectrum showed [M'] at 470 corresponding

to the formula C3;HesO4. Comparison of C-NMR shifts with those of the urs-12-en type
described by Mahato and Kundu (1994) suggested Compound 1 to be 2j3, 33 dihydroxy-urs-12-
ene-28-0ic.

Compound 1 showed antitumoral activity with a concentration-dependent relationship, with
cellular selectivity for 786-0 and MCF-7 cancer lines; the lowest ICs; was for NCIADR line with

6 ug/mL (Table 1). The similarity of Compound 1 to steroidal compound’s activity was
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demonstrated by the inhibition of hormone-dependent lines (ovarian, prostate and breast). Th;'s
compound presented citotoxity fc;r all cell lines from 70 pg/mL concentrations, in a straight
concentration-dependent relationship, such as the positive control tamoxifen (Tabié 1). This
result may suggest a possible connection of hormonal receptors and intracellular signalization
with the pharmacological mechanism.

Some sterols such as the glucocorticoids are used in chemotherapy in order to prevent the
proliferation of Iymphocytes. Additional examples are estrogens (fosfestrol) prescribed for

- prostate cancer and progestogens (megestrol and medroxiprogesterone) for endometrium cancer
(uterus). As hormonal antagonists used in chemotherapy there is the goserelin, which acts in
inhibition of gonadotrofines’ liberation in treatment of breast and prostate cancers, the tamoxifen
(antiestrogen) for breast cancer and the flutamide used for prostate cancer (Calabresi and
Chabner, 2001).

Despite the high Compound 1 chemical purity, fraction C obtained from CHD presented was
more potent than Compound 1, suggesting the presence of other compounds involved in the
antiproliferative activity other than Compound 1. Nowadays, studies on its mechanisms of action
studies are being investigated and the bioassay guided isolation of other active components

present in this fraction are also being carried out,
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Table 1: Efficacies of crude dichlorometanic extract (CHD), fraction C (FC), isolated compound from
Gaylussacia brasiliensis (Spreng.) Meisn. (Compound 1) and positive controls (doxorrubicin (DOX) anc

tamoxifen (TAM)) against human tumoral cell lines*.

ICsp (ug/mLy**
Sample

VUACC-62 MCF-7 NCI-ADR 786-0 NCI-460 PC-03 OVCAR-03 HT-29

CHD" 324,8 ND 306,6 441,1 803,6 321,9 372,9 ND
FC* 144.5 12,6 0,3 10,0 0,6 21,9 0,5 11,4
Compound 1*  180,2 44,5 6,2 10,6 25,3 56,2 7,9 121,3
DOX 2,39 1,33 43,9 0,006 1,19 27,54 1,8 ND
TAM 13,6 4,2 0,004 47 3,3 2,7 4,9 0,01

* Assessed by the SRB assay; ** ICsq values (concentration eliciting 50% inhibition) were determinated from
non-linear regression analysis; ND could not be determinated; * Dose range tested: 0,25 to 250 pg/mL. For

comparison, the positive control were DOX and TAM.
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Abstract

Gaylussacia brasiliensis (Spreng.) Meisn. (Ericaceae) is used in Brazilian folk medicine in the
treatment of several inflammatory processes. G. brasiliensis crude dichlorometanic extratc
(CHD), its active compound (1) (2B, 3p dihydroxy-urs-12-ene-28-oic-acid) and indomethacin
were evaluated on sulforhodamine B antiproliferative assay in a four-level concentration (0,25 to
250 ug/mL), for 48 h, showing a concentration dependent inhibition on every cell line. Based on
experimental evidence that inhibition of COX 2 causes tumor regression, the scope of this work
was 1o evaluate the correlationship ’netwee_n CHD and Compound 1 antiproliferative active and
COX inhibition. The CHD in vivo anti-inflammatory activity was analyzed through the
antiedematogenic model induced by carrageenin in rats. CHD (1000 mgfkg, po) inhibited paw
edema and its maximum inhibitory effect (44%) was obtained after Sh of the carrageenin
injection. Indomethacin (10 mg/kg, po) started to reduce the paw edema on the second hour after
the edema induction, with a maximum inhibitory effect (64%) obtained after 4h of the injection.
The systemic effect of CHD (500 mg/kg, po) over the synthesis of PGE; in the gastric mucosa of
rats, with or without previous indomethacin (5 mg/kg, sc) treatment, was measured. CHD
inhibited 50% of its PGE; synthesis, which was potentiated (82%) by indomethacin previous
administration. To evaluate the same pharmacological activity of Compound 1 (250pg/ml), the
amount of PGE; in human cancer cell lines (HT-29 - colon) was measured, for 48 h. Both
Compound 1 and indomethacin reduced the synthesis of PGE; in vitro, at 64 and 57%,
respectively. Overall, experimental data suggest that the Compound 1 antitumor mechanism is
related to COX inhibition. Nowadays, the investigation involving other mechanisms of action of
Compound 1 are being carried out and include: DNA damage (common pharmacological effect
of several anti-neoplastic drugs), interference with cell division, as well as antiangiogenic and
proapoptotic effects.

Key words: Gaylussacia brasiliensis, antiproliferative, cyclooxygenase inhibition, medicinal

plants, triterpenoids.
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Introduction

Natural products continue to play an important role in the discovery and development of new
pharmaceuticals, either as clinically useful drugs, as starting materials to produce séynthetic drugs,
or yet as lead compounds from which a totally synthetic drug is designed (Phillipson, 2001). In
many aspects, both natural and synthetic compounds complement each other on the search for
new drug substances since the first ones often possess complex structural features not easily
accessible by total synthesis (Topliss ez al., 2002).

Over the last years an interest in the research on natural products has increased focusing on new
chemotherapeutic substances, resulting in the discovery of more efficient drugs for many diseases
and especially on cancer treatment (Newman et al., 2003; Lee, 1999; Calixto, 2000; Rates, 2001;
Phillipson, 2001). Some of the most important examples are the taxoid compounds (docetaxel
and paclitaxel) (Schiff e al, 1979, Walker and Croteau 2001), obtained from Taxus genus species
(Pezzuto, 1997; Mattos et al,, 2001) and the camphtotecin derivates (irinotecan and topotecan),
obtained from Camptotheca acuminata (Wall et al.. 1966, Wall 1998, Chang, 2000).

In the Plunidisciplinary Chémical, Biological and Agricultural Research Center of the State
University of Campinas (UNICAMP) research program, several plant species from the Brazilian
cerrado woods were studied. Gaylussacia brasiliensis (Spreng.) Meisn. was selected throughout
the screening progrém. This plant, popularly known as “camarinha”, is a bush and can be found
in the Atlantic Forest (Itha do Mel, Paranagué - PR, Brazil). It is used in Brazilian folk medicine
for treatment of several inflammatory processes and as healing agent (Corréa, 1942).

The genus Gaylussacia is known to present antifungal activity, probably due to the presence of
phenolic compounds (Cipollini & Stiles 1992). Other known compounds in this genus include

stilbene (Askari et al.. 1972) and anthocyanin derivatives (Ballington ef al., 1988).
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The sulforhodamine B antiproliferative assay was used to evaluate Gaylussacia brasiliensis crude
dichlorometanic extract (CHD) aﬁd its active compound (1), a triterpenic acid (2§, 3p dihydroxy-
urs-12-ene-28-oic acid - Figure 1). Both samples were studied in a four-level concéntration (250,
25; 2.5; 0.25 pg/mL) with 48 hours incubation. CHD showed a concentration-dependent
inhibition on all cell lines, but had better cytocidal activity for NCI-ADR (breast expressing the
multidrug resistance phenotype) cell line. Compound 1 showed concentration-dependent activity
and selectivity for 786-0 (kidney) and MCF-7 (breast) cancer cell lines; the lowest ICs, was for

- NCI-ADR line with 6 pg/mL (Antdnio, 2003).

The scope of this work was to evaluate the correlationship between the antiproliferative activity
of both CHD and Compound 1 obtained from G. brasiliensis and cyclooxygenase inhibition,
taking into consideration that recent studies suggest a role of COX 2 in neoplasia, including
hyperproliferation, transformation, tumor growth, invasion and metastasis (Koki and Masferrer,
2002). Besides, clinical studies have reported a 30-50% reduction in adenomatous polyps,
incident disease, and death from colorectal cancer with regular use of aspirin or non-steroidal

anti-inflammatory drugs (NSAIDs) (Thun, Henley and Patrono, 2002).

Material and Methods

Plant Material

The aerial parts of Gaylussacia brasiliensis (Spreng.) Meisn. were collected at “Reserva Biologica
e Estagdo Experimental de Mogi Guacy” in S3o Paulo-Brazil. Voucher specimen is deposited at

Instituto de Biologia / UNICAMP under registration number UEC-266.
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Crude extract and active compound preparation

The material was grinded to a fine power prior to use. The powder (500 g) was submitted to
dynamic maceration with dichloromethane (700 mL) for 4 hours. This procedure was repeated 3
times with the same powder. After filtration, the solvent evaporated under vacuum at 40°C
providing the crude dichloromethanic extract (CHD) with 9,6% yield.

The crude extract was pre-purified by dry column chromatography on silica gel 60 (Merck 7734)
with chloroform/methanol 5% resulting in five different fractions. The active Fraction C was
further fractionated (10 g) on successive column chromatography using Silica gel (Merck 7734)

(5 X 60 cm) with hexane/CH,Cl, mixtures affording Compound 1 (Ant6nio, 2003).

Cell Culture

The expetiments were performed using the following human cancer cell lines: MCF-7, NCI-
ADR, NCI-460 (lung), UACC-62 (melanoma), 786-0, OVCAR-03 (ovary), PC-03 (prostate) and
HT-29 (colon). The National Cancer Institute, Frederick MA/USA (NCI), kindly donated these
cell lines.

Cells were cultured in 25 cm?” flasks (Nunc Brand Products) containing 5 mL of RPMI 1640
(Gibco BRL, Life Technologies.) with 5% fetal bovine serum (Gibco BRL, Life Technologies).
Stock cultures were kept in liquid nitrogen. After the twentieth serial passage the cells were

discarded and new flasks were unfrozen for use.

Biological Assays
All the adherent cell lines were detached from the culture flasks by addition of 0,5 mL of trypsin
(Nutricell Nutrientes Celulares). Thereafter, trypsin was inactivated by addition of 5 mL of 5%

serum in RPMI 1640 medium. Cells were separated into single-cell suspensions by a gentle
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pipetting action. After counting, they were diluted into appropriate seeding densities and
inoculated onto 96-well microtiter plates (Nunc Brand Products). Cells plating volume was 100
uL per well. Seeding densities varied among the cell lines as follows: 6,5 x 10* (MCF-?), 50x
10* (NCI-ADR), 4,0 x 10* (NCI-460), 3,0 x 10* (UACCS62), 5,0 x 10* (786-0), 6,5 x 10*
(OVCAR-03), 4,5 x 10* (PC-03) and 5,0 x 10* (HT-29) celis per mL. Microtiter plates containing
the above were pre incubated for 24 hours at 37°C in order to allow their stabilization before the
addition (100 uL) of the test substance (test substances or drugs). The plates were incubated with
the test substance for 48 hours at 37°C and 5% CO;, (Skehan et al., 1990). The positive controls
of these experiments were doxorrubicin [(DOX) (Sigma Chemical Co.)] and indomethacin
(Sigma Chemical Co.), a non-steroidal anti-inflammatory drugs. These agents were tested at four
10-fold concentrations, starting with a maximum concentration of 104 M for DOX and 250

ug/mL for NSAIDs in RPMI/FBS/gentamicin (Garamicina® Schering-Plough).

Solubilization and Dilution of Test Substance

CHD, Compound 1 and indomethacin were tested at four concentrations (0,25; 2,5; 25; 250
ug/mL) and each concentration studied in triplicate wells. All samples were initially solubilized
in dimethy! sulfoxide (DMSQ) (Sigma Chemical Co.) at 400 times the desired final maximum
test concentration. Stock solutions were stored frozen at — 70°C. The concentrates were diluted

with complete medium containing 50 pg/mL gentamicin (Garamicina® Schering-Plough).

Antiproliferative Assay - Sulforhodamine B (SRB) Assay
Sulforhodamine B (SRB - Sigma Chemical Co.) is an aminoxantine with a bright pink color that
has two sulfonic groups. Since it is an anionic dye in weak acid solution it is capable of bonding

to protein’s aminoacids basic terminal cells previously fixed by trichloroacetic acid. For that
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reason, this non-clonogenic methodology allows a straight correlation between a high sensitive

protein and the cell culture (Skeﬁan et al., 1990; Johnson, 1990).

The SRB assay was performed according to the assay described by Skehan et al,, é 990). Briefly,
the cells were fixed by means of protein precipitation with 50 % trichloroacetic acid (TCA)
(Sigma Chemical Co.) at 4°C (50 uL/well, final concentration 10%) for 1 h. The supernatant was
then discarded and the plates were washed 5 times with tap water. The cells were stained for 30
minutes with 0.4% SRB (Sigma Chemical Co.), dissolved in 1% acetic acid (50pL/well) (Sigma
Chemical Co.) and subsequently washed 4 times with 1% acetic acid to remove unbound stain.
The plates were dried and bound protein stain was solubilized with 150 uL of 10mM Trizma
buffer (Sigma Chemical Co.). The optical density was read on an automated spectrophotometer

plate reader (Molecular Devices Versa Max Microplate Reader) at 540 nm.

SRB Test Data Calculations

The optical density data were calculated according to Excel® program (Microsoft Office Package)
and the values for mean + average standard error of data from replicated wells were calculated.
The background optical measurements were subtracted from appropriate control well values and
the appropriate drug-blank measurements. Cellular responses were calculated for growth
stimulation, test substance effect and growth inhibition. Three measurements were run at: time
zero (T0) value of SRB protein content at the beginning of test substance incubation, control
value (C) at the end of the test substance incubation, and a set of test substance-treated test values
(T) at the end of the test substance incubation period. If T was greater than or equal to TO
(cytostatic effect), the calculation was 100 x [(T-T0){(C-T0)]. If T was less than TO, cell killing
(cytocidal effect) occurred and was calculated from 100 x [(T-T0)Y/T0]. The ICsq values {drugs

concentration eliciting 50% inhibition) were determined by non-linear regression analysis.



The results presented here refer to a representative experiment since all assays were run in

triplicates and the average standard error was always lower than 5%.

Animals

The in vivo evaluation of the pharmacological activity was carried out on wistar rats weighing
130-180g from the University’s animal facilities, fasted for 12 hours before each experiment.
These animals were maintained under standard conditions of light cycle (12 hours light, 12 hours
dark) and temperature (20 °C), for at least 7 days before the experiments. Animal’s welfare
guidelines were adopted during maintenance period and experimentation (Guide for the Care and
Use of Laboratory Animals 1996, International Guiding Principles for Biomedical Research
Involving Animals, 1985).

The protocols employed are m agreement with Ethical Principles in Animaj Research adopted by
Brazilian College for Animal Experimentation (COBEA) and was approved by the Institute of
Biology-Unicamp’s Ethics Comittee for Animal Research (CEEA) (166-1/CEEA-

IB/UNICAMP).

Carrageenin - induced rat paw edema

The antiedematogenic activity was evaluated using the carrageenin-induced rat paw inflammation
model (Winter ef al., 1962). In this experiment, 5 wistar male rats, weighing from 120 to 180g,
were randomly divided into 2 groups. Group 1, negative control, was treated with vehicle (NaCl
0.9%, 10 mL/kg, po); group Il received CHD (1000 mg/kg, po) and group III was treated with
indomethacin (10 mg/kg, po) as positive control. One hour afier administration, edema was
induced in the animals by injecting 0.05 ml. of 1% (w/v) carrageenin in normal saline into plantar

aponeurosis of the left hind paw. Paw volume was measured with a Ugo Basile Plethysmograph

45



model 7150 at time zero (immediately after carrageenin injection), 30, 60, 120, 180, 240 and 300

minutes afer the injection.

Quantitative determination of Prostaglandin E, (PGE;) in the gastric mucosa of rats

After a 24-hour food restrain period and water ad libitum, 25 male wistar rats, weighing from 200
to 250g, were randomly divided into four groups. Initially, each group received its corresponding
subcutaneous treatment, namely, saline solution (0,9%; 10 mL/kg) or indomethacin (30 mg/kg;
2,5 mL/kg). |

One hour later, each group received a second oral treatment, with the samples to be evaluated in

this model, CHD (500 mg/kg) or saline (10 mL/kg). After one additional hour, the animals were

euthanized through cervical displacement.

Stomach processing and sample obtainment

After euthanasia, the stomachs were removed from the abdominal cavity and washed in 0,9%
saline solution. The fundic portion was entirely removed while the glandular one was weighed
and finely cut given that it represents the object of the analysis (with the help of scissors and
scalpels, the glandular portions of the stomachs were reduced to tiny bits). The tiny fragments of
the glandular portion were then placed into polypropylene tubes containing 6 mL of cold ethanol
(kept in freezer) and indomethacin (100 uM). At this moment, indomethacin blocks the synthesis

of prostaglandins.

Purification of the samples
PGE; purification was performed according to a modified protocol supplied with the Biotrak

PGE; Enzymeimmunoassay System RPN 222 (Amersham Pharmacia Biotech, Piscataway, NI).
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Briefly, 0.5 mL of cold 1:4 water:ethanol solution was added to 0.5 mL of tissue homogenate. A
10-pul volume of glacial acetic acid was added to eachl sample followed by a 5 min incubation at
room temperature. Samples were then centrifuged at 2500 x g for 2 min. The sﬁpernatant was
then applied to a preprimed AMPREP C18 minicolumn (Amersham Pharmacia Biotech - RPN
222}, and the column was washed with I mL of distilled water and hexane. PGE; was eluted into
siliconized glass vials with two 0.75-mL volumes of ethyl acetate. This fraction was evaporated
to dryness under a stream of argon. According to the protocol 1 provided with the EIA kit,
samples were brought up in 1 mL of buffer and assayed in 96-well plates. The relative

concentration of PGE, was normalized against total protein concentration in the same samples.

Quantitative determination of Prostaglandin E; (PGE;) in HT-29 (colon) cancer human cell
line |

HT-29 cells (5 x 10° cell/well) were pretreated with the test drugs during incubation in 24-well
plates containing RPMI 1640 medium with 5% FSB at 37°C in an atmosphere of 5% CO,. The
amount of PGE; was measured after a 48-hour exposure of both Compound 1 as well as
mdomethacin at 250 pg/mlL, using the Biotrak PGE, Enzymeimmunoassay System RPN 222

{(Amersham Pharmacia Biotech, Piscataway, NJ) according to the protocol 4 manufacturer’s

intructions.

Statistical analiysis
The in vivo results were expressed as mean = sdm. The individual data were submitted to one

way variance analysis (ANOVA) with critical range at p< 0,05 and later to Duncan’s test with the

same critical range.
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Results

Antiproliferative Assay ~ Sulforhodamine B (SRB) Assay

The antiproliferative activity of CHD and Compound 1 from G.brasiliensis as well as
indomethacin (a non-steroidal anti-inflammatory drug COX non-selective) on sulforhodamine B
Assay was evaluated in a four-level concentration (250, 25; 2.5; 0.25 ug/mL) for 48 h. CHD
presented the highest antiproliferative activity, inhibiting all cell lines with cellular death for
OVCAR -03 (ovary), PC —03 (prostate) and 786-0 (kidney) lines in a concentration-dependent
relationship, whereas DOX showed no selectivity in its antiproliferative action. Compound 1
showed antitumoral activity with a concentration-dependent relationship, with cellular selectivity
for 786-0 and MCF-7 cancer lines; the lowest ICs; was for NCIADR line with 6 ug/mL (Table 1.
Also in a concentration-dependent relationship, indomethacin presented some antiproliferative

activity, inhibiting all cell lines with cellular selectivity for PC-03, NCI-460 and 786-0. The ICs

values are listed at Fable 1.

Carrageenin - induced rat paw edema

The antiedematogenic activity of both CHD and indomethacin was evaluated using the
carrageenin-induced rat paw inflammation model. CHD, orally administrated at 1000 mg/kg,
inhibited paw edema and its maximum inhibitory effect (44%) was obtained after five hours of
the carrageenin injection. Indomethacin, administrated by the same route at 10 mg/kg, started to
reduce the paw edema on the second hour after the carrageenin injection, with a maximum
inhibitory effect (64%) obtained after four hours of this injection. The results are presented in
Figure 2, expressed as mean + sdm, showing the evolution of the inflammatory response through

the paws’ dimensions along the time of the experiment.
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In vive and in vitro quantitative determination of Prostaglandin type E; (PGE;): in the
gastric mucosa of rats and human cancer cell lines (HT-29)

The systemic effect of G. brasiliensis’ CHD over the synthesis of prostaglandin type 2 in the
gastric mucosa of treated rats, with or without prior administration of indomethacin, was
evaluated. The obtained data showed that CHD was capable of inhibiting 50% of the PGE,
synthesis in the gastric mucosa of treated rats. This pharmacological effect was amplified (82%)
with previous administration of indomethacin. These results are presented in Table 2 as mean =

dpm PGE; concentration at pg/tissue gram.

Quantitative determination of Prostaglandin E, (PGE,) in HT-29 (colon) cancer human cell
line

The amount of PGE; in human cancer cell lines (HT-29) was measured after a 48-hour exposure
of both Compound 1 as well as indomethacin at 250 pg/mL. Compound 1 was able to reduce
drastically the synthesis of PGE; in the in vitro model (64%) while indomethacin reduced 57%.

The results are shown in Table 3 as mean PGE; concentration at pg/well.

Discussion

There is compelling experimental evidence that inhibition of COX 2 causes tumor regression.
Pharmacodynamic studies have shown several mechanisms of the anticancer effects of non-anti-
inflammatory drugs COX 2 selective: blockage of angiogenesis, promotion of apoptosis,
modulation of inflammatory and immune response, among others (Masferrer ef al., 2000; Liu et

al., 2000, Sjodahl, 2001; Gasparini et al., 2003).
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Cyclooxygenase (COX), the enzyme that catalyses the conversion of arachidonic acid to
prostaglandins, is involved in several physiological ant pathogenic pathways. Two isoformes are
known. COX 1 is constitutively expressed in most tissues and produces prostaglanﬂins mvolved
in the maintenance of the gastric mucosa, regulation of renal blood flow and platelet aggregation
(Dannenberg et al., 2001). The inducible form, COX 2, is expressed in inflamed and neoplastic
tissues and, therefore, induced by proinflammatory and mutagenic stimuli, such as growth factor
(epidermal growth factor (EGF), vascular endothelial growth factor (VEGF), fibroblast growth
factor (FGF) and cytokines (tumor necrosis factor o (TNFo), interleukins lo e 1B) (Diaz et al.,
1998).

Recent research suggests the role of COX 2 in neoplasia, including hyperproliferation,
transformation, tumor growth, invasion and metastasis (Dannenberg et a/.., 2001). Several
prostaglandins, such as PGE,, suppress immuno surveillance through downregulation of
lymphokines, T-cell and B-cell proliferation, cytotoxic activity of natural killer cells and
secretion of TNFot and interleukin 10 (Chandrasekharan er al., 2002). Pai and colleagues showed
a close link between PGE» and EGF-receptor signaling systems. PGE, induces the activation of
metalloproteinases MMP2 and MMP9, increases expression of TGFq, transactivates EGF
receptor and triggers mitogenic signaling in gastric epithelial and colon cancer cells as well as in
rat gastric mucosa in vivo (Gasparini et al., 2003).

Thus, in this study, antiproliferative activity of G.brasiliensis CHD and Compound 1 was
compared with indomethacin’s activity (a non steroidal anti-inflammatory drug COX non-
selective) on sulforhodamine B antiproliferative assay in a four-level concentration (250, 25; 2.5;
0.25 ugml) for 48 h. CHD, Compound 1, doxorrubicin and indomethacin presented

antiproliferative activity, in a concentration-dependent relationship.
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The analysis of the results suggest a direct correlation between the antiproliferative and ﬁe anti-
inflammatory activities since each and every antiinflammatory substance tested was capable of
reduciné the growth of different human cancer cell lines. In order to confirm this h&pothesis, the
antiedematogenic activity of CHD was evaluated using the carrageenin-induced rat paw
inflammation model (Winter et al., 1962) due to the lack of sufficient amounts of Compound 1.
The results are presented in Figure 2 showing the evolution of the inflammatory response through
the paws’ dimensions along the time of the experiment. The intraplantar injection of carrageenin
leads to paw edema, which begins with coﬁcomitant release of histamine, serotonin and kinins.
On a second phase, there is the elevated production of prostaglandins, ieﬁkotrienes, oxygen-
derived free radicals and local neutrophil infiltration and activation (Giraldelo ez al., 1994). CHD
orally administrated at 1000 mg/kg caused paw edema inhibition when evaluated on
inflammation model induced by carrageenin injection (Figure 2) and its maximum inhibitory
effect (44%) was obtained after five hours of carrageenin. This result showed that CHD was able
to reduce the experimental paw edema suggesting that its antiproliferative activity may be related
with the biosynthesis of the eicosanoids.

On the other hand, prostaglandins are believed to participate in multiple physiolégica} as well as
physiopathological responses such as reproductive, immunological, endocrine, tumorigenisis,
cardiovascular regulation (Klein et al., 2004) as well as gastric citoprotection (Eberhart and
Dubois, 1995). These substances protect the gastric mucosa through many mechanisms, such as
the decrease of acid secretion; bicarbonate and mucus production. Prostaglandins also increase
the mucosal blood flow (Katori and Majima, 1997). Stress, chronic use of antinfammatory drugs
and alecholic beverages are some of the main causes of gastric ulcers (Barocelli ef al., 1997).
Based on the above, the systemic effect of G. brasiliensis’ CHD over the synthesis of PGE; in the

gastric mucosa of treated rats, with or without previous administration of indomethacin, was
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analyzed through the ELISA methodology. CHD was capable of inhibiting 50% of the PGE,
synthesis in the gasiric mucosa of treated rats. This pharmacological effect was amplified (82%)
with previous administration of indomethacin (Table 2). |

In order to better analyze those results and confirm whether the reduction in the synthesis of
PGE; was due to Compound 1 in CHD, the in vitro dosage of this prostaglandin was carried out
using the human cancer HT-29 cell line after a 48-hour exposure at 250 ug/mL, in the
methodology previously described. Compound 1 was able to reduce drastically the synthesis of |

PGE; in the in vitro model (64%) while indomethacin reduced 57% (Table 3).

Overall, the experimental data suggest that the Compound 1 antitumor mechanism is related to
COX inhibition. However, additional research envolving the exact COX isoform is necessary.
Gasparini (2003) described a possible interaction between nitric oxide and COX, seeing that an
increase in superoxide anion by nitric oxide synthase could potentially activate COX. In the view
of those facts, the interference of Compound 1 in the nitric oxide pathway is yet to be
investigated.

At the present moment, the investigation involving Compound 1’s mechanisms of action are
being carried out and include: DNA damage (common pharmacological effect of several anti-
neoplastic drugs), interference with cell division, as well as antiangiogenic and proapoptotic

effects.

72



Acknowledgements
We would like to thank Profa. Dra M. Carmo E. do Amaral and Prof. Dr. Volker Bittrich, both
botanists from Instituto de Biologia / UNICAMP for material plant collection and identification

and to FAPESP (Fundac¢do de Amparo a Pesquisa do Estadoe de SdGo Paulo) and CNPq (Conselho

Nacional de Pesquisas) for financial support.

References

Anténio, MA, Kohn LK, Ciampi KMM, Foglio MA, Rodrigues RF, Sousa IMQ, Argentin RFP,
Amaral MCE, Bittrich V, Carvalho JE, Pizio PE. Antiproliferative activity, isolation and
identification of Gaylussacia brasiliensis (Spreng.) Meisn. (Ericaceae) active compound..
Phytomedicine, 2003 (submited).

Askari A, Worthen LR, Shimizu Y. Gaylussacin, a new stilbene derivative from a species of
Gaylussacia. Lloydia 1972; 35 : 49-54,

Ballington JR, Ballinger WE, Maness EP. Anthocyanin, Aglycone and aglycone-sugar content of
fruits of temperate North American species of Gaylussacia (Ericaceae). Can J Plant Sci 1988;
68 : 247-253.

Barocelli E & Impicciatore M. Study of the antisecretory and antiulcer mechanism of a new
indenopirydazinone derivative in rats. Phazmacolpgicai Research 1997; 35(5):487-492.

Calixto JB. Efficacy, safety, quality control, marketing and regulatory guidelines for herbal
medicines (phytotherapeutic agents). Braz J and Biol Res 2000; 33 :179-189.

Chandrasekharan NV, Dai H, Ross KL, Evanson, NK, Tomsik J, Elton TS, Simmons DL.
COXif3, a cyclooxigenase-1 variant inhibited by acetaminophen and others

analgesic/antipyretic drugs : cloning, structure , and expression. Proc Natl Acad Sci USA

2002; 99:13926-31.

73



Chang J. Medicinal Herbs: Drugs or Dietary Supplements? Biochemic Pharmacology 2000; 59:
211-219. |

Cipollini ML, Stiles EW. Antifungal activity of ripe ericaceous fruits: phenolicna;:id Interactions
and palatability for dispersers. Biochem System Ecol 1992; 20: 501-514

Corréa PM. Dicionério de plantas tteis do Brasil e exdticas cultivadas 1942; 5 : 411. Brasilia:
Ministério da Agricultura / Instituto Brasileiro de Desenvolvimento Florestal, Rio de Janeiro.

Dannenberg AJ, Altori NK, Boyle JO, Dang C, Howe LR, Weksler BB, Subbaramaiah K. Cyclo-
oxygenease 2: a pharmacological target for the prevention of cancer. Lancet Oncol 2001;
2:544-51.

Diaz A, Chepenik KP, Korn JM ,Reginato AM, Jimenes SA. Differential regulation of
ciclooxygenases 1 and 2 by interleukin — 1 beta, tumor necrosis factor alpha, and
transforming growth factor — beta 1 in human lung fibroblasts. Exp Cell Res 1998;63:222-29.

Eberhart CE. & Dubois RN. Eicosanoides and gastrointestinal tract. Gastroenterclogy 1995; 109:
285-301.

Gasparini G, Longo R, Sarmiento R, Morabito A. Inhibitors of cyclooxygenase 2: anew class of
anticancer agents?. Lancelot Oncol 2003; 4:605-15.

Giraldelo M M, Zapellini A, Muscard M N, De Lucca I, Hyslop 8, Cirino G, De Nucci G,
Antunes E. Effect of arginine analougues on rat hind paw oedema and mast cell activation in
vitro. European Journal of Pharmacology 1994; 257: 87-93

Guide for the Care and Use of Laboratory Animals 1996. NIH Publication n® 82-23 revised.

International Guiding Principles for Biomedical Research Involving Animals (CIOMS). Genebra:
1985.

Kator1 M, Majima M. Multiples roles of inducible cyclooxygenease-2 and its selective inhibitors.

Nippon Yakurigaku Zasshi 1997; 190(6) : 547 -258.

74



Klein AL, Wold LE, Ren J. The cyclooxygenease-2 producfc prostaglandin E; modulates cardiac
contractile function in adult Arat ventricular cardiomyocytes. Pharmacological Research 2004;
49: 99-103.

Koki AT, Masferrer JL.Celecobix a specific COX -2 inhibitor with anticancer properties. Cancer
control 2002; 9:28-35.

Lee KH Novel Antitumoral Agents From Higher Plants. Medical Research Review 1999; 19(6):
569-596.

- Liu, X.H., Kirschenbaum, A., Yao, 8., Lee, R., Holland, J.F., Levine, A.C. Inhibition of
Cyclooxygenase-2 supresses angiogenesis and The Growth Of Protate Cancer In Vivo. J.
Urology 2000 ;164: 820-825.

Masferrer, J.L., Leahy, K.M., Koki, A.T., Zweifel, B,S., Settle, S.L., Woerner, M., Edwards,
D.A., Flickinger, A.G., Moore, R.J., Seibert, K. Antiangiogenic and Antitumor Activities of
Cyclooxygenase-2 Inhibitor. Cancer Research 2000; 60: 1306-1311.

Mattos D, Gomes M, Freitas R, Bernado—Filho M. Model to evaluate the toxic effect of drugs:
vincritine effect in the mass of organs and in the distribution of radiopharmaceuticals in mice.
Mutation Research 2001; 496: 137-143.

Newman DJ, Cragg GM, Snader KM. Natural Products as Sources of New Drugs over the Period
1981-2002. J Nat Prod 2003;66: 1022-1037.

Pezzuto M. Plant Derived Anticancer Agents. Biochemical Pharmacology 1997 ; 53:121-133.

Phillipson JD. Phytochemistry and medicinal plants. Phytochemistry 2001; 56: 237-243.

Rates SMK. Plants as source of drugs. Toxicon 2001;39: 603-613.

Schiff PB, Fant J, Horwitz SB. Promotion of microtubule assembly in vitro by taxol. Nature 1979;

277 665.

75



Sjidahl, R. Extent, Mode and Dose Dependence of Anticancer Effects. Am J Med, 2001; 110 (1A):
66S-698S.

Thun MJ, Henley SJ, Patrono C. Nonsteroidal anti — inflammatory drugs as anticancer égents:
mechanistic, pharmacologic, and clinical issues. J Nat] Inst 2002; 99: 252-66.

Topliss JG, Clark AM, Ernst E, Hufford CD, Johnston GAR, Rimoldi JM and Weimarn BJ. Natural
and Synthetic Substances Related to Human Health. Pure Appl. Chem 2002 ; 74: 19571985,

Walker K, Croteau R. Taxol biosynthesis: molecular cloning of a benzoyl-CoA: taxane2- O-
benzoyltransferase ¢DNA from Taxus and functional expression in Escherichia coli.
Proceedings of the National Academy of Sciences. U.S.4., 2001; 97: 13591-13596.

Wall ME. Camptothecin and taxol: discovery to clinic. Med Res Rev. 1998; 18(5): 299-314.

Wall ME, Wani MC, Cook CE. Plant anti-tumor agents: 1. The isolation and structure of
camptothecin, a novel alkaloidal leukemia and tumor inhibitor from Camptotheca acuminata. I
Am Chem Soc 1966; 88: 3888-3890.

Winter CA, Risley EA, Nuss GW. Carrageenan-induced edema in hind paw of the rat as an assay

for antiinflamatory drugs. Proc. Soc. Exp. Biol. Med: 1962;111: 544-547.

Address

M.A. Anténio, CPQBA-UNICAMP, Post office box 6171, Zip Code 13081 - 970, Campinas, S3o
Paulo, Brazil, Tel. ++01938847500 Extention 249, Fax ++0193884781 1; Email:

marcia@cpgba.unicamp.br

76



Table 1: Efficacies of crude dichloromethanic extract (CHD) and the isolated compound from Gaylussacia
brasiliensis (Spreng.) Meisn. (Compound 1) as well as positive controls doxorrubicin (DOX) and

indomethacin (IND) against human tumoral cell lines*.

ICso (}J.g/mL #

Sample
UACC-62 MCF-7 NCI-ADR 786-0 NCI-460 PC03 OVCAR-03 HT-29
CHD? 324,8 ND 306,6 441,1 803,6 321,9 372,9 ND
Compound 1¥  180,2 44,5 6,2 10,6 25,3 56,2 7,9 121,3
DOX 2,4 1,3 43,9 0,006 1,2 27,5 1,8 ND
IND* 56,0 ND 80,5 183,1 293 435 38,7 ND

* Assessed by the SRB assay; ** ICsy values (concentration eliciting 50% inhibition) were determinated
through non-linear regression analysis; ND could not be determinated; * Dose range tested: 0,25 to 250

ug/mL. For comparison, the positive control were DOX and anti-inflammatory drugs
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Table 2: Efficacy of crude dichloromethanic extract (CHD) from Gaylussacia brasiliensis (Spreng.) Meisn
over the synthesis of prostaglandin E, in the gastric mucosa of treated rats, with and without previow,

administration of indomethacin.

S.c. Treatment plus p.o. Dose PGE, PGE; reduction
treatment {mg/kg, vo) N pg/g tissue (mean + dpm) (%)

Saline + saline

L 5 380,33 % 87,35 L
Saline + CHD

500 5 220,57+ 51,18% 47.4
Indomethacin + Saline _

o 4 4890+ 2,12% 87,1
Indomethacin + CHD

500 5 68,91+ 11,45* 82,1

ANOVA F(4,;9} =750 p <0,001. Duncan’s test: *p < 0,05.
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Table 3: Efficacies of Compound 1 isolated from Gaylussacia brasiliensis (Spreng.) Meisn. and indomethacin

(250 pg/mL) over the synthesis of prostaglandin E; in human cancer HT-29 cell line.

Concentration PGE, PGE, reduction

Treatment
(ug/mL) (pg/well) (%)
No treatment ——- 2923 ' o
Indomethacin 250 119,6 58,4
Compound 1 250 105,9 63,8

79



0
Figure 1: Molecular structure of isolated Compound 1 (2p, 38, hydroxy-Urs-12-ene-28-oic acid)

from Gaylussacia brasiliensis (Spreng.) Meisn.
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“igure 2: Effect of oral administration of crude dichloromethanic extract (CHD, 1000 mg/kg, po) from
Gaylussacia brasiliensis (Spreng.) Meisn. and indomethacin (10 mg/kg, po) on carrageenin induced paw
>dema in rats. ANOVA: 30min: Fp ;9= 1,16 p>0,05; 1h: Fo,1= 3,84 p>0,05; 2h: Fp117= 20,24 p<0,001; 3h:
“2,1= 13,08 p<0,01; 4h: Fo1y= 20,89 p<0,01; 5 h: Fp109= 17,96 p<0,001. Duncan's test: * p<0,05, ** p<

),01, *** p< 0,001.
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CAPITULO 4

Triterpene isolated from Gaylussacia brasiliensis
(Spreng.) Meisn. (Ericaceae): antiproliferative

activity and its action mechanism
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Abstract

The triterpene active compound (2B, 3f dihydroxy-urs-12-ene-28-oic acid) isolated from G.
brasiliensis (Spreng.) Meisn. (Ericaceae), used in Brazilian folk medicine, was evaluated
through the sulforhodamine B antiproliferative assay using OVCAR-03 (human ovary cancer)
cell line. Its possible mechanisms of action were investigated including DNA synthesis, cell
division interference and its capacity to induce in vitro cellular transformation. The DNA-MG
bioassay revealed no signs of DNA intercalation. The time-independent (exposure from 4 to
120 hours) antiproliferative activity over OVCAR-03 cell line exposed to this compound
together with the morphological analysis revealed an apoptotic phenotype. These results
suggest that the triterpene’s both citotoxicity and ability to induce cellular transformation
leads to apoptosis. The correlation between the morphological findings with changes in the
optical properties of the cultures is currently being carried out using the annexin V test as well

as a bioassay guided isolation of other active components present in this plant.

Key words: Gaylussacia brasiliensis, antiproliferative, cyclo-oxygenase inhibition, medicinal

plants, triterpenoids.
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Introduction

Plants have long been a source of drugs and almost 25% of the active components of currently
prescribed medicines were first identified in higher plants (Balandrin et al., 1985). Medicine
plants have a dominant therapeutic role in the treatment of human illness (Pezzuto, 1997). Six
of the top twenty pharmaceutical drugs sold in 1996 were natural products and more than 50%
of this top twenty were linked directly to natural product research (Buss, 1999).

As an alternative to other approaches, the scientific research of plants used in traditional
medicine is receiving growing interest as a way of identifying new anticancer agents (Garcia
et al., 1978; Rimbau and Forn, 1982). In the Pluridisciplinary Chemical, Biological and
Agricultural Research Center of the State University of Campinas (UNICAMP) research
program, several plant species from the Brazilian cerrado woods were studied. Gaylussacia
brasiliensis (Spreng.) Meisn. was selected throughout the screening program. This plant,
popularly known as “camarinha”, is a bush and can be found in the Atlantic Forest (Ilha do
Mel, Paranagua - PR, Brazil). It is used in Brazilian folk medicine for treatment of several
inflammatory processes and as healing agent (Corréa, 1942).

The genus Gaylussacia is also known to present antifungal activity, probably due to the
presence of phenoclic compounds (Cipollini & Stiles 1992). Gther known compounds in this
genus include stilbene (Askari et al. 1972) and anthocyanin derivatives (Ballington er al.
1988).

The sulforhodamine B antiproliferative assay was used to evaluate the antiproliferative active
of active compound obtained from Gaylussacia brasiliensis crude dichlorometanic extract, a
triterpenic acid (2P, 3B dihydroxy-urs-12-ene-28-oic acid). Triterpene active compound

showed concentration-dependent activity and selectivity for 786-0 (kidney) and MCE-7
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(breast) cancer cell Hnes; the lowest ICsp was for NCI-ADR line with 6 pg/ml (Antdnio,

2003). The atm of this work was to assess the in vitro the action mechanism of this compound

obtained from Gaylussacia brasiliensis (Spreng.) Meisn.

Material and Methods

Plant Material

The aerial parts of Gaylussacia brasiliensis (Spreng.) Meisn. were collected at “Reserva
Bioldgica e Estagdio Experimental de Mogi Guagu” in $30 Paulo-Brazil by both botanist Proff.
Dr* M. Carmo E. do Amaral and Prof. Dr. Volker Bittrich. Voucher specimen is deposited at

Instituto de Biologia / UNICAMP under registration number UEC-266.

Crude extract and triterpene active compound preparation
The triterpene active compound active compound isolated from G. brasiliensis crude

dichlorometanic extract was obtained as described by Antdnio et al. (2003).

Cell Culture

The experiments were performed using a human cancer cell line OVCAR-03 (ovary), kindly
donated for the National Cancer Institute, Frederick MA/USA (NCI).

Cells were cultured in 25 cm® flasks {(Nunc Brand Products) containing 5 mL of RPMI 1640
(Gibco BRL, Life Technologies.) with 5% fetal bovine serum (Gibco BRL, Life
Technologies). Stock cultures were kept in liquid nitrogen. After the twentieth serial passage

the cells were discarded and new flasks were unfrozen for use.
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Biological Assays
All the adherent cell lines were detached from the culture flasks by addition of 0,5 mL of

trypsin (Nutricell Nutrientes Celulares). Thereafter, trypsin was inactivated by addition of 5

mL of 5% serum in RPMI 1640 medium. Cells were separated into single-cell suspensions by
a gentle pipetting action. After counting, they were diluted into appropriate seeding densities
and inoculated onto 96-well microtiter plates (Nunc Brand Products). Cells plating volume
was 100 pL per well and the seeding densitie as 6,5 x 10* per mL. Microtiter plates containing
the above were pre incubated for 24 hours at 37°C in order to allow their stabilization before
the addition (100 pL) of the test substance. The plates were incubated with the test substance
for 1-120 hours at 37°C and 5% CO2 (Skehan et al., 1990). The positive control of these
experiments was S-fluorouracil (5-FU) (Sigma Chemical Co.). The samples were tested at 25
ug/mL in RPMI/FBS/gentamicin (Garamicina® Schering-Plough), in triplicate wells. Cell

lines’s guidelines were adopted during maintenance period and experimentation (UKCCCR

Guidelines on the use of cell lines in Cancer Research).

Solubilization and Dilution of Test Substance

All samples were initially solubilized in dimethyl sulfoxide (DMSO) (Sigma Chemical Co.) at
400 times the desired final maximum test concentration. Stock solutions were stored frozen at
- 70°C. The concentrates were diluted with complete medium containing 50ug/mL gentamicin

(Garamicina® Schering-Plough).
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Antiproliferative Assay - Sulforhodamine B (SRB) Assay

Sulforhodamine B (SRB - Sigma Chemical Co.) is an aminoxantine with a bright pink color
that has two sulfonic groups. Since it is an anionic dye in weak acid solution it is capable of
bonding to protein’s aminoacids basic terminal cells previously fixed by trichloroacetic acid.
Therefore, this non-clonogenic methodology allows a straight correlation between a high
sensitive protein and the cell culture (Johnson, 1990).

The SRB assay was performed according to the assay described by Skehan et al. (1990).
Briefly, the cells were fixed by means of protein precipitation with 50 % trichloroacetic acid
(TCA) (Sigma Chemical Co.) at 4°C (50pL/well, final concentration 10%) for 1 h, after 4, 8,
12, 24, 48, 96 and 120 hours test substance exposition. The supernatant was then discarded
and the plates were washed 5 times with tap water. The cells were stained for 30 minutes with
0.4% the SRB (Sigma Chemical Co.), dissolved in 1% acetic acid (50uL/well) (Sigma
Chemical Co.) and subsequently washed 4 times with 1% acetic acid to remove unbound
stain. The plates were dried and bound protein stain was solubiiized with 150ul. of 10mM
Trizma buffer (Sigma Chemical Co.). The optical density was read on an automated

spectrophotometer plate reader (Molecular Devices Versa Max Microplate Reader) at 540 nm.

SRB Test Data Calculations

The optical density data were calculated according to Excel® program (Microsoft Office
Package) and the values for mean + average standard error of data from replicated wells were
calculated. The background optical measurements were subtracted from appropriate control
well values and the appropriate drug-blank measurements. Cellular responses were calculated

for growth stimulation, test substance effect and growth inhibition. Three measurements were
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run at: time zero (T0) value of SRB protein content at the beginning of test substance
incubation, control value (C) at the end of the test substance incubation, and a set of test
substance-treated test values (T) at the end of the test substance incubation period. If T was
greater than or equal to TO (cytostatic effect), the calculation was 100 x [(T-TO)(C-T0)]. If T
was less than TO, cell killing (cytocidal effect) occurred and was calculated from 100 x [(T-
T0)/T0]. The results presented here refer to a representative experiment since all assays were

run in triplicates and the average standard etror was always lower than 5%.

DNA-Methyl Green bioassay (DNA-MG)

Interaction with DNA was determined using the method of Burres et al. (1992). Sample
solutions 10, 100 and 1000 uL of the corresponding triterpene active compound per mL of
ethanol were used. Twenty microlitres of sample solutions to be tested were dispensed in
triplicate into wells of 96-well and the solvent was removed under vacuum. Twenty
micrograms of DNA — MG (Sigma, St. Louis, MO) were suspended in 100 mL of 0,05 M Tris
— HCI (Sigma) buffer, pH 7.5, containing 7.5 mM MgSO, (Anedra, Argentina), and stirred at
37°C during 24h. Two hundred pL of DNA-MG reagent were added to each well. The inital
absorbance of each sample was read at 655 nm using a Biorad Microplate Modal 450 Reader.
Samples were incubated in the dark at room temperature. After 24h, the final absorbance of
sample was measured as described above. The decrease in absorbance was calculated as the
percentage of the untreated DNA-MG absorbance value. Doxorubicine hydrochloride (Sigrﬁa)

was used as a positive control. Significant activity is indicated when two independent assays

give 20% or more inhibition.
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Morphological Analysis

Phase-Contrast Microscopy

Adhered OVCAR-03 cells, at an initial concentration of 10° cells/flask, were exposed to 2.5, 25,
50 and 250 pg/mL triterpene active compound for 48 hours. During this length of time, cells
were cultured at 37°C and 5% CO,. Samples were fixed by 3:1 ethanoVacetic acid for 10 minutes
and, then, stained with 0.25% violet cresyl for 15 minutes, quickly washed in destilled water and

air dried at room temperature. They were cleared in xylene and mounted in Entellan (Merck

Kraal, Darmstadt, Germany).

Scanning Electron Microscopy (SEM)

OVCAR-03 cells were cultured on coverslips at an initial concentration of 1 x 10° cells/mL,
reaching semi-confluence (24 hours of culture) and exposed to 2.5, 25, 50 and 250 ug/mL of
triterpene active compound for 48 hours. Samples were fixed with 2.5% paraformaldehyde
(Merck Kraal) / glutaraldehyde (SIGMA Chemical Co) in 0.1 M phosphate buffer (Merck Kraal)
pH 7.4 for 2 hours, then washed with phosphate buffer, post fixed in 1% osmium tetroxide
(SIGMA. Chemical Co) and dehydrated in an ethanol sequence. The material was critical point
dried (Balzers CPDO030) and gold sputtered (Balzers SCD 050). The observation of -the

specimens was performed in a JEOL JSM-5800 LV scanning electron microscope.

Results

Antiproliferative Assay - Sulforhodamine B (SRB) Assay

90



The antiproliferative activity of triterpene active compound from G.brasiliensis as well as 5-
fluorouracil (a antimetabolity drug) on sulforhodamine B Assay was evaluated at 25pug/ml for 1-
120h. Tnterpene active compound presented a time-independent antiproliferative activity. The
citocidal effect of this compound was observed only after a 120-hour exposure, whereas 5-
fluorouracil presented cytostatic and citocidal antiproliferative activity in a time-dependent

relationship. Thus, its maximum antiproliferative effect took place after 120 hours of exposure.

The results are presented at Figure 1.

DNA-MG bioassay

The ability of the triterpene active compound isolated from G. brasiliensis crude dichlorometanic
extract to interact with DNA was analysed using the DNA-MG bioassay. The results obtained
show that this compound was inactive, in a decreasing absorbance percentage: 5.5, 5.5 and 6.5%
at 10, 100 and 1000 ug/mL, respectively. Doxorrubicin, an intercalative drug, was active with a

absorbance percentage of 63.4% at the highest concentration.

Morphological Analysis

Phase-Contrast Microscopy

The morphological analysis of the control cells, stained with toluidine blue revealed some
irregularity and integral nucleus (Figures 2 A and B). The ones exposed to triterpene active
compound at 2,5ug/mL (Figure 2 C), 25 pug/mL (Figures 2 D and E} and 50 pg/mL (Figures 2 F
and G) showed several mitotic aberrations, such as cytoplasmatic vacuolization (asterisk),

multinucleation (head of arrow), nuclear fragmetantion (arrow), cellular fragmentation (double

arrow), probably associated with death by apoptosis.
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Scanning Electron Microscopy

ngnty-four hours after the treatments, the control cells were semi—conﬂqent with contact
inhibition and anchorage dependence. It was possible to notice an irregular morphology with
regular and integral nucleus (Figures 3 A and B). Cells exposed to triterpene active compound at
2,5pug/mL (Figure 3 C), 25ug/mL (Figure 3 D), 50ug/mL (Figures 3 E and F) and 250pg/mL
(Figures 3 G and H) lost contact inhibition and grew in a multi-layered pattern. The ones treated
with triterpene active compound (Figures 3 F, G and H) showed membrane blebbing and pits
(Figures 3 F and G) at cellular surface. These alterations indicate cellular injury. In addition,

there was an increase in microvilli expression as well as the development of vesicles on the

surface of the treated cells.

Discussion

Previous experimental data, using in vivo and in vitro models, suggest that the triterpene
active compound antitumor mechanism is related to COX inhibition (Antonio, 2004). Cyclo-
oxygenase (COX), the enzyme that catalyses the conversion of arachidonic acid to
prostaglandins, is involved in several physiological ant pathogenetic pathways (Dannenberg et
al., 2001). The inducible form, COX 2, is expressed in inflamed and neoplastic tissues and is
induced by proinflammatory and mitogenic stimuli (Diaz et al, 1998). Recent research
suggests a role of COX 2 in neoplasia, including hyperproliferation, transformation, tumor
growth, invasion and metastasis (Dannenberg et al., 2001). However, it is important to noﬁce
that the antiproliferative activity of antineoplastic drugs oftentimes involves multiple
pathways. For this reason, the investigation of other possible pharmacological mechanisms of

this triterpene active compound must be definitely carried out.
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Drugs that interact with nucleic acids are among the most useful cancer chemotherapy agents. In
general, they can be classified into three groups according to their effect over DNA:
antimetabolites agents, intercalating cytostatic agents and alkylating agents. There are several
important drugs that are structurally related to either nucleic acids or the building blocks for
them. Antimetabolites are structural analogs of naturally occurring compounds and interfere with
the production of nucleic acids. They work through a variety of mechaninsms including
competition for binding sites on enzymes and incorporation into into nucleic acids (Allegra ef al.,
1986). Antimetabolites inhibit the growth of the most rapidly proliferating cells in the body
(Thomas, 2003). They are subdivided into three categories: antifolates, purine analogs and
pyrimidine antimetabolites (Cragg & Newman, 1999).

In the present study, we questioned whether the triterpene active compound obtained from
Gaylussacia brasiliensis (Spreng.) Meisn. would present a time-dependent activity over a
specific cancer cell line. This result would indicate a citotoxic effect through the interference
. with the cells” nucleic acids, which is a slow process. The multiple point exposure (from 4 to
120 hours) of OVCAR-03 cancer cell line to 25 ng/ml of the triterpene active compound did not
show any increase in its antiproliferative effect in contrast to one observed with 5-FU. This data
suggest that the triterpene active compound does not seem to interfere with the purine and/or
pirimidine metabolic routes. Besides, its chemical structure does not present any similarity to
endogenous antimetabolites, which confirms that hypothesis.

On the other hand, intercalating drugs are compounds that are capable of slipping between the
layers of nucleic acid base pairs and disrupiting the shape of the double helix. This disruption
prevents replication and transcription. This effect is direcily related to a flat chemical structure

that enables them to fit between the base pairs. Therefore, intercalating drugs should be aromatic
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or heteroaromatic in nature. ‘Some drugs prefer to approach the helix via the major groove,
whereas others “choose™ an access via the minor groove. Several antitumor agents such
actinomycin D and adriamycin operate by intercalating DNA (Patrick, 2001). As far as
intercalating agents are concerned, there are common structural features such as the presence of
planar polyaromatic systems which bind by insertion between DNA. base-pairs, with a marked
preference for S'-pyrimidine-purine-3' steps. The chromophores are linked to basic chains that
might also play an important role in the affinity and selectivity shown by these compounds.
Bisintercalators have two potential intercalating ring systems connected by linkers, which can
vary in length and rigidity (Brafia et al., 2001).

In order to investigate if there was any nucleic acid intercalation involved in the triterpene active
compound’s mechanisms of action, the DNA-MG bioassay (Burres, 1992) was performed. This
assay detects the presence of agents that interact with the genetic material through the
displacement of methyl green from DNA, which leads to the decoloration of the DNA-MG
complex. Since it is a simple and rapid one, this assay may be used as a screening technique for
detecting the presence of compounds that interact with the DNA. Yet, it is inadequate for
substances that covalently bind to DNA (Bonjean ef al., 1996). Our results show that the studied
compound was inactive in contrast to doxorrubicin, an intercalating drug, suggesting that its
antiproliferativce activity is not related to DNA intercalation. Again, its chemical structure has
no similarity to an intercalating agent.

Alkylating agents are highly eletrophilic compounds that interact with nucleophiles in order to
form strong covalent bonds. There are several nucleophilic groups in DNA and in particular the
7-nitrogen of guanine (Thomas, 2003). Those drugs with two alkylating groups could therefore
react with a guanine on each chain and cross-link the strands in a way that makes ir impossible to

unravel during replication or transcription. Since alkylating agents are very reactive, they will
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react with any good nucleophile and, therefore, are not very selective in their action. They will
indistinctly alkylate prbteins and other macromolecules as well as DNA. Never;heless, they have
been useful in the treatment of cancer. Tumour cells often divide more rapidly than normal ones.
As a consequence, any disruption of DNA function will affect the first more drastically than the
last (Patrick, 2001). The chemical structure of triterpene active compound isolated from G.
brasiliensis does not contain any of the necessary characteristics to induce DNA alkylation, in a
way that cross-linking beween chains will probably not occur. Even so, further investigation is
imperative.

Apoptosis is a normal physiologic process, which occurs during embryonic development as well
as In maintenance of tissue homeostasis (Hu and Kavanagh, 2003). Certain morphologic
features, including loss of plasma membrane asymmetry and attachment, condensation of the
cytoplasm and nucleus, and internucleosomal cleavage of DNA, characterize the apoptotic
program. Loss of plasma membrane is one of the earliest features. The morphological analysis
(Figure 2) revealed mitotic aberration, such as multinucleation, cellular and nuclear
fragmentation, in addition to cytoplasmatic vacuolization, membrane blebbling and pits. This
latter 1s mainly associated to the apoptotic phenotype. The cell exposure to triterpene active
compound mnduced the above modifications and may also cause some genetic instability and
cellular transformation, leading to cell death. This result is probably responsible for the
activation of metabolic pathways that contribute to the DNA fragmentation process and the
induction of cell death by apoptosis or necrosis in a dose dependent exposition basis (Bursch et
al., 1997, Umemoto e al., 2001, Barbisan ef al., 1999).

We can therefore suggest that triterpene active compound had a time-independent cytotoxic
effect over OVCAR-03 cell line and had no intercalation effect over nucleic acids. In addition,

we may propose that triterpene induced cytotoxicity and cellular transformation, probably
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associated to its ability to induce apoptosis. Presently, studies are in progress in order to relate
the morphological changes of apoptosis described above to changes in the optical properties of
the cultures, through the identification of marked phosphatidilserine with Annexin V (Vermes et

al., 1995), flow cytometry analysis as well as the bioassay guided isolation of other active

components present in this plant.
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Figure 1. Antiproliferative activity of triterpene active compound and 5-fluorouracil (5-FU) at

25ug/ml over the growth of human ovary cancer cell line OVCAR-03, throughout a 120-hour

exposure.
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Figure 2. Cytochemical analysis at optical microscopy of OVCAR-03 cells were stained by

toluidine blue after 48 hours of the following treatment: A, B: non-treated cells; C to I: cells
exposed fo increasing concentrations of triterpene active compound: C (2,5ug/mL); D, E
(25ug/mL); F.G (S0pg/ml) H, ’I (250ug/mL). Bar Scale: A: 40 um and B to I 16pm. (*:
cytoplasmatic vacuolization; head of arrow: multinucleation; arrow: nuclear fragmetantion;

double arrow: cellular fragmentation).
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Figure 3. Scanning electron microscopy of OVCAR-03 cells after the following treatment: A, B:

non-treated cells; C to H: cells exposed to increasing concentration of triterpene active
compound; C (2,5 pg/mL ), D (25 pg/mL), E, F (50 pg/mL) G, H (250 pg/mL). Bar Scale:

AB,C,D: 40 um and E, F, G, H: 16pum. (arrow: membrane blebbing; p: pits).

102



Conclusao Geral



Conclusao Geral

O trabalho fitoquimico de isolamento e identificacio, orientado pelos testes de atividade
antiproliferativa, possibilitou o isolamento e identificagio de uma substincia (MAA-266),
identificada como o triterpeno 2, 3p dihydroxy-urs-12-ene-28-oic-acid, que apresenta atividade
antiproliferativa, concentragéo-dependente, nas linhagens horménic dependentes (ovério, prostata
¢ mama), revelando citotoxicidade para todas as linhagens avaliadas a partir de 70 pg/mlL.
Considerando a similaridade estrutural entre os triterpenos e os esterdides, os resultados obtidos

apontam para estudos com o receptor hormonal e a sinalizagfio intramolecular envolvida.

A avaliagdo da atividade de MAA-266 sobre a sintese da PGE; em mucosa gastrica de ratos e em
célula tumoral humana HT-29 demonstrou que este composto foi capaz de reduzir drasticamente

a concentrago deste prostandide, sugerindo que o mecanismo de a¢do antiproliferative também

possa envolver a biossintese dos eicosandides.
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A atividade antiproliferativa de MAA-266 nfio ¢ dependente do tempo de exposicio da célula ao
mesmo, descartando a hipétese de que citotoxicidade do mesmo esteja relacionada i interferéncia
com o metabolismo dos acidos nucléicos, 0 que pode ser confirmado pela analise da estrutura

quimica deste composto que nio apresenta similaridade com os metabélitos endégenos.

A citotoxicidade do composto MAA-266 n3o est4 relacionada com a intercalagao nos acidos

nucléicos, ja que os resultados obtidos demonstraram que o composto MAA-266 foi inativo no
ensaio do “DNA-Methylgreen”.

A avaliagho morfoldgica de células das linhagens V-79 ¢ OVCAR-03 expostas a diferentes
concentracdes do composto MAA-266 (50, 25 e 2,5 pg/mL), por 48 horas, demonstrou vérias
aberragles mitdticas como vacuolizag3io citoplasmatica, presenca de heterocromatina

supercondensada e corpos apoptéticos. Estas alteracdes morfolégicas apontam para um provavel

mecanismo pré-apdptdtico.
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Apéndice 1

ISOLAMENTO E IDENTIFICACAO DOS PRINCIPIOS ATIVOS

DA Gaylussacia brasiliensis (Spreng.) Meisn. (ERICACEAE)



Isolamento e identificacao dos principios ativos da
Gaylussacia brasiliensis (Spreng.) Meisn.

(Ericaceae)

1. Processsaments Fitoguimico

1.1. Coleta

O material vegetal foi coletado na cidade de Mogi-Guagu, Fazenda Campininha, reserva de cerrado
em dezembro/97. A identificagho botinica desta espécie foi realizada pelos botanicos Proft. Dr* M.
Carmen E. do Amaral e pelo Prof. Dr. Volker Bittrich do Departamento de Botanica do IB —
UNICAMP. A exsicata da Gaylussacia brasileinsis (Spreng.) Meisn. encontra-se depositada no

Herbério do IB/UICAMP, UEC-266 .
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1.2. Preparacio do Material Vegetal

O material vegetal foi seco em estufa com ventilagio a 45° C marca Fabbe, modelo 170. O material

vegetal seco foi moido em um triturador de facas, marca Stephen, modelo UM 40.

1.3. Preparaciio dos Extratos Brutos

Cinglienta gramas de material vegetal moido foram submetidos ao processo de maceracio com 400 ml
de diclorometano durante 24 h por duas vezes. Os filtrados recolhidos foram misturados, tratados com

Nay SO, filtrados e evaporados em rotavapor numa temperatura de 40° a obtencdo do extrato bruto

diclorometano (EBD).

O residuo vegetal do processo de maceracio com diclorometano foi retomado 400 ml de etanol 95%
para macera¢do durante 24 h por duas vezes. Os filtrados recolhidos foram misturados, tratados com
Nay SOy, filtrados e evaporados em rotavapor numa temperatura de 55° C até completa eliminaco do

etanol e posteriormente lofilizado resultando no extrato bruto etandlico (EBE).

1.4. Fracionamento de Extrate Bruto Diclorometinico

1.4.3. Fracionamento em Coluna Seca

Resultados anteriores demonstraram que a atividade antiproliferativa de EBD era superior a do
EBE. O perfil cromatografico demonstrou que EBD apresentava todos os compostos presentes
nas fragdes 6, 7 ¢ 9-10, as quais também apresentaram atividade antiproliferativa (vide resultados
no item 2). Desta forma, o fracionamento fitoquimico foi direcionado no sentido de methorar o

isolamento ¢ a purificagdo dos compostos responsaveis pela atividade farmacoldgica de EBD,



através da realizagio de uma coluna seca. Para a realizagio desta coluna de Silicagel 60 (Merck,
0,063- O,ZOOmm - 8 cm de difmetro € 20 cm de altura) foram utilizados 7,1 g de EBD e 4,1g de
silica, sendo o eluente uma mistura de cloroformio - metanol 1% (500 mL). A coluna, apés
eluigdo, foi dividida em cinco fragdes de 4 cm cada e extraidas com metanol, fornecendo as
fragdes 1, 2, 3, 4 e 5, respectivamente. Estas foram submetidas & cromatografia de camada
delgada (eluente: cloroférmio metanol 1% e revelador: anisaldeido). O perfil cromatografico

dessas fragdes estd descrito na figura 1.

FeE 0% 88D -02- B0y
E

Figura 1: Perfil cromatografico das fragdes 1, 2, 3, 4 ¢ 5 obtidas a partir do EBD da Gaylussacia

brasiliensis (Spreng.) Meisn.

De acordo com o perfil cromatografico, as fragdes foram reagrupadas da seguinte forma: a fracdo
1 foi armazenada j4 que a mesma apresentava o mesmo perfil cromatografico do EBD. As
fracBes 2 e 3 foram unidas, assim como as fragdes 4 e 5, sendo que esta tltima fraciio foi

armazenada para posterior teste de atividade farmacologica.
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A partir da fragdio 2-3 fo1 realizada uma nova coluna seca. Para a realizacio desta coluna de
Silicagel 60 (Merck, 0,063- 0,200mm - 8 cm de didmetro e 20 cm de altura) foram utilizados 4,6
g da fragho 2-3, sendo o eluente uma mistura de cloroférmio — metanol 1% (400 mL). A coluna,
apos eluiglo, foi dividida em cinco fragBes de 4 cm cada e extraidas com metanol, fornecendo 05
fragOes. As fragbes obtidas (1°, 2°, 3°, 4° e 5’) foram submetidas a cromatografia de camada

delgada (eluente: cloroférmio metanol 1% e revelador: amisaldeido). O perfil cromatografico

dessas fragGes esta descrito na figura 2.

Figura 2: Perfil cromatografico das fragBes 17, 2°, 3°, 4’ e 5° obtidas a partir da fracio 2-3 da

Gaylussacia brasiliensis (Spreng.) Meisn.
Com o intuito de obtermos maiores quantidades dos componentes principais de cada frago, estas

foram reagrupadas conforme as suas similaridades e recromatografadas sucessivamente em

coluna de silicagel, obtendo-se as fragdes A (fragdes 4-5), B (fraciio 3%), C (fragiio 17}, D (fragiio
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377) e E (fragdo 27°°”"), que foram submetidas 2 teste de avaliagio da atividade antiproliferativa.

O perfil cromatografico destas fragdes est4 descrito na figura 3.

A B C D E

Figura 3: Perfil cromatografico das fragdes A, B, C, D ¢ E obtidas a partir dos fracionamentos

sucessivos das fracSes de Gaylussacia brasiliensis (Spreng.) Meisn. reagrupadas

anteriormente.

1.4.4. Fracionamento em Coluna Classiea

Com o objetivo de isclar as fragdes ativas em maior quantidade, o EBD de Gaylussacia

brasiliensis (Spreng.) Meisn. foi fracionado em coluna classica (1 g de EBD), com a seguinte

seqiiéneia de eluentes:
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8.
9.
10. CHCI3 ~ MeOH 9% - 2 fragdes de 25,0 mL cada (50,0 mL).

11. CHCI3 — MeOH 10% - 2 frag@es de 25,0 mL cada (50,0 mL).

CHCL; puro - 2 fragdes de 25,0 mL cada (50,0 mL).

CHCl; - MeOH 1% - 2 fragdes de 25,0 mL cada (50,0 mL).
CHCl; - MeOH 2% - 2 fragdes de 25,0 mL cada (50,0 mL).
CHCL —MeOH 3% - 2 fragdes de 25,0 mL cada (50,0 mL).
CHCL —MeOH 4% - 2 fragdes de 25,0 mL cada (50,0 mL).
CHCL~MeOH 5% - 2 fragdes de 25,0 mL cada (50,0 mL).
CHCL - MeOH 6% - 2 fragdes de 25,0 mL cada (50,0 mL).

CHCli3—MeOH 7% - 2 fragBes de 25,0 mL cada (50,0 mL).

CHCly- MeOH 8% - 2 fragdes de 25,0 mL cada (50,0 mL).

Foram obtidas 22 novas fragbes e estas foram submetidas & cromatografia de camada delgada,

utilizando como sistema solvente o cloroférmio-metanol 1% e como revelador o anisaldeido. O

perfil cromatografico dessas fragdes estd descrito na figura 4.
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Figura 4: Perfil cromatografico das 22 fragSes obtidas a partir de EBD da Gaylussacia brasiliensis

{Spreng.) Meisn.

De acordo com o perfil cromotografico, as fragdes foram reagrupadas como segue: fragdes 1 a 5 (30,0
mg), fragdes 6 a 7 (80,0 mg); fragho 8, fracSes 9 a 10, fragdes 11 a 12 (75,0 mg) e fragdes 13 a 22 (50,0
mg). As fragdes foram codificadas como demonstrado abaixo ¢ seu perfil cromatografico das mesrmas

esta descrito na figura 5:
- Fraclo A, —fracBes 6 e 7.
- Fragdio By — fragdo 8.
- Fraclo C; — fragdes 9 ¢ 10.
- Fracdo D; — fragdes 11 ¢ 12.
- Fraco E, — fragdes 134 22.

Todas estas fragdes foram submetidas 4 teste de avaliago de atividade antiproliferativa.
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Figura 5: Perfil cromatogréfico das fragdes A,, By, Cy, D, ¢ E, obtidas a partir da Gaylussacia brasiliensis

(Spreng.) Meisn.

1.4.5. Purificacio da Fracao C

Dando continuidade ao processo de fracionamento fitoquimico, os trabalhos prosseguiram no
sentido de obter maiores quantidades da fragfio C, assim como purifica-la, utilizando uma outra
técnica de fracionamento, a coluna classica. Assim, foram geradas 8 novas fragdes (B, D, E, F, G,
H, I ¢ I} que foram submetidas a avaliagio de atividade antiproliferativa. O perfil cromatografico

destas fragdes ¢ demonstrado na figura 6.
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Figura 6: Perfil cromatografico das fragBes obtidas a partir do extrato bruto diclorometanico de

Gaylussacia brasiliensis (Spreng.) Meisn.

Os resultados demonstraram que somente as fracdes H, 1 ¢ J foram capazes de reduzir a
porcentagem de crescimento das células tumorais humanas, de forma concentragdo-dependente,
mas so a fraglio I apresentou seletividade celular para a linhagem tumoral K-562 (leucemia).
Entretanto as quantidade obtidas destas fracdes foram insuficientes para a continuidade dos

estudos ¢ ainda existia a necessidade de purificar as mesmas a fim de isolar o(s) principio(s)

ativo(s) responsavel(is) pela atividade farmacolégica observada.
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Portanto, foi realizada uma coluna clissica preparativa a partir da fragiio J ¢ as fragdes obtidas
foram reunidas de acordo com seu perfil cromatografico, gerando agora uma fragiio que

apresentava o mesmo valor de Rf daquela anteriormente ativa. O perfil cromatografico desta

fragdo é demonstrado na figura 7 do anexo.

Figura 7: Perfil cromatogréfico das fracdes obtidas a partir da coluna classica preparativa de

Gaylussacia brasiliensis (Spreng.) Meisn.

A andlise do perfil desta fragfio na cromatoplaca demonstrou que a mesma tratava-se apenas de

uma mancha isolada, sugerindo ser um composto puro, que foi submetido a cromatografia liquida

de alta eficiéncia (detector DAD).
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Os resultados evidenciaram apenas 01 (um) pico em 8.7 min, bastante evidente em 823 nm
(figura 21 do anexo), mostrando que realmente tratava-se uma substincia unica neste
comprimento de onda. Esta substancia, que recebeu o codigo de designagiio MAA-266, foi entdio
submetida a avaliagio da atividade antiproliferativa e demonstrou atividade antitumoral
concentra¢do-dependente, com seletividade celular para as linhagens tumorais 786-0 (renal) ¢

MCF-7 (mama) (figura 8).
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Figura 8 — Cromatograma observado por Cromatografia Liquida de Alta Eficiéncia (CLAE) de

MAA-266 obtido de Gaylussacia brasiliensis (Spreng.) Meisn.

Neste momento, acreditamos que MAA-266 é um do(s) composto(s) responsavel(is) pela acio
antipreliferativa conferida a Gaylussacia brasiliensis (Spreng.) Meisn. ¢ os trabalhos foram

direcionados no sentido da elucidagio da estrutura. Assim, MAA-266 foi enviada a0 Instituto de
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Quimica (IQ) da UNICAMP para testes de ressonancia magnética nuclear (RMN), rotagio éptica

e infravermelho, que permitiram identificar quimicamente a mesma.

Além disso, foram repetidos todos os procedimentos utilizados para a obtengdo de MAA-266, a
fim de obtermos maior quantidade do composto para submeté-lo a testes de atividade antitumoral
in vivo e ao estudo do mecanismo de agéio antiproliferativo. Até o presente momento ja foram

obtidos 128,7 mg deste composto.

1.4.6. Caracterizaciio quimica de MAA-266

Através de comparacio dos espectros de RMN1H, RMN13C com dados de modelos de terpenos
(Mahato, 1994), dados de infravermelho e massas, MAA-266 identificado, através de anéalise
conjunta de seus dados espectrais, como um terpeno. O espectro de ressonincia magnética
nuclear de carbono-13 (INOVA 500 MHz) ¢ apresentado na figura 9 e a estrutura quimica de

MAA-266 demonstrada na figura 10.
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Figura 9: Espectro de ressonincia magnética nuclear de carbono-13 (INOVA 500 MHz) do
composto MAA-266,
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Figura 10: Estrutura molecular do composto MAA-266 obtido da Gaylussacia brasiliensis

(Spreng.) Meisn.

O composto MAA-266 foi identificado através de andlise conjunta de seus dados espectrais. O
sinal largo em 414 cm’ correspondente 20 OH e banda em 1686,4 cm’! correspondente a
carbonila do grupo 4cido do composto MAA-266 no espectro de infravermelho. O ion molecular
470 para MAA-266 observado no espectro de massas aliado a presenga de 30 sinais de carbono
observados no RMN"C permitiram juntamente com os dados do experimento DEPT (135° ¢ 90°)

sugerir 4 formula molecular CsyoHygO4. Este dados estdo demonstrados na Tabela 1.
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Tabela 1: Correlagio dos dados 'H,*CNMR do composto MAA-266 isolado de Gaylussacia

brasiliensis (Spreng.) Meisn..

Carbono Tipe Correlagdes H-°C  Correlagdes H-H  Composto MAA-266
1 CH, 1,621,635 Hy, Hys, Hig, His 38.5
2 CH 3,75 - 72,0
3 CH 3,14 Hs, 78,7
4 C° - - 38,6
5 CH 0,64 Hio 55,1
6 CH, 0,83 H; 18,2
7 CH, 1,28 Hs, He, Ho 32,9
8 o - - 39.6
9 CH 1,5 Hiy 47.4
10 C° - - 36,6
11 CH, 1,85 Hi;, Ho,Hs 23,1
12 CH 5.2 Hi: 125,2
13 C° - - 138,1
14 c° - - 41,9
15 CH, 0,98e1,3 Hs Hig 27,9
16 CH2 1,09 = 1,84 Hls, Hu 24,1
17 C° - - 47,5
18 CH 2,21 Hio 52,6
19 CH 1,33 Hig 39,0
20 CH 1,74 His 38,7
21 CH; 1,28 ¢ 1,02 Hy H, 30,6
22 CH; 1,7 His 36,6
23 CH; 1,1 Hz, 28,0
24 CH; 0,84 Hss 16,9
25 CH;s 0,92 Hoq,Hoe 16,6
26 CH; 0,93 Hys,Hag 15,3
27 CH; 1,09 Hys 23,4
28 C° - - 180,1
29 CH, 0,88 Hiy 17,0
30 CH; 0,96 Hag 21,1
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