UNIVERSIDADE FEDERAL DE PERNAMBUCO
CENTRO DE CIENCIAS BIOLOGICAS
PROGRAMA DE POS-GRADUACAO EM CIENCIAS BIOLOGICAS

JACIANA DOS SANTOS AGUIAR

ESTUDOS DAS ATIVIDADES ANTIMICROBIANA E ANTICANCER DE
Erythroxylum caatingae Plowman E Erythroxylum subrotundum A. St - Hil.

RECIFE
2011



JACIANA DOS SANTOS AGUIAR

ESTUDOS DAS ATIVIDADES ANTIMICROBIANA E ANTICANCER DE
Erythroxylum caatingae Plowman E Erythroxylum subrotundum A. St - Hil.

Tese apresentada ao Programa de Pos-Graduagdo
em Ciéncias Biologicas da Universidade Federal
de Pernambuco, como pré-requisito para obtengdo
do titulo de Doutor em Ciéncias Biologicas, Area
de concentracdo — Biologia Quimica para a Saude.

ORIENTADORA: Prof®. Dra. Silene Carneiro do Nascimento
COORIENTADORA: Prof®. Dra. Teresinha Gongalves da Silva

RECIFE
2011



Aguiar, Jaciana dos Santos
Estudos das atividades antimicrobiana e anticancer de Erythroxylum
caatingae Plowman e Erythroxylum subrotundum A. St-Hil/ Jaciana dos
Santos Aguiar. — Recife: O Autor, 2011.

113 folhas : il., fig., tab.
Orientadora: Silene Carneiro do Nascimento
Coorientadora: Teresinha Gongalves da Silva
Tese (doutorado) — Universidade Federal de Pernambuco,
Centro de Ciéncias Biolégicas. Biologia Quimica para a
Saude, 2011.

Inclui bibliografia e anexos

1. Erythroxylum 2. Cancer 3. Apoptose |l.  Titulo.

583.79 CDD (22.ed.) UFPE/CCB-2011-209




UNIVERSIDADE FEDERAL DE PERNAMBUCO
CENTRO DE CIENCIAS BIOLOGICAS
PROGRAMA DE POS-GRADUACAO EM CIENCIAS BIOLOGICAS

Parecer da Comissio Examinadora da Defesa de Tese de Doutorado de

JACIANA DOS SANTOS AGUIAR

ESTUDOS DAS ATIVIDADES ANTIMICROBIANA E ANTICANCER DE

Erythroxylum caatingae Plowman E Erythroxylum subrotundum A. St - Hil.

A Comissao Examinadora, compostas pelos professores abaixo, sob a presidéncia do
primeiro, considera a doutoranda JACIANA DOS SANTOS AGUIAR como:

Recife, 15 de fevereiro de 2011

Prof® Dra. Silene Carneiro do Nascimento — UFPE

Orientadora — Membro interno

—— - B =

Prof* Dra. Maria Tereza dos Santos Correia - UFPE

Membro interno

Prof Dr Sebastidoyosé de Melo — UFPE

Membro interno

Piot* Dra. Julianna Ferreira Cavalcanti de Albuquerque — UFPE

Membra externo

Prof® Dra. Maria Teresa/Jansen de Almeida Catanho — UFPE

Menmbro externo



Dedico aos meus pais,
Walter e Elisabeth
Aguiar, por  sempre
acreditarem em mim e
pelo incentivo em todos os

momentos de fraqueza.



AGRADECIMENTOS

A eterna Professora Silene Carneiro do Nascimento por mais quatros anos de
ensinamentos, paciéncia e carinho.

A amiga e Professora Teresinha Gongalves da Silva pela compreensdo, pela paciéncia,
pela confianca e pela valiosa orientacdo.

A Adenilda Eugénia de Lima pelo profissionalismo e pela amizade.

A Maria Susete Mendonga pelos valiosos momentos de alegria e desabafo. Obrigada
pelos ensinamentos tanto de técnicas laboratoriais e da vida.

A Maria do Desterro Rodrigues pelo profissionalismo e por ensinar-me as técnicas da
cultura de células. Sem esquecer das nossas conversas descontraidas e de aprendizagem.

A Maria Suely Cavalcanti pelo apoio, carinho, amizade, momentos de alegria e
descontragao.

A Universidade Federal de Pernambuco, ao Departamento de Antibidticos pelo uso de
suas instalagdes e equipamentos em especial as Profas Glicia Maria Torres Calazans, Ana
Maria Souto Maior, Ester Gouveia e Janete Magali de Aratjo.

Aos funcionarios e técnicos do Departamento de Antibidticos pela ajuda e atengdo
dedicadas.

Aos amigos do Laboratorio de Biosensaios e Pesquisa Farmacéutica (LBPF): Thiago
Ubiratan Lins e Lins, lane Vasconcelos Bezerra, Diana Jussara Malta, Marilia Sitonio, Ingrid
Campos, Larissa Cardoso, Sandrine Arruda, Tatiane Bezerra, Adamares, Luana Laranjeira e
Carslon Junior pela ajuda nos experimentos e pelos momentos alegria e descontragdo.
Obrigada também aos amigos que passaram pelo LBPF: Silvia Rafaelli, Rodrigo, Thiago
Marques, Juliana Dantas, Katariny Castro, Sirlene Lucena, Anne Cecilia Nascimento, Clarissa
Franca e Clayton Galvao.

Ao amigo André Luiz Barros pelas inimeras ajudas nos experimentos e formatagao de
figuras.

Aos colegas da pos-graduacdo em Ciéncias Biologicas pelos poucos momentos
compartilhados nas disciplinas.

A Leucio Duarte Vieira Filho e Antonio Fernando de Melo de Vaz pelos ensinamentos
em estatistica.

A Erika Santos Nunes pelos momentos enriquecedores de realizagio e discussdo dos

experimentos.



As Professoras Ivone Antonia Sousa e Maris Joselice e Silva pela doagdo de fArmacos
padrdes.

A Professora Késia Xisto Fonseca Ribeiro de Sena e Rosilma de Oliveira Araujo pela
realizagdo da atividade antimicrobiana.

A André Marianno Batista e Professora Maria Madalena Pessoa Guerra pela
realizacdo dos testes apoptoticos.

A Steno Lacerda de Oliveira e Professor Josean Fechine Tavares pelo fornecimento
dos extratos e pela disponibilidade constante de ajuda;

Aos meus familiares pela for¢a e paciéncia;

A todos que, diretamente ou indiretamente, contribuiram para a minha formacao
pessoal e académica;

Ao Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico (CNPq) pelo

suporte financeiro.

Muito obrigada!



RESUMO

Erythroxylum ¢ o maior género da familia Erythroxylaceae, compreendendo cerca de 250
espécies que sdo amplamente distribuidas em todos os tropicos, mas com grandes areas de
diversidade na América do Sul, Africa, Ilha de Madagascar, sudeste da Asia e Austrélia.
Devido a escassez de estudo das espécies Erythroxylum caatingae e Erythroxylum
subrotundum, este trabalho teve como objetivo avaliar as agdes antimicrobiana, citotoxica e
antitumoral destas plantas, bem como investigar o mecanismo de morte celular subjacente. A
partir do extrato metandlico do caule de E. caatingae foram obtidas sete fases (acetato:
metanol nas proporgdes 60:40, 80:20, 90:10 e 95:5; fase acetato, fase cloroférmica e
hexanica), uma fracao de alcaloides totais e trés alcaldides isolados (3a-(3°,4°,5 -trimetoxi)-
6B-benzoilonitropano; 30—(3’,5’dimetoxi-4’-hidroxibenzoiloxi)-63-benzoiloxitropano; 3o,6f3-
(dibenzoiloxitropano). A partir do extrato metanolico das partes aéreas de E. subrotundum
foram obtidas as fases hidroalcoolica, acetonica, hexanica e acetato de etila. Os extratos e as
fases foram testados em bactérias Gram-positivas, Gram-negativas e fungo pelo método de
difusdo em disco de papel. As bactérias Gram-negativas ndo foram sensiveis aos extratos e
fases testadas. Com relacdo as bactérias Gram-positivas, a fase acetato de E. subrotundum foi
a mais ativa, mostrando halos de inibicdo em Staphylococus aureus (13,0 £ 0,0 mm),
Micrococcus luteus (18,5 = 0,7 mm), Mycrobacterium smegmatis (17,0 £ 0,0 mm) e
Enterococcus faecalis (12,0 = 0,0 mm). As bactérias Gram-positivas mais sensiveis a todas as
fases de E. caatingae, exceto a fase hexanica, foram M. luteus e M. smegmatis que mostraram
halos de inibicao de 13,5 = 0,7 mm a 29,5 £ 0,7 mm e 14,0 + 1,4 mm a 30,0 £ 0,0 mm,
respectivamente. Nos ensaios de citotoxicidade com MTT apenas a fase hexanica de E.
subrotundum inibiu a proliferacao celular de NCI-H292 (26,30 + 1,08 pg/mL), K562 (32,50 +
1,69 pg/mL) e Carcinoma de Ehrlich (27,39 + 1,43 mm). As fases acetato: metanol (80:20,
90:10 e 95:5), acetato e cloroférmica de E. caatingae inibiram a proliferacdo celular de
linhagens cancerigenas NCI-H292, HEp-2 e K562. O alcaldide 3a - (3°,4°,5’-trimetoxi) - 63-
benzoilonitropano mostrou citotoxicidade apenas em NCI-H292. Nenhuma das fases que
apresentaram citotoxicidade em linhagens cancerigenas provocou a hemolise nos eritrocitos
de camundongos. A marcacdo por Anexina V-FITC e JC-1 foi utilizada para verificar o
mecanismo de acdo das fases de E. caatingae que apresentaram citotoxicidade menor que 30
png/mL em células leucémicas. Os resultados da Anexina V-FITC mostraram que as fases
acetato: metanol (95:5), acetato, cloroférmica e 3a-(3°,4°,5’-trimetoxi)-6p-benzoilonitropano,
aumentaram significativamente o nimero de células em apoptose em 53,0%, 74,8%, 61,7% e
65,0%, respectivamente, em relagdo ao controle. A marcagdo com JC-1 mostrou que as fases
acetato: metanol (95:5), acetato, cloroférmica e 3a-(3’,4°,5’-trimetoxi)-63-benzoilonitropano
apresentaram 63,8%, 59,2%, 50% e 27,0%, respectivamente, de células em apoptose pela via
intrinseca. O extrato metandlico de E. caatingae (100, 200 e 400 mg/Kg) apresentou inibi¢ao
do crescimento do Sarcoma 180 em 59,4 a 66,4% em relagcdo ao controle. As fases acetato:
metanol (95:5), acetato e cloroférmica de E. caatingae mostram-se bastante promissoras em
induzir apoptose em células leucémicas, direcionando os estudos para avaliacdo das vias
apoptdticas envolvidas e isolamento dos constituintes quimicos responsaveis por tal atividade.

Palavras-chave: Erythroxylum caatingae;  Erythroxylum  subrotundum;  Atividade
antimicrobiana, Atividade Antitumoral; Apoptose.



ABSTRACT

Erythroxylum 1is the largest genus in the family Erythroxylaceae and comprises about 250
species, which are widely distributed in the tropics, but with large areas of diversity in South
America, Africa, Madagascar Island, Asia Southeast and Australia. Due to the lack of study of
the species Erythroxylum caatingae and Erythroxylum subrotundum, this study was aim of
this study was to evaluate the antimicrobial, cytotoxic e antitumoral activity this plants, as
well as and to investigate the underlying mechanism of cell death. From the methanol extract
of stem E. caatingae was obtained seven phases (acetate: methanol 60:40, 80:20, 90:10 and
95:5; acetate, chloroform and hexane), a fraction of total alkaloids and three alkaloids (3a-
(3',4',5'-tryimethoxy)-63-benzoylonytropane;.  3a-(3',5'dimetoxi-4'-hydroxybenzoyloxy)-63-
benzoyloxytropane; 3a,6B-(dybemzoyloxytropane). From the methanol extract of aerial parts
of E. subrotundum were obtained the hydroalcoholic, acetone, hexane and ethyl acetate
phases. The extracts and the phases were tested on Gram-positive bacteria, Gram-negative
bacteria and fungus by disc diffusion method on paper. Gram-negative bacteria were not
sensitive substances tested. With respect Gram-positive bacteria the acetate phase the E.
subrotundum was the most active, showing the inhibition halos of Staphylococcus aureus
(13.0 £ 0.0 mm), Micrococcus luteus (18.5 £ 0.7 mm), Mycrobacterium smegmatis (17.0 £
0.0 mm) and Enterococcus faecalis (12.0 = 0.0 mm). The bacteria most sensitive phases of E.
caatingae, except the acetate phase, were M. luteus and M. smegmatis which showed that the
inhibition halos of 13.5 + 0.7 to 29.5 + 0.7 mm and 14.0 £+ 1.4 to 30.0 £ 0.0 mm, respectively.
For E. subrotundum the acetate phase was the most active, showing the inhibition of
Staphylococcus aureus (13.0 £ 0.0 mm), M. luteus (18.5 = 0.7 mm), M. smegmatis (17.0 = 0.0
mm) and E. faecalis (12.0 = 0.0 mm). In the MTT cytotoxicity assays only the hexane phase
E. subrotundum inhibited cell proliferation of NCI-H292, K562 and Ehrlich tumor (27.39 +
1.43 mm). The acetate: methanol (80:20, 90:10 and 95:5), acetate and chloroform phases of
the E. caatingae inhibited cell proliferation of cancer lines of NCI-H292, HEp-2 and K562.
The alkaloid 3a-(3',4',5'-trymethoxy)- 63-benzoylonytropane shown only cytotoxicity in NCI-
H292. None of the substances that showed cytotoxicity on cancerous strains caused hemolysis
in erythrocytes of mice. Stained with Annexin V-FITC and JC-1 was used to verify the
mechanism of action of substances that E. caatingae cytotoxic less than 30pg/mL in leukemic
cells. The results of Annexin V-FITC showed that the acetate: methanol (95:5), acetate and
chloroform phases and 3a-(3',4',5'-trymethoxy)-6-benzoylonytropane significantly increased
the number of apoptotic cells by 53.0%, 74.8%, 61.7% and 65.0% respectively compared to
control. The labeling with JC-1 showed that the acetate: methanol (95:5), acetate and
chloroform phases and alkaloid exhibited 63.8%, 59.2%, 50% and 27.0% respectively, of
apoptosis cells by intrinsic pathway. The methanol extract of E. caatingae (100, 200 and 400
mg/Kg) showed significant inhibition of growth of Sarcoma 180, with 59.4 to 66.4%
compared to control. The acetate: methanol (95:5), acetate and chloroform phases were
revealed as quite promising in inducing apoptosis in leukaemia cells, directing the study to the
evaluation of the apoptotic means involved and isolation of the chemical constituents
responsible for such activity.

Keywords: Erythroxylum caatingae; Erythroxylum subrotundum,; Antimicrobial Activity
Antitumoral Activity; Apoptosis.
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1 INTRODUCAO

O desenvolvimento na quimioterapia antimicrobiana teve inicio na década de 30 com a
descoberta das sulfonamidas e as penicilinas. Porém nas décadas subseqiientes de 50 e 70,
epidemias por Staphylococcus aureus resistentes a penicilina e outras linhagens
multiresistentes (MRSA) chamaram a atencdo para o problema da resisténcia adquirida aos
antimicrobianos. Em razdo ao grande aumento da resisténcia de micro-organismos
patogénicos a multiplas drogas, devido ao uso indiscriminado de antimicrobianos, surge a
preocupacdo na procura de novas alternativas terapéuticas. As plantas medicinais estdo dentre
os produtos naturais de grande interesse cientifico devido a possibilidade de empregé-las no
tratamento, cura e prevencao de doengas e por proporcionarem grandes chances de se obter
moléculas prototipos devido a diversidade de seus constituintes (SILVA et al. 2007, VEIGA
JUNIOR; PINTO; MACIEL, 2005).

A pesquisa por agentes anticancer obtidos a partir de plantas, comecou em 1950 com o
descobrimento ¢ o desenvolvimento dos alcaldides da vinca, como a vimblastina e¢ a
vincristina, e através do isolamento de podofilotoxinas citotdxicas. Como resultado, o
Instituto do Cancer dos Estados Unidos iniciou, em 1960, um extensivo programa de coletas
de plantas, focando principalmente em plantas de regides temperadas. Isto conduziu a
descoberta de novas moléculas que mostraram ampla atividade citotoxica (CASSADY;
DOUROS, 1980), incluindo os taxanos e camptotecinas. No entanto, o desenvolvimento
destes como agentes clinicamente ativos duraram cerca de 30 anos, de 1960 a 1990 (CRAGG;
NEWMAN, 2005).

Cerca de 25 % dos medicamentos utilizados sdo de origem vegetal, isolados ou
produzidos por semi-sintese. Apesar do grande desenvolvimento da sintese organica e dos
processos biotecnologicos cerca de 25 % dos medicamentos prescritos nos paises
industrializados sdo originarios de plantas. Na ultima década, registrou-se um aumento
expressivo no interesse em substancias derivadas de espécies vegetais (FOGLIO, 2006).

O interesse da pesquisa nas espécies Erythroxylum subrotundum e Erythroxylum
caatingae ¢ justificado pelo valor medicinal do género Erythroxylum por fornecer alcaloides e
extratos que em estudos anteriores ja revelaram inibi¢do do crescimento das células KB-V1 e
atividade antifungica em Candida albicans. Existem outros alcaldides extraidos de plantas ja
utilizados na clinica como a vincristina e a vimblastina isoladas de Cataranthus roseus usadas
no tratamento de cancer de utero, de mama, leucemia e linfoma. O taxol extraido de Taxus

brevifolia utilizado no cancer de ovario entre outros. Mesmo quando a cura ¢ impossivel, os
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sintomas freqlientemente podem ser aliviados com a terapia paliativa, melhorando a qualidade
e a sobrevida do individuo. O reconhecimento histdrico, quimico e bioldgico, relacionado ao
género Erythroxylum e a auséncia de estudos das espécies justifica a escolha dessas plantas e

direciona a avaliacao biologica para atividades antimicrobiana e antineoplasica.
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2 OBJETIVOS

2.1 Geral

Estudar as agdes antimicrobiana e antitumoral e mecanismos de morte celular de

Erythroxylum caatingae Plowman e Erythroxylum subrotundum A. St.-Hil.

2.2 Especificos

- Isolar alcaldides de Eryhtroxylum caatingae;

- Avaliar a atividade antimicrobiana dos extratos e fracdes de E. subrotundum e E.

caatingae frente a bactérias e fungo;

- Avaliar a citotoxicidade dos extratos, fases organicas, fracdo e alcaldides de E.

caatingae em células cancerigenas humana;

- Avaliar a inibi¢ao da proliferagao dos extratos e fases organicas de E. subrotundum em

células cancerigenas humana e murina;

- Verificar a atividade hemolitica das substancias de E. subrotundum e E. caatingae que

apresentaram citotoxicidade em células cancerigenas humana;
- Estudar os possivies mecanismos de morte celular causada por E. caatingae;

- Analisar a atividade antitumoral do extrato metandlico de E. caatingae em Sarcoma

180.
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3 REVISAO BIBLIOGRAFICA

3.1 Ciclo celular

A tUnica maneira de formar uma nova célula ¢ duplicando uma célula ja existente.
Todos os micro-organismos vivos, da bactéria unicelular aos mamiferos multicelulares, sao
produtos de repetidos ciclos de crescimento e divisdo celular que remontam aos primordios da
vida na Terra. Uma célula se reproduz ao executar uma seqii€éncia organizada de eventos em
que ela duplica seu contetido e entdo se divide em duas. O conjunto minimo de processos que
uma célula tem de executar ¢ aquele que lhe permite realizar sua tarefa fundamental: a
transmissdo da informagdo genética a proxima geragao de célula. Para produzir duas células-
filhas geneticamente idénticas, 0 DNA de cada cromossomo deve ser replicado e distribuido
as células filhas (ALBERTS et al., 2010).

O ciclo celular compreende os processos de duplicagdo do DNA e divisao celular
(mitose) resultando na produgdo de nova célula (BELIZARIO, 2002). O ciclo ¢ dividido em
duas etapas principais: interfase e mitose (M) (Figura 1). A interfase ¢ um periodo de intenso
metabolismo para a célula e inclui a fase G1, S e G2. A fase G1 ¢ caracterizada pelo reinicio
da sintese de RNA e proteinas, que estavam interrompidas durante a mitose. Essa ¢ a fase
mais longa do ciclo e onde a célula decide se continua proliferando ou interrompe a fase G1 e
entra em estado quiescente (Gop). Na fase S (sintese) ocorre a replicacio do DNA seguindo
para a fase G2 que ¢ caracterizada pelo crescimento celular e pela sintese de proteinas em
preparagdo para a mitose. Na mitose ocorre a separacao dos cromossomos filhos e a divisao
da célula em duas (PERES; CURY, 2005; VERMEULEN, VAN BOCKSTAELE;
BERNEMAN et al., 2003).
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Figura 1- Ciclo celular.

Hepara DA s Heplicaciho DMA

Fonte: Almeida et al., 2005

Para iniciar o ciclo, a célula em repouso (fase GO) ¢ estimulada por fatores de
crescimento (fator de crescimento derivado de plaqueta — PDGF e fator de crescimento
epidermal — EGF), hormdnios esteroidais e citocinas, todos produzidos pela propia célula ou
por células vizinhas. Esses fatores ligam-se aos receptores de membrana celular, provocando
uma série de reacdes quimicas e eventos morfologicos (BELIZARIO, 2002; FOSTER, 2008).

Estas reacdes e eventos sdo interrompidos nos pontos de controle (Figura 2), durante a
transi¢do das fases G1/S e G2/M (BELIZARIO, 2002) sendo esses pontos controlados por
quinases dependentes de ciclina (Cdk). Cdk ¢ composta de uma ciclina (proteinas estruturais)
e uma quinase (enzima). Cdk2, Cdk4 e cdc2 sdo expressos em mamiferos, juntamente com
ciclinas D, E, A e B. A atividade da Cdk ¢ verificada pelas proteinas inibidoras do ciclo
celular, cdk inibidoras (CKI). Existem duas familias distintas cki sao ink4 que inclui p15, p16,
pl8, pl19 (inibe cdk4 e 6), e familia Cip/Kip que inclui p21, p27, p57 (inibe cdk e complexo
ciclina) (FOSTER, 2008) (Figura 3).



Figura 2 - Ciclo celular com os pontos de controle.
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Fonte: adaptado de Belizario, 2002.

Figura 3 - Regulacado do ciclo celular.
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Fonte: adaptado de Galderisi; Jori; Giordano, 2003.
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A homeostase celular ¢ regulada pela prolifera¢do, interrup¢do do crescimento e
apoptose. Mecanismos de controle eficiente sdo apresentados quando ¢ detectado danos nas
células, ocorrendo a destruicdo das cé€lulas danificadas, ajudando a minimizar a progressao
maligna. Essa destrui¢do pode ser de duas formas distintas: a necrose e a apoptose. Defeitos
nos pontos de controle podem levar a um acimulo de anormalidades do DNA e posterior
perturbagdes patologicas. Portanto, as células-alvo que sdo predispostas a lesdes genéticas
podem levar a doengas malignas nas fases iniciais de carcinogénese (FOSTER, 2008).

No cancer, ha alteragdes fundamentais no controle genético da divisdo celular,
resultando em uma proliferacdo celular descontrolada. Mutagdes ocorrem principalmente em
duas classes de genes: proto-oncogenese e genes supressores de tumor. Em células normais,
os produtos de proto-oncogenes agem em diferentes niveis que estimulam a proliferacao
celular (VERMEULEN, VAN BOCKSTAELE; BERNEMAN, 2003).

O crescimento descontrolado que as neoplasias apresentam decorrem de ativagdo de
proto-oncogenes (c-Myc, c-Fos e c-Ras) envolvidos no controle positivo do ciclo celular ou
do aumento no numero de copias, & mutagdo ou a delecao de proto-oncogeneses (p53, Rb,
p19, p21, p27, BAX e BCL-2) envolvidos no controle negativo do ciclo e na regulacao da
apoptose (BELIZARIO, 2002).

Interrupcao do crescimento pelos genes supressores de tumor, do reparo do DNA e da
apoptose sdo vias essenciais para o desenvolvimento do cancer. O gene supressor de tumor,
p53, ¢ descrito como o “guardido do genoma” uma vez que desempenha um papel importante
na protegdo do genoma contra a proliferacdo de células mutadas. Mutagdes dos genes
supressores de tumor permitem que as células danificadas prossigam no ciclo celular, dando

origem ao desenvolvimento de células tumorais (FOSTER, 2008).
3.2 Morte celular

A morte celular pode ser classificada de acordo com suas caracteristicas morfologicas
e bioquimicas em: autofagia, necrose, mitose catastrofica; senescéncia e apoptose.
(GRIVICICH; REGNER; ROCHA 2007).

3.2.1 Autofagia

E um processo programado geneticamente e conservado evolutivamente que degrada

proteinas celulares e organelas (HIPPERT; O'TOOLE; THORBURN, 2006) decorrente da
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resposta a um estresse metabolico. Durante a autofagia, por¢des do citoplasma sdo
encapsuladas por membrana, originando estruturas denominadas autofagossomos. Estes irdo
se fusionar com os lisossomos ¢ o contetdo dos autofagossomos serd degradado pelas
hidrolases lisossomais (GRIVICICH; REGNER; ROCHA 2007). Fluxo de autofagia
excessiva ou desequilibrada pode esta associada com a toxicidade celular e pode contribuir

para o desenvolvimento de condigdes patologicas (LIANG et al., 2010).

3.2.2 Necrose

As células sofrem um insulto que resulta no aumento do volume celular, agregacao da
cromatina, desorganizacdo do citoplasma, perda da integridade da membrana plasmatica e
consequente ruptura celular. Durante a necrose, o conteudo celular ¢ liberado, causando dano
as células vizinhas e uma reagdo inflamatéria no local. E considerada uma resposta passiva a
injuria celular, entretanto pode ser regulada geneticamente (GRIVICICH; REGNER; ROCHA
2007).

3.2.3 Mitose catastrofica

E um tipo de morte celular que ocorre durante a mitose, como resultado de danos no
DNA ou falha na formagdao do fuso acoplado a debilitacdo da diferentes mecanismos dos
pontos de controle que normalmente detem a progressdo para mitose (CASTEDO et al.,

2004).

3.2.4 Senescéncia

Ocorre por meio de uma programagdo genética que envolve deterioracdo dos
telomeros e ativacdo de genes supressores tumorais. Senescéncia celular limita a capacidade
de replicacao das células, evitando assim a proliferacdo de células que estdo em diferentes
estagios de malignidade. E um processo metabolico ativo essencial para o envelhecimento

(DIMRI, 2005; GRIVICICH; REGNER; ROCHA 2007).

3.2.5 Apoptose
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Ocorre uma retragdo da célula que causa perda da aderéncia com a matriz extracelular
e células vizinhas. As organelas celulares mantém a sua morfologia, com excegdo, em alguns
casos, das mitocondrias, que podem apresentar ruptura da membrana externa e despolarizagdao
na membrana mitocondrial. A cromatina sofre condensacao e se concentra junto & membrana
nuclear, que se mantém intacta. A seguir, a membrana celular forma prolongamentos (blebs) e
o nucleo se desintegra em fragmentos envoltos pela membrana nuclear. Os prolongamentos da
membrana celular aumentam de nimero e tamanho e rompem, originando estruturas contendo
o contetdo celular (corpos apoptéticos). Os corpos apoptoticos sdao rapidamente fagocitados
por macrofagos e removidos sem causar processo inflamatério. Outras caracteristicas da
morte por apoptose ¢ a fragmentacdo internucleossomica do DNA e alteragdes da assimetria
de fosfolipidios da membrana plasmatica (ANAZETTI; MELO, 2007; GRIVICICH;
REGNER; ROCHA 2007) (Figura 4).

Figura 4 - Diferengas morfoldgicas de necrose e apoptose.
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Fonte: Biogency®.

Diversos fatores intra e extracelulares podem desencadear a apoptose, entre eles:
defeito no ciclo celular, ligagdo de moléculas a receptores de membrana, agentes
quimioterapicos, radia¢do ionizante, danos no DNA, choque térmico, caréncia de fatores de

crescimento, baixa quantidade de nutrientes, niveis aumentados de espécies reativas do
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oxigénio e hipoxia. A apoptose pode ser induzida por estimulos ativando a via extrinseca
(citoplasmatica ou via receptor de morte), pela via intrinseca (mitocondrial) (PERIK et al.,
2005; GRIVICICH; REGNER; ROCHA, 2007). As duas vias podem estar interconectadas e
as moléculas de uma via pode influenciar na outra. Existe uma via adicional que envolve a
célula T citotoxica e perforina-granzima-dependente, mantando a célula. O caminho
perforina/granzima pode induzir a apoptose, quer através de granzima B ou granzima A. As
vias extrinsecas, intrinsecas e granzima B convergem no mesmo terminal, ou caminho de
execu¢ao (ELMORE, 2007).

Cada uma destas vias requer especificos desencadeamentos para iniciar uma cascata de
energia dependente de eventos moleculares As caspases sdo proteases que pertencem a
familia das cisteinas proteases, tendo a capacidade de reconhecer e clivar os substratos que
possuam residuos de asparato e sdo expressas na forma de pro-caspases inativas na maiorira
das células. Uma vez ativadas, as caspeses podem ativar outras pro-caspases permitindo o
inicio de uma cascata de protease (ELMORE, 2007). As caspases sinalizam para a apoptose e
clivam esses substratos levando a condensacdo e fragmentacdo nuclear, externalizagdo de
fosfolipidios de membrana que irdo sinalizar para as células serem fagocitadas pelos
macrofagos (GRIVICICH; REGNER; ROCHA, 2007). Estas proteases formam uma familia,
composta por trés grupos funcionais: caspases iniciadoras que ativam outras caspases (2, 8, 9
e 10); caspase efetoras ou executoras que sdo ativadas pelas iniciadoras e clivam proteinas
chave que processam a apoptose (3, 6 € 7); e o terceiro grupo que possui funcao inflamatoria
(1, 4 e 5) (PERES; CURY et al., 2005). Além dessas foram identifcadas a caspase 11 que
regula a apoptose e a maturagdo das citocinas durante o choque séptico, a caspase 12 que
medeia apoptose especifica endoplasmatica e citotoxicidade por B-amildide; caspase 13 que ¢
de um gene bovino e caspase 14 que ¢ altamente expressa em tecidos embrionarios
(ELMORE, 2007). Ap6s um sinal de morte celular, as caspases sdo ativadas por clivagem
proteolitica. Essas enzimas podem interagir com receptores de membrana ou moléculas
adaptadoras que contenham dominios de morte, pois esses dominios também existem nas
caspases ¢ a presenca deles permite essa interacdo (GRIVICICH; REGNER; ROCHA, 2007).

A via intrinseca ¢ ativada por estresse intracelular ou extracelular e os sinais que sao
transduzidos em resposta a estes insultos convergem principalmente para a mitocondria. Essa
organela integra os estimulos de morte celular, induzindo a permeabilizagdo mitocondrial e
conseqiiente liberagao de moléculas pro-apoptoticas nela presentes (Bax, Bak, Bid). Quando
sinais de morte alcangam a mitocondria, levam ao colapso do potencial da membrana

mitocondrial interna e a transi¢do da permeabilidade mitocondrial. Ao mesmo tempo, a dgua
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do espaco entre membranas passa para a matriz mitocondrial, levando a ruptura da organela e
conseqiiente liberagdo de proteinas pro-apoptdticas para o citoplasma. Ocorre também a perda
da homeostasia celular, interrompendo a sintese de ATP e aumentando a producao de espécies
reativas do oxigénio (EROS). O aumento nos niveis de EROS leva a oxidagdo de lipidios,
proteinas e acidos nucléicos, aumentando o colapso da membrana interna. Durante a apoptose
ocorre a formagdo de um megaporo que contém diversas proteinas e abrange as membranas
interna e externa da mitocondria, por onde ocorre a liberacdo do citocromo ¢ para o
citoplasma onde participa da ativagao da apoptose. Quando no citosol, o citocromo ¢ forma
um complexo com a APAF- 1 (fator de ativacdo de protease associada a apoptose 1) e a
caspase-9, o chamado apoptossomo, que promove a clivagem da pro-caspase-9, liberando a
caspase-9 ativa Uma vez ativada, a caspase-9 ativa a caspase-3 que vai ocasionar a apoptose

(GRIVICICH; REGNER; ROCHA 2007) (Figura 5).

Figura 5 - Via intrinseca da ativagdo da apoptose.
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A via extrinseca (figura 6) envolve interagdo mediada por receptores
transmembranicos, que sdo receptores de morte da familia do fator de necrose tumoral (TNF)
(ELMORE, 2007). Todos os membros da familia de receptores de TNF possuem um dominio

extracelular rico em cisteina ¢ dominio citoplasmatico com 80 aminoacidos chamados de
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dominio de morte (DD) (ELMORE, 2007; GRIVICICH; REGNER; ROCHA, 2007). Quando
os receptores de morte celular reconhecem um ligante especifico, os seus dominios de morte
interagem com moléculas conhecidas como FADD/MORT-1. Essas moléculas tém a
capacidade de recrutarem a caspase-8 que ird ativar a caspase-3, executando a morte por
apoptose (GRIVICICH; REGNER; ROCHA 2007). Os ligantes e receptores de morte sdo
FasL/FasR, TNF-o/TNFR1, Apo3L/DR3, Apo2L./DR,4 and Apo2L/DRS5 (ELMORE, 2007).

Figura 6 - Via extrinseca de ativagdo da apoptose.

- . N

|

1 \I]] e

caspase 3

\ J

Fonte: Grivicich; Regner; Rocha, 2007

Os linfocitos T citotoxicos (CTL) sdo capazes de matar as células alvo através da via
extrinseca e interagdo FasL/FasR (principal método de apoptose induzida por CTL), porém
os CTL também sdo capazes de exercer seus efeitos citotoxicos em células tumorais e células
infectadas por virus através de uma via que envolve a secre¢ao da molécula de perforina que
forma poros transmembranares com uma liber¢ao exocitica de granulos contendo granzina A
e B, através do poro na célula-alvo. Granzima B ird decompor proteinas em residuos de
aspartato e ativar pro-caspase-10 e decompor fatores como ICAD (inibidores de caspase
DNAse ativada). Granzima B pode utilizar a via mitocondrial para amplificagdo do sinal de
morte por clivagem de Bid e indugao de libertacao do citocromo ¢ e ainda a granzima B pode
ativar diretamente caspase-3. Granzima A também ¢ importante para a célula T citotdxica
induzir apoptose e ativa caspase vias independentes. Uma vez na célula, granzima A ativa o
corte do DNA via DNAse NM23-H1 (produtos do gene supressor de tumor). Esta DNAse tem

um importante papel na vigilancia imunolédgica para prevenir o cancer através da indugao da
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apoptose de células tumorais. A proteina nucleossomica, SET, inibe o gene NM23-HI.
Granzima A cliva o complexo SET liberando assim a inibicdo da NM23-H1, resultando na
degradacao do DNA apoptotico. Além de inibir NM23-HI, o complexo conjunto tem
importantes fungdes na estrutura da cromatina e reparo do DNA. As proteinas que compdem
este complexo (SET, Apel, pp32 e HMG2) trabalham juntas para proteger a estrutura da
cromatina ¢ DNA. Portanto, a inativacdo do complexo granzyme A contribui para a apoptose
bloqueando a manutengdo do DNA e da integridade da cromatina (Figura 7) (ELMORE,
2007).

Figura 7 - Vias de apoptose.
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A morte celular programada participa de varios processos fisioldgicos vitais, como o
desenvolvimento embrionario, a involucdo da glandula mamaria apds o periodo de
amamentacdo, o controle da proliferacdo de tumores e a regulacao de populacdes do sistema
imune. Alteracdes nos genes responsaveis pelo desencadeamento do processo apoptdtico
podem ocasionar diversas patologias (ANAZETTI; MELO, 2007).

A apoptose ndo ¢ apenas um mecanismo para controlar o nimero e tamanho de células
do tecido, mas também para remover células infectadas, danificadas, ou células estressadas do
organismo. No entanto, existe alguns virus e bactérias que inibem os mecanismos de
apoptose, como o cancer cervical de alto risco que ¢ alvo da inibi¢do viral na apoptose. A
maioria dos canceres estdo associados a resisténcia a iniciagdo de apoptose, especificamente

aqueles que apresentam mutagdes do gene p53 (MARTINEZ; REIF; PAPPAS, 2010).
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Anormalidades na regulacdo da morte celular pode ser um importante componente de
doengas como o cancer, sindrome limfoproliferativa auto-imune, AIDS, isquemia e doencas
neurodegenerativas (Parkinson, Alzheimer, Huntington e Esclerose Lateral Amiotréfica)
(ELMORE, 2007) e lesdes secundarias ap6s isquemia, osteoporose, entre outras patologias

(ANAZETTL; MELO, 2007).

3.3 Cancer

Os termos cancer, neoplasia maligna e tumor maligno sdo sindnimos e distinguem-se
dos tumores benignos pela sua propriedade de desdiferenciacdo, poder de invasdo e
capacidade de metastatizar-se (RANG et al., 2007) através do sangue e do sistema linfatico
(INCA 2010). O desenvolvimento do cancer ¢ um processo complexo em estagios multiplos,

envolvendo geralmente mais de uma alteracdo genética e, também muitos outros fatores

(BERNARDI; JACQUES-SILVA; LENZ 2003).

3.3.1 Fatores de risco

O cancer pode ser causado em uma das trés formas: alimenta¢do incorreta,
predisposicdo genética e através do ambiente. Pelo menos 35% de todos os canceres no
mundo sao causados por uma alimentagdo incorreta e quando se adiciona alcool e cigarros, o
percentual pode aumentar para 60%. A predisposi¢do genética ao cancer ¢ de
aproximadamente 20% sendo a maioria dos canceres associados a uma série de carcindgenos
ambientais (REDDY; ODHAV; BHOOLA, 2003).

A maioria dos canceres humanos resultam da exposi¢cdo a carcindgenos ambientais,
que incluem tanto naturais como produtos quimicos sintéticos, irradiacdo e virus (REDDY;
ODHAYV; BHOOLA, 2003). Entende-se por ambiente, o meio em geral (agua, terra e ar), o
ambiente ocupacional (industrias quimicas), o ambiente social e cultural (estilo e habitos de
vida) e o ambiente de consumo (alimentos, medicamentos). As mudangas provocadas no meio
ambiente pelo proprio homem, os hébitos e estilos de vida adotados pelas pessoas podem
determinar os diferentes tipos de cancer (ALMEIDA et al., 2005).

Cancerigenos na dieta que desencadeiam a fase inicial compreendem moldes e
producao de aflatoxinas (por exemplo, em amendoim e milho), nitrosaminas (em carnes
defumadas e outros produtos curados), as gorduras e 6leos, alcool, aditivos e conservantes.

Uma combinacdo de alimentos pode ter um efeito cumulativo, e quando a dieta errada ¢
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adicionado a um ambiente poluido, o tabagismo, radiagdo UV, radicais livres, falta de
exercicio fisico eo stress, o palco estd montado para danos no DNA e progressdo do cancer
(REDDY; ODHAV; BHOOLA, 2003). As duas formas mais importantes para reduzir o risco
de cancer sdo a prevencdao de agentes bioldgico, quimico e fisico que causam cancer e
aumento de consumo de alimentos que protegem contra o cancer. Aproximadamente, 30% a
40% da incidéncia de cancer sdo evitaveis pelo consumo de uma alimenta¢do saudavel,
atividade fisica regular e manuten¢do do peso corporal ideal, e mais de 20% por consumir
vegetais e frutas (AMIN et al., 2009).

Sao raros os casos de canceres que se devem exclusivamente a fatores hereditérios,
familiares e étnicos, apesar do fator genético exercer um importante papel na oncogénese. Um
exemplo sdo os individuos portadores de retinoblastoma que, em 10% dos casos, apresentam
histéria familiar deste tumor (INCA, 2010).

Alguns tipos de cancer de mama, estdbmago e intestino parecem ter um forte
componente familiar, embora ndo se possa afastar a hipotese de exposicdo dos membros da
familia a uma causa comum. Determinados grupos €tnicos parecem estar protegidos de certos
tipos de cancer: a leucemia linfocitica ¢ rara em orientais, € o sarcoma de Ewing ¢ muito raro

em negros (INCA, 2010).

3.3.2 Caracteristicas do cancer

Hanahan e Weinberg (2000) propuseram seis alteragdes fundamentais na fisiologia
celular que governariam a transformacdo de uma célula normal em cancerigena:
autosuficiéncia nos sinais de crescimento; insensibilidade aos inibidores de crescimento;
evasdo da apoptose; potencial replicativo ilimitado; angiogénese mantida; invasao tecidual e

metastase. Em 2009, Mantovani adicionou mais uma alteragao, a inflamacao.

3.3.2.1 Autosuficiéncia nos sinais de crescimento

As células normais exigem sinais de crescimento mitogénicos antes que elas possam
passar de um estado quiescente para um estado proliferativo ativo. Estes sinais so
transmitidos para a célula por receptores transmembranicos que ligam distintas classes de
moléculas sinalizadoras: fatores de crescimento difusiveis, componentes da matriz
extracelular e moléculas de adesdo/interacdo célula a célula (HANAHAN; WEINBERG,
2000).
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As células tumorais adquirem a capacidade de produzir seus proprios fatores de
crescimento, reduzindo assim sua dependéncia de estimulo de seu microambiente do tecido
normal. Esta libertagdo de sinais derivados da dependéncia exdgena interrompe o mecanismo
homeostatico que opera normalmente para garantir um comportamento adequado de varios
tipos de células dentro de um tecido (HANAHAN; WEINBERG, 2000; TEIXEIRA, 2007).

Células cancerigenas exploram trés estratégias para a conquista da autosuficiéncia:
produzem e liberam fatores de crescimento que estimulam os seus proprios receptores
(sinalizagdo autdcrina) e seus vizinhos imediatos (sinalizagdo paracrina); altera o nimero, a
estrutura ou fun¢ao dos receptores de fator de crescimento em sua superficie, de tal forma que
eles sdo mais propensos a enviar um sinal de crescimento para o nucleo; desregulacao da via
de sinalizag¢ao do receptor de fator de crescimento para que ele seja permanentemente ativado

(HARRINGTON, 2007).

3.3.2.2 Insensibilidade aos inibidores de crescimento

Dentro de um tecido normal, varios sinais antiproliferativos operaram para manter a
quiescéncia celular e a homeostase do tecido; estes sinais incluem inibidores de crescimento
soluveis e inibidores imobilizados incorporados na matriz extracelular e na superficie das
células vizinhas. Estes sinais inibidores do crescimento, como os seus homologos
positivamente ativados, sdo recebidos por receptores transmembranico de superficie celular
acoplados a circuitos de sinalizagao intracelular (HANAHAN; WEINBERG, 2000).

Sinais antiproliferativo podem bloquear a proliferacdo por dois mecanismos distintos.
As células podem ser forgadas a sair do estado proliferativo para o estado quiescente (Go) a
partir da qual podem emergir em algum momento futuro, quando sinais extracelulares
permitirem ou as células podem ser induzidas a entrar no estagio poés-mitose. Esses sinais sao
mediados por ligantes, TGF-f (fator de crescimento de transformagdo P) e sinais enviados
para o nucleo via mensageiros secundarios (HANAHAN; WEINBERG, 2000; TEIXEIRA,
2007). Esses caminhos sdo principalmente envolvidos no controle do ciclo celular e seus
efeitos sao mediados através de proteinas que inculem proteinas retinoblastoma (Rb), ciclinas,
cinases dependentes de ciclinas (CDK) e seus inibidores (CDKi). Anormalidades nos sinais
antiproliferativo sdo extremante comum no cancer ¢ desempenham um papel em ajudar as
células cancerosas de progredir através do ciclo celular Portanto a perda de Rb e membros da
familia CDKi e superexpressao de certas ciclinas e CDK ocorrem em varios tipos de tumores

(HARRINGTON, 2007).
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3.3.2.3 Evasdo a apoptose

Células normais sucessivamente verificam sua viabilidade através do equilibrio de
sinais antiapoptotico e pro-apoptotico que recebem. Em células normais o dano no DNA leva
ao bloqueio da prolifera¢do (interrup¢ao do ciclo celular) quando o potencial de reparo ¢
avaliado. Se o nivel do dano excede a capacidade de reparo, o equilibrio dos sinais
antiapoptotico e pro-apoptotico ¢ perdido e as células sofrem apoptose. Isso impede danos no
DNA e evita o risco das mutagdes serem transmitidas aos descendentes na divisdo celular
(HARRINGTON, 2007).

Evasdo de apoptose ¢ uma das marcas docancer humano que promovem a formacao e
progressao tumoral, bem como resisténcia ao tratamento (FULDA, 2010). A perda da via de
sinalizagdo apoptotica ¢ um evento extremamente comum no cancer. Os dois genes mais
conhecidos envolvidos na apoptose sdo p53 (supressor tumoral) e bcl-2 (oncogenese). As
células cancerosas sdo capazes de escapar da apoptose através da capacidade de ignorar os
sinais enviados através da via extrinseca ou por reconfiguragao do balanco intracelular das

moléculas pro e antiapoptoticas (HARRINGTON, 2007).

3.3.2.4 Potencial replicativo ilimitado

Células somaticas normais podem sofrer divisdes celulares finitas antes de entrarem
no periodo de senescéncia replicativa. Esse processo ocorre como um resultado de células
incapazes de replicar as extremidades de seus cromossomos (teldmeros) em cada divisdo.
Portanto, ao longo do tempo os telomeros ficam progressivamente mais curtos. Nas células
malignas a estrutura e o comprimento dos teldmeros sdo mantidos pela transcriptase reversa

da telomerase (HARRINGTON, 2007; KELLAND, 2007)

3.3.2.5 Angiogénese sustentada

Em tecidos normais a angiogénese ¢ realizada por um equilibrio entre os fatores
positivos (pré-angiogénicos) e negativos (antiangiogénicos) (Tabela 1). O crescimento do
cancer estd intimamente relacionado a sua capacidade de garantir o fornecimento de sangue
que ¢ adquirido por corromper o balango entre fatores pré-angiogénico e antiangiogénico. O

cancer amumenta a producdo de proteinas pré-angiogénica como o fator de crescimento
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endotelial vascular (VEGF) e/ou por diminuir a produ¢do das proteinas anti-angiogénicas

como a trombospondina-1 (HARRINGTON, 2007) (Figura 8).

Tabela 1 - Fatores pro-angiogénicos ¢ antiangiogénicos

Fatores pré-angiogénicos

Fator de crescimento endotelial vascular (VEGF)

Fator de crescimento fibroblasto basico (bFGF)

Fator de crescimento fibroblasto acido (aFGF)

Fator de crescimento de transformagdo a e p (TGF-a, TGF-B)
Fator de crescimento derivado de plaquetas (PDGF)

Fator de necrose tumoral a (TNF- o)

Fatores antiangiogénicos

Angiostatina

Endostatina

Trombospondina 1 e 2 (TPS-1, TPS-2)
Interleucinas (IL-1P, IL-12, IL-18)
Anti-trombina I1I

Fonte: Harrington 2007

Figura 8 - Angiogénese.

A

~ Potencial para
0 crescimento
e propagacéo

Fatores
angiogénicos

Vasasanguineo Angiogénese completa

Fonte: Adaptado de Siemann, 2002.
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3.3.2.6 Invasdo tecidual e metdstase

Os tumores malignos sao caracterizados por sua capacidade de invadir
anatomicamente tecidos normais distantes e crescerem. Durante este processo altamente
seletivo, as células tumorais deixam seu local principal e disseminam por varias vias, como 0s
vasos sanguineos e linfaticos. Ocorre a digestdo enzimatica da matriz extracelular seguida
pela motilidade especifica direcionada; as células penetram nos vasos e ocorre a embolizagao
do tumor; sobrevivem na circulagdo até a chegada no local da metastase que pode ser
escolhido com fornecimento de ambiente favoravel de fatores de crescimento apropriados;
aderem ao endotélio dos vasos sanguineos ¢ sdo extravasas dos vasos e entdo comeca a
proliferar e invadir o novo local (HARRINGTON, 2007; MANTOVANI 2009).

Nem todas as células cancerosas podem metastatizar, porque a metastase depende
tanto das propriedades intrinsecas das células tumorais quanto de fatores derivados do

microambiente tumoral (MANTOVANI, 2009).

3.3.2.7 Inflamagao

A inflamacdo ¢ um processo fisiolégico em resposta ao dano tecidual resultante da
infec¢do do patdgeno, irritagdo quimica e/ou ferimento. No estagio inicial da inflamagao, os
neutrdfilos sdo as primeiras células a migrarem para o local inflamado. Como a inflamagao
progride linfécitos e outras células inflamatorias sdo ativados e atraido para o local inflamado
por uma rede de sinalizagdo envolvendo um grande numero de fatores de crescimento,
citocinas e quimiocinas. Todas as células recrutadas para o sitio inflamatorio contribuem para
a degradacdo dos tecidos e sdo beneficiadas pelo fortalecimento e manutengdo da defesa
contra a infec¢ao (LU; OUYANG; HUANG, 2006).

A proliferacao de células em si ndo causa cancer mas a proliferagdo celular sustentada
em um ambiente rico em células inflamatérias (neutréfilos, mastocitos, macréfagos, células
dentriticas, eosinéfilos e mastocitos), fatores de crescimento, estroma ativado, mediadores
(citocinas e quimiocinas) e agentes promotores que danificam o DNA certamente potencializa

e/ou promove neoplasias (COUSSENS; WERB, 2010; LU; OUYANG; HUANG, 2006).

3.3.3 Tipos de cancer
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O cancer ¢ classificado de acordo com o tipo de célula normal que o originou, e ndo de
acordo com os tecidos para os quais se espalhou. Isso € o que pode se chamar de classificacao
primaria. Pelo que se sabe sobre classificacdo primaria do cancer, quase todos os tipos podem
ser colocados em um dos seguintes grupos, onde o sufixo — oma significa literalmente tumor
(ALMEIDA et al., 2005).

A maioria de tumores humanos se desenvolve a partir de tecidos epiteliais. O epitélio
sao camadas de células que delineam as paredes de cavidades e canais. Abaixo das camadas
de células epiteliais encontra-se uma membrana basal, ela separa as células epiteliais de suas
subcamadas de células de tecido conjuntivo de suporte (estroma). A membrana basal ¢ um
tipo celular especializado de matriz extracelular e ¢ formada por proteinas secretadas pelas
células epiteliais. Os epitélios semeiam os tipos de canceres humanos mais comuns,
carcinomas. Muitos epitélios também possuem células especializadas que secretam
substancias nos ductos e cavidades que eles revestem gerando os adenocarcinomas
(WEINBERG, 2008).

Hé tumores malignos que se desenvolvem a partir de tecidos ndo epiteliais, sendo a
principal classe derivados do tecido conjuntivo, sarcomas. Os sarcomas sao derivados de
diversos tipos de células mesenquimais (fibroblastos, adipocitos, osteoclastos e miocitos).
Outro grupo de cancer ndo epitelial se desenvolve a partir de diversos tipos de células do
sangue (hematopoético) conhecido como leucemias, incluindo as células do sistema imune, os
linfomas. E o ultimo grupo de cancer ndo epitelial se desenvolve a partir de células que
formam componentes do sistema nervoso central e periférico, neuroectodermais. Nem todos
os tumores se encaixam perfeitamente a esses grupos, por exemplo, os melanomas que sdo

derivados de melanocitos (WEINBERG, 2008).

3.3.4 Epidemiologia

A incidéncia do cancer cresce no Brasil, como em todo o mundo, num ritmo que
acompanha o envelhecimento populacional decorrente do aumento da expectativa de vida. E
um resultado direto das grandes transformacgdes globais das ltimas décadas, que alteraram a
situacdo de satde dos povos pela urbanizacdo acelerada, novos modos de vida, novos padrdes
de consumo. Importante causa de doenga e morte no Brasil, desde 2003, as neoplasias
malignas constituem-se na segunda causa de morte na populagdo (INCA, 2009).

O Instituto Nacional do Cancer estima a ocorréncia de 489.270 casos novos de cancer

no Brasil para o ano de 2010. Os tipos mais incidentes, a exce¢do do cancer de pele do tipo ndo
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melanoma, serdo os canceres de prostata e de pulmdo no sexo masculino e os canceres de

mama e do célon do ttero no sexo feminino (Figura 9).

Figura 9 - Estimativas para o ano de 2010 de nimero de casos por cancer, segundo a localiza¢do
primaria.

Localizagao Priméria Estimativa de Casos Novos

Neoplasia Maligna Masculino Feminino Total
Prostata 52.350 - 52.350
Mama Feminina - 49.240 49.240
Traqueia, Brénguio e Pulméo 17.800 9.830 27.630
Colon e Reto 13.310 14.800 28.110
Estémago 13.820 7.680 21.500
Colo do Utero - 18.430 18.430
Cavidade Oral 10.330 3.790 14,120
Esofago 7.890 2.740 10.630
Leucemias 5.240 4.340 9.580
Pele Melanoma 2.960 2.970 5.930
QOutras Localizagdes 59.130 78.770 137.900
Subtotal 182.830 192.590 375.420
Pele nao Melanoma 53.410 60.440 113.850
Todas as Neoplasias 236.240 253.030 489.270

Fonte: INCA, 2009.

3.3.5 Terapia do cancer

O tratamento do cancer pode ser feito através de cirurgia, radioterapia, quimioterapia
ou transplante de medula 6ssea (INCA, 2010). O tratamento da maioria dos casos de cancer
consiste na combinacio de diferentes técnicas (BRANDAO et al., 2010; INCA, 2010).

Os agentes antineoplasicos atualmente utilizados, em particular os que sdo citotdxicos,
afetam, em sua maioria, apenas uma das caracteristicas das células cancerosas, o processo de
divisdo celular, sendo, portanto, apenas antiproliferativos. Esses farmacos nao exercem
nenhum efeito inibitorio especifico sobre o poder invasivo, a perda da diferenciacdo ou o
poder metastatico. Além disso, como seu efeito principal ¢ exercido sobre a divisdo celular,
eles irdo afetar todos os tecidos normais que se dividem rapidamente, produzindo entdo, em
maior ou menor grau, os conhecidos efeitos colaterais de uma quimioterapia (BERNARDI,
JACQUES-SILVA, LENZ 2003). Efeitos colaterias como diarréias, nauseas, vOmitos,
alopecia e maior susceptibilidade as infeccdes (BRANDAO et al., 2010). Em certas
circunstancias, os proprios agentes antineoplasicos podem ser carcinogénicos (BERNARDI,

JACQUES-SILVA, LENZ 2003).
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Além de destruir ou remover células malignas as pesquisas buscam novas terapias
como inativar componentes da via de sinalizagdo do oncogénese; restaurar a fungdo dos genes
de supressao tumoral; empregar inibidores da proliferacdo especificos dos tecidos; inibir o
crescimento, a invasdo e a metastase do tumor; melhorar a resposta imune do hospedeiro e
reverter a resisténcia aos farmacos (RANG et al., 2007).

A inativa¢do dos componentes da via de sinalizacdo do oncogénese pode ser através
dos inibidores dos receptores do fator de crescimento ao receptor como EGF (fator de
crescimento epidermal), RTKs (titosina-quinase), inibidores de Ras (BERNARDI,
JACQUES-SILVA, LENZ 2003; RANG et al., 2007).

Talvez agentes que inibiam a apoptose podem ser vantajoso em conjugacdo com
quimioterapia ou radioterapia para a redugdo da dose limite e efeito da apoptose em células
normais. Dentre estes agentes temos: ligantes de receptores de morte, antagonistas da familia
Bcl-2, complexo p53-MDM2 entre outros (GERL; VAUX, 2005).

A terapia génica tem como abordagens promissoras: restaurar mecanismos protetores
como p53; inativar a expressdo de oncogenes; fornecer um gene para células malignas,
tornando-as sensiveis as drogas; fornecer um gene as células hospedeiras sadias para protege-
las da quimioterapia; marcar células cancerosas com genes para torna-las imunogénicas
(BERNARDI, JACQUES-SILVA, LENZ 2003).

Os inibidores de matriz metaloproteinase e da angiogénese podem inibir o
crescimento, a invasdo e a metastase do tumor. As metaloproteinases, que sdo uma familia de
endopeptidases, estdo envolvidas, tanto na invasdo, quanto nas metastases dos canceres, por
terem a capacidade de degradar os componentes da matriz extracelular. O marimastat ¢ uma
droga que inibe essa enzima. Os inibidores da angiogénese atuam em reguladores enddgenos
(angiogenina, VEGF e FGF), a fim de impedir a irrigacdo do tumor. Um exemplo desse
inibidor ¢ a talidomida (BERNARDI, JACQUES-SILVA, LENZ 2003; PAN et al., 2008;
RANG et al., 2007).

As células podem desenvolver resisténcia a uma droga ou resisténcia cruzada a outras
drogas, fendmeno conhecido como resisténcia a multiplas drogas (MDR) (BERNARDI,
JACQUES-SILVA, LENZ 2003) Este fenomeno de pode estar relacionado a uma série de
fatores: o transporte da droga através da membrana plasmadtica, alteracdo nas enzimas-alvo,
alteracdo no metabolismo da droga, aumento na reparacdo do DNA e incapacidade para sofrer
apoptose. Dentre estes, o primeiro € a principal forma de resisténcia e esta relacionado com a
presenca de bombas que transportam ativamente o quimioterapico para fora da célula

(bombas de efluxo), este fendmeno pode ser explicado pela existéncia de uma glicoproteina
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de membrana celular (glicoproteina-P) (HUBER; MARUIAMA; ALMEIDA et al., 2010;
FORMARIZ, et al., 2004).

As principais pesquisas estdo concentradas na exploracdo de farmacos ativos que sao
utilizados em fung¢do de uma atividade farmacologica principal, mas que tém como
propriedade secunddria a capacidade de reverter o fendmeno MDR. Para exemplificar, pode-
se citar o verapamil, nimedipina, amiodarona, trifluoperazina, quinina e a ciclosporina A,
todos classificados como moduladores de primeira geragao (BERNARDI, JACQUES-SILVA,
LENZ 2003; HUBER; MARUIAMA; ALMEIDA et al., 2010).

Muitos dos inibidores da P-gp s6 ¢ utilizado em doses bastante altas, apresentando
muitas vezes um nivel de toxicidade bastante elevado. A segunda geracdo de moduladores
inclui o biricodar, valspodar, dexverapamil, dexniguldipina, e derivados da indolizilsulfona e
triazinoaminopiperidina. Estes, compostos, embora mais potentes € menos toxicos que os de
primeira geragdo, apresentam algumas limitagdes como o biridacor e o valspodar inibem o
metabolismo do quimioterdpico paclitaxel, via citocromo P450A4. A terceira geracdo de
moduladores ¢ constituida por inibidores como o elacridar e tariquidar, que ndo apresentam
interacdes farmacocinéticas com quimioterapicos € mostraram alta poténcia e especificidade

para a P-gp (HUBER; MARUIAMA; ALMEIDA et al., 2010).

3.3.6 Antineoplasicos derivados de planta

A procura por moléculas cada vez mais potentes € menos toxicas € constante, tendo
como grande fornecedor a natureza. As plantas sdo consideradas fonte nobre de moléculas
para o tratamento de varias formas de cancer e, mesmo que a molécula isolada do vegetal nao
possa ser usada diretamente como medicamento, pode servir de modelo para sintese ou para
gerar um pro-farmaco para o desenvolvimento de novos agentes (BRANDAO et al., 2010).

Existem varios registros histéricos sobre a utilizagdo das plantas para tratamento de
doengas desde 4.000 a.C. O primeiro registro médico depositado no Museu da Pensilvania ¢
datado de 2.100 a.C. e inclui uma cole¢ao de formulas de trinta diferentes drogas de origem
vegetal, animal ou mineral. O manuscrito Egipcio “Ebers Papirus” (1.500 a.C.) contém 811
prescri¢des e 700 drogas e o primeiro texto Chinés sobre plantas medicinais (500 a.C.) relata
nomes, doses e indicagdes de uso de plantas para tratamento de doengas. Algumas dessas
plantas ainda sao utilizadas, como Ginseng (Panax spp), Ephedra spp, Cassia spp € Rheum

palmatum L., inclusive como fontes para industrias farmacéuticas (DUARTE, 2006).



35

Entre o periodo de 1960 a 1986, no programa de avaliacdo de substincias antitumorais
de origem vegetal do Instituto Nacional do Cancer dos Estados Unidos foram investigados
108.330 extratos obtidos de 35.000 espécies vegetais, 2.935 espécies revelaram atividade
biologica. Das 2.000 substancias cristalinas isoladas e testadas, 95 foram selecionadas para
investigagdes especiais e¢ 11 aprovadas para testes contra diversos tumores. Entre tais
substancias foram indicadas a brucetina, a maitansina, o colubrinol, a indicina-N-6xido, o
tripdiolido, o taxol, a homo-harringtonina, elipticina, bouvardina (BRAZ FILHO, 2010) e o
lapachol (ARAUJO, ALENCAR, ROLIM NETO 2002).

Os alcaloides vincristina e vimblastina isolados da espécie Catharanthus roseus,
destacam-se como dois dos mais importantes agentes quimioterapéuticos de uso clinico
corrente contra o cancer, seguidos pelos produtos semissintéticos etoposido e teniposido,
obtidos de epipodofilotoxina isolado das espécies Podophyllum peltatum e P. endoii (BRAZ
FILHO, 2010).

O Brasil conta, atualmente, com grupos de pesquisa empenhados em investigagdes de
substancias naturais anticancerigenas e outras atividades biologicas dentre elas: A
naftoquinona denominada lipsidoquinona, isolada de Lippia sidoides; diploflavona isolada de
Diplotropis ferruinea; biflavonoides isolados das espécies Ouratea hexasperma e Ouratea
semiserrata; as witafisalinas isoladas das folhas de Acnistus arborescens (BRAZ FILHO,

2010).

3.4 Antibioticos

Sdo substincias naturais (produzidas por bactérias, fungos, actinomicetos) ou
sintéticas que inibem o crescimento dos microrganismos ou podem eventualmente destrui-los.
Classificados em bactericidas, quando causam a morte da bactéria, ou bacteriostaticos,
quando promovem a inibi¢do do crescimento microbiano (GOODMAN; GILMAN, 1996;
GUIMARAES, MOMESSO, PUPO, 2010).

No século XIX a possibilidade das bactérias serem causadores de processos
infecciosos comecgou a ser discutida, com o surgimento dos experimentos de Louis Pasteur
que demonstrou que algumas linhagens de bactérias eram importantes para processos de
fermentagdo e, também, que as bactérias eram de ampla distribui¢do pelo meio ambiente.
Apos a segunda metade do século XIX, cientistas identificaram micro-organismos
responsaveis por doencas como tuberculose, colera e febre tifoide (GUIMARAES,

MOMESSO, PUPO, 2010).
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Entdo as pesquisas foram conduzidas na busca de agentes quimicos que apresentassem
atividade antibiotica. O grande marco no tratamento das infec¢des bacterianas ocorreu com a
descoberta da penicilina, por Alexander Fleming, em 1928. A atividade da penicilina era
superior a das sulfas e a demonstracao que fungos produziam substancias capazes de controlar
a proliferacdo bacteriana motivou uma nova frente de pesquisas na busca de antibidticos: a
prospeccdo em culturas de micro-organismos, especialmente fungos e actinobactérias
(GUIMARAES, MOMESSO, PUPO, 2010).

Entre os anos 1940-1960 varios antibioticos foram descobertos através de triagens de
produtos naturais microbianos, sendo a maioria deles eficazes para o tratamento de bactérias
Gram-positiva: B-lactdmicos (cefalosporina), aminoglicosideos (estreptomicina), tetraciclinas
(clortetraciclina), macrolideos (eritromicina), peptideos (vancomicina) e outros (cloranfenicol,
rifamicina B, clindamicina e polimixina B). Neste periodo apenas trés derivados sintéticos
foram introduzidos no mercado: isoniazida, trimetropim e metronidazol (GUIMARAES,
MOMESSO, PUPO, 2010). O pesquisador Prof. Oswaldo Gongalves de Lima em 1956
encontrou atividade antimicrobiana do ipé-roxo frente a cepas de Bacillus subtilis,
Sthaphylococcus aureus, Micrococcus flavus, Bacillus anthracis, Bacillus cereus e
Escherichia coli. Verificou também que a medida que se eleva o grau de pureza do Lapachol,
diminui-se progressivamente a atividade antimicrobiana do Lapachol (ARAUJO, ALENCAR,
ROLIM NETO 2002; FONSECA et al., 2003.).

Desde o inicio dos anos 80 o niumero de antimicrobianos em fase de desenvolvimento
diminuiu consideravelmente enquanto que a resisténcia dos micro-organismos aos mesmos
tem crescido de forma imensuravel, porque eles estdo cada vez mais desenvolvendo uma série
de novos mecanismos de resisténcia. O estudo da resisténcia bacteriana, geralmente ¢ baseado
em micro-organismos de importancia epidemioldgica, tais como S. aureus, E. coli, P.
aeruginosa e fungos leveduriformes, responsaveis por diferentes processos etioldgicos tanto
em pacientes imunocompetentes quanto em pacientes imunodeprimidos (ANTUNES et al.,
2006).

O uso constante de antibioticos tem provocado uma série de problemas dentre os quais
se destacam o desequilibrio da ecologia humana e a resisténcia microbiana, fazendo com que
se busquem novos antibioticos que sejam eficazes, abrindo caminhos para a evolucdo das
pesquisas, pois o desenvolvimento de qualquer novo antimicrobiano vem acompanhado pela
resisténcia dos micro-organismos (ANTUNES et al., 2006). A busca por novas substancias
antimicrobianas a partir de fontes naturais, incluindo plantas, vem ganhando importancia nas

industrias farmacéuticas (DUARTE, 2006).
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Atualmente, o uso de plantas como uma fonte de medicamentos ¢ predominante em
paises em desenvolvimento como uma solugdo alternativa para problemas de saiude e estd bem
estabelecido em algumas culturas e tradigdes, especialmente na Asia, América Latina e
Africa. Estudos sobre as atividades antimicrobianas de extratos e 6leos essenciais de plantas
nativas tém sido relatados em muitos paises tais como Brasil, Cuba, India, México e Jordania,
que possuem uma flora diversificada e uma rica tradi¢do na utiliza¢do de plantas medicinais
para uso como antibacteriano ou antifungico (DUARTE, 2006).

Na busca de novos antimicrobianos devemos enfatizar aqueles de origem vegetal, uma
vez que o Brasil apresenta a maior biodiversidade do planeta e que muitas plantas ja vém
sendo vastamente usadas e testadas ha centenas de anos com as mais diversas finalidades por
populacdes do mundo inteiro. A maior parte da populagdo brasileira (80%) consome apenas
37% dos medicamentos disponiveis, dependendo quase que exclusivamente de medicamentos
de origem natural. Para isso, antes da determinacdo das fra¢des ativas por métodos
bioquimicos sofisticados, agora disponiveis, torna-se necessario e util o uso preliminar de
métodos de triagem de dominio popular ou das farmacias homeopaticas como macerados,
chas, extratos aquosos, alcodlicos e outros. Deve-se lembrar que os principios ativos podem
estar presentes em diferentes fracdes de um composto ou mesmo que um principio ativo seja

liberado s6 apos a agdo metabolica do animal (FERRONATO et al., 2007).

3.5 Familia Erythroxylaceae

A familia Erythroxylaceae abrange quatro géneros, Aneulophus Benth,
Nectaropetalum Engl, Pinacopodium Exell & Mendonca e Erythroxylum P. Browne,
facilmente distinguidos pela caracteristica das folhas e flores. Erythroxylum ¢ o maior género
e compreende cerca de 200 espécies, que sao amplamente distribuidas em todos os tropicos,
mas com grandes areas de diversidade na América do Sul, Africa, Ilha de Madagascar,
sudeste da Asia e Australia (BRACHET et al., 1997, GRIFFIN; LIN, 2000, ZANORALI et
al., 2003b; BARREIROS et al., 2005; BROCK et al., 2005; GONZALEZ-GUEVARA et al,
2006). No Brasil foi descrita a ocorréncia de 130 espécies em ambientes florestais e de
Cerrado (BIERAS; SAJO, 2004). Os outros trés géneros, Aneulophus, Nectaropetalum e
Pinacopodium, possuem poucas espécies e apresentam distribui¢do exclusiva na Africa
(PLOWMAN; BERRY, 1999; DALY, 2004).

No Estado da Paraiba foram registradas 13 espécies: E. caatingae Plowman, E.

citrifolium A. St.-Hil, E. nummularia Peyr., E. pauferrense Plowman, E. passerinum Mart., E.
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pulchrum A. St.-Hil., E. pungens O.E. Schulz, E revolutum Mart., E. simonis Plowman, E.
suberosum var. denudatum O.E. Schulz, E. subrotundum A. St.-Hil. e E. squamatum Sw.
encontradas nas diversas formagdes do Estado, como as florestas umidas da Mata Atlantica,
Brejos de Altitude, Matas Serranas, Restingas e areas mais secas da Caatinga, como o Cariri
Paraibano (LOIOLA et al., 2007).

O interesse pelo género intensificou-se no século XIX, apdés a descoberta das
atividades farmacoldgicas apresentadas pelas folhas de Erythroxylum coca Lam., que
secularmente eram empregadas pelos indigenas da regido andina da América do Sul. A
cocaina, um alcaldide natural produzido por E. coca foi empregado como anestésico local em
pequenas cirurgias. Entretanto, a cocaina ganhou notoriedade por sua atividade psicoativa no
Sistema Nervoso Central, tornando-se um dos grandes problemas de satde publica da
atualidade (LOYOLA et al., 2007). Apenas espécies de interesse econdmico sdo cultivadas,
variedades de E. coca e E. novogranatense, devido ao seu contetido de cocaina, que pode
atingir até 2% da massa seca de folhas. A cocaina ¢ acumulada nas folhas de E. coca e E.
novogranatense mas pode ocorrer tragos em outras espécies (BROCK et al., 2005; BIERE et

al., 2006).

3.5.1. Atividades bioldgicas do género Erythroxylum

O género ¢ constituido por diversas plantas, as quais sdo usadas na medicina
tradicional no tratamento de infec¢des bacterianas e/ou virais da pele, amenorréia,
hemorragia, distirbios renais e respiratorios, gripes, sinusite, dores de estdmago, para
combater a fadiga e a sensacdao de fome e como estimulante. (SILVA et al., 2001; RODEIRO
et al., 2008a).

As espécies E. catuaba e E. vacciniifolium sao tradicionalmente descrita como catuaba
e usadas como estimulante do sistema nervoso central e afrodisiaca (ZANOLARI et al.,
2003a,b). E. argentinum conhecida popularmente como erva de pombo ou cocdo, ¢ utilizada
no tratamento de sinusite, estdmago e gripe (CHAVES et al. 1988, ZUANAZZI et al., 2001).
E. moonii e E. zeylanicum sao utilizadas como anti-helmintica (RAHMAN et al., 1998;
BRIGMANN et al., 2000), sendo E. moonii usada também para supuracdo de furunculos e
abscessos (RAHMAN et al., 1998). E. pervillei possui varios usos folcloricos, inclusive como
um veneno de peixes e para tratar a dor abdominal e tumores (SILVA et al. 2001). As folhas e

raizes de E. emarginatum sao usados para alivio da dor, sendo as folhas também sao usadas
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para aumentar o desejo sexual (NISHIYAMA et al., 2007). E. sideroxyloides ¢ usada no
tratamento de infecgdes da garganta, febre e calculos renais (SOOBRATTEE et al., 2008).

Mistura de ervas utilizadas na medicina tradicional de Cuba foram investigadas
através de entrevistas com 130 pessoas das provincias de Santiago, de Cuba e Guantanamo.
Cento e setenta espécies e outros produtos sdo usados em 199 féormulas. Dentre as espécies
mais citadas encontra-se E. havanense. Misturas contendo raizes de E. havanense sdo
utilizadas para pedras na vesicula, calculo renal, reumatismo, artrose, pneumonia, catarro,
turbeculose, dor muscular e doengas venéreas (CANO; VOLPATO 2004).

Existem poucos estudos com comprovagdo farmacoldgica do género Erythroxylum
entre eles, a atividade antiinflamatdria induzida por carragenina em ratos e analgésica pelo
teste da placa quente em camundongos dos extratos hidroalcéolico de E. argentinum
verificada por Chaves et al. (1988).

Extratos alcalinos da casca de E. catuaba apresentaram agao protetora contra infecgdes
letais de Escherichia coli e Staphylococcus aureus, inibi¢do do virus da imunodeficiéncia
humana (HIV) e contra infec¢des oportunas em pacientes com HIV (MANABE et al., 1992).

Cientistas japoneses sugerem que as folhas de E. lucidium podem apresentar atividade
anti-herpes viral e estudos mostraram que extrato metanolico foi inativo na inibi¢do tumoral e
no teste de intercalagdo com DNA (BRACHET et al., 1997).

Quanto a toxicidade, o extrato de E. lucidum e E. confusum foram atdxico no ensaio
com Artemia salina (BRACHET et al., 1997; MARTINEZ-HORMAZA et al., 2006), porém a
ingestdo dos frutos de E. deciduum apresentaram toxicidade em ovinos (COLODEL et al.,
2004).

O extrato alcodlico de E. moonii mostrou atividade antifiungica contra Candida
albicans, Asperyillus niger, Curvularia lunata, Penicillium notatum, Alternaria solani,
Epidermophyton floccosum, Dutarium rotatum, Microsporurn canis e Ascomycetes sp.
Porém, ndo apresentou atividade antibacteriana em Staphylococcus aureus, Streptococcus
epidermidis, Bacillus subtilis, Corynebacterium hofmanni, Corynebacterium diphtheriae,
Pseudomonas aeruginosa, Pseudomonas pseudomalliae, Aeromonas sobriae, Shigella boydii
e Escherichia coli nas concentragdes de 100 e 200ug/mL (RAHMAN et al., 1998).

A atividade citotoxica de Erytroxylum foi descrita inicialmente em 2001 por Silva e
colaboradores em células de carcinoma e adenocarcinoma. O estudo mostrou que o extrato
metanolico e os alcaloides tropanos de E. pervillei inibiram o crescimento de células KB - V1
(carcinoma de cérvix humana resistente a multidrogas) na presenga de vimblastina, sendo

muito menos citotoxica para células KB-V1 na auséncia de vimblastina ou células KB
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(carcinoma epidermoéide oral). Os alcaloides isolados da espécie, pervillene B e C,
apresentaram citotoxicidade em adenocarcinoma do ovario (SKOV3) e adenocarcinoma do
ovario resistente a multidrogas (SKVLB) incubadas com adriamicina. No ano seguinte,
alcaloides isolados do caule de E. rotundifolium também apresentaram citotoxicidade em
células KB - V1 resistente a multidrogas e cé¢lulas KB - V1 resistente a multidrogas incubadas
com vinblastina (CHAVEZ et al., 2002).

Recentemente, diterpenos isolados do extrato acetato de etila de E. passerimum
apresentou atividade inseticida contra Aedes aegypti (BARREIROS et al., 2007). Extratos de
E. minutifolium e E. confusum produziram um efeito citotdxico significativo em hepatdcitos
de ratos, atividades anti-inflamatoria e antimicrobiana (RODEIRO et al., 2008a,b). E a
espécie E. sideroxyloides mostrou alto efeito protetor em peroxidagdo de lipidios

(SOOBRATTEE et al., 2008).

3.5.2 Estudo fitoquimico do género Erythroxylum

O género Erythroxylum ¢ caracterizado pela presenca de alcaloides, taninos, terpenos,
fenilpropanoides e flavonoides, mas com maior abundancia de alcaldides tropanos (CHAVEZ
et al., 1996; ZUANAZZI et al., 2001; KHATTAK et al., 2002; GONZALEZ-GUEVARA et
al, 2006; OLIVEIRA et al. 2010).

Através de estudos fitoquimicos do género Erythroxylum foram isolados alcaldides
(JOHNSON et al. 1996; CHAVEZ et al., 1996; BRACHET et al., 1997; GRIFFIN; LIN,
2000; KHATTAK et al., 2002; BROCK et al., 2005) dentre eles, alcaldides tropanicos
(CHRISTEN et al., 1995; RAHMAN et al., 1998; PAYO-HILL et al., 2000; BRINGMANN
et al., 2000, KHATTAK et al.,, 2002; ZANOLARI et al., 2003a; CHIN et al., 2006;
NISHIYAMA et al., 2007); flavondides (JOHNSON; SCHMIDT; NORMAN, 1998;
JOHNSON et al., 2003; SANTOS; LIMA; SILVEIRA, 2003; BARREIROS et al., 2005;
KANCHANAPOOM et al., 2005; SOOBRATTEE et al., 2008), terpenos (BARREIROS et
al., 2005, 2007; SANTOS et al., 2005), acetofenonas (KANCHANAPOOM et al., 2005),
compostos fendlicos e proantocianidinas (SOOBRATTEE et al., 2008).

Alcaléide tropanico ¢ uma classe importante de produtos naturais devido a sua agado
analgésico, anestésico, anticolinérgico, antiemético, anti-hipertensivo, parasimpaticolitica e
para diminuir as dores da uretra, calculo renal, bronco espasmo e asma bronquica
(OLIVEIRA et al., 2010). Em doses altas promovem estimulagdo seguida de depressao e em

doses baixas diminuem a secrecdo salivar, bronquica e a sudorese. Dependendo da dose,
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levam a alucinagdes percebidas como realidade pelo sujeito, que pode conversar com pessoas
ausentes e ver objetos ou animais que nao existem (MARTINEZ; ALMEIDA; PINTO, 2009).

Atualmente, medicamentos contendo alcaldides tropanicos sdo utilizados para
diminuir colicas renais, espasmos bronquicos e espasmos do trato gastrintestinal e, também,
como anestésicos locais e antidotos em envenenamentos por inseticidas das classes dos

organofosforados e dos carbanatos (MARTINEZ; ALMEIDA; PINTO, 2009).
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Tropame Alkaloids from Erythroxyium caatingae PLOWMAN

by Steno L. de (liveira”) . Josean E Tavares®), Marmnna V. 5 Castedlo Branco™ ),
Hellane F.5. Lucena®) | Jowé M. Badosa-Filho™), Maria de F. Agra®), Sikene C. do Nascimento”)
Jaciama dos 8. Aguiar®), Teresinla G.da Silva"), Carlos A de S imone®), Jodo X de Aomiijo-d dngor )7 ),
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Three tropane alkalodds, 1-3, were Bolated from Erydoroxylon caarsngae, e, & -beng oylony-3.e-
[ {4-hydrosy-3, S-dimethosybenzo joxy] tropane (1), a new topase alkaloid, along with the known
allaloids S G -dibe neoy loxytoopane (2 and 6/F-be nmoy bo sy-3e - (34 5-td methoy bene oyl Joxy Jiropamne
(catuabine B; 3). Their strecture were determined by 2D- 'H and ™) NME. By LIJESFMSNS
amalyas of the fractions of alkal odds 1-3, it was posible to detect five more alkaloids, 4-8, two of these,
4 and B, posaibly beimg new nateral prodects. X-Ray crystallogrmaphy of the chloride de dvate of 1, L, G-
e nzmoy loocy -3 -{4-hy droxy-3, Sdimeth oxybenzoyloxy Jropane ydrochloride (1a) confirmed the strse-
tere of L Cyiotoxicity wis tested against the cell lines HEp-2, NaOT-H292, and KB for the MeOH extract
and alkakoid 3, and antitemor activity was lested against Sarcoma 1580 only for the MeOH extract.

Introduction. — The family Erythroxylscess comprises four genera and ca 240
species with pantropical distribution, with its main centers of diversity and endemism in
Venezuela, Brazl, and Madagescar, The Ervthroxylaceae consist of the genera
Aneulophus, Eryehroxyium, Nectaropetalum , and Piracopodium, where Ervehrooxylum
is the largest and most representative genug with ca 230 speci es and wide distribution
in the tropical regions of the world, and South America is the center of diversity and
endemism. Erythroovlum coatingars 15 a species with distribution restricted o the
MNortheast Braal, bemg only recorded for the states of Bahia, Ceara, Paraiba,
Pernambuco, and Rio Grande do Norie [1].

Tropane alkaloids occur frequently in the families Convolvalaceas, Ervthroxyla-
ceae, Proteacess, Rhizophoraceas, and Solanaceae and have ococasionally been
reported in plants of the Bmilies Brassicaceas, Euphorbiscese, and Oleaceas [2].
Recently, 17 tropane alkaloids were reported from E vacanifolium, collected dn
Paraiba (Brazil) [3][(4]. Studies with the CHCl extract of E pervillel and E
rot e ifodine revealad cvtotosdcity against the multidrog-resistant (MDR ) cell line
KB-V1 inthe presence of vinblastine [2-5]. Recently, we deseribed a ne w trachylobane
diterpene and its cytotoxicity against W79 cells and rat hepatocytes [6]. As part of a
continuing investigation of new binactive molecules from plants of Paratba { Braeil ), we
describe here the isclation and structural identfication of three tropane alkaloids,

2 I Verkag Hehetioa Chimics Acta Alr, Ziisch
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amaong which Af-senwowlon y S dhwd roseye- 3 Salimeet haoe vheneoy loay firopane (1] 1% 5
new tropane alkaloid, whereas 5o 65-dibensod ooy tropané (2) and 65-beazoyl oxy-3a-
(3 4 5 trmethoxvbeazoyloxy tropane (catuabine B: 31 are known compoinds. The
hydrochiorde of 1, ie 1a, wis obtained by acidificat-on with HCL Furthermore, it was
possible to detect. m the fractions of dkaloids 1-3, five additional alkaloids, 4-8,
partially characterized by LOESFMS/MS Cytotoxicity of the MeOH extract and
alkaloid ¥ against HEp2, NCI-H292, and KB calls, ard mviva antitumor activity of the
MeOH exiract ol £ coaaingoe in the oresence of methotre xale were determined.
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Results and Drbscwsslon, - Comoownd 1 wes isolaied as an amorphous solid, wicth a
e lting point of 230-223°, HR-MS exhibited a owlecular oo at s 4421848 ( [M+
H*: cale. #42.136¢), compatible with the molecular formuls CoHyNOy. The TR
spectrum showed absomptions ol 3425 (OH ), aad 1724 and 1277 em—! charactenste of
an ester group. The SO NMR spectrum of 1 showed signale at 4(C) €001 (C(10), 657
(OS50, and 401 (MeN) , chacactenstics of a tropane skeleton. In addi tion , the signals at
SCYATS and 797 are compatible with the tropane skelelom substitned at Ci3) and
Ci6)Y [ 7] The HSOC spectrum showed dirset correations batweer 8(C) 601 (C(1))
and S(H) 545 (H-C(1)). and 65.7 (C(5)). and .43 (H—C(2)). The sreserce of two
COO growss was sapporied by the signali at &(C) 1655 and 166.00 The 'H-NMR
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spectra revealed signals of two OWbearing CH groups at o(H) 534 (H~C(3)) and 593
(H.—C(6) ). two O-bearing CH groups at o(H) 3.45 (H-C(1)) and 343 (H-C(5)).
three O-bearing CHy groups at (H) 2.29 and 257 (H,~C(2) and H, ~C(4), Tesp.),
182 and 203 (H.~C(2) and H_~C(4). resp.), and 235 and 282 (H~C(7) and
H—C(7), resp.h, and a MeM groupat &(H) 2.46. The complete assignment of all the C-
and H-atoms is compiled in Table 1. The relative configuration of 1 was established by
the signal at«&({H) 534 (br. r, H-C(3)) with a coupling comstant of J = 50 Hzindicating
the a-orientation of the substituent at ©(3) [3]. On the other hand, the relative
configuration of the substituent at C6) was established by the analysis of multiplicity
and of the coupling constants of H-C(6 ). H-C(6) (¢(H) 595) showed twoe couplings
(ald, J=2310,73) with the twe H-atoms with signals at &(H) 282 and 233 (H,—C( 7) and
He—C(7), resp, ) and did not show any coupling with the signal of H-C(3) (& H) 343).
This ehservation is in ling with the F-orientation of the substituent, and a dihedral angle
of 907 between H-atoms H-C( 5)and H ~Ci6) [ 3]. These datawere corroborated by X-
ray erystallography of 1a (Fige [ and 2). The chemical shifts 8( H) 801 (dd, 7= 10, 7.5,
H-C(2"6")), 743 (1, J= 75, H-C(3"5")), and 755 {t, J =75, H-C(4") ) are character-
istic of abenzoyloxy (B0 ) group. The chemical shifts at 4 H) 732 (s, H-O(2' 67} ) and

Table 1. NWR Dara for Composed 153

Peosad thon HC) & H) HMBC H,'H-COSY
1 12 345 (m) Me

im M50 229(m) H-C(T) H-I 1)
2__‘ LE2 (br. d, F=150)

3 6728 534 (br. £ J =5.0) H—C{ 2)/H-C(4)

A #2s 237 (m)

L. 203 (i d, F=1510)

5 a5.74 343 (m) Ma/H-C(3VH-C(T) H-(1 4)
g o 593 (dd, J=30,735) H-C(T)

T %73 282 (dd, J=75,14.0)

T 233 (m)

1 12115 H—C( 2 VH-C(67)

2 10655 732 (s) H-{8")

¥ 14697 MeOH- )

& 139 sid

5 14697 MaH-C) )

& 10655 T132(5) H—-C(27

r 16546 H—{(3)

1 13028 H—C[ 3" VH-C(5)

2 120 45 41 [ dd, 1=110,7.5) H-C{ 4"y H-C(6%) H-{1%)
3 12834 TA3 (L J=15) H-[5) H-(1 )
4~ 13292 155(LJ=1.5) H—C[2"YH-C(6™)

5 12834 143 (LI =15) H—C[3") H-0 &)
6 12046 200 (dd, J=1.0,7.5) H—C(2 WV H-C(4") H—C1 5
o 166 00 H—C[ 2 VH-C(6)

MeN 407 26 ()

M) 550 A0 (£)

") CICLy; at 560 MHz for TH-NMR and 125 MHz for C-NME.
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Fg 1. An QRTEFI projecion of the molecule la, showing the aiwn mumberdng and displacement
elipsoids ar the 0% probabiline bvel

Fig 2 H-Bonding snieracsons in the cryanal packing
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400 (2MeO) are characterstic of a ¥_5dimethoxvbenzoyloxy (Hdmb) group. The
HMBC spectrim showed correlations between C(F ) and C(5 ) (M(C) 1470} and MO
groups (¢(H) 400}, Therelore, compound 1 was identified as 6/F-benzoyloxy-3a-(4-
hy drozy-3 S-limethoxybensoyloxy lropane, a new tropane alkaloid.

Compound 1a was obtained as white crvstals, with a melting point of 1961987,
Analysis of ithe 'H- and "C-NMR daia showed chemical shifis compatible with a 3 &-
disubstituted tropans skeleton. Unlike alkal oid 1, derivative Tashowed chemical shifts
for H-C(1) at d(H) 411 and H—C(5) at s(H) 4.12. These chemical shifts are
compatible with those of cocaine hydrochloride [8] ( Table 2). The structwre of 1a was
establishad by X-ray crystallography (Fige. and 2).

Table 2. NMR Das foor Caompaends 1a, 2 and 32)

Position 1a 2 3
HC) MH) HC) MH) &C)  4H)

1 G118 411 (bx 5) 509 342 (m) GE 3143 (m)
2. 3302 240 (br. d F=155) 3465 23 (m) 34.66 22 (m)
2.‘ 182 (be. 4, J=1510) 183 (be. 4, J=1510)
3 G di 546 (br i, f=45) 6757 534 (b, J=510) 6165 53 (b g, F=510)
. 3414 3316 22 (m) 3331 23 (m)
dq 2K (bg. 4, F=160) 206 (bi. d, J=1510) 208 (b d, J=1510)
5 6310 4.12(br. ) 6585 330 (br.s) 654 342 (m)
6, 3540 A0 (dd, J=30, 800 B010 SE (dd J=30,75) T8 S92 (ded J=30, 700
7. TARS 3190(dd J=R0 1507 3416 278 (dd J=T75 145) 3660 280 (dd J=70, 150)
"|'|.| 251 (m) 213 (m) 230 (m)

Hdmb Bz Tk
1 11975 130041 12534
¥ e ifaSE T35 () 12080 411 (dd, J=15, 80) 10a&3 730 (sh
¥F 14712 12858 .49 (L, J=80) 15313
4 14025 13300 7.58 (m) 15313
T 16498 165.% 16832

Bz Bz Bz
1” 12851 130537 130031
2§ 12944 7.9 (br. 4, F=17.5) 12048 AR08 (dd, J=15, 807 12048 A0 (ded, J=15, 45)
3,5 12867 749 (1, J=735) 12832 748 (r, J=810) 12835 7.42 (r, J=810)
LN 13389 763 (o, J=7.100 13280 753 (m) 1329 755 (n, J=735)
™ 16510 16637 166.06
Mel 403 310 (5) 4011 260 (5) Al16 260 ()
m=Me(d 5631 398 (x)
M 5641 4.00(5) GILEF 392 ()

SCDCL,; at S MEE for "TH-NMR and 125 MHz for “C-NME.

Compound 2 was isolated as while crystals, with a melting point of 119-1217. The
MS showed a molecularion peak of miz 3661 ([M+H]*), compatible with the
molecular formula CxHaMNO,. The "H- and PC-NMR spectra exhibitad chemical-shiflt
values similar to those for 1 ( Table 1), the chemical shifis of which are in line with a
tropane skeleton disubstituted at C(3) and C(6). The principal difference between the
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MMR data of compounds 1 and 2 is the type of substituent at C(3). The signalsat 4(H )
811 (dd, F =15, 80, H-C(Z 7)), 749 (t. J=8.0, H-C(3'5)), and 758 (¢, J=T15,
H-C(4)) are compatible with a B2 group at C(3) ( Table 2). The HMBC spectrum
showed long-range correlations betwesen signals at 165.7 with 534 (He—C(3)). and
1664 with 587 (H-Ci6)), defining the chemical shifts of the CO groups C(7') and
C(7), respectively. Thus compound 2 was identified as 3o ff-dibenzovioxytropane.

Compound 3 was isolated as white crystals, with a meling point of 1541577 The
M5 showed a moleculardion peak of miz 456.1 ([M4+H]*), compatible with the
molecular formula CH,NO,. The 'H- and "C-NMR spectra of this alkaloid also
displayed chemical-shift values similar to those for alkaloids 1 and 2, but the signals at
739 (2 2 H), 398 (£ 6 H), and 3.92 (5. 3 H) indicated that the substituent at C(3)is a
34 S5 nmethoxybenzoyloxy group (Table 2). The HMBC spectrum showed correla-
tions betwesn the signals of C(7') (3(C) 165.3) and H-C(3) (3(H) 534) . and between
the signals of C(7) (MCH166.1) and H-C(6) (d(H) 5.92). The relative configuration of
3 was assigned as in compound 1. Thus, the structure of compound 3 is 63-bensoyloxy -
Jee-( 3 4.5-tnmethoxybenzovloxy iropane {catuabine B ).

The 'H- and BC-NME spectra of the fractions of alkal oids 1-3 showed the presence
of other comstituents in smaller proporbond In an attempt to identify these
constituents, these fractions were analyveed by LC/EST-MS/MS ( Table 7). Supported
by the fragmentation modsl of alkaloid 1 { Scheme ), it was possible o partially identify
alkaloids 4—8 The selective MS* of the thres fractions analyzed showed ions at sz
140.1 and 122.2, suggesting the presence of disubstituted tropane alkaloids [9]. The
chromatogram of total ions of fraction of 1, showed three peaks, with the molecularion
peaks at miz 420.1, 4421, and 366.1, where the largest component ion, with the peak at
mz H21, was identified as alkaloid 1. The MS® experiment of the ion with the peak at
miz 420.1 resulted in the formation of ions with peaks at m'z 3202 and 222.1, among
others. These fragments [420.1 —320.2] and [420.1 —=222.1) are compatible with the
loss of the Me,CCHCO and Hdmb substituents from the tropane ring, respectively,
suggesting the moleoular formula CpHyMNO,; for compound 4. Similarly, for fraction of
2, the chromatogram of total ions showed three peaks with molecularion peaks at miz
278.1,262.1, and 366.1, where the largest component ion, with the peak at m'z 366.1, was
identified a alkaloid 2 The MS? experiment of the ion with the peak at m/z 2781
resulted in the formation of ions with peaks at m/z 156.1 and 138.1, among others. Thess
Fragments [278.1 — 156.1 — 138.1] are compatible with the loss of the Bz0 and OH
substituents respectively, sugpesting the molecular formula C;H,NO, for compound
5. The MS? experiment of ion with the peak at miz 2621 resulted in the formation of
ions with peaks at m/z 1401 and 122.2, amom g others, These fragments [262.1 —140.1—
122.1] are compatible with the loss of the BeO and OH substituents suggesting the
molecular formula CH, NO, for compound 6. The chromatogram of total ions of
fraction of 3, showed four peaks with molecular-ion peaks at miz 262.1, 3521, 426.1, and
456.1, where the larpest component ion, with the peak at m/z 4561, was identified as
alkaloid 3. The MS? experiment of the ion with the peak at miz 3521 resulted in the
formation of ions with peaks at m/z 1950 and 140.2, among others. The fragment
[3521 —140.2] is compatible with the loss of the substituent Tmb, thus suggesting the
maolecular formula CpH WO,y for compound 7 The MS® experiment of the ion with the
peakt at miz 426.1, resulied in the formation of ions with peaks at m/z 304.1 and 1222,
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among others. These fragmenis [426.1 —304.1 =122 2] are compatible with the loss of
the Be(} and Dmb substituents, supggesting the molecular formula CoHpMNO, for
compound 8 Thus, of the alkaloids only partially characterized, 4 and 8§ are possibly
new natural produscts.,

Scheme. Propoved Fragmengarion of Alkalosd 1
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Table 3. LOMEMS Daa for Fack fn Anadysed anad Tis Fragmemiaions
Allcalosd Peak Mo M+ ME® Fragments
1 1 A0 3, 232 181, 140, 122
2 442 32, 244, 181, 140
3 a6 244,122
z 1 ] 156, 138,
2 %2 140, 122, 41
3 a6 244,122
3 1 02 1, 105
2 352 195, 140, 122
3 A6 244, 165, 140, 122
4 456 244, 195, 167
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The cytotoxic activities of the MeOH extract of Erythroxylum caatingae stems and
alkaloid 3 were evaluated against human cancer cgll lines (HEp-2, NCI-H292, and
KB). Alkalomd 3 exhibited significant cytotoxicity only against NCT-H292 ( 1Cq =50 pg/
ml}), and the MeOH extract of E. coatingoe stems was inactive against all cell lines
tested (7T, = 50 pg/ml ).

The effects of MeOH extract of E. castingar stems on mice transplanted with
Sarcoma 180 are shown in Table 4. Thers was a significant reduction in tumor weight in
animals treated with different doses. These reductions gave tumor inhibition
percentages of 594 o 664%. The MeOH extract tested showed IC,, values greater
than 10 pg/ml for all tumor cell lines tested, suggesting that the in vive anticancer
properties were not related to direct antiproliferative efects.

Table 4. In vivo Amibemor Activiy againsd Sarcoma 180 Using MeOH Evrac of Erythroxylem

caal iigae Seemi)
Cmrrpiind Dame [mpke] Wiedght of tumaor [g] Il i ey [ %]
MeOH extract of slems 100 (A8 005 U |
A 0577 010 a0
Al 0614 +0.11 a3
Methotrexate 2% (L6590 008 &6L.7
Comtrol - 1. 1184020 -

"y Data are presented as means +SEM for seven amimals *: P 0005 compared with eontm] grosp.

The authaors thank the Convelho Nacional de Desenvoliimenio Ciengfico ¢ Teenokigico (CNPg),
Coonlenagdo de Aperfeigommento Pesioal de Nivel Superor (CAPES) for financial support, Vicene
Cardos de (2 Cossn (UFPB) for the NMR specira, and Norberge P Lopes (Faculdade de C3éncias
Famacéuticas da USF de Ribeido Preto) for recording the mass spectra. The Eacola de Enfermagem e
Farmmdacia/Instinete de Quimica e Bioteenologia (UUFAL) helped carry out the X-ray erystallography. M.
P Wehringof the Flateforme de Chimie Biokogguee Intégrative de Stashowrg (PCBIS) TFR 85 and M
M. Schmiiy, Laboratotre de Phamacocdmie, Facuhé de Pharmacie, T4 mowte du Bhin, F-67800 Tlkirch,
helped to perform the LOESEMS/MS.

Experimental Part

Cremeral. WMiop: Microquedmica digtal meling-point apparanes, model WA PF-302, with the Pt block
ina REICHERT Kofertype Hght microscope, model RIZM, with a temp. that vades from O to 350°;
valwes wne omected. TR Spectra: BOMEM SERTE 100 MB spectrometer, in the range of 000400 cm -7,
with KBr pellets (L5 mg of the sampla/100 mg of KBr). NMR Spectra: VARIAN-NMR SYSTEM
apect rometer, operating at 500 MHz for "TH and at 125 MHz for "C; recorded in CDO,, with TMS as
internal standard. LOESEFMSMS: HPLC Agden 200RRLC and Braker HCT Ul mass spectiam-
eter. X-Ray erystallogrmphy: Enral-Nonbe Kappa-CCD diffractometer.

Flan: Maserial. The stems of Erpderorylom caotngas were collected in Picul, Paraiba, Brasl. The
botandcal material was identified by M. F A A dried specimen was deposited with the Herbario Prot
L. F Xavier (JPB), Univemidade Federal da Paraiba, under the sdentification label AGRA 5666

Exmraction and Lolaion. The erude MeOH extmet (500 g) was dissolved in HoOvand defated with
hexane. The defatted aq. extract was acidified with 3% HCI by mechanical mixing and filtered throwgh
Celite, viekling a residue that was dicanded and an acidic soln. This acidic soln. was extracted with CHCl,
(3 5 500m]) resuliing in an acidic CHCOL phase and an ag. phase that wis newtralized to pH 7.0 with
NH, (L. The ag. phase at pH 70 was then extracted with CHCL to yvield an ag. phise and basic CHCL,
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phase FAT (4.0 g), which was submitted 1o column chmomatography (COC) wiilizing S0, as the stationary
phaze, and CHCL, and MeOH as the eluents alne or in binary mixtures with incresing polanty. The
resuh were 55 fractions of 100 ml. The 55 fractions were monitored by TLO, eluted witls vanows sobvent
syatems (CHO, andior CHOLMeOH in order of incressing polanty) in chambers pre-saturated with
NH,, vapaor, revealed with Dragendorfs reagent, and place d in 21 grougs based on their R,valees. Fro 235,
45, and 46 were submi tted 1o repeated recrystallizatdon with acetone and E1ZO, to yield compounds 1, 2,
and 3 Compound 1 was acidified with HO o yield the alkaloid hydrochloride, referred to as 1a

af-Benzofany-3a-{i-hydrocyp-3, Sdimethogybenzoylacy bropane (= (568 )-8-Meshyl-o-[( phenyl-
carb oy f-S-azabieyclof3 20 oer-3-d - Hydroxy-3 S-dimethorybengoare; 1) . White crystak. TR
(KBr)E 3425 (OH), 1724 {C=0), 1277 'H- and "C-NMR: see Table [ ESI-MS: 442 ([M+H]™), 320
([M —BxOH]) 1, 244 ([M— HdmbOH] ™), 181 [M - BeOH — CeHh-ON]) ™), 140 ([ —HdmbOH-—
CrHLO] 7).

e i -Diberng oo pnopane (= ( 38,68 }-5- Medyel-Sazabicyclf 3 21 foctame-3 6-div] Dibemzoae; ).
‘White cryatala TR (KBr): 1724 (C=0), 1600-1585 ( C=C) . 'H- and "O-NME: see Table 2. ESEMS: 366
([ M +H)*+ ), 2448 ([ M —BeOH) ), 122 ([ M - BeOH - GH, N] 7.

Catwabine B ( =6f-Ben soyloxy- Ton-{ 34 5-trime thoxybenzoplony propane = (3868 )-8-Methyl-6
I phrenylearbonyd )oxy f-S-azabicyclof 320 focr-3-d 345 Tamethorybengoare; 3). White crystals TR
(KBr): 1709 {C=0), 1600-1585 (C=C), 1281. "H- and BC-NMR.: see Table 2. ESI-MS: 45 ([M+H]*),
33 ([ M- BeOH) ), 24 ([ M —BeOH —3 MeaO] ), 195 ( [M - BeOH - GH, N]* .

X-Ray Crimsallopraphic Analyses"). X-Ray diffraction data collections wene pedormed on an Ereraf-
Novedies Kappa-CCD diffmctometer (95 mm 00D camera on sc-pondostat ) wing grap hite monochoo-
mated Mok, radiation (071073 &), at r1. Data collections were carded oul wsing the ODLLECT
aofteare [10] up to 507 in 28, Final wundt-cell parameters were based om 948 reflections. Integration and
scaling of the reflections, and correction for Lorenc: and polarization effects were performed with the
HEL DENZD-5CALEPACK syatem of programs [11]. The structume of the compound was solved by
direct methods with SHELX 597 [12]. The models were refined by full-matrix least squarnes on F* using
SHELXL-47 [13]. The program ORTEP-3 [14] was wed for graphic epresentation and the program
WINGHK [15] to prepare materials for publicat on. Al H-atoms were located by geometre oonsdde rations.
placed (diC-H)=008 08 Aj and refined m dding with Da(H)=1.5 UgiC—methyl) or 12 Tl
(other). An ORTEP-3 diagram of the molecule 8 shown in Fig P, and Table 5 containg the main
erystallographic parameters.

The caompound crystallized with ome Cl-atom that forms N-HIN- - 117 and O3 -H3- - .CN* H-
bonding interacbions, where: [i=c +12, v4+1/2 ;8 =1y, z]and HIN -« C1 V=2 0452 A s M-H1M: -«
CH'=178" and HI- - Q1¥=2477(1) A; OF-H3-- - Cl1*=140° { Fig. 2).

Cytatanaily Asay. NCEH292 (b g imisess plderim o caretimoma cell line), HEp- 2 (himai
larymx epldermoid carcinoma cell ling) , and KB (human mouth epidermod d carcinoma cell line) cells
were obtaied fraim the Adolph Lict: Istitite (S8o Paula, Brasil) and were mantamed i DMEM (=
Dulfeceo’s Modified Eagl's Medium) supplemented with 10 fetal bovine serum (FES), 1000 TUfiml of
e b, and 250 el of 2 feproanyelin, and 1% of 200 ma glutamine at 37 with 5% O0L. Cytatoxasty
wai evaluated with the colodmetric MTT (= 34,5 dime thyl thdamol -2 -y1 -2, S-d ipedve nyd -2 H- tetraz olium
bramdde ) maay [16][17]. Cell sigpeidisid were dluted to 10° celklinl and were ditabutad dn %-well
culture plates (2220 pl in each welly, which were incwbated for 24 hoat 377 ina hemddified incubsator with
5% 00L. After24 I, 22 pl of MaOH extract of Erncterorim coatingae stams and alkaloid 3 were sdded,
and the plates were incubated again at 37, At the end of this period, the culture medium with excms
MTT was removed, and 100 @l of DMS0 were added 1o each well to disolve the formazan crytak. The
optical denaity (0D ) of the wells was memured o 595 nm with an ELISA plate reader and companed to
e eontrol

1) Cyatallographic data have been depmited with the Cambadee Crvdallsgraphie Data Cenler a3
supplementary publication No., OCDOC-T11367. Coples of available mate al can be obtained, froe of
charpe, wpon reques through the Director, OCDC, 12 Union Road, Cambridge CH21EZ, UK (fax:
+ #-1223-336003 or e-mail: depoit@ codecam acuk or hinp:fwerwood e camac k).
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Table 5. Crysral Dagy aed Srraecocre Re finement for Compennd 1a

Empirical formula Co HCIN GO,
Formuls weight [g mal™] 47792
Temp. [K] 205(2)
Crystal dimensions [mm] 01917 <013
Cryatal system Moo linic
Space group r2
Uit ce 1l o e mea b
a[A] 22 5640 13)
b [A] 14 85700 5)
e [A] RARNNS)
Bl 97.135(2)
VAT 279 A(2)
F 4
Al MoK, radiation |'.5|.| 07103
e [ Mg 7] 1134
ol MoK ) [mm-") 174
Fun 1008
& Range for daia collection [*] 25-15
Index range —HBchgid —15<k<10 —8B<l<10
Reflection collected RRE
Independent reflections | Rix| SA00 [ued]
Reflections with §=2a( 1) 43M
Mumber of parameters refined 2949
R[F=20{ F7)] DT
Ciosncie s -of-fit om F? 167
Residual electron density [& A -] 093

Animals Female Swis allino mice | Mus micesdier), §0-d-old and welghing 25 +5 ¢ were obiained
from the anmal bouse of the Depanamento de Antibioticos, UFPE, Brsl The andmal wene lhowsad
et standard envinonmental conditions of temp, hemidity, avd wnder a light-dark eyele of 12 h The
mice were fed amdmal howse diet ( LABINE Purina, Bras])and gven water ad livdum. The animals were
treated acoording 1o the ethics principles of animal experimen tation of OOBEA (Colkego Brasileim de
Experimentacio Ammal), Braml The Antmal Snedies Committee of the Universidade Federal de
Pernambuc o approved the experimental protocol (Mo, 230060021 B 2000-77.

Angoumor Asay. Saromma 180 tumaor cells were maintained in the pedtonesl cavites of the Swis
mice in the Laboratorio de Bioensalos para Pesquisa de Farmsoms from the Depanamento de
Antihdotices, UFPE, Brasil Ascitic tumor oells | suspens onoof 5 10 cella) we e injectad swbcutane owly
i the axillary region of kealhy ammal previowsly welighed, and the mice were divided into expedmental
groupa (o =71 [18]. Twenty-lowr howrs after inoculation, MeOH extract of E coaringae stems | 100, 204,
and 400 melkg) wa disolved in sormal aline soln. wdth cremophor EL (2%) and adiminitered
intrapertoneally for 7 d in mice transplanted with Samoma 180 temor. Methot rexate (2.5 mgkg) was
mad @ the positive control. The negative contmol recelved the vehdele only On day & the mice were
welghed and euthan tred. The tumos were disected and weighed. The percentage of temor inhd b tion
wi caleulated in accordance with [19] as: TWI=C —T0Cx 1M, where C & the weight of the control
namar and Tis the weight of the treated tumaor,

Srafsical Anafyar Data ame repored = meanststandard ermor of the mean (SEM} of n
experimental ammak Statitical differences were compared by analys of vanasce (ANOVA) follwed
by Thekey's multiple companzon et Differences wene consldered statistically sugndficant if P 0005
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5 ARTIGO CIENTIFICO II

Antimicrobial, cytotoxic and proapoptotic activities of extract, fractions and isolated
compounds from stem of Erythroxylum caatingae Plowman.

Artigo submetido a Food and Chemical Toxicology
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ABSTRACT

In the study, we have examined the antimicrobial and cytotoxic activities of the methanol
extract, the phases. a fraction of total alkaloids and two alkaloids isolated from the stem of
Erythroxylum caatingae Plowman. All test phases. except the hexane phase. showed
antimicrobial activity on Gram-positive bacteria and fungi. The acetate: methanol (95:5),
acetate, chloroform and hexane phases show the highest cytotoxicity activity agamst the
NCI-H292, HEp-2 and K562 cell lines using MTT The absence of hemolysis m the
erythrocytes of mice was observed in these phases and 6f-Benzovlexy-3o-(3.4.5-
trimethoxybenzovloxy)tropane (catuabine B). Staming with Annexin V-FITC and JC-1 was
used to verify the mechamism of action of the compounds of E. caatingae that showed
cytotoxicity less than 30 pg/mL in leukemic cells. After 48 h of incubation, we observed
that the acetate:5% methanol, acetate, and chloroform phases, as well as the catuabine B,
mcreased m the number of cells in early apoptosis, from 53 .0 to 74 8% An analysis of the
potential of the mitochondrial membrane by incorporation of JC-1 showed that most cells
during incubation of the acetate: methanol (95:5) and acetate phases (63.85 and 59.2%%)

were stained, suggesting the involvement of an intrinsic pathway of apoptosis.

Keywords: Erythroxylaceae, antimicrobial activity, cytotoxicity, alkaloids, hemolytic

activity, apoptosis.
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L. Tulrvductiovn

The research with medicinal plants ammng at the development of phytotherapeutic
medicines and the promotion of the rational nse of these products by the populstion of
developing countries like Draril have a great unportance not only in the sccio-sconomic
asperts bt alan hecause they enahle a greater knowledge of the culture of srh peoplz and
a beter vtilization of the biodiversity of the sespective countries (Brandio et al, 2006).
Approzimately 25% of the medicines presenibed i the mdustrialized countrics originate
from plants and abot 120 compennds of natiral origin, abtaned from approvimately 90
species of plants, are used m modem therapy. In Brezil approximately 30,000 species of
plants are deseribed, offering a wide range of aw materizl for the discovery of new dmgs
(Yunes and Calixio, 2004).

It 15 well established that planrs have always been usefil sources of antimmor or
cancer prevention compounds. Approxmately more than 50% of currently used snticancer
chemotherapeutic drugs are derved 1 one way of another from natural sources, inclnding
plans. The seach fon ancances agents Gom plant souices begen 1o the 13505 wilh the
discovery snd development of the vinca alkaloids, vinblastine and vineristine, 1solated from
Cotharanthus roseus, and etoposide and temposide, the semisvnthenc denvatves of
epipedophyvllotoxin, 1selated from Podoeplpdium peltatum and P, endoii (Cragg and
Newman, 2005).

‘Lhe mdiscriminate nse of antbioftics has led to antibiotic resistance in many
pathogemie microorgamisms and hes led rescaschers to seck new antibtotics that arc
effective. Several alternatives have been suggested to solve this problem such as the s=arch

for rew antimicrobials in plant species (Cechinel-Filho, 200U). Smce the early 19805, the
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mumber of drugs m development has decreased consderably while the resistance of
microoiganisms, due to the comstant use of antibaotics. has grown mmmensely. This 1s
Lecawse series of new mechasins ol 1esistance we cowstantly benge developed. The sludy
of bacterial resistance is nsually based on microorganisms of epideminlogical sigmuficance,
such as Staphviococcis aurens, Escherichia coli, Fseudomonas aeruginosa and fungi,
which are respensible for different etiological processes o both imominocompetent and
immmosuppressed patients (Antunes etal _ 2006)

The Ervtaroxylaceas family comprises approxzimately 250 species distributed across
four genera, Anenlophus Benth, Nectoropetalum Cogl | Pinacopodivm Txell and Mendonga
and Frothroxplum P Browne (Rarrstros et al - 2005 Toinla et al, 2007) The genns
Erythroylum consists of approximately 200 species diverselv distributed cver South
Amenica, Africa and the 1sland of Madagascar (Santos ot al., 2003). It has been used in
many ethnomedical practices as an anti-nflammatory agent, an antibactzrial agent and a
ton:c for its stumulant properies and as a powerful diwretc for liver, renal and vesicular
afflictions. Erythroxylurn has been used to trea: venereal diseases, theumatism arthrosis,
respiratory affections. amenorrthea and hemorrhages (Silva et al. 2001). In Brazl. the
family 15 represented by the gerus Eryrfiraxyfiom, with approximarely 114 spectes, and there
are 13 speciss registered in state of Paraiba (Lotola et al, 2007).

The genus 1s characterized by the presence of tropane alkaloads. fannms. terpenes.
Mavonowds and phenylpopanods (Clin e al, 2000, Zuanara el al, 2001). Tiopaw
alkaloids are an important class of natural products because of their analgesic, anesthetic,
anticholinersic, anhiemetic, antthypertensive, parasympatholviic, and cther pharmacological

properties (Khattak et al., 2002,
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The aim of the present study was to cvaluate the antimierobial and cytotomic
activities of the methanol extract phases and two alkaloids isolated from the siem of
Envthroium caatingze Plowman. For the evaluation of the antimicrobial activity, the
following phases were tested agamnst Gram-pocitive and Gram-negative bacteria and against
fuag:: the acetate phase (AcOEr), various ranios of acetare methanol chleroform (CHCI;)
and hexane (CgH2) The antiprcliferative activity was tested against tumor cell lines (NCI-
H?92 K562 and HEp-2) and the hemolytic activity was measuzed for the methanol
exliacts, s plases and alkaloids. Avolbe el of expernoents was petlonned with K562,
which was used to mwvestigate the mechamisms mvolved m the antrtumer activity of the

phazes and the alkaloids of F canfingas

2. Materials and methods
2.1. Plant material

The stems of E caatingae were collected in Picui, Paraiba, Brazil The botanical
material was idennfied by Prof Dr Mariz de Fituma Agra of the Laboratory of
Pharmaceutical Technology, Federal University of Paraiba. A dred specimen was
depositzd in the herbarium of Prof Lauro Pires Xavier (JPB) of the Federal University of

Paraiba under the idennfication label AGRA 5664,

2.2 Chemicals
Phosphate buffered saline [PDS), penxcillin-streptomiycnn Liquud and DWEM
(Culbecco’s Modiied Eagle’s Medmm) were purchased from Gibco. MTT (3-(4.5-

Dhmethyl-2-thiazalyl)-7_S-diphenyl-7H-tetrazolinm  bromede)  was purchased  from
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Invitrogen. Eposide (Etoposide) was purchazed from Blausiegel. Fetal bovine serum (FBS),
slutamine. Triton X-100 and jC-1 (5.5"6.6" Tetrachloro-1,1'.3.3"
tetraethylbenzimidazolcarbocyanine iodide) were purchased from Sigma-Aldrich Brazil.
The Amexim V-FITC Apoptosis Detection Kit was purchased from Calbiochem. DMSO
(Dimethyl sulfoxidey, CaCls, NaCl. and paraformaldehyde were purchased from Vetec.
Mueller Hinton Agar and Sabourand were purchased from Difeo. and kanamyein and

ketoconazole were purchased from Cecon.

2.3. Extraction and iselation

The crude methanol extract (500 g) was dissolved m water and defatted with
hexane The defatted aqueous extract was acidified with 3% HCI with mechanical mixing
and filtered through Celite, which vielded a residue. which was discarded. and an acidic
solution. The acidic solution was extracted with CHCI; (3 x 500 mL), which resulted m an
acid chloroform phase and an aqueous phase that was neutralized to pH 7.0 with
ammonium hydroxide. The aqueous phase, at pH 7.0, was extracted with CHCI; to yield an
aqueous phase and the basic chloroform phase (4.0 g), which was subnutted to column
chromatography (CC) using a zilica gel as the stationary phase and CHCl; and MeOH as
the elvents, which were used either mdependently or mn binary muxtures with mereasing
polaraty. The result was 55 fraction of 100 mL. The 55 fraction were montored by thun
layer chromatography (TLC) and eluted with various solvent systems (CHCl; and’or
CHCL:-MeOQH in order of increasing polarity) i chambers that were pre-saturated with
NH; vapor. They were then revealed with Dragendorff s reagent and placed i 21 groups

based on theirr Rf. Fraction 25, 45 and 46 were submutted to repeated recrystallization with
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acetone and ether to obtamn alkaloids. The elucidation of the chemical structures was
described by Oliveira et al. (2011). 6p-Benzoyloxy-3a-(3.4.5-
trimethoxybenzoyloxy)tropane (Catuabine B) and 3o 6f-dibenzovyloxytropane were also
isolated. The following extracts were all tested: the methanol extract of the stem of E.
caatingae (MEEC) and the AcOEt: MeOH (60:40), AcOEt: MeOH (80:20), AcOEt: MeOH
(90:10), AcOEt: MeOH (95:5), AcOEt, CHCI;, and the hexane phases, as well as the total

alkaloids fraction.

2.4 Microorganisms

The microorganisms, which were from the Antibiotics Department collection of the
Federal University of Pernambuco were as follows: S qurens. UFPEDA 01: Bacillus
subtilis, UFPEDA 16; Enterococcus faecalis, UFPEDA 138; Micrococcus luteus, UFPEDA
06; Escherichia coli. UFPEDA 224; P aeruginosa, UFPEDA 39; Serratia marcescens,
UFPEDA 398; Mycobacterium smegmatis, UFPEDA 71; and Candida albicans, UFPEDA

1007, and these were used in the antimicrobial activity assays.

2.5 Cell lines and cell culture

The cell lines used for the in vitre cytotoxicity tests were K562 (human chronic
myelocytic leukemia), NCI-H292 (human lung mucoepidermoid carcinoma cells) and HEp-
2 (human larynx epidermoid carcinoma cells), and these were obtained from the Adolph
Lutz Institute {Sio Paulo, Brazil). The cells were maintained in DMEM supplemented with
10% fetal bovine serum. 2 mM glutamine, 100 U'mL penicilling and 100 pg/mL

streptomycin at 37°C with 5% CO..
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2.6 Animals

Three Swiss mice (female, 25-30 g). obtamned from the central animal house of the
Federal University of Pernambuco, Brazil, were used. The animals were housed in cages
with free access to food and water. All animals were kept under a 12 h light:12 h dark cycle
{(lights on at 6:00 am.). The amimals were treated according to the ethical prnciples of
animal expenimentation of Brazilian College of Animal Expenmentation (COBEA), Brazil.
The Animal Studies Commuittee of the Federal Unmiversity of Pemambuco approved the

experimental protocols (Number 23076.012173/2007-77).

2.7 Antimicrobial activity

Antimicrobial activity was venfied in vifre by the method of diffusion in paper
record (Bauer et al.. 1966). The microorganisms were standardized with an optical density
of McFarland 0.5 in physiological solution. which corresponds to a concentration of
approximately 107 UFC/mL for yeast and filamentous fungi and 10° UFC/mL for bacteria.
On the inoculated medium Mueller Hinton Agar (5. aureus, B. subtilis, M. luteus, E. coli,
P. aeruginosa and 5. marcescens), glucose extracts of veast (E. faecalis e M. smegmatis)
and Sabouraud (C. albicans). and discs of barren paper (6 mm) were absorbed with 10 L
of the methanol extract solution from the stem of E caatingae and its phases (200,000
pg/mL) and were placed on the agar. After placing the discs, the plates were incubated for
24 h and 48 h at 30°C and 35°C, respectively. The antibiotics Kanamycin and Ketoconazole
were used as standards at 30 pg/disc and 300 pg/disc, respectively.

The Minimum Inhibitory Concentration (MIC) and Mimmum Bacteriostatic

Concentration (MBC) were applied to the substances that showed halos larger than 12 mm
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by senal dilutions mn half-solids (Carvalho et al.. 2002). Aliquots of different volumes
(0.03-1.0 ml) of the solutions at 20,000 pg/ml. were placed in DPetrn dishes and
homogemzed with 10 ml of the appropratz culture medium. The micrcorgamisms were
streaked on the curface of the medmm and the plates were incubated at 35°C and 30°C for
24 h and 4% h, respectively. For values over LUUU pg/ml. the exiract was considered

mactive (Holetz et 21, 2002).

28 Ceall viahility astay (MTT dgwm)

The cylotoxicily of the mettunol exiact of the siems of E coafingae and 1ls phases
were tested aganst the K562, NCI-H292 ard HEp-? tumor cell lines. For these
experiments. the cells were plated in 96-well plates (107 celis/mL for adherznt cells or
0.3<10° cells'mL for suspended cz=1ls). After 24 h. the =xtracts, phases (625-50 ug/mL) and
alkaleids (1.25 10 pg'ml) dissolved m DISO were added to sach well and incubated for
/2 1. Control groups recetved DMSO. Etoposide (1.25-20 pg/ml) was used as a positive
control. The growth of the tumor cells was quantified by the abidity of the living cells to
reduce vellow terazolium MLUT  (3-(4,5-dimethylthiazolyl-2)-2 3-diphenvitetrazelium
bronude) to a blue formazan product (Mosmam 1383; Alley et al, 1988) At the end of the
72 h incubation perod, MTT (5.0 mg/ml) was added to the plate Afier three hours for the
suspendad cells or two hours for the adherent cells. the formazan procuct from the
reduction of MTT was dissolved m DMSO, and the absorbance was measured wsing a
multi-plate reader. The effect of the dmug was quantified as the percentage of control

absorbance the reduced dye at 450 nm (Multi-plate Rcader Thermoplate).
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2.9 Hemolvtic assay

The hemolytic assay was performed in 96-well plates following the method
previously described by Costa-Lomfo et al. (2003). Each well received 100 pl of a 0.55%
NaCl solution contaicing 10 mb CaCly; The frst well served as the negative control and
only contained the vehicle [10% DMMSO). The second well contamned 100 pl of the tes:
substance that was diduted 1:2. The extracts were tested at concentrations ranging from
15.62 to 2000 pg/mL. The senal dilution continued unt:d the 11th well. The last well
received 20 uL of 0.1% Trton X-100 (1n 0.85% saline) to obtain 100% hemolysis (positive
control). Each well recerved 100 uL of a 2% suspension of mouse erythrocytes in 0.85%
saline containing 10 mM CaCl;. After mcubation at room temperature for 30 mun and
centrifugation, the supernatant was removed. and the released hemoglobin was measured
by spectroscopic absorbance at 450 nm. Extracts with an ECsg value lower than 200 ug/mL

were considered to be active.

2.10. Annexin/FI cell death assay

Cellular apoptosis was stained with Annexin V and propidium indide (PT) nsing an
Amnexin V - FITC kit (Calbiochem) following the protocol provided by the manufacturer.
The suspension of K562 cells (0.3x10° cells/mL) was seeded into 96-well plates. The plates
were mcubated at 37°C with 5% CO; for 24 h. After this period, the phases and alkaloids
that presented cytotoxicity were added at the concentration that was equal to the ICs; value.
After 48 h of treatment, the cells werz stamed with Annexin V and PI following the
manufacturer’s recommended protocol and were analyzed by an  epifluorescence

microscope (Carl Zeiss, Gottingen, Germany) at 1000x magmification under an ol
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mmmersion with an emussion flter of LP 515 am and excitaticn filter of BP 430-490 nm. A

minimmum of 200 cellz were connted in each samnle

211 Measurement of the mitochondrial membrane potential

Mitochondrial depolarization was cvaluated by the mcosporation of JC-1. This
assdy was perfonned as previowsly descibed, with some wodificatons (Guiloie and
Welch, 2006). The JC-1 probe is freely permeablz 1o cells and undergoes reversible
transtormation from a monomer to an aggregate torm (Jagg). The suspersion of K562 cells
(0.3%1C° cells/mL) was sezded into 96-well plares. The plates werz incubated ar 37°C aad
5% CO, for 24 1. The phases that presented cytotoxicity were added at a final concentration
equal to the [C:p value. After 48 h of treatment. 50 pL was collected, meubated with JC-1
(015 ml in DWSO) for 10 min in the dark and then washed two times with PRS The cells
were fived with 4% paraformaldehvde, mounted on a mlase elide and observed undar an
cpifluorcscence nucroscope [Carl Zeiss, Gottingen, Geormany) with 1000z magnification
under an o1l immersion with an emissioa filter of LP 515 nm and an excitation filter of BP
4350-490 nm. A minimum of 200 cells were counted in each sample. The cells stained in red
were classified as having a high potential mitochondnal membrane, while those stained in

green were classified as having a low potential membrans.

2.12 Statistical analysis
Mata are presened as the mean £ S0 The [C;y and FCsp valies and their 95%

confidence mtervals were obtained by nonlinear regression using SigmaPlot 11.0. The
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differences between the experimental groups were compared by one-way analysis of

varance (ANOVA). followed by Newman-Keuls test; the significance level was set at 1%4.

3. Results and discussion

From the crude methanol extract of E caatingae were 1solated two alkaloids, 6f-
Benzovloxy-3o-(3.4.5-trimethoxybenzovloxy)tropane  (catuabine B) and  3o.6p-
dibenzoyloxytropane, whose isolation and elucidation of chemical structures were
described by Oliveira et al. (2011). The following extracts were all tested: the methanol
extract of the stem of E. caatingae (MEEC) and the AcOEt: MeOH (60:40), AcOEt: MeOH
(80:20), AcOEt: MeOH (90:10). AcOEt: MeOH (95:5). AcOEt, CHCl;, and the hexane
phases, as well as the total allcaloids fraction.

The study of the antimicrobial activity of the extracts and phases of E. caaringae
were performed in gram-positive and gram-negative bacteria, as well as with fungi, by the
disc diffusion method All test phases, except the hexane phase showed antimicrobial
activity on Gram-positive bacteria and fungi. The bacteria that were the most sensitive to
the phases tested were M. Juteus and M smegmafis, with each showing inhibition zones of
135207 t0295 =07 mm and 140 £ 1.4 to 31.5 = 1.4 mm. respectively. The AcOEt:
MeOH (80:20), AcOEt: MeOH (90:10), AcOEt: MeOH (95:5) and the CHCl; phases
showed significant inhibition zones of 18.0 = 0.0 to 19.0 = 1.4 mm for C. albicans (Table
1). Evaluation of the minimum mhibitory concentration of the extract and phases of E.
caatingae (zone of inlibition > 12 mm) showed significant inlubitory concentrations for 5

auwreus, M luteus, B subtilis, M smegmatis, E faecalis and C albicans. However, the
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lowest values of the MIC and MDBC aganst M Jutens went to the AcOLt: MeOIT with 10%

and 5% McOH and CHC); phases (Tables 1 and 2).

Insert tabl= 1 and 2

Plants ar= an important source of potentially useful structures for the development
of new chemotherapeutic agents. The first step mn determining the presence of new
chemothemapeutic agents is through @ vifre antibacterial actrvity assays. Many reports are
available on the antriiral, antibactenal antifingal anthelnmntic, antimolluscal and anti-
mflammatory propertizs of plants. Some of these observations have proven helpmul in the
idenrificaron of the active principle compounds responsible for such activiries and in the
development of drugs for therapeutic use in humans (Mahesh and Satish, 2008}

There are a few reports of the antinverobial activity of the zenus Envthronlum.
Among them we highlight the alkaline extract of the bark of Erythrongilum catuaka that
has heen shown to have a protective action against lethal infertions of £ cnif and § aurans
{Manabe, 1992). However. Rahman et al. (1998) reported the absence of anfibacterial
activity against 5. aureus. E. coli, B. subtilis and P. aeruginoza at the concentrations of 100
aad 200 pgmLl and the presence of antifungal activity of the alcoholic extract of
Eryithrexyium moonii against C albicans. In our study, the absence of any antimicrobial
activity of E caatingze aganst . aursus, F. aernginosa and E. cali was also veribed,
while the AcOEr MeDH (£80:20), AcOEt M=2OH (90:10), AcOEL MeOH (93:5) and the

CHC1; phases inhibited the growth of C aibicans. However, the lowest values of MIC and
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MBC went to the AcOEt: MeOH (90:10), AcOEt: MeOH (95:5) and chloroform phases
against M. Juteus.

The cytotoxicity of the 11 samples, including the extracts and phases. on the human
tumor cell lines were evaluated after 72 h using MTT. and the results are presented in table
4 The AcOEt: 5% MeOH, AcOEt, CHCI; and hexane phases were the most active against
the NCI-H292 HEp-2 and K562 cell lines. The most sensitive strains tested were the HEp-
2 cell line, with an ICs; value equal to 825 = 036 pg/mL for the CHCI; phase, and the
K562 cell line, with an ICsp value equal to 13.10 £ 0.63 pg/mL. 9.86 + 0.56 pg/mL and
11.21 £ 0.46 pg/mL for the AcOEt: 5% MeOH. AcOEt and CHCI; phases, respectively. To
venfy whether the cytotoxicity observed was related to the mjury of the cell plasma
membrane, phases 3-8 (Table 3) and the catuabine B of E. caatingae were tested in the

erythrocytes of mice. The absence of hemolysis was observed mn all substances.

Insert table 3

The cytotoxic activity of Eryfroaydum 1 carcinoma and adenocarcinoma cells was
first described by Silva et al. (2001). That study showed that the methanolic extract and
alkaloids of tropanes of Eryiroxyium pervillei inhibited the growth of KB-V1 cells (human
cervix carcinoma multidrug-resistant cells) in the presence of vinblastine and were much
less cytotoxic to KB-V1 cells in the absence of vinblastine or KB cells (oral squamous cell
carcinoma). The alkaloids of the species pervillene B and C showed cytotoxic activity in
adenocarcimomas of ovary (SKOWV3) cells and in adenocarcinomas of multidmg-resistant

ovary (SKVLB) cells incubated with adriamycin. The following year, alkaloids isolated
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from the stem of Erveonylum rofundifelium were also found to be cyvtotoxic in K3-V1 cells
[Chaves et al., 2002).

Extracts of Emdroxylum minutifolivm and Ervtrexylum comnfusum produced a
significant cytotoxic effect i rat Lepatocytes and displayed hepatoprotective, ant:-
mtlammetory and annnuerobial sctivities (Rodero et al.. 2008). Among the few reporis of
cyiotoxicity of the genus Eryiiroocuium, cur group found an abseace of cytotoxicity in the
welbanol extact of £ caaiingoe stemns and mthe caluabine B agamst e cances cell
lines (IICp-2, NCI-I1292 and KB) (Olvewa et al., 2011). Ilowever, this cytotcxicity test
shewed that the AcOEt MeCH (95:5), AcOEt, CHCl; and hexane phases were the most
actve against the HEp-2, NCL-H292 and K362 cell lines. The extracts showed promising
actvity, with ICs; values ranging between 8.2-40.5 pg/mL. Most of these values were
withun the cutoff pomt of the National Cancer Institute eritenia for cytotomety (ICs, < 30
ug/ml) m the screening of crude plant extracts, which indicates that these extracts are
promising for farther punification and study (Mesquata et al., 20097

Although we observed cytotoxic actrvity, the E. cactingae extracts and phases did
not possess any activity against tae mouse ervihrocytes. lhese data suggest that the
CVIDIORIC aciviry was not relared to the Iytic propermies or the membrane instability mduced
by the extracts.

K562 cells ineubated with the AcOEt 5% MeOH (5), acetate (6] and CHCI; phases
[7) and the catiabine B (10) were evaluated with the Annexin V-FITC lkit by flucrescent
microscopy to verify that cell death was indueed by apoptosis throngh the externalization of
phosphatidylserine. The doses chosen for the test werz equsl to the ICs, values. After 48 h

of incubation, we observed that the AcOEt: MeOH (95:5) (13 pg/mL). AcOE: (9.8 ug/mL)
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and CHCl; (112 pg/ml) phases, as well as the catuabire B alkcload (10 pz/mL), all
increased the aumber of cells in ezrly apoptosis (Ann VF™/PI™%) by 53.0%, /4.8%, 61./%
and 65 0%, respectively, when compared to the control These substances exhibited valnes
less than 1% of late apoprotic cells (AnnV™™/PF™) and values less than 8% of cells in

nerrosis (AanVEEPT) (Figires 1 and )

Insert figures 1 and 2

Apoptosis 15 cumrently a subject of research interest, in part because moer cells arz
susceptible ta death by apoptosic in response to the various dmgs used mn chemotherapy
{Lima et al , Z010).

Apoptosiz 1z regulated by two major pathways the extrinsic (receptor mediated) and
mibinsic {potochomdial iwedialed) pabways Due o the senstivily of he mumsic patlway,
tumors arise more often throngh tlus pathway than through the extninsic pathway
{Johnstone =t al. 2002). The extrinsic pathway mvolves execution through cell surface
death receptors. recruiting the Fas-associated death demain, which leads to the activation of
caspase & (Festk, 2005). The mitnnsic pathway rzquires a loss'dsmption of the
mitochondrial membrane potent:al i the cells. which =ventually mev canse the mitiation
and activation of apoptotic cascades. The cascade wiggers the release of cytochrome ¢ and
other apoptogenic molecules, such as Smac/DIABLO, from the mitochoadria to the cytosol.
Once m the cytosol, eytochrome ¢ binds to Apaf-1 and recrnts and activates caspase-9 i

the apoptosome. Active caspase-9 cleaves and acrivares caspase-3, the caspase required
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complete the induction of apoptosis (Meeran et al, 2008). Therefore, we sought to
determine whether the phases that mduced apoptosis were associated with the disruption of
the mitochondrial membrane potential 1n K562 cells. As shown in Figure 2a, the treatment
of K562 cells with the AcOEt: MeOH (95:5) (13 pg/mL), AcOEt (9.8 ng/mL) and CHCI;
phases (11.2 ng/mL). as well as the catuabine B for 48 h resulted in an increase in the
mumber of cells in early apoptosis by 53.0, 74.8, 61.6 and 65.0%. respectively. These data
show that the main mechanism of cell death caused by the extracts 1s apoptosis. which
suggests the involvement of the intrinsic pathway.

To investigate the possible involvement of the mitochondrial pathway in apoptosis
mnduced by the products under study, the analvsis of the mitochondrial membrane potential
by the incorporation of JC-1 was evaluated by fluorescence microscopy. The doses chosen
for the test were equal to the ICs; values. After 48 h of incubation, we observed that the
AcOEt MeOH (95:5), AcOEt and CHCI; phases, as well as the catuabine B (10), all showed

63.8%, 59.2%, 50.0% and 27.2% apoptotic cells, respectively (Figures 3 and 4).

Insert figures 3 and 4

To confirm the involvement of intrinsic pathway in cell death induced by the
treatment with the phases and the alkaloids 1solated from E. caatingae, an analysis of the
mitochondrnal membrane potential was made by the incorporation of JC-1. Cells treated
with the AcOEt: MeOH (95:5). AcOEt, and CHCI; phases, as well as the catuabine B for

48 h resulted 1n an increase in the number of green fluorescence-positive cells of 63.8, 59 2,
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500, and 27%, 1especlively, thos, confmoomg the disuption of e usiochordizal
membrane potential on treatment.

The intrinsic pathway requires the dismption of the mitochondnal membrane and
the release of mitochondrial protems, such as eytochrome o, which wotk rogether with the
otaer twe cytosolic protein factors, Apaf-1 (apoptotic protease activating factor-1) and
procaspase-9. to promote the assembly of the caspase-activating complex [termed the
apoptosome), which 1n return induces the activation of caspase-9 and iitiates the apoptotic
caspase cascade (Sum er al, 2004). In onr study, the AcOEr WeOH (93:5), AcOEr, and
CHCl; phases showed death by apoptosis. which mainly invelved the mitochondral

pathway especially with the acetate phase

4. Conclusion

According to the results of mvestigations, methanol extract of the stem of
Frvtaronyfum  caatingae and all cested phases, excepr the hevane phase showed
antirmcrobizl sctivity on gram positive bacteriz and fung. The abscnce of hemolysis in the
erythrocytes of mice was observed in taese phases and catmabire B. We observed that the
acetate’5% methanol. acetate, and chloroform phas=s. as well as the catuabine B induced
apoptosis in K562 cells. An analveis of the potential of the nutochondrial menbrans by
mcorporanon of JC-1 showed that most cells during incubarion of the acefarz: methanol
(95:53) and acerate phases werte stamned, suggesting the involvemen: of an mntrinsic pathway

of apoptosis.
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Table(1)
Table 1. Antimicrobial activity of the methanol extract of the stem of Erythrocylum
caatingae and of 1ts phases (2000ug/disc).
Zone of inhibition (mm)
Microorganisms ) 3 ' : p ; Kanamicin Ketoconazole
(I0pg/disc) (I00pgidisc)

5. anrens 10.3=0.7 10000 110=07 12000 12000 00 10.5£0.7 0.0 28 -
M. Tuteus 215221 26.0=14 2835207 28507 205207 13.3=0.7 26.0=0.0 0.0 34 -
E. submlis 10.0=00 10000 133=07 135%07 13007 00 12000 0.0 29 -
M. smegmatis 14.0=14 225207 300=00 31.5+14 30000 15000 15.0=0.0 00 40 -
E. faecalis 0.0 00 113207 1135307 123507 00  17.0=0.0 0.0 13 -
E. coli 0.0 0.0 0.0 0.0 0.0 0.0 00 00 15 -
5. marcescens 00 0.0 o0 0.0 0.0 0.0 00 00 15 -
P. aeruginosa 00 0.0 00 0.0 0.0 0.0 00 00 0 -
C. albicans 0.0 00  190=14 190+14 18014 00 180200 0.0 - 24

1. Methanel extract of stem of E. caatingae (MEEC); . AcOEtMeOH (60:40); 3. AcOEt:MeOH
(80:20); 4. AcOEt:MeOH (90:10); 5. AcOEtMeOH (95:3); 6. AcOEt; 7. CHCl;; 8. Hexane phase. Mean
+5D.



Tablei2)

87

Table 2. Values the minimmm mnhibitory coneentration of the methanol catract of the

stem of Trythroaylum caatingae and of its phases.

Microorganisms

Minimum Inhibitory Concentration {ng/mL)

2 3 1 5 [ 7
S ANrEus oLt Lt It 230 250 Lt L
M Iiens 50 250 n.t. <31.25 31.25 250 <31.25
B. subnlis nt nt nt. 250 50 nt. 123
M smegmans 300 500 nt 125 125 1007 123
E. faecali nt LL nt nt 300 Lt oo
C. ulbicans wi nl ul 250 125 i 122

1 Methancl extact of stem of E. caannzas (MEECT; 2. AcOEt:MeOH (60:200; 3. AcOEt:MeOH
(B020); 4. AcUEE MeUH (S0:10); 5. AcUZtM=UH (95:3); 6. AcUEL 7. UHUL; nd. — o tsted.
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Table 3. Cytotoxic and hemolvtic activicy de Enviroxylum cactingae.

Fxtract / Cell ling, ICsp (pg/mL)
ECs; (ug/mL)
FPhases HEp-2 NCL-HIYI k362
1 rd nd nd nt
2 il nd nid nt
3 nd 1376111 nd = 2000
4 rd 25500108 nd = 2000
E 40500 7> MR 00 1310043 =00
[} 34.1:£1.01 2030 9. 36=0.26 40324964
7 8251036 3017 11211046 102635213517
4221 M 1579+1 M 139821 35 F10 0= 32 a0
nd nd nd ot
1% rd nd 95361077 =250
11 il nd nid nt
Etoposide 6.10+0.19 275010 448023 ot

1. Mehamol sxmact of siem of E. coaringae (MEEC), 1. acemte: methanol phase 40%
(AcOEEMeUH 40%), §. acetite: methanol phase MU% (AcUEtMeUH 20%); 4 acetate:
metharol phase 10% (AcOEtMeOH 10%); 5. acetate: methencl phase 5% (AcOEtMeOH 3%4);
6. acetate phase (AcOEL:; 7. chloroform phase (CHCL): 8. hexane phsse (C:Hs), 9 Phase total
of alkaloids; 10. (catuabine B); 11. 30, 6f-dibenzovloxviropane nd. — aot determined. nt. — not
tested. The ICsp and ECs: and its 95% confidence interval (CT 93%) were abiained by non-lmear

TeETesaon.
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lDepartamento de Antibioticos, Universidade Federal de Pernambuco, 50670-901 Recife-PE,
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RESUMO

Erythroxylum ¢ o maior género da familia Erythroxylaceae e compreende cerca de 250
espécies, que sdo amplamente distribuidas em todos os tropicos, mas com grandes areas de
diversidade na América do Sul, Africa, Ilha de Madagascar, sudeste da Asia e Australia. O
objetivo desse trabalho foi avaliar as agdes antimicrobiana e citotoxica do extrato metandlico
das partes aéreas de E. subrotundum e suas fases (hidroalcdolica, acetonica, hexanica e
acetato de etila). O extrato bruto e as fases foram testados em bactérias Gram-positivas,
Gram-negativas e fungo pelo método de difusdo em disco de papel. As bactérias Gram-
negativas ndo foram sensiveis as substancias testadas. A fase acetato foi a mais ativa,
mostrando halos de inibicdo em Staphylococus aureus (13,0£0,0mm), M. [luteus
(18,5£0,7mm), M. smegmatis (17,0£0,0mm) e E. faecalis (12,0+0,0mm). Nos ensaios de
citotoxicidade com MTT apenas a fase hexanica inibiu a proliferacao celular de NCI-H292,
K562 e Carcinoma de Ehrlich com Clsy igual a 26,30+1,08 pg/mL, 32,50+1,69 pg/mL e
27,39+1,43 ug/mL, respectivamente. A citotoxicidade observada nao estd relacionada ao dano
na membrana plasmatica sugerindo que essa morte celular pode ser por apoptose.

Unitermos: Erythroxylum subrotundum, atividade antimicrobiana, atividade citotoxica,
atividade hemolitica.

ABSTRACT

Erythroxylum is the largest genus in the family Erythroxylaceae and comprises about 250
species, which are widely distributed in the tropics, with large areas of diversity in South
America, Africa, Madagascar, Southeast Asia and Australia. The aim of this study was to
evaluate the antimicrobial and cytotoxic activities of methanol extracts of aerial parts and
phases (hydroalcoholic, acetone, hexane and ethyl acetate) of E. subrotundum. The aerial
extracts and phases were tested on Gram-positive bacteria, Gram-negative bacteria and fungi
using the paper disc diffusion method. The Gram-negative bacteria were not sensitive to the
substances tested. The acetate phase was the most active, showing inhibition of
Staphylococcus aureus (13.0 £ 0.0 mm), M. luteus (18.5 £ 0.7 mm), M. smegmatis (17.0 + 0.0
mm) and E. faecalis (12.0 £ 0.0 mm). In MTT cytotoxicity assays, only the hexane phase
inhibited cell proliferation of NCI-H292, K562 and Ehrlich carcinoma cells with ICs, values
equal to 26.30 = 1.08 pg/mL, 32.50 £ 1.69 pg/mL and 27.39 + 1.43 pg/mL, respectively. The
cytotoxicity observed was not related to damage to the plasma membrane, suggesting that this
cell death may be caused by apoptosis.

Keywords: Erythroxylum subrotundum, antimicrobial activity, cytotoxic activity, hemolytic
activity.
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INTRODUCTION

The family Erythroxylaceae includes the following four genera: Aneulophus Benth,
Nectaropetalum Engl, Pinacopodium Exell & Mendonga and Erythroxylum P. Browne.
Erythroxylum 1s the largest genus and comprises about 200 species, which are widely
distributed in the tropics, with large areas of diversity in South America, Africa, Madagascar,
Southeast Asia and Australia (Brachet et al., 1997; Griffin & Lin, 2000; Zanorali et al., 2003;
Barreiros et al.,. 2005; Brock et al. 2005; Gonzalez-Guevara et al. 2006). Erythroxylum is
composed of several plants that are used in traditional medicine in the treatment of bacterial
and/or viral infections of the skin, amenorrhea, hemorrhage, renal and respiratory infections,
influenza, sinusitis and upset stomach. Erythroxylum has also been used to combat fatigue and
hunger and as a stimulant (Silva et al., 2001; Rodeiro et al., 2008).

Extracts of E. pervillei were shown to significantly inhibit the growth of a multidrug-
resistant (MDR) KB-V1 cell line in the presence of vinblastine; however, these extracts were
much less cytotoxic to KB-V1 cells in the absence of VLB or to normal KB cells. The
alkaloids isolated from this species, pervillene B and C, showed cytotoxicity in ovarian
adenocarcinoma (SKOV3) and multidrug-resistant ovarian adenocarcinoma (SKVLB) cell
lines incubated with adriamycin (Silva et al., 2001). Alkaloids isolated from the roots of E.
rotundifolium also showed cytotoxicity in the multidrug-resistant KB-V1 cell line in the
presence of vinblastine (Chavez et al., 2002). Extracts of E. catuaba effectively protected
mice from lethal infections of Escherichia coli and Staphylococcus aureus (Manabe et al.,
1992). Additionally, the alcoholic extract of E. moonii showed strong antifungal activity
against Candida albicans (Rahman et al., 1998).

Because of the large increase in pathogen resistance to multiple drugs and due to the
indiscriminate use of antimicrobials, new therapeutic drugs are needed to treat microbial
infections. Medicinal plants are among the natural products of great therapeutic interest
because the diversity of their constituents enables the development of drugs to treat, prevent
and cure diseases (Silva et al. 2007, Veiga Junior et al., 2005).

Drug discovery from medicinal plants has also played an important role in the
treatment of cancer. In fact, most new clinical applications of plant secondary metabolites and
their derivatives over the last half century have been applied towards combating cancer. Of all
available anticancer drugs developed between 1940 and 2002, 40% were natural products per
se or natural product-derived, with another 8% considered to mimic natural products.
Anticancer agents from plants currently in clinical use can be categorized into four main

classes of compounds: vinca alkaloids, epipodophyllotoxins, taxanes and camptothecins.
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Numerous derivatives of all four classes have been synthesized, and some are currently in
clinical use. All of these natural products have led to significant biological discoveries related
to their unique mechanisms of action (Balunas & Kinghorn, 2005).

The aim of this study was to evaluate the activity against Gram-positive, Gram-
negative bacteria and fungi as well as the cytotoxic effect of extracts of the aerial parts of E.

subrotundum and of its phases.

MATERIAL AND METHODS

Botanical materials and extract preparation

The aerial parts of Erythroxylum subrotundum were collected in the city of Maturéia,
Pico do Jabre, Paraiba, Brazil. The botanical material was identified by Dr. Maria de Fatima
Agra of the Laboratorio de Tecnologia Farmacéutica (LTF), Universidade Federal da Paraiba
(UFPB). A dried specimen was deposited in the herbarium of Prof. Lauro Pires Xavier (JPB)
of the Universidade Federal da Paraiba under the identification label AGRA 4958.

The plant material was dried in a greenhouse with circulating air at a temperature of
40°C for 72 h and then triturated and ground in a mechanical mill. The powder obtained (4
kg) underwent macerated exhaustion with 95% ethanol for 72 h. After exhaustive extraction,
the extracted solution was concentrated in a rotary evaporator under reduced pressure and a
temperature of 35°C. This produced a crude ethanol extract (500 g), which was subjected to a
liquid/liquid partition.

The crude methanol extract was dissolved in a methanol-water solution (7:3) and
subjected to successive liquid/liquid partitions with solvent in order of increasing polarity,

providing the hexane, chloroform and ethyl acetate phases.

Animals

Swiss mice (female, 25-30 g) obtained from the central animal house of Universidade
Federal de Pernambuco, Brazil, were used. The animals were housed in cages with free access
to food and water. All animals were maintained on a 12 h:12 h light—dark cycle (lights on at
6:00 a.m.). The animals were treated according to the ethical principles of animal
experimentation of COBEA (Colégio Brasileiro de Experimentacdo Animal, Brazil). The
Animal Studies Committee of Universidade Federal do Pernambuco approved the

experimental protocols (Number 23076.012173/2007-77).
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Antimicrobial activity

The following microorganisms were obtained from the Departamento de Antibidticos
collection of Universidade Federal de Pernambuco: Staphylococcus aureus, Bacillus subtilis,
Enterococcus faecalis, Micrococcus luteus, Escherichia coli, Pseudomonas aeruginosa,
Serratia marcescens, Mycobacterium smegmatis and Candida albicans.

Antimicrobial activity was verified in vitro using the paper disc diffusion method
(Bauer et al., 1966). The concentration of the microorganisms was standardized to an optical
density of 0.5 McFarland units in physiological solution (Barry, 1986; Koneman, 1997),
which corresponds to a concentration of approximately 10" UFC/mL for yeast and
filamentous fungi and 10° UFC/mL for bacteria. The following media were used: Mueller
Hinton Agar was inoculated with S. aureus, B. subtilis, M. luteus, E. coli, P. aeruginosa and
S. marcescens; glucose extract of yeast was inoculated with E. faecalis and M. smegmatis and
Sabouraud was inoculated with C. albicans. Discs of barren paper (6 mm) were placed on the
inoculated media, and 10 pL of the methanol and phase extracts from the aerial parts of E.
subrotundum (200.000 ng/mL) were applied to the discs. After the placing of the discs, the
plates were incubated for 24 h and 48 h at 30°C and 35°C. The antibiotics kanamycin and
cetoconazole were used as standards at concentrations of 30 pg/disc and 300 pg/disc,
respectively.

The Minimum Inhibitory Concentration (MIC) and Minimum Bacteriostatic
Concentration (MBC) was applied to the substances that showed halos larger than 12 mm
using serial dilutions in half solid (Carvalho et al., 2002). Aliquots of different volumes (0.03
— 1.0 mL) of a 20.000 pg/mL solution were placed in Petri dishes and homogenized with 10
mL of the appropriate culture medium. The microorganisms were sown in streaks on the
surface of the medium, and the plates were incubated at 35°C and 30°C for 24 h and 48 h. The

extract was considered inactive at values greater than 1.000 pg/mL (Holetz et al., 2002).

MTT assay
The cytotoxicity of the methanol and phase extractions of the aerial parts of E.
subrotundum in human and murine cancer lines was verified by the ability of living cells to

reduce MTT to the formazan product (Mosmann, 1983; Alley et al., 1988).

Cytotoxic activity in human cancer lines
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The cell lines K562 (human chronic myelocytic leukemia), NCI-H292 (human lung
mucoepidermoid carcinoma) and HEp-2 (human larynx epidermoid carcinoma) were obtained
from the Adolph Lutz Institute (Sao Paulo, Brazil). The cells were maintaied in DMEM
supplemented with 10% fetal bovine serum, 2 mM glutamine, 100 U/mL penicillin and 100
png/mL streptomycin at 37°C with 5% COs,.

The cells were plated in 96-well plates (10° cells/mL for adherent cells or 0.3x10°
cells/mL for suspended cells). After 24 h, extracts and phases (6.25 — 50 pg/mL) dissolved in
DMSO were added to each well and incubated for 72 h. Control groups received DMSO
alone. Etoposide and doxorubicin (1.25 - 20pg/mL) were used as positive controls. The
growth of tumor cells was quantified by the ability of living cells to reduce the yellow
tetrazolium MTT (3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide) to a blue
formazan product (Mosmann, 1983; Alley et al., 1988). At the end of the 72 h incubation,
MTT (5.0 mg/mL) was added to the plate. Three hours later for suspended cells and 2 h later
for adherent cells, the formazan product from the MTT reduction was dissolved in DMSO.
The optical density (OD) of the wells was measured at 450 nm with an ELISA plate reader

and compared to the control.

Cytotoxic activity in murine cancer lines

The murine Ehrlich Carcinoma (EC) cells were retained in the intraperitoneal cavity of
mice. The cells were centrifuged (1000 rpm for 10 min), the supernatant was discarded and
cells were resuspended in DMEM supplemented with 10% fetal bovine serum, 2 mM
glutamine, 100 U/mL penicillin and 100 pg/mL streptomycin at 37°C with 5% COs,.

Tumor cells were seeded (2 x 10° cells/mL) in 96-well plates and incubated with the
test substances (6.25 to 50 pug/mL). After 24 h, 10 pL of MTT (5.0 mg/mL) was added to each
well and incubated for 4 h. The supernatant was then discarded and 100 mL of DMSO was
added (Oliveira et al., 2010). The optical density (OD) of the wells was measured at 450 nm
with an ELISA plate reader and compared to the control.

Hemolytic assay

Hemolytic assays were performed in 96-well plates, following the method described
by Costa-Lotufo et al. (2005). Each well received 100 pul of 0.85% NacCl solution containing
10 mM CaCl,. The first well was a negative control that contained only vehicle (10%
DMSO), and in the second well, 100 ul of test substance diluted in half was added. The

extracts were tested at concentrations ranging from 15.62 to 2000 pg/ml. The serial dilution
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continued until the 11" well. The last well received 20 pl of 0.1% Triton X-100 (in 0.85%
saline) to obtain 100% hemolysis (positive control). Then, each well received 100 pl of a 2%
suspension of mouse erythrocytes in 0.85% saline containing 10 mM CaCl,. After incubation
at room temperature for 30 min and subsequent centrifugation, the supernatant was removed
and the released hemoglobin was measured by a spectrometer at an absorbance of 450 nm.

Extracts with an ECs value lower than 200 pg/mL were considered active.

Statistical analysis
Data are presented as mean £+ S.D. The ICsy and ECs values and their 95% confidence

intervals were obtained by nonlinear regression using the SigmaPlot program 11.0.

RESULTS AND DISCUSSION

The emergence of antibiotics prevented the spread of bacterial diseases and enabled
the treatment of thousands of individuals. However, the first recorded case of bacterial
resistance was reported only a few years after the onset of the clinical use of penicillin.
Several technological measures have been suggested to solve the problem of multidrug-
resistant bacteria, including the search for new drugs or prototypes derived from plant species
(Silva et al., 2010). However, the discovery of new antibiotics to circumvent bacterial
resistance has achieved limited success, despite the considerable efforts of the scientific
community.

Plants are an important source of potentially useful structures for the development of
new chemotherapeutic agents. To identify potential therapeutic plant compounds, we first
need to conduct in vitro antibacterial activity assays (Mahesh & Satish, 2008).

The antimicrobial activity of methanol and phase extracts from E. subrotundum was
determined in Gram-positive bacteria, Gram-negative bacteria and fungi by the disc diffusion
method. The methanol extract and the hexane phase were active against all microorganisms
tested. However, the acetate phase was the most active, showing significant zones of
inhibition in S. aureus (13.0 = 0.0mm), M. luteus (18.5 = 0.7 mm), M. smegmatis (17.0 = 0.0
mm) and E. faecalis (12.0 = 0.0 mm) (Table 1). The MIC and MBC values against sensitive
organisms in antimicrobial testing are presented in Table 2. The results show that the hexane
phase had the lowest MIC and MBC against M. luteus (125 pg/mL and 500 pg/mL,
respectively). There are few reports of antimicrobial activity of the genus Erythroxylum. In
one study, the alkaline extract of the bark of E. catuaba was shown to have protective action

against lethal infections of Escherichia coli and Staphylococcus aureus (Manabe et al., 1992).
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However, Rahman and colleagues (1998) reported an absence of antibacterial activity against
S. aureus, E. coli, Bacillus subtilis and Pseudomonas aeruginosa at concentrations of 100 and
200 pg/mL; in contrast, they demonstrated the antifungal activity of alcoholic extract of

Erythroxylum moonii against Candida albicans.

Table 1

Table 2

Cytotoxicity is the initial effect that is indicative of antitumor activity observed in
most chemotherapeutic treatments (Oliveira et al., 2010). The method of MTT reduction
provides information about mitochondrial function by assessing the activity of succinate
dehydrogenase (Mosmann, 1983). The cytotoxicity of the five samples, including extracts and
phases, on human murine tumor cell lines was evaluated using the MTT method, and the
results are presented in Table 3. The significant inhibition of cell proliferation was only
observed in the hexane phase in NCI-H292 cells and Ehrlich tumors with ICs, values equal to
26.30 = 1.80 pg/mL and 27.39 + 1.43 pg/mL, respectively. Most of these values were within
the cutoff point of the National Cancer Institute criteria for cytotoxicity (ICso < 30 pg/mL) in
the screening of promising crude plant extracts for further purification (Mesquita et al., 2009).
To verify whether the cytotoxicity observed was related to membrane disruption, the hexane
phase was tested for its ability to induce lysis of mouse erythrocytes, but hemolysis was not
observed. These data suggest that the cytotoxic activity of the hexane phase was not related to

the lytic properties or membrane instability induced by this phase.

Table 3

The experimental model of Ehrlich ascites tumors has been widely used in studies
seeking to elucidate mechanisms of antitumor action of new substances. This model is easy to
manage, easily transplantable and allows tumor growth in solid, subcutaneous tissue and
ascites fluid in the peritoneal cavity of animals (Chen & Watkins, 1970; Oliveira et al., 2010).

Previous studies have shown that extracts and alkaloids of tropanes of Erytroxylum sp.
display cytotoxicity in cell lines. The methanol extract and alkaloids of tropanes of E.
pervillei inhibited the growth of KB-V1 cells (human cervix carcinoma multidrug-resistant) in

the presence of vinblastine; however, these compounds were much less cytotoxic to KB-V1
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cells in the absence of vinblastine or to KB cells (oral squamous cell carcinoma). The
alkaloids of this species, pervillene B and C, showed cytotoxicity in ovarian adenocarcinoma
(SKOV3) and multidrug resistant adenocarcinoma (SKVLB) cell lines incubated with
adriamycin (Silva et al., 2001). Alkaloids isolated from the stem of E. rotundifolium also
showed cytotoxic activity in KB-V1 cells (Chavez et al. 2002).

This study revealed that the hexanic phase of E. subrotundum contains promising
active compounds. Further studies are necessary for the chemical characterization of the

active compounds and more extensive biological evaluation of these compounds.
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Table 1
Antimicrobial activity of of the methanol extract of the aerial parts of Erythroxylum

subrotundum and of its phases (2000 g/disc).

Zone of inhibition (mm)

Microorganisms 1 ) 3 4 5 Kanamicin Cetoconazole
(B0png/disc) (300pg/disc)

S. aureus 0.0 0.0 0.0 13.0+0.0 10.0+0.0 28

M. luteus 0.0 0.0 0.0 18.5+0.7 13.5+2.1 34

B. subitilis 0.0 0.0 0.0 11.5+0.7 0.0 29

P. aeruginosa 0.0 0.0 0.0 0.0 0.0 20

M. smegmatis 0.0 0.0 16.0+0.0 17.0£0.0 0.0 40

E. faecalis 0.0 0.0 11.5+0.7 12.0£0.0 0.0 13

E. coli 0.0 0.0 0.0 11.0£0.0 0.0 15

S. marcescens 0.0 0.0 0.0 0.0 0.0 15

C. albicans 0.0 0.0 18.0+£0.0 0.0 0.0 - 24

1. Methanol extract of the aerial parts of E. subrotundum; 2. Hexane phase; 3. Chloroformic phase; 4. Acectate
phase; 5. Hydroalcoholic phase. Mean +SD

Table 2
Values the Minimum Inhibitory Concentration (MIC) and Minimum Bacteriostatic

Concentration (MBC) of the phases of Erythroxylum subrotundum.

Micro-organismos 3 4 S

MIC MBC MIC MBC MIC MBC
S. aureus n.t. n.t. 2000 2000 n.t. n.t.
M. luteus n.t. n.t. 125 500 500 1000
B. subtilis n.t. n.t. n.t. n.t. n.t. n.t.
P. aeruginosa n.t. n.t. n.t. n.t. n.t. n.t.
M. smegmatis 250 1000 250 2000 n.t. n.t.
E. faecalis n.t. n.t. 2000 2000 n.t. n.t.
E. coli n.t. n.t. n.t. n.t. n.t. n.t.
S. marcescens n.t. n.t. n.t. n.t. n.t. n.t.
C. albicans 500 1000 n.t. n.t. n.t. n.t.

3. Cloroformic phase; 4. Acetate phase; 5. Hydroalcoholic phase. Mean £SD. n.t. — not tested.
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Table 3

Cytotoxic and hemolytic activity of the methanol extract of the aerial parts of Erythroxylum

subrotundum.
N ICs (ng/mL) ECs (ng/mL)

HEp-2 NCI-H292 K562 EC

Methanol extract nd nd nd nd nt
Acetate phase nd nd nd nd nt
Chloroformic phase nd nd nd nd nt
Hexanic phase nd 26.30+1.08 32.50+1.69 977139+143  >2000
Hydroalcoholic phase nd nd nd nd nt
Etoposide 6.10+0.19  2.75£0.10  4.48+0.23 nd nt
Doxorubicin 5.29+£2.19 4.89+1.71 nd 3.9940.19 nt

n.d. — not determined. n.t. — not tested. The IC50 and EC50 and its 95% confidence interval

(CI 95%) were obtained by non-linear regression.
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7 CONCLUSOES

e Isolamento dos alcaloides

A partir do extrato matandlico do caule de Erythoxylum caatingae foram isolados trés
alcaloides: (3a-(3’,4°,5’-trimetoxi)-6-benzoilonitropano; 30—(3’,5’dimetoxi-4’-

hidroxibenzoiloxi)-6B-benzoiloxitropano; 3a,6B-(dibenzoiloxitropano);

e Atividade Antimicrobiana

O extrato bruto e as fases de Erythoxylum caatingae, exceto a fase hexanica
apresentaram atividade antimicrobiana em bactérias Gram-positiva e fungo. As bactérias mais
sensiveis foram M. luteus e M. smegmatis;

Apenas as fases acetato, cloroférmica e hidroalcoolica de Erythroxylum subrotundum

apresentaram atividade antimicrobiana em bactérias Gram-positivas;

e Atividade Citotoxica

O extrato metanolico de E. caatingae ndo apresentou citotoxicidade frente as
linhagens tumorais humana KB, NCI-H292, HEp-2 e K562.

As fases acetato: metanol (95:5), acetato, cloroférmica e hexanica de E. caatingae
apresentaram citotoxicidade frente a HEp-2, NCI-H292 e K562.

O alcaldide 3a - (3’, 4°, 5’-trimetoxi) - 6B- benzoilonitropano s6 apresentou
citotoxicidade em linhagem de células K562.

As fases acetato: metanol (80:20) e (90:10) de E. caatingae foram citotdxica frente as
linhagens NCI-H292;

Apenas a fase hexanica de E. subrotundum apresentou citotoxidade frente a NCI-

H292, K562 e Carcinoma de Ehrlich;

o Atividade Hemolitica

As substancias que apresentaram citotoxicidade em linhagens tumoral humana e

murina ndo causaram hemolise em eritrécitos de camundongos;
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° Mecanismo de acido envolvendo atividade citotoxica

A citotoxicidade verificada da espécie E. caatingae foi induzida por apoptose com

participagdo da via intrinseca (via mitocondrial);

e Atividade Antitumoral

O extrato metandlico de E. caatingae inibiu o crescimento do Sarcoma 180 in vivo.
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Anexos




110

ANEXO A - Fluxograma 1: Marcha para extracao e isolamento dos alcaldides do caule de
Erythroxylum caatingae

EMB

- Dissolvido em agua
- Desengordurado com hexano

Fase hexanica

Extrato aquoso desengordurado

Residuo descartado

- Acidificado com HCI 3%
- Filtracdo em celite

Solugdo acida

- Extra¢do com CHCl;

Fase aquosa acida

Fase cloroformica acida

- Basificado com NH4OH até pH 7,0

Fase a

pH 7,0

- Extracao com CHCl;

Fase aquosa a pH 7,0

Fase cloroférmica a pH 7,0

- Lavagem com H,O

- Filtragao

- Secagem com Na,SOg4
- Evaporacdo do solvente

Fracao de alcaldides Totais
FAT

- Cromatografia em coluna
usando silica gel

Alcaléide 1

Alcaldide 2 Alcaloide 3




ANEXO B — Alcaloides isolados do caule de Erythroxylum caatingae.

Alcaléide 2 - 30,6B-dibenzoyloxytropano
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Alcaloide 3 - 3o — (3°,5’dimetoxi - 4’- hidroxibenzoiloxi)-6B-benzoiloxitropano
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ANEXO C - Fluxograma 2: Obtengao e particionamento do extrato metanolico bruto das
partes aéreas de Erythroxylum subrotundum

PARTE AEREAS

— — Secagem e Moagem

PO (4 kg)

— j E— MeOH

Concentracio a vacuo

EXTRATO METANOLICO BRUTO (100g)

MeOH : H,O (7 : 3)

EXTRATO HIDROALCOOLICO

Hexano
FASE HEXANICA EXTRATO HIDROALCOOLICO I
CHClL,
FASE CLOROFORMICA EXTRATO HIDROALCOOLICO 11
AcOEt

FASE ACETATO DE ETILA EXTRATO HIDROALCOOLICO III




