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RESUMO

A tuberculose e o cancer sdo um importante problema de sadude publica mundial. Ao longo dos
anos o cendrio dessas doencas ndo tem se mostrado otimista, devido ao aumento do nimero de
casos de resisténcia as drogas. Nesse sentido, ha uma necessidade urgente do desenvolvimento
de novas moléculas originais, ativas e menos toxicas do que as drogas antituberculose e
anticancerigenas usuais. O objetivo desse estudo foi avaliar in vitro a atividade
antimicobacteriana frente ao Mycobacterium tuberculosis Hs7Rv (ATCC 27294) e
antiproliferativa do extrato metandlico, fragdes e compostos isolados das folhas da Piper
amalago L. e de alguns compostos sintéticos g-carbolinicos contendo a unidade guanidina. A
Concentracéo Inibitéria Minima (CIM) foi avaliada pelo método de reducédo da resazurina em
microplacas (REMA). A citotoxicidade in vitro (atividade antiproliferativa) foi investigada
frente as linhagens de células tumorais humanas utilizando o método colorimétrico com
Sulforrodamina B (SRB). Para o estudo de toxicidade aguda utilizou-se modelo in vivo em
camundongos Swiss fémeas nas doses de 175, 560, 1792 e 2000 mg/Kg*, conforme o protocolo
425 da Organizagdo para Cooperagdo e Desenvolvimento Econdmico (OCDE). O extrato
metandlico obtido das folhas de P. amalago L. (EMPA) apresentou atividade
antimicobacteriana moderada, com CIM = 455 pg/mL. A fracdo cloroférmica (FCPA)
resultante do particionamento liquido-liquido teve CIM = 15,3 pg/mL. O estudo fitoquimico da
FCPA resultou no isolamento de duas piperamidas PA-1 e PA-2 com CIM de 92,0 ug/mL e
57,0 pg/mL, respectivamente. EMPA também apresentou potente atividade antiproliferativa
contra células de préstata PC-3 (LCso = 4,34 ug/mL; TGI = 64,72 ug/mL) e ovarianas OVCAR-
3 (LCs0=9,44 ug/mL). A administracdo aguda da FCPA ndo promoveu sinais de toxicidade nos
animais tratados. Em relacéo aos derivados f-carbolinicos contendo o grupo amina (2a-c, 3a-c)
ou guanidinio (4a-c) terminal em C-3, os compostos 2a (24,9 pg/mL), 2b (26,9 pg/mL) e 4a
(27,8 ug/mL), foram os mais ativos contra M. tuberculosis. Quanto a atividade antiproliferativa,
oito compostos inibiram o crescimento celular contra linhagem resistente de ovario NCI-
ADR/RES (GI50 < 8,36 mM). Com base nos resultados encontrados s&o necessarios mais

estudos para explorar o mecanismo de agéo e a toxicidade in vivo desses compostos em detalhe.
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ABSTRACT

Tuberculosis and cancer are a major public health problem worldwide. Over the years the stage
of these diseases has not proven optimistic, due to increased number of cases of drug resistance.
Accordingly, there is an urgent need for development of new original molecules active and less
toxic than usual antituberculosis and anticancer drugs. The aim of this study was to evaluate in
vitro antimycobacterial activity against Mycobacterium tuberculosis Hs7Rv (ATCC 27294) and
antiproliferative of methanolic extract, fractions and compounds isolated from the leaves of
Piper amalago L. and some f-carboline synthetic compounds containing guanidine unit. The
Minimum Inhibitory Concentration (MIC) was assessed by the resazurin reduction method in
microplates (REMA). The in vitro cytotoxicity (proliferative activities) was investigated against
human tumor cell lines using the colorimetric method with Sulforhodamine B (SRB). For acute
toxicity study was used in vivo mouse model Swiss females at doses of 175, 560, 1792 and
2000 mg/Kg, as the protocol 425 the Organization for Economic Cooperation and Development
(OECD). The methanolic extract obtained from the leaves of P. amalago L. (MEPA) presented
moderate antimycobacterial activity with MIC = 45.5 pg/mL. The chloroform fraction (FCPA)
resulting from liquid-liquid partitioning had MIC = 15.3 pg/mL. The phytochemical study of
the FCPA resulted in the isolation of two piperamides PA-1 and PA-2 with MIC 92.0 pg/mL
and 57.0 pg/mL, respectively. MEPA also showed potent antiproliferative activity against PC-
3 prostate (LC50 = 4.34 pug/mL; TGI = 64.72 pg/mL) and OVCAR-3 ovarian cells (LC50 =
9.44 pg/mL). The FCPA acute administration did not cause signs of toxicity in the treated
animals. Regarding S-carboline derivatives containing amine group (2a-c, 3a-c) or guanidinium
(4a-c) terminal to C-3, compounds 2a (24.9 pg/mL), 2b (26.9 pg/mL) and 4a (27.8 pg/mL),
were most active against M. tuberculosis. Regarding antiproliferative activity, eight compounds
inhibited cell growth against resistant strain of ovarian NCI-ADR/RES (GI50 < 8.36 mM).
Based on these results further studies are needed to explore the mechanism of action and in vivo

toxicity of these compounds in detail.
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1. INTRODUCAO

A tuberculose (TB) € uma doenca infecciosa que acomete principalmente os pulmdes,
tem como principal patdgeno o Mycobacterium tuberculosis (MTB). A doenca continua sendo
um grave problema de satde publica mundial, exigindo o desenvolvimento de novas estratégias
para o seu controle. O Gltimo relatdrio anual da tuberculose, revelou que em 2013 a incidéncia
de TB esteve em torno de 9 milhdes de novos casos, com ocorréncia de cerca de 1,5 milhdes de
mortes. O Brasil estd entre os 22 paises mais afetados pela TB no mundo, possuindo,
atualmente, em torno de 83 mil novos casos e cerca e 4,4 mil mortes por ano [1].

Em geral, a bactéria é transmitida por aerosséis de pessoas que sdo contaminadas apos
a inalacdo do bacilo provenientes de espirros ou tosses. Estima-se que apenas 10% das pessoas
infectadas tornam-se doentes, o restante da populacdo pode desenvolver uma forma latente, e
ter uma resposta efetiva, impedindo a evolucéo para doenca [2, 3]. Entretanto a forma latente
pode sofrer uma reativagao frente a uma imunossupressao [4].

Os farmacos para tratamento convencional da TB foram desenvolvidos hd mais de 40
anos, requer no minimo seis meses de utilizacdo combinada de quatro drogas de primeira linha
[1]. O tratamento € longo, com efeitos adversos e demanda disciplina ao paciente. Como héa
uma melhora significativa logo no inicio do tratamento, € comum o uso incorreto ou até mesmo
0 abandono da terapéutica, antes do periodo recomendado, o que estimula o desenvolvimento
de cepas resistentes aos farmacos utilizados [5, 6].

Para o desenvolvimento de novos agentes anti-TB, duas principais abordagens tém sido
empregadas [7]. Uma delas € baseada na sintese de analogos de farmacos existentes com o
objetivo de reduzir o tempo de tratamento da TB bem como melhora-lo. A outra envolve a
busca de novas estruturas com as quais a micobactéria nunca tenha sido apresentada antes [8].

Outra abordagem € o cancer, uma doenca que afeta mais de 100 tipos de células. A
caracteristica principal é a profunda alteracdo nos sistemas de regulagéo da proliferagéo e de
diferenciacdo celulares. Muitas dificuldades sdo encontradas no tratamento, a resisténcia aos
medicamentos, toxicidade celular e baixa especificidade sdo as mais frequentes. Moléculas
vegetais, seus derivados sintéticos e semissintéticos sdo importantes fontes de drogas
antitumorais. Mais de 50% dos medicamentos em ensaios clinicos para atividade anticancer
foram isoladas de fontes naturais ou séo relacionadas a eles [9].

Devido a eficicia reduzida dos farmacos atuais, resultantes do surgimento de

multirresisténcia, torna-se necessario a busca de novas drogas antituberculose e



anticancerigenas, que reduzam o tempo e a complexidade do tratamento, e que consigam
erradicar as infecgOes persistentes [6].

Entre os compostos utilizados como base para as novas formulagdes, a utilizacdo de
produtos naturais, fornece metabdlitos secundarios contra diversos alvos farmacoldgicos [6,
10]. A utilizacdo desses metabolicos como matéria-prima, modelo ou molécula prot6tipo para
a sintese de analogos mais potentes e seletivos, tém contribuido significativamente para a
obtencdo de novos agentes terapéuticos [11, 12].

Com o intuito de buscar novas drogas para o tratamento da TB e cancer, através de
estudos sobre a utilizagcdo de plantas medicinais no desenvolvimento de novos compostos, 0
nosso grupo de pesquisa realizou a triagem in vitro de 28 extratos vegetais obtidos de plantas
nativas e exoticas contra 0 MTB [13] e novos derivados sintéticos de S-carbolinas contra dez
linhagens de células tumorais humanas [14-16].

Neste estudo avaliamos a atividade anti-Mycobacterium tuberculosis e antiproliferativa
in vitro do extrato, fragcbes e compostos provenientes de produto vegetal (Piper amalago) e de

composto obtidos sinteticamente (derivados S-carbolinicos contendo a unidade guanidinica).



2. REVISAO DE LITERATURA

2.1 Tuberculose

2.1.1 Estratégias de combate e situacdo atual

Conhecida a milhares de anos, a tuberculose € uma doenca infecciosa e transmissivel
causada pelo Mycobacterium tuberculosis, bacilo aerobio obrigatério que na sua forma ativa
afeta principalmente os pulmdes [17].

Entre as décadas de 40 e 70, foram desenvolvidos os medicamentos que sdo atualmente
utilizados no tratamento da tuberculose, como, por exemplo: a estreptomicina (EST) em 1943;
a isoniazida (INH) em 1952; pirazinamida (PZA) em 1954; o etambutol (EMB) em 1961; e a
rifampicina (RFP) em 1963. Na década de 80, com sucesso desses farmacos, devido ao declinio
da incidéncia de tuberculose, chegou-se a acreditar que essa doenca havia sido erradicada [18].

No entanto, a partir da década de 90 houve um aumento expressivo no nimero de casos
de TB, principalmente nos paises em desenvolvimento, devido a diversos fatores como: a baixa
adesdo dos pacientes ao tratamento, o aparecimento de bactérias resistentes aos farmacos
utilizados, a pobreza, os aglomerados populacionais, a falta de informacgédo, 0os movimentos
migratorios e o surgimento, na mesma década, da Sindrome de Imunodeficiéncia Adquirida
(AIDS) [19].

Devido a crescente incidéncia de casos, em 1993 a Organizacdo Mundial da Saude
(OMS), declarou a tuberculose como uma emergéncia de satde publica mundial, ressaltando a
necessidade de medidas efetivas para seu controle [1]. Na tentativa de minimizar a transmissao
da doenca, em 1994 a OMS lancou a estratégia de Tratamento de Curto Prazo Diretamente
Observado (Directly Observed Treatment Short-Course — DOTS), que envolve cinco
elementos: compromisso politico; exames bacterioldgicos de qualidade; aquisicdo e
distribuicdo regular de medicamentos; tratamento padronizado; e monitoramento dos casos
[19].

Visando & expansao e o aperfeicoamento da qualidade da estratégia DOTS, no ano de
2006, foi langada a estratégia Stop-TB, incluindo um novo complemento que permite capacitar
e promover a pesquisa por meio do desenvolvimento de novos meios de diagndsticos,

medicamentos e vacinas [20]. Essas estratégias possuem metas como diagnosticar pelo menos



70% dos novos casos e curar 85% dos doentes, diminuindo, desse modo, a taxa de abandono e
evitando o surgimento de bacilos resistentes, resultando no efetivo controle da tuberculose [21].

Pela primeira vez em décadas, o Stop -TB Partnership informou que cinco novas classes
de compostos sintéticos organicos estdo em fase clinica, sendo elas: PNU-100480 (sutezolida)
— possui como alvo a biossintese de proteinas; SQ-109 — biossintese da parede celular; PA-824
(Nitroimidazopyran) — biossintese de lipidios e proteinas; OPC-67683 (delamanida) —
biossintese de lipidios e proteinas e AZD-5847 — estrutura nao revelada [22, 23]

Em 28 de dezembro de 2012 foi aprovado pela U.S Food and Drug Administration
(FDA) a utilizacdo do medicamento Sirturo (bedaquilina) como parte da terapia de combinagéo
para o tratamento de adultos com TB-MDR. O composto desenvolvido pelo laboratério americano
Johnson and Johnson em parceria com a TB Alliance, atua na inibicdo da enzima ATP sintase
micobacteriana, impedindo sua multiplicacdo [24].

Entretanto, a caréncia em estruturas quimicas inéditas permanece e apesar da
possibilidade da entrada de novos medicamentos, o desenvolvimento de novos farmacos contra

TB ainda é insuficiente para resolver as necessidades nao atendidas do tratamento [6].

2.1.2 O pat6geno e a doenca

O MTB, também conhecido como bacilo de Koch e o principal agente causador da TB,
é uma bactéria de crescimento lento com o tempo de duplicacdo entre 18-48 horas, sua parede
celular é espessa, contém acidos micolicos, uma longa cadeia cruzada de acidos graxos e outros
lipideos, o que confere a este micro-organismo resisténcia a agentes bactericidas e uma
caracteristica alcool-4cido resistentes (BAAR) [25].

A TB se caracteriza principalmente por uma inflamacdo cronica intensa, necrose
caseosa do tecido pulmonar, podendo afetar outros érgdos do corpo. Entre as formas
extrapulmonares as mais comuns sdo as pleurais e ganglionares periféricas, seguidas pelas
genitourinarias, 6sseas e oculares [26].

Sua transmissao ocorre quando as cavidades, que se formam nos pulmdes, se rompem
nos bronquios, permitindo a liberacdo dos bacilos por aerossois produzidos durante a
expectoragdo, havendo, dessa maneira, a possibilidade de contaminacgdo de outros individuos
[27].

A resposta imunitéria (hipersensibilidade retardada e imunidade celular) desenvolve-se
cerca de 4-6 semanas apoés a infeccdo priméaria. Na maioria dos casos, a resposta imunuldgica

consegue conter a multiplicacéo dos bacilos do MTB [28]. No entanto, alguns bacilos adquirem



estado de laténcia, embora ndo sejam infecciosos nesta fase, podem sofrer uma reativacao frente
a uma imunossupressao [4].

A fase de laténcia ¢é definida quando nos pulmades a bactéria é fagocitada por macréfagos
alveolares induzindo uma resposta pré-inflamatoria iniciando o processo de recrutamento de
células mononucleares de vasos sanguineos vizinhos. Os bacilos rodeados por células T,
mondcitos e macrofagos ndo podem se reproduzir e adquirem o estado de laténcia. Nesta fase
os bacilos ndo sdo infecciosos, podendo permanecer neste estado por muitos anos ou ocorrer o
processo de reativacao - forma mais comum de manifestacdo da tuberculose em adultos. Esta é
frequentemente associada a condi¢cBes de comprometimento do sistema imunolégico, tais

como: co-infecgdo com HIV, deficiéncia nutricional, idade avangada e estresse [28, 29].

2.1.3 Tratamento e a multidroga-resisténcia

O atual regime de tratamento preconizado pelo Ministério da Saude inclui drogas de
primeira linha e se baseia em dois esquemas [21]: Esquema | é indicado para novos casos de
TB (seja na forma pulmonar ou na extrapulmonar, infectados ou nao por HIV) e para recidiva
ou retornos apds o abandono. Sua duracéo € de seis meses, se utilizando da INH, RFP, PZA e
EMB nos dois primeiros meses (fase intensiva), e da INH e RFP nos quatro meses seguintes
(fase de manutencdo); Esquema Il € indicado para a forma meningoencefalica e utiliza as
mesmas drogas descritas no Esquema I, sua duracao é de nove meses, dois na fase intensiva e
sete na fase de manutencao.

Combinacgdes multiplas de farmacos sdo necessarias para 0 sinergismo terapéutico e
para a prevencao do surgimento de cepas resistentes aos antimicrobianos. Entretanto, a falta de
adesdo ao tratamento é a principal causa da falha terapéutica e do surgimento de cepas
resistentes [30].

O tratamento irregular da TB eleva as taxas de resisténcia tanto priméria (pacientes
nunca tratados, contaminados por bacilos previamente resistentes), quanto adquirida (pacientes
com tuberculose inicialmente sensivel, que se tornam resistentes ap0s a exposi¢cdo aos
medicamentos) [5, 31].

A TB-MDR ¢ forma da doenga causada por cepas resistentes a INH e RFP [21]. A
resisténcia aos medicamentos antituberculose de primeira linha tem aumentado, sendo que em
2013 foram estimados cerca de 480 mil casos de TB-MDR no mundo [1].

Em casos mais graves ocorrem o desenvolvimento da TB-XDR, cepas resistentes a

drogas de primeira (INH e RFP) e segunda linha (como as fluoroquinolonas e a um dos



seguintes injetaveis: canamicina, amicacina ou capreomicina) [21]. Segundo a Organizagao
Mundial da Saude (OMS), 9% das pessoas com TB-MDR tiveram TB-XDR, essa Ultima forma
de doenca foi relatada em mais de 100 paises [1].

Os regimes de tratamento para TB-MDR e TB-XDR sao mais longos (18 a 24 meses),
menos eficazes, menos tolerdveis, e mais caros do que a quimioterapia de curta duracdo
padronizada [32, 33]. Consiste da combinacdo de farmacos de primeira e segunda linha como
estreptomicina (EST), ofloxacino (OFX), terizidona (TRZ), etionamida (ETM), cicloserina
(CS), acido para-aminossalicilico (PAS), tiacetazona (TCT), clofazimina (CLF) e alguns tipos
de canamicinas (CM) [33, 34].

Em 2013, no Brasil, foram notificados 525 novos casos de multirresisténcia e 21 de
resisténcia extensiva. O aumento das taxas de incidéncia de TB-MDR e TB-XDR tem
impulsionado a busca de novas alternativas farmacoldgicas efetivas que possam reduzir o

periodo de tratamento, bem como minimizar as reaces adversas causadas pela terapia [35].

2.1.4 Produtos naturais com atividade antimicobacteriana

Produtos naturais de origem vegetal sdo considerados uma fonte inesgotavel de
protétipos para a descoberta e desenvolvimento de novos farmacos contra diversos alvos
farmacolodgicos [12].

A maioria dos medicamentos sintéticos que estdo disponibilizados no mercado possuem
origem de produtos naturais. Estima-se que 50% dos medicamentos utilizados para o tratamento
de infec¢bes sejam oriundos de produtos naturais ou semissintéticos modificados para uma
melhor eficacia [9].

Nas Ultimas décadas, diversas pesquisas foram realizadas com o intuito de analisar as
propriedades antimicobacteriana de plantas medicinais, tendo-se obtido resultados satisfatorios
guanto ao isolamento e comprovacdo de constituintes ativos contra Mycobacterium
tuberculosis [36]. Entre as quais podemos citar a Clavija procera B. Stahl, que demonstrou ser
ativo, mesmo contra cepas resistentes [37]; Valeriana laxiflora DC. [38]; Thalia multiflora
Horkel ex Koernicke [39]; Maerua edulis (Gilg & GilgBen.) DeWolf; Securidaca
longepedunculata Fresen.; Tabernaemontana elegans Stapf; Zanthoxylum capense (Thunb.)
Harv. [40]; Aristolochia taliscana Hook [41]; Acorus calamus L. var. americanus [42] e Aralia
nudicaulis L. [43]

No entanto, alguns desses constituintes se mostram inativos, muito txicos ou ainda com

bioatividades indesejadas. Em alguns casos é possivel, através de transformacgdes quimicas,



potencializar a atividade farmacoldgica esperada e/ou reduzir outras que estdo relacionadas a
toxicidade do composto [44, 45].

2.2 Cancer

2.2.1 Aspectos gerais

Também denominado neoplasia ou tumor maligno, o cancer é um conjunto de doencas
que tem em comum a proliferacdo descontrolada de células alteradas, podendo invadir tecidos
adjacentes e se disseminar para outros 6rgdos [46].

A origem da célula cancerosa (processo carcinogénico) ocorre devido a interacoes entre
fatores exdgenos (ambientais) e enddgenos (genéticos). As condi¢des do meio ambiente, 0s
habitos e costumes, a predisposic¢ao genética, além da exposicao a produtos quimicos, radiacdo
e infeccOes provocadas por certos tipos de virus, bactérias ou parasitas favorecem mutac6es no
genoma das células. O acimulo dessas anormalidades genéticas é o principal responsavel pelo
desenvolvimento e progressao neoplasica [46].

O envelhecimento é outro fator fundamental no desenvolvimento do cancer devido ao
acumulo de mutacGes e outros danos oxidativos nas células [46]. Combinado com os declinios
da atividade antioxidante e do sistema imune, compromete o combate as células mutadas [47].

Nas Ultimas décadas, o cancer ganhou uma dimensdao maior convertendo-se em um
evidente problema de salude publica mundial. Segundo a Organizacdo Mundial de Saide, em
2012 foram aproximadamente 14 milhdes de novos casos e 8,2 milhdes de mortes. As causas
mais comuns de morte sdo os canceres de pulméo (19,4%), figado (9,1%), estbmago (8,8%),
célon (8,5%) e mama (6,4%). A projecao desses dados ndo se revela promissora, pois 0 nimero
de casos devera aumentar em cerca de 70% ao longo das préximas duas décadas. O uso do
tabaco € o fator de risco mais importante para o cancer, causando cerca de 20% das mortes
globais por essa causa [46].

Além disso, fatores econbmicos e sociais também colaboram para o crescimento de
casos no mundo. Mais de 60% do total de novos casos anuais ocorrem na Africa, Asia e América
Latina. Estas regides sdo responsaveis por 70% das mortes por cancer do mundo [46]. Segundo
o Instituto Nacional de Cancer (INCA), no Brasil, em 2013, cerca de 162 mil pessoas morreram

por neoplasias malignas, sendo esta responsavel por 13,3% do total de ébitos registrados [48].

2.2.2 Medicamentos anticancer



S&o conhecidos mais de cem tipos de canceres, diferenciados pela etiologia, processo
de evolucédo e formas de tratamento (cirurgia, radioterapia e quimioterapia) [48].

Nos Ultimos sessenta anos, a pesquisa de novas drogas anticancer avaliou mais de 600
substancias, através da triagem por modelos experimentais de leucemias murinas e em animais
imunodeficientes implantados com células tumorais humanas. Essa andlise introduziu na
terapéutica cerca de 70 medicamentos que resultaram na maioria das drogas que séo utilizadas
na quimioterapia anticancer [49]. Desses quimioterapicos 50% sdo provenientes, direta ou
indiretamente, de fontes naturais como plantas, microrganismos e organismos marinhos [50,
51].

E o caso dos alcaloides da vinca: vimblastina e vincristina isolados da Catharanthus
roseus (Apocynaceae). Estes dois compostos sdo atualmente comercializados e utilizados no
tratamento de linfoma de Hodgkin e da leucemia linfoblastica aguda infantil [52]. O etoposide
(VePesid®) é um outro exemplo. Esse composto sintético surgiu baseado no produto natural
podofilotoxina, extraido da Podophyllum peltatum (Berberidaceae), e tem sido usado para o
tratamento de tumores de testiculo e pulmao, mostrando-se menos toxico e mais potente que o
composto natural [53]. Os taxanos, paclitaxel e docetaxel, isolados de Taxus brevifolia,
apresentam atividades sobre tumores de mama e ovario [54]. A descoberta desses antitumorais,
mostra o potencial dos produtos naturais em compor e aumentar as opg0Oes terapéuticas de
tratamento e cura.

Os quimioterapicos anticancerigenos atuam promovendo a supressdo do crescimento
celular, atuando diretamente no DNA das células ou indiretamente por inibicdo de funcbes
metabdlicas do DNA e sdo divididos em dois grupos. O primeiro é constituido por aqueles que
inibem a iniciacdo do processo carcinogénico (metrotexato e a vimblastina) e 0 segundo, pelos
que inibem a proliferacdo celular durante as fases de promocdo e progressdo do cancer
(antibioticos antitumorais, como a dexorrubicina) [55]. Um resumo dos principais farmacos
anticancerigenos e seus mecanismos de acéo no ciclo celular estdo descritos na Tabela 1[48].

Um dos grandes problemas da quimioterapia é a baixa seletividade, que gera o
aparecimento de efeitos colaterais toxicos (nauseas, febre, alopecia, feridas da boca e diarreia)
e resisténcia medicamentosa e/ou multidroga resisténcia, pois, além de desenvolverem
resisténcia a uma droga, as células podem desenvolver resisténcia cruzada a outras drogas. A
forma de resisténcia pode ser priméaria (quando administrada pela primeira vez) ou adquirida

(durante a quimioterapia) [56]. Embora a quimioterapia ndo seja curativa para muitos tipos de



cancer, esta mostra sua relevancia no que tange a sobrevida do paciente, bem como no processo

de regressdo do quadro oncoldgico [57].

Tabela 1: Principais anticancerigenos e mecanismos de acao.

Anticancerigenos

Mecanismo de acéo

PENTOSTATINA
PEMETREXED
METROTEXATO

GENTICABINA, CITARABINA, FLUDARABINA,
CLADRIBINA, CLOFARABINE

EPIPODOFILOTOXINAS, CAMPOTENCINAS,
ANTIBIOTICOS DEXORRUBICINA

L-ASPARAGINASE
N-FOSFOACETIL-L-ASPARTATO
6-MERCAPTUPURINA, 6-TIOGUANINA

HIDROXIUREIA
5-FLUORURACILA
AZACITIDINE

MOSTARDAS, NITROSUREIAS, ANALOGOS DE
PLATINA, MITOMICINA, CISPLATINA,
PROCARBAZINA, DACARBAZINA

TAXANOS, COLCHICINA, ALCALOIDES DA
VINCA

Inibe a sintese de aminase
Inibe a sintese de bases nitrogenadas

Inibe a redugéo de folatos, bloqueia timidina
monofosfato (TMP) e a sintese de bases puricas

Inibem a sintese de DNA

Inibem a fun¢@o das topoisomerases

Inibe a sintese proteica
Inibe a biossintese da pirimidina

Inibem a sintese de bases puricas ¢ as interconversdes
entre nucleotideos

Inibe a ribonucleotideo redutase
Inibe a sintese de TMP
Demetila residuos de DNA

Formam liga¢Ges covalentes ao DNA, impedindo sua
fungédo

Inibe a fungdo dos microtiibulos

Fonte: INCA, 2015.

2.3 Quimica medicinal e a pesquisa de novos farmacos

O processo de descoberta e desenvolvimento de novos farmacos envolve diversas etapas

gue requerem grandes investimentos de longo prazo. Inclui trés etapas importantes: 1) etapa de

descobrimento — consiste na identificagdo e producdo de novas substancias ativas, originadas

da sintese organica, de produtos naturais ou de processos biotecnoldgicos; 2) etapa de

otimizacdo — baseia-se nas modifica¢Oes sintéticas das estruturas, no sentido de aumentar a

poténcia, seletividade e conferir menor toxicidade; 3) etapa de desenvolvimento — consiste na
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otimizacdo das rotas sintéticas para a producdo em larga escala e a modificacdo das
propriedades farmacocinéticas e farmacodindmicas da substancia ativa para uso clinico [58,
59].

De acordo com a Unido Internacional de Quimica Pura e Aplicada (International Union
of Pure and Applied Chemistry - IUPAC), a quimica medicinal tem papel central na
identificagdo, planejamento, desenvolvimento, descoberta e interpretacdo do modo de agdo
molecular de compostos biologicamente ativos (New Chemical Entity - NCE). Também assume
grande importancia na avaliacdo de propriedades farmacocinéticas e relativas a toxicidade
(absorcdo, distribuicdo, metabolismo, excrecdo e toxicidade), além de estudos das relacdes
entre a estrutura e atividade (Structure-Activity Relationships — SAR) [59].

A descoberta de novos agentes anti-TB e anticancer representa um desafio, pois, 0 que
se espera de um novo composto € que ele reduza o tempo de tratamento, seja efetivo contra as
formas de resisténcia, além de apresentar menos toxicidade ao organismo, e no caso da TB, que
atue sobre as micobactérias que permanecem no organismo no estado de laténcia [6, 22, 57].

Outro fato importante a se considerar em relacdo a TB é da capacidade que o MTB tem
de persistir intracelularmente em macréfagos do hospedeiro por longos periodos. Uma terapia
eficiente, portanto, depende da capacidade do novo farmaco erradicar a micobactéria dentro dos
macréfagos [6].

A investigagdo da atividade bioldgica de moléculas ou de uma classe de substancias
pode ser realizada de duas maneiras: a partir da triagem baseada em alvo ou por selecéo
fenotipica [60].

A triagem baseada em alvo compreende a aplicacdo de conhecimentos moleculares para
se investigar hipdteses especificas, possibilitando a triagem de moléculas pequenas através de
programas computacionais. A desvantagem é que nem sempre os fatores relevantes nesta
analise computacional correspondem aos relevantes para o patdgeno como um todo [60].

Em contrapartida, a selecdo fenotipica ndo exige um conhecimento prévio. Um grande
numero de substancias em estudo pode ter sua atividade avaliada. Dessa forma, 0s ensaios
podem ser traduzidos de forma mais eficaz. Uma desvantagem dessa abordagem é o desafio de
otimizar as propriedades moleculares do candidato a farmaco, devido a auséncia de prévio
conhecimento quanto ao seu mecanismo de acao [60].

Frente as duas possiveis abordagens, a triagem fenotipica tem se revelado mais eficaz

na busca de novas moléculas e consequente aprovagdo de novos farmacos [22, 60].

2.3.1 Atividade antimicobacteriana
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De acordo com o programa de selecdo de novas drogas contra a TB, desenvolvido pelo
Instituto Nacional de Salde dos Estados Unidos (National Institutes of Health — NIH), devem
ser utilizados modelos in vitro e in vivo para encontrar COmpostos promissores a novos agentes
anti-TB [61].

A atividade antimicobacteriana é determinada inicialmente em teste in vitro, através da
aplicacdo do composto a ser avaliado sobre um meio de cultura que contétm MTB. Nesta
avaliacdo € medida a Concentracao Inibitoria Minima (CIM) do composto, onde é determinada
a concentracdo minima capaz de inibir o crescimento micobacteriano em 50% e 90% [62].

A CIM pode ser expressa em microgramas do composto por mililitro (ug/mL) ou em
micromolar (uUM), essa Ultima é preferivel porque pode ser usada na comparagdo da poténcia
entre moléculas. Desta forma, quanto menor for o valor da CIM em uM, menor serd 0 nUmero
de moléculas necessarias para promover a inibicdo do crescimento de MTB e,
consequentemente, maior serd a poténcia deste composto [62].

As metodologias mais modernas sdo baseadas na aplicacdo de corantes de oxireducéo,
como Alamar Blue, Resazurin Reduction Microtiter Assay (REMA), sal de tetrazolio (Dimethyl
thiazolyl diphenyl tetrazolium salt - MTT) entre outros, os quais sdo em geral, mais rapidos,
eficientes e baratos, possibilitando a triagem de um grande nimero de amostras. O Alamar Blue
é um corante de oxi-reducéo, indicador geral de crescimento e viabilidade celular, passando de
azul ndo fluorescente para rosa fluorescente ap6s a reducdo [63]. Assim o crescimento celular
pode ser mensurado através de um espectrofotometro [64].

O ensaio colorimétrico da resazurina permite um teste de susceptibilidade rapido para
micobactérias em condicdo aerdbia. Nesse teste, a forma oxidada do corante é azul e nédo
fluorescente, e é reduzida através da acdo das células vidveis a forma de resorufina, que é rosa
e fluorescente [65, 66]. A reacdo de reducdo da resazurina ocorre de acordo com a Figura 1.

Ensaios in vivo tém a funcdo de confirmar a investigacdo em modelos animais,
determinando-se primeiramente a dose simples de tolerancia maxima da amostra em ratos ou
camundongos [67]. Verifica-se ainda a capacidade do candidato a droga antituberculose de

reduzir a carga bacilar nos pulmdes de animais infectados [61].

ReeemRSY hsoeon

resazun na resorufina
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Figura 1. Reagdo de oxido-redugéo da resazurina para resorufina frente ao metabolismo

celular.

2.3.2 Atividade antiproliferativa

Com objetivo de descobrir novas moléculas com acdo anticancerigenas, o Instituto
Nacional do Cancer dos Estados Unidos (National Cancer Institute — NCI) desenvolveu um
painel com 60 linhagens de células tumorais humanas oriundas de nove tipos diferentes de
cancer (mama, ovario, prostata, colon, pulmdo, rins, cérebro, leucemia e melanoma). 1sso
possibilitou o desenvolvimento de metodologias para triagem in vitro, e dessa forma € possivel
avaliar de maneira mais profunda a acdo de compostos sintéticos ou amostras de produtos
naturais, que mostram inibigdo do crescimento seletivo ou morte celular de determinadas
linhagens de células tumorais aderentes a microplacas [56].

Os métodos colorimétricos que quantificam a proliferacdo celular em cultura sdo
considerados rapidos e baratos, pois, possibilitam um vasto nimero de extratos de produtos
naturais, permitindo facilmente guiar o isolamento e purificacédo de seus produtos ativos. A taxa
de crescimento e multiplicacdo é medida por algum indicador de crescimento, por meio da
formacdo do aparecimento de coloracdo, e a intensidade de cor é diretamente proporcional ao
namero de células presentes [68].

Dentre os métodos colorimétricos podemos citar: Cristal violeta, sais de tretazélio (MTT
e XTT), alamar blue e sulforrodamina B (SRB). Esse ultimo, é o método recomendado pelo
NCI, pois se trata de um método simples, sensivel e rapido para avaliacdo da atividade
antiproliferativa [69].

O principio do ensaio da SRB baseia-se na habilidade do corante aminoxantina (cor rosa
brilhante) de se ligar a componentes proteicos das células, fixadas pelo &cido tricloroacético,
ou seja, 0 metodo independe da atividade metabdlica das células. Apds a lise das células é
possivel quantificar o corante liberado, mediante leitura da absorbancia de acordo com a

intensidade da cor [68].

2.4 Piper amalago L. (Piperaceae)

O género Piper, pertencente a familia Piperaceae, contém cerca de 2000 espécies

amplamente distribuidas em regides tropicais e subtropicais, sdo caracterizadas por pequenas
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arvores ou arbustos, medindo aproximadamente 1,3 a 4,0 metros de altura, com folhas de base
assimétrica [70, 71]. Estudo fitoquimico revelou que esse género possui uma fonte promissora
de metabolitos secundarios, como amidas, alcaloides, pironas, ligninas, neoligninas, terpenos,
chalconas, flavonas e flavononas [72].

Investigagdes etnofarmacolodgicas evidenciaram atividade bioldgica para espécies de
Piper no tratamento de diversas patologias, com propriedades antibacteriana [73], antiviral
[74], antifingica [75, 76], antioxidante [77], antiparasitaria [78, 79], diurética [80, 81],
antitumoral [71, 82, 83] e anti-Mycobacterium tuberculosis, os quais estdo descritos na Tabela
2.

Piper amalago L. ou popularmente conhecida como “jaborandi-manso” e “pimenta-da-
jamaica”, distinta pelas folhas brilhosas e nervuras paralelas (Figura 2), tem sido utilizada na
medicina popular para aliviar dores no peito e estdmago, agindo como um anti-inflamatorio
natural e vermifugo [72].

Estudos fitoquimicos das folhas, frutos e raizes identificaram a presenca de
sesquiterpenos [84, 85]; pirrolidina, isobutilamidas e piperidida [86, 87]; nerolidol [88]
chalconas e flavonol [80]. Amida pirrolidina foi isolada do extrato cloroférmico das folhas e
mostrou atividade contra formas promastigotas e amastigotas intracelulares de Leishmania
amazonenses, com valores de ICsp de 15 pM e 14,5 uM, respectivamente [89]. Estudo
neurocomportamental em ratos, revelou que o extrato metandélico das folhas age no sistema
nervoso, sendo capaz de causar um efeito ansiogénico, sem induzir toxicidade genética [90].
Em outro estudo, também utilizando ratos como modelo experimental, a administracdo oral do
extrato etandlico das folhas exibiu atividade diurética e natriurético, alem de inibir a

cristalizacdo do oxalato de célcio [80].



Tabela 2: Espécies de Piper testadas contra Mycobacterium tuberculosis.

Espécie CIM Composto isolados CIM Referéncia
(ng/mL) (ng/mL)
ND > 7-(3’,4’-metilenodioxifenil)-2E,4E-4cido heptadienoico pirrolidida a [91]
ND > 2’-metdxi-4’5’-metilenodioxi-trans-cinamoilisobutilamida a
Piper amalago var. ND » 2’-metoxi-4’5’-metilenodioxi-trans-cianamoilpirrolidida a
nigrinodum ND » Tricostaxina a
ND > Pipercida a
ND » Guinesina a
Piper chaba Hunter ND » Chabamida 12,5 [92]
Piper aff. Pedicellatum ND » (+)-bornilo piperate 25,0 [93]
C. DC.
Piper sanctum Mig. 100 » 2-0x0-16-(3',4’- metilenodioxifenil) hexadecano 6,25 [94]
» 2-0x0-18-(3',4’- metilenodioxifenil)) octadecano 6,25
» 2-0X0-18-(3',4'- metilenodioxifenil))-trans-17-octadecano 32,0
» Dimetoxiangonina 32,0
» 5,6-dihidro-7,8-dihidrometisticina 4,0
» Cefaranona B 12,0
> Piperolactama A 8,0
» Cefaradiona B 32,0
» N-trans-feruloiltiramina 128
» N-trans-(p-coumaroil) tiramina 32,0
Piper sarmentosum 12,5 » Pelitorina 25,0 [95-97]
Roxb. » Guinensina 50,0
» Sarmentina 100
> Brachiamida B 50,0
» 1-piperetil pirrolidina 50,0
> 3’4" 5'-trimetoxicinnamoil pirrolidina >200
» Sarmentosina 200
» 1-(3,4-metilenodioxifenil)-1-E-tetradecano 25,0
> Metil piperata >200
» Alceno aromatico 25,0
» N-[9-(3,4-metilenodioxifenil)-2E,4E,8E-nonatrieno]-pirrolidina 25,0
» N-pirrolidil-2E,4E-decadienamida (sarmentina) 50,0

14



Piper betle L.
Piper nigrum L.
Piper capense L.F.

Piper guineense
Shum et Thom

Piper imperiale

Piper regnellii
var. pallescens

Piper taiwanense
Lin& Lu

>1600
1600
512

256

75,0

15,6

20,6

ND

ND

ND

ND

ND

YV VYV VYV VVV V

VVVYVYVVY

N-[9-(3,4-metilenodioxifenil)-2E,8E-nonadieno]pirrolidina
(braquiamida B)
N-[7-(3,4-metilenodioxifenil)-2E,6E-heptadienol]pirrolidina
(sarmentosina)

N-isobutil-2E,4E-decadienamida (pellitorina)
N-isobutil-15-(3,4-metilenodioxifenil)- 2E,4E,14E-pentadecatrienamida
(braquitil-amida B)

Eupomatenoide-5 (E)-2-metoxi-4-(3-metil-5-(prop-1-en-1-il)
benzofurano-2-il) fenol
(E)-2-(3,4-dimetoxipenil)-3-metil-5-(prop- 1-en-1-il) benzofurano
2-metoxi-4-(3-metil-5-propilbenzofurano-2-il) fenol

Conocarpano 4-((2R,3R)-3-metil-5-((E)-prop-1-en-1-il)-2,3
dihidrobenzofurano-2-il) fenol
(2R,3R)-2-(4-metoxifenil)-3-metil-5-((E)-prop-1-en-1-il)-2,3-
dihidrobenzofurano
4-((2R,3R)-3-metil-5-propil-2,3-dihidrobenzofurano-2-il) fenol
Eupomatenoide-3 (E)-5-(3-metil-5-(prop-1-en-1-il) benzofurano-2-il)
benzo[d][1,3] dioxol
5-(3-metil-5-propilbenzofurano-2-il)benzo[1,3] dioxol

2,3-diacetoxi-1-metoxi-5-alilbenzeno
Acetato Hidroalcoodlico
4-Alilcatequol

trans-Cafeicaldehido

Piperolactama B

Piperolactama A

Hemiariensina

50,0
50,0
50,0
50,0
ND
ND
ND

ND

ND
39,0

35,3
39,5
97,6

45,3

27,3

ND

55,0
30,3
27,6
25,5
80,0
130

85,0

[98]
[98]
[99]

[99]

[100]

[101]

[102, 103]
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Acido siringico

Mistura de taivanensol de Ae B

Mistura de taivanensol C e 2-hidroxi-5-(prop-2-enil)fenil acetato
3-Metoxi-5-(prop-2-enyl)benzene-1,2-diyl diacetato
4-(Prop-2-enil) I-catequol

VVVVYV

130

30,0
48,0
55,0
27,6

CIM - Concentragéo Inibitéria Minima
ND - Néo Descrito
a_ Composto inativo na concentragdo de 12,5 pg/mL.
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Figura 2. Folhas da Piper amalago L. (Fonte: Moreira, 2015)
2.5 Derivados g—carbolinicos e guanidinicos

Alcaloides p-carbolinicos naturais e sintéticos tém sido alvo de varios estudos quimicos
e bioldgicos, pois se destacam por apresentarem uma gama de propriedades farmacoldgicas,
tais como antitripanosomal [104-107], antileishmanial [108, 109], antimalarial [110], antiviral
[15], antimicrobiano [111, 112] e antituberculose [113, 114] e antitumoral [14, 115-121]. Como
por exemplo, compostos que intercalam com DNA tém sido sintetizados e testados quanto a
sua atividade antitumoral, dentre eles, compostos g-carbolinicos (Figura 3) contendo um
sistema policiclico planar como harmina (1), harmano (2) e norharmano (3), que apresentaram
alta citotoxicidade frente varias linhagens de células tumorais humanas. Estudos do mecanismo
de acdo indicaram que as p-carbolinas podem intercalar entre a hélice do DNA e inibir a
topoisomerase | e Il causando danos ao DNA. Os estudos mostraram uma correlacdo direta

entre a habilidade de intercalagdo do DNA e a citotoxicidade [118].

N
N N N
) | CHs | CHs |
H H H

(1) (2) (€)

Figura 3: Compostos f-carbolinicos.

Dentre os alcaloides, o grupo funcional guanidina (Figura 4) vem apresentando
importante funcdo no comportamento de diversas substancias farmacologicamente ativas, pois

apresentam um amplo espectro de atividades bioldgicas [122]. Aos derivados guanidinicos tém
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sido atribuidas as propriedades como: bloqueadores neuronais de canais de célcio e sédio;
inibidores da liberacdo de glutamato no Sistema Nervoso Central (SNC); efeitos
anticonvulsivantes; anti-isquémicos; cardiotonicos, agonistas e antagonistas de receptores de
histamina (H2 e H3); anti-inflamatdrios; hipoglicemiantes; anti-hipertensivos; antibacteriano;
antivirais (inibidores de protease HIV-1); e também antineopléasicos [123-126].

A importancia da funcdo guanidinica na otimizacdo de protdtipos de interesse
farmacologico estd relacionada a trés caracteristicas fisico-quimicas conferidas pela
incorporacdo dessa funcdo organica em estruturas moleculares: alta basicidade, polaridade e
hidrossolubilidade. Além disso, o nimero de substituintes (guanidinas mono, di, tri, tetra e
pentassubstituidas), bem como o tipo de substituinte (alquilico ou arilico) conduzem aos
variaveis estados de oxidacdo e consequente versatilidade para interacdes farmaco-bioreceptor,
principalmente as ligacGes de hidrogénio e interacdes eletrostaticas [127].

A arginina, um aminoacido que contém o grupo guanidinico, é responsavel pela
especificidade da ligacdo e consequentemente pela troca conformacional do complexo TAR
RNA (TAR RNA - regido responsavel pela trans ativacdo do RNA). A interacdo entre Tat
(proteina) com TAR RNA ¢ essencial para replicacéo do virus HIV, e impedindo-se a formacéo
deste complexo a multiplicacdo do virus HIV poderia ser inibida. Isto foi demonstrado a partir
da sintese e avaliagdo da atividade biologica de derivados S-carbolinicos contendo o grupo
guanidinico na posi¢do-3 (4a-f) (Figura 4) os quais apresentaram potente atividade anti-HIV,
agindo como inibidores de interagdo do complexo Tat-TAR [128, 129].

Grupo guanidinico

(4a)R=H n=2 (4b) R=H n=3 (4c) R=H n=6
(4d)R=CH3 n=2 (4e) R=CHz n=3 (4f) R=CHs n=6

Figura 4: Derivados f-carbolinicos contendo o grupo guanidinico.
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3. OBJETIVOS

3.1 Objetivo Geral

Avaliar a atividade anti-Mycobacterium tuberculosis e antiproliferativa do extrato
metanolico (MEPA), das fragcdes (hexano, cloroférmica e hidroalcoolica) e compostos isolados
das folhas da Piper amalago L. e também de alguns derivados sintéticos g-carbolinicos. A
Figura 5 descreve as estratégias para obtencdo de compostos farmacologicamente ativos a

partir da espécie P. amalago e de compostos obtidos sinteticamente.

3.2 Objetivos Especificos

Manuscrito 1

e Preparar, fracionar, isolar e caracterizar os principais constituintes presentes nas folhas
da P. amalago.

e Auvaliar a atividade anti-Mycobacterium tuberculosis Ha7Rv (ATCC27294) in vitro do
extrato metandlico (EMPA), fracdes e compostos isolados da P. amalago.

e Avaliar a acdo antiproliferativa in vitro do EMPA, contra linhagens de células tumorais;

e Avaliar in vivo a toxicidade provocada pela exposicdo aguda da fracdo cloroférmica
(FCPA) atraveés da analise de sinais clinicos de toxicidade.

e Determinar, através de estudo in silico, as propriedades fisico-quimicas do composto
ativo.

Manuscrito 2

e Sintetizar novos derivados S-carbolinicos contendo a unidade guanidinica.

e Auvaliar as atividades anti-Mycobacterium tuberculosis e antiproliferativa desses novos

derivados.
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Obtencao de compostos naturais ativos

Piper amalago (Piperaceae)
(folhas)
Coleta: Fazenda Coqueiro/Dourados-MS

1) Secagem, extragéo e evaporagdo

Extrato metandlico

— Avaliagdo antiproliferativa
(EMPA)

2) Partig&o liquido-liquido

! | |

Fracdo hexano Fragdo CHCl, Fracdo hidrometandlica
(FHPA) (FCPA) (FHidroPA)

3) Fracionamento em coluna de silica gel
{ V
PA -1 PA -2

Piperamidas

Avaliacdo MTB (estudo bioguiado)
1

Obtencao de compostos sintéticos ativos

NH,

\

N

H
Triptofano comercial
Grupo guanidinico

Beta-carbolinicos

¢ C ONH(CH 2)aNH; € ONH(CH 3); NHC(=NH)NH 5

la-c

Avaliagdo MTB e antiproliferativa

Figura 5: Fluxograma do processo de obtencdo dos compostos naturais e sintéticos
biologicamente ativos.
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Abstract

This study determined the anti-Mycobacterium tuberculosis (MTB) in vitro activity of
methanolic extract (MEPA) obtained from the leaves of Piper amalago L. (Piperaceae), in
addiction to fractions (Hexane, Chloroform and water-alcohol) and two piperamides, N-[7-
(3’,4’-methylenedioxyphenyl)-2(2),4(Z)-heptadienoyl] pyrrolidine (PA-1) and N-[7-(3’,4’-
methylenedioxyphenyl)-2(E),4(E) heptadienoyl] pyrrolidine (PA-2), via reduction of resazurin
method on microplates (REMA). We also evaluated the antiproliferative activity in vitro of
MEPA against ten strains of human tumor cells by colorimetric method with sulforhodamine
B. PA-2 was evaluated in silico for analysis of absorption, distribution, metabolism and
excretion (ADME) in the human body using parameters of Lipinski, besides the topological
polar surface area (TPSA) and percentage absorption (% ABS). We also investigated the acute
toxicity in vivo in Swiss mice treated with chloroform fraction (CFPA) at doses of 175, 560,
1.792 and 2.000 mg/kg. In general, the CFPA was more active against MTB with an MIC 15.9
png/mL PA-1 and PA-2 had moderate activity with a MIC of 92.0 and 57.0 pg/mL, respectively.
MEPA was effective in PC-3 prostate cells (LC50 = 4.34 pg/mL; TGI = 64.72 pg/mL) and
OVCAR-3 ovarian cells (LCso = 9.44 pg/mL). The in silico study showed that PA-2 has good
absorption and permeability.

Keywords: Piper amalago L., Mycobacterium tuberculosis, Antimycobacterial activity,

Antiproliferative activity, Pyperamides, In silico study.
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1. Introduction

In the last years, the number of patients with tuberculosis (TB) has rapidly increased
due, in part, to the emergence of multidrug-resistant strains (MDR-TB) and extensively drug-
resistant (XDR-TB) [1, 2]. Due to the emergence of these forms of resistance, and given the
high toxicity of anti-tuberculosis drugs, it is necessary to search for new original, active and
less toxic molecules wich reduce the time and complexity of the treatment [3, 4].

The same problem occurs with cancer, a disease caused due to changes in systems of
regulation of cell proliferation and differentiation [5]. Despite advances in the discovery of
anticancer drugs field, the undesirable side effects of treatment and high incidence of new cases
have aroused the need to the development of new agents with antitumor activity [6].

In this sense, bioprospecting provide the best possibilities of finding substances of
therapeutic interest [7]. An important example of natural source is the Piper (Piperaceae), which
contains over 2000 species widely distributed in tropical and subtropical regions, characterized
by small trees or shrubs with approximately 1.3 to 4.0 meters [8, 9]. Phytochemical
investigation reveals a variety of secondary metabolites, including alkaloids/amides,
propenylphenols, lignans, neolignans, terpenes, steroids, kawapyrones, piperolides, chalcones,
dihydrochalcones, flavones and flavanones [10]. Several pharmacological studies are reported,
including antibacterial [11], antiviral [12], antifungal [13, 14], antioxidant [15], antiparasitic
[16, 17], diuretic [18, 19], antituberculosis [20, 21] e antitumor [9, 22, 23].

Piper amalago L., popularly known as "jaborandi manso™ and "pimenta-da-jamaica", is
used in folk medicine to relieve pain in the stomach and chest, acting as a natural anti-
inflammatory and anthelmintic [10]. Phytochemical studies of the leaves, fruits and roots
identified the presence of sesquiterpene [24, 25]; pyrrolidines, isobutylamides and piperidide
[26, 27]; nerolidol [28]; chalconas and flavonol [18]. Biological investigations of P. amalago
revealed leishmanicidal [29], schistosomicidal [17], anxiogenic [30], diuretic and natriuretic
[18] activities.

This study aims to evaluate the anti-M. tuberculosis and antiproliferative activity, as

well as the acute toxicity of P. amalago L. leaves.

2. Materials and Methods

2.1 Plant material. The leaves of P. amalago were collected in Dourados, Mato Grosso do Sul,

Brazil and identified by Dr. Zefa Valdevina Pereira. A voucher specimen (DDMS 5203) was
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deposited at the Herbarium of the Federal University of Grande Dourados, Dourados, MS,
Brazil.

2.2 Extraction, fractionation and isolation procedure. The air-dried leaves of P. amalago (530
g) were submitted to exhaustively extractions with 4x2L of methanol by maceration process.
The methanolic extract (MEPA) was obtained after the evaporation of the solvent under reduced
pressure at 45 °C. The MEPA (25 g) was dissolved was dissolved in MeOH-H,0 1:1 and
partitioned with n-hexane and CHCls, showed the hexane (HFPA), CHCIs (CFPA) and
hidromethanolic (HidroFPA) fractions. The CFPA (4.10 g) was subjected to chromatographic
column on silica gel (50 g; 70-230 mesh) eluted with hexane, hexane-CHCls (8:2; 1:1), CHCl3,
CHCIl3-MeOH mixtures of increasing polarity. Repeated preparative TLC (CHCIl3-MeOH 30%)
of the fraction eluted with CHCIs-MeOH 20% afforded compounds PA-1 (6.2 mg) and PA-2
(7.4 mg).

2.3. Identification of compounds. The isolated compounds were identified by analysis of their
NMR. NMR measurements were carried out on a Varian Mercury Plus BB spectrometer
operating at 300 MHz for H and 75.5 for 3C, using CD30D as solvent and tetramethylsilane
(TMS) as internal standard. The structure of the compounds N-[7-(3’,4’-
methylenedioxyphenyl)-2(Z),4(Z)-heptadienoyl]  pyrrolidine (PA-1) and N-[7-(3,4’-
methylenedioxyphenyl)-2(E),4(E) heptadienoyl] pyrrolidine (PA-2) were elucidate by
comparison of their NMR data with literatura values [31, 32].
N-[7-(3',4"-Methylenedioxyphenyl)-2(Z),4(Z)-heptadienoyl]pyrrolidine  (PA-1): 'H-NMR
(CD30D) 5: 1.87-2.10 (m, 4H); 2.45-2.50 (m, 2H); 2.63-2.68 (m, 2H); 3.55 (t, J = 6.5 Hz,
2H); 3.58 (t, J = 6.5 Hz, 2H); 5.82 (d, J = 11.6 Hz, 1H); 5.96 (s, 2H); 6.04-6.06 (m, 1H); 6.42
(t, J =11.6 Hz, 1H); 6.70 (dd, J = 2.5; 8.2 Hz, 1H); 6.68 (d, J = 2.5 Hz; 1H); 6.77 (d, J = 8.2
Hz; 1H); 7.65-7.45 (m; 1H). ¥C-NMR (CD3OD) &: 24.50; 27.20; 35.11; 35.20; 45.60; 47.07;
100.44; 107.80; 109.10; 117.23; 121.30; 128.10; 135.33; 141.11; 142.28; 144.30; 147.62;
165.77.

N-[7-(3',4'-Methylenedioxyphenyl)-2(E),4(E)-heptadienoyl]pyrrolidine  (PA-2): H-NMR
(CD30D) 6: 1.80-2.10 (m; 2H); 2.47-2.55 (m; 2H); 2.39-2.42 (m; 2H); 2.63-2.72 (m; 2H);
3.33-3.46 (m; 2H); 3.55-3.62 (m; 2H); 6.06 (s; 2H); 6.14 (d, J = 15.4 Hz; 1H); 6.20 (dd, J =
6.4, 15.4 Hz; 1H); 6.26 (dd, J = 10.8, 15.4 Hz, H4; 1H); 6.70 (dd, J = 2.0; 7.8 Hz, H6'; 1H);
6.76 (d, J = 2.0 Hz; 1H); 6.78 (d, J = 7.8 Hz; 1H); 7.30 (dd, J = 10.8, 15.4 Hz; 1H). *C-NMR
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(CD30OD) 6: 24.58; 26.66; 36.04; 36.44; 47.10; 47.28; 100.10; 108.10; 109.26; 120.44; 121.48;
129.54; 135.35; 141.72; 142.32; 144.45; 147.32; 165.77.

2.4 Anti-Micobacterium tuberculosis activity. The strains M. tuberculosis Hz7Rv (ATCC27294)
were grown in the Ogawa—Kudoh (OK) medium for 10 days at 37°C. For testing a heave was
removed and cultured in Middlebrook 7H9 broth (Difco) supplemented with oleic acid, bovine
serum albumin, dextrose and catalase (OADC enrichment BBL / Becton-Dickinson), also added
were 0.5% glycerol as carbon source and 0.5% Tween 80 to prevent the appearance of lumps.
The broth was maintained for 15 days at 37°C. The bacterial suspensions were prepared and
adjusted to the n1° McFarland scale. The stock solutions of tested extract, fractions and isolated
compounds were solubilized in dimethyl sulfoxide (DMSO) (Sigma-Aldrich) and diluted in
Middlebrook 7H9 broth (Difco) supplemented with oleic acid, bovine serum albumin, dextrose
and catalase (OADC enrichment BBL/Becton Dickinson). Rifampicin and Isoniazid were
solubilized according to the manufacturer’s recommendations (Sigma-Aldrich, St. Louis, MO
- USA) and used as positive control drugs. The determination of antimicrobacterial activity was
performed using the Resazurin Microtitre Assay (REMA) [33]. Briefly, 100 ul of Middlebrook
7H9 broth (Difco) supplemented was dispensed in each well of a sterile flat-bottom 96-well
plate, then serial dilutions were made of solutions in order to obtain varying concentrations of
test compounds (0.98 to 250 pug/mL) and reference drug (0.004 to 1 ug/mL). Made dilutions,
was added to each well 100 ul of bacterial suspension (5X10° UFC/mL). Plates were incubated
for 7 days at 37°C, after this period, 30 pL of resazurin solution (Sigma-Aldrich) diluted in
0.01% sterile water was added to each well and the samples were incubated for 24 hours at
37°C. The reading was performed based on the color change and the absorbance on a microplate
reader TP-Reader (Thermo Plate®) at a wavelength of 492 nm. Each compound was analyzed
in triplicate on alternate days. The MIC was defined as the lowest concentration that results in
90% inhibition of growth of M. tuberculosis [34]. Extract with a MIC value < 150 ug/mL were

defined as active against M. tuberculosis.

2.5 In vitro antiproliferative assay. The National Cancer Institute, Frederick MA/USA, kindly
provided ten human cancer cell lines: U251 (glioma, CNS), MCF-7 (breast), NCI-ADR/RES
(ovarian expressing phenotype multiple drug resistance), 7860 (renal), NCI-H460 (lung, non-
small cells), PC-3 (prostate), OVCAR-03 (ovarian), K-562 (leukaemia), HT29 (colon) and
HaCaT (keratinocyte). The stock and experimental cultures were grown in medium containing
5 mL of RPMI 1640 (GIBCO BRL) supplemented with 5% foetal bovine serum (GIBCO BRL).
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The stock cultures were grown in 5 mL of RPMI-1640 (GIBCO BRL) supplemented with 5%
foetal bovine serum (FBS, GIBCO). A penicillin:streptomycin mixture (1000 U/mL:1000
ug/mL, 1 mL/L RPMI, Nutricel) was added to the experimental cultures. The cells were plated
in 96-well plates (100 uL cells/well) and exposed to different concentrations of the MEPA
(0.25, 2.5, 25 and 250 pg/mL) in DMSO/RPMI (0.1% v/v) at 37°C and 5% CO. for 48 h. The
final DMSO concentration did not affect cell viability. The cells were then fixed with a
trichloroacetic acid solution (50%, v/v), and cell proliferation was determined via
spectrophotometric quantification (540 nm, Molecular Devices Versa Max Microplate Reader)
of the cellular protein content using a sulphorhodamine B assay [35]. Doxorubicin (0.025-25
pug/mL) was used as a positive control. Three measurements were obtained: first at time zero
(To, at the beginning of incubation) and then 48 h post-incubation for both the compound-free
(C) and tested (T) cells. Cell proliferation was determined using the equation 100 x [(T - To)/C
- To. A cytostatic effect was observed when T>To, while a cytocidal effect occurred
when T <To. The experiments were performed in triplicate.

2.6 Animals and acute toxicity. The experiments were performed using female Swiss mice (28
- 32g, n = 9) provided by the Federal University of Grande Dourados (UFGD). Animals were
maintained at a controlled temperature (22 £ 1 ° C) and humidity (60-80%) with a constant 12h
light-dark cycle and free access to food and water. The animals were acclimatized to the
experimentation room for at least 2 h before testing and were used only once throughout the
experiments. The procedures were performed based on the guidelines of the Ethical Principles
in Animal Research and approved by the Committee for Ethics in Animal Experimentation at
the Federal University of Grande Dourados (Protocol no. 005/2010). The acute toxicity study
was based on the protocol 425 conducted according to Organization for Economic Cooperation
and Development (OECD) and the protocols established by Brazilian Health Surveillance
Agency (ANVISA) [36, 37]. According to the protocol established, 9 animals were used, each
received a single oral administration by gavage of the chloroform fraction (CFPA). Initially one
of the animals received a dose of 175 mg/kg and was observed at 30 minutes, 1h, 2h, 4h, 6h,
12h, 24h and 48 hours. After this period a second animal received a dose of 560 mg/ kg, after
48 hours the third animal received a dose of 1792 mg/kg and after an additional 48 hours a
fourth animal received a dose of 2000 mg/kg. After the last dose administered, no deaths were
observed and according to protocol 4 more animals received 2000 mg/kg, the control group
received the vehicle used for diluting CF (drops of DMSO + distilled water). The animals were

observed for signs of toxicity over 14 days. Behavioral observations (reflexes, tremors,



203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218

219
220
221
222
223
224
225
226
227

228
229

230

39

convulsions, lacrimation, cyanosis, salivation, piloerection, muscle tone and motor
coordination), mortality, the weight of the animals, and the amount of water and feed were
analyzed. After 14 days of treatment, the animals were weighed and subsequently euthanized
by cervical dislocation, the presence of macroscopic alterations in organs such as spleen, heart,

liver, lungs and kidneys were assessed for appearance, color, size, weight and consistency.

2.7. In silico study. An in silico computational study of the compound PA-2 was performed to
determine Lipinski’s rules, topological polar surface area (TPSA) and percentage of absorption
(%ABS). Calculations were performed using Molinspiration online property calculation toolkit
software [38] and OSIRIS property explorer software [39]. The percentage of absorption was
estimated using the following equation: %ABS = 109 —[0.345 x TPSA]. The Lipinski’s rule or
“rule of 5 [40] states that poor absorption or permeation the drug are more likely when:
Hydrogen bond donors > 5 (OH and NH groups); Hydrogen bond acceptors > 10 (N and O
atoms); Molecular weight (MW) > 500; The Log P is > 5 (or MLogP is over 4.15).

3. Results and Discussion

3.1 Chemical Identification. In our search for natural products with anticancer and MTB
activity, the piperamide PA-1 and PA-2 (Figura 1) isolated of the CHCI3 fraction resulting of
the methanolic extract (MEPA) were first available. Futhermore, antipyretic, analgesic, anti-
inflammatory, antimicrobial, antifungal, antitumoral, and insecticide activity [10, 41] has been
reported for several compounds possessing the piperamide moity. The PA-1 was found
previously in the species P. hispidum [31]. The structure PA-2 showed lower dipole moment
and charge distribution of the groups between different pieces of the molecule, being able to

confer greater stability.

(PA-2)
<:I::rA\/%&/\yJ\[:>

o)

L

Figure 1 - Three-dimensional chemical structure of the compounds found in the leaves of

Piper amalago (Piperaceae) (By progran MarvinBans version 15.6.29.0).
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3.2 Anti-Mycobacterium tuberculosis activity (MTB). MEPA and HFPA, CFPA and HidroFPA
fractions, as well as isolated compounds (PA-1 and PA-2) from leaves of P. amalago were
evaluated in vitro for their anti-mycobacterial activity against M. tuberculosis H37Rv (ATCC
27294) using the method REMA [33]. The values of MIC (ug/mL) were compared to two
standard anti-tuberculosis drugs, isoniazid (MIC = 0.05 pg/mL and rifampicin (MIC = 0.01
pg/mL), screening results are shown in Table 1. Franzblau and collaborators [42] suggest as a
cut range to extracts the MIC value equal to or less than 200 pg/mL. However, for this to work,
we suggest the MIC values: idle, values > 150 pg/mL; moderate between 10 and 150 pg/mL
and potent < 10 pg/mL.

Table 1: MIC? of P. amalago extract, fractions and isolated compounds against M. tuberculosis
H37RV using the REMA assay.

Samples MIC (ug/mL)
Methanolic extract (MEPA) 455
Hexane fraction (HFPA) >250
Chloroform fraction (CFPA) 15.9
Hidromethanolic fraction (HidroFPA) 48.5
PA-1 92.0
PA-2 57.0
Isoniazid 0.05
Rifampin 0.01

8 Values are means of triplicate samples.

MEPA showed promising activity against MTB. There are no reports in the literature about the
antimycobacterial activity of P. amalago, but in vivo studies, using mice as an experimental
model, report that the methanolic extract of the leaves acts on the central nervous system,
causing an anxiogenic effect [30] and that oral administration of ethanolic extract of the leaves
exhibits diuretic and natriuretic effect, in addiction to inhibiting the crystallization of calcium
oxalate [18]. The CFPA showed moderate activity, with MIC value similar to the second-line
drugs used for the treatment of TB as cycloserine (MIC = 12.50-50 pg/mL) and clarithromycin
(MIC =8-16 pg/mL) [43]. A more impressive result against MTB was observed in a previous
study, in which the fraction ethyl acetate isolated from the methanol extract of P. sarmentosum
leaves, showed a value of MIC at 3.12 pg/mL [44], this result is equal to or better than
gentamicin (MIC = 2-4 pug/mL), kanamycin (MIC = 1.25-5 pg/mL), tobramycin (MIC = 4-8
pg/mL) and clarithromycin drugs (MIC = 8-16 pg/mL). In our study, piperamides (PA-1 and
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PA-2) showed moderate anti-M. tuberculosis activity. The results of this study indicate that the
effect of CFPA may be associated with other extract metabolites (not isolated). The search in
amides in P. amalago is due to similarity of functional groups were compared to standard anti-
tuberculosis drugs as isoniazid. The mechanism of action of isoniazid is not known, but it is
thought to work through its effects on lipids (fats) and DNA within the tuberculosis bacterium.
When isoniazid is broken down by the liver, one of the products is acetylhydrazine, a potent

toxin for the liver.

3.3 Antiproliferative activity. The antiproliferative in vitro assay of MEPA was evaluated
against ten tumor cell lines. Three response parameters (Glso and TGI) were calculated for each
cell line tested, the results are shown in Table 2. The values Glso (Growth inhibitory activity)
refers to the extract concentration which reduces 50 % of cell growth relative to control cells
(without addition of extract) and TGI (cytostatic activity) refers to the concentration of extract
required for total inhibition of cell growth. The Glso values were used to classify the activity of
the extract the following manner: inactive, values> 100 pg/mL; moderate between 10 and 100
pug/mL and potent <10 pg/mL. The results demonstrate that MEPA has antiproliferative activity
among potent and moderate, with Glso values ranging from 4.34 - 57.77 pg/mL. Particularly,
MEPA was effective in PC-3 prostate cells (Glso = 4.34 pg/mL; TGl = 64.72 pug/mL) and
OVCAR-3 ovarian cells (Glso = 9.44 pg/mL). Study using methanolic extracts of P. nugrum
and P. retrofractum demonstrated from moderate to potent cytotoxicity (ICso 4.9 pg/mL and
12.27 pg/mL respectively) against the breast tumor lines (MDA-MB-468) [45]. The
dichloromethane extract from the leaves of Piper umbellatum, showed potent antiproliferative
activity with inhibition of the growth of six tumor cell lines UACC-62 (TGI = 6.8 pg/mL);
U251 (TGI = 8.2 ug/mL), PC-3 (TGI = 8.2 pg/mL); OVCAR-3 (TGI = 8.3 pg/mL, MCF-7
(TGI =9.3 ug/mL) and 786-0 (TGI = 9.1 pg/mL) and also reduced the growth of Ehrlich solid
tumor 38.7 and 52.2% at doses of 200 and 400 mg/kg, respectively [46]. Piperdardine, isolated
from Macropiper excelsum (Piperaceae) was active against tumor cell lines of colon cancer (HT
29), with ICso = 14 uM [47]. There are no reports in the literature about the antiproliferative

activity of P. amalago.
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Table 2: Antiproliferative activity of MEPA and Dox against ten human cancer cell lines.

Cells lines MEPA Dox
Glso TGl Glso, TGI
U251(Glioma) 57.77 >100 0.05 0.15
MCF7 (Breast) 40.60 >100 045 0.79
NCI-ADR/RES (Ovarian resistant) ~ 37.56 - 0.69 26.0
786-0 (Kidney) 34.34 >100 0.06 26.0
NCI-H460 (Lung) 3756 >100 0 0.37
HT29 (Colon) 3475 92.64 0.07 247
K-562 (Leukemia) 1532 >100 0.06 26.0
HaCaT (Keratinocyte) 504  >100 013 1.24
PC-3 (Prostate) 434 64.72 0.09 0.72
OVCAR-3 (Ovarian) 9.44  >100 013 124

Methanolic extract of P. amalago (MEPA); Dox (doxorubicin); Glso (growth inhibitory activity) and TGl
(cytostatic activity) values were determined by nonlinear regression analysis using ORIGIN 8.0 (OriginLab
Corporation). Values in pg/mL.

- not determined

3.4 Acute toxicity. The assessment of acute toxicity was conducted for 14 days to determine
the maximum tolerated dose (MTD). The animals used in this study were exposed to CFPA and
were not observed clinical signs of toxicity in doses or significant changes related to drinking
water and food between the control group and any of the treated groups. No deaths have been
reported. Furthermore, the relative and absolute weight of the organs (liver, kidneys, and lungs)

showed no difference compared to control group.

3.5 Lipinski’s Rule of Five. Through computational study, we analyzed the oral bioavailability
of PA-2 compound, this analysis is of great importance to discover new chemical entities that
resemble the most of existing drugs as regards the physicochemical and biological properties.
The drug-likeness concept helps optimize the pharmacokinetic properties of a compound, such
as absorption, distribution, metabolism and excretion (ADME) in the human body [48]. These
parameters were provisionally assessed using theoretical calculations following Lipinski's Rule
of Five, which states that the absorption or penetration of a compound orally administered is
effective if the drug meets the established criteria: molecular weight (MW) <500, calculation
of log P <5, the hydrogen bond donor (HBD) <5 and hydrogen bond acceptors (HBA) <10.
Molecules that violate more than one of these rules may have problems with bioavailability. The
PA-2 compound showed molecular weight (MW = 299.37) HBD number (hOHNH = 0), HBA
(n-ON = 4), revealing good lipophilicity due to the value of log P = 3.32, all these values are
consistent with Lipinski's rules, suggesting that these compounds have no problems with oral
bioavailability. The calculated percent absorption (% ABS = 95.63) of the compound indicates

a good cell membrane permeability. Other rules include: the number of rotatable bonds
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(indicating the flexibility of the molecule); the volume and area polar surface topological
(TPSA). TPSA values below 140 A2 indicate a good absorption of the drug in the intestine and
A2 values below 60 A2 indicate good penetration of the blood-brain barrier. PA-2 presented the
computational TPSA value of 38.77 A2 indicating a good intestinal absorption and adequate
penetration of the blood-brain barrier. The empirical conditions to satisfy Lipinski's rule and
show a good oral bioavailability involve a balance between the solubility of a compound and
its ability to passively diffuse through the various biological barriers. Compounds with high
solubility are easily metabolized and eliminated from the body, thus resulting in a lower
probability of adverse effects and bioaccumulation. Thus, the compound showed good
solubility analysis (log S = -3.52) because reference value is within the optimum between -1
and -5. This value encourages the use of PA-2 as a precursor for developing new drug better

absorption, thereby reducing undesirable effects.
4. Conclusions

This is the first report of anti-tuberculosis and anti-proliferative activities of methanolic extract
and the isolated chemical constituents of the of Piper amalago L. leaves. Our study showed
moderate anti-mycobacterial activity of CFPA and potent antiproliferative activity of the
EMPA. The in silico analysis showed that PA-2 compound follows the rules established by
Lipinski, suggesting that this compound has no problems with oral bioavailability, and indicates
good permeability in cell plasma membrane. Studies are now in progress for evaluated of
antiproliferative activity of the PA-2 especially against cells of PC-3 and OVCAR-3 cells and
also isolated and characterize others constituints present in CFPA that could account for the

reported pharmacological effects.
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A series of p-carboline derivatives with amino (2a-c; 3a-c) or guanidinium (4a-c) group-
terminal side chains at C-3 were synthesized and evaluated for in vitro anti-Mycobacterium

tuberculosis and antiproliferative activities against nine human cancer cell lines. Antimycobacterial
activity was evaluated using resazurin microtiter assay (REMA), and antiproliferative activity was measured according to NCI standard

protocol. Of the compounds with amino group-terminated side chains at C-3, compounds 2a (24.9
pg/mL) and 2b (26.9 pg/mL), which had phenyl and p-methoxyphenyl at position 1,
respectively, were the most active against M. tuberculosis (MTB). Compounds 2a and 3b,
which had the same substituted groups, inhibited the growth of all human tumor cell lines with
Glso values from 1.37 to 12.20 uM. Also in this series, compounds 2c, 3a and 3c demonstrated
significant activity against multiple drug-resistant ovarian cancer cells cell lines (NCI1/ ADR).
Among compounds with a terminal guanidine group, compounds 4a (27.8 pg / mL) and 4c
(37.4 pg/mL) demonstrated the greatest activity against MTB. Additionally, compounds 4b
(Glso = 0.45 uM; TGI = 72.09 uM) and 4c (Glso = 1.71 uM) effectively inhibited growth and
were highly selective against NCI/ADR.

Key words synthesis, p-carboline, Mycobacterium tuberculosis, anti-mycobacterial,

antiproliferative activity

Introduction

Tuberculosis (TB) exhibits high morbidity and mortality. The long-term treatment regimen
can cause patients to be non-compliant in completing the treatment, thus leading to emergence
of multidrug-resistant (MDR-TB) and extensively drug-resistant (XDR-TB) TB strains.
Infections caused by MDR-TB and XDR-TB do not respond to first-line drugs that are used to
treat TB, and alternative treatment regimens include mostly injected drugs and prolonged
treatments.® 2

Due to the appearance of resistant strains and given high toxicity of anti-tuberculosis drugs,
to the need to develop new drugs that are more effective and less toxic than current drugs, which
would reduce time and complexity of treatment is urgent.>* The discovery of new drugs is also
necessary for the treatment of cancer, because most chemotherapeutic agents exhibit severe
toxicity and cause many undesirable side effects; additionally, current agents are very

expensive, mutagenic, carcinogenic and teratogenic.®
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Synthetic p-carboline derivatives exhibit a wide range of pharmacological activities,
including anti-tumor and anti-tuberculosis activities.®*® This p-carboline alkaloids are
aromatic, heterocyclic organic compounds that contain an indole fused with a pyridine ring.

Our research group demonstrated that B-carboline derivatives with various substituents at
positions-1, 3 and 9 of the S-carboline skeleton presented significant in vitro antitumoral,
antiviral, antitrypanosomal and antileishmanial activities.’*2% Other studies have shown that -
carboline derivatives with a methyl-substituted group at position-1 and a guanidinium group-
terminated side chain at C-3 exhibited anti-HIV-1 activity in MT4 cells by hindering the
essential interaction of the regulatory protein Tat with trans-activation response region
(TAR).2229 This led us to study novel s-carboline analogs that might serve as antitumoral and
anti-tuberculosis agents as part of our ongoing research program.

Based on the idea that the addition of appropriate substituents at positions-1 and -3 might
result in more potent compounds, we synthesized a novel 1-substituted-phenyl-f-carboline with
an amino or guanidinium group-terminated side chain at C-3 and evaluated the in vitro anti-
tuberculosis and antitumoral properties. The expectation was that incorporation of these

substituents might improve the anti-tuberculosis and antitumoral activities of g-carboline.

Experimental

Chemistry

'H and *3C spectra were recorded on a Varian spectrometer model Mercury Plus BB at 300
MHz and 75 MHz, respectively. Mass spectra (MS) were recorded on a Thermoelectron
Corporation Focus-DSQ Il spectrometer. IR spectra were obtained on a BOMEM spectrometer
model MB-100. All reagents were purchased from commercial suppliers. The reactions were

monitored by thin layer chromatography conducted on Merck TLC plates (Silica Gel 60 F254).

General

Synthesis and spectral characterization of the compounds (1a-c) were described in previous
work 2. The 1-(substituted-phenyl)-p-carboline-3-ethylamine-carboxamide (2a-c) were
obtained by reaction of the methyl esters 1a-c (2.0 mmol) with 1,2-ethylenediamine (6 mL) at
room temperature. The mixture was stirred for 36 h. The formed solids were collected by
filtration. The 1-(substituted-phenyl)-A-carboline-3-prophylamine-carboxamide (3a-c) were
obtained by reaction of the methyl esters 1a-c (1.7 mmol) with 1,3-propanediamine (5 mmol)
in 25 mL MeOH/CHCIswas refluxed for 32 h. The formed solids were collected by filtration.

The preparation 1-(substituted-phenyl)-A-carboline-3-ethylguanidine-carboxamide (4a-c): to a
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solution of S-methylisothiourea sulfate (0.5 mmol) in water (1.5 mL) and 2N NaOH (0.5 mL)
was added to 0 C, a suspension of S-carboline-3-ethylamine-carboxamide (2a-c). The mixture
was kept under stirring, at room temperature by 1 h and later under reflux for 24 h. Was again
added a solution of S-methylisothiourea sulfate (0.5 mmol) in water (1.5.mL) and 2N NaOH
(0.5 mL) and reflux for 24 h. The formed solids were collected by filtration and washed with
cold water.

Compound 2a: yield: 68%. mp: 171-174. IR (KBr) vmax (cm™): 1623 cm™ (C=0), 3230 -
3347 (NHz; OH). 'H NMR (300 MHz, CD30D): § 3.07 (t, J = 6.0 Hz; 2H, H-2""); 3.69 (t, J =
6.0 Hz; 2H, 1°); 7.34 (m; 1H, H-6); 7.52-7.66 (m, 4H, Ar-H); 7.56 (d, J = 7.8Hz; 1H, H-8);
8.01 (dd, J = 6.6 and 3.0 Hz; 1H, H-7); 8.04 (dd, J = 6.0 and 2.1 Hz; 1H, H-4"); 8.21 (d, J = 7.8
Hz; 1H, H-5); 8.82 (s, 1H, H-4). 5c *C NMR (CD3;0D): 41.2, 41.5,112.2, 113.5, 120.6, 121.8,
121.9,128.4, 128.7, 128.8, 128.9, 129.1, 129.2, 130.4, 135.0, 137.8, 139.1, 141.4, 167.1.

Compound 2b: yield: 74%. mp: 180-182. IR (KBr) vmax (cm™): 1636 cm™ (C=0), 3300
(NH2). *H NMR (300 MHz, CD30D): §2.84 (t, J = 6.0 Hz; 2H, 1°°); 3.87 ( t, J = 6.0 Hz; 2H,
H-1"); 3.95 (s, 3H, OCHa); 7.17 (d, J = 8.5 Hz; 2H, H-3°/5), 7.36 (ddd, J = 7.8; 7.5 and 2.1
Hz; 1H, H-6); 7.58 (d, J = 7.5 Hz; 1H, H-8), 7.61 (ddd, J = 7.8; 7.5 and 2.1 Hz; 1H, H-7); 8.02
(d, J = 8.5 Hz; 2H, H-2°/6"), 8.24 (d, J = 7.8 Hz; 1H, H-5). 5¢c 3C NMR (CDz0OD): 37,6, 39.3,
55.4,113.1,114.6, 115.1, 121.0, 122.4, 122.8, 130.8, 131.6, 132.3, 132.9, 133.6, 139.5, 141.9,
142.0, 144.3, 162.5.

Compound 2c: yield: 66%. mp: 172-175. IR (KBr) vmax (cm™): 1636 cm™ (C=0), 2932-2465
(OH, NH2). *H NMR (300 MHz, CD30D): §2.77 (t, J = 6.0 Hz; 2H, H-2""); 3.40 (t, J = 6.0
Hz; 2H, H-1°"); 3.82 (s, 3H, OCHa); 7.03 (d, J = 7.5 Hz; 1H, H-8); 7.29 (t, J = 7.5 Hz; 1H, H-
6); 7.54 (dd, J = 8.5 and 2.1 Hz; 1H, H-6); 7.57 (ddd, J = 7.5, 7.5 and 2.5 Hz; 1H, H-7); 7.65
(d, J =2.1Hz; 1H, H-2"); 7.68 (d, J = 8.5 Hz; 1H, H-5"); 8.38 (d, J = 7.5 Hz; 1H, H-5); 8.74
(s, 1H, H-4). 5c 3C NMR (CD30D): 41.6, 42.0, 56.1, 112.5, 113.1, 113.2, 116.0, 120.5, 121.7,
121.9,122.4,128.8, 129.1, 130.0, 134.3, 140.0, 141.5, 141.8, 148.1, 148.2, 165.6.

Compound 3a: yield: 72%. mp: 180-182. IR (KBr) vmax (cm™): 1633 cm™ (C=0); 3300
(NHz). *H NMR (300 MHz, CDsOD): 1.67 (qt, J = 6.5 Hz; 2H, H-2""); 2.65 (t, J = 6.5 Hz;
2H, H-3""); 3.37 (t, J = 6.0 Hz; 2H, H-1""); 7.30 (t, J = 7.2 Hz; 1H, H-6); 7.53 — 7.69 (m, 5H,
H-7/H-8/H-3’/H-4°/H-5"); 8.17 (m, 2H, H-2/H-6"); 8.41 (d, J = 7.5 Hz; 1H, H-5); 8.81 (s, 1H,
H-4); ¢ 13C NMR (CD30D): 32.1, 36.6, 36.8, 112.8, 113.0, 120.3, 121.3, 122.0, 128.3, 128.6,
128.7,128.8, 128.9, 130.0, 139.6, 139.9, 140.7, 141.7, 164.3.
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Compound 3b: yield: 60%. mp: 188-193 IR (KBr) vmax (cm™): 1669 cm™ (C=0); 3411-3363
(NHz); 2956 (NH). 'H NMR (300 MHz, CD30D): §1.69 (qt, J = 6.6 Hz; 2H, H-2""); 2.64 (t, J
= 6.6 Hz; 2H, H-3"). 3.44 (q, J = 6.6 Hz; 2H, H-1""); 3.88 (s, 3H, OCHa); 7.18 (d, J = 8.7 Hz;
2H, H-3’/H-57); 7.30 (t, J = 7.8 Hz; 1H, H-6); 7.58 (t, J = 8.1 Hz; 1H, H-7); 7.67 (d, J = 8.1Hz;
1H, H-8); 8.14 (d, J = 8.7 Hz, 2H, H-2’/H-6"); 8.38 ( d, J = 7.8 Hz; 1H, H-5); 8.75 (s, 1H, H-
4).5c ¥C NMR (CDs0OD): 33.0, 36.9, 37.0, 55.4, 112.3, 112.6, 114.2, 120.1, 121.3, 121.9,
128.4,129.7, 130.0, 130.1, 133.9, 139.8, 140.4, 141.6, 159.9, 164.5.

Compound 3c: yield: 55%. mp: 178-180. IR (KBr) vmax (cm™): 1644 cm™ (C=0); 3357-2933
(NHz; OH). 'H NMR (300 MHz, CDs0OD): 8 1.65 (qt, J = 6.5 Hz; 2H, H-2""); 2.65 (t, J = 6.0
Hz; 2H, H-3"): 3.46 (q, J = 6.0 Hz; 2H, H-1""); 3.93 (s, 3H, OCH3); 7.01 (d, J = 7.8 Hz; 1H,
H-5); 7.28 (dd, J = 7.8 and 2.1 Hz; 1H, H-6°); 7.33 (t, J = 7.8 Hz; 1H, H-6); 7.56 (m; 1H, H-
7); 7,64 (d, J = 2.1 Hz, 1H, H-2"); 7.68 (d, J = 7,8 Hz; 1H, H-8); 8.38 (d, J = 7.8 Hz; 1H, H-5);
8.73 (s, 1H, H-4). ¢ *C NMR (CDsOD): 32.8, 36.8, 37.0, 55.6, 112.1, 112.6, 112.7, 115.6,
120.0,121.3,121.5,121.9, 128.4, 128.6, 129.5, 133.9, 139.7, 141.1, 141.4, 147.7, 147.8, 164.8.

Compound 4a: yield: 30%. mp: 176-178. IR (KBr) vmax (cm™): 1645 cm™ (C=0); 3465-3346
(NHz; OH). 'H NMR (300 MHz, CD30D): §3.27 (t, J = 6.5 Hz; 2H, H-2"); 3.49 (, J = 6.5
Hz; 2H, 17°); 5.48 (s, 2H, NH>); 6.22 (t, J = 7.5; 1H, NH); 7.40 ( m; 1H, H-6); 7.56-7.68 ( m,
4H, Ar-H); 7.60 (d, J = 7.5 Hz; 1H, H-8); 8.10 (dd, J = 7.5 and 2.5 Hz; 1H, H-7); 8.12 ( dd, J
= 7.5 and 2.5 Hz; 1H, H-4’); 8.28 ( d, J = 8.1 Hz; 1H, H-5); 8.80 (s, 1H, H-4). 5c 3C NMR
(CDs0OD): 37.3, 40.5, 112.5, 113.8, 120.6, 121.8, 121.9, 128.4, 128.7, 128.8, 128.9, 129.0,
129.1, 1315, 134.2, 136.7, 139.8, 142.5, 160.2, 168.4.

Compound 4b: yield: 45%. mp: 190-194. IR (KBr) vmax (cm™): 1648 cm™ (C=0); 3485-3357
(NH2). *H NMR (300 MHz, CD30OD): §3.25 (g, J = 6.0; 2H, H-2"). 3.45 (g, J = 6.0; 2H, H-
1°); 3.96 (s, 3H, OCHa); 5.54 (s, 2H, NH); 6.18 (t, J = 7.5; 1H, NH); 7.22 (d, J = 8.7 Hz; 2H,
H-3/H-5"); 7.34 (t, J = 7.0 Hz; 1H, H-6); 7.60 (t, J = 7.5 Hz; H-7); 7.70 (d, J = 8.0 Hz; H-8);
8.20 (d, J = 8.7 Hz, 2H, H-2’/H-6); 8.41 (d, J = 8.1 Hz; 1H, H-5); 8.78 (s, 1H, H-4); 8.84 (t, J
= 7.5; 1H, NH); 11.81 (sl, 1H, NH). 8¢ **C NMR (CD3;OD): 38.6, 40.3, 55.4, 112.3, 112.6,
114.2,120.8,121.2,121.9,129.7, 129.9, 130.1, 133.8, 138.4, 139.6, 140.5, 141.5, 159.0, 159.9,
165.1.

Compound 4c: yield: 38%. mp: 192-194. IR (KBr) vmax (cm™): 1660 cm™ (C=0); 3460-3350
(NHz). 'H NMR (300 MHz, CD30OD): §3.32 (q, J = 6.5; 2H, H-2""); 3.42 (q, J = 6.5; 2H, H-
17°); 3.84 (s, 3H, OCH3); 5.50 (s, 2H, NH>); 6.20 (t, J = 7.0; 1H, NH); 7.10 (d, J = 7.5 Hz; 1H,
H-8); 7.41 (t,J = 7.5 Hz; 1H, H-6); 7.60 (dd, J = 7.5 and 1.5 Hz; 1H, H-6"); 7.67 (ddd, J = 7.5,
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7.5and 1.5 Hz; 1H, H-7); 7.70 (d, J = 1.5 Hz; 1H, H-2"); 7.75 (d, J = 7.5 Hz; 1H, H-5"); 8.35
(d, J =75 Hz; 1H, H-5); 8.74 (s, 1H, H-4); 8.80 (t, J = 7.0; 1H, NH); 11.80 (sl, 1H, NH). 8¢
13C NMR (CD3OD): 39.6, 40.4, 56.5, 112.8, 113.8, 114.2, 116.4, 121.0, 121.7, 121.8, 122.6,
128.8, 129.6, 130.8, 134.3, 140.4, 141.5, 141.8, 150.4, 152.2, 159.7, 165.6.

Anti-Mycobacterium tuberculosis activity

M. tuberculosis Ha7Rv (ATCC27294) strains were grown in Ogawa—Kudoh (OK) medium
for 10 days at 37°C. For testing, aliquots were removed and cultured in Middlebrook 7H9 broth
(Difco) supplemented with oleic acid, bovine serum albumin, dextrose and catalase (OADC
enrichment BBL / Becton-Dickinson); 0.5% glycerol was added as a carbon source, and 0.5%
Tween 80 was added to prevent the appearance of lumps. The culture was maintained for 15
days at 37°C. The bacterial suspensions were prepared and adjusted to the n1° McFarland scale.

Stock solutions of the test compounds were solubilized in dimethyl sulfoxide (DMSO)
(Sigma-Aldrich) and diluted in Middlebrook 7H9 broth (Difco) supplemented with OADC
enrichment BBL/Becton Dickinson. Rifampicin and Isoniazid were solubilized according to the
manufacturer’s recommendations (Sigma-Aldrich, St. Louis, MO, USA) and used as positive
controls.

Anti-mycobacterial activity was determined using the Resazurin Microtiter Assay
(REMA).?% Briefly, 100 ul of supplemented Middlebrook 7H9 broth (Difco) was dispensed
into each well of a sterile flat-bottom 96-well plate; then, serial dilutions of the test compounds
(0.98 to 250 pg/mL) and reference drugs (0.004 to 1 pg/mL) were prepared. One hundred
microliters of bacterial suspension (5 x 10° UFC/mL) was then added to each well. Plates were
incubated for 7 days at 37°C, after was added 30 pl of resazurin (Sigma-Aldrich) in sterile water
(0.01%) in whole plate, and the samples were incubated for 24 hours at 37°C.

The change in absorbance, at 492 nm wavelength, was measured using a microplate reader
TP-Reader (Thermo Plate®). Each compound was analyzed in triplicate on alternate days. The
MIC was defined as the lowest concentration that resulted in 90% inhibition of the growth of
M. tuberculosis.?® MIC values were used to classify a compound’s activity as follows: inactive,

>150 pg/mL; moderate, between > 10 and < 100 pg/mL; and active, < 10 pg/mL.

In vitro anticancer assay

The tested compounds were evaluated in vitro against a nine-cell line panel comprising
melanoma UACC-62, breast MCF7, lung NCI-460, leukemia K-562, ovarian OVCAR, prostate
PCO-3, colon HT?29, renal 786-0 and adriamycin drug-resistant ovarian cancer NCI/ADR cells.
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The tests were performed using the colorimetric method with sulforhodamine B according to
the NCI standard protocol; doxorubicin was used as a positive control.?® Assays were
performed in a 96-well plate using four serial 10-fold dilutions (0.25 pg/mL to 250 pug/mL) for
each test compound. The anticancer activity was determined based on concentration-response
curves, and three concentration response parameters (Glso, TGl and LCso) were calculated. The
response parameter Glso (growth inhibitory activity) refers to the drug concentration that
produces 50% reduction of cell growth when compared to untreated control cells. The TGI
(growth inhibition) and LCso (cytotoxic activity) parameters refer to the drug concentrations
required for total growth inhibition and for 50% cell mortality, respectively. Compounds with
Glso values < 100 uM were considered active.

Results and Discussion

Synthesis

The synthetic pathway for the preparation of 1,3-disubstituted S-carbolines is presented in
Scheme 1. The methyl esters in 1a-c were prepared by a Pictet—Spengler condensation of L-
tryptophan with the appropriate aromatic aldehydes in acidic media, subsequent esterification
of the resulting carboxylic acids with methanol and sulfuric acid, and oxidation with sulfur in
refluxing xylene Y. Compounds 2a-c and 3a-c were obtained by the reaction of S-carboline
methyl ester with 1,2-ethylenediamine and 1,3-propanediamine, respectively, and resulted in
an amino group-terminated side chain at C-3. Finally, the coupling of S-carboline carboxamide
derivatives (2a-c) with S-methylisothiourea yielded compounds 4a-c, which include a terminal
guanidinium group.

The novel compounds 2a-c, 3a-c and 4a-c were characterized using IR, *H and 3C NMR
spectroscopy, as detailed in the Experimental Section. The *H NMR spectra of carboxamides
2a-c and 3a-c showed additional signals at 6+ 1.69 - 3.87 (reflecting the integration of two
protons) and at on 7.01 — 8.84 (corresponding to methylene and aromatic hydrogens). The
presence of the carboxamide group was confirmed by*3*C NMR, which showed signals at &
32.1 — 41.5 (CH) and &. 162.5 — 168.4 (C=ON). Derivatives 4a-c was characterized by the

presence of an additional signal at dc 159.7 — 160.2, corresponding to the guanidinium group.
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229  Scheme 1. Synthetic route for the preparation of the f-carbolines derivatives. Reagents and
230  conditions: (a) 1,2-ethylenediamine, rt, 36 h and/or 1,3-propanediamine, CHCl3/MeOH, reflux,
231 32 h, 55-72%; (b) S-methylisothiourea, 2N NaOH, 4 °C to rt, reflux, 48 h, 30-45%.

232
233 Anti-Mycobacterium tuberculosis activity (MTB)
234 Derivatives 2a-c, 3a-c and 4a-c were evaluated in vitro for their anti-mycobacterial activity

235  against M. tuberculosis H37Rv (ATCC 27294) using the REMA method 2. The MIC values
236 (Mg/mL and pM) were measured with respect to two standard antitubercular drugs, isoniazid
237 (INH) and rifampicin (RFP), and the screening results are presented in Table 1. Among the
238  nine compounds evaluated against MTB, seven presented moderate activity, with MIC values
239  ranging from 58.3 to 24.9 pug/mL,; in particular, compounds 2a (24.9 pg/mL), 2b (26.9 pg/mL),
240  4a (27.8 pug/mL) and 4c (37.4 pg/mL) presented interesting activity. Compounds 2a and 2b,
241 which had phenyl and p-methoxyphenyl substituents, respectively, at position 1 and
242 ethylenediamine moieties at C-3 were the most active derivatives in this series. The length of
243  the terminated side chains affected the activities of these compounds. Substituting the
244  guanidinium group led to reduced activity (compare compounds 2a and 4a). The effect of the
245  guanidinium group was particularly significant when comparing compounds 2c (57.9 pg/mL)
246 and 4c (37.4 pg/mL). The substituents at positions 1 and 3 strongly affected anti-MTB activities
247  of these compounds.

248 Synthesis and molecular modeling study showed that aminopyrimidine derivatives exhibit
249  moderate to potent antitubercular activity against M. tuberculosis, with MIC values ranging
250  from 12.5 to 3.12 pug/mL.?") The introduction of an ethylguanidinium group at the upper rim
251  resulted in high anti-mycobacterial activities for the unsubstituted, 5,5'-dimethyl-2,2"-bipyridyl
252 and 4,4'-dimethyl-2,2'-bithiazolyl analogs, with MIC values of 1.51 and 2.69 pg/mL,
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respectively, values that were similar to those of current commercially available anti-

tuberculosis agents.?®)

Table 1: Anti-Mycobacterium tuberculosis Hz7RV activity of compounds 2a-c, 3a-c and 4a-

C.
Compound R n MIc?
pg/mL (uM)
2a H 2 24.9 (75.4)
2b p-OCHs 2 26.9 (74.6)
2c m-OCHzs;p-OH 2 57.9 (153.5)
3a H 3 >250 (>500)
3b p-OCH3 3 58.3 (155.7)
3c m-OCHs;p-OH 3 >250 (>500)
4a H 2 27.8 (74.4)
4b p-OCHg 2 57.5 (142.6)
4c m-OCHzs;p-OH 2 37.4 (88.3)
Isoniazid - - 0.05 (0.3)
Rifampicin - - 0.01 (0.01)

@ REMA assay. Values quoted are the means of results for triplicate samples.

Antiproliferative activity

The antiproliferative activities of the synthesized 1,3-disubstituted S-carbolines derivatives
(2a-c, 3a-c and 4a-c) were evaluated in vitro against nine human tumor cell lines. The results
for compounds 2a-c and 3a-c, which were amino group-terminated at C-3, demonstrated that
compounds 2a and 3b, with phenyl and p-methoxyphenyl groups, respectively, at position 1,
inhibited growth in all human tumor cell lines with Glsp values ranging from 1.37 to 12.20 uM.
Also in this series, compounds 2¢ (Glsp = 2.42 uM, TGl =79.13 uM), 3a (Glso = 0.33 uM, TGl
= 50.28 uM) and 3c (Glso = 0.71 uM, TGI = 11.08, LCso = 26.62 uM) showed significant
activity and high selectivity against adriamycin drug-resistant ovarian cancer cells (NCI/ADR)
(Tables 2 and 3).

The compounds with terminal guanidinium groups, including compounds 4b (Glso = 0.45
uM; TGI = 72.09 uM) and 4c (Glso= 1.71 uM), effectively inhibited growth and were highly
selective against adriamycin drug-resistant ovarian cancer cell lines (NCI/ADR) when
compared with compounds 2a-c, which are amino group-terminated. However, the

guanidinium-terminated compounds did not demonstrate any important interaction that could
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account for the cell growth inhibition. Substituting the phenyl group with electron-donating
substituents at position 1 influenced each series differently.

A previous study evaluated the in vitro anti-tumor activities of several benzenesulfonamide
derivatives with various substituted amino-guanidine groups. Compound 1-allyl-2-[4-
chlorophenylcarbamoyl)-2-methylthiobenzenesulfonyl]-3-(5-nitrofurfurylideneamino)
exhibited remarkable activity against 21 human tumor cell lines representing leukemia and

melanoma and lung, colon, ovarian, renal, prostate and breast cancers (Glso = 0.3-3.0 uM).?%



Table 2: In vitro cell growth inhibition of compounds 2a-c, 3a-c and 4a-c against neoplastic cells.

58

Glso (in uM)P
Compounds R
UACC-62 MCF7 NCI-460 K-562 OVCAR PCO-3 HT29 786-0 NCI/ADR

2a H 2 5.15 9.55 9.64 2.93 12.20 8.69 4.27 9.64 8.18
2b p-OCHs 2 38.75 44.49 44.49 53.07 17.14 * >100 33.11 8.36
2c m-OCHgs;p-OH 2 10.34 11.72 88.26 >100 9.36 * 25.82 21.64 242
3a H 3 25.14 16.19 13.59 13.01 22.75 23.57 23.57 18.71 0.33
3b p-OCHs 3 9.66 6.98 7.35 5.20 7.09 2.39 9.02 4.40 1.37
3c m-OCHas;p-OH 3 43.22 23.94 55.16 18.89 16.76 11.18 27.48 27.48 0.71
4a H 2 >100 >100 - - >100 - - 3.61 >100
4b p-OCHs 2 95.93 35.46 27.17 63.41 39.94 15.54 75.64 63.41 0.45
4c m-OCHas;p-OH 2 51.85 99.17 >100 31.03 87.51 91.82 25.02 31.03 1.71

® Cell lines: Melanoma (UACC-62), Breast (MCF7), Lung (NCI-460), Leukemia (K-562), Ovarian (OVCAR), Prostate (PCO-3), Colon (HT29), Renal (786-0), Ovarian-resistant to adriamycin (NCI/ADR).

cottesed

Table 3: TGl and LCsp (in parentheses), of compounds 2a-c, 3a-¢ and 4a-c.

UACC-62 MCF7 NCI-460 K-562 OVCAR PCO-3 HT29 786-0 NCI/ADR
Compounds R n Melanoma Breast Lung Leukemia Ovarian Prostate Colon Renal Ovarian-
resistant

2a H 2 15.44 (37.5) 38.27 34.32 23.87 24.75 (51.7) 24.75 (74.42) 73.52 24.75 (64.37) 24.75
2b p-OCHjs 2 >100 >100 >100 >100 >100 * >100 >100 26.45
2c m-OCHz;p-OH 2 20.35(70.93)  22.41 (43.42) >100 44.27 19.33 (30.85) * >100 87.41 79.13
3a H 3 - 4255 - 36.01 - >100 - - 50.28
3b p-OCH3s 3 - 15.38 (32.8) 20.83(51.25) 15.38(37.3) 21.47 (46.84) 10.56 (35.2) 21.47 (49.15)  16.71(46.84)  11.97 (28.94)
3c m-OCHs;p-OH 3 >100 >100 - >100 >100 43.09 >100 >100 11.08 (26.62)
4a H 2 >100 >100 >100 >100 >100 >100 >100 >100 >100
4b p-OCH3s 2 - >100 >100 >100 >100 >100 >100 >100 72.09
4c m-OCHs;p-OH 2 90.86 - - 55.07 - - 99.28 >100 >100

TGI: drug concentration required for total growth inhibition; LCso: drug concentration required to kill 50% of cells.

TGI and LCs. Values in pM.
- not determined
*not tested
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Conclusion

Herein the presence of an amino or guanidinium group-terminated side chain at C-3 of a 1-
substituted-phenyl-g-carboline nucleus enhancing antitumor and anti-MTB activity is reported.
Compounds 2a, 2b and 4a were the most active against M. tuberculosis Hz7Rv (ATCC27294).
Eight compounds inhibited the cell growth of adriamycin drug-resistant ovarian cancer cell
lines (NCI/ADR) (Glso < 8.36 uM), not including compound 4a. Compound 2a demonstrated
promising antitumor and anti-MTB activity and might represent a precursor for development
of new molecules. Further studies are required to explore the mechanism of action of these

compounds in detail.
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