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VALDEZ, Rodrigo Hinojosa. Investigacéo de atividade biolégica de composto
carbolinico sobre Trypanosoma Cruzi. 2007. 66f. Dissertagdo (Mestrado em
Microbiologia) — Universidade Estadual de Londrina, Londrina, 2007.

RESUMO

A doencga de Chagas ¢ causada pelo protozoario Trypanosoma cruzi, a qual afeta 18 milhoes
de pessoas em toda a América Latina. A terapéutica disponivel atualmente ¢ limitada e
parcialmente eficaz, em funcdo disto torna-se evidente que novos compostos com atividade
tripanocida devem ser desenvolvidos. Alguns compostos carbolinicos tém demonstrado
atividades bioldgicas interessantes tais como, anti-tumoral, inseticida e antiparasitario. No
presente trabalho foi realizado um estudo com quinze compostos carbolinicos, a fim de
avaliar a sua atividade anti-proliferativa sobre formas epimastigotas de T. cruzi. O composto
que obteve o melhor resultado, denominado C4 (N-butil-1- (4dimethylamino)fenil-1,2,3,4-
tetrahidro - B - carbolinico - 3 - carboxamida), apresentou o valor de ICso de 14,9 u M. Dessa
forma, avaliou-se a atividade deste composto, C4, sobre a viabilidade de formas
tripomastigotas e amastigotas, na interacdo do parasita com células de mamifero, na
morfologia e ultraestrutura do parasita através de técnicas de microscopia eletronica bem
como avaliar o potencial citotoxico sobre linhagens de células de mamifero. O C4
demonstrou possuir atividade antiparasitaria sobre as trés formas evolutivas do protozoario e
uma baixa citotoxicidade. A concentragao que lisou 50 % (ECso) das formas tripomastigotas a
4 °Cfoide 77 u M, e a37°C de 45 u M. Ja sobre as formas amastigotas o ECsoa 4° C foi 149
uMea37°Cde 33 p M. Na concentragdo de 128 u M o composto diminuiu em 93,5 % o
numero de parasitas intracelulares. A microscopia eletronica de transmissao revelou que os
parasitas tratados apresentaram um inchaco da mitocondria, o aparecimento de vactolos e o
cinetoplasto apresentou-se difuso. Estes resultados obtidos encorajam o aprofundamento de
estudos in vitro e in vivo dos compostos carbolinicos, para compreender melhor o seu modo
de acdo e desenvolver uma formulacao farmacéutica para o tratamento da doenga de Chagas.

Palavras-chave: Tripanocida. Microscopia eletronica. Doenga de Chagas. Carbolinico.
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ABSTRACT

Trypanosoma cruzi is the causative agent of Chagas’ disease, which afflicts 18 million people
in Latin America. The available treatment is very limited and clearly new compounds with
trypanocidal effect must be found. Carboline compounds showed biological activities like,
anti-tumoral, insecticidal, and anti-parasitic. In the present study was made a screening with
fifteen carbolines compounds evaluating his anti-proliferative activity against epimastigote
form of T. cruzi. The N-butyl-1-(4-dimethylamino)phenyl- 1,2,3,4-tetrahydro-p-carboline-3-
carboxamide (carboline C4), showed an ICso value of 14.9 u M and was chosen to further
analysis. Therefore, C4 was evaluated on the viability of trypomastigote and amastigote
forms, on the interaction of parasites with mammalian cells, carried through techniques of
electron microscopy in order to observe the morphology and ultraestructure of the parasite
cell, and was also evaluated the citotoxical effects on mammalian cells. The compound C4
showed good activity against all three forms of T. cruzi and small toxicity. The concentration
that lised 50 % (ECso) of the trypomastigote forms at 4 °C was 77 u M, and at 37 °C was 45 p
M. On the amastigote forms the ECso at 4 °C was 149 u M and at 37 °C was 33 p M. The
compound at 128 u M was able to reduce in 93.5 % the number of intracellular parasites.
Transmission electron microscopy showed ultrastructural alteration which a swelling of the
mitochondrion, the appearance of vacuoles and a diffuse kinetoplast. The present results
support the trypanocidal effect of this class of compounds against T. cruzi an stimulate further
assays in vitro and in vivo models, with the intention of better understand its mode of action
and develop a pharmaceutical formulation for the treatment of Chagas disease.

Keywords: Trypanocidal. Electron microscopy. Chagas disease. Carbolines.



LISTA DE ABREVIATURAS E SIGLAS

PBS  Tampao Salina Fosfato

pH Potencial de Hidrogénio

ICs0  Concentragdo inibitoria de 50%
ICo0  Concentragdo inibitoria de 90%
NMR  Nuclear Magnetic Ressonance
ml Mililitro
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K m Micrometro

MS Mass Spectometry

Mg Micrograma mg Miligrama
LIT  Liver Infusion Tryptose

DNA  Acido Desoxirribonucléico

M Molar

mM  Milimolar

uM  Micromolar

°C Graus Celsius

ECso  Concentragdo efetiva 50%

DMSO Dimetil Sulfoxido
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INTRODUCAO

Diversas doengas tropicais afligem milhdes de pessoas ao redor do mundo e
muitas delas sdo ocasionadas por protozoarios, como ¢ o caso da doenga de Chagas que ¢
causada pelo Trypanosoma cruzi. Este protozoario ¢ um parasita flagelado da ordem
Kinetoplastida e familia Trypanosomatidae, ¢ considerado heteroxénico, pois possui em
insetos triatomineos seu hospedeiro invertebrado e em mamiferos seu hospedeiro vertebrado.

A doenca de Chagas constitui um grave problema de satde publica no
Brasil, pois trés milhdes de pessoas possuem esta enfermidade. Esta apresenta duas fases
distintas, a fase aguda que comeca nos primeiros dias apos a infeccdo e a fase cronica, que
surge algumas semanas apos, quando o parasita coloniza os tecidos e ocorre uma intensa
resposta inflamatdria. O tratamento desta enfermidade tem resultado apenas na fase aguda e
os medicamentos de escolha sdo o Nifurtimox e o Benzonidazol. Estes sdo parcialmente
eficazes e muito toxicos. Ja na fase cronica o tratamento € apenas sintomatico j& que esses
medicamentos ndo apresentam um resultado terapéutico significativo.

Diante deste quadro de ineficiéncia medicamentosa torna-se necessaria a
busca de alternativas de tratamento, onde substancias derivadas de produtos naturais e
sintéticas mostram-se promissoras para um futuro tratamento de doengas como a doenga de
Chagas. Considerando estes fatos, a pesquisa envolvendo compostos carbolinicos e sua
possivel acdo especifica sobre T. cruzi merece atengdo, pois resultados positivos nos
experimentos pré-clinicos podem ter continuidade em futuros estudos na busca de um

farmaco eficiente e seguro.
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REVISAO BIBLIOGRAFICA

A Doenca de Chagas e Trypanosoma cruzi

Também conhecida como tripanossomiase americana a doenga de Chagas
foi descrita pela primeira vez pelo pesquisador brasileiro Carlos Chagas em 1909, quando
encontrou vestigios de um parasita flagelado na corrente sanguinea de uma crianga chamada
Berenice, na localidade de Lassance Minas Gerais. Em um fato raro na historia da medicina,
Chagas conseguiu estabelecer a etiologia e o ciclo parasitario, descrever a doenga e seu
diagnoéstico, identificar reservatorios domésticos e silvestres da nova tripanossomiase,
abrangendo assim todos os aspectos basicos de sua epidemiologia e patologia.

Atualmente, quase um século ap6s a descoberta, estima-se que na América
latina cerca de 18 milhdes de pessoas sao acometidas por esta enfermidade (WHO, 2002), e
no Brasil em torno de 3,5 milhdes de pessoas (DIAS, 2002). No estado do Parana estima-se
que 166.000 pessoas estejam infectadas (SILVEIRA; RESENDE, 1994), e a prevaléncia da
doenga de Chagas é em torno de 4 % da populagao rural (CAMARGO et al., 1984).

A doenca de Chagas tem uma grande relevancia na saide publica da
América latina, sendo a segunda enfermidade associada a vetor, em prevaléncia e mortalidade
(ap6s a malaria). Estima-se que ocorram aproximadamente 200.000 novos casos por ano € em
torno de 21.000 mortes associadas a doenca de Chagas (WHO Expert Committee on the
control of Chagas Disease, 2002). Esta enfermidade ¢ considerada a parasitose latino-
americana de maior impacto socioecondmico, uma vez que a transmissdo natural estd
diretamente relacionada as condi¢des de vida da populagdo nas areas de risco, estudos
epidemioldgicos anteriores na regido, constataram que cerca de 25 % da populagdo encontra-
se em risco de contrair a doenga (GURTLER et al., 2003).

O agente causador da doenca de Chagas ¢ um protozoario flagelado,
pertencente a ordem Kinetoplastida, familia Trypanosomatidae chamado Trypanosoma cruzi,
que apresenta uma complexa variagdo morfologica e fisioldgica e possui trés principais
formas evolutivas: epimastigota, tripomastigota e amastigota. Os membros desta ordem
possuem uma Unica mitocondria que percorre todo o corpo celular e se caracterizam pela

presenca de uma organela denominada cinetoplasto, que ¢ uma regido diferenciada da
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mitocondria onde se concentra o DNA mitocondrial, organizado em mini e maxi- circulos,
denominado k-DNA (BRENER, 2000).

A familia ¢ constituida de protozodrios parasitas uniflagelados,
monoxénicos ou heteroxénicos, na qual também estdo presentes outros parasitas de
importancia médica, veterinaria ¢ agronomica como Trypanosoma brucei gambiense e
Trypanosoma brucei rhodesiense, responsaveis pela tripanossomiase africana também
chamada doenga do sono; Leishmania braziliesis, L. mexicana, L. peruviana, L. tropica
responsaveis pelas leishmanioses tegumentares; L. donovani e L. infantum responsaveis pela
leishmaniose viceral (REY, 2001), e tripanosomatideos do género Phytomonas sp. que sdo
protozodrios fitopatogenos que apesar de ndo parasitarem o homem tém uma grande
importancia econdmica ja que podem parasitar culturas de mandioca, coqueiros, tomate e café
causando prejuizos, como por exemplo P. frangai, P. serpens e P. staheli (ABREU-FILHO et
al., 2000).

Além do cinetoplasto T. cruzi apresenta no citoplasma, algumas estruturas
peculiares como o blefaroblasto que ¢ um corpusculo basal do flagelo formado pela
continuagdo dos microtubulos deste; o acidocalcissomo, vacuolo que armazena ions célcio
para posterior utilizacdo na célula; o glicossomo, vacuolo que possui em seu interior as
enzimas da via glicolitica, onde esta ocorre; reservossomo, vactiolo presente apenas na forma
epimastigota e responsavel pelo armazenamento de lipidios e proteinas, em especial a cisteina
protease denominada cruzipaina que ¢ uma enzima proteolitica de natureza glicoprotéica a
qual parece estar evolvida na diferenciacdo e penetracdo do parasita na célula hospedeira
sendo entdo um importante fator de viruléncia do T. cruzi (CAZZULO et al 1997). Este
parasita possui ainda uma camada de microtubulos subpeliculares responsavel pela rigidez de
seu corpo celular (DE SOUZA, 2002). Outra estrutura interessante presente em T. Cruzi e
compartilhada com outros protozoarios é o citéstoma, uma estrutura especializada formada
pela invaginagdo de uma por¢ao da membrana plasmatica na regido proxima a bolsa flagelar
(regido de onde emerge o flagelo), encontrada nas formas epimastigotas e amastigotas (DE
SOUZA et al., 1978; NAKAMURA et al., 2005).

Trypanosoma cruzi apresenta muitas variagdes morfologicas, fisiologicas e
ecologicas, além de variacdes quanto a sua infectividade e patogenicidade o que levou autores
a classifica-lo em cepas ou estirpes, como a Y e Esmeraldo. Outras classificagdes levando em
conta caracteristicas filogenéticas comuns entre cepas de T. cruzi foram realizadas, como uma
caracterizagdo molecular do parasita, propondo 2 subdivisoes, T. cruzi I (Tcl) e T. cruzi II

(TclIl), sendo esta ultima subdividida em 5 grupos (a-¢). Acredita-se que estas subdivisdes
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estejam relacionadas com a evolucdo do protozoario juntamente com seus hospedeiros
mamiferos principais e também o seu potencial patogénico. A Tcl estaria presente
principalmente no ciclo silvestre e o hospedeiro mais comum seriam mamiferos marsupiais,
enquanto que a Tcll seria principalmente do ciclo doméstico tendo os tatus como principais
hospedeiros. Outra avaliacdo seria a distribuicdo geografica, que caracteriza a Tcl
predominante nos paises da regido amazonica e a Tcll nos paises do cone sul (YEO et al.,
2005; ZALLOUM et al., 2005).

Existe também uma classificagdo baseada em como as populagdes de T.
cruzi diferem entre si pelo perfil eletroforético de algumas isoenzimas especificas, os grupos
foram chamados de zimodemas (REY, 2001),. Alguns autores reuniram em trés grandes
grupos (Z1, Z2 e Z3), onde parasitas com perfil isoenzimatico de zimodema Z1 tem a
caracteristica de serem do ciclo silvestre os parasitas que se agrupam no Z2 sio caracteristico
do ciclo domiciliar e no Z3 encontram-se outros representantes nao agrupados nos anteriores.
Outros autores preferem utilizar outra nomenclatura (ZA, ZB, ZC, ZD) (FERNANDES et al.,
1994; TIBAYRENC, 2003).

A transmissdo da doenga de Chagas pode ocorrer de duas maneiras;
naturalmente através de fezes ou urina contaminadas de insetos triatomineos hematofagos, via
oral e transplacentaria, ou pode ocorrer também de maneira artificial em decorréncia do
proprio avanco da medicina, podendo ser por transfusdo sanguinea, transplante de orgaos
infectados e por acidentes de laboratorio.

Os vetores responsaveis pela transmissdo do parasita pertencem a ordem
Hemiptera, familia Reduviidae e sub-familia Triatominae, ¢ sdo os chamados hospedeiros
invertebrados. Os triatomineos tém habito noturno e sdo hematoéfagos em todos os estagios da
vida, possuem a caracteristica de defecar logo ap6s o repasto sanguineo sendo, portanto
transmissores em potencial da doenga de Chagas. A fémea poe até 500 ovos durante a vida e o
tempo de incubagdo varia de 15 a 30 dias. A duracao do ciclo de vida do inseto até seu ultimo
estagio adulto depende da temperatura, alimentacdo, umidade relativa e espécie, variando
entre 100 dias a 2 anos (LENT et al., 1979).

Trés géneros foram identificados como responsaveis pela transmissdo:
Rhodnius, Triatoma e Panstrongylus, que juntos abrangem mais de 100 espécies distribuidas
por todo o territorio latino-americano. A Organiza¢do Mundial de Saiude, em um
levantamento feito em 1990, reportou as seis espécies de maior importancia: R. prolixus, T.
infestans, T. dimidiata, T. sordida, T. brasiliensis e P. megistus. No ano 2000, 10 anos depois,

um novo estudo mostrou apenas 3 espécies ainda significativas: R. prolixus, T. infestans e T.
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dimidiata. A diminui¢do de casos de transmissdo vetorial, bem como a diminui¢do do niimero
de espécies significativas decorre da melhoria nas condigdes habitacionais e o controle
populacional dos vetores através do uso de inseticidas em dreas circunvizinhas as
comunidades em risco (MONCAYO, 2003).

A transmissdo congénita ocorre em um numero muito menor que a vetorial
sendo que até o ano 2000 em torno de 100 casos tinham sido relatados no Brasil e no Chile, a
transmissdo ocorre quando existem ninhos de amastigotas na placenta, e em conseqiiéncia
tripomastigotas originarios destes ninhos podem alcangar a circulagdo fetal, causando assim a
transmissdo via transplacentaria. A transmissdo por via oral ocorre de forma natural, e em
varias situagdes, desde animais ingerindo triatomineos infectados, pessoas ingerindo
alimentos contaminados com fezes ou urina de triatomineos infectados. A penetracdo do
parasita pode, nestes casos, ocorrer pela mucosa da boca integra ou lesada (NEVES, 2003).

Entre as formas de transmissdo conhecidas como artificiais, pois nao
ocorrem na natureza, esta a transmissdo via transfusdo sanguinea que ¢ diretamente
relacionada com a prevaléncia da infec¢do entre os candidatos a doadores e a qualidade do
sangue e hemoderivados transfundidos (SILVEIRA; REZENDE, 1994). Também existem
relatos de deteccdo de casos de infecgdo através de transplante de 6rgdos, porém o controle ja
¢ realizado com exames dos doadores. Apesar de todos os esforcos individuais e conjuntos, o
controle da doenga apresenta resultados diferentes, visto que os investimentos e a legislagao
de cada pais impedem que a transmissao seja erradicada totalmente e simultaneamente (DIAS
etal., 2002).

O ciclo bioldgico do T. cruzi é do tipo heteroxénico, um vetor invertebrado
e um vertebrado (mamifero). As formas epimastigotas (forma replicativa extracelular) se
multiplicam no intestino médio do triatomineo. Apos esta multiplicagdo estas formas migram
para a porcao final do intestino do inseto e se diferenciam em tripomastigotas metaciclicas
(forma infectiva, ndo replicativa). Estas formas infectivas sdo liberadas nas fezes do inseto
vetor apos sua alimentacdo (repasto sanguineo) nos hospedeiros vertebrados, e penetram
através de uma lesdo ou diretamente em uma mucosa. Uma vez penetrando no hospedeiro
vertebrado as formas tripomastigotas interagem com células do sistema fagocitario-
mononuclear da derme ou mucosas. Ocorre também a penetragdo na corrente sanguinea e
conseqiiente interiorizagdo através das seguintes etapas; em um primeiro momento a adesao,
contato e reconhecimento através de receptores levando a fixacdo dos tripomastigotas a
superficie da célula hospedeira; em um segundo momento a interiorizagdo com a ativagdo dos

componentes celulares que participam da endocitose.
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ApOs a entrada ocorre a formagdo de um vacuolo parasitario e conseqiiente
escape do parasita para o citoplasma, diferencia-se para a forma amastigota (forma replicativa
intracelular). Estas formas se multiplicam continuamente por divisdo binaria simples e ainda
no interior da célula hospedeira se diferenciam em tripomastigotas que ap6s ruptura da célula
sdo liberados na corrente sanguinea e podem invadir novas células ou infectar um inseto
vetor, durante um novo repasto (DE SOUZA, 2002).

A principal resposta imune inata aos protozodrios ¢ a fagocitose, porém
algumas espécies sdo capazes de resistir e se multiplicar dentro das células hospedeiras,
mesmo dentro de macréfagos, como € o caso de T. cruzi. O processo de invasdo celular ainda
nao ¢ bem esclarecido, porém sabe-se da participagao de lisossomos na formagao do vactolo
parasitoforo. A forma tripomastigota se adere a membrana plasmatica da célula hospedeira,
desencadeando processos de sinalizagdo intracelular que resultam na elevacdo da
concentragdo de Caz+. Essa alteracdo na concentragdo de ions célcio livres induz a migragao
gradual de lisossomos para o local da membrana onde o parasita estd aderido. Enquanto os
lisossomos se fundem & membrana, o parasita se internaliza em um vacuolo formado pelas
membranas lisossomais. Apo6s determinado tempo o vacuolo parasitéforo ¢ rompido,
liberando o protozoario no citoplasma. Ocorre entdo a diferenciagdo para a forma amastigota
que se replica por fissdo binaria em ciclos aproximados de 12 horas (TAN; ANDREWS,
2002).

A viruléncia do parasita depende da linhagem (cepa), assim como as
condi¢des que prevalecem entre uma cepa de T. cruzi e o hospedeiro. E conhecido o fato de a
doenca de Chagas ser mais benigna em certas regides geograficas que em outras. Além da
viruléncia, os mecanismos pelos quais o T. cruzi determina as lesdes devem ser multifatoriais
e destes depende o aparecimento ou ndo das formas anatomoclinicas da doenga.

No homem a doenga de Chagas apresenta um curso clinico bastante variado
apresentando uma fase clinica e cronica. Na fase aguda ¢ comum o paciente apresentar uma
lesdo inflamatoria no local de entrada do parasita chamado chagoma, quando a entrada deste
ocorre pela mucosa do olho, pode-se visualizar ap6s pouco tempo o assim chamado sinal de
Romaiia, caracterizado pelo inchago de um dos olhos. A fase aguda, que em geral dura poucas
semanas, pode apresentar quadro febril discreto, nduseas, linfoadenopatia e
hepatoesplenomegalia e em casos mais graves podem ocorrer taquicardia, arritmias cardiacas,
podendo evoluir a 6bito do paciente (TANOWITZ et al., 1992).

A maioria dos casos ndo ¢ detectada e, portanto ndo tratada, ocasionando a

evolugdo da doenca para forma cronica indeterminada que consiste na presenca da infecgao
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comprovada por sorologia e métodos parasitolégicos diretos, porém sem apresentar
sintomatologia e sinais clinicos como as altera¢des cardiacas e digestivas (DIAS et al., 2002).
Embora raro, em alguns casos, principalmente quando hé altera¢des cardiacas na fase aguda,
pode ocorrer uma evolugdo direta para a fase cronica determinada, passando por uma fase
conhecida como subaguda, em que, de forma subita em adultos jovens, manifesta-se uma
gravissima cardiopatia com insuficiéncia cardiaca congestiva refrataria causando a morte na
maioria dos casos (RASSI; LUQUETTI, 1992).

Do ponto de vista clinico-epidemioldgico as formas mais graves sdo as
formas cronicas, face aos grandes impactos médicos e sociais que causam. Estas se
caracterizam por manifestacdes mérbidas, como a cardiopatia chagasica cronica, aneurismas e
as megasindromes (megaesdfago, megacdlon e cardiomegalia). Além da observacdo das
alteragdes sintomaticas o diagndstico se baseia em exames laboratoriais, onde sdo realizados
testes sorologicos e pesquisa direta do parasita com o xenodiagnostico e hemocultura
(BRENER, 1987). Além da problemdtica da patologia da doenca em si, existe sobre o
paciente chagésico o peso do preconceito, em que a sensagao de ser portador de uma doenga
que apresenta um carater marginalizante e estigmatizante, uma vez que de acordo com o
conhecimento popular a doenga de Chagas ndo tem cura e estd relacionada a pobreza

(ARAUIJO et al., 2000).

Tratamento da Doenca de Chagas

A doenga de Chagas esta entre as parasitoses mais prevalentes no mundo e
como tantas outras ndo apresenta uma terapéutica eficaz. A eficicia de um farmaco
antiparasitario depende do conhecimento detalhado do ciclo de vida, metabolismo e biologia
em geral dos parasitas. No passado, pessoas que supostamente estavam com uma parasitose
eram tratadas com produtos extraidos de plantas, por administragdo exclusivamente oral, pois
se acreditava que o sitio das infecgdes era o trato intestinal.

Os avancos nos conhecimentos anatémicos, bioquimicos, fisioldgicos e o
entendimento do ciclo de vida de quase todos os parasitas do homem, permitem que se realize
atualmente o processo de planejamento dos firmacos de maneira mais racional, com énfase
no mecanismo de acdo, visando atingir diretamente os alvos especificos e essenciais do

parasita (FRAYHA et al., 1997).
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Desde a descoberta da doenca por Carlos Chagas no inicio do século XX,
até os dias atuais, foram realizadas inimeras tentativas de tratamento sem obter, no entanto,
um medicamento totalmente eficaz. Muitas substincias naturais, sintéticas e semi- sintéticas
apresentaram atividade tripanocida in vitro, mas estdo longe de se tornarem um farmaco
aprovado em todos os testes clinicos (MAYA et al., 2007). Apesar de imensos esfor¢os
investigativos nenhum farmaco tornou-se disponivel para o tratamento da doenca desde 1970
quando foram introduzidos os dois firmacos atuais no mercado Benzonidazol e Nifurtimox
(COURA et al., 2002).

Nao existe até o presente momento, um tratamento preventivo para a doenca
de Chagas sendo que vacinas testadas sdo ineficazes, pois este parasita tem um notavel
mecanismo de fuga do sistema imunoldgico do hospedeiro e o controle epidemioldgico
esbarra nas condi¢des socio-econdmica dos paises latino-americanos (CASTILHO et al.,
2003).

Os farmacos disponiveis atualmente no mercado mundial para o tratamento
da doenca de Chagas sdo os chamados derivados nitroheterociclicos; o Nifurtimox, do grupo
dos nitrofuranos, e o Benzonidazol, do grupo dos nitroimidazois (Tabela-1). Ambos os
medicamentos sdo ativos durante a fase aguda da doenca e na fase cronica em curto prazo.
Tanto testes em laboratorio como ensaios clinicos tém revelado que a eficiéncia destas drogas
varia com a linhagem do parasita (BRAESTRUP et al., 1980). Além destes fatores limitantes
estes medicamentos apresentam fortes efeitos colaterais como anorexia, distirbios gastro-
intestinais, neuropatias, erupgdes cutaneas do tipo eritema polimorfo ndo-bolhoso, distirbios
da hematopoese (com granulocitopenia ou agranulocitopenia) e dermatoxicidade, sendo o seu
uso parenteral controverso (GORLA et al., 1988; CROFT et al., 2005).

Estudos recentes t€ém elucidado os mecanismos de acdo e toxicidade destas
drogas, sendo que o Nifurtimox parece agir via reducdo do grupamento nitro a radicais
nitroanion instaveis, os quais reagem entre si produzindo metabdlitos reduzidos do oxigénio
altamente toxicos (anion superoxido e peroxido de hidrogénio). T. cruzi tem demonstrado ser
deficiente em ter mecanismos de antagonizar metabolitos do oxigénio, principalmente o
peroxido de hidrogénio e ¢ mais sensivel a este stress oxidativo que as células de mamiferos.
Benzonidazol parece agir de maneira distinta, a qual envolve modificagdes covalentes de
macromoléculas por nitroreducdo (URBINA; DOCAMPO, 2003). Estudos anteriores sugerem
que diferentes niveis de resisténcia, de diversas cepas de T. cruzi a esses derivados
nitroheterociclicos pode ser um fator importante para explicar a baixa cura de pacientes

chagasicos (MURTA et al., 1998).
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Para eliminacao do parasita em sangue contaminado de bancos de sangue a
unica substancia utilizada como quimioprofilatico ¢ a violeta genciana (Tabela-1) adicionada
na concentracdo de 250 p g/mL, o que resulta em 100% de eliminagao das formas infectantes.
Porém seu uso também ¢ limitado pelos efeitos colaterais e pela coloragdo a pele e a urina dos
pacientes transfundidos (DOCAMPO; SCHMUNIS, 1997).

Uma vez que o arsenal de drogas disponiveis para o tratamento da doenca
de Chagas ¢ extremamente limitado torna-se imprescindivel a descoberta de novos prototipos,
e ndo obstante o desprezo pela pesquisa de uma cura para esta enfermidade pelas industrias
farmacéuticas, notdveis avangos na compreensdo da biologia, ciclos metabolicos e ultra-
estrutura do T. cruzi tem sido feito nas ultimas décadas em institutos de pesquisa basica que,
contudo ndo se materializaram em novos e eficientes medicamentos para o tratamento da
doenga de Chagas (CROFT et al., 2005).

Para o desenvolvimento de fArmacos mais seletivos e eficientes é importante
a selecao do alvo terapéutico, o que permite uma busca por agentes que provoquem a resposta
desejada especifica para o controle da doenga. O maior foco para descoberta de novos
farmacos antichagasicos nas ultimas décadas tem sido a identificacdo e caracterizagdo
bioquimica, estrutural ¢ molecular dos alvos (CROFT et al. 2005). Levando

em conta estas condigdes diversas abordagens tém sido adotadas por
diversos pesquisadores, tais como inibidores da cruzipaina, cisteina protease essencial
presente nos trés estagios morfologicos e principal antigeno do T. cruzi (CAZZULO et al.,
1997).

Existem relatos sobre a possibilidade de se usar drogas que atuem nas
proteinas quinases do parasita, explorando as diferengas entre estas e as dos hospedeiros,
conferindo assim uma seletividade (NAULA et al., 2005). A adaptagdo de medicamentos
utilizados em outras infecgdes para terapéutica anti-chagasica tem sido adotada,
principalmente com alguns antifingicos, uma vez que os protozoarios compartilham com os
fungos algumas caracteristicas estruturais interessantes, como a presenca de ergosterol na
membrana plasmatica. Estudos recentes utilizando derivados triazdis mostraram que estes
compostos promoveram cura parasitologica da ordem de 70 a 100% em camundongos
infectados com diferentes cepas de T. cruzi tanto na fase aguda como na fase cronica da
infec¢ao (URBINA et al, 1996; URBINA, 1999). Estes resultados foram também
confirmados utilizando-se cepas naturalmente resistentes ao Benzonidazol (MOLINA et al.,
1997).

Utilizando estas estratégias, nos ultimos anos a bioprospec¢cdo de compostos
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ativos derivados de compostos naturais com agao tripanocida tem aumentado, principalmente
pela vantagem de mostrar eficiéncia e baixa ou nenhuma citotoxicidade (NAGAFUIJI et al.,
2004; LUIZE et al., 2006; SULSEN et al., 2006). Diversos produtos tém demonstrado
atividade tripanocida, como o extrato aquoso de Camellia sinensis que parece inibir a enzima
arginina quinase do parasita interferindo assim com seu metabolismo (PAVETO et al., 2004),
neolignanas isoladas de folhas de Piper regnellii (LUIZE et al., 2006), extrato etandlico
obtido de Populus nigra (DANTAS et al., 2006), dleos essenciais obtidos de Syzygium
aromaticum, Achillea millefolium e Ocimum basilicum (SANTORO et al., 2007), ¢ ainda
isoquinolinas isoladas de Ocotea lancifolia que possuem intensa atividade sobre
tripomastigotas sanguineas (FOURNET et al., 2007).

Além dos produtos naturais alguns compostos sintéticos e semi-sintéticos
tém demonstrado atividade tripanocida, como demonstrado anteriormente com o risedronato
bisfosfonato (GARZONI et al., 2004), L-leucina-metil éster que parece ter atividade sobre o
crescimento de T. cruzi (ADADE et al., 2007) e ainda P—Lapachonas semi-sintéticas
demonstraram ser promissores agentes tripanocidas in vitro (MENNA-BARRETO et al.,
2005). Outros compostos sintéticos conhecidos como WSPe demonstram atividade
antiproliferativa sobre formas epimastigotas (BRAGA et al., 2005), Derivados triazois como
o UR-9825® ¢ albacazol que sdo inibidores da biossintese do ergosterol tém apresentado
resultados interessantes na inibi¢do do T. cruzi sendo que este Gltimo demonstrou ser eficiente

na diminuigdo da parasitemia em animais infectados (GUEDES et al., 2004).

Compostos Carbolinicos

Entre os compostos que se apresentam como prosperos agentes tripanocidas
se situam os compostos carbolinicos, que originalmente sdao encontrados distribuidos na
natureza tanto em diversos seres vivos como vegetais, fungos, animais e inclusive em fluidos
de seres humanos (RIVAS et al.,, 1999). Os carbolinicos sdo uma classe de compostos
alcaldides que, além de apresentarem um nucleo inddlico, possuem um anel piridinico
hidrogenado de seis membros (Figura-1) (Henriques et al., 1999). Os carbolinicos podem ser
divididos em trés grupos estruturais dependendo do grau de saturagdo do anel: (a) totalmente
aromaticos, (b) dihidro-carbolinicos ou derivados do harmalano, (c) tetrahidro-f-carbolinicos

com anel piridinico totalmente saturado (Figura-1) (GLENNON et al., 2000).
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Alcaldides B-carbolinicos naturais e sintéticos tem sido alvo de diversos
estudos quimicos e bioldgicos, e na natureza os B-carbolinicos se originam do triptofano,
através da condensacdo entre a triptamina (produto de descarboxilagdo do triptofano) e um
aldeido ou a-cetoacido, como demonstrado em estudos utilizando a marcagao isotopica C-14
(14C) e Tritio (3H) (HUSSON, 1985). A obtencdo destes compostos pode ser realizada em
laboratdrio e o método mais utilizado para sua sintese ¢ a reagao de Pictet- Spengler (Figura-
2) (COX et al., 1995), a qual envolve a condensagdo sucessiva do triptofano metil éster com
aldeidos, originando uma molécula priméria de tetrahidro-B- carbolina que sofrendo
substitui¢des dos seus radicais origina moléculas distintas e com atividades distintas. Dentre
as atividades bioldgicas descritas de compostos carbolinicos estdo a¢do anticonvulsivante,
antioxidante, ansiolitico, sedativo, antimicrobiano, inseticida e antiparasitario (CAO et al.,
2005).

Possiveis efeitos toxicos destes compostos foram objeto de estudo de grupos
de pesquisa o qual constataram que efeitos toxicos e mutagénicos sdo dependentes da
estrutura e concentragdo utilizada, porém a existéncia de alguns tipos de B-carbolinicos no ser
humano sugere a presenca de vias metabolicas e biosintéticas para estes compostos, tais que o
corpo humano seria capaz de interagir com estes compostos, reduzindo assim seus efeitos
toxicos (RIVAS et al., 1999).

Apesar do mecanismo de ag¢do dos [-carbolinicos ndo estar totalmente
elucidado, trabalhos anteriores tém sugerido que os compostos P-carbolinicos poderiam
intercalar-se no DNA das células alvo, supondo que, o anel B-carbolinico presente na
molécula possuindo uma estrutura planar se depositaria nos pares de bases do DNA, e esta
intercalacdo contribuiria para sua atividade biologica (Figura-3) (BORSEREAU;
COLDHAM, 2004; ZHAO et al., 2006). Estudos anteriores cogitaram a possibilidade dos
carbolinicos terem a capacidade de induzir apoptose in vitro (HANS et al. 2005) e como
agente tripanocida seu modo de agdo parece envolver alteragdes na sintese de DNA e inibi¢do

da cadeia respiratoria (RIVAS et al., 1999).
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OBJETIVOS

OBJETIVO GERAL

e Avaliar a a¢do antiparasitaria de compostos tetrahidro-f3-carbolinicos

OBJETIVOS ESPECIFICOS

e Mostrar o efeito dos compostos sobre formas epimastigotas de T. cruzi;

e Verificar o efeito do composto carbolinico, C4, na viabilidade de formas
amastigotas e tripomastigotas de T. cruzi;

o Testar a atividade do carbolinico C4 na interagdo parasita-célula
hospedeira;

e Visualizar as alteragdes morfologicas e ultraestruturais nas formas
epimastigota, amastigota e tripomastigota de T. cruzi causadas pelo C4,
através de microscopia Otica e microscopia eletronica de transmissdo e
varredura;

e Avaliar a citotoxicidade do composto carbolinico em eritrocitos e células

de linhagem de mamiferos-LLCMK3;
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Tabela 1. Estruturas dos dois farmacos atuais contra a Doenca de

Chagas e do unico agente quimioprofilatico encontrado no mercado.
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Figura-1: Estrutura molecular do composto — 4 N-butil-1-(4-imethylamino)fenil-

1,2,3,4-tetrahidro-B-carbolinico-3carboxamida.
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Figura -2: Representacdo esquematica da reagdo pictet spengler a partir do triptofano

metil éster.
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Figura-3: Modelo tridimesional da ligagao do composto carbolinico com a

molécula de DNA, adaptado de Zhao et al., 2006.
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ABSTRACT

Several B-carboline compounds were evaluated for in vitro trypanocidal activity against
Trypanosoma cruzi and their potential toxic effects was also assessed. B-carboline derivative
4 showed good activity against epimastigote, trypomastigote, and amastigote forms of T.
cruzi, with a dose-dependent inhibitory effect. It showed an ICso of 14.9 p M against the
epimastigote form and an ECso of 45 p M and 33 p M against trypomastigote and amastigote
forms, respectively. Additionally 4 was able to be active on mammalian cell - protozoan
interaction, reducing the number of infected cells and the number of internalized parasites.
The compound showed low cytotoxicity, with a selective index 31 times higher to the
parasite than for mammalian cells. In human red-blood cells B- Carboline 4 at 14.9 u M not
caused haemolysis. Observed at electron microscopy 4- treated epimastigotes showed
abnormal swelling of the mitochondrion, a diffuse kinetoplast, and distortions of the parasite
cell body. The present data support the potential effect of this class of compounds against T.
cruzi and encourage further experiments in vitro to evaluate the action mechanism of this

drug and also with in vivo models.

Keywords: Trypanocidal; Carbolines; Chemotherapy; Electron Microscopy.
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INTRODUCTION

Chagas’ disease, also called american trypanosomiasis is a parasitic disease caused by
the kinetoplastid protozoon, Trypanosoma (Schizotrypanum) cruzi. It is endemic from
Meéxico to Argentine, which afflicts 16 to 18 million people. Mortality indices range from 8
% to 12 % depending on the age and the physiological state of the patient.'

The current treatment for this disease is very limited and the development of vaccines
has far been unsuccessful.”? The available drugs for that clinical treatment are the
nitroderivatives Benznidazole and Nifurtimox, both unsatisfactory. It present variable
healing effects according to the geographical region and require long term treatment, besides
presenting frequent toxic side effects and are only effective against acute infection, during
which most patients do not know they are infected with T. cruzi. In addition, it has limited
efficacy in the chronic stage.’ Furthermore, important differences in susceptibility to these
drugs have been detected among different parasite strains isolated in various parts of
American continent.*

A number of new drugs have been reported to be effective in vitro or in vivo against
T. cruzi, but no one has been found completely satisfactory, for either the treatment of
Chagasic patients or for prophylaxis of blood to prevent infection via blood transfusion.
Clearly, new drugs and new approaches for facin these problems are necessary.” In this
context, exist an exhaustive search for new synthetic and natural products for treatment of
Chagas disease.® The carbolines which are widespread in nature have been isolated from
fungi, plant species, marine organisms and mammalian and showed a good activity against T.

cruzi.*
Natural and synthetic B-carbolines and tetrahydro-fB-carbolines alkaloids are well-

known compounds that posses a variety of biological properties, such as anticonvulsive,
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ansiolytic, sedative, antimicrobial, antithrombotic, anti-HIV, antiproliferative, insecticidal,
and parasiticidal.” This class of compounds has been tested in trypanocidal assays and some
papers have reported the activity of P-carbolines and tetrahydro-f-carbolines against T.
cruzi.® In our previous work” twelve tetrahydro- B-carbolines derivatives bearing an N-alkyl
or cycloalkyl carboxamide group in the 3- position and a substituted phenyl group at 1-
position, were synthesized. The tetrahydro-B-carboline-3-carboxamides were prepared from
L-tryptophan (1), through a Pictet- Spengler condensation'” of the L-tryptophan methyl ester
(2) with a series of aromatic aldehydes, followed by the reaction of the methyl tetrahydro-p-
carboline-3-carboxylates intermediates with different amines.

In this paper we report an screening of anti-trypanosomal activity of several
carbolines and investigated the effect of compound N-butyl-1-(4- dimethylamino)phenyl-
1,2,3,4-tetrahydro-f-carboline-3-carboxamide (Table 1) against epimastigote, amastigote,

and trypomastigote forms of T. cruzi.
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MATERIALS AND METHODS

Chemicals

The aldehydes and amines used in this study were purchased from Sigma-Aldrich (Saint
Louis, USA), Acros-Organics (Geel, Belgium) and Merck (Darmstald, Germany). L-
tryptophan was purchased from Synth (Sao Paulo, Brazil) and trifluoroacetic acid (TFA) was
obtained from Carlo Erba (Milan, Italy). The chemicals were used without further

purification.

Synthesis of N-butyl-1-(4-dimethylamino)phenyl-1,2,3,4-tetrahydro-p-carboline-3-
carboxamide (4)

The methyl tetrahydro-p-carboline-3-carboxylate (3) (Figure 1) was prepared trough a Pictet-
Spengler reaction of the L-tryptophan methyl ester (2) with 4- dimethylaminobenzaldehyde,
accordingly to the procedure previously reported (Bailey, 1987)'°. A mixture of L-
tryptophan methyl ester (0.5 mmol), 4- dimethylaminobenzaldehyde (0.5 mmol) and
trifluoroacetic acid (trace) in CH,Cl, (10 mL) was stirred at 0 °C, over molecular sieves.
After 24 h, an excess of TFA (1.0 mmol) was added and the mixture was stirred at room
temperature for 6 h followed by evaporation of the solvent. Treatment of the crude product
with 10% Na,COs, extraction with EtOAc (3x10 mL), dreading of organic layer under
anhydrous Na,SOy, filtration and solvent evaporation afforded a residue which was purified
on chromatographic column (silica flash; hexane-EtOAc 20%) to give the compound 3 as an
cis/trans mixture.

The N-butyl-1-(4-dimethylamino)phenyl-1,2,3,4-tetrahydro-f3-carboline-3-carboxamide (4)
was obtained from the reaction of the corresponding ester 3 with Butylamine (Figure 1),

accordingly to the procedure previously reported.it A solution of the methyl-1-(4-
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dimethylamino) phenyl-1,2,3,4-tetrahydro-B-carboline-3-carboxylate (3) (1.0 mmol) and the
butylamine (5 ml) was refluxed for 24 h; then the excess of amine was removed under
vacuum. The residue was crystallized by using MeOH as solvent to give the compound 4 as
a cis/trans mixture. The synthesized compound was characterized by spectral ('H and "*C
NMR, MS and IR) data. The stereochemistry of cis and trans isomers was assigned on the

basis of °C NMR data.’

Chemistry

The reactions were monitored by TLC, using Dragendorff’s reagent. Electron impact mass
spectra (EIMS) were taken on a spectrometer Shimadzu-CG/MS model QP 2000A, at 70 eV.
'H-NMR and C-NMR spectra were recorded in a Varian spectrometer model Mercury plus
BB 300 MHz with deutered chloroform (CDCI3) using tetramethylsilane (TMS) as an
internal standard (chemical shifts in o, ppm). Infrared (IR) spectra (KBr) were recorded on a
Bomem spectrophotometer, MB-100 model (vmax in cm™). The melting points were
measured in a Quimis apparatus. The compounds were characterized by the above-mentioned

techniques and the data are listed below.

Compound 3 (cis/trans). IR (KBr, cm™) 1733 (v, C=0). '"H-NMR (300 MHz; CDCly/TMS,
8): 7.59/7.72 (s, 1H, NH); 6.64-7.54 (m, Ar-H); 5.10 (t, 1H, H-1, J = 2.1 Hz)/ 5.27 (bs, 1H,
H-1); 3.91-3.97 (m, 2H, H-3); 3.78/3.69 (s, 3H, OCH3); 2.97-3.28 (m, 4H, H-4); 2.93/2.91
(s, 6H, N(CH;),); >*C-NMR (75.5 MHz; CDCIly/TMS, 8): 174.4, 173.5, 150.9, 150.6, 136.3,
136.2, 135.7, 134.2, 129.8, 129.6, 129.4, 128.3, 127.4, 127.3, 121.9, 119.6, 119.5, 118.3,
112.8, 112.6, 111.1, 108.8, 108.4, 58.2, 57.2, 54.6, 52.6, 52.3, 40.7, 24.9, 26.0. MS (m/z) 349

(M")). Yield: 88%.
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Compound 4 (cis/trans). IR (KBr, cm™) 1651 (v, C=0). '"H-NMR (300 MHz; CDCl5/TMS,
8): 6.63-7.57 (m, Ar-H); 5.08 (t, 1H, H-1, J = 2.1 Hz)/5.14 (bs, 1H, H-1); 3.62-3.73 (m, 2H,
H-3); 3.15-3.42 (m, 4H, H-4); 295291 (s, 6H, N(CH3)); 2.76-2.90 (m, 4H,
CONHCH,CH,CH,CH3); 146 (m, 4H, CONHCH,CH,CH.CH;); 1.34 (m, 4H,
CONHCH,CH,CH,CH3); 0.91 (m, 6H, CONHCH,CH,CH,CHs); *C-NMR (75.5 MHz;
CDCi/TMS, 8): 173.3, 172.9, 150.9, 150.4, 136.4, 136.3, 135.6, 134.1, 129.6, 129.5, 129.1,
128.2, 127.5, 127.4, 122.0, 119.7, 119.6, 118.6, 112.7, 112.5, 111.0, 110.3, 110.1, 58.6, 58.4,

55.0,52.6,40.7,39.0, 31.9, 31.8, 25.8, 24.9, 20.3, 14.0; MS (m/z) 391 (M".). Yield: 75%.

Parasite. Epimastigote form of T. cruzi Y strain was grown at 28° C in Liver Infusion
Tryptose (LIT) supplemented with 10% fetal bovine serum (FBS, Gibco, Invitrogen
Corporation, New York, USA) at 28° C for 96 h. Trypomastigote and amastigote forms were
obtained by infection of LLCMK2 cell monolayer in Dulbecco’s modified Eagle’s medium

(DMEM, Gibco Invitrogen Corporation, New York, USA) at 37 °C and 5% Co2 atmosphere.

Cells Culture. LLCMK, (monkey kidney cells) were maintained in DMEM
supplemented with 2 mM L-glutamine, 10% FBS, 50 mg/L. gentamicin and buffered with

sodium bicarbonate.

Antiproliferative activity of Carboline C4 in epimastigote form.

Epimastigote form of T. cruzi in the logarithmic phase was used for this assay. The 3-
carboline compound was dissolved in dimethylsulfoxide (DMSO) and LIT medium to obtain
concentrations of 3, 13, 26, 128, 256 u M. The final concentration of DMSO did not exceed
1% and for each experiment there was a growth control with and without DMSO.

A cell density of 1x10° epimastigotes/mL was cultived in the presence of several
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concentrations of -carboline compound (3 to 256 p M). In 24 well microplate, obtaining
final volume of 1 mL. The cells were incubated at 28 °C and the growth was determinated by
counting the parasites with haemocytometer chamber every day for 7 days and ICs
(inhibition  concentration) was calculated. Benznidazole - Rochagane (Roche

Pharmaceuticals, Rio de Janeiro, Brazil) was used as reference drug.

Effect of the Carboline C4 on viability of trypomastigote and amastigote forms

The tissue culture-derived parasites trypomastigote and amastigote forms were
ressuspended in Dulbecco’s modified Eagle medium supplemented with FBS containing 10%
of mouse blood in a concentration of 10 parasites/mL. In 96 well microplate 100 p L of this
suspension was added to the same volume of the drug diluted in DMSO and DMEM at the
twice the desire final concentration (8, 16, 32, 64, 128, 256, 513, 1026, 2051 u M), and
incubated for 24 h at 4 °C and 37 °C. To the viability of trypomastigotes the parasites were
counted by Pizzi-Brener method'?. For this an aliquot of 5 p 1 of each sample were placed on
slides plus coverslips and immediately counted in an optical microscopy (Brener et al.,
1962), subsequently the ECs, (concentration which lysed 50% of the parasites) was
calculated. In the case of amastigote forms where is impossible to distinguish the mobility of
viable and unviable cells, the viability of free amastigotes was determined by counting in a
haemocytometer chamber (Improved Double Neubauer) with a light microscope, after
addition of 0.4% erythrosine B. Crystal violet (Inlab, Sdo Paulo, Brazil) was used as the
reference drug. The ECsy value was

also evaluated.
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Effect of the Carboline C4 on the intracellular amastigote in LLCMK:Z2cell line.

In the 24-well microplate containing glass coverslips, a 500 pL aliquot of the
LLCMK2 cells (2.5x10° cells/mL) was seeded in each well and incubated for 24 h at 37 °C
with 5% CO,. Next, the LLCMK, cell monolayer was infected with trypomastigotes (10:1)
for 24 h, then washed with 0.01 M phosphate-buffered saline (PBS) pH 7.2, and fresh
medium with and without the drug in different concentrations (16, 32, 64, 128 p M) was
added to the wells. The microplate was incubated for 96 h at 37 °C with 5% CO, atmosphere.
The cells were fixed with methanol and stained with May-Grunwald- Giemsa (Gibco,
Invitrogen Corporation, New York, USA) for 20 min, then the glass coverslips were
permanently prepared with Entellan® (Merck, Darmstadt, Germany). The percentage of
infected cells and the number of intracellular parasites were estimated by observing 200 cells
with a light microscope (Olympus CX31), and the survival index (product of the percentage
of cells infected and the number of amastigotes per cell) and ECsy value (effective

concentration) were determined. Benznidazole was used as reference drug.

Ultrastructural analysis.

Transmission electron microscopy.

Epimastigote forms of T. cruzi after treatment with 14.9 u M (ICs) of Carboline C4,
were harvested by centrifugation, washed in PBS and fixed in 2.5% glutaraldehyde in 0.1 M
cacodylate buffer pH 7.2 for 1 h at 4° C. After, the cells were post-fixed in solution
containing 1% OsOy4, 0.8 % potassium ferrocyanide, 10 mM CaCl, in 0.1 M cacodylate buffer
at room temperature for 60 min, washed with 0.1 M cacodylate buffer, dehydrated in ethanol,
and embedded in Epon® resine. Ultrathin sections were stained with uranyl acetate and lead

citrate and observed in a Zeiss EM900 transmission electron microscopy.
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Scanning electron microscopy

Epimastigote and trypomastigote forms of T. cruzi treated with Carboline C4 at
ICs0/ECso values respectively, were fixed with 2.5% glutaraldehyde in 0.1 M cacodylate
buffer for 2 h at room temperature, washed three times in cacodylate buffer and adhered on
poly-L-Lysine coated coverslips. Then, parasites were dehydrated in an ascending ethanol
series, critical-point dried with CO2, sputtering with gold, and observed in Shimadzu SS-550

scanning electron microscope.

Citotoxicity assay

The LLCMK: cells were seeded onto 96 well microplates at concentration of 2.5 x
10* cells/mL and incubated for 24 h in DMEM supplemented with 10 % FBS. The monolayer
obtained was treated with different concentration of B-carboline (25, 128, 256, 1282 u M).
DMSO was used as a negative control and Benznidazole (Rochagan®, Roche
pharmaceuticals Rio de Janeiro - Brazil) was used as reference drug. After incubation at 37°
C with 5% CO; for 96 h the evaluation of cell growth was made by the sulforhodamine B
technique.”” Then was calculated the CCs of the drug (concentration of drug that lysis 50%

of cells).

Red blood cell lysis assay.

The potential haemolytic effect of B-carboline was evaluated in this assay. A 4%
suspension of fresh defibrinated human blood was prepared in sterile 5% glucose solution.
One of several concentrations (3, 13, 26, 126, 256, 1282 pu M) of the B- carboline compound
was added to each test tube and gently mixed, and the tubes incubated at 37 °C. After 1 h of
incubation, the visual reading was made, and after 2 h the samples were centrifuged at 1000

X g for 10 min. The absorbance of the supernatant was determined at 540 nm for estimation
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of haemolysis. The results were expressed as percentage of haemolysis, by the equation
Haemolysis: (%) = 100 — [(Ap - As)/(Ap - Ac) x 100]; where Ap, As and Ac are the
absorbance of the positive control, test sample and negative control, respectively.
Amphotericin B (Cristalia, Sdo Paulo, Brazil) was used as the reference drug, Triton X-100
(Vetec, Rio de Janeiro, Brazil) was used as the positive control, and the cell suspension only

was used as the negative control.

Statistical analyses:
Statistical analysis was performed with the program GraphPad Prism 4 (GraphPad
Software, San Diego, California, USA). Student's t test was applied and a p- value less than

0.05 was regarded as significant.
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RESULTS

Synthesis

The N-butyl-1-(4-dimethylamino)phenyl-tetrahydro-p-carboline-3-carboxamide (4)
was synthesized through a Pictet-Spengler condensation'’ of the L-tryptophan methyl ester
(2) with 4-dimethylaminobenzaldehyde, followed by the reaction of the methyl tetrahydro-f-
carboline-3-carboxylate (3) with butylamine. The physicals data of compounds 3 and 4 are
shown in Materials and methods, and their structures in Figure 1.

The IR spectrum of compound 3 showed a band at 1733 cm™ attributed to the
carbonyl group. The 'H-NMR spectrum of 3 showed a triplet at & 5.10 and a broad singlet at
& 5.27 relative to H-1 for the isomer Cis and trans, respectively. The signals of the aromatic
hydrogens at & 6.64-7.54 and the signals at 6 3.78/3.69, corresponding to the methyl group,
evidenced the formation of the methyl-1-(4-dimethylamino)phenyl- 1,2,3,4-tetrahydro-f3-
carboline-3-carboxylate (3).

Compound 4 showed a band at 1651 cm™ in the IR spectrum, due the absorption of
the carbonyl of amide. The 'H-NMR spectrum of 4 showed signals in the region of the &
0.91-2.76 attributed to the hydrogens of the N-butyl group of amide. The stereochemistry of
cis and trans isomers was assigned on the basis of *C-NMR values which were previously

reported in literature.’

Effects of Carboline C4 on growth of epimastigote form
The p-carboline compounds showed good activity against the proliferation of
epimastigote which is the form present in reduviid vector. Comparison of the 50% inhibition
concentration values (ICso in pM) for trypanocidal activity of twelve compounds synthesized

showed that the compound bearing a 4-dimethylaminophenyl and an N-butylcarboxamide
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groups in the 1- and 3-positions of the tetrahydro-3- carboline ring (compound 4, Figure 1),
respectively, showed the most active with ICsy of 14.9 uM (Table 1).

The presence of the Carboline C4 in the culture of Y strain of epimastigotes led to a
progressive parasite injury, compared with the untreated cells, and was observed a dose-
dependent effect. At the time of 96 h of incubation, with 256 p M of the compound, the
highest concentration tested induced complete growth arrest. The ICsy and the 1Cyy values of
Carboline C4 were 149 u M + 6,5 p M and 76.9 un M + 13.2 p M, respectively (Figure 2).

ICsoto Benznidazole was 7.7 uy M £ 2.9 u M.

Effect of Carboline C4 on the viability of trypomastigote and amastigote forms

We evaluated the activity of B-carboline 4 on the viability of the trypomastigote and
amastigote forms. A lytic activity with a dose-dependent trypanocidal effect was observed
(Table 2). Against the trypomastigote form, in the presence of mouse blood, was observed a
50% effective concentration (ECsg) of 45 u M +3.9 u M, at 37 °C after 24 h.

In the amastigote form, the highest concentration of the compound tested was 256 p
M and showed a good lytic effect at 37 °C. After 24 h of treatment, in the presence of mouse
blood the effective concentration (ECsp) was 33 p M + 5.6 ¢ M (Table 2). The effect of
crystal violet over T. cruzi is well known, and against trypomastigote forms ECso was 12.8 u

M=£2.6uM,and 6.7 u M + 2.1 p M against amastigote forms.

Effect of Carboline C4 on the intracellular amastigote in LLCMK?zcell line.

The treatment of LLCMK? infected with amastigote forms showed that the compound
had good activity, with a dose-dependent trypanocidal effect (Figure 4), leading to
considerable reduction in both the percentage of infected cells and the mean of number of

parasites per infected cells. After 96 h of incubation, the percentage of LLCMK, cells with
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internalized parasites was higher for the control than for cells infected and treated with -
carboline 4 (Figure 5). At that time, the control showed a mean 31.9 amastigotes per cell and
72% of cells infected. Cells treated with 32 u M showed a mean 4.9 internalized amastigotes,
with 45% of cells infected. Treatment of the cells with 128 u M resulted in only 11%
infected cells and 2.1 parasites per cell. The effective concentration (ECsp) against
intracellular amastigotes was 202 p M + 3.5 p M, meanwhile the EC*® value for
Benznidazole was 26.1 p M. C4 also showed a lower value of Slspat 17.5 u M (survival

index of 50%) when compared with Benznidazole with Slspat 28.7 u M.

Ultrastructural effects

Transmission electron microscopy

Electron microscopy analysis of epimastigote forms treated with 14.9 u M (ICsp) of
B-carboline 4, showed alterations of the typical morphology of the parasite, such as: swelling
of the mitochondrion, diffuse kinetoplasts, electron lucent reservosomes, and appearance of

vacuoles (Figure 6).

Scanning electron microscopy

Morphological alterations in epimastigote and trypomastigote forms treated with
carboline C4 were visualized by scanning electron microscopy. In epimastigote, the 1Cs0/96 n
(14.9 p M) caused largely distortions of the parasite cell body, like rounding and swelling of
cell body, and a shortening of flagellum (Figure 7). In trypomastigote forms treated with
ECso (45 p M) the alterations observed in cell body were the lost of the normal shape and a

reduction in the size of the flagellum (Figure 7).



49

Cytotoxic effect of Carboline C4 on LLCMK: 2 cells

This assay was made to evaluate the potential toxic effects of this drug on LLCMK,
lineage, after 96 h of treatment (Figure 8a). The viability was checked by sulforhodamine
assay in ELISA reader. The cells treated with 256 p M led to 38.7% of cellular inhibition and
with 128 u M the cellular inhibition was 18.4%. Concentrations below 26 u M no lytic effect
was observed. The 50% cytotoxic concentration (CCsp) was 462 p M 462 p M+ 112.1 p M
(Table 2). The cytotoxic effects for LLCMK, cells and activity against the parasite were
compared by using the selectivity index (SI), ratio (CCsy for LLCMK,/ICs for parasite). The
B-carboline compound was more selective against the parasite than the mammalian cells,

with the SI of 31.

Haemolytic assay

In this experiment we evaluated the toxicity for human red-blood cells of - carboline
4 incubated at 37 oC for 120 min (Figure 8b). B-carboline 4 at 14.9 u M (ICsp) caused only
2.2% haemolysis, and at the highest concentration tested (1282 pu M) caused only 28% lysis,
therefore, the HCsy (haemolytic concentration that causes 50% of lysis) was not calculated.
Amphotericin B showed a strong haemolytic effect, with 70% haemolysis at 14.9 p M.
Triton X-100 used as a positive control was considered 100% lysis, Benznidazole showed

low levels of haemolysis, and 1% DMSO did not cause lysis (Table 2).
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DISCUSSION

In the research of new trypanocidal compounds many sources have been chosen, like natural
and synthetic products. Natural products or derivatives play an important role in the
development of all types of drugs, and some natural compounds or extracts have been
showed trypanocidal activity, like ethyl acetate fraction obtained from Camellia sinensis'®,
crude extract of Annona crassiflora', neolignans isolated from leaves of Piper regnellii'®,
ethanolic extract from Populus nigra'’, essential oils extracted from Syzygium aromaticum,

Achillea millefolium and Ocimum basilicum.'®

Besides of the natural products, some
synthetic compounds have demonstrated activity against T. cruzi, as observed previously
with bisphosphonate risedronate in epimastigote and intracellular amastigote forms'” and L-
leucin methyl ester that inhibit the growth and caused ultrastructure alterations on T. cruzi.?
In addition, B-lapachones-derived naphthoimidazole and reversed diamidines presented
trypanocidal effect.*'**

Some drugs used for the treatment of diseases caused by other microorganisms, like fungal
diseases, have been tested against T. cruzi. The azoles derivatives demonstrated good activity
in vitro and in vivo on this protozoa.” Other derived synthetic compounds have demonstrated
trypanocidal activity in vivo, like the phenyl-substituted analogue of furamidine DB569.** In
addition, some synthetic compounds like lysophospholipid analogue showed anti-
proliferative synergy with ketoconazole, against T. cruzi.”

Although carbolines are widespread in nature and have been isolated from many sources only
a few reports about trypanocidal activity have been made. Some earlier papers have reported
antimicrobial, antiproliferative, insecticidal, and parasiticidal activity with carbolines.” The

results obtained in this work (table 2) showed that treatment of epimastigotes with

chemically modified Carboline C4 during 7 days resulted in growth inhibition dose-
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dependent and at 24 h the compound already showed significant inhibitory effect at 256 p M
(p<0.05). After 96 h, concentrations above 26 p M showed antiproliferative activity
significant when compared with the control growth (p<0.01), and with 256 pu M occurred
complete growth arrest. Transmission electronic microscopy analisys of epimastigotes treated
with ICs of Carboline C4 demonstrated swelling of mitochondrion, presence of vacuoles and
a kinetoplast diffuse, while the cytoplasmic membrane remained preserved. These alterations
were also found in T. cruzi treated with other synthetic compounds such as risedronato,
which mitochondrial swelling was among the most prominent ultrastructural alterations seen
in both epimastigote and amastigote forms.'” Additionaly, Scanning electronic microscopy
study showed that epimastigote treated with C4 presented some distortions on the surface of
the parasite, like rounding and swelling of the cell body, and a reduction in the size of the
flagellum as compared to control cells, but plasma membrane and subpellicular microtubules
it seems that were preserved. These alterations are similar with previous reports, like caused
by essential oil of Syzugium aromaticum'’ and eupomatenoid-5 isolated from iper regnellii.”
The carboline compound showed activity against trypomastigote form causing very damage
and large lytic effects. The compound was more active when the parasites were incubated at
37 °C, after 24 h in concentrations above 16 p M which presented significant activity when
compared with the control test (p<00.1). When observed in SEM the cell surface was altered
and the cells showed a short flagellum. In free amastigotes was observed a seemed situation
which the drug was more active at 37 °C, all concentrations presented significant activity
compared with control test (p<0.01).

Besides, against the clinically relevant form (intracellular amastigote) was observed a huge
reduction in the number of infected cells as well as in the number of intracellular
amastigotes. The drug was able in penetrate in the host cell and act in confined parasite, and
not show deleterious effects on host cells.

Citotoxical assays were made and it was demonstrated that C4 carboline was 31 more toxic
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for parasite than LLCMK lineage. In haemolytical assay C4 carboline show only 28% of
haemolysis at 1282 p M (a concentration 72 times greater than the 1Csy for epimastigotes).
The endogenous occurrence of some [-carbolines in man suggests the presence of
biosynthetic and metabolic pathways for these compounds, which could be advantageous to
drug metabolization and to reduce their toxic.*

Although the action mechanism of carbolines compounds is unknown, recent reportshave
been made about significant activity as anticancer agent, and there are evidences that such
compounds can intercalate DNA. It can be envisaged that the B-carboline ring system, having
a planar aromatic structure, could stack in the base pairs of DNA and such intercalation could
contribute to the biological activity.”” Other reports have showed that high concentration of
B-carboline was able to induce apoptosis in vitro tests.”® Furthermore, inhibition of
respiratory chain seems to be important action mechanism of the majority of the
B—carbolines studied in Tulahuén strain of T. cruzi.*

The present data showed the potential effect of the carbolines compounds, especially C4
against the three forms of T. cruzi, which supports further screening of new analogs, and
more in vitro and in vivo studies of this drug. These studies are necessary to increase our
understanding of the action mechanism of this drug and the possibility to be used alone or in

combination with other drugs for a future treatment of Chagas disease.
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Table 1. General structure for carbolines and its ICso (uM) values for 1-substituted- 1,2,3,4-

tetrahydro-f-carboline-3-carboxamides (4-15) against T. cruzi epimastigotes.
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Table 2. Effects of C4 on Trypanosoma cruzi (Y Strain) and toxical effects on different

mammalian cells.
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Figure 1: General procedure for the synthesis of N-butyl-1-(4-dimethylamino)phenyl-
1,2,3,4-tetrahydro-p-carboline-3-carboxamide (4). Reagents and conditions: a)
H3COH, H2SO04, reflux, 12 h; b) 4-dimethylaminobenzaldehyde, CH,Cl,, molecular
sieves, TFA (trace), 0 °C, 24 h, TFA (2.0 mol eq.), rt, 6 h; c) butylamine, reflux, 24 h.
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Figure 2: Effects of Carboline C4 on the proliferation of epimastigote of
Trypanosoma cruzi. Parasites were cultivated in LIT medium at 28 °C as described
in Materials and Methods. A initial cell density was 1x10°epimastigotes/mL. .
Control ;3 uM ;13 uM A;26 uM ;128 uM  ; 256 uM . Values are the

means from three independent experiments.
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Figure 3: Effect of Carboline C4 on viability of trypomastigote form (A) and

amastigote form (B) of Trypanosoma cruzi, after 24 h of treatment at 4 °C

;37 °C
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Figure 4: Effect of Carboline C4 on Trypanosoma cruzi — LLCMK, cell interaction.
LLCMK: cells were infected with trypomastigote forms, after 24 h treated with 16,
32, 64 and 128 p M, After 96 h the SI (survival index in percent) was calculated by
the equation (P2/P1) x 100, where P1 is the SI for the control and P2 is the SI for
treated cells . SI was calculated by multiplying the percentage of LLCMK; cells with
internalized parasites and the mean number of internalized parasites per cell. The data

correspond to the average of three different experiments.
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Figure 5: Light micoscopy of intra-cellular amastigotes and interaction with
LLCMK, cells treated with Carboline C4 during 96 h. (A and B) untreated cells, (C)
cells treated with 18 pu M; (D), cells treated with 32 u M; (E), cells treated with 64 n
M; and (F) cells treated with 128 p M; Bars = 10p m
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Figure 6: Transmission electron microscopy of Trypanosoma cruzi epimastigotes (Y
strain) treated with B-carboline 4 for 96 h. (A) Control parasite showing characteristic
organelles: the kinetoplast (K), nucleus (N), reservosome (R) and flagellar pocket (FP).
(B, C, D) epimastigotes treated with B-carboline 4 at 14.9 u M. (B) a diffuse kinetoplast
(arrowhead), with a vacuole present in cytoplasm (V) and altered reservosomes (R). (C)
an altered mitochondrion (arrow). (D) a large vacuole (V) and a coiled mitochondrion

with interruption in mitochondrial membrane (star). Bars = 1p m.
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Figure 7: Scanning Electron microscopy of Trypanosoma cruzi epimastigotes (A, B, C)
and trypomastigotes (D, E, F) treated with Carboline C4, 96h and 24h respectively.
Control parasites (A, D) showing respectively the typical elongated body with terminal
flagellum. (B) and (C) epimastigotes treated with 14.9 p M presenting rounding cell
body, small flagellum. (E) and (F) trypomastigotes treated with 45 p M in which it is
observed a distortion in cell body, size reduction and what seems to be the loss of

intracellular material (E). (A, B, C)Bar=2 pm. (D, E, F) Bar=1 p m.
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Figure 8: Toxic effects of Carboline C4 against LLCMK2 cells (A) and human red cells
(B). The citotoxicity (A) was evaluated after 96 h of cells treatment at 37 °C.
Expressed in % of inhibition. The percent of haemolysis (B) of the Amphotericin B A;

Carboline C4 ®; Benznidazole m; was measured after 2 h of incubation at 37 °C.
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CONCLUSOES

Diversas substancias isoladas das mais variadas fontes tém demonstrado
alguma atividade biologica sobre Trypanosoma cruzi, agente causador da doenca de Chagas,
tanto in vitro como in vivo. Porém até o presente momento nenhuma se mostrou totalmente
eficaz para ser utilizada nas diferentes fases da doenca, e as unicas liberadas pelos 6rgaos
reguladores de medicamentos apresentam inimeros efeitos colaterais e sdo eficazes somente
no inicio das doengas. Além destes fatores a ndo existéncia de imunobioldgicos para a
prevencao da doenga é um agravante a mais desta situagao.

Em fungdo disto ¢ imperativo que novos medicamentos sejam descobertos e
todo esforco na pesquisa e desenvolvimento destes ¢ justificado. Neste contexto, os
compostos carbolinicos surgem como uma alternativa promissora de compostos bioativos. No
presente trabalho foi demonstrado o potencial destes compostos como agentes tripanocidas,
uma vez que apresentaram atividade antiproliferativa sobre formas epimastigotas, em especial
o C4, que inibiu 50 % dos protozoarios (ICso) na concentragdao de 14,9 u M. Este composto
apresentou também boa atividade sobre as formas tripomastigota e amastigota inclusive na
sua forma intracelular em que o C4 foi capaz de agir sobre o parasita interiorizado
apresentando uma dose dependéncia. Adicionalmente este composto se mostrou seletivo uma
vez que apresentou uma citotoxicidade baixa, tanto em células epiteliais como sanguineas
com um indice de seletividade de 31 vezes mais toxico para o parasita do que as células de
mamifero.

Pode-se considerar que os resultados obtidos no presente trabalho ajudam a
enriquecer o conhecimento da biologia e da terapéutica do T. cruzi e doenga de Chagas,
respectivamente. Ademais disso o periodo dedicado a realizagdo dos diversos experimentos
descritos acima, serviu para aprimorar técnicas e melhorar o conhecimento tedrico e pratico
em relacdo ao tema.

Somado a isso estes resultados podem ser considerados animadores e
incentivam novas pesquisas € analises destes compostos carbolinicos, aprofundando os
experimentos in Vvitro a fim de compreender seu modo de agdo bem como avaliar sua agdo in

Vivo sobre modelos animais.
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