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Resumo

MAGALHAES, T. B. S. Avaliagdo da atividade antileishmania de derivados do
acido betulinico (dissertacdo). Salvador: Programa de pos-graduacdo em Ciéncias

Farmacéuticas, Universidade do Estado da Bahia, 2021; 109p.

Introducédo: As leishmanioses sdo doencas endémicas causadas por diferentes
espécies de parasitos intracelulares do género Leishmania. O tratamento utilizado
para estas doencas é o mesmo ha décadas e esta associado a efeitos adversos
graves, baixa eficacia, elevada toxicidade, dificuldade de administracéo, alto custo e
crescente resisténcia. Diante disto, torna-se necessaria a identificagdo de novos
farmacos com acao leishmanicida mais efetivos do que as substancias atualmente
disponiveis. O acido betulinico € um composto de origem natural presente em regides
de mata atlantica do nordeste brasileiro, com atividade anti-inflamatoria e
antiparasitaria ja relatadas na literatura. Objetivos: Este trabalho teve como objetivo
investigar o potencial leishmanicida de derivados do acido betulinico em ensaios in
vitro frente a diferentes espécies de leishmania, bem como o0s seus possiveis
mecanismos de acdo. Materiais e métodos: Inicialmente, ensaios de citotoxicidade
frente a células de mamiferos e a avaliagdo da viabilidade de formas promastigotas
de diferentes espécies de leishmania foram realizados in vitro. A partir destes dados,
foram determinados a CCso e a Clso dos compostos. Ensaios de apoptose e necrose,
ciclo celular, potencial de membrana mitocondrial foram realizados por citometria de
fluxo, além da microscopia eletrénica de varredura a fim de elucidar os possiveis
mecanismos de acdo. Por fim, foi realizado ensaio de terapia combinada a fim de
avaliar sinergismo entre BA5 e anfotericina B. Resultados e discusséo: Os derivados
do BA foram mais potentes que o protétipo (BA: CCs0=18,8 £ 0,1 yM; Cls0>100 yM
para as espécies de leishmania em estudo). O BA5 e BA8 apresentaram baixa
citotoxicidade (CCs0=31,1£1,2 uM ;53,5 £ 0,4 yM) e inibiram a proliferacdo de formas
promastigotas de L. amazonensis (Cls0=4,51£1,1 uyM; 8,1+ 0,8 uM), L. major (Clso= 3,0+
0,8 uM ;12,89 £ 0,5 uM), L. braziliensis (Clso= 0,9 + 1,1 uM;1,3 £ 0,09 uM) e L. infantum
(Clso = 0,15 = 0,05uM). Os compostos também reduziram a porcentagem de
macréfagos infectados por L. amazonensis e o0 numero de parasitos
intracelulares/macréfago. O BA5 apresentou Clso= 4,1 £ 0,7uM e o BA8 exibiu Clso=
5,9 £ 0,4 uM. Formacdo de blebs na membrana, alteracbes no tamanho e danos
flagelares foram observadas apds analise ultraestrutural por MEV de promastigotas
incubadas com BAbS. Analises de citometria de fluxo demonstraram que o BA5 induz
apoptose e parada no ciclo celular na fase GO/G1. Nao houve alteracdo de potencial
da membrana mitocondrial de L. amazonensis apds o tratamento com o BAS.
Surpreendentemente, a combinacdo de BA5 e anfotericina B revelou efeito sinérgico
contra as formas promastigotas de L. amazonensis. Em conclusdo, o composto BA5
€ um agente antileishmania eficaz, seletivo e uma alternativa terapéutica promissora
no tratamento das leishmanioses.

Palavras-chave: Leishmaniose; Acido betulinico; Mecanismo de acdo; L.
amazonensis.



Abstract

MAGALHAES, T. B. S. Evaluation of antileishmania activity of betulinic acid
derivatives (dissertation). Salvador: Postgraduate Program in Pharmaceutical
Sciences, Bahia State University, 2021; 109p.

Introduction: Leishmaniases are endemic group of diseases caused by species of
intracellular parasites of the Leishmania genus. The treatment used for these
conditions has been the same for decades and is associated with serious adverse
effects, such as low efficacy, high toxicity, difficulty in administration, high cost and
increased resistance. Thereby, it becomes necessary to identify new drugs with a more
effective leishmanicidal action than the currently available substances. Betulinic acid
is a naturally occurring compound present in Atlantic forest regions of northeastern
Brazil, with anti-inflammatory and anti-parasitic activity already reported in the
literature. Objectives: This study aimed to investigate the leishmanicidal potential of
betulinic acid derivatives in vitro assays against different species of Leishmania, as
well as its possible mechanisms of action. Materials and methods: Initially,
cytotoxicity assay against mammalian cells and an evaluation of the viability of
promastigote forms of different species of Leishmania were performed in vitro. From
these data, compounds CCso and Clso were determined. Apoptosis and necrosis
assays, cell cycle, mitochondrial membrane potential and scanning electron
microscopy were conducted by flow cytometry aiming to elucidate the possible
mechanisms of action. Results and discussion: BA derivatives were more potent
than the prototype. BA5 and BA8 showed low cytotoxicity (CCso = 31.1 £ 1.2 uyM; 53.5
+ 04 uM) and inhibited the proliferation of promastigote forms of L.
amazonensis (ICso = 4.5 + 1.1 yM; 8.1 + 0.8 uyM), L. major (Clso = 3.0 £ 0.8 yM; 12.89
+ 0.5 yM), L. braziliensis (Clso = 0.9 + 1.1 yM ; 1.3 £ 0.09 yM) and L. infantum (ICso0 =
0.15 £ 0.05uM). The compound also reduced the percentage of macrophages infected
by L. amazonensis and the number of intracellular / macrophage parasites. BA5
showed ICso = 4.1 £ 0.7 uM and BA8 showed ICso = 5.9 £ 0.4 uM. In the ultrastructural
analysis, it was observed that the promastigotes incubated with BA5 showed
morphological changes, such as membrane blebbing, flagella damage, increased size,
and body deformation. Flow cytometry analysis indicated that the death of the parasite
is possibly induced by apoptosis, the cell cycle arrest in the GO / G1 phase and did not
induce alterations in membrane potential in L. amazonensis promastigotes.
Surprisingly, the combination of BA5 and amphotericin B revealed synergistic effects
in the promastigote forms of L. amazonensis. In conclusion, the compound BA5S is an
effective, selective antileishmania agent and a promising therapeutic alternative in the
treatment of leishmaniases.

Keywords: Leishmaniases; Betulinic acid; Mechanisms of action; L. amazonensis
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1. INTRODUCAO

As leishmanioses sdo um complexo de doencgas endémicas, negligenciadas e
com prevaléncia mundial, causadas por mais de 20 espécies diferentes de
protozoarios do género Leishmania (ALVAR, 2012). Estima-se que cerca de 12
milhdes individuos estdo infectados pelas leishmanioses e em torno de 1,3 milhdes
de novos casos sao reportados por ano a OMS. Em 2021, relatou-se que 54 paises
sdo endémicos de leishmaniose visceral (LV) e 53 paises endémicos de leishmaniose
tegumentar (LT) (WHO, 2021).

Diferentes manifestacfes clinicas podem se estabelecer apds a picada de
flebotomineos contaminados, a depender da espécie envolvida na infeccdo e da
resposta imunogenética do hospedeiro. As leishmanioses podem ser classificadas de
acordo com os tecidos de tropismo do parasito em duas formas distintas: a LV,
provocada por L. infantum/chagasi e L. donovani e a LT, cujas principais espécies
causadoras sédo L. amazonensis, L. braziliensis e L. major. Estas apresentacdes
clinicas diferem na imunopatologia e no grau de morbimortalidade (SCHREIFER et
al., 2005).

A LV é a forma caracterizada como sistémica devido a disseminacdo dos
parasitos em determinados 6rgaos do hospedeiro como baco, figado, medula 6ssea
e linfonodos. E uma doenca cronica, caracterizada por febres de longa duracéo, perda
de peso, astenia, anemia, dentre outros sintomas. Apresenta evolugao rapida, caso
nao seja diagnosticada e tratada adequadamente, levando ao 6bito. A LT consiste na
forma mais comum da doenca na populacdo e é caracterizada pela presenca de
lesGes na pele e em regides de mucosa, como boca e nariz (DESJEUX, 2004; KAYE
& SCOTT, 2011). Representa um relevante problema de saude publica, com reflexos
no campo social e econdmico. As formas mucocutaneas, por exemplo, possuem uma
evolucdo cronica podendo causar deformidades e sequelas no convivio em
comunidade (TEMPONI et al., 2018). No Brasil, foram registrados cerca de 12.690
novos casos de LT no ano de 2016, sendo o norte e o nordeste as regides mais
afetadas (OPS, 2017).

Embora nas udltimas trés décadas os conhecimentos da biologia celular e
imunologia das leishmanioses tenham avancgado, a quimioterapia n&o foi aprimorada
em igual amplitude. Os antimoniais pentavalentes, utilizados ha décadas, s&o os

farmacos de primeira escolha. Nos casos de contraindicacao ou resisténcia a esses
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medicamentos, a anfotericina B pode ser utilizada. Apesar do uso destes farmacos, a
elevada toxicidade e efeitos adversos, além da aplicacdo dolorosa, exigéncia de
administracdo prolongada, necessidade de hospitalizacdo e uma possivel resisténcia
clinica, limitam a continuidade do tratamento (ROMERO & LOPEZ, 2017; TIWARI,
2018). Em alguns casos, 0s pacientes s6 evoluem para cura apos a tentativa de varios
esquemas terapéuticos (BRYCESON et al., 2001; RATH et al., 2003). Neste contexto,
torna-se necessaria a identificacdo de novos farmacos de maior efetividade e que
possuam menos efeitos adversos do que as substancias atualmente disponiveis no
mercado.

O acido betulinico € uma molécula da classe dos triterpenos pentaciclicos de
ampla distribuicdo no reino vegetal. Este composto tem despertado interesse na
comunidade cientifica devido ao vasto numero de atividades descobertas, como a
antitumoral, a anti-inflamatéria, a imunomoduladora, a antimicrobiana e a
antiparasitaria (CHEN et al., 2008; INNOCENTE et al., 2012; SOUSA et al., 2014).
ModificacBes estruturais estratégicas nos grupos carboxila do acido betulinico podem
gerar moléculas mais ativas do que o seu protoétipo (YOGEESWARI & SRIRAM, 2005).
Diante disto, uma série de moléculas semissintéticas derivadas do acido betulinico foi
testada por nosso grupo de pesquisa. Atividades anti-T. cruzi (MEIRA et al., 2016) e
imunomoduladora (MEIRA et al., 2017) foram descritas.

Ainda ha poucos estudos na literatura relatando a atividade do acido betulinico e
seus derivados em modelos experimentais de leishmaniose. No geral, esses estudos
enfatizam apenas os tratamentos in vitro e ndo aprofundam em mecanismo de acao
(ALAKURTTI et al.,, 2010; DOMINGUEZ-CARMONA et al., 2010). Neste trabalho,
investigamos se derivados do acido betulinico com modificacées estruturais no C-28
possuem atividade leishmanicida contra diferentes espécies de leishmania,
responsaveis pelas manifestacbes tegumentares no Brasil (L. amazonensis e L.
braziliensis), no Velho Mundo (L. major) e pela forma visceral no Brasil (L. infantum
chagasi). Além disto, avaliamos possiveis mecanismos de agdo da molécula mais
promissora e comparamos o efeito desta com o seu prot6tipo, visando a prospecgao

de tratamentos alternativos para as leishmanioses.
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2. OBJETIVOS

l. Objetivo geral

Investigar o potencial leishmanicida de derivados do &cido betulinico frente a
diferentes espécies de leishmania em ensaios in vitro, bem como os seus possiveis

mecanismos de acao.

Il. Objetivos especificos

e Determinar a citotoxicidade dos compostos em estudo frente a macréfagos
murinos;

e Avaliar a atividade antileishmania do acido betulinico e seus derivados em
ensaios contra formas promastigotas de L. amazonensis, L. major, L.
braziliensis e L. infantum;

e Avaliar o efeito das moléculas sobre formas intracelulares na infeccao por L.
amazonensis;

e Estudar, ultraestruturalmente, os efeitos das moléculas frente as formas
promastigotas de L. amazonensis;

e Elucidar o padrdo de morte celular de L. amazonensis ap0s tratamento com o
BA5;

e Investigar a influéncia da molécula mais ativa em alterar o potencial de
membrana mitocondrial de L. amazonensis;

e Avaliar efeito do BA5 no ciclo celular de L. amazonensis;

e Avaliar o efeito da combinacdo do BA5 com a anfotericina B contra formas

promastigotas de L. amazonensis.
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3. FUNDAMENTACAO TEORICA

3.1 Aspectos epidemioldgicos

As leishmanioses sdo um complexo de doencas com prevaléncia mundial
causadas por protozoarios do género Leishmania. Em 2020, a OMS publicou que 56
paises sao endémicos de LV e 59 paises endémicos de LT. As leishmanioses estédo
presentes em cinco dos seis continentes e casos desta doenca ja foram citados por
98 paises (Figura 1). Estima-se que cerca de 12 milhdes individuos estdo infectados
pelas leishmanioses e em torno de 1,3 milhdes de novos casos sao reportados por
ano a OMS. Nos paises menos desenvolvidos, as leishmanioses crescem
exponencialmente e constituem um problema de saude publica (COSTA et al., 2009;
BURZA et al., 2018; WHO, 2020).

A Organizacdo Pan-Americana da Saude (OPAS) relatou que 17 paises
endémicos reportaram 989.096 casos de leishmaniose cutdnea e mucosa no periodo
de 2001 a 2018. A média anual foi de 54.950 casos da doenca para este mesmo
periodo. O Brasil registrou os niumeros elevados de novos casos (16432) em 2018.
Diversos fatores podem estar envolvidos com esses dados, como as profundas e
rapidas mudancas nos aspectos demograficos, socioecondmicos e ambientais, além
das complexidades clinica, biolégica e epidemioldgica das leishmanioses (TEDESQUI
et al., 2012; BRITO et al., 2019).

Em 2020, a OPAS publicou que mais de 90% dos casos globais de LV foram
relatados em sete paises: Brasil, Etiopia, india, Quénia, Somalia, Sudo do Sul e
Sudéo. Atualmente, a LV é endémica em 13 paises das Américas. Cerca de 65.934
novos casos foram registrados entre os anos de 2001 e 2019, apresentando uma
meédia de 3.470 casos por ano. Em 2019, 97% do total de casos foram notificados
apenas no Brasil (OPAS, 2020).
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Figura 1. Incidéncia mundial das leishmanioses. (A) Leishmaniose cutanea e (B) leishmaniose visceral
(Adaptado de OMS, 2015).

3.2 Ainfecg¢éo por Leishmania

As leishmanioses sdo causadas por diferentes espécies de protozoarios da
familia Trypanosomatidae. Os parasitos do género Leishmania possuem um ciclo de
vida digenético ou heteroxénico, isto é, para sobreviver, necessitam parasitar
hospedeiros vertebrados e insetos vetores. Estes Ultimos sdo responsaveis pela
transmissdo das leishmanias de um mamifero a outro. A transmissao ocorre através
da picada de fémeas de flebotomineos infectadas. Dipteros da sub-familia
Phlebotominae, de espécies pertencentes ao género Lutzomyia, sdo 0s principais
vetores e popularmente conhecidos como mosquito palha ou birigui (GONTIJO &
CARVALHO, 2003).

O ciclo de vida inicia ho momento do repasto sanguineo do inseto vetor
infectado. Formas promastigotas metaciclicas de leishmania sdo inoculadas no animal
vertebrado, penetram nos macréfagos e em outras células do sistema reticulo
endotelial. Nestas, os parasitos adquirem a forma amastigota, com formato
arredondado e aflagelado. A replicacdo ocorre obrigatoriamente dentro de células do
sistema monocitico fagocitario, estabelecendo a infecgédo. A medida que as formas
amastigotas se multiplicam, os macréfagos séo lisados liberando parasitos na corrente
sanguinea, onde podem ser fagocitados por novos macréfagos ou ingeridos durante
0 repasto sanguineo pelo inseto vetor. Na luz do trato digestivo do flebotomineo, as
formas amastigotas se diferenciam em promastigotas prociclicas, as quais sao formas
alongadas, flageladas, morfolégica e bioquimicamente distintas das amastigotas.

Apds sofrer um processo de metaciclogénese, as promastigotas se tornam
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infectantes, sendo novamente inoculadas na pele dos mamiferos durante a picada do
mosquito (BRASIL, 2017) (Figura 2).

Repasto sanguineo e
transmissdo de

promastigotas Infeccdo de fagdcitos

QN

Fagolisossomos

Fase ‘
FasE / humana '
flebotomo '

Diferenciagdo em
amastlgotas

Diferenciagdo em promastigotas
metaciclicas /

Diferenciagdo em promastigotas no
interior do aparelho digestivo

/

sanguineo

Proliferacdo, lise
celular e liberagdo
de amastigotas

Figura 2. O ciclo de vida de parasitos do género Leishmania (Adaptado de RUBIO, 2010).

Durante a inoculacdo da forma promastigota metaciclica, moléculas presentes
na saliva do vetor conferem ao parasito uma resisténcia aumentada a resposta imune
local, aumentando sua sobrevivéncia aos mecanismos inatos de defesa do hospedeiro
e favorecendo a infec¢céo (TEIXEIRA et al., 2005; HOLZMULLER, 2006).

Nos macréfagos, os parasitos internalizados ficam dentro de vacuolos
parasitoforos. As leishmanias sdo bem adaptadas a entrada na célula hospedeira
através da fagocitose por macrofagos, alcancando estabilidade no meio intracelular,
protegendo-se dos mecanismos de destruicdo e, assim, proliferando no interior do
fagossomo. Apesar do mecanismo ainda ndo estar totalmente esclarecido, sabe-se
que o parasito se adere a superficie dos macrofagos e células de Langerhans,
passando para o meio intracelular por meio de um processo de fagocitose mediada
por receptores. Uma vez que tenham alcancado linfonodos, as particulas antigénicas
do parasito sdo apresentadas as células do sistema imune, as quais estimuladas
auxiliam na formacéo do processo inflamatério (VANNIER-SANTOS et al., 2002).

Quando estimuladas com antigeno soluvel de leishmania, as células
mononucleares do sangue periférico de individuos infectados secretam niveis

elevados de interferon- y (IFN-y) e do fator de necrose tumoral (TNF) (OLIVEIRA,
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2014). A partir deste estimulo, as possibilidades de sucessdes de eventos diferentes
influenciam na evolugcdo da doenca, variando em intensidade e perfil de resposta
imune, direcionando para a cura espontanea, formas autolimitadas ou mesmo as
manifestacdes mais agressivas (GUPTA et al., 2013).

Desta forma, uma vez que ocorra a apresentacao antigénica pelos macréfagos
e células dendriticas aos linfocitos naive, ocorre a diferenciacdo em varios tipos
celulares. O aumento de células T CD4+, promove a producéo de diferentes perfis de
citocinas, resultando na expanséao de subgrupos como Thl, Th2, Th1l7 ou Tregs. A
rede bioldégica que atua para o equilibrio entre a eliminagcdo do parasito e a
preservacdo do tecido em humanos envolve a participacdo de cada uma destas
populacdes (BACELLAR et al., 2002; GUPTA et al.,, 2013; GONCALVES-DE-
ALBUQUERQUE et al., 2017).

Quando a resposta ativada € do tipo Th1, séo sintetizadas citocinas como IL-2,
IFN-y, TNF-a e IL-12. A liberacdo destas citocinas ativa os macrofagos e,
consequentemente, leva a destruicdo dos parasitos com producdo de espécies de
oxigénio reativo, oxido nitrico (NO) e peroxido de hidrogénio (H202). Entretanto,
apesar dos esforcos do sistema imunologico para a eliminacdo do protozoério, a
leishmania é capaz de modular a diferenciagéo de células T para linfocitos do tipo Th2,
levando a manutencao da infec¢cdo. Se isto ocorrer, a resposta direcionada é do tipo
Th2 e serdo produzidas citocinas como IL-4 e IL-10, que inibem a ativacéo
macrofagica e, consequentemente, as formas clinicas aparecerdo (BOGDAN &
ROLLINGHOFF, 1998; HOLZMULLER et al., 2006; REIS et al., 2006). A dificuldade
para ativacdo de macréfagos e consequente destruicdo do parasito sem provocar
danos aos tecidos indica ser o mais importante desafio associado ao desenvolvimento
da doenca (YURDAKUL, 2005).

As células Tregs sdo umas das principais secretoras de IL-10 e TGF-(3. Estas
células podem estar intrinsecamente relacionadas a algumas manifestagdes clinicas,
atuando como fonte de citocinas supressoras do sistema imune inato, favorecendo a
sobrevivéncia do parasito (SAKAGUCHI et al.,2008; EHRLICH et al.,, 2014). Os
linfécitos Th1l7 desempenham papel crucial na regulacdo do sistema imune,
prevenindo o desenvolvimento de muitos transtornos inflamatorios e autoimunes. Nas
leishmanioses, apesar de sua atuacéo ainda nao estar inteiramente elucidada, sabe-

se que os linfécitos Th1l7 atuam também no recrutamento de neutréfilos e modulam
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duplamente a sintese de citocinas pro-inflamatérias e regulatérias no local da leséo.
A principal citocina sintetizada por estas células € a IL-17 que esta associada a
protecdo do individuo infectado. Estudos apontam para acéo de IL-17 estimuladora
modulando a sintese de IL-23 ou regulatoria, associada as citocinas IL-27, IL-10 e IL-
13, as quais sdo importantes na determinacdo de quanto tempo IL-17 permanece
presente. Outros trabalhos apontam o papel complementar e independente da IL-22,
secretada pelas Thl7, além da IL-17 e Thl na protecdo contra a forma visceral da
doenca (PITTA et al., 2009; GONCALVES-DE-ALBUQUERQUE et al., 2017).

3.3 Formas clinicas

As leishmanioses podem ser agrupadas em duas formas distintas de
manifestacbes clinicas, de acordo com a migracdo do parasito para tecidos
especificos. Na LT, a doenca é desencadeada a partir de parasitos localizados em
lesBes cutaneas e mucosas. A LV se desenvolve através da migracdo dos parasitos
para determinados 6rgéos internos do hospedeiro (GOTO et al., 2010; HARHAY et al.,
2011).

A LT apresenta-se sob quatro formas clinicas bem definidas: a leishmaniose
cutanea, a leishmaniose mucosa, a leishmaniose cutanea difusa e a leishmaniose
cutanea disseminada. Esta diversidade de apresentacfes clinicas esta diretamente
relacionada com a carga genética e o estado imunolégico do hospedeiro, bem como
com a variabilidade antigénica e grande capacidade de adaptacdo dos parasitos
(YURDAKUL et al.,, 2005; KAYE & SCOTT, 2011; GOTO & LINDOSO, 2012;
LOEUILLET et al., 2016). As principais espécies envolvidas na LT sdo a L.
amazonensis, a L. braziliensis, a L. major, a L. mexicana, a L. tropica, a L. panamensis
e a L. guyanensis.

A leishmaniose cutanea se manifesta como lesbes ulceradas, de bordas
elevadas, indolores e com fundo granuloso, que acometem exclusivamente a pele, se
instalando no sitio de entrada do parasito apds um periodo de incubacado, que pode
ser de semanas a meses. Esta forma pode desenvolver uma evolucdo metastatica
que atinge as mucosas e cartilagens, originando outra manifestacdo clinica- a
leishmaniose mucosa. Esta forma € a mais agressiva de LT, produzindo quadro de
lesbes desfigurantes da area oronasal, gerando uma tendéncia a cronicidade e
significativa refratariedade ao tratamento, além de consequéncias psicossociais

(PINHEIRO et al.,, 2004; COSTA et al.,, 2009). Cepas de L. braziliensis estéao
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envolvidas em manifestacdes de lesdes graves e de longa duracéo. A L. major, mais
comum fora das Américas, induz manifestacdes menos graves e autolimitadas quando
comparada com L. amazonensis e L. braziliensis, principais espécies encontradas nas
Américas, incluindo o Brasil (SOUZA et al.,2000; BRASIL, 2017).

A leishmaniose disseminada é caracterizada pela presenca de numerosas
lesbes acneiformes, papulosas e ulceradas, espalhadas pelo corpo. Esta
disseminacao provavelmente se relacionada com a migracao do parasito pelo sangue
ou linfa, gerando lesdes distantes do sitio de inoculagdo. Alguns casos de
leishmaniose cutanea causados por L. amazonensis podem disseminar apresentando
multiplas lesdes (VASCONCELOS et al., 2018).

A leishmaniose cutanea difusa € uma das formas mais graves, caracterizada
por multiplas les6es nodulares infiltradas e ndo ulceradas, ndo havendo envolvimento
das mucosas. Os achados histologicos para esta forma da leishmaniose indicam
elevada quantidade de parasitos presentes nos tecidos e a resposta a terapéutica se
torna ineficaz. Nestes casos, a L. amazonensis causa lesdo Unica ou de numero
limitado (SILVEIRA, 2019).

As principais espécies reconhecidas como agentes etioldgicos da LV séo a L.
donovani, L. infantum, e L. chagasi. No Brasil, foram identificados parasitos de L.
infantum chagasi envolvidos em casos por todo pais. A visceralizacao da doenca com
a disseminacdo dos parasitos tem como alvo o sistema reticulo-endotelial em vérios
tecidos, infiltrando-se predominantemente no baco, medula Ossea, figado e
linfonodos. As manifestacfes tipicas incluem febre cronica, perda de peso e
hepatoesplenomegalia com pancitopenia ao exame de sangue, linfadenopatias e
anemia. ApOs o tratamento aparentemente eficaz de VL causado por L. infantum
chagasi, pode-se desenvolver a leishmaniose dérmica pdés-calazar (PKDL), uma
erupcao cutanea crénica de dificil tratamento (DESJEUX, 2004; KAYE & SCOTT,
2011; MCGWIRE & SATOSKAR, 2014; VAN GRIENSVEN & DIRO, 2019).

3.4 Tratamentos disponiveis

Atualmente, os tratamentos disponiveis no mercado mundial para as
leishmanioses compreendem poucos medicamentos: 0s antimoniais pentavalentes, a
anfotericina B e sua formulacdo lipossémica, a miltefosina, a paromomicina e a
pentamidina (OMS, 2010). No Brasil séo apenas disponibilizados pelo Ministério da

Saude para o tratamento da LT o antimoniato de meglumina (Glucantime), o
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desoxicolato de anfotericina B e a anfotericina B lipossomal (AmBisome). Exceto os
compostos antimoniais, os demais compostos nao foram desenvolvidos com efeito
leishmanicida, mas se tornaram alternativas terapéuticas para as limitacbes dos
antimoniais e individualidades de cada paciente. Estas substancias estdo associadas
a graves efeitos como elevada toxicidade, exigéncia de administragéo prolongada e
possivel resisténcia clinica (ROMERO & LOPEZ, 2017; TIWARI, 2018).

Apesar dos antimoniais pentavalentes serem utilizados desde 1945, seu
mecanismo de acdo ainda nao foi bem elucidado. O antimoniato de meglumina
apresenta eficicia no tratamento das duas apresentacdes das leishmanioses (visceral
e tegumentar), provavelmente por inibicdo do ciclo do acido citrico e da glicélise em
formas amastigotas, sugerindo que este farmaco possa atuar através da estimulacéo
imunologica do individuo parasitado (LIMA, 2007; TEIXEIRA, 2010; ALMEIDA &
SANTOS, 2011).

Os antimoniais promovem rapida melhora das manifestacBes clinicas e
hematolégicas da doenca, bem como reduz consideravelmente o numero de
parasitos. Entretanto, devido as doses serem baixas, bem como os tratamentos
descontinuos, a terapia se torna ineficiente, e consequentemente, ocorre um aumento
das formas resistentes de parasitos. Segundo a OMS, as doses de antimoniais nao
devem ultrapassar 20 mg/kg/ dia (limite de 850 mg), devido a sua elevada toxicidade.
Alguns efeitos associados a utilizacdo de antimoniais sdo mialgias, dores abdominais,
alteracdes hepaticas, insuficiéncia renal aguda, pancreatite e disturbios cardiolégicos.
Pacientes com distlrbios renais, hepatopatas e cardiopatas sédo contraindicados para
utilizacao dos antimoniais (RATH et al., 2003).

A anfotericina B é um antibiético poliénico que apresenta elevada atividade
contra promastigotas em experimentos in vitro, bem como contra amastigotas. Este
farmaco € comercializado na forma de desoxicolato (suspenséo coloidal) e a
lipossomal. O protocolo utilizado pelo Ministério da Saude é de administracdo pela via
endovenosa em doses de 0,7 a 1,0 mg/kg/dia, respeitando a dose total de 25 a 40 mg/
kg (desoxicolato) ou 2 a 5 mg/kg/dia (sem limite de dose maxima diaria) até atingir a
dose total de 25 a 40 mg/ kg, no caso, lipossomal (SOARES-BEZERRA, 2004).

O mecanismo de acdo da anfotericina B estd relacionado com o
estabelecimento de interacdo com um esterdide constituinte exclusivo da parede

celular do protozoério, o ergosterol, promovendo a formacdo de poros através da
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bicamada lipidica. Desta maneira, 0 aumento da permeabilidade celular a pequenos
ions e metabdlitos, direciona a morte celular (BOLARD et al., 1993). Além de
apresentar um alto custo, possui graves efeitos adversos e a via de administracao
invasiva (SALAH et al., 2009; ASSILIAN et al., 2003).

As pentamidinas (isotionato e mesilato) séo derivados sintéticos das amidinas
e utilizados como segunda escolha no tratamento das leishmanioses desde 1941. O
seu mecanismo de acao ainda ndo esta totalmente elucidado, mas uma das hipéteses
€ de gue as diaminas atuem por inibicdo de diferentes processos celulares. Sabe-se
que estas moléculas se ligam ao DNA do cinetoplasto, interferem na replicacao e
também provoca alteracfes estruturais na mitocondria das leishmanias (YANG et al.,
2016). As principais reacdes adversas incluem dor no local da injecéo, gosto metélico,
dores de cabeca, hipotenséo, sincope e hipoglicemia. Ha um aumento de casos de
resisténcia da droga pelos parasitos (RATH et al., 2003; ROATT et al., 2020).

Paromomicina é um antibiético aminoglicosideo que atua inibindo a atividade
mitocondrial. O medicamento é utilizado para o tratamento topico da doenca,
mostrando-se ativo contra espécies nos ensaios in vitro e in vivo. Os efeitos colaterais
mais relatados sdo a nefrotoxicidade, ototoxicidade e disfungéo hepatica. Em 2007, o
uso da paromomicina injetavel foi liberado na india, uma vez que o tratamento se
apresentou eficaz e bem tolerado para LV, fazendo com que este farmaco fosse
incluido na lista de medicamentos da OMS para o tratamento das leishmanioses.
Diferentes terapias combinadas foram testadas com a paromomicina. Atualmente, um
ensaio clinico em fase Ill esta sendo desenvolvido, na Africa e Américas, associando
a miltefosina e a paromomicina em pacientes com LV (RATH et al., 2003; ALMEIDA
& SANTOS, 2010).

Um dos principais avancos no arsenal terapéutico das leishmanioses surgiu
com a descoberta da acdo antileishmania da miltefosine em 1980. Inicialmente, a
miltefosina era utilizada como farmaco antineoplasico e se tornou o primeiro
tratamento por via oral para as duas formas principais de leishmanioses. O mecanismo
de acdo da miltefosina ainda ndo esta completamente elucidado. Sugere-se que
composto se liga a membrana plasmatica do parasito e induz alteragcdes significativas
em seu metabolismo, induz a morte celular por apoptose e atua modulando a resposta
imunoldgica e inflamatdria de macrofagos. Os efeitos colaterais mais comuns incluem

b

distarbios gastrointestinais, toxicidade renal levando a interrupcdo antecipada do
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tratamento e teratogenicidade, limitando o seu uso por mulher em idade fértil
(SOARES-BEZERRA et al., 2004; ROATT et al., 2020).

Ha mais de 100 anos busca-se o desenvolvimento de tecnologias para o
controle das leishmanioses por imunoprofilaxia. Entretanto, apesar das vacinas para
cdes (Leishmune, Leishtech e CaniLeish) oferecerem protegéo parcial, nenhuma
vacina humana esta atualmente licenciada contra a LV ou LC. Apenas duas vacinas
humanas chegaram em fase de teste. Uma vacina de lisado de leishmania
(autoclavada de L. major), precipitada com aluminio de primeira geragéo, testada com
BCG em uma fase Il de estudo com criangas no Sudao, mostrou ser imunogénica e
segura. E a segunda vacina, a LeishF3, utiliza o nucleosideo hidrolase NH36 de L.
donovani, o mesmo antigeno da Leishmune para caes (BASTOS et al.,, 2016;
PALATNIK-DE-SOUSA e NICO, 2020).

As terapias combinadas e reposicionamento de farmacos sdo estratégias que
apresentam multiplas vantagens em relacdo a farmacoterapia atual. Os objetivos
principais sdo a reducao do tempo de tratamento e dos efeitos tdxicos, aumento da
adesdao do paciente ao tratamento, a diminuicdo dos gastos publicos para o sistema
de saude e a atenuacéo do desenvolvimento de resisténcia do parasito (BASTOS et
al., 2016). Além disto, estudos clinicos em fases I, Il e lll estdo sendo desenvolvidos
por diferentes paises. Um ensaio de fase Il estd avaliando a anfotericina B lipossomal
em combinacdo com a miltefosina e a combinacdo entre a paromomicina e a
miltefosina no Suddo. Em fase Ill, h4 um estudo na india para avaliar a terapia
atualmente recomendada de anfotericina B lipossomal e uma combinag&o deste com
a miltefosina para o tratamento de VL em pacientes co-infectados com HIV (DNDI,
2020; ROATT et al., 2020).

Estudos recentes identificaram novas formas farmacéuticas sitio-especificas
como potenciais alvos de drogas antileishmania através de ensaios moleculares e
bioquimicos (MENEZES-SOUZA et al.,, 2014). Apesar de algumas moléculas
apresentarem potencial antiparasitario, a maioria dessas pesquisas esta limitada a
avaliacdo primaria e ndo evoluem (TIWARI, 2018). As limitacdes da atual terapéutica
farmacoldgica disponivel contra as diferentes apresentacdes clinicas das
leishmanioses, associadas ao aumento de resisténcia e baixo investimento para o
desenvolvimento de novos medicamentos impulsionam a busca de novas estratégias
de combate e controle das doencas negligenciadas. Alternativas de baixo custo como
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a termoterapia e a crioterapia associados ao tratamento medicamentoso j& séo
utilizados e demonstram bons resultados (DNDI, 2020; ROATT et al., 2020).

3.5 O acido betulinico e seus derivados

A busca por moléculas de origem natural tem se intensificado e desempenhado
um papel importante no desenvolvimento de novos farmacos (NEWMAN & CRAGG,
2016). Os terpenos sao metabdlitos secundarios alvos de investigacéo farmacologica,
cuja estrutura é derivada de uma associacdo de duas ou mais subunidades
isoprénicas, compostas por cinco carbonos. O acido betulinico € uma molécula da
classe dos triterpenos pentaciclicos do tipo lupano encontrado em todas as partes dos
vegetais superiores. Esta molécula apresenta um vasto numero de atividades
descritas na literatura, como antitumoral, antimalarica, anti-HIV, analgésica, anti-
inflamatoria e bactericida (TAKADA et al., 2003; DEHELEAN et al., 2011; ALI-SEYED
et al., 2016; Ll et al., 2017) (Figura 3A).

Diferentes espécies de plantas sao ricas em acido betulinico, como o Ziziphus
joazeiro Mart. (Rhamnaceae), arvore tipica da vegetacao dos sertdes nordestinos. Em
suas cascas também é encontrada a betulina, uma molécula precursora da sintese do
acido betulinico, via oxidacéo quimica ou enzimatica (CICHEWICZ et al., 2004; CSUK
et al., 2014). Apés extracao e isolamento destas moléculas, alguns métodos ja estéao
bem descritos para a sintese de derivados, a partir da insercdo de aminas secundarias
(BARBOSA-FILHO et al., 1985).

Alguns trabalhos demonstram que modificacdes estruturais de substituicdo no
grupo carboxila (C-3, C-20 e C-28) geram moléculas mais potentes do que o protétipo,
visando diferentes alvos farmacoldgicos (KIM et al., 2001; YOGEESWARI & SRIRAM,
2005; FUJIOKA et al., 1994; CHANDRAMU, 2003; KROGH, 1999). As modificactes
mais promissoras relatadas foram no C-3 e C-28 (MULLAUER, 2010). Um trabalho
recente relatou que a insercdo de aminas no C-28 aumentou a atividade anti-T. cruzi,
ao induzir alteragBes ultraestruturais no parasito, como perda da integridade da
membrana plasmética, retragdo flagelar, aparecimento de vacuolos atipicos e a
formacao de autofagossomos, gerando morte do parasito por necrose (MEIRA et al.,
2016). Adicionalmente, a atividade imunomoduladora de um derivado do &cido
betulinico foi avaliada sobre macrofagos e linfécitos com inibicdo dupla das vias de
NF-«kB/calcineurina (MEIRA et al., 2017). Apesar da resposta imune na leishmaniose

ainda ndo estar totalmente caracterizada, sabe-se que consiste em um mecanismo
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envolvendo sintese de citocinas, moléculas co-estimulatorias e ativacao de linfocitos
T auxiliares (PIRES et al., 2012).

Diante disto, investigamos de forma inédita o efeito de dois derivados do BA,
codificados como BA5 e BA8 (Figura 3B e C), sobre as formas promastigotas de
diferentes espécies de leishmania (L. amazonensis, L. major, L. infantum chagasi e L.
braziliensis) e amastigotas de L. amazonensis, bem como os provaveis mecanismos
de acao contra esta espécie de parasito. O BA foi convertido inicialmente em anidrido
misto usando cloroformato de isobutil, seguido pela adicdo das respectivas aminas
secundérias. O BAS5 sofreu a insercao do tetrahidro-1,4-oxazina, estrutura conhecida
como morfolina, inibidora da via de sintese do ergosterol em fungos (ROCHA, 2019).
Em seguida, o BAS8 foi sintetizado a partir da adicdo do radical de fenilpiperidina, com
atividade reconhecidamente anestésica e analgésica (ELBARIDI, 2017). Ainda ndo ha
informacdes sobre o efeito destes derivados sobre estas espécies de leishmania,
constituindo a proposta do presente trabalho.

Figura 3. Estruturas quimicas do BA, do BA5 e do BA8 (MEIRA, 2016).
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4. MATERIAIS E METODOS
4.1 Cultivo de Parasitos

As formas promastigotas de L. amazonensis (MHOM/BR88/BA-125 Leila
strain), L. major (MHOM/RI/WR173), L. braziliensis (MHOM/BR88/BA-3456) e L.
infantum (MCAN/BR/89/BA262) foram cultivadas em meio Liver Infusion Tryptose
(LIT) ou Schneider (Sigma-Aldrich, San Luis, Missouri, EUA) contendo 10% de soro
bovino fetal (FBS, GIBCO, ThermoFisher cientific, Waltham, MA EUA), 50 pg/mL de
gentamicina (Life, Carlsbad, CA), pH 7,2 e incubados a 26°C. Os parasitos foram
contados diariamente em camara de Neubauer, durante cinco dias. Ao atingirem a
fase estacionaria de crescimento, novas passagens in vitro dos parasitos foram
realizadas. A infectividade dos parasitos foi mantida através de passagens em

camundongos susceptiveis da linhagem BALB/c.
4.2 Teste de citotoxicidade sobre macrofagos in vitro

Para a avaliacdo da atividade dos compostos foram utilizados macrofagos
peritoneais murinos, incubados em placas de 96 pocos (1x10* células/pogo) em meio
Eagle modificado por Dulbecco (DMEM; Life Technologies, GIBCO-BRL,
Gaithersburg, MD), suplementado com 10% de soro bovino fetal (SIGMA) e 50 pg/mL
de gentamicina (Life) e mantidos por 24 h em estufa a 37°C e 5% de CO2. Os
compostos foram testados em séries de seis concentracdes, em triplicatas, incubados
por 72 horas. Posteriormente, foram adicionados 20 pL/pogo de AlamarBlue
(Invitrogen, Carlsbad, CA) durante 6 h. A leitura no espectrofotometro (leitor de
microplaca, Spectramax 190, Molecular Devices, Sunnyvale, California, EUA) foi
realizada a 570 e 600 nm. Os resultados foram expressos através dos valores da
concentracdo citotoxica de 50% para as células (CCso). Como controle positivo foi
utilizada a violeta de genciana (Synth, Sao Paulo, SP, Brasil) (MEIRA et al., 2017).

4.3 Ensaio de viabilidade celular

Promastigotas de L. amazonensis, L. major, L. braziliensis e L. infantum (1x108
por poco) foram cultivadas em placa de 96 pocos em meio Schneider (Sigma)
suplementado com 10% de soro bovino fetal (FBS; GIBCO) e 50 pg/ mL de
gentamicina (Life) e submetidas ao tratamento com diferentes concentragdes (50uM-

3,125 uM; diluigbes 1:2) do acido betulinico e seus derivados. Os parasitos foram
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incubados por 72h a 26°C. Em seguida, 20 pL/pogo de AlamarBlue (Invitrogen) foi
adicionado durante 2 horas para L. amazonensis, L. major, L. braziliensis ou 24 horas
para L. Infantum devido a metabolizagdo mais lenta. A leitura foi realizada no
espectrofotometro nos comprimentos de onda de 570 e 600 nm. O percentual de
inibicdo da cultura axénica foi determinado baseado no controle néo tratado (GUEDES
et al., 2018).

4.4 Obtencado de macrofagos peritoneais

Camundongos da linhagem BALB/c foram estimulados com 2 mL de
tioglicolatoa 3% (Sigma), por via intraperitoneal. Apos 5 dias de estimulo, os animais
foram eutanasiados e cerca de 10 mL de salina estéril gelada foi injetado no abdome
dos animais para a obtencdo de macréfagos por lavagem peritoneal. Apds coleta do
lavado peritoneal, as células foram adicionadas aos tubos e, em seguida,
centrifugadas a 1500 RPM, por 10 minutos e a 4°C. Os macroéfagos foram contados

em camaras de Neubauer.

4.5 Infeccdo de macrofagos in vitro e tratamento

5 x 10° macréfagos peritoneais de camundongos BALB/c foram cultivados em
placas de 24 pocos, com laminulas redondas adicionadas previamente aos pocgos, e
infectados com L. amazonensis em fase estacionaria, na razédo de 10 parasitos por
macrofago. Diferentes concentracdes do BA (9,4 uM, 4,7 uM e 2,35 uM), BA5 (15,5
UM, 7,75 uM e 3,87 uM) e BA8 (26,7 uM, 13,35 pM e 6,67 uM) foram adicionadas aos
pocos apds lavagem de cada po¢co com meio DMEM. A anfotericina B foi utilizada
como controle positivo nas concentracbes de 3 uM e 1,5 uM, previamente
padronizadas para infec¢cdo. Apdés 24horas, as células foram fixadas em metanol e
coradas por giemsa (Dinamica, Quimica Contemporanea Ltda, SP, Brasil). A
porcentagem de macrofagos infectados e o nimero de amastigotas por macréfagos
foram determinados pela contagem de 100 células/ po¢o. As micrografias foram
capturadas em camera acoplada ao microscopio oOptico (Leica, ICC50W, Wetzlar,

Alemanha) e as imagens analisadas através do aplicativo Leica Microsystems AirLab.

4.6 Avaliagio do indice de seletividade
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O indice de seletividade foi calculado pela razao entre valor de CCso obtido em
macréfagos e o valor de Clso obtido em promastigotas tratados com as moléculas em
estudo. O indice de seletividade € utilizado para determinar o quanto a molécula
testada € mais ativa contra a leishmania do que toéxica para o macrofago, indicando
maior seletividade para o parasito e, a0 mesmo tempo, sem causar danos para a
viabilidade das células de mamiferos. O indice de seletividade deve ser superior a um
(>3) (PASSOS et al., 2015; PRAYONG et al., 2018).

4.7 Avaliacao do padrédo de morte celular

Para correlacionar a atividade antiparasitaria com um possivel mecanismo de
acao, avaliou-se o potencial das moléculas em induzir apoptose ou necrose pela
técnica de citometria de fluxo. Promastigotas de L. amazonensis (1x10°) foram
adicionadas a placas de 24 pocos contendo meio Schneider (Sigma), na presenca ou
nao do BAD, e incubadas por 48 horas a 26°C. Apés esse periodo, os parasitos foram
transferidos para tubos de citometria, lavados duas vezes com 1mL de PBS a 3000
RPM por 5 minutos, ressuspendidos em 100 pyL do tampé&o de ligagdo da anexina-V
(HEPES/NaOH a 10 mM, pH 7,4; NaCl a 140 mM; e CaClz a 2,5 mM) e marcadas com
5 yL de anexina-V (BioSource, Camarillo, CA, EUA) por 15 minutos, na auséncia de
luz. Em seguida, 400 uL do tampao de ligagado da anexina-V e 10 pL de iodeto de
propidio (BioSource) foram adicionados. A aquisicdo dos dados foi realizada no
citbmetro de fluxo FACSCalibur (Becton Dickinson, Franklin Lakes, NJ, EUA) e
analisados no programa FlowJo v10.6.1 (Becton, Dickinson and Company, Ashland,
OR, EUA).

4.8 Ensaio de ciclo celular

Promastigotas de L. amazonensis (1 x 107 / pog¢o) foram incubados com BA5
(9,0 € 4,5 yM) por 48 h. Os parasitos foram lavados com solugéo salina, centrifugados
por 10 min a 1.500 rpm e diluidos na solucéo de lise contendo PI (0,1% Triton X-100
e 2 ug ml ~*iodeto de propidio em PBS 1x) a 37 ° C na auséncia de luz. Apés 30 min,
as amostras foram adquiridas em um citdbmetro de fluxo LSRFortessa (Becton
Dickinson Biosciences, San Jose, CA, Estados Unidos) e analisadas pelo software
FlowJo v.10 (Tree Star, Ashland, OR).
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4.9 Avaliacao do potencial de membrana mitocondrial

Para determinar o efeito do composto no potencial de membrana mitocondrial,
promastigotas de L. amazonensis (1 x 10%/poco) foram tratadas com 9,0 e 4,5 uM de
BA5 por 72h. Apoés o tratamento, os parasitos tratados e o controle foram incubados
com 10 pyg/mL de rodamina 123 (Sigma Aldrich, St. Louis, EUA) por 15 minutos. As
células na presenca de metanol por 30 minutos foram utilizadas como controle
negativo. A aquisicdo de dados foi realizada por meio de citdmetro de fluxo
LSRFortessa e a andlise pelo software FlowJo v.10.

4.10 Microscopia eletrénica de varredura

Promastigotas de L amazonensis (1x10’) foram tratadas com trés
concentracgdes a partir dos valores de Cls0(2,25 ;4,5 e 9,0 uM) de BAS por 48h a 26°C.
Os parasitos foram fixados em solucao de glutaraldeido 2% e tampé&o cacodilato de
sédio 0,1M por 2h em temperatura ambiente. Apés fixacdo, as amostras foram
marcadas com solucédo contendo tetréxido de ésmio 1% em tampdao cacodilato de
sédio 0,1M por 1h em temperatura ambiente. Os parasitos foram colocados em
suporte de laminulas de vidro com poly-L-lysina 0,01%, desidratados com série de
etanol (30 a 100%) e submetidos ao ponto critico (substituicdo do etanol por CO2)
LEICA CPD 030. Em seguida, as amostras foram metalizadas com ouro e observado

no microscoépio eletrénico de varredura JEOL JSM-6390LV.

4.11 Terapia combinada

Isobologramas foram construidos utilizando o método de razéo fixa (FIVELMAN
et al., 2004). Diluicbes seriadas duplas foram realizadas em quadruplicatas nas razdes
de 1:1 e de 10:1 de BA5 e anfotericina B. Para cada razdo um valor de Clso foi
calculado para cada uma das drogas e para a combinacdo entre elas. As
concentracdes inibitorias fracionarias (CIF) foram calculas pela [Clso quando em
combinacgéo/ Clso da droga isolada]. Os valores de CIF de diferentes razbes foram
utilizados para a construcao do isobolograma no programa Graph Pad Prism versao
5.01.
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4.12 Analise estatistica

Os valores numéricos apresentados nos graficos e tabelas correspondem as
médias + S.E.M a partir das triplicatas de cada experimento. A significancia das
diferencas entre os grupos foi avaliada utilizando o teste one way ANOVA e 0 pos-
teste de comparacdo multipla Newman Keuls para o grupo de amostras ou analise de

variancia. O limite critico de significancia foi estabelecido para p < 0,05.

5. RESULTADOS E DISCUSSAO

5.1 Citotoxicidade dos BA, BA5 e BA8 frente a macréfagos murinos

A determinacdo da CCso foi realizada em macréfagos peritoneais de
camundongos BALB/c e os valores das moléculas em estudo foram comparados com
a violeta de genciana (CCso = 0,8 £ 0,1), a droga citotoxica de referéncia. O BA
apresentou valor de CCsp igual a 18,8 uM. Os seus derivados BA5 e BA8 foram menos
citotéxicos do que o protétipo com valores de CCso iguais a 31,1uM e 53,5 uM,
respectivamente. Modificacdes estruturais na molécula do acido betulinico estédo
associadas a reducdo da citotoxicidade dos novos compostos (SOUSA et al., 2014;
MEIRA et al., 2016). A anfotericina B, medicamento utilizado na clinica para
tratamento das leishmanioses, apresentou valor de CCso igual a 3,3 uM. Estes dados
indicam que o acido betulinico e os seus derivados sdo menos citotoxicos que a
anfotericina B. A partir destes resultados, concentracdes inferiores ao CCso foram

utilizadas nos experimentos in vitro subsequentes (Tabela 1).
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Tabela 1. Citotoxicidade, atividade antileishmania e indice de seletividade do BA, BA5 e BAS8 frente as

formas promastigotas de L. amazonensis, L. major, L. braziliensis e L. infantum.

Células de Promastigotas de
mamifero Leishmania
**CCeptDP  ***Clgo+DP #**Clso tDP **Clso +DP **Clso +DP
Compostos IS IS IS IS
. (M) (M) (YL (M) (uM)
[317] L. amazonensis L. major L. braziliensis L. infantum
peritoneal
BA 18,8 +0,1 29,2+0,9 <1 >100 <1 16,3+ 1,3 1,1 >100 <1
BAS 31,1+1,2 45+11 6,9 3,0+£0,8 10.4 09+11 34,5 0,15+ 0,05 207
BA8 53,5+0,4 8,1+0,8 6,6 12,9+0,5 4,1 34+0,2 15,7 7,02+0,1 7.6
Anfo 3,3+0,50 0,09+0,02 366 0,2+0,0056 165 1,3+0,09 25 0,0002 +0,0001 >1000
VG 0,3+0,01 ND ND ND

ND

CCso= concentracao citotoxica de 50%; Clso= concentracao inibitdria de 50%; Anfo= anfotericina B; VG

= violeta de genciana; DP= desvio padrao; IS= indice de seletividade; ND= ndo determinado. Valores
calculados a partir de dois (**) ou trés (***) experimentos independentes
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5.2 Efeito dos compostos sobre formas promastigotas de diferentes
espécies de leishmania

Para avaliar a atividade dos compostos frente as formas promastigotas de L.
amazonensis, L. major, L. braziliensis, e L. infantum, o valor da concentracgéo inibitoria
de 50% (Clso) foi calculado a partir do ensaio de viabilidade celular em cultura axénica.
Os derivados foram mais potentes na inibicdo do crescimento de todas as espécies
testadas de leishmania quando comparados com o prototipo. O BA apresentou valores
de Clso superiores a concentragdo citotoxica para macrofagos. Os BA5 e BA8 exibiram
valores de Clso inferiores a 12, 89 + 0,5 para as quatro espécies avaliadas. A
anfotericina B apresentou, como esperado, reduzidos valores de Clso para L.
amazonensis (0,09 £ 0,02), L. braziliensis (1,3 £ 0,09), L. major (0,2 £ 0,005) e L.
infantum (0,0002 +0,0001). O indice de seletividade foi calculado a partir da razéo
entre os valores de CCso e Clso € indica 0 quanto a molécula € mais seletiva para o
parasito do que para célula de mamifero. O BA5 foi 6,9 vezes mais seletivo para as
formas promastigotas de L. amazonensis, 10,4 vezes para as promastigotas de L.
major, 34,5 vezes mais seletivo para L. braziliensis e, destacando-se, 207 vezes mais
seletivo para L. infantum quando comparados aos seus efeitos citotoxicos contra
macrofagos. O BAS8 foi 6,6 vezes mais seletivo para L. amazonensis, 4,1 vezes mais
seletivo para L. major, 15,7 vezes mais eletivo para L. braziliensis e 7,6 vazes mais
seletivo para a L. infantum quando comparados com seus efeitos citotoxicos frente a
macrofagos. O BAS foi tdo seletivo as promastigotas de L amazonensis quanto a droga
de referéncia (IS= 34,5) e foi mais seletivo para promastigotas de L. infantum do que
a anfotericina B (Tabela 1). O BA nédo apresentou seletividade para estes parasitos
(IS<1). Ha poucos relatos sobre os efeitos de derivados do acido betulinico frente as
diferentes espécies de leishmania. Derivados heterociclicos do acido betulinico
apresentaram atividade frente L. donovani com Clso iguais a 8,9 a 30 uM e derivados
carbamatos frente a L. infantum com Clso iguais a 25,8 uM (ALAKURTTI et al., 2010;
SOUSA et al., 2014). Dominguez-Carmona relatou atividades de um derivado acetato
frente a L. amazonensis (Clso = 44,9 uM) (DOMINGUEZ-CARMONA et al., 2010). A

adicdo de aminas no C-28 do BA5 e BA8 otimizaram os efeitos das moléculas em
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relacdo ao protétipo e apresentaram atividade antileishmania superior aos demais
triterpenos. A maior seletividade do BA5 e BA8 ao parasito justifica a continuidade dos
ensaios seguintes. A forma clinica cutadnea da LT € a mais prevalente no Brasil. A L.
amazonensis é a principal espécie associada a forma cutanea da doenca, enquanto a
L. braziliensis esta envolvida com uma possivel metastase e forma mucosa das
Leishmanioses (BRASIL, 2017; VASCONCELOS et al., 2018; SILVA et al., 2020).
Diante da importancia epidemiologica no Brasil e dos resultados obtidos nestes
primeiros ensaios demonstrando baixa citotoxicidade e Clso, prosseguimos 0s ensaios

apenas coma L. amazonensis.

5.3 BA5 e BA8 reduzem infec¢cdo de macréfagos por L. amazonensis

As células do sistema fagocitario mononuclear, como os macréfagos, sédo
primariamente recrutadas nos hospedeiros vertebrados durante a infeccdo por
leishmania (VANNIER-SANTOS et al., 2002). O modelo experimental de infec¢cdo em
cultura de macrofagos peritoneais foi realizado para avaliar o potencial dos derivados
do BA em inibir a infec¢@o destas células. Como observado nas figuras 4 e 5, houve
uma reducdo estatisticamente significante (P< 0,001) e concentracdo dependente
tanto no percentual de macréfagos infectados por L. amazonensis, como também no
namero de parasitos intracelulares por macréfagos infectados quando tratados com o
BA5 e 0 BA8 nas trés concentracdes testadas. O BA5 na concentragdo de 15,5 uM
reduziu em 99,2% o percentual de células infectadas e em 99,87% o numero de
parasitos intracelulares por 100 macrofagos quando comparados ao controle néo
tratado. De maneira semelhante, o BA8 reduziu em mais de 90% o0s percentuais de
macréfagos infectados e de parasitos intracelulares por célula infectada em todas as
concentracbes. O BA reduziu apenas o numero de amastigotas por macréfago
(32,5%), na maior concentracdo utilizada. A anfotericina B a 1,5 uM, como ja
esperado, foi capaz de reduzir em mais de 98% tanto o percentual de células
infectadas e o numero de amastigotas intracelulares (Figuras 4 e 5). O Clso calculado
para os parasitos intracelulares demonstrou uma maior atividade do BAS frente a
estas formas (Clso= 4,1 uM) do que as promastigotas (Clso= 4,5 uM). O BA apresentou
Clso superior a 200 puM. Estudos testando derivados alcaldides tém demonstrado
resultados semelhantes com reducédo da infeccdo em torno de 83%. Entretanto, as
concentragdes utilizadas sdo elevadas com CCso iguais a 210 uM (MORAES, 2015).

Em 2018, foi relatada a reducéo da infec¢cao de macrofagos por L. major (81%) quando
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tratados com acido betulinico carreado por nanoparticulas, melhorando sua atividade
e reduzindo os efeitos toxicos (MEHRIZI et al., 2018). Resultados preliminares do
nosso grupo demonstram que BA5 reduz a infeccado de macrofagos de linhagem J774
infectados por L. infantum chagasi apdés 24h de tratamento. A molécula reduziu
significativamente o percentual de macréfagos infectados e o nUmero de amastigotas
por macréfagos de maneira concentracdo-dependente (Clso =2,6 + 4,4 uM). De
maneira semelhante, Mello et al.,, em 2018, apresentaram o efeito de derivados de
chalconas sobre formas amastigotas de diferentes espécies de leishmania

demonstrando variagdes de Clso (1,3- 30 uM).

Tabela 2. Citotoxicidade, concentracéo inibitoria de 50% e indice de seletividade do BA, BA5 e BAS8

para as formas intracelulares de L. amazonensis

***CC **CI
COMPOSTOS * Amast. IS
(UM) (uM)

L. amazonensis

BA 18,8+0,1 > 200 <1
BAS 31,1+1,2 4,1+£0,7 7,5
BA8 53,5+0,4 59+04 9,0
Anfo 3,3+0,50 0,05+ 0,02 66,0
VG 0,3+£0,01 ND ND

CCso= concentracao citotoxica de 50%; Clso= concentracao inibitéria de 50%; Anfo= anfotericina B; VG
= violeta de genciana; DP= desvio padrao; IS= indice de seletividade; ND= ndo determinado. Valores

calculados a partir de dois (**) ou trés (***) experimentos independentes.
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Figura 4. Efeito do BA, BA5 e BAS8 contra parasitos intracelulares de L. amazonensis. Os macréfagos

foram infectados com L. amazonensis (10:1) e tratados com BA, BA5, BA8 e anfotericina B (1,5 pM)

por 24h. O percentual de macréfagos infectados (A, C) e niumero de parasitos intracelulares por 100

macrofagos (B, D) foram determinados apds 24h de tratamento. A anfotericina B foi utilizada como

farmaco de referéncia. *P< 0,05; *** P< 0,001.
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Figura 5. Macroéfagos peritoneais infectados por L. amazonensis e tratados apds 24h com (B) BA a 9,4
UM, (C) BA5 a 15,5 uM, (D) BA8 a 13,35 pM e (E) anfotericina B a 1,5 uM. (A) controle ndo tratado.

Aumento de 1000x; Leica Microsystems.
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5.4 Mecanismos de acao

Apbés a determinagdo da atividade contra as formas promastigotas e
amastigotas de leishmania, foram realizados ensaios para elucidar os possiveis
mecanismos de acdo do BA5, como andlise ultraestrutural, padrdo de morte celular,

despolarizacdo da membrana mitocondrial e ciclo celular.

5.4.1 Alteragdes ultraestruturais no parasito

Parasitos ndo tratados mantem suas caracteristicas normais, como
estabilidade superficial da membrana, tipico alongamento do corpo celular e longo
flagelo preservado. Promastigotas tratadas no tempo de 48h com trés concentracoes
diferentes do BA5 apresentaram danos diretos aos parasitos, vistos por microscopia
eletrbnica de varredura. Parasitos tratados com metade do valor de Clso apresentaram
alteracdes morfologicas, como blebs de membrana e deformacdes no flagelo. O
aumento da concentragdo de BA5 promoveu maior desorganizagdo da membrana,
blebs e aumento de tamanho do parasito, consistente com a reducao na viabilidade
(Figura 9). Alteracbes semelhantes foram visualizadas na mesma espécie de
parasitos tratados com uma serie de hibridos de triazinas (BAREA et al., 2018) e com
um inibidor de calpaina (MARINHO et al., 2014). A anfotericina B, como esperado,
promove alteracdes morfolodgicas no parasito, como encurtamento do flagelo e danos
na membrana. O surgimento de blebs de membrana, alteragdes no tamanho e danos
flagelares séo caracteristicas presentes em parasitos em morte celular por apoptose
(MARINHO et al., 2014; STEFANELLO et al., 2014).
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Figura 6. Analise por microscopia eletrdnica de varredura (MEV) de promastigotas de L. amazonensis
incubadas com BAS. Controle ndo tratado (A) e parasitos tratados com BA5 na concentragdo de IC, /2

(2,2 uM) exibindo protusdes de membrana semelhantes a blebs; (B) parasitos tartados com BAS IC,,
(4,5 uM) apresentando dano flagelar e edema; (C) parasitos tratados com BA5 - 2x IC.; (9,0 uM)
demonstrando deformagdo no corpo celular; (E) parasitos tratados com anfo B (IC,)) mostrando danos

flagelares e na membrana and (F) parasitos tratados com anfoB 2x ICso demosntrando retracdo flagelar
e edema.




5.4.2 BA5 induz morte celular por apoptose

Uma vez que a andlise ultraestrutural exibiu caracteristicas apoptoticas, foi
avaliado o efeito do BA5 sobre a morte celular de promastigotas de L. amazonensis
por citometria de fluxo. As células em apoptose apresentam externalizacdo da
fosfatidilserina de membrana, a qual em condi¢c6es normais fica na membrana voltada
na face citosdlica. A anexina-V tem afinidade por esta proteina, sendo um eficaz
marcador de apoptose tanto na fase inicial quanto na fase tardia. A medida que o
processo apoptotico evolui, a bicamada lipidica de membrana sofre pequenas
rupturas. Estes poros sao suficientes para a internalizacao do Pl, marcador de elevado
peso molecular e alta afinidade pelos acidos nucleicos (STROPPA et al., 2017). Ap6s
o tratamento com BA5, houve um aumento significativo (p< 0,01) do percentual de
parasitos marcados com anexina-V nas trés concentracoes testadas, indicando morte
celular por apoptose. Em comparacdo ao controle nao tratado (4,35%), o BA5 na
concentracéo de ICso/2 apresentou 34,6% de parasitos marcados para anexina-V e
nas concentragdes de ICso e 2x ICs0 apresentou cerca de 67% de marcacéo. Esses
dados corroboram com os resultados da analise ultraestrutural dos parasitos tratados
com BAb. AlteragBes morfoldgicas semelhantes, como dano flagelar, aparecimento
de blebs e aumento no tamanho do parasito, foram previamente associadas a morte
apoptoética induzida. A apoptose é um evento importante no contexto da resposta
imune do hospedeiro e no sucesso do estabelecimento da infecgédo. A sobrevivéncia
desses parasitos no interior dos macréfagos € uma questao crucial na patogénese da
doenca no hospedeiro mamifero. Apesar de ser um evento marcadamente de
organismos multicelulares, atualmente, hd dados na literatura que sugerem um
mecanismo semelhante a apoptose em eucariotos unicelulares. Em
tripanossomatideos, a morte celular regulada se mostra vantajosa para evitar a
ativacdo do sistema imunoldgico e, por conseguinte, a sobrevivéncia dos parasitos
intracelulares (SHAHA, 2006; MARINHO et al., 2014).
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Figura 7. Padréo de morte celular por citometria. Promastigotas de L. amazonensis foram tratadas com BA5 e
incubadas com iodeto de propidio e anexina V apés 48h de incubacéo. (A) Promastigotas nao tratadas; (B)
promastigotas tratadas com 2,2 uM de BA5; (C) promastigotas tratadas com 4,5 uM de BA5; (D) promastigotas
tratadas com 9,0 uM de BAS5; (E) Percentual de parasitos marcados por anexina V apos 48h de tratamento com
BAS. Valores representativos de medias + DP de trés determinacfes obtidas em dois experimentos. **P< 0.01
comparado ao controle néo tratado. 42



543 O BAS5 atua por uma via independente de despolarizacdo de

membrana mitocondrial

A mitocbndria Unica de tripanossomatideos tem importante papel na morte
celular por apoptose em leishmania e tem sido alvo molecular na prospeccéo de novas
drogas (FIDALGO & GILLE, 2011). O potencial de membrana mitocondrial de
promastigotas de L. amazonensis foi mensurado através da marcacao dos parasitos
com rodamina 123, apds tratamento com o BA5. A rodamina 123 é um corante
lipofilico catidnico que se distribui no compartimento mitocondrial. Seu acumulo
eletroforético na matriz mitocondrial da célula metabolicamente ativa gera intensidade
proporcional a quantidade absoluta do corante. A reducdo na intensidade esta
relacionada com a despolarizacdo, ou seja, a perda do potencial da membrana
mitocondrial interna. Pode-se observar que em comparag¢ao com o metanol, o controle
positivo para despolarizacdo, ndo houve reducédo da intensidade de marcacdo com a
rodamina 123 dos parasitos apds tratamento com o BA5, em ambas as concentracfes
de Clso e 2x 0 valor de Clso (Figura 6). Isto indica que n&o houve alteracdo do potencial
da membrana mitocondrial do parasito com o tratamento e a molécula age,
possivelmente, por uma via independente da despolarizacdo de membrana
mitocondrial. Entretanto, ao contrario do que foi visto, ha trabalhos na literatura
descrevendo o efeito do acido betulinico e alguns derivados sobre despolarizacédo de
mitocondrias (SOUSA et al., 2014). Atualmente, ja se sabe que a apoptose pode ser
realizada por diferentes vias. A despolarizacdo da membrana mitocondrial é
necessaria para a ativacao da via intrinseca classica dependente das caspases. No
entanto, ha estudos que mostram que apdés um estimulo apoptético por agentes
quimicos como medicamentos, as vias independentes das caspases podem ser
ativadas. Assim, a apoptose pode prosseguir sem interrup¢cdo mitocondrial. Além
disso, ha relatos de que as leishmanias ndo tém as caspases propriamente ditas, mas
exibem peptidases e metacaspases cujas atividades sdo as mesmas e a morte celular
semelhante a apoptose (EISCHEN et al., 1917; ANAZETTI & MELO, 2007; MARINHO
et al., 2014).
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Figura 8. Potencial de membrana mitocondrial de promastigotas de L. amazonensis incubados com
BAS5. Promastigotas foram incubadas ou ndo com BA5 nas concentragdes de Clso (4,5 pM) e 2x ICsp
(9,0 pM). Apdbs 72h de incubacao, os parasitos foram marcados com rodamina 123. O metanol foi
utilizado como o controle positivo. As amostras foram adquiridas em citdbmetro de fluxo LSRFortessa e
analisadas pelo software FlowJo (10.000 eventos foram coletados e analisados). *** p <0,001, ** p<

0,01 e ns= nao significativo em comparacdo com o grupo néo tratado.
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5.4.4 BAS5S interfere na progressé&o do ciclo celular

Promastigotas de L. amazonensis tratadas com BA5 e anfotericina B nas
concentragdes de Clso e 2x Clso foram marcadas com Pl e analisadas por citometria
de fluxo. A Figura 9 mostra a distribuicdo do DNA através do ciclo celular dos
parasitos, na auséncia e presenca dos compostos testados. Apds 24 horas de
incubagéo, houve parada do ciclo celular na fase GO com aumento seguinte na fase
G1 nas duas concentracdes testadas. Na literatura ha poucos trabalhos avaliando o
efeito do BA e seus derivados na progressao do ciclo celular. Sousa e colaboradores
demonstraram que outro derivado do BA, de forma semelhante, induziu parada na
fase GO/G1 de promastigotas de L. infantum. Anteriormente, nosso grupo avaliou o
efeito do BA5 sobre esplendcitos de camundongos BALB/c. O BA5 induziu uma
parada do ciclo celular nas fases GO/G1 em todas as concentragfes testadas (500;
50 e 5 nM) (MEIRA et al., 2017). De forma semelhante, BA5 induziu parada ha mesma
fase apoés tratamento de L. amazonensis em concentracdes maiores. Estes dados,
somados aos observados nos ensaios anteriores sugerem que a apoptose induzida
por BAS pode ter levado a degradacdo do DNA.

Adicionalmente, 0 n0sso grupo ja relatou os efeitos imunossupressores do BA5
(MEIRA et al., 2017). Esta molécula reduz a sintese de importantes citocinas pro-
inflamatoérias como TNF-a, IL-2, IFN-y e IL-17. Este derivado do acido betulinico,
assim como seu protétipo inibem a sintese de 6xido nitrico, uma importante molécula
leishmanicida. Apesar do efeito benéfico do tratamento in vitro com o BA5 pareca
contraditorio devido a sua atividade imunossupressora, a inibicdo do crescimento de
diferentes espécies de leishmania pode ser devido a uma acao direta desta molécula
nos parasitos como observado neste trabalho.
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Figura 9. Andlise da progressao do ciclo celular apos tratamento com BA5 e marcacéo com Pl por citometria de
fluxo. A distribuicdo do percentual de parasitos na pre-fase GO, G1, S and G2/M fase do ciclo celular esta indicado
(A-C). Um significativo aumento dos parasitos na fase GO e significativa reducdo na populagdo de células na fase
G2/M foi observado em parasitos tratados com BA5 nas concentracdes de ICso (B) e 2x ICso (C) comparados com
o controle ndo tratado (Valores representativos de médias + DP de trés determina¢des de um experimento
realizado. ***p <0.001 comparado aos parasitos nédo tratados.
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5.5Efeito sinérgico do BAS e anfotericina B

Combinacdes de medicamentos séo alternativas aplicadas na clinica para o
tratamento das leishmanioses e apresenta vantagens em relagdo a monoterapia atual.
O efeito antileishmania da combinagao de BAS e anfotericina B foi investigado sobre
formas promastigotas de L. amazonensis. Em comparagdo com cada droga isolada,
a combinacédo de BAS e anfotericina B reduziu os valores de Clso da anfotericina cerca
de sete vezes e do BA5 50 vezes (Tabela 2). O BA5, em combinacao, exibiu valor de
Clso igual ao da anfotericina B isolada (0,09+ 0,01 pM). Os valores do indice de
combinacgéo associados a um isobolograma revelaram que BA5 e anfotericina B tém
efeitos sinérgicos (Figura 7). A anfotericina B € um medicamento de segunda escolha
no Brasil para o tratamento das leishmanioses. A sua utilizacdo € empregada em
casos em que sdo encontrados altos niveis de resisténcia aos antimoniais. Entretanto,
ha limitacdes quanto a sua utilizagcdo concernentes a elevada toxicidade. A terapia
medicamentosa combinada pode ser uma importante ferramenta para reducao dos
efeitos toxicos, bem como diminuir a duracao do tratamento e melhorar a adeséo ao
tratamento pelo paciente (MONGE-MAILLO & LOPEZ-VELEZ, 2013). Neste sentido,
alguns estudos se desenvolveram com o objetivo de associar compostos promissores
a anfotericina B (SUNDAR et al., 2004; MURRAY et al., 2005; ALVAR et al., 2006).
Atualmente, estd em fase Il um ensaio clinico avaliando o uso da anfotericina B
lipossomal associado a miltefosina, contudo, a toxicidade ainda é um desafio (DNDI,
2020; ROATT et al., 2020). Ademais, nosso grupo ja relatou a atividade do BA5
aumentando o efeito imunossupressor da dexametasona (MEIRA et al., 2017). Ao
interagir com a anfotericina B, o BA5 novamente demonstrou potencializar o efeito do

farmaco de referéncia (1IC=0,15; sinérgico).
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Tabela 3. Reduc¢des de concentracao e indices de combinacao por BA5 e anfotericina B
Compostos

Clsox DP (HM)*

IC**
Droga Combinacéo
isolada
BAS5 450+1,1 0,09 + 0,01 0,15+ 0,09
Anfotericina B 0,09+ 0,02 0,012 + 0,006
*Os valores de Clso foram calculados usando concentragfes em quadruplicatas e dois experimentos

DP= Desvio Padrao.

independentes foram realizados; ** indice de combinag&o (IC). Corte: IC valor de 0,1-0,7, sinergismo;
0,7-0,85, sinergismo moderado; 0,85-0,9, ligeiro sinergismo; 0,9-1,1, aditividade;> 1,1, antagonismo.
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Figura 10. Isobolograma descrevendo os efeitos de sinergismo entre BA5 e anfotericina B sobre
promastigotas de L. amazonensis. As linhas de pontilhadas correspondem as posi¢c8es previstas dos
pontos experimentais para efeitos aditivos.
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6 CONSIDERACOES FINAIS

Esse trabalho demonstra uma importante atividade antileishmania in vitro do
BA5. Esta molécula apresentou maior efetividade do que seu protétipo, baixa
citotoxicidade, atividade frente proliferacdo parasitaria e infeccdo de macréfagos.
Além disso, o BA5 ndo causou inducéo da despolarizacdo da membrana mitocondrial,
sugerindo que 0 composto atue por outra via para induzir a morte da leishmania. Por
fim, o BA5 em combinacdo com a anfotericina B foi capaz de potencializar seu efeito
a partir de uma interacéo sinérgica com a droga de referéncia. Sugere-se, portanto,
que o BA5 pode ser uma alternativa terapéutica promissora no tratamento da

leishmaniose.
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Abstract

Objectives: To investigate the in vitro activity of BAS- a betulinic acid derivative- against
different species of Leishmania and their action mechanism.

Methods: The viability of axenic L. amazonensis, L. major, L. braziliensis and L.
infantum promastigotes was evaluated after treatment with BAS to determine 1Cs, values.
Infected macrophages were then treated with BAS to determine the percentage of L.
amazonensis-infected macrophages and the number of parasites per infected cell. To
understand the mechanism of action underlying BAS5 antileishmanial activity, we
investigated ultrastructural changes by scanning electron microscopy and evaluated cell
cycle, membrane mitochondrial potential, and cell death by flow cytometry

Results: BAS5 exhibited low cytotoxicity against macrophages and inhibited the
proliferation of promastigote forms of L. amazonensis (ICsy = 4.5 = 1.1 uM), L. major
(IC50=3.0 £ 0.8 uM), L. braziliensis (ICso = 0.9 £ 1.1 uM) and L. infantum (I1Csy = 0.15
+ 0.05 uM). Treatment with BAS reduced the percentage of L. amazonensis-infected
macrophages and the number of intracellular parasites (ICsp = 4.1 = 0.7 puM).
Promastigotes incubated with BAS presented membrane blebbing, flagella damage,
increased size, and body deformation. Flow cytometry analysis showed that parasite death
is mainly caused by apoptosis, arrested cell cycle in GO/G1 phase and did not induce
alterations in membrane potential in L. amazonensis promastigotes. Surprisingly, the
combination of BA5 and amphotericin B revealed synergistic effects on promastigotes
forms of L. amazonensis.

Conclusions: BAS may be a suitable candidate for antileishmanial drug development,

alone or in combination with other drugs.
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Introduction

Leishmaniases are a complex of diseases caused by different species of protozoa of the
genus Leishmania. Despite being among the ten most relevant infectious diseases,
leishmaniasis are part of a wide group of diseases worldwide neglected.! In 2021, WHO
published that 54 countries are endemic to Visceral Leishmaniasis (VL) and 53 countries
are endemic to Cutaneous Leishmaniasis (CL). Cases have been reported in about 98
countries and 12 million people approximately have their lives affected by the different
clinical spectra of the disease.?

Clinical manifestations depend on factors inherent to the parasite, the natural resistance
of the host and the magnitude of the immune response.? After inoculation of promastigote
forms through the bite of the insect vector, the parasite is internalized by host defense
cells and differentiates into amastigote forms. In this way, the relationship between
parasite and the host will determine the course of the disease. The host can be
asymptomatic or develop classic skin and mucosal lesions, as well as atypical forms such
as diffuse and disseminated, and the visceral manifestation.* In the Americas, the main
species that cause cutaneous leishmaniasis are Leishmania amazonensis and Leishmania
braziliensis.> On the other hand, visceral leishmaniasis is characterized by Leishmania
infantum chagasi in Brazil. The variability of species and their clinical outcomes are a
challenge for the effective treatment and prophylaxis of the disease.®

Although the knowledge of cell biology and immunology of leishmaniasis has advanced
in recent decades, pharmacotherapy still lacks new alternatives. Pentavalent antimonial
has been the first-line drugs since 1960, but they are not enough to control the disease. In
addition, they present several limitations such as high toxicity and adverse effects,

resistance, the need for hospitalization and treatment failure. The second-line drugs, such
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as amphotericin B, pentamidine and miltefosine, also have several limitations, like high
costs and teratogenicity.”-

In this regard, the search for new active compounds plays an important role in the
development of new antileishmanial drugs. Betulinic acid is a molecule of the class of
pentacyclic triterpenes widely distributed in the plant kingdom. This compound has
caused interest in the scientific community due to its vast number of biological activities,
such as antitumor, anti-inflammatory, immunomodulatory, antimicrobial and
antiparasitic activities.”"!! Strategic structural changes in the carboxyl groups of betulinic
acid can generate more active molecules than its prototype.'> Our research group
previously tested a series of semi-synthetic molecules derived from betulinic acid. BAS,
a synthetic derivative of betulinic acid, caused ultrastructural changes in Trypanosoma
cruzi, such as loss of plasma membrane integrity and the appearance of atypical vacuoles,
causing death of the parasite by necrosis.!? Additionally, the immunomodulatory activity
of BAS was evaluated on macrophages and lymphocytes, being able to inhibit both the
NF-kB and calcineurin pathways.!# Here we evaluated the activity of BAS in vitro against

different species of Leishmania, and their action mechanisms.

Materials and methods

Drugs

Betulinic acid is a molecule extracted from the bark of Ziziphus joazeiro Mart. from the
family Rhamnaceae, a native brazilian tree. This method was described by Barbosa-Filho
et al., 1985. Semi-synthetic compounds were prepared from betulinic acid and BAS
derivative was used in antileishmanial assays (BAS; 94-98% purity by high performance

liquid chromatography). Amphotericin B (Gibco Laboratories, Gaithersburg, MD) was
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used as positive control in antileishmanial assay. Gentian violet (Synth, Sdo Paulo, SP,

Brazil) was used as positive control in the cytotoxicity to mammalian cell assays.

Animals

Male 4 to 6-weeks old BALB/c were used. All mice were raised and maintained
at the animal facilities of the Gongalo Moniz Institute, Oswaldo Cruz Foundation,
Salvador, Brazil in sterilized cages, under a controlled environment and receiving a
balanced rodent diet and water ad [libitum. All experiments were

approved by the local Animal Ethics Committee (Approval number: 004/2019).

Parasites

L. amazonensis (MHOM/BR88/BA-125 Leila strain), L. major (MHOM/RI/WR173), L.
braziliensis (MHOM/BR88/BA-3456) and L. infantum (MCAN/BR/89/BA262)
promastigotes were cultivated in liver infusion tryptose (LIT) or Schneider (Sigma, St.
Louis, MO, USA) medium supplemented with 10% fetal bovine serum (FBS) (Gibco)
and 50 pg mL-! gentamicin (Sigma), pH 7.2, at 26 °C until logarithmic phase. Log phase
promastigotes were used to study the effects of the betulinic acid and BAS derivative on

parasites.

Viability assay

L. amazonensis, L. major, L. braziliensis and L. infantum chagasi promastigotes (1x10°
cells/well) were incubated into 96-well plates, cultivated in Schneider (Sigma) medium
supplemented with 10% fetal bovine serum (FBS) (Gibco) and pg mL-' gentamicin
(Sigma). Drugs were added at six concentrations ranging from 1.56 uM to 50 uM in

triplicate, and the plate was incubated for 72 h at 26 °C. Promastigotes viability was

Journal of Antimicrobial Chemotherapy: under review



127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

Journal of Antimicrobial Chemotherapy

measured by twenty pL/well of AlamarBlue (Invitrogen, Carlsbad, CA, USA) during 2 h

or 24 h, metabolism and colorimetric readings were performed at 570 and 600 nm.

Cytotoxicity to mammalian cell

Peritoneal exudate macrophages were obtained by washing of the peritoneal cavity of
BALB/c mice with cold Dulbecco's Modified Eagle's Medium (DMEM Life
Technologies, GIBCO-BRL), 5 days after injection of 3% thioglycolate in saline (1.5 mL
per mice). Cells were added into 96-well plates at a density 1x10° cells/well containing
DMEM medium supplemented with 10% of fetal bovine serum (FBS; Gibco) and 50 pg
mL! gentamicin (Novafarma, Anapolis, Brazil) and incubated for 24 h at 37 °C and 5%
CO,. Drugs was added in triplicate at eight concentrations ranging from 0.04 to 100 uM
and incubated for 72 h. Twenty pL/well of AlamarBlue (Invitrogen) was added to the
plates during 10 h. Colorimetric readings were performed at 570 and 600 nm. ICs, values
were calculated using data-points gathered from three independent experiments. Gentian
violet (Synth, Sao Paulo, Brazil) was used as positive control, at concentrations ranging

from 0.04 to 10 pM.

In vitro macrophage infection with L. amazonensis

Peritoneal exudate macrophages (5x103 cells) were plated onto sterile coverslips in 24-
well plates and kept for 24h. The macrophages were infected with stationary growth phase
promastigotes of L. amazonensis at a ratio of 10:1 macrophage at 35 °C during 4 h and
5% CO,. Infected macrophages were treated with different atoxic concentrations with
values below the ICs, values of BA (9.4;4.7; 2.3 uM) and BAS (15.5; 7.7; 3.8 uM). After
24 h, the cells were fixed in methanol and stained by Giemsa (Sigma). The percentage of

infected macrophages and the number of amastigotes/macrophages were determined by
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counting 100 cells per slides, as previously described. Amphotericin B (Gibco) was used

as a positive control in this assay.

Annexin V and propidium iodide staining

Promastigotes of L. amazonensis (10° cells/well) were incubated in 24-well plates and
treated with BA and BAS in different concentrations (ICso or 2x ICsg) for 24 h at 26 °C.
Parasites were labeled with propidium iodide (PI) and annexin V using the annexin V-
fluorescein isothiocyanate (FITC) apoptosis detection kit (Sigma) according to the
manufacturer’s instructions. The experiment was performed using a BD FACSCalibur
flow cytometer (Becton Dickinson Biosciences, San Jose, CA, USA) by acquiring 10,000

events, and data were analyzed by BD software FlowJo v10 (Tree Star, Ashland, OR).

Cell cycle analysis

Promastigotes of L. amazonensis (1x107/well) were incubated with BA5 (9.0 and 4.5 uM)
for 48 h. Parasites were washed with saline, centrifuged for 10 min at 1500 rpm and
diluted in the lysis solution containing PI (0.1% Triton X-100 and 2 pg ml—1 propidium
iodide in PBS) in the absence of light at 37 °C. After 30 min, the samples were acquired
on a LSRFortessa flow cytometer (Becton Dickinson Biosciences, San Jose, CA, USA)

and analyzed by FlowJo v.10 software (Tree Star).

Analysis of mitochondrial membrane potential

To determine the effect of the compound on mitochondrial membrane potential, L.
amazonensis promastigotes were treated with 9.0 and 4.5 uM of BAS for 72 h. After the
treatment, parasites were incubated with 10 pg/mL of rhodamine 123 (Sigma Aldrich, St.

Louis, USA) for 15 minutes. Methanol was used as negative control. Data acquisition was
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performed using a LSRFortessa flow cytometer and the analysis was performed by

FlowlJo v.10 software.

Scanning microscopy electronic

L amazonensis promastigotes (1x107) were treated with three concentrations from the
ICsq values (2.25; 4.5 and 9.0 uM) of BAS5 for 48h at 26°C. The parasites were fixed in a
2% glutaraldehyde solution and 0.1M sodium cacodylate buffer for 2 hours at room
temperature. After fixation, the cells were post-fixed in osmium tetroxide (1%) for 1 hour
at room temperature. The parasites were placed on glass cover slips with 0.01% poly-L-
lysine, dehydrated in graded ethanol (30 to 100%) and submitted at critical point
(replacement of ethanol by CO,) LEICA CPD 030. Samples were metalized with gold

and observed in the scanning electron microscope JEOL JSM-6390LV.

Drug combination assay

Isobolograms were constructed by the fixed ratio method. Serial double dilutions were
performed in triplicate in ratios of 1:1 and 10:1, BAS5 and amphotericin B, respectively,
using L. amazonensis promastigotes. For each proportion, an I1Csy value was calculated
for each drug and combination. The fractional inhibitory concentrations (FIC) were
calculated by [ICso when combined / ICs isolated drug]. The FIC values of different ratios
were used to construct the isobologram in Graph Pad Prism version 5.01 program (Graph

Pad Software, San Diego, CA, USA).

Statistical Analysis
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One-way analysis of variance and Newman-Keuls multiple comparison tests were
employed by using Graph Pad Prism version 5.01 (Graph Pad Software, San Diego, CA,

United States). Differences were considered significant when the values were of p <0.05.

Results

Cytotoxicity and activity of BA5 against promastigote forms

Betulinic acid and BAS5 derivative presented CCsy values of 18.8 and 31.1 uM,
respectively. Amphotericin B, the reference drug in the leishmaniasis treatment,
presented CCs, value of 3.3 uM. These data indicate that betulinic acid and BAS are less
cytotoxic than amphotericin B and gentian violet (CCsy = 0.5 uM), a known cytotoxic
drug (Table 1). The effect of BA5 on promastigote forms of leishmania was evaluated
against different species of leishmania at six different concentrations, ranging from 1.56
to 50 uM. As show in the Table 1, BAS was effective against all tested species. After 72
h of incubation, BAS inhibited L. amazonensis promastigote proliferation with an ICs, of
4.5+ 1.1 uM; L. major (ICso = 3.0 £ 0.8 uM), L. braziliensis (ICso = 0.9 £ 1.1 uM) and
L. infantum (I1Cs(0.15 = 0.05uM). In addition, BAS was 6.9 times more selective (IS) for
L. amazonensis promastigotes, 10.4 times more selective for L. major, 34.5 more selective
for L. braziliensis and 207 more selective for L. infantum. Furthermore, ICs, value and IS
of BAS was better for L. braziliensis than amphotericin B. Betulinic acid exhibited little
or no activity against promastigote forms of different species of leishmania. This
prototype was not selective for L. amazonensis (IS = 0.66) and L. braziliensis (IS = 1.1)

(Table 1).

BAS5 reduces the infection of macrophages by L. amazonensis
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The BAS demonstrated an important activity against intracellular parasites at early stages
of infection. This molecule promoted a significant decrease in the percentage of infected
cells and in the number of intracellular parasites 24 h after treatment (Figure 1A and B,
respectively). As shown in Figure 2, BAS decreased the number of infected cells and
intracellular parasites by more than 99% and presented an ICsy value of 4.1 + 0.7 uM
when compared to untreated control. Amphotericin B exhibits an 1Csy value of 0.05 +
0.02 uM. The prototype BA reduced the number of intracellular forms per macrophage

(32.5%) only in the highest concentration tested (Figure 1).

Ultrastructural alterations in BA5-treated leishmania

After determining the activity against promastigotes and amastigotes forms of
Leishmania sp., assays were performed to elucidate a possible mechanism of action of
the BAS. First, ultrastructural analysis by scanning electron microscopy (SEM) was used
to evaluate the morphology of L. amazonensis promastigotes treated or not with BAS.
Untreated promastigotes had the typical elongated shape of the parasite without visible
alterations in the plasma membrane or in cell volume (Figure 3A). However, parasites
treated for 48 h with BAS (2.2, 4.5 or 9.0 uM) presented membrane protrusions
resembling surface blebs (Figure 3B), flagella damage, increase in size (Figure 3C), and

body deformation (Figure 3D).

BAS5 induces phosphatidylserine externalization in L amazonensis promastigotes

To understand the mechanism by which compound BAS5 causes parasite death,
promastigotes were double-stained with Annexin-V-FITC and propidium iodide (PI) for
flow cytometry analysis. Untreated cells were Annexin-V and PI-negative, demonstrating

cell viability. The percentage of promastigotes positive only for annexin-V was 27.3%
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after treatment with half ICs, value of BAS, 51.25% when cells were treated with the ICs
value of BAS5 and 54.45% when cells were treated with two times the 1Csq0of BAS, which
suggests that these cells were in the early stages of apoptosis-like death. No significant

difference in the number of necrotic cells was observed (Figure 4).

BAS5 acts independently of mitochondrial membrane depolarization

To better understand the pathways that lead to cell death of the parasite treated with BAS,
the mitochondria potential was evaluated. The mitochondrial membrane potential of L.
amazonensis promastigotes was measured by marking the parasites with thodamine 123,
after treatment with BAS. As shown in figure 5, the intensity of rhodamine 123 was not
significantly altered by incubation with BAS at ICsy values and two times the ICs

concentration of the drug.

BAS5 induces cell cycle arrest in L. amazonensis promastigotes

Flow cytometric analysis after cell permeabilization and labelling with PI was used to
quantification of nuclear DNA of parasites. Promastigotes of L. amazonensis treated with
BAS5 and amphotericin B with ICs and 2x ICs values were marked with PI and analyzed
by flow cytometry. Figure 6 shows the distribution of cellular DNA through the cell cycle
of the parasites in the absence and presence of the tested compounds. After 24 hours of
incubation, the cell cycle arrest in the pre phase G0/G1, accompanied by an increase in

G1 phase at both concentrations tested.

Synergistic effects of BA5 and amphotericin B

The antileishmanial effect of the combination of BAS5S and amphotericin B was

investigated on promastigote forms of L. amazonensis. The combination of the drugs
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reduced the ICs values of amphotericin B by seven times and decreased the ICs, values
of BAS by 50 times compared to each drug separately. The combination index values
(0.15 + 0.09 uM) associated with a concave

isobologram revealed that BAS and amphotericin B have synergistic effects (Figure 7).

Discussion

The search for molecules of natural origin has intensified and played an important role in
the development of new drugs.!> Betulinic acid is a molecule in the class of lupane-type
pentacyclic triterpenes found in all parts of higher plants. This molecule has a vast number
of activities described in the literature, such as antitumor, antimalarial, anti-HIV,
analgesic, anti-inflammatory and bactericidal.'®!® Some studies show that structural
substitution in the carboxyl group can generate more potent molecules than the prototype,
aiming at different pharmacological targets.?0->°

Recent work from our group reported that the insertion of amines at C-28 in BA increased
the anti-7. cruzi activity by inducing ultrastructural changes in the parasite.'* Here, we
investigated the activity of BAS against promastigotes of different species of leishmania
causative of cutaneous and visceral forms of the disease (L. amazonensis, L. major, L.
braziliensis, L. infantum chagasi) and amastigotes of L. amazonensis, as well as the
mechanisms of action against this specie of parasite.

Structural changes in betulinic acid prototype are associated with reduction in the
cytotoxicity of the new compounds.'32627 Corroborating with these studies, we observed
that the BAS derivative is less cytotoxic (CCse= 31.1 pM) than their prototype (CCso=
18.8 uM). Furthermore, BA5 was less cytotoxic than amphotericin B (CCs¢p= 3.3 uM).

These data reinforce the importance of structural chemical modifications in reducing
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cytotoxicity and enhancing the practical applicability of the compounds in medicinal
chemistry.

Few studies report the activity of betulinic acid derivatives against Leishmania sp
promastigotes?®-3%, Heterocyclic derivatives of betulinic acid showed activity against L.
donovani with 1Cs, values of 8.9 to 30 uM and carbamate derivatives against L. infantum
with ICsq values of 25.8 uM.?%!! Dominguez-Carmona et al., 2010, reported activities of
an acetate derivative against L. amazonensis (ICso = 44.9 uM).3 In our study, the addition
of amines in the C-28 of BAS5 optimized the effects of the molecule in relation to the
prototype and showed antileishmanial activity superior to the other triterpenes.

BAS inhibited the macrophage infection and the number of intracellular forms of L.
amazonensis with selectivity index (SI) values of 7.5. SI value is calculated by the ratio
between CCs value of macrophages and ICs, value of parasites. It is suggested that the
higher SI, more effective and safer a drug would be during in vivo treatment.’! BAS
showed high selectivity for the parasite, however, the SI of amphotericin was higher.
Amphotericin B has an elevated cost, is highly toxic and its use requires hospitalization
of patients. Furthermore, amphotericin B is a drug with difficult structural changes in the
molecule,’? whereas BAS5 is a prototype whose selectivity can be increased with
conformational alterations.?

Treatment with alkaloid derivatives of the betulinic acid reduced in 83% the number of
infected macrophages by L. amazonensis. However, the concentrations of the drug used
in this assay were high, with an ICs, value of 210 uM.3? Other study related a reduction
in the number of macrophages infected by L. major (81%) when treated with
nanoparticle-loaded betulinic acid, improving its activity and reducing toxic effects.?
Preliminary results from our research group demonstrate that BAS reduced, in a

concentration-dependent manner, not only the proliferation of L. infantum promastigotes,
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but also the proportion of infected J774 macrophages and the number of parasites per
infected macrophage 24 h after treatment (ICsp = 2.6 +£ 4.4 uM).

Apoptosis is an important event in the context of the host's immune response and in the
successful establishment of infection by leishmania. The survival of these parasites within
macrophages is a crucial issue in the pathogenesis of the disease in the mammalian host.?*
Despite being an event markedly of multicellular organisms, currently, there are studies
in the literature that suggest a mechanism similar to apoptosis in single-celled eukaryotes.
In trypanosomatids, regulated cell death is shown to be advantageous to prevent the
activation of the immune system and, therefore, the survival of intracellular parasites.?’
Flow cytometry analysis demonstrated that BAS acts to induce cell death by apoptosis in
parasites. These data were confirmed when we evaluated the morphology of the parasites
treated with BAS. Similar morphological changes such as flagellar damage, appearance
of blebs and increase in the size of the parasite have previously been associated with
induced apoptotic death. Some changes were seen in the same species of parasites treated
with a series of triazine hybrids and with a calpain inhibitor.33¢ In addition, the treatment
of promastigotes of L. amazonensis with BAS induce changes in the cell cycle of the
parasites with arrested in the GO/G1 phase and a significant decrease in population of
cells in G2/M. Together, these results suggest that BA5-induced apoptosis may have led
to DNA degradation.

Mitochondria play an important role in cell death by apoptosis.’” Rhodamine 123 is a
cationic lipophilic dye that is readily sequestered by active mitochondria without
cytotoxic effects. Additionally, this dye can be used to assay mitochondrial membrane
potential in populations of apoptotic cells.?®3° Reports indicate that the mitochondria is a
good indicator of structural changes in the kinetoplastid parasite.*>*! To elucidate the

mechanism of cell death possibly induced by BAS, we evaluated the potential of
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mitochondrial membrane. BAS did not induce alterations in membrane potential in L.
amazonensis promastigotes, suggesting that the action of the compound is independent
of this pathway.

Drug combination is an alternative applied in the clinic for treatment of leishmaniasis that
have advantages over current monotherapy. Amphotericin B is a second-choice drug for
the treatment of leishmaniasis in many places around the world. Combined drug therapy
can be an important tool for reducing toxic effects, as well as reducing the duration of
treatment and improving treatment compliance by the patient.>* In this regard, some
studies were caried out with the aim to associating promising compounds to amphotericin
B.3>4! In this work, BAS5 demonstrated to increase the activity of the reference drug (CI=
0.15; synergistic). Our research group also reported the activity of BAS increasing the
immunosuppressive effect of dexamethasone.*? In addition, a recent clinical trial
evaluating the use of liposomal amphotericin B associated with miltefosine is in phase II,
however, toxicity is still a challenge.*3-44

This work showed that BAS5 has antileishmanial activity against different species
responsible for cutaneous and visceral leishmaniasis. This is the first report demonstrating
that BAS presents low cytotoxicity, activity against parasitic proliferation and
macrophage infection by leishmania in vitro. Although its mechanism of action still needs
further evaluation, it was found that BAS promotes cell death due to apoptosis and arrest
the cell cycle progression, acting in a different way than mitochondrial membrane
depolarization. Therefore, BAS may be a suitable candidate for antileishmanial drug

development, alone or in combination with other drugs.
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514  Tables
515
516  Table 1. Cytotoxicity evaluation, antileishmanial activity against promastigote forms of de L.
517  amazonensis, L. major, L. braziliensis, L. infantum and selectivity index.
518
Mammalian Leishmania promastigotes
cells
Compounds  CCoESD.  ICu3SD. o ICySD. o Joo L ICu3SD. o
(nM) (M) o (M) o M) o (M) -
(M)
Macrophages L. amazonensis L. major L. braziliensis L. infantum
BA 18.8+0.1 29.2+0.9 <1 >100 <l 16313 L1 >100 <1
BAS 31112 45+1.1 6.9 3.0+0.8 104 09+1.1 345 0.15+0.05 207
Amphotericin B 3.3+0.50 0.09 +0.02 36.6 0240005 165  1.3+0.09 2.5  0.0002=+0.0001 >1000
Gentian violet 0.3+0.01 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
519 CCs: drug concentration that reduces cell viability by 50%; ICs,: drug concentration that reduces the number of parasites by

520 50%. ICsq values for intracellular parasites were determined after 24 h. N.D.: Not determined; S.D.: Standard deviation.; S.1.:

521 Selectivity Index. Values are means + SD of three independent experiments performed in triplicate.
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Table 2. Cytotoxicity evaluation, inhibitory concentration for 50% of intracellular parasites

forms and selectivity index.

CC50 ICSO
Compounds S.L
P (uM) (uM)
Macrophages L. amazonensis
(intracellular parasites))
BA 18.8 0.1 >200 <1
BAS 31.1+£1.2 4.1+£0.7 7.5
Amphotericin B 3.3+0.50 0.05+£0.02 66.0
Gentian violet 0.3+£0.01 N.D. N.D.

CCsp: drug concentration that reduces cell viability by 50%; ICsy: drug concentration that reduces the number of
parasites by 50%. ICsy values for intracellular parasites were determined after 24 h. N.D.: not determined; S.D.:
Standard deviation.; S.I.: Selectivity Index. Values are means = SD of three independent experiments performed in

triplicate
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Table 3. Concentration reductions and combination rates by BAS and amphotericin B on L.

amazonensis promastigotes.

IC50=|= S.D. (MM)
Compounds
Drug alone Combination CI**
BAS
4.50=+1.1 0.09 +£0.01 0.15 < 0.09
Amphotericin B 0.09 £0.02 0.012 + 0.006

*ICsp values were calculated using quadruplicate concentrations and two independent experiments were performed; **
Combination index (CI). Cut: CI value of 0.1-0.7, synergism; 0.7-0.85, moderate synergism; 0.85-0.9, slight

synergism; 0.9-1.1, additivity;> 1.1, antagonism. S.D. = Standard Deviation.
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Figure Legends

Figure 1. In vitro effects of BA and BAS against intracellular parasites of L.
amazonensis. Peritoneal macrophages of BALB/c mice were infected with promastigotes
of L. amazonensis at stationary phase (10:1) and were treated with BA or BAS for 24
hours. The percentage of infection (a) and the number of intracellular parasites per 100
macrophages (b) were determined after 24 hours of treatment by count on optical

microscope. Amphotericin B was used as positive control. *P <0.05; ***P <0.001.

Figure 2. Peritoneal macrophages infected by L. amazonensis and treated after 24
hours with BAS. (a) untreated control (b) Treatment with BA at 9.4 uM (c¢) BAS at 15.5

uM (d) amphotericin B at 1.5 uM. 1000x magnification; Leica Microsystems.

Figure 3. Scanning electron microscopy (SEM) analysis of promastigotes of L.
amazonensis incubated with BAS. (a) Untreated control cells with normal morphology,
(b) parasites treated with ICsy/2 value of BAS exhibited membrane protrusions
resembling surface blebs, (c) parasites treated with ICs, value of BAS presented flagella

damage and edema, (d) parasites treated with twice the 1Csy showing body deformation.

Figure 4. Cell death pattern by flow cytometry. L. amazonensis promastigotes were
treated with BAS and incubated with propidium iodide (PI) and annexin V after 48 h of
incubation. (a) Untreated promastigotes (b) promastigotes treated with 2.2 uM of BAS
(c) promastigotes treated with 4.5 uM of BAS5 (d) promastigotes treated with 9.0 uM of
BAS5 (E) Percentage of stained cells for annexin V after 48h of treatment with BAS.
Values represent the means = S.E.M. of three determinations obtained in one of two

experiments performed. **P< 0.01 compared to stimulated and untreated cells.
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Figure 5. Mitochondrial membrane potential of L. amazonensis promastigotes
incubated with BAS. Promastigotes were incubated or not with BAS at concentrations
of ICso and 2x ICsy and amphotericin B (ICsp). Meth: Methanol, was used as positive

control. After 72 h of incubation, parasites were marked with rhodamine123.

Figure 6. Analysis of cell cycle progression after treatment with BAS using
propidium iodide by flow cytometry. The distribution and percentage of parasites in
pre-phase GO, G1, S and G2/M phase of the cell cycle are indicated. A significant increase
in population of cells in pre-phase GO and a significant decrease in population of cells in
G2/M were observed in cells treated with ICs, value (b), and 2x ICsy value (c)
concentrations of BAS5, compared to untreated control (a). (¢) A significant increase in
population of cells in GO/G1 and a significant decrease in population of cells in G2/M.
Values represent the means + S.E.M. of three determinations obtained in one of two

experiments performed. ***P<(0.001 compared to stimulated and untreated cells.

Figure 7. Isobologram describing the synergistic effects between BAS and

amphotericin B on L. amazonensis promastigotes. Broken lines correspond to the

predicted positions of the experimental points for additive effects.
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In this study, antimicrobial activity of extracts and lupenone from A. inundata (Fabaceae,
Mimosoideae), were tested. In addition, the multi-element composition of the leaves, bark and
stems (heartwood) of A. inundata was evaluated using inductively coupled plasma optical emission
spectrometry (ICP OES). Lupenone was isolated in the petroleum ether extract of leaves, for the
first time. Biological assays were conducted to evaluate the antimicrobial (antibacterial, antifungal
and antiparasitic) of extracts, their fractions and lupenone. The results showed antimicrobial
and antileishmanial activity of these compounds, which may be useful for obtaining a chemical
composition and biological activity database on Albizia species. For multi-element composition,
we found the mean concentrations (minimum-maximum) of Al, Ca, Cr, Cu, Fe, K, Mg, Mn, Ni, P,
V and Zn in the samples ranged between 0.06 and 265.41 pg g'. Concentration ranges of Cu, Fe,
Mn and Zn are large, which makes these samples as additional sources of these macronutrients.

Keywords: Albizia inundata, lupenone, biological activity, multi-element composition

Introduction

The genus Albizia belongs to the Fabaceae family,
subfamily Mimosoideae, includes about 140 species, mainly
woody trees and shrubs native to tropical Asia, also found
in South Africa and South America."* The genus Albizia
includes several species including the native congeners
A. hassleri, A. niopoides, A. inundata, A. pedicellaris,
A. polycephala and A. polyphylla, distributed throughout
Brazil, recommended for the reforestation of areas degraded
by have characteristics of rapid botanical growth. Some
species of this genus have been reported to produce a wide

*e-mail: afjunior@uneb.br

range of secondary metabolites, as triterpenoid saponins,
flavonoids, alkaloids, among others.” Some studies about
genus Albizia revealed potential cytotoxic activity in vitro
against tumor cell lines.5!!

Albizia inundata (Mart.) Barneby & J.W.Grimes, known
by the popular names of “timbd-branco,” “muscovado,”
“biguazeiro,” “canafistula” and “muquém,”’ presents a
wide geographic distribution in South America, occurring
naturally in Argentina, Bolivia, Brazil, Paraguay and
Uruguay.'> In Brazil, the species are native to the
Amazon Region, Sdo Francisco Valley and Pantanal
Matogrossense, in riparian forests and floodplain.'
Previous phytochemical studies reported the isolation

of oleanane triterpenoid saponins from an extract of the
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aerial parts of Albizia inundata, and their bioactivity
against human colon cells (HCT116) and melanoma cells
(B16F10 and SKMEL28).'*!> In literature, there are no
reports of antibacterial, antifungal, antitrypanocidal and
antileishmanial activities for A. inundata.

Chemical aspects and biological activity of A. inundata
have been poorly explored, despite the potential of this
plant as a source of bioactive compounds. In vitro cellular
cytotoxicity assays have as main parameter to provide
information on the safety of the various drugs or compounds,
being the first step to evaluate the biocompatibility of any
substance for the biomedical use.'

Determination of inorganic components in medicinal
plants is of great interest because chemical elements can be
catalysts of biochemical reactions in plants and to influence
in their therapeutic action on the human health.'”'® Most
multi-element analysis, in biological samples, require
pretreatment of the samples prior to quantification by
analytical techniques, such as, inductively coupled plasma
optical emission spectrometry (ICP OES); inductively
coupled plasma mass spectrometry (ICP-MS); atomic
absorption spectrometry with graphite furnace (GF AAS),
flame (FAAS) and hydride generation (HG AAS)."*%
ICP OES is a sensitive multi-element technique, used in
the analysis of biological samples due to its advantages,
which consists of the quantification of elements through the
emission of electromagnetic radiation, generated from the
excitation of their atoms or ions.? In the literature, there
are no reports of macro and micronutrient evaluation in
species of the genus Albizia, which may contribute to the
knowledge of their inorganic constituents.

In this study, lupenone was isolated in the petroleum
ether extract of leaves from Albizia inundata (Mart.) Barneby
& J.W.Grimes, for the first time, by chromatographic
techniques and identified by one-dimensional nuclear
magnetic resonance ('H and *C NMR). For evaluation
of antimicrobial activities (antibacterial, antifungal and
antiparasitic) of extracts and lupenone from A. inundata,
biological assays and ultrastructural analysis were conducted.
In addition, ICP OES was used for multi-element analysis in
aerial parts of A. inundata. This work is relevant to expand
the studies about chemical and biological potential of this
species and to evaluate the multi-element composition of the
leaves, bark and stems (heartwood) of A. inundata.

Experimental
Plant materials and preparation of plant extracts

The aerial parts of Albizia inundata (Mart.) Barneby
& J.W.Grimes were collected near the Bahia State

J. Braz. Chem. Soc.

University, Juazeiro, Bahia, 368 m above sea level, with
geolocation: S 9°25°13.2”; W 40°29°10.1” (-9.420346,
—40.486145), on 19 February 2016, during the period
of plant harvesting. The plant material was identified
and specimen voucher No. 61231 was deposited at the
Herbarium Radambrasil GRN/Ba, Salvador, Bahia,
Brazil. The activity of access to the genetic heritage was
registered (Registration No. A624ED2) in the National
General Heritage Management and Associated Traditional
Knowledge Management System (SisGen), in Brazil.

Dried aerial parts, leaves (574.80 g); stems (405.28 g)
and stem bark (1004.70 g) of A. inundata were ground
and cut (stem/core) into small pieces, with a knife mill
(Marconi-MA680; Macro Vertical Rotor Mill with fixed
and mobile knives, Piracicaba, Brazil) and subjected to
the successive extraction by the maceration process with
petroleum ether, hexane and methanol (Vetec and Synth,
analytical grade, Sdo Paulo, Brazil), with three successive
exchanges for each solvent, every 72 h. After, the solvents
were removed using a rotary evaporator under reduced
pressure (IKA® RV 10 digital, IKA® HB 10 Basic, Rio
de Janeiro, Brazil), at a temperature of 30-55 °C, to obtain
the respective crude methanolic extracts: leaves (EML),
stem bark (SMSB), stem (SEM), and petroleum ether of
the leaves (EPEL), with 12.0, 3.30, 2.09 and 3.14% yield,
respectively.

General experimental procedures

Initially, the extracts were subjected to silica gel 60
chromatography (70-230 mesh, Merck and Vetec, Sdo
Paulo, Brazil) and comparative thin layer chromatography
(TLC) techniques using aluminum chromate plates coated
with silica gel, 0.20 mm, with fluorescent indicator
UV254/365 (Macherey-Nagel®; Merck, Sao Paulo, Brazil),
as well as preparative thin layer chromatography (CCDP)
on glass plates of size 20 x 20 cm, prepared with silica gel
60 (PF254-366, Merck, Sdo Paulo, Brazil). All the chemical
reagents used were purchased from Merck (Darmstadt,
Germany) and Sigma Chemical Co. (St. Louis, MO, USA)
and were of analytical grade. The water was purified using
the Milli-Q purification system from Millipore (Bedford,
MA, USA).

The petroleum ether extract from the leaves (initial mass
18.03 g) of A. inundata was selected for continuation of
the fractionation studies. The NMR spectra were obtained
in Agilent DD2 (Santa Clara, CA, USA) spectrometers
operating at 500 MHz ("H) and, 75 and 125 MHz ("*C).
The samples were solubilized in deuterated chloroform
(CDCl,), having the internal reference standard (0 =0 ppm),
tetramethylsilane (TMS) for 'H NMR and CDCl, for *C



Vol. 31, No. 9, 2020

NMR. Chemical shifts were expressed in ppm values ()
given in relation to TMS. The coupling constants (J) were
measured in hertz (Hz).

Lupenone isolation

EPEL from A. inundata (18.34 g) was fractionated on
a silica gel chromatographic column (CC) and eluted with
solvent mixture with gradual increase of polarity (petroleum
ether/ethyl acetate (9:1); petroleum ether/ethyl acetate (8:2),
petroleum ether/ethyl acetate (7:3); ethyl acetate (100%);
methanol (100%)) resulting in 10 fractions (EPEL1-10).
The fraction EPEL3 (1.779 g) was subjected to the silica gel
CC, eluted with polarity gradient (petroleum ether (100%),
petroleum ether/dichloromethane (9:1); dichloromethane
(100%), dichloromethane/ ethyl acetate (7:3), ethyl acetate
(100%), ethyl acetate/methanol (1:1); methanol (100%)),
resulting in 195 fractions, after monitoring by TLC. The
subfractions: EPEL3.24 (42.7 mg), EPEL3.28 (58.3 mg)
and EPEL3.29 (34.5 mg) were subjected to preparative TLC
eluted with (hexane/chloroform/ethyl acetate (10: 0.5:0.4);
hexane/dichloromethane/ethyl acetate (11:0.5:0.5) (2x))
and (hexane/chloroform/ethyl acetate (11: 0.5: 0.4) (3x)),
respectively. The subfractions obtained F3.24.4 (5.2 mg),
F3.28.3 (3.9 mg) and F3.29.3 (2.0 mg) resulted in lupenone.

Test microorganisms

Bacteria and fungi were obtained from André
Tosello Tropical Research and Technology Foundation
(Campinas, Brazil) and were as follows: Gram-positive
bacteria (Bacillus subtilis ATCC 6633, Micrococcus luteus
ATCC 10240 and Staphylococcus aureus ATCC 6538);
Gram-negative bacteria (Escherichia coli ATCC
94863, Pseudomonas aeruginosa ATCC 14028 and
Salmonella choleraesuis ATCC 14028) and fungus
Candida albicans ATCC 18804. The fungi were cultivated
in Malte Agar (for filamentous fungi) and yeast + Malt Agar
(for non-filamentous fungi) medium for 72 h, at 26 °C and
bacteria in Nutrient Agar medium for 24 h, at 36 °C.

L. amazonensis (MHOM/BR88/BA-125 Leila strain)
promastigotes were cultivated in Liver Infusion Tryptose
(LIT) medium or Schneider (Sigma-Aldrich, St. Louis,
MO, USA) medium supplemented with 10% fetal bovine
serum (FBS; Gibco Invitogen Co., Tastrup, Denmark),
50 pg mL" of gentamicin (Life, Carlsbad, CA, USA),
pH 7.2, at 26 °C. The parasites were counted daily using
Neubauer chamber, during five days. Upon reaching the
stationary phase of growth, new in vitro passages of the
parasites were performed. The infectivity of the parasites
was maintained through passages in BALB/c mice. All
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animal experiments and procedures were approved by the
institution’s committee on the ethical handling of laboratory
animals (approved No. L-IGM-004/2019).

Bloodstream trypomastigotes forms of 7_ cruzi (Y strain)
were obtained from supernatants of LLC-MK2 cells
previously infected and maintained in RPMI-1640 medium
(Sigma-Aldrich, St. Louis, MO, USA) supplemented with
10% FBS, and 50 pg mL! gentamicin at 37 °C and 5% CO.,.

Antibiotic and antifungal tests

Broth microdilution method was used for determination
of the minimum inhibitory concentration (MIC) according
to the technical standards of the Clinical and Laboratory
Standards Institute, with modifications.>>?¢ This broth
microdilution assay was performed under aseptic conditions
using a sterile 96 well plate. Stock solutions of the extracts
in petroleum ether, fraction EPEL10, and methanol
from the leaves, stems and stem bark were prepared in
the dimethyl sulfoxide (DMSO) in the concentration
of 2000 pg mL"! (lupenone of 400 ug mL"). The final
concentrations of the extracts and fraction EPEL10 were
tested in the range of 500 to 3.9 ug mL"! and the lupenone
in the 100 to 0.78 pug mL"'. The positive controls used
were, respectively: benzylpenicillin (1 mg mL") for
Gram-positive bacteria, geramycin (200 ug mL™") for Gram-
negative bacteria and ciclopirox olamine (400 ug mL") for
fungus. The inoculum preparation was performed based
on turbidity (0.5 on the McFarland scale, approximately
1.5 x 10® colony-forming unit (CFU) mL"). The fungi were
incubated for 72 h at 26 °C and bacteriain 24 h at 36 °C. The
MIC was determined as the lowest concentration capable
of visually inhibiting the growth of the microorganisms.
The experiment was performed in triplicate. The assay to
obtain the minimal microbicidal concentrations (MBC, for
bacteria and MFC, for fungus) were conducted according
to Souza-Neta and co-workers,? without modifications.

Viability assay against promastigotes forms of
L. amazonensis

Promastigotes of L. amazonensis (1 x 10° per well) were
cultivated in a 96-well plate containing Schneider’s medium
(Sigma-Aldrich, St. Louis, MO, USA) supplemented
with 10% FBS (Gibco Invitogen Co., Tastrup, Denmark)
and 50 pg mL' gentamicin (Life, Carlsbad, CA, USA).
Promastigotes were treated with six concentrations of
lupenone diluted 1/3 (20-0.625 uM) for 72 h at 26 °C.
Subsequently, 20 uL. per well of AlamarBlue (Invitrogen,
Carlsbad, CA, USA) was added for 2 h. The readings
were performed using a spectrophotometer at 570 and
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600 nm wavelengths. The percent inhibition of the axenic
culture was determined based on the untreated control.
The inhibitory concentration for 50% (ICs,) was calculated
based on the percent inhibition of parasite growth, related
to negative controls, and accessed through concentration
logarithm values followed by nonlinear regression curve fit.

In vitro macrophage infection and treatment

To evaluate the effect of the lupenone in the intracellular
amastigote form, J774 macrophages (mouse macrophage-like
cell line) were cultured in 24-well plates (2 x 10° per well)
and infected with stationary-phase promastigotes of
L. amazonensis at a ratio of 10:1, for 4 h. Infected
macrophages were treated with different concentrations of
lupenone for 24 h, in triplicate. Amphotericin B was used
as a positive control. The cells were fixed in methanol and
stained by Giemsa (Sigma-Aldrich, St. Louis, MO, USA).
The percentage of infected macrophages and the number of
amastigotes by macrophages were determined by counting
100 cells per slides, as previously described.?”’

Ultrastructural analysis

J774 macrophages infected with L. amazonensis were
treated with lupenone for 24 h at 37 °C and 5% CO.,.
After incubation, the parasites were fixed for 1 h at room
temperature with 2% formaldehyde and 2.5% glutaraldehyde
(Electron Microscopy Sciences, Hatfield, PA, USA) in
sodium cacodylate buffer (0.1 M, pH 7.2). After fixation,
the parasites were washed 4 times with 0.1 mM sodium
cacodylate buffer, pH 7.2, and post-fixed with a 1%
solution of osmium tetroxide (Sigma Chemical Company,
St. Louis, MO, USA). Cells were subsequently dehydrated
in increasing concentrations of acetone (30, 50, 70, 90 and
100%) for 10 min at each step and embedded in Polybed
resin (PolyScience family, Warrington, PA, USA). Ultrafine
sections prepared using a Leica UC7 ultramicrotome, were
collected, contrasted with uranyl acetate and lead citrate and
observed under a JEOL TEM-1320 (JEOL, Tokyo, Japan)
transmission electron microscope.

Trypanocidal activity

Trypomastigotes collected from the supernatants of
LLC-MK?2 cells were dispensed into 96-well plates at
a cell density of 4 x 10° cells per well. Screening was
performed with all the compounds in a single concentration
of 25 ug mL!. The plate was incubated for 24 h at 37 °C
and 5% of CO,. Aliquots of each well were collected and
the number of viable parasites, based on parasite motility,
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was assessed in a Neubauer chamber. The percentage of
inhibition was calculated in relation to untreated cultures.
This experiment was repeated once, and benznidazole was
used as the positive control.

Cytotoxicity evaluation

To determine the cytotoxicity of the extracts and
lupenone, J774 cells were seeded into 96-well plates
at a cell density of 1 x 10* cells per well in Dulbecco’s
modified Eagle medium (DMEM; Life Technologies,
GIBCO-BRL, Gaithersburg, MD, USA) supplemented
with 10% FBS (Gibco Invitogen Co., Tastrup, Denmark),
and 50 ug mL' of gentamycin (Novafarma, Andpolis,
GO, Brazil) and incubated for 24 h at 37° C and 5% CO,.
After that time, each test inhibitors were added at least in
five concentrations, in triplicate, and incubated for 72 h.
Twenty pL per well of AlamarBlue (Invitrogen, Carlsbad,
CA, USA) were added to the plates during 4 h. Colorimetric
readings were performed at 570 and 600 nm using a
spectrophotometer. CCs, values (cytotoxicity concentration
at 50%) were calculated using data-points gathered from
two independent experiments.

Preparation and multi-element analysis

The acid digestion of A. inundata samples-leaves, bark
and stems (heartwood)-was performed using a commercial
high-pressure laboratory microwave oven (Milestone Ethos
1600 Microwave Labstation, Sorisole, Italy) operating at
a frequency of 2450 Hz, with an energy output of 900 W.
This microwave digestion system was equipped with ten
100-mL tetrafluoromethoxy vessels and a ceramic vessel
jacket. The maximum operating temperature and pressure
were 180 °C, 1000 W and 35 bar, respectively, in 30 min.
The method used to determine the mineral composition
of A. inundata samples was quick and simple, according
to Santos Jr. et al.:*® approximately 0.25 g of each sample
was inserted directly into a microwave-closed vessel and
7 mL of 65% (m m') HNO, were added for 12 h in a pre-
digestion at room temperature (25 °C). Then, 0.5 mL of
30% (m m™') H,O, were added to each vessel and subjected
to digestion. After cooling, the samples were then diluted to
10 mL. Metal contents of the final solution were determined
by ICP OES.

An inductively coupled plasma optical emission
spectrometer (ICP OES, VISTA PRO, Varian-Mulgrave,
Australia) with axial viewing and a solid state detector was
used for the simultaneous determination of the analytes of
interest (Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, Hg, K, Mg,
Mn, Mo, Ni, P, Pb, Se, V and Zn). The optical system
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was calibrated using a multi-element stock solution for
ICP OES, whereas a 5.0 mg L' Mn standard solution
was used for optical alignment. The spectral lines were
selected according to the absence of spectral interference
and appropriate sensitivity for determining elements at
high and low concentrations, by studying the emission
lines of the elements to be investigated. The lines that
exhibited low interference, high analytical signal and
background ratios were selected. The optimized parameters
of ICP OES were: radio frequency power (RF) generator
power (1300 W); plasma gas rate (1.5 mL min™'); auxiliary
gas rate (1.5 mL min™); nebulizer gas rate (0.7 mL min™);
sample uptake rate (0.8 mL min™); injector tube diameter
(2.4 mm) and signal integration time (1 s). The analytical
wavelengths (nm) used for multi-elemental analysis were:
Al (396.152); As (188.970); Ba (493.408); Ca (317.933);
Cd (228.802); Co (228.616); Cr (284.325); Cu (324.754);
Fe (259.939); Hg (253.652); K (404.721); Mg (280.217);
Mn (257.610); Mo (202.032); Ni (221.648); P (213.617);
Pb (217.000); Se (196.026); V (290.880); Zn (213.857).

Validation studies

The method was validated by performance parameters:
stability, linearity, precision, accuracy, limit of detection,
limit of quantification and matrix effect.”” Samples and
multi-element solution stability were evaluated for 24 h
at room temperature and kept at 37 °C for 2 h in 0.01 and
0.1 mol L' HCl by checking changes in the analytical signal
after analyzed by ICP OES. Linearity was evaluated by
linear regression of analytical curves (1.0 to 200.0 ug mL"!
for macro- and 1.0 to 50.0 uyg mL"' for microelements).
Precision was evaluated through relative standard deviation
(RSD) from the obtained data by analyzing solutions of
macro- and microelements with a working concentration
of 5 and 25 ug mL", in six replicates.

The accuracy of the measurements was assessed
using apple leaves certified reference material 1515
(CRM/NIST 1515) from the National Institute of Standards
and Technology (Gaithersburg, MD, USA). In addition, a
recovery study was conducted by adding known amounts
(5 png) of each mineral in samples, for evaluation of
accuracy. Limits of detection (LOD) and quantification
(LOQ) were calculated using the concentration equivalent
to three times the standard deviation (36) of the signal
(n = 10) of the analytical blank solution, and the LOQ
was calculated using 100 criterion (n = 10), respectively.
The matrix effect was evaluated by comparing the slopes
of curves obtained by external calibration with standard
solutions in acid medium (2 mol L' HNO,), from solutions
of the digested samples by ICP OES.
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Statistical analysis

The IC,, of leishmania growth and CCs, were calculated
based in a nonlinear regression (curve fit) and the statistical
analyses were made by one-way analysis of variance
(ANOVA) and Newman-Keuls multiple comparison test
using Prism 5.02 GraphPad Software.* The critical level of
significance was established for p < 0.05. All experiments
were done at least twice.

Results and Discussion
Identification structural of the lupenone

The structural identification of lupenone in the
subfractions F3.24.4, F3.28.3 and F3.29.3 was performed
analyzing their '"H and “C NMR data (Supplementary
Information (SI) section) and comparing it with those
available in the literature.’'* The "H NMR spectrum of the
compound (Figure S1a, SI section) showed characteristic
triterpenoid signals between oy 0.67-1.92, in addition to
two broad singlets at d,; 4.58 and 4.70, typical for double
bond reference to geminal olefinic hydrogens in C-29
and it can be concluded that it is a lupane skeleton.*!
Further, the spectrum indicated the presence of seven
methyl singlets at 0, 0.76, 0.81, 0.89, 0.94, 0.95, 1.03
and 1.69 (Figure S1b, SI section). These signals are in
accordance with those of the literature for lupenone.*?
The '*C NMR spectrum displayed the signal at d. 218.2
(Figure S2a, SI section) characteristic of carbonyl, and the
signals in 0. 109.4 and 150.9 for olefinic carbons.® It was
also possible to identify chemical shifts of the following
primary carbons: 0. 26.6; 21.0; 15.8; 16.0; 14.5; 18.0 and
19.7, representing the carbons C23, C24, C25, C26, C27,
C28 and C30, respectively (Figure S2b, SI section). After
analyzing these spectral data and comparing them with the
literature (Table 1) it was possible to identify that fractions
F3.24.4, F3.28.3 and F3.29.3 are constituted by lupenone
(Figure 1).3*3 Although lupenone has already been found
in other species of Albizia (A. versicolor, A. schimperana
and Albizia gummifera)*® and A. lebbeck,” its isolation in
A. inundata is being reported for the first time, in this study.

The 'H NMR spectra of the methanol extracts of the
stem bark and leaves (Figures S3 and S4, SI section) showed
signals for protons of the structural skeleton of derivatives
triterpenes and steroids, among other metabolites,
at 0y 3.06-3.51 (carbinolic protons); at 0, 4.98-5.56
(olefinic protons); Oy 1.98-0.76 and &, 1.07-3.5 (methyl
and methylenic protons, respectively). Other signals at
Oy 4.40-5.50 suggest presence of the anomeric protons. In
addition to these, aromatic protons at d,; 6.87-8.0, mainly



1830 Phytochemical Analysis, Multi-Element Composition and Biological Activities of Extracts and Lupenone

Figure 1. Chemical structure of lupenone.

Table 1. Lupenone *C NMR (125 MHz, CDCl,) chemical shifts, compared
to the values reported in the literature (50 and 75 MHz, CDCl5)

T

Carbon (©) c1])2csl3l;/l/?;;m 50 MHz, 75MHz,

CDCl,) / ppm CDCl,) / ppm
1 39.6 39.7 39.6
2 34.1 34.0 34.1
3 218.2 217.0 217.9
4 47.9 473 473
5 54.9 55.0 55.0
6 19.7 19.8 19.6
7 335 33.6 33.6
8 40.8 40.9 40.9
9 49.8 49.8 49.8
10 36.9 37.0 36.9
11 21.5 21.4 21.5
12 25.1 25.1 25.2
13 38.2 383 38.2
14 43.0 43.0 42.9
15 27.4 27.4 27.4
16 355 35.6 35.6
17 429 43.0 429
18 48.2 48.2 48.3
19 479 479 479
20 150.9 150.5 150.7
21 29.8 29.9 29.9
22 40.0 40.0 40.0
23 26.6 26.7 26.6
24 21.0 21.1 21.0
25 15.8 15.8 15.8
26 16.0 16.0 15.9
27 14.5 14.6 14.4
28 18.0 18.1 18.0
29 109.4 109.6 109.2
30 19.7 19.4 19.3

NMR: nuclear magnetic resonance; 0: carbon displacement; ppm: parts
per million.
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the "H NMR spectrum of the stem bark extract, which was
most active, indicate the presence of the classes of the
aromatic secondary metabolites (Figure S4, SI section).

A. inundata is still an unexplored species. In the literature,
only Zhang et al.'* identified pentacyclic saponins isolated
from the methanolic extract of A. inundata bark. Chemical
investigations related to other Albizia species have led to
the isolation of lignans, flavonoids, alkaloids, saponins,
diterpenes, and others. Some species have been reported
producing a wide range of triterpenoid saponins by Liu e al.*

Cao et alb isolated three new oleanane triterpenoid
saponins from the root of A. gummifera. Ikeda et al.®
isolated and elucidated the structures of three new
saponins, julibrosidas from A. julibrissin. In the first report
of saponin esters in dicotyledonous plants, Krief et al.’”
isolated three new oleanane triterpenoid saponins, called
A-C grandibracteosides, from the methanol extract from
leaves of A. grandibracteata, a species widely consumed
by primates in the Kibale/Uganda National Park.

Cytotoxicity assessment

In the Albizia genus, plants are known for their traditional
medicinal uses for the treatment of mental disorders,
insomnia, tumors, among other diseases.*®* The plant extract
and lupenone were evaluated against mammalian cells to
determine the cytotoxicity. The petroleum ether extracts did
not demonstrate cytotoxicity (CCs, values > 100 ug mL™").
Lupenone exhibited CCy, = 31.95 pg mL"!, being several
times less cytotoxic in comparison with gentian violet
(CCs, = 1.16 = 0.7 ug mL"), the reference drug in this
assay. In contrast, for the methanolic extracts of the bark,
stem and leaves were obtained CCy, values of 10.26 (+ 0.6),
12.52 (£ 0.7) and 1.567 (£ 0.9) ug mL"!, respectively. These
results show potential cytotoxic of these compounds. In
a previous report!* was demonstrated that two triterpenic
saponins isolated from A. inundata presented activity against
tumor cells, with ICs, of 1.0-3.8 ug mL-". These data suggest
a possible antitumor activity of the methanolic extracts and
lupenone isolated from A. inundata.

In this study, antitumor activity of extracts and lupenone
was not evaluated. In literature, Zhang et al.'* carried out
studies on the pharmacological potential of A. inundata
against tumor melanoma cells (B16F10 and SKMEL2S),
from two triterpenic saponins isolated from the methanolic
extract from the aerial parts, obtaining the ICs, value of
1.0-3.8 ug mL!, with satisfactory results regarding the other
substances analyzed in the research against the same tumor
cell lines. In addition, Wei et al.'> evaluated the cytotoxic
activity of oleanane triterpenoid saponins against human
colon cells (HCT116). Therefore, there are perspectives
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for evaluation of extracts and lupenone isolated from
A. inundata, in other cancer cell lines.

In literature, few studies have demonstrated the tumor
activity of the genus Albizia. Cao et al .’ studied the ethanolic
extract of the root of A. gummifera and of three triterpenoid
saponins of the oleanane type isolated, two compounds
presented cytotoxicity against the human ovarian cancer cell
line (A2780). Krief et al.” evaluated the crude extract and the
pure compounds of A. grandibracteata, which demonstrated
significant in vitro inhibitory activity against tumor cell
lines (KB and MCF7). Ikeda et al.® reported crude fraction
cytotoxicity of A. julibrissin. Lenta et al.’ evaluated the
methanolic extract of Albizia zygia (DC) J. F. Macbr. bark
and showed significant results related to cytotoxic activity
in cells of the L-6 line (mouse skeletal muscle myoblasts)
with ICs, value of 4.5 ug mL"'. Melek ef al."® performed
a phytochemical and biological study of the A. procera
species and highlighted cytotoxicity against HEPG2 cells
with ICs, values of 9.3 and 10 ug mL'. Lacroix et al."
reported cytotoxicity against human tumor cells from
squamous cell carcinoma of the mouth (KB), obtaining
IC,, value of 21 pg mL"', from extracts from the leaves of
A. grandibracteata.

Antibacterial and antifungal activities

The results for antibacterial and antifungal activities of
A. inundata (petroleum ether extract from leaves; extracts
in methanol from the leaves, stems and stem bark and of
lupenone, isolated of the petroleum ether extract from
leaves) was evaluated against three Gram positive, three
Gram negative strains and Candida albicans. Minimum
bactericidal concentration (CBM) and minimum fungicidal
concentration (CFM) are presented in Table 2.
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Among the samples tested, the methanolic extract of
the stem bark (SMSB) was the most active against all the
microorganisms tested, with MICs values in the range of
3.9-125 ug mL'. Although this extract had low bacteriostatic
selectivity, its bactericidal effect on Gram-negative bacteria
S. choleraesuis and P. aeruginosa was elevated with values
of MMCs of 62.5 and 125 ug mL’!, respectively. These
antibacterial effect of the extracts can probably be inferred
by the presence of triterpenic saponins, among other
metabolites, according to a preliminary phytochemical
study of aerial parts of a specimen of A. inundata.”
The antimicrobial assay demonstrated that the methanol
extract from the leaves (EML) showed activity against
S. choleraesuis, B. subtilis, M. luteus and C. albicans with
MICs of 250, 125, 15.63 and 250 pg mL"!, respectively.

The petroleum ether extract from the leaves showed no
antibacterial effect, however, lupenone, which was isolated
from this extract, showed selective bacteriostatic effect for
M. luteus with MIC of 50 pg mL". The synergism of the
compound mixture masked the antimicrobial effect of this
extract. Lupenone has been known to have anti-inflammatory,
anti-diabetic, antitumor and, antiviral activity,* but the
bacteriostatic effect on M. luteus has not been reported.

Antileishmanial activity

Non-cytotoxic concentrations of compounds were
tested for antiparasitic activity. The leishmanicidal
effect of lupenone and extracts was evaluated against
promastigote and amastigote forms of L. amazonensis.
This triterpene significantly reduced promastigotes
proliferation, with an IC,,value of 20 uM, being less potent
than amphotericin B, a reference drug for leishmaniasis
treatment, which presented an ICs, of 0.09 uM. However,

Table 2. Screening for the antifungal and antibacterial activities of the extracts and lupenone of A. inundata

Microorganisms MICs (MMCs) / (ug mL")

Sample Gram-positive bacteria Gram-negative bacteria Fungi

S. aureus M. luteus B. subtilis S. choleraesuis  P. aeruginosa E. coli C. albicans
EML > 500 15.63 (125) 125 (500) 250 (500) > 500 > 500 250 (> 500)
SMSB 15.63 (31.25) 391 (391)  31.25(31.25) 31.25 (62.5) 125 (125) 125 (> 125) 62.5 (> 500)
SEM 125.0 (250) 7.81 (31.25) 125 (250) 125 (> 125) 500 (> 500) > 500 125 (> 500)
EPEL > 500 > 500 > 500 > 500 > 500 > 500 > 500
Lupenone > 100 50 (> 50) > 100 > 100 > 100 > 100 > 100
Benzylpenicilin 0.008 0.031 0.008
Geramycin 0.39 0.39 0.39
Loprox (ciclopirox olamine) 6.25

MIC: minimum inhibitory concentration; MMC: minimum microbicidal concentration; concentrations tested of the extracts and fractions (500 to
3.91 pg mL"), lupenone (100 to 0.78 pug mL™"), antibiotics: benzylpenicillin (1 pg mL"') for Gram-positive bacteria; geramycin (50-0.39 pg mL") for
Gram-negative bacteria and ciclopirox olamine (100-0.78 pug mL™") for fungus. EML: crude methanolic extracts of leaves; SMSB: crude methanolic extracts
of stem bark; SEM: crude methanolic extracts of stem; EPEL: petroleum ether of the leaves.
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lupenone was several times less cytotoxic in comparison
with amphotericin B (Table 3). The extracts did not show
antileishmanial activity. In literature, there are no reports
on antileishmanial activities of A. inundata and there are
few data on the effects of terpenes against different species
of leishmania.*"** Monoterpenes isolated from essential
oils and aromatic plants presented ICs, for promastigotes
higher than those found in the present work (48- 65 uM).*
o-Amyrin, 11-oxo-o-amyrone and 11-oxo-o-amyrin,
triterpenes obtained from Cola nitida, presented an
IC,, values against promastigotes of L. amazonensis of
19.42 and 11.6 ug mL", respectively. The lipophilicity of
triterpenes might facilitate penetration through lipid bilayer
of cellular membranes, increasing the toxicity against
leishmania species.*

To evaluate the effects of lupenone against amastigotes,
J774 macrophages were infected with L. amazonensis
promastigotes and treated at different concentrations (5,
10 and 20 uM) of the compound for 24 h. Although there
was no significant reduction in the percentage of infected
macrophages at all concentrations tested, treatment with
lupenone significantly reduced the number of amastigotes
per macrophage at a concentration of 20 uM (Figure 2).
Lupenone presented an ICy, value of 20.6 uM against
amastigotes. The lupenone was more effective than lupeol,
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isolated from aerial parts of Vernonia scorpioides, which
showed an ICs, of 40.73 ug mL" against amastigotes of
L. amazonensis.* In another study, a-bisabolol terpene
showed an ICs, of 10.70 pg mL" against amastigotes of
L. amazonensis, with higher 1Cs, values than lupenone.*’
Lupenone and extracts were tested in initial screening
against Trypanosoma cruzi trypomastigotes, and no activity
was observed (data not shown).

To evaluate the effects of lupenone on the parasite
structures, J774 macrophages were infected with
L. amazonensis and treated with lupenone at 20 uM. After
24 h of treatment, ultrastructural changes were evaluated by
the transmission electron microscopy. Untreated parasites
showed normal morphology, without alterations (Figures 3a
and 3b). The presence of lipid inclusions was observed in the
cytoplasm of amastigotes treated with lupenone, suggesting
an accumulation of abnormal lipids and precursors in
the parasite (Figures 3¢ and 3d).* Interestingly, similar
alterations were found in promastigotes of L. amazonensis
treated with an essential oil from Vanillosmopsis arborea
and (—)a-bisabolol, an alcohol sesquiterpene.*®# The
appearance of lipids inclusions indicates that lupenone
might affect the lipid biosynthesis pathways, a promise
target in the leishmania drug discovery field.>*%!

Table 3. Cytotoxic concentration for 50% of cells (CCs,), inhibitory concentration for 50% of parasites (ICy,) and selectivity index

IC,, promastigotes of

Selectivity index 1C,, amastigotes of Selectivity index

Compound CCo Mo J774/uM L. amazonensis / uM (promastigotes) L. amazonensis | uM (amastigotes)
Lupenone 37.5+9.0 20.0+0.5 1.8 206 2.4 1.8
Amphotericin B 33+0.5 0.09 £ 0.02 36.6 0.05+0.01 66
Gentian violet 0.8+0.1 - - - -

CCs,: cytotoxic concentration for 50% of cells; M@ J774: 1774 macrophages; ICs,: inhibitory concentration for 50% of parasites.

(a)
Amph B 5 pM-:—|
Lupenone 5 puM - ns
Lupenone 10 uM - ns
Lupenone 20 pM - ns
C+- |
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(b)
Amph B5 uM :|-| -

Lupenone 5 pM -

Lupenone 10 pM -

Lupenone 20 pM - I-I *
C+ H
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Figure 2. Effect of lupenone against L. amazonensis infected macrophages. J774 macrophages were infected with L. amazonensis (at a ratio of 10:1) and
treated with lupenone (5, 10 and 20 uM) after 4 h of infection. The percentage of infected macrophages (a) and number of intracellular amastigotes (b)
were determined after 24 h of treatment. Amphotericin B (Amph B; 5 uM) was used as a reference drug. *P < 0.05 compared to C+ group; ** P < 0.01
compared to C+ group; *** P <(0.001 compared to C+ group, ns: not significant.
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Multi-element analysis

The method was validated for stability and, samples and
multi-element solutions were stable within 24 h. Linearity
was evaluated and a good linearity was obtained for all
observed lines, with determination coefficients (R?) in the
range from 0.9994 to 0.9998. Precision was assessed and
the relative standard deviation (RSD) values were lower
than 10%, indicating the high precision of this method.

A recovery test of the analytical procedure was carried
out for the elements under study in leaves of A. inundata
by spiking (5 pg of each analyte) the analyzed samples
with aliquots of metal standards and then reanalyzing the
samples. This sample was chosen for this test due to its
available mass. The obtained recovery values, in the range
of 90-107%, showed that there are no signs of systematic
errors due to operation effects of the added analyte, such
as losses during the process. The results showed good
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agreement with the reference values of the CRM/NIST
1515-apple leaves (Table 4). The obtained recovery
values, in the range of 90 to 110%, showed good accuracy
of the method. It was possible to verify similarities in the
amount of macro and microelements when comparing the
values obtained in the CRM 1515 with the leaves sample
of A. inundata, mainly for the elements Al, K, Mg and
V. It is suggested that this similarity can be attributed
to the same part of the plant, of both materials. When
analyzing the bark and the stem it was possible to establish
similarities for the micronutrients Cr, K, P and Zn, present
in the studied plant.

The LODs and LOQs obtained for Al, As, Ba, Ca, Cd,
Co, Cr, Cu, Fe, Hg, K, Mg, Mn, Mo, Ni, P, Pb, Se, V and Zn
determined by ICP OES are shown in Table 4. The residual
acidity of the digests was < 3.0 mol L. The slopes of the
calibration curves for each element do not show significant
variations, at 95% confidence. These results showed that

Figure 3. Transmission electron microscopy of intracellular amastigotes of L. amazonensis after treatment with lupenone (20 uM). Untreated intracellular
parasites presenting organized cytoplasm and organelles with normal morphology (a, b). Parasites treated with lupenone at concentration of 20 uM exhibiting
unchanged cytoplasm and organelles, but with lipid inclusions (c, d). n: nucleus; m: mitochondria; k: kinetoplast; *: lipid inclusion.
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the matrix effect is not significant for the measures in ICP
OES under the selected operating conditions.

The content (ug g' or mg g') of 19 elements (Al, As,
Ba, Ca, Cd, Co, Cr, Cu, Fe, Hg, K, Mg, Mn, Mo, Ni, P, Pb,
V and Zn) in the areas (leaf, bark and stem/heartwood) of
the Albizia inundata plant was determined. As, Ba, Cd, Co,
Hg, Mo e Pb, in all the investigated samples, were found
to be below the LOD value of ICP OES.

No data were found in the literature for Albizia species,
regarding elemental composition. The results indicated
that the aerial parts of A. inundata contain amounts of
Al Ca, Cr, Cu, Fe, K, Mg, Mn, Ni, P, V and Zn (Table 4).
Concentrations of Al, Cr, Cu, Fe and Mn varied widely in
the samples studied. The results obtained for the macro (K
and P) and micronutrients (Al, Cr, Cu, Fe and Zn), present in
the aerial parts of A. inundata, showed that leaves presented
the highest values of these elements, when compared to the
other parts of the plant. These variations of concentration
may have occurred due to variations in the distribution of
these elements in the biological cycle in the plant, their
incorporation into the aerial structures of A. inundata,
changes in soil and other geoclimatic conditions, among
other variables.*? Especially for Cr, it is suggested that some
type of soil or sample contamination may have occurred
during collection, transport, packaging and/or preparation.
Elci et al > proposed a selective extraction of chromium(VI)
using a leaching procedure with sodium carbonate from
some plant leaves, soil and sediment samples by graphite
furnace atomic absorption spectrometry (GF AAS), after
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acid digestion with mixture of HCIO, + HNO; + H,0O, of
plants (tomato and fig leaves). The authors quantified a
high Cr¥'and total chromium content in growing tomato
and fig leaves, in soil of land close to the leather tanning
industry region. Altundag et al.,** in Sakarya, Turkey,
studied the influence of selected soil and plant properties
and their potential impacts on human health in urban
environments by two artificial digestion models (stomach
and intestinal). Soil and plants samples were dissolved by
an acid mixture of HNO, (65%)/HCI1 (37%). The authors
concluded that trace element levels transmitted from soil
and plants (parsley and lettuce) to humans were low, in
range of 0 and 68% for Al and Cd, respectively.
Establishing the multi-element composition of plants
with therapeutic potential is necessary to contribute to the
health organs because the plants may be used as sources
of nutrients to animal and human health. In literature,
studies have determined multi-element in plants and
others biological samples by spectroscopic techniques.
Marques and Nébrega® developed a fast and simple
flow-batch extraction procedure for screening of macro
and micronutrients in dried plant leaves by ICP OES.
Barin et al.®® determined Al, Ba, Ca, Cr, Cu, Mg, Mn,
Ni, Sr, V and Zn by ICP OES in foliar tissues: oregano
(Origanum majorana sp.), salsa (Petroselinum crispum),
basil (Ocimum basilicum), coriander (Coriandrum sativun)
and chives (Allium schoenoprasum). Pytlakowska et al.”’
determined 13 trace elements by ICP OES (Al, B, Ba, Fe, Zn,
Mn, Mg, K, Na, P, Cu, Sr and Ca) in herbs and their infusions:

Table 4. Concentrations of Ca, K, Mg, P, Al, Cr, Cu, Fe, Mn, Ni, V and Zn in leaves, bark and stem (heartwood) from A. inundata and CRM/NIST
1515-apple leaves, after digestion in microwave oven. Values obtained for LOD and LOQ, by digestion in a microwave oven (mean + standard deviation,
n =3, 95% confidence level)

Concentration

Sample/ Al Ca Cr Cu Fe K Mg Mn Ni p \% Zn
elements 396.153 nm / 317.933 nm / 284.325 nm / 324.752 nm / 259.939 nm / 404.21 nm / 280.271 nm / 257.610 nm / 221.648 nm / 213.617 nm / 290.880 nm / 213.857 nm /
(ngg" (mg g') (nggh (nggh (nggh (mg g") (mg g") (ngg" (nggh (mg g") (nggh (ngg"

CRM/NIST 1515

(certified value) / 286.0+9.0 1.5%0.1 - 5.6+0.2 - 1.6+0.1 027x0.01 540+3.0 091+0.12 - 026+0.03 12.3+0.1
(ug g
CRM/NIST 1515
i 271.0 0.1 1.5+0.2 52%13 1.5+£03 025001 592+99 0.82+0.03 027+0.02 12.1+1.0
(determined 58+0.8 84+2.1 0.24 +0.05
(94.7)" (99.3)* (92.7)* (90.1)* (92.6)" (109.6)* (90.1)* (103.8) (98.7)"
value) / (ug g)
A. inundata
a ) 212709 1.0x0.1 203+13 11.6+x0.8 32.1+62 1.5+£03 024x0.03 2431154 029+001 023+0.04 028005 26929
eaves
A. inundata
(bark) 962 +0.4 1.0+0.1 11.9+0.8 9.1x14 92=+1.1 1.2+05  0.69+0.02 2654+343 0.38+0.02 0.11+0.02 0.16+0.04 13.1+1.2
ar]
A. inundata
(stems- 10.7 0.1 29+0.3 11.8+0.3 6.0+1.7 33.0+04 1.2+0.1 031+0.01 21.0+7.1 0.16+001 0.17+0.02 0.06+0.01 143+09
heartwood)
LOD/ (ugg") 0.002 0.009 0.017 0.0001 0.003 0.034 0.011 0.001 0.002 0.101 0.004 0.009
LOQ/ (ugg" 0.007 0.029 0.058 0.0008 0.011 0.115 0.040 0.005 0.008 0.336 0.017 0.030

“Recovery in percentage. LOD: limit of detection; LOQ: limit of quantification.
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chamomile (Matricaria chamomilla L.), peppermint
(Mentha xpiperita), melissa (Melissa officinalis), sage
(Salvia officinalis), nettle (Urtica dioica), linden tree
(Tilia vulgaris) and St. John’s wort (Hypericum calycinum)
consumed for medicinal purposes in Poland. Santos Jr. et al.®®
determined the elemental composition of nine medicinal
plants and phytomedicines: Maytenus ilicifolia Mart. ex
Reiss (“espinheira santa”), Piper methysticum G. Foster
(kawa-kawa), Pfaffia glomerata (Spreng.) Pedersen
(Brazilian ginseng), Uncaria tomentosa (cat’s claw),
Rhamnus purshiana (sacred bark), Hypericum perforatum L.
(St. John’s wort), Ptychopetalum olacoides Bentham
(“marapuama”/potency wood), Anemopaegma arvense
Vell. (“‘catuaba”) and Euterpe oleracea Mart. (agai) by
ICP OES, after microwave digestion.

Conclusions

This study made possible the identification, for the first
time, of a pentacyclic triterpene (lupenone) isolated from
the petroleum ether extract from leaves and its fractions
from Albizia inundata (Mart.) Barneby & J.W.Grimes
species, being an inedited contribution to the specie,
showing a chemotaxonomic importance for Albizia genus.

In addition, natural products from A. inundata
revealed antimicrobial activity against bacteria, fungi and
Leishmania amazonensis. Methanol extract (leaves) showed
activity against S. choleraesuis, B. subtilis, M. luteus and
C. albicans. Lupenone demonstrated antibacterial activity
against M. luteus. Interestingly, leishmanial activity might
be related to interference in the lipid biosynthesis pathways.
No activity was observed when lupenone was tested against
Trypanosoma cruzi trypomastigotes. Therefore, based
on the results obtained, potential biological activity of
A. inundata was observed.

The determination of the element composition of
A. inundata samples-leaves, bark and stems (heartwood)
using ICP OES with axial viewing required a simple
pretreatment procedure of the sample, featuring simple
and reproducible method results. Lastly, using ICP OES,
we found large concentrations of Cu, Fe, Mn and Zn
which makes these samples as additional sources of these
macronutrients. These results may be useful for obtaining
further information and for the formation of a mineral
composition database on Albizia species.

Supplementary Information
Supplementary data associated with this article can

be found, free of charge, at http://jbcs.sbq.org.br as a
PDF file.
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