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RESUMO 
 
 

A Leishmaniose Tegumentar Americana é uma doença de caráter zoonótico 
causada por protozoários do gênero Leishmania e tem como característica principal 
a formaçao de lesões indolores e ulceradas com bordas de cor vermelha intensa. O 
tratamento da leishmaniose tegumentar é altamente tóxico ao hospedeiro e 
apresenta diversas limitações, esse cenário impulsiona a busca por novas 
estratégias terapêuticas. Dessa maneira, o presente trabalho teve como objetivo 
avaliar, in vitro, o efeito do flavonóide quercetina na infecção por Leishmania Viannia 
braziliensis. A fim de alcançar os objetivos foi avaliado o efeito antipromastigota da 
quercetina sobre Leishmania (Viannia) braziliensis e ensaio fagocítico, além disso, 
avaliou-se a produção de citocinas, óxido nítrico, expressão de NRF-2, iNOS e os 
níveis de ferro livre. O tratamento com quercetina foi capaz de inibir a proliferação 
das formas promastigotas em todas as concentraçoes testadas, reduzir o número de 
macrófagos parasitados e favorecer a morte de amastigotas intracelulares. Nossos 
resultados demonstram que a quercetina não foi capaz de modular o perfil de 
citocinas e óxido nítrico, sugerindo que o mecanismo envolvido na eliminação de L. 
braziliensis não é dependente de óxido nítrico e citocinas nesse modelo. Os dados 
indicam que o provável mecanismo pelo qual a quercetina exerce seu efeito 
leishmanicida é devido a sua capacidade de ativar respostas antioxidantes, seguido 
da modulalçao de ferro, culminando na deprivação do ferro disponível para a 
replicação do parasito. 
 
Palavras-chave: Macrófago. Quercetina. Leishmaniose. Ferro. 
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ABSTRACT 
 
 

American Cutaneous Leishmaniasis is a zoonotic disease caused by the protozoa of 
the genus Leishmania, and has as main characteristic the formation of painless 
ulcerated lesions with intense red color borders. The treatment of cutaneous 
leishmaniasis is highly toxic to the host and presents several limitations, this scenario 
favors the search for new therapeutic strategies. In this way, the present work aimed 
to evaluate in vitro the effect of the flavonoid Quercetin in Leishmania Viannia 
braziliensis infection. In order for reaching this, was performed an antipromastigote 
assay assay on Leishmania (Viannia) braziliensis and phagocytic assay, furthermore, 
we evaluated cytokines and nitric oxide production, NRF-2, iNOS expression and free 
iron pool. Treatment with quercetin was able to inhibit the proliferation of 
promastigote forms in all concentrations tested, decrease the number of parasitized 
macrophages and promote the death of intracellular amastigotes. Our results showed 
that quercetin was not able to modulate the cytokines and nitric oxide profile, 
suggesting that the mechanism involved in L. braziliensis elimination is not cytokine 
and NO-dependent in this model. Our data indicated that the probable mechanism by 
which quercetin exerts its antileishmanial effects is due to its capacity of activating 
antioxidant responses, followed by a modulation of free iron pool, which culminates in 
a deprivation of available iron to the parasite. 
 
Key words: Macrophage. Quercetin. Leishmaniasis. Iron. 
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1. INTRODUÇÃO 
 
1.1. Leishmanioses 

As leishmanioses são doenças infecto-parasitárias que acometem o homem e 

outros mamíferos. A doença pode apresentar diferentes formas clínicas dependendo 

da espécie do parasito envolvida e da resposta imunológica do hospedeiro, sendo as 

duas principais a leishmaniose visceral (LV) e a leishmaniose tegumentar americana 

(LTA) (GONTIJO; CARVALHO, 2003; VON STEBUT, 2015).  

De acordo com Mears e colaboradores (2015), a forma cutânea é caracterizada 

pela formação de úlceras únicas ou múltiplas na derme com a epiderme ulcerada, 

resultando em úlceras leishmanióticas típicas, podendo ou não acometer mucosas, 

ou então, evoluir para forma cutânea difusa. A forma cutânea pode apresentar-se de 

maneira difusa, a qual caracteriza-se pela formação de lesões difusas não ulceradas 

por toda a pele. A doença se desenvolve por curso crônico e progressivo durante 

toda a vida do paciente. Já a forma visceral (LV) é uma doença infecciosa sistêmica, 

de evolução crônica, caracterizada por febre irregular de intensidade média e de 

longa duração, esplenomegalia, hepatomegalia, acompanhada dos sinais biológicos 

de anemia, leucopenia, trombocitopenia, hipergamaglobulinemia e hipoalbuminemia 

(CHAPPUIS et al., 2007). 

Essas doenças são consideradas negligenciadas e carregam esse termo pelo 

fato de serem endêmicas em populações de baixa renda e apresentarem 

investimentos reduzidos na produção de medicamentos, pesquisas e em seu 

controle, apesar disso, estão incluídas na relação de doenças prioritárias pela 

Organização Mundial de Saúde, e no seu programa especial de pesquisa e de 

treinamento em doenças tropicais. Segundo a Organização Mundial de Saúde 

(OMS, 2015) 98 países e territórios são endêmicos para leishmanioses. Estima-se 
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que ocorra 0.2 a 0.4 e 0.7 a 1.2 milhões de novos casos de Leishmaniose Visceral e 

Leishmaniose cutânea, respectivamente, por ano. Desse total de casos globais de 

Leishmaniose visceral, 90% ocorrem em apenas seis países: Bangladesh, Brasil, 

Etiópia, Índia, Sudão e Sudão do Sul (Figura 1). A Leishmaniose cutânea é mais 

amplamente distribuída, ocorrendo aproximadamente um terço dos casos nas 

Américas, na bacia do Mediterrâneo, e no oeste da Ásia. A maioria dos casos de 

Leishmaniose cutânea ocorre em dez países: Brasil, Afeganistão, Argélia, Colômbia, 

Costa Rica, Etiópia, Irã, Peru, Sudão e Síria, e juntos contribuem com 70 a 75% dos 

casos globais de Leishmaniose cutânea (Figura 2).  

Figura 1 – Situação da endemicidade de Leishmaniose Visceral no mundo em 2013. 

 

Fonte: Organização Mundial de Saúde, 2015 
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Figura 2 – Situação da endemicidade de Leishmaniose cutânea no mundo em 2013. 

 

Fonte: Organização Mundial de Saúde, 2015 

 

Ainda de acordo com a OMS, estima-se que 12 milhões de pessoas estejam 

infectadas e que 350 milhões estão sob o risco de infecção. Esta afecção apresenta 

uma incidência anual de dois milhões de casos das diferentes formas clínicas, sendo 

1,5 milhão de casos de Leishmaniose Tegumentar Americana e 0,5 milhão de casos 

de Leishmaniose Visceral com aproximadamente 59 mil óbitos ao ano, sendo, dentre 

as doenças parasitárias, a segunda com maiores taxas de morbidade e mortalidade 

(ALVAR; YACTAYO; BERN, 2006). 

No Brasil, a partir da década de 80, a LTA vem apresentando aumento no 

número de casos registrados, variando entre 3000 (1980) e 35.748 (1995). Entre os 

anos de 1985 e 2005, verifica-se uma média anual de 28.568 casos autóctones 

registrados. Na década de 80 a LTA estava presente em 19 unidades federativas, no 

entanto, a partir do ano de 2003 foi confirmada a autoctonia em todos os estados 

brasileiros (Manual de vigilância da leishmaniose 2013). Entre os anos de 2000 e 

2013 foram registrados 345.722 casos de LTA no país. Em 2013, a região Norte 
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representou 46,4% dos casos, seguida pelas regiões Nordeste (29,5%), Sudeste 

(6,3%), Centro-Oeste (16,1%) e Sul (1,6%) (SINAN, 2016).  

Dos casos de LTA notificados na região Sul, 98,7% ocorreram no Estado do 

Paraná com notificação em 276 dos 399 municípios. Neste Estado, a LTA tornou-se 

endêmica a partir de 1980, especialmente nas regiões norte e oeste onde 

Leishmania (Viannia) braziliensis tem sido o agente etiológico predominante (CURTI 

et al., 2009). No Paraná, assim como em outras localidades, essa doença é de 

grande complexidade em função da quantidade de fatores envolvidos na 

determinação da doença, incluindo o grande número de vetores e reservatórios 

(SCHRIEFER et al., 2005; MONTEIRO et al., 2008). 

A importância da leishmaniose se explica não apenas por sua alta incidência 

e distribuição ampla, mas também pela possibilidade da doença assumir formas 

graves e letais. Além disso, a diversidade de agentes, reservatórios, vetores e a 

situação epidemiológica evidencia a dificuldade de elaborar medidas de controle 

eficientes no combate à doença.  

 

1.2. Agente etiológico e ciclo biológico 

A Leishmaniose é causada por diferentes espécies de protozoários da ordem 

Kinetoplastida, família Trypanosomatidae e gênero Leishmania (MICHALICK; 

RIBEIRO, 2011, p. 41-47) (Figura 3). Desde a criação desse gênero por Ross 

(1903), o número de espécies descritas tem aumentado constantemente. Como as 

diferentes espécies são indistinguíveis morfologicamente, vários critérios têm sido 

adotados para sua identificação, utilizando-se de características extrínsecas 

(aspectos clínicos, distribuição geográfica, comportamento em cultura e em animais 

de laboratório ou vetores) e intrínsecas (como os critérios imunológicos, bioquímicos 
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ou moleculares) (LUMSDEN, 1974; GRIMALDI et al., 1987; RIOUX et al., 1990). No 

Brasil já foram identificadas sete espécies: L. braziliensis, L guyanensis, L 

amazonensis, L. lainsoni, L. naiffi, L. lindenberg e L. shawi (Manual de vigilância da 

Leishmaniose tegumentar americana, 2013). 

Figura 3 – Classificação do gênero, subgênero e espécies do complexo Leishmania. 

 

Fonte: Real et al., 2013 

 

Durante o ciclo biológico, o parasito apresenta-se sob duas formas 

morfologicamente distintas. No hospedeiro vertebrado, encontram-se as formas 

amastigotas, comportando-se como parasito intracelular obrigatório de células do 

sistema fagocítico mononuclear, como formas arredondadas e sem flagelo aparente, 

induzindo uma complexa interação com a resposta imune do hospedeiro (HALL; 

JOINER, 1991). Estas formas diferenciam-se em promastigotas, no tubo digestivo do 

inseto vetor, alongada com flagelo externo. As promastigotas passam por um 

processo de metaciclogênese no inseto vetor, processo fundamental que modifica a 

estrutura de algumas moléculas de superfície do parasito e dessa maneira permite 

que o parasito se torne metacíclico e inicie a fase vertebrada (WALTERS, 1993). 
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A transmissão de Leishmania spp. ocorre quando fêmeas hematófagas de 

flebotomíneos ingerem células infectados durante o repasto sanguíneo e as 

amastigotas são liberados no estômago do inseto. As amastigotas transformam-se 

em promastigotas as quais migram para o trato alimentar do inseto, onde vivem no 

meio extracelular e se multiplicam por divisão binária. Quando o inseto finalmente 

realiza o repasto sanguíneo em um mamífero hospedeiro, inocula as promastigotas 

metacíclicas de Leishmania juntamente com a saliva. Após a inoculação, as 

promastigotas são fagocitadas pelos macrófagos onde diferenciam-se para a forma 

amastigota, recomeçando o ciclo (GUPTA; NOYAL; RASTOGI, 2001; AWASTHI, 

MATHUR, SAHA, 2004) (Figura 4). 

 

Figura 4 - Ciclo biológico de Leishmania spp. 
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Fonte: Centro de Controle e Prevenção de Doenças (CDC - Centers for Disease Control and 
Prevention). 

 

1.3. Interação parasito-hospedeiro e resposta imunológica na LTA  

O processo de instalação da LTA no hospedeiro é determinado por uma 

complexa associação principalmente entre os fatores relacionados à virulência do 

parasito e a resposta imunológica do hospedeiro. Esta resposta é 

predominantemente mediada por células, a qual envolve todos os mecanismos 

associados à cura e proteção ou ao agravamento da doença.  

Estudos mais detalhados sobre a imunidade na leishmaniose cutânea 

experimental foram realizados em modelos murinos isogênicos BALB/c e C57BL/6 

infectados com Leishmania (L.) major onde foi estabelecido que a ativação 

preferencial da subpopulação de linfócitos T CD4+ do tipo 1 (Th 1), produzindo 

principalmente IFN-γ, interleucina - 2 (IL-2), fator estimulador de colônias de 

granulócitos e macrófagos (GM-CSF) e fator de necrose tumoral alfa (TNF-α), que 

levam a ativação de macrófagos e a destruição dos parasitos estando relacionada à 

resistência à infecção; enquanto que a ativação preferencial da subpopulação 

TCD4+ tipo 2 (Th2) produzindo, entre outras, IL-4 e IL-13 (subpopulação TH2), leva à 

suscetibilidade à infecção (LAUNOIS et al., 2002 ; AWASTHI, MATHUR, SAHA, 

2004). 

Uma das estratégias dos macrófagos no combate aos invasores é o “burst” 

oxidativo induzido com a fagocitose desses organismos. Sendo assim, a enzima 

iNOS apresenta papel importantíssimo na defesa do hospedeiro, produzindo citrulina 

e óxido nítrico (NO) a partir da oxidação da L-arginina, sendo que o NO é uma 

molécula altamente reativa, efetora no combate a microrganismos invasores 

(QADOUMI et al., 2002). A enzima NADPH oxidase também participa da eliminação 
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do parasito transferindo prótons para moléculas de oxigênio, formando diversas 

moléculas altamente reativas, como superóxidos, peróxido de hidrogênio e radicais 

hidroxila, que interagem então com a membrana do patógeno (CUNNINGHAM, 

2002). Outro mecanismo de defesa dos macrófagos é a acidificação das vesículas 

pela ativação de próton ATPases, o que leva à desnaturação das proteínas, 

deixando os parasitos suscetíveis à ação de hidrolases ácidas (CUNNINGHAM, 

2002).  

As citocinas do padrão Th1 estimulam macrófagos na produção de moléculas 

leishmanicidas, especialmente as citocinas IFN-γ e TNF-α, que induzem a expressão 

de iNOS, enquanto que as citocinas Th2 atuam sobre macrófagos sem levar ao 

desencadeamento desses mecanismos leishmanicidas destacando as ações das 

citocinas IL-4 e IL-10 que entre outras funções, induzem a expressão de arginase  e 

síntese de poliaminas, favorecendo assim a replicação dos parasitos nos 

macrófagos e diminuindo a quantidade de arginina disponível para síntese de NO. 

Esses mecanismos desencadeados por uma resposta imune do tipo Th2 resultam na 

evasão do parasito e estabelecimento da infecção (SACKS; NOBAN-TRAUTH, 2002; 

CUNNINGHAM, 2002; CORRALIZA et al., 1995; INIESTA et al., 2005). 

Apesar da resposta desencadeada pelo hospedeiro na tentativa de conter a 

infecção e eliminar o patógeno, os parasitos do gênero Leishmania são capazes de 

escapar desses mecanismos de defesa e estabelecer a infecção nos macrófagos, 

resistindo ao pH ácido e às enzimas dos lisossomos (OLIVIER; GREGORY, 

FORGET, 2005). É sabido que as formas metacíclicas são resistentes à lise 

mediada pelo sistema complemento, principalmente pela presença de longas 

moléculas de lipofosfoglicanos (LPG) em sua superfície (SACKS et al., 1995). Uma 

vez dentro dos macrófagos, devido à presença das moléculas de LPG, esses 
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parasitos são capazes de inibir a fusão entre o fagossomo e o lisossomo, e resistem 

às enzimas lisossomais (DESCOTEAUX; TURCO, 1999).  Além disso, esses 

parasitos apresentam a enzima arginase que pode desempenhar um papel 

regulador de resposta imune, modulando a disponibilidade de arginina diminuindo a 

atividade da enzima iNOS, responsável pela produção de NO, uma das principais 

moléculas microbicidas produzida por macrófagos ativados (BOGDAN; 

ROLLINGHOFF, 1999; DA SILVA; FLOETER-WINTER, 2014). 

Em humanos, a resposta imune à infecção por Leishmania spp. não é tão 

bem caracterizada como a resposta em modelos murinos, em virtude de sua 

complexidade e o envolvimento de citocinas, de moléculas microbicidas, assim como 

da saliva do flebotomíneo, dificultando o entendimento de como ocorre à resposta 

imunológica por parte do hospedeiro. No entanto, os estudos sugerem que em todas 

as formas clínicas da LTA, a resposta imune é dependente de células T e, de 

maneira geral, aceita-se que a diferença entre resistência e susceptibilidade à 

infecção por Leishmania está relacionada com a cinética de expansão de células 

Th1 e Th2, e de outros tipos celulares, como linfócitos T CD8+ e células NK (PIRMEZ 

et al., 1993; BACELLAR et al., 2002; LAKHAL-NAOUAR et al., 2015).  

Como habitualmente o sistema imune não consegue eliminar completamente 

os parasitos, essa forte resposta Th1 termina por levar a ocorrência de uma reação 

inflamatória exacerbada que consequentemente origina um intenso dano tecidual, 

resultando no aparecimento de úlceras na pele e na mucosa. Tem participação 

importante nesse dano tecidual a produção acentuada de TNF-α, IFN-γ e produção 

de NO (PIRMEZ et al., 1993; LESSA et al., 2001; CARNEIRO et al., 2015). 

Isto confirma o fato de que na maioria dos casos pacientes que contraem a 

forma cutânea localizada desenvolvem uma resposta exacerbada do tipo Th1 no 
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nível das lesões. Já nas lesões mucocutâneas, que constituem uma forma crônica 

associada à destruição de mucosas, a resposta caracteriza-se por uma mistura de 

polarização Th1 e Th2, enquanto que em pacientes com a forma difusa exibem uma 

resposta quase exclusivamente do tipo Th2 (CÁCERES-DITTMAR et al., 1993; 

PIRMEZ et al., 1993; CARVALHO et al., 2012).  

Portanto, o quadro clínico é variável conforme a resposta imune celular do 

hospedeiro, com alta participação de moléculas inflamatórias nos casos de pacientes 

acometidos pela forma cutânea e de lesões mucosas e usualmente suprimida nos 

casos de leishmaniose difusa. Já a resposta imune humoral normalmente está 

presente em todos os tipos de manifestações clínicas. Os níveis de anticorpos 

observados na forma difusa são elevados, já nas formas cutânea e mucocutânea os 

níveis são baixos ou discretamente aumentados quando há acometimento de 

mucosas (REIS; GONTIJO, 2010, p.49-65; CARVALHO et al., 2012). 

 

1.4. Tratamento 

Poucas opções estão disponíveis na clínica para o tratamento das 

leishmanioses, além disso, a quimioterapia atual requer tratamento prolongado, os 

compostos apresentam muitos efeitos adversos, alto custo e administração 

parenteral, fatores estes que dificultam o acesso dos pacientes à terapia. Diante 

dessas dificuldades, a necessidade de novas estratégias terapêuticas tornou-se 

urgente no cenário mundial (BARBOSA et al., 2015). 

O médico brasileiro Gaspar Vianna, em 1912, introduziu o tratamento de LTA 

com uso do antimonial tártaro emético, medicamento que por muitos anos foi 

utilizado na terapêutica, em todo o mundo. Atualmente, os antimoniais pentavalentes 

(Sb+5) são os compostos de escolha para o tratamento da leishmaniose. É 
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importante ressaltar que são considerados contraindicações ao uso dos antimoniais: 

as gestantes, os portadores de cardiopatias, nefropatias e hepatopatias (FUNASA, 

2000). A anfotericina B é o medicamento utilizado na segunda linha de tratamento, 

no entanto, este só é utilizado quando não se obtém resposta com o tratamento com 

o antimonial ou na impossibilidade do seu uso. Contudo, assim como o antimonial, a 

anfotericina B também apresenta algumas contraindicações como em caso de: 

gravidez, diabetes, nefropatias com insuficiência renal e cardiopatias. O 

medicamento é de uso restrito devido aos efeitos adversos que pode apresentar 

como: calafrios, flebite, anemia, trombocitopenia, anorexia, hipocalcemia e 

insuficiência renal, estes efeitos colaterais afetam pelo menos um terço dos 

pacientes (BARBOSA et al., 2015). Apesar de poucos estudos realizados no Brasil, 

outra possibilidade terapêutica é a utilização da pentamidina, também utilizada como 

terapia de segunda escolha no tratamento da leishmaniose, principalmente nos 

casos de leishmaniose mucosa e visceral. Assim como os outros compostos 

utilizados, esse composto desencadeia muitos efeitos adversos, como: morte súbita, 

hipoglicemia, hipotensão, nefrotoxicidade, cardiotoxicidade, e também necessita de 

administração parenteral (BARBOSA, 2015).  

Disponível para uso clínico desde a década de 1940, o antimoniato de N-

metilglucamina, principal composto para tratamento das leishmanioses no Brasil, não 

apresenta estrutura química bem conhecida (FREDERIC; SCHETTINI, 2005; LIMA 

et al., 2007; RATH et al., 2003). O mecanismo de ação desse medicamento baseia-

se na interferência da via glicolítica e β-oxidação em amastigotas, através da 

inibição das enzimas que participam desse processo (SILVA-LÓPEZ, 2010). Além 

disso, esse composto se mostrou eficiente em inibir a enzima Topoisomerase II de L. 

panamensis e de L. donovani (LUCUMI, 1998). 
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Visando a padronização da terapêutica, a OMS recomenda que a dose 

utilizada dos antimoniais deva ser calculada em mg de Sb+5/kg/dia (Manual de 

vigilância da Leishmaniose Tegumentar Americana, 2013). No entanto, esses 

compostos apresentam como inconveniente o fato de serem administrados apenas 

por via parenteral, devendo ser aplicados, em geral, por mais de vinte dias, além de 

serem tóxicos e de nem sempre se mostrarem eficazes (BLUM et al., 2004) devido, 

em parte, a emergência de resistência (RODRIGUES et al., 2006) e a diversidade 

das apresentações clínicas e das espécies de parasitos envolvidos (ROMERO et al., 

2001; NAME et al., 2005). 

Muito se tem feito no intuito de desenvolver uma vacina efetiva para a 

doença, onde diversos antígenos, tanto do parasito quanto da saliva do inseto vetor, 

têm sido identificados e caracterizados como potencialmente eficazes, porém até o 

momento nenhuma vacina totalmente efetiva foi produzida (REZVAN; MOAFI, 2015). 

Portanto, nesse contexto, torna-se urgente a busca pela implementação de 

novos compostos contra as leishmanioses. É importante que as novas terapias 

sejam de baixo custo e capazes de auxiliar nos mecanismos de defesa do 

hospedeiro com o mínimo de efeitos indesejáveis, tornando o tratamento adequado 

e eficiente. Uma maneira de tentar reduzir os custos e os efeitos adversos na terapia 

contra a leishmaniose é fazer uso de compostos presentes no cotidiano. É nesse 

cenário que se encaixa a quercetina, uma molécula encontrada em diversos 

alimentos, que vem apresentando grande potencial para auxiliar no esquema 

terapéutico contra a infecção por Leishmania spp. 
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1.5. Quercetina 

A quercetina (3,3’,4’,5,7-pentahidroxiflavona) pertence aos compostos 

flavonoides polifenóicos bioativos e está presente em uma variedade de alimentos 

como cebola, tomates, nozes, Ginkgo biloba, Kalanchoe pinata e Hypericum 

perforatum. Este composto tem gerado interesse considerável devido a uma  gama 

de propriedades farmacológicas e efeitos biológicos já descritos como 

ação antioxidante, anti-inflamatória, anti-hipertensão, antimicrobianas 

e antiprotozoaria (BISCHOFF, 2008; MAMANI-MATSUDA et al., 2004).   

Em relação à sua ação antiprotozoária, estudos relacionados à família 

Trypanosomatidae, relataram o efeito leishmanicida da quercetina em experimentos 

in vitro e in vivo sob formas amastigota de Leishmania (L.) donovani (TASDEMIR et 

al., 2006) e  L. (L.) amazonensis (MUZITANO et al., 2006a, b, 2009) e redução da 

carga parasitária em células do baço e fígado de camundongos infectados com 

L. (L.) chagasi (GOMES et al., 2010). 

Estes resultados podem ser explicados devido aos diferentes mecanismos de 

ação da quercetina sobre o gênero Leishmania. Entre esses mecanismos de morte 

já foram descritos múltiplos alvos deste composto para o tratamento da leishmaniose 

incluindo, a capacidade deste composto interferir no metabolismo do ferro do 

parasito devido à quelação deste íon, inibindo a enzima ribonucleótideo redutase 

envolvida na síntese de DNA, exercendo atividade leishmanicida (SEN et al., 2008). 

Apenas o ferro livre é utilizado pelo parasito para replicação (DAS et al., 2009), e a 

quercetina é capaz de acessar o citosol da célula, sequestrar o ferro e transferí-lo 

para a transferrina (BACCAN et al., 2012), desta forma, poderia limitar os níveis de 

ferro disponíveis para o parasito. Mittra e colaboradores (2000), demosntraram que a 

quercetina é capaz de inibir o crescimento de Leishmania donovani através da 
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inibição da topoisomerase II levando a apoptose do parasito. Fonseca-Silva e 

colaboradores. (2011) apresentaram o efeito leishmanicida sobre as formas 

promastigotas de L. amazonensis através da geração de espécies reativas de 

oxigênio pelo protozoário resultando na despolarização do potencial de membrana 

mitocondrial, inibindo o crescimento celular deste parasito.  

Recentemente, da Silva e colaboradores (2012) demonstraram outro método 

de ação da quercetina, no qual este composto é capaz de interagir com a arginase 

biossintetizada pelo parasito, inibindo a síntese de poliaminas essenciais para a 

proliferação celular. 

Além da ação direta no parasito, a quercetina apresenta efeito antiinflamatório 

importante. Sabe-se que o processo inflamatório na LTA ocorre devido a intensa 

resposta Th1 com produção acentuada de TNF-α e NO resultando no dano tecidual. 

Estudos in vitro mostram que a quercetina suprime a produção das enzimas 

inflamatórias ciclooxigenase-2 e a produção de prostaglandina E (2), as quais estão 

envolvidas na inflamação e dano tecidual (XIAO et al., 2011). 

Muitos autores têm demonstrado a ação da quercetina sobre a síntese de 

citocinas proinflamatórias, estresse oxidativo e dor em diversos modelos 

experimentais. Esse composto é capaz de suprimir a ativação de fatores de 

transcrição como NF-Kb e T-bet envolvidos na expressão de uma diversidade de 

citocinas proinflamatórias como TNF-α, IFN-, IL-2 IL-1β, IL-6, IL-8 e assim reduzir a 

inflamação (MIN et al., 2007; QURESHI et al., 2011; VALÉRIO et al., 2009; YU et al., 

2008; WILLAIN FILHO et al., 2008). 

Neutrófilos também são importantes alvos da quercetina, uma vez que fazem 

parte do processo inflamatório. Esse composto é capaz de inibir o recrutamento de 
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neutrófilos através da inibição da polimerização da actina, resultando na diminuição 

da migração excessiva desta célula durante a inflamação (SOUTO et al., 2011). 

Embora existam evidências experimentais descritas quanto aos efeitos da 

quercetina, é impossível afirmar que este flavonóide seja efetivo contra todas as 

espécies envolvidas na Leishmaniose, uma vez que diferenças intrínsecas já foram 

demonstradas dentro do gênero Leishmania (OLIVEIRA; BRODSKYN, 2012). 

Peacock e colaboradores (2007) demonstraram que genes diferencialmente 

distribuídos entre as espécies codificam proteínas envolvidas na interação parasito-

hospedeiro e na sobrevivência do parasito no interior dos macrófagos. 

Portanto, as diferenças genéticas dentro do gênero Leishmania precisam ser 

consideradas ao testar novos compostos. Especificamente com relação à 

Leishmania (V.) braziliensis, espécie responsável por causar casos graves de 

Leishmaniose mucocutânea, existem poucos estudos que demonstraram o efeito da 

quercetin. Marín e colaboradores (2009) demonstraram o efeito da quercetina sobre 

formas promastigotas de Leishmania (V.) peruviana e Leishmania (V.) braziliensis e 

avaliaram a capacidade de derivados acetilados na infecção da linhagem de 

macrófagos J774.2. Embora tenham observado efeito promissor dos derivados 

acetilados, os autores não utilizaram a quercetina propriamente dita nos ensaios 

com macrófagos. (MARÍN et al., 2009). Portanto, nenhum estudo avaliou a eficiência 

da quercetina no contexto de macrófagos primários infectados por Leishmania (V.) 

braziliensis. Sendo assim, o presente trabalho teve como objetivo avaliar os efeitos 

in vitro e o potencial mecanismo de ação da quercetina na infecção experimental de 

macrófagos por Leishmania (V.) braziliensis. 
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3 OBJETIVOS 

3.1. Objetivo Geral 

 Investigar a atividade in vitro do flavonóide quercetina sobre macrófagos 

peritoneais de camundongos BALB/c infectados com Leishmania (V.) braziliensis, 

bem como elucidar os mecanismos de ação. 

 

3.2. Objetivos específicos 

Analisar in vitro a ação de diferentes concentrações de quercetina sobre 

formas promastigotas de Leishmania (V.) braziliensis. 

Avaliar, através de ensaio fagocítico, a capacidade leishmanicida de 

macrófagos peritoneais infectados com Leishmania (V.) braziliensis e tratados com 

quercetina. 

Determinar os níveis das citocinas IFN-γ, TNF-α, IL-1β, IL-10 e IL-12 em 

sobrenadante de cultura de macrófagos infectados e tratados com quercetina. 

Avaliar os níveis da enzima óxido nítrico sintase (iNOS) e de óxido nítrico no 

sobrenadante de cultura dos macrófagos infectados e tratados. 

Determinar a concentração de ferro livre e ferro ligado à transferrina em 

macrófagos infectados com Leishmania (V.) braziliensis. 

Avaliar a regulação de NRF-2 em macrófagos infectados e tratados. 
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4 PRODUÇÃO CIÊNTÍFICA 

4.1. Artigo 

 

Quercetin modulates Leishmania (Viannia) braziliensis infection in vitro 

by upregulating NRF2 expression and affecting iron availability 

Artigo a ser submetido para edição especial anual “Immunology and Infection by 

Protozoan Parasites” ao periódico Mediators of Inflammation. 
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Abstract 

 American cutaneous leishmaniasis is a zoonotic disease caused by protozoans of the 

genus Leishmania, and has as its main characteristic the formation of painless ulcerated 

lesions with intense red colored edges. The treatment of cutaneous leishmaniasis is 

unsatisfactory and has limited efficacy, prolonged treatment, high cost and undesirable side 

effects to the host, which has prompted the search for new therapeutic strategies. Accordingly, 

the present work aimed to evaluate the in vitro effect of the flavonoid quercetin in 

experimental leishmaniasis. In an attempt to evaluate the leishmacidal and 

immunomodulatory activity, we performed a direct assay on promastigote forms of 

Leishmania (Viannia) braziliensis (L. braziliensis) and phagocytic assay. Quercetin inhibited 

the proliferation of promastigote forms at all concentrations tested and reduced the number of 

parasites in L. braziliensis-infected macrophages. Our results showed that quercetin did not 

modulate the cytokine or nitric oxide profile, suggesting that the mechanism involved in L. 

braziliensis elimination is not dependent on these mediators. Our data indicated that the 

mechanism by which quercetin exerts its antileishmanial effects involves the modulation of 

the labile iron pool which culminates in a depletion of available iron for L. braziliensis 

replication. 

Keywords: Leishmaniasis, Natural Compound, Flavonoid, Cytokine, Nitric Oxide, 

Antioxidant.  
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1. Introduction 

American cutaneous leishmaniasis, a disease caused by protozoans of the genus 

Leishmania, has zoonotic features and constitutes a serious public health problem in 88 

countries worldwide, affecting around 1.5 million people annually. The pathogenic and 

clinical aspects of leishmaniasis depend on factors associated with the protozoan species and 

the immune response of the host (Herwaldt, 1999; Murray et al., 2005; Reithinger et al., 

2007). In Brazil, among the various Leishmania species, L. braziliensis is the major 

etiological agent of cutaneous and mucosal leishmaniasis, which occurs in ~10% 

of L. braziliensis-infected patients (Silva et al., 2013; Maciel-Rezende et al., 2013; Detoni et 

al., 2013; Alves-Ferreira et al., 2015). 

Cutaneous leishmaniasis causes ulcerated lesions, which can persist for months or 

years. Besides this clinical form, this specie can also cause mucosal leishmaniasis, 

characterized by large ulcerated lesions  that affect cartilage and mucosa due to the spreading 

of the parasite in the bloodstream, resulting in disfiguring lesions that impact quality of life 

(Mears et al., 2015).  

  The first line of drugs used in the treatment of tegumentary leishmaniasis is based on 

pentavalent antimonials such as sodium stibogluconate (Pentostam) and antimoniate N-

methyl-glucamine (Glucantime); however, the mechanism of action of these drugs is limited 

due to the intracellular localization of the parasite and presents highly toxicity to the host such 

as arthralgia (Rodrigues et al., 2006), hepatotoxicity and cardiotoxicity (Balaña-Fouce et al., 

1998), and besides, there have been some cases of drug resistance (Rodrigues et al., 2006), 

restricting its use (Rath et al., 2003). In some cases, the lack of response to pentavalent 

antimonials are observed and the use of a second-line drugs is required, such as amphotericin 

B or pentamidines, but these drugs present similar limitations and toxicity (Sundar and 

Chakravarty, 2014). Thus, alternative therapies for tegumentary leishmaniasis, more efficient 
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and less toxicity are needed. Therefore, natural compounds could complement current 

antimonial therapy or even help control the disease in cases of disease recurrence or 

resistance. 

Accordingly, quercetin has been pointed out as a prominent target of investigations on 

alternative therapy against Leishmania. Quercetin is a flavonoid that is widely distributed in 

foods and medicinal plants and has important known biological properties, such as 

antiinflammatory, antioxidant, antiprotozoal (Mamani-Matsuda et al., 2004; Boots et al., 

2008), antibacterial (Puupponen-Pimiä et al., 2001), antiviral (Chiang et al., 2003) and 

antiproliferative in human cells (Csokay et al., 1997; Chan et al., 2013) activities. The in vitro 

leishmanicidal activity of quercetin has already been reported against promastigotes forms of 

L. (L.) amazonensis (Fonseca-Silva F et al., 2011) and amastigote forms of L. (L.) 

amazonensis and L. (L.) donovani (Tasdemir et al., 2006). Some mechanisms of action of this 

flavonoid on Leishmania species have already been described but are not fully elucidated. Sen 

et al (2008) showed that quercetin interferes with iron metabolism of the L. donovani, 

inhibiting ribonucleotide reductase activity, an essential enzyme involved in the parasite’s 

DNA synthesis, where this enzyme needs iron to exert its function. Mittra et al., (2000) also 

demonstrated the action of this flavonoid in L. donovani promastigote forms, promoting 

apoptosis by inhibiting topoisomerase II. Other mechanism described against promastigote 

forms include mitochondrial dysfunction with consequent reactive oxygen species production 

in L. amazonensis (Fonseca-Silva et al., 2011) and inhibition of essential polyamines pathway 

(da Silva et al., 2012). 

Although these effects of quercetin have been described,  it is impossible to affirm that 

this flavonoid can be effective against all Leishmania species, since intrinsic differences 

within the genus Leishmania have been demonstrated  (De Oliveira and Brodskyn, 2012). 

Peacock et al. (2007) showed genes that are differentially distributed between the Leishmania 
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species encode proteins implicated in host-pathogen interactions and parasite survival in the 

macrophage. In this study, RNAi have only been found in L. braziliensis, moreover, this 

RNAi machinery is totally functional in L. braziliensis and absent in other Leishmania species 

(Lye et al., 2010). Such differences within genus Leishmania need to be considerate when 

addressing new antileishmanial compounds. Regarding to L. braziliensis, there are few studies 

that have demonstrated the effect of quercetin, and these works have just evaluated the effect 

of this compound against promastigote forms only (Marín et al., 2009; Gundampati et al., 

2014). Besides, there are no studies that have evaluated quercetin efficacy and its probable 

mechanism of action in L. braziliensis-infected macrophages.  

Taking into account the above-mentioned evidence, quercetin was evaluated for its in 

vitro effect against L. braziliensis parasites. Accordingly, we performed in vitro assays to 

investigate the effect of quercetin on promastigote forms as well as leishmanicidal action in L. 

braziliensis-infected macrophages. We further investigated a putative mechanism of action of 

this compound as a modulator of molecules such as cytokines, nitric oxide, and labile iron 

pool and revealed the importance of nuclear factor erythroid 2-related factor 2 (NRF2) 

affecting iron availability in this experimental model. 

 

2. Material and Methods 

2.1. Leishmania (Viannia) braziliensis culture  

L. braziliensis (MHOM/BR/1987/M11272) was used as promastigote forms in the 

stationary growth phase (day 5 of culture). The parasites were obtained from popliteal lymph 

nodes of L. braziliensis-infected Golden Syrian hamster and maintained in 199 culture 

medium (GIBCO Invitrogen) supplemented with 10% fetal bovine serum (FBS; GIBCO 

Invitrogen), 1 M HEPES, 0.1% human urine, 0.1% L-glutamine, 10 U/mL penicillin and 10 

𝜇g/mL streptomycin (GIBCO Invitrogen), and 10% sodium bicarbonate. Promastigote 
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cultures were incubated at 24ºC in 25-cm2 flasks. All parasites were from cultures that were 

serially passaged for less than 5 weeks. 

 

2.2. Quercetin 

 Quercetin at 95% purity was purchased from Acros (Fair Lawn, NJ, USA) and a stock 

solution (1500mM) was prepared using Phosphate-buffered saline (PBS) with 2% 

dimetilsufoxide (DMSO) as vehicle. All concentrations (48, 70, 96 and 192 µM) used in 

experiments were obtained from the dilution of the stock solution previously prepared. 

 

2.3. Animals and Ethics Statement 

Female BALB/c mice weighing approximately 25–30 g, aged 6–8 weeks old, were 

obtained from the Institute Carlos Chagas-Fiocruz, Curitiba-PR, Brazil. Mice were kept under 

pathogen-free conditions and used according to protocols approved by the Institutional 

Animal Care and Use Committee. This work was approved by the Londrina State University – 

Ethics Committee for Animal Experimentation (33064.2012.42) 

 

2.4. Evaluation of antipromastigote effect 

Stationary phase of L. braziliensis promastigote forms at concentration of 1×106 per 

well were placed in 24 well microplates and treated with different concentrations of quercetin 

(48, 70, 96 and 192 µM) or with quercetin vehicle (2% DMSO) at 1000µL final volume/well. 

Viable promastigotes were counted in a Neubauer chamber after 24, 48, 72 and 96 h of 

treatment. In the control, only culture medium was used. 
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2.5. Viability of peritoneal macrophages 

 The viability of peritoneal macrophages treated with quercetin was evaluated using the 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay as previously 

described (Mosmann, 1983). Peritoneal macrophages from BALB/c mice (5 × 105/mL) were 

obtained by injection of 3 mL of RPMI 1640 culture medium (GIBCO) supplemented with 

10% fetal bovine serum (GIBCO) into the peritoneal cavity. Macrophages were recovered, 

cultured in 24-well plates and preincubated with 200 µL of RPMI 1640 medium for 2 h for 

adherence at 37ºC/5% CO2. The adherent cells were then incubated with quercetin (48, 70, 96 

and 192µM) or with quercetin vehicle (2% DMSO) and maintained in culture for 24h at 

37ºC/5% CO2. Thereafter, the culture was washed with PBS and added 500µL of MTT, 

followed by incubation for an additional 4h at 37ºC/5% CO2. The MTT formazan product was 

diluted with 300µL of DMSO, transferring to 96-well plates and measured in a 

spectrophotometer with absorbance determined at 550nm. The results were expressed as 

percentage MTT reduction relative to the control group calculated as the following formula: 

(viable macrophages)% = (OD of drug-treated sample/OD of untreated sample) x 100. 

 

2.6. Phagocytic assays 

Peritoneal macrophages (5 x 105/mL) were cultured in 24-well plates containing 13-

mm diameter glass coverslips and preincubated with 200 µL of RPMI 1640 medium for 2 h 

for adherence at 37ºC/5% CO2.  Adherent macrophages were infected with promastigote 

forms (5:1) for 2 h. After infection, free promastigotes were removed by washing with PBS, 

and the infected cells were treated with quercetin (48 or 70 µM), vehicle or with RPMI 1640 

alone (control) and incubated for 24h at 37ºC/5% CO2. Cells were stained with Giemsa and 

20 fields analyzed using a light microscope (magnification of 1000x -Olympus optical Co., 

Ltd., Tokyo, Japan. model CX31RBSFA) to determine the phagocytic index by means of % 
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of infection and parasites/macrophage number. The supernatant was collected to determine 

cytokine, nitrite and iron contents.  

 

2.7. Promastigote recovery assay 

Promastigote recovery assay was performed as previously described by Silva et al 

(2013). Briefly, peritoneal macrophages were infected with L. braziliensis and treated with 

quercetin in the same conditions as described in the phagocytic assay method. After the 

treatment with quercetin (24h), the culture was washed with PBS and incubated with 199 

culture medium at 24ºC in order to induce the differentiation of amastigote intracellular into 

promastigote forms. Recovered promastigotes were counted in a Neubauer chamber daily for 

5 days. 

 

2.8. Cytokine determination 

Supernatants of phagocytic assay were collected 24h post quercetin treatment, 

centrifuged at 460 g at 4ºC for 7 min, and stored at -80ºC for cytokine determination. Tumor 

necrosis factor-alpha (TNF-α), interleukin (IL)-1β, IL-10, interferon-gamma (IFN-γ) and IL-

12 (p70) were determinated by enzyme-linked immunosorbent assay (ELISA), according to 

the manufacturer’s instructions (eBiosciences®, USA). Plates were read at 450 nm using an 

ELISA plate reader (Thermo Plate—TP-Reader). 

 

2.9. Determination of nitrite levels as estimation of nitric oxide 

(NO) 

Production of nitric oxide (NO∙) was determined by measuring the level of 

accumulated nitrite, a metabolite of NO∙ in the culture supernatant using Griess reagent 
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(Sigma-Aldrich). After 24 h of treatment with Quercetin, the culture supernatants were 

collected and mixed with an equal volume of Griess reagent in 96-well culture plates and 

incubated at room temperature for 10 min. The absorbance was measured at 540 nm and 

nitrite concentrations were calculated by reference to a standard curve generated by known 

concentrations of sodium nitrite. 

2.10. Determination of labile iron concentration and total 

bound iron 

The determination of labile iron concentration in supernatants of phagocytic assay was 

performed utilizing the Dimension® automated system. The method is an adaptation of the 

direct assay for iron, developed by Smith et al (1984) and is required the Flex® reagent 

cartridge for implementing the test. The dispensation, shaking and processing of the samples 

are automatically performed by the Dimension® system. Briefly, in acidic conditions (pH 4.5) 

and in the presence of a reducing agent (ascorbic acid) occurs the release of iron bound to 

transferrin. The resulting product (Fe2+) forms a blue complex with 3-(2-piridil)-5,6-bis-2- (5-

furyl sulfonic acid)-1,2,4-triazine (Ferene®). The absorbance of the complex is measured 

using a bichromatic endpoint technique (600, 700nm).  The test principle for the total bound 

iron is similar, the samples is automatically mixed with a serum iron solution to saturate all 

available sites of iron binding in transferrin. In non-acidic conditions (pH 8.6), only saturated 

iron in excess, unbound, is available to be reduced to ferric iron by ascorbic acid and form the 

blue complex with Ferene®. The subsequent addition of acid (pH 4.5) releases the iron bound 

to transferrin, this supplemental iron is reduced to ferric iron by ascorbic acid, forming an 

increased amount of blue complex with Ferene®. The increase in absorbance during the 

change of pH 8.6 to pH 4.5 is proportional to the concentration of iron bound to transferrin. 
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2.11. Immunocytochemical assays  

Immunocytochemical assays for nuclear factor erythroid 2-related factor 2 (NRF2) and  

inducible nitric oxide synthase (iNOS), were performed on coverslip-adherent cells (cells 

prepared as in the protocol for phagocytic assay) using the labeled streptavidin-biotin method  

(Universal Dako LSAB®+kit; DAKO Japan, Kyoto, Japan) without microwave pretreatment. 

The coverslips were incubated with 10% Triton X-100 for 1 h, washed 3 times in PBS and 

treated for 40 min at room temperature with 10% BSA. Next, coverslips were incubated 

overnight at 4°C with the primary antibody (anti-NRF2, and anti-iNOS rabbit polyclonal 

antibody diluted 1:300, Santa Cruz Biotechnology). After secondary antibody treatment 

(Biotinylated anti-rabbit, anti-mouse and anti-goat immunoglobulins, LSAB+System-HRP, 

DAKO, Japan, Kyoto, Japan) for 2 h, at room temperature, horseradish peroxidase activity 

was visualized by incubation with H2O2 and 3,3’-diaminobenzidine (DAB) for 5 min. In the 

last step, the cells were weakly counterstained with Harry’s hematoxylin (Merck). For each 

case, negative controls were performed by omitting the primary antibody. Intensity and 

localization of immunoreactivity against the primary antibody used were determined on all 

coverslips using a photomicroscope (Olympus BX41, Olympus Optical Co., Ltd., Tokyo, 

Japan). For image analysis, color microphotographs of representative areas (magnification of 

400x) were digitally acquired. For semi-quantitative scoring, images were evaluated by using 

the color deconvolution tool in the ImageJ software (NIH, USA). Pixels were categorized as 

previously described by Chatterjee et al (2013) as strong positive (3+), positive (2+), weak 

positive (1+) and negative (0). 
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2.12. Statistical Analysis 

Analyses were performed as triplicate datasets, from 3 independent experiments. 

Results were analyzed as mean ± standard error of the mean. Data were analyzed using Prism 

GraphPad (GraphPad Software, Inc., USA, 5.00). Significant differences between treatments 

were determined by Student’s t-test or ANOVA followed by Tukey`s test for multiple 

comparisons. Differences were  considered  statistically significant when p < 0.05. p-values 

were denoted using the following symbols: (***, p < 0.001; **, p < 0.01; *,p < 0.05). 

 

3. Results 

3.1. Quercetin inhibited growth of L. braziliensis promastigote 

forms  

To evaluate the antipromastigote activity of quercetin, we performed a growth kinetics 

assay on L. braziliensis promastigotes by using different concentrations of the compound (48, 

70, 96 and 192µM) for 24, 48, 72 and 96h of treatment. Quercetin significantly inhibited the 

growth of promastigotes at all times and concentrations tested (Fig. 1A). The vehicle showed 

no leishmanicidal effect. Both 48 and 70µM significantly inhibited the growth of 

promastigote forms after 24h of treatment and this effect did not change with time. The higher 

concentrations (96 and 192µM) were also able to significantly inhibit the growth of the 

parasites, however, their effects were dose and time-dependent. 

In order to evaluate if quercetin exerts cytotoxic effect in peritoneal macrophages, we 

conducted a MTT assay as shown in Figure 1B. The results showed that treatments with 48 

and 70µM quercetin did not alter the viability of murine peritoneal macrophages, in contrast, 

96 and 192µM presented reduction in the viability of the cells. 
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For the subsequent experiments, we chose the two lowest concentrations of quercetin 

that showed a leishmanicidal effect (48 and 70 µM). This choice was made to avoid cytotoxic 

effects of quercetin on peritoneal macrophages  

 

3.2. Phagocytic index was reduced, as well the number of 

amastigotes per macrophage and recovered promastigotes 

 We performed a phagocytic assay to determine the leishmanicidal effect of quercetin 

on L. braziliensis-infected macrophages. BALB/c peritoneal macrophages were plated and 

challenged with L. braziliensis. After 2h of infection, the culture was washed to remove free 

promastigotes and the infected macrophages were treated with 48 or 70µM of quercetin for 

24h.  

 The results showed that after 24h of treatment, both concentrations of quercetin 

significantly reduced the percentage of infection in macrophages (Fig. 2A). The percentage of 

reduction was 40.77% and 21,9% for 48 and 70µM respectively. Furthermore, both 

concentrations of quercetin significantly decreased the mean number of amastigotes per 

macrophage compared to control (Fig. 2B). 

 To confirm the capacity of quercetin to enhance the elimination of intracellular 

parasites, we performed a promastigote recovery assay. After quercetin treatments for 24h, the 

infected macrophage culture was washed and incubated with 199 culture medium at 24ºC in 

order to induce the differentiation of amastigote intracellular into promastigote forms. 

Thereafter, recovered promastigotes were counted in a Neubauer chamber daily for 5 days. 

Decreased number of parasites was observed when infected macrophages were treated with 

either 48 or 70µM of quercetin for 24h reducing 51.4 and 54.5% of parasites at day 5, 

respectively when compared to control (Fig. 2C). 

 



50 

 

3.3. Quercetin treatment did not modulate cytokines, iNOS 

and NO levels  

Macrophages are the most important cell involved on Leishmania-immune response 

and the production of cytokines like IL-12, IFN-, TNF-α and IL-1β  may together result in 

the activation of this cell, increasing the expression of inducible NO synthase (iNOS), which 

catalyzes the production of a huge amount of nitric oxide (NO), an important molecule for 

eliminating Leishmania spp. (Van Assche et al., 2011). 

In attempt to determine if quercetin acted as an immunomodulator to enhance 

macrophage microbicidal activity, we evaluated the cytokine profile of infected macrophages 

treated with quercetin for 24h. Our results showed that treatment of quercetin did not 

modulate the levels of IL-10, IL-1 β, TNF-α, IFN- and IL-12p70 of L. braziliensis-infected 

macrophages (Fig. 3A, B, C, D, E). 

When evaluated the NO production, we measured iNOS expression (Fig. 3G) and 

nitrite levels (Fig 3F). Our results corroborated with cytokine profile and showed that infected 

macrophages treated with quercetin for 24h produced the same levels of NO and did not 

change iNOS expression compared to control group.  

This data suggested that quercetin acts controlling the infection without triggering the 

increase of cytokine, iNOS and NO levels. In this way, the results prompted us to investigate 

how this compound exerts its microbicidal activity on L. braziliensis-infected macrophages. 

 Both concentrations used until here showed similar results in all experiments 

conducted, therefore, to continue the investigation, we utilized only quercetin at 48µM 

because it was the lowest concentration that was effective in reducing infection rate. 
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3.4. Labile iron concentration was decreased and iron bound 

to transferrin increased 

Iron is a co-factor for several essential enzymes and biochemical pathways, including 

those required for metabolic activity, growth and replication of Leishmania in macrophages. 

(Marquis and Gros, 2007). Previous works have demonstrated that depletion of labile iron is a 

good strategy against parasitic infections (Weinberg, 1999; Breidbach et al., 2002). Taking 

into account that quercetin is able to act as an iron chelator (Leopoldini et al., 2006), we 

determined the effect of quercetin on iron metabolism. The results showed that treatment with 

quercetin of L braziliensis–infected macrophages decreased the labile iron concentration (Fig. 

4A) and increased iron bound to transferrin (Fig 4B) when compared to control. 

 

3.5. Quercetin Upregulated nuclear factor erythroid 2-related 

factor (NRF2) expression  

Besides the chelating property of this flavonoid, previous studies have demonstrated 

the effect of quercetin on NRF2–increased expression, a key regulator of the antioxidant 

response which plays a central role in up regulation of multiple genes, including ferritin and 

ferroportin involved in iron metabolism (Lee et al., 2015; Yasui et al., 2015; Piestch et al. 

2003; Gorrini et al., 2013). Therefore, we decided to investigate the NRF2 expression on L. 

braziliensis-infected macrophages treated with quercetin, and we observed that the treatment 

with 48µM of quercetin significantly upregulated the expression of NRF2 in infected cells 

(Fig. 5).  

4. Discussion 

Parasites of the genus Leishmania are initially recognized by phagocytic cells, and 

macrophages thereby play an important role in controlling infection and eliminating these 
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intracellular microorganisms. The resolution of the disease is dependent on the immune 

response triggered in the host as well as the microbicidal activity of the drug used in the 

chemotherapy. Despite that activated macrophages have potent microbicidal mechanisms, 

parasites of the genus Leishmania show several virulence factors and are capable of escaping 

immune responses creating a favorable conditions for proliferation (Olivier et al., 2012). 

Additionally, the current available treatment against leishmaniasis is based on a highly toxic 

chemotherapy using mainly pentavalent antimonials (Alvar et al., 2006). Therefore, there has 

been an extensive search for new therapeutic strategies, and natural compounds have received 

much attention. 

The present study investigated the in vitro effect of quercetin on L. braziliensis-

infected macrophages, and suggested the role of NRF2 together with iron chelating feature of 

quercetin as a mechanism involved in infection control. Previous studies demonstrated that 

quercetin interacts with L. braziliensis promastigote forms and has antileishmanial activity, 

however, quercetin effect on L. braziliensis-infected macrophages still remained unknown 

(Marín et al., 2009; Gundampati et al., 2014). 

Our results reinforce antileishmanial effect of quercetin and showed that all tested 

concentrations were able to inhibit the growth of L. braziliensis promastigote forms after 24h 

of treatment. In order to continue the tests, we verified the cytotoxicity of quercetin on 

BALB/c peritoneal macrophages. In concordance with a previous published study (Liao and 

Lin, 2014), we verified that quercetin 48 and 70μM were not toxic to BALB/c peritoneal 

macrophages. These findings prompted us to continue the evaluation of quercetin in a context 

of infected macrophages.  

Despite the strategies used by macrophages to control infection, theses parasites have 

various escape mechanisms that allow the establishment of the protozoan and the 

differentiation of the promastigote into the amastigote form (Awasthi et al., 2004; Rodríguez 
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et al., 2011), promoting parasite replication. Therefore, we evaluated if the treatment of L. 

braziliensis-infected macrophages with quercetin for 24h was able to control the infection and 

kill the amastigote forms. The results showed for the first time that quercetin decreased the 

phagocytic index as well as lowering the mean number of L. braziliensis amastigotes per 

macrophage. In attempt to confirm that quercetin is able to control the infection, we 

performed a promastigote recovery assay which confirms that quercetin treatment is effective 

to control L. braziliensis infection. 

Quercetin has been described as a compound that acts through multiple mechanisms 

against Leishmania parasites (Mittra et al., 2000; Sen et al., 2008; Fonseca-Silva F et al., 

2011; da Silva et al., 2012). Since quercetin showed a killing effect on L. braziliensis, we 

investigated the potential mechanisms involved in amastigote elimination. 

Cutaneous Leishmania major infection in mice is a well-established model to study 

intracellular defense mechanisms which demonstrated the central role of iNOS activation and 

NO synthesis in the resolution of the infection (Olekhnovitch et al., 2014). 

iNOS induction is a tightly process regulated mainly by cytokines like IFN-γ TNF-α 

IL-1B which activate macrophages and trigger the NO production to eliminate the parasites 

(Liew et al., 1990; Xie et al., 1993; Lima-Junior et al., 2013).  

Therefore, we evaluated the cytokine profile, iNOs expression and NO levels of L. 

braziliensis-infected macrophages after quercetin treatment, aiming to determine if the 

microbicidal mechanism involved was mediated by this classical pathway. Our results showed 

that quercetin did modulate neither cytokines nor NO-axis, suggesting that the mechanism 

involved in L. braziliensis elimination was independent by these mediators. Although 

cytokines and NO axis are important molecules involved in host outcome against 

leishmaniasis and responsible for enhancing the microbicidal activity of macrophages 

(Heinzel et al., 1991; De Oliveira and Brodskyn, 2012), previously study have demonstrated 
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that proinflammatory responses contributes to pathogenesis during experimental 

leishmaniasis, impairing the outcome of disease, then it is important that quercetin be able to 

control infection without triggering inflammatory responses (Carneiro et al., 2015).  

Iron is a key regulator of cellular metabolism, which makes iron acquisition an 

essential mechanism of the biology of pathogens. The success or failure of iron uptake by the 

pathogen impacts the outcome of pathogenesis and is an important process in infection control 

(Weinberg, 1986). Considering that, iron deprivation could be an effective strategy for 

controlling leishmanial infection (Soteriadou et al., 1995; Malafaia et al., 2011; Rafiee et al., 

2014). A recent work showed that L. donovani uses only the labile iron pool for its survival 

and replication (Das et al., 2009), however, no studies have evaluated the importance of iron 

availability on L. braziliensis-infected macrophages. Accordingly, we evaluated iron 

concentration in infected macrophages treated with quercetin and have demonstrated that 

quercetin treatment was able to decreased the labile iron pool and increased iron bound to 

transferrin, which impaired the acquisition of iron by the parasite. These results are in 

concordance with previous work that demonstrated the capacity of quercetin to gain access to 

the cytosol, to shuttle labile iron and to transfer the metal to transferrin (Baccan et al., 2012). 

 Antioxidants, such as quercetin, can have a pathogen neutralizing action, 

directly by scavenging ROS or indirectly by activating pathways that promote ROS 

degradation (Paiva and Bozza, 2014). A pivotal factor that regulates the antioxidant responses 

in a variety of disease models is the transcription factor NRF2. Nrf2 is responsible for 

regulating a battery of antioxidant and cellular protective genes, primarily in response to 

oxidative stress and also genes that contain ARE motifs, such as H-ferritin and ferroportin, 

both responsible for controlling the labile iron pool of the cell (Hintze and Theil, 2005; Marro 

et al., 2010; Shelton and Jaiswal, 2013). Paiva et al. (2012) showed that antioxidant defenses 

such as activation of NRF2 and heme-oxygenase-1 (HO-1) decrease parasitism by 
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Trypanosoma cruzi in mice which was counterbalanced by the addition of iron sulfate. 

Another study has demonstrated that NRF2-activator resveratrol was able to reduce 

Leishmania major burden in macrophages, showing that antioxidant defense helps 

macrophages to eliminate the parasite (Kedzierski et al., 2007). Knowing that quercetin is an 

antioxidant able to activate NRF2 (Balstad et al., 2011), we determined NRF2 expression in 

L. braziliensis-infected macrophages by immunocytochemical detection to know if treatment 

with quercetin increased its levels. Our results demonstrated for the first time that quercetin 

treatment increased the expression of NRF2 in L. braziliensis-infected macrophages. It is 

important to take note that the labeling was localized at cell nucleus, indicating that NRF2 

was active. Taking all these results together, we demonstrated that besides quercetin acts as an 

iron chelator, it was able to upregulated NRF2 expression, which massively stimulate the 

transcription of proteins responsible for controlling the bioavailability of labile iron pool, 

impairing the uptake of this metal by the parasite. Therefore, quercetin can interfere with iron 

metabolism in two ways; directly, by chelating the metal, and indirectly by upregulating 

NRF2 expression. 

In conclusion, quercetin showed substantial in vitro antileishmanial activity in L. 

braziliensis-infected macrophages without triggering a proinflammatory and prooxidant 

response. Our data indicated that the mechanism by which quercetin exerts its antileishmanial 

effects involves its capacity to activate antioxidant responses mediated by NRF2, followed by 

a modulation of the labile iron pool, which culminates in a depletion of available iron for L. 

braziliensis replication and survival within macrophages. 
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8. Figure Legends 

 

Figure 1 – Effect of quercetin on L. braziliensis promastigote growth and viability 

of peritoneal macrophages treated with quercetin. (A) Growth kinetics of L. braziliensis 

promastigote forms (1 x 106) after treatment with quercetin (48, 70, 96 and 192µM) or vehicle 

for 24, 48, 72 and 96h. (B) Peritoneal macrophages (5 x 105/well) of BALB/c mouse were 

plated in 24-well plates, treated with quercetin (48, 70, 96 and 192µM) or vehicle and 

incubated for 24h at 37ºC/5%CO2. RPMI 1640 medium and hydrogen peroxide were used as 

positive and negative controls, respectively. After quercetin treatment, MTT was added to the 

culture and read at 550nm. Data represent mean ± standard deviation of three independent 

experiments. (ANOVA followed by Tukey test). 

 

Figure 2 – Effect of quercetin on L. braziliensis-infected macrophages. Peritoneal 

macrophages were infected with L. braziliensis and treated with quercetin (48 and 70 µM) or 

vehicle for 24h at 37ºC/5%CO2. RPMI 1640 was used as control. (A) Percentage of infected 

macrophages; (B) mean number of amastigotes per macrophage; (C) kinetics of recovered 

promastigote forms. Data represent mean ± standard deviation of three independent 

experiments (ANOVA followed by Tukey test). 

 

Figure 3 –Cytokines, iNOS and NO levels in infected macrophages treated with 

quercetin. Peritoneal macrophages were infected with L. braziliensis and treated with 

quercetin (48 and 70µM) or vehicle for 24h at 37ºC/5%CO2. RPMI 1640 was used as control. 

Supernatants were collected after 24h of treatment and evaluated the levels of (A) IL-10; (B) 

IL-1β; (C) TNF-α; (D) IFN-γ and (E) IL-12p70 by ELISA. (F) Nitrite levels measured by 

Griess method and (G) iNOS expression was determined by immunocytochemical scoring. 
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Data represent mean ± standard deviation of three independent experiments (ANOVA 

followed by Tukey test; Student’s t-test). 

 

Figure 4 – Labile iron concentration and total bound iron in L. braziliensis-

infected macrophages treated with quercetin. The determination of labile iron 

concentration in supernatants was performed utilizing the Dimension® automated system. L. 

braziliensis-infected macrophages treated or not with 48 µM quercetin for 24h decreased 

labile iron concentration (A) and increased total iron bound capacity (B). Data represent mean 

± standard deviation of three independent experiments (t-student test). 

 

Figure 5 – Immunocytochemical determination of NRF2 in L. braziliensis-infected 

macrophages treated with quercetin. Immunocytochemical scoring for NRF2 in L. 

braziliensis-infected macrophages treated or not with 48 µM quercetin. Data represent mean ± 

standard deviation of three independent experiments (t-student test). 
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9. Figures 

Figure 1. 
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Figure 2. 

 

 

 

 

 



70 

 

Figure 3. 
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Figure 4. 
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Figure 5. 
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5. ANEXO 

5.1. Aprovação do Com itê de Ética 
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