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RODRIGUES, Ana Carolina Jacob. Secrecédo/excrecado larval de dipteros da
espécie Lucilia cuprina induz morte em formas promastigotas e amastigotas de
Leishmania amazonensis. 2020. 58 f. Dissertacdo (Mestrado em Patologia
Experimental) - Universidade Estadual de Londrina, Londrina 2020.

RESUMO

Larvas de moscas da familia Calliphoridae sdo estudadas desde a antiguidade por
seu poder de desbridamento de feridas e cicatrizacdo. Excrecédo/Secrecdo (ES) larval
€ uma substancia extraida de glandulas salivares e intestinais de larvas que apresenta
atividade microbicida. O estudo teve como objetivo avaliar a eficacia de ES larval de
Lucilia cuprina frente a formas promastigotas e amastigotas de Leishmania
amazonensis. Foram utilizadas concentracdes de 0,8-75 pg/mL para avaliacdo da
atividade anti-promastigota por contagem em camara de Neubauer. Nos experimentos
posteriores com promastigotas foram utilizados os valores de IC50 (2 ug/mL) e 2xIC50
(4 pg/mL). Foi avaliada a morfologia do parasito por Microscopia Eletronica de
Varredura (MEV), e para determinar o mecanismo de morte do parasito, foram
realizados testes fluorimétricos através da sonda Diacetato de 2 ', 7'- diclorodi-
hidrofluoresceina (H2DCFDA), Tetrametilrodamina, etil ester (TMRE), Vermelho do
Nilo, Anexina V e lodeto de Propidio (IP), e em formas amastigotas foi realizado ensaio
fagocitico e mensuraco de Espécies Reativas de Oxigénio (ERO) total e Oxido Nitrico
(ON). ES larval foi capaz de inibir a viabilidade de L. amazonensis em todas as
concentracfes e induziu alteracdo da morfologia do parasito, sendo observado
retracdo do corpo celular, flagelo duplo, formag¢do de bolhas na membrana e
extravasamento de conteudo intracelular. Levou ao aumento na produgéo de ERO,
despolarizacdo da membrana mitocondrial, formacdo de corpos lipidicos
citoplasmaticos e exposicdo de fosfatidilerina indicando uma possivel morte por
apoptose-like. Em amastigotas o tratamento com ES larval reduziu a porcentagem de
infeccdo em células de linhagem macrofagica J774A.1 em todas as concentracgdes,
aumentando a producdo de ERO, indicando uma possivel morte por estresse
oxidativo.

Palavras-chave: Leishmaniose. Terapia Larval. Calliphoridae. Mecanismo de morte.
Apoptose-Like.



RODRIGUES, Ana Carolina Jacob. Larval secretion / Excretion of dipters of the
species Lucilia cuprina induces death in promastigot and amastigot forms of
Leishmania amazonensis. 2020. 58 p. Dissertation (Master in Experimental
Pathology) - State University of Londrina, Londrina 2020.

ABSTRACT

Bowfly larvae of the Calliphoridae family have been studied since antiquity for their
power to debride wounds and heal. Larval secretion/excretion is a substance extracted
from salivary and intestinal glands of larvae that has microbicidal activity. The study
aimed to evaluate the efficacy of Lucilia cuprina larval es against the Leishmania
amazonensis promastigotes and amastigotes. Concentrations of 0.8-75 pug/ml were
used to assess direct anti-promastigote activity by counting in a neubauer chamber. In
subsequent experiments, the ic50 (2 ug / ml) and 2xic50 (4 pg / ml) values were used.
The parasite morphology was evaluated by Scanning Electron Microscopy (SEM), and
to determine the parasite's death mechanism, fluorimetric tests were performed using
a 2',7' dichlorodihydrofluorescein diacetate (H2DCFDA), tetramethylrhodamine, ethyl
ester (TMRE), Nile Red, Anexin V and PI, and in amastigote forms a phagocytic test
and measurement of total ROS and NO was performed. Es larval was able to inhibit
the viability of L. amazonensis at all concentrations and induced changes in the
parasite's morphology, retraction of the cell body, double flagellum, formation of
bubbles in the membrane and extravasation of intracellular content. It led to an
increase in the ROS production, depolarization of the mitochondrial membrane,
formation of cytoplasmic lipid droplets and exposure of phosphatidilserin, indicating a
possible death by apoptosis-like. In amastigotes, treatment with ES larval reduced the
percentage of infection and amastigotes/macrophage number in cells of lineage
J774A.1 in all concentrations, increasing the ROS production , indicating a possible
death from direct damage oxidative.

Keywords: Leishmaniasis. Larval Therapy. Calliphoridae. Deadth Mechanism.
Apoptose-Like
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1. INTRODUCAO
1.1 Leishmaniose

A leishmaniose € uma doenca transmitida por insetos vetores
flebotomineos, causada por protozodrios intracelulares de mais de 20 espécies do
género Leishmania (ordem Kinetoplastida, familia Trypanosomatidae (CDC, 2019).
As manifestacdes clinicas decorrentes da leishmaniose variam de acordo com a
espécie do parasito, abrangendo desde lesdes cutdneas auto curaveis até doencas
viscerais letais, e isto é determinado pela biologia do parasito em conjunto com o
sistema imune do hospedeiro (LABONY ET AL., 2014).

A leishmaniose cutanea (LC) é a forma mais frequente de leishmaniose, e
tem como caracteristicas a formacdo de lesdes ulcerosas unicas ou multiplas,
indolores, localizadas na derme, geralmente com epiderme ulcerada, tipicamente
caracterizadas por bordas elevadas, contornos regulares e fundo granuloso com
presenca ou ndo de exsudato purulento (MINISTERIO DA SAUDE, 2017), que
podem causar a incapacidade de individuos infectados. Cerca de 95% dos casos de
leishmaniose cutanea ocorre nas Américas, Oriente Médio e Asia. O Brasil esta
entre 0s seis paises de maior incidéncia de casos de LC relatados no ano de 2017.
Estima-se que essa forma de leishmaniose acometa de 600.000 a 1 milh&o de novos
casos no mundo todos os anos (WHO, 2019).

Nas Américas, a forma cutdnea é denominada de Leishmaniose
Tegumentar Americana (LTA), na qual apresentam manifestacées que variam desde
a formacdo de Ulcera Unica a formas disseminadas na pele, podendo ou néo
acometer mucosas. A LTA é considerada pela Organizacdo Mundial da Saude
(OMS) uma das seis doencas infecciosas de maior importancia quando se trata de
saude publica, pelo alto indice de casos e magnitude e pelo reflexo econémico e
social, por ser considerada uma doenca ocupacional, com alto indice de morbidade
e com relatos em todas as regides brasileiras (MINISTERIO DA SAUDE, 2017).

Outra forma de manifestacdo da doenca € a Leishmaniose Cutanea
mucosa (LCM), que geralmente € secundaria a Leishmaniose cutanea, tem
sintomatologia grave, podendo levar a destruicéo parcial ou completa de membranas
mucosas da garganta, boca e nariz. O Brasil est4 entre os 4 paises que juntos

concentram 90% dos casos dessa forma da doenca (WHO, 2019).
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A Leishmaniose Cutanea Difusa (LCD), € uma manifestacdo clinica de
LTA, normalmente causada por parasitos da espécie L. amazonensis, tem como
caracteristica lesbes ndo ulceradas espalhadas pelo corpo, com grande numero de
amastigotas que se multiplicam descontroladamente, assumindo a evolugdo de
carater cronico e progressivo que persiste por toda a vida do paciente. Apesar de
geralmente ndo causar dor, a LCD € uma doenca desfigurante e de impacto
socioeconémico, (MINISTERIO DA SAUDE, 2017, CHRISTENSEN et al., 2019).

Outra manifestacdo clinica e potencialmente grave é a Leishmaniose
Visceral (LV), também conhecida como calazar, que em cerca de 95% dos casos €
fatal se ndo tratada. Tem como principais caracteristicas em humanos: febre,
emagrecimento, hapatomegalia, esplenomegalia e anemia. A doengca é endémica
em paises do velho mundo e nas Américas. Estima-se que entre 50.000 e 90.000
novos casos de LV ocorram no mundo anualmente, no entanto, apenas 25 a 45%
séo notificados a OMS (WHO, 2019).

A Leishmaniose dérmica pos-calazar € uma complicacdo da LV em areas onde a
Leishmania donovani é endémica. Tem por caracteristica erupcdo macular,
maculopapular e nodular hipopigmentada, geralmente em pacientes que se
recuperaram da LV. A doenca pode ter cura espontanea em alguns casos, no
entanto, é considerada de grande importancia na transmissdo da doenca em
periodos interepidémicos, servindo como reservatério de parasitos em pacientes

com cura clinica e ndo parasitolégica. (WHO, 2019).

1.2 Agente etioldgico e ciclo biolégico
Os parasitos do género Leishmania sdo transmitidos ao seres humanos
pela picada do inseto flebotomineo fémea pertencentes a ordem diptera, familia
Psychodidae, Subfamilia Phlebotominae, género Phlebotomus (Velho Mundo),
Lutzomya (Novo Mundo), conhecido popularmente como mosquito-palha. As
principais espécies caracterizadas como transmissoras da LT no Brasil séo: L.
flaviscutellata, L. whitmani, L. umbratilis, L. intermedia, L. wellcomeie, L. Migonei,
embora outras espécies tém aparecido em areas endémicas, ainda Sao necessarios
estudos que comprovem a efetividade destes flebotomineos como transmissores de
Leishmaniose (WHO, 2019).


https://www.ncbi.nlm.nih.gov/pubmed/?term=Christensen%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=30845223
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Os parasitos causadores da LTA s&o divididos em dois subgéneros,
baseados na diferenca no local de desenvolvimento e fixacdo das promastigotas
no intestino dos vetores, sendo elas Leishmania e Viannia (LEISON et al., 1987).
As trés principais espécies causadoras da LTA no Brasil sdo: L. amazonensis
(Leishmania) — amplamente distribuida pelas regides brasileiras, L. guyanensis
(Viannia)- limitada & Regido Norte do Brasil, L. braziliensis (Viannia)— distribuida
por todo o territério brasileiro e também descrita como principal agente etiol6gico
da América Latina (MINISTERIO DA SAUDE, 2019). Apesar de cada espécie
apresentar suas particularidades, o ciclo de vida (Figura 1) é semelhante entre elas
(SCOTT, 2006).

No intestino dos insetos vetores, as formas conhecidas como
promastigotas (corpo alongado, presenca de flagelo) passam pela metaciclogénese,
processo no qual saem de uma forma replicativa e néo infectantes (promastigotas
prociclicas), se diferenciando em formas infectantes, denominadas entdo de
promastigotas metaciclicas. As formas promastigotas prociclicas ficam presas na
parede do tubo digestivo do inseto vetor até sofrerem mudancas bioquimicas em sua
superficie, e perderem a capacidade de adeséao ao epitélio, migrando assim para o
aparato bucal onde serdo transmitidas ao hospedeiro mamifero durante o repasto
sanguineo. As alteracbes que ocorrem na superficie do parasito durante a
metaciclogenese, como mudanca na conformacdo bioquimica do lipofosfoglicano
(LPG), superexpressdo da protease Gp63, conferem aumento da infectividade,
alteracoes na expressdao génica do parasito e maior resisténcia a lise pelo
complemento (MINISTERIO DA SAUDE 2017, DA SILVA et al., 2015).

Apbs a inoculacao do parasito na derme do hospedeiro humano, células do
sistema imune migram para o local da infeccdo onde reconhecem o parasito por
moléculas expressas em sua superficie, como lipofosfoglicanos (LPG) e Gp63, uma
metaloproteinase presente em grande quantidade em Leishmania spp, iniciando
entdo o processo de fagocitose, onde o parasito € internalizado formando vacuolos
parasitéforos. Apdés a internalizacdo do parasito ocorre a fusdo do lisossoma
formando o fagolisossoma, e devido a alta acidez nesse ambiente as formas
promastigotas se diferenciam entdo em formas amastigotas, que se proliferam

dentro da célula hospedeira até sua ruptura e liberacdo do parasito para infecgéo de
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novas células ou para recomecar o ciclo em outro flebotomineo.(RAVICHANDRAN;
LORENZ, 2007; KAYE; SCOTT, 2011).

Figura 1: Ciclo Biologico de Leishmania spp.

A Estagio de Diagnostico
Estagio no Flebétomo A Estigio Infectante

Estagio no Homem
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Fonte: Center for Disease Control and Prevention, 2019 (adaptado). A leishmaniose é
transmitida pela picada de flebotomineos fémeas infectadas. Elas injetam promastigotas de sua
probdscide durante o repasto sanguineo (1). As formas promastigotas que atingem a ferida séo
fagocitadas por macrofagos e outros tipos de células fagociticas (2). As promastigotas se
transformam em amastigotas (3), que se multiplicam por divisdo simples e infectam outras
células fagociticas (4). Parasita, hospedeiro e outros fatores afetam se a infeccdo se torna
sintomatica e se resulta em leishmaniose cutdnea ou visceral. Flebotomineos séo infectadas
pela ingestdo de células infectadas durante o repasto sanguineo (5). E as amastigotas se
transformam em promastigotas (6), desenvolvem-se no intestino (7) e migram para a

probdéscide para reiniciar o ciclo de infeccao (8).

1.3 Interacdo parasito-hospedeiro e respostaimune na LTA

A resposta imune contra Leishmania spp. envolve tanto caracteristicas
intrinsecas do sistema imune do hospedeiro, como as diferentes
particularidades das espécies de Leishmania. As infec¢cdes experimentais em

camundongos também exibem um amplo espectro de apresentacdes, como a
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suscetibilidade a infeccdo em camundongos BALB/c e a resisténcia em
camundongos C57BL/6, dependendo da cepa utilizada. A suscetibilidade a
infeccdo causada por L. major em camundongos BALB/c é caracterizada pelo
desenvolvimento de uma doenca grave, visceralizante e geralmente fatal,
baseada na ativacdo preferencial da sub-populagdo Th2, com producéo de
Interleucina (IL)- 4, IL-5, IL-10 e IL-13, o que gera incapacidade do controle
parasitario (KANE; MOSSER, 2015).

A resposta imunolédgica observada em pacientes com leishmaniose
varia de individuos com resposta imune celular intensa, com envolvimento de
células T e altos niveis de interferon- y (IFNy), a pacientes com baixa resposta
celular e elevadas quantidades de anticorpos. Em geral, pacientes com potente
resposta celular tem baixa carga parasitaria na leséo, ja aqueles com resposta
humoral proeminente ndo conseguem controlar a proliferagcdo dos parasitos.
Portanto, pacientes deficientes em respostas de células T apresentam um
guadro sintomatoldégico mais grave, podendo apresentar a forma cutanea
difusa da doenca, e no outro extremo, pacientes que possuem atividade
exacerbada de células T podem apresentar danos por exacerbacdo da
inflamacé&o. Sendo assim, é necessario o equilibrio entre resposta imunologica
do tipo celular e humoral para a recuperacéo de pacientes com LTA (SCOTT,
NOVAIS, 2016).

As células TCD4* podem ser caracterizadas em duas sub-
populacdes, Thl e Th2, de acordo com as citocinas que produzem apoés
estimulacdo antigénica. As células com perfil Thl produzem IFN-y e
comumente sdo associadas a respostas efetivas contra patégenos
intracelulares, ja as com perfil Th2 produzem interleucina (IL) 4, IL-5 e IL-10,
gue no caso de infec¢des por Leishmania ssp leva ao agravamento do quadro
sintomatologico e falta de resposta efetiva contra o parasito. O que ja esta bem
estabelecido € que, para o controle da infec¢cédo, € necessaria a predominancia
da resposta imune celular Thl, envolvendo linfécitos CD4* e CD8" e citocinas
como IL-12, IFN-y e fator de necrose tumoral-alfa (TNF-a) (MASPI; ABDOLI;
GHAFFARIFAR, 2016).

Com relacdo as células da imunidade inata, os neutrofilos sdo as

primeiras células recrutadas paro o local da infeccdo. Promastigotas de L.
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amazonensis podem ser mortas de maneira direta por redes lancadas por
neutrdéfilos, conhecidas como NETs e por fagocitose. No entanto, Leishmania
Spp., possui mecanismos capazes de corromper a funcdo protetora dos
neutrofilos, tranformando-os em “cavalos de Tréia”, onde neutrdfilos
apoptoticos tardios, sao fagocitados por macréfagos e Células dendriticas
(CDs), facilitando a disseminacao do parasito e aumentando a persisténcia da
infeccdo, com consequente diminuicdo de resposta TH1. As proximas células a
serem recrutadas sdo 0s macrofagos, principais células hospedeiras de
Leishmania spp, e fundamentais para determinar o sucesso ou fracasso da
infeccdo. Isto ocorre pois, ao passo que macréfagos podem ser ativados e
produzir espécies reativas de oxigénio (ERO) e nitrogénio (ERN) eliminando o
parasito, também podem se tornar susceptiveis a proliferacdo de formas
amastigotas (GONCALVES et al., 2011, TOMIOTTO-PELISIER et al., 2018).

A resposta imune inata € importante para determinar a ativacdo da
imunidade adaptativa e evolugcéo da infeccéo por Leishmania spp. Espécies de
Leishmania sao utilizadas em modelos experimentais para identificar fatores
gue induzem a diferenciacdo em padrbes de resposta Thl, comumente
associado a resisténcia a doenca e Th2 relacionado a suscetibilidade em
infeccbes causadas por L. major. No entanto em infec¢bes por L. amazonensis,
0 parasito pode anular a diferenciacdo de CDs, reduzindo a expressdo de
citocinas e moléculas co-estimulatorias, e consequente deficiéncia no priming
de resposta Thl, favorecendo o desenvolvimento de lesGes progressivas e
mais graves em camundongos considerados resistentes a outras cepas, Como
L. major (CARVALHO et al., 2012; SCOTT, NOVAIS, 2016).

Neste sentido, macréfagos podem ser classificados de acordo com seu
fendtipo em M1, aqueles classicamente ativados, ou M2, alternativamente
ativados. O subtipo M1 é pré-inflamatoério e exibe caracteristicas microbicidas,
como alta taxa de fagocitose, producdo de ERO e ERN, producao de citocinas
pré-inflamatérias como IFN-y, IL-6 e TNF-a. Ja subtipo M2 atua no reparo
tecidual e resolucédo de inflamacdes. Portanto, no contexto da leishmaniose, um
equilibrio M1/M2 é determinante para um bom progndstico (TOMIOTTO-
PELLISSIER et al., 2018).
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Apesar de ERO e ERN serem geradas por macréfagos ativados,
espécies de leishmania podem inibir sua producdo, como forma de evasao do
sistema imune (GONCALVES et al., 2011). A principal ERN é o Oxido nitrico
(NO), cuja sintese é dependente da inducdo da enzima oxido nitrico sintase
induzivel (iINOS). A INOS, por sua vez, depende classicamente da acao
sinérgica entre IFN-y eTNF-a. O NO atua se difundindo pelas membranas
celulares acarretando a morte de amastigotas intracelulares (SCOTT; NOVAIS,
2016).

1.4  Estresse Oxidativo e Leishmania

A mitocOndria apresenta papel central quando discutimos estresse
oxidativo em tripanossomatideos, como possuem apenas um exemplar dessa
organela, danos e desbalanco redox podem culminar em morte celular. As
espécies reativas de oxigénio dependendo de sua quantidade, podem atuar na
célula de maneira fisiolégica como molécula sinalizadora, ou entdo de maneira
citotoxica, sendo um dos principais mecanismos de morte frente a protozoarios.
Na cadeia transportadora de elétrons, parte do oxigénio € reduzido a anions
superoéxido e radicais como peroxido de hidrogénio e hidroxila, quando essas
moléculas conseguem atravessar a membrana mitocondrial e se espalhar pelo
citosol, podem acarretar consequéncias deletérias (MENNA- BARRETO, DE
CASTRO, 2014). Estudos demonstram que as espécies reativas de oxigénio
sdo capazes de interferir no DNA de L. amazonensis, encurtando os telémeros
do parasito (DA SILVA et al., 2017).

Para driblar os danos causados pelo estresse oxidativo, Leishmania
ssp utiliza uma enzima conhecida como tripanotiona redutase (TR) que
mantém a tripanotiona reduzida para restabelecer o mecanismo redox do
parasito. A TR é uma molécula exclusiva de trypanossomatideos e é analoga a
glutationa em mamiferos, portanto faz parte da familia dos dependentes de
FAD e NAD(P)H oxiredutase. TR é uma proteina dimérica, onde cada
mondmero é formado por 3 dominios, FAD, NADPH e dominio de interface,e a
liberacdo da tripanotiona reduzida € feita apenas depois de transformacdes
guimicas que culminam na formag&do de uma ponte dissulfeto pra estabilizacdo
da proteina ( ILARI et al., 2017).
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A desintoxicacédo feita pelo parasito apresenta uma etapa crucial no
estabelecimento e sucesso da infecgdo. A sinalizacdo celular realizada pelo
Nrf2 em células hospedeiras promove a reducdo do busrt respiratorio causado
pela fagocitose do patégeno, o que alguns autores atribuem como sendo um
mecanismo antiinflamatorio. A infecgéo por L. amazonensis caracteristicamente
induz um nivel de estresse oxidativo quando comparado menor do que aquele
produzido em uma infec¢cdo por L. major, 0 que pode sugerir que ativacdo da

via Nrf2, e como conseqiiéncia, menores niveis de ERO (VIVARINI, LOPES,
2020).

1.5 Tratamento

Atualmente a maioria das opcbes terapéuticas disponiveis para a
leishmaniose apresentam toxicidade e efeitos adversos. As formas de
tratamento atualmente se baseiam no uso de antimoniais pentavalentes como
antimonato de N-metilglucamina (Glucantime®) e o estibogluconato de sodio
(Pentostam®), como farmacos de primeira escolha. Em casos de resisténcia do
parasito, efeitos adversos ou contraindicacdo aos antimoniais, outros farmacos
podem ser utilizados, como pentamidina e anfotericina B, mas ndo possuem
um indice terapéutico tdo favoravel, requerendo maior tempo de tratamento, e
varias reacoes adversas (TIUMAN et al., 2011). Dentre os farmacos licenciados
pelo Ministério da Saude, o tratamento para leishmaniose tegumentar no Brasil
tem como Unico farmaco disponivel para distribuicdo no Sistema Unico de
Saude (SUS) N-metilglucamina apresentado como Glucantime®, atualmente
comercializado pela Sanofi-Aventis Farmacéutica Ltda.

Sao propostos dois mecanismos de acdo para o Glucantime®, o
primeiro € que ha interacdes entre o farmaco e as biomoléculas do parasito,
através da formacdo de complexos Sb (V) com ribonucleosideos,
interrompendo a funcdo de topoisomerases essenciais para a replicacdo e
transcricdo de DNA (FREZARD, et al., 2009).0 outro modelo proposto é de que
0 Glucantime® atua como uma pré-droga no organismo, onde o Sb (V) é
reduzido a Sb (Ill), ativo em amastigotas através de um sistema redox
envolvendo tripanotiona, um conjugado espermidina-glutationa, exclusivo de

protozoérios cinetoplatideos (DENTON, et al., 2004), com fungcédo protetora
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contra o ambiente oxidativo celular (RODRIGUEZ, 2000). Desta maneira o Sb
() induz uma cascata de eventos que levam ao estresse oxidativo celular,
culminando em fragmentacdo de DNA e morte celular programada (apoptose)
dos parasitos (FREZARD, et al., 2009).

A forma de administracdo do Glucantime® assim como dos outros
farmacos para leishmaniose com excecdo da miltefosina (Milteforan®) é
desvantajosa para 0s pacientes, pois € feita por via parenteral, sendo
necessario o deslocamento do paciente até uma unidade de saude por 28 dias
em média, o que pode levar a ndo ades&o ao tratamento (FREZARD, et al.,
2009). Além disso, o Glucantime® apresenta toxicidade cardiaca que incluem
arritmias, prematuridade ventricular, taquicardia ventricular, dentre outros
efeitos adversos como mialgias, cefaléias, danos hepatotdxicos e nefrotdxicos.
Isso torna o tratamento dificultoso e muitas vezes inviavel em pacientes que
possuam algum tipo de co-infeccdo (CHAKRAVARTY; SUNDAR., 2019)

A anfotericina B desoxicolato (AmB) um antibidtico polieno,
iniciamente utilizada como antifungico, foi descoberta como tratamento
alternativo em areas onde o tratamento convencional com antimoniais ja nao
apresentava eficacia, devido a crescente de cepas resistentes. O farmaco atua
formando poros na membrana microbiana se ligando ao ergosterol (principal
esterol presente na membrana), isso altera sua permeabilidade e permite a
saida de fons como Na*, K* e Mg?*, levando a morte celular (LINCOPAN;
MAMIZUKA; CARMONA-RIBEIRO., 2005). Apesar de sua eficacia, os efeitos
adversos, incluindo reacdes a infusdo, nefrotoxicidade, hipocalemia e
miocardite, tornam obrigatorio monitorar e hospitalizar o paciente, aumentando
o custo da terapia (CHAKRAVARTY; SUNDAR, 2019).

Para minimizar os eventos adversos, foram introduzidas formulacfes
lipidicas da AmB nas quais o desoxicolato € substituido por outros lipidios,
introduzindo assim o tratamento com anfotericina B lipossomal (L- AmB). Essas
formulacdes sdo rapidamente absorvidas pelos 6rgdos e concentradas no
tecido reticulo endotelial, que é o local da doenca na LV. A L-AmB permanece
nos tecidos por um longo periodo, permitindo a administracdo do medicamento
por um curto periodo de tempo. A desvantagem do medicamento € que possui

alta variabilidade de eficicia nas diferentes regides endémicas da doenca, sua
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eficacia diminui em pacientes co-infectados, além disso, L-Amb apresenta alto
custo (CHAKRAVARTY; SUNDAR., 2019).

A Miltefosina (Milteforan®) surge entdo como o primeiro medicamento
anti-Leishmania oral. A administracdo oral, a facilidade de uso e a eficacia
tornaram o medicamento de escolha para o programa de eliminacdo de LV na
india, Nepal e Bangladesh. No entanto no Velho Mundo ja ha relatos de cepas
resistentes ao tratamento, e estudos experimentais mostraram uma alta
percentagem de leishmaniose recidiva apés o tratamento com Milteforan®
(NOGUEIRA, et al., 2019).

A pentamidina foi um medicamento utilizado como farmaco alternativo
a pacientes que nao respondiam ao Glucantime®, no entanto seu uso e
eficacia diminuiram devido a sua alta toxicidade (CHAKRAVARTY; SUNDAR,
2019). O mecanismo de acao inclui a inibicdo da sintese de poliaminas, um
nutriente para Leishmania. Os efeitos adversos apds sua utilizagdo incluem
hipotensdo, hipoglicemia, diabetes, nefrotoxicidade e taquicardia (CROFT;
SUNDAR; FAIRLAMB, 2006).

Tendo em vista a alta toxicidade dos medicamentos disponiveis para
o tratamento das leishmanioses, a diversidade de cepas e respostas do
hospedeiro, recidiva, dificuldades na administracdo dos farmacos e elevado
custo do tratamento, a busca por novos compostos com atividade

leishmanicida e com baixa toxicidade ao paciente torna-se necessaria.

1.6 Excrecao/Secrecao Larval

A familia Calliphoride (ordem: Diptera), € popularmente conhecida
como mosca verde ou varejeira, e possui antes da fase adulta trés estagios de
desenvolvimento larvares, onde apresentam caracteristicamente habitos
necrofagos (CALEFFE et al., 2019). As larvas de moscas dessa familia sao
estudadas desde a antiguidade por sua habilidade de remocédo de tecido
necraotico e cicatrizacao de feridas.

Tradicionalmente, a Terapia Larval (TL) era feita com larvas estéreis
para desbridamento de feridas e eliminacéo de infeccdes bacterianas no local
da lesdo. Peptideos antimicrobianos podem ser encontrados na hemolinfa

larval, no tecido gorduroso e principalmente na excrecédo/ secrecao (ES)
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(ARORA; BAPTISTI; LIM, 2011), o uso de TL ou ES larval é considerado uma
técnica moderna no tratamento de infecgéo e feridas (ABDEL-SAMAD, 2019).

O género Lucilia é de grande destaque na familia Calliphoridae, sendo
as espécies de maior relevancia L. cuprina e L. sericata. L. cuprina € conhecida
em muitos paises por ser uma ectoparasita facultativa, causadora de miiase
em ovelhas. No entanto vem sendo investigado seu potencial terapéutico em
lesbes e microbicida frente a diversos microrganismos (ABDEL-SAMAD, 2019;
OWINGS, PICARD, 2018).

A ES larval € uma substancia extraida de glandulas salivares e
intestinais de larvas em terceiro estagio de desenvolvimento. Durante o
desenvolvimento larval ha producédo de diferentes tipos de peptideos, que sdo
responsaveis pelo auxilio na sobrevivéncia das larvas, em cada estagio de vida
h& producédo de diferentes moléculas em diferentes quantidades. Larvas em
terceiro instar de desenvolvimento, apresentam maior quantidade de moléculas
com efeitos microbicidas, quando comparadas a larvas de primeiro e segundo
instar (YOUNG; MEEUSEN; BOWLES VM, 1996).

Em experimentos realizados com complexos de peptideos anti-
microbianos (AMPs) de Calliphora vicina, C.vomitoria,L. sericata e
Musca domestica, foi demonstrado que os AMPs tem efeito contra Escherichia
coli, Klebscella pneumoniae e Acinetobacter baumannii in vitro, sem levar a
resisténcia bacteriana. Isto €, tiveram melhores efeitos quando comparados
aos antibidticos. Ademais, ES larval possui efeito microbicida sobre uma ampla
gama de patdégenos, ha relatos que ES larval de Lucilia cuprina possui eficacia
superior gue métodos convencionais sobre alguns tipos bacterianos como
Staphylococcus aureus e bactérias resistentes a multiplos farmacos (ARORA;
BAPTISTI; LIM., 2011). ES larval de S. magellanica possui efeito
antibacteriano frente Pseudomonas aeruginosas e Staphylococcus aureus.
(DIAZ-ROA et al. 2014), atividade antileishmania in vitro em diferentes estagios
parasitarios de Leishmania panamensis (LAVERDE-PAZ et al., 2018), e mais
recentemente foi demonstrado o efeito de ES larval de L. cuprina reduzindo a
infectividade de virus Rifit Valley Virus (RVF) e Coxsackie B4 (CB4) (ABDEL-
SAMAD, 2019)


https://www.ncbi.nlm.nih.gov/pubmed/?term=Bowles%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=8786213
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Em estudos in vivo, foi demonstrada a atividade de ES larval de S.
magellanica na cicatrizacdo de feridas contaminadas em coelhos diabéticos.
Neste modelo, o tratamento com ES larval aumentou a producdo de novos
tecidos e vasos sanguineos, facilitando assim o processo de cicatrizacao
(GONGORA et al., 2015). Além disso, o ES larval de S. magellanica também
apresentou efeito in vivo sobre modelos de leishmaniose, promovendo eficicia
sobre Ulceras causadas por L. panamensis (CRUZ-SAAVEDRA et al., 2016).

A presenca de peptideos que rompem ou aumentam a
permeabilizacdo da parede bacteriana, e interrompem a sintese de DNA e
proteinas sdo consideraveis responsaveis pelo efeito antibacteriano de
Excrecdo/Secrecdo de larvas de algumas espécies de moscas
(CHERNYSH; GORDYA, SUBOROVA, 2015).

1.7  Principais componentes descritos de ES larval

Os peptideos Antimicrobianos (AMP) é um grupo de diversas
moléculas utilizadas pelo sistema imune de organismos multicelulares para
prevenir ou combater infeccbes microbianas.

Os AMPs podem ser isolados de diversos organismos vivos, inclusive
de seres humanos. Nos insetos, esses peptideos podem ser classificados por
sua caracteristica estrutural e sequéncia em trés catergorias: lineares que néo
contém residuo de cisteina, como por exemplo as cecoprinas, ciclicos que séo
compostos por pontes dissulfeto como defensinas de insetos e por ultimo,
lineares com grande parte do conteudo sendo principalemente de prolina ou
glicina. Os AMPs sdo frequentemente enconrados em hemolinfa, corpo
gorduroso de insetos e também ES de larvas (WU; PATOCKA; KUCA, 2018)

Denfensinas:

As defensinas podem ser classifcadas como “classicas”, beta e
defensina de insetos. As defensinas de insetos sdo peptideos catidnicos
pequenos com residuos de cisteina conservados. Sabe-se que que o
mecanismo de atuacao das defensinas de insetos é pela formacéo de poros na
membrana plamatica, através da interacdo com fosfolipidio de membranas o
gue pode acarretar na formacéo de poros e morte do parasito (Yl et al., 2014).

Cecropinas:
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As cecoprinas sdo peptideos primeiramente isolados de hemolinfa de
pupa de H. cecopria, e ja foram identificadas em diversos grupos de insetos,
como dipteros. A maior parte dos peptideos contém triptofano, o que é
considerado importante na fungdo microbicida da molécula. A atividade
antimicrobiana da molécula depende da conformacdo que ela assume na
presenca do microoganismo, mostrando que em contato com membranas
microbianas elas assumem uma confomacgao a- helicoidal e apresentam efeito
litico. Nesse sentido, os residuos polares interagem com os fosfolipidios,
enquanto as cadeias apolares penetram no nucleo hidrofébico da membrana
(BRADY et al., 2019).

Diptericinas:

As diptericinas sdo pequenos peptideos ricos em glicina, até onde se
conhece sao ativos contra um numero reduzido de bactérias, agindo
principalmente sobre a membrana citoplasmatica de bactérias em crescimento
(WU; PATOCKA; KUCA, 2018).

Prolina:

Os peptideos antimicrobianos ricos em prolina estdo presentes em
vertebrados e invertebrados, frequentemente os residuos de prolina estédo
associados a residuos de arginina. Esses peptideos possuem afinidade por
microoganismos e baixa toxicidade por células mamiferas. Diferente dos outros
tipos de AMPs citados aqui anteriormente, os peptideos ricos em prolina néo
atuam causando lise de membrana, mas sim penetrando em células
suscetiveis, agindo de maneira intracelular. Acreita-se que 0 mecanismo pelo
gual inativam o microoganismo pode depender de sua capacidade de inibir a
dobragem e redobragem de proteinas (SCOCCHI; TOSSI; GENNARO, 2011)

Segundo Young, Meeusen e Bowless (1996) na espécie L. cuprina,
uma das principais moléculas presentes identificadas até agora, sdo da classe
de serino-proteases (YOUNG, MEEUSEN, BOWLESS, 1996).

Serino-proteases:

As serino- proteases sao relacionadas a quimiotripsina e séo
responsaveis por hidrolizar ligagcdes peptidicas com diferentes graus de

especificidade. Semelhantes aos fatores de coagulagcdo em humanos, as
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serino-proteases de insetos formam complexas redes para conter
sangramentos e combater infecgdes (CAO; GULATI; JIANG, 2017).

Dentre os componentes do ES larval, dois sdo bem caracterizados,
Sarconesin, um pequeno peptideo isolado do ES larval de Sarconesiopsis
magellanica, que apresenta efeito antibacteriano, atuando na membrana
bacteriana, e também se ligando fortemente ao DNA, inibindo funcdes
intracelulares bacterianas. A sequéncia identificada de sarconesin em S.
magellanica € semelhante a sequéncia de peptideos encontradas em moscas
Lucilia, incluindo L. cuprina (DIAZ-ROA et al., 2018).

Um segundo peptideo conhecido das moscas da familia Calliphoridae
€ designado lucifensina, conhecido como uma defensina de larvas de Lucilia
spp. Lucifensina é encontrado em extratos de diversos tecidos como intestino,
glandulas salivares, tecido gorduroso e hemolinfa. O peptideo foi isolado de ES
de larvas da espécie Lucilia sericata, e apresenta atividade contra bactérias
(CEROVSKY et al., 2010).

A ligacdo da maioria dos AMPs a superficie microbiana é necessaria
para a atividade microbicida. A conformacao estrutural em formas helicoidais &
essencial para a ligacao a lipidios citoplasmaticos como o LPS.

Os AMPs de insetos tem carga positiva ou entdo uma superficie
carregada positivamente sob pH fisiolégico, o que facilita a ligagdo com a
superficie microbiana que € tem carga negativa, por meio de interacao carga-
carga, seguidas de permealizacdo da membrana ou abertura de poros (Yl et
al., 2014, WILMES et al., 2011). As membranas microbianas possuem maior
carga negativa que a de seres humanos o0 que pode explicar a seletividade das
defensinas de insetos frente a micrébios com baixa toxicidade ao hospedeiro
(WILMES at al., 2011).

Diante do exposto, compostos que ocorrem naturalmente em insetos,
atuam sobre microorganismos e sobre reparo tecidual, notavelmente, sobre
Leishmania spp. in vitro e in vivo, este trabalho teve por objetivo testar
ineditamente a atividade do ES larval de L. cuprina, sobre formas
promastigotas e amastigotas de L. amazonensis, bem como descrever os

possiveis mecanismos de morte envolvidos.
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2. OBJETIVOS

2.1 Objetivos gerais
Avaliar a eficécia terapéutica da secrecdo/excrecao de larvas (ES larval)
da espécie de dipteros Lucilia cuprina frente a Leishmania amazonensis e sua

citotoxidade em linhagens celulares.

2.2 Objetivos Especificos

o Avaliar atividade leishmanicida direta de ES larval, e determinar in vitro a
concentragcédo capaz de eliminar 50% (ICso) das formas promastigotas de
L. amazonensis;

o Analisar as alteracbes morfologicas das formas promastigotas apos o
tratamento com ES larval através da microscopia eletrbnica de varredura
(MEV);

o Determinar a atividade citotoxica de ES Larval sobre linhagens celulares
J774A.1 e VERO

o Determinar a atividade hemolitica de ES larval sobre eritrocitos ovinos;

o Verificar os mecanismos de morte envolvidos na atividade leishmanicida
(despolarizacdo mitocondrial, formacdo de vacuolos autofagicos, acumulo
de corpos lipidicos e producdo de espécies reativas de oxigénio), sobre
as formas promastigotas de L. amazonensis;

o Verificar a atividade anti-amastigota do tratamento de ES larval em
linhagem celular (J774A.1) infectados com L. amazonensis.

o Investigar os mecanismos microbicidas (6xido nitrico e espécies reativas
de oxigénio) em sobrenadante de células infectadas, tratadas ou ndo com

ES larval da espécie de dipteros L. cuprina.

Larval excretion/secretion of dipters of Lucilia cuprina species induces

death in promastigote and amastigote forms of Leishmania amazonensis
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Abstract

The World Health Organization considers Leishmaniasis a major neglected
tropical disease. One of its most frequent clinical manifestations is cutaneous
leishmaniasis affecting 600.000 to 1 million people every year, a context in
which Brazil stands among the countries with the most case reports of the
disease. It has been long in history that fly larvae of the Calliphoridae family are
studied for their effectiveness in wound debridement and tissue healing. Larval
excretion/secretion (ES) is extracted from salivary and intestinal glands of fly
larvae, which present microbicidal activity against Gram-positive and Gram-
negative bacteria, in addition to some species of Leishmania. Our study aimed
atassessing the in vitro efficacy of Lucilia cuprina larval ES against the
promastigote and amastigote forms of Leishmania amazonensis, elucidating

possible microbicidal mechanisms and route of death involved. We used
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concentrations of 0.8-75 pug/mL to assess the direct anti-promastigote activity
and calculated the value capable of inhibiting the viability of 50% of viable
promastigotes (ICso = 2 pg/mL and 2xICso = 4 pg/mL) as the standard for
subsequent experiments. Larval ES was able to inhibit the viability of L.
amazonensis at all concentrations as well as induce morphological and
ultrastructural changes in the parasite retraction of the cell body, roughness of
the cytoplasmic membrane, leakage of intracellular content, ROS production
increase, induction of membrane depolarization and mitochondrial swelling,
formation of cytoplasmic lipid bodies and phosphatidylserine exposure thus
indicating the possibility of apoptosis-like death. To verify the efficacy of larval
ES on amastigote forms, we performed a phagocytic assay at concentrations of
3.12-12.50 pg/mL, measurement of total reactive oxygen species (ROS) and
nitric oxide (NO). Treatment using larval ES reduced the percentage of infection
and the number of amastigotes per macrophage of lineage J774A.1 a tall
concentrations, increasing the production of ROS and TNF-q, thus indicating
possible pro-inflammatory immunomodulation and oxidative damage. Therefore,
treatment using larval ES is effective at inducing the death of promastigotes and

amastigotes of L. amazonensis even at low concentrations.

Keywords: Leishmaniasis; Larval Therapy; Calliphoridae; Cell death;

Apoptosis-Like.

1. Introduction

Leishmaniasis is a neglected tropical disease transmitted by protozoa of the
Leishmania genus (CDC, 2019). The clinical manifestations of the disease vary
according to the parasite species and the host's immune system, ranging from
skin lesions to lethal visceral diseases (LABONY et al. 2014). Currently, 95% of
cases of cutaneous leishmaniasis (LC) occur in the Americas (called American
cutaneous leishmaniasis, ACL), the Middle East, and Asia, presenting about 1
million new cases annually, a context in which Brazil is the sixth country with the
highest incidence of cases notified. In addition, it is considered one of the six
major public health diseases, with high morbidity rate and case reports all over
Brazil(WHO, 2019).
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The first choice among the currently available therapeutic options for
leishmaniasis is based on the use of pentavalent antimonials such as
meglumine antimoniate (Glucantime) and sodium stibogluconate (Pentostam)
(TIUMAN et al., 2011). However, the use of these drugs is associated with high
toxicity, adverse effects, cases of parasitic resistance, disease recurrence,
difficulties in administration, in addition to the high cost of treatment. Therefore,
research has focused on new compounds presenting leishmanicidal activity and
low toxicity (NOGUEIRA, et al. 2019).

It has been long in history that fly larvae of the Calliphoridae family are
studied for their ability to remove necrotic tissue and assist in wound healing
(ARORA; BAPTISTI; LIM, 2011). Larval excretion/secretion (ES), obtained from
the larval salivary and intestinal glands at the third stage of development of the
Calliphoridae fly, show microbicidal activity against Staphylococcus epidermidis,
S. aureus, Pseudomonas aeruginosa, Micrococcus luteus (DIAZ-ROA et al.
2014, CEROVSKY et al. 2010) and curative. Larval ES of different species are
characterized by the presence of several types of antimicrobial peptides
(AMPs), such as defensins, diptericins, cecoprins, and prolines (WU;
PATOCKA; KUCA, 2018, BRADY et al., 2019).

Diaz-Roa et al.,, 2018 demonstrated that AMPs present inlarvae of an
important member of Calliphoridae family, Lucilia cuprina, are mostly proteases
of the serine proteases class, which can damage the cell wall and interrupt DNA
synthesis inmicroorganisms (YOUNG; MEEUSEN; BOWLES VM, 1996) without
generating resistance (CHERNYSH; GORDYA, SUBOROVA, 2015).
Additionally, it has been reported the in vitro description of leishmanicidal
activity of larval ES of L. sericata and Sarconesiopsis magellanica against
promastigotes and amastigotes of Leishmania panamensis (LAVERDE-PAZ et
al. 2018), as well as in vivo, increasing the pro-inflammatory response and
inducing the healing of ulcers caused by L. panamensis (CRUZ-SAAVEDRA et
al.,2016).

Despite the promising activity described in the literature, the activity of L.
cuprina products against L. amazonensisis yet to be demonstrated. In this
context, this study aimed at assessing the leishmanicidal effect of the larval ES

of L. cuprina on promastigote and amastigote forms of L. amazonensis, in
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addition to investigating the main microbicidal and pro-inflammatory
mechanisms and death pathways involved in eliminating the parasite.
1. MATERIALS AND METHODS
2.1 Culture of Leishmania (Leishmania) amazonensis

Leishmania (L.) amazonensis (MHOM/BR/1989 /166MJO) were
maintained as described by Tomiotto et. al, 2018, in culture medium 199
(GIBCO Invitrogen, New York, USA) supplemented with 10% fetal bovine serum
(FBS) (GIBCO Invitrogen, New York, USA), Hepes 1M medium, 1% human
urine, 1% L-glutamine, streptomycin and penicillin (GIBCO Invitrogen) and 10%
sodium bicarbonate. The parasites were kept in a B.O.D. at 25°C. In all

experiments, promastigote forms were used in the stationary growth phase.

2.2Cell lines

VERO cell lines (kidney of Cercopithecus aethiops), (kindly provided by
Dr. Phileno Pinge Filho - Laboratory of Experimental Immunopathology, State
University of Londrina) and J774A.1 (mus musculus macrophages) (kindly
provided by Dr. Fabio Henrigue Kwasniewski - Laboratory of
Immunopharmacology, Londrina State University) were cultured with DMEM
medium (LifeTechnologies, Carlsbad, CA, USA) supplemented with 10% FBS
(GIBCO Invitrogen s), 100 pg/mL penicillin and 100 pg/mL streptomycin
(GIBCO Invitrogen). Cell lines were maintained in an incubator at 37 °C, 5%
CO..

2.3Excretion/Secretion (ES) of larvae

ES of L. cuprina larvae were obtained from the Special Laboratory for
Applied Toxicology of the Butanta Institute, grown according to Diaz-Roa et al.
(2014). in a brief description third instar larvae were centrifuged in a 15 ml
falcon, disinfected by adding 0.5% formaldehyde for 5 min, the solution is then
replaced with 0.5% hypochlorite with constant agitation and then washed with
sterile PBS. The ES mixture was removed by syringe, transported to another
falcon for centrifugation at 13,000 g at 4 ° C. The supernatant containing ES

was collected and sterilized by filtration and stored at -70 ° C.
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Protein concentrations (0.8, 1.6, 3.12, 6.25, 12.5, 18.5, 25, 31.5, 50, and
75 pg/mL) of ES were quantified using NanoVuePlus (Biochrom, Holliston,
USA), and selected for testing against the parasite according to the literature
data (DIAZ-ROA et al., 2014).

2.4 Antipromastigote assay

L. amazonensis promastigotes (10%) were treated with different
concentrations of ES Larvae (0.8, 1.6, 3.12, 6.25, 12.5, 18.5, 25, 31.5, 50, 75
pg/mL) for 24 h at 25 °C. After this period of treatment, the parasites were
counted in a Neubauer chamber. The results were expressed as % of viable
promastigotes about the control, which was considered to be 100%. We used
as negative controls the L. amazonensis promastigote maintained in culture
without treatment, and vehicle (PBS diluted in 199 medium). The half-maximal
inhibitory concentration (ICso) in parasites was calculated by non-linear
regression to the dose-response curve using Graph Pad Prism 6.01 software.

2.5Scanning electron microscopy (SEM)

SEM of promastigote forms was performed according to Gongalves et al.,
2018. Briefly, the parasites (10°) were treated with ICso (2ug/mL) and 2x ICso
(4pg/mL) of ES Larvaefor 24 h. After this procedure, were collected and
subjected to 2.5% glutaraldehyde-fixation in 0.1 M of sodium cacodylate buffer
containing 1mM CacCl>, collected and placed in poly-L-lysine previously treated
coverslips and dehydrated in increasing concentrations of ethanol, CO:
drypoint, gold-coated, and analyzed in FEI QUANTA 200 SEM. The length of
the trypomastigote forms was analyzed in the Image-Pro Plus software, based
on the 10,000x magnification images obtained. At least three images of each

condition were subjected to measurement.

2.6 Transmission electron microscopy (TEM)

For evaluation of ultrastructural changes by TEM, promastigote forms
(10°) were treated with ICso (2ug/mL) and 2x ICso(4pg/mL) of ES Larvae for 24
h. After this procedure, the parasites were collected by centrifugation, washed
in PBS 0.01 M pH 7.2, and fixed by immersion in 2.5% glutaraldehyde in 0.1 M
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sodium cacodylate buffer. The parasites were post-fixed in a solution of 1%
osmium tetroxide, 0.8% potassium ferrocyanide, and 10.0 mM CaCl; in 0.1 M
sodium cacodylate buffer at room temperature and protected from light. After,
the samples were washed with 0.1 M sodium cacodylate buffer, dehydrated in
increasing concentrations of acetone (50 - 100%), included in EPON resin, and
polymerized at 60 °C for 72 h. Ultrathin sections were made in ultramicrotome,
deposited on a copper grid, contrasted with uranyl acetate and lead citrate, for
20 and 10 min, respectively. The analysis was performed using a TEM JEOL
JEM 1400.

2.7 Determination of reactive oxygen species (ROS) generation on L.
amazonensis promastigotes

To evaluate the ROS generation, promastigote forms of L. amazonensis
(10°) treated with larval ES (ICso and 2x ICso) for 24 h were incubated with 5 uM
of the 2',7'-dichlorofluorescein (H.DCFDA) diacetate probe (Sigma, St. Louis,
MO, USA) for 45 min at 25 °C on a black background plate. ROS were
measured as an increase in fluorescence caused by the conversion of non-
fluorescent dye to highly fluorescent 2’,7’-dichlorofluorescein (DCF), using the
excitation wavelength 488 nm and emission of 530 nm in a fluorescence
microplate reader (Victor X3, PerkinElmer, Finland). Hydrogen peroxide (H202)
was used as a positive control. Additionally, micrographs of ES-treated
promastigotes were acquired using an EVOS® Microscope FL Auto Cell
imaging system (Thermo Fisher) at 200x magnification. The obtained

fluorescence values were normalized by the number of parasites.

2.8 Determination of the mitochondrial membrane potential (A¥Wm)
Promastigotes forms (10°) were treated with larval ES (ICso and 2x ICsg)
for 24 h at 25°C. After, parasites were washed with PBS and incubated with 25
nM of tetramethylrhodamine ethyl ester (TMRE; Sigma-Aldrich, St. Louis, MO,
USA) for 30 min at 25°C. The fluorescence was measured in a Victor X3
spectrofluorometer (PerkinElmer, Finland) at an excitation wavelength of 480
nm and an emission wavelength of 580 nm. Carbonylcyanide m-

chlorophenylhydrazone (CCCP) was used as a positive control (100 pM)
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(Sigma, St. Louis, MO, USA).Additionally, micrographs of ES-treated
promastigotes were acquired using an EVOS® Microscope FL Auto Cell imaging
system (Thermo Fisher) at 200x magnification.

2.9 Detection of lipid droplets (LD)

Quantification of LD was performed using the Nile Red marker. After 24 h
of treatment with larval ES (ICso and 2x 1Cso), promastigote forms were
incubated with Nile red (0.5 pyM) for 30 min at 25°C. Fluorescence was
measured in the fluorescence microplate reader (Victor X3, PerkinElmer,
Finland) with excitation of 530 nm and emission of 635 nm. PBS without adding
medium was used as a positive control. The obtained fluorescence values were

normalized by the number of parasites.

2.10 Formation of autophagic vacuoles

The formation of autophagic vacuoles in promastigote forms of L.
amazonensis was carried out according to Machado and collaborators (2017)
with modifications. Promastigote forms (10°) treated with larval ES (ICso and 2x
ICs0)for 24h were marked with monodansylcadaverine (MDC) (50uM) for 1h at
25 °C. The parasites were analyzed using a fluorescence microplate reader
(Victor X3, PerkinElmer, Finland) with 380 nm excitation and 525 nm
emission.PBS without adding medium was used as a positive control. The

obtained fluorescence values were normalized by the number of parasites.

2.11 Determination of cell membrane integrity

Promastigote forms (10°) treated with larval ES (ICso and 2x ICso)for 24 h
were incubated with propidium iodide (PI) (Sigma, St. Louis, MO, USA) (0.5
pg/mL) for 15 min at 25 °C. Parasites were analyzed using a fluorescence
microplate reader (Victor X3, PerkinElmer, Finland) with an excitation
wavelength of 480 nm and an emission of 580 nm. The obtained fluorescence
values were normalized by the number of parasites. Digitonin (Sigma, St. Louis,

MO, USA) (40 uM) was used as a positive control.

2.12 Determination of phosphatidylserineexposure
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Phosphatidylserine exposure was detected using Annexin-V FITC
(Invitrogen, Eugene, USA). Promastigote forms (10°) treated with larval ES (ICso
and 2x ICsp) for 24 h were incubated with 5 pL of Annexin-V FITC for 15 min at
25°C. Camptothecin (Sigma, St. Louis, MO, USA) (10 uM) was used as a
positive control. The data were obtained from a fluorescence microplate reader
(Victor X3, PerkinElmer, Finland) at an excitation wavelength of 488 nm and
emission of 520 nm. The obtained fluorescence values were normalized by the

number of parasites.

2.13 Cell viability

Cytotoxicity effects of larval ES treatment in cell lines murine macrophage
VERO, and J774A.1, the MTT assay was performed as previously described
Gongalves et al., (2018). Briefly, cells (10%) were seeded in a 96-well culture
plate (Techno Plastic Products, Trasadingen, Switzerland) and incubated with
different concentrations of Larval ES (3.12, 6.25, 12.5, 18.5, 25, 31.5, 50, 75
and 100 pg/mL) for 24 h (37 °C, 5 % COy), washed, and added MTT (0.33
mg/mL) for 4 h. Absorbance was read in a spectrophotometer (Thermo
Scientific, Multiskan GO) at 550 nm. H202 was used as a positive control.The
results were expressed as the percentage of viability compared to the control
group calculated with the following formula: % (viable macrophages) = (samples

of the treated larval ES/sample OD untreated) x 100.

2.14 Hemolytic assay

Cell viability was assessed using sheep erythrocytes (Animal
Experimentation Ethics Committee at Londrina State University: 82862016.60).
Sheep blood was collected with heparin, and the erythrocytes were washed
three times with PBS (centrifugation at 1000 rpm for 10 min). A2% erythrocyte
suspension was incubated 1:1 with PBS and larval ES treatments (3.12, 6.25,
12.5 18.5, 25, 31.5, 50, 75, and 100 pg/mL) in a total volume of 200 uL in a 96-
well plates for 3 h at 37 °C at5% CO.». The plates were centrifuged at 1000 rpm
for 10 min and the absorbance of the supernatants was read at 550 nm. PBS

was used as a negative control and Triton x-100 (1%) as a positive control.
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2.15 Intramacrophage antiamastigote assay

Cell line J774A.1 (5x10°) were cultured in 24-well plates containing 13
mm-glass cover slips and submitted to 24 h incubation with a 200uL RPMI 1640
medium at 37°C and 5% CO.. Adherent cells were submitted to infection with L.
amazonensis promastigotes (10%), subsequently, the non-internalized
promastigotes were removed through a PBS washing, and the cells submitted
to treatment using larval ES (1.6, 3.12, 6.25, 12.5, 25 ug/mL) for 24 h at 37 °C
and 5 % COy). The cover slips were fixed with methanol for 10 min and stained
with Leishman stain, and 20 fields analyzed through increased soaking using an
Optical microscope (Olympus BX41, Olympus Optical Co., Ltd., Tokyo, Japan)
(1000x magnification) to determine the % of infected macrophages as well as
the number of amastigotes per cell after a 24 h with treatment. The supernatant
was stored at -80° to measure the cytokines and nitric oxide (NO).

2.16 Evaluation of ROS generation in infected macrophages
Macrophages J774A.1 infected and treated as described in item 2.14 and
incubated with 2.5 uM of HoDCFDAfor 45 min at 37°C. ROS were measured as
an increase in fluorescence caused by the conversion of non-fluorescent dye to
highly fluorescent 2’,7’-dichlorofluorescein (DCF), using the 488 nm excitation
wavelength and 530 nm emission in a fluorescence microplate reader (Victor
X3, PerkinElmer, Finland). Hydrogen peroxide (H-02) was used as a positive

control.

2.17 Determination of nitrite as estimative of NO levels

NO was determined by the Griess method (Bortoleti et al., 2018), where
aliquots of the supernatant from the anti-amastigote assay were added with
Griess reagent v/v[1%sulfanilamide and 0.1% N-(1-Naphthyl) ethylenediamine
in orthophosphoric acid (H3zPOs4) 5%]. After 10 min of incubation at room
temperature, the samples were placed in 96-well microplates. A calibration
curve was made using dilutions of NaNO2, and the absorbance was determined

at 550 nm in a microplate reader (Thermo Scientific, Multiskan GO).

2.18 Tumor-necrosis factor-alpha (TNF-a) measurement
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Anti-amastigote assay supernatants were used to measure TNF-a levels
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 Scientific, Multiskan GO).

2.19 Statistical Analysis

Statistical differences were obtained after analysis of variance (ANOVA),
followed by the Tukey test for multiple comparisons using GraphPad Prism 6.01
for Windows (GraphPad Software, San Diego California, USA). Data were
expressed as mean + SEM and were considered significant differences when p-
value < 0.05. The values were also categorized by: * (p<0.05); ** (p<0.01); ***
(p<0.001); ****(p<0.0001).

3. RESULTS
3.1 Larval ES inhibits viability of promastigote forms of L. amazonensis in
vitro

Initially, we investigated the direct activity of larval ES (0.8, 1.6, 3.12, 6.25,
12.5, 25, 50, 75 pg/mL) on promastigote forms of L. amazonensis for 24 h. We
verified that all concentration tested were able to significantly reduce the
viability of the parasites in a dose-dependent manner by 33.34%, 52.39%,
54.86%, 64.60%, 66.87%, 74.55%, 76.13%, and 78.41%, respectively (p<0.01),
comparing with the control. The diluent (PBS) did not show leishmanicidal
activity (Fig. 1).

The determined values of ICso and 2xICso were chosen for the subsequent

experiments.
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Figure 1: Larval ES activity on promastigote forms of L. amazonensis.
Parasites were treated with different concentrations of larval ES (0.8, 1.6, 3.12,
6.25, 12.5, 25, 50, 75 pg/mL) for 24 h and counted in an neubauer chamber.
PBS (0.1%) was used as a vehicle. The values shown are expressed as mean

+ standard deviation.

3.2 Larval ES induces morphological and ultrastructural damage in
promastigote forms

Hereupon, we assessed the morphological and ultrastructural effects of
larval ES (ICso and 2xICsp) on L. amazonensis promastigotes using SEM and
TEM. The SEM analysis showed typical untreated promastigotes (control) with
an elongated body, smooth cell membrane, and a preserved anterior flagellum
(Fig. 2 a,b). However, larval ES treated parasites exhibited rounded shape and
reduced cell body size, roughness in cell surface, and apparent leakage of
cytoplasmic contents (Fig.2c-f). In addition, the TEM analysis revealed well-
preserved ultrastructural organizationin untreated parasites (Fig. 2g,h), while
the parasites treated with larval ES exhibited an accumulation of lipid-storage
bodies and autophagic vacuoles in the cytoplasm, DNA disorganization in

nuclei, and mitochondrial swelling (Fig. 2 i-l).
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Figure 2: Morphological and ultrastructural alterations on promastigotes
of L. amazonensis treated with ICso and 2x ICso of larval ES for 24 h. SEM
images: (A-B) untreated promastigotes; (C-D) ICsolarval-ES treated parasites;
(E-F) 2xICsolarval-ES treated parasites. TEM images: (G-H) untreated
promastigotes; (I-J) ICso larval ES-treated parasites; (K-L) 2xICsolarval ES-
treated parasites.fp, flagellar pocket; f, flagellum; k, Kkinetoplast;m,
mitochondrion;n, nucleus;*, autophagic vacuole; A, swelling mitochondrial;m,
lipid-storage bodies; », DNA disorganization in nuclei. Scale bars = 5 um(A, B,
D), 4um(C, E), 3 um (F), 1 um (I, L), 0.5 um (G, H, J, K).
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3.3 Larval ES increases ROS generation, mitochondrial depolarization,
and formation of lipid droplets in L. amazonensis promastigote forms

Knowing that larval ES acted on promastigote forms, we sought to
understand the mechanisms triggered by the treatment. The fluorimetric
analysis showed that promastigotes forms of L. amazonensis treated with larval
ES (ICso and 2x ICsp) presented higher ROS generation (Fig. 3a), as well as
depolarization of the mitochondrial membrane, comparing with the control
(p<0.0001)(Fig. 3b). Furthermore, we observed that promastigotes treated with
larval ES (ICsp and 2x1Cs0) showed an increase in the formation of lipid droplets
in relation to non-treated parasites (p<0.0001) (Fig.3c). The ICso and 2xICso
treatments did not differ from each other.
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Figure 3: Death mechanisms induced by larval ES in promastigote forms
of L. amazonensis. Promastigotes of L. amazonensis were treated with larval
ES (ICso and 2xICso) for 24 h and analyzed by the fluorescence unit. A) ROS
production by DCF fluorescence, B) Alteration of AWm by TMRE and C)
Accumulation of cytoplasmic LD by Nile Red. Promastigotes were cultivated in
medium 199 were used as a negative control, H>O,, CCCP, and PBS as a
positive control. The values shown are expressed as mean * standard

deviation.
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These data were confirmed through fluorescence microscopy, in which the
non-treated parasites (control) presented virtually no DCF and strong TMRE
labelling, whereas the treated parasites showed strong DCF and weak TMRE
labelling. In addition, we found an overlap of the markers, suggesting that the
ROS induced by Larval ES could be acting directly on the mitochondria (Fig. 4).

2
o

Figure 4: Reactive oxygen species and mitochondrial membrane integrity

Control

by larval ES in L. amazonensis promastigotes. Promastigotes were treated
for 24 h with larval ES at the ICso(2 pg/mL) and 2x andICso(4 pg/mL)
representative images taken by fluorescence microscopy showing ROS
measurements as indicated by DCF fluorescence(green) and mitochondrial
membrane integrity as indicated by TMRE marker(red). Control (untreated
parasites). Scale bars = 10 um. The data represent the mean + SEM of three

independent experiments performed in duplicate.

3.4 Larval ES induces autophagy and apoptosis-like death in L.
amazonensis promastigotes

After 24 h of larval ES treatment (ICso and 2xICso) on promastigote forms,
we observed higher fluorescence intensity of MDC in relation to the control
(p<0.001), suggesting an accumulation of autophagic vacuoles (Fig. 4a). We
also assessed the exposure of phosphatidylserine and the integrity of the

plasma membrane in the parasites treated with larval ES (ICso and 2xICso). We
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found an increase in the levels of Annexin V and PI fluorescence comparing
with the control (p<0.001), which indicates an increase in cell death caused by a
late apoptosis-like pathway (Fig. 4b,c).
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Figure 5: Larval ES of L. cuprina induces autophagy and apoptosis-
like in promastigote forms of L. amazonensis. Promastigotes of L.
amazonensis were treated with 1ICso and 2xICso of larval ES for 24 h. A) MDC

for autophagic vacuoles, B) Annexin V for phosphatidylserine exposure and C)
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PI1 for cell membrane integrity. Medium 199 was used as negative control and

PBS as a positive control. Values are expressed as mean + standard deviation.

3.5 Larval ES shows low cytotoxicity to VERO, J774A.1 cell lines, and
sheep erythrocytes

To understand the effect of larval ES on mammalian cells, we investigated
its hemolytic potential and cytotoxic effect on an epithelial cell lineage (VERO).
Additionally, considering that cells are the main reservoir of parasites of the
Leishmania genus in the immune system, with the macrophages being mostly
infected (TOMIOTTO-PELLISSIER et al., 2018), we assessed the toxicity in
J774A.1 cells. Larval ES showed cytotoxicity in all cells tested only at the
highest concentration (100 pg/mL) with a reduction of 48.06, 47.28, and 36.47,
respectively in for J774A.1, VERO and erythrocytes in relation to the control
(p<0.0001) (Fig. 5a,b,c). Therefore, we chosen the lowest Larval ES
concentrations for further experiments (3.12, 6.25, 12.5, 25 pyg/mL).
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Figure 6: Cytotoxicity in J774A.1, VERO cell lines, and sheep erythrocyte.
The cell lines were incubated with concentrations (3.12, 6.25, 12.5, 18.5, 25,
31.5, 50, 75 and 100 pg/mL) of larval ES for 24 h. Cell viability analysis was
analyzed by MTT, where A) VERO, B) J774A.1, and C) Sheep erythrocytes
incubated with larval ES for 3 h. The values presented are expressed as mean

+ standard deviation.
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3.6 Larval ES has a leishmanicidal effect on L. amazonensis amastigotes

Since the treatment showed low cytotoxicity on macrophages and other
mammalian cells, we performed an antiamastigote assay to assess the
leishmanicidal effect of Larval ES on L. amazonensis-infected macrophages,
considering the percentage of infected cells and the number of amastigotes
after 24h-treatment (3.12, 6.25, 12.5, 25ug/mL).The results demonstrated that
the larval ES reduced the percentage of infected macrophages (J774A.1) by
34.86, 47.24, 45.11, and 48.17% (p<0.01), respectively, for 3.12, 6.25, 12.5,
and 25 pg/mL (Fig. 6a). Furthermore, the same tested concentrations were able
to significantly reduce the number of amastigotes per macrophage by more than
50% (p<0.0001) (Fig. 6b).
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Figure 7: Larval ES activity on macrophages infected with L.
amazonensis. L. amazonensis-infected macrophages J774A.1 treated with
larval ES for 24 h at concentrations (1.60, 3.12, 6.25, 12.5, and 25 ug/mL) and
evaluated in an optical microscope, 20 random fields from each coverslip were
counted, 3 coverslips of each concentration, in 100x magnification under
immersion. A) Number of infected macrophages, and B) the number of
amastigotes per macrophage. The values shown are expressed as mean *

standard deviation.

3.7 Larval ES induces higher ROS generation and TNF-a levels in L.

amazonensis-infected macrophages
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Considering that all tested concentrations had an anti-amastigote effect,
for the following tests we selected the lowest concentrations that caused
deleterious effects on the intracellular form of the parasite (3.12 and
6.25ug/mL).

The treatment using larval ES was able to induce a significant increase in
the ROS generation in infected macrophages at a concentration of 6.25 pug/mL
comparing with the control (p<0.0001)(Fig. 7a). However, none of the
concentrations revealed significant difference in the NO levels in relation to the

control (Fig. 7b).
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Figure 8: Increased levels of ROS and TNF-a in macrophages
infected and treated with larval ES. Macrophages were infected with L.
amazonensis and treated with larval ES (3.12 and 6.25 pg/mL) for 24 h. A)
Measurement of ROS levels by marking with the H.DCFDA probe, B) NO levels
measured by the Griess method and C) Evaluation of TNF-a production by the
ELISA immunoassay. Untreated L. amazonensis-infected macrophages were
used as a negative control and H20> as a positive control. The values shown
are expressed as mean + standard deviation.

Finally, our results showed higher TNF-a levels in groups treated with
larval ES at both concentrations tested (p<0.05)(Fig. 7c). The IL-10 and IL-6

levels were below the detection levels of the kits (data not shown).

DISCUSSION

Leishmaniasis is a neglected tropical disease related to socioeconomic
factors, commonly endemic to developing countries and areas, however, with
the intense immigration of people, it has spread to several countries of the
globe, elevating it as a major neglected tropical disease, according to the WHO,
whose search for treatments is now a priority (BURZA, CROFT, BOELAERT,
2018).

The route of the drugs currently used in the treatment against
Leishmaniasis includes an administration that often requires hospitalization of
the infected individual involving long periods, in addition to causing the patient
to experience adverse effects, mostly resulting in the treatment interruption
(TORRES-GUERRERO et al., 2017). Furthermore, the most worrying factor is
the emergence of drug resistant strains, which affects the result of the treatment
and spread of the parasite, therefore, it is urgent to seek and reach new
therapies against the disease (PONTE-SUCRE et al., 2017).

Given the difficulties presented for the treatment of Leishmaniasis, our
work presents a new efficient therapeutic alternative for the elimination of L.
amazonensis promastigotes and amastigotes, a species of wide distribution in
Brazil and Latin America, causing ATL and diffuse CL (TORRES-GUERRERO
etal., 2017).



O 00 N o u b~ W N R

W W W W N N N NN N NN N N NN P PRR R R, R, R, R R R
w N P O VW 00 N O U A W N B O O 0O N O U B W N —» O

49

The main components of insects larval ES are antimicrobial peptides
(AMPs), which presents potent antimicrobial effects. Our results demonstrate
that larval ES has a leishmanicidal effect on promastigote and amastigote forms
of L. amazonensis, corroborating with previous in vitro studies, showing that
larval ES of Calliphoridae blowfly have presented efficacy against
promastigotes forms of L. panamensis, L. tropica, and L. major (LAVERDE-PAZ
et al. 2018, CRUZ-SAAVEDRA et al. 2016, POLAT et al. 2012, SANEI-
DEHKORDI et al. 2016), and in vivo experiments suggest higher pro-
inflammatory response (LAVERDE-PAZ et al. 2018, CRUZ-SAAVEDRA et al.
2016).

Based on these data, our study is the first to determine the ICso (2 pg/mL)
and 2xI1Cso (4 pg/mL) values of larval ES of the L. cuprina species, with lower
inhibitory concentrations comparing with other species of flies from the
Calliphoridae family, such as L. sericata (ICso 41.44 pg/mL), and
Sarconesiopsis magellanica (ICso 23.42ug/mL) against L. panamensis
(LAVERDE-PAZ et al., 2018).

Additionally, larval ES-treated parasites exhibited rounded shape and
reduced cell body size, cell surface roughness, and apparent leakage of
cytoplasmic contents. These morphological alterations occur because insect
AMPs have a positive charge or a positively charged surface under
physiological pH, which facilitates the connection to the microbial surface, which
has a negative charge, through charge-charge interaction, followed by
membrane disturbances or opening of pores (Yl et al., 2014, WILMES et al.,
2011).

At the ultrastructural level, we observed that the treatment with larval ES
induced an accumulation of lipid-storage bodies and autophagic vacuoles in the
cytoplasm, DNA disorganization in nuclei, and mitochondrial swelling. Similar
morphological characteristics have already been described with other
compounds and related to apoptosis-like death (MIRANDA-SAPLA et al, 2019).

ROS are considered signaling molecules that regulate crucial components
to cellular functioning, which makes them potentially antimicrobial. Its effect
occurs through the reaction with the thiol group in enzymes, proteins, DNA, and
cell membranes (DRYDEN, 2018, KUMARI et al., 2017). The high generation of
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ROS can lead to the formation of pores and alteration of mitochondrial
permeability, the so-called “ROS-induced ROS” effect, in which the increase in
cytoplasmic ROS causes mitochondrial disturbance and consequent release of
ROS generated by mitochondrial metabolism, a type of positive feedback that
spreads throughout the cell (ZOROV, JUHASZOVA, SOLLOTT, 2014).

Oxidative stress can lead to the loss of essential components of the
electron transport chain under its effects, structural modification of the lipid
membrane and deficiency in mitochondrial functionality, notable cellular
damage, and death (SINHA et al., 2013). In our work, the larval ES at ICso and
2xICso concentrations significantly increased ROS levels in promastigote forms,
thus suggesting that the parasite was suffering from cellular stress.

Mitochondria is an organelle of great importance for cell survival, providing
energy by generating ATP through oxidative phosphorylation, which makes it an
easy target for increasing ROS generation and cell stress, and may induce the
release of cytochrome c into the cytoplasm (SAUDAGAR, DUBEY, 2014). In
parasites such as Leishmania, which has a single mitochondrion, proper
functioning of this organelle is essential to guarantee its survival (SHADAB et
al., 2017). Larval ES was able to lead to mitochondrial depolarization in the
parasites, as a consequence of the oxidative stress caused by the increased
ROS generation.

Mitochondrial dysfunctions can favor the formation of LD, mainly
composed of neutral lipids, triglycerides, and sterols, by changing metabolic
pathways for glycolysis and fatty acid biosynthesis in stressful situations (LEE et
al., 2013). Thus, the greater LD formation in the treated parasites suggest that
promastigotes were under cellular stress. All data presented so far corroborate
the ultrastructural assessment, which revealed abnormalities in the
mitochondrial structure and considerable accumulation of cytoplasmic lipids.

Autophagy is a pathway physiologically involved in the removal of
damaged cellular components, initially intended for cell survival. It is
characterized by forming autophagic vacuoles and can be activated in situations
of cellular stress. Although autophagy is a process of cell recovery and cycling,
over activation of this pathway can initiate the process of cell death (DOLAI,
ADAK, 2014, MACHADO et al., 2017). Our results showed an accumulation of
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autophagic vacuoles throughout the parasite body, suggesting permanent loss
of organelle functionality.

Apoptosis is a death process that frequently occurs in parasites of the
genus Leishmania involving physical and biochemical changes such as cell
stress, mitochondrial damage, and changes in the parasite's morphology such
as body retraction, phosphatidylserine exposure, and nuclear fragmentation
(MIRANDA-SAPLA et al. 2019, BORTOLETI et al.,, 2018). Our fluorimetry
assays identified a considerable increase in both markers of cell death,
phosphatidylserine exposure, and membrane permeabilization.

Thus, our results demonstrate that 24h ES-treatment in L. amazonensis
promastigotes was able to induce morphological and ultrastructural damage
observed through SEM, TEM, and fluorometric tests, like a reduction of the cell
body, exhibited cell surface roughness, and apparent leakage of cytoplasmic
contents, disorganization in nuclei, mitochondrial swelling. In addition, we
observed higher ROS generation, mitochondrial depolarization, formation of
lipid droplets, autophagic vacuoles, phosphatidylserine exposure, and loss of
membrane integrity in parasites. This triggered a pathway that is particular to
late apoptosis-like process, with co-labeling of annexin-V and propidium iodide.
Such mechanism has been recently described in the same parasite species
treated using different compounds and extracts (ASSOLINI et al. 2020,
MIRANDA-SAPLA et al. 2019, BORTOLETI et al., 2018, TOMIOTTO-
PELLISSIER et al.,, 2018, GONCALVES et al.,, 2018), suggesting that
apoptosis-like is a plausible mechanism through which ES induces
promastigotes death.

Amastigote forms are necessarily intracellular and are located within cells
of the innate immune system, especially the host macrophages, which has been
a challenge in the development of new effective drugs for leishmaniasis
(TOMIOTTO-PELLISSIER et al., 2018). Therefore, new candidate substances
for therapy should not be considered toxic to the host organism, however, they
must be effective against intracellular forms of Leishmania spp. (BORTOLETI et
al., 2018). Larval ES is presented as a candidate for anti-leishmaniasis therapy
for not inducing cytotoxic effects and eliminating amastigotes even at low

concentrations, therefore presenting greater selectivity for the parasite than for



O 00 N o u b~ W N R

W W W W N N N NN N NN N N NN P PRR R R, R, R, R R R
w N P O VW 00 N O U A W N B O O 0O N O U B W N —» O

52

the mammalian cell. Membranes of microorganisms have a greater negative
charge than that of humans, which may explain the selectivity of insect
defensins against microbes with low toxicity to the host (WILMES et al., 2011).

Producing ROS and NO isimportant to eliminate intracellular parasites
(HORTA et al. 2012). Although NO is an important microbicide molecule, it is
not the main mediator in the L. amazonensis death mechanism (GONCALVES
et. al, 2018). In the phagocytosis process, there is an increase in the oxygen
demand of the phagocytic cells, known as respiratory burst, in which higher
ROS generation occurs, which may be responsible for eliminating the parasite,
promoting direct oxidative damage, imbalance in lipid metabolism, DNA
damage, as well as oxidation and nitrogen base dosing (PAIVA, BOZZA, 2014).

Immunomodulation through cytokine secretion can target Leishmania
infection at its initial phase (MIRANDA-SAPLA et al., 2019). Tumor necrosis
factor-alpha (TNF-a) is a cytokine secreted by cells of the innate immune
system and mainly by activated macrophages. It is considered important in the
pro-inflammatory response profile, with antiparasitic activity acting in the
elimination of Leishmania by inducing the synthesis of microbicide molecules
(DAYAKAR et al.,, 2019). The hypothesis that TNF-a can induce ROS
generation is well accepted, which, in turn, inhibit the activation of NF-kB,
leading to cell death. Yet, another possibility is that the increase in intracellular
ROS, commonly a product of cell metabolism, causes irreparable stress,
culminating in cell death (BLASER et al., 2016).

Studies show that in mice susceptible to Leishmania infection, TNF-a
production is absent, which demonstrates the role of this cytokine in the
immune response against the parasite (DAYAKAR et al., 2019). Furthermore,
TNF-a was able to activate in vitro murine macrophages infected with L. major
amastigotes, in addition to the presence of the intracellular parasite inducing a
greater production of TNF-a (THEODOS et al., 1991). TNF-a can induce a
greater pro-inflammatory response by promoting Thl responses with IFN-y
production (MASPI; ABDOLI; GHAFFARIFAR, 2016, MIRANDA-SAPLA et al.,
2019). Additionally, it is also known that ROS and TNF-a act on positive
feedback, in which TNF-a induces higher ROS generation, while ROS induces
the production of pro-inflammatory cytokines (BLASER et al., 2016).
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Knowing that immunomodulation for the type 1 response with TNF-a
production can lead to the synthesis of more ROS, we believe that these
mechanisms are responsible for the elimination of amastigotes in J774A.1
macrophages treated with larval ES, while promastigotes can be eliminated
through apoptosis-like mechanism.

CONCLUSION

In conclusion, larval ES of flies of the species Lucilia cuprina showed
leishmanicidal activity in vitro on promastigote forms of L. amazonensis by
increasing the ROS generation, depolarization of the mitochondrial membrane,
production of lipid bodies, formation of cytoplasmic autophagic vacuoles,
causing morphological and ultrastructural changes, culminating in late
apoptosis-like death. Larval ES did not demonstrate cytotoxic activity in J774A.1
and VERO cell lines nor hemolytic activity at the tested concentrations. In
addition, the treatment was able to reduce the number of intracellular
amastigote forms from infected macrophages and amastigotes by
macrophages, suggesting that our treatment has high selectivity for the
parasite, possibly by increasing the production of TNF-a and consecutively
ROS.
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CONCLUSAO

Em conclusdo, o ES larval de moscas da espécie Lucilia cuprina
apresentou atividade leishmanicida in vitro sobre formas promastigotas de L.
amazonensis por aumento da geracdo de ROS, despolarizacdo da membrana
mitocondrial, producédo de corpos lipidicos, formacéo de vacuolos autofagicos
citoplasmaticos, causando morfologia e alteracdes ultraestruturais, culminando
em morte tardia semelhante a apoptose. O ES larval ndo demonstrou atividade
citotoxica nas linhagens celulares J774A.1 e VERO nem atividade hemolitica
nas concentracfes testadas. Além disso, o tratamento foi capaz de reduzir o
namero de formas amastigotas intracelulares de macréfagos infectados e
amastigotas por macrofagos, sugerindo que nosso tratamento tem alta
seletividade para o parasita, possivelmente por aumentar a producdo de TNF-a

e de ROS consecutivamente.
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