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RESUMO

O mosquito Aedes aegypti é o vetor da dengue, doenca que acometeu cerca de 2,3 milhdes de
pessoas em 2013 somente nas Américas. O controle da populacdo do vetor € a principal
medida profildtica no combate a essa doenga, contudo os inseticidas sintéticos atualmente
utilizados apresentam toxicidade nao seletiva e sdo persistentes no ambiente. Ainda, tem
crescido o nimero de populacdes do inseto resistentes a esses compostos. Todos esses fatores
tém estimulado a procura por inseticidas de origem vegetal para uso no controle do A. aegypti.
Schinus terebinthifolius (aroeira da praia) € uma arvore da familia Anacardiaceae, nativa das
Américas Central e do Sul e amplamente encontrada no Brasil. No presente estudo, o extrato
de folhas de S. terebinthifolius foi avaliado quanto ao efeito na sobrevivéncia e
desenvolvimento de larvas de A. aegypti no quarto estagio larval (L4), bem como quanto a
toxicidade sobre Artemia salina. Adicionalmente, foram realizados: 1) avaliacdo do efeito do
extrato no intestino médio das larvas, através de andlises histoldgicas, microscopia eletronica
e técnicas de marcacao celular; 2) separagdo dos metabdlitos secundarios presentes no extrato
por extracdo em fase solida; e 3) avaliacdo do efeito das fragcdes contendo os metabolitos
separados sobre a sobrevivéncia e desenvolvimento das larvas L4. O extrato de folhas foi
obtido usando NaCl 0,15 M e avaliado quanto a composi¢ao fitoquimica (por cromatografia
de camada delgada, CCD) e presenca de lectina (atividade hemaglutinante). Larvas L4 foram
incubadas com o extrato (0,3—1,35%, p/v) por 8 dias, na presenca ou auséncia de alimento.
Proantocianidinas poliméricas, taninos hidrolisdveis, flavonoides heterosideos e agliconas,
derivados de dcido cinamico, tragos de esteroides e atividade lectinica foram detectados no
extrato, o qual matou as larvas com CLsy de 0,62% (larvas ndo alimentadas) e 1,03% (larvas
alimentadas). As larvas incubadas com o extrato reagiram eliminando o conteido alimentar
do intestino. Quanto ao efeito no desenvolvimento, as larvas (alimentadas) ndo alcangaram o
estdgio de pupa nos tratamentos com concentragdes entre 0,5% e 1,35%, enquanto que no
controle 61,7% dos individuos emergiram como adultos. O extrato (1,0%) promoveu intensa
desorganizacdo no epitélio do intestino médio das larvas, incluindo deformagdo e hipertrofia
de células, rompimento de microvilosidades e vacuolizacdo do citoplasma, afetando células
digestivas, enteroenddcrinas, regenerativas e proliferativas; além disso, células com
fragmentacdo de DNA foram observadas. Separa¢do dos componentes do extrato por extragao
em fase s6lida resultou em duas fracdes com atividade larvicida contendo derivados de dcido
cinamico (F1) e flavonoides (F2). Os derivados cinamicos constituem agentes larvicidas mais
eficientes, uma vez que F1 causou mortalidade em um periodo mais curto que F2. A lectina
presente no extrato foi isolada, mas nao mostrou nenhum efeito deletério sobre as larvas. O
extrato e a fragdo contendo os derivados de dcido cinamico (F1) foram téxicos para nduplios
de A. salina, enquanto que a fracdo contendo flavonoides (F2) mostrou baixa toxicidade. Em
conclusao, extrato de folhas de S. terebinthifolius causou danos ao intestino médio de larva de
A. aegypti, interferindo na sobrevivéncia e desenvolvimento desse inseto. O efeito larvicida
do extrato pode ser atribuido a derivados de 4cido cinamico e flavonoides. Os dados obtidos
utilizando A. salina indicam que € necessario cuidado no emprego desse extrato como agente
larvicida, sendo o efeito artemicida ligado a presenca dos derivados cindmicos.

Keywords: Aroeira da praia; atividade larvicida; mosquito da dengue; intestino médio;
Artemia salina; derivados cinadmicos; flavonoides.



ABSTRACT

The mosquito Aedes aegypti is the vector of dengue fever, disease that affected about 2.3
million of people in 2013 only in America. The control of vector population is the main
prophylactic measure in the combat to this disease but the synthetic insecticides currently
used show unselective toxicity and are persistent in the environment. Also, the number of
insect population resistant to these compounds has increased. All these factors have
stimulated the search for insecticides from plant origin for use in control of A. aegypti.
Schinus terebinthifolius (Brazilian pepper tree) is a tree from Anacardiaceae family, native
from Central and South America and broadly distributed in Brazil. In the present study, a leaf
extract from Schinus terebinthifolius was evaluated for effects on survival and development of
A. aegypti fourth instar larvae (L4), as well as for toxicity to Artemia salina. In addition, it
was performed: 1) evaluation of extract effects on midgut of larvae through histological
analysis, electron microscopy and cell labeling techniques; 2) separation of secondary
metabolites present in the extract by solid phase extraction; and 3) evaluation of the effect of
fractions containing the separate metabolites on survival and development of L4 larvae. Leaf
extract was obtained using 0.15 M NaCl and evaluated for phytochemical composition and
lectin activity (hemagglutinating activity). Early L4 larvae were incubated with the extract
(0.3-1.35%, w/v) for 8 days, in presence or absence of food. Polymeric proanthocyanidins,
hydrolysable tannins, heterosid and aglycone flavonoids, cinnamic acid derivatives, traces of
steroids, and lectin activity were detected in the extract, which killed the larvae at an LCs of
0.62% (unfed larvae) and 1.03% (fed larvae). The larvae incubated with the extract reacted by
eliminating the gut content. In regard to effect on developmente, no larvae reached the pupal
stage in treatments at concentrations between 0.5% and 1.35%, while in the control (fed
larvae), 61.7% of individuals emerged as adults. The extract (1.0%) promoted intense
disorganization of larval midgut epithelium, including deformation and hypertrophy of cells,
disruption of microvilli, and vacuolization of cytoplasms, affecting digestive,
enteroendocrine, regenerative, and proliferating cells; also, cells with fragmented DNA were
observed. Separation of extract components by solid phase extraction resulted in two fractions
with larvicidal activity, containing cinnamic acid derivatives (F1) and flavonoids (F2). The
cinnamic acid derivatives constitute more effective larvicides since F1 caused mortality in a
short time than F2. The lectin present in the extract was isolated, but did not show deleterious
effects on larvae. The extract and the fraction with cinnamic acid derivatives (F1) were toxic
to A. salina nauplii, while the flavonoids fraction (F2) showed low toxicity. In conclusion, S.
terebinthifolius leaf extract caused damage to the midgut of A. aegypti larvae, interfering with
survival and development. The larvicidal effect of the extract can be attributed to cinnamic
acid derivatives and flavonoids. The data obtained using A. salina indicates that caution
should be used when employing this extract as a larvicidal agent, being the artemicidal effect
linked to the presence of cinnamic derivatives.

Keywords: Brazilian pepper tree; larvicidal activity; dengue mosquito; midgut; Artemia
salina; cinnamic derivatives; flavonoids.
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1. INTRODUCAO

O Aedes aegypti, vetor de doencas comuns em paises tropicais e subtropicais — como a
dengue, a febre chicungunha e a febre amarela — € um mosquito adaptado ao ambiente urbano
e utiliza preferencialmente recipientes com dgua limpa e parada para o desenvolvimento de
sua fase larvdria (ORGANIZACAO MUNDIAL DE SAUDE, 2014). A dengue estd entre as
mais importantes doengas virais transmitidas por artropodes, tendo sido estimado em 2,3
milhdes o nimero de casos nas Américas em 2013 (BHATT et al., 2013; ORGANIZA(;AO
MUNDIAL DE SAUDE, 2014). Nos ultimos 50 anos a incidéncia dessa doeng¢a aumentou
trinta vezes, atingindo novos paises; essa expansdo estd relacionada com o aumento da
incidéncia de seus vetores e com a indisponibilidade de vacina, estando o controle focado
principalmente na reducdo da densidade populacional do vetor (GOMES et al., 2005;
GUZMAN et al., 2010; MINISTERIO DA SAUDE, 2014a).

As medidas de controle da populacdio de A. aegypti incluem melhoramento de
condicdes sanitdrias, campanhas de conscientizagdo da populacdo, visando a eliminagdo dos
focos de proliferagao do mosquito, e através do uso de inseticidas (MACIEL-DE-FREITAS et
al., 2014). Contudo, a utilizac@o excessiva de inseticidas tém aumentado a pressao de sele¢ao,
favorecendo individuos resistentes. Ainda, os inseticidas quimicos mais comumente utilizados
sdo persistentes no ambiente e apresentam efeitos adversos contra organismos nao-alvo
(AIUB et al., 2002; POUPARDIN et al., 2008; MELO-SANTOS et al., 2010).

Nesse cendrio, tem crescido a busca por novos agentes inseticidas, visando ampliar o
leque de possibilidades para emprego no controle de insetos, o que € fundamental para
minimizar os efeitos do desenvolvimento de resisténcia. Os inseticidas de fontes naturais sao

intensivamente estudados por serem biodegraddveis e geralmente serem mais especificos,
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apresentando menor toxicidade para organismos nao-alvo (PONTUAL et al., 2012;
MURRAY et al., 2013).

As plantas sdo as principais fontes de inseticidas naturais, produzindo diversos
constituintes quimicos para a propria defesa contra insetos (CICCIA et al., 2000; OMENA et
al., 2007). Extratos de plantas, 6leos essenciais e compostos isolados, sejam produtos do
metabolismo primdrio ou secundério, tém sido descritos como agentes toxicos, reguladores de
crescimento, repelentes contra mosquitos, dentre outras atividades (AMER et al., 2006a;
2006c; COSTA et al., 2012; DELETRE et al., 2013; KAMIABI et al., 2013; KANIS et al.,
2013; NAVARRO et al., 2013; PONTUAL et al., 2014).

Larvas e adultos de A. aegypti possuem condicdes de vida distintas que refletem em
suas caracteristicas morfoldgicas e fisioldgicas. Para que uma larva se transforme em adulto, é
necessario que ela acumule reservas energéticas durante o estidgio larval e passe por uma
transformagao global do corpo, incluindo um profundo rearranjo celular a nivel intestinal
(BRUSCA e BRUSCA, 2007). Assim, qualquer interferéncia no desenvolvimento do intestino
médio pode afetar a metamorfose e até mesmo provocar redugdo da fertilidade de adultos
(FERNANDES et al., 2014). Os inseticidas que atuam sobre as larvas tém recebido maior
atencdo que os agentes adulticidas, uma vez que previnem a emergéncia da forma adulta —
transmissora de doencas e com maior capacidade de dispersdo — e as larvas permanecem
limitadas geograficamente ao seu criadouro (FARNESI & VALLE, 2013).

Schinus terebinthifolius Raddi (Anacardiaceae) ¢ uma planta popularmente conhecida
como aroeira da praia, sendo encontrada no Brasil desde o Nordeste até o Sul do pais
(LORENZI, 2008). Compostos identificados em S. terebinthifolius apresentam diversas
atividades bioldgicas, tais como atividades antialérgica, antitumoral, mitogénica,

antimicrobiana e larvicida (LLOYDE et al., 1977, JAIN et al., 1995; CAVALHER-
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MACHADO et al., 2008; MATSUO et al., 2011; PAWLOWSKI et al., 2011; PRATTI et al.,
2015;).

Geralmente, os compostos de origem vegetal sdo consideravelmente menos prejudicais
ao ambiente, ou até mesmo indcuos, mas nao se pode excluir a possibilidade de que eles
exercam efeitos deletérios sobre organismos nado-alvo. O ensaio de toxicidade sobre o
microcrusticeo Artemia salina (Classe Brachiopoda, familia Artemiidae) ¢ um modelo
eficiente para avaliar a ecotoxicidade de compostos em ambientes aqudticos
(ALBUQUERQUE et al., 2014).

O presente estudo teve como objetivos determinar os efeitos de extrato salino de
folhas de S. terebinthifolius na sobrevivéncia e no desenvolvimento de larvas de A. aegypti no
quarto estagio (L4), investigar os danos causados pelo extrato no intestino médio das larvas e
determinar a toxicidade ambiental do extrato utilizando como modelo A. salina.
Adicionalmente, foi realizada a separacdo dos metabdlitos secundarios do extrato, bem como
isolamento da lectina (SteLLL) presente no extrato. As fracdes contendo metabdlitos e a lectina

purificada foram avaliados quanto ao efeito deletério contra as larvas.
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2. FUNDAMENTACAO TEORICA

2.1. Aedes aegypti

2.1.1. Caracteristicas gerais e ciclo de vida

O A. aegypti ¢ um mosquito pertencente a familia Culicidae e ao subgénero Stegomyia,
sendo origindrio da Africa, mas atualmente presente em praticamente todos os paises tropicais
e subtropicais. Os adultos dessa espécie possuem como a principal caracteristica a coloragdo
preta, com escamas e manchas branco-prateadas no térax e abddmen e com listras brancas nas
pernas traseiras (Figura 1A). Provavelmente, o A. aegypti foi introduzido no Brasil na metade

do século XIX, através de navios negreiros (SILVA et al., 2008).

Figura 1 - Ciclo de vida do Aedes aegypti, compreendendo as fases de adulto (A), ovo (B),
larva (C) e pupa (D).

Fonte: http://www.bahiablanca.gov.ar/areas-de-gobierno/medio-ambiente/saneamiento-ambiental/aedes-aegypti/
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O ciclo de vida (Figura 1) € holometabdlico, uma vez que o inseto sofre metamorfose
completa durante o seu desenvolvimento. Tal ciclo de vida compreende os estagios de ovo,
larva (quatro instares), pupa e adulto, sendo as larvas bem diferentes da forma adulta. O
desenvolvimento holometabdlico possibilita que os estdgios imaturos e os adultos se
especializem na utilizacdo de diferentes recursos, reduzindo a competi¢do intra-especifica nos
diferentes estdgios do desenvolvimento. No entanto, essas diferencas implicam em mudangas
estruturais drasticas nos individuos durante o ciclo de vida, afetando tanto a estrutura externa
quanto os 6rgdos internos (GULLAN e CRANSTON, 2007; SILVA et al., 2008).

Os ovos de A. aegypti sao muito resistentes podendo sobreviver varios meses sem
contato com a dgua. As larvas possuem um modo de vida independente, por nao necessitarem
de cuidados parentais, e eficiente, mas, devido a sua dependéncia do meio aqudtico, tem
capacidade de disseminacdo restrita. No estigio de pupa, ocorre o remodelamento das
estruturas larvais em estruturas de individuos adultos, os quais sdo alados, disseminando-se
rapidamente pelo ar. As fémeas se alimentam de sangue para maturagdo dos ovos, sendo
responsaveis pela transmissdo de doencas causadas por diferentes arbovirus (GULLAN e
CRANSTON, 2007; SILVA et al., 2008). As fémeas infectadas com um dos sorotipos do
virus da dengue se tornam um vetor permanente e, ainda, hd possibilidade de cerca de 30 a
40% da sua prole ja nascer infectada (http://www.dengue.pr.gov.br).

O tempo do ciclo de vida do A. aegypti (do ovo a forma adulta) pode variar conforme
disponibilidade de alimentos, quantidade de larvas existentes no mesmo criadouro,
temperatura, umidade, bem como presenca de toxinas e de outros organismos. Em condi¢des
favoraveis, o desenvolvimento do mosquito a partir da eclosdao do ovo até a forma adulta leva

um periodo de 10 dias (GULLAN e CRANSTON, 2007).
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A temperatura influi tanto direta como indiretamente sobre a alimentacdo,
crescimento e desenvolvimento dos insetos, de forma que a duracdo do periodo larval
normalmente diminui com a elevagdo térmica (SILVEIRA- NETO et al. 1976; GULLAN e
CRANSTON, 2007). Segundo Beserra et al. (2006) a temperatura favoravel ao
desenvolvimento de A. aegypti em condicdes de laboratério encontra-se entre 22°C e 30°C.
No ambiente natural, a temperatura ideal para o desenvolvimento da larva estd entre 25 e
30°C. Abaixo e acima destas temperaturas o A. aegypti diminui sua atividade, sendo que as
larvas nao conseguem sobreviver em temperaturas acima de 42°C e abaixo de 5°C
(http://www.sanofi.com.br).

A densidade populacional influencia no desenvolvimento dos insetos de forma
semelhante ou até mais pronunciada do que a escassez de alimento, jd que o aumento na
densidade sem correspondente aumento na disponibilidade de recursos alimentares leva ao
deslocamento, exclusao, canibalismo ou mesmo a morte por inani¢do (TAUBER et al., 1986;
MERCER, 1999; HOOPER et al., 2003). De acordo com Beserra et al. (2009), o aumento da
densidade € mais prejudicial ao desenvolvimento larval de A. aegypti do que as demais fases

do desenvolvimento.

2.1.2. Papel como vetor de doencas

O A. aegypti é conhecido principalmente como mosquito da dengue, pois € o principal
vetor dessa doencga. No entanto, ele também € responsavel pela transmissao de outras doengas,
como a febre amarela e a febre chicungunha. Um mosquito se torna vetor de uma doencga ao
adquirir o virus durante o repasto sanguineo. O virus infecta as células epiteliais do intestino
médio e, dentro dessas células, passa por um processo de maturagdo, se disseminando entdao

do epitélio intestinal para 6rgdos secunddrios, tais como as glandulas salivares. A partir das
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glandulas salivares, o virus pode ser transmitido para o homem através da picada do inseto

(BLACK et al., 2002). Esse processo estd esquematizado na Figura 2.

Figura 2 — Acdes que um arbovirus deve exercer no corpo de um mosquito para que esse se
torne um vetor de transmissao durante o repasto sanguineo.

Etapa de infeccao intestinal

1 => estabelecer uma infecgéo no epitélio do intestino medio
2 == replicar nas células epiteliais do intestino médio
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\ intestino posterior
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L 3 == passar através da lamina basal
Transmissao 4 => replicar em outros érgéos e tecidos
5 == infectar as glandulas salivares

6 => escapar para o lUmen
da glandula salivar

ductos salivares

Adaptado de: Black et al. (2002)

A febre amarela é uma doenca infecciosa aguda causada pelo arbovirus YFV,
pertencente ao género Flavivirus. Essa doenca ocorre na América do Sul e na Africa, sendo o
Aedes aegypti o vetor em meio urbano, enquanto mosquitos do género Haemagogus atuam
como vetores no ambiente silvestre (MINISTERIO DA SAUDE, 2014b; FIOCRUZ, 2014a).
Atualmente, a vacina disponivel para essa doenca possui validade de dez anos, devendo ser
tomada por pessoas que moram em drea com risco de transmissdo ou para as que irdo viajar
para essas dreas, tais como regides de matas e rios dos Estados da Regido Norte e Centro-
Oeste, bem como o Maranhao, sudoeste do Piaui, oeste e extremo-sul da Bahia, Minas Gerais,

oeste de Sao Paulo, norte do Espirito Santo, oeste dos Estados do Parand, Santa Catarina e Rio
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Grande do Sul. Para os viajantes internacionais, essa vacina € uma exigéncia sanitdria
(MINISTERIO DA SAUDE, 2014b).

A febre chicungunha ¢ uma doenga causada pelo virus CHIKV, do género Alphavirus.
Os seus sintomas sdo semelhantes aos da dengue, porém mais dolorosos; no entanto, essa
doenca é menos letal. A sua transmissdo é restrita a paises da Africa e Asia, porém paises
como EUA, Canadd, Guiana Francesa, Martinica, Guadalupe e Brasil possuem registros de
casos importados. No Brasil, até o més de agosto de 2014 foram relatados 33 casos da doenca,
todos adquiridos no exterior e, at¢ o momento, ndo hd indicios de que o virus esteja
circulando pelo pais (PORTAL DA SAUDE, 2014).

A dengue e sua forma mais severa, chamada dengue hemorragica, estdo dentre as mais
importantes doengas virais transmitidas por artropodes e sdo causadas por quatro diferentes
sorotipos do virus DEN, pertencente ao género Flavivirus. Estima-se que 390 milhdes de
infec¢des ocorram anualmente em mais de 100 paises tropicais e subtropicais (BHATT et al.,
2013). A Figura 3 apresenta as dreas de risco de infeccdo de dengue em 2013, de acordo com

a Organizagdo Mundial de Saude.
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Figura 3 — Distribuicdo mundial da dengue em 2013.

Dengue, paises e areas de risco - 2013
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© WHO 2014. All rights reserved.

Fonte: Organiza¢do Mundial da Satde (http://www.who.int/ith/en/)

Os primeiros relatos de dengue ocorridos no Brasil datam do final do século XIX e
inicio do século XX. Em 1955, o Brasil erradicou o A. aegypti, mas no final da década de
1960 o vetor foi encontrado novamente e atualmente estd distribuido por todos os estados
brasileiros. Na América Latina, as epidemias de dengue tornaram-se frequentes a partir do
inicio dos anos 80 (GOH et al., 1987).

Uma pesquisa realizada entre 2000 e 2010 revelou que os casos de dengue no Brasil
estdo cada vez mais graves. O nimero de mortes e a quantidade de hospitalizagcdes nesse
periodo cresceram em razao ndo s6 da alta incidéncia da doenga, mas também em func¢ao da
circulagcdo simultanea dos quatro sorotipos do virus no pais. A maioria da populacdo estd
susceptivel ao sorotipo 4 do virus da dengue, ji4 que ele passou a circular no pais mais
recentemente (TEIXEIRA et al., 2013).

Em 2013, cerca de 2,3 milhdes de casos de dengue foram relatados nas Américas,

caracterizando um surto. No Brasil, o nimero de 6bitos por dengue em novembro de 2013
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atingiu o dobro de 2012 e o nimero de casos provaveis da doenca superou 1,4 milhdo
(ORGANIZACAO PAN AMERICANA DE SAUDE, 2014). Em 2014, o nimero de casos de
dengue registrados no Brasil nos dois primeiros meses caiu 80% em relacio ao mesmo
periodo do ano anterior. Ao todo, foram notificados 87 mil casos entre janeiro e fevereiro de
2014, contra 427 mil nos dois primeiros meses de 2013 (FIOCRUZ, 2014b). No entanto, essa
dréstica redugdo nao corresponde a uma real diminui¢do da incidéncia da doenca no Brasil, ja
que o ano de 2013 foi considerado um ano atipico, com incidéncia extremamente elevada.

Em geral, o aumento dréstico da incidéncia da dengue nos ultimos anos € atribuido ao
aumento da populacdo mundial do A. aegypti e do Aedes albopictus e a indisponibilidade de
drogas especificas ou vacinas (GUZMAN et al., 2010; WHITEHEAD et al., 2007,
http://www.breakdengue.org). Dessa forma, a principal forma de combate a essa doenca ainda
¢ a interrupg¢ao do seu ciclo de transmissao, tendo como principais alvos os estdgios imaturos

aquéticos do vetor e os mosquitos adultos.

2.1.3. Intestino médio

O trato digestivo de insetos se divide em trés regides (Figura 4): anterior (estomodeu),
mediana (intestino médio) e posterior (proctodeu). A regido anterior estd relacionada com a
ingestdo e trituracdo do alimento. O intestino médio produz e secreta enzimas digestivas e
absorve produtos da digestdo, enquanto a regido posterior absorve dgua, sais e outras
moléculas importantes, bem como recebe o material remanescente da digestdo e a urina
(produzida pelos tubulos de Malpighi) a serem excretados. O epitélio do trato digestivo possui
uma camada de células por toda a extensdo do canal e estd apoiado em uma membrana basal,

envolvida por fibras musculares dispostas em duas camadas formando uma camada muscular
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irregularmente desenvolvida (Figura 5A). Cada regiao do trato digestivo apresenta diversas

especializac¢des locais (GULLAN e CRANSTON, 2007).

Figura 4 — Representacao do trato digestivo de mosquito A. aegypti adulto.

Es: es6fago; GS: glandulas salivares; DD: diverticulo dorsal; DV: diverticulo ventral; E: estomodeu; IM;
intestino médio; P: proctodeu; TM: tibulos de Malpighi.
Adaptado de: Gusmao et al. (2007)

O intestino de larvas de insetos € considerado uma interface com o meio externo e esta
relacionado com a homeostasia, osmorregulacdo e digestio (BERNICK et al., 2007).
Interferéncias no funcionamento e estrutura desse 6rgao podem prejudicar a absorcdo e o
armazenamento de nutrientes, impedindo a transformacgdo da larva em adulto (FERNANDES
et al., 2014). A morfologia do intestino médio de A. aegypti varia como o seu estdgio de
desenvolvimento e também esté relacionada com as alteragdes nos hédbitos alimentares nesses
diferentes estdgios. No estdgio larval, a regido posterior € ligeiramente mais larga que a regidao
anterior, enquanto que no adulto a regido anterior € mais fina e a posterior tem forma de saco
expansivel para acomodar o sangue apds a alimentacio (GAMA e CRUZ-LANDIM, 1984;
BILLINGSLEY, 1990; BERNICK et al., 2007).

Os intestinos médios de larvas e adultos sdo compostos por uma camada epitelial
simples, na qual a maioria das células € estruturalmente semelhante, sendo do tipo colunar

com microvilosidades cobrindo a superficie interna. Tais células, denominadas células
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digestivas (Figura 5B), possuem a fun¢@o de produzir enzimas digestivas e absorver os

produtos da digestdo (TERRA, 1990).

Figura 5 — Fotomicrografias do intestino médio de larvas de A. aegypti no quarto instar
coradas com azul de toluidina.

B

(A) ep: epitélio; m: musculo. (B) ep: epitélio; I: limen. Seta: nicleo das células digestivas. Cabeca de seta:
nicleo de célula regenerativa. Fotos: Kenner M. Fernandes.

O epitélio é também formado por mais dois tipos celulares: células regenerativas e
células enddcrinas. As células regenerativas (Figura 5B) sdo células indiferenciadas que estao
localizadas entre as células digestivas de forma isolada, em pares ou em pequenos
agrupamentos. S3o fundamentais para a renovacdo do epitélio digestivo e estdo localizadas
adjacentes a lamina basal e suas superficies ndo alcancam o limen (CRUZ-LANDIM, 1999;
NEVES et al., 2003). As células enddcrinas sdo mais comuns na regido posterior do intestino
médio e distinguem-se de outras células por possuirem granulos secretores de peptideos,
monoaminas e outras substincias com efeitos pardcrinos sobre as células regenerativas e na
producdo de enzimas pelas células digestivas (BROWN ez al., 1985; BILLINGSLEY e
LEHANE, 1996).

Normalmente, o epitélio do intestino médio € separado do alimento pela matriz
peritréfica, a qual consiste em uma rede de fibrilas de quitina disposta em uma matriz

glicoproteica. A matriz peritréfica permite a passagem de moléculas pequenas, porém
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restringe o acesso direto de moléculas grandes as células do intestino médio, além de proteger
insetos herbivoros do efeito abrasivo de particulas alimentares e de compostos

antinutricionais, tais como os taninos (GULLAN e CRANSTON, 2007).

2.2. Controle de insetos

O controle de insetos vetores consiste na redu¢do da densidade populacional da
espécie de modo a reduzir a possibilidade de disseminacdo da doencga transmitida.
Basicamente, os principais tipos de controle sdo o fisico (torna o ambiente inadequado a
sobrevivéncia do inseto), o controle biolégico (consiste no uso organismos predadores ou
patogénicos ao vetor para estabelecer o equilibrio da popula¢@o) e o controle quimico (uso de
inseticidas) (CONSOLI & OLIVEIRA, 1998).

Os inseticidas quimicos entram no corpo do inseto por penetragdo através da cuticula,
por meio de inalagcdo ou por ingestdo. A maioria dos inseticidas de contato também age como
inseticidas sistémicos se ingeridos pelo inseto. Os inseticidas quimicos no geral possuem
efeito agudo e seu modo de a¢cdo pode envolver o comprometimento do sistema nervoso, dos
processos metabodlicos ou do desenvolvimento dos insetos (GULLAN e CRANSTON, 2007).

A maioria dos inseticidas sintéticos possui um amplo espectro de acdo (ndo
especifico). Inseticidas sintéticos incluem: carbamatos e organofosforados (ambos matam
insetos em geral, por contato ou por ingestdo), organoclorados (uso proibido em diversos
paises por se acumularem gorduras de mamiferos) e fenilpirazois (semelhantes ao DDT). Os
inseticidas quimicos mais utilizados apresentam efeitos drdsticos, estando associados com o
rapido aparecimento de populacdes resistentes e o surgimento de novas pestes, bem como
contribuem para a poluicdo ambiental e apresentam toxicidade ao homem e a organismos nao-

alvo (SARWAR et al., 2009). Para minimizar esses problemas, tem crescido o nimero de
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estudos acerca de produtos naturais provenientes de plantas com efeito inseticida (ZHU et al.,
2006).

Paises tropicais e subtropicais apresentam uma enorme biodiversidade e possuem
grande quantidade de espécies vegetais com utilidade para a populacdo. No entanto, uma
fracdo muito pequena dessas espécies tem sido alvo de estudos (MARTINS, 2000). O Brasil,
um dos paises megadiversos do mundo, abriga aproximadamente 14% da flora mundial

(LEWINSOHN, 2005), que corresponde a um grande potencial biotecnoldgico a ser estudado.

2.2.1. Controle do A. aegypti

No caso do A. aegypti, o controle fisico consiste na substituicdo, drenagem ou reducao
dos locais de reprodugcdo dos insetos. A participacdo da populacdo é fundamental na
localizagdo e eliminacdo dos criadouros, principalmente intradomiciliares e peridomiciliares,
que funcionam como os principais focos para proliferacio desse inseto (CONSOLI &
OLIVEIRA, 1994; HEMME et al., 2009). A exposi¢do a luz solar, com conseqiiente aumento
na temperatura da d4gua afeta negativamente o ciclo de vida do inseto e esta estratégia pode ser
adotada como uma medida adicional para controlar a populagdo de mosquitos (HEMME et
al., 2009).

Estratégias para o controle biolégico de mosquitos utilizam organismos predadores
(peixes e copépodas), patdgenos e parasitas naturais. Algumas linhagens de bactérias
entomopatogénicas, do género Bacillus, produzem toxinas protéicas com um alto grau de
especificidade a insetos vetores que, quando ingeridas, provocam mortalidade das larvas. As
duas espécies mais utilizadas como larvicidas sao o Bacillus sphaericus (Bs) e Bacillus

thuringiensis serovar israelensis (Bti). O Bti é estdvel sob condicdes normais de
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armazenamento e demonstrou excelente persisténcia em ensaios que mimetizaram condic¢des
de campo (ARAUIJO et al., 2007).

O controle quimico de mosquitos com os inseticidas organofosforados é a principal
medida adotada em programas de saidde publica. No entanto, o uso continuo desses inseticidas
tem selecionado larvas resistentes e efeito genotéxico do organofosforado temefds tem sido
reportado em concentra¢des normalmente utilizadas no controle de larvas (AIUB et al., 2002;
POUPARDIN et al., 2008; MELO-SANTOS et al., 2010). Dessa forma, a busca por
inseticidas naturais, biodegraddveis e isentos de toxicidade para organismos ndo-alvo tem

crescido.

2.3. O microcrustaceo Artemia salina como indicador da toxicidade

Artemia salina, pertencente a classe Brachiopoda, é um microcrusticeo de habitat
marinho medindo de 8 a 10 mm de comprimento. Reproduz-se de forma bastante ripida e
com facilidade. Seus ovos, quando secos, podem ser conservados durante 10 anos a
temperatura ambiente, estando sempre aptos a eclodirem, contanto que sejam colocados em
dgua salgada (RUPPERT & BARNES, 2005).

Este tipo de crusticeo € amplamente utilizado em avaliacdes toxicoldgicas para
estabelecer o nivel de toxicidade de produtos quimicos e naturais em ambientes aquéticos
(BARAHONA & SANCHEZ—FORTUN, 1996; PARRA et al., 2001). Considera-se ainda A.
salina como um organismo indicador de contamina¢do ambiental, devido a susceptibilidade
desses microcrustdceos frente aos elementos quimicos chumbo, merctrio, selénio, arsénico,

cobre, zinco e cidmio (PARRA et al., 2001).
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2.4. Componentes da defesa quimica das plantas e uso como potenciais agentes

inseticidas

No ambiente natural, as plantas estdo sujeitas a diversos tipos de estresse relativo as
condi¢des adversas, como oscilacdes drédsticas de temperatura, umidade, radiacdo solar,
ataque de patégenos, dentre outros. Para sobreviver a essas adversidades, as plantas, ao longo
de sua evolucdo, desenvolveram mecanismos de resposta relacionados a sua defesa e protecdo
(SOARES & MACHADO, 2007).

A defesa quimica compreende diversos compostos bioativos de massa molecular
variada incluindo diversas substancias toxicas e repelentes (SHEWRY & LUCAS, 1997,
MELO & SILVA-FILHO, 2002). Ela esté associada a protecdo contra agentes externos, Como
fitopatégenos e predadores, podendo ser mediada por metabdlitos primarios, tais como
proteinas inibidoras de enzimas e lectinas, e por metabdlitos secundarios, como fendis,
glicosideos fendlicos e cianogénicos, dentre muitos outros.

A producdo de metabolitos secunddrios pela planta ndo € uniforme, e ocorre
tipicamente em um Orgdo ou tecido, ou em uma célula em determinado estigio do
desenvolvimento. As trés principais classes de compostos secunddrios sdo: compostos
nitrogenados (alcaléides e aminodcidos ndo protéicos), terpendides (piretrdides,
monoterpenos € Oleos essenciais) e compostos fendlicos (lignina, flavondides e taninos)
(RAVEN, 2010; TAIZ & ZEIGER, 2009).

Os compostos nitrogenados sao os metabdlitos secundarios que possuem nitrogénio na
sua estrutura como alcaléides, glicosideos cianogénicos, glucosinolatos e aminodcidos nao
proteicos. Os alcaldides (Figura 6A) sdo compostos nitrogenados alcalinos e estdo entre os
compostos mais importantes por possuirem efeitos fisiolégicos ou psicoldgicos em animais

vertebrados e em seres humanos, tais como morfina, cocaina, nicotina, cafeina e atropina
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(RAVEN, 2010). Acredita-se que a maior parte dos alcaldides atua na defesa contra

predadores devido a sua toxicidade geral e a capacidade de deterréncia (HARTMANN, 1992;

TAIZ & ZEIGER, 2009).

Figura 6 — Exemplos de metabdlitos secundérios produzidos por plantas pertencentes as
classes dos alcaldides (A), terpendides (B), flavondides (C), ligninas (D), taninos (E) e
compostos cinamicos (F).
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Os terpendides (Figura 6B) constituem a maior classe de produtos secundarios, sendo
formados por unidades de isopreno (5 carbonos). Ocorrem em todas as plantas e
desempenham multiplas fungdes, atuando como pigmentos fotossintéticos, hormonios e

componentes estruturais de membrana. O hidrocarboneto isopreno (5 carbonos) é o mais
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simples terpeno e é a partir deste composto que os demais terpenos sdo classificados em:
monoterpenos (10 carbonos), sesquiterpenos (15 carbonos) e diterpenos (20 carbonos).
Muitos monoterpenos e sesquiterpenos constituem Oleos essenciais, sendo altamente volateis
e contribuindo para a fragrancia das plantas. Geralmente, esses 6leos possuem propriedades
repelentes de insetos (RAVEN, 2010; TAIZ & ZEIGER, 2009). Os piretréides (ésteres de
monoterpeno) apresentam potente atividade inseticida, reduzida persisténcia no ambiente e
baixa toxicidade aos mamiferos.

As substancias fendlicas sdo caracterizadas pela presenga do anel aromaético
substituido com uma hidroxila, sendo conhecidas por se acumularem em todas as partes
vegetais. Incluem um grupo heterogéneo de compostos como flavonoides, taninos e ligninas,
os quais possuem uma diversidade de funcdes, tais como defesa contra herbivoria e
patégenos, atracdo de polinizadores ou dispersores de frutos e protecdo contra radiagdo
ultravioleta (TAIZ & ZEIGER, 2009).

Os flavonoides (Figura 6C) representam o maior grupo de compostos fendlicos
vegetais. A estrutura basica dessas moléculas consiste em um nicleo constituido de quinze
atomos de carbono arranjados em trés anéis (Ce-C3-Cs), sendo dois anéis fendlicos
substituidos e um pirano (DI CARLO et al., 1999). A maioria dos flavonoides ocorre
naturalmente como glicosideos. As antocianinas constituem o grupo mais comum de
flavonoides pigmentados responsaveis pela maioria das cores vermelhas, rosa, roxa e azul
observadas nos vegetais. Flavonas e flavondis sdo encontrados em flores, sendo atrativos para
insetos como abelhas, as quais podem enxergar uma faixa extrema do ultravioleta e identificar
esses compostos. Também podem estar presentes em folhas de plantas verdes atuando na
protecdo das células contra o excesso de radiacio UV-B. Os isoflavondides constituem um

grupo de flavonoides cuja posicdo do anel aromdtico estd invertida, sendo encontrados
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principalmente em leguminosas, e possuem diversas atividades bioldgicas como agdo
inseticida (TAIZ & ZEIGER, 2009).

As ligninas (Figura 6D) sdao compostos fendlicos que sdo depositados na parede
celular conferindo resisténcia a compressao e a rigidez, além de impermeabilizar a parede
celular e proteger a planta por ataque de fungos (RAVEN, 2010).

Os taninos (Figura 6E) constituem um grupo de polimeros fendlicos, estando presentes
em altas concentragdes nas folhas e frutos ndo maduros de plantas lenhosas, conferindo
caracteristica adstringente que repele predadores (RAVEN, 2010; TAIZ & ZEIGER, 2009).
Os taninos condensados (também chamados de proantocianidinas, devido ao fato de
originarem pigmentos avermelhados da classe das antocianidinas) sdo formados pela
polimerizacdo de unidades de flavonoides. Os taninos hidrolisdveis sdo polimeros
heterogéneos que contém &cidos fendlicos e agucares simples, sendo menores que 0s
condensados e podem ser hidrolisados com mais facilidade. A toxicidade dos taninos esta
relacionada a sua capacidade de formar complexos com proteinas do trato digestério de
herbivoros causando um impacto negativo na nutricdo por inativar enzimas e por formar
complexos de dificil digestdo (TAIZ & ZEIGER, 2009).

O 4cido cinamico € um intermedidrio chave na sintese do acido chiquimico (precursor
de alcal6ides, aminodcidos aromdticos e indol) e de fenilpropanoides. E encontrado tanto na
forma livre quanto na forma de ésteres (etil, cinamil e benzil) denonimados derivados
cinamicos (Figura 6F). Esses derivados sdo frequentemente encontrados em 6leos essenciais
(SHARMA, 2011).

Todos esses compostos envolvidos na defesa quimica das plantas tém sido detectados
em preparacoes vegetais estudadas quanto ao potencial para o controle de vetores e pestes.
Fitoquimicos extraidos de plantas podem ser usados contra mosquitos como toxicos,

reguladores de crescimento, repelentes e deterrentes de oviposicdo (AMER et al., 2006a,
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2006b). Os inseticidas botanicos geralmente sdo especificos, biodegraddveis, tem baixa
capacidade de bioacumulagdo e auséncia de toxicidade a maioria dos animais (WARIKOO et
al., 2012).

Extratos vegetais, 6leos essenciais, flavondides, limondides, rotendides, terpenos,
fenilpropanéides, quinonas tém sido avaliados como alternativas aos inseticidas sintéticos

para controle do A. aegypti (PAIVA et al., 2011).

2.5. Schinus terebinthifolius Raddi

S. terebinthifolius (Figura 7) é uma arvore conhecida por diferentes nomes como
aroeira da praia, aroeira marrom, aroeira vermelha, aroeira pimenteira e fruto da raposa,
dentre outras denominacgdes. Essa planta pertence a familia Anacardiaceae e, segundo a
proposta de 2003 do Grupo de Filogenia das Angiospermas Il (APG II), pertence a ordem
Sapindales, subclado Eurosideae II, dentro das Eudicotiledoneas (SOUZA & LORENZI,
2008).

No Brasil, a aroeira da praia € encontrada desde Pernambuco até Mato Grosso do Sul e
Rio Grande do Sul, nas mais variadas formacoes vegetais. E uma planta didica, terrestre e de
habito arbéreo podendo atingir uma altura entre 5 a 10 m, com tronco de 30-60 cm de
diametro revestido com casca grossa (LORENZI, 2008)

Suas flores sdo pentameras, actinomorfas, pequenas, com sépalas pequenas e verdes de
formato triangular e pétalas pequenas, brancas e ovais, estando dispostas em inflorescéncia
composta do tipo panicula racemosa. As flores estaminadas t€ém dez estames heterodinamos,
dispostos em duas fileiras concéntricas, com anteras basifixas que apresentam deiscéncia
longitudinal e pdlen amarelo. As flores pistiladas possuem estigma trilobado, ovario supero e

unilocular e estames reduzidos. A placentacao € apical lateral (FAGUNDES et al., 2007).
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Figura 7 - Schinus terebinthifolius. Aspecto geral da planta (A). Inflorescéncia (B).
Infrutescéncia nao madura (C).

Fotos: Thamara Figueiredo Procépio.

O fruto (pimenta rosa) € do tipo drupa, sendo numerosos € pequenos, inicialmente de
coloracdo verde tornando-se vermelho brilhante quando maduros. As folhas, fortemente
aromdticas, sdo alternas espiraladas, compostas e imparipinadas, normalmente com cinco ou
sete foliolos de consisténcia membrandcea sempre sem estipulas e com venagdo do tipo
peninérvea (FAGUNDES et al., 2007; LORENZI, 2008).

Altas concentragdes de monoterpenos e de alguns hidrocarbonetos sesquiterpenos
foram relatadas nas folhas e frutos de S. terebinthifolius (STAHL et al., 1983; MALIK et al.,
1994). O extrato etandlico de folhas de S. rerebinthifolius apresentou fendis, flavonas,
flavonoides, xantonas, leucoantocianidinas, flavononas e esterdides livres (LIMA et al.,

2006).
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A espécie € amplamente usada na recuperacdo de areas degradadas em programas de
reflorestamento e tem grande importancia ornamental, devido ao longo periodo em que as
flores e frutos persistem nas plantas, (KAGEYAMA & GANDARA, 2000; SOUZA et al.,
2001). Sua casca, rica em taninos, pode ser utilizada na producao de tinta para tecidos ou para
curtimento de couro e fortalecimento de redes de pesca. A madeira resistente € utilizada para
cercados e como lenha e carvao devido as suas caracteristicas energéticas comparaveis a
eucaliptos usados para esse fim. E uma espécie muito procurada por aves, possivelmente
dispersoras de seus frutos. Suas flores sdo meliferas tendo um alto valor apicola para a
producdo de mel de qualidade (SOUZA et al., 2001; GUIMARAES, 2003).

Atualmente, a aroeira da praia estd incluida na Relacdo Nacional de Plantas
Medicinais de Interesse ao SUS (MINISTERIO DA SAUDE, 2010). A sua casca, folhas e
frutos sdo utilizados na medicina popular como antiinflamatério, antitérmico, analgésico e
cicatrizante no tratamento de cervicites, corrimento genital, em diversas infec¢des no aparelho
respiratdrio, digestivo e ginecoldgico e como reparador tecidual de feridas cutdneas (CORSI
et al., 1994; AMORIM & SANTOS, 2003; RIBAS et al., 2006).

A casca € utilizada como ché para curar diarréias, hemoptises e como banhos contra
cidtica, gota, reumatismo e erisipela. Indios do Parand e Santa Catarina utilizavam brotos
novos e casca do caule contra odontalgia (BALBACHAS, 1959; LINDENMAIER, 2008).
Melo Junior et al. (2002) mostraram que o tratamento com o extrato etandlico da casca de S.
terebinthifolius foi de eficiéncia semelhante ou superior a antibidticos utilizados contra
Enterococcus, Bacillus corineforme e Streptococcus viridans. Estudo também mostrou que
um extrato hidroalcodlico da casca apresentou um efeito anti-inflamatério, aliado com a acdo
anti-histaminica, além da acdo antimicrobiana contra S. aureus (MATOS, 1988).

As folhas sdo antirreumdticas e um valioso remédio na cura de ulceras e ferida. Sua

infusdo € utilizada pelos indios Guarani para combater o popular “sapinho” na boca das
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criancas (BALBACHAS, 1959; LINDENMAIER, 2008). Extrato etandlico de folhas de S.
terebinthifolius inibiu o crescimento de S. aureus, Pseudomonas aeruginosa e Candida
albicans (MARTINEZ et al., 1996; GUERRA et al. 2000). O 6leo essencial das folhas
apresentou potencial inibitério frente a alguns agentes etioldgicos da infeccdo otoldgica em
cdes como Staphylococcus spp., Malassezia, Streptococcus sp. e Corynebacterium sp.
(CAMPOS et al., 2010). Coutinho et al. (2006) comprovaram por meio da anélise histolégica
o efeito positivo do extrato hidroalcodlico de folhas no processo de cicatrizacdo de
anastomoses do célon em ratos. Segundo Cavalher-Machado et al. (2008), a fracao de acetato
de folhas de S. terebinthifolius possui uma importante propriedade antialérgica, que € marcada
pela inibicdo da formacdo de edema, degranulacdo dos mastécitos e influxo de eosinéfilos. A
lectina isolada da folha de S. fterebinthifolius (SteLL) possui propriedades antimicrobianas
contra bactérias e fungo de importancia médica (GOMES et al., 2013). E recomendado, no
entanto, precau¢do no uso da planta, principalmente das folhas e cascas, devido as suas

propriedades toxicas (LORENZI, 2008; BAGGIO, 1988; LINDENMAIER, 2008).
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3. OBJETIVOS

3.1. Geral

Investigar extrato de folhas de S. terebinthifolius quanto ao efeito sobre sobrevivéncia,
desenvolvimento e integridade do intestino de larvas de A. aegypti e quanto a ecotoxicidade
através de ensaio utilizando Artemia salina como modelo, bem como determinar as classes de

metabolitos envolvidos nos efeitos detectados.

3.2. Especificos

v' Obter extrato de folhas de S. rerebinthifolius em NaCl 0,15 M e determinar sua
composi¢ao fitoquimica.

v Avaliar a presenca de microrganismos no extrato.

v" Determinar a concentragdo do extrato necesséria para matar 50% (CLs) de larvas de
A. aegypti no quarto estagio ap6os 3 e 8 dias, na auséncia e na presenca de comida.

v Investigar o efeito do extrato no desenvolvimento das larvas, na auséncia e na
presenca de comida, através da determinag¢do do nimero de pupas e adultos apds 8
dias.

v Avaliar danos causados no intestino médio de larvas incubadas com o extrato por 12 h.

v' Determinar o ndmero de células digestivas, regenerativas, enteroenddcrinas e em
mitose no intestino médio de larvas incubadas com o extrato por 12 h.

v" Investigar a ocorréncia de fragmentagdo do DNA de células do epitélio intestinal de
larvas incubadas com o extrato por 12 h.

v" Investigar a ocorréncia de melanizagio no intestino médio das larvas incubadas com o

extrato.
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Separar as principais classes de metabdlitos secundarios presentes no extrato.

Isolar a lectina de S, terebinthifolius (SteLL) de acordo com protocolo pré
estabelecido.

Avaliar os efeitos das fracoes de metabdlitos secundérios e a lectina purificada sobre
as larvas.

Determinar a toxicidade do extrato e fracdes sobre o microcrustiaceo A. salina.
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Abstract

In this study, a leaf extract from Schinus terebinthifolius was evaluated for effects on survival,
development, and midgut of A. aegypti fourth instar larvae (L4), as well as for toxic effect on Artemia
salina. Leaf extract was obtained using 0.15 M NaCl and evaluated for phytochemical composition
and lectin activity. Early L4 larvae were incubated with the extract (0.3-1.35%, w/v) for 8 days, in
presence or absence of food. Polymeric proanthocyanidins, hydrolysable tannins, heterosid and
aglycone flavonoids, cinnamic acid derivatives, traces of steroids, and lectin activity were detected in
the extract, which killed the larvae at an LCsy of 0.62% (unfed larvae) and 1.03% (fed larvae). Further,
the larvae incubated with the extract reacted by eliminating the gut content. No larvae reached the
pupal stage in treatments at concentrations between 0.5% and 1.35%, while in the control (fed larvae),
61.7% of individuals emerged as adults. The extract (1.0%) promoted intense disorganization of larval
midgut epithelium, including deformation and hypertrophy of cells, disruption of microvilli, and
vacuolization of cytoplasms, affecting digestive, enteroendocrine, regenerative, and proliferating cells.
In addition, cells with fragmented DNA were observed. Separation of extract components by solid
phase extraction revealed that cinnamic acid derivatives and flavonoids are involved in larvicidal
effect of the extract, being the first most efficient in a short time after larvae treatment. The lectin
present in the extract was isolated, but did not show deleterious effects on larvae. The extract and
cinnamic acid derivatives were toxic to A. salina nauplii, while the flavonoids showed low toxicity. S.
terebinthifolius leaf extract caused damage to the midgut of A. aegypti larvae, interfering with survival
and development. The larvicidal effect of the extract can be attributed to cinnamic acid derivatives and
flavonoids. The data obtained using A. salina indicates that caution should be used when employing

this extract as a larvicidal agent.

Keywords: Brazilian pepper tree; larvicidal activity; dengue mosquito; midgut cells; Artemia

salina.
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INTRODUCTION

The mosquito Aedes aegypti is the main vector of dengue, chikungunya, and yellow
fever viruses. Vaccine is only available for yellow fever, and dengue can assume potentially
lethal forms. About 2.3 million cases of dengue were reported in the Americas in 2013, and
thus, dengue was ranked among the most important viruses transmitted by arthropods [1], [2].
Prophylactic methods mainly focus on the control of vector population with insecticides,
improvement of sanitation, and strengthening community efforts in order to eliminate
breeding sites [3].

Currently, chemical control of A. aegypti has faced a number of difficulties such as
environmental persistence and unselective toxicity of the commonly used insecticides; further,
the emergence of resistant populations has been reported [4], [5], [6], [7], [8]. A reasonable
alternative is to search for natural insecticides for the control of mosquito populations since
they are usually highly biodegradable, and the availability of more alternatives broadens the
range for regular interchange and alternation of insecticides, minimizing resistance
development [9], [10].

Plants produce many defensive compounds, which have been widely evaluated as
insecticides. Plant extracts and essential oils contain several types of secondary metabolites
that exert deleterious effects on insects. Proteins such as protease inhibitors and lectins have
been also reported to act as insecticidal agents. In addition to causing insect mortality at all
life stages, plant-derived insecticides may also disrupt metamorphosis, promote
morphological alterations, and exert irritant and repellent effects [11], [12], [13], [14], [15],
[16].

Many plant insecticides primarily target the midgut of the mosquito larvae, and some

are able to interfere with the larval development into adult stage, even at sub-lethal
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concentrations [17]. The metamorphosis of A. aegypti larvae comprises comprehensive
transformations of the insect body, including a remodeling of the midgut, where larval
digestive cells are completely replaced [18], [19], [20]. In this sense, deleterious effects of
plant compounds on the midgut may interfere with larval development.

Schinus terebinthifolius Raddi (Brazilian pepper tree) is a plant from the
Anacardiaceae family native to Central and South America, and found in Brazil from the
northeast to the south, in plant communities such as the Atlantic Forest and the Cerrado [21].
It is a source of many bioactive compounds, and its leaves are popularly used in remedies for
healing ulcers and wounds, combating oral candidiasis in children, and for producing
infusions considered to have anti-theumatic properties [22], [23]. Some of the compounds
from S. terebinthifolius leaves with proven biological activities are terpenes that induce
melanoma apoptosis and protect against metastasis [24], [25], essential oil that inhibits
mitosis in lettuce and onion [26], aromatic compounds with the ability to treat allergies [27],
and a lectin (called S. rerebinthifolius leaf lectin, SteLLL) with antimicrobial properties [28].
Larvicidal activity against A. aegypti has been detected in a dichloromethane extract from S.
terebinthifolius leaves and an essential oil extracted from its fruit [29], [30].

This study shows the effects of a saline extract from S. ferebinthifolius leaves on the
survival, development, and midgut of A. aegypti fourth instar larvae (L4). The extract was also
evaluated for phytochemical composition and toxicity to Artemia salina. Solid phase
extraction of the main secondary metabolites detected in the extract separated them into three
fractions. In addition, the lectin SteLL. was isolated from the extract. The fractions and the

lectin were then evaluated for deleterious effects on larvae.

MATERIALS AND METHODS
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Plant material

The leaves of S. terebinthifolius were collected in the campus of the Universidade
Federal de Pernambuco at Recife, Brazil, and left to dry at 28°C during 3—4 days. Next, the
leaves were powdered using a blender and stored at -20°C. A voucher specimen is archived
under number 73,431 at the herbarium from the Instituto Agronémico de Pernambuco (IPA),
Recife, Brazil. Plant collection was performed with authorization (number 36301-2) of the
Instituto Chico Mendes de Conservacdo da Biodiversidade (ICMBio) from the Brazilian

Ministry of Environment.

Aedes aegypti larvae

Larvae were reared in insectaries from the Laboratorio de Ecologia Quimica (LEQ) of
the Universidade Federal de Pernambuco and from the Departamento de Biologia Geral
(DBG) of the Universidade Federal de Vicosa. The colonies belong to the Rockefeller (LEQ)
and PPCampos (DBGQG) strains, respectively. Rockefeller and PPCampos larvae were hatched
in dechlorinated water containing cat food (Whiskas®) and the colonies were reared at a 26 +
1°C, relative humidity 75 + 10%, and photoperiod 12L:12D. The larvae were collected for use

in the bioassays when they reached the early fourth instar (L4) stage.

Schinus terebinthifolius leaf extract

The extract preparation was started by homogenizing 10 g of leaf powder with 100 mL

of 0.15 M NaCl during 16 h at 28°C, using a magnetic stirrer. Next, the suspension was

filtered through filter paper and centrifuged (3,000 g, 15 min) and dialyzed (4 h) against
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distilled water. The dialyzed supernatant, corresponding to the leaf extract, was then
lyophilized to dryness for 24 h using a freeze-dryer (LIOTOP L101, Liobras, Sao Carlos,
Brazil) at a temperature of -45°C and a vacuum of 300 umHg below atmospheric pressure.
After lyophilization, the leaf extract was ressuspended in 0.15 M NaCl to a concentration of

2.7% (dry weight/volume).

Phytochemical analysis, hemagglutinating activity and evaluation of microorganism

presence in leaf extract

The phytochemical screening of the extract was performed by thin-layer
chromatography (TLC) on silica plates (60F254, aluminum backed, 200 um layer thickness,
8.0 x 5.0 cm, Merck, Darmstadt, Germany). The presence of alkaloids, triterpenes, steroids,
cinnamic acid derivatives, heterosid and aglycone flavonoids, hydrolysable tannins, and
proanthocyanidins were investigated using the adequate development systems and revealers
listed in Table 1 [31], [32], [33]. After development, the plates were air dried and sprayed
with the revealers in a fume hood.

The presence of lectin in leaf extract was investigated by determining the
hemagglutinating activity in 96-well microtiter plates (TPP-Techno Plastic Products,
Trasadingen, Switzerland). The assay was performed by a twofold serial dilution of extract
(50 uL) in 0.15 M NaCl followed by addition to each well of 50 uL of a suspension (2.5%
v/v) of glutaraldehyde-treated rabbit erythrocytes in 0.15 M NaCl. The plate was incubated at
27 °C for 45 min. Hemagglutinating activity was quantified as the reciprocal value of the
highest dilution of sample that promotes full agglutination of erythrocytes [34]. Specific
activity was calculated by the ratio between the hemagglutinating activity and the protein

concentration, which was determined according to Lowry et al. [35].
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Table 1. Development systems and revealers used for analysis by thin-layer chromatography

of secondary metabolites in S. terebinthifolius leaf extract.

Secondary metabolites

Development system

Revealer

Alkaloids

Triterpenes and steroids

Aglycone and flavonoid

EtOAc/HCOOH/AcOH/H,0
(100:11:11:26 v/v)

EtOAc/HCOOH/AcOH/H,0
(100:0.5:0.5:0.5 v/v)

EtOAc/HCOOH/AcOH/H,0O

Dragendoff’s reagent

Lieberman-Burchard’s
reagent

Neu’s reagent

heterosids (100:11:11:27 v/v)

Proanthocyanidins EtOAc/HCOOH/AcOH/H,O  Vanilin-chloridric acid

(100:11:11:26 v/v)
Cinnamic acid derivatives EtOAc/HCOOH/AcOH/H,0O
(100:11:11:27 v/v)

Neu’s reagent

In order to evaluate the presence of microorganisms in leaf extract, aliquots (100 uL)
of the extract were smeared on petri dishes containing Mueller Hinton Agar, Sabouraud-
Dextrose Agar or Potato-Dextrose Agar. Plates were incubated at 37°C for 24 h. After this
period, the microbial growth was observed, and the number of colony forming units (CFU)

was determined.

Effects of leaf extract on survival and development of A. aegypti larvae

First, bioassays were performed without addition of food (unfed larvae), according to
the method described by Navarro et al. [36] and following the instructions of the World
Health Organization [37]. The leaf extract was diluted with distilled water in order to obtain
test solutions in the concentration range 0.3—1.35% (w/v). In each assay, 20 early L, larvae
(Rockefeller strain) were placed into disposable plastic cups containing 20 mL of the test

solution or 0.15 M NaCl (control). The assays were maintained at 26 + 1°C, relative humidity
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75 = 10%, and photoperiod 12L:12D. Two independent experiments were performed in
triplicate. The number of live and dead larvae, pupae, and adults was counted daily until the
8" day.

Next, the bioassays were performed with food supplied to larvae (fed larvae). At the
beginning of the incubation period, 0.05 g of cat food (Whiskas®) was added per cup. The

tested concentrations and laboratory conditions were the same described above.

Effects of leaf extract on the midgut of the larvae

Bioassays and fixation of midguts

Leaf extract was diluted with distilled water in order to obtain a test solution at 1.0%
(w/v). Next, 20 early L4 larvae (PPCampos strain) were transferred to plastic vessels
containing 20 mL of the test solution or 0.15 M NacCl (control). Food was added (0.05 g) in
each vessel. The assays were maintained at 26 + 1°C, relative humidity 75 + 10%, and
photoperiod 12L:12D. After 12 h, the midguts of ten larvae from each treatment were
dissected in a physiologic solution for insects (0.1 M NaCl, 20 mM KH,PO4, 20 mM
Na,HPO,). Some larvae and midguts were observed using a stereomicroscope and
photographed using a digital camera. The dissected midguts were fixed in formaldehyde and
picric acid solution (Zamboni’s solution), except those to be analyzed using a transmission
electron microscope, which were fixed in 2.5% glutaraldehyde in 0.1 M sodium cacodylate
(pH 7.2) for 2 h. Midguts obtained from the control larvae were photographed and fixed in a
similar manner.

To assess the occurrence of melanization in the midgut of treated larvae, 20 L4 were

exposed to the extract at 1.0% (w/v), containing the phenoloxidase inhibitor phenylthiourea
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(PTU) (0.01 M). A separate group of larvae was incubated only with PTU. Treated and
control larvae received food as described above. After incubation for 12 h, the midguts were

dissected, and observed under the stereomicroscope.

Histology analysis

Fixed midguts (of larvae from controls and treatment with the extract alone) were
washed with distilled water, dehydrated in a graded series of ethanol (70-100%), and
embedded in Historesin (Leica, Solms, Germany). Next, the material was cut into 3-um
sections, stained with toluidine blue, and mounted in Eukitt medium (Fluka, USA). The
stained midguts were observed under an optical microscope (Olympus BX60, Olympus

America, Inc., NY, USA) and photographed using a digital camera.

Transmission electron microscopy

Fixed midgut fragments were washed in cacodylate buffer and post-fixed in 1%
osmium tetroxide for 2 h in the dark. Following post-fixation, the material was washed twice
with 0.1 M phosphate-buffered saline (PBS), dehydrated in an increasing series of ethanol
concentrations (70-100%), and pre-infiltrated in a LR white resin solution and 100% ethanol
(2:1) for 1 h. The samples were then embedded in pure resin and maintained at 25°C for 16 h,
followed by polymerization in gelatin capsules (Electron Microscopy Sciences) at 60°C for 24
h. Ultrathin sections were placed on copper grids and incubated for 20 min in 1% aqueous
uranyl acetate and lead citrate. The samples were observed and photographed using a Zeiss

EM 109 microscope (Carl Zeiss AG, Oberkochen, Germany).
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Fluorescence microscopy

The nuclei of cells from the fixed midgut were stained with diamidino-2-phenylindole
(DAPI; Biotium, USA) for 30 min. The midguts were mounted on slides using Mowiol
antifading solution (Sigma-Aldrich, MO, USA) and analyzed in an epifluorescence
microscope Olympus BX-60 coupled to the capture system Olympus Q-Color 3 (Olympus
America, Inc., NY, USA). Six areas of each region (anterior and posterior) of the midgut were
randomly photographed with a 40x objective lens (total area = 0.414 mm?) [38]. The number
of digestive cells (larger nuclei and present at the apical region of digestive epithelium) and
regenerative cells (small nuclei and found at the basal region of epithelium) in the midgut
were counted as described elsewhere [19], [20].

Enteroendocrine cells were identified by labeling the peptide FMRFamide [20], which
is usually abundant in endocrine cells of the digestive tract in insects. Fixed midguts were
washed three times for 30 min with PBST (phosphate buffered saline with 0.05% Tween —
Sigma-Aldrich, USA), and then incubated for 24 h at 4°C with a solution of anti-FMRFamide
primary antibody (Peninsula Lab, UK) prepared (1:400) in 1% PBST. After washing with
PBS three times (5 min each), the midguts were incubated with a secondary antibody
conjugated with fluorescein isothiocyanate (FITC) (Sigma-Aldrich, USA) for 24 h at 4°C. The
midguts were washed three times with PBS, mounted using Mowiol solution, and observed
under the epifluorescence microscope for counting of enteroendocrine cells.

Proliferating cells in the midgut were investigated by in situ labeling of the mitosis
marker phospho-histone H3 [39]. Fixed guts were incubated for 24 h at 4°C with the primary
antibody anti-phospho-histone H3 (Cell Signaling, USA) prepared (1:100) in PBS with 1%
Tween (PBST). Samples were washed three times with PBS and incubated for 24 h at 4°C

with the FITC-conjugated secondary antibody (Sigma-Aldrich, USA) diluted (1:500) in PBS.
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After three 10-min washing steps with PBS, the slides were mounted using Mowiol solution,
analyzed, and photographed in a Zeiss LSM 510 confocal microscope (Carl Zeiss AG,
Oberkochen, Germany). Positive cells were counted along the entire midgut.

DNA fragmentation was identified in situ using the Cell Death Detection Kkit,
Fluorescein (TUNEL reaction), from Roche (Basel, Sweden). Fixed midguts were treated
with proteinase K (Sigma-Aldrich, USA) at 10-20 pg/mL, in 10 mM Tris-HCI, pH 7.4, for 60
min at 37 °C. Next, they were washed with PBS and incubated for 60 min with TUNEL

solution at 37°C. The slides were then mounted and analyzed as described above.

Separation of secondary metabolites, lectin isolation and bioassays

Secondary metabolites in the leaf extract were semi-purified by solid phase extraction
(SPE) on a 24-port vacuum manifold (Supelco, PA, USA). The SPE cartridges, Chromabond®
C18 (500 mg/3 mL) from Macherey-Nagel (Diiren, Germany), were preconditioned with 1
mL of methanol and equilibrated with 3 mL of 0.1 M Tris-HCI pH 9.0. The extract was
dissolved in Tris buffer to 25 mg/mL and filtered through a 0.45 pm syringe filter. Then, 1
mL of the extract solution was loaded into the cartridge, which was washed with Tris buffer
for the elution of the cinnamic acid derivatives (fraction 1, F1). Flavonoids were then eluted
with 2 mL of methanol (fraction 2, F2), and hydrolysable tannins were eluted with 2 mL of
1:1 (v/v) methanol-acetic acid (fraction 3, F3). F1 was dialyzed for removal of Tris molecules.
After evaporation of the solvents, the fractions were once again submitted to phytochemical
screening by TLC as described above.

The S. terebinthifolius leaf lectin (SteLLL) was isolated from leaf extract according to
the procedure described by Gomes et al. [28]. The extract was loaded onto a chitin (Sigma-

Aldrich, MO, USA) column (7.5x1.5 cm) equilibrated with 0.15 NaCl at a flow rate of 20
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mL/h. The unadsorbed material was removed with equilibrating solution after absorbance at
280 nm was lower than 0.020. Next, SteLL was eluted from the column with 1.0 M acetic
acid. The isolated lectin was then dialyzed in a 10-kDa cut-off membrane (Sigma-Aldrich,
MO, USA) against distilled water (4 h) and evaluated for hemagglutinating activity and
protein concentration.

Larvicidal assays with F1, F2 and F3 (1.0% w/v, dissolved in distilled water) and
SteLL (0.05-1.0 mg/mL, in water) were performed as described above, with food addition.

The number of live and dead larvae, pupae, and adults was counted daily until the 8" day.

Environmental toxicity assay using Artemia salina

A. salina eggs were acquired from local pet shops. The eggs were incubated at 27+2°C
in natural seawater with pH adjusted to 8.0. After 24 h, the hatched nauplii were collected and
used in bioassays. Groups of 12-15 larvae were exposed to 5-mL solutions of leaf extract
(0.125-1.0 %), F1 (1.0%, w/v) or F2 (1.0%, w/v) diluted in natural seawater and, after 24 h,
the survival rates (%) were recorded [40]. In the control group, larvae were incubated in

seawater. Three independent experiments were performed in triplicate.

Statistical analysis

Standard deviations (SD) were calculated using GraphPad Prism version 4.0 for
Windows (GraphPad Software, San Diego, California, USA), and the data were expressed as
replicate means + SD. The lethal concentrations required for killing 50% of A. aegypti larvae
(LCs) after 3 and 8 days were calculated by probit analysis with a reliability interval of 95%

using the StatPlus® 2006 software (AnalystSoft, Canada). The results from midgut cell
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counting were submitted to variance analysis (ANOVA) when distribution was considered

normal or to Kruskal-Wallis’s test in cases with non-normal distribution.

RESULTS

Phytochemical screening of leaf extract revealed the presence of polymeric
proanthocyanidins, heterosids and aglycone flavonoids, hydrolysable tannins, and mainly
cinnamic acid derivatives. Trace amounts of steroids were also detected, as well as lectin
(specific hemagglutinating activity of 81). No microbial growth, including bacteria and
yeasts, was observed in the leaf extract smeared on plates with the culture media.

After 24 h, mortality rates of unfed larvae at concentrations from 0.5% to 1.35%
ranged between 3.3% and 25%, while in concentrations below 0.5% and in the control there
was no mortality (Table 2). Interestingly, in all treatments with extract, there were larvae that
eliminated the gut content, which was enclosed in the peritrophic matrix (Fig. 1A). All the
larvae exposed to highest extract concentrations showed this reaction (Table 2).

The LCsg values of 1.05% and 0.62% were determined for unfed larvae after 3 and 8
days, respectively, with no mortality in the control during these periods. At the g™ day, the
number of individuals at pupa stage was significantly higher (p < 0.05) in the control than in
all other treatments while the number of emerged adults was similar to the control (p > 0.05)
only in the treatments at concentrations of 0.3% and 0.4% (Table 3). In the bioassays at the
concentrations of 1.2% and 1.35%, all the individuals died at the larval or pupal stages.

For fed larvae, S. terebinthifolius leaf extract had somewhat distinct effects on
mosquito survival. Table 2 shows that there was no mortality after 24 h using the extract at
0.3-0.75% concentrations, and the mortality rate at 1.2% was much lower than when food

was unavailable. On the other hand, the number of dead larvae at the concentration of 1.35%
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was similar in bioassays with unfed and fed larvae. The estimated LCsy for 3 (1.3%) and 8
(1.03%) days were higher than those for bioassays without food. After 24 h, the fed and
treated larvae also eliminated the contents of the gut, in numbers similar to those in assays of

unfed larvae (Table 2).

1mm

Figure 1. Aedes aegypti L4 larvae incubated for 12 h with Schinus terebinthifolius leaf extract
(1.0%, w/v). (A) Larva eliminating the gut content covered by the peritrophic matrix. (B)
Shrunken and pigmented midgut dissected from a larva incubated with the leaf extract. (C)
Midgut dissected from a control larvae, after removal of gut content and peritrophic matrix,
without apparent alterations. (D) Midgut dissected from a larva incubated with the leaf extract
containing the 0.01 M phenylthiourea (PTU), a phenoloxidase inhibitor. (E) Midgut dissected

from a larva incubated with 0.01 M PTU.
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Table 2. Acute effects of Schinus terebinthifolius leaf extract on Aedes aegypti larvae after 24

h, in bioassays performed adding or not food in the start of experiment.

Concentration (%) Mortality rate (%) Larvae that eliminated gut content (%)
Without food  With food Without food With food
addition addition addition addition

0.3 0.0a 0.0a 50+£00a 6.7+2.8a

0.4 0.0a 0.0a 10.L0£5.0b 11.7£2.8b

0.5 33+£28b 00a# 150+£0.0c 183+28¢c

0.75 83+28¢c 00a# 40.0£0.0d 350£0.0d #

1.2 21.6+£28d 53+02b# 100 e 100 e

1.35 250+£0.0e 30.0+£00c# 100 e 100 e

Control 0.0a 0.0a 0.0 f 00f

Different letters at the same column indicate significant differences (p<0.05) between control
and the treatments at different concentrations. The symbol # indicates significant difference
(p<0.05) between the value in assay with food addition and that obtained in assay without

food addition.
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Table 3. Mortality and life stages reached after 8 days by A. aegypti individuals incubated

with S. terebinthifolius from the fourth larval stage.

Treatment / Life stage

Concentration  Larvae (%) Pupae (%) Adults (%)
Live Dead Live Dead

Without food

Control 71.6+28a 0.0a 16.7+28a 0.0a 11.7+28a

0.3% 73.3+2.8a 103+0.6b 33+28b 00a 13.0+2.6a

0.4% 66.7+2.8a 16.7+£28¢c 33+28b 00a 133+28a

0.5% 71.6+2.8 a 20.0+5.0c 33+28b 00a 50+00b

0.75% 13.3£28Db 83.3+28d 00c 00a 33+28c

1.2% 00c 983+28¢ 00c 1.6+28b 0.0d

1.35% 00c 100 £ 00c 00a 0.0d

With food

Control 283+28a# 00a 100£0.0a# 00a 61.7+£28a#

0.3% 70.0+0.0b 00a# 50+00b 00a 250+£00b#

0.4% 85.0+x00c# 100+0.0b# 00c# 00a 50£00c#

0.5% 73.3+£2.8d 26.7+£28¢ 00c# 00a 0.0d#

0.75% 68.3+28bd# 31.6+28c# 00c 0.0a 0.0d#

1.2% 583+£28e# 41.6x28d# 00c 00a# 0.0d

1.35% 00f 983+28e¢ 00c 1.7+28b# 0.0d

Different letters at the same column indicate significant differences (p<0.05) between control

and the treatments at different concentrations. The symbol # indicates significant difference

(p<0.05) between the value in assay with food addition and that obtained in assay without

food addition.
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The leaf extract clearly led to disruptions in development of A. aegypti in the assay
with fed larvae (Table 3). By the gth day, most of the individuals (61.7%) had emerged as
adults in the control, while in the treatments with extract at 0.3% and 0.4%, this number was
25.0 and 5.0%, respectively, and there was no emergence of adults in bioassays at any of the
other concentrations.

Larvae from PPCampos strain were treated with the leaf extract at 1.0% (w/v) and the
mortality rate was similar to that detected for Rockefeller larvae; also, the PPCampos larvae
(100%) eliminated the gut content. Figure 1B shows a shrunken and dark midgut dissected
from a fed larva incubated (12 h) with the extract (1.0%). The midgut darkening was still
observed after larvae incubation with the leaf extract (1.0%) containing 0.01 M PTU (Fig.
1D). The midgut of larvae incubated only with PTU (Fig. 1E) was similar to that of control
(Fig. 1C) (i.e., without the extract and/or PTU).

Histology analysis revealed that the midgut epithelium of fed larvae incubated with the
extract had remarkable disorganization in comparison to the control, with several spaces
between cells and the presence of tissue/cell debris in the luminal space (Fig. 2A and 2B). A
thin peritrophic matrix can still be seen in the midgut of exposed larvae. Deformations and
hypertrophy of epithelial cells were also observed, as well as the presence of structures
resembling vacuoles (Fig. 2D). Ultrastructural analysis by transmission electron microscopy
displayed drastic cell disruption in the midgut. Digestive cells from larvae treated with leaf
extract showed disrupted microvilli, cytoplasm electron-lucent, and vacuolated cytoplasm

(Fig. 3).
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Figure 2. Toluidine Blue stained histological sections of the midgut of Aedes aegypti L4 from
control (A) and incubated for 12 h with the Schinus terebinthifolius leaf extract (B). Midgut
from control larva (A) showed a single-layered epithelium (ep) comprised of digestive (dc)
and regenerative cells (rc) with preserved morphology (C). L, midgut lumen; m, muscle; n,
digestive cell nuclei. Midgut from treated larva (B) showed intense disorganization of the
epithelial layer (ep) with several spaces between cells (*) and some hypertrophied digestive
cells (dc). Tissue/cell debris (arrowhead) is seen in the midgut lumen. m, muscle; n, digestive
cell nucleus; pm, peritrophic matrix. Details of columnar digestive cells for control (C) and
treated (D) larvae. Structure resembling vacuoles (v) are seen in D. n, cell nucleus; N,

nucleolus; B, brush border.
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Control Extract

Figure 3. Electron micrographs of the midguts of Aedes aegypti L4 from control and those
treated with Schinus terebinthifolius leaf extract at 1.0% (w/v). Mitochondria (arrowheads);

microvilli (m); electron-lucent vacuoles (V); endoplasmic reticulum (ER); nucleus (n).
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Cell nuclei from the midgut were intensely stained with DAPI in the control
treatments, but only weakly stained nuclei could be seen in midgut of treated larvae (Figure
4A). In addition, enteroendocrine (FMRF-immunoreactive) cells were seen in the midgut of
control larvae, but they were rarely seen in the midgut of treated individuals (Fig. 4B). The
numbers of digestive, regenerative, and enteroendocrine cells counted in the midgut of treated

larvae were remarkably lower than that in the control (Fig. SA).

Control Extract

30um

Figure 4. Midgut of Aedes aegypti 14 incubated for 12 h with distilled water (control) and
Schinus terebinthifolius leaf extract at 1.0% (w/v). (A) Total mounting of larvae midgut
stained with DAPI (blue) and displaying the nuclei of digestive (arrow) and regenerative
(arrowhead) cells. (B) Staining of enteroendocrine (FMRF-imunorreactive) cells at the

posterior region of midgut.
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Figure 5. Number of different cell types in the midgut of Aedes aegypti L4 from control and
those incubated for 12 h with the Schinus terebinthifolius leaf extract (1.0%, w/v). (A)
Digestive, regenerative, and enteroendocrine cells from the midgut epithelium were counted
under the fluorescence microscope. (B) Number of proliferating regenerative cells or cells
with nuclear DNA damage (TUNEL positive) in the midgut epithelium were determined by
fluorescence microscopy. (*) indicates significant difference (p < 0.05) in comparison to the

control.

Many proliferating cells (phosphohistone H3-positive) were seen in the midgut of the
control larvae but they were scarce in the midgut of treated larvae (Fig. 5B and 6A). In
addition, DNA fragmentation was detected by the TUNEL reaction in the midgut of larvae

exposed to the leaf extract at much higher levels than in the control (Fig. 5B and 6B).
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Control Extract

i

Figure 6. Proliferating regenerative cells or cells with nuclear DNA damage in the midgut of
Aedes aegypti L4 incubated for 12 h with distilled water (control) and Schinus terebinthifolius
leaf extract at 1.0% (w/v). (A) Nuclei of proliferating (phosphohistone H3-positive)
regenerative cells (arrow) at the posterior region of the midgut. (B) Nuclei of digestive and

regenerative cells positive for DNA damage/fragmentation (arrowhead).

After the phytochemical screening, the leaf extract was semi-purified by SPE for
separation of the main classes of secondary metabolites. The TLC revealed that F1 contained
only cinnamic acid derivatives, F2 contained flavonoids and traces of cinnamic acid
derivatives, and F3 contained hydrolysable tannins. Polymeric proanthocyanidins irreversibly
bound the cartridge matrix and could not be recovered.

Table 4 shows the effects of F1, F2, and F3 treatments on A. aegypti larvae. The gut

content elimination was detected 24 h after F1 incubation, while larval death was detected 24
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h after F2 incubation. Three days after F1 or F2 incubations, the mortality rates were
significantly higher (p < 0.05) than in the control. F1 killed 100% of the larvae 3 days after
incubation, while F2 killed 66.7% of the larvae 8 days after incubation. No individual pupated
after F2 incubation, while in the control individuals became adults. F3 incubation did not
affect survival and development of larvae.

The lectin SteLLL isolated from the leaf extract had a specific hemagglutinating activity
of 27,334, and a purification fold of 337 compared to the extract. However, SteLLLL did not kill
or affect the development of A. aegypti larvae at any tested concentration, and also did not
induce elimination of the gut content by the larvae.

S. terebinthifolius leaf extract killed 100% of A. salina nauplii at all tested
concentrations (0.125-1.0%), indicating that the leaf extract is potentially toxic to the
environment at the concentrations that kill A. aegypti larvae. F1 and F2 at 1.0% (w/v) killed

73.3£5.8% and 13.3+5.8% of A. salina nauplii, respectively.

DISCUSSION

Integrated pest management has been considered an advance because it relies on a
combination of common-sense practices and the most cost-effective methods for control of
pests with the least possible hazard to people and the environment. The low cost and high
efficacy make plant extracts an interesting possibility in integrated pest management
programs [41]. Studies on the effects of essential oils from S. terebinthifolius fruits on
mosquito larvae were performed with promising results, indicating the presence of larvicidal
compounds in this plant [30], [42]. In this work, we evaluated a saline extract from S.
terebinthifolius leaves for the presence of larvicidal agents with polar feature, and thus more

advantageous than other insecticides with low solubility in aqueous systems.
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Table 4. Aedes aegypti L4 mortality rates after incubation with fractions (F1, F2, and F3)

obtained after the separation of secondary metabolites from Schinus terebinthifolius leaf

extract.
Parameter Sample
F1 F2 F3 Control

Mortality rate (%)

24 hours 0.0a 10.0+£0.0b 0.0a 0.0a

3 days 100.0 a 333+£57b 6.7+x28c 33+28¢c

8 days 100.0 a 66.7+28b 6.7+28¢c 33+28¢c
Pupation (%) 0.0a 0.0a 11.6+57b 10.0x0.0b
Adult emergence (%) 00a 00a 583+57b 683%+76Db
Larvae that eliminated gut 30.0+50a 0.0b 0.0b 0.0b

content (%)

F1: fraction eluted with Tris buffer, containing cinnamic acid derivatives. F2: fraction eluted
with methanol, containing flavonoids and traces of cinnamic acid derivatives. F3: fraction
eluted with methanol-acetic acid, containing hydrolysable tannins. Elimination of gut content
was evaluated with 24 h of experiment. Pupation and adult emergence rates were calculated 8
days after larval incubation. Different letters at the same line indicate significant differences

(p<0.05) between the treatments.

After 12-h incubation, the S. ferebinthifolius leaf extract induced acute reactions in A.
aegypti larvae, being the most evident the elimination of the gut content and the darkening of
the midgut. The elimination of the gut content enclosed in the peritrophic matrix indicated
that the leaf extract interfered with food passage along the digestive tract, and suggests that

the presence of the extract in the larval environment disturbed the structural organization of
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the midgut. Expelling gut contents has been reported as a defense mechanism of mosquito
larvae aiming to excrete unabsorbed harmful compounds, such as DDT and some plant-
derived insecticides [43], [44]. However, attempts of larvae to eliminate the harmful
components of S. terebinthifolius leaf extract were not enough to prevent deleterious effects,
since it chronically reduced larval survival, and interfered with development, even at
concentrations lower than LCsg. It is plausible that some of the toxic compounds from the
extract remained inside the larvae midgut or may have been absorbed leading to mortality. In
addition, there was a considerable loss of nutrients when the larvae expelled the gut content,
which may also be linked to mortality.

Metamorphosis of the unfed individuals may have been prevented by food limitation
in the experimental conditions since it has been shown that A. aegypti larvae will inhibit
pupation if sufficient resources are unavailable [45]. Indeed, the pupation rate in the control
was also very low. Therefore, in order to investigate if development was damaged mainly due
to effects of the extract or to food restrictions, we performed the bioassays with the addition
of food.

Treated fed larvae also eliminated the gut content after 24 h, but larval death was
delayed in comparison with unfed larvae. This result may be ascribed to the availability of
food resources that helped the larvae to compensate for part of the nutrient losses with the
expulsion of the gut content. In spite of the delay of death in fed larvae, chronic disruption in
development was evident, indicating that the extract was able to exert its deleterious effects
even when food is provided. Thus, S. terebinthifolius leaf extract is clearly able to impair
larval development even when there is no restriction in food availability.

The darkening of the midgut and hindgut, as well as of their contents, may have many
reasons, and results from a number of mechanisms, including melanization due to activation

of phenoloxidase cascade [46]. In turn, this activation can be due to several factors such as
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microbial infection, presence of components of cell walls from microorganisms and algae,
parasitoids, action of proteolytic enzymes and tissue damage [47], [48], [49]. To verify if the
darkening of the midgut of mosquito larvae incubated with the leaf extract was due to
melanization, we added phenylthiourea (PTU, a strong phenoloxidase inhibitor) to the S.
terebinthifolius leaf extract. The results showed that the strong pigmentation of larval midgut
was still observed even in the presence of PTU, indicating that the midgut darkening was not
related to melanization or resulted from other mechanisms, such as tissue injuries caused by
the extract, or due to the accumulation of leaf extract into the larval midgut.

The absence of bacteria and yeasts in the leaf extract reveals that there were no
microorganisms being introduced in the larval environment together with the extract, and thus
there would be no elicitation of midgut melanization after incubation with the extract. In
addition, the larval death could not be related to the presence of toxins released by
microorganisms in the extract, but due to extract components solely.

Other plant-derived insecticides have shown deleterious effects in the midgut of
mosquitoes, similar to the S. terebinthifolius leaf extract. For example, vacuolization and cell
hypertrophy were caused by the ethanolic extract from Magonia pubescens bark [50], the
methanolic extract from Derris urucu root [44], and an acetogenin from Annona squamosa
[51] in the midgut of A. aegypti. Vacuolization, microvilli damage as well as cell lysis and
death were reported as some of the effects of Melia azedarach extract on the midgut of Culex
quinquefasciatus larvae [41]. The alkaloid pellitorine caused degeneration of epithelial cells at
the anterior and posterior midgut regions of A. aegypti larvae, affecting the ability to
osmoregulate, as well as damaged the gastric caeca, including cells important in ion transport
[52].

The damage to digestive cells in the midgut of A. aegypti larvae caused by the S.

terebinthifolius leaf extract may have impaired digestive and absorption processes in the
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larval midgut, compromising survival, and disrupting larval mosquito development. The
regenerative cells play an important role in development since they start their division in the
last larval instar and finish in the early pupal stage, resulting in renewing of intestinal
epithelium, an essential step in metamorphosis [53]. Once regenerative cell division was
reduced in treated larvae, it prevented transformation of the midgut, and organ remodeling
during pupation.

Damage to enteroendocrine cells have the potential to disrupt homeostasis throughout
the larval body, since these cells have been reported to release peptides, monoamines, and
other substances that supposedly have paracrine effects on regenerative cells and enzyme
production by digestive cells [54].

Results from TUNEL assay revealed that components of S. terebinthifolius leaf extrac
caused cleavage of DNA in the midgut cells. This can result from activation of apoptotic,
necrotic, and autolysis processes or severe DNA damage caused by the extract [55].

In summary, the S. ferebinthifolius leaf extract promoted larval mortality probably due
to: 1) induction of acute reaction by larvae, which expelled the gut contents resulting in lost
food nutrients; 2) blocking of digestion and absorption of nutrients due to cytotoxic effects on
digestive cells and disruption of microvilli; 3) deregulation of digestion and secretion of
substances either in the gut lumen or in the hemolymph due to impairment of enteroendocrine
cells; and 4) disruption of gut homeostasis due to the partial detachment of the peritrophic
matrix and extensive tissue disorganization in the midgut.

Secondary metabolites from leaf extract of S. terebinthifolius were semi-purified in
order to check the deleterious effects of each class of secondary metabolites in A. aegypti
larvae. The fraction containing cinnamic acid derivatives (F1) was able to kill all larvae in 3

days, while the fraction containing mainly flavonoids (F2) promoted high mortality after 8
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days. These results indicate that the cinnamic acid derivates are the main responsible for the
lethal effect, but the flavonoids are also larvicidal components of the extract.

Cinnamic acid derivatives and aglycone flavonoids have been previously reported to
have insecticidal effects. Aglycone flavonoids, such as quercetin and kaempferol, were
detected in larvicidal extracts from Moringa oleifera flowers [9] and Gardenia ternifolia
aerial parts [56], and these flavonoids, when isolated, were able to inhibit the cytochrome P-
450 dependent ecdysone 20-monooxygenase activity in A. aegypti [57]. Quercetin also
negatively affected weight gain of Bombyx mori larvae, as well as induced detoxifying
enzyme activity [58]. The toxicity of methanolic D. urucu root extract, which induced larvae
to excrete feces and caused midgut damage, has been attributed to an isoflavonoid called
rotenone [44]. The cinnamic acid derivatives, cinnamaldehyde and cinnamyl acetate, showed
strong larvicidal properties against fourth-instar larvae of A. aegypti [59].

When mosquito larvae were incubated with F1, the gut content was also eliminated,
suggesting the involvement of cinnamic acid derivatives in this phenomenon. However, the
number of larvae with this phenotype was lower than in the set of larvae treated with the
complete extract, indicating that not only cinnamic acid derivatives induce the elimination of
the gut content, but also other extract components. The elimination of the gut content is
probably a response to an overload of foreign and potentially toxic compounds in the gut
lumen, as discussed above. Indeed, some compounds that are low active or inactive when
isolated may cause strong effects when in combination with other active principles [60].

The main secondary metabolites detected in the extract belonged to aglycone
flavonoid and cinnamic acid derivatives groups, which have been previously reported to have
insecticidal effects. Aglycone flavonoids, such as quercetin and kaempferol, were detected in
larvicidal extracts from Moringa oleifera flowers [9] and Gardenia ternifolia aerial parts [56],

and these flavonoids, when isolated, were able to inhibit the cytochrome P-450 dependent
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ecdysone 20-monooxygenase activity in A. aegypti [57]. Quercetin also negatively affected
weight gain of Bombyx mori larvae, as well as induced detoxifying enzyme activity [58]. The
cinnamic acid derivatives, cinnamaldehyde and cinnamyl acetate, showed strong larvicidal
properties against fourth-instar larvae of A. aegypti [59]. The toxicity of methanolic D. urucu
root extract, which induced larvae to excrete feces and caused midgut damage, has been
attributed to an isoflavonoid called rotenone [44].

The leaf extract used here was prepared using the same procedure described by Gomes
et al. [28] for obtaining crude extract from which the lectin SteLL was isolated. Since lectins
have been reported as larvicidal agents against A. aegypti [34], [61], [62], [63], we
hypothesized that SteLLLL could be involved in the deleterious effects of S. rerebinthifolius leaf
extract on larvae. However, SteLL did not kill the larvae or induce gut content elimination,
which suggests that it is not a component of the larvicidal property of the extract, or is not
effective when separated of other extract components. This is reinforced by the very high
purification fold of the sample tested, which indicates that lectin molecules were more
concentrated in SteLLL than in the extract, and thus, larvae should be affected if the lectin was
involved in the deleterious effects of S. terebinthifolius leaf extract.

Plant compounds are usually less hazardous to the environment than synthetic
insecticides, but this does not exclude the possibility that a natural insecticide could be
harmful to non-target organisms. Thus, we evaluated the environmental toxicity of S.
terebinthifolius leaf extract by determining its potential in promoting death of A. salina
nauplii. The extract and F1 were toxic to A. salina nauplii, while F2 showed low toxicity n
this species. These findings revealed that although the cinnamic acid derivatives have had a
faster larvicidal effect than the flavonoids, these last would be a better alternative from an
environmental standpoint. The extract and preparations containing the cinnamic acid

derivatives can be effectively used, for example, in flowerpot plates, gully traps, the collar of
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toilet bowls, roof gutters, scupper drains, air-conditioner trays, old tires, and bottles, among
others. However, use in domestic containers for storage of water intended for human and
animal consumption, such as water tanks, aquariums, and fountains should not currently be

considered safe.

CONCLUSIONS

S. terebinthifolius leaf extract showed larvicidal activity on A. aegypti as well as
interfered with development from pupal to adult stages. These effects are linked to damage of
digestive, enteroendocrine, and regenerative cells in midgut of the larvae, as well as induction
of structural disorganization of the gut and elimination of the gut content. Caution is required
in the use of the extract as a larvicide against A. aegypti due to the toxic effects detected in the
A. salina assay. Cinnamic acid derivatives and flavonoids are responsible for larvicidal effect
of the extract. The cinnamic acid derivatives killed individuals in a shorter time but were toxic
to A. salina, while the flavonoids, although effective in a longer period, were exempt from
toxicity to this microcrustacean. On the other hand, the lectin (SteLL) seems not to be

involved in the A. aegypti larvae damage.
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6. CONCLUSAO

O extrato de folhas de S. terebinthifolius apresentou atividade larvicida contra A.
aegypti, bem como interferiu no desenvolvimento das larvas a pupas e adultos. Esses efeitos
provavelmente resultam dos danos causados as células digestivas, regenerativas e
enteroenddcrinas do intestino médio das larvas, bem como da desorganizacdo estrutural do
intestino e indu¢@o da elimina¢do do contetido alimentar. Derivados de 4cido cinamico e
flavonoides sdo responsaveis pelo efeito larvicida do extrato, sendo os derivados de dcido
cindmico mais eficientes por causaram mortalidade em menor tempo. No entanto, o extrato e
fracdo contendo derivados cinamicos foram toxicos para A. salina, sendo necessdria cautela
no uso como agente larvicida. Por outro lado, fracdo contendo flavonoides foi isenta de

toxicidade para esse microcrustaceo.



