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RESUMO

O controle do vetor, Aedes aegypti, ¢ a melhor estratégia para combater as epidemias de
dengue. No entanto, o uso continuo de inseticidas sintéticos tem levado ao aparecimento de
populacdes resistentes. Sementes de Moringa oleifera contém as lectinas WSMoL ((water-
soluble M. oleifera lectin) and cMoL (coagulant M. oleifera lectin). WSMoL tem atividade
larvicida (LCsp of 0.197 mg/ml) em larvas de 4. aegypti de quarto estagio (L4) susceptiveis a
organofosforado (Rockfeller). Este estudo relata o efeito de cMoL (0.1-0.8 mg/ml) na
sobrevivéncia de L4 susceptiveis (Rockefeller), bem como, o efeito de WSMoL (0.1-0.8
mg/ml) e cMoL (0.1-0.8 mg/ml) em L4 resistentes a organofosforado (Rec-R). Além disso,
extratos de L4 susceptiveis (Rockefeller) e L4 resistentes a organofosforado (Rec-R) foram
testados para enzimas digestivas (protease, tripsina e o-Amylase) e detoxificantes (
superoxido dismutase e a- ¢ B-esterases) na presenca de WSMoL e cMoL. cMoL nao foi
agente larvicida para Ls de Rockfeller. WSMoL e cMoL nao promoveram mortalidade de
Rec-R. WSMoL estimulou as atividades de protease, tripsina e o-Amylase de Ls de
Rockfeller, enquanto cMoL inibiu estas enzimas. WSMoL ndo teve nenhum efeito sobre
atividade de tripsina em L4 de Rec-R, porém inibiu atividade de protease e a-amylase. cMoL
inibiu a atividade de tripsina, enquanto ndo interferiu nas proteases ¢ a-amylase de Rec-R.
cMoL inibiu atividade de SOD em Rockfeller e Rec-R mais que WSMoL., enquanto
atividade de B-esterase de Ls Rockfeller foi mais inibida por WSMoL. As lectinas
promoveram baixo efeito (estimulacdo ou inibi¢do) na atividade de a-esterase de ambas as
populagdes. O estudo revela que WSMoL e cMoL afetam diferentemente a sobrevivéncia de
L, de Rockfeller e enzimas de Rockfeller e Rec-R. A protease, tripsina e SOD foram as
enzimas mais sensiveis para WSMoL e cMoL. Atividade larvicida de WSMoL em

Rockfeller pode ser relacionada a estimulagdo da atividade de protease e tripsina.

Palavras-chave: Moringa oleifera; Aedes aegypti; atividade larvicida; enzimas digestivas;

enzimas detoxificantes; lectina.



ABSTRACT

The control of vector (dedes aegypti) is the best strategy to combat dengue epidemics.
However, the continuous use of synthetic insecticides has led to the emergence of resistant
populations. Moringa oleifera seeds contain the lectins WSMoL (water-soluble M. oleifera
lectin) and cMoL (coagulant M. oleifera lectin). WSMoL has larvicidal activity (LCsy of
0.197 mg/ml) on A. aegypti organophosphate-susceptible (Rockfeller) fourth stage larvae
(L4). This study reports the effect of cMoL (0.1-0.8 mg/ml) on survival of Rockfeller L, as
well as the effect of WSMoL and cMoL (0.1-0.8 mg/ml) on organophosphate-resistant (Rec-
R) L4. Also, extracts from Rockfeller and Rec-R L4 were assayed for digestive (amylase,
trypsin and protease) and detoxifying (superoxide dismutase — SOD —, as well as o- and (-
esterases) enzymes in presence of WSMoL and cMoL. cMoL was not a larvicidal agent on
Rockfeller Ls. WSMoL and cMoL did not promote mortality of Rec-R L. WSMoL
stimulated protease, trypsin-like and a-amylase activities from Rockfeller Ls while cMoL
inhibited these enzymes. WSMoL had no effect on trypsin-like activity from Rec-R L4 while
inhibited protease and a-amylase activities. cMoL inhibited trypsin-like activity while did not
interfere on proteases and o-amylase from Rec-R. cMoL inhibited SOD activities from
Rockfeller and Rec-R L4 more than WSMoL, while B-esterase activity from Rockfeller L4
was more inhibited by WSMoL. The lectins promoted low effect (stimulation or inhibition)
on o-esterase activities from both populations. The study reveals that WSMoL and cMoL
differently affect survival of Rockfeller Ls and enzymes from Rockfeller and Rec-R L.
Protease, trypsin-like and SOD activities were the most sensible enzymes to WSMoL and
cMoL. Larvicidal activity of WSMoL on Rockfeller Ly can be related to stimulation of
protease and trypsin-like activities.

Keywords: Moringa oleifera; Aedes aegypti; larvicidal activity; digestive enzymes;

detoxyfing enzymes; lectin.
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1. INTRODUCAO

Nos ultimos anos, a dengue tornou-se uma doenga viral de grande interesse para aos
orgaos de satde publica nacionais e internacionais. Estima-se que 2,5 bilhdes de pessoas no
mundo vivem em areas de risco de transmissdo desta doenca. Epidemias de dengue classica e
dengue hemorragica vém ressurgindo nos ultimos 25 anos em regides tropicais do planeta que
apresentam clima quente, imido e condi¢des socio-ambientais favoraveis para a proliferacao
do mosquito-vetor, o Aedes aegpyti (SILVA et al., 2008; ORGANIZACAO MUNDIAL DE
SAUDE, 2009). No Brasil, desde 1982 ocorrem epidemias de dengue periodicamente como,
por exemplo, no ano 2008 (Figura 1), registrando-se em anos diferentes a circulacdo dos

sorotipos virais, DEN-1, DEN-2, DEN-3 e DEN-4 (BARRETO & TEIXEIRA, 2008).

{""F Baixa (menor que 100)
7 meédia (100 a 300)
I Alta (maior que 300)

Figura 1. Incidéncia de dengue por municipio no Brasil em 2008.

Fonte: http://www.dengue.org.br/dengue mapas.html
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Por ndo haver vacina contra os quatro sorotipos virais, o controle vetorial torna-se a
estratégia mais vidvel no combate a dengue. (GUIRADO e BICUDO, 2009;
ORGANIZACAO MUNDIAL DE SAUDE, 2009). Este controle vem sendo realizado através
de inseticidas sintéticos adulticidas e larvicidas (LUNA et al., 2004; LIMA et al., 2006). No
entanto, além do alto custo, o uso freqiiente deles pode ocasionar contaminagdo ambiental,
danos a saude publica, e ainda, o aparecimento de populagdes resistentes (OGA, 2003;
BRAGA & VALLE., 2007; SILVA et al., 2008). A ocorréncia destes problemas vem
motivando pesquisas voltadas a descoberta de compostos bioativos de origem vegetal com
potencial inseticida, pois 0os mesmos sdo biodegradaveis, possuem baixo impacto ambiental e
retardam a mudanga de susceptibilidade e resisténcia (MONTEIRO et al., 2005; SILVA et al.,
2007; SIMAS et al., 2007; GERIS et al., 2008).

A resisténcia a inseticidas quimicos resulta de um processo de evolucdo acelerada que
ocorre em populagdes que estdo submetidas continuamente a pressao seletiva. Dessa forma,
ocorre a selecdo e sobrevivéncia de individuos portadores de mutagdes aleatérias que
condicionam fatores de resisténcia. Os mecanismos que estdo provavelmente envolvidos na
resisténcia aos compostos sintéticos sdo: diminuicdo da taxa de penetracdo pela cuticula,
diminui¢do da sensibilidade do sitio-alvo e detoxificagdo metabdlica aumentada (BRAGA &
VALLE, 2007). E de grande interesse a descoberta de novos agentes inseticidas que
promovam mortalidade de larvas de populagdes resistentes. Compostos de origem vegetal
com atividade inseticida tém sido investigados quanto aos seus efeitos sobre enzimas
detoxificantes de insetos, visando identificar agentes com efeito inibitdério que possam ser
utilizados como sinergistas visando aumentar ou reestabelecer a susceptibilidade aos
inseticidas rotineiramente usados.

As lectinas sdo proteinas capazes de reconhecer e interagir com carboidratos e

glicoconjugados presentes em superficies celulares (CORREIA et al., 2008) As lectinas de
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plantas vém sendo amplamente investigadas devido ao potencial inseticida contra espécies de
diferentes ordens como Coleoptera, Diptera, Homoptera e Lepidoptera (LAM & NG, 2011).

Os mecanismos que explicam os efeitos entomotdxicos das lectinas ainda ndo sdo bem
conhecidos. Alguns estudos indicam a estabilidade delas contra agdo de proteases digestivas
dos insetos (MACEDO et al., 2007; NAPOLEAO et al, 2011), bem como, a ligacio a
gliconjugados do epitélio intestinal, quitina da matriz peritrofica, enzimas glicosiladas
soliveis no intestino e componentes da hemolinfa (PEUMANS ¢ VAN DAMME, 1995;
FITCHES et al., 2001; SA et al., 2009; MICHIELS et al., 2010).

A Moringa oleifera (Moringaceae), planta originaria da India, vem despertando
interesse devido ao seu potencial biotecnoldgico. Duas lectinas, denominadas cMoL (do
inglés coagulant M. oleifera lectin) e WSMoL (do inglés water-soluble M. oleifera lectin)
foram isoladas de suas sementes (COELHO et al., 2009; SANTOS et al., 2009). A primeira
apresentou atividade coagulante e inseticida sobre Anagasta kuehniella (SANTOS et al.,
2009; OLIVEIRA et al., 2011). WSMoL retardou o desenvolvimento larval de A. aegypti e
foi larvicida contra o quarto estagio larval deste inseto (COELHO et al., 2009). Além disto, a
WSMoL apresentou atividades antibacteriana e coagulante ¢ ndo apresentou efeitos
mutagénico e genotoxico nas concentragdes de 0,0125 a 0,8 ug/ml, indicando a seguranca de
seu uso para tratar agua para consumo humano (FERREIRA et al., 2011; ROLIM et al.,
2011).

A atividade larvicida de WSMoL sobre larvas de A. aegypti estimulou a avaliagdo do
seu efeito sobre uma populagdo resistente a inseticidas organofosforado, bem como do
potencial larvicida de cMoL. O presente trabalho tem por objetivos ainda determinar o efeito
das lectinas sobre atividades de enzimas digetivas (protease, tripsina e o-amilase) e
detoxificantes (superdxido dismutase, glutationa-S-transferases e esterases) em extratos das

larvas.
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2. FUNDAMENTACAO TEORICA

2.1 Dengue

A dengue ¢ uma doenca infecciosa que ocorre em areas tropicais e subtropicais do
mundo. Encontra-se disseminada em mais de 100 paises das Américas, Africa, Sudeste da
Asia, ilhas do Pacifico e leste do Mediterrineo (ORGANIZACAO MUNDIAL DE SAUDE,
2009). Estas regides, principalmente os paises tropicais, apresentam clima quente, umido e
condi¢cdes socio-ambientais favordveis para a proliferagdo do mosquito-vetor, o 4. aegpyti.
Nos ultimos 50 anos, a incidéncia de dengue aumentou 30 vezes devido a expansdo
geografica para novos paises e aumento de casos em areas rurais. Por ser de rapida
propagacao, estima-se que 50 milhdes de infecgdes ocorram anualmente no mundo, tornando-
se assim, uma preocupacdo para seguranga da saide publica global (ORGANIZACAO
MUNDIAL DE SAUDE, 2009, SILVA et al., 2008). No Brasil, entre 1990 e 2010 (Figura 2)
verificou-se um aumento significativo da taxa de incidéncia de dengue, sendo registrados
40.279 casos em 1990, enquanto que em 2009 houve 393.583 casos (MINISTERIO DA
SAUDE, 2011).

O agente etioldgico da dengue ¢ um virus de RNA pertencente a familia Flaviviridae,
género Flavivirus. Existem quatro sorotipos com alta variabilidade genotipica: DEN-1, DEN-
2, DEN-3 e DEN-4. Todos eles podem ser transmitidos através da picada do inseto
contaminado, acometendo a populacdo em geral (FORATTINI, 2002, RIBEIRO, 2006;

ORGANIZACAO MUNDIAL DE SAUDE, 2009).
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Figura 2. Taxa de Incidéncia de dengue no Brasil e suas grandes Regides de 1990 até 2009.

Fonte: ORGANIZACAO MUNDIAL DE SAUDE, 2011

Apods 3 a 14 dias da picada, os sintomas da dengue classica aparecem, envolvendo
febre moderada a alta, fortes dores na cabega, olhos, musculos e articulagdes. Manifestagdes
mais graves podem ocorrer em casos de reinfec¢des, como por exemplo, hemorragias intensas
e sindrome do choque devido a reducdo brusca da pressao arterial, caracterizando a forma
severa da doenca, a dengue hemorragica. O tratamento na fase febril ¢ sintomatico, enquanto
na fase critica requer monitoramento continuo da pressao arterial, hematocrito, contagem de
plaquetas, débito urindrio, manifestacdes hemorrdgicas e grau de consciéncia. Tais
procedimentos sdo de extrema importancia para evitar aumento dos indices de mortalidade
(SINGHI, 2007; ORGANIZACAO MUNDIAL DE SAUDE, 2009). Alguns dos fatores que
dificultam o éxito das estratégias de controle e prevencdo das epidemias de dengue sdo: a) a
complexa dindmica da infeccdo; b) as peculiariedades da resposta imune-humana; c) a
eficiéncia vetorial; d) as caracteristicas sociais, econdomicas ¢ ambientais; ¢) a inexisténcia de
uma vacina; f) limitagdo dos atuais métodos de avaliagdo entomoldgica para a predigcdo de

ocorréncia da transmissdo de dengue; e g) a possibilidade da ocorréncia de resisténcia do
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vetor aos inseticidas em uso (BARRETO & TEIXEIRA., 2008; COELHO, 2008). O combate
ao A. aegypti ainda é medida preventiva mais viavel e aplicada, pois o vetor permanece como

o unico elo vulneravel na cadeia de transmissao da doenca (TAUIL, 2002).

2.2 O mosquito Aedes aegypti

O A. aegypti (Linnaeus, 1762) ¢ uma espécie tropical e subtropical origindria
provavelmente da Africa, pertencente 2 Ordem Diptera e a familia dos culicideos. Nesta
familia, os individuos desta espécie sdo 0s que mais estdo associados ao homem apresentando
comportamento antropofilico, doméstico, com atividade hematofagica diurna e utilizando-se
preferencialmente de depositos artificiais de agua limpa para colocar seus ovos (HIRAGI et
al., 2009). Podem ser encontrados em todo o mundo, havendo predominio em regides com
latitudes entre 35° N e 35° S e altitude abaixo de 1000 metros. Apresentam grande capacidade
de adaptacdo a diferentes situacdes ambientais, ja tendo sido encontrados adultos em altitudes
elevadas e larvas em 4guas poluidas (BESERRA et al., 2009).

No Brasil, o 4. aegypti ¢ conhecido desde o século XVII, a partir de uma epidemia de
febre amarela, doenca também transmitida pelo vetor, ocorrida em Recife em 1685
(MINISTERIO DA SAUDE, 2001). J4 o primeiro caso de dengue no pais foi registrado em
1920, sendo a doenca erradicada na década de 50 (NOGUEIRA et al., 1999; TAUIL, 2002;).
No entanto, a partir de 1976 o mosquito ressurgiu no Rio de Janeiro e Salvador e dai em
diante houve dispersdo para os demais estados (PONTES & RUFFINO-NETO, 1994). Em
1998, a infestagdo abrangia todos estados brasileiros e em 2001 e 2002 registrou-se grave
epidemia com altos niveis de incidéncia; recentemente, o vetor ainda encontra-se
intensamente distribuido, abrangendo 3970 municipios (MINISTERIO DA SAUDE, 1999,

2002, 2009). Tal proliferacdo no pais, segundo Tauil (2002), deve-se a multiplos fatores
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condicionantes, tais como: fluxo rural-urbano resultando em alta concentra¢ao populacional
nas cidades, que por sua vez, gera mas condi¢des de habitacdo e saneamento basico associado
com inadequadas formas de abastecimento de agua e coleta de dejetos; o intenso uso
industrial de embalagens descartaveis, que por serem coletados irregularmente propiciam a
multiplicagdo do mosquito; ¢ ainda o aumento da produgdo de veiculos automotores, que
consequentemente, gera uma quantidade maior de pneus usados dispostos irregularmente no
meio ambiente, permitindo assim, a facil oviposi¢do e o transporte passivo de ovos e larvas.

O ciclo biolégico do A. aegypti (Figura 3) compreende a fase de ovo, quatro estagios
larvais (L;, L,, L3 e Ls), pupa e adulto. Os ovos sdo bastante resistentes, mantém-se viaveis
por até 2 anos, suportando a auséncia de dgua por 450 dias através de seu poder de
quiescéncia. Sdo depositados acima do nivel da agua nas paredes de recipientes e eclodem
logo que entram em contato com a agua (SILVA ef al., 1998; TAUIL., 2002). J& os estagios
larvais s3o exclusivamente aquaticos e caracterizam-se por um periodo de crescimento e
alimentacdo que tem duragdo dependente de fatores como temperatura, disponibilidade de
alimento e densidade de individuos nos recipientes.

As larvas alimentam-se de material organico acumulado no fundo ou na parede destes
recipientes. Em condi¢des adequadas, o periodo entre a eclosdo e a fase de pupa pode durar 5
dias, porém, normalmente apresenta duragdo entre 7 ¢ 14 dias. A pupa, que possui duragdo de
2 a 3 dias (em condigdes ideais), também ¢é aquatica e encontra-se na superficie da agua
devido a sua capacidade de flutuagdo, favorecendo assim, a emergéncia do adulto (ALDAMA

etal.,2001; BESERRA et al., 2006).
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Figura 3. Ciclo biologico do Aedes aegypti

Fonte: http://www.dengue.org.br/mosquito _aedes.html

Os adultos, que representam a fase reprodutiva, sobrevivem vdarios meses em
laboratorio, porém em condigdes naturais duram apenas algumas semanas (30 a 35 dias, em
média). Podem acasalar, geralmente durante o voo ou em superficie, 24 horas apos a
emergéncia. Tanto os machos quanto as fémeas alimentam-se de seiva vegetal, sendo que elas
nutrem-se frequentemente de sangue, adquirindo através do repasto sanguineo proteinas
necessarias para o desenvolvimento de seus ovos. Através deste comportamento hematofagico
e antropofilico, a fémea pode transmitir a dengue apo6s 8 a 12 dias de um repasto contaminado

(MONATH, 1994; GUBLER, 1998; MINISTERIO DA SAUDE, 2001).

2.3. Resisténcia a inseticidas
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De acordo com a Organizagao Mundial de Satde, a resisténcia a inseticidas quimicos
corresponde a habilidade que uma populacdo de insetos possui em tolerar doses normalmente
letais. Braga e Valle (2007) consideram a resisténcia a inseticidas como um processo de
evolucdo acelerada que ocorre em populagdes que sofrem mutagdes aleatérias e estdo
submetidas continuamente a pressdo seletiva, gerando assim, a sobrevivéncia e sele¢do de
individuos portadores de alelos que condicionam tal resisténcia. Ainda neste contexto, esses
autores afirmam que a modificacdo genética ndo é causada diretamente pelos inseticidas, mas
pelo o uso continuo destes. Os inseticidas quimicos mais utilizados nos programas de controle
pertencem aos grupos dos organoclorados, organofosforados, carbamatos e piretréides, todos
atuantes no sistema nervoso central dos insetos (MELLON & GEORGHIOU, 1984;
PALCHICK, 1996).

Os mecanismos que estdo provavelmente envolvidos na resisténcia aos compostos
sintéticos sdo: diminui¢do da taxa de penetragdo pela cuticula, diminui¢do da sensibilidade do
sitio-alvo e detoxificacdo metabolica aumentada (CARINO et al., 1994; FERRARI, 1996;
PRIESTER et al., 1980; RAYMOND et al., 1998). Destes, o ultimo ¢ o mais estudado, sendo
denominado de resisténcia metabdlica, na qual ocorre aumento da expressdo de enzimas
detoxificantes capazes de impedir a intera¢do do inseticida com seu respectivo alvo. Estas
enzimas divididem-se em dois grupos: enzimas de fase 1, representadas pelas
monooxigenases € esterases, capazes de adicionar um grupo polar reativo no composto
exdgeno tornando-o substrato para as enzimas de fase 2, representadas pelas glutationa-S-
transferases, que detoxificam os inseticidas sintéticos catalisando a conjugacdo do grupo
hidrofilico SH da glutationa reduzida (GSH) ao centro eletrofilico de compostos lipofilicos
(HEMINGWAY & RANSON., 2000, BRAGA & VALLE, 2007, CARVALHO, 2008). A

relacdo do metabolismo enzimatico com a resisténcia a inseticidas sintéticos pode ser
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evidenciada através de testes de atividade enzimatica e bioensaios com inibidores sinergistas
(como butoxido de piperonil) (BERGE, et al, 1998, SCOTT, et al., 1999).

O surgimento de populagdes resistentes decorre ainda de fatores operacionais, que
correspondem ao uso inadequado dos produtos com relagdo a classe, formulacao,
concentragdo, método de aplicagdo e freqiiéncia de tratamento (CRUZ, 2002; CARVALHO et
al., 2004; BARRETO, 2005). Tal resisténcia ¢ considerada, hoje, objeto central de estudos

que tratam de vetores de doencas (LUNA et al., 2004; GUIRADO & BICUDO, 2009).

2.3.1 Atividade enzimatica no desenvolvimento de resisténcia em A. aegypti

Bisset et al. (2005) constataram elevada freqiiéncia de esterases (44%) em cepas de A.
aegypti resistentes a carbamatos e organoclorados coletadas em Playa-Cuba e Rodriguez et al.
(2004) detectaram elevada atividade destas enzimas em cepas resistentes de outro municipio
cubano chamado Guanabacoa. Posteriormente, estes mesmos autores detectaram elevados
niveis de esterases e glutationa-transferase (GST) em cepas resistentes (SAN-F6 ¢ SAN-F12)
a piretroides (RODRIGUEZ et al., 2007).

No Peru, ndo sé as esterases, mas também as monooxigenases, glutationa-transferase
(GST) e acetilcolinesterases alteradas (AChE) desempenharam importante papel em larvas
resistentes a organofosforados (BISSET et al., 2007). Na Colombia, as esterases também
apresentaram elevado metabolismo em larvas de 4. aegypti resistentes ao piretroide
lambdacialotrina (VARON et al., 2010). Ha ainda registros de populagdes com metabolismo
enzimatico associado a resisténcia aos piretréides permetrina no México e deltametrina em
Cuba (LOGJAM et al., 2005). Atividade aumentada de esterases foi detectada em individuos
de populagdes de A. aegypti provenientes de municipios do interior de Sdo Paulo (Aragatuba,

Campinas, Marilia e Santos) e Porto Velho-RO; a elevacdo da atividade de GST foi
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constatada em mosquitos vindos de Porto Velho-RO; as monooxigenases tiveram sua
atividade aumentada nos insetos originados de Aracatuba ¢ Santos (BRAGA & VALLE.,
2007). Em pesquisa desenvolvida no Brasil, entre 2001 e 2004, Montella et al (2007)
constataram aumento crescente da atividade de GST e de esterases. Observa-se que no Brasil
as cepas de A. aegypti resistentes apresentam maiores niveis de esterases vinculados a

tolerancia aos inseticidas quimicos.

2.3.2 Populagdes resistentes de A. aegypti no Brasil

No Brasil, durante as campanhas nacionais contra a dengue, verifica-se que o
combate ao A. aegypti continua sendo feito através do uso de inseticidas quimicos sintéticos,
principalmente  organofosforados e piretroides. Estes inseticidas s3o utilizados
frequentemente, o que tem ocasionado o surgimento de populagdes resistentes, dificultando
ou inviabilizando os programas de controle. A ocorréncia de populacdes resistentes de A.
aegypti a estes compostos quimicos vem, ao longo dos anos, sendo estudada e registrada em
diferentes regides do pais.

Andrade e Modolo (1991), apods detectarem sobrevivéncia de algumas larvas
(coletadas em 1987 no municipio de Campinas-SP) tratadas com temefds nas concentragdes
de 0,025 ppm e 0,05 ppm sugeriram a possibilidade de resisténcia. Dez anos depois,
submetidos a0 mesmo organofosforado, larvas coletadas no mesmo municipio (campus da
Unicamp) indicaram resisténcia potencial a concentra¢dao-diagndstico (CD) de 0,04 ppm e
sobrevivéncia de 24,5% no teste de concentragdo multipla a concentragdo de 0,0125 ppm
(CAMPOS & ANDRADE., 2001).

Em pesquisa realizada no Distrito Federal, entre 2000 e 2001, Carvalho et al. (2004)

constataram, no primeiro ano, resisténcia em populacdes de 4. aegypti nas cidades de
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Taguatinga e Guara e no Nucleo Bandeirantes, havendo mortalidade larval entre 54,1% a
63,4%. No ano seguinte, registraram a presenga de populagdes resistentes nestas mesmas
localidades, como também, em outros municipios que ndo tinham apresentado tal
caracteristica, ¢ com isso, concluiram que a susceptibilidade aos inseticidas no Distrito
Federal vem se alterando progressivamente. Neste mesmo ano, Braga et al. (2004) ao avaliar
os dados de 12 municipios pertencentes aos estados do Rio de Janeiro, Sergipe ¢ Alagoas,
detectaram a ocorréncia de populagdes resistentes em todos eles.

Em 2003, Luna et al. (2004) realizaram estudo pioneiro sobre a susceptibilidade de
populacdes de A. aegypti na cidade de Curitiba no estado do Parand, no qual destacaram a
ineficiéncia e inviabilidade do piretrdide cipermetrina no controle das populagdes existentes
neste municipio. No Ceard, Lima et al. (2006) detectaram razdo de resisténcia ao temefos
entre 8 ¢ 16 em populagdes coletadas nos municipios de Fortaleza, Barbalha, Juazeiro do
Norte e Crato. Na Paraiba, Beserra et al. (2007) constataram resisténcia moderada e média
nos municipios de Lagoa do Mato, Capim de Cheiro, Boqueirdo e Brejo dos Santos.

Macoris et al. (2003), ao estudarem diferentes cepas de 4. aegypti em dez
municipios paulistas, constataram resisténcia em baixo nivel em cepas coletadas na cidade de
Santos. Observaram também, resisténcia em populagdes de adultos da regido de Sao Paulo a
piretroides (cipermetrina e permetrina) apds 10 anos de uso continuo destes inseticidas nesta
regido. Recentemente, foram constatadas alteracdes no status de susceptibilidade em
populacdes do vetor em alguns municipios do Parand, destacando-se Foz do Iguacu com
comprovada resisténcia ao temefos nos setores Sul (77.50%) e Norte (75.94%) (PROPHIRO
et al., 2011). Em Minas Gerais, no municipio de Coronel Fabriciano, Horta et al. (2011)
detectaram uma grande reducdo da mortalidade em populagdo exposta a uma concentragio-

diagnostica de 0,012 mg/ml de temefos.
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2.4. Produtos naturais como alternativas para o controle do A. aegypti

O uso freqliente e irracional de inseticidas sintéticos esta associado a sérios problemas,
como por exemplo: alto custo; desequilibrio do meio ambiente através da eliminacdo de
organismos nao-alvo e contaminagdo do solo, agua, atmosfera e seres vivos; danos a satde
publica causados pelo manuseio inadequado dos inseticidas e/ou excesso de exposicao;
desenvolvimento de resisténcia do mosquito mediante sele¢ao dos individuos geneticamente
resistentes (CARVALHO et al, 2004; BARRETO, 2005; BRAGA e VALLE, 2007). Este tipo
de controle ndo tem obtido sucesso no Brasil por estes motivos e pelo fato do mosquito
apresentar grande habilidade em adaptar-se a novos ambientes que surgem devido a
urbaniza¢do acelerada (FUNASA, 2001; BRAGA & VALLE, 2007). Este cenario vem
motivando pesquisadores a desenvolverem estudos em busca de produtos naturais que possam
oferecer efetivo controle do A. aegypti, com maior seguranga, seletividade,
biodegradabilidade, viabilidade econdmica, aplicabilidade e baixo impacto ambiental. O
potencial inseticida de diversas substiancias de origem vegetal tem sido demonstrado na

literatura, incluindo as lectinas.

2.4.1 Lectinas

2.4.1.1. Caracteres Gerais

As lectinas sdo proteinas que se ligam reversivel e seletivamente a residuos especificos

de carboidratos através de ligacdes de hidrogénio e pontes de Van der Waals entre as faces

hidrofobicas do agucar e as cadeias laterais aromaticas de aminoacidos (FRANCO-

FRAGUAS et al., 2003; CORREIA et al., 2008;). Essas proteinas estdo presentes em virus,
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bactérias, animais e vegetais (VIJAYAN & CHANDRA., 1999). Nas plantas, podem ser
encontradas em diferentes partes, podendo ser isoladas de sementes (SANTOS et al., 2009),
folhas (NAPOLEAO et al., 2011), cascas (SA et al., 2009), raizes (SOUZA et al., 2011) e
flores (ITO, 1986). Sdo encontradas em maior quantidade nas sementes e podem variar em
sua estrutura e especificidade a carboidratos (CORREIA et al., 2008; VAN DAMME et al.,
2008). As lectinas podem ser detectadas numa amostra através de um simples ensaio de
hemaglutinagdo e isoladas por diferentes técnicas de purificagdo, incluindo cromatografias de
afinidade, troca i0nica, interagao hidrofobica, filtracdo em gel e outras (LAM & NG, 2011).
As lectinas apresentam um amplo espectro de especificidade em relagdo aos
carboidratos, podendo reconhecer os simples e os mais complexos, como o N-
acetilglicosamina e acidos N-glucurénico, galacturdnico, xilurénico, L-idurdnico, sialico ¢ N-
acetilmuramico (VAN DAMME et al., 1996). Possuem em sua estrutura tridimensional uma
sequéncia de residuos conservados no sitio de ligacdo aos carboidratos que determina sua
especificidade. Quando sdo monovalentes, isto ¢ possuem apenas um dominio de ligagdo sao
classificadas como merolectinas; se tiverem ao menos dois dominios idénticos sdo chamadas
de hololectinas; havendo um ou mais dominios de ligacdo e outro com fungdo diferente sao
denominadas quimerolectinas; e as superlectinas possuem pelo menos dois dominios de

ligacdo a agucares diferentes (VAN DAMME et al., 1996).

2.4.1.2. Atividade inseticida de lectinas

A diversidade de estruturas de glicanos encontrada em insetos permite que lectinas
com diferentes especificidades interfiram em diferentes processos fisioldgicos (MICHIELS et
al, 2010). O potencial inseticida tem sido detectado contra varias espécies, dentre elas:

Coleoptera, Diptera, Homoptera e Lepidoptera. As lectinas intereferem em diversos
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parametros como peso larval, tamanho, coloracdo, mortalidade, alimentacdo, tempo total de
desenvolvimento ou emergéncia ¢ ainda fecundidade dos adultos. Alguns mecanismos que
explicam o efeito entomotdxico vém sendo sugeridos, e dentre eles destacam-se: ligagcdo da
lectina a gliconjugados expostos nas células superficiais do epitélio intestinal; ligacdo da
lectina a quitina presente na membrana peritrofica, € interagdo com enzimas glicosiladas no
trato digestivo (PEUMANS ¢ VAN DAMME., 1995; SA et al., 2009; MICHIELS et al.,
2010).

Powell et al. (1998), através de analises de imunolocalizagdo, imunomarcagdo e
microscopia eletronica, detectaram alteragdes morfologicas no intestino da praga do arroz
(Nilaparvata lugens) causadas pela lectina GNA (isolada de Galanthus nivalis) concentradas
na superficie do intestino e na hemolinfa, indicando a liga¢do desta proteina aos carboidratos
das células epiteliais e sua capacidade de atravessar a barreira epitelial, atingindo a circulagao
e causando possivelmente um efeito sistémico. Outro estudo revelou que larvas de 3° e 4°
instar de Callosobruchus maculatus (Coleoptera), quando alimentadas com dieta artificial
contendo lectina de Griffonia simplicifolia (GSII), sofreram inibi¢do e retardo no tempo de
desenvolvimento, sendo sugerido que a lectina interagiu com a quitina presente na membrana
peritrofica (ZHU-SALZMAN et al., 1998). Duas lectinas, uma isolada de Arisaema
Jjacquemontii e outra de Arisaema helleborifolium promoveram, respectivamente, retardo no
desenvolvimento e mortalidade em larvas de Bactrocera cucurbitae. Observou-se ainda, apos
tratamento com as lectinas, uma reducdo da atividade de fosfatase alcalina ¢ aumento da
atividade de esterases e fosfatase acida (KAUR et al., 2006). Coelho et al. (2007) associaram
a toxicidade da lectina de Annona coridacea contra Anagasta kuehniella a alteragdes da
membrana intestinal e possivelmente a interrup¢do dos mecanismos enzimaticos digestivos. A

lectina de Caesalpinia ferrea (Pau Ferro) ligou-se a gliconjugados e microvilosidades do



26

intestino de larvas de Zabrotes subfasciatus, causando redug¢dao de emergéncia de adultos.
(LAGARDA-DIAZ et al., 2009).

As lectinas de cerne, entrecasca e folha de Myracrodruon urundeuva (MuHL, MuBL,
e MuLL, respectivamente) apresentaram atividade termiticida contra operarios e soldados
Nasutitermes corniger (cupim) que pode estar associada com a resisténcia a protedlise e
ligacdo a quitina da matriz peritroéfica (NAPOLEAO et al., 2011a). A lectina OfiL (isolada de
claddédios de Opuntia ficus indica) apresentou atividade sobre operarios dessa mesma espécie
(PAIVA et al., 2011). Através de estudo de histofluorescéncia, detectou-se que a lectina
inseticida do fungo Sclerotinia sclerotiorum teve como principal alvo a superficie intestinal
do pulgdo da ervilha (Acyrthosiphon pisum) e ainda promoveu inviabilidade das células desta
regido (HAMSHOU et al., 2010). As lectinas isoladas das sementes de Canavalia brasiliensis
(ConBr) e Cratylia floribunda (CFL) apresentaram efeitos deletérios contra Callosobruchus
maculatus (Coleoptera: Bruchidae) e Dysdercus peruvianus (Hemiptera: Pyrrhocoridae),
reduzindo a porcentagem de emergéncia e ainda foram resistentes as enzimas digestivas
destes insetos (FREITAS et al., 2011).

As lectinas de M. urundeuva (MuHL, MuBL e MuLL) apresentaram também atividade
larvicida sobre larvas de A. aegypti no quarto estagio (Ls) (SA et al., 2009; NAPOLEAO et
al., 2011b). MuLL foi resistente a degradagdo por proteases intestinais e apresentou efeitos
inibitorio sobre a atividade de tripsina e estimulatorio sobre a-amilase larvais (NAPOLEAO

etal.,2011b).

2.5. Moringa oleifera

A familia Moringaceae, constituida de catorze espécies, sendo onze originarias da

Africa, uma da Arabia e duas da India (SOUSA, 2001). A Moringa oleifera (Figura 4) é
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origindria da India e foi introduzida no Brasil para ornamentacdo e arborizagdo de ruas e
pracas, sendo conhecida popularmente como lirio, quiabo-de-quina ou simplesmente moringa

(MATOS, 2002; MARACAIJA et al., 2010).

Figura 4. Moringa oleifera. (A) Aspecto geral. (B) Sementes

Fotos: (A) Maiara C. Moura. (B) Thiago H. Napoledo.

E uma planta rustica, de crescimento rapido e resistente a seca. Propaga-se por
sementes e estas apresentam boa germinac¢do quando colhidas em condigdes adequadas de
umidade (BAKKE et al., 2010). Apresenta caule espesso e alto; folhas longo-pecioladas com
comprimento até 3 cm; frutos secos e comestiveis com coloragdo marrom escuro; as sementes
sdo castanhas escuras e oleaginosas (SILVA & MATOS, 2008; RAMOS et al, 2010).
Distribui-se em regides tropicais ¢ semi-aridas, sendo tolerante as variagdes de precipitacao,
altas temperaturas e baixa umidade do solo (ANWAR et al., 2007; SOUZA & LORENZI,

2008). Entre as arvores cultivadas, ela ¢ uma das mais uteis para o ser humano, pois suas
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partes sdo utilizadas para diferentes aplicagdes, inclusive como complemento alimentar em
programas de desnutri¢do devido ao seu alto valor nutritivo (FERREIRA et al., 2008). As
folhas e sementes possuem excelente valor nutricional, pois s3o ricas em aminoacidos
essenciais, proteinas e lipidios (MAKKAR & BECKER, 1997; OLIVEIRA et al., 1999;
ABDULKARIM et al., 2005).

Nos ultimos anos, varios estudos vém evidenciando diferentes potencialidades das
diferentes partes desta planta. As suas sementes sdo capazes de purificar e clarificar a dgua
(OKUDA et al., 2001; GHEBREMICHAEL et al., 2005; KUMARI et al., 2006). O extrato
aquoso das sementes apresentou atividade hipoglicemiante em ratos (JAISWAL et al., 2009)
e p6 das sementes promoveu aumento do valor da hemoglobina e minimizou ataques
asmaticos em pacientes tratados com doses semanais (AGRAWAL & MEHTA., 2008).
Verificou-se ainda efeito antimicrobiano dos extratos aquosos e etandlicos das sementes
contra Staphylococus aureus, Vibrio cholerae € Escherichia coli (VIERA et al., 2010). Ratos
com fibrose hepatica induzida por tetracloreto de carbono sofreram redugdo dos sintomas e
danos no figado quando tratados com extrato das sementes (HAMZA, 2010). Ruckmani et a/
(1998) também constataram efeito hepatoprotetor utilizando extratos aquosos e alcoolicos das
flores. Sutar et al. (2009) constataram potente atividade analgésica do extrato alcodlico das
sementes na concentracao de 25mg/kg. O extrato aquoso das folhas apresentou atividades
antinociceptiva e antiinflamatoria em animais de laboratério (SULAIMAM et al., 2008).
Ratos tratados com o extrato das folhas de M. oleifera tiveram seus indices de colesterol e
triacilglicerideos reduzidos, indicando uma possivel atividade hipolipemiante (JAIN et al.,
2010).

Virias outras propriedades sdo atribuidas a M. oleifera, como por exemplo: diurética,
antitumoral, antipirética, antiepilética, antiespasmodica, estimulante cardiaco, antidiarréica,

hipotensiva e inseticida, entre outras (MORTON, 1991; CACERES et al., 1992; FAIZI et al;
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1994; FAIZI et al, 1998; GUEVARA et al., 1999; DANGI et al., 2002; BENNET ef al; 2003;

ANWAR et al., 2007; COELHO et al., 2009; PAIVA et al., 2011).

2.5.1. Lectinas de M. oleifera

As lectinas cMoL (do inglés coagulant M. oleifera lectin) e WSMoL (do inglés water-
soluble M. oleifera lectin) foram isoladas das sementes de M. oleifera (COELHO et al., 2009;
SANTOS et al., 2009). cMoL ¢ extraida em solugdo salina (NaCl 0,15 M) e isolada através de
cromatografia em coluna de gel de guar; essa lectina apresentou atividade coagulante e foi
capaz de remover acidos humicos presentes n agua (SANTOS et al., 2009; SANTOS et al.,
2011). Oliveira et al. (2011) detectarem efeitos deletérios de cMoL sobre larvas de Anagasta
kuehniella e associaram tal fato a propriedade ligadora de quitina, a estabiliza¢do perante as
enzimas digestivas e ligagdo a gliconjugados do intestino das lagartas. cMoL foi ainda capaz
de matar as pupas dessa espécie.

WSMoL apresenta elevada solubilidade em agua e ¢ isolada através de cromatografia
em coluna de quitina. Extrato de sementes de moringa contendo WSMoL retardou o
desenvolvimento larval de 4. aegypti e preparagao contendo a lectina pura foi larvicida contra
larvas no estagio (COELHO et al., 2009). WSMoL apresentou atividades antibacteriana e
coagulante, sendo capaz de promover a sedimantacdo de microorganismos presentes na agua
(FERREIRA et al., 2011). Estudo avaliando a genotoxicidade dessa lectina revelou que
WSMoL nio apresentou efeitos mutagénico nem promoveu quebras na molécula de DNA nas
concentragdes de 0,0125 a 0,8 ug/ml, indicando a seguranga de seu uso para tratar agua para

consumo humano (ROLIM et al., 2011).
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3. OBJETIVOS

3.1 Objetivo geral

Investigar os efeitos de lectinas de sementes de M. oleifera (WSMoL e cMoL) na
sobrevivéncia de larvas de populagdes de A. aegypti susceptivel (Rockfeller) e resistente
(Rec-R) a organofosforado, bem como sobre a atividade de enzimas digestivas e

detoxificantes presentes em extratos larvais.

3.2 Objetivos especificos

e Isolar WSMoL através de cromatografia em coluna de quitina, seguindo protocolo
previamente estabelecido.

e [solar cMoL através de cromatografia em coluna de gel guar, seguindo protocolo
previamente estabelecido.

e Determinar o efeito de cMoL na sobrevivéncia de larvas de 4. aegypti (no estagio L4)
de populacao (Rockfeller) susceptivel a organofosforado.

e Avaliar o efeito de WSMoL e cMoL na sobrevivéncia de larvas de 4. aegypti (no
estagio L4) de populacao (Rec-R) resistente a organofosforado.

e Obter extratos em Tris-HCl 0,1 M, pH 8,0 e acetato de so6dio 0,1 M pH 5,5 de
intestinos de L4 das populagdes Rockfeller e Rec-R.

e Obter extratos em Tris-HC1 0,1 M, pH 8,9 de L, das populagdes Rockfeller e Rec-R.

e Determinar a atividade das enzimas digestivas: protease, tripsina e a-amilase em

extratos de intestino de L4 susceptiveis e resistentes a organofosforado.
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e Determinar a atividade das enzimas detoxificantes superdxido dismutase, glutationa S-
trasnferase e esterases em extratos de L4 susceptiveis e resistentes a organofosforado.
e Determinar o efeito de WSMoL e cMoL sobre a atividade das enzimas digestivas e

detoxificantes detectadas.
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Abstract

The control of vector (dedes aegypti) control is the best strategy to combat dengue epidemics.
However, the continuous use of synthetic insecticides has led to the emergence of resistant
populations. Moringa oleifera seeds contain the lectins WSMoL (water-soluble M. oleifera
lectin) and cMoL (coagulant M. oleifera lectin). WSMoL has larvicidal activity (LCsy of
0.197 mg/ml) on A. aegypti organophosphate-susceptible (Rockfeller) fourth stage larvae (Ls).
This study reports the effect of cMoL (0.1-0.8 mg/ml) on survival of Rockfeller L4 as well as
the effect of WSMoL and cMoL (0.1-0.8 mg/ml) on organophosphate-resistant (Rec-R) L.
Also, extracts from Rockfeller and Rec-R L, were assayed for digestive (amylase, trypsin and
protease) and detoxifying (superoxide dismutase — SOD —, as well as a- and P-esterases)
enzymes in presence of WSMoL and cMoL. cMoL was not a larvicidal agent on Rockfeller
Ls. WSMoL and cMoL did not promote mortality of Rec-R Ls. WSMoL stimulated protease,
trypsin-like and a-amylase activities from Rockfeller L4 while cMoL inhibited these enzymes.
WSMoL had no effect on trypsin-like activity from Rec-R L, while inhibited protease and a-
amylase activities. cMoL inhibited trypsin-like activity while did not interfere on proteases
and a-amylase from Rec-R. cMoL inhibited SOD activities from Rockfeller and Rec-R L4
more than WSMoL, while B-esterase activity from Rockfeller L4 was more inhibited by
WSMoL. The lectins promoted low effect (stimulation or inhibition) on a-esterase activities
from both populations. The study reveals that WSMoL and cMoL differently affect survival
of Rockfeller L4 and enzymes from Rockfeller and Rec-R Ly4. Protease, trypsin-like and SOD
activities were the most sensible enzymes to WSMoL and cMoL. Larvicidal activity of
WSMoL on Rockfeller L4 can be related to stimulation of protease and trypsin-like activities.
Keywords: Moringa oleifera; Aedes aegypti, larvicidal activity; digestive enzymes;

detoxyfing enzymes; lectin.
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1. Introduction

The reduction of Aedes aegyti population is fundamental for dengue control (World
Health Organization, 2011). Continuous use of synthetic insecticides led to emergence of
insecticide-resistant populations (Carvalho et al., 2004; Luna et al., 2004, Lima et al., 2006,
Beserra et al., 2007, Prophiro et al., 2011). In addition, these compounds cause negative
environmental impacts by contaminating water and soil as well as by affecting non-target
organisms (Carvalho et al, 2004; Barreto, 2005; Braga and Valle, 2007).

It has been reported resistance of 4. aegypti to DDT, pyrethroids (permethrin and
deltamethrin), and organophosphate (temephos). The development of resistance to temephos
has been attributed to selection of individuals carrying genes that encode
acethylcholinesterase forms insensitive to pesticide as well as detoxifying enzymes
(glutathione S-transferases, superoxide dismustase and esterases) forms with increased
activity (Lima et al., 2003; Braga and Valle, 2007; Melo-Santos et al., 2010).

Natural insecticides have been investigated for larvicidal effect on A. aegypti resistant
strains since they can be easily available at low cost and the larvae usually do not have cross-
resistance to them (Simas et al., 2007). Temephos-resistant population was susceptible to
spinosad (a mixture of spinosyn A and spinosyn D produced by the bacterium
Saccharopolyspora spinosa) and Bti (spores of Bacillus thuringiensis var. israeliensis which
release insecticidal proteins during sporulation) (Marcombe et al., 2011). In addition, plant
compounds with insecticidal activity have been investigated for their effects on detoxifying
enzymes of insects aiming at identify agents with an inhibitory effect that can be used as
synergists for insecticides routinely used in control programs (Larson et al., 2010).

Lectins, hemagglutinating proteins that recognize carbohydrates, shows entomotoxic

properties (Macedo et al., 2007, Sa et al., 2009, Napoledo et al., 2012). The molecular basis of
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lectin toxicity on insects is still unknown but it has been suggested that the integrity and
function of the peritrophic matrix can be altered by binding of lectin to chitin and N-
acetylglucosamine residues. Also, lectins can bind to glycosylated enzymes in the digestive
tract as well as can cross the intestinal epithelial barrier and reach the hemolymph and other
organs of insect body (Peumans and van Damme, 1995; Fitches et al., 2001; Macedo et al.,
2007; Michiels et al., 2010).

Seeds of Moringa oleifera (Moringaceae) contain the water-soluble M. oleifera lectin
(WSMoL) as well as the coagulant M. oleifera lectin (cMoL) which have different structural
chracteristics such as monosaccharide specificity, molecular mass, and net charge (Santos et
al., 2009; Rolim et al., 2011; Paiva et al., 2011). WSMoL and cMoL are chitin-binding lectins
with insecticidal activity. WSMoL showed larvicidal activity (LCsp of 0.197 mg/ml) against
A. aegypti fourth-stage larvae (L4) from an organophosphate-susceptible Rockfeller colony
(Coelho et al., 2009). cMoL, when incorporated into artificial diet, promoted reduction in
larval weight gain, decrease in dietary utilization and delay in development of Anagasta
kuehniella larvae as well as reduction in weight and survival of pupae (Oliveira et al., 2011).

This work reports the determination of the effect of WSMoL and cMoL on 4. aegypti
organophosphate-resistant (Rec-R) L4 as well as the effect of cMoL on Rockfeller Ls. Also,
the effect of WSMoL and cMoL on digestive (protease, trypsin-like and a-amylase) and
detoxifying (superoxide dismutase — SOD —, as well as a- and B-esterases) enzyme activities

from Rockfeller and Rec-R L4 was demonstrated.

2. Materials and methods

2.1. Plant material
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M. oleifera Lam. has the vernacular names “moringa” in Portuguese, “arbol del ben”
in Spanish and horseradish tree or drumstick in English. Seeds were collected in Recife City,
State of Pernambuco, northeastern Brazil. The seeds were air dried (28 °C, 48 h), powdered
and stored at -20 °C. A voucher specimen is deposited under number 73345 at the herbarium

““‘Dardano de Andrade Lima” (Instituto Agronémico de Pernambuco, Recife, Brazil).

2.2. Organophosphate-susceptible and resistant A. aegypti larvae

Colony of the Rockfeller L, is maintained in the Laboratorio de Ecologia Quimica
from Departamento de Quimica Fundamental of Universidade Federal de Pernambuco,
Recife, Brazil. Rec-R L4 established in laboratory (Melo-Santos et al., 2010) were also used.
This colony is maintained in the Departamento de Entomologia from the Centro de Pesquisas
Aggeu Magalhdes of Fundagdo Oswaldo Cruz, Recife, Brazil. The eggs hatched in distilled
water at a temperature range of 25-27 °C and cat food (Whiskas™) was offered to larvae.

When reaching the early fourth-stage (L,), larvae were collected and used in bioassays.

2.3. Isolation of water-soluble (WSMolL) and coagulant (cMoL) M. oleifera seed lectins

WSMoL was isolated according to the procedure described by Coelho et al. (2009).
Powdered seeds (10 g) were homogenized with distilled water (100 ml) in a magnetic stirrer
(16 h, 4 °C). Next, the mixture was filtered through cotton gauze and centrifuged at 3000 g for
15 min. The crude extract was treated with a 60% saturated ammonium sulphate solution
(Green and Hughes, 1955) and the precipitated fraction was collected after centrifugation
(3000 g, 15 min), dissolved in 0.15 M NaCl and submitted to dialysis (3.5 kDa cut-off

membrane) against 0.15 M NaCl (6 h at 4 °C). The dialyzed fraction (80 mg of proteins) was
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then applied to a chitin column (18 x 1.5 cm) equilibrated (flow rate of 20 ml h™") with 0.15 M
NaCl. After extensive washing with the equilibrating solution, WSMoL was eluted with 1.0
M acetic acid and dialyzed (3.5 kDa cut-off membrane) against distilled water (6 h at 4 °C).
cMoL was isolated according to Santos et al. (2009). Powdered seeds (10 g) were
homogenized with 0.15 M NaCl (100 ml) in a magnetic stirrer (6 h, 28 °C). After, the mixture
was filtered through cotton gauze and centrifuged at 3000 g for 15 min. The proteins in saline
extract were precipitated using ammonium sulphate (60%) and the precipitated protein
fraction was dialyzed against distilled water (4 h) and 0.15 M NaCl (16 h). The fraction was
loaded (10 mg of protein) onto a guar gel column (10 x 1 cm) equilibrated (flow rate of 20 ml
h™") with 0.15 M NaCl. cMoL was eluted with 1.0 M NaCl and dialyzed (3.5 kDa cut-off

membrane) against 0.15 M NaCl (6 h at 4 °C).

2.4. Protein content

The protein concentration was estimated according to Lowry et al. (1951) using

bovine serum albumin (31-500 pg ml™) as standard.

2.5. Hemagglutinating activity

The assay was conducted in microtiter plates (Kartell S.P.A., Italy) according to Paiva
and Coelho (1992) using a suspension (2.5% v/v) of rabbit erythrocytes treated with
glutaraldehyde (Bing et al., 1967). Hemagglutinating activity was determined by mixing a
twofold serial dilution of each sample (50 pul) with 0.15 M NaCl in microtiter plates. A 2.5%
(v/v) suspension of erythrocytes (50 pl) was added to each well. Incubation at 27 °C (45 min)

ensued. One hemagglutination unit was defined as the reciprocal value of the highest dilution
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of sample that promotes full agglutination of erythrocytes (Napoledo et al., 2012). Specific
hemagglutinating activity was defined as the ratio between titer and protein concentration

(unit mg™).

2.6. Larvicidal assays

Larvicidal activity was evaluated according the World Health Organization (1981)
method. Stock solutions of WSMoL or cMoL were used to provide a series of test solutions
(0.1-0.8 mg/ml) obtained by dilution with distilled water. The final volume of each larvicidal
assay was 20 mL of test solution or negative control (distilled water or 0.15 M NaCl) and
contained 20-25 larvae in early L, stage. Mortality rate (%) was determined after 24 h of
incubation at 2842 °C and 12-12 (light-dark) photoperiodism. Three independent experiments

were run in triplicate.

2.7. A. aegypti L, extracts

Groups of fifty 4. aegypti L4 were collected and immobilized by cooling at 4 °C for 10
min. The gut of each larva was removed using a needle (§ mm in length; 0.3 mm caliber) and
immediately homogenized with 1 mL of acetate buffer (0.1 M sodium acetate pH 5.5
containing 0.02 M CaCl, and 0.15 M NacCl) or Tris buffer pH 8.0 (0.1 M Tris-HCI pH 8.0
containing 0.02 M CaCl, and 0.15 M NaCl) using a 2 ml tissue grinder. The homogenates
were centrifuged at 9000 g at 4 °C for 15 min and the supernatants (L4 gut extracts) were
collected and evaluated for protein concentration as well as for activity of digestive enzymes.

Extracts of whole larvae were prepared aiming at evaluate the activity of the

detoxifying enzyme superoxide dismutase, gluthatione S-transferase as well as a- and (-
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esterases. Groups of 50 L4 were immobilized by placing them at 4 °C for 10 min. After, they
were homogenized in 2 ml tissue grinder with 1 ml of 0.05 M phosphate buffer pH 7.0, 0.1 M
Tris-HCI pH 8.9 or 0.1 M phosphate potassium pH 7.2 containing 0.15 M NaCl. The whole
body homogenates were centrifuged (9000 g, 4 °C, 15 min) and the supernatant (whole Ly4

extract) was evaluated for protein concentration.

2.8. Digestive enzymes

2.8.1. Protease activity

Protease activity was determined using azocasein (Sigma-Aldrich, USA) as substrate
according to Azeez et al. (2007). L4 gut extracts in Tris buffer pH 8.0 (150 pg of protein) was
mixed with 300 pl of 0.1 M sodium phosphate pH 7.5 containing 50 pl of 0.6% (wW/v)
azocasein. The mixture was supplemented with 100 pl of 0.1% (v/v) Triton X-100 and
incubated at 37 °C for 3 h. The reaction was stopped by adding 200 ul of 10% (v/v)
trichloroacetic acid and the assay was incubated at 4 °C for 30 min. Afterwards, centrifugation
(9,000 g for 10 min) was performed and the absorbance of the supernatant at 366 nm was
determined. One unit of protease activity was defined as the amount of enzyme that gave an

increase of 0.01 in absorbance.

2.8.2. Trypsin-like activity

Trypsin activity was determined by incubating (30 min, 37 °C) L4 gut extracts in Tris

buffer pH 8.0 (33 pg of protein) with 8 mM N-benzoyl-DL-arginyl-p-nitroanilide (BApNA, 5

pl) in Tris-HC1 0.1 M pH 8.0 (160 pl). Trypsin activity was followed by measurement of
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absorbance at 405 nm (Kakade et al., 1969). One unit of trypsin activity was defined as the
amount of enzyme that hydrolyzes 1 pmol of BApNA per minute. Substrate hydrolysis was
controlled by incubating (60 min, 37 °C) bovine trypsin (5 pg; Sigma-Aldrich, USA) with 8

mM BApNA (5 pL).

2.8.3. a-Amylase activity

The assay was carried out based on the method described by Bernfeld (1955). Ly gut
extract in acetate buffer (100 pl; 212 pg of protein) was incubated at 50 °C for 10 min with
400 pl of a 1% (w/v) soluble starch (Merck, Germany) solution in 0.1 M sodium acetate pH
5.5 containing 0.02 M CaCl, and 0.15 M NaCl. The reaction was stopped by adding 500 pl of
3,5-dinitrosalicylic acid (DNS). Next, the assays were heated at 100 °C in boiling water for 6
min and immediately cooled on ice for 15 min. Then, absorbance was measured at 540 nm.
The amount of reducing sugars was determined using a standard curve of the reaction of
different glucose concentrations with DNS (Y=1.2365X—0.06, where Y is the absorbance at
540 nm and X is the glucose concentration in mg/ml). One unit of enzyme activity was
defined as the amount of enzyme required to generate 1 pumol of glucose per minute. As
positive control, the same procedure was carried out with 1.0 mg/ml a-amylase from hog

pancreas (Sigma-Aldrich, USA). Reaction blanks were performed without starch.

2.9. Detoxifying enzymes
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2.9.1. Superoxide dismutase (SOD) activity

SOD activity was determined using SOD determination kit purchased from Sigma-
Aldrich (USA). In the presence of superoxide anion, the water-soluble tetrazolium salt WST-1
[2-(4-Iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, monosodium salt]
is reduced to a water-soluble formazan dye which shows a maximum absorbance at 440 nm.
Since the amount of superoxide anion is linearly proportional to absorbance, the SOD activity
can be quantified following the decrease in the color development at 440 nm (inhibition of the
reduction of WST-1).

The assay used the enzyme xanthine oxidase for generation of superoxide anion by
oxidation of xanthine. The whole-L4 extract (20 puL; 48 pg of protein) in 0.05 M phosphate
buffer pH 7.0 was added to solution (20 uL) containing xanthine oxidase and its substrate,
followed by addition of WST-1 solution (200 uL). The assay was incubated for 3 min at 28
°C and thus the absorbance at 440 nm was determined. One unit of SOD activity was defined

as the amount of enzyme required to inhibit the increase of absorbance at 440 nm in 50%.

2.9.2. a- and [-esterase activities

For determination of a- and -esterase activities, whole L4 extracts in 0.1 M phosphate
potassium pH 7.2 were used. The extract (30 pL; 168 pg of protein) was mixed with 500 pL
of a solution containing 0.3 mM a- or B -naphthyl acetate (Sigma-Aldrich, USA) in 0.1 M
phosphate potassium pH 7.2 containing 1% acetone. The reaction mixture was incubated for
20 minutes at 30 °C. Following, 0.1 mL of a mixture containing 0.3% Fast Blue B (Sigma-
Aldrich, USA) and 3.3% sodium dodecyl sulphate (Sigma-Aldrich, USA) was added. After

centrifugation (3,000 g, 28 °C), the absorbance at 590 nm was recorded.
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2.10. Effects of WSMoL and cMoL on activity of digestive and detoxifying enzymes from

Rockfeller and Rec-R larvae

The effect of WSMoL and cMoL on protease activity was evaluated by incubating (30
min at 37 °C) L4 gut extracts in Tris buffer (150 pug of protein) with lectin (20-300 pg) before
determination of protease activity as described above. Control assay was performed by
submitting preparations containing only lectin (20-300 pg) to the same reaction steps.

The activity of trypsin from L4 gut extracts in Tris buffer (40 pg of protein) was
determined after incubation (30 min, 37 °C) with WSMoL or cMoL (5-120 pg) in Tris buffer
pH 8.0. Next, 8 mM BApNA (5 pl) was added and assay was incubated for 60 min at 37 °C.

The effect of lectins on a-amylase activity was evaluated by incubating (30 min at 27
°C) L4 gut extract in acetate buffer (212 pg of protein) with WSMoL or cMoL (15-200 pg)
before determination of a-amylase activity. Control assay was performed by submitting
WSMoL (15-200 pg) in acetate buffer to the same reaction steps.

To determine the effect of lectins on SOD activity, the whole-L4 extract (20 pL; 48 pug
of protein) was incubated with WSMoL or cMoL (5-20 pg of protein) for 15 min at 28 °C.
Next, the solution (20 pL) containing xanthine oxidase and its substrate was added to the
mixture, followed by addition of WST-1 solution (20 uL). The assay was incubated for 3 min
at 28 °C and thus the absorbance at 440 nm was determined. Control assay was performed by
incubating the lectin (5-20 pg) with xanthine oxidase solution in absence of whole-L4 extract
to assure that the lectins did not interfere in xanthine oxidase activity.

The effect of WSMoL and cMoL on a- and B-esterase activities was evaluated by
incubating (30 min at 27 °C) whole L4 extracts with WSMoL or cMoL (20-50 pg) before
determination of enzyme activities. Control assay were performed by submitting the lectin

(15200 pg) to the same reaction steps in absence of larval extract.
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2.11. Statistical analysis

Standard deviations (SD) were calculated using GraphPad Prism version 4.0 for
Windows (GraphPad Software, San Diego, California, USA) and data were expressed as a
mean of replicates + SD. Significant differences between treatment groups were analysed by
Student’s t-test (significance at p<0.05) using Origin 6.0 program. The lethal concentrations
required to kill 16% (LCi¢), 50% (LCs) and 84% (LCsgq4) of larvae in 24 h were calculated by
probit analysis with a reliability interval of 95% using the computer software StatPlus® 2006

(AnalystSoft, Canada).

3. Results and discussion

The indiscriminate use of synthetic insecticides to control 4. aegypti has induced the
development of resistant populations. Chitin-binding lectins have been investigated for
larvicidal effect on 4. aegypti and promising results were obtained. The lectins isolated from
Myracrodruon urundeuva bark, heartwood and leaf as well as WSMoL from M. oleifera
seeds killed A. aegypti Ly with LCsy of 0.125, 0.04, 0.202 and 0.197 mg/mL, respectively
(Coelho et al., 2009; Sa et al., 2009; Napoleao et al., 2012).

In this work, the larvicidal activity of WSMoL on Rockfeller Ly was re-evaluated
using the lectin at LCsy (0.197 mg/ml) previously reported by Coelho et al. (2009) and similar
mortality (51.6% = 2.8) was determined. Larvicidal activity was also evaluated for cMoL on
Rockfeller Ly as well as for WSMoL and cMoL on Rec-R L4. Larval mortality was not
detected (Table 1) revealing that only WSMoL presents the physico-chemical characteristics
required to kill Rockfeller L4 and that organophosphate-resistant Ly were also resistant to

WSMoL.
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Table 1. Mortality rate (%) of 4. aegypti Rockfeller and Rec-R L4 after incubation with
WSMoL and cMoL

Lectin Mortality (%0)
Rockfeller Rec-R
WSMoL (mg/mL)
0.1 ND 0.0
0.197 51.6 +2.8 0.0
0.4 ND 0.0
0.8 ND 0.0
cMoL (mg/mL)
0.1 0.0 0.0
0.2 0.0 0.0
0.4 5.0+0.0 0.0
0.8 33+£238 0.0

ND: not determined.

The effect of WSMoL and cMoL on protease, trypsin-like and a-amylase activities
from gut of Rockfeller and Rec-R L4 was evaluated since it has been reported that lectins may
affect insect metabolism by inhibiting or stimulating the activity of these digestive enzymes at
insect midgut (Macedo et al., 2007; Napoledo et al., 2012).

Protease activity was determined measuring the increase in absorbance at 366 nm
resulting of the release of trichloroacetic acid-soluble peptides derived from hydrolysis of
azocasein. Extract from gut of Rec-R L4 showed protease activity (309.4 U/mg) higher than
gut extract from Rockfeller Ls (73.3 U/mg), indicating that organophosphate-resistant Ly
expressed a large amount of these enzymes and/or a set of proteases different from that of
Rockfeller larvae. When WSMoL and cMoL were incubated with gut extracts from
Rockfeller and Rec-R L4 in absence of azocasein, no increase in absorbance at 366 nm was
detected, revealing that the lectins were resistant to proteolysis by extracts. An appropriate
level of resistance against proteolysis in the insect gut is usually a pre-requisite for lectins

exert their toxic effects (Macedo et al., 2007; Napoledo et al., 2012).
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WSMoL promoted distinct effect on protease activity from susceptible and resistant
L4, increasing activity from Rockfeller Ly (Figure 1A) and reducing activity from Rec-R
larvae (Figure 2A). These results corroborates with the expression of different set of proteases

by larvae. cMoL promoted slight reduction (30%) of protease activity from Rockfeller L4

(Figure 1B) while not significant affected the activity from Rec-R L4 (Figure 2B).
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Fig. 1. Effect of WSMoL and cMoL on protease (A and B), trypsin-like (C and D) and a-
amylase (E and F) activities from 4. aegypti Rockfeller L.
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Fig. 2. Effect of WSMoL and cMoL on protease (A and B), trypsin-like (C and D) and o-
amylase (E and F) activities from A. aegypti Rec-R La.

Trypsin-like activity from Rec-R L4 (2.1 mU/mg), detected by the generation of p-
nitroaniline resulting from the hydrolysis of BApNA, was also higher than that from
Rockfeller Ly (1.53 mU/mg). WSMoL promoted increase of trypsin-like activity from
Rockfeller L4 (Figure 1C) but had no significant effect (p>0.05) on this enzyme activity from
Rec-R larvae (Figure 2C). cMoL strongly inhibited this enzyme activity from Rockfeller L4

while the activity from Rec-R L4 was reduced (Figures 1D and 2D).
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Gut extracts from Rockfeller and Rec-R Ls were able to hydrolyze starch releasing
reducing sugars, showing a-amylase activities of 1.3 and 1.56 U/mg, respectively. In presence
of WSMoL, the amylase activity from susceptible larvae was stimulated (Figure 1E) while
that from Rec-R L, was inhibited (Figure 2E). cMoL slightly inhibited (34 %) amylase
activity from Rockfeller L4 (Figure 1F) but have no effect on activity from Rec-R L4 (Figure
2F).

Macedo et al. (2007) reported that lectins can block enzyme activity by binding to
protein or sugar moieties while stimulatory effect on enzyme activities may occur by
increasing affinity of the enzyme to its substrate. The inhibition or stimulation of the activity
of digestive enzymes in insects exposed to plant entomotoxic proteins may result in metabolic
imbalance, damage to growth and induction of mortality (Macedo et al., 2007; Babu and
Subrahmanyam, 2010; Napoledo et al., 2012).

The results indicate that Rockfeller Ls mortality may be linked to stimulation of
digestive enzyme activities by WSMoL. Interestingly, WSMoL showed opposite effects
(inhibition) on digestive enzymes from Rec-R larvae, which were not killed by lectin. It is
possible that the excessive proteolytic activity induced by WSMoL may result in imbalance of
proteolysis at gut lumen of Rockfeller larvae and degradation of important proteins, which
may be related with the morphological damages at gut level reported by Coelho et al. (2009).
Similar to WSMoL, the larvicidal lectin from Myracrodruon urundeuva leaf (MuLL) showed
an in vitro stimulatory effect on a-amylase activity from A. aegypti L4 (Napoledo et al., 2012).

cMoL showed a pronounced effect only on trypsin-like activity from Rockfeller larvae
but it seems that its inhibitory activity against this enzyme was not sufficient to impair larvae
survival. The absence of very significative changes promoted by cMoL on the other digestive
enzyme activities from both populations is probably due to molecular characteristics of this

lectin and may be a reason for its unefectiveness on A. aegypti larvae mortality.
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Detoxifying enzymes are involved in the development of insect resistance (Nivsarkar
et al., 1991; Carino et al., 1994; Raymond et al., 1998; Guirado and Bicudo, 2009; Miiller et
al., 2007). The identification of compounds with inhibitory effect on this group of enzymes
may help to increase or restore the susceptibility to the insecticides used routinely,
overpassing the metabolic resistance (Larson et al., 2010). The secondary metabolite o-
mangostin from Garcinia mangostana decreased the LCsy of temephos on Rockfeller A.
aegypti larvae because it was able to inhibit the activity of detoxifying esterases (Larson et al.,
2010). In this sense, this work determined whether WSMoL and cMoL could interfere with
the activity of detoxifying enzymes from Rockfeller and Rec-R L4 (Figure 3 and 4) and
therefore it would have potential as a synergists for insecticides routinely used in control
programs.

SOD activity was significantly (p<0.05) higher in Rec-R (29.1 U/mg) than Rockfeller
larvae (21.7 U/mg). SOD activity of A. aegypti larvae has been detected in the anal gills
playing some important role in providing resistance to mosquito larvae against harmful
oxygen derivatives (Nivsarkar et al., 1991). It has been showed that enzyme level increases
with the maturation of the larvae from instar 1 to instar 4 and that elevated levels of SOD
might increase pyrethroid resistance (Nivsarkar et al., 1991; Miiller et al., 2007). WSMoL
interfered slightly in SOD activity from larvae of both populations (Figure 3A and 4A), while
cMoL showed a high inhibitory effect on enzyme from Rockfeller L4 (Figure 3B) and
neutralized the activity from Rec-R L4 (Figure 4B). SOD inhibition by cMoL, although it can
lead to an oxidative stress due to impairment of superoxide radical detoxifaction, did not
promote larval mortality.

Rockfeller and Rec-R L4 showed a higher level of a-esterase (absorbance increase of
0.720 and 1.170, respectively) than B-esterase (absorbance increase of 0.264 and 0.420,

respectively). Also, Rec-R larvae showed esterase activities higher than Rockfeller Ls. This
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fact is probably associated with their resistance to temephos since increased levels of these
enzymes have been reported for larvae resistant to this pesticide (Flores et al 2005; Melo-

Santos et al 2010; Polson et al 2011)
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Fig. 3. Effect of WSMoL and cMoL on SOD (A and B), a-esterase (C and D) and B-esterase
(E and F) activities from A. aegypti Rockfeller L.
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Fig. 4. Effect of WSMoL and cMoL on SOD (A and B), a-esterase (C and D) and B-esterase
(E and F) activities from A. aegypti Rec-R La.

WSMoL stimulated activity of a-esterase from Rockfeller larvae (Figure 3C) but did
not promote significant changes in this activity from Rec-R larvae (Figured 4C). cMoL did
not affect the a-esterase from Rockfeller L4 (Figure 3D) but promote increase of this activity
from Rec-R L4 (Figure 4D). The B-esterase activity from Rockfeller larvae was inhibited by

WSMoL (Figure 3E), while cMoL did not promote significant alterations (Figure 3F).
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WSMoL did not affect B-esterase activity from Rec-R L, (Figure 4E) and cMoL slight
reduced this activity (Figure 4F).

Although WSMoL and cMoL promoted reduction in B-esterase activity from Rec-R
L4, the inhibitory effect was slight and was probably not suffcient to promote an overpass of
larval resistance to insecticide. In addition, the lectins showed no effect on a-esterase, which

was the most active form detected.

4. Conclusion

The results showed that WSMoL, although is able to kill organophosphate-susceptible
(Rockfeller) larvae of A. aegypti, did not promote mortality of organophosphate-resistant
(Rec-R) larvae. The absence of larvicidal activity of cMoL on Rockfeller larvae is another
distinct characteristc of M. oleifera insecticidal lectins. The mechanism of larvicidal activity
of WSMoL on Rockfeller larvae may involve stimulation of larval digestive enzymes
(protease, trypsin and o-amylase) and inhibition of B-esterase activity. The lectins did not
show strong inhibitory effects on Rec-R esterases indicating that, at this point of view, they

would not have potential as sinergists to temephos.
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6. CONCLUSAO

Os resultados revelam que WSMoL, embora seja capaz de matar larvas de A. aegypti
susceptiveis (Rockfeller) a organofosforado, ndo promoveu mortalidade de larvas resistentes
(Rec-R) A auséncia de atividade larvicida de cMoL sobre as larvas Rockfeller ¢ uma outra
caracteristica distinta das lectinas inseticidas de M. oleifera. O mecanismo da agdo larvicida
de WSMoL nas larvas Rockfeller pode envolver a estimulagdo da atividade de enzimas
digestivas (protease, tripsina e o-amilase) e inibi¢do de P-esterase. As lectinas nado
apresentaram potente efeito inibitorio sobre as esterases de Rec-R indicando que, desse ponto

de vista, elas ndo apresentam potencial como sinergista do temefos.



