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A MUSA DAS LECTINAS

Poema de Noel Tavares
Dedicado a doutoranda Nataly Santos

Sob a sombra da Moringa
A fonte d’ agua respinga
Antes barrenta, hoje limpa
Como agua de cacimba.
Sementes com proteinas
Se transformam em lectinas
E o forte agente ovicida
N&o poupa avidada pupa
Nem dalarva, que agoniza,
E o0 Aedes aegypti,

Vira col6nia de machos
Sem aprole feminina
Como o vetor desatina,
adengue logo declina
Enquanto em sua oficina

A musadas lectinas

sua abata e a camisa;

Deus guda a quem pesquisa.

Salve aslectinas!



RESUMO

O mosquito Aedes aegypti € o vetor de trés arboviroses denominadas febre Chikungunya,
febre amarela e dengue. Esta Ultima é uma das doencas infecciosas mais importantes
mudialmente e epidemias de dengue vém ressurgindo em paises tropicais e subtropicais. O
controle do vetor € a melhor estratégia de combate a doenca. Os inseticidas quimicos
atualmente utilizados sdo tOxicos para 0 meio ambiente e Seu UsO excessivo tem levado ao
desenvolvimento de populacfes resistentes. Neste cenario, tem aumentado a busca por
inseticidas naturais para controle de populacbes de A. aegypti. Lectinas, proteinas que
reconhecem carboidratos, isoladas de plantas apresentam atividade inseticida. A lectina
soltvel em &gua isolada de sementes de Moringa oleifera (WSMoL) promoveu mortalidade
(CLso de 0,197 mg/mL) contra larvas de A. aegypti no quarto estdgio (L4) e extrato das
sementes contendo WSMoL retardou o0 desenvolvimento larval. Uma vez conhecidos os
efeitos deletérios de WSMoL sobre as larvas dessa espécie de mosquito, o presente trabaho
investigou: 1) o efeito de WSMoL sobre a oviposicéo de fémeas gravidas de A. aegypti em
condi¢cbes de laboratorio e utilizando ovitrampas (armadilhas para captura de ovos) em
ensaios de campo simulado; 2) a eficacia de WSMoL em aumentar a eficiéncia de armadilhas
para captura de fémeas (MosquiTRAP™): 3) a atividade ovicida de WSMoL sobre ovos de A.
aegypti frescos e estocados; 4) o envolvimento de sensores olfatorios das fémeas na resposta
de oviposicéo frente a WSMoL; 5) a influéncia de diferentes doses de radiacdo gama nos
efeitos da lectina sobre larvas, ovos e oviposicdo. A lectina foi isolada através de protocolo
previamente estabel ecido. Ensaio de oviposi¢do em laboratorio foi realizado em gaiolas (33 x
21 x 30 cm) contendo um par de recipientes de vidro, sendo um deles preenchido com 50 mL
do extrato de sementes, fracdo proteica 0-60% ou WSMoL isolada (concentragdo final: 0,1
mg/mL de proteinas) e o outro com 50 mL de agua dedtilada (controle negativo). Cada
recipiente continha uma peca de papel de filtro como suporte para oviposi¢do. As fémeas
grévidas (25) foram liberadas no interior das gaiolas e apds 16 h o nimero de ovos foi
determinado. A eclodibilidade dos ovos depositados pelas fémeas foi também avaliada. Para
1sso, 50 ovos foram selecionados e imersos na mesma solugdo em que foram depositados.
Apbs 144 h, o nimero de larvas foi registrado. A resposta de oviposi¢ao das fémeas gravidas
em condi¢des de campo simulado foi avaliada em uma &area experimenta localizada no
campus da Universidade Federal de Minas Gerais contendo grandes gaiolas (2,5 x 2,5x 2 m)
em seu interior. Em cada gaiola foram colocadas duas ovitrampas contendo palhetas de
madeira, uma preenchida com WSMoL (0,1 mg/mL) e outra com &gua de torneira (controle
negativo). Em seguida, 40 fémeas grévidas previamente selecionadas em laboratorio foram
liberadas no centro da gaiola. Apos 2 h, as ovitrampas foram retiradas e 0 nimero de ovos
determinado. Ensaios utilizando par de ovitrampas contendo infusdo de Panicum maximum
(um eficiente estimulante de oviposicdo) e agua destilada foram realizados como controle
positivo. Amostra da lectina foi avaliada quanto a presenca de compostos volaeis por
cromatografia gasosa acoplada a espectrometria de massas (GC-MS) e ensaio de olfatometria
utilizando olfatdbmetro horizontal de dupla escolha foi realizado para investigar o
envolvimento de sensores olfatérios na resposta das fémeas frente a WSMoL.
MosquiTRAP™ (versdo 1.0) foi utilizada para avaiar a eficacia de WSMoL como um
atraente para captura de fémeas de A. aegypti em condicdes de campo simulado. As
armadilhas foram preenchidas com WSMoL (teste), infusdo de P. maximum (controle
positivo) ou &gua de torneira (controle negativo). Quarenta fémeas gravidas foram liberadas
no centro de cada gaiola contendo um par de armadilhas. O nimero de fémeas capturadas foi
avaliado apos 180 min. A capacidade do extrato de sementes, fracdo 0-60% e WSMoL em
impedir a eclosdo de ovos estocados de A. aegypti foi também avaliada. Por fim, foi
determinado o efeito da irradiacdo gama de WSMoL, nas doses de 10 mGy e 10 Gy, sobre as



atividades larvicida, ovicida e efeito na oviposicao. As preparacOes brutas (extrato de
sementes e fragdo proteica 0-60%) ndo afetaram a oviposicao de A. aegypti. Diferentemente,
WSMoL apresentou significante (p<0,05) efeito estimulante sobre a oviposicdo tanto em
condicdes de laboratorio (73 £ 2,1%) quanto em condi¢cdes de campo simulado (65 + 14%)
utilizando ovitrampas. O efeito de WSMoL em condic¢des de campo foi similar ao da infuséo
de P. maximum (67 £ 11 %). Nas ovitrampas contendo WSMoL, o0 nimero de ovos presentes
na superficie do liguido foi maior que o de ovos depositados na palheta. A presenca de
compostos voléteis ndo foi detectada na solugdo de WSMoL e os resultados do ensaio de
olfatometria revelaram que as fémeas ndo foram atraidas por WSMoL atravées de resposta
envolvendo sensores olfativos. A ndo-volatilidade de WSMoL, a presenca da maioria dos
ovos na superficie do liquido nas ovitrampas contendo WSMoL e os resultados do ensaio de
olfatometria indicam que 0s mecanismos de percepcdo de WSMoL pelas fémeas
provavelmente envolvem sensores de contato (gustatérios). WSMoL ndo interferiu na
eficiéncia da armadilha MosquiTRAP™ para captura de fémeas gravidas, provavelmente
devido ao fato de que nesse tipo de armadilha, as fémeas ndo podem entrar em contato com a
solugéo. Extrato de sementes, fragéo proteica 0-60% e WSMoL reduziram a eclosdo dos ovos
depositados no ensaio de oviposicdo em condigdes de laboratorio. Extrato, fracdo e WSMoL
também apresentaram atividade ovicida contra ovos estocados, sendo os valores de CEsg
(concentracéo efetiva de proteinas necessaria para reduzir em 50% o numero de ovos
eclodidos) de 0,28, 0,18 e 0,1 mg/mL de proteinas, respectivamente. Andlise por microscopia
optica revelou que WSMoL interferiu no desenvolvimento do embri&o em ovos frescos, bem
como causou a morte dos embrides presentes nos ovos estocados. A irradiagdo de WSMoL na
dose de 10 mGy potencializou as atividades hemaglutinante, larvicida e ovicida da lectina,
enquanto o efeito estimulante de oviposi¢ao foi abolido. Em conclusdo, o presente trabalho
relata, pela primeira vez, os efeitos ovicida e estimulante de oviposicdo de uma lectina e
demonstra a atuacdo de uma molécula fixa (ndo vol&til) como uma pista quimica utilizada
pelas fémeas gravidas de A. aegypti para selecdo do sitio de oviposicdo. As atividades
estimulante de oviposi¢ao, ovicida e larvicida de WSMoL fazem desta lectina uma mol écula
com excel entes caracteristicas para controle de A. aegypti.

Palavras-chave: Moringa oleifera; mosquito da dengue; atividade ovicida; estimulante de
oviposi¢cdo; olfatometria; ovitrampa; radiacdo gama.



ABSTRACT

The mosquito Aedes aegypti is the vector of three arboviruses named Chikungunya fever,
yellow fever and dengue. This last is one of the most important infectious diseases worldwide
and dengue epidemics are re-emerging in tropical and subtropical countries. The vector
control is the best strategy to combat the disease. The chemical insectides currently used are
toxic to environment and their excessive use has led to developing of resistant populations. In
this scenario, the search for natural insecticides for A. aegypti control has increased. Lectins,
carbohydrate-binding proteins, isolated from plants show insecticidal activity. The water-
soluble lectin isolated from Moringa oleifera seeds (WSMoL) promoted mortality (LCso of
0.197 mg/mL) of A. aegypti fourth-stage larvae (L4) and seed extract containing WSMoL
delayed larval development. Once known the deleterious effects of WSMoL on larvae of this
mosquito species, the present work investigated: 1) the effect of WSMoL on oviposition by A.
aegypti gravid females under laboratory conditions and using ovitraps (traps to capture eggs)
in assays under semi-field conditions; 2) the efficacy of WSMoL in enhance the efficiency of
traps used to capture females (MosquiTRAP™): 3) the ovicidal activity of WSMoL on fresh
and stored A. aegypti eggs, 4) the involvement of female olfactory sensilla in the oviposition
response toward WSMoL; 5) the influence of different doses of gamma radiation on the
effects of lectin on larvae, eggs and oviposition. Oviposition assay in laboratory was
performed in cages (33 x 21 x 30 cm) containing a pair of glass vessels; one filled with 50
mL of seed extract, 0-60% protein fraction or isolated WSMoL (final concentration: 0.1
mg/mL of protein) and the other with 50 mL of distilled water (negative control). Each vessel
contained a piece of filter paper as support for oviposition. The gravid females (25) were
released inside the cages and after 16 h the number of eggs was determined. The hatchability
of the eggs laid by females was also evaluated. For this, 50 eggs were selected and imersed in
the same solution at which they were laid. After 144 h, the number of larvae was recorded.
The oviposition response by gravid females under semi-field conditions was evaluated in an
experimental area located at the campus of the Universidade Federal de Minas Gerais
containing wide cages (2.5 x 2.5 x 2 m) inside. In each cage, two ovitraps containing a wood
paddle were placed and one was filled with WSMoL (0.1 mg/mL) and another with tap water
(control). Next, 40 gravid females previously selected in laboratory were released in the
center of the cage. After 2 h, the ovitraps were removed and the number of eggs was
determined. Assays using a pair of ovitraps containing Panicum maximum infusion (an
effective oviposition-stimulant) and tap water were performed as positive control. Lectin
sample was evaluated for presence of volatile compounds by gas chromatography coupled to
mass spectrometry (GC-MS) and olfactometry assay using double-choice horizontal
olfactometer was performed aiming to investigate the involvement of olfactory sensillain the
response of females toward WSMoL. The MosquiTRAP™ (Version 1.0) was used to evaluate
the efficacy of WSMoL as an attractant for capturing A. aegypti femaes under semi-field
conditions. The traps were filled with WSMoL (test), P. maximum infusion (positive control)
or tap water (negative control). Forty gravid A. aegypti females were released in the center of
each cage containing a pair of traps. The number of captured females was evauated in the
cages after 180 min. The ability of seed extract, 0-60% fraction and WSMoL to impair the
hatching of stored A. aegypti eggs was also evaluated. Finally it was determined the effect of
gamma irradiation of WSMoL, at doses of 10 mGy and 10 Gy, on the larvicidal and ovicidal
activities as well as effect on oviposition. The crude preparations (seed extract and 0-60%
fraction) did not affect the A. aegypti oviposition. Differently, WSMoL showed a significant
(p<0.05) oviposition-stimulant effect both under laboratory conditions (73 + 2.1 %) and in
ovitraps at field-simulated conditions (65 + 14 %). The effect at field conditions was similar
to that of P. maximum infusion (67 = 11 %). In ovitraps containing WSMoL, the number of



eggs found at liquid suface was higher than that of eggs laid on the paddles. The presence of
volatile compounds was not detected in WSMoL solution and the results from olfatometry
assay reveded that the females were not attracted by WSMoL through response involving
olfactory sensilla. The non-volatilty of WSMoL, the presence of eggs mgority at the liquid
surface in WSMoL ovitraps and the results from olfatometry assay indicated that the
mechanisms of WSMoL perception by females probably involve contact (gustatory) sensilla.
WSMoL did not interfere in the efficiency of MosquiTRAP™ in capture gravid females,
probably due to the fact that in this type of trap the females cannot have contact with the
solution. Seed extract, 0-60% protein fraction and WSMoL reduced the hatching of eggs laid
in the oviposition assay under laboratory conditions. Extract, fraction and WSMoL also
showed ovicidal activity against stored eggs, being the ECs, (effective protein concentration
required to reduce the number of hatched eggs in 50%) values of 0.28, 0.18 and 0.1 mg/mL,
respectively. Analysis by optical miscroscopy revealed that WSMoL interfered on embryo
developmente in fresh eggs as well as caused the death of the embryos present in stored eggs.
Theirradiation of WSMoL at 10 mGy dose potencialized the hemaggl utinating, larvicidal and
ovicidal activities of the lectin while the oviposition-stimulant effect was abolished. In
conclusion, the present work reports for the first time the ovicidal and oviposition-stimulant
effects of a lectin and demonstrate the acting of afix (non-volatile) molecule as a chemical
cue used by A. aegypti gravid females for selection of the oviposition site. The oviposition-
stimulant, ovicidal and larvicidal activities of WSMoL make this lectin a molecule with
excellent characteristics for A. aegypti control.

Keywords. Moringa oleifera; dengue mosquito; ovicidal activity; oviposition-stimulant;
olfactometry; ovitrap; gamma radiation.
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1. INTRODUCAO

Insetos vetores, especialmente 0s mosquitos, sdo responsaveis pela disseminacdo de
sérias doengas humanas em regides tropicais. Interesse particular € dado a espécie Aedes
aegypti (Culicidae), por ser o principa vetor de muitas arboviroses (viroses transmitidas por
artropodes, principalmente insetos ou acaros) como a febre amarela, febre Chikugunya e a
dengue (CONSOLI & OLIVEIRA, 1998; CALJON et al., 2013).

A dengue é a arbovirose de maior incidéncia no mundo, sendo endémica em todos os
continentes, exceto na Europa. Atualmente, € uma das doencas infecciosas mais freqlientes
encontradas nos paises em desenvolvimento, e as taxas de soroprevaéncia estdo acima de
50% em paises endémicos (TAUIL, 2002). E uma infeccdo reemergente causada por
diferentes sorotipos virais e que se manifesta de diferentes formas clinicas, algumas graves e
letais, como afebre de dengue hemorrégica (MICIELI & CAMPOS, 2003). A distribuicdo ea
abundancia dessa doenca sdo fortemente influenciadas pela urbanizagdo descontrolada,
sistemas de distribuicdo de &gua e gestdo de residuos inadequados, promovendo altas
densidades e dispersdo dos mosquitos vetores entre diferentes areas geogréficas (WEAVER &
VASILAKIS, 2009). Como ndo h& a diponibilidade de vacinas, alguns agentes terapéuticos
tém sido desenvolvidos e administrados em voluntarios em estégios pré- clinicos e clinicos da
doenca (BENTSI-ENCHILL et al., 2013). Dessa forma, o controle do vetor € a Unica solucéo
disponivel parareducdo da transmisséo desse virus (LEE et al., 2013).

Com o surgimento de formas resistentes do mosquito aos inseticidas convencionas
utilizados, tem crescido a procura por substancias naturais que sejam efetivas no combate ao
mosquito adulto, ovos €/ou larvas de A. aegypti, bem como interfiram no comportamento de
oviposicdo e hematofégico das fémeas, e que sgjam isentas de toxicidade para 0 meio

ambiente. As plantas possuem compostos ou substancias que podem afetar a biologia, o
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desenvolvimento e a reproducdo dos insetos. A sintese dessas substancias pode estar
relacionada a uma funcdo auto-ecoldgica de defesa. As funcgdes dos produtos naturais das
plantas podem ser multiplas, envolvendo elementos do metabolismo primario e secundario.
Entre as proteinas de defesa, estdo incluidas enzimas (tais como as quitinases), as lectinas e 0s
inibidores de enzimas digestivas, dentre outras (CARLINI & GROSSI-DE-SA, 2002; WINK,
2003). O estudo de novas moléculas derivadas de fontes vegetais, com diferentes atividades
biocidas, pode auxiliar no combate aos mosquitos vetores.

As lectinas sdo proteinas que se ligam a carboidratos e apresentam alto potencial
biotecnolégico, incluindo acdo toxica sobre insetos. Sementes de Moringa oleifera sdo
popularmente usadas para o tratamento de agua barrenta e contém lectinas com atividade
coagulante (SANTOS et al., 2009; FERREIRA et al., 2011). A alta solubilidade em agua da
lectina WSMoL (do inglés water soluble Moringa oleifera lectin) estimulou a avaliagdo do
efeito da mesma sobre o ciclo biologico do A. aegypti. WSMoL apresentou atividade larvicida
sobre larvas no quarto estdgio e extrato das sementes contendo WSMoL atrasou o
desenvolvimento das larvas (COELHO et al., 2009).

Uma vez conhecidos os efeitos del etérios de WSMoL sobre as larvas dessa espécie de
mosquito, 0 presente trabaho investigou, em sintese: 1) o efeito de WSMoL sobre a
oviposicdo de fémeas gravidas de A. aegypti em condi¢cbes de laboratério e utilizando
ovitrampas (armadilhas para captura de ovos) em ensaios de campo simulado; 2) a atividade
ovicida de WSMoL sobre ovos de A. aegypti frescos e estocados;, 3) o envolvimento de
sensores olfatorios das fémeas na resposta de oviposicéo frente a WSMoL ; 4) a eficacia de
WSMoL em aumentar a eficiéncia de armadilhas para captura de fémeas (MosquiTRAP™);
5) o efeito de diferentes doses de radiagdo gama nas atividades larvicida, ovicida e

estimul ante de oviposi¢édo de WSMoL.
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2. FUNDAMENTACAO TEORICA

2.1 Arboviroses transmitidas pelo mosquito Aedes aegypti

Os mosquitos constituem um grupo atamente diversificado e relevante na classe dos
insetos, pois transmitem diferentes patdgenos causadores de doencgas a saide humana, em
areas tropicais e subtropicais (CALJON et al., 2013). As arboviroses sdo doencas infecciosas
virais transmitidas por vetores artropodes a hospedeiros vertebrados, em areas periurbanas ou
urbanas, devido a introducéo e elevada densidade populacional dos vetores infectados nessas
dreas (ORGANIZACAO MUNDIAL DE SAUDE, 2012).

O mosquito Aedes aegypti (Linnaeus, 1762) é vetor de trés das principais arboviroses
gue despertam interesse aos 6rgaos publicos de Salde atualmente: a febre Chikungunya, a
febre amarela e a dengue. Em razéo da importancia epidemiol 6gica e do grau de participacéo
de A. aegypti, torna-se necessario o incentivo e a utilizagdo de estratégias de mangjo
populacional deste inseto, visando diminuir a incidéncia da doenca, bem como os indices de

obitos registrados (GUBLER, 2011).

2.1.1. Febre Chikungunya

A febre Chikungunya é uma doenca reemergente e em constante expansdo, a qua foi
descrita pela primeira vez na india em 1824 e cuja primeira epidemia ocorreu na Tanzania em
1953. Apds esse periodo, ja foram relatadas epidemias em vérias areas da Africa e da Asia
(Figura 1), onde a doenga é considerada endémica, embora os ciclos de transmissdo nesses
continentes sggam consideravelmente diferentes. O termo “chikungunya’, proveniente do

idioma Makonde (falado em algumas regides de Mogambique) significa “aqueles que se
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dobram” e se refere a forte dor que a doenca causa nas articulacbes (KUCHARZ &

CEBULA-BYRSKA, 2012).

T cabas o India, [ndand-
7010 52 Mianmar, Tallindia,
[linas Maldivas, [lhas

tauE PO, E - Reunio, Taksan
200 Gudana Franiesa, i tasos na [tdlia Mianmar Tailfindia
i Itdlia india - Indanésia
— = Taiwan
Estados y N i . —_—
Unidias _ L _f.-:'rhl:' E:—" (=] i “
f N\
Gulana [, - ﬁ s o
Francesa =~_’".-' Eua i, +d ¥
-».'_ [f—d‘llf ‘E: = - E\JHIL:I!'E'
% L : =
1“—;"5;, e R
T = %'a
Llhas.Manlnll:n [ ;.L-L-., ek h'-:r..rjf L
territGrios BLI"IZE!’-E"_'- N'. RiRASIL ] dl_{.""' :-;t'
na Caribe \ =
\I l'nl.':uv.'-ua
| ,fl = '1_/
\ &
i Cingapura
1 Mu : Maldsia
m q?‘ Erasil. Cormonss Srilamka === surtos em India, S\
Rio de Janeiro e : Comores. Bhas - lmmlh'ﬁ T ﬁﬁﬁ‘&hﬁlml
omodes, lihas i Inciong
T 2004/ o s, has. o M ndonCas
Ooeano indico

Figura 1. Distribuicéo global dafebre Chikungunya.

Adaptada de: http://alagoasreal .blogspot.com.br/2010/12/expectativa-por-mais-casos-da-nova.html

Esta doenca € causada pelo virus de RNA (fita simples de polaridade positiva)
Chikungunya (CHIKV), o qual pertence a familia Togaviridae, género Alphavirus. Na Asia,
0s homens sdo os hospedeiros primarios do CHIKV, sendo o A. aegypti descrito como vetor
primério em epidemias urbanas (BIRENDRA et al, 2012). E uma doenca de baixa |etalidade,
mas com manifestacbes clinicas e sintomaticas que deixam o0s pacientes debilitados
principalmente pela presenca, na fase aguda, de febre alta e de dores intensas nas articul agdes,
avancando até a artrite cronica, com alteracfes neurol gicas e hematol dgicas (BIRENDRA et

al, 2012). No momento, nenhuma vacinatem sido descrita para o tratamento dessa doenca.
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Muitos casos de febre Chikungunya foram relatados em diferentes regites de
Madagascar e, nos periodos epidémicos, a especie Aedes albopictus também foi identificada
como vetor (RAHARIMALALA et al.,, 2012). No Brasil, a entrada do virus da febre
Chikungunya esta relacionada ao aumento da densidade de A. aegypti, como também a
introducdo do virus através do intenso fluxo de vigjantes internacionais. Ja foram registrados
trés casos dessa doenca nos estados do Rio de Janeiro e S& Paulo, mas ndo houve a
disseminacdo do virus pelo pais. Tanto o A. aegypti quanto o A. albopictus, que estdo
presentes nas Américas, podem transmitir o virus CHIKV nas diferentes regifes do continente

(SECRETARIA DE VIGILANCIA EM SAUDE, 2010).

2.1.2 Febre Amarea

A febre amarela é uma doenca vira infecciosa aguda, de curta duracdo, mas de
gravidade varidvel, causada por um arbovirus da familia Flaviviridae, género Flavivirus. E
encontrada em paises da Africa, das Américas Central e do Sul e pode apresentar-se sob duas
modalidades. urbana e silvestre. A espécie A. aegypti transmite a febre amarela urbana,
enquanto os mosquitos Haemagogus e Sabethes transmitem a febre amarela silvestre
(TOMORI, 2002).

No Brasil, a febre amarela foi erradicada e apesar de ndo serem relatados surtos
urbanos nas Américas desde 1954, a presenca do mosquito mantém o risco de epidemia. Na
Africa, é comum a ocorréncia de surtos urbanos e rurais, podendo causar milhares de mortes
por ano. Diferentemente da febre Chikungunya, ha vacina disponivel para a prevengdo da
febre amarela e o certificado de vacinagdo contra esta doenga, € um dos principais requisitos

de entrada em muitos paises (ORGANIZACAO MUNDIAL DE SAUDE, 2011).
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2.1.3 Dengue

A dengue destaca-se entre as enfermidades reemergentes e € considerada um dos
maiores problemas de Salde Publica no Brasil e no mundo, principalmente pelos inUmeros
indices de casos registrados anuamente, como também pela elevada letalidade
(ORGANIZACAO MUNDIAL DE SAUDE, 2012). Trata-se, caracteristicamente, de uma
enfermidade presente nos centros urbanos de regides tropicais e subtropicais, uma vez que as
condicbes ambientais e caracteristicas sOcio-econdmicas dessas regides favorecem a
proliferacdo e o desenvolvimento do vetor (GUBLER, 2002).

Aproximadamente 3,6 bilhGes de pessoas vivem em areas de risco e 50 a 100 milhdes
de infecges ocorrem anualmente. Nos primeiros meses de 2013, ja foram registrados 204.650
casos de dengue no Brasil, um aumento de 190% dos casos hotificados comparados aos dados
de 2012 (70.489). Contudo, houve uma reducdo de 44% nos casos graves e de 20% nos obitos
(MINISTERIO DA SAUDE, 2013).

E uma doenca de grande complexidade, devido a&s interagbes entre humanos,
mosquitos e Varios sorotipos virais, como também pelas estratégias de sobrevivéncia do
mosquito vetor (MEDEIROS et al., 2011). E causada por um virus do género Flavivirus que é
encontrado em quatro sorotipos antigenicamente diferentes, denominados DENV-1, DENV-2,
DENV-3, DENV-4. A infecgdo por um desses sorotipos virais confere protegdo permanente
para 0 mesmo sorotipo e imunidade parcial e temporéria para os outros trés. No momento, 0s
4 sorotipos circulam concomitantemente no Brasil (Figura 2) e sdo responsaveis pela ata
incidéncia da doenca nas Ameéricas (WILDER-SMITH et al., 2010).

O virus da dengue é de RNA, fita simples de polaridade positiva, e possui genoma de
aproximadamente 11 kb organizado de uma forma que confere uma proficiente propriedade

replicativa (PERERA et al., 2008). Os diferentes sorotipos virais podem manifestar-se
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clinicamente, sob duas formas principais. a dengue classica ou febre de dengue (sintomética
ou assintomatica) e as formas graves e letais, como a febre hemorragica de dengue, as vezes

com sindrome de choque de dengue (ARAUJO et al., 2009).
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Figura 2. Representacdo dos sorotipos virais da dengue (DENV) em circulagdo no Brasil, em

2012. (ORGANIZACAO MUNDIAL DE SAUDE, 2012).

O virus da dengue é transmitido pelas fémeas dos mosquitos do género Aedes. O
principal vetor nas Américas é o mosquito A. aegypti (vetor primario), embora o A. albopictus
também desempenhe um importante papel na Asia e atue como vetor secundério. No Brasil,
as duas espécies estdo presentes em ata densidade, e assim podem servir como vetores da
doenca (JOHNSON et al., 2002). O homem e outros primatas s&o 0s hospedeiros vertebrados,
0 que caracteriza o hébito antropofilico do vetor (GUBLER, 2002).

A transmissdo da doenga € iniciada quando a fémea é contaminada ao realizar um

repasto sanguineo em um individuo infectado que esteja na fase virémica da doenca. Apds um
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periodo de 10 a 14 dias, a fémea se torna capaz de transmitir o virus por toda sua vida através
de suas picadas (SIM et al., 2012). Embora a transmissdo vertical do virus sgja relatada, os
mosquitos adquirem principamente o DENV pela aimentacdo sanguinea de humanos
infectados (ANGEL, 2008). Primeiramente, o virus infecta o epitélio intestinal dos mosquitos
e se replica para, em seguida, espal har-se através da hemolinfa e se replicar em outros 6rgéos,
tais como corpo gorduroso e traquéia, finalmente infectando as glandulas salivares
aproximadamente 10-14 dias apds o repasto sanguineo (SALAZAR et al., 2007). Na sdliva, o
DENV pode ser inoculado em hospedeiros humanos quando o mosquito se aimenta,
provocando assim, a disseminacéo da doenca (RIBEIRO & ARCA, 2009).

Desde o inicio dos anos 70, a Organizacdo Mundial da Salde (OMS) esta envolvida,
de maneira bastante ativa, no desenvolvimento e na promocgao de estratégias de tratamento e
controle da doenca, que é endémica em mais de 100 paises da Asia, Africa e América
(WILDER-SMITH & GUBLER, 2008). Diferentemente da febre amarela, ndo ha vacina
contra 0 virus da dengue, apesar de muitas pesquisas serem realizadas visando o
desenvolvimento de vacinas e anti-virais que contribuam para o entendimento da patogénese
viral, seguida de intervencdo farmacéutica. Logo, o controle do vetor é uma estratégia

essencia de controle da doenca (HERRERO et al., 2013).

2.2 Biologia do vetor Aedes aegypti

O A. aegypti pertence ao Filo Arthropoda, Classe InsectalHexapoda, Ordem Diptera,
Familia Culicidae. E uma espécie cosmopolita, com ampla ocorréncia em regides tropicais e
subtropicais, mas € originario do norte da Africa (FORATTINI & BRITO, 2003). Possui
habito doméstico e como parte do seu comportamento sinantrépico, 0 mosquito se reproduz

principalmente nas paredes de reci pientes domeésticos com &gua armazenada e a fémea precisa
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de grandes quantidades de sangue (hematofagia) para realizar a oviposicdo (CONSOLI &
OLIVEIRA, 1998).

E essencialmente um mosquito urbano, pois ocorre em maior abundancia em cidades,
vilas e povoados. Entretanto, no Brasil, México e Coldmbia, jafoi localizado em zonas rurais,
provavel mente transportado de areas urbanas em vasos domesticos onde se encontravam ovos
e larvas (CONSOLI & OLIVEIRA, 1998; BRAKS et al., 2004). Esse vetor € conhecido nas
Américas por seu alto grau de antropofilia e normalmente esta associado a presenca humana,
pois nas habitacdes humanas, ou proximo a elas, as fémeas do mosquito podem encontrar
abrigo e hospedeiros para o repasto sanguineo (FORATTINI, 2002). Os dipteros possuem um
complexo sistema de glandulas salivares, e € este sistema que permite que virus, protozoarios
e outras formas de vida se utilizem deles como veiculos de transmissdo até os hospedeiros
vertebrados (REITER, 2001).

A adlta plasticidade da espécie demonstra a capacidade de adaptacdo a diferentes
situagOes ambientais, tendo sido encontrados adultos em altitudes elevadas e larvas em &guas
poluidas. Diferentes criadouros artificiais tém sido descritos para esta espécie, como pneus,
vasos de plantas, garrafas entre outros reservatorios plésticos. Essas condic¢des favorecem o
aumento da densidade populacional do vetor (TAUIL, 2002; CHAVES et al., 2013).

Os mosquitos se desenvolvem através de metamorfose completa (holometabolia), e o
ciclo devidado A. aegypti compreende quatro fases: ovo, larva (quatro estagios denominados
L1, L2, L3 e L4), pupa e adulto (Figura 3), com alimentacdo e habitos distintos (LOZOVEI,
2001). Em condicdes favoraveis de temperatura, umidade e disponibilidade de alimento, o
tempo transcorrido entre 0 estdgio de ovo a adulto varia em média de 10 a 13 dias
(FORATTINI, 2002).

Os estégios imaturos e dependentes de agua sdo representados pelos ovos, larvas e

pupas. Na forma adulta, o0 inseto se apresenta na forma alada. Os adultos possuem o corpo
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coberto por escamas escuras e prateadas e possuem habitos diurnos com pico da atividade
hematofégica durante os periodos matutino (entre 6 e 7h) e vespertino (entre 17 e 19h)

(CONSOLI & OLIVEIRA, 1998; FORATTINI, 2002).

Terrestre

4.Adu|tn:|s| — —

Terrestre

Aguatica

3. Pupas

Figura 3. Ciclo biol6gico de Aedes aegypti

(URDANETA-MARQUEZ & FAILLOUX, 2011).

Os ovos medem, aproximadamente, 1 mm de comprimento, apresentando um contorno
alongado e fusiforme. S&o depositados, individualmente, nas paredes internas dos depositos
gue servem como criadouros, proximos a superficie da agua. No momento da postura os ovos
sd0 brancos (Figura 4A), mas, rapidamente, adquirem a cor negra brilhante (Figura 4B). Os
0vos sd0 bastante resistentes a dessecagdo por muitos anos e essa capacidade é um sério
obstaculo para o combate ao vetor e um importante fator de adaptacdo a ambientes adversos.
Esta condicdo permite que 0s ovos sgjam transportados a grandes distancias (dispersdo
passiva), em recipientes secos, tornando-se assim o principa meio de dispersdo do inseto

(CONSOLI & OLIVEIRA, 1998; MINISTERIO DA SAUDE, 2001; FORATTINI, 2002).
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Figura 4. Ovos de Aedes aegypti. Ovos no momento da oviposicéo (A). Estruturafusiforme
do ovo (B).

Fonte: http://www.ioc.fiocruz.br

Apds contato com agua, a maioria dos ovos eclode rapidamente dando origem alarvas
no primeiro estégio (L1). Aslarvas do A. aegypti sdo formadas por cabega, torax e abdémen
(Figura 5A), sendo a fase larvaria 0 periodo de maior aimentacdo e crescimento. O
desenvolvimento larvario pode apresentar variacfes no tempo de durag&o, pois € dependente
de fatores ambientais como umidade relativa do ar, temperatura, luz, pH da &gua do
criadouro, disponibilidade de alimento e densidade das larvas no criadouro. Em condic¢es
Otimas, o periodo entre a eclosdo e a pupagdo pode ndo exceder 5 dias (CONSOLI &
OLIVEIRA, 1998; MINISTERIO DA SAUDE, 2001).

Ap0s afase larvéria, surgem as pupas (Figura 5B), que ndo se alimentam. E nesta fase
gue ocorre a metamorfose do estagio larval para o adulto. As pupas se mantém a maior parte
do tempo na superficie da agua, flutuando, o que facilita a emergéncia do inseto adulto. O
estado pupa dura, geramente, de 2 a 3 dias. O corpo da pupa é dividido em cefalotdrax
(cabeca e térax unidos) e abdémen. Lateralmente, possui uma aparéncia em forma de uma
virgula. A pupatem um par de tubos respiratérios ou trompetas, as quais atravessam a agua e

permitem arespiragio (MINISTERIO DA SAUDE, 2001).
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Figurab. Larvas (A), pupas (B) e adulto (C) de A. aegypti.

Fonte: (A) www.sabbatini.com (B) www.abc.net.au/science/news/heal th (C) www.infoescola.com

Em seguida ocorre a emergéncia do adulto (Figura 5C), que representa a fase
reprodutiva do inseto. Como ocorre em outros insetos alados, o adulto representa um
importante forma de dispersdo. Entretanto, com o A. aegypti € provavel que haja mais
transporte passivo de ovos e larvas em recipientes do que disperséo ativa pelo inseto adulto. O
adulto apresenta uma coloragdo escura, com faixas brancas nas bases dos segmentos tarsais e
um desenho em forma de lira no mesonoto (CONSOLI & OLIVEIRA, 1998; SERVICE,
1996). Dentro de 24 h apds emergirem, podem acasalar. O acasalamento geramente se da
durante o véo, mas, ocasionalmente, pode ser realizado sobre uma superficie vertical ou
horizontal. Uma Unica inseminagdo é suficiente para fecundar todos os ovos que a fémea
venha a produzir durante sua vida (SERVICE, 1996). Como parte do seu comportamento
sinantropico, 0 mosquito se reproduz principamente nas paredes de recipientes domésticos

com &gua armazenada e a fémea precisa de grandes quantidades de sangue para a oviposi ¢&o.
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A fecundag&o se da durante a postura e 0 desenvolvimento do embri&o se completaem
48 horas, em condicdes favoraveis de umidade e temperatura. Apés o término do
desenvolvimento embrionario, 0s ovos, como mencionado anteriormente, sdo capazes de
resistir a longos periodos de dessecacdo, que podem prolongar-se por mais de um ano
(TELANG et al., 2013).

Os machos e as fémeas alimentam-se de carboidratos extraidos dos vegetais. O macho
distingue-se essencialmente da fémea por possuir antenas plumosas e pal pos mais longos. O
repasto sanguineo das fémeas fornece proteinas para o desenvolvimento dos ovos e ocorre
quase sempre durante o dia, nas primeiras horas da manha e ao anoitecer. Em geral, a fémea
faz uma postura apos cada repasto sanguineo e o intervalo entre a alimentacdo sanguinea e a
postura &, em regra, de trés dias, em condic¢des de temperatura satisfatorias. Frequentemente, a
fémea se alimenta mais de uma vez entre duas sucessivas posturas. Quando a fémea de A.
aegypti esta infectada pelo virus do dengue ou da febre amarela, pode haver transmissdo
transovariana resultando no nascimento de larvas portadoras do virus (OPAS, 1987). Apesar
de ndo redlizarem alimentacdo sanguinea, o papel dos machos de Aedes na manutencéo da
circulagdo viral é de grande importancia devido as formas de transmissdo vertical e venérea

(TU et al, 1998; KOW et al, 2001).

2.2.1. Comportamento de oviposicao de A. aegypti

A localizacdo e a selecdo de um possivel criadouro para a oviposicdo envolvem
respostas visuais, olfativas e tateis. A aceitacdo ou rejeicdo dos sitios de oviposicdo por
fémeas gravidas pode estar relacionada a fatores quimicos, 0s quais 0s insetos podem detectar
através de estruturas cuticulares, sensilas e neurénios guimiossensoriai s presentes nas antenas,

aparelhos bucais, margens das asas e patas (Figura 6A e 6B). As sensilas olfativas detectam
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substancias voléteis do ar, enquanto os sensores gustatorios respondem a quimicos de baixa

volatilidade (BOHBOT & VOGT, 2005).

A
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Figura 6. (A) Representacdo esquematica (regides vermel has) dalocalizacéo das sensilas nos
insetos. (B) Tipos morfoldgicos de sensilas de A. aegypti.

Fontes: (A) adaptado de Naters & Carlson (2006). (B) Stanczyk et al. (2010)

Além das pistas visuais ou olfativas, a selecéo dos sitios de oviposi¢éo pelas fémeas de
A. aegypti também é influenciada por fatores quimicos e fisicos da &gua. A cor, densidade
Optica da &gua, o tipo de substrato, temperatura, bem como pistas olfativas quimicas
provenientes de larvas de mosquitos ja presentes no local séo algumas condicdes relevantes na
oviposicdo. As larvas de A. aegypti sdo conhecidas por liberarem substéncias no ambiente
aquético, as quais podem atuar na agua atraindo fémeas gravidas co-especificas. A
determinacdo do comportamento de oviposicdo por fémeas de A. aegypti em criadouros
também pode estar relacionada a fatores exdgenos como chuva, umidade relativa do ar,
temperatura e velocidade do vento. A presenca de bactérias € também descrita com atividade
atraente paraasfémeas. (BENTLEY & DAY, 1989; TILAK et al., 2005).

Fémeas de A. aegypti apresentam preferéncia por depositarem seus ovos nas bordas de

recipientes que tendem a armazenar agua de chuva ou de torneira. O tempo requerido entre a
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alimentacdo sanguinea e a deposicéo de ovos relaciona-se com fatores que dependem de
controle enddgeno no inseto, como a assimilacdo de aminoacidos essenciais que favorecem a
maturacdo dos ovos. Estes fatores somados as condi¢cbes ambientais permitem ao inseto
estabelecer um ritmo circadiano, culminando na oviposi¢cdo (KLOWDEN & BLACKMER,
1987).

A oviposicao ocorre mais frequentemente no periodo diurno com um pico matutino (6
as 8h) e outro vespertino (16 as 18h). As fémeas gravidas sdo atraidas por recipientes escuros
ou sombreados (CLEMENTS, 1992; COBERT & CHADEE, 1992; GOMES et al. 2006). O
nimero medio de ovos por postura é 120, o qual depende da quantidade de sangue ingerido
durante o repasto sanguineo (FORATTINI, 2002). A eclosdo das larvas ocorre cerca de dois
dias ap0s a oviposicdo, caso as condicdes ambientais sejam favoravels, e tem como principal
estimulo o contato do ovo com a agua do criadouro (FORATTINI, 2002).

A escolha do sitio de oviposi¢cdo por fémeas gravidas € o principal fator responsavel
pela distribuicéo dos mosquitos e a subsegquente dispersdo desses vetores em diferentes éreas
geograficas. O monitoramento da densidade de A. aegypti e sua distribuicgo € critica na
previsdo de epidemias de dengue ou seu risco em éreas ativas de Aedes (HUDSON, 1956).

A Ecologia Quimica € a ciéncia que permite o estudo dos infoquimicos — substancias
que, dentro de um contexto natural, transmitem informacfes numa interacdo entre individuos,
produzindo uma resposta comportamental ou fisiol6gica, a qual pode ser vantgosa ou
desvantgjosa — procurando identificar e sintetizar substancias que possam levar informagoes
entre 0s organismos, como também em estratégias de controle de populagdes de mosquitos
vetores (LAZZARI, et al. 2004). Estudos dos aspectos de comunicagdo entre insetos
favorecem a busca e o desenvolvimento de novas substancias quimicas a serem utilizadas em
programas de manegjo integrado de pragas. Em insetos, os odores s&o muito importantes na

localizac&o de presas, na defesa e agressividade, na selecdo de plantas, na escolhade locais de
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oviposi¢cdo, na corte e acasalamento, na organizacdo das atividades sociais e em diversos
outros tipos de comportamento (VILELA & DELLA LUCIA, 2001). Os infoquimicos s&o
classificados em feromonios e a eloquimicos.

Os ferombnios agem na comunicagao intra-especifica e sdo divididos segundo sua
funcdo como feromdnio de alarme, sexual, de atracéo e agregacéo entre outros (SPIEGEL et
al. 2011); os aleloguimicos agem na comunicagao interespecifica e podem se originar tanto de
plantas, como insetos, alimentos ou outras fontes. Odores sintéticos, feromonios sintéticos e
Oleos essenciais tém sido estudados quanto ao efeito sobre a oviposicdo de A. aegypti

(SEENIVASAGAN & VIJAYARAGHAVAN, 2010; SRITABUTRA et al., 2011).

2.3. Controle de populacdes de mosquitos A. aegypti

Epidemias de dengue séo frequentes, devido a ampla circulacéo dos quatro sorotipos
virais no continente e auséncia de vacinas que confiram imunidade permanente as variagoes
genéticas virais. Logo, o controle vetorial torna-se a principal medida de combate a doenca.
Na tentativa de manter a incidéncia das enfermidades transmitidas por insetos sob controle,
S0 destinadas, continuamente, quantias significativas de recursos para programas contra 0s
vetores de doengas (BALY et al., 2007).

As altas densidades dos mosquitos estéo relacionadas ao comportamento sinantrépico
e a0 hébito antropofilico dessa espécie. Além disso, outros fatores intimamente rel acionados a
biologia do vetor, somados a problemas tipicos dos centros urbanos, como pobreza, lixo e alta
densidade populacional, contribuem para a ocorréncia de surtos. A &gua € um elemento
indispensavel a sobrevivéncia das populagdes, mas quando se torna escassa, a Unica forma de
obté-la é através do armazenamento em depdsitos domésticos, que servem como criadouros

do vetor (CLARO et al., 2004; BRAGA & VALLE, 2007).
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O controle especifico para 0 mosquito A. aegypti pode ser direcionado aos estagios
imaturos aguaticos, para os adultos, ou para ambos simultaneamente (SERVICE, 1996). O
método mais eficaz para controlar e prevenir ainfestagdo de mosquitos ocorre através do uso
de larvicidas, mas compostos ovicidas também sdo extensivamente estudados.

O controle quimico, um dos métodos mais antigos a ser utilizado, consiste na
aplicacdo de substancias quimicas como larvicidas e ovicidas, tais como 0leos, repelentes,
organosfosfatos, organofosforados e piretréides, entre outros (LUNA et al., 2004; CHUNG et
al., 2009). O uso de larvicidas quimicos constitui a principal medida adotada pelos Programas
de Salde Publica. Entretanto, em diferentes partes do mundo e no Brasil, tem sido registrada a
resisténcia de populagbes de A. aegypti a esses inseticidas convencionais. Diante dessa
problematica, tém sido investigadas novas formas de controle aternativo de vetores de
doencas, a partir do uso de inseticidas bioldgicos, quimicos naturais e reguladores de
crescimento. Essas novas estratégias de controle permitem uma rotatividade dos inseticidas
em programas de controle de vetores (VIEGAS JUNIOR, 2003; CAVALCANTE et al.,
2006).

Em estratégias para 0s estégios imaturos, pode-se utilizar o controle bioldgico, através
de organismos predadores, patdgenos e parasitas naturais, capazes de parasitar ou predar 0s
mosquitos em vérias fases evolutivas. Algumas linhagens de bactérias entomopatogénicas, do
género Bacillus, produzem toxinas proteicas com um ato grau de especificidade a insetos
vetores que, quando ingeridas, provocam mortalidade das larvas. As duas espécies mais
utilizadas como larvicidas sdo o Bacillus sphaericus (Bs) e Bacillus thuringiensis serovar
israglensis (Bti). O Bti é utilizado principamente para controle de espécies do género Aedes
(ARAUJO et al., 2007). Esta especificidade e ndo-toxicidade para vertebrados tém levado ao
seu sucesso comercial. No entanto, os insetos podem desenvolver resisténcia a este valioso

recurso de controle biologico (JAYARAMAN et al., 2005; OCAMPO et al., 2011).
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O controle genético também pode ser utilizado através da producdo de machos
hibridos e estéreis, ou pelo uso de citoplasmas incompativeis, translocagdes, introducdo de
genes letais ou genes que tornem os mosquitos refratarios como vetores, produzindo, por
meio da divisdo meidtica, um nimero excessivo de machos (ESTEVA & YANG, 2005; LEE
et al., 2013).

O controle fisico, mais conhecido como controle ambiental ou mecénico consiste na
substituicdo, drenagem ou reducéo dos locais de reproducdo dos insetos. A participacdo da
populacdo € fundamental na localizacdo e eliminacdo dos criadouros, principamente
intradomiciliares e peridomiciliares, que funcionam como os principais focos para
proliferacdo desse inseto (CONSOLI & OLIVEIRA, 1998; HEMME et al., 2009).

O controle direcionado aos estagios adultos também ocorre através de materiais de
protecdo pessoal, como o uso de janelas, portas, ventiladores e telas contra 0os mosqguitos, ou
ainda, pela aplicacdo de vapores de 0Oleos, aerossois, névoas e neblinas ou aplicacbes em
pequenas quantidades de inseticidas concentrados como Malathion e outros piretroides

(SERVICE, 1996; LUCIA et al., 2009).

2.3.1. Controle alternativo: inseticidas naturais

Tradicionamente, produtos derivados de plantas ou fitoinseticidas tém sido utilizados
por comunidades humanas em muitas partes do mundo contra vetores. Os fitoinseticidas
podem agir como larvicidas, ovicidas, inibidores do crescimento, desreguladores do
desenvolvimento, repelentes, atraentes e estimulantes de oviposi¢céo (COELHO et al., 2009;
KABIR et al., 2013).

Os inseticidas naturais muitas vezes ndo tém qualquer efeito sobre as popul agdes n&o-

alvo e séo biodegradaveis, aém de serem localmente disponiveis em muitas partes do mundo,
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inclusive as mais afetadas por doencas transmitidas por mosquitos. Uma estratégia viavel para
a reducéo das populacbes de insetos é 0 uso de extratos de plantas, associado a outros
métodos de controle, uma vez que sistemas auto-sustentaveis de producdo requerem
metodologias menos agressivas que, preferenciamente, sgjam parte do agroecossistema e,
assim, mais duradouras (CAVALCANTE et al., 2006; GERIS et al., 2012).

Extrato hexanico de Myroxylon balsamum (6leo vermelho) foi eficiente contra o
terceiro estagio larval de A. aegypti (SIMAS et al., 2004). Extratos metandlicos de folhas,
cascas, aburno e cerne da criptoméria (Cryptomeria japonica) foram também analisados
contra o quarto estagio larval (L4) de A. aegypti e A. albopictus. Os resultados dos testes
larvicidas demonstraram que a fracdo n-hexano do extrato metandlico do alburno teve um
excelente efeito inibitorio, provocando 100% de mortalidade das larvas em 24 h, numa
concentracdo de 400 pg/mL, diferentemente dos extratos que foram obtidos das outras partes
da planta (CHENG et al., 2008). Extratos brutos etandlicos de cascas do tingui (Magonia
pubescens) mostraram atividade larvicida para A. aegypti e A. albopictus (SILVA et al.,
2004). Estudos recentes tém apontado o tingui como uma fonte natural de agente larvicida por
causa da presenca de atividades larvicidas em extratos e fragdes ricas em saponinas de varios
tecidos dessa planta, tais como frutos, raizes, cascas e folhas (WIESMAN & CHAPAGAIN,
2003; CHAPAGAIN, 2006). Extratos etandlicos obtidos de frutos e folhas de Media
azedarach tém mostrado efeitos larvicida e deterrente contra A. aegypti (WANDSCHEER et
al., 2004; CORIA et al., 2008).

Oleos essenciais também tém sido bastante utilizados como larvicidas, devido a sua
natureza lipofilica, que interfere diretamente nas fungdes do metabolismo bésico, bioquimico,
fisiologico e comportamental dos insetos (NISHIMURA, 2001). Por exemplo, os 6leos
essenciais de Thymus vulgaris, Saturgja hortensis e Thymus satureioide mostraram ser

eficazes sobre a mortalidade larval de Culex quinguefasciatus, com valores de CLso menores
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que 50 g/ml (PAVELA, 2009); oleo essencia extraido de flores de Dendropanax mor bifera,
com efeito toxico sobre quarto estagio larval de A. aegypti, apresentou CLsp de 62,32 ppm
(CHUNG et al., 2009) enquanto que o 0Oleo derivado da inflorescéncia de Piper marginatum
exibiu uma potente acdo larvicida em pequenas concentracdes sobre estagio L4 de A. aegypti
num valor de CLspde 20 ppm (AUTRAN et al., 2009).

L ectinas — proteinas que se ligam a carboidratos — isoladas de entrecasca, cerne e folha
de Myracrodruon urundeuva apresentaram também atividade larvicida sobre larvas de A.
aegypti no quarto estagio (L4) (SA et al., 2009; NAPOLEAO et al., 2012). A lectina isolada
de sementes de M. oleifera (WSMoL), a qual apresenta elevada solubilidade em &gua,
também foi larvicida contralarvas L4 de A. aegypti (COELHO et al., 2009).

Diversos compostos de origem vegetal tém sido investigados quanto a atividade
ovicida sobre A. aegypti. Tem sido demonstrado que extratos organicos e 6leos essenciais
foram capazes de impedir a eclosdo dos ovos (GOVINDARAJAN, 2011; GOVINDARAJAN
& KARUPPANNAN, 2011; WARIKOO et al., 2011). Extratos de sementes e folhas de
Delonix elata e 6leo essencia de Cananga odorata apresentaram atividade ovicida contra A.
aegypti (MARIMUTHU et al., 2012; PHASOMKUSOLSIL et al., 2012).

As plantas podem ser também fontes de substancias repelentes de mosquitos.
Repelentes de oviposicdo sdo bastante estudados visando eliminar potenciais sitios de
oviposigdo bem como afastar fémeas grévidas de hospedeiros humanos. Oleos essenciais
repelem as fémeas principalmente devido a presenca de monoterpenos e sesquiterpenos em
sua composicdo (AUTRAN et al., 2009; NERIO et al., 2010).

Compostos que promovam aumento da taxa de oviposicéo de A. aegypti também tém
sido procurados, desde que sua propriedade atrativa pode ser utilizada em armadilhas para
captura de ovos (ovitrampas) juntamente com agentes larvicidas. Metabdlitos secundarios

produzidos pelo fungo Trichoderma viride e infusdes obtidas apos fermentagdo de materiais
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organicos, tais como feno de capim, folhas, bambu senescente e ragdes de animais, mostraram
agir como estimulantes de oviposicdo para fémeas gravidas dos génerois Aedes e Culex
(LAMPMAN & NOVAK, 1996; RITCHIE, 2001; PONNUSAMY et al., 2010; SANTOS et

al., 2010).

2.3.2 Armadilhas para monitoramento e controle de A. aegypti

As armadilhas para controle e monitoramento de insetos consistem, geramente, de
combinacbes de atrativos aos quais os insetos respondem. Diferentes espécies ndo séo
igualmente atraidas pelos mesmos estimulos (LEHTONEN & PAHLONEN, 2004). Os
atrativos podem ser de natureza quimica (como os feromonios sintéticos ou naturais e 0s
aleloguimicos), fisica (como a transparéncia da agua, luminosidade e temperatura) ou
biol6gica, como a utilizacdo de iscas animais e humanas (BARBOSA et al., 2007). Segundo
Vargas (2002), tais armadilhas podem ser utilizadas para capturar ovos (ovitrampas), larvas
(larvitrampas) e adultos (armadilhas adesivas, luminosas e iscas).

Diferentes tipos de armadilhas sdo utilizados em ensaios para estudar o
comportamento de insetos, monitoramento de densidade e controle populacional. Iscas
humanas ja foram utilizadas e consideradas como o melhor método de captura de mosquitos.
Porém, quando um sujeito vivo é utilizado como isca, ha o iminente risco de contrair uma
doenca. Sendo assim, amadilhas com atraentes especificos proporcionam um
acompanhamento mais seguro e consistente (FAVARO et al., 2008; GAMA et al., 2007).

As ovitrampas sdo descritas usualmente como recipientes de cor escura, que podem
ser preeenchidas por dgua ou outro liquido e possuem, no seu interior, uma paheta de madeira
gue serve como suporte de postura dos ovos (Figura 7A). S&o as armadilhas mais utilizadas

pela Vigilancia Sanité&ria em atividades de monitoramento de populagdes do vetor, e
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substéncias atrativas para as fémeas gravidas ou inseticidas reguladores de crescimento
podem ser adicionadas a esses recipientes. Também podem ser utilizadas substancias
repelentes em reservatorios de agua armazenados para prevenir a reproducéo dos mosquitos
em areas domésticas; entretanto € necessaria a implementacéo do uso por toda a comunidade
para prevencdo de doencgas transmitidas por Aedes (LENHART et al., 2005; GAMA et al.,

2007).

€ Suportep theck: ovipusigiosintétinn]
0 Aivedes [arasate de svpasicaosintitico

Figura2 - Ammadilha (MosquiTRAP) versao 2.0 utilizada nos experimentos em diferentes regioes brasileiras

Figura 7. Armadilhas de monitoramento: (A) ovitrampa e (B) Mosquitrap

Fonte: (A) Foto: Santos, N.D.L; (B) Resende et al., 2010.

A MosquiTRAP™ (Versdo 1.0, Ecovec Ltda) é uma armadilha adesiva descrita por
Eiras (2002), a qual foi desenvolvida baseando-se no comportamento de fémeas grévidas de
A. aegypti quando elas exploram os sitios de reproducdo. Ela consiste de um cilindro pléstico
preto de 1 L preenchido com &gua, um atraente de oviposicdo e um cartdo adesivo. Essa
armadilha pode explorar tanto estimulos visuais (cor preta) quanto olfativos (compostos
volateis) para atrair as fémeas gravidas. Quando as fémeas entram na armadilha e pousam nas
paredes da Mosqui TRAP, elas aderem ao cartéo adesivo. Em testes de |aboratério e de campo,

essa armadilha se mostrou efetiva e de baixo custo, 0 que a torna vidvel para operagcdes em
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larga escala. A Mosqui TRAP também permite a identificacdo de vetores durante inspegdes de

campo (GAMA et al., 2007).

2.4. Lectinas

As lectinas s80 uma classe de proteinas ou glicoproteinas estruturalmente diversas e
gue contém pelo menos um dominio de ligagdo a carboidratos, tais como monossacarideos e
oligossacarideos, aos quais se ligam com alta especificidade e de formareversivel (CORREIA
et al., 2008). Apresentam uma ampla distribuicdo na natureza (RATANAPO et a., 2001) e
em plantas, as lectinas tém sido isoladas de sementes (SANTOS et al., 2009), folhas
(NAPOLEAO et al., 2012), flores (ITO, 1986), frutos (THAKUR et al., 2007), entrecascas
(NASCIMENTO et al., 2008), rizomas (ALBUQUERQUE et al., 2012), cerne (SA et al.,
2009) e raizes (WANG & NG, 2006).

A deteccdo de lectinas em materia biologico iniciase a partir de ensaios de
hemaglutinacdo (Figura 8A), na qua estas proteinas interagem com os carboidratos da
superficie celular do eritrocito por meio dos seus sitios de ligacdo, formando ligacOes
cruzadas entre as células (SANTOS et al., 2005). O ensaio da atividade hemaglutinante (AH)
€ comumente realizado pela técnica de dilui¢bes seriadas da amostra contendo lectina e
posterior incubacdo com eritrocitos (SANTOS et al., 2005). A presenca de uma lectina na
amostra, como agente aglutinante é confirmada através dos ensaios de inibi¢do da AH (Figura
8B) com uma solucdo de carboidrato ou glicoproteina livre em solugdo (TRINDADE et al.,
2006). A deteccdo, identificacdo e quantificagdo de lectinas também podem ser realizadas
através de andlise protedmica e de sequenciamento por espectrometria de massas para futuras

aplicagdes em processos bioquimicos, imunol dgicos e toxicol dgicos (NASI et al., 2009).
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Na purificagdo de lectinas estdo envolvidas técnicas comuns a protocolos de
isolamento de proteinas. A etapainicial do isolamento consiste de preparactes de extratos em
agua destilada (SANTOS et al., 2005), sdina (KONOZY et al., 2003) ou em tampdes

(OLIVEIRA et al., 2002).
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Figura 8. Representacdo da atividade hemaglutinante de lectinas (A) e inibicéo da

aglutinagdo por carboidratos livres em solucéo (B).

Fonte: Paivaet al. (2010).

A purificagdo parcial de lectinas através de fracionamento salino utilizando o sulfato
de amdnio tornou-se um dos procedimentos mais utilizados, pois as proteinas possuem muitos
grupos carregados e por isso, a sua solubilidade depende da concentracéo dos sais dissolvidos
(PAIVA et al., 2011); a solubilidade aumenta com o acréscimo de sais (salting in) e volta a
decrescer a medida que mais sal é adicionado aém do limiar de saturagdo (salting out).

Apés o fracionamento salino, as lectinas s&o normalmente submetidas a processos de
didlise em membranas semipermeaveis, seguida de processos cromatogréficos, tais como
troca ionica (LAM & NG, 2008), gel filtracdo ou exclusdo molecular (REGO et al., 2002;
JUNG et al., 2007; POHLEVEN et al., 2009) e de afinidade (TATENO et al., 2003;

SANTANA et al., 2008).
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A caracterizac@o é realizada por meio da determinacdo de diferentes propriedades
fisico-quimicas da lectina e envolve métodos diversos como inibicdo da AH por carboidratos
e/ou glicoconjugados (YANG et al., 2007), avaliacdo da AH com eritrocitos de diferentes
espécies de animais (por exemplo: coelho, galinha, sistema sanguineo humano A, B, AB e O),
em presenca de ions e em diferentes valores de pH e temperatura (SANTOS et al., 2009).
Técnicas eetroforéticas, mono ou bidimensional, séo eficientes para definir a natureza da
carga liquida da proteina e o peso molecular das subunidades, bem como paraavaliar a pureza

da preparacéo obtida (NASI et al., 2009).

2.4.1 Aplicacdes biotecnol 6gicas e atividades bioldgicas

A especifica interacdo das lectinas com glicoconjugados em solucéo ou na superficie
celular dota estas moléculas de diversas atividades bioldgicas e as tornam ferramentas
valiosas em diferentes aplicactes biotecnol 6gicas (CORREIA et al., 2008). Lectinas possuem
vérias atividades incluindo antimicrobiana, antitumoral, reconhecimento de carboidratos ou
glicoconjugados presentes na superficie das células de diferentes animais, como também agéo
inseticida (PAIVA et al., 2011a).

Lectinas purificadas podem ser utilizadas para diversos fins. Podem ser utilizadas em
estudos citoquimicos e histoquimicos para deteccéo de residuos glicosilados em superficies
teciduais de humanos e animais (PEDINI et al., 2002), como moléculas de reconhecimento
para diferenciacdo de tumores malignos e benignos (GORELIK et al., 2001), como moléculas
bioadesivas no enderecamento de drogas (BIES et al., 2004), inducéo de apoptose celular
(LIU et al., 2009) e isolamento de glicoconjugados quando imobilizados em suportes
insoluveis (FRANCO-FRAGUAS et al.,, 2003; BANERJEE et al., 2004). Assim, séo

proteinas amplamente versateis.
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As lectinas de plantas tém sido escolhidas para estudos das bases moleculares nos
eventos de reconhecimento dos processos de infecgbes virais, bacterianas, fungicas e
parasiticas, enderecamento de células e componentes sollveis; fertilizacdo, metastases,
crescimento e diferenciacéo celular (LORIS et al., 1998; KEYAERTS et al., 2007). Algumas
lectinas de plantas estimulam o sistema imune por ativagdo ndo especifica de células T ou
atuam influenciando a divisdo celular. As lectinas também sdo usadas em procedimentos de
diagnostico e estudos das fungbes do sistema imune, tais como inducdo de linfécitos,
producdo e proliferacdo de interferons e citocinas, asma e inflamagdo e outros efeitos

imunoestimulatérios (CARLINI & GROSSI-DE-SA, 2002; STAUDER & KREUSER, 2002).

2.4.1.1 Lectinas com atividade inseticida

Tem sido descrita a atividade inseticida de lectinas de plantas contra diversas espécies
de insetos de diferentes ordens, tais como Coleoptera, Diptera, Homoptera, Lepidoptera e
Isoptera. O mecanismo de acdo inseticida das lectinas de plantas ndo estd completamente
elucidado. Tem sido sugerido que a resisténcia a degradacdo por proteases e a ligagdo a
glicoconjugados da superficie de células epiteliais do intestino do inseto sgjam dois pré-
requisitos basicos para as lectinas exercerem seus efeitos deletérios, interferindo nas funcfes
digestivas, protetoras ou secretorias do intestino. Tem sido demonstrado que algumas lectinas
ligam-se as vilosidades do epitélio intestina dos insetos, promovendo uma disfuncéo das
células epiteliais, responsaveis pela assimilagdo de nutrientes para as células e absor¢do de
substancias potenciadmente perigosas. Outro efeito descrito é a desestabilizacdo do
metabolismo do inseto devido a interferéncia das lectinas nas fungBes enziméticas pela
ligac@o as porcdes glicosiladas das enzimas digestivas dos insetos. Lectinas ligadoras de

quitina tém sido estudadas como agentes inseticidas, e essa atividade tem sido atribuida a
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ligacdo destas proteinas a matriz peritrofica, perturbando sua sintese e integridade e af etando,
entdo, indiretamente 0 mecanismo regulatério das enzimas (PAIVA et al., 2011a, 2012).

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 de adultos e ainda foram resistentes as enzimas digestivas destes
insetos (FREITAS et al., 2011). As lectinas isoladas da entrecasca (MuBL), cerne (MuHL) e
folha (MuLL) de M. urundeuva, do liguen Cladonia verticillaris (ClavelLL), das raizes
secundarias de Bauhinia monandra (BmoRoL ), de cladddios de Opuntia ficus-indica (OfiL) e
da entrecasca de Crataeva tapia (CrataBL) apresentaram atividade inseticida contra operarios
e soldados de Nasutitermes corniger (SA et al., 2008; SILVA et al., 2009; NAPOLEAO et
al., 2011; PAIVA et al., 2011b; SOUZA et al., 2011; ARAUJO et al., 2012).

Extratos salinos, frages proteicas e lectinas purificadas do cerne (MuHL), da casca
(MuBL) e da folha (MuLL) de M. urundeuva promoveram a mortalidade do quarto estagio
larval de Aedes aegypti (SA et al., 2009; NAPOLEAO et al., 2012). MuLL foi resistente a
degradac&o por proteases intestinais e apresentou efeito inibitorio sobre a atividade de tripsina

e estimulatorio sobre a-amilase larvais (NAPOLEAO et al., 2012).

2.4.1.2 Efeitosdairradiacdo gama em lectinas

As radiages sdo ondas eletromagnéticas ou particulas que se propagam com uma
determinada velocidade, contendo energia, carga elétrica e magnética. Podem ser geradas por
fontes naturais ou por dispositivos construidos pelo homem. Possuem energia variavel desde
valores pequenos até muito elevados. Os raios gama podem ser originados de fontes

radioativas naturais e artificiais, bem como de reagoes nucleares, tendo ampla aplicacéo nas
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ciéncias. A radiacdo gama, com mais energia do que os raios-X, € originada a partir de fontes
de isdtopos radioativos, como 0 césio-137 ou cobalto-60, e é reconhecida pela Organizacdo
Mundia de Salide como uma técnica de conservacdo de alimentos que melhora a seguranca
alimentar sem alterar a qualidade toxicol 6gica, biologica ou nutricional dos alimentos (OMS,
1981). O codigo legidativo recomenda e autoriza diferentes tipos de radiacdo em doses de
Kilogray (kGy, joule por kilograma). A irradiacdo gama promove seguranca, eficiéncia e €
utilizada para desinfeccdo, esterilizacdo ou reducdo de microrganismos, como também
aumento de meia vida dos aimentos (SOMMERS, 2004).

As radiacfes ionizantes do tipo gama causam mudancas na funcéo e integridade de
biomoléculas, incluindo proteinas, por dois meios distintos: primeiro pela interacdo direta
com as proteinas e segundo pela formacédo de produtos a partir de radiolises da agua. Dentre
as modificacfes causadas em proteinas pela irradiacdo em solucdo agquosa e em presenca de
oxigénio, pode-se citar: carbonilagdo, oxidacdo de cadeias laterais dos residuos de
aminoécidos, cisdo, fragmentacdo, formacdo de dimeros de tirosina, desenovelamento e
ligagdo cruzada com formagdo de agregados moleculares (LEE & SONG, 2002,
ZBIKOWSKA et al., 2006).

A irradiacéo de lectinas de plantas em quantidades miligramas tem sido utilizada como
um método aternativo de reducéo ou eliminacdo de alergenicidade de aimentos (VAZ et al.,
2013). A lectina isolada da casca de Sebastiania jacobinensis (SejaBL ), apresentou alteragctes
estruturais apos irradiacdo gama, e ensaios de hemaglutinagdo mostraram que a lectina foi
estimulada pela radiagdo em baixas doses (0,1 kGy), enquanto que altas doses, acima de 1
kGy, ocorreu perda significativade atividade (VAZ et al., 2011).

Outra aplicacdo da radiacdo gama, esta relacionada a inativacdo ou fragmentacéo da
estrutura molecular de moléculas téxicas, tal como a lectina isolada do veneno de Bothrops

leucurus (BIL). A irradiagdo causou o desenovelamento seguido de agregacdo da lectina,
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provenientes de mudangas estruturais da proteina, resultando na perda de sua propriedade de

ligacdo a carboidratos e agéo citotoxica (NUNES et al., 2012).

2.5 A espécie Moringa oleifera

A familia Moringaceae possui um Unico género denominado Moringa, constituido
apenas por quatorze espécies, incluindo a Moringa oleifera. A moringa é uma planta tropical,
perene, de porte arboreo, entre 7 e 12 m de atura e origindria do continente asiético, no
noroeste da india. Com baixo custo de producéo, foi introduzida no Brasil para ornamentag&o
e arborizacdo de ruas e pragas, sendo conhecida popularmente como lirio branco, quiabo-de-
quina ou simplesmente moringa (MATOS, 2002; MARACAJA et al., 2010). E muito
cultivada devido a adaptacdo a regides de secas prolongadas, sobrevivendo a grandes periodos
em solos pobres e com baixo teor de umidade (MCCONNACHIE et al., 1999; SOUSA,
2001).

Muitas propriedades tém sido identificadas em diferentes partes de Moringa oleifera
(Figura 9): as folhas, frutos verdes, flores e sementes possuem vaor alimentar devido a
presenca de quantidades representativas de célcio, ferro, proteinas e também podem ser
utilizadas como suplemento alimentar por apresentarem potassio, vitaminas do complexo B e
cobre. As sementes de moringa apresentam compostos bioativos com acdo coagulante, e essa
propriedade est4 rel acionada a presenca de diferentes proteinas coagul antes que participam do
processo de tratamento da agua, através da remocgdo da turbidez, tornando-a propria para

consumo humano (JOLY, 1998; OKUDA et al., 2001; SANTOS et al., 2009).
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Figura 9. Moringa oleifera. (A) Aspecto geral. (B) Flores. (C) Folhas. (D) Sementes.

Fonte: (A) http://www.kgm.com.br/blog.php?post=189 (B) http://www.tumblr.com/tagged/moringa%?20oleifera
(C) http://naturezadivina.org.br/comunidade/wp-content/upl 0ads/2010/11/3048469273 8581aldf61.jpg

(D) Foto: Nataly D.L. Santos (2008)

2.5.1 Lectinas de sementesde Moringa oleifera

Trés lectinas foram identificadas em sementes de M. oleifera sendo denominadas MoL
(do inglés M. oleifera lectin), cMoL (do inglés coagulant M. oleifera lectin) e WSMoL (do
inglés water-soluble M. oleifera lectin). MoL é uma lectina catibnica formada por
subunidades de 7,1 kDa que foi isolada por cromatografias em DEAE-Celulose e CM-
Sephadex (KATRE et al., 2008). A lectina cMoL, também de natureza cationica (Pl tedrico:

11,97), é uma proteina composta por 101 residuos de aminoacidos e estrutura o/f que
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apresentou atividade coagulante em modelo de agua turva com caolin (SANTOS et al., 2009;
LUZ et al., 2013). As lectinas cMoL e WSMoL apresentam caracteristicas estruturais
diferentes, como especificidade aos monossacarideos, peso molecular e carga elétrica
(SANTOS et al., 2009; ROLIM et al., 2011; PAIVA et al., 2011). Ambas, sdo lectinas
ligadoras de quitina com atividade inseticida (COELHO et al., 2009; OLIVEIRA et al.,
2011).

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 ndo apresentou efeitos
mutagénico nem promoveu gquebras na molécula de DNA nas concentracdes de 0,0125 a 0,8
ug/ml, indicando a seguranca de seu uso para tratar agua para consumo humano (ROLIM et
al., 2011). WSMoL possui efeito larvicida (LCso de 0,197mg/mL) sobre o quarto estagio (L4)

de A. Aegypti (COELHO et al., 2009).
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3. OBJETIVOS

3.1. Objetivo Geral

v Investigar os efeitos de WSMoL quanto aos efeitos sobre as taxas de oviposicéo e
eclosdo de ovos de A. aegypti, a eficacia como agente atraente para uso em armadilha
de captura de fémeas e a alteracbes em suas propriedades em resposta a irradiacéo

gama.

3.2. Especificos

v Purificar WSMoL de acordo com procedimento previamente estabel ecido.

v' Determinar o efeito de preparacbes contendo WSMoL (extracdo, fracdo e lectina
isolada) sobre a oviposi¢do de fémeas de A. aegypti em condicdes de laboratorio.

v' Analisar WSMoL quanto a presenca de compostos voléteis através de cromatografia
de fase gasosa acoplada a espectrometria de massas (GC-MS).

v Determinar o efeito de preparaces contendo WSMoL na taxa de eclosdo de ovos
frescos de A. aegypti provenientes do ensaio de oviposi¢aéo em laboratério.

v' Avdiar a atividade ovicida de preparacbes contendo WSMoL, determinando os
valores de ECs, (concentracdo efetiva de proteinas necessaria para reduzir em 50% o
numero de ovos eclodidos de A. aegypti).

v Investigar o efeito de WSMoL sobre o desenvolvimento e sobrevivéncia de embrides
de A. aegypti em ovos frescos e estocados que n&o eclodiram.

v Avaliar o efeito de WSMoL sobre a oviposi¢do de fémeas de A. aegypti em condicles

de campo simulado utilizando ovitrampas.
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v Investigar a eficacia de WSMoL em aumentar a taxa de captura de fémeas por meio de
armadilha adesiva (MosquiTRAP™).

v' Determinar a volatilidade de WSMoL utilizando olfatdbmetro horizontal de dupla
escolha

v Avdiar a persisténcia do efeito de WSMoL sobre a oviposicdo em condigdes de
campo simulado.

v' Submeter WSMoL airradiacgo gamacom **’Cs em doses de 10 mGy e 10 Gy.

v Caracterizar WSMoL irradiada ou ndo irradiada quanto ao perfil em cromatografia de
exclusdo molecular.

v Investigar WSMoL irradiada quanto a atividade hemaglutinante, larvicida, ovicida e

estimul ante de oviposi¢éo sobre A. aegypti.
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Abstract

Background: Natural insecticides against the vector mosquito Aedes aegypti have been the object of research due to their
high level of eco-safety. The water-soluble Moringa cleifera lectin (WSMol) is a larvicidal agent against A. aegypti. This work
reports the effects of WSMoL on oviposition and egg hatching of A. aegypti.

Methodology/Principal Findings: WSMolL crude preparations (seed extract and 0-60 protein fraction), at 0.1 mg/mL
protein concentration, did not affect oviposition, while A. aegypti gravid females laid their eggs preferentially (73%) in
vessels containing isolated WSMoL (0.1 mg/mL), compared with vessels containing only distilled water (control). Volatile
compounds were not detected in WSMol preparation. The hatchability of fresh eggs deposited in the solutions in the
oviposition assay was evaluated. The numbers of hatched larvae in seed extract, 0-60 protein fraction and WSMoL were
45+8.7 %, 20+11 % and 55+7.5 %, respectively, significantly (p<<0.05) lower than in controls containing only distilled water
(75-95%). Embryos were visualized inside fresh control eggs, but not within eggs that were laid and maintained in WSMolL
solution. Ovicidal activity was also assessed using stored A. aegypti eggs. The protein concentrations able to reduce the
hatching rate by 50% (EC50) were 032, 0.16 and 0.1 mg/mL for seed extract, 0-60 protein fraction and WSMolL, respectively.
The absence of hatching of stored eggs treated with WSMol at 0.3 mg/mL (EC99) after transfer to medium without lectin
indicates that embryos within the eggs were killed by WSMoL. The reduction in hatching rate of A. aegypti was not linked to
decrease in bacteria population.

Conclusions/Significance: WSMol acted both as a chemical stimulant cue for ovipositing females and ovicidal agent at a
given concentration. The oviposition-stimulant and ovicidal activities, combined with the previously reported larvicidal
activity, make WSMol a very interesting candidate in integrated A. aegypti control.
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Introduction lead to mosquito resistance, compromising the effectiveness of
control strategies [6]. It was also demonstrated that the presence
of residual herbicides in ecosystems can reduce the sensitiveness
of mosquito larvae to insecticides [7]. Due to their biodegrad-
ability, insecticides extracted from plants have been considered
environmentally friendly substitutes for synthetic insecticides [8].

Plant extracts, secondary metabolites, essential oils and lectins

Aedes asgypti Linnacus is a domestic, daytime moscquito that
breeds preferably in water storage containers, discarded plastic
vials, and automobile tyres [1]. This mosquito has great
importance in tropical and subtropical counmies, since it is the
vector of yellow and dengue fevers. Currently, dengue is the
vector-borne disease that spreads most rapidly worldwide, with
over two-fifths of the world’s population at risk of infection [2,3].
The absence of an effective vaccine makes the control of vector
population the only way to minimize dengue spreading.

Worldwide, synthetic chemicals, mainly pyrethroids, carba-
mates and organophosphates are used to control adults, larvae,
pupac and eggs of A. aegypti. These compounds pose high
environmental risks, due to adverse effects on human and non-
target organisms [4.5]. In addition, their widespread usage has

(carbohydrate-binding and hemagglutinating proteins) have been
shown to exert deleterious effect on A. aggypti, delaying develop-
ment, impairing growth and digestive enzyme activities, reducing
cgg hatching and larval survival, as well as deterring feeding and
oviposition activities [9-15]. The deleterious effects of lectins on
insects have been associated with interaction of lectin with A=
acetylglucosamine residues of chitin, a structural component n
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insects being found in peritrophic matrices, epidermal cuticles and
tracheas [16].

Oviposition  behavior of mosquitoes s a useful ol in
determining female preference for oviposition sites. The accep-
tance or rejection by gravid females of a site for oviposition can be
related to chemosensory cues (semiochemicals) which the insects
detect through specialized cuticular swuctures, sensilla and
chemosensory neurons in antennae, mouthparts, wing margins
and legs [17]. Olfactory sensilla detect airborne volatiles, while
gustatory sensilla respond to the treatment with chemicals of low-
volatility [17].

Ovipaosition repellents have been the object of research designed
to discover ways to eliminate oviposition sites and ward off A.
aggypti gravid females from human hosts. Monoterpenes and
sesquiterpencs present in essential oils act as repellant to females
[18,19]. Compowunds that elicit increased A. aggypti oviposition
have also been searched, an attractive property that may be used
in ovitraps in combination with larvicidal agents [20]. Secondary
metabolites produced by fungus Trichederma wiride and infusions
obtained by fermentation of organic materials (e.g. sod, hay, grass,
leaves, senescent bamboo and pelletized plant-based animal feeds)
were shown to act as oviposidon stimulants to gravid Aedes and
Culex mosquitoes [21-24].

A. acgypti eggs arc the main dispersion form of mosquito. Eggs
resist dry conditions and manage to survive for many months or
years in adverse environments [25]. They also afford these insects
to rapidly reconstitute populations, even if the other stages have
been eliminated by control measures. Thus, it is important to
search for insecticides that act also against this developmental
stage of the mosquito. Different plant species have been
mvestigated for ovicidal activity on A. aegyphr. Organic solvent
extracts, as well as essential oils have been found to mmpair egg
hatching [14,26,27].

Moringa oleifera Lamarck is a tree widely cultivated throughout
the tropics and subtropics. In developing countries, its seeds are
used to teat water for human consumpton. Its seeds alo
contain a water-soluble lectin (WSMoL), which showed similarity
with M02.1 and MO02.2 (identification number gi|127215)
proteins [Y9]. Using cell-free plasmid DNA and  Salmonella
typhimurium assays, a smdy on genotoxicity of WSMoL demon-
strated that the lectin was non-mutagenic, indicating its safety for
use in water treatment [28]. This lectin also acted as coagulant
and antibacterial against Staphylococcus aurens, and effectively
reduced lake water bacteria growth [29]. WSMolL. exerted
larvicidal actvity (LCs, of 0.197 mg/ml) against A. aegypti
fourth-stage larvac. The larvae teated with WSMoL lost the
underlying epithelium, and showed increased gut lumen and
hypertrophic segments [9]. Due to the high solubility in water
and larvicidal activity against A. aegypts, WSMol. may become a
potential candidate in A. aegypti control.

This work evalnated the effects of crude preparations (seed
extract and (60 protein fraction) containing WSMoL and
isolated lectin on A. aegypti oviposition. The hatchability of the
freshly laid eggs obtained from the oviposition assay as well as of
stored eggs was assessed, The presence of volatiles in WSMoL
solution and the possibility that the effect of WSMoL on hatching
involved embryo death and reduction of bacteria population in
incubation medium were investigated. In addition, fresh and
stored eggs from control and WSMoL treatments were examined
on a stereomicroscope.
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Methods

Breeding and rearing of A. aegypti in laboratory

The mosquitoes and eggs used were obtained from the colony
(Rockfeller strain) maintained at the Laboratine de Erologia Quimica
of the Unwersidade Federal de Pernambuco (Recife, Brazil) since 2003,
The insectary room was kept at 27+1°C, 78%2% relative
humidity and 14:10 (light/dark) photoperiod. The larvae were
reared in plastic bowls containing water and cat food (Whiskas®).
Adult mosquitoes were reared in cages (30x30x30 cm) covered
with a fine mesh cloth and fed a 10% glucose solution. Females
took blood meal from chicken blood acquired from local farms
and dispensed from a common artificial feeder. The eges laid by
females were collected and used to restart the cycle for maintaining
the colony or used to assess ovicidal activity.

Crude preparations of WSMolL

M. oleifra (Family Moringaceae) has the vernacular names
“moringa” in Portmiguese, “arbol del ben™ in Spanish, and
horseradish tree or drumstick in English, Seeds were collected
from 10-15-year-old trecs in Recife City, State of Pernambuco,
northeastern Brazil, and stored at —20°C. Voucher specimen
(number 73,345) is archived at the herbarium Dardano de
Andrade Lima (Instituto Agrondmico de Pernambuco, Recife,
Brazil).

Crude preparations of WSMoL were obtained according to
Coelho et al. [9]. Seeds were milled to a fine powder and
homogenized (10 g) with distilled water (100 mL) using a magnetic
stirrer for 16 h at 4°C. After filtraton through gauze and
centrifugation (9,000 g, 15 min, 4°C), the clear supernatant (seed
extract) was submitted to protein precipitation using ammonium
sulphate at saturation of 60% according to Green and Hughes
[30]. The 0-60 precipitate collected after centrifugation (9,000 g,
15 min, 4°Cj was dialyzed (3.5 kDa cut-off membrane) against
distilled water (4 h) for use in bioassays and additionally with
0.15 M NaCl (4 h) for use in chromatography step. The dialysed
fraction corresponded to the 0-60 protein fraction. The presence
of residual ammonium sulphate in the 0-60 protein fraction was
evaluated adding 50 pL of this sample to 0.5 mL of a 10 mg/mL
barium chloride solution acidified to pH 4.0 with 1.0 M HCL The
formation of precipitates indicates that there is ammonium
sulphate in sample [31].

Isolation of WSMoL

WSMoL was isolated according to the procedure described by
Coelho et al. [9]. The 0-60 protein fraction was loaded (40 mg of’
proteins) onto a chitin column (7.5 x 1.5 cm) equilibrated (0.3 mL/
min flow rate) with 0.15 M NaCl, a salt concentration which does
not interfere on . aggypti oviposition [32]. After washing with the
equilibrating solution, WSMoL was recovered by elution with
1.0 M acetic acid and dialysed (3.5 kDa cut-off membrane) against
distilled water (4 h) at 4°C for cluent elimination. The presence of
residual sodimm chloride in WSMoL. was evaluated according to
the classic Mohrs method for determinadon of chloride by
precipitation titration with silver nitrate. The detection limit of the
method was 5x10 " M.

Protein and carbohydrate contents

The protein concentration was determined according to Lowry
et al. [33] using bovine scrum albumin (31.25-500 pg/mL) as
standard. Carbohydrate concentration was determined according
to Dubois et al. [34] using mannose (10-500 pug/mlL) as standard.
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Hemagglutinating activity

Hemagglutinating activity of seed extract, (-60 protein fraction
and erythrocytes treated with glutaraldehyde [36]. One hemag-
glutination unit (titer) was defined as the reciprocal of the highest
dilution of the sample promoting full agglutmation of erythrocytes
[11]. Specific hemagglutinating activity (unit WSMoL was assessed
aiming to quantify and monitor lectin activity. The assay was
performed n microtiter plates (Kartell S.P.A., Italy) according to
Paiva and Coelho [35] using suspension (2.5% v/v) of rabbit /mg)
was defined as the ratio between the titer and protein concentra-
tion.

Oviposition assay

Oviposition assay was performed according to Navarro et al.
[32]. Owviposition assays were carried out using . aeggypti gravid
females 3 days after blood meal. Twenty-five females were placed
in a bioassay cage (33x21x30 cm) containing two glass vessels
(10 em diameter), each containing 50 mL of distilled water and
placed at diagonally opposite corners of the cage. Aliquot (1 mL,
5.1 mg/mL of protein) of seed extract, 0—60 protein fraction or
WSMoL was added to a wvessel, resulting in a final protein
concentration of 0.1 mg/ml.. The same volume of distilled water
was added to the control vessel. A disk shaped piece of filter paper
(18 cm in diameter) folded mto a cone was placed covering the
mnside of each vessel, to provide a support for oviposition (Figure 1).
The females were maintained at 27£0.5°C with 73%0.4% relative
humidity for 14 h in the dark. After this period, eggs in oviposition
paper sheets were manually counted using a stereomicroscope
(Leica M80). The oviposition response was expressed as follows: %
oviposition = 100 [(number of eggs in sample vessel) / (number
of eggs in sample and control vessels)]. For each treamment (seed
extract, (-60 protein fraction or WSMoL), three independent
experiments were performed in quintuplicate, on different dates.

Volatiles analysis by headspace analysis

WSMoL preparation was enclosed within a glass vessel from
which the air was drawn for 30 min by a battery-operated
membrane pump (ASF Thomas) at a constant flow rate of
200 mL/min through sorbent traps containing a mixture of 0.05 g
of Tenax TA (80/100 mesh, Macherey-Nagel 706318) and 0.05 g
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of Carbopack X (20/40 mesh, Supleco 1-0435). Blanks corre-
sponded to the air drawn from empty vessel. The waps were eluted
with 150 pL acetone, which was kept under —24°C refrigeration
until analysis.

The presence of trapped volatiles was analyzed by combined
gas-chromatography-mass spectrometry (GC-MS) on a Thermo
Finnigan Voyager Mass Spectrometer coupled with a Thermo
Trace GC 2000 (Thermo Fisher Scientific) equipped with a CP-
Wax 52CB column (Varian; 30 mx0.25 mmx0.25 pm). The
sample cluted from traps (1.0 pL) was injected in the column in
splitless mode, and the temperature of the inlet was 250°C. GC
oven temperature was set at 60°C: for 3 min, increased by 2.5°C/
min to 240°C, and then held steady for 10 min. Helium carrier gas
flow was maintined at a constant pressure of 100 kPa. The MS
interface was 200°C, and mass spectra were taken at 70 ¢V in EI
mode) with a scanning speed of 0.5 scan/s from m/z 20-350.

Hatchability of fresh eggs laid on seed extract, 0-60
protein fraction and WSMolL

Aiming to determine if M. sleifira seed preparations affect
hatchability, fifty fresh eggs from each vessel from oviposition
assays (including controls) were selected considering their integrity
using a stereomicroscope and placed again in the same solutions
where they were deposited. The number of hatched larvae present
in solution was determined after 144 h of incubation at 28°C. For
cach treatment (sced extract, (-60 protein fraction or WSMoL),
three independent experiments were performed in quintuplicate
on different dates.

Ovicidal assay using stored eggs

Ovicidal assay was performed according to Prajapat et al. [37].
A. aegypt eggs stored for 3 months at 28°C were selected
considering their integrity using a stereomicroscope. Seed extract
was diluted in filtered tap water to provide test solutions with
protein concentrations of (.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, and
1.0 mg/mL. The same procedure was performed to provide test
solutions of 0-60 protein fraction (0.1, 0.2, 0.3, 0.4, 0.5, and
0.6 mg/mL of protein) and purified WSMoL (0.03, 0.05, 0.08,
0.1, 0.13, and 0.15 mg/mL). The final volume of ecach ovicidal
assay was 20 mL of test solution and contained 5060 cggs.

Figure 1. Top view of glass vessels used in oviposition assay. A filter paper cone was placed covering the inner of each vessel to provide a
support for oviposition. Next, the vessels were filled with distilled water (A, control) or WSMoL at 0.1 mg/mL in distilled water (B).

doi:10.1371/journal.pone.0044840.g001
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Controls contained distilled water, in a volume equivalent to that
of sample used to achieve each concentration, completed to 20 mL
with filtered tap water. The number of hatched larvae was
determined after 72 h of incubation at 28°C., Three independent
experiments were run in triplicate.

Aiming to evaliate whether WSMoL inhibits harching and/or
kills embryos, stored eggs submerged for 72 h in a 0.3 mg/mL
lectin solution were rinsed with distilled water and twansferred to
another vessel filled with filtered tap water. The hatching of larvae
was assessed after 24 and 48 h.

Evaluation of bacteria population in ovicidal assays

medium

Fresh and stored eggs were incubated with WSMoL at 0.1 and
0.3 mg/mL, respectively. After 144 (fresh eggs) or 72 h (stored
cggs), the media (50 pL) from treatments or controls were smeared
on petri dishes containing nutrient agar. The plates were
incubared at 37°C for 16 h. Atter, the number of bacterial colony
formmg units (CFU) was determined.

Visualization of embryos in fresh and stored eggs from
ovicidal assays

Fresh and stored eggs were incubated with WSMoL at (.1 and
0.3 mg/mL, respectively. After 144 h (fresh) or 72 h (stored), the
eges were placed in solution of 5% sodium hypochlorite until all
the chorion had dissolved, leaving the vitelline membrane intact
[38]. The eggs were then rinsed with distilled water to prevent
complete dissolution by sodinm hypoclorite and visualized in a
Leica KL300 stercomicroscope (Leica Microsystems, Wetzlar,
Germany). Fresh eggs incubated with water and stored eggs not
incubated with any solution were also observed.

Statistical analysis

Standard deviations (s.d.) 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. Signfficant differences between treatment groups were
analysed by Student’s #-test (significance at p<<0.05) using Origin
6.0 program. The cffective concentrations required to reduce the
hatching of A. aegypti eggs by 50% and 99% (EC;, and ECyq) in
72 h were calculated by probit analysis with a reliability interval of
95% (degrees of freedom of §, 4 and 4 for tests with seed extract,
0-60 protein fraction and WSMol, respectively) using the
computer software IBM SPSS Statistics (IBM Corporation, New
York, USA).

Results

In seed extract, protein concentration was 4.1 mg/mlL and
specific hemagglutinating activity was 15, In 0-60 protein fraction,
protein concentration was 21.0 mg/mL and specific hemaggluti-
nating activity was 97. No precipitate formation was observed after
addition of 060 protein fraction to acidified barium chloride
solution, revealing that no residual ammonium sulphate remained
in the sample. WSMoL. was isolated by chitin chromatography
and was the most hemagglutinating preparation (specific hemag-
glutinating activity of 2,915). The results from Mohr’s method did
not reveal the presence of chloride ions in solution, indicating
absence of residual sodium chloride content. Carbohydrate
contents in sced extract, 0-60 protein fraction were 0.2 and
0.008 mg/mL, respectively and no detected in WSMol..

The effects of M. olefera seed preparations on A, aegypti
ovipesition are shown in Fig. 2A. The difference between the
amount of eggs deposited in seed extract and control vessels was
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not significant (p=0.05), showing that this preparation was not
able to attract or repel A. aggypti females. Similarly to the results
found for seed extract, A aegypti gravid females did not show
(p=0.05) preference or rejection for vessels containing the 0-60
protein fraction. The number of eggs laid in vessels containing
WSMolL was significanty (p=<<0.05) higher than that laid in control
vessels, showing that the lectin exerts an oviposition-stimulant
activity.

Volatile compounds were not detected in WSMoL. preparation
by dynamic headspace analysis smce chromatograms from GC-
MS did not reveal the presence of any such compound.

The effect of M. oleifera preparations on A. aegypti eggs from
oviposition assay (fresh cggs) was evaluated aiming at determining
if the hatchability of eggs laid on lectin solution would be affected.
Fig. 2B shows that hatching rates of fresh eggs from seed extract,
0-60 protein fraction and WSMoL assays at concentration of
0.1 mg/mL were 45%, 20% and 55%, respectively. Significant
reductions (p<<0.05) in hatching rate of fresh eggs were obscrved
after 144-h incubation with seed extract, 0—60 protein fraction and
WSMoL in comparison with their respective controls.

The hatching rate of stored eggs was also reduced after
treatment with seed extract, 0-60 protein fraction and WSMoL m
a dose-dependent manner (Fig. 3). The values of EC; are shown
in Table 1. When eggs submerged for 72 h in WSMoL at EC99
(0.3 mg/mL) were wansferred to medium containing only tap
water, the hatching rate was zero after 24 and 48 h. The absence
of dead larvae in WSMoL solutions at 0.03, 0.05, 0.08, 0.1, 0.13,
0.15 mg/mL and no hatching of eggs treated with WSMoL at
ECqy reflect the ovicidal, not the larvicidal activity of lectin.

The numbers of CFU from ovicidal assays using fresh and
stored eggs incubated with WSMol. were 1.4x103%£28 and
1.3x103%73 CFU/mL, respectively. Media from controls of
assays with fresh and stored eggs presented 1.5x103=135 and
1.3x103£94 CFU/mL, respectively.

The visualization on stereomicroscope of fresh eggs deposited in
distilled water (contral) or WSMoL (0.1 mg/mL) and maintained
for 72 h in these same solutions revealed the presence of embryo
head inside eggs from control treatment (Figure 4A), but the
embryo could not be visualized through the vitelline membrane
cges from WSMoL treatment (Figure 4B). Embryos were
visualized in stored eggs incubated with WSMoL. for 72 h and
from control (Figure 4C and 4D).

Discussion

The results obtained for WSMaol. isolation were similar to those
obtained by the protocol previously described by Coclho et al. [9].
The lower values of specific hemagglutinating activity in sced
extract and (-60 protein fraction, in comparison with isolated
lectin, indicate the lowest concentration of WSMol.. The
measurement of the biological activity of a protein is essential to
assure that it is active before determination of a biological activity.
In lectinology, the hemagglutinating assay is the classic tool to
assess the carbohydrate-binding property of a lectin, making sure
that it is active. Increased specific hemagghitinating activity reveals
lectin concentration and purification [39].

Ammonium sulphate precipitation is a rapid and mexpensive
method broadly used to concentrate proteins, This salt does not
affect structure and function, and can be easily removed from the
protein solution by exhaustive dialysis [9-11,30,34,40]. The
absence of precipitate species after treatment of 0-60 protein
fraction with acidified barium chloride solution proved the
absence of residual ammonium sulphate in this preparation.
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Figure 2. Effect of M. oleifera seed preparations (0.1 mg/mL of protein) on oviposition and egqg hatching of Aedes aegypti. (A) Mean of
eggs laid by A. aegypti gravid females in distilled water and M. oleifera seed preparations. The oviposition response was evaluated by double-choice
bioassays. Three distinct assays (“control vs. seed extract”, “control vs. 0-60 protein fraction” and “control vs. WSMoL") were performed separately,
each one with its respective control. The oviposition response was expressed as: % oviposition = 100x [[number of eggs in sample vessel) / (number
of eggs in sample and control vesseks)]. (B} Hatching rate (%) of eggs laid by gravid females during the oviposition assays in distilled water and M.
oleifera seed preparations. (*) indicates significant differences (p<<0.05) between control and test groups.

doi:10.1371/journal.pone.0044840.g002

The results from oviposition assays revealed that WSMolLL at
0.1 mg/mL with specific hemagglitinating of 2,915 acted as a
chemical cue for A aegypti gravid females, eliciting increased
oviposition response. The absence of oviposition-stimulant activity
m seed extract and 0-60 protein fraction was probably due to the
lowest specific hemagglutinating activity of these preparations. To
the best of our knowledge, there are no reports of oviposition
deterrent, attractive or stimulant response from mosquitoes
induced by plant lectins. The 0.1 mg/mL (or 100 ppm) concen-
tration was selected, since this value is often used in oviposition
bioassays [18.41,42].

Prabhu et al. [43] reported that methanolic extract from A
oleifera seeds (0.5, 1.0 and 2.00 mg/em?2) repelled Anopheles stephensi.
The authors observed a decrease in number of bites in arms of
human volunteers treated with the extract. The fact that the seed
extract used here did not exert repellent activity reveals that
repellent compounds were not extracted in water or thart, if present
at all, concentrations were below the detection threshold by
females.

Oviposition-stimulant activity of WSMoL can be due to
gustatory stimuli, since non-volatile chemicals such as proteins
are perceived by gustatory system of insects [44]. The stimulus in
oviposition can be unchained by WSMboL adsorpton onto
gustatory sensillas of A. aesypii female, as reported in a study on
the detection of sex pheromones and protein karomones by
Glossina spp. and Diadramus puichellus, respectively [45,46]. Volatile
compounds were not detected by dynamic headspace analysis in
WSMol. preparation indicating that, if present, they occurred in
trace amounts. Olfactory stimuli by volatile compounds were
described for selection of oviposition sites by Culex quinquefasciatus,
A. aegypti and Aedes triseriatus [47).

WSMolL from chitin column was dialysed against distlled water
aiming to climinate acetic acid used in elution as well as residues of
0.15 M NaCl (0.85%) used in washing steps of chromatography.
TianFu et al. [48] reported that acetic acid (0.001 mg/L) acted as
an oviposition attractant to Aedes albopictus gravid females. In the
present study, GC-MS analysis did not identify acetic acid in
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WSMoL. Thus, the effect of lectin preparation was not due to
contamination by this compound. Chloride ions were not detected
by Mohr’s method in WSMoL, indicating that the ovipositon-
stimulant effect of lectin cannot be linked to salt contamination.
Also, Navarro et al. [32] demonstrated that NaCl at 0 to 5%
concentrations did not interfere on A aegypiti oviposition.

Frings and Hamrum [4Y9] reported that sugars can be detected
through contact receptors present in labella of A. aegipti mosquito.
Thus, M. sleifera preparations were evaluated for presence of these
compounds. The results reveal that carbohydrates from AL oleifera
seed preparations were not attractive components, since WSMol,
which showed the highest oviposition rate, was free of carhohy-
drates. WSMoL. can be included in the group of non-volatile
proteins with oviposition-stimulant activity on A aegypii.

Since the embryogenesis of A. aggyph eggs 1s completed between
77-96 h and acquisition of egg resistance occurs 48 h after post-
oviposition [25.,50] the effect on hatchability of cggs from
oviposition assay was assessed. The hatching rates were deter-
mined after 144 h to guarantee that the eggs had a reasonable
time to complete embryonic development. The results showed that
besides stimulating oviposition by females, WSMoL at 0.1 mg/mL
was also able to impair hatching, an advantage if it will be used in
ovitraps.

The effect of WSMoL. preparations on stored eggs was also
evaluated during an mcubation period of 72 h. Incubation periods
between 72 and 120 h have been used to assess ovicidal activity on
eggs which have already completed their embryogenesis [51-56].
The detection of lowest EC,, value for WSMolL suggests that the
lectin is an active principle in seed extract and 0-60 protein
fraction against stored eggs, although a proportional correlation
between increase in specific hemagglutinating activity and ovicidal
effect (decrease in EC)) was not observed. The absence of
hatching of stored eggs treated with WSMoL at 0.3 mg/mL
(ECyq) after transfer to medium without lectin indicates that
embryos within the eggs were killed by WSMoL. The absence of
contaminant traces of acetic acid, sodium chlorde and ammonmum
sulphate in 0-60 protein fraction and WSMoL assure that the
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Figure 3. Percentage of unhatched stored eggs after incuba-
tion with seed extract (A), 0-60 protein fraction (B) and WSMoL
(C) for 72 h.

doi:10.1371/journal.pone.0044840.g003

adverse effects of these preparations on hatching rates were not
due to residues of these chemicals.

It has been reported that the presence of bacteria is a hatching-
stimulant factor for A. aegypti cggs and in the absence of bacteria
the hatchability is lower than 5% [57]. Since it is known that
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Table 1. Ovicidal activity on A. aegypti stored eggs of M.
oleifera seed extract, 0-60 protein fraction and WSMol.

Sample ECso (mg/mL) ECgg °

Seed extract 032 [0.25-0.37] 1.18 [1.05-1.38]
0-60 protein fraction 0.16 [0.1-0.27] 1.14 [0.96-1.44]
WSMol. 0.10 [0.09-0.12] 0.30 [0.25-0.38]

“Effective concentrations of proteins required to reduce in 50% (ECs,) and 99%
(ECqs) the hatching of A aegypti eggs in 72 h calculated by probit analysis with
a reliability interval of 95%. Values in square brackets represent the lower and
upper endpoints for reliability interval.
doi:10.137 1/journal. pone.0044840.t001

WSMoL exerts antibacterial effect [29], it was evaluated whether
the lower hatching rate could have been also a consequence of
reduction in bacteria population. The numbers of CFU/mL in
media from ovicidal assays using WSMoL was not lower than that
detected in media from control assays. This result reveals that, in
this case, lower hatching rates in WSMoL treatment were not
linked to decrease in bacterial population. So, it is possible to
conclude that impawrment of egg hatching by WSMoL was due to
embryo death.

It was also evaluated if the sensitiveness of freshly laid cggs to M.
oleifera preparations was different from that of stored eggs.
According to probit analysis of results from ovicidal assays using
stored eggs, the egg hatching rates after treatment with seed
extract, (60 protein fraction and WSMboL at concentration of
0.1 mg/mL would be 65%, 54% and 50%, respectively.
Comparison of data from ovicidal assays using fresh and stored
eggs and protein concentration of (.1 mg/mL reveals that stored
eggs were less sensitive to seed extract and 0-60 protein fraction,
while WSMoL reduced similarly the hatching rates of fresh and
stored eggs. These findings indicate the presence of other ovicidal
agents i seed extract and 0-60 protein fraction that were
eliminated in the WSMoL isolation procedure. Ferreira et al. [58]
did not detect ovicidal activity from aqueous extract from dehulled
M. oleifera seeds (5.2 mg/mL) wing stored eggs. The authors
atributed this fact to the high resistance of eggs. Differently,
WSMoL showed similar ovicidal activity against fresh and stored
eggs, indicating that the completion of embryogenesis and egg
maturation processes was not accompanied by reduction in
sensitiveness to lectin, This is an interesting and advantageous
property conceming A. aegypti control strategies targeting the eggs,
the most resistant stage of mosquito life cycle.

The EC5, of WSMoL on stored eggs was lower than values
determined for essential oils from Jumperus macropoda, Jingiber
officinale and Pimpinella amsum, whose EC;;, ranged from (.15 to
0.18 mg/mL and leaf extracts of Eelipta alba, whose ECs, ranged
from 0.10 to 0.20 mg/mL [27,37]. The ovicidal activity of
WSMoL was compared with those from essential oils and plant
extracts because there are no previous reports on ovicidal activity
of lectins on insects.

Ovicidal compounds are able to interrupt embryo development,
impair the survival of larva inside the egg or block egg hatching
[27]. Fresh eggs from control treatment showed embryogenesis in
progress while impairment of embryo development was detected
in fresh eggs treated with WSMoL, reflecting the ovicidal activity.

Chirtin is present in oocytes, eggshell and eggs of A agypti and
this polysaccharide has an important role in egg viability [50]. The
ovicidal activity of WSMoL may be linked to binding of lectin to
chitin present in eggshells, blocking the hatching process by
promoting disruption of this structure. Also, the fact that stored
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Figure 4. Visualization of A. aegypti fresh and stored eggs exposed or not to WSMol in stereomicroscope (x80) after clearing of the
heavily pigmented chorion with 5% sodium hypochlorite. (A) Fresh egg laid and maintained in distilled water {(control). (B) Fresh egg laid and
maintained in WSMoL (0.1 mg/mL). (C) Stored egg which was not treated with any solution. (D) Stored egg that did not hatch after incubation with

WSMolL at ECyg (0.3 mg/mL) for 72 h. (h) head; (a) abdomen.
doi:10.1371/journal.pone.0044840.g004

eges transferred to water after incubation with WSMolL for 72 h
did not hatch reveals that embryos, observed inside eggs using a
stereomicroscope, are dead. It is possible that WSMoL gets inside
the cgg, interfering in embryo development through the same
mechanisms which kill A. aegypti larvae.

The previously described larvicidal activity of WSMolL,
combined with its oviposition-stimulant and ovicidal activities
described here make this lectin a very interesting candidate for use
in integrated mosquito control programs. The WSMoL concen-
tration in which oviposition-stimulant (0.1 mg/mL) and ovicidal
(EC5y of 0.1 mg/ml) actvities were detected was lower than that
in which the lectin promotes larvicidal activity (LC5, of 0.197 mg/
mL). This finding is interesting, because if WSMolL is applied in an
A. aegypti breeding site aiming at killing the larvae, it will also
attract gravid females and will impair the hatching of new eggs laid
by females,

In summary, WSMoL is a sustainable and environmentally
friendly alternative for A. aegypti control, since one same
concentration of WSMol. acts as a chemical stimulant cue for
ovipositing females and ovicidal agent at the same time. Further
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Abstract

Background: The water-soluble lectin from Moringa oleifera seeds (WSMol ) isalarvicidal,
ovicidal and oviposition-stimulant agent against Aedes aegypti under laboratory conditions.
This work investigated the effect of WSMoL in traps for capture of A. aegypti eggs and
females under semi-field conditions as well as the involvement of female olfactory sensillain
the response toward WSMoL.

M ethodology/Principal Findings: WSMoL was isolated according to procedure previoudy
described using chitin chromatography. The bioassays were performed in large cages (2.5 x
2.5 x 2.0 m) at the campus of the Universidade Federal de Minas Gerais, Belo Horizonte,
Brazil. Two traps for capture of eggs (ovitrap) or adult mosquitoes (MosquiTRAP™) were
placed in each cage being one filled with WSMoL (0.1 mg/mL) and another tap water
(negative contral). Infusion of Panicum maximum leaves was used as positive control. Forty
gravid females were then released on each cage. After 2 h (for oviposition) or 3 h (for female
capture), the traps were removed and the number of eggs or females was counted.
Olfactometry assay was performed aiming to investigate the involvement of olfactory sensilla
in the response of females toward WSMoL. WSMoL showed oviposition-stimulant effect
(65+14%) similar (p<0.05) to that promoted by P. maximum infusion (67+11%). The
efficiency of MosquiTRAP™ in capture gravid females was not increased by WSMoL. The
olfactometry assay indicated that the response of femalesto WSMoL did not involve olfactory
sensilla.

Conclusiong/Significance: WSMoL was effective for capture of eggs when used in ovitraps
under semi-field conditions; this property, together with the ovicidal and larvicidal activities

of thislectin, makesit as a candidate with excellent characteristics for A. aegypti control.



Santos, N.D.L. Efeito dalectina solivel em agua de sementes de Moringa oleifera... 80

I ntroduction

Blood-feeding arthropods are transmitters of severa infectious agents such as bacteria,
protozoan, helminthes and viruses [1]. The mosguito Aedes aegypti is the vector of the viruses
that cause yellow, chikungunya and dengue fevers, which occur mainly in tropica and
subtropical regions. The dengue fever is included in the group of neglected tropical human
diseases, which comprises infirmities most commonly associated with poverty and are
responsible for the morbidity and/or mortality of millions each year [2].

The dengue virus (DENV) is the most widespread arbovirus being endemic in over
100 countries and causing 50 million infections yearly [3]. Infection with the serotypes
DENV-1 (five genotypes), DENV-2 (six genotypes), DENV-3 (five genotypes), or DENV-4
(four genotypes) may be asymptomatic or cause mild febrile illness, dengue fever, or severe
dengue. Although many advances have been reached in regard to the devel opment of vaccines
and anti-virals, thereis still no vaccine and specific treatment available for dengue fever [4,5].

The control of A. aegypti populations is essential in combating dengue fever
spreading. Studies have focused on monitoring the A. aegypti abundance, which is nearly
associated with environmental fluctuations [6] as well as on the application of insecticides
against eggs, larvae, pupae and adults of the mosquito. Most vector control programs rely on
the use of chemical insecticides but resistance devel opment by the insect has increased. In this
scenario, studies have investigated plant-derived compounds including secondary metabolites,
lectins and protease inhibitors as alternative insecticides [ 7-9].

Different types of traps have been used to control or monitor the density of A. aegypti
populations. Ovitraps are usually containers dark in color which can be filled with water or
other solution and contains a wooden paddle serving as support for females laid the eggs. The

ovitraps are mainly considered for monitoring vector populations or using as repellents in
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reservoirs to prevent mosquito breeding [10]. The Mosquitrap™ is a sticky trap designed by
Eiras [11] to capture gravid A. aegypti females aiming monitoring the species density. This
trap is based upon the behavior of females to choose a potential breeding site and combines
visua (black color) and olfactory (attractant solution) stimuli.

Lectins, carbohydrate-binding proteins, are found in M. oleifera seeds. Coelho et al.
[12] and Santos et a. [8] reported that the water-soluble M. oleifera lectin (WSMoL) killed
Aedes aegypti fourth-stage larvae (LCsp of 0.197 mg/mL), impaired the hatching of A. aegypti
stored eggs by killing the embryos, showed oviposition-stimulant activity and prevented the
development of embryos in the eggs laid by A. aegypti gravid females. These results indicated
WSMoL as a very interesting candidate for use in integrated A. aegypti control. Since novel
control strategies require confirmation under field conditions before they can be operationally
deployed [13], this work evaluated the efficacy of WSMoL when used in traps for capture of

A. aegypti eggs or females under semi-field conditions.

M ethods

Plant materia

M. oleifera (Family Moringaceage) is popularly known as ‘‘moringa’ in Portuguese,
“arbol del ben” in Spanish, and horseradish tree or drumstick in English. Seeds of M. oleifera
were collected in Recife, Pernambuco, Brazil, and stored at -20 °C. A voucher specimen is
deposited number 73,345 at the herbarium ‘‘Dardano de Andrade Lima’ from the Instituto

Agrondémico de Pernambuco (Recife, Brazil).

Aedes aegypti maintenance in laboratory
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The insects colony (F9) used in semi-field experimental area are maintained in the
Laboratorio de Ecologia Quimica de Insetos Vetores at the Universidade Federal de Minas
Gerais (Belo Horizonte, Minas Gerais, Brazil) since 2000. The rearing room is kept under 27
+ 1°C, 75-80% humidity and 12:12 light-dark photoperiod. The larvae were kept in plastic
bowls with water and fed with ornamental fish food (Goldfish®). The adult mosquitoes (males
and females) were kept in fine screen cages (30x30x30 cm, Bug-Dorm 1°, Mega View
Science Education Services Co. Ltd. Taiwan) and fed with a glucose solution (10% sucrose).
Adult females aged 10 to 20 days received blood meas and were separated in a selection cage
consisting of an acrylic box (50 x 50 x 50 cm). This cage contained a small electrical fan at
the back, which served as a ventilation system that alows the odor of a human hand to direct
females to fly toward a breeding cage placed inside the acrylic box [14]. Females with 3-4

days post blood meal were used in the experiments [15].

| solation of WSMoL

WSMoL was isolated according to the procedure described by Coelho et a. [12]. Ten
grams of M. oleifera seed powder were homogenized with distilled water (100 mL) for 16 h at
4 °C using a magnetic stirrer. After filtration through gauze and centrifugation (9,000 g, 15
min, 4°C), the clear supernatant (seed extract) was submitted to protein precipitation for 4 h at
28 °C using ammonium sulphate at 60%-saturation [16]. The 0-60% precipitate was collected
after centrifugation (9,000 g, 15 min, 4 °C) and dialyzed (3.5 kDa cut-off membrane) against
distilled water (4 h) and 0.15 M NaCl (4 h). The dialyzed fraction corresponded to the 0-60
protein fraction.

The 0-60 protein fraction was loaded (40 mg of protein) onto a chitin column (7.5 x
1.5 cm) equilibrated (0.3 mL/min flow rate) with 0.15 M NaCl. After washing with the

equilibrating solution, WSMoL was eluted from the column with 1.0 M acetic acid and
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dialyzed (3.5 kDa cut-off membrane) against distilled water (4 h) at 4°C for euent
elimination. The protein concentration was determined according to Lowry et a. [17] using
bovine serum albumin (31.25-500 pg/mL) as standard.

For use in bioassays, WSMoL was diluted in tap water to the concentration of 0.1
mg/mL, the same at which this lectin showed oviposition-stimulant effect under |aboratory

conditions [8].

Hemagglutinating activity

Hemagglutinating activity was assessed in microtiter plates (Kartell S.P.A., Italy)
according to Paiva and Coelho [18] using 2.5% (v/v) suspension of rabbit erythrocytes treated
with glutaraldehyde [19]. One hemagglutination unit (titer™) was defined as the reciprocal of
the highest sample dilution that promotes full agglutination of erythrocytes. Specific
hemagglutinating activity (unit/mg) was defined as the ratio between the hemagglutinating

activity units and protein concentration (mg/mL).

Semi-field area

The semi-field area (14 x 7 x 3.5 m) used in this work was built at the Instituto of
Ciéncias Biol6gicas from the Universidade Federal de Minas Gerais, Belo Horizonte, Minas
Gerais, Brazil. All details are described by Rogue and Eiras [15]. The experimental area
contains eight test cages (2.5 x 2.5 x 2 m) with walls and ceiling made of white voile fabric. A
potted plant (Spathiphyllum) was placed at the center of each cage to function as a resting
place for the mosguitoes. Temperature and humidity throughout the experiments were
monitored by a thermo-hygrometer placed in the center of the experimental area. The
experiments were carried out in the morning (9 am to 11 am) and in the afternoon (3 p.m. to

5 p.m.) from January to March 2012.
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Assays using ovitraps

The oviposition traps (ovitraps) used in the tests consisted of a black plastic cylinder
container (12 x 10 cm diameter; 1 L capacity) with a wooden paddle (12.5 x 2.5 cm) as the
oviposition substrate which was fixed vertically inside of the ovitrap with a metalic clip. The
ovitraps were filled with 300 mL of 0.1 mg/mL WSMoL (test), 10% (w/v) gray infusion of
Panicum maximum (positive control) or tap water (negative control) and assays were carried
out using A. aegypti gravid females 3 days after blood meal. Forty females were placed in
each cage containing a pair of ovitraps (infusion vs. tap water or WSMoL vs. tap water). Eight

replications were performed with 120 min of duration [15].

Assays using traps for mosquitoes

The MosquiTRAP™ (Version 1.0, Ecovec Ltda.) consisted of a black plastic cylinder
container (16 x 11cm) with a sticky card for capture of mosquitoes and a screen that prevents
mosquitoes entering in contact with the liquid with which the trap is filled [11]. This trap was
used to evaluate the efficacy of WSMoL as an attractant for capturing A. aegypti females
under semi-field conditions. The traps were filled with 300 mL of 0.1 mg/mL WSMoL (test),
positive control 10% (w/v) gray infusion of Panicum maximum [20] or tap water (negative
control). Forty gravid A. aegypti females were released in the center of each cage containing a
pair of traps (infusion vs. tap water or WSMoL vs. tap water). Eight replications were
performed for each one. The number of captured females on sticky card was evaluated in the

cages after 180 min.

Olfactometer assay

Involvement of olfactory receptors in attractiveness of A. aegypti females by WSMoL

was evaluated in a horizontal dual choice olfactometer system [21]. Figure 1 schematizes the



Santos, N.D.L. Efeito dalectina solivel em agua de sementes de Moringa oleifera... 85

system used. A release cage containing 10 females was attached to the main tube of the
olfactometer and it was allowed that the mosqguitoes acclimatize with the clean air flushing for
15 min. Next, a vessel containing WSMoL (0.1 mg/mL) was introduced into one of the two
paralel sample (stimulus) chambers, at the same time as another vessel containing only tap
water was introduced in the other chamber (blank control). The mosquitoes were then
released from the cage and allowed 1 min to respond, after which the rotating doors (indicated
as arrows in Figure 1) were closed trapping them inside the different parts of the olfactometer.
WSMoL was tested in balanced and randomized block designs. Fifteen replications were

carried out.

Statistical analysis
The insect’s responses in semi-field experiments were analyzed using t-test or Mann
Whitnney test. The number of insects that responded to stimuli in the olfactometer bioassays

was converted into a percentage and then the mean percentages (+ s.d.) were calcul ated.

Results and discussion

The effects of WSMoL on dengue mosquito A. aegypti under laboratory conditions
were investigated by Coelho et al. [12] and Santos et al. [8]. This lectin shows larvicidal and
ovicidal activities as well as is a chemica stimulant cue for ovipositing females. This work
evaluated WSMoL in traps for capture of A. aegypti eggs and femaes under semi-field
conditions.

A. aegypti gravid females laid a higher (p<0.05) number of eggs in ovitraps containing
0.1 mg/mL WSMoL than in ovitraps containing only tap water (Figure 2A). This result

reveals that the oviposition-stimulant effect of WSMoL observed in laboratory was aso
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detected under semi-field conditions. WSMoL showed similar efficiency in attract ovipositing
gravid females than the P. maximum infusion used as positive control (Figure 2B).

Temperature, relative humidity of the air, light, and wind are some factors that can
interfere on A. aegypti oviposition behavior. Roque and Eiras [15] when calibrating the semi-
field area used in this experiment, observed that the intervals of 25-30 °C and 65-70%
humidity were the most adequate for conduction of experiments. The assays used in the
present paper were performed only when the temperature and humidity were inside these
intervals and thus the possibility of fase positives or negatives due to interference of
environmental changes can be discharged.

Ovitraps usually contain a wooden paddle that serves as an oviposition substrate since
the A. aegypti females prefer laid the eggs on rough substrates [22]. The most of eggs found in
ovitraps containing WSMoL was laid by females on the liquid surface (Figure 3A) while in
the negative control ovitraps there was no significant difference (p>0.05) between the number
of eggs laid on the liquid surface and on the paddle (Figure 3A). These results are probably
linked to the fact that the oviposition-stimulant effect of WSMoL involves interactions
between lectin and contact receptors (gustatory sensilla), which are found in legs and mouth
parts of mosquitoes. In this sense, the females would need to touch the liquid surface in order
to recognize WSMoL as a chemical cue for oviposition. Distinctly a higher number of eggs
were laid on paddle in ovitraps containing P. maximum infusion (Figure 3B) and this fact may
be related to the fact that volatile compounds, in addition to non-volatile chemicals, has been
reported to act as attractants in plant infusions [23].

It was reported that volatile compounds were not detected in WSMoL preparations [8]
and this is in agreement with the hypothesis that oviposition response by females involves
contact sensilla. In order to verify this assumption, an olfactometer assay was performed. The

results demonstrated that the most of females released were inactive (59.5 + 10.3%), i.e.,, did
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not leave the release cage showing no flight activity. Among the females that flied (active) the
most remained in the main tube (30.5 + 8.9%) and did not reach any of choice tubes. This
result reveals that gravid females were not able to perceive the presence of WSMoL from a
distance through their olfactory sensilla.

The responses of A. aegypti to volatile compounds through olfactory sensilla have
been well studied but informations on responses to chemicals mediated by gustatory receptors
as well as molecular structures of these receptors are scarce. Melo et a. [24] identified the
receptor AaOr7 which is found in both olfactory and gustatory organs. Recently, gustatory
neurons were characterized for the first time as contact sensilla on the labella of A. aegypti
females for response to insect repellents [25]. The authors detected sensilla responses to the
insect repellents DEET, picaridin, citronellal, and IR3535 and suggested that these contact
receptors are probably involved in detection of toxic or otherwise deleterious stimuli. It has
been reported that infusion of Quercus alba leaf mediated oviposition of Aedes triseriatus and
Aedes albopictus through contact with non-volatile arrestants [26]. Also, an afafa hay
infusion was reported to contain non-volatile chemicals that arrested females at the liquid
surface and stimulate oviposition [27].

The fact that the most of eggs laid in ovitraps containing WSMoL were found on
liquid surface is interesting since this lectin also possess ovicidal activity by blocking the
embryo development or killing the embryos inside the eggs [8]. Thus the eggs laid on ovitraps
containing this lectin would have their hatching unviable.

The results using MosquiTRAP™ revealed that WSMoL did not increase the
efficiency of this trap in capturing females in comparison with the traps containing only tap
water (Figure 5A). However, the number of trapped females was significantly higher (p<0.05)
when the P. maximum infusion was used (Figure 5B). These results are probably linked to the

fact that, in this kind of trap, the mosqguitoes cannot enter in contact with the liquid surface
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and thus the attractant needs to act on females from a distance. In this way, the females were
probably not able to detect the presence of WSMoL through their gustatory sensilla while in
traps with P. maximum infusion the capture increases due to attraction by volatile compounds.

In conclusion, WSMoL acted efficiently as an oviposition-stimulant for optimization
of ovitraps under semi-field conditions but was not effective when used in traps for adults.
The mechanisms linked to WSMoL detection by females does not involve olfactory stimuli
and are probably linked to gustatory sensilla (contact receptors). Further studies are now
needed on the detection of WSMoL receptors on the female body as well as on the

devel opment of effective formulations for WSMoL and its large-scal e production.
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Figure captions

Figure 1. Schematic representation of the olfactometer system. (A) Release cage. (B) Main
tube. (C) Choice tubes. (D) Sample (stimulus) chambers. Each solid arrow indicates the
localization of arotating door. The dashed arrow indicated the air flow direction. A clean air
flush is generated by a compressor and directed from sample chambers to release cage in

order to carry any odor present in the sample.

Figure 2. Mean of eggs laid by A. aegypti gravid females in ovitraps containing tap water
(control), 0.1 mg/mL WSMoL (A) or 10% (w/v) P. maximum infusion (B). The oviposition
response was evaluated by double-choice bioassays. Two distinct assays (“control vs.
WSMoL” and “control vs. P. maximum infusion”) were performed separately. The
oviposition response was expressed as. % oviposition = 100 x [(number of eggs in sample
ovitrap) / (number of eggs in sample and control ovitrap)]. (*) indicates significant differences

(p<0.05) between control and test groups.

Figure 3. Mean of eggs laid by A. aegypti gravid females on liquid surface or wooden paddles
in ovitraps containing tap water (control), 0.1 mg/mL WSMoL (A) or 10% (w/v) P. maximum
infusion (B). The percentages were expressed as. % eggs = 100 x [(number of eggs on liquid
surface or paddle) / (number of eggs laid in the ovitrap)]. (*) indicates significant differences

(p<0.05) between control and test groups.

Figure 4. Mean of gravid A. aegypti gravid females trapped using MosquiTRAP™ containing
distilled water (control), 0.1 mg/mL WSMoL (A) or 10% (w/v) P. maximum infusion (B). The

trapping efficacy was evaluated by double-choice bioassays. Two distinct assays (*control vs.
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WSMoL” and “control vs. P. maximum infusion”) were performed separately. The
oviposition response was expressed as. % trapping = 100 x [(number of females in sample
MosquiTRAP™) / (number of females in sample and control MosquiTRAP™)]. (*) indicates

significant differences (p<0.05) between control and test groups.
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Effect of gamma irradiation of Moringa oleifera seed lectin on itslarvicidal,

ovicidal and oviposition-stimulant activities against Aedes aegypti
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Abstract

Background: The water-soluble lectin from Moringa oleifera seeds (WSMoL) was larvicidal
agent against A. aegypti as well as showed ovicida effect on fresh and stored eggs and
oviposition-stimulant activity on gravid females. This work evaluated the effect of low doses
(10 mGy and 10 Gy) of gamma irradiation on the activity of WSMoL on survival of larvae
and eggs of A. aegypti as well as on the oviposition behavior of gravid females.

Results: Protein concentration in WSMoL samples was not affected after irradiation at 10
mGy and 10 Gy, revealing that there was no loss of protein molecules by precipitation. The
specific hemagglutinating activity of WSMoL increased after irradiation with the lowest dose
used (10 mGy) while the sample irradiated with 10 Gy showed the same hemagglutinating
activity of non-irradiated lectin. The irradiation of WSMoL with 10 mGy resulted in
potentialization of larvicidal effect and ovicidal activity on stored eggs while the lectin
irradiated with 10 Gy showed no larvicidal and ovicidal effects. The oviposition-stimulant
effect of WSMoL was damaged after the lectin was submitted to both doses of gamma
irradiation. On the other hand, the hatchability of the eggs laid on vessels containing 10 mGy-
irradiated lectin was more affected than in vessels with non-irradiated WSMoL.

Conclusion: In conclusion, a very low dose of gamma irradiation (10 mGy) can be used to
improve the deleterious effects of WSMoL on A. aegypti larvae and eggs while a higher dose

(10 Gy) was able to abolish all theinsecticidal effects of thislectin on this mosquito species.

Keywords. Moringa oleifera, gammaradiation, lectin irradiation, larvicidal effect, ovicida

activity, oviposition-stimulante, dengue mosquito, disease control, dengue fever.
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Background

It is estimated that about 40% of the global population in some 100 countries are
exposed to severa types of vector-borne diseases that result in thousands of deaths annually
[1]. Among these diseases are the arboviruses, which are transmitted by arthropod vectors.
The mosquito Aedes aegypti (Diptera: Culicidae) is considered the main vector of the viruses
that cause dengue and yellow fevers. Dengue fever is considered as a priority public health
problem in Brazil and measures to control the mosquito population remains as the main
component in disease prevention programs in endemic countries[2].

Pesticides currently used for mosquito control are known to cause environmental
pollution with residua effects, and their indiscriminate use has led to selection of resistant
individuals (Pluempanupat et a., 2013). Phytochemicals with mosquitocidal potential have
been studied as suitable aternative insecticides to replace synthetic insecticides in mosquito
control programs due to their larvicidal, pupicidal, and adulticidal effects, biodegradability
and genera lower toxicity than non-natural chemicals|[3,4]

L ectins — carbohydrate-binding proteins — isolated from plants have shown deleterious
effects on A. aegypti [5-7]. The water-soluble lectin from Moringa oleifera seeds (WSMoL)
was larvicidal agent against A. aegypti as well as showed ovicida effect on fresh and stored
eggs and oviposition-stimulant activity on gravid females; this last was also detected under
semi-field conditions [5,8,9]. It was reported that the larvicida activity of WSMoL was
probably linked to binding of lectin to glycoconjugates and peritrophic matrix at insect
midgut causing disruption of gut epithelium while the ovicidal effect (absence of hatching)
was probably due to blocking of embryo development in fresh eggs and death of mature

embryo still inside the stored eggs. In addition WSMoL act as a chemical cue for ovipositing
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A. aegypti females probably by acting through interaction with contact (gustatory) sensilla of
insects and not through olfactory sensilla[5,8,9].

Gamma radiation is able to ater the molecular structure of several biomolecules.
Depending on the doses applied, these alterations may led to improvement in bioactivity as
well as may fragmentize and inactive the biomolecule. For example, low dose (1 kGy) of
gamma irradiation increased the allergenic potential of the lectin concanavalin A [10] while
high irradiation doses (10 and 25 kGy) suppressed the allergenicity of lectin from Cratylia
mollis seeds [11]. Modifications caused by irradiation of proteins in agueous solution and
presence of oxygen include protein carbonylation, oxidation of side-chain groups (including
hydrophobic amino acyl residues and —SH groups), protein scission, backbone fragmentation,
dityrosine formation, unfolding and cross-linking with formation of high molecular weight
aggregates [12,13].

Doses up to 1 kGy are considered low for gammairradiation of proteins and are used
to control food-borne pathogens and reduce microbia load and insect infestation, for example
[14]. The objective of this study was to evaluate the effect of low doses (10 mGy and 10 Gy)
of gamma irradiation on the activity of WSMoL on survival of larvae and eggs of A. aegypti
as well as on the oviposition behavior of gravid females. The study was conducted in order to
evaluate if gamma irradiation would improve lectin effects and thus, the biological properties

of irradiated WSMoL and non-irradiated lectin sample were compared.

M ethods

Plant material
Seeds of M. oleifera (known as **moringa’ in Portuguese, “arbol del ben” in Spanish,

and horseradish tree or drumstick in English) were collected in Recife, Pernambuco, Brazil.
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The seeds were powdered and the meal stored at -20 °C. A voucher specimen is deposited
number 73,345 at the herbarium ‘* Dardano de Andrade Lima’ from the Instituto Agronémico

de Pernambuco (Recife, Brazil).

I solation of WSM oL

WSMoL was isolated according to the procedure described by Coelho et a. [5]. M.
oleifera seed powder (10 g) was homogenized with distilled water (100 mL) for 16 h at 4 °C
using a magnetic stirrer. Next, the homogenate was filtered through gauze and centrifuged at
9,000 g for 15 min at 4 °C. The resulting clear supernatant (seed extract) was treated with
ammonium sulphate at 60%-saturation for 4 h at 28 °C [15] and the precipitate (0-60%
fraction) obtained after centrifugation (9,000 g, 15 min, 4 °C) was collected. The 0-60%
fraction was dialyzed (3.5 kDa cut-off membrane) against distilled water (4 h) and 0.15 M
NaCl (4 h) before loaded (40 mg of proteins) onto a chitin column (7.5 x 1.5 cm) equilibrated
(0.3 mL/min flow rate) with 0.15 M NaCl. After washing with the equilibrating solution,
WSMoL was eluted from the column with 1.0 M acetic acid. WSMoL was dialyzed (3.5 kDa
cut-off membrane) against distilled water (4 h) at 4 °C for eluent elimination. The protein
concentration was determined according to Lowry et a. [16] using bovine serum abumin

(31.25-500 pg/mL) as standard.

Irradiation of WSMoL

WSMoL samples (0.37 mg/mL) in distilled water were irradiated at arate of 1.79 Gy/h
for final doses of 10 mGy (20 s) and 10 Gy (20089 s). Irradiation was conducted under
atmospheric O, using a **'Cs irradiator model 28-8A (J.L. Shepherd & Associates, San

Fernando, California, USA).
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Hemagglutinating activity

Non-irradiated and irradiated WSMoL samples were evaluated for hemagglutinating
activity (HA) as described by Paiva and Coelho [17]. The assays were performed using 2.5%
(v/v) suspension of rabbit erythrocytes treated with glutaraldehyde [18]. One
hemaggl utination unit (titer™) was defined as the reciproca of the highest sample dilution that
promotes full agglutination of erythrocytes. Specific hemagglutinating activity (unit/mg) was

defined as the ratio between the hemagglutination units and protein concentration (mg/mL).

Gel filtration chromatography

Non-irradiated and irradiated WSMoL were chromatographed on a Hiprep 16/60
Sephacryl S-100 column (16 mm x 60 cm) coupled to aAKTA Prime system (GE Healthcare,
Sweden) pre-equilibrated at 24 °C with 0.15 M NaCl. Sample (2.0 mL containing 0.7 mg of
protein) was injected and eluted with 0.15 M NaCl at a flow rate of 0.5 mL/min. Fractions of
2.0 mL were collected. The molecular mass standards phosphorylase b (97000 Da), abumin
(66000 Da), ovalbumin (45000 Da), carbonic anhydrase (30000Da), trypsin inhibitor (20100

Da), and a-lactalbumin (14400 Da) were similarly chromatographed.

Assayswith Aedes aegypti

Eggs, larvae and females

The A. aegypti colony (Rockfeller strain) maintained at the Laboratorio de Ecologia
Quimica of the Universidade Federal de Pernambuco (Recife, Brazil) since 2003 was used in
the experiments. The insectary room was kept at 27+1°C, 78+2% relative humidity and 14:10

(light/dark) photoperiod. Adult mosquitoes were reared in cages (30 x 30 x 30 cm) covered
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with a fine mesh cloth and fed a 10% glucose solution. Females took blood mea from
chicken blood acquired from local farms and dispensed from a common artificial feeder. The
eggs laid by females were collected and used to restart the cycle and originate larvae or used
to assess ovicidal activity. The larvae were reared in plastic bowls containing water and cat
food (Whiskas®). When reaching the early fourth-stage (L,) the larvae were selected and used

inlarvicidal assay.

Larvicidal assay

Larvicidal assay corresponded to an adaptation of the World Health Organization [19]
method and previously used by Coelho et a. [5] to determine larvicidal activity of WSMoL.
Groups of 20-25 L4 were exposed to samples containing non-irradiated or irradiated WSMoL
at 0.1 mg/mL. Each assay had a final volume of each assay was 20 mL and was achieved in
triplicate. Three independent experiments were run. Mortality rates (%) were determined after
24 h of incubation at 27 °C and 12-12 (light-dark) photoperiodism. The control contained

only distilled water.

Ovicidal assay

Ovicidal assay was performed according to the method previously used by Santos et
al. [8] to determine ovicidal activity of WSMoL. A. aegypti eggs stored for 3 months at 28 °C
were selected considering thelir integrity using a stereomicroscope. The sample (non-irradiated
or irradiated WSMoL) was diluted in filtered tap water to provide test solutions at 0.1 mg/mL.
The final volume of each assay was 20 mL of test solution and contained 50-60 eggs.
Controls contained filtered tap water and a volume distilled water equivalent to that used to
dilute samples. The number of hatched larvae was determined after 72 h of incubation at 28

°C. Next the treated eggs were rinsed with distilled water and transferred to another vessel
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filled with only filtered tap water. The hatching of larvae was assessed after 48 h. Three

independent experiments were run in triplicate.

Oviposition assay

Oviposition assay was performed according to the method previously used by Santos
et a. [8] to determine the effect of WSMoL on oviposition by gravid females. For each assay,
twenty-five A. aegypti gravid females (3-days after blood meal) were placed in a bioassay
cage (33 x 21 x 30 cm) containing two glass vessels (10 cm diameter) placed at diagonally
opposite corners of the cage. One of the vessels was filled with 50 mL of distilled water and
the other with 50 mL of sample (non-irradiated or irradiated WSMoL at 0.1 mg/mL). Next, a
disk shaped piece of filter paper (18 cm in diameter) folded into a cone was placed covering
the inside of each vessdl, to provide a support for oviposition. The females were maintained at
27 £ 0.5 °C with 73 £ 0.4% relative humidity for 14 h in the dark. After this period, eggsin
oviposition paper sheets were manually counted using a stereomicroscope (Leica M80). The
oviposition response was expressed as follows: % oviposition = 100 x [(number of eggs in
sample vessal) / (number of eggs in sample and control vessel)]. The assays were performed
in quintuplicate.

The hatchability of eggs laid by A. aegypti gravid females on control and test vessels
was evaluated. Fifty fresh eggs from each vessel from oviposition assays (including controls)
were selected using a stereomicroscope and placed again in the same solutions where they
were deposited. The number of hatched larvae present in solution was determined after 144 h

of incubation at 28 °C.
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Statistical analysis

Standard deviations (s.d.) 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 + s.d. Significant differences between treatment groups were analysed by

Student’s t-test (significance at p<0.05) using Origin 6.0 program.

Results and discussion

Moringa oleifera seeds contain the bioactive lectin WSMoL that shows coagulant
activity promoting decrease in water turbidity, antibacterial action reducing bacterial
contamination in ambient water and larvicidal, ovicidal and oviposition-stimulant activities on
A. aegypti [5,8,20]. In this study we evaluated if gamma irradiation would improve the
deleterious effects of WSMoL on A. aegypti larvae and eggs and its oviposition-stimulant
activity. Radiation doses in the range used in this work (10 mGy and 10 Gy) are very lower
than those reported to cause severe structural modification in proteins [10,11,21,22] and were
selected in order to avoid total unfolding or fragmentation of lectin. On the other hand, doses
of 10 kGy or higher have been reported causing loss of protein content as well as inactivation
and/or fragmentation of lectins[11,21].

Protein concentration in WSMoL samples was not affected after irradiation at 10 mGy
and 10 Gy, revealing that there was no loss of protein molecules by precipitation. The specific
hemaggl utinating activity of WSMoL increased after irradiation with the lowest dose used (10
mGy) while the sample irradiated with 10 Gy showed the same hemagglutinating activity of
non-irradiated lectin (Table 1). These results indicate that 10 mGy-irradiation induced a lectin
conformation that allows a better interaction between the sugar and the carbohydrate-binding

sites. Similarly to WSMoL, the lectin from Sebastiania jacobinensisbark had its
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hemaggl utinating activity stimulated by a radiation dose of 100 Gy, which is also considered
low [23]. Several types of structural modifications may occur during irradiation but drastic
alterations such as unfolding and aggregation are usually not observed at low-dose range [10].

The hemagglutinating activities of lectins show variable degree of resistance to
gamma irradiation. Our results revealed that the hemagglutinating activity of WSMoL was
preserved even after exposure to the dose of 10 Gy. Indeed the ability in agglutinate
erythrocytes of other lectins was aso not affected even after irradiation with higher doses; for
example, the hemagglutinating activity of the lectins from Bothrops leucurus venom and
Viscum album mistletoe were stable toward irradiation at 1 kGy and 5 kGy, respectively
[21,24].

Gel filtration chromatography of non-irradiated and 10 mGy-irradiated WSMoL
showed main protein peaks of 63 kDa (Figure 1A and 1B). The profile of WSMoL irradiated
with 10 Gy showed two unseparated peaks corresponding to molecular masses of 55 and 59
kDa (Figure 1C). This result may indicate the presence of WSMoL molecules with altered
structure after irradiation with the highest dose. In addition peaks with very low molecular
mass (< 2 kDa) were detected in chromatographic prolifes of irradiated samples (Figures 1B
and 1C) which can be result of fragmentation.

Interestingly, the increase in specific hemagglutinating activity of WSMoL after
irradiation with 10 mGy was accompanied by a potentiaization of larvicidal effect and
ovicidal activity on stored eggs (Table 1) while the lectin irradiated with 10 Gy showed no
larvicidal and ovicidal effects. It is probable that the 10 mGy dose caused minor aterationsin
WSMoL structure that resulted in improvement of these biological properties while the
irradiation with 10 Gy, although not resulted in loss of hemagglutinating activity, lead to more
severe alterations in lectin structure resulting in loss of insecticidal effects. The data found for

non-irradiated WSMoL are in according to that reported by Coelho et a. [5] and Santos et al.
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[8], with the lectin at 0.1 mg/mL concentration causing minimal larval mortality and reduction
in 50% of hatching rate of stored eggs.

It has been suggested that the larvicidal effect of lectins involves interactions between
lectin and glycoconjugates present at the digestive tract of insect [25]. In this sense, the
improvement of carbohydrate binding property of WSMoL evidenced by hemagglutinating
activity assay may be related with the highest larvicidal activity of 10 mGy-irradiated
WSMoL in comparison with non-irradiated lectin. On the other hand, the no ateration of
hemagglutinating activity after irradiation with 10 Gy failed to ensure that the insecticidal
properties were not damaged. Further studies are needed in order to evidence the relationships
between these changes in a structural basis.

The oviposition-stimulant effect of WSMoL was damaged after the lectin was
submitted to both doses of gamma irradiation since there were no significant differences
between the number of eggs deposited by females in control and test vessels (Figure 2A).
These results suggest that the recognition of WSMoL by females as a chemical cue requires a
specific lectin conformation which was affected by irradiation with minimal doses. On the
other hand, the hatchability of the eggs laid on vessels containing 10 mGy-irradiated lectin
was more affected than in vessels with non-irradiated WSMoL (Figure 2B), similarly to
observed with stored eggs.

In conclusion, avery low dose of gamma irradiation (10 mGy) can be used to improve
the deleterious effects of WSMoL on A. aegypti larvae and eggs while a higher dose (10 Gy)

was ableto abolish all the insecticidal effects of this lectin on this mosguito species.
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Figure captions

Fig. 1. Gel filtration chromatography of non-irradiated WSMoL (A), 10 mGy-irradiated
WSMoL (B) and 10 Gy-irradiated WSMoL (C) on a Hiprep 16/60 Sephacryl S-100 column
coupled to AKTA prime system. Samples (0.7 mg of protein) were injected and eluted (2.0

mL fraction) with 0.15 M NaCl.

Fig. 2. Effect of non-irradiated and irradiated WSMoL (0.1 mg/mL of protein) on oviposition
and egg hatching of Aedes aegypti. (A) Mean of eggs laid by A. aegypti gravid females in
distilled water and lectin samples. The oviposition response was evaluated by double-choice
bioassays. Three distinct assays (“control vs. non-irradiated WSMoL”, “control vs. 10-mGy
irradiated WSMoL” and “control vs. 10-Gy irradiated WSMoL") were performed separately,
each one with its respective control. The oviposition response was expressed as. %
oviposition = 100 x [(number of eggs in sample vessel) / (number of eggs in sample and
control vessels)]. (B) Hatching rate (%) of eggs laid by gravid females during the oviposition
assays in distilled water and lectin samples. (*) indicates significant differences (p<0.05)

between control and test groups.
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Table 1. Hemagglutinating activity and insecticidal effects on larvae and stored eggs of Aedes

aegypti of irradiated and non-irradiated WSMoL.

Lectinsample  SHA Larva mortality (%) Inhibition of egg hatching (%)
Non-irradiated 5535 a 116+28a 50.0a
Irradiated

10 mGy 44281 b 40.0+5.0b 100.0b

10 Gy 5535a 33+28¢c 00c
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8. CAPITULO 4

Plant compounds with Aedes aegypti larvicidal activity and other

biological properties

Capitulo derevisdo publicado no livro “ Bioprocess Sciences and Technology”, publicado

pela Nova Science Publishers, Inc., New York (1SBN: 978-1-61122-950-9)
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PLANT COMPOUNDS WITH AEDES AEGYPTI
LLARVICIDAL ACTIVITY AND
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*Departamento de Quimica Fundamental, Centro de Ciéncias Exatas e da Natureza,
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ABSTRACT

Chemical insecticides to control Aedes aegypti adversely affect the environment and
also promote emergence of resistant mosquitoes. Plant compounds with damage effect on
immature stage forms or adult insects can be an alternative to synthetic insecticides. This
chapter shows essential oils, organic solvent extracts and lectins from plants as enviro-
friendly agents against A. aegypti and other arthropods. Extraction, concentration and
isolation of plant compounds are discussed: effect of essential oils, organic solvent
extracts or lectins (hemagglutinating proteins) on A. aegypti larval development and
survival as well as other biological properties are reported. Larvicidal mechanisms
proposed for essential oils, organic solvent extracts and lectins are also reported. The
chapter contributes to the study of alternative strategies to control arthropods.
Additionally, it reports the medicinal and industrial uses of plant compounds with
biotechnological applications.
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1. AEDES AEGYPTI: VECTOR MOSQUITO OF ETIOLOGIC AGENTS
FROM YELLOW FEVER, DENGUE FEVER AND
HEMORRHAGIC DENGUE FEVER

A. aegypti Linn. belongs to the Phylum Arthropoda, Class Hexapoda, Order Diptera,
Culicidae Family and its common name is dengue mosquito. A. aegypri is a mosquito with
diurnal habit, with a preference to oviposit in clean water.

The control of A. aegypri can be directed to larvae (four instars: L1, L2, L3 and L4), pupa
and adult insects. Prevention of infestation by larvae elimination is easier than control of adult
insects since the larvae are confined in containers. The effect of plant compounds on A.
aegypti larvae can be investigated by evaluation of larval development [1] and detection of
larval mortality [2].

2. ESSENTIAL OILS: VOLATILE COMPOUNDS FROM PLANTS

Essential oils are complex compounds synthesized as secondary metabolites by buds,
flowers, leaves, stems, twigs, seeds, fruits, roots, wood or bark; they are characterized by two
or three major volatile compounds (20-70%), lipid soluble and soluble in organic solvents
[3]. The main chemical constituents found in essential oils are phenols, aldehydes, ethers,
esters, alcohols, ketones, benzenoids, phenylpropanoids and terpenes. Isoprene is the building
block of terpene and a number of authors use the designation “terpene™ to include all
terpenoids. Limonene, alpha-pinene, menthol, citronellal and citral (Figure 1) are good
examples of monoterpenes (two isoprene units, C10).

Menthol is the main constituent in the essential oil of Mentha piperita and camphor was
isolated from the essential oil in the wood of Cinnamomum camphora [4, 5]. The phenols
carvacrol, 2-ethyl-4,5-dimethylphenol and thymol were isolated from shoots of Thymus
vulgaris and eugenol is present in flower buds of Eugenia caryophyllata [6, 7]. Other
chemical constituents of T. wvulgaris essential oil are 1-octen-2-ol (alcohol), alpha-
trimethyldodecane (hydrocarbon) and (Z)-3-hexenyl butyrate (ester). Benzyl benzoate (ester
benzenoid) and octanal, nonanal and decanal (aldehydes) are found in essential oils of Licaria
canella and oranges, respectively [8, 9].

Db 20

limonene alpha-pinene ~ menthol citronellal citral

Figure 1. Monoterpene constituents of essential oils.
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2.1. Methods for the Extraction, Concentration and Isolation of Compounds

The most useful extraction methods for obtaining essential oils from tissue plant are
based on distillation. In distillation with cohobation, a solvent such as water is recycled in the
process, returning to the still [10]. In hydro-distillation, the plant material is fully dipped in
the water and placed into a still that has a heat source at the bottom and the top is connected
to a condenser (Figure 2A): the disadvantage of this technique is that the thermally unstable
compounds may decompose if remain into direct contact with the heat source. In steam
distillation, the essential oil is isolated using a water boiler tank to produce steam; the steam
passes through a flask containing the plant material and the oil is collected and separated to
the oil receiver (Figure 2B). Hydro-steam distillation occurs when the vapor is generated
below the plant material, which is suspended in the still on a support.

Enfleurage uses odorless animal fat to capture volatile compounds from the aromatic
parts of plant: essential oil is obtained after washing the fat with alcohol or heating. Modern
enfleurage uses vegetal fat instead of animal fat. Hot maceration extraction is very similar to
this method, but is faster and uses hot fat or oil in which the plant material is immersed [10].

Microwave-assisted extraction has been used for the extraction of chemical constituents
in plant material [11]; a small matrix particle size and high dielectric solvent can enhance the
microwave-assisted extraction. The improved extraction yield, reduced extraction time and
minimal amount (or even absence) of solvent are the greatest advantages of method. Solvent-
free microwave extraction (Figure 3A) was used for isolation of essential oils from three
aromatic herbs [12]; the advantage of this extraction method is the short extraction time and
substantial energy savings. Microwave-assisted hydro-distillation (MAHD, Figure 3B) was
used for extraction of essential oil from Cinnamomum iners leaves [13] and MAHD method
using an adapted domestic microwave oven with the connection of a round glass flask in the
oven to a condenser outside the oven was used for extraction of essential oils from Satureja
hortensis and Satureja montana | 14].

|
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Figure 2. Laboratorial apparatus to extract essential oils by methods based on distillation. Hydro-
distillation (A) and steam distillation (B).
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Figure 3. Laboratorial apparatus for solvent-free microwave-assisted extraction (A) and microwave
assisted with Clevenger extraction (B).
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Figure 4. Simple ultrasound-assisted extraction apparatus with ultrasound bath, round glass flask and
Liebig condenser.
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Figure 3. Supercritical fluid extraction apparatus. The raw plant material is placed in an extractor
recipient (1) and the supercritical fluid is produced from a reservoir (2) connected to a powerful pump
(3): the system is pressurized and controlled by valves. After passing through the extractor. the fluid
and dissolved compounds are transported to separators (4). The dissolution of the organic matter is
precipitated by a decrease inpressure and the product is collected via a valve located at the bottom of
the separators. A condenser (5) regenerates the fluid, which is returned to the fluid reservoir.

Figure 4 shows a simple and open-system ultrasound-assisted extraction apparatus for
extracting essential oils constituted by ultrasound bath, round glass flask and Liebig
condenser [15]. Ultrasound-assisted extraction is more advantageous for the extraction of
thermally unstable molecules. The advantage of ultrasound is that it provides a greater
penetration of the solvent into the cell components and improves the transfer of mass from
plant cells to the solvent. The ultrasound extraction applied to a large-scale is limited due to
the higher costs; another disadvantage is that ultrasound can produce free radicals that can
react with active molecules present in the plant, during ultrasound extraction.

Supercritical fluid extraction (Figure 5) has become attractive due to the lack of an
organic solvent and extraction occurs near room temperature, thereby avoiding the thermal
degradation of bioactive compounds. The most often employed supercritical fluid is carbon
dioxide (CO,) due to its moderate supercritical fluid conditions (7C=31.06 °C and PC=73.81
bar), high capacity to solubilize organic compounds under supercritical conditions and the
fact that it 1s non-toxic, non-inflammable and inexpensive.

2.2. Larvicidal Activity against Aedes aegypti

Essential oils are permeable to cellular membrane due to their lipophilic nature; cell
alterations in plasma membrane, cytoplasm and nucleus are suggested to be responsible by
their cytotoxic effects [3]. Essential oils with larvicidal activity on A. aegypti are a mixture of
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active compounds and, in general, the o1l is more efficient in promoting larvae mortality than
1solated constituents.

Larvae treated with essential oils from leaves of Chloroxylon swierenia (LCsy of 16.5
pg.mL'l). Lippia gracilis (LCsq of 98 ppm), Hyptis fruticosa (LCsy of 502 ppm) and Hyptis
pectinata (LCsq pt 366 ppm) showed abnormal wagging and later died. The sesquiterpenes
pregeijerene, geijerene and germacrene D isolated from C. swierenia were the active
principles with LCsyof 28.3, 43.4, and 63.6 pg.mL'I. respectively; the major constituent of L.
gracilis oil was carvacrol (LCsq of 70 ppm) although the most active (LCsp of 37 ppm)
constituent was R-limonene [16, 17].

Larvicidal activity on L3 was reported for essential oils from leaves of Piper
permucronatum, Piper hostmanianum, Piper humaytanum, and Piper gaudichaudianum with
LCs, values of 36, 54, 121 and 156 pg.mL™, respectively. The oils from P. permucronatum
and P. hostmanianum showed high content of arylpropanoids [18]. Essential o1l from Lippia
sidoides and its hydrolate were strongly active on A. aegypti L3 promoting 100% mortality in
1-5 min (pure oil and hydrolate), 20 min (1:5 dilution), and 24 h (1:10 and 1:20 dilutions). In
addition, the hydrolate showed considerable persistence remaining active even after 60 days
and did not cause adverse effects on mice. Thymol was identified as the active principle
promoting 100% mortality at 0.017% (w/v) in 1 Y2 h [19]. Mentha piperita essential oil
(peppermint oil) was also larvicidal for L3. The bioassay was performed applying the oil in an
enamel containing water; the oil remained in the surface as a layer. Peppermint oil caused
100% mortality in 24 h at 4 mL. m ™~ and reduction in adult emergence [20].

Larvicidal activity on A. aegypti LA was detected to essential oils from Apium graveolens
(LCsq of 42.07 ppm), Carum carvi (54.62 ppm), Curcuma zedoaria (31.87 ppm), Foeniculum
vulgare (49.32 ppm) and Zanthoxylum limonella (24.61 ppm). The authors observed that, in
addition to mortality, the exposure to the oils provoked restlessness, sluggishness. tremors,
convulsions and larvae paralysis [21]. Essential oil from foliage of Tageres parula was also
able to kill A. aegypri L4 (LCs of 13.57 ppm); larvae showed restlessness, abnormal wagging
and did not develop into pupae [22]. Essential oils from Pimpinella anisum seeds (LCos of
1155 pg.mL") and Zingiber officinale rhizome (193.9 pg.mL"] also were toxic on L4 [23].

Larvicidal activity against 14 has been found in multiple compounds isolated from
essential oils. The most abundant constituents (E)- or (£)-asarone and patchouli alcohol from
Piper marginatum leatf, stem and inflorescence oils were toxic on L4 with LCsp of 23.8. 19.9,
and 19.9 ppm. respectively [24]. Essential oil from Dendropanax morbifera flowers contain
the larvicidal agents (LCsp of 62.32 ppm) v-elemene, tetramethyltricyclohydrocarbon. -
selinene, o-zingibirene, 2-isopropyl-5-methylbicylodecen and p-cubebene, while o-pinene
and o-terpinene were suggested as the main larvicidal compounds of Eucalyprus
camaldulensis and Eucalyptus grandis oils which LCsy were 14.7 pg.mL" and 32.4 ppm,
respectively [25, 26, 27]. Fourth instar larvae were also susceptible to Ocimum sanctum
essential oil (LCsy of 85.11 ppm), which main components are oxygenated monoterpenes and
sesquiterpene hydrocarbons [28].

2.3. Other Biological Properties

Essential oils with larvicidal activity on A. aegypri are also harmful to other mosquito’s
species (Table 1). Essential oil from Cinnamomum osmophloeum leaf was larvicidal on L4 of
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Aedes albopictus (LCsy of 40.8 ug.mL") and the active constituents were benzaldehyde and
trans-cinnamaldehyde; the last was also toxic to fourth-instar larvae of Culex
quinquefasciatus (lymphatic filariasis vector) and Armigeres subalbtus |29]. Essential oils
from Apium graveolens, Carum carvi, Curcuma zedoaria, Foeniculum vulgare, and
Zanthoxylum limonella are larvicidal agents on both fourth instar larvae of A. aegypti and
Anopheles dirus although larvae showed different susceptibility to them; A. graveolens, C.
carvi, Z. limonella oils were mainly effective on A. aegypti while the others were on A. dirus
[21]. Similarly, larvae of Anopheles stephensi (malaria vector) were more susceptible than
that of A. aegypti to oils from Chloroxylon swietenia leaf and stem [16].

Table 1. Plant essential oils able to kill arthropod species

Arthropod Plant

Acari

Tetranychus urticae Micromeria fruticosa, Nepeta racemosa, Origanum vulgare
Diptera

Aedes aegypti Apium graveolens, Carum carvi, Chloroxylon swietenia, Curcuma

zedoaria, Dendropanax morbifera, Eucalyptus camaldulensis,
Eucalyptus grandis, Foeniculum vulgare, Hyptis fruticosa, Hyptis
pectinata, Lippia gracilis, Lippia sidoides, Mentha piperita,
Ocimum sanctum, Pimpinella ansium, Piper gaudichaudianum,
Piper hostmanianum, Piper humaytanum, Piper marginatum,
Piper permucronatum, Tagetes patula, Zanthoxylum limonella,

Zingiber officinale
Aedes albopictus Cinnamomum osmophloeum
Anopheles dirus Apium graveolens, Carum carvi, Curcuma zedoaria, Foeniculum

vulgare, Zanthoxylum limonella

Anopheles stephensi Chloroxylon swietenia, Eucalyptus tereticornis, Mentha piperita,
Tagetes patula

Armigeres subalbtus Cinnamomum osmophloeum, Mentha piperita

Culex quinquefasciatus Cinnamomum osmophloeum, Tagetes patula

Isoptera

Coptotermes formosanus | Calocedrus macrolepis, Chamaecyparis obtusa, Cryptomeria
Jjaponica

Homoptera

Bemisia tabaci Micromeria fruticosa, Nepeta racemosa, Origanum vulgare

References: [16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 31, 32].
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Essential oils, beyond the larvicidal activity, may interfere with other stages of the insect
life cycle; ovicidal, oviposition-deterrent activity, pupicidal and adulticidal activities have
also been reported. Essential oils showed repellent activity on Coleoptera, Diptera, Isoptera,
Lepidoptera, Phthiraptera and Thysanoptera; mixed oils are more efficient than pure oils
probably due to synergistic effect among particular compounds [30]. Mentha piperita oil has
insecticidal potential against A. aegypti, Anopheles stephensi and Culex quinquefasciatus by
its strong repellent action against adult mosquitoes; loss of fertility and fecundity of adults
emerged from larvae exposed to oil [20].

Essential oils can promote termite and acari mortality (Table 1) as well as termite and
tick repellency. Essential oils of Calocedrus macrolepis var. formosana (heartwood),
Chamaecyparis obtusa var. formosana (leaf) and Cryptomeria japonica (sapwood) showed
anti-termitic activity on termite Coprotermes formosanus due to the toxicity and repellent
action [31]. Essential oil vapors from leaves of aromatic plants Micromeria fruticosa, Nepeta
racemosa and Origanum vulgare showed acaricidal activity (95% mortality at 120 h) on
Tetranychus urticae (adult and nymphal stage) and insecticidal action (100% mortality at 120
h) against Bemisia tabaci (Homoptera), pests of greenhouse vegetables and ornamentals [32].
Essential oils of Dianthus caryophyllum and Cymbopogon nardus (citronella) have repelling
properties on Aedes species and tick Ixodes ricinus; phenylethanol (D. caryophyllum) and
citronellol (o1l of citronella) were the most active compounds [33, 34].

3. ORGANIC SOLVENT EXTRACTS

Larvicidal plant extracts have been obtained from bark, fruits, leaves, seeds, rhizomes
and woods. These organic solvent extracts can constitute an economically feasible strategy
for the control of insects: some of them can be associated with other control methods to
obtain a relatively lasting effect.

3.1. Preparation of Extracts

Organic solvent extracts from plant tissues, in general, are prepared using air-dried
material in order to obtain reasonable extraction yields. Cutting, breaking, powdering and
cryogenic milling are convenient methods to increase tissue surface area; cryogenic milling,
in addition, minimizes the losses of volatile organic compounds [35]. Vegetal tissues with
high lipid, pigment and polyphenol contents can be treated before extraction procedure to
eliminate these components; defatting can be made using non-polar organic solvents such as
hexane; pigment and polyphenol can be removed by extracting them with acetone, methanol,
petroleum ether and detergents.

Extraction with organic solvents is the separation process of a constituent from plant
material; the component is removed from a phase and brought to another immiscible liquid
phase. Solute will be more concentrated in the phase in which it has higher solubility; solvent
is chosen according to the characteristics of constituents being extracted. Polar compounds
like sugars and alkalis will dissolve in polar solvents (such as organic acids), intermediate or
low polar compounds (tannins, phenolics, and terpenes) will dissolve in solvents of
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intermediate polarity (such as methanol, ethanol, acetone, and dichloromethane) and non-
polar compounds (oils, resins, and waxes) are extracted using solvents of low polarity (such
as hexane and chloroform). Plant tissue can be sequentially extracted with different solvents
in increasing order of polarity or a unique extract obtained using a polar solvent is later
partitioned in different fractions using solvents in increasing order of polarity.

The time and temperature of extraction is variable; thermal instability of some
compounds may limit the temperature of extraction. Steam distillation is a technique used for
extraction of volatile plant compounds and the compounds obtained are separated in the oil
and water phases; vegetal tissue is continuously flushed with steam and volatile compounds
are taken up by the vapor phase [35].

Maceration and percolation are useful methods to obtain organic solvent extracts when
the compounds of interest show high solubility in the solvent. Maceration consists of soaking
the plant material in the solvent, using agitation or heat to increase the solubility of the
compounds and the rate of mass transfer. A single maceration step does not result in the total
extraction of the compounds and for this reason residues are generally re-extracted in two or
three more steps.

Soxhlet extractor 1s used when the compound of interest shows low solubility in organic
solvent or the compound is more soluble in water than in the organic solvent. In a
conventional Soxhlet extractor, the plant tissue is placed in a thimble-holder which is
gradually filled with the solvent present in a distillation flask and there is a reflux of the
solvent in an intermittent process. The liquid that overflows returns to the distillation tlask
through a siphon and carries the substances that have been extracted. This operation is
repeated until the extraction is complete. Soxhlet extraction can be coupled to high-pressure,
automated, ultrasound-assisted, and microwave-assisted systems intended to automating the
extraction and shortening percolation time by using different forms ol energy [36].

3.2. Larvicidal Activity against Aedes aegypti

The damage effect of organic solvent plant extracts on A. aegypti larvae can be detected
by evaluation of larval development in presence of extracts; ethanolic extract from Melia
azedarach leaf promoted delay in A. aegypti larval development and larvae needed twice than
usual the number of days to complete the third instar [37].

Bioassays for larvicidal activity of organic extracts are performed using defined larval
instars. Larvicidal mechanisms proposed are antichitinogenic activity, toxic effect on larvae
nervous system and changes in digestive tract including total or partial destruction of cells,
high cytoplasmic vacuolation, increased subperitrophic space, cell hypertrophy. and apparent
epithelial stratification [38, 39, 40].

Larvicidal methanolic extracts of Albizzia amara and Ocimum basilucum leaves [41]
were more harmful to L1 (LCsp of 5.243% and 3.734%, respectively) than L2 (6.480% and
4.154%), L3 (7.106% and 4.664%) and L4 (7.515% and 5.124%) instars. Dichloromethane
extracts of Aristolochia triangularis, Baccharis cordifolia, Eupatorium hecatanthum,
Pterocaulon purpurascens, Xanthium spinosum, and Abuta grandifolia were active on 1.2
[42]: the efficiency (I.Csp) of extracts to promote larval mortality varied from 2.6 (A.
grandifolia) to 373.3 ng.mL™" (B. cordifolia). Acetone fraction obtained with petroleum ether
extract of Argemone mexicana seeds was also larvicidal for A. aegypti L2 in laboratory and
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under field conditions at concentrations of 25, 50, 100 and 200 ppm: larvae were more
sensitive under field conditions [39].

Ethanol was able to extract compounds with larvicidal activity on L3 and 14 [38, 43, 44]
from Magonia pubescens (stem bark), Spondias mombin (seed), Annona muricata (leaf),
Bauhinia cheilantha (wood), Caesalpinia echinata (leaf and wood), Operculina macrocarpa
(tuber), Eugenia uniflora (leaf), Annona crassiflora (root, LCsy of 0.71 pg.mL") and Annona
glabra (seeds, LCsqg of 0.06 ug.mL™"). Methanolic extract from Arlantia monophylla leaves
harmful to L4 (LCsp of 0.09 mg. L") was safe to aquatic mosquito predators [45]. Petroleum
ether extracts of Jatropha curcas. Pedilanthus tithymaloides, Phyllanthus amarus, Euphorbia
hirta and Euphorbia tirucalli showed larvicidal activity on L4 with LCsp of 11.34, 76.61,
113.40, 424.94, and 5.52 ppm, respectively. Based on these results, the authors indicated E.
tirucalli extract as an ideal potential larvicide against A, aegypti [46].

Several plant compounds have been identified as larvicidal agent on A. aegypti larvae
including tectoquinone (LCsy of 3.3 pg.mL") from methanolic extract of Crypromeria
Jjaponica sapwood; cubebol (LCsp of 60.1 pg.mL™) from ethanolic extract of C. japonica
wood; cordiaquinones (LC o ranging of 12.5 to 25 pg.mL"] from dichloromethane extract of
Cordia curassavica root; limonoids from ethanolic extracts of Melia azedarach and
Azadirachta indica fruit endocarps; dicentrine from ethanolic extract of Ocotea valloziana
valloziana trunk bark (LCso of 213.70 ,ug.mL'l) and saponins from methanolic extract of
Balanites aegyptiaca callus [40, 47, 48, 49, 50, 51]. Larvicidal organic solvent extracts also
can be harmful to larvae before pupation and A. aegypti adult [37, 39, 41, 45]. Pupicidal
activity was detected in leaf extracts from Melia azedarach, Albizzia amara, Ocimum
basilicum and Arlantia monophylla. Acetone fraction from petroleum ether extract of
Argemone mexicana induced reduction in blood meal utilization and fecundity as well as
sterility of first generation eggs [39].

3.3. Other Biological Properties

Organic solvent extracts are effective in killing mosquitoes other than A. aegypri (Table
2). Tectoquinone from methanolic extract of Cryptomeria japonica sapwood is a larvicidal
agent (LCsp of 5.4 pg.mL") against L4 larvae of Aedes albopictus; petroleum ether extracts
from Jarropha curcas, Pedilanthus rithymaloides, Phyllanthus amarus, Euphorbia hirta, and
Euphorbia tirucalli were lethal for 14 larvae of Culex quinquefasciatus and methanolic
extract from Atlantia monophylla leaves was pupicidal for Anopheles stephensi and C.
quinguefasciatus [45, 46, 49].

Table 2. Plant organic solvent extracts able to Kill arthropod species

Arthropod Plant

Acari

Panonychus citri Boenninghausenia sessilicarpa
Coleoptera

Tribolium confusum Mantisalca duriaei, Rhaponticum acaule




Santos, N.D.L.

Plant Compounds with Aedes aegypti Larvicidal Activity ...

Efeito dalectina solivel em agua de sementes de Moringa oleifera... 126

281

Diptera
Aedes aegypti

Aedes albopictus
Anopheles subpictus
Anopheles labranchiae
Anopheles stephensi
Bactrocera oleae
Ceratitis capitata

Culex quinquefasciatus

Culex tritaeniorhynchus

Hemiptera
Nilaparvata lugens

Homoptera
Pterochloroides persicae

Isoptera
Nasutitermes corniger

Ixodida
Haemaphysalis bispinosa

Lepidoptera
Spodoptera littoralis

Abuta grandifolia, Albizzia amara. Annona crassiflora, Annona

glabra, Annona muricata, Argemone mexicana, Aristolochia
triangularis, Atlantia monophylla, Azadirachta indica,
Baccharis cordifolia, Balanites aegyptiaca, Bauhinia
cheilantha, Caesalpinia echinata, Cryptomeria japonica,

Eugenia uniflora, Eupatorium hecatanthum, Euphorbia hirta,

Euphorbia tirucalli, Jatropha curcas, Magonia pubescens,
Melia azedarach, Pedilanthus tithymaloides, Phyllanthus
amarus, Pterocaulon purpurascens, Ocimum basilucum,

Ocotea valloziana, Operculina macrocarpa, Spondias mombin,

Xanthium spinosum

Cryptomeria japonica

Centella asiatica

Calotropis procera, Cotula cinerea

Atlantia monophylla

Citrus aurantium

Citrus aurantium

Atlantia monophylla, Curcuma aromatica, Euphorbia hirta,
Euphorbia tirucalli. Jatropha curcas, Pedilanthus

tithymaloides, Phyllanthus amarus

Centella asiatica

Euphorbia kansui

Rhamnus dispermus

Myracrodruon urundeuva

Centella asiatica

Ocimum basilicum, Origanum majorana, Salva officinalis

References: [37. 38, 39, 40. 41. 42, 43, 44, 45, 46, 47, 48. 49, 50. 51, 52, 53, 54, 55. 56, 57, 58, 60. 89].
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Insecticidal activity has also been reported for methanolic extracts of Ocimum basilicum.
Origanum majorana and Salvia officinalis on third instar larvae of the moth Spodoptera
littoralis (LCsp of 0.17, 0.36, and 0.47 %, respectively); petroleum ether extract from
Curcuma aromatica thizome was a larvicidal agent against Culex quinquefasciatus (LCsg of
11.42 ppm) and active principles identified were 9-oxoneoprocurcumenol and
neoprocurcumenol [52, 53, 54]. Table 2 shows other insects that were affected by organic
solvent extracts including flies (Bactrocera oleae and Ceratitis capitata), aphids
(Pterochloroides persicae), bugs (Nilaparvata lugens), and beetles [55, 56, 57, 58]. The
flavanone pinocembrin from Flourensia oolepis ethanolic extract showed antifeedant activity
(EDsp 7.98 pg.cm'zJ on Epilachna paenulata [59].

Plant extracts insecticidal on Diptera insects are harmful to other arthropods (Table 2).
Methanolic extracts of Centella asiatica leaves showed larvicidal effect against Anopheles
subpictus and Culex tritaeniorhynchus as well as adulticidal acitivity on ticks Haemaphysalis
bispinosa and Paramphistomum cervi [60]. Toluene extract from Arremisia abrotanum leaves
showed repelling property on A. aegypti and nymphs of tick (Ixodes ricinus); eugenol was
identified as the constituent of highest activity [34].

Saponin and thujone were identified as active molluscicidal compounds in ethanolic
extracts from Saraca asoca bark and Thuya orientalis leaf [61]. The alkaloid dicentrine is
known as an antitumor agent on human hepatoma cell line HuH-7 [62].

4. LECTINS: CARBOHYDRATE-BINDING PROTEINS
The term lectin (originated from the Latin /ectus that means selected) was introduced by
Boyd and Shapleigh in 1954, because of the ability of these proteins to bind carbohydrates
selectively. Lectins interact with glycoconjugates present on cell surface inducing
agglutination and the term agglutinin is also used to designate lectin; hemagglutinating

activity occurs when the lectin binds to carbohydrate from erythrocyte surface promoting a
network among them (Figure 6A). Plant lectins have been isolated from bark, cladodes,

flowers. leaves. rhizomes. roots and seeds.

-.Erythrocyte ¢ Lectin B Carbohydrate

Figure. 6. Schematic representation of erythrocyte network promoted by lectin binding to surface
carbohydrate (A) and inhibition of hemagglutinating activity by free carbohydrate (B).
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4.1. Methodologies for Extraction, Concentration and Purification

The fragmentation of plant tissue is performed before the extraction step and aims to

promote greater solubilization by increasing contact surface between the lectin and extraction
solution. Treatment of crude extract with ammonium sulfate [63] promotes differential

protein precipitation since proteins rich in hydrophilic amino acids are more soluble than
those rich in hydrophobic amino acids and require highest concentration of ammonium sulfate
to precipitate from the solution. Fractionation of lectin can also be obtained by heating the

crude extract at elevated temperatures (thermal precipitation); denatured proteins precipitate
and thermo-stable lectins remain in solution [64].
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Lectin present in a mixture of proteins can be isolated by chromatographic methods
(Figure 7). lon exchange chromatography is able to separate proteins that differ in isoelectric
points. Basic and acidic lectins bind. respectively. to matrices negatively (cation exchange
column) and positively (anion exchange column) charged and lectin desorption can be made
using stepwise or linear gradients of pH or NaCl. Size exclusion chromatography is based on
percolation of a protein sample in the pores of inert matrices of controlled porosity with
subsequent separation of the components by differential elution, according to the molecular
size. The separation criterion in affinity chromatography is the property of lectins to bind
specifically to carbohydrates. The lectin adsorbed on affinity matrix is recovered by elution
with solution containing the hapten saccharide, or changing pH and ionic strength of
chromatographic medium.

Lectin carbohydrate specificity can be easily defined by hemagglutinating activity assay
when it is done in the presence of different carbohydrates. The lectin binding to carbohydrate
free in solution 1s not able to interact with glycoconjugates from surface of erythrocytes and
the hemagglutinating activity is inhibited (Figure 6B).

Electrophoretic methods are efficient tools for structural characterization and purity
evaluation of lectins. Polyacrylamide gel electrophoresis (PAGE) for native proteins reveals
the protein charge nature; in the presence of sodium dodecyl sulfate and reducing agent the
protein is unfolded in its constituent subunits and the molecular mass is defined (Figure 8).
Protein is usually detected on gel by Coomassie Brilliant Blue, amido black or silver staining.
Electrophoresis is also efficient for identification and characterization of carbohydrate moiety
from glycosylated lectins.

4.2. Larvicidal Activity against Aedes aegypti

Insect gut contains the peritrophic matrix which is constituted by proteins, glycoproteins,
proteoglycans, and chitin. The matrix separates gut lumen contents from digestive epithelial
cells; matrix integrity is essential for insect survival by important roles in digestive processes
as well as insect protection from invasion by microorganisms and parasites. It has been
suggested that chitin at peritrophic membrane, glycosylated receptors at the stomach
epithelial cell surface as well as sugar moiety of glycosylated digestive enzymes are also
targets for lectin binding [65, 66, 67 68, 69].

Recently, three lectins with detrimental action on A. aegypti larvae were reported. One
lectin was 1solated from Moringa oleifera seeds, the so-called water-soluble M. oleifera lectin
(WSMoL): two were obtained from Myracrodruon urundeuva bark (MuBL) and heartwood
(MuHL). M. oleifera belongs to the Moringaccae family and some of its vernacular names are
“moringa” in Portuguese, *“drbol del ben™ in Spanish, and horseradish tree in English. Seeds
of M. oleifera are widely used in developing countries as a natural coagulant to treat water for
human consumption. M. urundeuva belongs to the Anacardiaceae family and its vernacular
names are “aroeira do sertdo” in Portuguese and “urundel™ in Spanish. The plant is broadly
distributed in Brazil and its heartwood 1s considered a hardwood very resistant to termites.
WSMoL, MuBL and MuHL were purified from tissue extracts by ammonium sulphate
precipitation followed by chromatography on chitin column; the hemagglutinating activity of
these lectins was inhibited by N-acetylglucosamine.
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Aqueous extracts of 1, 3, 6 and 15 seeds of Moringa oleifera (SE1, SE3, SE6 and SEI15)
delayed A. aegypri larval development (L1 to L4) and the effect was more pronounced in SE6
and SE15 [70]. Figure 9 shows that after 24 h a greater number of L1 was found in treatment
with M. oleifera extracts than in distilled water (negative control); the life cycle at 72 h has
reached the last larval stage (L4) only in control, SE1 and SE3. The extracts SE6 and SE15,
with quantity of seeds higher than SEl and SE3, prolonged mainly L1 and L2 instars
revealing a correlation between larval stage and sensitivity to the active principle.

L1 OL2@3L3EL4

y B>
vy

100 -
= 90 - ? 90 A
< 80 - < g0 |
5 70- 5 701
Z 60 - £ 60 -
= 50 | g = 50
40 A £ 40 -
5 30 = 130 -
20 1 20 A
10 4 10 -
o 24 48 0 24 48 72
Time (h) Time (h)
C 100 - D 100
90 90 -
S 804 § 80 - B
= 701 = 70
= 60 | I 80 -
g 50 £ 50
T 40 = 40
=30 ; 30 4
= 20 | — 20 |
10 1 10 -
0 - . 0 4
24 48 72 24 48 72
Time (h) Time (h)

Larval instar (%)

24 48 72
Time (h)

Figure 9. Larval instars (%) in incubation with control (A) and seed extracts SE1 (B), SE3 (C), SE6 (D)
and SE15 (E). The bars are the mean + S.D.
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Callosobruchus maculatus

Zabrotes subfasciatus
Diptera

Aedes aegypti
Bactrocera curcubitae
Lucilia cuprina
Hemiptera
Acyrthosiphon pisum
Nilaparvata lugens

Homoptera
Dysdercus cingulatus

Lypaphis erysimi

Hymenoptera
Atta opaciceps

Isoptera
Nasutitermes corniger

Lepidoptera
Anagasta kuehniella

Corcyra cephalonica

Neuroptera
Chrysoperla carnea
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Table 3. Insecticidal plant lectins
Insect Plant (lectin abreviation)
Coleoptera

Bauhinia monandra (BmoLL), Griffonia simplicifolia (GSII),
Solanum tuberosum (STA), Triticum aestivum (WGA)

BmoLL

Myracrodruon urundeuva (MuBL, MuHL). Moringa oleifera
(WSMoL)

Arisaema helleborifolium (AHL)

Canavalia ensiformis (ConA), Lens culinaris (lentil lectin),
Triticum aestivum (WGA)

ConA

ConA. Galanthus nivalis GNA

Allium sativum (ASAL)

ASAL

Canavalia brasiliensis (ConBr)

MuHL

Annona coriacea (ACLEC), BmoLL, KpLec

ACLEC

GNA

References: [68, 69, 70, 71, 74, 90, 91, 92, 93, 94, 95, 96, 97].

Moringa oleifera and Myracrodruon urundeuva lectins promoted mortality of L4 and the
effect was proportional to the concentration of proteins (Figure 10); lethal concentrations of
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WSMoL., MuBL and MuHL required to kill 50% of the larvae (LCsp) in 24 h were 0.197,
0.125 and 0.04 mg.mL™", respectively [70, 71]. The lectins were thermo-stable proteins.
Evaluation by optical microscopy of dead L4 from WSMoL treatment showed morphological
changes with hypertrophy of the segments, gut volume increase and absence of epithelial
layer that delimits the gut. M. oleifera seed extract was also a larvicidal agent on A, aegypti
L3 (LCsq of 1,260 pg.mL"J and evaluation of extract effect on non-target organisms revealed
low toxicity on Daphnia magna, Mus musculus and Rattus novergicus [72].

4.3. Other Biological Properties

Plant lectins are toxic on several insect orders (Table 3). Lectin binding to glycosylated
receptors at the surface of stomach epithelial cells of Acyrthosiphon pisum nymphs induced
epithelial cell distention, enlargement, and shedding in the midgut region [73]. The
involvement of different targets in the mechanism of insecticidal lectins justifies the fact that
lectins of different specificities are harmful to the same insect species and also different
insecticidal efficiency of lectins with similar carbohydrate-binding ability. Termites consume
many types of food, for example humus and celullosic materials such as paper and wood;
these insects are responsible for deterioration of wood, paintings, ancient books, monuments
and buildings. Cladonia verticillaris lichen and Myracrodruon urundeuva heartwood lectins
showed insecticidal activity on Nasutitermes corniger and are promising for population
control of this insect pest [74, 75].

The availability of a great number of lectins with distinct carbohydrate specificities has
resulted in the use of these proteins as tools in medical and biological research [76]. Lectins
can be utilized o detection, isolation and characlerization ol glycoconjugates and (o explore
cellular surfaces binding to the carbohydrate moiety of glycoproteins or glycolipids projected
from the cell. Lectin applications with therapeutic purposes have been suggested.

Lectin affinity adsorbents can be prepared by lectin immobilization to insoluble supports
such as silica and agarose and these matrices are able to fractionate both nitrogen and oxygen-
linked sugar chain glycoproteins [77, 78, 79, 80]. Lectin-Sepharose column can be used for
isolation of glycosylated molecules; the method was able to isolate active trypsin inhibitor
without structural modification and did not have the pitfalls (irreversible inhibitor-enzyme
binding and/or partial inhibitor proteolysis) of inhibitor isolation by trypsin-Sepharose
column [81, 82]. Lectin affinity matrices separate glycoproteins by natural pattern of
¢glycosylation and therefore can be used for characterization of serum glycoproteins [83].

The high carbohydrate specificity of lectin does allow its use for diagnostic purposes.
Lectin immobilized on gold nanoparticles with polyvinyl butyral, and adsorbed on the surface
of gold electrodes can be used to detect lectin—sugar interaction. The modified electrode could
be applicable to the construction of a biosensor to isolate glycoproteins present in human
blood serum [84]. The system is also able to detect different glycoprotein patterns in the sera
from patients infected by dengue fever and hemorrhagic dengue fever [85]. Peroxidase-
labelled lectin and lectin-acridinium ester conjugate (chemiluminescent marker) did detect
changes in glycosylation pattern in cell surface by differential recognition patterns
(differential staining) of normal and neoplasic tissues [86, 87].

Lectins are potential therapeutic agents in cancer treatment and promote tumor growth
reduction; since some antitumor lectins are toxic to normal cells they can be encapsulated into
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liposomes. Cratvlia mollis isolectins (Cramoll 1.4) showed antitumor activity against
Sarcoma 180; however lectin hepatotoxicity was revealed by lymphocyte infiltration in the
liver of treated animals. The lectin was then loaded into liposomes and the preparation was an
antitumor agent more efficient (71%) than free Cramoll 1.4 (30%); liver abnormalities and
morphological alterations were not detected in spleen or kidneys alter treatment with Cramoll
|,4-loaded liposomes [88].

5. CONCLUSION

The search for environmental safety and biodegradability stimulates the evaluation of
plant versatility for several biological properties. In general, A. aegypti mortality promoted by
essential oils, solvent organic extracts and lectins is directly proportional to compound
concentration and the first two stages of larval development are more sensible to plant
compounds than following larval stages. Larvicidal mechanisms proposed for essential oils
and organic solvent extracts are cell alterations, antichitinogenic activity and toxic effect on
larvae nervous system. Changes in digestive tract is a sign that chitinous structures at the
peritrophic matrix and/or receptors at epithelial cells present in A. aegypti midgut are the
lectin targets; common characteristics of insecticidal lectins include thermo-stability,
resistance (o enzyme hydrolysis and chitin-binding ability. Plant tissues are sources ol
promising essential oils, solvent organic extracts and lectins for pharmaceutical and cosmetic
uses, as well as control of arthropods.

ACKNOWLEDGEMENT

The authors express their gratitude to the Conselho Nacional de Desenvolvimento
Cientifico e Tecnologico (CNPq) for research grants and fellowships (LCBBC. MTSC and
PMGP), Coordenagio de Aperfeicoamento de Pessoal de Nivel Superior (CAPES) and
Fundagao de Amparo a Ciéncia e Tecnologia do Estado de Pernambuco (FACEPE — PPSUS -
PRONEX) for research grants. We also thank Dr. Lothar Wilhelm Bieber for scientific
discussions and Emmanuel Dias da Silva for design of the figures 1, 2, 3, 4 and 5.

REFERENCES

[1T  World Health Organization. 1996. Report of the WHO informal consultation on the
evaluation and testing of insecticides. CTD/WHOPES/IC/96.1, P. 69.

[2]  Navarro, D. M. A. F., Oliveira, P. E. S., Potting, R. J. P., Brito, A. C., Fital, S. I. F. &
Sant'Ana, A. E. G. 2003. The potential attractant or repellent effects of different water
types on oviposition in Aedes aegypti L. (Dipt., Culicidae). Journal of Applied
Entomology. 127. 46-50.

[3] Bakkali, F., Averbeck, S., Averbeck, D. & Idaomar, M. 2008. Biological effects of
essential oils — A review. Food and Chemical Toxicology, 46, 446-475.



Santos, N.D.L. Efeito dalectina solivel em agua de sementes de Moringa oleifera... 135

290 P. M. G. Paiva, T. H. Napoledo, N. D. L. Santos et al.

[4]  Frizzo, C. D., Santos, A. C., Paroul, N., Serafini, L. A., Dellacassa, E., Lorenzo, D. &
Moyna, P. 2000. Essential oils of camphor tree (Cinnamomum camphora Nees &
Eberm) cultivated in southern Brazil. Brazilian Archives of Biology and Technology,
43, 313-316.

[S]  Scavroni, J.. Boaro, C. F. S., Marques, M. O. M. & Ferreira, L. C. 2005. Yield and
composition of the essential oil of Mentha piperita L. (Lamiaceae) grown with
biosolid. Brazilian Journal of Plant Physiology, 17, 345-352.

[6] Reddy, M. V. B., Angers, P.. Gosselin, A. & Arul, J. 1998. Characterization and use of
essential oil from Thymus vulgaris against Botrytis cinerea and Rhizopus stolonifer in
strawberry fruits. Phytochemistry, 47, 1515-1520.

[7]  Kelecom, A., Rocha, M. A., Majdalani, E. C., Gonzalez, M. S. & Mello, C. B. 2002.
Novas atividades biologicas em antigos metabdlitos: dcido oleandlico e eugenol de
Eugenia carvophyllata. Revista Brasileira de Farmacognosia, 12, 70-71.

[8] Haypek, E., Silva, L. H M., Batista, E.. Marques, D. S., Meireles, M. A. A. &
Meirelles, A. J. A. 2000. Recovery of aroma compounds from orange essential oil.
Brazilian Journal of Chemical Engineering, 17, 705-712.

[9] Silva. J. R. A.. Carmo. D. F. M., Reis, E. M., Machado, G. M. C., Leon, L. L., Silva, B.
0., Ferreira, J. L. P. & Amaral, A. C. F. 2009. Chemical and biological evaluation of
essential oils with economic value from Lauraceae species. Journal of Brazilian
Chemical Society, 20, 1071-1076.

[10] Handa, S. S., Khanuja, S. P. S., Longo, G. & Rakesh, D. D. 2008. Extraction
Technologies for Medicinal and Aromatic Plants. Trieste, Italy: ICS-UNIDO.

[11] Craveiro, A. A., Matos, F. J. A., Alencar, J. W. & Plumel, M. M. 1989. Microwave
extraction of an essential oil. Flavour and Fragance Journal, 4, 43-44.

[12] Lucchesi, M. E., Chemat, F. & Smadja, J. 2004. An original solvent free microwave
extraction of essential oils from spices. Flavour and Fragance Journal, 19, 134-138,

[13] Phutdhawong, W., Kawaree, R., Sanjaiya, S., Sengpracha, W. & Buddhasukh, D. 2007.
Microwave-assisted isolation of essential oil of Cinnamomum iners Reinw. Ex Bl:
comparison with conventional hydrodistillation. Molecules, 12, §68-877.

[14] Rezvanpanah, S.. Rezaei, K., Razavi, S. H. & Moini, S. 2008. Use of microwave-
assisted hydrodistillation to extract the essential oils from Sarureja hortensis and
Satureja Montana. Food Science and Technology Research, 14, 311-314.

[15] Asfaw. N., Licence, P., Novitskii, A. A. & Poliakoff, M. 2005. Green chemistry in
Ethiopia: the cleaner extraction of essential oils from Artemisia afra: a comparison of
clean technology with conventional methodology. Green Chemistry, 7. 352-356.

[16] Kiran, S. R., Bhavani, K., Devi, P. 5., Rao, B. R. R. & Reddy, K. J. 2006. Composition
and larvicidal activity of leaves and stem essential oils of Chloroxylon swietenia DC
against Aedes aegypti and Anopheles stephensi. Bioresource Technology, 97, 2481-
2484,

[17] Silva. W. J.. Doria. G. A. A.. Maia. R. T.. Nunes, R. S.. Carvalho. G. A., Blank. A. F..
Alves, P. B., Marcal, R. M. & Cavalcanti, S. C. H. 2008. Effects of essential oils on
Aedes aegypri larvae: Allernatives (o environmentally safe insecticides. Bioresource
Technology, 99, 3251-3255.

[18] Morais, S. M., Facundo, V. A., Bertini, L. M., Cavalcanti, E. S. B., Jtnior, J. F. A,
Ferreira, S. A.. Brito, E. S. & Neto, M. A. S. 2007. Chemical composition and



Santos, N.D.L. Efeito dalectina sollvel em agua de sementes de Moringa oleifera...

Plant Compounds with Aedes aegypti Larvicidal Activity ... 291

[27]

[28]

larvicidal activity of essential oils from Piper species. Biochemical Systematics and
Ecology. 35, 670-675.

Carvalho, A. F. U, Melo, V. M. M., Craveiro, A. A., Machado, M. 1. L., Bantim, M. B.
& Rabelo, E. F. 2003. Larvicidal activity of the essential oil from Lippia sidoides
Cham. against Aedes aegypti Linn. Memorias do Instituto Oswaldo Cruz, 98, 569-571.

Ansari, M. A., Vasudevan, P., Tandon, M. & Razdan, R. K. 2000. Larvicidal and
mosquito repellent action of peppermint (Mentha piperita) oil. Bioresource
Technology, 71, 267-271.

Pitasawat, B., Champakaew, D., Choochote, W., Jitpakdi, A., Chaithong, U.,
Kanjanapothi, D., Rattanachanpichai, E., Tippawangkosol, P., Riyong, D., Tuetun, B.
& Chaiyasit, D. 2007. Aromatic plant-derived essential oil: An alternative larvicide for
mosquito control. Fitoterapia, 78, 205-210.

Dharmagadda, V. S. 5., Naik, S. N., Mittal, P. K. & Vasudevan, P. 2005. Larvicidal
activity of Tagetes patula essential oil against three mosquito species. Bioresource
Technology, 96, 1235-1240.

Prajapati, V., Tripathi, A. K., Aggarwal, K. K. & Khanuja, S. P. S. 2005. Insecticidal,
repellent and oviposition-deterrent activity of selected essential oils against Anopheles
stephensi, Aedes aegypti and Culex quinquefasciatus. Bioresource Technology, 96,
1749-1757.

Autran, E. S., Neves, I. A, Silva, C. S. B, Santos, G. K. N., Camara, C. A. G. &
Navarro, D. M. A. F. 2009. Chemical composition, oviposition deterrent and larvicidal
activities against Aedes aegypri ol essential oils [rom Piper marginatum Jacq.
(Piperaceae). Bioresource Technology, 100, 2284-2288.

Lucia, A.. Audino. P. G.. Seccacini. E., Licastro. S.. Zerba, E. & Masuh, H. 2007.
Larvicidal effect of Eucalyptus grandis essential oil and turpentine and their major
components on Aedes aegypti larvae. Journal of the American Mosquito Control
Association, 23, 299-303.

Cheng, S.. Huang, C., Chen, Y., Yu, J. Chen, W. & Chang, S. 2009. Chemical
compositions and larvicidal activities of leaf essential oils from two eucalyptus species.
Bioresource Technology, 100, 452-456.

Chung, 1., Seo, S., Kang, E., Park, S., Park, W. & Moon, H. 2009. Chemical
composition and larvicidal effects of essential oil of Dendropanax morbifera against
Aedes aegypii L. Biochemical Systematics and Ecology, 37, 470-473.

Gbolade, A. A. & Lockwood, G. B. 2008. Toxicity of Ocimum sanctum L. essential oil
to Aedes aegypri larvae and its chemical composition. Journal of Essential Oil Bearing
Plants. 11, 148-153.

Cheng, S., Liu, I, Huang, C., Hsui, Y., Chen, W. & Chang, S. 2009. Insecticidal
activities of leaf essential oils from Cinnamomum osmophloeum against three mosquito
species. Bioresource Technology, 100, 457-464.

Nerio, L. S.. Olivero-Verbel, J. & Stashenko, E. 2010. Repellent activity of essential
oils: A review. Bioresource Technology, 101, 372-378,

Cheng, S.. Chang, H., Wu, C. & Chang. S. 2007. Anti-termitic activities of essential
oils from coniferous trees against Coptotermes formaosanus. Bioresource Technology,
98. 456-459.

136



Santos, N.D.L. Efeito dalectina sollvel em agua de sementes de Moringa oleifera... 137

292 P. M. G. Paiva, T. H. Napoledo, N. D. L. Santos et al.

[32] Calmasur, O., Aslan, 1., & Sahin, F. 2006. Insecticidal and acaricidal effect of three
Lamiaceae plant essential oils against Tetranvchus urticae Koch and Bemisia tabaci
Genn. Industrial Crops and Products. 23, 140-146.

[33] Thorsell, W., Mikiver, A. & Tunoén, H. 2006. Repelling properties of some plant
materials on the tick Ixodes ricinus L. Phyromedicine, 13, 132-134.

[34] Tundn, H., Thorsell, W., Mikiver, A. & Malander, 1. 2006. Arthropod repellency,
especially tick (Ixodes ricinus), exerted by extract from Artemisia abronatum and
essential oil from flowers of Dianthus carvophyllum. Fitoterapia, 77, 257-261, 2006.

[35] Starmans, D. A. J. & Nijhuis. H. H. 1996. Extraction of secondary metabolites from
plant material: a review. Trends in Food Science & Technology, 7, 191-197.

[36] Castro, M. D. L. & Priego-Capote, F. 2010. Soxhlet extraction: Past and present
panacea. Journal of Chromatography A. 1217, 2383-2389.

[37] Coria, C., Almiron., W., Valladares, G.. Carpinella, C.. Ludueiia, F.. Defago. M. &
Palacios, S. 2008. Larvicide and oviposition deterrent effects of fruit and leal extracts
from Melia azedarach L. on Aedes aegypti (L.) (Diptera: Culicidae). Bioresource
Technology, 99. 3066-3070.

[38] Arruda. W.. Oliveira, G. M. C. & Silva. I. G. 2003. Toxicidade do extrato etandlico de
Magonia pubescens sobre larvas de Aedes aegypti. Revista da Sociedade Brasileira de
Medicina Tropical, 36, 17-25.

[39] Sakthivadivel. M. & Thilagavathy, D. 2003. Larvicidal and chemosterilant activity of
the acetone [raction of petroleum ether extract from Argemone Mexicana L. seed.
Bioresource Technology, 89, 213-216.

[40] Wandscheer, C. B., Duque, J. E., Silva, M. A. N., Fukuyama, Y., Wohlke. J. L.,
Adelmann. J. & Fontana, J. D. 2004. Larvicidal action of ethanolic extracts from fruit
endocarps of Melia azedarach and Azadirachta indica against the dengue mosquito
Aedes aegypti. Toxicon, 44, 829-835.

[41] Murugan, K., Murugan, P. & Noortheen, A. 2007. Larvicidal and repellent potential of
Albizzia amara Boivin and Ocimum basilicum Linn against dengue vector, Aedes
aegypti (Insecta:Diptera:Culicidae). Bioresource Technology, 98, 198-201.

[42] Ciccia, G., Coussio, J. & Mongelli, E. 2000. Insecticidal activity against Aedes aegypti
larvae of some medicinal South American plants. Journal of Ethnopharmacology, 72,
185-189.

[43] Luna, J. S, Santos. A. F.. Lima, M. R. F., Omena, M. C., Mendonga, F. A. C., Bieber,
L. W. & Sant’Ana, A. E. G. 2005. Journal of Ethnopharmacology, 97. 199-206.

[44] Omena, M. C., Navarro, D. M. A. F., Paula, J. E.. Luna, J. S., Lima, M. R. F. &
Sant’Ana, A. E. G. 2007. Larvicidal activities against Aedes aegypti of some Brazilian
medicinal plants. Bioresource Technology, 98, 2549-2556.

[45] Sivagnaname, N. & Kalyanasundaram, M., 2004. Laboratory evaluation of methanolic
extract of Atlantia monophylla (Family: Rutaceae) against immature stages of
mosquitoes and non-target organisms. Memodrias do Instituto Oswaldo Cruz, 99, 115-
118.

[46] Rahuman, A. A., Gopalakrishnan, G., Venkatesan, P. & Geetha, K. 2008. Larvicidal
activity of some Euphorbiaceae plant extracts against Aedes aegypti and Culex
quinguefasciatus (Diptera: Culicidae). Parasitology Research, 102, 867-873.

[47] Tloset, J., Marston, A., Gupta, M. P. & Hostettmann, K. 2000. Antifungal and larvicidal
cordiaquinones from the roots of Cordia curassavica. Phytochemistry, 53, 613-617.



Santos, N.D.L. Efeito dalectina sollivel em agua de sementes de Moringa oleifera... 138

Plant Compounds with Aedes aegypti Larvicidal Activity ... 293

[48] Chapagain, B. P., Saharan, V. & Wiesman, Z. 2008. Larvicidal activity of saponins
from Balanites aegyptica callus against Aedes aegypti mosquito. Bioresource
Technology, 99. 1165-1168.

[49] Cheng, S., Huang, C., Chen, W., Kuo, Y. & Chang, S. 2008. Larvicidal activity of
tectoquinone isolated from red heartwood-type Cryptomeria japonica against two
mosquito species. Bioresource Technology, 99, 3617-3622.

[50] Garcez. W. S., Garcez. F. R., Silva, L. M. G. E. & Hamerski, L. 2009. Larvicidal
activity against Aedes aegypti of some plants native to the West-Central region of
Brazil. Bioresource Technology, 100, 6647-6650.

[51] Gu, H., Cheng, S., Huang, C., Chen, W. & Chang, S. 2009. Mosquito larvicidal
activities of extractives from black heartwood-type Cryptomeria japonica.
Parasitology Research, 105, 1455-1458.

[52] Markouk. M., Bekkouche, K., Larhsim, M., Bousaid, M., Lazrek, H. B. & Jana, M.
2000. Evaluation of some Moroccan medicinal plant extracts for larvicidal activity.
Journal of Ethnopharmacology, 73, 293-297.

[53] Pavela, R. 2004. Insecticidal activity of certain medicinal plants. Fitoterapia, 75, 745-
749.

[54] Madhu, S. K., Shaukath, A. K. & Vijayan, V. A. 2010. Efficacy of bioactive
compounds from Curcuma aromatic against mosquito larvae. Acra Tropica, 113, 7-11.

[55] Boussaada, O., Kamel, M. B. H., Ammar, S., Haouas, D., Mighri, Z. & Helal, AN.
2008. Insecticidal activity of some Asteraceae plant extracts against Tribolium
confusum. Bulletin of Insectology, 61, 283-289.

[56] Ateyyat, M. A. & Abu-Darwish, M. S. 2009. Insecticidal activity of different extracts
of Rhamnus dispermus (Rhamnaceae) against peach trunk aphid. Prerochloroides
persicae (Homoptera: Lachnidae). Spanish Journal of Agricultural Research, 7, 160-
164.

[57] Dang, Q. L.. Choi, Y. H.. Choi, G. J., Jang, K. S., Park, M. S., Park, N, Lim, C. H.,
Kim, H., Ngoc, L. H. & Kim, J. 2010. Pesticidal activity of ingenane diterpenes
isolated from Euphorbia kansui against Nilaparvara lugens and Tetranychus urticae.
Journal of Asia-Pacific Entomology, 13, 51-54,

[58] Siskos. E. P.. Konstantopoulou, M. A. & Mazomenos, B. E. 2009. Insecticidal activity
of Citrus aurantium peel extract against Bactrocera oleae and Ceratitis capitata adults
(Diptera: Tephritidae). Journal of Applied Entomology, 133, 108-116.

[59] Napal, G. N. D., Carpinella, M. C. & Palacios, S. M. 2009. Antifeedant activity of
ethanolic extract from Flourensia oolepis and isolation of pinocembrin as its active
principle compound. Bioresource Technology, 100, 3669-3673.

[60] Bagavan, A., Kamaraj, C., Elango, G., Zahir, A. A. & Rahuma, A. A. 2009.
Adulticidal and larvicidal efficacy of some medicinal plant extracts against tick, fluke
and mosquitoes. Veterinary Parasitology. 166, 286-292.

[61] Singh, A. & Singh, V. K. 2009. Molluscicidal activity of Saraca asoca and Thuja
orientalis against the fresh water snail Lymnaea acuminata. Veterinary Parasitology,
164, 206-210.

[62] Huang, R. L., Chen, C. C., Huang, Y. L., Ou., J. C., Hu, C. P., Chen, C. F. & Chang, C.
1998, Anti-tumor effects of d-dicentrine from the root of Lindera megaphylla. Planta
Medica, 64, 212-215.



Santos, N.D.L. Efeito dalectina sollivel em agua de sementes de Moringa oleifera... 139

294 P. M. G. Paiva, T. H. Napoledo, N. D. L. Santos et al.

[63] Green. A. A. & Hughes, L. 1955. Protein fractionation on the basis of solubility in
aqueous solution of salts and organic solvents. In: Methods in Enzymology (edited by
S. Colowick and N. Kaplan). Pp. 67-90. New York, USA: Academic Press.

[64] Santana, M. A.. Santos, A. M. C., Oliveira, M. E.. Oliveira, J. S.. Baba. E. H., Santoro,
M. M. & Andrade, M. H. G. 2008. A novel and efficient and low-cost methodology for
purification of Macrotyloma axillare (Leguminosae) seed lectin. International Journal
of Biological Macromolecules, 43, 352-358.

[65] Tellam. R. L., Wijffels, G. & Wiladsen, P. 1999. Peritrophic matrix proteins. Insect
Biochemistry and Molecular Biology, 29, 87-101.

[66] Fitches, E. & Gatechouse, J. A. 1998. A comparison of the short and long term effects
of insecticidal lectins on the activities of soluble and brush border enzymes of tomato
moth larvae (Lacanobia oleracea). Journal of Insect Physiology, 44, 1213-1224.

[67] Harper, M. S.. Hopkins, T. L. & Czapla, T. H. 1998. Effect of wheat germ agglutinin
on formation and structure of the peritrophic membrane in European corn borer
(Ostrinia nubilalis) larvae. Tissue and Cell, 30, 166-176.

[68] Coelho, M. B., Marangoni, S. & Macedo, M. L. R. 2007. Insecticidal action of Annona
coriacea lectin against the flour moth Anagasta kuehniella and the rice moth Corcyra
cephalonica (Lepidoptera: Pyralidae). Comparative Biochemistry and Physiology —
Part C: Toxicology & Pharmacology, 146, 406-414.

[69] Macedo, M. L. R., Freire, M. G. M., Silva, M. B. R. & Coelho, L. C. B. B. 2007.
Insecticidal action of Bauhinia monandra leat lectin (BmoLL) against Anagasta
kuehniella (Lepidoptera: Pyralidae). Zabrotes subfasciatus and Callosobruchus
maculatus (Coleoptera: Bruchidae). Comparative Biochemistry and Physiology — Part
A: Molecular & Integrative Physiology, 146, 486-498.

[70] Coelho, J. S., Santos, N. D. L., Napoleao, T. H., Gomes, F. S., Ferreira, R. S., Zingali,
R. B.. Coelho, L. C. B. B.. Leite. S. P.. Navarro, D. M. A. F. & Paiva. P. M. G. 2009.
Effect of Moringa oleifera lectin on development and mortality of Aedes aegypti
larvae. Chemosphere, 77, 934-938,.

[71] Sa, R. A., Santos, N. D. L., Silva, C. S. B., Napoleao, T. H., Gomes, F. S., Cavada, B.
S.. Coelho, L. C. B. B., Navarro, D. M. A. F., Bieber, L. W. & Paiva, P. M. G. 2009,
Larvicidal activity of lectins from Myracrodruon urundeuva on Aedes aegypti.
Comparative Biochemistry and Physiology — Part C: Toxicology & Pharmacology,
149, 300-306.

[72] Ferreira, P. M. P., Carvalho, A. F. U., Farias, D. F.. Cariolano, N. G.. Melo, V. M. M.,
Queiroz, M. G. R, Martins, A. M. C. & Machado-Neto, I. G. 2009. Larvicidal activity
of the water extract of Moringa oleifera seeds against Aedes aegypti and its toxicity
upon laboratory animals. Anais da Academia Brasileira de Ciéncias, 81, 207-216.

[73] Sauvion, N., Nardonb, G., Febvay. G., Gatehouse, A. M. R. & Rahbé, Y. 2004,
Binding of the insecticidal lectin Concanavalin A in pea aphid Acyrthosiphon pisum
(Harris) and induced effects on the structure of midgut epithelial cells. Journal of
Insect Physiology, 50, 1137-1150.

[74] S4, R. A.. Napoledo. T. H., Santos, N. D. L.. Gomes, F. S.. Albuquerque, A. C.,
Xavier. H. S.. Coelho, L. C. B. B.. Bieber, L. W. & Paiva, P. M. G. 2008. Induction of
mortality on Nasutitermes corniger (Isoptera, Termitidae) by Myracrodruon
urundeuva heartwood lectin. International Biodeterioration & Biodegradation, 62,
460-464.



Santos, N.D.L. Efeito dalectina solivel em agua de sementes de Moringa oleifera... 140

Plant Compounds with Aedes aegypti Larvicidal Activity ... 295

[75] Silva, M. D. C., S4, R. A., Napoledo, T. H., Gomes, F. S., Santos, N. D. L.,
Albuquerque, A. C., Xavier, H. S., Paiva, P. M. G., Correia, M. T. S. & Coelho, L. C.
B. B. 2009. Purified Cladonia verticillaris lichen lectin: Insecticidal activity on
Nasutitermes corniger (Isoptera: Termitidae). International Biodeterioration &
Biodegradation, 63, 334-340.

[76] Correia, M. T. S., Coelho, L. C. B. B. & Paiva, P. M. G. 2008. Lectins, carbohydrate
recognition molecules: Are they toxic? In: Recent Trends in Toxicology (edited by Y.
H. Siddique). Pp. 47-59. Kerala. India: Transworld Research Network.

[77] Kobata, A. 1994, Affinity chromatography with use of immobilized lectin columns.
Biochemical Society Transactions, 22, 360-364.

[78] Kennedy. J. F., Palva, P. M. G., Corrella, M. T. S., Cavalcanti, M. S. M., & Coelho, L.
C. B. B. 1995. Lectins, versatile proteins of recognition: a review. Carbohydrate
Polymers, 26, 219-230.

[79] Fraguas, L. E.. Carlsson, J. & Lonnberg, M. 2008. Lectin affinity chromatography as a
tool to differentiate endogenous and recombinant erythropoietins. Journal of
Chromatography A, 1212, 82-88.

[80] Helmholz, H., Naatz, S., Lassen, S. & Prange, A. 2008. Isolation of a cytotoxic
glycoprotein from the Scyphozoa Cyanea lamarchii by lectin-affinity chromatography
and characterization of molecule interactions by surface Plasmon resonance. Journal of
Chromatography B, 871, 60-66.

[81] De Martino, N. 1989. Purification of proteolytic enzymes. In: Proteolytic Enzymes
(edited by R.J. Beynon and I.S. Bond). Pp. 15-23. England: L.R.L. Press.

[82] Paiva, P. M. G., Souza, A. F., Oliva, M. L. V., Kennedy, J. F., Cavalcanti, M. S. M.,
Coelho, L. C. B. B. & Sampaio, C. A. M. 2003. Isolation of a trypsin inhibitor from
Echinodorus paniculatus seeds by affinity chromatography on immobilized Cratylia
mollis isolectins. Bioresource Technology, 88, 75-79.

[83] Lima, V. L. M., Correia, M. T. S., Cechinel, Y. M. N., Sampaio, C. A. M., Owen. J. S.
& Coelho, L. C. B. B. 1997. Immobilized Crarylia mollis lectin as a potential matrix to
isolate  plasma glycoproteins, including lecithin-cholesterol acyltransferase,
Carbohydrate Polymers, 33, 27-32.

[84] Ohveira. M. D. L., Correta, M. T. S.. Coelho, L. C. B. B. & Dimz F. B. 2008.
Eletrochemical evaluation of lectin-sugar interaction on gold electrode modified with
colloidal gold and polyvinyl butyral. Colloids and Surfaces B: Biointerfaces, 66, 13-
19.

[85] Ohiveira, M. D. L., Correia, M. T. S. & Dimz, F. B. 2009. Concanavalin A and
polyvinil butyral use as a potential dengue electrochemical biosensor. Biosensors and
Bioelectronics, 25, 728-732.

[86] Beltrdo, E. L. C., Correia, M. T. S., Figueredo-Silva, J. & Coelho, L. C. B. B. 1998.
Binding evaluation of isoform 1 from Cratylia mollis lectin to human mammary
tissues. Applied Biochemistry and Biotechnology, 74, 125-134.

[87] Campos, L. M., Cavalcanti, C. L. B., Lima-Filho, J. L., Carvalho Ir., L. B. & Beltrio,
E. 1. C. 2006. Acridinium ester conjugated to lectin as chemiluminescent
histochemistry marker. Biomarkers, 11, 480-484.

[88] Andrade, C. A. S., Correia, M. T. S.. Coelho. L. C. B. B., Nascimento, S. C. & Santos-
Magalhdes, N. S. 2004. Antitumor activity of Cratylia mollis lectin encapsulated into
liposomes. International Jowrnal of Pharmaceutics, 278, 435-445.



Santos, N.D.L. Efeito dalectina solivel em agua de sementes de Moringa oleifera... 141

296 P. M. G. Paiva, T. H. Napoledo, N. D. L. Santos et al.

[89] Yang, H., Hu, I, Li, Q., Liu, H., Yao, T., Ran, C. & Lei, H. 2009. Acaricidal activity
of Boenninghausenia sessilicarpa against Panonychus citri. Agricultural Sciences in
China, 8, 1097-1102.

[90] Zhu-Salzman, K., Shade. R. E., Koiwa, H., Salzman, R. A.. Narasimhan, M., Bressan,
R. A.. Hasegawa, P. M., Murdock, L. L. 1998. Carbohydrate binding and resistance to
proteolysis control insecticidal activity of Griffonia simplicifolia lectin 11. Proceedings
of the National Academy of Sciences of the United Stares of America, 95, 15123—
15128.

[91] Bandyopadhyay, S., Roy, A. & Das, S. 2001. Binding of garlic (Allium sativum) leaf
lectin to the gut receptors of homopteran pests is correlated to its insecticidal activity.
Plant Science, 161, 1025-1033.

[92] Eisemann, C. H., Donaldson, R. A., Pearson, R, D., Cadogan, L. C., Vuocolo, T. &
Tellam, R. L. 1994, Larvicidal activity of lectins on Lucilia cuprina: mechanism of
action. Entomologia Experimentalis et Applicara, 72, 1-10.,

[93] Hogervorst, P. A. M., Ferry, N., Gatehouse, A. M. R., Wiickers, F. L. & Romeis, J.
2006. Direct effects of snowdrop lectin (GNA) on larvae of three aphid predators and
fate of GNA after ingestion. Journal of Insect Physiology. 52, 614-624.

[94] Isidro, R.. Sales, F. J. M., Cavada, B. S., Grangeiro, T. B. & Moreira, R. A. 2001. Acio
de lectina de sementes de Canavalia brasiliensis Mart. sobre o comportamento da
saiva do Nordeste (Afta opaciceps Borgmeier, 1939). Revista de la Facultad de
Agronomia, 27, T7-89.

[95] Kaur, M., Singh, K., Rup, P. J., Kamboj, S. S., Saxena, A. K., Sharma, M., Bhagat, M.,
Sood, S. K. & Singh, J. 2006. A tuber lectin from Arisaema helleborifolium Schott
with anti-insect activity against melon fruit fly, Bactrocera cucurbitae (Coquillett) and
anti-cancer effect on human cancer cell. Archives of Biochemistry and Biophysics, 445,
156-165.

[96] Murdock, L. L., Huesing, I. E., Nielsen, S. S., Pratt, R. C. & Shade, R. E. 1990.
Biological effects of plant lectins on the cowpea weevil. Phytochemistry, 29, 85-89.

[97] Powell, K. S., Gatehouse, A. M. R.. Hilder, V. A. & Gatehouse, J. A. 1995,
Antifeedant effects of plant-lectins and an enzyme on the adult stage of the rice brown
planthopper, Nilaparvata lugens. Entomologia Experimentalis et Applicata, 75, 51-59.



Santos, N.D.L. Efeito dalectina solivel em agua de sementes de Moringa oleifera... 142

9. CONCLUSOES

v WSMoL (0,1 mg/mL) apresentou efeito estimulante sobre a oviposicdo de A. aegypti em
condicbes de laboratorio e quando utilizada em armadilhas para captura de ovos
(ovitrampas) em condi¢oes de campo simulado.

v A nao-volatidade de WSMoL, a presenca da maioria dos ovos depositados pelas fémeas na
superficie da solugdo de WSMoL nas ovitrampas, bem como os resultados obtidos no
ensaio de olfatometria indicam que o mecanismo de percepcdo de WSMoL pelas fémeas
ndo envolve sensores ol fativos, mas sensores de contato (gustatorios).

v A agdo egtimulante de oviposicdo de WSMoL em condigdes de campo simulado
apresentou persisténcia por 5 dias.

v WSMoL (0,1 mg/mL) ndo foi efetiva em aumentar a eficiéncia de armadilhas
(MosquiTRAP™) para captura de fémeas gravidas.

v Os ovos depositados pelas fémeas em solucdo do extrato de sementes, da fracéo proteica O-
60% e de WSMoL isolada, nos ensaios de oviposicdo em condicbes de laboratorio,
apresentaram eclodibilidade reduzida. Andlise por microscopia Optica indica que WSMoL
provavelment interfere no desenvolvimento do embri&o em formagao.

v Extrato, fragdo proteica 0-60% e WSMoL apresentaram acdo ovicida sobre ovos estocados,
com valores de ECsp de 0,28, 0,18 e 0,1 mg/mL de proteinas, respectivamente, indicando a
lectina como principio ativo das preparacdes brutas.

v" A auséncia de eclosdo dos ovos tratados com WSMoL e analise por microscopia éptica
indicam que WSMoL apresenta atividade ovicida por matar os embrides dentro dos ovos.

v Irradiacdo gama na dose de 10 mGy potencializou as atividades larvicida e ovicida de
WSMoL e aboliu a atividade estimulante de oviposi ¢éo.

v' WSMoL é a primeira lectina com atividade ovicida sobre insetos descrita. O presente

trabalho relata também, pela primeira vez, o efeito estimulante de oviposicéo de uma
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lectina e demonstra a atuagdo de uma molécula fixa (ndo volétil) como uma pista quimica
utilizada pelas fémeas gravidas de A. aegypti para selecéo do sitio de oviposi¢éo.

v" Os dados evidenciam a aplicabilidade de WSMoL no controle de A. aegypti, constituindo
uma molécula com grande potencia por interferir na sobrevivéncia de ovos e larvas desse

mosquito, bem como no comportamento de fémeas gravidas.



