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RESUMO

A WSMoL (do inglés water-soluble Moringa oleifera lectin) é uma lectina (proteina que
reconhece carboidratos) proveniente das sementes da Moringa oleifera, as quais séo utilizadas
no tratamento de 4gua. Algumas espécies de insetos podem atuar como vetores de doencas ou
pragas agricolas. O mosquito Aedes aegypti é o vetor da dengue e sabe-se que o extrato de
sementes de M. oleifera e WSMoL sdo toxicos para as larvas deste inseto. O extrato de
sementes e WSMoL apresentaram uma concentracdo letal a 50% das larvas apds 24 horas de
exposicdo (CLsp) igual a 0,27 mg/mL e 0,197 mg/mL, respectivamente. Entretanto, para uma
adequada utilizacdo desse inseticida natural se faz necessario a realizacdo de testes
ecotoxicoldgicos a fim de avaliar os possiveis efeitos causados em organismos aquaticos nao-
alvo. Neste trabalho, foi avaliada a toxicidade de extrato de semente e WSMoL para larvas de
Danio rerio, espécie de peixe muito utilizada na Ecotoxicologia devido a facilidade de
observacdo de seu comportamento e desenvolvimento e serem sensiveis na fase larval. As
larvas de D. rerio foram expostas a diferentes concentracGes do extrato de sementes ou
WSMoL por 168 horas (7 dias),tendo sido avaliados efeitos letais por meio da determinagéo
da taxa de mortalidade. Além disso, efeitos sub-letais comportamentais e bioquimicos sobre a
velocidade natatoria das larvas e atividade da acetilcolinesterase, respectivamente,também
foram avaliados. Foi observado um efeito dose dependente na taxa de mortalidade de D. rerio
tanto para o extrato quanto para a lectina purificada. Apo6s 24 horas, os valores de CLso4n
foram 0,365 e 0,21 mg/mL para extrato e WSMoL, respectivamente. Esses resultados
mostram que a susceptibilidade das larvas de D. rerio a WSMoL foi similar a das larvas de A.
aegypti (6% de diferenca nos valores de LCso4n) €enquanto extrato é aproximadamente 34%
mais potente para as larvas do mosquito. Ap6s 96 horas, 0s valores de CLso4n para extrato e
WSMoL foram 0,031 e 0,135 mg/mL, respectivamente. Com relacdo a velocidade natatéria
dos individuos expostos ao extrato, houve um aumento significativo (p < 0,05) apds
incubacéo nas concentracgdes 0,03 e 0,27 mg/mL e uma diminuicao para larvas incubadas com
0,81 mg/mL por esse mesmo periodo. Para incubacdo por 168 h, a velocidade foi maior que
no grupo controle para os tratamentos a 0,27 e 0,81 mg/mL. Nos ensaios com WSMoL, a
média da velocidade de natacdo de larvas expostas a lectina por 72 h foi significativamente (p
< 0,05) menor que no controle nos tratamentos com 0,1 e 0,2 mg/mL. Para 168 h, a
velocidade foi também menor que no controle no tratamento a 0,1 mg/mL enquanto para as
concentracdes de 0,02 e 0,05 mg/mL foi similar (p > 0,05) ao controle.Larvas expostas por
168 h ao extrato aquoso na concentracdo 0,81 mg/mL e a WSMoL na concentracdo de 0,1
mg/mL apresentaram uma reducgéo significativa na atividade da acetilcolinesterase. Levando
em consideracdo os resultados obtidos, esses inseticidas naturais devem ser usados
cuidadosamente, uma vez que as concentracdes necessarias para 0 controle de A.
aegyptiforam podem também causar efeitos toxicos letais e sub-letais para organismos nao-
alvo como o peixe D. rerio. Recomenda-se 0 uso em recipientes de armazenamento de agua, e
ndo em ecossistemas aquaticos como lagoas e lagos.

Palavras-chaves: Ecotoxicidade. acetilcolinesterase. larvas. Moringa oleifera. Danio rerio.



ABSTRACT

Some insect species can act as vectors of diseases or as agricultural pests. The WSMoL (water
soluble Moringa oleifera lectin) is a lectin (protein that recognizes carbohydrate) derived
from the seeds of Moringa oleifera, which are used in water treatment. The mosquito Aedes
aegypti is the vector of dengue and it is known that M. oleifera seed extract and WSMoL are
toxic to larvae of this insect. The seed extract and WSMoL showed a lethal concentration to
50% of the larvae after 24 hours of exposure (LCsp) equal to 0.27 mg/mL and 0.197 mg/mL,
respectively. However, for proper use of these natural insecticides, it is necessary to carry out
ecotoxicological tests in order to assess the possible effects on non-target aquatic organisms.
In this work, the toxicity of seed extract and WSMoL to zebrafish (Danio rerio) larvae was
evaluated. Danio rerio is a fish species very used in Ecotoxicology due to the ease of
observation of its behavior and development and for being sensitive in the larval stage. D.
rerio larvae were exposed to different concentrations of the seed extract or WSMoL for 168 h
(7 days) and the lethal effects were assessed by determining the mortality rate. Additionally,
behavioral and biochemical sublethal effects on larval swimming velocity and
acetylcholinesterase activity, respectively, were also evaluated. It was observed a dose
dependence effect on D. rerio mortality rate for both the extract and the purified lectin. After
24 h, the values of LCsop4n Were 0.365 and 0.21 mg/mL to extract and WSMoL, respectively.
These results show that the D. rerio larvae susceptibility to the WSMoL was similar to A.
aegypti larvae (6% difference in LCsgp4n Values) while extract was about 34% more potent
against mosquito larvae. After 96 h, the values of LCsg4nfor extract and WSMoL were 0.031
and 0.135 mg/mL, respectively. Concerning the swimming velocity of individuals exposed to
the extract there was a significant increase (p <0.05) after incubation for 72 h at 0.03 and 0.27
mg/mL and a decrease for larvae incubated at 0.81 mg/mL for this same period. For 168 h
incubation, the velocity was higher than control group for treatments at 0.27 and 0.81 mg/mL.
In tests with WSMoL, the average swimming velocity of larvae exposed to the lectin for 72 h
was significantly (p <0.05) lower than the control on treatments with 0.1 and 0.2 mg/mL. For
168 h, the velocity was also lower than the control on treatment with 0.1 mg/mL, and with
concentrations of 0.02 and 0.05 mg/mL the values were similar (p>0.05) to the control.
Larvae exposed for 168 h to the aqueous extract at a concentration of 0.81 mg/mL and
WSMoL at 0.1 mg/mL showed a significant reduction in the activity of acetylcholinesterase.
Considering the results, these natural insecticides must be used carefully used since the
concentrations necessary for the control of A. aegypti also can cause lethal toxic effects and
sub-lethal to non-target organisms such as D. rerio fish. It is not recommended to use these
natural insecticides in aquatic ecosystems such as ponds and lakes, but in water storage
containers.

Keywords: ecotoxicity. acetylcholinesterase. larvae. Moringa oleifera. Danio rerio.
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1 INTRODUCAO

Testes de toxicidade sdo uteis no entendimento dos efeitos de agentes quimicos (por
exemplo, pesticidas) sobre organismos ndo-alvo, bem como na avaliagcdo de danos ambientais.
Estudos toxicoldgicos utilizando animais aquaticos oferecem subsidios para pesquisadores,
administradores e legisladores no momento de definir a seguranga e as estratégias de uso de
larvicidas e moluscicidas para controle de organismos aquaticos que sao vetores de doencas
(MACHADO, 1999).

Dentre as espécies indicadas para estes bioensaios, destacam-se alguns peixes de agua
doce e pequeno porte, como Cheirodon notomelas (piquira), Hemigrammus marginatus
(bandeirinha), Hyphessobrycon callistus (mato-grosso), Poecilia reticulata (guart ou lebistes)
e Danio rerio (paulistinha) (BERTOLETTI, 2000). D. rerio, também conhecida como “peixe-
zebra”,é amplamente utilizada gracas a sua facil manutencdo em condicdes laboratoriais
(MACHADO, 1999). Além disso, essa espécie tem como vantagens para uso em
investigacOes de toxicidade a facilidade de realizar experimentos em grande escala para
observacdo de alteracbes no desenvolvimento e comportamento, a facilidade de acesso a
embrides fertilizados (uma vez que comportamento de desova € estritamente ligado ao
fotoperiodo, ocorrendo no inicio da fase de luz) e a elevada sensibilidade das larvas
(BERTOLETT], 2000).

Moringa oleifera ¢ uma planta pertencente a familia Moringaceae, nativa da India e
amplamente cultivada nos trépicos de todo o mundo (AMAGLO et al., 2010). Nos paises em
desenvolvimento, as sementes de M. oleifera sdo amplamente utilizadas como coagulante
natural para tratamento de agua (SILVA et al., 2010). As sementes contém uma lectina
solavel em agua (WSMolL, do inglés water-soluble M. oleifera lectin) que apresentou agéo

larvicida, ovicida e estimulante de oviposicdo sobre o mosquito Aedes aegypti, sendo
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potencial candidata para utilizacdo no controle da transmissdo da dengue (COELHO et al.,
2009; SANTOS et al., 2012). O extrato aquoso das sementes também apresentou acao
larvicida e ovicida (MOURA, 2012). Contudo, estudos de ecotoxicidade sdo necessarios para
definir a seguranc¢a do uso do extrato e da lectina e indicar as situacBes em que esses agentes
inseticidas possam ser utilizados sem prejuizo para organismos aquaticos ndo alvo presentes
nos ecossistemas aquaticos. Nesse sentido, esse trabalho investigou os efeitos de extrato
aquoso de sementes de M. oleifera e WSMoL na sobrevivéncia, atividade natatoria e na

atividade da acetilcolinesterase de larvas de D. rerio.
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2 FUNDAMENTACAO TEORICA

2.1 Lectinas

As lectinas constituem um grupo de proteinas presentes em diversos organismos vivos
distintos, sobretudo em vegetais, que tém como caracteristica se ligarem a carboidratos livres
e a glicoconjugados, incluindo glicoproteinas ou glicolipideos presentes nas superficies
celulares (NAPOLEAO et al., 2015). As lectinas se associam a carboidratos de forma
reversivel, com alta afinidade e especificidade sem, contudo, promoveram nenhuma alteracéo
na estrutura covalente dos mesmos (ABREU et al., 2010).

Dentre os grupos de lectinas estudadas, as lectinas vegetais sdo as mais bem
caracterizadas e algumas funcdes ja estabelecidas sdo: protecdo contra patdgenos e insetos,
transporte e armazenamento de carboidratos, reconhecimento celular (dentro da célula, entre
células ou entre organismos), proteinas de reserva ou reguladoras de crescimento
(TEIXEIRA, 2012). As lectinas sdo encontradas em diferentes partes das plantas, podendo
ser isoladas de sementes (OLIVEIRA et al., 2011), folhas (NAPOLEAO et al., 2011), cascas
(SA et al., 2009) e raizes (SOUZA et al., 2011).

O termo “lectina” ¢ derivado do latim e remete as palavras “escolher” e “selecionar”
devido ao fato da interacdo lectina-carboidrato ser tdo especifica quanto a interacdo que
ocorre entre antigeno-anticorpo ou substrato-enzima. Estudos realizados nos ultimos anos
revelam que lectinas de diferentes fontes, apresentam sequéncias primarias e estruturas
tridimensionais similares ou totalmente distintas. A funcéo ligadora de carboidratos tem sido
atribuida a existéncia de uma regido denominada “sitio de ligac¢do a carboidrato” ou “dominio

de reconhecimento de carboidratos (DRC)” (SHARON & LIS, 2004).
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Peumans e Van Damme (1995) classificam as lectinas em: merolectinas, que possuem
apenas um DRC, o qual se liga a acucares simples, e ndo apresentam atividade aglutinante e
catalitica; hololectinas (maioria), que possuem dois DRCs com elevada homologia e sdo
capazes de aglutinar células ou precipitar glicoconjugados; e quimerolectinas, possuindo ao
menos um DRC, e outro dominio com atividade biologica distinta, como por exemplo, acdo
enzimatica. Dependendo do nimero dos sitios de ligagdo a carboidratos, as quimerolectinas
podem se comportar como merolectinas ou como hololectinas. Por fim, as superlectinas séo

aquelas lectinas que se ligam pelo menos a dois tipos de carboidratos estruturalmente

diferentes (Figura 1).
Figura 1. Classificacdo estrutural de lectinas.
Merolectina Hololectina Quimerolectina Superlectina
)@ )ffj;?:..—# ) oo ¢
) 4 , ) & C
RIP tipo 2
(S0
J n
A\ I~
t :_\\_/; Lectina da tulipa
Heveina (PDB cod. 1Q9B) ConM (PDB cod. 20wW4) Ricina (‘PDB cod. 2R2X)
)@ Dominio de ligacdo a carboidratos
» * Dominio catalitico

Esquema representando as merolectinas (Heveina;PDB; 1Q9B), hololectinas (ConM; PDB: 20Wa4),

quimerolectinas (Ricina; PDB: 2R2X) e superlectinas, estas Gltimas sem representantes com estrutura

tridimensional elucidadas. Fonte: TEIXEIRA, 2012.

As lectinas podem ser detectadas numa amostra através de um ensaio de

hemaglutinacdo (Figura 2). Esse ensaio é realizado em placas de microtitulacdo (PAIVA &
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COELHO, 1992), na qual é realizada uma diluicdo seriada da amostra em solucgéo salina e, em
sequida, sdo adicionados os eritrocitos. A atividade hemaglutinante € evidenciada pela
formacgdo de uma rede de aglutinacdo e € quantificada como o inverso da maior diluicdo
(titulo-1) capaz de promover aglutinacdo total dos eritrocitos. Depois da atividade
hemaglutinante, realiza-se o teste de inibicdo com carboidratos ou glicoconjugados, pois ele

assegura a natureza lectinica da hemaglutinacdo (KENNEDY et al, 1995).

Figura 2. Representacdo esquematica da aglutinacdo de eritrocitos por lectina e aspecto da
rede de aglutinacdo em placa de microtitulacéo.

e

e
i m

e Lectina ‘ Eritrocito

(Fonte: Paiva et al., 2011)

As lectinas exibem uma variedade de propriedades bioldgicas devido a sua
especificidade de ligacdo a carboidratos. Lectinas de plantas sdo utilizadas em estudos de
eventos de reconhecimento a glicoconjugados importantes em varios processos biologicos,
tais como infecgdes, bem como exibem atividades antiviral, antibacteriana, antifingica e
inseticida (SILVA et al., 2014; CARVALHO et al., 2015; GUO et al., 2015). A
caracterizacdo fisico-quimica é importante para o entendimento da relagdo estrutura-fungéo
das lectinas e envolve a definicdo da integridade e estabilidade da conformacao secundaria e

terciaria frente a diferentes agentes desnaturantes. Para 0s estudos de estabilidade
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conformacional das lectinas existem as técnicas espectroscopicas de dicroismo circular e
fluorescéncia (KHAN et al., 2013; GROSSI et al., 2016).

As lectinas podem ser isoladas por técnicas gerais de purificacdo de proteinas, tais
como cromatografias de afinidade, troca idnica, interacdo hidrofobica, e gel filtracdo, entre
outras (LAM & NG, 2011).

As lectinas tém apresentado atividade inseticida contra insetos de diversas ordens. A
toxicidade das lectinas contra esses individuos tem sido atribuida a sua ligacdo a estruturas
presentes no intestino do inseto, como os glicoconjugados na superficie das células epiteliais
e a quitina encontrada na matriz peritrofica. Essas lectinas geralmente apresentam resisténcia
a proteases digestivas (MACEDO et al., 2007; NAPOLEAO et al., 2012) e podem causar a
morte de microrganismos simbiontes presentes no trato digestivo dos insetos (NAPOLEAO et
al., 2011). No intestino dos insetos, as lectinas podem também se ligar a quitina presente na
matriz peritrofica e a proteinas glicosiladas, tais como enzimas, interferindo na atividade
catalitica (PAIVA et al., 2011).

As lectinas de Myracrodruon urundeuva foram letais contra larvas do mosquito vetor
da dengue, Aedes aegypti, com valores de CLso (concentracdo necessaria para matar 50% das
larvas em 24 h) de 0,04, 0,125 e 0,202 mg/mL para MuHL, MuBL e MuLL, respectivamente
(SA et al., 2009; NAPOLEAO et al., 2012). A mortalidade das larvas promovida por MuLL
estd provavelmente ligada a resisténcia a degradacao proteolitica, inibicdo da atividade de
tripsina e estimulacdo da atividade de amilase (NAPOLEAO et al., 2012).

Segundo Coelho et al. (2009) a WSMoL, lectina proveniente da semente da Moringa
oleifera, também tem acdo larvicida contra Aedes aegypti com CLsopan equivalente a 0,197
mg/mL. Além da funcg&o larvicida, foi constatado o poder ovicida dessa mesma lectina, contra

ovos de A. aegypti com CEsg72n igual a 0,1 mg/mL (SANTOS et al, 2012).
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2.2 Moringa oleifera Lam.

Moringa oleifera (Figura 3), pertencente a familia Moringaceae, € uma planta nativa
da India e amplamente cultivada nos tropicos de todo o mundo (AMAGLO et al., 2010). No
Brasil, foi introduzida para arborizacdo de ruas e pracas e € popularmente conhecida pelo
nome de lirio, quiabo-de-quina ou simplesmente moringa. E uma arvore de crescimento
rapido, tolerante a solos pobres, podendo alcancar 4 m de altura, gerando flores e frutos em
um ano; multiplas colheitas de sementes sdo possiveis em muitas partes do mundo
(McCONNACHIE et al., 1999; PRABHU et al., 2011; RANGEL, 2011). Suas folhas, flores e

sementes sdo utilizadas na alimentacdo humana e como forrageira na alimentacdo de animais

(FERREIRA et al., 2008).

Figura 3. Arvore de Moringa oleifera.

Foto: A autora
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A excelente capacidade em se adaptar a solos pobres e climas aridos torna a moringa
uma alternativa ao consumo de sementes leguminosas como fonte de proteinas de alta
qualidade, de 6leo e de compostos antioxidantes (FERREIRA et al., 2008). As folhas da
moringa contém alto valor proteico (27% de proteina) sdo ricas em vitaminas A e C, além de
calcio, ferro e fosforo (RANGEL, 2011). O cultivo da moringa é proveitoso principalmente
em regides secas, devido a suas folhas poderem ser colhidas quando nenhum outro vegetal
fresco esta disponivel (SANTOS et al., 2015).

Seus tecidos apresentam multiplas propriedades, tais como atividades antitumoral,
antiinflamatdria, antimicrobiana, antidiabética, antioxidante, diurética, anti-hipertensiva
(GUPTA et al., 2005; COELHO et al., 2009; SANTOS et al., 2015). A partir de suas
sementes, foram isoladas as lectinas cMoL (do inglés, coagulant M. oleifera lectin) e WSMoL
(do inglés, water-soluble M. oleifera lectin) (COELHO et al., 2009; SANTOS et al., 2009).
Ambas apresentaram acao inseticida: cMoL (1% p/p) promoveu mortalidade de pupas de
Anagasta kuehniella e aumentou o tempo total de desenvolvimento (OLIVEIRA et al., 2011),
enquanto WSMoL foi larvicida (CLsp = 0,197 mg/mL) e ovicida (CEso = 0,1 mg/mL) contra
populacdo de A. aegypti da linhagem Rockefeller (COELHO et al., 2009; SANTOS et al.,
2012).

A moringa € utilizada para os mais diversos fins na medicina popular, nos tratamentos
de reumatismo e gota, como cicatrizante de feridas e, por ter propriedades antioxidantes, no
tratamento de muitas doencas, como aterosclerose, cancer, reumatismo, dentre outras, que
envolvem a participacdo de radicais livres e podem ser tratadas por agentes antioxidantes
naturais. (BARRETO et al., 2005). E usada medicinalmente em Guinea, La Reunion,
Madagascar, Guiana e Burma (KARADI et al., 2006) e as folhas jovens, flores e vagens
verdes sdo consumidas por populacdes do sudoeste da Asia que acreditam ter efeitos

benéficos na visao (LIU et al., 2007).
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O oleo das sementes, por ser altamente resistente a oxidacdo, possui varias utilizacbes
industriais, tais como na producdo de cosmeéticos, lubrificantes de maquinas, e combustivel
para lampadas, sendo também muito utilizado na industria de perfumaria devido a sua alta
capacidade de retencao de odor (FERREIRA et al., 2008).

As sementes de M. oleifera sédo utilizadas na purificacdo da dgua, principalmente areas
rurais onde recursos hidricos adequados ndo estdo disponiveis. As sementes contém proteinas
coagulantes que podem ser facilmente extraidas em &gua e promovem a precipitacdo de
particulas em suspensao, levando a diminuicdo na turbidez da agua (GASSENSCHMIDT et
al., 1995; GHEBREMICHAEL et al., 2005; BHUPTAWAT et al., 2007; SANTOS et al.,
2009; FERREIRA et al., 2011). No tratamento de aguas residuais, estudo combinando o
extrato de moringa a 100 mg/L com coagulante quimico (alimen) a 10 mg/L demonstrou
elevada remocdo global (64%) na Demanda Quimica de Oxigénio (DQOQO) que seria um
parametro que mede a quantidade de matéria organica suscetivel de ser oxidada por meios
quimicos que existam em uma amostra liquida. (BHUPTAWAT et al., 2007). Sementes de
moringa foram também capazes de adsorver e remover Ag em solugbes aquosas,
apresentando-se vantajosas pelo baixo custo e elevado poder de adsorcdo (ARAUJO et al.,
2010).

Além disso, 0 extrato aquoso de sementes de moringa apresentou atividades larvicida
(CLso/24nde 0,27 mg/mL) e ovicida (CEso72n de 0,32 mg/mL) contra Aedes aegypti (COELHO
et al., 2009; SANTOS et al., 2012). Extrato metandlico das sementes promoveu mortalidade
de larvas e pupas de Anopheles stephensis, vetor da malaria (PRABHU et al., 2010). Outros
tecidos da moringa também constituem potenciais fontes deinseticidas, como o extrato da
casca que apresentou acdo larvicida e adulticida contra os mosquitos vetores da filariose

Culex gelidus e Culex quinquefasciatus (KAMARAJ &RAHUMAN, 2010). O extrato aquoso
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de flores de moringa, contendo inibidor de protease, induziu a mortalidade de larvas de A.
aegypti no segundo (L2), terceiro (L3) e quarto (L4) estagios (PONTUAL et al., 2012).

Trés lectinas foram isoladas a partir das sementes de M. oleifera, denominadas
WSMoL (water-soluble M. oleifera lectin), cMoL (coagulant M. oleifera lectin) e MoL (M.
oleifera lectin), as quais diferem quanto a caracteristicas estruturais e fisico-quimicas, bem
como propriedades bioldgicas (KATRE et al., 2008; COELHO et al., 2009; SANTOS et al.,

2009).

2.2.1 Atividade inseticida de WSMoL contra Aedes aegypti

WSMoL ¢é uma lectina isolada através de cromatografia de afinidade em coluna de
quitina. A lectina € uma proteina acida, possui elevada solubilidade em agua e similaridade
com as proteinas coagulantes MO2.1 e MO2.2 (SANTOS et al., 2005; COELHO et al., 2009).

WSMoL foi agente larvicida contra larvas de A. aegypti (CLsoq4n: 0,197 mg/mL) e
apresentou efeito ovicida sobre ovos frescos e estocados (CEsg72n: 0,1 mg/mL) de A. aegypti.
A auséncia de epitélio subjacente no intestino de larvas mortas apds o tratamento com
WSMoL indica que a atividade larvicida lectina foi, provavelmente, devido a danos no
intestino médio (COELHO et al., 2009). Agra-Neto et al. (2014) demonstraram que o efeito
larvicida de WSMoL pode estar relacionado com um efeito estimulatorio sobre a atividade de
enzimas proteoliticas presentes no trato intestinal das larvas. Com relacdo a atividade ovicida,
Santos et al. (2012) sugeriram que WSMoL penetra no ovo, interferindo no desenvolvimento
de embribes por meio dos mesmos mecanismos que matam as larvas.

WSMoL (0,1 mg/mL) apresentou também atividade estimulante de oviposi¢do sobre
fémeas gravidas de A aegypti, tanto em condigdes de laboratério quanto em campo simulado.

Os estudos demonstraram que WSMoL atua como uma pista quimica para a oviposicao
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provavelmente devido a interacdo com receptores e sensores de contato (gustatorios) e nao
através de estimulos olfativos (SANTOS et al., 2012, 2014).

Para utilizacdo em programas de satde publica, um larvicida deve ser ativo contra a
espécie visada sem afetar populacfes de organismos ndo-alvo. Portanto nesse trabalho, foram
realizados ensaios de toxicidade para Danio rerio, modelo animal bastante utilizado para

testes de seguranca ambiental.

2.3 Toxicidade aquatica

Testes de toxicidade sdo ensaios laboratoriais, realizados sob condi¢fes experimentais
especificas e controladas, utilizados para estimar a toxicidade de substancias, efluentes
industriais e amostras ambientais (dguas ou sedimentos). Nesses ensaios, organismos-testes
sdo expostos a diferentes concentracfes de amostra e os efeitos toxicos produzidos sobre eles
séo observados e quantificados (RIBO, 1997; DORNFELD, 2002).

No Brasil, a Ecotoxicologia tem crescido a cada ano eos testes de toxicidade aquéatica
sdo desenvolvidos por vérias instituicdes de pesquisas e por 6rgdos de monitoramento
ambiental do pais (MELETTI, 2003). Como organismos-teste, sdo utilizados peixes, algas,
bactérias e invertebrados aquaticos, plancténicos ou bentbnicos, dentre outros. Os testes
geralmente incluem avaliagbes de sobrevivéncia, crescimento e fecundidade, bem como
parametros bioquimicos, fisiologicos, histoldgicos e comportamentais. Os testes de toxicidade
aguda simulam, em laboratério, uma situacdo ambiental na qual o organismo é exposto,
durante curto periodo de tempo, a concentragdes elevadas de um provavel agente toxico.

Testes de toxicidade séo ferramentas fundamentais para avaliar a qualidade das dguas
e a carga poluidora de efluentes, uma vez que somente as andlises fisico-quimicas

tradicionalmente realizadas, tais como demanda quimica de oxigénio (DQO), demanda
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bioquimica de oxigénio (DBO), solidos suspensos, concentracbes de metais e de outras
substancias de carater organico ou inorganico, cujos limites encontram-se estabelecidos nas
legislacBes ambientais, ndo sdo capazes de distinguir entre as substancias que afetam os
sistemas bioldgicos e as que sdo inertes no ambiente e, por isso, ndo sdo suficientes para
avaliar o potencial de risco ambiental dos contaminantes. Apesar disso, 0s testes de toxicidade
ndo substituem as andlises quimicas tradicionais. Enquanto as analises quimicas identificam e
quantificam as concentracGes das substancias toxicas, os testes de toxicidade avaliam o efeito
dessas substancias sobre sistemas biologicos. Assim, as andlises quimicas e os testes de
toxicidade se complementam (RONCO et al., 2004; GHERARDI-GOLDSTEIN et al., 1990;

HARMEL, 2004).

2.4 Danio rerio

Dentre as espécies indicadas para estes bioensaios, destacam-se alguns peixes de agua
doce e pequeno porte, como Cheirodon notomelas (piquira), Hemigrammus marginatus
(bandeirinha), Hyphessobrycon callistus (mato-grosso), Poecilia reticulata (guart ou lebistes) e
Danio rerio (paulistinha) (BERTOLETT]I, 2000). Essas espécies citadas sao forrageiras (servem
de alimento para outras espécies de peixes que sdo carnivoras) e, pelo seu tamanho,podem ser
utilizadas com facilidade na execucdo de testes em laboratério (BERTOLETTI, 2000). Além
disso, segundo os relatorios de 1979 e 1980 da CETESB, as espécies forrageiras demonstram
ser guase sempre, mais sensiveis aos agentes quimicos, tornando-as mais favoraveis quando
se diz respeito a avaliacdo dos efeitos toXicos.

Ha mais de 30 anos atras, George Streisinger escolhia o D. rerio como modelo para

seu laboratério em estudos genéticos (DI PAOLO et al. 2015). Esse peixe dispde de um
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genoma sequenciado e um rico repertorio de ferramentas de manipulacdo genética, molecular
e celular (STRAHLE et al., 2012).

O Danio rerio (Figura 5), um teledsteo da familia Cyprinidae popularmente chamado
de peixe paulistinha ou peixe-zebra, tem varias vantagens como um sistema modelo para a
investigacdo de toxicidade. Apresenta embrides transparentes e produzidos em grandes
nlmeros, 0 que permite o rastreio de um grande nimero de caracteristicas fenotipicas com o
microscopio. E um peixe diurno, mais ativo durante a fase de luz do fotoperiodo e com
diferencas claras na atividade locomotora e comportamento de desova entre as fases claras e
escuras; ainda, pode ser utilizado com facilidade em experimentos em grande escala
(BLANCO-VIVES et al., 2009; HURD et al., 1998), além de seu cultivo e comércio
ocorrerem sem restricdes em varias localidades do pais (BERTOLETT]I, 2000). O paulistinha
também tem muitas vantagens sobre outros modelos de bioensaios de vertebrados no que diz

respeito a facilidade de reproducdo e grande quantidade de ovos gerados (SEGNER, 2009).

Figura 4. Danio rerio adulto.

Foto: http://www.aquarioepeixes.com.br/peixesornamentais/wp-content/uploads/2010/10/zebrafish.jpg
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A avaliacdo de efeitos agudos e crénicos em fases mais avancadas (juvenis e adultos)
do desenvolvimento de D. rerio apresenta varias caracteristicas que podem desfavorecer o
ensaio in vivo incluindo um volume muito elevado de amostra para realizacdo dos ensaios.
Sendo assim, bioensaios com embrides e larvas de D. rerio sdo mais vantajosos nesse aspecto.
Ainda, nenhuma alimentacéo externa é necessaria para embrides e larvas (DI PAOLO et al.
2015) e ¢ possivel obter boas estimativas dos efeitos crénicos para a totalidade do ciclo vital.
Dessa maneira, pode ser utilizada a fase larval (Figura 6) por curtos periodos, em testes
denominados subcrdnicos, ou em periodos maiores, caracterizando testes crdnicos de curta
duracdo (BERTOLETTI, 2000). Na Europa, atualmente se usa o0 paulistinha para testes com a
fase de ovo fertilizado e embrides até 96h apds fertilizacdo (OECD, 2013). Ja no Brasil, a
ABNT define o protocolo para testes com larvas expostas da eclosdo até 7 dias depois

(ABNT, 2015).

Figura 5. Larva de Danio rerio 72 horas apos fertilizacao.

Foto: A autora
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As fémeas espalham seus ovos sobre o fundo e ndo existe nenhum tipo de cuidado
parental. Os ovos, que sdo demersais e nao adesivos, desenvolvem-se e eclodem em 48-72
hora. Apds essa eclosao, as larvas aderem a superficie por meio de células especializadas na
cabeca. Em 24-48 horas apds a eclosdo, elas inflam suas bexigas natatorias e comecam a se
alimentar ativamente de pequenos zooplanctons (DAMMSKI et al., 2011).

Alguns trabalhos foram realizados também para determinar toxicidade de inseticidas
sobre D. rerio. Um deles teve como objetivo avaliar alguns inseticidas utilizados na cultura do
arroz irrigado, usando juvenis de paulistinha (Danio rerio). Os inseticidas betaciflutrina,
carbofurano, fipronil e lambdacialotrina apresentaram valores de CLsg (48 h) de: 0,004, 1,3,
0,2 e 0,002 mg/L, respectivamente, e alto risco de impacto ecoldgico, de acordo com 0s
indices de risco calculados (indice de Solomon, indice de risco da UESPA e indice de Kokta e
Rothert), os quais levam em conta as concentracfes de aplicacdo dos produtos, as
concentracdes toxicas para organismos nao-alvo e as concentracdes encontradas no ambiente

(NAKAGOME et al., 2007).
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3 OBJETIVOS

3.1 Geral

Avaliar o efeito de extrato aquoso e lectina (WSMoL) de sementes de Moringa

oleifera sobre larvas de peixes da espécie Danio rerio.

3.2 Especificos

e Avaliar os efeitos do extrato e da lectina purificada sobre a sobrevivéncia de larvas de
D. rerio.

e Auvaliar os efeitos do extrato e da lectina purificada sobre o comportamento natatorio
de larvas de D. rerio.

e Avaliar os efeitos do extrato e da lectina purificada na atividade de acetilcolinesterase

de larvas incubadas de D. rerio.
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Abstract

Aqueous extract and a water-soluble lectin from Moringa oleifera seeds are larvicidal agents
against Aedes aegypti with lethal concentrations to 50% of tested organisms after 24 h
exposure (LCsoran) 0f 0.27 and 0.197 mg mL™, respectively. The evaluation of ecotoxicity of
larvicidal agents is an essential step to establish the guidelines for the use of an insecticide.
This work evaluated the toxicity of M. oleifera seed extract and purified WSMoL to D. rerio
larvae during 7 days starting from hatch. The bioassays were performed using semi-static
exposure systems with 5 larvae in each of 4 replicates in 100-mL beakers. The exposure
treatments were: seed extract at 0.03, 0.09, 0.27 and 0.81 mg mL™; purified WSMoL at 0.02,
0.05, 0.1 and 0.2 mg mL™; and distilled water as controls. Dead larvae were recorded daily,
and larval swimming velocities were analyzed after 72 h and 168 h of exposure through
digital analysis of video recordings. Additionally, acetylcholinesterase (AChE) activity of
larvae were determined at the end of exposures. The LCs, for exposures of 24 and 96 h were
0.365 and 0.031 mg mL™ for seed extract, and 0.21 and 0.135 mg mL™ for purified WSMoL,
respectively. This result indicate that larvae of D. rerio and A. aegypti are similarly sensitive
to WSMoL (6% difference in LCso-24n) While seed extract is approximately 34% more potent
towards A. aegypti larvae. D. rerio larvae exposed to the extract presented a hyperactivity in
most of the treatments, except at 0.81 mg mL™, while it was observed that the velocity
decreased with the increase of WSMoL concentration. Significant reduction of AChE activity
were detected in larvae from treatments with seed extract at 0.81 mg mL™ and WSMoL at 0.1
mg mL™. In conclusion, the study demonstrated that the seed extract and WSMoL were toxic
to D. rerio larvae being recommended that these larvicidal agents should not be applied in

places where there are non-target organisms.

Keywords: Moringa oleifera. lectin. zebrafish. ecotoxicity.
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1 Introduction

The dengue fever is one of the major public health problems worldwide, with a higher
incidence in tropical and subtropical regions. According to the World Health Organization,
about 390 million people are infected every year and about 500,000 require hospitalization as
consequence of this infection. Currently, the strategy available to reduce the disease spreading
is the control of its vector, the mosquito Aedes aegypti. In addition, this mosquito species act
as vector of the viruses that cause chikungunya and zika, for which there are also no vaccines,
similarly to dengue. Chikungunya outbreaks have been reported in the last three years in
Europe, Caribbean islands, Latin America, and the United States of America. Zika virus
disease outbreaks were reported in French Polynesia, Brazil, Colombia and Cape Verde
(World Health Organization, 2016a,b,c). This scenario, combined with reports on toxicity to
humans and emergence of mosquito resistance to the insecticides currently used, stimulates
the search for new agents for use in control of A. aegypti.

Moringa oleifera (Moringaceae) is a plant native from India and broadly cultivated
along the tropics (Amaglo et al., 2010). In developing countries, its seeds are use as natural
coagulant for water treatment (Vieira et al., 2010). The seeds contain a water-soluble lectin
(WSMolL), which showed larvicidal (LCsop4n: 0.197 mg/mL), ovicidal (ECsg72n: 0.1 mg/mL)
and oviposition-stimulant (at 0.1 mg/mL) activities on the dengue mosquito, Aedes aegypti
(Coelho et al., 2009; Santos et al., 2012). In addition, the aqueous extract from M. oleifera
seeds also showed larvicidal (LCsop4n: 0.27 mg/mL) and ovicidal (LCsg72n: 0.32 mg/mL)
activities against this mosquito (Santos et al., 2012). These findings stimulate the evaluation
of WSMoL effective use for combating the A. aegypti. However, since WSMoL could be used
in freshwater reservoirs, aquatic organisms could be affected, Brazilian federal legislation

from the Ministry of Health require that chemical or biological agents for use against
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undesired disease vectors such as A. aegypti, should be tested for toxicity to non-target
organisms.. Ecotoxicological studies using aquatic animals provide relevant information for
evaluation of the potential risks of larvicides used for disease vector control (Bertoletti, 2000)

The zebrafish (Danio rerio) is a model organism used worldwide in ecotoxicology
assays due to some characteristcs such as small size, ease of culture, high fecundity, rapid
development, external fertilization and development, and the transparency of the embryos.
The embryos and early larvae have been broadly used in these studies, which allow the use of
low sample volume and reduces the workload (Di Paolo et al., 2015). According to Strahle et
al. (2012), the zebrafish larvae are independent of feeding from 120 h after fertilization based
on the rates of yolk consumption, feeding and swimming behavior.

Among the measures used to evaluate the toxicity of a substance, there is the
determination of the lethal concentration required to kill 50% of the organisms (LCsp) in a
given period. The LCso determination is an important toxicity measure because it may be used
to compare the toxic potency of different chemicals, even if they cause different toxic effects,
as well as the toxicity level of the same compound to different organisms (Canadian Centre
for Occupational Health and Safety, 2013). In ecotoxicity studies with fishes, the swimming
behavior is frequently used to assess effects on physical capacity of the organisms at sub-
lethal concentrations.

Therefore, this work aimed at evaluating the effects of M. oleifera seed extract and
WSMoL on survival and on sublethal effects on swimming behavior and acetylcholinesterase

activity in larvae of D. rerio.

2 Materials and methods

2.1 Danio rerio maintenance and breeding
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Danio rerio fish were reared in the Ecotoxicology Laboratory at Centro de Ciéncias
Bioldgicas of the Universidade Federal de Pernambuco. The water used for both rearing and
ecotoxicological assays was pumped from a well, chlorinated with commercial sodium
hypochloride NaClO, and dechlorinated by intense aeration. The measurement of the residual
chloride was performed using a colorimetric kit (Merck, Germany). Physico-chemical
characteristics of water were pH 7.5, dissolved oxygen above 6 mgO,/L, 45 mg CaCOs/L
hardness, and experiments were performed at 25 °C. The fishes were fed with dry fish food
with 40 % total protein and Artemia sp. nauplii.

Male and female adult fish were maintained in separate aquariums during 7 days and
then transferred to an aquarium containing a spawning cage in the afternoon (Bertoletti and
Domingues, 1991). The spawning cage was maintained in darkness until the next morning,
when spawning and fertilization took place shortly after lights were turned on. The adult
fishes were transferred to other aquariums, and the eggs were siphoned, collected with a sieve
and placed in aquariums containing sterile maintenance water purified using a UV lamp.
Embryos were also maintained in this water until hatch, and larvae less than 24 h after hatch

were used in the ecotoxicological assays

2.2 Moringa oleifera seed extract

Seeds of M. oleifera were collected at the campus of the Universidade Federal de
Pernambuco (Recife, Pernambuco, Brazil). The collection of plant material was authorized by
the Instituto Chico Mendes de Conservagao da Biodiversidade from the Brazilian Ministry of
Environment (authorization number 38690). A voucher specimen (number 73,345) was

deposited at the herbarium Déardano de Andrade Lima from the Instituto Agronémico de
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Pernambuco (Recife, Pernambuco, Brazil). After collection, the seeds were powdered using a
blender and stored at -20°C. Seed extract was prepared by homogenization of seed powder
(10 g) in distilled water (100 mL) using a magnetic stirrer during 16 h at 25°C. The extract
was obtained after filtration through filter paper followed by centrifugation (9,000 g; 15 min,
4°C) and evaluated for protein concentration and hemagglutinating activity as described

below.

2.3 Isolation of WSMoL

WSMoL was isolated according to the procedure reported by Coelho et al. (2009). The
proteins present in the seed extract were precipitated by treatment with ammonium sulphate at
60% saturation (Green and Hughes, 1955) during 4 h at 25°C. Next, the material was
centrifuged (15 min, 9,000 g, 4°C) and the precipitated fraction was collected and dialyzed for
removal of the ammonium sulphate against distilled water (4 h, with two changes). The
dialyzed fraction was chromatographed on chitin column (7.5 x1.5 cm) previously
equilibrated with 0.15 M NaCl. After a washing step to remove unbound proteins, WSMoL
was recovered with 1.0 M acetic acid and exhaustively dialyzed (6 h, with three changes) for

eluent removal.

2.4 Protein concentration and hemagglutinating activity

Protein concentration was determined according to Lowry et al. (1951) using a
standard curve of bovine serum albumin (31.25-500 pg/mL). The lectin activity was
monitored by hemagglutination assay, which was performed in 96-well V-bottomed

microplates according to Paiva and Coelho (1992). In a microplate row, the extract or
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WSMoL (50 pL) was serially two-fold diluted in 0.15 M NaCl and thereafter each well
received 50 pL of a suspension (2.5 % v/v) of rabbit erythrocytes fixed with glutaraldehyde
(Bing et al., 1967). In negative controls, the erythrocytes were incubated with 0.15 M NaCl.
The number of hemagglutinating activity units was calculated as the reciprocal of the highest
dilution of sample promoting full agglutination of the erythrocytes. Specific hemagglutinating

activity was defined as the ratio between the titer and protein concentration (mg/mL.).

2.5 Experimental design and exposure

The assay was performed according to standard procedures established by the
Associacdo Brasileira de Normas Técnicas (Brazilian Association of Technical Procedures)
(ABNT-NBR 15499) regarding the evaluation of chronic toxicity to the freshwater fish Danio
rerio. Basically, these procedures involve the use of freshly hatched Danio rerio larvae,
which are exposed during a total of 168 h (ABNT, 2015).

A semi-static system with renewal of the test solutions every 48 h was used, with four
replicates per treatment of 5 larvae in each replicate beaker of 100 mL, constantly aerated.
The treatments included seed extract concentrations of 0.03, 0.09, 0.27 and 0.81 mg mL™;
purified WSMoL at concentrations of 0.02, 0.05, 0.1 and 0.2 mg mL™, and control larvae
exposed to water. These concentration ranges were chosen in order to encompass values
below and above the LCsy values for A. aegypti larvae previously established (Coelho et al.,
2009). The total exposure time was 168 h, and mortality rates recorded daily. Individual
larvae swimming behavior was captured after 72 h and 168 h of exposure by 30 min video
recordings using cameras coupled to a computer. Video recordings were then processed by
Smart Video Tracking software version V2.5.21 (Panlab, S.L.U, Spain), and swimming

velocity (cm/seg) and the traveled distance (cm) were estimated for each individual larvae.

45



2.6 Acetylcholinesterase (AChE) assays

The larvae that survived at the end of the ecotoxicological assays were collected and
homogenized in 0.1 M potassium phosphate pH 7.5. After centrifugation (9,000 g, 4 °C, 15
min), the extracts were evaluated for protein concentration (Lowry et al., 1951). The AChE
activity was determined by incubating 10 pL the larvae extract with 20 pL of 0.062 M
acethylthiocholine and 200 pL of 0.25 mM 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB)
during 3 min at 25°C. After this period, the release of thiocholine was monitored by
determination of the absorbance at 405 nm according to Ellman (1961). One unit of AChE
activity was defined as the amount of enzyme that hydrolyses 1 umol of acethylthiocholine

per minute.

2.7 Statistical analysis

Mortality rates were corrected for control responses using Abbott’s procedure and
evaluated for fitness to probit model using the software StatPlus Pro 5.9.8 (AnalystSoft,
Canada). The concentration required to kill 50% of larvae (LCso)) and 95% confidence
intervals were calculated for exposures of 24 h and 96 h.Data for swimming velocities and
distance swam and for AChE activities wereanalyzed using one-way ANOVA followed by

the Tukey’s test at a significance level of 5%.

3 Results and discussion
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This work evaluated the toxicity of an aqueous extract and the lectin WSMoL from M.
oleifera seeds to a non-target aquatic organism, which is important to characterize its potential
risk to non-target aquatic organisms.

The mortality rates of D. rerio larvae exposed to M. oleifera seed extract and WSMoL
for 168 h are shown in Figures 1A and 1B, respectively. It is possible to see that the effects of
both seed extract and WSMoL lectin were dose-dependent. After 24 h, there was mortality of
approximately 50% of the larvae in the treatments with the seed extract at 0.27 and 0.81
mgmL™, while for WSMoL treatments mortality higher than 50% was only detected after 48 h
at 0.20 mgmL™. The data were submitted to probit analysis and the LCso for exposure

durations of 24 and 96 h are presented in Table 1.

Table 1. Lethal concentrations of Moringa oleifera seed extract and WSMoL required to Kill

50% of Danio rerio larvae (LCsp) after 24 and 96 h of treatment.

Sample LCso values (mg/mL)

24 h SE 96 h SE
Extract 0.365 0.025 0.031 0.017
WSMoL 0.210 0.063 0.135 0.135

SE: standard error.

WSMoL showed a slightly higher larvicidal potency towards A. aegypti larvae
(LCsos2an: 0.197 mg mL™) than seed aqueous extracts (LCso.oan: 0.2 mg mL™) (Coelho et al.,
2009; Santos et al., 2012). A similar pattern was found in this study after 24 h exposures of D.
rerio larvae to purified WSMoL (LCsgpan: 0.210 mg mL™) and seed aqueous extracts
(LCso/24n: 0.365 mg mL™). However, a reversed pattern was found after 96 h exposures, where
seed extracts was more potent towards zebrafish larvae. A direct comparison of sensitivity

between A. aegypti larvae and D. rerio larvae based on LCsgp4n Values indicate that larvae of
47



both species are similarly sensitive to WSMoL (6% difference in LCsp24n) and that seed
extract is approximately 34% more potent towards A. aegypti larvae. Additionally, this study
shows that 96 h exposures can lead to significant increases in lethal toxicity to D. rerio larvae,
especially of water based seed extracts, more economically feasible for potential use as

larvicidal agents.

100
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Days

-+ Control <~ 0,03 o 027 -e 0,500 < 0,81

B 1004
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-+ Control - 0.02 -« 005 - 0.100 - 0.200
Figure 1. Mortality of D. rerio larvae after exposition to M. oleifera seed extract (A) and

purified WSMoL (B) during 7 days (168 h).

Toxicity of M. oleifera seed extract was also tested on the freshwater guppy Poecilia
reticulata, and the LCso.7on of 1.885 mg mL™ (Ohia et al., 2013) indicates that this fish was
significantly less sensitive than D. rerio larvae. In spite of that, the lethal toxicity of seed
extract and purified WSMoL to D. rerio larvae detected in this study suggests that caution is

needed when using this extract and this lectin in aquatic environments.
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Comparison between LCs values determined for 24 and 96 h revealed that WSMoL
was more toxic than the seed extract for D. rerio larvae after 24 h incubation while was less
toxic after 96 h incubation. Probably, the high toxicity of extract detected at the highest
incubation time was due to other compounds than WSMoL. According Crivelenti (2011), it
was found a LCs; of 0.375 mg Lto the fish P. reticulata for the insecticide Abate® (temephos
concentration of 10 g kg™), used to combat dengue mosquito.

Evaluation of sublethal toxicity to protect non-target aquatic organisms is presently as
important as evaluation of lethal effects, since they can typically occur at lower
concentrations, and also lead to the decrease or extinction of several wild species (Newman
and Clements, 2008). Figure 2 shows the data of swimming velocity for D. rerio larvae from
assays with seed extract and WSMoL. According to our results, D. rerio larvae exposed to the
aqueous extract for 72 h (Figure 2A) developed hyperactivity in treatments 0.03, 0,09, 0.27
and 0.81 mg mL™*, with swimming velocities significantly higher than the control (One-way
Anova F=24.6503, d.f. num: 4; d.f. den: 44;p<0.05). In larvae incubated for 168 h (Figure
2B), the hyperactivity was found for individuals exposed to 0.27 and 0.81 mg mL™*(One-way

Anova F=10.4047, d.f. num: 4; d.f. den: 46; p<0.05).
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Figure 2. Swimming velocity estimated based on 30 min video recordings of larvae exposed

to M. oleifera seed extract (A, B)or WSMoL (C, D) for 72 h (A, C) and 168 h (B, D).

On the other hand, D. rerio larvae exposed to purified WSMoL for 72 h (Figure 2C)

showed swimming velocities significantly lower than the control in treatment at 0.1 and 0.2

mg mL™ (One-way Anova F=20.170, d.f. num: 4; d.f. den: 49; ;p<0.05). Larvae exposed for

168 h (Figure 2D) developed hypoactivity only in treatment at 0.1 mg mL™(One-way Anova

F=7.916, d.f. num: 3; d.f. den: 47; p<0.05); all the larvae from treatment at 0.2 mg/mL had

died at this time. The results indicate that the extract and WSMoL interfered differently in the

swimming behavior of the larvae. WSMoL caused underactive larvae exposed to higher

concentrations and the extract caused hyperactivity in most concentrations.
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When fish individuals are exposed to foreign substance, they can react showing
hypoactivity or hyperactivity regarding the motility. For example, the exposure of the fish
Fundulus heteroclitus to sub-lethal concentrations of the anesthetic MS222 resulted in
increase of swimming velocity (Kane, 2004). The hyperactivity may be due to an escape
response such as observed for Fundulus heteroclitus fish treated with sub-lethal doses of
industrial effluent contaminated with Ni and Cr (Hadjinicolaou and Spraggs, 1988); however,
in an aquatic environment, this may increase the chance of detection by predators. On the
other hand, the hypoactivity corresponds to a different strategy to overpass the effects of the
toxic compound; in this case, there is a reallocation of energy to other physiological processes
such as osmoregulation and synthesis of stress proteins, leading to low energy for motility
(Little et al., 1990; Triebskorn et al., 1997).

Acetylcholinesterase is an enzyme that degrades the neurotransmitter acetylcholine,
which is involved in the transmission of nervous impulses for muscles. Once it was observed
alterations in the motility of larvae incubated with the extract and WSMoL, we determined the
AChE activity in extracts of larvae from control and test treatments. The results show that
there was an inhibition of enzyme activity in larvae exposed to 0.81 mg mL™ of the aqueous
extract (Figure 3A) and 0.1 mg mL™ of purified WSMoL (Figure 3B).

The inhibition of AChE is the mechanism of action of organophosphates and
carbamate insecticides and leads the insect to death due to paralysis as consequence of
interrupt muscular contraction (Aiub et al., 2002). The results indicate that, although the
extract induced a hyperactivity of larvae exposed for 168 h, there was significant reduction in
AChE level for larvae incubated with the concentration of 0.81 mg mL™. Then, this effect on
swimming behavior of the larvae are not linked to changes induced by extract in the AChE
levels. For WSMoL, the hypoactivity detected was also accompanied by reduction in AChE

levels, indicating a correlation between AChE levels and the sublethal effects promoted by the
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purified lectin. Since the inhibition of acetylcholinesterase may be dangerous for fish, Mainly

for its swimming activity, compromising a feeding and a flight of its predators (Balint et al.,

1995).
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Figure 3. AChE activity in larvae exposed to aqueous extracts or purified WSMoL for 168 h

and to clean water (control), M. oleifera aqueous seed extract (A) and purified WSMoL (B).

4 Conclusion

The study demonstrated that the aqueous extract and WSMoL can lead to significantly
lethal effects to D. rerio larvae at concentrations effective for Aedes aegypti control.
Additionally, sublethal effects on swimming behavior of surviving D. rerio larvae associated
with inhibition of AChE were also observed in treatment with WSMoL. The use of aqueous
seed extract and purified WSMoL as A. aegypti larvicidal agents should be used cautiously in

aquatic reservoirs such as lagoons to protect non-target aquatic organisms.
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5 CONCLUSAO

O extrato de sementes e WSMoL causaram efeitos letais e sub-letais para larvas de D.
rerio em concentracbes que sdo efetivas no controle doA. aegypti. Dessa forma,é
recomendado que o extrato de sementes e WSMoL n&o sejam aplicados em locais onde

existam organismos néo-alvo.
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