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RESUMO

A ampla utilizacdo das sementes de Moringa oleifera no tratamento de agua torna necessarios
estudos para determinacdo da seguranga do uso para a populagdo. As sementes de M. oleifera
contém lectinas (proteinas hemaglutinantes que ligam carboidratos). Dentre elas, ha a lectina
WSMoL (do inglés water-soluble M. oleifera lectin), que € um dos agentes responsaveis pelas
propriedades coagulantes e que possui atividade larvicida contra Aedes aegypti. Os objetivos
deste trabalho foram: (1) determinar a toxicidade do extrato de sementes sobre células
humanas normais GN1 (linhagem celular ndo-tumorigénica derivada de fibroblastos) e
HaCaT (linhagem ndo-tumorigénica derivada de queratindcitos humanos); (2) avaliar a
cinética de coagulagdo promovida por WSMoL em modelo de 4gua turva utilizando caolin,
através de medidas de densidade oOptica e variacdo de resisténcia elétrica, na auséncia e
presenca de carboidratos e ions; (3) investigar o efeito de WSMoL na sobrevivéncia e
atividade de enzimas digestivas de larvas de Culex quinquefasciatus, mosquito vetor da
filariose e chikungunya. O extrato aquoso de sementes de M. oleifera reduziu o niumero de
células vidveis com CEsy (48 h) de 1,32 e 1,23 pg/mL de proteinas para HaCaT e GNI,
respectivamente. A andlise por citometria de fluxo revelou que o extrato induziu a morte de
GNI1 por necrose enquanto que as células HaCaT ndo apresentaram marca¢do para necrose ou
apoptose. A avaliagdo da expressdo do antigeno nuclear de proliferagdo celular (PCNA)
revelou uma reducdo de 45,4+1,3% em células HaCaT tratadas, confirmando um efeito
antiproliferativo. O tratamento de GN1 e HaCaT com o extrato aumentou os niveis
mitocondrial e citosolico de espécies reativas de oxigénio, bem como causou uma diminui¢ao
do consumo de O,. A deteccdo de toxicidade do extrato de sementes sobre células humanas
normais indica cautela em relacdo a dosagem utilizada para o tratamento da dgua. WSMoL
apresenta massa molecular nativa de 60 kDa e ponto isoelétrico 5,5. Em SDS-PAGE, foram
observados trés bandas polipeptidicas com aproximadamente 30, 20 ¢ 10 kDa. Foi detectada
reducdo tanto da densidade optica quanto da resisténcia elétrica na suspensao de caolin tratada
com WSMoL, o que indica que a atividade coagulante se deve a desestabilizacdo das
particulas em suspensdo, seguida por interagdes quimicas entre as particulas e a lectina. A
incubacdo da lectina com os monossacarideos N-acetilglicosamina, glicose ¢ frutose (em
concentracdes que inibiram a atividade hemaglutinante) ou com ions calcio e magnésio
promoveram a redugdo da atividade coagulante de WSMoL. Esses resultados sugerem que
grupos presentes no dominio de ligacdo a carboidratos podem estar envolvidos na atividade
coagulante de WSMoL, bem como que a conformagdo da lectina necessaria para essa
propriedade ¢ afetada pela ligagdo de carboidratos e ions. WSMoL revelou-se larvicida sobre
C. quinquefasciatus com CLsg de 1,05 mg/mL. A incubagdo de extratos do intestino das larvas
com a lectina ndo afetou a atividade de a-amilase e tripsina, porém reduziu significativamente
a acdo catalitica de protease, sugerindo que a atividade larvicida pode-se estar ligada a
interferéncia no processo de digestao e absor¢do de nutrientes.

Palavras-chave: atividade coagulante. larvicida. lectina. extrato aquoso. morte celular.
Moringa oleifera.



ABSTRACT

The wide use of Moringa oleifera seeds in the treatment of water makes studies necessary to
determine the safety for the population. The seeds of M. oleifera contain lectins
(hemagglutinating proteins that bind carbohydrates). Among them, there is the WSMoL
(water-soluble M. oleifera lectin), which is one of the agents responsible for the coagulant
properties and that has larvicidal activity against Aedes aegypti. The aims of this work were:
(1) to determine the toxicity of the seed extract on normal human cells GN1 (non-tumorigenic
cell line derived from fibroblasts) and HaCaT (non-tumorigenic line derived from human
keratinocytes); (2) to evaluate the kinetics of coagulation promoted by WSMoL in turbid
water model using kaolin, through measurements of optical density and of electrical resistance
variation, in the absence and presence of carbohydrates and ions; (3) to investigate the effect
of WSMoL on the survival and activity of digestive enzymes of Culex quinquefasciatus
larvae, vector mosquito of filariasis and chikungunya. The aqueous extract of M. oleifera
seeds reduced the number of viable cells with ECsy (48 h) of 1.32 and 1.23 pg/mL of proteins
for HaCaT and GNI1, respectively. Flow cytometry analysis revealed that the extract induced
the death of GN1 by necrosis while HaCaT cells showed no labeling for necrosis or apoptosis.
Evaluation of proliferating cell nuclear antigen (PCNA) expression revealed a 45.4+1.3%
reduction in treated HaCaT cells, confirming an antiproliferative effect. The treatment of GN1
and HaCaT with extract increased the mitochondrial and cytosolic levels of reactive oxygen
species, as well as a decrease in O2 consumption. The detection of toxicity of the seed extract
on normal human cells indicates caution regarding the dosage used for the treatment of water.
WSMoL has a native molecular mass of 60 kDa and isoelectric point 5.5. In SDS-PAGE,
three polypeptide bands with approximately 30, 20 and 10 kDa were observed. Reduction of
both the optical density and the electrical resistance were detected in the kaolin suspension
treated with WSMoL, indicating that the coagulant activity is due to the destabilization of the
suspended particles, followed by chemical interactions between the particles and the lectin.
Incubation of the lectin with the monosaccharides N-acetylglucosamine, glucose and fructose
(at concentrations that inhibited hemagglutinating activity) or with calcium and magnesium
ions promoted the reduction of the coagulant activity of WSMoL. These results suggest that
groups present in the carbohydrate binding domain may be involved in the coagulant activity
of WSMolL, as well as that the conformation of the lectin required for this property is affected
by the binding of carbohydrates and ions. WSMoL showed to be larvicidal on C.
quinquefasciatus with LCsy of 1.05 mg/mL. Incubation of larval intestinal extracts with lectin
did not affect a-amylase and trypsin activity, but significantly reduced the catalytic action of
protease, suggesting that larvicidal activity may be linked to interference in the digestion and
absorption of nutrients.

Palavras-chave: coagulant activity. larvicide. lectin. aqueous extract. cell death. Moringa
oleifera.
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1. INTRODUCAO

A coagulagdo, em geral, ¢ um processo em que o potencial repulsivo da dupla camada
elétrica de coldides € reduzido com consequente formagdo de micro-particulas que colidem
entre si formando estruturas maiores (EL-ASHTOUKHY et al., 2015; MANGRICH et al.,
2014; BUDD et al., 2004 ). A coagulacdo ¢ utilizada no tratamento de agua para diminuir a
turvacdo, cor e eliminar agentes patogénicos (EL-ASHTOUKHY et al., 2015; YU et al.,
2007). Coagulagdo quimica é conseguida por adicdo de coagulantes inorganicos, tais como
sais de aluminio e de ferro para proporcionar a remog¢ao de contaminantes a partir da fonte de
agua contendo matéria organica natural (KEHINDE; AZIZ, 2015; DUAN et al., 2006;). No
entanto, existe atualmente a necessidade de aumentar a eficiéncia do tratamento de dgua uma
vez que os padrdes de qualidade tornaram-se cada vez mais dificeis de serem obtidos
(AQUINO et al., 2014; JARVIS et al., 20006).

Coagulantes alternativos conhecidos por polieletrolitos oferecem uma solugdo simples
e de baixo custo (RIZZO et al., 2008). Um polimero ¢ denominado de polieletrdlito catidnico,
anidnico ou anfolitico quando a sua unidade monomérica contém grupos ionizaveis (por
exemplo, carboxila, amino ou sulfénicos), enquanto que os polimeros sem grupos ionizaveis
sao denominados ndo-idnicos (GAO et al., 2008; BOLTO et al. , 2007). No Brasil sao
utilizados os anidnicos e ndo-idnicos em funcdo das caracteristicas das aguas e solidos
suspensos (CARVALHO, 2008). Embora existam na agua particulas negativamente
carregadas, a utilizagdo de polieletrolitos cationicos organicos ¢ limitada desde que os
mesmos sdo considerados muito toxicos para organismos aquaticos (AQUINO et al., 2014;
ZAMPERO, 2011; RIZZO et al., 2008).

A espécie Moringa oleifera (familia Moringaceae), de origem indiana, ¢ uma planta
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cultivada em territorio brasileiro por ser bastante viavel, perene, resistente a seca, pouco
exigente quanto ao solo, adubacdo e tolerante a pragas e doencas (MAKKAR; BECKER,
1997). O cultivo da M. oleifera vem sendo difundido no Semi-Arido nordestino, devido &
utilizagdo das sementes no tratamento de agua para uso doméstico. As sementes de M.
oleifera contém lectinas (proteinas hemaglutinantes que ligam carboidratos) e Ferreira et al.
(2011) demonstraram que a lectina WSMoL (do inglés water-soluble M. oleifera lectin) ¢ um
dos coagulantes presentes nas sementes. Este trabalho ampliou o estudo da atividade
coagulante de WSMoL pela investigacdo do efeito da lectina na resisténcia elétrica do meio
aquoso durante o processo de coagulacdo e pela determinacdo do efeito de carboidratos
inibidores da atividade hemaglutinante de WSMoL e ions bivalentes na atividade coagulante.

Rolim et al. (2011) determinaram que concentragdes elevadas do extrato aquoso de
sementes de M. oleifera sdo genotoxicos enquanto a lectina isolada ndo apresentou esta
propriedade bioldgica. Tem sido reportado que lectinas induzem morte celular (ARANDA-
SOUZA et al., 2014) e a utilizacdo do extrato de sementes de M. oleifera no tratamento de
agua para consumo humano justifica a investigacdo do efeito do extrato e de WSMoL em
células humanas visando a definicdo do risco para a saide humana. Nesse sentido, este
trabalho determinou a toxicidade do extrato sobre as linhagens de células normais GNI
(linhagem celular ndo tumorigénica derivada de fibroblastos) e HaCaT (linhagem ndo
tumorigénica derivada de queratindcitos humanos). A investigacdo de preparacdes purificadas
da lectina WSMoL foi realizada para definir se preparagdes ricas em proteinas coagulantes
podem ser mais seguras que o extrato.

Insetos, especialmente os mosquitos, sdo responsaveis pela disseminagdo de sérias
doencas humanas em regides tropicais. Com o surgimento de formas resistentes de mosquitos

aos inseticidas convencionais utilizados para o seu controle, t€ém crescido a procura por
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substancias naturais que sejam efetivas no combate ao mosquito adulto, ovos e larvas e isentas
de toxicidade para o meio ambiente. As plantas sintetizam enzimas, lectinas e inibidores de
enzimas digestivas que podem afetar a biologia, o desenvolvimento e a reprodugdo dos
insetos (PONTUAL et al., 2014; NAPOLEAO et al., 2013; FREITAS et al., 2011) e portanto
o estudo de novas moléculas derivadas de fontes vegetais, com diferentes atividades biocidas,
pode auxiliar no combate aos mosquitos vetores. WSMoL ¢ um agente larvicida e ovicida
sobre Aedes aegypti (SANTOS et al.,2012; COELHO et al., 2009), mosquito vetor da dengue,
Chikungunya e febre amarela. Este trabalho investigou o efeito de WSMoL na sobrevivéncia
de larvas de Culex quinquefasciatus, vetor da filariose e Chikungunya (CALJON et al., 2013;

CONSOLI & OLIVEIRA, 1994).
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2. FUNDAMENTACAO TEORICA

2.1 A espécie Moringa oleifera

A Moringa oleifera, popularmente conhecida como moringa, lirio branco ou quiabo da
quina, € originaria do nordeste indiano sendo amplamente distribuida na Burma, Ceildo,
Egito, Filipinas, india, Jamaica, Malasia, Nigéria, Paquistdo, Singapura e Tailandia
(MAKKAR; BECKER, 1997; DUKE, 1987; PIO CORREA, 1984). Esta inserida na familia
Moringaceae, pertencente a Ordem Brassicales, que possui um tUnico género denominado
Moringa, constituido por 14 espécies descritas.

E uma planta de porte arbéreo, entre 7 e 12 m de altura, uma hortalica perene, com
baixo custo de producdo e ¢ bastante cultivada devido a adaptagdo a regides de secas
prolongadas, sobrevivendo a grandes periodos em solos pobres e com baixo teor de umidade
(MACCONNACHIE et al., 1999). E muito cultivada devido a adaptacio a regides de secas
prolongadas, sobrevivendo a grandes periodos em solos pobres e com baixo teor de umidade
(MCCONNACHIE et al., 1999). A planta tem sido utilizada como cerca viva e quebra-vento
em algumas regides do Brasil (SILVA; KERR, 1999).

Propriedades biologicas importantes para a saiide humana tém sido identificadas em
diferentes partes de M. oleifera (Figura 1): as flores (B) folhas (C), frutos verdes e sementes
(D) possuem valor alimentar devido a presenga de quantidades representativas de calcio,
ferro, proteinas e também podem ser utilizadas como suplemento alimentar por apresentarem
potassio, vitaminas do complexo B e cobre. O extrato das folhas ¢ uma fonte de antioxidantes
e agentes hipocolesterolémicos (CHUMARK et al., 2008; ARABSHAHI et al., 2007). As

sementes apresentam atividades hipotensiva, antioxidante e quelante de arsénio (GUPTA et
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al., 2005; FAIZI et al., 1995;). As folhas, frutos, raizes e sementes sdo tradicionalmente
utilizadas para o tratamento de tumores abdominais, escorbuto, ataques paraliticos, problemas

de bexiga e prostata, tlceras e infecgdes cutaneas (FUGLIE, 2001)

Figura 1. A espécie M. oleifera. Aspecto geral (A), Flores (B), Folhas (C), Sementes (D).

Fonte:http://www.sempresustentavel.com.br/terrena/moringa-oleifera/moringa-

oleifera.html

A utilizagdo de sementes de M. oleifera em varios paises no tratamento de agua para
consumo humano tem estimulado estudos que avaliam a genotoxicidade e toxicidade de
preparacdes obtidas das mesmas. Rolim et al. (2011) revelaram que o extrato na concentragdo
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de 0,2 pg/uL (usada pela populagdo para tratar a 4gua) ndo apresentou atividade genotoxica e
mutagénica contudo atividade mutagénica; foi detectada quando a concentragdo de 0,8 pug/uL
foi avaliada. Araujo et al. (2013) demonstraram que o extrato na concentragdo de 0,2 pg/uL
foi toxico (ICso de144,8 ng/mL) para células mononucleares de sangue periférico de humanos
e Al-Anizi et al. (2014) revelaram que compostos hidrofobicos de farinha de sementes sdo

citotoxicos enquanto outros soluveis em agua sdo genotoxicos.

2.2 Lectinas de plantas

As lectinas sdo uma classe de proteinas ou glicoproteinas estruturalmente diversas e
que contém pelo menos um dominio de ligagdo a carboidratos, tais como monossacarideos e
oligossacarideos, aos quais se ligam com alta especificidade ¢ de forma reversivel (CORREIA
et al., 2008). Estas proteinas t€ém ampla distribuicdo na natureza e em plantas, tém sido
isoladas de cerne, folhas, flores, frutos, entrecascas, raizes, rizomas e¢ sementes (SILVA et al.,
2016; ALBUQUERQUE et al., 2012; NAPOLEAO et al., 2012; SA et al., 2009; SANTOS et
al., 2009; NASCIMENTO et al., 2008; WANG & NG, 2006; ITO, 1986).

A deteccdo de lectinas em material bioldgico inicia-se a partir de ensaios de
hemaglutinacdo (Figura 2A), no qual estas proteinas interagem com os carboidratos da
superficie celular do eritrécito por meio dos seus sitios de ligagdo, formando ligagdes
cruzadas entre as células (SANTOS et al., 2005). O ensaio da atividade hemaglutinante (AH)
¢ comumente realizado pela técnica de diluigdes seriadas da amostra contendo lectina e
posterior incuba¢do com eritrocitos (SANTOS et al., 2005). A presenga de uma lectina na
amostra, como agente aglutinante ¢ confirmada através dos ensaios de inibi¢do da AH (Figura

2B) com uma soluc¢do de carboidrato ou glicoproteina livre em solugdo (TRINDADE et al.,
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2006). A detecgdo, identificagdo e quantificagdo de lectinas também podem ser realizadas
através de analise protedmica e de seqiienciamento por espectrometria de massas para futuras
aplicagdes em processos bioquimicos, imunoldgicos e toxicoldgicos (NASI et al., 2009).

Na purificacdo de lectinas estdo envolvidas técnicas comuns a protocolos de
isolamento de proteinas. A etapa inicial do isolamento consiste de preparagdes de extratos em
agua destilada (SANTOS et al., 2005), salina (KONOZY et al., 2003) ou em tampdes

(OLIVEIRA et al., 2002).

Figura 2. Representacdo da atividade hemaglutinante de lectinas (A) e inibicio da
aglutinacio por carboidratos livre em solucio (B).

Fonte: Paiva et al. (2010).

. ;".Q B g
Qd'-:t.\; e 'é"“{&e" T

%(

° Eritrécito £ '} Lectina Carboidratos livres

A purificacdo parcial de lectinas através de fracionamento salino utilizando o sulfato
de amoénio tornou-se um dos procedimentos mais utilizados, pois as proteinas possuem muitos
grupos carregados e por isso, a sua solubilidade depende da concentragdo 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 ¢ adicionado além do limiar de saturacdo (salting out).

Ap6s o fracionamento salino, as lectinas s3o normalmente submetidas a processos de
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dialise em membranas semipermeaveis, seguida de processos cromatograficos, tais como
troca ionica (LAM & NG, 2008), gel filtragdo ou exclusdo molecular (POHLEVEN et al.,
2009; JUNG et al., 2007, REGO et al., 2002) e de afinidade (SANTANA et al., 2008 ;
TATENO et al., 2003).

As lectinas de plantas t€ém sido escolhidas para estudos das bases moleculares nos
eventos de reconhecimento dos processos de infeccdes virais, bacterianas, fungicas e
parasiticas; enderecamento de células e componentes soluveis; fertilizagdo, metastases,
crescimento e diferenciagdo celular (KEYAERTS et al., 2007 ; LORIS et al., 1998). Algumas
lectinas de plantas estimulam o sistema imune por ativagdo ndo especifica de células T ou
atuam influenciando a divisdo celular. As lectinas também sao usadas em procedimentos de
diagnodstico e estudos das fungdes do sistema imune, tais como indugdo de linfécitos,
producdo e proliferacdo de interferons e citocinas, asma e inflamagdo e outros efeitos
imunoestimulatorios (CARLINI & GROSSI-DE-SA, 2002; STAUDER & KREUSER, 2002).

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. wrundeuva, do liquen Cladonia verticillaris (ClaveLL), das raizes
secundarias de Bauhinia monandra (BmoRoL), de cladodios de Opuntia ficus-indica (OfiL) e
da entrecasca de Crataeva tapia (CrataBL) apresentaram atividade inseticida contra operarios
e soldados de Nasutitermes corniger (ARAUJO et al, 2012; SOUZA et al, 2011;
NAPOLEAO et al., 2011; PAIVA et al., 2011; SILVA et al., 2009 SA et al., 2008).

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

tripsina e estimulatério sobre o-amilase larvais (NAPOLEAO et al., 2012).

2.2.1 Lectinas ligadoras de quitina isoladas de sementes de Moringa oleifera

Lectinas ligadoras de quitina foram isoladas de sementes de M. oleifera sendo
denominadas cMoL (do inglés coagulant M. oleifera lectin) e WSMoL (do inglés water-
soluble M. oleifera lectin). Adicionalmente, foi isolada a lectina denominada WSMoL¢ a
partir da torta de sementes de M. oleifera, co-produto obtido apos a remogdo do 6leo das
sementes (OLIVEIRA et al, 2016). As lectinas WSMoL e WSMoL¢ apresentam
similaridades entre si quanto a massa molecular, propriedades fisico-quimicas e
especificidade de ligacdo a carboidratos (OLIVEIRA et al., 2016; COELHO et al., 2009;
SANTOS et al., 2005). As lectinas cMoL ¢ WSMoL apresentam caracteristicas diferentes,
como especificidade a carboidrato, massa molecular e carga elétrica (PAIVA et al., 2011;
ROLIM et al., 2011; SANTOS et al., 2009).

cMoL tem natureza cationica (PI tedrico: 11,97) e ¢ composta por 101 residuos de
aminoacidos e estrutura o/f (OLIVEIRA et al, 2011). cMoL ¢ uma lectina que reduz a
turbidez da agua com eficiéncia similar ao sulfato de aluminio, produto rotineiramente
utilizado nas estagdes de tratamento de agua (SANTOS et al., 2009). cMoL apresentou
atividade inseticida contra a mariposa da farinha (4dnagasta kuehniella) promovendo reducdo
no peso e distirbios nutricionais nas larvas (OLIVEIRA et al., 2011). Em 2014, Agra-Neto et

al. investigando a atividade larvicida desta lectina sobre diferentes colonias de Aedes aegypti,
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detectaram que, embora ndo promova a mortalidade das larvas, cMoL inibiu a atividade das
enzimas tripsina e superoxido dismutase nas colonias Rockefeller (sensivel a temefos) e Rec-
R (resistente a temef6s) podendo ser utilizada como um agente sinérgico para o controle de
populagdes do inseto.

WSMoL apresentou atividades antibacteriana e coagulante, sendo capaz de reduzir
turbidez e contaminacdo bacteriana de dgua de ambiente (FERREIRA et al., 2011). Estudo
avaliando a genotoxicidade dessa lectina (ROLIM et al., 2011) revelou que a mesma nao
apresentou efeito mutagénico nem promoveu quebras na molécula de DNA nas concentragdes
de 0,0125 a 0,8 pg/mL, indicando a seguranga de uso da lectina nessas concentragdo para
tratar 4gua para consumo humano.

Também ja foi reportado a eficacia de WSMoL como agente removedor de metais em
agua e os efeitos desses metais nas atividades hemaglutinante e antibacteriana da lectina
(FREITAS et al., 2016). A AH de WSMoL foi reduzida ap6s a incubagdo com os metais e os
valores de eficiéncia de remog¢do para WSMoL determinados foram de 49,00%, 53,21%,
71,45%, 55,42%, 69,88%, 62,14% ¢ de 49,36% para Cd*%, Pb™, Cu, Zn™* Mg™ Mn™ ¢
Al”, respectivamente. WSMoL apresentou atividades bacteriostatica e bactericida contra
Escherichia coli (CMI e CMB de 50 e 200 pg/mL, respectivamente) e Salmonella enterica
serovar. Enteritidis (CMI e CMB de 200 e 400 pg/mL, respectivamente) mas a presenca de
metais aboliu a atividade antibacteriana da lectina. Portanto, WSMoL removeu eficientemente
metais presentes na 4gua, mas a interagdo com metais prejudica a sua capacidade de ligacdo a
carboidratos e sua atividade antibacteriana.

WSMolL atrasou o desenvolvimento larval de 4. aegypti e possui efeito larvicida (CLs
de 0,197mg/mL) sobre o quarto estagio (L4). Também, na concentracdo de 0,1 mg/mL, ¢ um

agente ovicida promovendo a mortalidade do embrido pré formado em ovos estocados e
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reduzindo a viabilidade de ovos frescos e agente estimulante de oviposicdo de fémeas
gravidas de A. aegypti. Sendo assim, uma lectina de amplo espectro funcional sobre o ciclo
bioldgico do mosquito vetor de importantes doengas, tais como dengue, Zika e Chikungunya
(SANTOS et al., 2012; COELHO et al., 2009; SANTOS et al., 2009). O efeito de WSMoL na
sobrevivéncia de larvas de A. kuehniella foi avaliado por Oliveira et al. (2017) e foi
demonstrado que a lectina ndo apresentou atividade larvicida embora tenha reduzido a
digestdo de proteinas em 90%. Os autores sugeriram que WSMoL promoveu apoptose em
células do intestino da larva.

A torta de sementes de M. oleifera, co-produto obtido apos a remogdo do 6leo foi fonte
da lectina WSMoLc (do inglés water soluble Moringa oleifera lectin from cake) que possui
efeito sobre a oviposi¢do de fémeas do mosquito A. aegypti na concentragdo de 0,1 mg/mL
bem como sobre os ovos (CEsy de 0,13 mg/mL) e larvas (CLso de 0,89 mg/mL) desse inseto
(OLIVEIRA et al., 2016). Os autores também demostraram que WSMolc foi resistente a
degradagdo por proteases digestivas das larvas, estimulou as atividades da amilase e protease

e inibiu a atividade de tripsina do intestino de larvas.

2.3 Tratamento de agua

A qualidade da 4gua ¢ definida por sua composi¢do quimica, fisica e bacteriologica e
para o consumo humano ha necessidade que a dgua seja livre de matéria suspensa visivel, cor,
gosto e odor e de organismos e substancias orgdnicas ou inorganicas capazes de provocar
enfermidades no ser humano.

Os métodos de tratamento de dgua vdo desde a fervura até sistemas completos

incluindo a adsor¢do (KEHINDE ; AZIZ, 2015), nanofiltragdo (ZAHRIM et al., 2011),
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processos  oxidativos (HAYAT et al, 2015; MANENTI et al, 2015),
coagulagdo/eletrocoagulagdo (EL-ASHTOUKHY et al., 2015; FREITAS et al., 2015) e
métodos eletroquimicos (AQUINO et al., 2014; DIAMADOPOULOS et al., 2009). Os
polimeros sintéticos anidnicos e ndo idnicos sdo usados como auxiliares de floculagdo,
filtragdo e no condicionamento do lodo ( TROVO et al., 2013).

Os métodos mais utilizados sdo a coagulagdo, floculacdo, sedimentagdo, filtragdo e
cloracdo (RAMOS, 2005). O processo de coagulagao/floculacdo ¢ uma técnica que permite a
remocdo de materiais em suspensao coloidal ou que permanegam dispersos na solugdo e ndo
sdo removidos por processos fisicos convencionais (LEE et al., 2014). A coagulacdo, em
geral, ¢ um processo em que o potencial repulsivo da dupla camada elétrica de coloides ¢
reduzido de tal forma que microparticulas podem ser produzidas. Estas particulas colidem
entre si e formam estruturas maiores (TROVO et al., 2013; BUDD et al., 2004).

A dupla camada elétrica é formada por duas superficies de cargas elétricas opostas
mantidas por forgas eletrostaticas (TROVO et al., 2013). A concentragio das cargas contrarias
diminui exponencialmente entre as fronteiras da camada compacta e da camada difusa até
igualar a concentracdo de cargas da solucdo, intervalo esse em que o potencial elétrico
formado ¢é conhecido como Potencial Zeta (AMIRTHARAJAH; O’'MELIA, 1990).

A literatura apresenta quatro principais formas de desestabilizacdo de particulas
coloidais: adsor¢do e neutralizacdo, compressdo da camada difusa, adsor¢cdo e formacgdo de
pontes e varredura (KEHINDE; AZIZ, 2015; DI BERNARDO; DANTAS, 2005,
HASSEMER, 2000). Na adsorcdo e neutralizagdo de cargas, a desestabilizagdo da dispersdo
coloidal consiste nas interagdes entre coagulante-coldide, coagulante-solvente e colodide-
solvente (KEHINDE; AZIZ, 2015; DI BERNARDO; DANTAS, 2005). As interagdes

coagulante-solvente sdo responsaveis pela adsor¢d@o do coagulante na interface coldide-agua.
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No caso de espécies hidrolisadas de aluminio e ferro ou de polieletrolitos catidnicos ¢ comum
ocorrer a adsor¢do causada pela interagdo entre coagulante e coldéide (PANG; ABDULLAH,
2013; FERREIRA,1997).

Na compressao da camada difusa, a introdugdo de ions no sistema coloidal causara um
aumento na densidade de cargas na camada difusa que para manter-se eletricamente neutra,
tem seu volume reduzido, de tal modo que em dado momento as for¢as de Van der Waals
sejam dominantes, eliminando a estabilizacdo eletrostatica (AQUINO et al., 2014; CUBAS,
1999).

Na adsor¢do e formacdo de pontes, compostos orgédnicos sintéticos e naturais
caracterizados por grandes cadeias moleculares, que apresentam sitios ionizaveis ao longo da
cadeia, adsorvem mais que uma particula, mantendo-as unidas umas as outras (FREITAS e¢
al.,2015; DI BERNARDO; DANTAS, 2005).

No processo conhecido por varredura as particulas coloidais sdo envolvidas pelos
coagulantes e, como este mecanismo ndo depende da neutraliza¢do da carga dos coloides, a
condi¢do otima da coagulacdo pode ndo corresponder aquela em que ¢ minimo o potencial
zeta (HAYAT et al., 2015; HASSEMER, 2000).

O papel do coagulante ¢ desestabilizar a suspensdo coloidal reduzindo a barreira de
energia ¢ permitindo que as particulas se agreguem. Os coldides sdo apresentados por
particulas que tem uma faixa de tamanho de 1 nm a 0,1 nm, e conferem cor, turbidez e
alteram a qualidade da agua (MANGRICH et al., 2014). Os coagulantes podem ser
classificados como coagulantes metalicos ou polieletrolitos também conhecidos como
auxiliares de coagulacdo (LEME, 1990). Devido a boa eficiéncia e ao baixo custo, o sulfato
de aluminio destaca-se como o coagulante quimico mais utilizado no Brasil, contudo, o

aluminio ndo ¢ biodegradavel e gera um elevado volume de lodo além de formar
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subprodutos (mondmeros) toxicos (LIBANIO, 2010; OKUDA et al., 2001). Um polimero é
denominado como um polieletrdlito, quando a sua unidade monomérica contém grupos

ionizaveis (GAO et al., 2008).

2.3.1 Coagulantes naturais

Os polimeros naturais mais usados no Brasil sdo os amidos de batata e depois os
amidos de mandioca e de milho (DI BERNARDO; DANTAS, 2005). O tanino extraido da
acacia negra, de acordo com Mangrich et al., (2014) tem sido usado em muitas estagdes de
tratamento de agua e esgoto, com nomes comerciais como Tanac eTanfloc. Os extratos de
cactos e da babosa também ja foram utilizados, porém com aplicagdo restrita (ZAMPERO,
2011). A quitosana, que ¢ extraida da carapaca de frutos do mar (camardo e lagostas) ¢ outro
polimero organico natural, usado como auxiliar de floculagdo (ZENG et al., 2004).

Dentre os diversos polimeros naturais usados como auxiliares de floculacdo,
verifica-se o0 emprego do quiabo (Abelmoschus esculentus) na forma da mucilagem extraida
da vagem ou do pod seco da vagem, da mutamba ou “chico magro” (Guazuma ulmifolia) na
forma de solug@o da casca, do caule e do fruto e do cacau (Theobroma cacau), usado na
forma de solugdo do p6 da casca (ABREU-LIMA, 2007).

Ang et al. (2016) desenvolveram um sistema hibrido de coagulacdo-nanofiltracao para
tratamento de agua testando a combinagdo de membrana de quitosana e acido humico com
trés solucdes sintéticas que diferiram em forga idnica e composi¢do. O modelo de dgua turva
utilizando caolin foi utilizado e o sistema de quitosana/acido humico foi testado na auséncia
de NaCl (conjunto 1), apenas com NaCl (conjunto 2) e com NaCl, CaCl, e NaHCO; (conjunto

3). Os autores observaram declinio gradual no processo de coagulacdo-nanofiltracdo devido
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propensao de incrustagdo da membrana nos 3 conjuntos avaliados. A incrustacdo foi menor no
conjunto 2 devido a presenga de forte repulsdo eletrostatica entre as impurezas ¢ a membrana.
Durante o processo de filtragem inicial o fluxo do conjunto 3 permaneceu constante devido a
forte repulsdo entre as impurezas carregadas negativamente e a membrana que apresentava
pH 7, mas em seguida detectou-se forte declinio na eficiéncia do processo provavelmente
devido ao efeito da polarizacdo da concentragdo. A repulsdo eletrostatica desempenha um
papel vital na contencao da propensdo de incrustagdo e o principal mecanismo de coagulagido
da quitosana foi a neutralizacdo de cargas sugerindo que sistemas hibridos de coagulagdo-
nanofiltragdo com quitosana sdo ineficazes devido a alta propensdo de incrustagdes na
membrana.

A aplicabilidade de sementes de Vicia faba L. como coagulante natural foi detectada
através da avaliacdo dos extratos aquoso e salino (0,5 M e 1 M de NaCl) utilizando sistema
sintético de caolin. O aumento da forca i6nica do extrato pelo aumento da concentra¢do do
NaCl resultou em maior quantidade de compostos extraidos mas ndo afetou a eficiéncia do
processo de coagulagdo quando comparado ao extrato aquoso. A aplicagdo de doses
diferentes dos coagulantes em agua mostrou que a melhor atividade de coagulacdo foi
conseguida pela adi¢do de uma dose de 0,125 mL/L do extrato aquoso (KUKIC et al., 2015).

Outro estudo avaliou a mucilagem de sementes de Ocimum basilicum L. como
coagulante natural para ser utilizado em combinagdo com aliimen no pré-tratamento de agua
proveniente de lixiviacdo contendo quantidade elevada de matéria organica, componentes
inorgénicos, metais pesados ¢ compostos xenobidticos organicos (RASOOL et al., 2016). Os
dados revelaram que o tratamento por 15 min, pH 7 e na propor¢do de 1:1 de alimem/O.
basilicum destacou-se como a condi¢do 6tima reduzindo 64,4% de matéria organica suscetivel

de oxidacdo e 77,8% de cor.
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Choy et al. (2016) determinaram a eficiéncia dos amidos de arroz, trigo, milho e batata
na remog¢do da turbidez comparados ao alimen utilizando suspensodes de caolin. Os autores
avaliaram os efeitos da dosagem e pH e detectaram que os amidos do trigo e da batata nao
foram eficientes na remoc¢ao da turbidez. Ja o amido de milho na concentragdo de 120 mg/L
em pH 7 foi capaz de reduzir em 20% a turbidez do caolin. O amido de arroz, por possuir o
maior comprimento da cadeia polimérica, superou os demais promovendo remog¢ado de 50% da
turvacdo com uma dosagem otimizada de 120 mg/L, pH inicial de 4 e tempo de sedimentagdo
de 30 min.

Muiybi & Evison (1995) descreveram a propriedade coagulante da suspensdo obtida
com as sementes de M. oleifera como sendo similar a um polieletrolito catidnico, composto
basicamente por polipeptideos. Camacho et al. (2017) avaliaram a eficiéncia de sementes
integrais e sementes com uma quantidade reduzida de o6leo de Moringa oleifera como
coagulante no tratamento convencional de agua para remocao de cianobactérias promeviente
de diferentes aguas superficiais naturais. O poé integral de sementes, p6 extraido com etanol, o
p6 obtido apds técnica de pressurizagdo e o péd extraido com NaCl foram testados em aguas
com baixa (5-10 NTU) e alta (30-60 NTU) turbidez inicial com e sem células de Microcystis
aeruginosa. Os resultados mostraram que a extracdo de pd ndo ¢ necessaria quando se
utilizam sementes de M. oleifera como coagulante na coagulagdo/floculagdo/sedimentacdo na
situagdo testada. A remocdo de clorofila e turbidez foi de até 85% para aguas de alta turvacao,
com 50 mg/L para o pd integral e resultados similares foram obtidos para as demais
preparacdes testadas. Para aguas com baixa turvacdo, o p6 extraido com NaCl 1 M promoveu
a remocdo de clorofila e turbidez em aproximadamente 60%. Adicionalmente, demonstrou-se
que o pd de sementes extraido com NaCl removeu entre 40 ¢ 50% da matéria organica

presente na agua. No entanto, foi detectado aumento de matéria organica dissolvida
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independente do tipo de coagulante usado.

2.4 Vias de morte celular

A homeostase nos tecidos depende de uma série de eventos acoplados. A
proliferagdo, sobrevida e morte celular sdo moduladas por multiplos sinais, e o equilibrio
entre as taxas de proliferacdo e morte das células promovem o constante processo de
renovagao celular (FULDA et al., 2010; GRIVICICH et al., 2007). Condigoes estressantes
prejudicam a homeostase e a célula pode responder ao estresse de formas variadas,
dependendo do seu tipo e gravidade. Essa resposta pode ser de prote¢do adequada a célula,
possibilitando e permitindo sua sobrevivéncia, ou, caso o estresse seja tdo severo que
incapacite essaprote¢do, a resposta celular podera ser a ativagdo de morte celular (FULDA
etal.,2010).

Devido a mecanismos de restauragdo do DNA, as células podem ativar um ponto de
checagem (checkpoint) de dano, interrompendo o ciclo celular e permitindo a reparacdo ¢
prevencao da transmissdo dos danos, podem produzir uma resposta na transcricdo que ira
beneficiar o funcionamento celular, ou podem entrar em apoptose, processo que ird
eliminar as células altamente danificadas e desreguladas. Porém, falhas em qualquer uma
dessas vias causa instabilidade genémica, podendo levar a carcinogénese (SANCAR et al.,
2004).

A interrupg¢do do ciclo celular e/ou indugdo a morte por apoptose pode decorrer da
diminui¢do ou bloqueio do sistema de proliferagdo (BIRT et al., 2001). O ciclo celular
consiste em um ciclo de duplicacdo e divisdo do conteudo celular por meio do qual novas

células sdo originadas. Em células eucariontes, esse ciclo ¢ dividido em quatro etapas: G1,
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S, G2, e M. As trés primeiras fases compde a intérfase, periodo em que a célula realiza a
transcrigdo de genes, sintetiza proteinas e cresce em massa. A fase G1 (do inglés gap, que
significa lacuna), € o intervalo entre o término da fase M e inicio da fase S. Na fase S (de
sintese), ocorre a replicacdo do DNA nuclear, ¢ G2 ¢ a fase de intervalo entre a fase Se a
M. A fase M, por sua vez, ¢ compreendida pela mitose, em que ocorre a divisdo nuclear, ¢ a
citocinese, em que ocorre a divisdo celular (ALBERTS et al., 2009). Vias bioquimicas que
retardam ou interrompem a progressao do ciclo celular em resposta a danos nos pontos de
checagem de danos no DNA sdo definidos com base na transicdo em que esta sendo
interrompida, como G1/8S, intra- S, e G2/M checkpoints (ALBERTS et al., 2009).

A apoptose ¢ um dos mecanismos de morte celular que participa de varias situacdes
fisioldgicas incluindo a reposicdo fisiologica de certos tecidos. Porém, este mecanismo
pode ser desencadeado por fatores externos, como a baixa quantidade de nutrientes e
exposicao a xenobidticos que provocam danos no DNA e aumento de espécies reativas do
oxigénio, por exemplo. Assim, ¢ um mecanismo rigidamente controlado por expressoes
genéticas decorrentes da interagdo da célula com o meio externo (GRIVICICH et al., 2007,
NARULA et al., 1999).

Um padrao de alteragdes morfoldgicas marcantes e coordenadas. Inicialmente
ocorre retracdo celular levando a perda de aderéncia célula- célula e célula-matriz. Nao ha
alteracdo morfologica da maioria das organelas, apenas as mitocondrias podem apresentar
ruptura na membrana externa. Ocorre a condensacdo da cromatina ao redor da periferia
nuclear e a desintegracdo do nucleo em fragmentos envoltos pela membrana nuclear. A
membrana celular forma prolongamentos, que vdo aumentando em numero e tamanho
(ANAZETTI; MELO, 2007 ; GRIVICICH et al., 2007).

Na apoptose, o citocromo c liberado pelas mitocondrias durante a permeabilizagdo
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da membrana mitocondrial externa e oxidam a fosfatidilserina da face interna da
membrana, modulando a externaliza¢do desse fosfolipidio (TYURINA et al., 2004). A
fosfatidilserina quando presente na membrana externa atua como sinal para fagocitose da
célula apoptdtica por macrofagos (WU et al., 2006). Para a visualizagdo de células que
possuem fosfatidilserina na face externa, o marcador anexina V tem sido utilizado por
possuir alta afinidade com este fosfolipideo e, portanto, representa um valioso marcador na
detecgdo de apoptose (VAN GENDEREN et al., 2008).

Quando sinais de morte atingem a mitocondria, ocorre um colapso no potencial da
membrana mitocondrial interna e uma transi¢do da permeabilidade mitocondrial (TPM).
Esses fatores geram a liberagdo de moléculas que podem provocar apoptose, interromper
da sintese de ATP e aumentar a producdo de espécies reativas do oxigénio (EROs). A
liberagdo de EROs provoca a oxidacdo de biomoléculas, aumentando ainda mais o colapso
no potencial de membrana mitocondrial (GRIVICICH et al., 2007; KROEMER; REED,
2000; LOEFFLER; KREMER, 2000).

A regulagdo da apoptose apresenta duas vias principais: a via intrinseca, mediada
pela mitocondria e a via extrinseca, que ¢ mediada por receptores de morte presentes na
membrana plasmatica. Em ambas as vias ha a participacdo de caspases que executam
eventos intracelulares que resultardo na morte celular programada (GRIVICICH et al.,
2007; NICHOLSON; THORNBERRY, 1997).

A via mitocondrial pode ser ativada por varios estimulos, incluindo compostos
citotoxicos, resultando na ativagdo de proteinas pro-apoptoticas. Estas proteinas induzem
a permeabilizacdo da membrana mitocondrial externa através da formagdo de canais que
causa a liberagdo, além de outras substincias, de pequenos ions, solutos e citocromo ¢

para o citosol. O citocromo c liberado se associa a uma proteina adaptadora, formando um
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complexo chamado apoptossomo, que promove, na presenca de ATP, a clivagem da
pro-caspase-9, liberando a caspase-9, ativa, que ira ativar as caspases efetoras (caspase 3),
ocasionando a apoptose (GREEN; KROMER, 1998). O complexo catalitico gerado pelos
sinais mitocondriais ¢ a a¢do das caspases ativadas de via extrinseca sdo sinais convergentes
responsaveis pela ativagdo das caspases efetoras 3 ¢ 7 (HAIL et «l.,2006). Na via
extrinseca de regulacdo da apoptose, quando os receptores de morte celular reconhecem
um ligante especifico, os seus dominios de morte interagem com moléculas capazes de
recrutarem caspases iniciadoras (caspase-8), que irdo ativar caspases efetoras (caspase-3),
executando a morte por apoptose (GRIVICICH ef al., 2007). Na via intrinseca, diversos
sinais atuam modulando a permeabilizacdo da membrana mitocondrial externa.

Outro tipo de morte celular € a necrose, que € caracterizada por rapida desregulacao
da homeostasia. A necrose ocorre, geralmente, em resposta a injiria severa as células
(BRAS et al., 2005). No entanto, estudos tém sugerido que a necrose também pode ser
regulada geneticamente, com a fun¢do de manter a integridade do organismo (ZONG;
THOMPSON, 2006).

As caracteristicas morfologicas e bioquimicas da necrose compreendem
desorganizacdo do citoplasma e intumescimento celular, intumescimento e/ou rompimento
das organelas e da membrana plasmatica e liberacio do conteido celular.
Consequentemente a essa liberagdo, ocorre uma resposta inflamatoria e dano as células
vizinhas (GRIVICICH et al., 2007).

Evidéncias recentes tém apontado para uma interdependéncia entre os diferentes
mecanismos de morte celular. Um processo conhecido como necrose apoptotica ¢
caracterizado por células em fase avancada de apoptose quando ndo sdo fagocitadas, que

podem apresentar caracteristicas necroticas devido a perda de energia celular e integridade
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da membrana plasmatica (MAJNO; JORIS, 1995; BRAS 2005). Além disso, ¢ importante
ter ciéncia de outros tipos de morte celular além da apoptose ¢ da necrose, como a

autofagia, a mitose catastrofica e a senescéncia (GRIVICICH et al., 2007).

2.5 Estresse oxidativo

O estresse oxidativo ocorre quando a taxa de producdo de EROs excede a taxa de sua
decomposi¢io por sistemas. As EROs sdo potentes oxidantes e podem reagir com moléculas
celulares criticas, levando a danos em membranas bioldgicas, causando peroxidagdo lipidica,
danos na mitocondria e ao DNA e consequentemente podem acarretar em morte celular (VAN
DER OOST et al.,2003).

As EROs sdo produzidas e degradadas durante a fungio celular normal de organismos
aerobios, uma vez que eles necessitam de oxigénio para a geracdo de energia através da
fosforilacdo oxidativa, processo que gera subprodutos reativos (LUSHCHAK, 2006). Outro
processo que pode gerar espécies reativas ¢ a biotransformacdo de xenobidticos, em que
ocorrem reagdes para transformar um produto lipofilico em hidrofilico, para ser mais facilmente
eliminado. Essas reagdes podem formar subprodutos reativos (VAN DER OOST et al., 2003).
A exposicdo a alguns xenobioticos, especialmente poluentes quimicos toxicos, podem levar
a um aumento exacerbado da produ¢@o de EROs, e consequentemente ao estresse oxidativo
(ALMEIDA et al., 2008; NORDBERG; ARNER, 2001).

Como mecanismos de defesa antioxidante, organismos aerdbios apresentam
sistemas enzimaticos e ndo enzimaticos, que podem evitar a formagao das EROs, reagir
com essas espécies, ou reparar os danos provocados por elas. Antioxidantes nao
enzimaticos incluem a glutationa reduzida (GSH), o acido ascorbico (vitamina C), o B-
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caroteno (vitamina B), e o a-tocoferol (vitamina E) (KLING; OLSSON, 2000). Essas
moléculas participam diretamente em reagdes de 6xido-reducdo, fazendo uma varredura
nos produtos de oxidagdo. Elas sdo consumidas ou modificadas durante esses processos, e
devem ser repostas ou regeneradas a fim de recuperarem suas fungdes (DINKOVA-
KOSTOVA; TALALAY, 2010).

As células podem responder a um dano, como aqueles produzidos por estresse
oxidativo, de diversas formas. Podem ativar o sistema de reparo, ativar um ponto de
checagem no ciclo celular, programar a morte celular, ou produzir uma resposta na
transcri¢do de genes de enzimas antioxidantes (SANCAR et al., 2004). Tal regulagdo ocorre
em resposta a flutuagdes das condi¢des ambientais intra e extra-celulares quanto a presenca
de estressores oxidativos (NORDGREN; WALLACE, 2014; YIN et al., 2013; DINKOVA-
KOSTOVA; TALALAY, 2010).

Thannickal & Fanburg (2000) observaram que citocinas, fatores de crescimento e
hormonais, interleucina 6 (IL-6), interleucina 3 (IL-3), fator de necrose tumoral a (TNF-a),
angiotensina II (ANGII), fator de crescimento derivado de plaquetas (PDGF), (TGF-B1),
fator estimulador de colonias de granuldcitos-macréfagos (GM-CSF) e fator de
crescimento de fibroblastos (FGF-2) provocavam um aumento na resposta oxidativa
gerando baixas concentragdes de EROs em células. Storz (2005) sugeriu que EROs podem
desempenhar um papel fisiolégico muito importante como mensageiros secundarios e que
a iniciagdo e/ou o funcionamento apropriado de varias vias de transducdo de sinal
dependem da acdo dessas como moléculas de sinalizagdo que podem atuar em diferentes
niveis na cascata de transdu¢do de sinal. Um grande numero de fungdes fisiologicas sdo
controladas por vias de sinalizagdo redox-responsivas como: regulacdo do tonus vascular e

outras fun¢des reguladas por 6xido nitrico, a producdo de EROs como um sensor para
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mudangas na concentracdo de oxigénio, a regulacdo redox da adesdo celular, a regulagdo
redox das respostas imunes e indugdo da morte celular (DROGE, 2002; JONES;
DANGL,1996; THANNICKAL & FANBURG, 1995).

A adesdo celular desempenha um papel importante na embriogénese, no crescimento
celular, na diferenciagdo, na reparagdo de feridas e em outros processos consequentemente,
alteracdes nas propriedades adesivas das células e dos tecidos sdo rigorosamente reguladas
por redox (VALKO et al., 2007; FRENETTE; WAGNER, 1996; ALBELDA et al., 1994).

O estresse oxidativo esta relacionado a diversas condigdes patologicas que podem
ser divididas em doengas pro-oxidantes envolvidas com o estresse oxidativo mitocondrial,
como cancer ¢ diabetes mellitus, ¢ doengas promovidas por condi¢des oxidativas
inflamatorias que conduzem a aterosclerose, inflamagdo cronica, isquemia e lesdo por
reperfusdao (DALLE-DONNE et al, 2006; JENNER, 2003; SAYRE et al., 2001;
DHALLA et al., 2000). O processo de envelhecimento ¢ em grande parte devido a
consequéncia prejudicial da acdo de radicais livres na peroxidacdo lipidica, danos ao DNA
e oxidagdo de proteinas (SCHIEPER; CHANDEL, 2014; HARMAN, 1956).

A modificagdo permanente do material genético resultante de incidentes induzidos
pelo desequilibrio redox celular esta envolvida com o inicio da mutagénese, carcinogénese
e envelhecimento. Lesdes no DNA podem resultar em parada ou inducdo de transcrigdo,
inducdo de vias de transducdo de sinal, erros de replicacdo e instabilidade genomica
associadas a carcinogénese (VALKO et al., 2006; MARNETT, 2000). Niveis elevados de
lesdes oxidativas no DNA foram observados em varios tumores (TIAN et al, 2016;
DOREFF et al., 2011; TONKS, 2006; WISHART; DIXON, 2002).

O estresse oxidativo induzido por EROs também desempenha um papel em varias

doencas cardiovasculares, tais como aterosclerose, cardiopatia isquémica, hipertensdo,
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cardiomiopatias, hipertrofia cardiaca e insuficiéncia cardiaca congestiva (VALKO et al.,
2007; BERRY; HARE, 2004; HARE; STAMLER, 2005; PETROSILLO et al., 2003;
DHALLA et al., 2000; KUKREJA; HESS, 1992). Diabetes mellitus tipo 2 é a forma mais
comum de diabetes e a resisténcia a insulina ¢ um dos principais contribuintes para a
progressdo e complicacdes da diabetes (WEYER et al., 2001). Defeitos relacionados com o
estresse oxidativo na maquinaria de fosforilacdo oxidativa e a fB-oxidagdo mitocondrial
levam ao excesso de actmulo intracelular de triacilglicerol no musculo e no figado e
subsequente resisténcia a insulina (ROSCA et al., 2005).

O estresse oxidativo aumenta com a idade e, portanto, pode ser considerado como
um importante fator causador de vérias doencas neurodegenerativas, especialmente para
individuos mais velhos. O cérebro ¢ particularmente vulneravel a danos oxidativos devido
a elevada utilizagdo de oxigénio, ao elevado teor em dacidos graxos poliinsaturados
oxidaveis e a presenca de metais redox (BUTTERFIELD et al., 2006; TRETTER; ADAM-
VIZI, 2004; SAYRE et al., 2001). Os cérebros de pacientes com doenca de Alzheimer
mostram uma extensao significativa de dano oxidativo associado a acumulo de peptideo
amiléide B (AB), bem como deposi¢do de emaranhados neurofibrilares e fios neurofilicos
(BUTTERFIELD et al., 2002). A producgdo elevada de AP, ¢ postulada como sendo um
acontecimento importante no desenvolvimento da doenga de Alzheimer (VALKO et al.,
2007; BUTTERFIELD et al., 2002). O estresse oxidativo induz a degeneracdo das células
nigrais e ha evidéncias de que o nivel de estresse oxidativo basal na substancia negra no
cérebro normal aumenta nos pacientes com doenga de Parkinson (WAKATSUKI; ARAKI
2016; ROSA et al., 2015). No entanto, fatores tais como inflamagdo, mecanismos
excitotoxicos, acdo toxica do oxido nitrico e disfuncdo mitocondrial também estdo

envolvidos desempenham papéis na etiologia da doenca (WAKATSUKI; ARAKI 2016;
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ANDERSEN, 2004).

2.6 Toxicidade de compostos naturais sobre células humanas

De 1960 a 1982, o National Cancer Institute (NCI) nos EUA realizou um programa de
coleta de plantas, visando impulsionar o progresso na descoberta de agentes anti-cancerigenos
derivados de plantas (CRAGG; NEWMAN, 2005). Durante este tempo, uma vasta gama de
agentes citotoxicos foram descobertos a partir de extratos de plantas, mas poucos destes
conseguiram chegar ao mercado para uso clinico (MOLASSIOTIS et al., 2005).

Extratos de Tilia amurensis ¢ Camellia sinensis foram testados em linhagens celulares
de cancer de pele e verificou-se que eles t€ém efeitos citotoxicos in vitro (VINHA et al., 2013).
O rizoma de Zingiber officinale promoveu inibi¢do de crescimento, indugdo anti-proliferativa
e apoptose regulada por EROs em células de carcinoma epidermoide (NIGAN et al., 2009).
Chandu et al. (2012) demonstraram que células de melanoma murino tratadas com extrato
salinos de Aloe vera tinham sua viabilidade celular reduzida. Os extratos das flores de
Calendula officinalis inibiram a proliferacdo de células tumorais e administrado por via oral
mostrou, além disso, efeitos anti-metastaticos que levaram a um aumento da vida dos ratos
com tumores metastaticos (PREETHI et al., 2010; IMENEZ-MEDINA et al., 2006). O cha
de cravo-da-india apresentou maior agdo anti-melanoma, comparado ao chd de camomila
(Matricaria chamomilla) segundo (MATIC et al., 2013). O extrato de folhas de Viscum album
L. tem sido investigado para possivel utilizagdo no tratamento de cancer de pancreas
avancado, pulmao, coloretal e de mama (VINHA ez al., 2013; CHAN et al, 2012).

A literatura também destaca os efeitos deletérios do uso de extratos e componentes

naturais sobre cé¢lulas normais humanas. Shikonina, o componente principal da erva chinesa
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tradicional Lithospermum erythrorhizon, possui varias fungdes biologicas, incluindo
atividades antimicrobianas, anti-inflamatérias e antitumorais (CHEN et al., 2002). Também
foi relatado que o tratamento com shikonina ativa a via da caspase induzindo a apoptose
celular em células de leucemia HL-60 e de cancer coloretal humano, inibe a proliferacao
celular em células de carcinoma epidermoide humano, desencadeia apoptose em células de
carcinoma hepatico e promove perturbacdo no potencial de membrana, formagdo de EROs e
morte por apoptose em células de hepatoma HE-1 (CHEN et al., 2012; GONG et al., 2011;
HSU et al., 2004; SINGH et al., 2003; YOON et al., 1999). Todavia, Jing et al. (2016)
detectou que o tratamento com shikonina inibiu significativamente a viabilidade das
queratindcitos normais da linhagem HaCaT de uma forma dependente da dose e do tempo e
promoveu a detencdo do ciclo celular na fase GO/G1 e apoptose. Além disso, o tratamento
com shikonina reduziu o potencial da membrana mitocondrial e induziu a geragdo de espécies
reativas de oxigénio.
Li et al. (2016) avaliando o efeito de sementes de damasco (Semen armeniacae
amarum) em linhagem de queratinocitos cultivados HaCaT observou que o 6leo essencial
das semente produziu efeito antiproliferativo, parada do ciclo celular G0/G1, aumento no

numero de células apoptoticas precoces e tardias e ativagdo de caspases 3 e 9.

2.7 Culex quinquefasciatus SAY, 1823 (Diptera: Culicidae)

2.7.1 Distribuicéo, biologia e ecologia

Culex quinquefasciatus ocorre nas por¢cdes meridionais da Asia, Africa, Américas (do
sul dos EUA ao norte da Argentina) e na Oceania, sendo por isso considerado um mosquito
tropico-cosmopolita. No Brasil, sua distribuicao ¢ abrangente e sua abundancia ¢ influenciada

pela presenca humana e urbaniza¢do (FORATTINI et al., 1993).
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E um inseto holometébolo, sendo o adulto alado e as formas pré-imaginais aquaticas.
O ciclo biologico tem duragdo média de 10 a 12 dias, desde a eclosdo das larvas até a
emergéncia do adulto, porém a duracdo do ciclo depende de fatores como disponibilidade de
alimento, temperatura, luz e umidade (CONSOLI; LOURENCO-DE-OLIVEIRA, 1994).
Ap0s a copula, a fémea, que ¢ hematofaga, realiza o repasto sanguineo geralmente a noite ou
durante o periodo vespertino. Quando atingida a reprodugdo, a fémea procura um local de
repouso até a oviposicdo, que ocorre entre 48 e 72 horas apés o repasto. Os ovos sdo
depositados diretamente sob a ldmina d’agua dos criadouros, agrupados em ntimero de 150 a
250, sob a forma de jangada (CONSOLI; LOURENCO-DE-OLIVEIRA, 1994).

A seleg@o do local de oviposicao € o principal fator de distribuicdo da espécie, que ¢é
influenciado pelo feroménio de oviposigdo, presente na superficie apical dos ovos que tem a
capacidade de atrair as fémeas para os criadouros ja colonizados (BARBOSA et al., 2007;
LAURENCE; PICKETT, 1985). O desenvolvimento larval ocorre no ambiente aquatico e ¢é
composto por quatro estagios larvais (L1, L2, L3 e L4) e um de pupa (Figura 3). As larvas sdo
filtradoras e alimentam-se preferencialmente na superficie dos criadouros. As pupas nao se
alimentam, mas permanecem ativas, movimentando-se quando o ambiente ¢ perturbado e os
adultos alimentam-se de seiva vegetal. As fémeas sdo também hematofagas e a alimentacdo
sanguinea estd relacionada a maturacdo de seus ovos. Embora possam realizar o repasto
sanguineo em aves ou em outros animais, as fémeas sdo predominantemente antropofilicas
(CONSOLI; LOURENCO-DE-OLIVEIRA, 1994).

Os criadouros preferenciais do mosquito C. quinquefasciatus sao colegdes de agua
estagnada a nivel do solo, rica em matéria organica em decomposicdo e detritos, tais como
valetas, fossas, corregos, caixas de inspe¢do de esgoto, entre outros. Apds a emergéncia, 0s

adultos permanecem, preferencialmente, proximos ao local onde ocorreu a oviposi¢do, no
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ambiente peridomiciliar ou dentro das casas, para que as fémeas possam buscar o repasto

sanguineo (CONSOLI; LOURENCO-DE-OLIVEIRA, 1994).

Figura 3. Ciclo biolégico do mosquito Culex quinquefasciatus. Adultos (1). As fémeas
depositam na agua ovos agrupados sob a forma de jangada (2), apés a eclosdo ha
quatro estagios larvais (3), em seguida é atingido o estagio de pupa (4), que dara origem
aos adultos. Fonte: (1) Action Nature (2008); (2) Gulf Coast Mosquito Control (2006);

(3) Wildlife Trust (2006); (4) Fotosearch (2008).

2.7.2 Importéancia vetorial

De acordo com a Organizagdo Mundial de Satide (OMS) (2011), a espécie C.
quinquefasciatus € vetor exclusivo da filariose bancroftiana nas Américas. Esta parasitose ¢
endémica em vdarias regides tropicais, com estimativa de 120 milhdes de individuos
infectados em 81 paises e mais de um bilhdo de pessoas vivendo em areas de risco de
contrair a infeccdo (OMS, 2011). A transmissdo ativa da filariose nas Américas foi
evidenciada em quatro paises: Brasil, Reptiblica Dominicana, Guiana e Haiti. No Brasil, a
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Regido Metropolitana do Recife (RMR), localizada no Estado de Pernambuco, apresenta
focos endémicos da filariose linfatica desde 1990. A doenca ¢ causada pelo verme nematoda
Wuchereria bancrofti (Spirurida: Onchocercidae) e sua transmissdo se da através da picada
da fémea do mosquito C. quinquefasciatus infectado.

O ciclo biolégico de W. bancrofti ¢ do tipo heteroxénico, possuindo hospedeiro
intermediario (mosquito) e definitivo (homem) (REY, 2001). A infec¢do vetorial ocorre
quando a fémea do mosquito realiza o repasto sanguineo e ingere microfilarias, forma jovem
de W. bancrofti, presentes no sangue periférico do individuo infectado. No mosquito, as
microfilarias perdem a bainha e transformam-se em larva de primeiro estdgio (L1), estas
larvas atravessam a parede do intestino e migram para os musculos toracicos, havendo mais
duas mudas e, cerca de duas semanas apds o repasto sanguineo, atingem o estagio de larva
infectante (L3) e migram para as glandulas salivares do mosquito por movimento ativo
(REY, 2001). Quando a fémea de C. quinquefasciatus realiza novamente o repasto
sanguineo, as L3 se desprendem do aparelho bucal e penetram ativamente na pele do
hospedeiro humano, através da lesdo causada pela picada do mosquito. Alcangam a corrente
sanguinea e se alojam nos vasos linfaticos aferentes, onde se desenvolvem até a fase adulta.
Quando macho e fémea se encontram no mesmo vaso linfatico ocorre a fase reprodutiva. A
longevidade dos adultos nos vasos linfaticos pode atingir de 8 a 10 anos (FONTES, 2005).

Um programa global para eliminag@o da filariose proposto pela OMS foi iniciado em
2000 e, para tal, a associacdo de medidas como o tratamento em massa da populagdo humana
com uma droga microfilaricida foi recomendada para interromper o ciclo de transmissdo da
doenca (WHO, 2011; OTTESEN et al., 2008). Entretanto, um numero de entraves bioldgicos
e operacionais tem ameagado o sucesso do tratamento de massa, por exemplo, o elevado

numero de pessoas que rejeitam o tratamento, o que levou a questionar se somente este
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método seria suficiente para eliminar a doenca.

Ha uma estimativa de ampliacdo mundial da transmissdo de arboviroses, € mosquitos
do género Culex podem ter um papel estratégico, devido a sua abundancia em areas urbanas.
C. quinquefasciatus também ¢ vetor de arbovirus de importancia clinica na saide publica.
Foi encontrado naturalmente infectado com virus causadores de encefalites no Panama e no
Brasil (Pard) e tem sido evidenciado como vetor de arbovirus em areas rurais ¢ urbanas.
Outro exemplo ¢ a transmiss@o do Virus do Nilo Ocidental (VNO), um arbovirus do género
Flavivirus, que tem como hospedeiro principal as aves migratorias, sendo transmitido ao
homem por mosquitos infectados, sobretudo do género Culex. Epidemias nos Estados Unidos
ocorrem desde 1999 e o virus ja foi isolado no Caribe, Coldmbia, Argentina e, recentemente,
foram encontrados cavalos com sorologia positiva para o virus no Brasil (BERROCAL et al.,
2006; MORALES et al, 2006; CENTERS FOR DISEASE CONTROL AND
PREVENTION, 2003). Cerca de 80% das pessoas que se infectam com o VNO ndo
apresentam sintomas clinicos ou desenvolvem a doenca, com periodo de incubagdo da
infeccdo pelo VNO de 2 a 14 dias (CENTERS FOR DISEASE CONTROL AND
PREVENTION, 2003). As caracteristicas clinicas sdo febre, dor de cabeca, fadiga e, em
alguns casos, rachadura na pele e dor nos olhos, porém, quando o sistema nervoso ¢ afetado
pode causar meningite e encefalite e levar a morte (CENTERS FOR DISEASE CONTROL
AND PREVENTION, 2003). Como a disseminagdo do VNO pode ocorrer através de aves
migratorias, deve haver vigildncia ambiental de animais tidos como reservatorios e vetores
para impedir a entrada e dispersdao do VNO no pais (LUNA et al., 2003).

Dados recentes de uma pesquisa realizada pela Fundagdo Oswaldo Cruz (Fiocruz)
reportaram a presenca do virus Zika em mosquitos do género Culex (conhecido como

pernilongo doméstico) coletados na cidade do Recife, onde a populagdo desse mosquito
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ultrapassa em quantidade a populacdo de A. aegypti. Diante disso, essa pesquisa confirma a
espécie como potencial vetor do virus causador da febre do virus Zika (ALIOTA et al.,

2016).

2.8 Controle populacional de vetores

O controle de insetos vetores exige estratégias que levem em consideracdo a biologia
e ecologia, pois fatores como periodo do ciclo biolégico e numero elevado numero de
criadouros encontrados em 4reas urbanas dificultam o controle da densidade populacional
dos mesmos (REGIS et al., 1995). O controle pode ser realizado por saneamento, uso de
microesferas de poliestireno na superficie das fossas e vedagdo das mesmas e emprego de
inseticidas quimicos ou biologicos (REGIS ef al., 1995)

O controle biologico baseia-se na utilizagdo de predadores, parasitas, competidores,
patdgenos ou toxinas resultantes do metabolismo de agentes bioldgicos. Podem ser utilizados
peixes, insetos, nematddeos, protozodrios, fungos, virus e bactérias entomopatdogenas
(WINGFIELD et al., 2016; BECKER et al., 2003). Pesquisas tém sido desenvolvidas para
avaliar o papel de espécies de fungos no controle bioldogico de mosquitos. A espécie
Lagenidium giganteum ¢ considerada um agente de controle bioldgico em potencial desde o
inicio da década de 70 e estudos demonstraram a eficacia desse fungo para espécies de Culex
pipiens, Culex tarsalis, Aedes aegypti e Aedes gambiae (WOODRING; KAYA; KERWIN,
1995; GOLKAR et al., 1993). Os problemas mais frequentemente encontrados na utilizagdo
de fungos como entomopatdgenos tém sido a baixa especificidade, a alta dosagem necessaria
e as dificuldades de cultivo in vitro (FAROOQ; FREED, 2016; BECKER et al., 2003).

As bactérias entomopatogenas, por sua vez, sdo utilizadas desde os anos 60 para o
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controle de insetos praga na agricultura. O seu uso para o controle de dipteros tomou impulso
com a descoberta da propriedade inseticida de Bacillus sphaericus (Bs) (KELLEN et al.,
1965) e do isolamento de B. thuringiensis sorovar israelenses (Bti) (GOLDBERG;
MARGALIT, 1977). A propriedade inseticida destas bactérias ¢ devida, primariamente, a
proteinas inseticidas produzidas durante a fase de esporulagdo. Estudos tém demonstrado que
populacdes de Culex podem desenvolver resisténcia aos biolarvicidas a base de Bs, como por
exemplo, a colonia resistente R2362 quando submetidas a forte pressdo de selecdo, sob
condi¢cdes de laboratério ou de campo, porém, continuaram susceptiveis a Bti (CHALEGRE
etal.,2013; AMORIM et al., 2010).

Com o avanco das pesquisas no campo da biologia molecular, a técnica de
silenciamento génico via RNA de interferéncia (RNAi) tem sido bastante estudada como
potencial alternativa para o controle de insetos (WHYARD et al., 2009). O RNAi é um
mecanismo de regulacdo que ocorre naturalmente na maioria das células eucariodticas e, em
plantas e animais, ¢ uma defesa importante contra ataque de virus (SUN; TSAO, 2008;
MOLNAR et al., 2005). Este mecanismo € capaz de promover a inativacdo gé€nica apos a
transcricdo do RNA mensageiro, o que permite silenciar a atividade de genes especificos,
controlar o fluxo de informacdo genética na célula, além de identificar a fungdo destes genes
(FIRE et al., 1998). Esta técnica pode ser usada para reduzir a competéncia vetorial ou
diminuir a populagdo dos insetos, pois € possivel bloquear a transmissao de patdgenos, gerar
machos inférteis ou silenciar genes responsaveis pela sintese de quitina (PARADKAR et al.,
2012; THAILAYIL et al., 2011; ZHANG et. al, 2010). A utilizagdo de mosquitos
transgénicos para o controle de doengas pode ser possivel devido a mecanismos que levam
ao bloqueio da transmissdo do patdégeno, reducdo do nimero de picadas, aumento da

mortalidade da prole e aumento da mortalidade dos mosquitos induzida pela infeccio
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(MEDLOCK et al., 2012).

Os compostos inorganicos utilizados para o controle de insetos sdo classificados em
fluorados (fluoreto de sodio, criolita), arsenicais (arsénico branco, céalcio e chumbo) e
miscelanea incluindo sulfatos e carbomatos (MARICONI, 1988). Os compostos inorganicos
ndo sdo vidveis para a utilizagdo em campo, pois sdo bastante toxicos, sensiveis a luz e sua
obtencdo tem elevado custo. Estes inseticidas foram amplamente substituidos no controle de
pragas ap6s a descoberta dos primeiros produtos orgénicos sintéticos em meados da década
de 30 até os anos 70 (CASIDA; QUISTAD, 1998).

Atualmente o controle quimico pode ser realizado utilizando inseticidas organicos
sintéticos como organoclorados, organofosforados, carbamatos e piretréides (KAWADA et
al., 2009; BRAGA; VALLE, 2007; SUCEN, 2001; HEMINGWAY; RANSON, 2000). Porém
0 meio ambiente tem sofrido com a utilizagdo descontrolada destes compostos quimicos,
pois, além de causarem enorme impacto ambiental, depois de certo tempo perdem o largo
espectro de atividade.

O maior problema na Entomologia Aplicada e que ainda nao foi totalmente resolvido
¢ a evolucdo da resisténcia a inseticidas em populagdes de artropodes (N'GUESSAN et al.,
2016). Por conta da utilizacdo em larga escala de inseticidas sintéticos por décadas, as
populacdes de insetos vém sendo expostas e selecionadas a diferentes produtos, reduzindo a
probabilidade da existéncia de uma populagdo que ainda ndo teve contato com algum tipo de
inseticida (BECKER et al., 2003). Desde 1998 a OMS define a resisténcia como a tolerancia
de uma linhagem a doses de um produto que ¢ letal para a maioria dos individuos em uma
populacdo normal da mesma espécie. Whalon & McGhaghey (1998) redefiniram resisténcia
como um processo microevolucionario, no qual a alteragdo genética selecionada pelo uso do

inseticida produz populacdes com diferenciado modo de manejo.
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A redugdo da sensibilidade dos insetos aos inseticidas pode ocorrer devido a
diferentes mecanismos como modificagdes comportamentais, reducdo da penetragdo do
inseticida pela cuticula do inseto, aumento da capacidade de metabolizacdo dos inseticidas
(resisténcia metabodlica) ou ainda pode ocorrer alteragdes nos sitios alvo dos inseticidas
(N'GUESSAN et al., 2016; HEMINGWAY; RANSON, 2000). A resisténcia a inseticidas ¢
caracterizada por uma variedade de modificagdes moleculares, tais como alteracdes na
transcricdo, amplificacdo de genes e/ou mutagdes pontuais em regides codificantes, que
resultam no aumento da expressao de enzimas de detoxificagdo ou na sensibilidade reduzida
da proteina alvo do inseticida, afetando o metabolismo do inseto (WANG et al., 2016;
VONTAS et al., 2010; LI et al., 2007).

Os dois principais mecanismos de resisténcia aos organofosfatos em populagdes de
Culex sao o aumento da atividade de enzimas de detoxificagdo ou a perda da sensibilidade da
acetilcolinesterase (SANE, 2016; TOMA et al., 2011; WEILL et al., 2003; BROGDON;
MCcALLISTER, 1998). A identificagdo dos alelos que conferem resisténcia ¢ fundamental,
pois um dos fatores que influenciam a evolu¢do da selecdo de resisténcia ¢ a frequéncia
inicial desses alelos de resisténcia nas populacdes (SANE et al., 2016).

Em 1951 foi registrado o primeiro caso de populagoes de Anopheles resistentes ao
organoclorado diclorodifeniltricloroetano (DDT) e estudos tém demonstrado que diversas
ordens de artrépodes apresentavam resisténcia a uma ou mais classes de inseticidas quimicos
(GEORGHIOU; LAGUNES-TEJEDA, 1991; GEORGHIOU, 1990). Li et al. (2004)
observaram que populacdes de C. quinquefasciatus do Alabama e da Florida estavam
resistentes a organofosfatos como o malation (inibidor de acetilcolinesterase), além de
apresentar resisténcia cruzada a outras classes de inseticidas. Na Argentina o temefos

(inibidor de acetilcolinesterase) ¢ usado em programas de controle de A. aegypti desde 1998,
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com aplicagdes sistematicas desde 2002 e estudo realizado em 2008 mostrou que as
populagdes dos insetos apresentaram uma razao de resisténcia na ordem de 3,9 vezes ao
temefos (LLINAS et al.,2010).

A partir dos estudos basicos de fisiologia dos insetos, a pesquisa por inseticidas
alternativos, com sitio-alvo diferente dos inseticidas orgénicos sintéticos, levou a utilizagdo
de substancias capazes de interferir nos processos da metamorfose e reproducdo dos insetos
(BECKER et al., 2003). Neste caso, surgiram os inseticidas que sdo reguladores de
crescimento de insetos (IGR do inglés insect growth regulator) que podem ser divididos em
duas categorias: os hormonais e os ndo-hormonais (GRAF, 1993). Os IGRs hormonais, como
metopreno, hidropreno, piriproxifeno e fenoxicarb, interferem no sistema enddcrino
provocando retardo no desenvolvimento do inseto ¢ a morte. Os IGRs ndo hormonais, como
diflubenzuron e triflumuron, atuam sobre a formacdo do exoesqueleto dos insetos
interferindo na sintese de quitina, molécula que constitui a cuticula dos ovos e inseto adulto e
da matriz peritrofica do intestino dos mesmos (MANSOUR et al., 2010;
MERZENDORFFER; ZIMOCH, 2003; GRAF, 1993).

Visando possibilitar aplicagdes em campo em concentracdes menores € mais
espacadas, foram desenvolvidas moléculas com atividade toxica sobre o sistema nervoso de
artropodes com eficacia elevada, alta seletividade e baixa toxicidade para espécies nao-alvo.
O espinosade, primeiro inseticida comercial entre as espinosinas, moléculas isoladas do
actinomiceto Saccharopolyspora spinosa atua estimulando o receptor colinérgico (HUANG
et al., 2009). A molécula induz ativagdo alostérica persistente dos receptores nicotinicos de
acetilcolina, levando a morte dos insetos devido a prolongada contragdo muscular (PERRY et
al. 2011). Um trabalho realizado no México demonstrou a eficacia do espinosade no controle

de A. aegypti, A. albopictus, C. quinquefasciatus e C. coronator, mesmo apoOs a
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recolonizacdo do ambiente (MARINA et al., 2011).

Dentre os inseticidas organicos cujas substancias ativas sdo provenientes de plantas,
destacam-se o alcaloide nicotina isolado de espécies de Nicotiana, o qual ¢ agonista do
receptor nicotinico da acetilcolina e a rotenona, isolada de espécies do gé€nero Derris e
Lonchocarpus, que inibe o complexo da cadeia de transporte de elétrons na mitocondria
(CASIDA; QUISTAD, 1998; SOLOWAY, 1976). Os neonicotinoides sdo derivados da
molécula de nicotina que ao atuarem como agonistas dos receptores nicotinicos da
acetilcolina, promovem a abertura dos canais de sodio e geram um colapso do sistema
nervoso ¢ morte (TOMIZAWA; CASIDA, 2005).

Os oleos essenciais de Pimpinella anisum e lllicium verum foram mais eficientes
sobre o quarto instar de C. pipiens (LCsyo de 18 mg/L) do que aqueles obtidos de Dianthus
caryophyllus e Lepidium sativum cujos valores de CLsy foram maiores que 50 mg/L
(KIMBARIS et al., 2012). Rahuman et al. (2008) testaram a atividade larvicida de extratos
em etanol e éter de petroleo de cinco espécies de plantas da familia Euphorbiaceae: Jatropha
curcas, Pedilanthus tithymaloides, Phyllanthus amarus, Euphorbia  hirta ¢ Euphorbia
tirucalli contra as larvas do quarto instar de C. pipiens. Os extratos etanolicos apresentaram
baixa mortalidade enquanto os extratos em éter de petroleo apresentaram bom desempenho
sendo aqueles obtidos de J. curcas e E. tirucalli os mais eficientes com LCso de 11,34 e 5,52
ppm, respectivamente. O extrato aquoso de flores de Nerium oleander também foi larvicida
contra C. pipiens com valores de CLsyde 2758,87 e 168, 84 ppm apds 24 e 48 horas de
incubacdo (RAVEEN et al., 2014) e Molan et al. (2016) demonstraram que o extrato aquoso
do bagago de Solanum lycopersicum foi larvicida e pupicida causando a morte de 40% das

larvas e 30% das pupas, que extrato parcialmente purificado de Croton hirtus inibiu a
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emergéncia dos adultos em 50% das larvas tratadas e que o extrato de Pogostemon

quadrifolius diminuiu a fecundidade do mosquito em 72,4% em C. quinquefasciatus.
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3. OBJETIVOS

3.1 Objetivo Geral

v Investigar preparagdes de sementes de M. oleifera contendo WSMoL e a lectina isolada
quanto a atividade coagulante e toxicidade sobre células humanas e Culex

quinquefasciatus.

3.2 Especificos

v' Determinar o efeito de extrato aquoso de sementes de M. oleifera em linhagens nao
tumorigénicas GN1 (fibroblastos) e HaCaT (queratindcitos) analisando a viabilidade e
proliferacdo celular, morfologia, produg¢do de EROs citosolico e mitocondrial, abertura
do poro de transicdo de permeabilidade, consumo mitocondrial de oxigénio e niveis do
antigeno nuclear de proliferacdo celular.

v Isolar WSMoL de sementes de M. oleifera de acordo com procedimento previamente
estabelecido e determinar o ponto isoelétrico e o efeito de ions na atividade
hemaglutinante da lectina.

v Definir a cinética de coagulacio de WSMoL em modelo de dgua turva com caolin, em
presenga ou ndo de carboidratos e ions, através das medidas de absorbancia (densidade
optica) e variagdo da resisténcia elétrica em resposta a aplicacdo de corrente elétrica.

v' Determinar o efeito de WSMoL em larvas do quarto instar (L4) de populagdes de
Culex quinquefasciatus susceptivel.

v Avaliar in vitro o efeito de WSMoL na atividade de tripsina, amilase e protease

extraida do intestino de L4 de C. quinquefasciatus.
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Abstract

Moringa oleifera seeds have been used for treatment of water for human consumption.
However, previous reports suggested the toxicity of seed components. In this sense, the
present work investigated the toxicity of aqueous extract from M. oleifera seeds against
human gingival fibroblasts (GN1) and skin keratinocytes (HaCaT). The extract reduced the
number of viable cells with ECsy (48 h) of 1.32 and 1.23 pg/mL of protein for HaCaT and
GNI1, respectively. Flow cytometry analysis revealed that the extract induced GN1 death by
necrosis while HaCaT cells did not show staining for necrosis or apoptosis. Evaluation of the
expression of PCNA revealed a reduction of 45.4+1.3% in treated HaCaT cells confirming an
anti-proliferative effect. The treatment with the extract increased both mitochondrial and
cytosolic levels of ROS as well as a decrease in O, consumption and phosphorylative capacity
in GN1 and HaCaT cells. The effects of the extract were not due to opening of mitochondrial
permeability transition pore. This study shows that it is needed caution regarding the dosage
used for water treatment. On the other hand, the results stimulate the evaluation of the extract

to treat skin diseases that involve uncontrolled keratinocytes proliferation like psoriasis.

Keywords: necrosis, anti-proliferative effect, moringa, natural product, toxicity.
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1. Introduction

Moringa oleifera Lam. (Moringaceae), popularly known as drumstrick tree,
horseradish tree or moringa, is a plant native to India and well suited to Brazil's climate and
soil conditions (Kigondu et al., 2016; Gualberto et al., 2015). The seeds of this plant contain
coagulant proteins that reduce the turbidity of muddy water and decrease the concentration of
metals soluble in water (Freitas et al., 2016; Ferreira et al., 2011). Due to this coagulant
property, aqueous extract from M. oleifera seeds have been used in the treatment of water for
consumption by humans and animals (Nordmark et al., 2016).

Although people usually believes that the natural origin is sufficient to ensure the
safety of plant extracts and isolated compounds, there are several reports on plant substances
that are toxic to humans since ancient times (Sponchiado et al., 2016). Thus, the toxicity of
natural substances has been evaluated in different ways, including the determination of
genotoxicity and cytotoxicity (Saadat et al., 2016; Leite et al., 2015; Al-Anizi et al., 2014).

Suspensions of powdered M. oleifera seeds (1-50 mg/L) were evaluated for
cytotoxicity and genotoxicity using a whole cell Acinetobacter bioreporter. The authors
reported that hydrophobic components of seeds promote cytoxic effects while the water-
soluble compounds showed genotoxicity (Al-Anizi et al., 2014). Rolim et al. (2011) also
investigated the genotoxicity of aqueous extract from M. oleifera seeds and found that the
extract was non-toxic by Kado and Ames assays at the concentration (0.2 pg/pL)
recommended to be used for water treatment; however, a two-fold increase in the dose was
enough to induce mutagenic effects. In other study, it was demonstrated that the seed extract
prepared as used by the population was toxic to human peripheral blood mononuclear cells,

with an ICsy of 144.8 pg/mL (Aratjo et al., 2013). These reports demonstrated the need for
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more studies assessing the risk of M. oleifera seed extract for human health.

The present work investigated the toxicity of aqueous extract from M. oleifera seeds
against human gingival fibroblasts (GN1) and skin keratinocytes (HaCaT). For this, we are
reporting the effects of the extract on cell survival and proliferation, alterations in cytosolic
and mitochondrial levels of reactive oxygen species (ROS), effects on the oxygen

consumption, as well as morphological changes in the cells.

2. Materials and methods

2.1. Extract preparation

Seeds of M. oleifera were collected at the campus of the Universidade Federal de
Pernambuco, with authorization (38690) of the Instituto Chico Mendes de Conserva¢do da
Biodiversidade (ICMBio). A voucher specimen (number 73,345) is archived at the herbarium
Dardano de Andrade Lima from the Instituto Agronémico de Pernambuco (Recife, Brazil).
The seeds were dried during 3 days and powdered using a blender. The M. oleifera seed meal
(10 g) was submitted to extraction in distilled water (100 mL) for 16 h at 4°C under constant
stirring. After this period, the suspension was filtered with gauze and centrifuged (15 min,

9,000 rpm, 4°C). The collected supernatant corresponded to the seed extract.

2.2. Culture of GNI and HaCaT cells

The GNI1 cell line is derived from fibroblasts obtained through normal gingival biopsy

and was kindly provided by Dr. Ricardo Della Coletta from the Universidade Estadual de
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Campinas. The HaCaT cell line (human keratinocytes) was purchased from Cell Line Service
(CLS, Heidelberg, Germany). The cells were maintained in liquid nitrogen in 10% (v/v)
dimethylsulfoxide (Sigma-Aldrich, USA) and 90% (v/v) FBS. For culture, the cells were
transferred to Dulbecco's Modified Eagle Medium (DMEM) containing high glucose (6 g/L)
and supplemented with 10% (v/v) fetal bovine serum (FBS), 100 pg/mL gentamicin, 100
IU/mL penicillin and 100 mg/mL streptomycin. Both cell lines were maintained at 37°C and
5% CO; atmosphere. The confluence of the cells was maintained less than 80%.

The cells used in the experiments were subcultured whenever they reached a
confluence of about 70-80%. The culture medium was removed and the cells were washed
with 10 mL of phosphate-buffered saline (PBS) pH 7.4 and subsequently incubated with
0.25% (w/v) trypsin and 0.02% (w/v) ethylenediamine tetraacetic acid (EDTA). After
complete cell detachment, the trypsin action was stopped by adding DMEM containing high
glucose and supplemented with 10% (v/v) FBS. After centrifugation at 1600 rpm for 5 min,
the cells were resuspended in DMEM containing 10% (v/v) FBS and supplemented with 0.1%
(w/v) Trypan Blue, visualized by light microscopy and counted in a Neubauer chamber. Cells
that were labeled with Trypan blue or that had apoptotic morphology (apoptotic bodies and
shrinkage) were considered unviable. Only vials with cell viability above 90% were used in

the experiments. Each culture was subcultured by a maximum of ten passages at each thaw.

2.3. Evaluation of extract effect on cell viability

The percentage of viable cells after treatment with aqueous extract was determined
using the reagent 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT;

Sigma-Aldrich, USA). HaCaT and GNI1 cells were plated separately in 24-well plates (3 x 10*

87



cells/mL) containing DMEM with high glucose. After 24 h, the culture medium was renewed
and both cell lines were treated with the aqueous extract (0.16, 0.32, 0.64, 1.28, 1.6, 3.2, 6.4,
12.8 and 16.0 pg/mL of protein). After 48 h of treatment, the culture medium was aspirated
and replaced by fresh medium containing 0.5 mg/mL MTT, in the absence of FBS. Cells were
incubated for 4 h at 37°C in 5% CO, and then the medium was removed and 250 pL of 10%
(w/v) sodium dodecyl sulfate in 0.01 M HCI was added to each well to promote the complete
solubilization of the formazan crystals produced. The absorbance at 570 nm (As7) and 650
nm (Agso) were obtained using a plate reader (PowerWave XS 2, BioTek Instruments,
Winooski, VT, USA). Corrected absorbance values (As7o — Agso) were calculated and used as
indicative of cell viability. The percentage of viable cells was expressed regarding the correct
absorbance in controls (without extract) and a dose x response curve was constructed for the

determination of the concentration that reduces cell viability by 50% (ECso).

2.4. Western blot analysis for the proliferating cell nuclear antigen (PCNA)

HaCaT and GN1 (10,000 cells/cm®) were treated with the extract (1.6 pg/mL of
protein) for 48 h. After this incubation period, the GN1 cells were detached from the plates
(60 cm?) using a cell scraper and transferred to 50-mL tubes. After centrifugation (4,000 rpm,
5 min, 4°C), the cell pellet was resuspended in an extraction buffer constituted by 50 mM
Tris-HC1 pH 7.4, 1% (v/v) Tween 20, 150 mM NaCl, 1| mM EGTA, 1 mM Naz;VOgs, 1 mM
NaF and 1% (v/v) of a protease inhibitor cocktail (Sigma-Aldrich, USA, cat # P8340). Cells
were then lysed by three sonication cycles of 15 s (Misonix Sonicator 3000, Farmingdale,
USA). After centrifugation (14,000 rpm, 10 min, 4°C), the pellet was discarded and the
protein concentration in the supernatant was determined according to Bradford (1976).
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The samples were submitted to SDS-PAGE according to Laemmli (1970). After the
run, the proteins were transferred to a nitrocellulose membrane (0.45 pum, Bio-Rad
Laboratories, USA) at 120 V for 90 min (Towbin et al., 1979). The membrane was then
stained with Ponceau S solution (Sigma-Aldrich, USA) to verify the transfer quality and to
confirm the concentration of proteins indicated by the colorimetric method. The dye was
removed by washing the membrane with 0.1 M NaOH for 1 min. Next, the membrane was
rapidly washed with PBS Tween (50 mM phosphate buffer pH 7.4, 150 mM NacCl, 0.01%,
v/v, Tween 20) and unspecific binding sites were blocked with a 5% solution of skim milk
powder in PBS Tween for 1 h. After washing with PBS Tween for removal of the blocking
solution, the membrane was incubated with anti-PCNA primary antibody (1:1,000; BD
Biosciences, USA) diluted in 10 mL of PBS-Tween buffer containing 3% (w/v) bovine serum
albumin, for 12 h at 4°C. The nitrocellulose membrane was washed for 15 min with PBS-
Tween and incubated with peroxidase-conjugated secondary antibody (1:10,000, BD
Biosciences, USA) in 10 mL PBS-Tween plus 3% (w/v) skim milk powder, for 1 h at room
temperature. Thereafter, three washing steps (5 min each) were performed with PBS-Tween
and the immunoreactive bands were detected using a photodocumentator (UVITEC
Cambridge) using a SuperSignal West Pico Chemiluminescence kit (Thermo Fisher Scientific,
USA). The densitometry of the bands was quantified using Image J software (version 1.49V).
For each sample, the optical density of the band corresponding to the PCNA protein was
divided by the value of the optical density obtained by Ponceau S staining. Subsequently to
this normalization by internal control, the value of the group of cells that received only culture

medium was considered as 100%.

2.5. Evaluation of opening of the mitochondrial permeability transition pore (MPTP)
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To analyze whether the incubated of cells with extract lead to opening of the MPTP,
the cells were pre-incubated for 90 min (prior to treatment with the extract ECso) with the
following inhibitors of the transition pore opening: 1 uM Debio 025, an analog of cyclosporin
A (which is an inhibitor of cyclophilin A), or 1 uM boncrecate, which inhibits the adenine
nucleotide translocator. After 48 h of treatment with extract, the viability was determined by

the MTT assay.

2.6. Determination of cell death and reactive oxygen species levels by flow cytometry

The percentages of apoptotic and necrotic cell death were determined using the
annexin V-FITC (AV) and 7-aminoactinomycin D (7-AAD) markers. The cells were detached
using 0.25% (w/v) trypsin and 0.03% (w/v) EDTA and plated (3x10* viable cells) in 6-well
plates. The cells were treated with the aqueous extract (1.6 ug/mL of protein) during 24 h and
then washed with PBS, detached from the plates with the trypsin/EDTA solution and
resuspended in a binding buffer (10 mM HEPES pH 7.4, 150 mM NaCl, 5 mM KCI, I mM
MgCl, and 1.8 mM CaCl,) containing 1:500 AV. After 20 min of incubation at room
temperature, 7-AAD (1:50) was added and cell populations were analyzed separately for the
intensity of the probe fluorescent signal using a FACSCalibur System equipped with an argon
laser and CellQuest software (Becton Dickinson, USA). Ten thousand events were purchased
for each sample. Apoptosis, late apoptosis and necrosis were quantified as percentage of
AV+/7-AAD—-, AV+/7-AAD+, and AV—-/7-AAD+ cells, respectively.

It was also determined the production of reactive oxygen species (ROS) by HaCaT and

GN1 (10,000 cells/cmz) treated for 48 h with the extract (1.6 pg/mL of protein) previously
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incubated or not for 1 h with the N-acetylcysteine (NAC). The assays used the fluorescent
probes MitoSox and dihydroethidium (DHE) to determine mitochondrial and cytosolic levels,
respectively. After the incubation period, the cells were washed, trypsinized, labeled with 1.25
uM MitoSox and 0.625 uM DHE at 37°C for 5 min. The readings were performed on the
FACSCalibur System in FL-2 channel for quantification of mitochondrial and cytosolic ROS,

mainly superoxide anion.

2.7. Mitochondrial oxygen consumption

The determination of mitochondrial oxygen consumption was performed using the
high-resolution OROBOROS Oxygraph-2k (Oroboros Instruments Corp, Innsbruck, Austria)
with a volumetric capacity of 2 mL containing a magnetic stirrer. The initial concentration of
O, at the reaction medium was considered 200 nmol/mL at 37°C (Robinson and Cooper,
1970). The cells were incubated in a respiration medium composed by 125 mM sucrose, 65
mM KCI, 10 mM HEPES-K" pH 7.2, 2 mM K,HPO,, 1 mM MgCl,, 1 mM EGTA and a
cocktail of respiratory substrates (cetoglutarate, malate, glutamate and pyruvate, 5 mM each).
To achieve permeabilization of the plasma membrane, experiments were conducted in the
presence of 30 pM digitonin. The respirometer was calibrated before each measurement series
using the incubation medium. Data were recorded in intervals of 2 s and the slope of the
oxygen consumption rate (OCR) plot was calculated through a polynomial fit (Pesta and

Gnaiger, 2012) with the DatalLab 4 software (Oroboros Instruments Corp).
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2.8. Analysis of cell morphology

HaCaT and GNI1 cells were disposed in 6-well plates at a confluence of 15,000
cells/cm® in 4 mL of DMEM medium containing phenol red and 6 g/L glucose, supplemented
as described in the section 2.2. Cell cultures were maintained at 37°C in a humidified
atmosphere with 5% CO,. After 24 h, the medium was changed and the cells were treated
with the extract (1.6 pg/mL of protein). Microphotographs were performed after 48 h of
treatment and captured using a Leica DMLB microscope coupled to the Leica DC 300F
digital image system and the Image Manager 50 1.2 acquisition software (Leica
Microsystems, Bannockburn, IL). The inverted optical phase contrast mode was used using

objective lens with 20x magnification.

3. Results and discussion

The use of M. oleifera seeds in the treatment of water for human consumption in
several parts of the world and previous reports suggesting the toxicity of seed components
stimulated the present study. We evaluated the effects of aqueous extract from M. oleifera
seeds on human gingival fibroblasts since these are some of the first cell types that may come
in contact with the water treated with M. oleifera seeds when used by people. Also, we
evaluated the effect of extract on skin keratinocytes for comparison purpose.

The aqueous extract from M. oleifera seeds reduced the number of viable HaCaT and
GNI1 cells in a dose-dependent manner (Figure 1A). The GN1 cells were most sensitive to the
extract, which was confirmed by the ECsy values (48 h): 1.32 pg/mL of protein for HaCaT

and 1.23 pg/mL of protein for GN1 (Figure 1B). Based on these results, a concentration of 1
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mg/mL of seeds was established for the following experiments. The effect of the extract
increased with the incubation time (Figure 1C).

Flow cytometry analysis revealed that the extract induced GN1 death by necrosis
while HaCaT cells did not show staining for necrosis or apoptosis (Figure 2A). The use of the
positive control digitonin confirmed that the staining was due to necrosis (Figure 2B). These
data suggest that the extract impaired the viability of fibroblast cells and affected the
proliferative capacity of keratinocytes. To confirm this, we evaluated the expression of PCNA
and detected a significant (p < 0.002) reduction of 45.4+1.3% in treated HaCaT cells (Figure
3A and 3C) confirming an ant-proliferative effect. It was not observed significant differences
in PCNA expression by GN1 cells treated or not with the extract (Figure 3B and 3C). Figure
3D shows the staining with Ponceau S used in normalization of protein concentrations.

The HaCaT is an immortalized cell line of human epidermal keratinocytes and it is
also used to determine the effects on keratinocytes of drugs with therapeutic potential against
of inflammatory skin diseases like psoriasis (Feng et al., 2017; Howes et al., 2016; Joyce et
al., 2011; Belsd et al.,, 2008). The psoriasis is characterized by increased dermal
vascularization, infiltration of inflammatory cells, and proliferation of keratinocytes (Bhalerao
and Bowcock 1998; Li et al., 2016). Our results obtained for HaCaT cells suggest a potential
of extract use in psoriasis therapy and stimulate future studies focused on the effects of
aqueous extract from M. oleifera seeds on psoriasis models.

Necrotic cell death may involve a wide variety of molecular pathways that may lead to
increased cytosolic and mitochondrial ROS production (Basu et al. 2016; Yang et al. 2016;
Xipell et al., 2016; Yi et al., 2014). It has also been reported that the increase in ROS
concentration can be associated with antiproliferative effects in cells (Basha et al., 2016;

Jiménez et al. 2016; Liao et al. 2016). The treatment with the aqueous extract from M.
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oleifera seeds increased both mitochondrial (Figure 4A) and cytosolic (Figure 4B) levels of
ROS in GN1 and HaCaT (Figure 5A and 5B, respectively). It was observed that mitochondrial
ROS levels were increased about three times while cytosolic level increased about twice for
both fibroblasts and keratinocytes. The increase in ROS level was not observed when the
assays were performed in the presence of the antioxidant N-acetylcysteine. These results
suggest that imbalance in ROS production would be involved in GN1 cell death and HaCaT
proliferative decrease caused by the seed extract. Tiloke et al. (2016) investigated the effect of
M. oleifera leaf extract on human esophageal cancer cells and observed that a ROS
overproduction resulted in chronic oxidative stress, lipid peroxidation, DNA damage and
decrease in proliferative capacity.

Debio 025 and boncreate are used to evaluate the involvement of opening of the
MPTP in cell death. Debio 025 is an analogue of cyclosporin A (CsA), which is a molecule
able to inhibit MPTP opening due to binding to cyclophilins at the internal mitochondrial
membrane (Nicolli 1996; Connern; Halestrap 1994). Boncrecate inhibits pore opening by
binding to the adenine nucleotide transport channel (Halestrap et al., 2002). In the present
work, the viability of GN1 and HaCaT cells treated with the extract did not increase when the
MPTP opening inhibitors Debio 025 (Figure 6A) and boncrecate (Figure 6B) were used,
revealing that there is no participation of the pore in the effects observed.

The mitochondrial oxygen consumption was evaluated and the results showed that the
treatment with the extract caused a decrease in O, consumption and phosphorylative capacity
even in the presence of substrates for the complexes I, II and IV (Figure 7). The
microphotographs revealed reduced number of HaCaT and GN1 cells in the treated groups as

well as morphological alterations (Figure 8).
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4. Conclusion

This work revealed that the aqueous extract from M. oleifera was cytotoxic to GN1
and HaCaT cells by promoting necrotic cell death and anti-proliferative effect, respectively.
This study, together with other previous reports on the toxicity of M. oleifera seed
components, shows that it is needed caution regarding the dosage used for water treatment
since harmful effects have been detected in aqueous seed preparations. On the other hand, the
results stimulate the evaluation of seed extract to treat skin diseases that involve uncontrolled

keratinocytes proliferation like psoriasis.
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Figure 1. Effect of aqueous extract from M. oleifera seeds on viability of GN1 and HaCaT
cells. (A) HaCaT and GNI1 viability curves after treatment with the aqueous extract at
different concentrations. (B) Percentage of viable HaCaT and GNI1 cells after treatment with
the extract for 48 h. (C) Time-response curves of HaCaT and GNI1 viability in treatment with
the extract at 1.6 pg/mL of protein. All the values represent the mean = SEM of four
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Figure 2. Evaluation of cell death in treatments of GN1 and HaCaT with the aqueous extract

from M. oleifera seeds for 48 h at 1.6 pg/mL of protein. (A) Necrosis (7-AAD+) and

apoptosis (AV+) were evaluated by flow cytometry. p<0.001 by Student’s t test (control cells

vs. treated cells). (B) Percentage of GNI1 cells dead by necrosis among all unviable cells.

Staurosporin was used as positive control for apoptosis and digitonin for necrosis. *p<0.001

by Student’s t test. The values represent the mean + SEM of seven independent experiments.
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Figure 3. Analysis of PCNA expression in HaCaT and GNI1 cells after 48-h treatment with

the aqueous extract of M. oleifera seeds at 1.6 pg/mL of protein. (A) and (B) represent the

PCNA expression level in comparison with control. *p<0.05 by one-way ANOVA followed
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Figure 4. Production of ROS, reactive oxygen species, (mainly O,") in GNI1 cells from
control or treated for 48 h with the aqueous extract of M. oleifera seeds at 1.6 pg/mL of
protein. (A) Mitochondrial ROS level determined using the probe MitoSox. (B) Cytosolic
ROS level determined using the dihidroethydium (DHE). The values represent the mean +
SEM of seven independent experiments. *p<0.001 (in comparison with control) by Student’s t

test.
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Figure 5. Production of ROS, reactive oxygen species, (mainly O,") in HaCaT cells from
control or treated for 48 h with the aqueous extract of M. oleifera seeds at 1.6 pg/mL of
protein. (A) Mitochondrial ROS level determined using the probe MitoSox. (B) Cytosolic
ROS level determined using the dihidroethydium (DHE). The values represent the mean +
SEM of seven independent experiments. *p<0.001 (in comparison with control) by Student’s t

test.

104



A HaCaT GN1 B HaCaT GN1
100 100
s . 2
= " &
S 50 o . T 8 50
2 _'_\ o 2
-‘é N\ .
= \ g
: D - N
T T T T
S “ »
) & o o » L9
OQ'\. ‘S@ .S"@ 0{‘\6 *5{00 $®0
9 < hY ¢ 7 @ <)
$° $°
< Q?

Figure 6. Evaluation of the involvement of opening of the mitochondrial permeability
transition pore (MPTP) in cytotoxic effects of aqueous extract of M. oleifera seeds. HaCaT
and GNI cells were treated with the extract at 1.6 pg/mL of protein for 48 h in the presence or
absence of 1 mM Debio 025 (A) or 1 mM boncrecate, BA (B). Values are expressed as mean
+ SEM of four independent experiments for each condition. * p <0.001 (control cells vs.
treated cells). There were no statistical differences between cells treated with aqueous extract

alone and cells treated with aqueous extract and Debio 025 or BA.
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Figure 7. Evaluation of mitochondrial oxygen consumption. HaCaT and GN1 cells were
treated with the extract at 1.6 pg/mL of protein for 48 h. Representative tracings of oxygen
consumption measurements and absolute values of oxygen consumption in GN1 and HaCaT
cells (2x10° cells/mL) incubated in reaction medium (pH 7.2) containing 125 mM sucrose, 1
mM MgCl,, 65 mM KCI, 2 mM K,HPO,, 10 mM HEPES-K", 300 mM EGTA and 5 mM of
each of the respiratory substrates malate, glutamate, a-ketoglutarate and pyruvate. It was

added 20 uM digitonin, 150 pM ADP, 1 uM CAT, 750 nM FCCP, 5 uM rotenone, 20 mM
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succinate, 200 uM TMPD/2 mM ascorbate. The absolute values of the oxygen consumption
observed in the different experimental conditions correspond to the mean = S.E.M of five
independent experiments. p<0.01 (control cells vs. treated cells) for both GN1 and HaCaT

results.

Control Extract

HaCaT

GN1

Figure 8. Photomicrographs of HaCaT and GNI1 cells maintained in culture after treatment
with the aqueous extract from M. oleifera seeds at 1.6 ng/mL of protein for 48 h. HaCaT and
GNI1 cells (15,000 cells/cm?) were plated in 6-well plates (9.6 cm?/well) in 4 mL of DMEM
medium containing phenol red, 6 g/L. glucose, 10% fetal bovine serum, and antibiotic. Cell
cultures were maintained at 37°C in a humidified atmosphere with 5% CO,. After 24 h, the
medium was changed and the cells were treated with the extract. The photomicrographs were
obtained after 48 h of treatment. The original images were also adjusted by increasing the

contrast. Scale bars: 75 um.
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Abstract Moringa oleifera seeds contain a water-soluble lectin [water-soluble M. oleifera
lectin (WSMoL)] that has shown coagulant activity. Magnesium ions are able to interfere with
the ability of this lectin to bind carbohydrates. In this study, we performed structural charac-
terization of WSMoL and analyzed its effect on the electrical resistance of a kaolin clay
suspension in both presence and absence of monosaccharides (N-acetylglucosamine, glucose,
or fructose) and magnesium ions. The coagulant activity of WSMoL was monitored by
measuring optical density and electrical resistance over a period of 60 min. Native WSMoL
had a molecular mass of 60 kDa and exhibited anionic nature (pl 5.5). In sodium dodecy!
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), it appeared as three polypeptide
bands of 30, 20, and 10 kDa. WSMoL reduced the optical density and electrical resistance
of the kaolin suspension, which suggests that suspended particles are destabilized and that this
is followed by formation of complexes. The coagulant activity of lectin decreased in the
presence of Mg”* ions and carbohydrates at concentrations that also inhibited
hemagglutinating activity. This was most likely due to conformational changes in lectin
structure. Our findings suggest that the coagulant activity of WSMoL is enhanced by lowering
of electrical resistance of the medium and is impaired by lectin-carbohydrate and lectin-Mg>*
interactions.
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Introduction

Moringa oleifera Lam. (Moringaceae family) is a plant that originated in India and is now
broadly cultivated along the tropics [1]. The seeds of M. oleifera are used by people to make
water potable and fit for human consumption. This property has been attributed to the presence
of proteins and a polyelectrolyte that are able to reduce water turbidity and promote sedimen-
tation of microorganisms [2-5]. Among these proteins, two lectins (carbohydrate-binding
proteins) called coagulant M. oleifera lectin (cMoL) and water-soluble M. oleifera lectin
(WSMoL) showed coagulant activity in a model of turbid water using kaolin [6, 7].

Coagulation is employed in water treatment with the aim of decreasing turbidity and color
and eliminating pathogenic agents [8]. The coagulation agents usually destabilize colloidal
particles by adsomption and neutralization, compression of the diffuse layer, and adsorption and
bridge formation [9-13]. Chemical coagulation is achieved by addition of inorganic coagu-
lants, such as aluminum and iron salts [14]. Other cheap alternatives to coagulants are cationic,
anionic, and amphoteric molecules containing ionizable groups such as amino, carboxyl, and
sulfonic groups [15]. Natural coagulants and flocculants have demonstrable advantages in
comparison with synthetic coagulants, specifically with regard to biodegradability, lower
toxicity, and production of residual sludge [13, 16, 17].

Although M. oleifera lectins have been reported to be promising natural coagulating agents,
the mechanisms of their coagulant activity have not been fully elucidated. Santos et al. [13]
proposed that cMoL., which is a basic protein, interacts electrostatically with colloidal particles
with negative zeta potential, decreasing repulsive forces and leading to formation of aggre-
gates. However, no mechanism was proposed for the activity of WSMoL.

Interactions between carbohydrates and lectins are involved in several biological functions
of these proteins and also have biotechnological applications [18-23]. Carbohydrates are also
able to induce conformational changes in the lectin molecule [24, 25]. Divalent cations may be
required inside the carbohydrate-binding sites of lectins and may alter protein conformation
and, consequently, its activity [26, 27]. It has been shown that monosaccharides, glycoproteins,
and ions are able to affect the hemagglutinating activity of WSMoL [7, 28, 29].

In this study, we investigated the coagulant property of WSMoL by measurement of optical
density and electrical resistance, using a kaolin coagulation assay [5-7]. We also evaluated
whether carbohydrate and ions that are able to modulate the hemagglutinating activity of the
lectin would interfere with its coagulant activity.

Materials and Methods

Plant Material

Seeds of the M. oleifera were collected at the campus of the Universidade Federal de
Pernambuco (UFPE), Recife, Brazil. A voucher specimen (number 73,345) was archived

at the herbarium, Déardano de Andrade Lima, at the Instituto Agronémico de Pernambuco
(IPA) in Recife, Brazil. Plant collection was performed with authorization (38690-2) of the
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Instituto Chico Mendes de Conservagdo da Biodiversidade at the Brazilian Ministry of
Environment.

Purification of Water-Soluble M. oleifera Lectin

M. oleifera seed powder (10 g) was subjected to protein extraction in distilled water (100 mL)
for 16 h at 4 “C with constant agitation. After filtration through gauze and centrifugation
(15 min, 9000g, 4 °C), the supernatant collected corresponded to the seed extract (SE).
Proteins in SE were precipitated with ammonium sulfate at 60 % saturation [30] for 4 h at
28 °C. After centrifugation (15 min, 9000g, 4 °C), the precipitate (F0-60) was collected,
resuspended in 0.15 M NaCl, and dialyzed against distilled water (4 h) and then 0.15 M NaCl
(2 h). WSMoL was isolated according to the protocol described by Coelho et al. [28). Dialyzed
FO-60 was loaded (40 mg protein) onto a chitin column (7.5 * 1.5 cm) equilibrated with
0.15 M NaCl (0.3 mL/min). After washing with the equilibration solution, WSMoL was eluted
with 1.0 M acetic acid and subsequently dialyzed against distilled water (4 h) to eliminate the
eluent. Protein concentration was estimated according to Lowry etal. [31], using the standard
curve of bovine serum albumin (31.25-500 pg/mL).

Gel Filtration Chromatography

WSMoL (2.0 mL, 0.4 mg) was chromatographed on a HiPrep 16/60 Sephacryl S-100HR
column (16 mm x 60 cm) coupled to a AKTA prime plus system (GE Healthcare Life
Sciences, Uppsala, Sweden) pre-equilibrated at 24 °C with 0.15 M NaCl. The chromatography
was performed using 0.15 M NaCl at a flow rate of 0.5 mL/min. The molecular mass markers
phosphorylase b (97.000 Da), albumin (66.000 Da), ovalbumin (45,000 Da). carbonic
anhydrase (30,000 Da), soybean trypsin inhibitor (20,100 Da), and «-lactalbumin
(14,400 Da) were chromatographed similarly.

Polyacrylamide Gel Electrophoresis and Isoelectric Focusing

Sodium dodecy! sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed on a
12 % (w/v) gel according to Laemmli [32]. The molecular mass markers described above were
also used in electrophoresis. The gel was stained with a solution of 0.02 % (w/v) Coomassie
Brilliant Blue in 10 % (wv) acetic acid.

For isoelectric focusing, WSMoL (150 ug) was solubilized in a rehydration solution (8 M
urea, 2 % CHAPS, 1 % IPG buffer at pH 3-10, 0.002 % bromophenol blue) for 30 min at
28 °C. The sample was taken up into the strip (linear pH gradient 3-10; 7 cm) passively during
rehydration for 16 h at 25 °C. The isoelectric focusing was performed using the IPGphor 111
system (GE Healthcare Life Sciences, Uppsala, Sweden) according to the manufacturer’s
instructions. Next, the strip was stained with a solution of 0.02 % (w/v) Coomassie Brilliant
Blue in 10 % (v/v) acetic acid.

Hemagglutinating Activity
The hemagglutinating activity (HA) of WSMoL was evaluated in microtiter plates using rabbit

erythrocytes [33]. A sample of WSMoL (50 L) was submitted to twofold serial dilution in
0.15 M NaCl in the microtiter plate. Next, 50 uL of a suspension (2.5 % wv/v) of
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glutaraldehyde-treated [34] rabbit erythrocytes in 0.15 M NaCl was added to each well and the
plate was incubated at 27 °C for 45 min. One hemagglutination unit was defined as the
reciprocal value of the highest dilution of sample that promoted complete agglutination of
erythrocytes. The specific HA was defined as the ratio of the number of hemagglutination units
and protein concentration (in mg/mL). The inhibition of HA was assayed by incubating
(30 min) the WSMoL sample with a solution of monosaccharides (N-acetylglucosamine,
glucose, or fructose at concentrations of 25, 50, 100, and 200 mM) before addition of the

erythrocyte suspension.
Coagulant Activity Assays

Coagulant activity was determined using kaolin suspension as a model of turbid water [5].
Kaolin was added to tap water in a proportion of 1 % (w/v) and was constantly agitated for
30 min. Next, the mixture was allowed to stand for 24 h to provide complete hydration. In an
assay tube, 30 uL of the sample [SE with 0.015 or 1.6 mg/mL of protein, WSMoL at 0.2 mg/
mL, or alum (KAI(SO4),) at 0.015 mg/mL] was added to 3 mL of the kaolin suspension,
whose pH is 6.0. After stirring using a vortex, the optical density at 500 nm of the mixture was
measured in a quartz cuvette at time zero and then after every 10 min for a period of 60 min.
The electrical resistance of the suspension was also evaluated at these time intervals. This was
determined using a Keithley Model 2400 multimeter associated with a platinum electrode
parallel plate immersed in deionized water and subjected to a potential range of 0-10 V. To
perform the electrical measurements, the residual particles on the parallel plate electrodes were
removed using chloroform. In the negative control, 30 uL of distilled water was added instead
of the sample.

To determine the effect of carbohydrates and ions on the coagulant activity of WSMolL., the
lectin (0.2 mg/mL) was pre-incubated with solutions of monosaccharides (N-
acetylglucosamine or glucose at concentrations of 25, 50, 100, and 200 mM and fructose at
concentrations of 50, 100, and 200 mM) or magnesium chloride (20 mM) for 15 min prior to
incubation with the kaolin suspension. Control experiments were also performed by incubating
kaolin suspension with 200-mM monosaccharide or 20-mM ion solution.

Statistical Analysis

Standard deviations (SD) were calculated using the GraphPad Prism version 4.0 for Windows
(GraphPad Software, San Diego, CA, USA), and data have been expressed as mean of
replicates + SD. Significant differences between treatment groups were analyzed by the Tukey
test (significant at p < 0.05) using the Origin 6.0 program.

Results and Discussion

WSMoL was isolated from M. oleifera SE by ammonium sulfate precipitation followed by
chitin chromatography. according to the procedure described by Coelho et al. [28]. These
authors reported a single polypeptide band of 5 kDa for WSMoL on SDS-PAGE under
reducing conditions and found a peptide sequence with 70 % homology to other coagulant
proteins from M. oleifera seeds. In the present study, we further characterized WSMoL., aiming
to obtain new information about the molecular conformation of this protein.
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Fig. 1 Chanacterization of WSMoL. Gel filtration chromatography of WSMolL. (0.4 mg) was performed on a
HiPrep 16/60 Sephacryl S-100HR column coupled to the AKTA prime plus system. The chromatography was
performed using 0.15 M Na(l. The inset shows an SDS-PAGE of WSMol stainod with Coomassic Brilliant Bhue

A molecular mass of 60 kDa for native WSMoL was determined by gel filtration
chromatography. Moreover, SDS-PAGE under non-reducing conditions revealed the
presence of three polypeptide bands with molecular masses of approximately 30, 20,
and 15 kDa (Fig. 1). Based on these results and previously reported findings [28],
WSMol is a protein that corresponds to an oligomeric arrangement of 5 kDa subunits
and the three peptides detected on SDS-PAGE correspond to partial aggregates of a
60 kDa oligomer, whose structure is maintained by non-covalent interactions that are
disrupted by SDS. Isoelectric focusing revealed WSMoL as a single polypeptide band
with pl 5.5. This datum is in agreement with the anionic nature of WSMoL previously
reported by Paiva et al. [35] using native PAGE.
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Fig. 2 Coagulant activitics of sced extract (SE), WSMoL., and alum (positive control) in the kaolin suspension
model The optical densitics at S00 nm (a) and clectric resi (b) were itored. Distilled water was used
instead of sample in the negative control. The vahics are represented as the mean of three experiments + standard
deviation
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Table 1 Specific -
hemagglutinating activity (SHA) of ~ Monosaccharide SHA
WSMoL in the presence of N-
acetylglucosamine, ghicose, and N-acetylglucosamine (mM)
fructose at different concentrations 25 20480
50 20480
100 10240
200 10240
Glucose (mM)
25 20480
50 20480
100 10240
200 5,120
Fructose (mM)
25 40960
50 20480
100 10240
SHA of WSMoL in 0.15 M 200 10240
NaCl: 40,960

The quality of water is determined by its chemical, physical, and microbiological
properties. Water that is suitable for human consumption should be colorless, tasteless,
and free of visible suspended material, organisms that may cause illnesses, and organic
or inorganic substances that may produce damaging physiological effects [14]. WSMoL
was shown to be an effective coagulant, as it could reduce turbidity and promote
sedimentation of solid particles and human pathogenic bacteria in ambient water [7].
These findings support further evaluation of WSMoL as a coagulant to treat water
required for human consumption. The possible biotechnological applications of WSMoL
prompted us to extensively investigate its coagulant activity.

The coagulant activities of seed extract (SE, protein concentration of 0.015 and
1.6 mg/mL), WSMoL (0.2 mg/mL), and alum (0.015 mg/mL, positive control) were
evaluated by determining the kinetics of changes in optical density (Fig. 2a) and electric
resistance (Fig. 2b) of kaolin suspension over a period of 60 min. Rolim et al. [29)]
reported that the SE showed mutagenic effect at concentrations from 0.6 mg/mL, while
no mutagenicity was detected at 0.0125 mg/mL. For this reason, the SE was evaluated as
obtained, without any dilution (1.6 mg/mL), and at a non-mutagenic concentration
(0.015 mg/mL). The alum was used in the same concentration of SE (0.015 mg/mL).
The WSMoL was used at 0.2 mg/mL because this concentration was also non-mutagenic
[29]. The data show that only SE at a concentration of 1.6 mg/mL did not promote
significant reduction (p > 0.05) of both parameters compared to the negative control.
This was probably due to the high intrinsic turbidity of the SE at this concentration.
Also, the SE was more efficient than the alum when they are used at the same
concentration.

After an incubation of 60 min, WSMoL reduced the optical density of kaolin
suspension from 2.5 + 0.0 to 0.558 + 0.05 (Fig. 2a) and the electric resistance decreased
from 10.45 + 0.0 to 4.28 & 0.11 Q (Fig. 2b). The comparison between the kinetic curves
of coagulant activity of the SE at a concentration of 0.015 mg/mL of protein and those of
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the isolated lectin showed no significant difference (p < 0.05). This evidence suggests
that SE has a similar efficiency of coagulation even at a concentration approximately 13
times lower than that of WSMoL. This is probably due to the presence other coagulant
agents from M. oleifera seeds in the SE. The lower coagulant activity of the alum in
comparison with WSMoL is probably due to the low value of its concentration.

The results found here are in accordance with those reported by Ferreira et al. [7] who
detected the ability of WSMolL to reduce optical density of a kaolin suspension. In our study,
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we also detected a decrease in the electrical resistance of the suspension. The fact that both
optical density and electric resistance decreased due to the coagulant action of WSMoL
suggests that this process occurs due to chemical interactions between the coagulant protein
and the charged particles in suspension. This leads to reduction of electric resistance and
destabilization of the particles in suspension, which is followed by the sedimentation of
WSMolL-particle complexes.

Subsequent investigations aimed at improving our understanding of the mechanisms
inherent to coagulant activity of WSMoL. The effects of sugars on the coagulant
efficiency of WSMoL were determined using N-acetylglucosamine, glucose, and fruc-
tose. Earlier studies have reported that these monosaccharides inhibit the HA of WSMoL
by interacting with its carbohydrate-binding sites [29, 35]. Different concentrations of
monosaccharides (25, 50, 100, and 200 mM) were used to determine the effect of
carbohydrate concentrations on carbohydrate-binding ability and HA of WSMolL. These
results are summarized in Table 1 and show that only 25 mM fructose did not inhibit
agglutination of erythrocytes by WSMoL. Therefore, this fructose concentration was not
evaluated in the coagulant activity assay.

The presence of carbohydrates in the assay medium resulted in significant (p < 0.05)
reduction of WSMoL coagulant activity (Fig. 3). The optical density and electric
resistance of kaolin suspension treated with WSMoL and monosaccharides (200 mM)
were not significantly different (p > 0.05) from those of the negative control, suggesting
that the coagulant activity was neutralized. The greatest inhibitory effect of coagulant
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Fig. 5 Ceagulant activity of WSMolL in the presence of Mg®* at 20 mM using a kaolin suspension model. The
optical density at 500 nm (a) and ckectric resigtance (b) were evaluated. Distilled water was used instead of
sampke in the negative control. The vahies are represented as the mean of three experiments = standard deviation
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activity was found in the presence of N-acetylglucosamine. These results suggest that the
coagulant activity of WSMoL may be affected because the groups present in the
carbohydrate-binding domain are involved in inducing the coagulant effect and/or the
binding of sugars alters the lectin conformation required for its activity.

Control experiments were performed by adding only the monosaccharides to the
kaolin suspension, and the optical density was monitored. This was done to assess
whether the decrease in optical density of the kaolin suspension was due to interfer-
ence of monosaccharides with WSMoL coagulant activity or due to an increase in
turbidity after addition of carbohydrates to the assay media. The monosaccharides
reduced the optical density at 500 nm (Fig. 4), indicating that they also exerted a
coagulant effect on the kaolin model. This result is particularly interesting because it
implies that when WSMoL was incubated with monosaccharides, the reduction in
coagulant activity was actually linked to lectin-carbohydrate interactions that impaired
the coagulant effects of both lectin and monosaccharide.

Ferreira et al. [7] reported that there was an increase in WSMoL HA after
incubation with Mg®* at concentrations of 20 and 30 mM. To verify this result, we
investigated the effect of Mg”* ions on the coagulant activity of WSMoL. In the
coagulant assay, the reduction of optical density by WSMoL in presence of Mg>* at
20 mM was significantly (p < 0.05) lower than that promoted by the lectin in the
absence of ions (Fig. 5a). In addition, it was observed that there was no significant
effect (p > 0.05) on electric resistance when the lectin was incubated in the presence
of ions (Fig. 5b). These results show that the presence of magnesium ions impaired
the coagulant activity of WSMolL.

Since the HA of WSMoL was stimulated by Mg** while the coagulant activity was
reduced, it is possible that these ions induced conformational changes in WSMolL that
favored its binding to carbohydrates on the erythrocyte surface but impaired its
interaction with kaolin particles. This reinforces the hypothesis that the coagulant
activity of WSMoL is dependent on its conformation. In addition, the inhibition of
the coagulant property would result of a complexation of WSMoL molecules with
Mg?* ions, which reduces the number of sites for interaction and therefore causes a
decrease in the reactivity on colloid particles.

Conclusions

Native WSMoL is an anionic protein whose structure corresponds to a molecular
arrangement of 5 kDa subunits. The reduction in electrical resistance of kaolin suspen-
sion treated with WSMoL is probably due to destabilization of suspended particles,
which is followed by chemical interactions between the particles and WSMoL. This
study reports that WSMoL. conformation is important for its coagulant activity. Also, it is
demonstrated that measurement of electrical resistance is a useful way of monitoring
coagulant activity in the kaolin model of turbid water.
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Abstract

Bancroftian filariasis is a parasitosis considered one of the main neglected tropical diseases. It
is transmitted by the mosquito Culex quinquefasciatus and caused by the nematode Wuchereria
bancrofti. The control of mosquito population remains the main measures adopted to prevent
this disease. However, the development of resistance to the conventional pesticides becomes
necessary the search for new insecticides. In this work, it was evaluated the effects of the water-
soluble Moringa oleifera lectin (WSMoL) on survival and digestive enzymes of C.
quinquefasciatus. WSMoL was able to promote the death of the larvae with a LCsy of 1.05
mg/mL. Incubation of larval gut extracts with the lectin did not affect a-amylase activity but the
protease activity has significantly reduced. Trypsin-like activity did not change in presence of
WSMoL, suggesting that other types of protease present in the extract are sensitive to this
lectin. In conclusion, WSMoL showed larvicidal activity against C. quinquefasciatus larvae and
this action may be linked to an inhibitory effect on proteolytic digestive enzymes at larval gut.
To our knowledge, this is the first report on the larvicidal effects of lectins against this mosquito

species.

Keywords: southern house mosquito, protease inhibition, moringa, filariasis.
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1. Introduction

Bancroftian filariasis is a parasitosis endemic in several tropical regions of the world (e.g.
Brazil, Dominican Republic, Guyana and Haiti), being considered one of the main neglected
tropical diseases. It is estimated that more than one billion people live in areas at risk of
contracting this infection (Turner et al., 2016). According to the World Health Organization
(WHO), the mosquito Culex quinquefasciatus Say is the principal vector of the filarial
nematode Wuchereria bancrofti, which causes this disease. This mosquito is a cosmopolitan
species with adaptability to different hosts. The metropolitan region of Recife (Pernambuco,
Brazil) has endemic foci of Bancroftian filariasis since 1990, which demonstrates the relevance
of searching new control methods (Boccolini et al., 2016).

The Bancroftian filariasis transmission occurs through the bite of infected C.
quinquefasciatus females, which can be also vector of other arboviruses such as yellow fever
and chikungunya (Mayer et al., 2017). Since there are no vaccines for these three diseases,
measures for controlling populations of this mosquito remain the main measures adopted to
prevent them (Daudens-Vaysse et al., 2016). However, conventional pesticides have failed to
control mosquito population due to the development of resistance. Hence, high dosages of
pesticides, along with their toxic solubilizers, have been employed raising pesticide pollution
load, environmental toxicity, human health concerns, and selection of resistant individuals
(Balaji et al., 2017; Pluempanupat et al., 2013).

Many studies look for alternative pesticides demonstrating the potential of natural
products such as larvicide, ovicide and oviposition modulators for the control of C.
quinquefasciatus (Benelli et al., 2017; Shah et al., 2016; Muthukumaran et al., 2015;

Govindarajan; Sivakumar., 2014). Plant-derived insecticides have been studied as alternative
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and sustainable insecticides for use in mosquito control programs. Some of the characteristics
of these insecticides are: specific effects directed to different stages of the life cycle of the
mosquito (eggs, larvae, pupae or adults), biodegradability and lower toxicity than synthetic
chemicals (Bianco et al., 2013; Pluempanupat et al., 2013).
Lectins are proteins that bind to carbohydrates and possess biological properties including
insecticidal activity. Plant lectins have shown deleterious effects against the mosquito Aedes
aegypti. The lectins from Myracrodruon urundeuva heartwood, bark and leaf promoted the
death of fourth stage larvae with LCsy of 0.04, 0.125 and 0.202 mg/mL, respectively (Napoledao
et al., 2012; Sa et al., 2009). The water soluble lectin from Moringa oleifera (WSMoL.) seeds
was also insecticidal agent against 4. aegypti showing larvicidal activity (LCsy of 0.197
mg/mL) and also ovicidal effect on fresh and stored eggs. In addition, WSMoL presented
oviposition-stimulant activity on pregnant A. aegypti females both under laboratory and
simulated field conditions (Santos et al., 2014; Santos et al., 2012; Coelho et al., 2009). Agra-
Neto et al. (2014) suggested that larvicidal mechanism of WSMoL on A. aegypti larvae involve
modulation of enzyme activities.

The present work evaluated the effects of WSMoL on survival and digestive enzymes of
C. quinquefasciatus aiming to increase the biotechnological potential of this lectin. To our

knowledge, there are no reports on the larvicidal effects of lectins against this mosquito species.

2. Materials and methods

2.1 Plant material

Seeds of M. oleifera were collected at the campus of the Universidade Federal de
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Pernambuco and a voucher specimen is archived at the herbarium Ddrdano de Andrade Lima
from the Instituto Agronémico de Pernambuco (Recife, Brazil) under number 73,345. The seed
collection was authorized (38690) by the Instituto Chico Mendes de Conservagdo da

Biodiversidade (ICMBio). The seeds were dried during 3 days and powdered using a blender.

2.2 Isolation of WSMoL

WSMoL was isolated according to the procedure reported by Coelho et al. (2009).
Proteins from M. oleifera seed powder (10 g) were extracted in distilled water (100 mL) for 16
h at 4°C under constant stirring. After this period, the suspension was filtered with gauze,
centrifuged (15 min, 9,000 rpm, 4°C) and the supernatant corresponded to the water extract.
Soluble proteins were then precipitated with ammonium sulfate at 60% saturation (Green;
Hughes, 1955) during 4 h at 28°C. The precipitated protein (lectin-rich fraction) was collected
by centrifugation (3000 g, 15 min, 4°C), ressuspended and dialyzed against distilled water (4 h)
and 0.15 M NaCl (4 h). The dialyzed fraction (50 mg of proteins) was then loaded onto a chitin
column (7.5 x 1.5 cm) equilibrated (20 mL/h) with 0.15 M NaCl. WSMoL was eluted with 1.0
M acetic acid and then dialysed against distilled water (6 h, 4°C) for eluent elimination. Lectin
concentration was determined according to Lowry et al. (1951) using a standard curve of

bovine serum albumin (31.25-500 pg/mL).

2.3 Culex quinquefasciatus colony

The C. quinquefasciatus fourth-stage larvae were obtained from the reference colony S

kept in the insetary of the Departamemto de Entomologia of the Centro de Pesquisa Aggeu
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Magalhdes from Fundagdo Oswaldo Cruz. This colony was established starting from eggs
collected in the metropolitan region of Recife and has been maintained for more than ten years

in the insetary.

2.4 Larvicidal assay

The larvicidal activity was evaluated by adapting the World Health Organization (2015).
Stock solutions of water extract (4.3 mg/mL of protein), lectin-rich fraction (28.0 mg/mL of
protein) and WSMoL (2.5 mg/mL of protein) were diluted in distilled water to provide test
solutions in the protein concentration range of 0.2-2.5 mg/mL. The final volume of each
larvicidal assay was 50 mL of test solution or negative control (distilled water) and contained
20 larvae in the early fourth stage. Mortality rate (%) was determined after 48 h of incubation at
25-27°C and 12:12 (light—dark) photoperiod. Larvae that were unable to reach the surface
solution or did not respond to mechanical stimulus were considered dead. Five independent

experiments were performed in triplicate.

2.5 Preparation of larval gut extracts

Groups of 150 larvae were immobilized at 4°C for 10 min and their guts were removed
under a stereomicroscope. The dissected guts were homogenized with 1 mL of 0.1 M sodium
acetate pH 5.5 containing 0.02 M CacCl, (acetate buffer) or 0.1 M Tris-HCI pH 8.0 (Tris buffer)
using a 2 mL tissue grinder. After centrifugation (6000 g, 10 min), the gut extracts were
collected and evaluated for protein concentration according to Bradford (1976) using a standard

curve of lysozyme (0.1-1.0 mg/mL).
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2.6 Effects of WSMoL on activity of larval digestive enzymes

The effects on the enzymatic activities were evaluated by incubation (30 min at 28°C) of
the gut extract with WSMoL before the determination of the enzymatic activity. The results
were compared with those of the assays performed in absence of lectin (100% activity control).
Control trials were also performed only with WSMoL.

The a-amylase activity assay as performed according to Bernfeld (1955). The gut extract
in acetate buffer (50 pL; 60 pg of protein) was incubated (50°C, 10 min) with 50 uL of
WSMoL (10400 pg) or distilled water (100% activity control) and 400 pL of a 1% (w/v)
soluble starch suspension in acetate buffer. The reaction was stopped by adding 500 pL of
dinitrosalicylic acid. Then, the reactions were heated at 100°C in boiling water for 6 min,
immediately cooled on ice for 15 min, and evaluated for absorbance at 540 nm. The amount of
reducing sugars was determined using a standard curve glucose reaction with DNS (Y =
0.4153X — 0.0026, where Y is the absorbance at 540 nm and X is the glucose concentration in
mg/mL). One unit of enzyme activity was defined as the amount of enzyme required to generate
1 umol of glucose per minute.

Protease activity was determined according to Azeez et al. (2007). Gut extract in Tris
buffer (100 uL; 130 pg of protein) and 100 pul. of WSMoL (10400 pg) or distilled water
(100% activity control) was added to 300 puL of 0.1 M sodium phosphate (pH 7.5) containing
50 pL of 0.6% (w/v) azocasein. Next, 100 pL of Triton X-100 (0.1%, v/v) was added and the
mixture was incubated at 37°C for 3 h. The reaction was stopped by adding 200 uL of 10%
(v/v) trichloroacetic acid, and the assay was incubated at 4°C for 30 min. The reaction mixture

was then centrifuged (9000 g for 10 min) and the absorbance of the supernatant at 366 nm was
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read. One unit of protease activity was defined as the amount of enzyme required to increase
absorbance by 0.01.

The trypsin activity was determined according to Oliveira et al. (2016). The gut extract
in Tris buffer (15 pL; 19.5 pg of protein) was incubated (30 min, 37°C) with 15 pL of WSMoL
(10-200 pg) or distilled water (100% activity control) and 8 mM N-benzoyl-DL-arginyl-p-
nitroanilide (BApNA; 5 pL) in 0.1 M Tris-HCI (pH 8.0, 165 pL). Trypsin activity was followed
by the measurement of absorbance at 405 nm. One unit of trypsin activity is defined as the
amount of enzyme that hydrolyses 1 pmol of BApNA per minute.

Statistical analysis

Standard deviations (SDs) were calculated using GraphPad Prism version 4.0 for
Windows (GraphPad Software, San Diego, CA, USA) and data were expressed as mean of
replicates + SD. The concentrations required to kill 50% of larvae (LCsp) in 48 h was calculated
by probit analysis with a reliability interval of 95% using the software StatPlus® 2006
(AnalystSoft, Canada). Significant differences between treatment groups were analysed by

Student’s #-test (statistical significance at p < 0.05) and Tukey test using Origin 6.0 program.

3. Results and discussion

Lectins have been reported to exert insecticidal activity against species from several
orders such as Coleoptera, Lepidoptera, Isoptera, and Diptera (Paiva et al., 2013). The larvicidal
activity of plant lectins on A. aegypti has been reported but only this disease vector mosquito
was evaluated until now. In this work, we evaluated the larvicidal action of a plant lectin on the

filariasis vector C. quinquefasciatus.
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The aqueous extract and the lectin-rich fraction from M. oleifera seeds did not show
larvicidal activity against C. quinquefasciatus at any of the tested concentrations. On the other
hand, WSMoL was able to promote the death of the larvae (Figure 1) with a LCsy of 1.05
mg/mL. This result shows that WSMoL was about five times less effective against C.
quinquefasciatus than 4. aegypti larvae since the LCsy for these last was 0.197 mg/mL (Coelho
et al., 2009).

Lectins may interact with the peritrophic matrix and glycoconjugates along the digestive
tract, affecting nutrient absorption, and bind to digestive enzymes modulating their catalytic
properties (Macedo et al., 2015;). In this sense, we investigated whether the larvicidal action of
WSMoL on C. quinquefasciatus would involve alterations in the activity of digestive enzymes.
The results revealed that a-amylase activity was not affected (p > 0.05) after incubation with the
lectin (Figure 2A) but the protease activity was significantly (p < 0.05) reduced (Figure 2B).
The trypsin-like activity did not change in presence of WSMoL (Figure 2C), which indicates
that other types of protease present in the extract are sensitive to this lectin.

Inhibition of protease activity was also detected when the lectin from M. urundeuva leaf
was incubated with gut extract from A. aegypti larvae (Napoledo et al., 2012). Oliveira et al.
(2015) reported that a lectin from Dioclea violacea seeds decreased the activities of trypsin and
chymotrypsin from A. kuehniella larvae. Similarly to WSMoL, the Crataeva tapia bark lectin
caused distinct effects on the activity of different class of proteases in the gut of Callosobruchus
maculatus larvae: the cysteine proteases activity decreased in treatments with the lectin while
serine protease activity increased (Nunes et al., 2015).

The action mechanisms of insecticidal lectins may differ according to the species
affected (Vandenborre et al., 2011). Agra-Neto et al. (2014) evaluated the effects of WSMoL on

A. aegypti digestive enzymes and observed a stimulatory effect on protease, trypsin, a-amylase
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activities, conversely to the results described here with C. quinquefasciatus larvae. These
distinct effects may explain the different susceptibility of larvae of these mosquito species to
WSMoL. It was suggested that the excessive proteolysis at the gut lumen of A. aegypti larvae
induced by WSMoL may lead to degradation of important proteins and morphological damages
at gut level (Agra-Neto et al., 2014). In the case of C. quinquefasciatus, the WSMoL action
seems to involve damage to digestive processes reducing the bioavailability of amino acids.
This mechanism is more similar to that involved in the insecticidal action of WSMoL on 4.
kuehniella larvae (Oliveira et al., 2017). The authors reported that ingestion of WSMoL reduced
the proteolytic activity in midgut of 4. kuehniella larvae; in addition, chymotrypsin enzymes

were not affected, revealing specificity in the action of WSMoL.

4. Conclusion

The lectin WSMoL showed larvicidal activity against C. quinquefasciatus larvae and

this action may be linked to an inhibitory effect on proteolytic digestive enzymes at larval gut.
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Figure 1. Effect of the lectin WSMoL on survival of Culex quinquefasciatus fourth-stage

larvae.
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Figura 2. In vitro effects of WSMoL on the activities of a-amylase (A), protease (B) and

trypsin-like (C) enzymes from gut extracts of C. quinquefasciatus larvae.
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CONCLUSAO

- O extrato aquoso de M. oleifera ¢ citotoxico para células GN1 e HaCaT promovendo a morte
celular por necrose e efeito anti-proliferativo, respectivamente. Este estudo mostra que €
necessaria cautela em relacdo a dosagem utilizada para o tratamento da dgua, uma vez que
efeitos nocivos foram detectados em preparagdes aquosas de sementes de M. oleifera. Por outro
lado, os resultados estimulam a avaliagdo do extrato de sementes para tratar doengas de pele

que apresentam proliferacdo descontrolada de queratindcitos, como a psoriase.

- A lectina WSMoL ¢ uma proteina aniénica de 59,4 kDa cuja estrutura corresponde a um
arranjo molecular de subunidades de 5 kDa. A reducdo na resisténcia elétrica da suspensdo de
caolin tratada com WSMoL sugere que a atividade coagulante ¢ provavelmente devido a
desestabilizacdo de particulas em suspensido, seguida por interagdes quimicas entre as particulas
e lectina. A conformacdo de WSMoL ¢ importante para a sua atividade coagulante, desde que a

ligacdo de carboidratos e ions promove diminuicdo dessa atividade.

- A lectina WSMoL mostrou atividade larvicida contra Culex quinquefasciatus e esta agdo pode

estar ligada a um efeito inibitorio sobre as enzimas digestivas proteoliticas no intestino das

larvas.
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