UNIVERSIDADE FEDERAL DO AMAPA A
PROGRAMA DE POS-GRADUACAO EM CIENCIAS FARMACEUTICAS

INANA FAURO DE ARAUJO

Avaliagcdo da atividade larvicida do extrato hidroetanolico de Acmella
oleracea (L.) R. K. Jansen sobre Aedes aegypti e Culex quinquefasciatus
(Diptera: culicidae)

Macapa
2018



INANA FAURO DE ARAUJO

Avaliagcdo da atividade larvicida do extrato hidroetanolico de Acmella
oleracea (L.) R. K. Jansen sobre Aedes aegypti e Culex
guinquefasciatus (Diptera: culicidae)

Dissertacdo apresentada ao Programa de POs-
Graduacdo em Ciéncias Farmacéuticas da
Universidade Federal do Amapé para obtencao
do Titulo de Mestre em Ciéncias Farmacéuticas.

Orientador: Dr Raimundo Nonato Pican¢co Souto

Co-orientador: Dr Irlon Maciel Ferreira

Macapa
2018



Dados Internacionais de Catalogacdo na Publicacao (CIP)
Biblioteca Central da Universidade Federal do Amapa

615.321
A663a Araujo, Inana Fauro de
Avaliacéo da atividade larvicida do extrato hidroetandlico de acmella
oleracea (L.) R. K. Jansen sobre Aedes aegypti e Culex quinquefasciatus
(diptera: culicidae) / Inana Fauro de Araujo; orientador, Raimundo Nonato
Picanco Souto; co-orientador, Irlon Maciel Ferreira. — Macapa, 2018.
52 f.

Dissertacdo (Mestrado) — Fundacdo Universidade Federal do
Amapa, Programa de Pos-Graduacao em Ciéncias Farmacéuticas.

1. Farmacologia. 2. Doengas tropicais - Dengue. 3. Controle de
vetores. |. Souto, Raimundo Nonato Picanco, orientador. Il. Ferreira,
Irlon Maciel, co-orientador. Ill. Fundacé@o Universidade Federal do
Amapa. IV. Titulo.




Programa de Pés-Graduacdo em Ciéncias Farmacéuticas da Universidade Federal

do Amapa

BANCA EXAMINADORA

Aluno (a): Inana Fauro de Araujo

Orientador (a): Dr Raimundo Nonato Picango Souto

Co-Orientador (a): Dr Irlon Maciel Ferreira

Al
PROF |

. RAIMUNDO NONATO PICANGO SOUTO
Presidente
Professor litular da Curao de Ciéncias Bioldgicas da Universidade Federal do Amapé,

UNIFAP

Lt

PROF"® Dr*. LORANE IZABEL DA SILVA HAGE MELIM
Membro Titular
Professor Titular do Curso ¢e Farmacia da Universidade Federal do Amapa, UNIFAP.

' U i p
PROF® Dr* RAQUEL RODRIGUES DO AMARAL
Membro Titular
Professor Titular do Curso de Medicina da Universidade Federal do Amapa. UNIFAP,

Data: 05/03 /2018




Dedico este trabalho aos meus pais e meus irm&os pela paciéncia e companheirismo nesta
jornada.



AGRADECIMENTOS

Agradeco a Deus, pela sabedoria, saude e por ter me presenteado com uma familia
maravilhosa.

Aos meus pais Denise e Geraldo que ndo mediram esfor¢cos para a minha formacgao
tanto como pessoa quanto profissionalmente, obrigada pelo amor, dedicacéo e forca
sempre.

Aos meus irmaos, Pedro, Gabriel e Lucas pelo amor, pelas risadas e a cumplicidade.

Aos amigos Naiara, Fabricia, Cleice, Mauricio. Obrigada pelas risadas, pelos
momentos de alegria e por estarem sempre presente nos dias dificeis.

Ao Juliano pela ajuda apoio e todos os momentos de alegria.

A Josiane Viana, que além de companheira de turma me ofereceu sua amizade,
paciéncia e compartilhou de bons momentos nesse processo.

Aos amigos da turma PPGCF 2016

Ao Prof. Dr° Raimundo Nonato pela orientacdo, paciéncia e confianga depositada em
nesses dois anos de pesquisa.

Ao prof. Dr° Irlon Maciel pela dedicacéo, orientacdo e companheirismo nestes dois
anos.

Aos professores do PPGCF pelo conhecimento, pela disponibilidade e ajuda sempre
gue necessario.

Aos amigos do Artrolab, Ricardo, Tiago. Erika, Taires, Karen, Eduardo, Leticie
Pessoa.

Aos amigos do Laborat6rio de Biocatalise e Biotransformag¢do em Quimica Organica,
Matheus, Hellen, Andréia, Harlysson, Pedro Barata, Mara, Anderson, Fernando,
Evaldo, Edmilson, Fabricio, obrigada pelos momentos de descontracdo e por toda
ajuda nesta jornada.

Ao laboratério de Pesquisa em Farmacos, pela disponibilidade dos equipamentos
para realizacdo de analises.

A Unifap e ao PPGCF, pela oportunidade de estar concluindo o mestrado.

A CAPES pela concessao da bolsa.

A todos que, direta ou indiretamente, contribuiram para o desenvolvimento deste
trabalho.

Muito Obrigada!

Agradecimentos Vv



SUMARIO

11

1.2

13

2.1

2.2

INTRODUGAO. ...ttt ettt eaaetastesae e e s aresreeaenes 11
DIPTERA: CULICIDAE ..ottt en e 11

DIVERSIDADE QUIMICA DAS PLANTAS E ATIVIDADE REPELENCIA E
INSETICIDA SOBRE CULICIDAE ......otiiiiie e e

Acmella oleracea (L.) R. K. JANSEN.......uuuiiiiiiiiiiee e 16
OB UIETIV O S . e e et e e 19
OBJIETIVO GERAL.... e e n e e e e e e e e e ae e 19
OBJETIVOS ESPECIFICOS... ..ottt ettt 19

ARTIGO 1- Larvicidal effect of hydroethanolic extract from the leaves of

Acmella oleracea L. R. K. Jansen in Aedes aegypti and Culex

QUINQUETASCIALUS........ceeeeeeeeseeeeeaesssteeaeseesststesaseseassnaasasaseanaeessnnneneens 20
CONSIDERAGOES FINAIS.........ootuniiiieeneiienereiieeeeaeessnsessnsesnnsesnnseeens 39
REFERENCIAS...... oottt s 40
ANEXOS ... ra e n e 44

Sumario

Vi



LISTA DE FIGURAS

Figura 1-
Figura 2-

Figure 1-

Figure 2-

Figure 3-

Figure 4-

Figure 5-

Ciclo desenvolvimento dipteros ovos (1), Larvas (2), pupa (3) e adulto (4)
Estrutura Quimica do espilantol

Image of the leaves of A. oleracea collected for later drying and production
of the extract.

Major compounds of the hydroethanolic extract from leaves of the A.
oleracea.

Larvicidal activity of Acmella oleracea hydroethanolic extract in Aedes
aegypti (A)and Culex quinquefasciatus (B) larvae at 24 h.

Optical microscope images of Aedes aegypti larvae. Control (a-c) not
showing changes), head (H), thorax (TH), abdomen (AB), respiratory
siphon (S) and papilla anal (AP). Treatment with extract at 115ppm after
24h exposure (d-f).

Optical microscope images of Culex quinquefasciatus larvae. It was
submitted to Acmella oleracea extract at 40 ppm (d-f), head (H), thorax
(TH), abdomen (AB), respiratory siphon (S) and anal papilla (AP). Control
(a-c) with no changes

Lista de Figuras

vii

17

25

28

28

30

30



SIMBOLOS, SIGLAS E ABREVIATURAS

Ae. Aedes

CG-EM Cromatografia Gasosa — Espectroscopia de Massas
CL Concentracéo Letal

Cx. Culex

DPPH 2,2-diphenyl-1-picryl-hydrazyl
DMSO Dimetilsulfoxido

HCI Acido cloridrico

NacCl Cloreto de sddio

OMS Organizacao Mundial da Saude
PPM Parte por milh&o

WHO World Health Organization

% Por cento

< Menor que

Simbolos, siglas e abreviaturas Vil



RESUMO

AVALIAQAO DA ATIVIDADE LARVICIDA DO EXTRATO HIDROETANOLICO DE
Acmella oleracea (L.) R. K. JANSEN SOBRE Aedes aegypti E Culex
qguinquefasciatus (DIPTERA: CULICIDAE).

Introducéo:Atualmente, a busca por substituintes inovadores e renovaveis, principalmente
derivados de plantas, que apresentem atividades biolégicas significativas, estdo ganhando
mais espaco na comunidade cientifica, pois estes sdo obtidos de fontes renovaveis e
ambientalmente rentaveis. A espécie Acmella oleracea popularmente conhecida como
jambu, é uma espécie rica em isobutilamidas, onde a principal molécula desta espécie é o
alcaldide N-isobutilamida. Objetivo: Desta forma o objetivo deste trabalho foi avaliar
atividade larvicida do extrato bruto hidroetandlico das folhas de Acmella oleracea frente
larvas de Aedes aegypti e Culex quinquefasciatus. Metodologia: O extrato foi preparado

utilizando alcool 70%, este foi rotoevaporado e liofilizado. Em seguida este foi dissolvido em
dimetilsulfoxido (DMSO) em diferentes concentragdes, (2.5, 5, 7.5, 10 e 15 ppm) para Ae. aegypti,

(5, 10, 20, 30 e 40 ppm) para Cx. quinquefasciatus. O teste foi realizado em quintuplicata
utilizando Becker de 100 mL com 10 larvas em cada. Para o teste foi utilizado como controle
negativo agua destilada e DMSO (1%). A taxa de mortalidade foi determinada apds 24
horas, onde foram consideradas mortas larvas que ndo respondiam a estimulacéo.
Resultados e Discussdes: No bioensaio a mortalidade em 24 horas para Ae. aegypti em
15 ppm foi de 58% e em 2,5 ppm foi 18%, sendo os valores estimados da CLso 11.41ppm e
CLoo 23,23 ppm. A acado larvicida para Cx. quinquefasciatus demonstrou 54% de
mortalidade em 40 ppm e 13% para 5 ppm, demonstrando valores de CLso 32,40 ppm e
CLoo 68,24 ppm. Desta forma observa-se que o extrato apresentou mortalidade elevada,
mesmo em baixas concentragfes, e que esta pode estar associada a presenca da
alquilamida espilantol, que foi identificada através de analise por cromatografia gasosa e
espectroscopia de massa. Conclusfes: Desta forma este estudo contribui com
informacgbes acerca de material de origem vegetal que podem vir a ser utilizados nas
praticas integrativas no controle de vetores de doencas.

Palavras-Chave: Atividade larvicida; Jambu; Aedes aegypti.

Agradecimentos: CAPES, UNIFAP e FAPEAP.
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ABSTRACT

EVALUATION OF THE LARVICIDE ACTIVITY OF THE HYDROETHANOLIC EXTRACT
OF Acmella oleracea (L.) R. K. JANSEN ABOUT Aedes aegypti and Culex
guinquefasciatus (DIPTERA: CULICIDAE).

Introduction: Currently, the search for innovative and renewable substituents, mainly
derived from plants, that present significant biological activities, are gaining more space in
the scientific community, as these are obtained from renewable and environmentally
profitable sources. The species Acmella oleracea popularly known as jambu, is a species
rich in isobutylamides, where the main molecule of this species is the alkaloid N-
isobutylamide. Objectives: The objective of this work was to evaluate larvicidal activity of
the crude hydroethanolic extract of the leaves of Acmella oleracea against larvae of Aedes
aegypti and Culex quinquefasciatus. Methodology: The extract was prepared using 70%
alcohol, this was rotoevaporated and lyophilized. This was then dissolved in
dimethylsulfoxide (DMSO) in different concentrations, (2.5, 5, 7.5, 10 and 15 ppm) for Ae.
aegypti, (5, 10, 20, 30 and 40 ppm) to Cx. quinquefasciatus. The test was performed in
quintupleta using Becker of 100 mL with 10 larvae in each. For the test, distilled water and
DMSO (1%) were used as controls. The mortality rate was determined after 24 hours, where
larvae that did not respond to stimulation were considered dead. Results and discussion:
In the bioassay the mortality in 24 hours for Ae. aegypti at 15 ppm was 58% and at 2.5 ppm
it was 18%, with the LCso values 11.41ppm and LCgo being 23.23 ppm. The larvicidal action
for Cx. Quinquefasciatus showed 54% mortality at 40 ppm and 13% at 5 ppm, showing
values of LCso 32.40 ppm and LCgo 68.24 ppm. In this way, the extract showed high
mortality, even in low concentrations, and this may be associated with the presence of the
alkylamide spilanthol, which was identified by gas chromatography and mass spectroscopy.
Conclusions: In this way this study contributes with information about material of vegetal
origin that can be used in the integrative practices in the control of vectors of diseases.

Keywords: Larvicidal activity; Jambu; Aedes aegypti.

Acknowledgements: CAPES, UNIFAP and FAPEAP.
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1 INTRODUGAO

1.1 DIPTERA: CULICIDAE

Aedes aegypti e 0 Culex quinquefasciatus sdo mosquitos que apresentam grande
dispersdo em éareas urbanas e sdo importantes vetores de doencas como a dengue e
filariose linfatica, respectivamente, e tratam-se de vetores que acometem principalmente a
populacdo que mais sofre com problemas de saneamento basico.

O Ae. aegypti (Linnaeus 1762), é o principal inseto transmissor do virus zika, febre
chikunguya e dengue nos paises tropicais (WILSON; SCHLAGENHAUF, 2016), estando
estas na lista nacional de notificagdo compulsoria de doengas, agravos e eventos de salde
publica (BRASIL, 2017). O mosquito Culex quinquefasciatus (Say, 1823) é responsavel pela
transmissao da filariose linfatica apresenta focos em areas com elevada taxa populacional
e baixa condi¢gbes socioambientais (BRASIL, 2011).

Estes mosquitos pertencem ao filo arthropoda, classe insecta, ordem diptera e
familia Culicidae. “Os mosquitos sado insetos holometabolos (desenvolvem-se por
metamorfose completa) e apresentam ciclo biolégico que compreende as fases de ovo,
quatro estadios larvais (L1, L2, L3 e L4), pupa e adulto” (OLIVEIRA, 2014) (Figura 1).

A ordem diptera € um dos grupos mais diversos, compreendendo moscas,
mosquitos, apresentando uma diversidade ecologica e uma riqueza de espécies. Os
dipteros estao distribuidos por todos os continentes, colonizando varios tipos de habitats,
sobretudo o ambiente aquatico que € onde ocorre seu estagio larval (PINHO, 2008;
CONSOLI; OLIVEIRA, 1994).

Com a descoberta de que estes insetos eram responsaveis pela veiculacdo de
arboviroses, como febre amarela, encefalites, dengue, estes passaram a receber uma
atencdo maior dos pesquisodores ao redor do mundo, onde estes se preocuparam em
estudar sua biologia, a fim de descobrir pontos vulneraveis para assim combaté-los
(CONSOLI; OLIVEIRA, 1994).

Introdugdo 11



Figura 1 - Ciclo de desenvolvimento dipteros ovos (1), Larvas (2), pupa (3) e adulto (4).

Fonte: http://www.casadaciencia.com.br/o-fim-da-picada

O Ae. aegypti € um mosquito cosmopolita encontrado nas regides tropicais e
subtropicais, seus adultos podem permanecer vivos na natureza em média 30 a 35 dias
(BRASIL, 2001). Os adultos de ambos os sexos se alimentam de seiva, néctar de vegetais
e outras fontes de acucares, os machos ndo sdo hematofagos, entretanto, as fémeas
precisam tomar repasto de sangue de vertebrados para amadurecer os ovos de forma
periodicamente.

O Ae. aegypti transmissor da dengue e da febre amarela urbana, € originario da
Africa Tropical, foi introduzido no Brasil, provavelmente, através do processo de
colonizacédo, no século XVII, gerando a primeira epidemia de febre amarela no pais, onde
em 1686 no Estado da Bahia chegou a contaminar vinte e cinco mil pessoas e levando 900
a 6bito no mesmo ano (BRASIL, 2001).

O virus da dengue pertence ao género Flavivirus e a familia Flaviviridae, sao
compostos por RNA de filamento Unico envelopados e possui quatro sorotipos: DEN 1, DEN
2, DEN 3 e DEN 4 (WESTAWAY, 1997). O primeiro caso de epidemia de dengue registrado
no Brasil foi entre os anos de 1981-1982 no Estado de Roraima na cidade de Boa Vista em
1986 a epidemia chegou ao estado do Rio de Janeiro e em demais capitais do Nordeste.

Na década de 90 ocorreu aumento da dispersdo do Ae. aegypti no territério nacional,
onde dos 26 estados da federacdo 20, registravam os sorotipos da dengue DEN 1 e DEN

2. No ano de 2004 vinte e trés estados ja apresentam os sorotipos DEN 1, DEN 2 e DEN 3
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(BRASIL, 2009), em 2010 o sorotipo DEN 4, que h&a 28 anos ndo circulava no Brasil, foi
isolado em Roraima (DIAS et al., 2010).

A proliferacdo do mosquito Ae. aegypti e o rapido crescimento demografico
associado a intensa desordenada urbanizacéo, inadequada infraestrutura e o aumento da
producdo de residuos nao-organicos contribuem para o aparecimento de epidemias
recorrentes (MONTEIRO, 2014).

Neste contexto, a ordem diptera requer uma atencao especial pelo fato de muitas
espécies serem hematofagas e atuarem como vetores de doencas ao homem, tendo em
vista que o Ae. aegypti desenvolveu em sua trajetéria evolutiva um comportamento
sinantrépico e antropofilico (NATAL, 2002), com atividade hematoféagica diurna utilizando
de depdsitos artificiais de agua limpa para depositar seus ovos individualmente.

Segundo Natal (2002) os fatores ambientais, especialmente chuva e temperatura,
sdo marcante na dinamica populacional e que essa espécie de mosquito, pela complexa
bioecologia, desenvolveu incriveis adaptacdes ao modo de vida do homem, onde vem
demonstrando caracteristicas de rapida adaptacdo ecoldgica a ambientes urbanos cada
vez mais complexos (BESERRA et al., 2014).

O vetor da filaria, Cx. quinquefasciatus, € um mosquito doméstico, antropofilico, com
habito hematdéfago normalmente ao entardecer pode causar incbmodo, alergias e transmitir
doencas no momento da sua picada. Seus ovos séo depositados sobre a agua parada e de
preferéncia poluida, como esgotos e valbes, pois apresentam condi¢des favoraveis para o
desenvolvimento das larvas, visto que apresentam matéria organica necessaria para
alimentacdo das mesmas até a fase adulta (SCUDELER, 2013).

No Brasil o agente da filariose possuia ampla distribuicdo nos anos de 1950 e 1960,
atualmente os focos desta doenca estdo relacionados com a abundancia de seu
transmissor Cx. quinquefasciatus, a elevada taxa de densidade populacional e as péssimas
condicBes ambientais que contribuem para sua proliferacdo (BRASIL 2011). De acordo com
a Organizacdo Mundial da Saude (OMS), esta doenca é endémica em 73 paises na Asia,
Africa e Américas, com um percentual de 120 milhdes de pessoas afetadas.

O agente etiolégico da filariose Wuchereria bancrofit € um nematédeo transmitido
para o homem através da picada da fémea no momento do repasto sanguineo. A filariose
linfatica € um problema de saude publica, pois estes vermes quando adultos nos vasos
linfaticos provocam um quadro clinico tipico da doenca, como deformacao e edema a qual
pode levar a incapacidade fisica temporéaria ou permanentes (OLIVEIRA, 2014; BRASIL,
2016). Também é vetor do virus Oropouche que causa febre Oropouche, sendo uma

arbovirose presente principalmente na regido da Amazobnia, além de também ser o
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transmissor do arbovirus do género Flavivirus responsavel pela Febre do Nilo Ocidental
(BRASIL 2011; OLIVEIRA 2014).

A partir de medidas de controle do vetor que foram adotadas houve um
descrescimento nas taxas de infecgao por filariose, e devido a preocupacao do agente Cx.
guinquefasciatus se apresentar como vetor de diversas aborviroses ou doencas tropicais,
em 2012 foi lancado o plano integrado de acfes para a eliminacao de hanseniase, filariose,
esquistossomose e ancocercose, sendo todos estes tratados pelo governo como um
problema de saude publica (BRASIL, 2016).

1.2 DIVERSIDADE QUIMICA DAS PLANTAS E ATIVIDADE REPELENCIA E INSETICIDA
SOBRE CULICIDAE

Sabe-se que as plantas produzem metabolitos primarios, onde estes se encontram
em todas as plantas e séo responsaveis pelo desenvolvimento, tais como, 0s acidos graxos,
e 0s metabolitos secundarios, que exercem protecao para as plantas contra predadores ou
mudancas tragicas no clima. (RAVEN; EVERT; EICHHORN, 2001). Devido a este potencial
de reacdo a alguns organismos, essas substancias vém ganhado espago nas pesquisas
académicas para que se encontrem substancias ou conjuntos delas com atividade
antimalarica, inseticida e antimicrobiana (SANTOS et al., 2014).

O aumento da transmissao de doencgas, tendo os insetos como vetores, tem levado
a comunidade cientifica a uma continua busca por novos bioinseticidas. As plantas através
de seus metabdlicos primarios e secundarios sdo fonte importantes de diferentes
substancias com diversas atividades contra os insetos com resultados satisfatorios,
entretanto, seu uso direto ou de seus extratos brutos se limita a aplicagbes domésticas
(VIEIRA; FERNANDES; ANDREI, 2007).

Os extratos sdo preparacfes com consisténcia liquida, sélida ou intermediaria,
obtida a partir de um material vegetal ou animal, este pode ser preparado por percolacéo,
maceracgao ou outro método adequado e validado, onde este utiliza solvente, como, alcool
etilico, agua ou outro solvente adequado (FARMACOPEIA, 2010). Oleos esséncias de
acordo com Simdes e Spitzer (2010) sdo produtos obtidos através da destilacao por arraste
a vapor d’agua tal como os produtos obtidos por expressao dos pericarpos de frutos citricos,
a composicao quimica de extratos, e 6leos essenciais provenientes de plantas, é complexa
e pode chegar a centenas de compostos com fung¢des diferentes.

Substituto para os inseticidas sintéticos tem estimulado os pesquisadores ao estudo

dos bioinsenticidas, viabilizando a utilizacdo de 6leos, extratos ou constituintes ativos
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provenientes de plantas (GUISSONI et al., 2013). Compostos a partir de plantas séo
apresentados como alternativa no controle de vetores, por ser de facil obtencdo e em alguns
casos apresentar menor toxicidade ao homem.

Tradicionalmente, as plantas e seus derivados sempre foram usadas para matar 0s
mosquitos e outras pragas domésticas, desta forma, a utilizacdo de diferentes partes das
plantas e seus produtos secundarios no controle dos mosquitos vem sendo bem
estabelecida por vérias investigacdes (SUBRAMANIAM et al., 2012).

Satput et al. (2015) define repelente como sendo uma substancia quimica volatil
capaz de repelir o arthropoda a partir da sua fonte, ou seja, impede o contato do vetor com
a pele do homem e estes podem ser formulados de varias formas como lo¢fes, aerossois,
sprays, dentre outros.

A utilizagdo de plantas como repelente contra os insetos tem sido relatada desde a
época greco-romana, em algumas regides da India as mulheres aplicam diariamente
curcuma (Curcuma longa L., Zingiberaceae) em Oleo para protecao contra mosquitos, assim
como desde o inicio do século XX, muitos produtos foram empregados como repelente
contra os insetos, entre eles se destacam a citronela, piretro e a andiroba (BUENO,;
ANDRADE, 2010).

Bioensaios realizados para repeléncia contra espécies de dipteros, em particular
agueles pertencentes ao género Aedes, Anopheles e Culex que sao vetores de doencas,
responsaveis por problemas de salde publicas, como dengue, maléaria, febre amarela, vem
crescendo no meio cientifico (NERIO et al., 2010).

Satput et al. (2015) relataram vinte e quatro espécies de plantas que apresentam
potencial repelente contra mosquitos, dentre elas a Citrus hystrix e Cymbopogon Martini
apresentou 100% de protecdo por trés horas contra mosquito Ae. aegypti e 100% de
protecdo contra o mosquito Cx. quinquefasciatus durante um periodo de doze horas.

O dleo essencial de cinco espécies de plantas: Acorus calamus, Mentha arvensis,
Ocimum basilicum, Saussrea lappa e citratos Cymbopogan também foram investigados
para avaliar o potencial larvicida, onde larvas de terceiro instar de Aedes e Culex foram
expostas a diferentes concentracdes e sua mortalidade foi avaliada apds 24 horas sob
condicbes de laboratério, no qual os resultados demonstraram que todos os Oleos
apresentavam mortalidade larval significativa, tanto para Ae. aegypti como para Cx.
quinquefasciatus (FURTADO et al., 2005).

A atividade larvicida de extratos também vem sendo investigada com resultados
promissores, como foi observado por Imam Zarnigar e Sofi (2014), que avaliaram atividade

larvicida do extrato de éter de petréleo e alcool etilico de Acorus calamus frente as larvas
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de terceito e quarto instar do mosquito Ae. aegypti. Outrora, em pesquisas realizadas com
a familia anacardeaceae, espécie Anacardicum ocidentale, apresentou atividade larvicida
contra 0 mosquito da dengue através do liquido da castanha do caju (GUISSONI et al.,
2013).

Trabalhos com plantas oriundas do Brasil também tem sido testada para avaliacao
da atividade biolégica, principalmente larvicida contra Ae. aegypti, como o extrato bruto
hexanico de Ottonia ansisum, obteve 100% de mortalidade apds 24 horas de exposi¢cao
com 200 upg/mL, ao isolar o metabolito 1-butil-3,4-metilenodioxibenzeno do extrato, foi
possivel observar mortalidade de 100% das larvas com concentracdo de 30 pg/mL
(MARQUES et al., 2017). Plantas como Anacardium occidentalis, Cymbopogon
winterianus, Copaifera langsdorffii, Ageratum conyzoides e Carapa guianensis também ja
foram testadas contra Ae. aegypti obtendo resultados satisfatérios como larvicidas (DE
MENDONCA et al., 2005).

O extrato metanodlico de Spermacoce latifélia, também foi testado para larvas de
terceiro instar de Ae. aegypti, onde este apresentou uma toxicidade para larvas e uma CLso
de 0,625 mg/mL (-1), onde esta atividade foi associada a sua composi¢cao quimica pela
presenca de componentes fendlicos e flavondides, indicando assim o seu potencial para o
controle deste vetor (COSMOSKI et al., 2015).

1.3 Acmella oleracea (L.) R. K. JANSEN

Dentre varias espécies, destaca-se a Acmella oleracea (L.) R. K. Jansen
popularmente conhecida como jambu, agrido-do-para, agrido-bravo, agrido-do-brasil,
botdo-de-ouro ou jabuacgu (GILBERT; FAVORETO, 2010), pertence a familia Asteraceae,
esta familia apresenta distribuicdo cosmopolita, sendo encontrada em todos os continentes,
com excec¢do da Antartica. Varias dessas espécies sdo utilizadas como produtos
alimenticios, na producdo de cosméticos ou como plantas ornamentais (ROQUE;
BAUTISTA, 2008).

Esta espéce € encontrada em regides tropicais préximas a linha do equador e a
auséncia de grandes populacfes selvagens sugere que esta planta ndo € nativa do Brasil,
e sendo encontrada apenas em residéncias adjacentes em forma doméstica (GILBERT;
FAVORETO, 2010).

Jambu é uma herbacea de pequeno porte com hastes rastejantes e ramificadas,
com porte de 20-40 cm de altura, quase rasteira, com caule cilindro, carnoso e de ramos
decumbentes, geralmente sem raiz nos nés (GILBERT; FAVORETO, 2010). Suas folhas
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sdo longo-pecioladas, de disposicdo oposta ovadas, dentadas e de apice agudo.
(CARDOSO; GARCIA; 1997, BARBOSA et al., 2016). Na regido amazonica suas folhas e
talos sao utilizados na culinaria local (CARDOSO; GARCIA, 1997), como também tem sido
muito utilizada como remédio para a dor de dente, gripe, inseticida entre outras atividades.

Abeysiri et al. (2013) ao estudarem a composicao fitoquimica das partes diferentes
(folhas, flores e caule) de A. oleracea identificaram como principais compostos alcaloides,
flavonoides, saponinas, glicosideos esteroides e taninos. O 6leo essencial das flores foi
estudado por Baruah e Leclercq (1993), onde identificaram 20 constituintes através da
cromatografia gasosa por espectrometria de massas, sendo o limoneno (23,6%), B-
cariofileno (20,9%), (Z)-B-ocimeno (14,0%), germacreno D (10,8%) e merceno (9,5%) os
compostos marjoritarios.

A A. oleracea é uma espécie rica em isobutilamidas bioativas, onde a principal
molécula desta espécie é o alcaloide N-isobutilamida do &cido (2E, 6Z, 8E)-deca-2,6,8-
triendico, conhecido como espilantol (GILBERT; FAVORETO, 2010). A presenca desta
substancia e derivados faz a planta apresentar inimeras aplicagcbes em produtos
farmacéuticos, alimentares e de saude, sendo a atividade anestésica mais estudada
(PANDEY; AGRAWAL, 2009).

Figura 2 - Estrutura Quimica do espilantol

O
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Fonte: Autor

Considerando o potencial biolégico do espilantol muitos trabalhos estdo sendo
desenvolvidos na busca por novas atividades biolégicas que este composto ou outros
presentes na espécie A. oleracea possam apresentar. Entre algumas dessas atividades
podemos citar atividade inseticidade do extrato hexanico no controle de Tuta absoluta

(Lepidoptera), onde espilantol foi isolado e demonstrou ser mais potente (MORENO et al.,
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2011). Atividade anti-inflamatoria do espilantol também ja foi descrita na literatura (WU et
al., 2008; DIAS et al., 2012).

Estudos sobre atividade diurética das flores de Spilanthes Acmella foi estudada,
apresentando resultados promissores, onde a acdo diurética comecou ap6s 1 hora da
admistracdo do extrato de aguoso, obtendo um efeito durante todo o periodo de estudo
(RATNASOORIYA et al., 2004). Estudos voltados para impregnacdo do extrato de A.
oleracea em filme para aplicagdo tOpica na mucosa oral também obteve resultados
positivos, considerando a eficacia anestésica observada (DE FREITAS-BLANCO et al.,
2016).

Extrato etandlico de A. oleracea também foi testado para atividade acaricida contra
Amblyomma cajennense, onde este apresentou mortalidade de 100% apds um periodo de
72 horas de exposicéo e apresentando CLso para os machos de 29,45 mg/mL e CLso 17,63
para as fémeas (ANHOLETO et al., 2017), este resultado também foi observado por Castro
et al., (2014) contra Rhipicephalus microplus apresentando uma CLso 79,7 mg/mL contra
fémas.

Estudo voltado para atividade antioxidante também vem chamando a atencdo da
classe cientifica (ABEYSIRI et al., 2013), estudos para inibicdo da enzima tirosinase
também ja foram realizados demonstrando que extrato hexano foi capaz de estimular
atividade oxidante da enzima, demonstrando que este pode vir a ser utilizado para
formulacdes de uso tépicos, podendo prevenir hiperpigmentacao da pele (BARBOSA et al.,
2016).

Considerando que certos compostos quimicos provenientes de fontes naturais
geralmente apresentam menor toxicidade para o meio ambiente e para o homem, que a
Organizacdo Mundial da Saude recomenda o controle de vetores que transmitem doencas
de importancia para saude publica, a espécie A. oleracea apresenta grande potencial para
ser investigada, podendo ser apresentada como uma alternativa no mercado para o

controle de vetores como Ae. aegypti e Cx. quinquefasciatus.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar atividade larvicida do extrato hidroetanolico de Acmella oleracea (L.) R. K. Jansen

frente larvas de Aedes aegypti e Culex quinquefasciatus.

2.2 OBJETIVOS ESPECIFICOS

a) Obter extrato hidroetandlico de Acmella oleracea;

b) Analisar composicao fitoquimica do extrato por Cromatografia Gasosa — Espectroscopia
de Massas (CG-EM);

c) Avaliar acao larvicida e estimar concentracao letal (CLso e CLgo) do extrato hidroetandlico
de Acmella oleracea frente larvas de Aedes aegypti e Culex quinquefasciatus;

d) Avaliar ecotoxicidade do extrato contra um organismo néo alvo, o fungo endofitico

Trichoderma ssp.
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Highlights

e Larvicidal potential of hydroethanolic extract of leaves of Acmella oleracea against the Aedes
aegypti and Culex quinquefasciatus.

o |t was possible to determine the LCsg values of 11.41 ppm for Ae. aegypti and LCso 32.40 ppm for
Cx. quinquefasciatus.

¢ |t the hydroethanolic extract from leaves of Acmella oleracea showed very low ecotoxicity.

Graphic Abstract

Hydroethanolic extract olsicacld "

: 4 = NH,
Acmella oleracea (L.) R. K. Jansen

(E)-octadec-5-enamide

* Alternative to synthetic larvicides;

* Higher selectivity ;

*LC50 11.41 ppm for Ae. aegypti;

* LC50 32.40 ppm for Cx. quinquefasciatus.
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Abstract

Mosquitoes, such as Aedes aegypti and Culex quinquefasciatus, are important vectors of diseases,
such as dengue fever, chikungunya fever, Zika virus, and filariasis, and these diseases are public
health problems. The present study was carried out to evaluate the larvicidal activity of the
hydroethanolic extract from leaves of Acmella oleracea leaves against 3" instar larvae of the Ae.
aegypti dengue vector and the Cu. quinquefasciatus filariasis vector. The hydroethanolic extract of
caused significant mortality in Ae. Aegypti and Cx. quinquefasciatus. After 24 hours of exposure to
the extract, it was possible to establish the LCso values for the extract: 11.41 ppm for Ae. aegypti and
LCso 32.40 ppm for Cx. quinquefasciatus. It the hydroethanolic extract from leaves of A. oleracea
showed very low ecotoxicity, for the strains of the fungus Trichoderma sp., suggesting can be used
without causing environmental damage. This is the first study that show the use of hydroethanolic
extract from leaves of A. oleracea as an alternative to synthetic larvicides to eliminate larvae of Ae.

aegypti and Cx. quinquefasciatus in an easy, cheap and safe way.

Keywords

Acmella oleracea; Jambu; Amazon biodiversity; Larvicidal activity;
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1. Introduction

Mosquito-borne diseases are still of significant concern, considering the high mortality and
morbidity of these diseases among underdeveloped and developed countries (Carvalho and Moreira,
2017). In Brazil, 925 people died due to diseases transmitted by Aedes aegypti, such as dengue,
chikunguya and, more recently, Zika virus, in 2016 (Brazil, 2017); Aedes aegypti is the main vector
of these diseases.

Culex quinquefasciatus is the main vector of Wuchereria bancrofit, an agent responsible for
lymphatic filariasis, which is an important cause of acute and chronic morbidity (WHO, 1997; Brazil,
2011) and has recently been reported to have the potential for expressive transmission of the Zika
virus through Cx. pipiens quinquefasciatus (Guo et al., 2016). The control of Cx. quinquefasciatus is
based on breeding prevention measures and the elimination of breeding places through improvements
in basic sanitation or the use of larvicides (WHO, 1997).

It is therefore clear that the best way to prevent these diseases is to control their vectors
through the use insecticides and larvicides; however, the uncontrolled and rampant use of these
products, directly or indirectly, generates resistant populations of mosquitoes and many of these
substances used are considered harmful to the environment (Belinato and Valle, 2015, Nkya et al.,
2013).

The search for alternatives to synthetic insecticides stimulates the development of new
technologies. In the Amazon, due to its rich biodiversity, oils, extracts, or active constituents from
certain plants are being exploited for their uses as bioactive products (Guissoni et al., 2013).

Among several species, Acmella oleracea (L.) R. K. Jansen, popularly known as jambu, stands
out. It belongs to the Asteraceae family, a small herbaceous plant with creeping and branching stems
(Cardoso and Garcia; 1997, Barbosa et al., 2016). Jambu leaves and stalks are used in local cuisine

in the Amazon (Cardoso and Garcia, 1997).
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Jambu is rich in bioactive isobutylamides; the majority compounds this species is the alkaloid
(2E,6Z,8E)-N-Isobutyl-2,6,8-decatrienamide, known as spilanthol (Gilbert and Favoreto, 2010). The
presence of this substance and its derivatives gives the plant potential in the pharmaceutical, food,
and health industries, with its best-studied property being its anaesthetic activity (Pandey and
Agrawal, 2009). Interestingly, it also has insecticidal activity via spilanthol against Periplaneta
americana L. (Kadir et al., 1989), Plutella xylostella (Sharma et al., 2012), and Tuta absoluta
(Moreno et al., 2012).

Thus, aiming to deepen the studies on natural products from the Amazonian biodiversity, the
objective of this papes was to evaluate the larvicidal activity of the A. oleraceae hidroethanolic extract

(of the leaves), popularly known as jambu, against Ae. Aegypti and Cx. quinquefasciatus.

2. Material and Methods

2.1 Plant and larvae

The leaves of the jambu were collected in March 2017 in the Fazendinha District (S
°02°30.40/W 5106°’37.5), Macapa-AP, Brazil. The species was identified by botanic Rosangela
Sarquis of Federal University of Amapa and deposited in the Herbarium IAN of Embrapa Amazonia
Oriental under numbering: 196011.

For the larvicidal test, we used third instar larvae of Ae. aegypti Rockefeller and Cx.
quinguefasciatus Macapa strain from the Arthropoda Laboratory of the Federal University of Amapa.
The assay was conducted under controlled conditions, with temperatures between 25 * 2 °C, relative

humidity of 75 + 5%, and a photoperiod of 12 hours.
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Figure 1. Image of the leaves of A. oleracea collected for later drying and production of the extract.

2.2 Preparation of the hydroethanolic extract of Acmella oleracea
The leaves of A. oleracea were dried at room temperature for 10 days, triturated, and stored.

Subsequently, 74 g of crushed leaves were weighed and placed under maceration for 10 days using
ethyl alcohol (70%) (1.5 L) as the solvent, and then the solution was filtered and excess solvent was

subjected to rotary evaporation under reduced pressure and thereafter lyophilized.

2.3 Gas chromatography-mass spectrometry (GC-MS)

We evaluated the samples using a gas chromatograph (GCMS-QP 2010) equipped with an
auto-sampler injection systems (AOC-20i, Shimadzu). The following settings were used: electron
impact detection (Shimadzu MS2010 Plus), electronic impact of 70 eV, and fragments detected from
50-400 Da. Separations were performed on a fused silica capillary column (RTX-5MS with i.d. =
0.25 mm, length = 30 m, and film thickness = 0.25 pum) in a stream of helium (1.03 mL/min). The
sample was solubilized in dichloromethane (2 pg/mL) and 1.0 uL of the solution was subjected to the
following experimental conditions: injector temperature, 210 °C; detector temperature, 250 °C;
carrier gas, helium; flow rate, 3.0 mL/min; and split injection with a split ratio of 1/10. The column
temperature was programmed from 80 °C, with an increase of 6 °C/min, to 250 °C, ending with a 5-

min isothermal step at this temperature; the total analysis time was 35.33 min.
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2.4 Larvicidal activity

The extract were dissolved in dimethylsulphoxide (DMSOD5) at different concentrations (2.5,
5, 7.5, 10 and 15 ppm) for Ae. aegypti and at (5, 10, 20, 30 and 40 ppm) for Cx. quinquefasciatus.
Five replicates were carried out with ten larvae each. Negative controls contained distilled water
containing the same amount of DMSO (1%) present in the respective test sample. The larval mortality
rate was determined after 24 h of incubation. Larvae were considered dead when they did not respond
to stimuli or did not rise to the solution surface, in contrast to those observed in the control. The

bioassay experiments were conducted according to the WHO standard (2005).

2.5 Morphological study of larvae
After treatment, larvae were fixed in formalin (10%) and the external morphology was
analysed under light microscopy (Output DC 6V/20W) and photographed with a digital camera

(MDCE-SC USB 2.0) with scopelmage 9.0 software.

2.6 Isolation of the filamentous fungus Trichoderma ssp

The fungus used in this study was obtained from the Brazil nut (Bertholletia excelsa). To
obtain the isolates, the malt extract medium (2%) was treated with the antibiotic chloramphenicol.
Isolates from Brazil nut urchins were obtained by surface scraping of the structures of the
microorganisms. After the isolation procedure, the petri dishes containing the isolate were transferred
to a BOD greenhouse incubator with an adjusted photoperiod of 12 hours and temperature of 31 + 1
°C. After 7 days of incubation under the conditions described above, the colony and morphological
structure (conidiophores and conidia) of the isolate were evaluated for the identification of
Trichoderma at the genus level, based on the morphological keys of the sections and species

developed by Gams and Bisset (1998).
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2.7 Activity of Trichoderma ssp

The fungi were grown in solid BDA medium, where 20 g of agar and 20 g of dextrose were
weighed and added to distilled water and potato broth. The pH of the medium was corrected to 7.0
with the aid of NaOH (0.1 M) and HCI (0.1 M). After autoclaving, 32.40 ppm the solution of the
jambu extract was impregnated in the culture medium; DMSO (1%) was used as a control. The test
was performed in triplicate. Growth was observed at 24, 48, 72, and 96 hours. Inhibition of mycelial
growth (PIC) was calculated by Equation: (%) PIC = RGC — RGT/RGC x 100, where RGC = radial
growth of control (cm) and RGT = radial growth of treatment (cm) (Vale et al. 2011).
2.8 Statistical analysis

Lethal concentrations (LCso and LCgo) were determined after 24 h of incubation and calculated
using Probit analysis with StatGraphic Centurium XV software, version 15.2.11. If the control
mortality of the treated groups was between 5 — 20 %, the analysis was corrected according to the
WHO (2005) formula: mortality (%) =X — Y/X x 100, where X = percentage survival in the untreated

control and Y = percentage survival in the treated sample.

3 Results
3.1 Gas chromatography-mass spectrometry (GC-MS)

The presence of four major substances was observed by gas chromatography (Figure 2).
Among the compounds found in the extract, the majority was spilanthol (1), followed by linoleic acid

(3), and palmitic acid (2), respectively in the forms of ethyl ester and octadecanamide (4).

Artigo 1 27



s o
NG N N "\T/ 5 (:\/\/ \\/"L‘on

: SR S

spilanthol (1) palmitic acid (2)

/\\/"'\/:\A//\\/”\/’"\//L“ OH

linoleic acid (3)

0
2 Il

NN SN

P e e S
S.octadecenamide (4)

,,,,,,,

Abundance (%)

=T =T =1= T T

Time {min)

Figure 2. Major compounds of the hydroethanolic extract from leaves of the A. oleracea.

3.2 Larvicidal activity of Acmella oleracea extract

The larvicidal bioassays for Ae. aegypti showed 58% mortality in 24 hours at a concentration

of 15 ppm and 18% at the lowest concentration (2.5 ppm) (Figure 3). This demonstrates a promising

result, considering that the concentrations are low.
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Figure 3. Larvicidal activity of Acmella oleracea hydroethanolic extract in Aedes aegypti (A) and

Culex quinquefasciatus (B) larvae at 24 h.
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In the tests for Cx. quinquefasciatus, no mortality was observed for the concentration of 15
ppm, in this way the concentration was increased to 40 ppm where it was possible to observe the
mortality 54% after the period of 24 hours in exposure to the extract and of 12% for the (5ppm) in
the same period.

The LCso and LCgo values for Ae. aegypti in 24 hours were 11.41 ppm and 23.23 ppm,
respectively (Table 1), with a p value <0.05 (0.0124). The LCso and LCoo values for Cx.
quinquefasciatus were 32.40 ppm and 68.24 ppm, respectively, with a p value <0.05 (0.0148), thus
demonstrating that the higher the concentration, the greater the mortality and efficiency of the extract

of A. oleracea for larval control.

Table 1. Larvicidal activity (LCso and LCqo) for Aedes aegypti and Culex quinquefasciatus in 24.

A. oleracea Aedes aegypti Culex quinquefasciatus
24 h 24 h
LCso 11.41 ppm 32.40 ppm
C. 7.98+26.27 ppm 22 + 84.67 ppm
LCoo" 23.23 ppm 68.24 ppm
C. 16.11+86.44 ppm 46.15 + 284 ppm

* LC50 and LC90 in ppm. C.I. = confidence interval

3.3 Analysis of larval morphology after 24h

In the obtained optical microscope images, the larvae of Ae. aegypti (Figure 3a-c) have
normal morphological segments (head (H), thorax (TH), and abdomen (AB) and no changes were
observed in their cuticle, respiratory tract (S), or anal papillae. However, the larvae treated with 15
ppm of extract showed, after 24 hours (Figure 4d-f), a discoloration that started from the thorax and

continued to the end of the abdomen.
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Figure 4. Optical microscope images of Aedes aegypti larvae. Control (a-c) not showing changes,
head (H), thorax (TH), abdomen (AB), respiratory siphon (S) and papilla anal (AP). Treatment with
extract at 15 ppm after 24h exposure (d-f).

When observing the larvae of Cx. quinquefasciatus (Figure 5a-f), it is possible to verify that
both the larvae in the control and in the treatment did not present alterations in the external structure,

making it possible to observe the division of the segments, the presence of the bristles, and the siphon

and papilla without apparent changes.

Figure 5. Optical microscope images of Culex quinquefasciatus larvae. It was submitted to Acmella
oleracea extract at 40 ppm (d-f), head (H), thorax (TH), abdomen (AB), respiratory siphon (S) and
anal papilla (AP). Control (a-c) with no changes.
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3.4 Activity Fungus Trichoderma ssp

The study showed low values for %PIC 1.78. This result indicat that of the hydroethanolic
extract from leaves of A. oleracea no induced significant toxic responses on test-microorganisms,
fungus Trichoderma ssp, up until of 96 h for concentration of 32.40 ppm.
4 Discussion

The compound (2E,6Z,8E)-N-Isobutyl-2,6,8-decatrienamide (spilanthol) was identified as the
major substance present in the hydroethanolic extract of jambu leaves. The identification of
espilantol by electron impact (70 eV) showed the appearance of two characteristic fragmentation
signals, resulting from hemolytic C-C bond cleavage, at m/z = 81 (100%) and m/z = 141 (72%)
(Hiserodt et al., 2004).

In this study, the hydroethanolic extract of A. oleracea showed an LCs of 11.41 ppm after 24
hours for Ae. aegypti, unlike the results described by Simas et al. (2013), who studied the crude
ethanolic extract of the leaves of A. oleracea and observed an LCsg value of 251 ppm overall and an
LCso value of 145 ppm in the hexane partition. Notably, the chemical composition of the metabolites
can be influenced by the development site, seasonality, age, temperature, water stress, ultraviolet
radiation, mechanical factors, and pathogen attack of the product (Gobbo-Neto and Lopes, 2007).

The hydroethanolic extract of the leaves of A. oleracea collected in the district of Fazendinha
- Macapa Brazil, was effective for killing the larvae of Ae. aegypti, required only a low dose to be
effective, was easy to prepare, and was cheap. It is noteworthy that the presence of the 2E-type
unsaturated bonds present in alkanoamines are associated with insect toxicity (Jacobson, 1954).

In contrast, other studies reported insecticidal activity from Clausena anisata extract with an
LCso value of 59.65 ppm in 24 hours (Mukandiwa et al., 2015), Xanthium strumarium seed extract
with an LDsg of 531.07 ppm against Ae. caspius and 502.32 ppm for Cx. pipiens larvae (Mekhlafi
etal., 2017), and methanolic extract from the leaves of Crataeva magna with LCso values of 121.69,
132.09, and 147.27 ppm for Anophelles stephensi, Ae. aegypti, and Cx. quinquefasciatus,

respectively, at 24 hours of exposure (Veni et al., 2016).
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The insecticidal activity of spilanthol isolated from the Spilanthes acmella extract for
Periplaneta americana L. showed high activity against the adults of this species, with an LDsg value
of 2.46 ppm; electrophysiological experiments suggested that spilanthol interferes in the nervous
system (Kadir et al., 1989). A study of the Spilanthes acmella flower head extract also showed
activity against the 2" instar larvae of Plutella xylostella, presenting LCso values of 1.49, 5.14, and
5.04 ppm for espilanthol, the hexanic extract, and the methanolic extract, respectively (Sharma et
al., 2012).

In the study by Pandey et al. (2007), the hexanic extract of the flowers of Spilanthes Acmella
L. var. Oleraceae Clarck showed variable mortality for the larvae of three species of three species
of vectors: Anopheles stephensi, An. culicifacies, and Cx. quinquefasciatus, with LCso values of 4.57
ppm, 87 ppm, and 3.11 ppm, respectively.

In the tests carried out in this work, the LCso value for Cx. quinquefasciatus was 32.40 ppm;
however, the solvent used and the part of the plant used to determine this activity were different in
both works, and therefore the larvicidal actions of the extracts are more difficult to compare. It is
also worth mentioning that ethanol was used as the solvent in this work and not hexane; ethanol is
less toxic to the environment than hexane, relatively easy to access, less volatile, and, consequently,
safer to handle.

Soonwera and Phasomkusolsil (2016), when studying the effect of the oils of Cymbopogon
citratus and Syzygium aromaticum on the morphology of Ae. aegypti and Anopheles dirus, observed
morphological alterations in the larvae in comparison to the control, where they presented
deformations in the neck and stretching, as well as loss of siphon; in this work, it was also possible
to observe changes in Ae. aegypti, where there was a loss in the clarity of the segmentation when
compared to the control and a discoloration in the cuticle, suggesting that substances present in the
extract may interact with chitin. However, Valotto et al. (2010), did not identify external
morphological alterations in the larvae but instead observed the expulsion of the peritrophic matrix

to the external environment, containing all of the food, as a means of eliminating the larvicidal
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substance.

Morphological studies in the larvae of Cx. quinquefasciatus also demonstrated alterations
caused by a nanoemulsion of Pterodon emarginatus in the abdomen, thorax, and anal papillae
(Oliveira et al., 2017); however, this effect was not observed in our results, suggesting that the
mortality of Cx. quinquefasciatus is not related to external damage of the integument. Studies have
shown that secondary metabolites with insecticidal effects may act in different ways, such as
inhibiting feeding, regulating growth, or acting on the neuroendocrine system and interfering with
tegument exchange and/or metamorphosis (Menezes, 2005; Maciel et al., 2010).

Endophytic fungi that live in association with plants without inducing any visible symptoms
of pathogenicity (Dastogeer et al., 2017) may associate with the roots and produce interesting

metabolites with applications in agriculture, industry, and pharmaceuticals (Souza et al., 2004).

The study indicate too that hydroethanolic extract from leaves of jambu is an optimal source
of nitrogen or carbon for culture of fungus Trichoderma ssp about boratory incubation condition (pH
7 and 31 = 1 °C), however field studies would be required to confirm whether the degradation of the
jambu extract would be the same, enhanced or reduced in the real situation.

The non-toxicity of the hydroethanolic extract from leaves of jambu for the fungus
Trichoderma ssp. Is promising since it is an endophytic and cosmopolitan fungus, can be present in
the soil, and presents as a bioprotector, promoting growth and relieving the biotic and abiotic stress
of plants (Mastouri et al., 2010). Trichoderma harzianum are also aids in the growth of plants in
saline environments, which have higher water content and better photosynthetic performance
(Yasmeen e Siddiqui, 2017). Therefore, it is suggested that the hydroethanolic extract from sheets
of A. oleracea has no toxicity and can be used without damage to the environment.

The hydroethanolic extract of A. oleracea, against the larvae of the Ae. aegypti and Cx.
quinquefasciatus, showed a significant result when compared to the adopted literature, mainly
because it is a compound of the chemical derivatives and not only of an isolated product.

We must emphasize, however, that the chemical specificity of the species used is directly
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influenced by the seasonality, leading to the biochemical changes of the main metabolites, both

constituent and extractable, as well as the extraction method.

5. Conclusions

It is concluded that the hydroethanolic extract from leaves of jambu was more toxic to Aedes
aegypti larvae (LCso 11.41 ppm); consequently, higher selectivity was suggested in the studied
concentrations when compared to the effects on Culex quinquefasciatus larvae (LCso 32.40 ppm).
This is the first study that show the use of hydroethanolic extract from leaves of A. oleracea as an
alternative to synthetic larvicides to eliminate larvae of Ae. aegypti and Cx. quinquefasciatus in an
easy, cheap and safe way.

It was observed that the hydroethanolic extract from leaves of jambu has no toxicity and can

be used without causing environmental damage.
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4 CONSIDERAGOES FINAIS E PERSPECTIVAS

Este trabaho abriu perspectivas quanto ao uso de Acmella oleracea para atividade
biolégica larvicida para espécie de Aedes aegypti cepa rockefeller e Culex
guinquefasciatus. O extrato hidroetandlico 70% foi mais toxico para Ae. aegypti com CLso
11,41 ppm, do que para Cx. quinquefasciatus que apresentou CLso 32,40. A composicao
guimica do extrato apresentou quatro compostos marjoritarios acido palmistico, acido
linoléico, 5-octadecanamida e espilantol, onde estes podem estar relacionada a atividade
larvicida apresentada pelo extrato.

O mesmo nao apresentou toxicidade para fungos Trichoderma ssp, sugerindo assim

gue o extrato hidroetanélico de Jambu pode ser utilizado como um meio de controle para

estes vetores sem danos ao meio ambiente.
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ANEXOS E APENDICES

Anexo 1 - Normas de publicacdo dos respectivos periodicos

INTRODUCTION

Official Journal of the South  African Association of Botanists
(http://www.sabotany.com) The South African Journal of Botany publishes original papers
that deal with the classification, biodiversity, morphology, physiology, molecular biology,
ecology, biotechnology, ethnobotany and other botanically related aspects of plants.

Types of Paper Reviews

Short-Reviews, Research Papers and Technical Notes will be considered.

Reviews: Review articles will be by Editor-in-Chief invitation only, but suggestions for
Review topics may be forwarded to the Editor-in-Chief for consideration.

Short-Reviews: are reviews updating the scientific community on important advances
in the plant sciences. They are not longer than 6 printed pages with no more than 40
references.

Research Papers: should report the results of original research. The material should
not have been previously published elsewhere. Technical Notes: these will not exceed two
printed pages and include only one table or one figure.

Before you begin

Ethics in publishing Please see our information pages on Ethics in publishing and
Ethical guidelines for journal publication.

PREPARATION

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should
be numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section
numbering). Use this numbering also for internal cross-referencing: do not just refer to 'the
text'. Any subsection may be given a brief heading. Each heading should appear on its own
separate line.

Introduction

State the objectives of the work and provide an adequate background, avoiding a
detailed literature survey or a summary of the results.

Material and methods
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Any species or infraspecific taxon studied is to be referenced against appropriate
literature used to identify the material concerned. Give full scientific name(s) of plant(s) used,
as well as cultivar (cv.) or variety (var.) where applicable. All growth conditions should be
properly described. Sufficient detail of the techniques used should be provided to allow easy
repetition.

Results

Results should be clear and concise. Do not include material appropriate to the
Discussion.

Discussion

This should highlight the significance of the results and place them in the context of
other work. Do not be over-speculative or reiterate the results. If desired the Results and
Discussion sections may be amalgamated.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae
and equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.;
in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and figures: Table A.1;
Fig. A.1, etc.

Essential title page information

* Title. Concise and informative. Titles are often used in information-retrieval systems.
Avoid abbreviations and formulae where possible.

» Author names and affiliations. Please clearly indicate the given name(s) and family
name(s) of each author and check that all names are accurately spelled. You can add your
name between parentheses in your own script behind the English transliteration. Present
the authors' affiliation addresses (where the actual work was done) below the names.
Indicate all affiliations with a lowercase superscript letter immediately after the author's name
and in front of the appropriate address. Provide the full postal address of each affiliation,
including the country name and, if available, the e-mail address of each author.

» Corresponding author. Clearly indicate who will handle correspondence at all
stages of refereeing and publication, also post-publication. This responsibility includes
answering any future queries about Methodology and Materials. Ensure that the e-mail
address is given and that contact details are kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the
article was done, or was visiting at the time, a 'Present address' (or 'Permanent address’)

may be indicated as a footnote to that author's name. The address at which the author
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actually did the work must be retained as the main, affiliation address. Superscript Arabic
numerals are used for such footnotes.

Abstract

A concise and factual abstract is required. The abstract should state briefly the
purpose of the research, the principal results and major conclusions. An abstract is often
presented separately from the article, so it must be able to stand alone. For this reason,
References should be avoided, but if essential, then cite the author(s) and year(s). Also,
non-standard or uncommon abbreviations should be avoided, but if essential they must be
defined at their first mention in the abstract itself. It must not exceed 5% of the manuscript.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet
points that convey the core findings of the article and should be submitted in a separate
editable file in the online submission system. Please use 'Highlights' in the file name and
include 3 to 5 bullet points (maximum 85 characters, including spaces, per bullet point). You
can view example Highlights on our information site.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on
the first page of the article. Such abbreviations that are unavoidable in the abstract must be
defined at their first mention there, as well as in the footnote. Ensure consistency of
abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the title or
otherwise. List here those individuals who provided help during the research (e.g., providing
language help, writing assistance or proof reading the article, etc.).

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's
requirements:Funding: This work was supported by the National Institutes of Health [grant
numbers xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz];

and the United States Institutes of Peace [grant number aaaa].

Itis not necessary to include detailed descriptions on the program or type of grants and
awards. When funding is from a block grant or other resources available to a university,
college, or other research institution, submit the name of the institute or organization that
provided the funding.
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If no funding has been provided for the research, please include the following
sentence:
This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.
Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the
article. Many word processors can build footnotes into the text, and this feature may be used.
Otherwise, please indicate the position of footnotes in the text and list the footnotes
themselves separately at the end of the article. Do not include footnotes in the Reference

list.

Artwork

Electronic

artwork

General

points

» Make sure you use uniform lettering and sizing of your original artwork.

» Embed the used fonts if the application provides that option.

o Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman,
Symbol, or use fonts that look similar.

* Number the illustrations according to their sequence in the text.

» Use a logical naming convention for your artwork files.

 Provide captions to illustrations separately.

« Size the illustrations close to the desired dimensions of the published version.
o Submit each illustration as a separate file.

« A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given

here.

Formats
If your electronic artwork is created in a Microsoft Office application (Word,
PowerPoint, Excel) then please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic

artwork is finalized, please 'Save as' or convert the images to one of the following formats
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(note the resolution requirements for line drawings, halftones, and line/halftone
combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of
300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a
minimum of 1000 dpi. TIFF (or JPEG): Combinations bitmapped line/half-tone (color or
grayscale), keep to a minimum of.

Tables

Please submit tables as editable text and not as images. Tables can be placed either
next to the relevant text in the article, or on separate page(s) at the end. Number tables
consecutively in accordance with their appearance in the text and place any table notes
below the table body. Be sparing in the use of tables and ensure that the data presented in
them do not duplicate results described elsewhere in the article. Please avoid using vertical
rules and shading in table cells.

REFERENCES

Citation in text

Please ensure that every reference cited in the text is also present in the reference
list (and vice versa). Any references cited in the abstract must be given in full. Unpublished
results and personal communications are not recommended in the reference list, but may be
mentioned inthe text. If these references are included in the reference list they should follow
the standard reference style of the journal and should include a substitution of the
publication date with either 'Unpublished results' or 'Personal communication'. Citation of a
reference as 'in press' implies that the item has been accepted for publication.

Web references
As a minimum, the full URL should be given and the date when the reference was
last accessed. Any further information, if known (DOI, author names, dates, reference to a
source publication, etc.), should also be given. Web references can be listed separately
(e.g., after the reference list) under a different heading if desired, or can be included in the

reference list.
Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript

by citing them in your text and including a data reference in your Reference List. Data
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references should include the following elements: author name(s), dataset title, data
repository, version (where available), year, and global persistent identifier. Add [dataset]
immediately before the reference so we can properly identify it as a data reference. The

[dataset] identifier will not appear in your published article.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and

any citations in the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most
popular reference management software products. These include all products that support
Citation Style Language styles, such as Mendeley and Zotero, as well as EndNote. Using
the word processor plug-ins from these products, authors only need to select the
appropriate journal template when preparing their article, after which citations and
bibliographies will be automatically formatted in the journal's style. If no template is yet
available for this journal, please follow the format of the sample references and citations as

shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by
clicking the following link:http://open.mendeley.com/use-citation-style/south-african-journal-
of-botany

When preparing your manuscript, you will then be able to select this style using the
Mendeley plug- ins for Microsoft Word or LibreOffice.

Reference style

Text: All citations in the text should refer to:
1. Single author: the author's name (without initials, unless there is ambiguity) and the
year of publication;
2. Two authors: both authors' names and the year of publication;
3. Three or more authors: first author's name followed by "et al." and the year of
publication. Citations may be made directly (or parenthetically). Groups of references

should be listed first alphabetically, then chronologically.

Examples: "as demonstrated (Allan, 1996a, 1996b, 1999; Allan and Jones, 1995).
Kramer et al. (2000) have recently shown ...."
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List: References should be arranged first alphabetically and then further sorted
chronologically if necessary. More than one reference from the same author(s) in the same
year must be identified by the letters "a", "b", "c", etc., placed after the year of publication.

Examples:

Reference to a journal publication (journal names in full, not abbreviated):

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2000. The art of writing a scientific
article. Journal of Science Communication 163, 51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 1979. The Elements of Style, third ed. Macmillan, New
York. Reference to a chapter in an

edited book:

Mettam, G.R., Adams, L.B., 1999. How to prepare an electronic version of your
article, in: Jones, B.S., Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing
Inc., New York, pp. 281-304.

Supplementary material

Supplementary material such as applications, images and sound clips, can be
published with your article to enhance it. Submitted supplementary items are published
exactly as they are received (Excel or PowerPoint files will appear as such online). Please
submit your material together with the article and supply a concise, descriptive caption for
each supplementary file. If you wish to make changes to supplementary material during any
stage of the process, please make sure to provide an updated file. Do not annotate any
corrections on a previous version. Please switch off the "Track Changes' option in Microsoft
Office files as these will appear in the published version.

RESEARCH DATA

This journal encourages and enables you to share data that supports your research
publication where appropriate, and enables you to interlink the data with your published
articles. Research data refers to the results of observations or experimentation that validate
research findings. To facilitate reproducibility and data reuse, this journal also encourages
you to share your software, code, models, algorithms, protocols, methods and other useful

materials related to the project.

Below are a number of ways in which you can associate data with your article or

make a statement about the availability of your data when submitting your manuscript. If you
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are sharing data in one of these ways, you are encouraged to cite the data in your manuscript
and reference list. Please refer to the "References" section for more information about data
citation. For more information on depositing, sharing and using research data and other

relevant research materials, visit the research data page.
Data linking

If you have made your research data available in a data repository, you can link your
article directly to the dataset. Elsevier collaborates with a number of repositories to link
articles on ScienceDirect with relevant repositories, giving readers access to underlying data
that gives them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you
can directly link your dataset to your article by providing the relevant information in the
submission system.

For supported data repositories a repository banner will automatically appear next
to your published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text
of your manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020;
CCDC: 734053; PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data
(including raw and processed data, video, code, software, algorithms, protocols, and
methods) associated with your manuscript in a free-to-use, open access repository. During
the submission process, after uploading your manuscript, you will have the opportunity to
upload your relevant datasets directly to Mendeley Data. The datasets will be listed and
directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.
Data in Brief

You have the option of converting any or all parts of your supplementary or additional
raw data into one or multiple data articles, a new kind of article that houses and describes
your data. Data articles ensure that your data is actively reviewed, curated, formatted,
indexed, given a DOI and publicly available to all upon publication. You are encouraged to
submit your article for Data in Brief as an additional item directly alongside the revised
version of your manuscript. If your research article is accepted, your data article will
automatically be transferred over to Data in Brief where it will be editorially reviewed and
published in the open access data journal, Data in Brief. Please note an open access fee of
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500 USD is payable for publication in Data in Brief. Full details can be found on the Data in

Brief website. Please use this template to write your Data in Brief.

AFTER ACCEPTANCE

Corresponding authors will receive an e-mail with a link to our online proofing
system, allowing annotation and correction of proofs online. The environment is similar to
MS Word: in addition to editing text, you can also comment on figures/tables and answer
guestions from the Copy Editor. Web-based proofing provides a faster and less error-prone
process by allowing you to directly type your corrections, eliminating the potential
introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version.
Allinstructions for proofing will be givenin the e-mail we send to authors, including alternative
methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately.
Please use this proof only for checking the typesetting, editing, completeness and
correctness of the text, tables and figures. Significant changes to the article as accepted for
publication will only be considered at this stage with permission from the Editor. It is
important to ensure that all corrections are sent back to us in one communication. Please
check carefully before replying, as inclusion of any subsequent corrections cannot be
guaranteed. Proofreading is solely your responsibility.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find

everything from Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted
article will be published.

Westaway EG, Blok J. Taxonomy and evolutionary relationships of flaviviruses.
In:Gubler DJ, Kuno C, eds. Dengue and Dengue Hemorrhagic Fever. Cambridge: CAB
International; 1997, p. 147-73.
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