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RESUMO

ATIVIDADE INSETICIDA E REPELENTE DO OLEO ESSENCIAL DE Pelargonium
graveolens EM Musca domestica E Lucilia cuprina

AUTOR: LUANA CARVALHO SARAIVA
ORIENTADORA: SILVIA GONZALEZ MONTEIRO

A utilizacdo dos 6leos essenciais com atividade inseticida tem sido amplamente estudada,
proporcionando uma nova alternativa de tratamento, uma vez que os inseticidas sintéticos
convencionais, devido ao seu potencial toxico e uso indiscriminado tém provocado um
aumento de espécies resistentes, causando significativos danos a satde do homem e dos
animais. Neste contexto, o uso de 6leos essenciais pode contribuir significantemente para o
controle de insetos. Este trabalho teve o objetivo de investigar a atividade inseticida do dleo
essencial de Pelargonium graveolens frente a duas espécies de moscas. Para isso, foram
realizados ensaios larvicidas, utilizando quatro concentragdes do oleo (2,5%, 5%, 10% e
20%), um controle negativo com tween-80 e um controle positivo contendo diazinon. Os
ensaios adulticidas foram realizados utilizando as técnicas de exposi¢do ao papel impregnado
e aplicagdo topica, ambos, com concentragdes de 1%, 2,5%, 5% e 10%, acetona e Diazinon
como controles negativo e positivo, respectivamente. Também foi realizado o teste de
repeléncia com concentrac¢do de 1% do 6leo essencial, tween-80 1% como controle negativo e
Diazinon 1% como controle positivo. Todos os testes foram realizados em triplicata. O 6leo
essencial de P. graveolens ndo apresentou potencial larvicida sobre as duas espécies de
insetos. No teste adulticida do papel impregnado foi observado mortalidade de 100% aos 120
minutos em M. domestica e em L. cuprina a concentragdo 1% foi eficaz aos 60 minutos
matando 100% das moscas. Em 120 minutos de teste de aplicacdo superficial o 6leo essencial
na concentragdo 5% apresentou mortalidade de 100% para M. domestica e para L. cuprina, o
6leo essencial 5% e 10% apresentaram mortalidades de 96% e 100% em 45 minutos,
respectivamente. O dleo essencial de P. graveolens (1%) apresentou efeito repelente. Diante
disso, o oleo de P. graveolens pode ser utilizado como uma forma de controle natural de M.
domestica e L. cuprina, reduzindo o uso de inseticidas quimicos comumente utilizados para o
controle desses dipteros.

Palavras-chave: fitoterapia, moscas, geranio, monoterpenos



ABSTRACT

THE INSECTICIDE AND REPELLENT ACTIVITY OF THE ESSENTIAL OIL OF
Pelargonium graveolens IN Musca domestica AND Lucilia cuprina

AUTHOR: LUANA CARVALHO SARAIVA
ADVISOR: SILVIA GONZALEZ MONTEIRO

The use of essential oils with insecticidal activity has been widely studied, providing a new
treatment alternative, since conventional synthetic insecticides, due to their toxic potential and
indiscriminate use have caused an increase of resistant species, causing significant damages to
human and animals health.In this context, the use of essential oils can contribute significantly
to the control of insects.The objective of this work was to investigate the insecticidal activity
of the essential oil of Pelargonium graveolens against two species of flies.For this, larvicidal
tests were performed, using four concentrations of oil (2.5%, 5%, 10% and 20%), a negative
control with Tween-80 and a positive control containing Diazinon.The adulticidal tests were
performed using impregnated paper and topical application techniques, both with
concentrations of 1%, 2.5%, 5% and 10%, acetone and Diazinon as negative and positive
controls, respectively. The repellency test was also performed with the difference of 1% of the
essential movement, 1% Tween-80 as a positive control and 1% Diazinon as positive
control.All tests were performed in triplicate. The essential oil of P. graveolens did not
present larvicidal potential on the two species of insects.In the adulticidal test of the
impregnated paper, a 100% mortality at 120 minutes was observed in M. domestica and in L.
cuprina the 1% concentration was effective at 60 minutes, killing 100% of the flies.In 120
minutes of superficial application test the essential oil in the 5% concentration presented
100% mortality for M. domestica and for L. cuprina, the essential oil 5% and 10% presented
mortalities of 96% and 100% in 45 minutes, respectively.The essential oil of P. graveolens
(1%) presented a repellent effect.Thus, P. graveolens oil can be used as a form of natural
control of M. domestica and L. cuprina, reducing the use of chemical insecticides commonly
used to control these dipterous.

Keywords: phytotherapy, flies, geranium, monoterpenes.
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APRESENTACAO

Os resultados e a discussdo que fazem parte desta dissertacdo estdo apresentados sob a
forma de artigo que serd submetido para publicacdo na revista Parasitology Research, o qual
se encontra no item MANUSCRITO. As se¢oes Materiais e Métodos, Resultados, Discussao e
Referéncias Bibliograficas, encontram-se no proprio artigo e representam a integra deste
estudo. As REFERENCIAS BIBLIOGRAFICAS se referem somente as citagdes que
aparecem nos itens INTRODUCAO e REVISAO BIBLIOGRAFICA desta dissertacio.
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1 INTRODUCAO

Atualmente o controle de muitas espécies de moscas tem sido realizado através do
uso de inseticidas sintéticos, porém o grande problema ¢ que estes produtos sdo toxicos
para organismos bioldgicos ndo-alvos e contaminam o meio ambiente. Devido a isso, ha
um crescente interesse em alternativas de controle desses insetos a partir de produtos
naturais e biodegradaveis que ndo agridam o ambiente, a saude humana e animal, além de
solucionar a resisténcia que o uso errdneo desses agentes quimicos tém causado nos
artropodes (REGNAULT-ROGER et al., 2012).

As espécies Musca domestica (Muscidae) e Lucilia cuprina (Calliphoridae) sdo
consideradas como importantes contribuintes para a dissemina¢do de diversas doengas
infecciosas transmitidas por alimentos, como por exemplo, colera, shigelose e salmonelose.
A transmissdo de patdgenos a partir desses insetos pode acontecer, inicialmente, pela
conservagdo desses agentes no canal alimentar e/ou devido a contaminag@o nas partes
externas no corpo do inseto durante a alimentacdo, defecag@o e/ou regurgitagao (SASAKI
et al., 2000).

No entanto, diante do relevante potencial dessas moscas de natureza sinantropica
em transmitir diversos agentes patogénicos, se faz necessario um controle eficaz desses
insetos, principalmente, em localidades subdesenvolvidas onde ha falta de educacdo em
saude e condicdes de higiene adequadas. Além da resisténcia desenvolvida pelos insetos
pelos inseticidas quimicos, outra preocupacdo € o uso excessivo que pode implicar na
saude e também no desequilibrio ambiental (ISMAN et al., 2011; UMPIERREZ et al.,
2011).

Os dleos essenciais tém sido amplamente estudados como agentes promissores
para o controle de um grande nimero de insetos por apresentarem atividade inseticida
diante de todas as fases evolutivas, também atuar como repelentes fumigantes e como
reguladores no crescimento dos insetos. Essas propriedades tém sido relacionadas devido a
presenga de compostos quimicos bioativos que representam os complexos mono e
sesquiterpenos sendo os monoterpenos o grupo predominante com agdo inseticida
(REGNAULT-ROGER et al., 2012).

O oleo de Pelargonium graveolens, conhecido popularmente como geranio é
amplamente utilizado no tratamento de diabetes, diarréia, ulceras gastricas, esterilidade,
célculos urindrios, além de apresentar atividades antibacteriana e inseticida (TABANCA et

al., 2013), também ¢ frequentemente utilizado na constituicdo de produtos aromaticos e na
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producdo de cosméticos. Sua atividade biologica esta relacionada aos principais

constituintes: citronelol, geraniol e linalol (BOUKHRIS et al., 2011).

2 REVISAO BIBLIOGRAFICA

2.1 MOSCAS DE IMPORTANCIA NA SAUDE PUBLICA

As moscas das familias, Sarcophagidae, Muscidae e Calliphoridae evoluiram para
viver em estreita associagdo com o homem (moscas sinantropicas) como pragas irritantes
(OLSEN, 1998). As moscas vivem na sujeira, em excremento animal ¢ humano, lixo, cama
animal e também em matéria organica em decomposi¢do. Os habitos reprodutivos e
alimentares de muitas espécies de moscas sdo semelhantes (GREENBERG, 1973). As
moscas sinantropicas sdo conhecidas como carreadoras de uma grande variedade de virus,
bactérias e protozoarios de importancia para a saiude publica (GREENBERG, 1973;
OLSEN, 1998), sendo abundantes nas areas urbanas e rurais onde prevalecem condi¢cdes
insalubres e sdo geralmente escassas quando as condigles sanitarias sdo satisfatorias
(GREENBERG, 1973). Estes insetos t€ém um papel ecologico essencial na natureza porque
as larvas facilitam a reciclagem de nutrientes pela fragmentacdo e modificagdo bioquimica
da matéria organica em decomposicdo, além de possibilitarem a melhoria do solo pela
abertura de galerias quando enterram-se para pupagdo (ODUM, 1983). As moscas podem
se tornar um problema quando sua populagdo aumenta de forma demasiada, o que ¢ mais
frequente em regides de clima quente, quando o seu desenvolvimento e a ovogénese sio
acelerados, possibilitando o sincronismo de numerosas geragdes diferentes em uma mesma
localidade. Densidades populacionais aumentadas facilitam a dispersdo e a invasdo de
propriedades e domicilios pelas moscas, causando problemas econdomicos e de Saude

Pablica (PRADO, 2003).

2.1.1 Musca domestica (Linnaeus, 1758)

A Musca domestica L., conhecida popularmente como mosca comum ou mosca
doméstica, ¢ um diptero pertencente a familia Muscidae, holometdbolo com estadios

morfologicamente distintos: ovo, larva, pupa e adulto (ROGER, 2002) que vive em estreita
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proximidade com os seres humanos (FORSTER et al., 2007). A larva de M. domestica tem
afinidade por residuos organicos, tais como organismos podres, lixo, residuos de animais e de
alimentos. Ao contrario de muitas pragas que consomem residuos, a M. domestica tem muitas
vantagens, como: se adapta facilmente ao ambiente € resistente a microrganismos, possui
ampla distribuicao geografica, prosperando em temperaturas que variam de 20°C a 35°C em

areas como Australia, Pacifico, Africa, Américas e Asia (NIU et al., 2016).

Figura 1. Musca domestica L.

Fonte: Arquivo do Laboratorio de Parasitologia Veterinaria

Este inseto tem grande capacidade reprodutiva, ou seja, cresce rapido e possui um
ciclo de vida curto. Cada fémea pode gerar 500 ovos durante toda a sua vida. O ciclo de vida ¢
de aproximadamente 15 dias e geralmente podem sobreviver 7-8 geracdes por ano e até
mesmo 20 geracdes em condicdes adequadas. A criacdo durante todo o ano pode ser
conseguida através de circunstancias de alimentacdo artificial (NIU et al., 2016).

A mosca doméstica também ¢ encontrada em regides agricolas com predominancia em
areas com pouca higiene e saneamento (JUNAID et al., 2014). As moscas servem como
vetores e reservatorios para patdégenos que transmitem doencgas pelos alimentos (KHOBDEL
et al., 2008), como a colera, shigelose e salmonelose (BARIN et al., 2010). A transmissdo de
patdgenos € mecanica, ou seja, 0os microrganismos podem permanecer varios dias na mosca,
contaminando as partes externas do corpo, como os tarsos enquanto se alimenta, durante a
defecacdo e a regurgitagdo, assim transferindo-os para os alimentos expostos, superficies de
preparagdo e recipientes onde os mesmos sdo mantidos (PHOKU et al., 2016 e TILAK et al.,
2010). Embora os inseticidas possam efetivamente reduzir as populagdes de M. domestica, os

efeitos secundarios graves destes produtos quimicos podem resultar em residuos nos
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alimentos e no ambiente, que podem ser nocivos para os seres humanos e animais
(SIRIWATTANARUNGSEE et al., 2008).

As estratégias atuais de controle empregadas em 4reas de infestacdo sdo: iscas toxicas,
fumigagdo com inseticidas de contato, armadilhas pegajosas e de choque (MALIK et al.,
2007). Em tais ambientes, os repelentes sdo adjuvantes potencialmente uteis para as medidas
de controle disponiveis e podem ser utilizados para evitar que moscas que ndo foram mortas

por qualquer um dos métodos citados entrem em contato € contaminem substratos.

2.1.2 Lucilia cuprina (Wiedemann, 1830)

As moscas da familia Calliphoridae, sdo dipteros comuns na regido neotropical, onde
os géneros Cochliomyia, Compsomyiops, Lucilia, Calliphora ¢ Chrysomya estdao associados a
miijases em animais selvagens, domésticos e humanos (FIGUEIREDO et al., 2012; WALL,
2012).

O género Lucilia possui colorido metalico azul ou verde intenso, algumas vezes com
reflexos acobreados e com numerosas cerdas no térax. As espécies neotropicais mais
conhecidas sdo: Lucilia cuprina, L. eximia e L. sericata (DE CARLI, 2008).

A espécie L. cuprina (Wiedemann, 1830), conhecida por mosca varejeira de ovelhas
australianas (Australian sheep blowfly), possui uma distribui¢do cosmopolita, ¢ produtora de
mijases em ovinos, considerada uma praga de importancia econOmica significativa na

agricultura neotropical (STEVENS e WALL, 1997; SANDEMAN et al., 2014).

Figura 2. Lucilia cuprina W.

Fonte: Mukandiwa et al. (2012)
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A L. cuprina causa a conhecida miiase da 13 na qual tem importancia na satde e bem-
estar animal, bem como impactos na economia e na industria de ovinos (SANDEMAN et al.,
2014).

A fémea necessita de suplementagdo proteica na alimentagdo para completar o
desenvolvimento ovariano e fazer postura, colocam aproximadamente 100 a 300 ovos,
durante toda a sua vida. Esse diptero possui atividade diurna e ¢ atraida por estimulos visuais,
olfatorios e gustatorios (DE CARLI, 2008), principalmente por odores da ovelha, associados
com infec¢des bacterianas em 18 timida onde ela deposita seus ovos (TELLAM e BOWLES,
1997). As larvas em desenvolvimento se alimentam dos tecidos, causando sérios danos,
toxemia, e em alguns casos a morte do animal. A consequente perda dos animais, custos nos
tratamentos quimicos, preventivo e curativo, questdes de bem-estar animal, acarretam em
encargos econdmicos na pecuaria (LANE et al., 2015).

As larvas eclodidas s3o suscetiveis a dessecagdo, por isso se movimentam em diregdo
ao substrato. Em tecidos vivos permanecem abaixo da pele para alimentar-se do exsudato rico
em proteina produzido pela pele irritada, causando extensas lesdes. No terceiro estadio, a
larva sai do hospedeiro e enterra-se no solo numa profundidade de 1 a 2 cm para pupar e
completar o seu desenvolvimento. O ciclo completo de ovo até a fase adulta dura em torno de
15 a 20 dias (DE CARLI, 2008).

O controle desta praga utilizando inseticidas quimicos ¢ em grande parte eficaz na
produgdo animal (WALL, 2012; SANDEMAN et al.,, 2014). No entanto, existe uma
necessidade de medidas de controle em ambientes urbanos, onde a natureza sinantropica dessa
mosca faz dela um potencial disseminador de patdégenos (PAES et al., 2005).

Diante disso, essa espécie de mosca desenvolveu resisténcia a varias classes de
inseticidas quimicos utilizados para o seu controle, incluindo organoclorados,
organofosforados, benzoil-fenil-ureia diflubenzuron (SANDEMAN et al.,2014) assim como a
triazina ciromazina (LEVOT, 2012), sendo que, apenas dois produtos quimicos permanecem
eficazes, sem resisténcia relatada, que sdo a lactona macrociclica ivermectina e o diciclanil de
cianopirimidina. Entretanto, ainda ndo existe um produto que seja capaz de eliminar todas as

fases de desenvolvimento da mosca (BAGNALL et al., 2017).
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2.2 INSETICIDAS QUIMICOS

A ocorréncia de produtos quimicos nocivos no ambiente tornou-se uma questdo de
grande debate nas Ultimas décadas (BAO et al., 2015). A poluicdo ambiental causada por
residuos de pesticidas ¢ uma grande preocupacdo em programas de saude publica devido ao
seu uso extensivo na agricultura (WALISZEVSKI et al, 1996). Os compostos
organofosforados s@o um dos poluentes orgdnicos mais encontrados no meio ambiente
(TANG et al., 2009). A toxicidade dos inseticidas organofosforados causam efeitos adversos
em muitos 6rgdos humanos (GUPTA, 2006). Os sistemas que podem ser afetados por esses
compostos sdo o sistema nervoso, imunoldgico, hepatico, muscular, urinario, reprodutivo e
hematologico (BENJAMIN et al., 2006; AL-ATTAR, 2015; ABDEL-DAIM, 2016; LI et al.,
2016).

O N, N-dietil-m-toluamida (DEET) tem sido um eficaz repelente sintético topico de
artropodes hematofagos, utilizado comumente ha décadas, mas seu uso tem gerado
preocupagdes sobre sua toxicidade para organismos nao-alvo (SINGH et al., 2010, KIM et al.,
2011). A eficacia do DEET como repelente deve-se, em grande parte, a sua capacidade de
impedir que os artropodes hematofagos detectem odores atrativos (LEE et al., 2010). Este
modo de agdo "mascarante" pode ndo deter as moscas lambedoras de pousarem em superficies
e transmitirem patdgenos. Muitos metabdlitos secundarios encontrados nos dleos essenciais
de plantas tém sido demonstrados como sendo toxicos e/ou repelentes para uma variedade de

espécies de insetos (TRIPATHI et al., 2009).

2.2.1 Uso do organofosforado Diazinon

Os organofosforados estdo entre os pesticidas quimicos mais utilizados em todo o
mundo (ZHANG et al., 2010) e s@o toxicos para os seres humanos (SAFI, 2002). O inseticida
mais utilizado na familia quimica dos organofosfatos ¢ o Diazinon (O,0O-Dietil O-[4-metil-6-
(propan-2-il)pirimidin-2-il] tiofosforato, formula quimica: C;;H;N,O3PS), o qual foi
introduzido comercialmente em 1952 (SAYEGHI et al., 2010). E utilizado em todo o mundo
na agricultura e horticultura para proteger as plantas dos insetos, em culturas, plantas
ornamentais, gramados, frutas, vegetais e outros produtos alimentares (GRAFITT et al., 2002;
TANG et al., 2009; SARABIA et al., 2009).

O principal mecanismo de acdo do DZN ¢ a inibicdo da enzima acetil-colinesterase

(KAMANYIRE e KARALLIEDDE, 2004). Além disso, varios estudos demonstram que o
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DZN ¢ capaz de induzir alteracdes histopatologicas, bioquimicas e fisiologicas, causando
sérios problemas de satide (AL-ATTAR, 2009, 2015; ABDEL-DAIM, 2016).

Este composto ¢ classificado pela Organizagcdo Mundial da Satide como um produto
quimico Classe II altamente toxico (ZHANG et al., 2010). Este produto ¢ estavel a pH 7 e ndo
¢ facilmente volatilizado a partir do solo ou da 4agua. Assim, pode persistir no ambiente por
até seis meses (SAYEGHI et al., 2010). Além disso, os subprodutos de degradacdo do DZN
representam riscos para a saude dos seres humanos e do meio ambiente.

O uso indiscriminado desses produtos quimicos resulta em poluicdo ambiental, efeitos
nocivos para os seres humanos e outros animais, e desenvolvimento de resisténcia a
inseticidas, o que acaba limitando a sua eficacia (KHAN et al., 2011).

Devido a esses problemas relatados do uso indiscriminado, resisténcia e toxicidade dos
farmacos utilizados, existe a necessidade de desenvolver formas alternativas eficientes, que
sejam seguras, ecoldgicas e que possam ser capazes de substituir os pesticidas sintéticos

(TAPONDJOU et al., 2005).

2.3 OLEOS ESSENCIAIS

Os oleos essenciais sdo substancias volateis naturais encontradas em uma variedade de
plantas. Comercialmente, sdo utilizados como: produtos farmacéuticos, intensificadores de
sabor em muitos produtos alimentares, como fragrancias e como inseticidas. Os 6leos vegetais
tém recebido muita atencdo pelos seus compostos bioativos que sdo potencialmente uteis
contra insetos mostrando um largo espectro de atividade, baixa toxicidade a mamiferos e
degradagao rapida no ambiente (KUMAR et al., 2011).

As plantas desempenham um papel fundamental em sistemas ecologicos (GARCIA
et al., 2007), sendo potenciais alternativas para o uso no controle de insetos, pois apresentam
uma fonte rica de produtos quimicos bioativos (QIN et al., 2010). Os oleos essenciais estao
entre as substancias mais conhecidas testadas contra insetos (PITASAWAT et al., 2007).
Estes compostos atuam como fumigantes (CHOI et al., 2006), inseticidas de contato (TANG
et al., 2007), repelentes (ISLAM et al., 2009) e podem afetar alguns parametros biologicos
tais como taxa de crescimento (NATHAN et al., 2008), vida util e reprodug@o dos insetos
(ISIKBER et al., 20006).

Estudos realizados relacionam a atividade inseticida aos terpenoides que sdo os
principais componentes de oOleos essenciais e sdo constituidos principalmente por

monoterpenos e sesquiterpenos. Tal atividade de monoterpenos tem sido relatada contra
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varias pragas agricolas e domésticas como toxico de contato, fumigante, repelente e com agao
anti-alimentag@o (LEE et al., 2003 e NATHAN et al., 2008).

As investigacdes sobre o uso de monoterpenos para o controle de ovos, larvas e pupas
da mosca doméstica permanecem negligenciadas. A maioria dos estudos na literatura utiliza o
ensaio de fumigag¢do para o controle de adultos de M. domestica, porém, o ensaio de
fumigacdo em adultos domésticos pode ser impraticavel, uma vez que, adultos do sexo
feminino permanecem confinadas em um espago que permita a agdo de fumigacdo dos 6leos
essenciais ou monoterpenos (KUMAR et al., 2014).

Os oleos essenciais t€ém recebido muita atencdo por serem uma alternativa para
solucionar o problema de resisténcia aos inseticidas quimicos, ja que os compostos naturais

possuem um grande potencial contra insetos (MATHEW & THOPPIL, 2011).

2.3.1 Pelargonium graveolens

A familia Geraniaceae compreende em torno de 750-800 espécies que incluem os
géneros: FErodium, Geranium ¢ Pelargonium (SPICHIGER et al, 2002). O género
Pelargonium compreende cerca de 270 espécies distintas, dentre essas, destacamos a espécie
Pelargonium graveolens L’Her, conhecida popularmente como geranio, geranio rosa, geranio
rosa perfumado ou malva cheirosa, que se apresenta na forma de arbusto (BOUKHRIS et al.,
2013; BENAZIR et al., 2013).

O gerénio ¢ originario do sul da Africa e foi introduzido na Europa no século XVII,
através do coméreio de especiarias (MILLER, 2002) e na Africa do Norte como uma planta
ornamental, que se adaptou bem para o clima mediterraneo (BOUKHATEM et al., 2011).

O geranio ¢ uma planta importante economicamente, pela producdo do 6leo essencial
que possui alto valor no mercado nacional e internacional e pelo seu odor profundo e forte
(UPADHYAY et al., 2016), com propriedades, medicinais e aromaticos. Tradicionalmente, o
geranio era muito utilizado para sanar sangramentos, curar feridas, ulceras e doencas de pele,
além de tratar diarréia, disenteria, doengas de pele, depressdo, diabetes e cdlicas
(MATTHEWS,1995). Suas atividades biologicas estdo relacionadas com seus principais
constituintes, como o citronelol e geraniol (SHAWL et al.,, 2006). Os extratos de P.
graveolens sdao também utilizados na medicina popular como antibacteriano e inseticida

(TABANCA et al., 2013), antifingico (HASSANE et al., 2011) e também outras propriedades
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farmacolodgicas tais como anti-inflamatério (MARUYAMA et al., 2006), espasmolitico (LIS-
BALCHIN et al., 1997) e efeitos hipoglicémicos (BOUKHRIS et al., 2012).

O d6leo de geranio (OG) demonstra ser ndo toxico, ndo irritante, geralmente ndo
sensibilizante e, portanto, ndo se conhece ainda nenhum efeito adverso (BOUKHATEM et al.,
2013a).

O OG ¢ obtido a partir das folhas e seus principais componentes possuem aceitacdo na
industria alimentar, uma vez s@o reconhecidos como geralmente seguros (GRAS) pela FEMA
(1965) e aprovado pela American Food and Drug Administration (FDA) para uso alimentar
(BOUKHATEM et al., 2013b).

Os principais constituintes sdo citronelol e geraniol (RANA et al, 2002), representando
cerca de 70% do total do 6leo essencial, sendo que o citronelol apresenta cerca de até 45% e
uma menor quantidade de geraniol (<24%) e linalol (<14%) (WILLIAMS, 1996). Outros
grandes componentes quimicos sdo: formato de citronelol, formato de geraniol, isomentona e
6xido de rosa. Alguns estudos analisaram a acdo inseticida do 6leo de geranio, sendo os
compostos como geraniol e citronelol autores principais da agdo. Alguns estudos
demonstraram atividade inseticida e fungicida quando utilizado o geraniol (TSAO et al,

2000), sendo geraniol e citronelo os principais constituintes inseticidas.

3 OBJETIVOS

3.1 OBJETIVO GERAL

- Avaliar a acdo inseticida e repelente do 6leo essencial de gerdnio (P. graveolens)

frente as espécies M. domestica e L. cuprina.

3.2 OBJETIVOS ESPECIFICOS

- Avaliar o efeito larvicida e adulticida do o6leo essencial frente as moscas (M.

domestica e L. cuprina);

- Avaliar o efeito repelente do 6leo essencial frente as moscas adultas.
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INSECTICIDE AND REPELLENT EFFECT OF GERANIUM ESSENTIAL OIL
(Pelargonium graveolens) IN Musca domestica AND Lucilia cuprina
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Abstract

Musca domestica (Muscidae) is considered an important vector of dissemination of various
infectious diseases transmitted by food.Lucilia cuprina (Calliphoridae), besides transmitting
pathogens can produce myiasis in sheep.The use of essential oils with insecticidal activities
has been extensively studied, providing a new alternative of treatment, since the synthetic
insecticides due to their indiscriminate use has provoked an increase of resistant species and
damages to the health.The objective of the present study was to investigate the insecticidal
activity of P. graveolens essential oil in M. domestica and L. cuprina. A larvicidal test was
performed by immersion and adulticidal tests with the techniques of exposure to impregnated
paper, surface application and repellency test.The results showed that P. graveolens oil had no
larvicidal potential in the tested species. In the exposure test to the impregnated paper, for 15
minutes, LCsy was 5.9% for M. domestica and 3.5% for L. cuprina. In the surface application
test, for 15 minutes the LCsy was 2.5% for L. cuprina and 3.0% for M. domestica. The oil of
P. graveolens at 1% presented a repellent effect.In view of this, P. graveolens oil may be an
alternative to replace the use of chemical insecticides.
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1. Introduction

The species Musca domestica (Muscidae) is considered an important disseminating
contributor to several foodborne infectious diseases, such as cholera, shigellosis and
salmonellosis (Sasaki et al. 2000). These flies, besides transmitting diseases, disturb human
and animal activity (Singh et al. 2009), because they can perform oviposition on any moist
surface or food, rich in organic matter, that may favor the development of larvae. The sites
that present the highest infestation are animal and human excreta, litter, bed used in animal
stalls and also in decaying organic matter (Greenberg 1973), mainly in tropical and
subtropical countries where the heat and humid environment favor the development of these
insects (Malik et al. 2007).

Another species that we can highlight is the Lucilia cuprina (Diptera: Calliphoridae),
commonly known as a blow fly, which is the main causative agent of sheep myiasis Australia,
South Africa and New Zealand (Health and Bispo 2006). Myiasis occurs when flies oviposit
near wounds or in moist areas of sheep wool and hatched larvae feed on tissues. The most
common treatment of this disease is to cut the wool over the lesion, remove the larvae and
apply an insecticide or repellent on the animal. The use of chemical pesticides
(organophosphates, carbamates and pyrethroids) is important for the control of these insects,
but the indiscriminate use of these products has favored the resistance of the flies, the
deterioration of the environment and damages to animal and human health (Aktar et al. 2009).

In this context, one of the alternatives for reducing the population of these pests is the
use of natural products, such as essential oils.Pelargonium graveolens oil, popularly known as
geranium oil (GO), widely used in the cosmetic and food industry (Dormon and Deans 2000),
has antifungal (Hassane et al. 2011) andantibacterial properties (Lalli et al. 2010), in addition
to pharmacological properties such as anti-inflammatory (Maruyama et al. 2006), as

spasmolytic (Lis-Balchin et al. 1997) and hypoglycemic eftects (Boukhris et al. 2012). This
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oil has been shown to be non-toxic, non-irritant, generally non-sensitizing, and no adverse
effect known (Boukhatem et al. 2013). The objective of the present work was to evaluate the
insecticidal and repellent activity of P. graveolens oil against M. domestica and L. cuprina

species.

2. Material and Methods

2.1 Geranium essential oil acquisition and composition

P. graveolens essential oil, commercially known as geranium oil, was purchased from
Sigma-Aldrich under lot number W530376-100G-K. The major compounds of the essential
oil are citronellol (17.74%), geraniol (14.73%), 10-epi-y-Eudesmol (9.52%), citronellyl

formate (5.96%), geraniol formate (3.82%), menthone (2.48%) e isomenthone (2.11%).

2.2 Maintenance of colonies

The colonies were kept in entomological cages (30cm x 30cm x 30cm) at 25+
1°C under a light/dark cycle (12/12h) and air relative humidity of 70%, according to the
methodology of Deleito and Borja (2008) with modifications, the feeding of the adult flies
consisted of honey, placed in a petri dish and water at ease. For oviposition, commercial pasty
lamb feed for dogs was used for M. domestica and raw liver for L. cuprina. After the hatching
of the larvae, they were fed commercial pasty meat feed for dogs and maintained under the
same environmental conditions as adult flies. The larvae passed through the L1, L2 and L3

phases and transformed into pupae from which male and female adult flies hatched.
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2.3 Susceptibility Tests

2.3.1 Immersion larvicidal test

The test was performed according to Bosly's methodology (2013) with
modifications. The evaluation of the larvicidal action was carried out for the species of flies
under the study with the immersion of the larvae in different concentrations of the oil (2,5%;
5%; 10%; 20%), diluted in Tween-80 (1%). These concentrations were selected after a
previous study with lower concentrations (< 2,5%) which presented no significant effect. The
L3 larvae (n = 20) were placed in a 15 mL Falcon tube and treated with 5 mL of solutions for
5 minutes.To evaluate the effect of the surfactant used, only one group was tested with the
Tween-80 solution (1%)as negative control and Diazinon (2%) as positive control. The tests

were performed in triplicate under conditions of 23 =2 ° C and R.H of 65 £ 5%.

2.3.2 Adulticidal test due to exposure to impregnated paper

The bioassay was performed according to the methodology proposed by Sheppard and
Hinkle (1987) with modifications. The essential oil was diluted in Acetone P.A. (1%) to
obtain the following concentrations: 1%, 2.5%, 5% e 10%. The filter paper was impregnated
with the different concentrations and exposed to the environment for 15 minutes for solvent
evaporation. Subsequently, each paper containing the different concentrations of the
impregnated oil was placed in Petri dishes where 20 adult flies were inserted (5-7 days after
hatching), for a period of 2 hours. The flies were submitted to low temperature anesthesia (-
18°C for 165 seconds). Acetone and Diazinon (1%) were evaluated, in the negative control
and positive control groups, respectively. All groups were evaluated in triplicate and analyzed

at predetermined times (15, 30, 45, 60, 90 and 120 minutes) after the treatment.
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2.3.3 Adulticidal test by surface application

Topical toxicity was assessed according to Sukontason et al. (2004) with
modifications. The application of 2.5 pL for M. domestica and 3.0 pL for L. cuprinaofoil
dilutions in acetone (1%; 2.5%; 5%, 10%; w/v) on adult flies thorax (5-7 days after hatching)
previously anesthetized at a temperature of -18°C for 165 seconds. The application of acetone
was also performed to analyze if the solvent has an insecticidal effect. For comparative
purposes, the Diazinon organophosphate (1%) was used as a positive control. In this assay,
triplicates containing 10 flies per replicate were evaluated for predetermined times for 2 hours

(15, 30, 45, 60, 90 and 120 minutes) after treatment.

2.3.4 Repellency test

The repellency tests were performed according to Klauck's (2014) methodology with

modifications, using apparatus with different compartments (Figure 1).

EO 1% iem CHAZINGM 15
8 cm 2 o
&
~— b
DIAZINON 15
EO 1% 4/ )
TW.B0 1% TW.ED 1%
' v 1 8
'

TW-BD 1% TW/-B0 15

Figure 1. Apparatus to test essential oil repellency against flies. Cotton soaked with 1% geranium oil (test-
solution) or Diazinon (1%) placed in compartments 1 and 2 and cotton soaked only with Tween-80 (1%) placed
in compartments 3 and 4.
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In first apparatus cotton soaked with 1 ml of essential oil were placed in compartment
1 and 2, and in the other apparatus, Diazinon 1% was used in these same compartments,
cottons soaked with 1% Tween-80 (1 mL) were placed in compartments 3 and 4. The
apparatus presented interconnections between the compartments in transparent 3.0 cm
diameter pipes, which allowed the flies to remain in free movement (Figure 1).

The test started when the flies were placed in compartment 1 along with the cotton
containing the test-solution. The compartments 2, 3 and 4 remained interconnected with
compartment 1. During the evaluation, the flies were in free movement. For the evaluation of
the repellent effect, all flies were counted in each compartment at 5-minute intervals for 2

hours.

2.4 Statistical analysis

Statistical analyzes were performed by analysis of variance with level of significance
(p <0.05). All variables were previously tested for normality and homogeneity with the
Shapiro-Wilk and Bartlett tests, respectively. The differences between the groups were
evaluated with the Student-Newman-Keuls test with 5% significance. Data were expressed as

mean + standard deviation of the mean.

3 Results

3.1 Larvicidal Test

Geranium essential oil in all concentrations (2.5%, 5%, 10% e 20%) did not present
significant difference in relation to the negative control (Tween-80 1%). The M. domestica

larvae completed the cycle until adulthood by more than 83% in all concentrations and in the
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negative control group, except in the EO 20% concentration that presented 60% of adult flies
(Table 1). Diazinon 2% presented 100% larvicidal potential.

Table 1. Effects of P.graveolens essential oil on larvae, pupae and adult emergence after
immersion of larvae of third stage of M.domestica (mean standard deviation)

Treatments Laryae Number of  Number of emerged
Mortality (%) pupae (%) adults (%)

Diazinon 2% 100 0? 0?

Tween 80 1% 0° 100° 93.3+7.6"

EO 2.5% 0° 100° 86.6+10.4°

EO 5% 0° 100° 88.3+11.5°

EO 10% 1.66£2.9° 98.3+2.9° 83.3£20.2°

EO 20% 20+£17.3° 80+17.3 " 60+22.9°

*Post hoc analysis: significant differences (p <0.05) between treatments are indicated letters.
EO: P. graveolens essential oil

Regarding the test performed with L. cuprina larvae, the essential oil did not
present a statistically significant difference in relation to the negative control group (1%
Tween-80). Regarding the emergence percentage of adult flies, the result of oil in
concentrations of 10% (78%) and 20% (75%) was similar to the negative control group

(73%). Diazinon presented 100% mortality of the larvae. (Table 2).

Table 2. Effects of P. graveolens essential oil on larvae, pupae and adult emergence after
immersion of larvae of third stage of L. cuprina (mean + standard deviation).

Treatments Laryae Number of  Number of emerged
Mortality (%) pupae (%) adults (%)

Diazinon 2% 96.6£2.9 ° 3.3429° 0°

Tween 80 1% 6.6£2.9° 91.6£2.9 ° 73.3£2.9

EO 2.5% 1.6+2.9° 98.3£2.9° 91.6+7.6 ¢

EO 5% 8.3+2.9° 91.642.9° 78.3+10.4 ™

EO 10% 0° 100° 66+12.6 "

EO 20% 6.6+7.6" 93.3£7.6° 7548.6 >

*Post hoc analysis: significant differences (p <0.05) between treatments are indicated letters.
EO: P. graveolens essential oil
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3.2 Adulticidal test by the method of exposure to impregnated paper

In Figure 2, we can observe that in the test with M. domestica exposed to the
impregnated filter paper, the concentration of 2.5% of the EO of P. graveolens presented a
higher mortality rate (80%) compared to Diazinon 1% (60%) exposure in a 15 minutes
interval and in 60 minutes obtained the death of 100% of the flies. At 90 and 120 minutes, the
essential oil (1%) killed 93% and 100% of the flies, respectively. Concentrations of 5% and

10% presented total mortality of the flies in 60 and 45 minutes, respectively.
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Figure 2.Adulticidal activity of P. graveolens essential oil in M. domestica by the impregnated paper method at
different concentrations (1%, 2.5%, 5% and 10%).¥*EO= P. graveolens essential oil; Negative control = Acetone
1%. The tests were performed in triplicate containing n = 20 per group.

In the test with L. cuprina exposed to the impregnated paper (Figure 3), the
concentration of 1% after 60 minutes, presented 100% fly mortality. Concentrations of 1%
and 2.5% showed similar mortality, killing all flies in 60 minutes. Concentrations of 5% and
10% obtained 100% mortality in 30 and 45 minutes, respectively. Diazinon eliminated 100%

of the flies in 15 minutes.
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Figure 3. Adulticidal activity of P. graveolens essential oil in L. cuprina by the impregnated paper method at
different concentrations (1%, 2.5%, 5% and 10%).*EO = P. graveolens essential oil; Negative control = Acetone
1%. The tests were performed in triplicate containing n = 20 per group.

3.3 Adulticidal test by surface application method

In the surface application test in M. domestica (Figure 4), the EO of P. graveolens
in the 2.5% concentration showed 70% mortality after 15 minutes of application, similar to
the commercial insecticide Diazinon (1%), which obtained 73% of mortality of M. domestica.
At 120 minutes after application, the concentration of 5% killed 100% of the flies. The 10%
concentration of essential oil showed superior mortality (86%) compared to Diazinon (73%)
in 15 minutes. After 30 minutes, the 10% concentration presented mortality of 96.6% and

Diazinon 100%.
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Figure 4. Adulticidal activity of the essential oil of P. graveolens in M. domestica by the surface application
method in different concentrations (1%, 2.5%, 5% and 10%). *EO= P. graveolens essential oil; Negative control
= Acetone 1%. The tests were performed in triplicate containing n = 10 per group.

For the L. cuprina species (Figure 5), the 5% concentration presented increasing
mortality, and in 15 minutes, it obtained 83%, in 30 minutes 93% and after 45 minutes, it
obtained 96.6% of death. The 10% concentration presented mortality of 100% in 45
minutes.Diazinon presented 100% mortality of insects after 30 minutes of application. The
1% EO concentration did not present a statistically significant difference in relation to acetone

1% (negative control).
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Figure 5. Adulticidal activity of the essential oil of P. graveolens in L. cuprina by the surface application
method in different concentrations (1%, 2.5%, 5% and 10%). *EO= P. graveolens essential oil; Negative control
= Acetone 1%. The tests were performed in triplicate containing n = 10 per group.
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3.4 Lethal Concentration (LCsg) P. graveolens essential oil

Table 3 shows that in the 15 minute period of the surface application test the essential
oil of P. graveolens presented LCsy lower for M. domestica (2.5%) than for L. cuprina (3.0%)
and in the impregnated paper test the EO presented lower LCsy for L. cuprina (3.5%)

compared to M. domestica (5.9%).

Table 3 — Comparison between surface application and impregnated paper methods of P.
graveolens essential oil (LCsg) against M. domestica and L. cuprina during 15 minutes.

Musca domestica Lucilia cuprina
Surface application
LCso (Y0;w/v) 25+05 3.0£0.5
Slope+SE 0.73 £ 0.64 2.15+£1.2
X2 0.4467 0.85
N 12 12
Impregnated paper
LCso (%0;w/v) 59+0.82 3.5+£0.67
Slope+SE 243+0.71 1.95+1
X2 0.9499 0.8221
N 12 12

* LCsg, Lethal Concentration

3.5 Repellency Test
The repellency test for M. domestica and L. cuprina (Figures 6 and 7) did not present a

statistically significant difference in relation to the positive control Diazinon.
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Musca domestica repellency
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Figure 6. Repellency of P. graveolens 1% oil against M. domestica (average number of repellency (%) + error
deviation). *Post hoc analysis: significant differences (p <0.05) between treatments.
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Figure 7. Repellency of P. graveolens 1% oil against L. cuprina (average number of repellency (%) + error

deviation). *Post hoc analysis: significant differences (p <0.05) between treatments.

4 Discussion

P. graveolens produces large amounts of essential oil (Kolodziej 2000). Its main

components are citronellol (17.7%), geraniol (14.7%), 10-epi-y-Eudesmol (9.5%), citronellyl
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formate (5.9%) and geraniol, as major components. The pesticidal activities of P. graveolens
essential oil are associated with a large amount of oxygenated monoterpenes, mainly
citronellol and geraniol (trans-geraniol), isomenthone, linalool and geraniol formate (Babu
and Kaul 2005; Bouzenna and Krichen 2012).

In the immersion larvicidal bioassay, our test-solutions presented no significant
difference compared to the negative control (Tween-80 1%), both for M. domestica larvae and
for L. cuprina, that is, P. graveolens oil did not present larvicidal activity in all evaluated
concentrations (2.5%, 5%, 10% and 20%). The positive control Diazinon (2%) presented a
larvicidal action of 100% of the larvae of M. domestica and guaranteed the death of 96.6% of
the larvae of L. cuprina, although 3.3% pupated, there was no adult fly birth. In the study by
Rios et al. (2017), different essential oils were tested, including P. graveolens oil in Aedes
aegypti larvae, which showed LCsy of 108.96 mg/L and LCys of 176.61 mg/L in 24 hours
after treatment, in 48h the LCsyp was 113.1 mg/L and LCys was 198.5 mg/L, showing that the
essential oil presented larvicidal effect under higher concentrations.

In the adulticidal test of exposure to impregnated filter paper made with M. domestica,
the concentration of 2.5% of the essential oil showed a higher pesticide potential, with a
mortality of 80% of the insects, compared to the commercial insecticide Diazinon (1%) which
presented mortality of 60% during 15 minutes and in 60 minutes the EO killed 100% of the
flies. TheEO 1% was effective at 90 and 120 minutes of exposure, with fly mortality of 93.3%
and 100%, respectively. The concentration of 5% presented mortality of 95% and 100% in 45
and 60 minutes of exposure, respectively. The concentration of 10% obtained 93.3% and
100% of deaths after 30 and 45 minutes respectively. For L. cuprina, EO concentrations at 1%
and 2.5% showed similar effects at all test times and at 60 minutes, concentrations killed
100% of the flies.The concentrations of 5% and 10% also showed similar mortality at all

concentrations, but the concentration of 5% was more effective at 30 minutes, because it
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killed 100% of the flies and the concentration of 10% obtained 90% mortality in the same
period. The Diazinon control presented total adulticidal effect at the 15 minutes of testing.
Bouzenna and Krichen (2012) also observed the insecticidal effect of P. graveolens EO on
cereal beetles (Rhysopertha dominica) after exposure to increasing concentrations of essential
oil during the 21-day period, in which 100% of the insects were killed.

In regard the surface application test with the houseflies, the EO 1% did not show a
significant difference compared to the negative control (acetone 1%), presenting similar
mortality at all evaluated times. TheEO 5% presented 93% of mortality from 90 minutes and
in 120 minutes, all the flies died. 15 minutes after the application, the EO 10% showed
mortality of 86% of the insects, superior to Diazinon 1% that eliminated 73% of the flies.
After 30 minutes, the Diazinon and EO 10% presented 100% and 96% mortality, respectively.
Regarding the L. cuprina, the EO 5% and 10% had higher mortality rates of 96.6% and 100%
flies, respectively, at 45 minutes after application. Diazinon killed 100% of flies in 15-minute
test.

By checking the results of the two adulticidal tests with both species, the impregnated
paper test presented greater efficacy in fly mortality than the topical application test, at
concentrations of 1% and 2.5%, but with a longer time compared to Diazinon.

The lethal concentration (LCsy) demonstrated for M. domestica at 15 minutes of
exposure to the impregnated paper was 5.9% and for L. cuprina it was 3.5%. In the topical
application test, LCsy was lower for M. domestica and L. cuprina with 2.5% and 3.0%,
respectively.

Niculau et al. (2013) tested EO of P. graveolens and major compounds alone, in
caterpillars (Spodoptera frugiperda), using topical application with average lethal dose (LDs)
of 1.13 pg/mg of insect and LDgy of 2.56 png/mg of insect. The positive control used was the

natural insecticide Azamax (3 pg/mg of insect), which belongs to moderately toxic
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toxicological class, considered less toxic than Diazinon (highly toxic). The isolated
compounds, geraniol and linalool caused mortality of 30% and 90% of the caterpillars,
respectively, larger than the Azamax that obtained 14% of deaths. In our study, the geranium
oil in its free form presented high insecticidal potential at 5% concentration in the two
methods studied, but with a slower action than Diazinon, which practically killed all the flies.

As for the repellency test, the EO 1% presented a repellent action against the M.
domestica from 55 minutes and, after 65 minutes, 60% of the flies were repelled. Regarding
the L. cuprina the EO repellency of P. graveolens was higher than the Diazinon from 35
minutes, with repellence close to 70% of the flies. From 60 minutes, EO reached repellency of
80% of the insects.

Studies have shown that the EO of P. graveolens at concentration of 0.25 mg/cm?
also presented repellent action for females of the Stomoxys calcitrans fly with protection time
of 24.5 minutes (Hieu et al. 2010), as well as for Amblyomma americanum tick nymphs using
the essential oil in its free form, and also the 10-epi-y-Eudesmol compound isolated at the
concentration of 0.1 and 0.05 mg/cm”® by the impregnated filter paper method,in which they
repelled 90% and 73.3% of the ticks, respectively. The isomenthone and linalool compounds
showed no repellent potential (Tabanca et al., 2013). However according to the literature the
compounds of P. graveolens responsible for the repellent action are: 10-epi-y-Eudesmol,

citronellol, geraniol, citronellyl formate and geraniol formate (Tabanca et al. 2013).

CONCLUSION

Based on the results presented, the essential oil of P. graveolens did not show a
larvicidal effect against M. domestica and L. cuprina. However, it presented an insecticidal
effect through the adulticidal method of the impregnated paper in all the tested concentrations

and also in the surface application test at concentrations of 5% and 10%. In addition, P.
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graveolens also presented repellent action against both species and could be used as an

alternative to the use of chemical insecticides.
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