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RESUMO

A pesquisa por agentes biologicamente ativos oriundos de espécies vegetais tem
possibilitado a descoberta de substancias de extrema importancia no controle de varias
enfermidades. Diante da diversidade de substincias bioativas presentes em O6leos
essenciais de espécies vegetais, bem como do cendrio epidemiolégico da
esquistossomose, doenga negligenciada de alto impacto social € econdmico no mundo,
este trabalho teve como objetivo avaliar o efeito moluscicida do 6leo essencial (OE) de
Hyptis pectinata (sambacaita) e dos monoterpenos canfora, 1,8-cineol, a-pineno e timol,
contra caramujos Biomphalaria glabrata. O OE foi extraido de folhas de H. pectinata
por hidrodestilagdao. A analise da composicao quimica do oleo essencial foi realizada
por cromatografia gasosa com detector de ionizagdo de chama e espectrometria de
massa. Os monoterpenos foram avaliados individualmente quanto ao potencial
moluscicida. Os ensaios moluscicida, tanto do OE quanto dos monoterpenos, foram
realizados conforme metodologia padrao da Organizacdo Mundial da Satde. A
toxicidade a organismos ndo-alvo foi avaliada em peixes da espécie Danio rerio,
conforme metodologia da Associacdo Brasileira de Normas Técnicas. O OE de H.
pectinata apresentou rendimento de 1,5% e foram identificados 21 compostos. A
atividade moluscicida exibida pelo OE contra B. glabrata foi significativa com CLgg
63,02 pg'mL™”. Em relacio aos monoterpenos, o canfora e 1,8-cineol ndo induziram
mortalidade dos caramujos. O timol e a-pineno foram ativos contra B. glabrata,
induzindo mortalidade em padrdes dependentes de concentracio com CLgg 7,11 pgrmL™
e 10,34 ug'mL", respectivamente. Foi examinado o efeito do timol e a-pineno sobre a
inibicdo da atividade de acetilcolinesterase (AChE) de B. glabrata. Essa atividade foi
determinada conforme método de Ellman. Os resultados mostraram que o timol e a-
pineno sdo inibidores da AChE de B. glabrata, porém em concentracdes superiores as
utilizadas no teste moluscicida. O OE de H. pectinata e os monoterpenos timol e o-
pineno apresentaram baixa toxicidade em peixes D. rerio comparado ao moluscicida
comercial niclosamida. O conhecimento da toxicidade do dleo de H. pectinata e dos
monoterpenos timol e a-pineno contra B. glabrata contribui para seu potencial uso em

formula¢des moluscicidas e alternativas no controle da esquistossomose.

Palavras- chave: Esquistossomose. Hyptis pectinata. Timol. a-pineno.



ABSTRACT

The search for biologically active agents from plant species has enabled the discovery
of extremely important substances in the control of various diseases. In view of the
diversity of bioactive substances present in essential oils, as well as the epidemiological
scenario of schistosomiasis, a neglected disease with a high social and economic impact
in the world, this work aims to evaluate the molluscicidal activity of the essential oil
(EO ) of Hyptis pectinata (sambacaitd ) and the monoterpenes camphor, 1,8-cineole, a-
pinene and thymol, against Biomphalaria glabrata snails. The EO was extracted from
the leaves of H. pectinata by hydrodistillation. The chemical composition analysis of
essential oil was carried out by gas chromatography with flame ionization detector and
mass spectrometry. The camphor, 1,8-cineole, a-pinene and thymol monoterpenes were
evaluated individually for the molluscicidal potential. Molluscicide tests, both for EO
and monoterpenes, were performed according to the standard methodology of the World
Health Organization. Toxicity to non-target organisms was evaluated in fish of the
species Danio rerio, according to the methodology of the Brazilian Association of
Technical Standards. The H. pectinata showed a 1.5% yield and 21 compounds were
identified. The molluscicidal activity exhibited by the EO against B. glabrata was
significant with LCyp 63.02 pg - mL-1. Regarding monoterpenes, camphor and 1,8-
cineole did not induce snail mortality. Thymol and a-pinene were active against B.
glabrata, causing mortality in concentration-dependent and LCoy 7.11 pg - mL-1 and
10.34 ng - mL-1, respectively. The effect of thymol and a-pinene on inhibition of
acetylcholinesterase (AChE) activity of B. glabrata was examined. This activity was
determined according to the Ellman method. The results showed that thymol and -
pinene are inhibitors of AChE of B. glabrata, but at higher concentrations than those
used in the molluscicide test. The H. pectinata oil and the monoterpenes thymol and a-
pinene, showed low toxicity for D. rerio fish compared to the commercial molluscicide
niclosamide. The knowledge of the toxicity of H. pectinata oil and of the monoterpenes
thymol and a-pinene against B. glabrata contributes to its potential use in molluscicidal

and alternative formulations in the control of schistosomiasis.

Keywords: Schistosomiasis. Hyptis pectinata. Thymol. a-pinene.
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1 INTRODUCAO

A esquistossomose ¢ uma doenca negligenciada de grande importancia no
contexto da saude publica global, que atinge milhdes de pessoas por ano (WHO, 2017).
Essa doenca prevalece em condi¢cdes de pobreza, contribui para a manutengdo do
quadro de desigualdade social, representando forte entrave ao desenvolvimento dos
paises, portanto, demanda agdes estratégicas para sua eliminagao (OLIVEIRA, 2018).

No Brasil, a transmissao da esquistossomose ocorre em todas as regides, as areas
endémicas e focais abrangem 19 Unidades Federadas, e as maiores taxas de incidéncia
ou prevaléncia sdo registradas nas regioes Nordeste e Sudeste. Segundo o Ministério da
Saude cerca de 25 milhdes de brasileiros vivem em dareas sob o risco de contrair a
doenca (BRASIL, 2019). O Maranhao apresenta indices consideraveis desta doenca,
com distribuicdo endémica em 20 dos seus 217 municipios e 29 municipios apresentam
focos isolados (CANTANHEDE, 2014).

O parasito responsavel por essa afeccdo, Schistosoma mansoni (Sambon, 1907),
além do homem, necessita de hospedeiro intermediario para completar seu ciclo vital,
sendo representado por caramujos de dgua doce do género Biomphalaria, especialmente
os da espécie Biomphalaria glabrata (Say, 1818), em decorréncia de sua extensa
distribuicao geografica e eficiéncia na transmissao do parasito (SCHOLTE et al., 2012).
Caramujos Biomphalaria sao decisivos no ciclo de transmissdo da esquistossomose,
desta forma, o controle da populagdo malacolégica com aplicagao de moluscicidas ¢ um
método eficiente e recomendado nos programas de controle integrado da
esquistossomose, pois interrompe a transmissdo do parasito (PEREIRA FILHO et al.,
2014; WHO, 2017).

Muitas substincias sintéticas com efeito moluscicida ja foram testadas para
controlar a fauna planorbidica, no entanto, até o composto niclosamida, inico produto
moluscicida aprovado pela Agéncia Nacional de Vigilancia Sanitaria (ANVISA),
apresenta efeito toxico para animais coabitantes, além disso, caramujos Biomphalaria
tem desenvolvido resisténcia a esse produto (BRAZ FILHO, 2010).

Nesse contexto, substincias presentes em vegetais tém sido estudadas como
alternativas para obten¢do de um produto moluscicida biodegradavel e com baixa

toxicidade a organismos nado-alvo, que possam ser utilizados no controle de caramujos.
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Entre as plantas testadas no Brasil com potencial atividade moluscicida,
destacam-se as da familia Lamiaceae (SANTOS et al., 2012). A familia Lamiaceae esta
entre as cinco principais familias de plantas aromaticas que predominam na regido
amazonica, sendo consideradas fontes apropriadas para a producdo de 6leo essencial
(MAIA; ANDRADE, 2009). O o6leo essencial (OE) das folhas da espécie Hyptis
pectinata (Lamiaceae) ¢ considerado promissor para varias atividades bioldgicas e
contém diversas substancias bioativas, incluindo compostos antimicrobianos, inseticida
e larvicida (NASCIMENTO et al., 2008; RAYMUNDO et al., 2011; SILVA et al.,
2008). No entanto as propriedades moluscicida deste 6leo ainda ndo foram descritas.

Os dleos essenciais sao misturas de substancias, principalmente monoterpenos,
sesquiterpenos e fenilpropanoides. Alguns terpenos atuam como inibidores da atividade
enzimatica de acetilcolinesterase (AChE) de invertebrados (JANKOWSKA et al.,
2017). A AChE desempenha papel vital na manutencdo do funcionamento fisioldgico
de moluscos (TEIXEIRA et al.,, 2012) e tem sido o principal alvo de moluscicidas
organofosforados e carbamatos, podendo ser usado como um potente biomarcador de
toxicidade em moluscos (HE et al., 2017; MA et al., 2014 ).

As diversas atividades bioldgicas dos OEs geralmente sdo atribuidas aos
compostos terpénicos que estdo presentes em maior quantidade nos o6leos, contudo, a
acdo desses compostos isoladamente é pouco investigada (GUIMARAES et al., 2019).

Neste estudo, avaliamos quatro monoterpenos (timol, a-pineno, 1,8-cineol,
canfora), identificados como compostos majoritarios de OEs de plantas nativas da
Amazonia, que demonstraram alto potencial moluscicida em estudo anterior conduzido
por nosso grupo de pesquisa (RIBEIRO, 2016). Portanto, esses monoterpenos podem
estar relacionados a agdo moluscicida e devem ser investigados individualmente.

Considerando a diversidade de substancias bioativas presentes em OEs bem
como o cendrio epidemiolégico da esquistossomose, justifica-se a investigacdo de novas
substancias com propriedades moluscicida como alternativa para o controle da

esquistossomose.
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2 OBJETIVOS

2.1 Geral
Avaliar a atividade moluscicida do 6leo essencial de Hyptis pectinata e dos
monoterpenos canfora, 1,8-cineol, a-pineno e timol, contra caramujos Biomphalaria

glabrata.

2.2 Especificos

Caracterizar a composi¢cao quimica do oleo essencial das folhas de H. pectinata;

Determinar as concentracdes letais (CLsyp € CLgy) do Oleo essencial de H.
pectinata sobre B. glabrata;

Determinar as concentragdes letais (CLsp e CLgg) dos monoterpenos canfora,
1,8-cineol, a-pineno e timol sobre B. glabrata,

Avaliar a agdo dos monoterpenos sobre a atividade da enzima acetilcolinesterase
em B. glabrata,

Verificar a toxicidade aguda do oleo essencial de H. pectinata e dos

monoterpenos em organismos nao-alvo.
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3 REFERENCIAL TEORICO

3.1 Plantas aromaticas da Amazonia

A Amazonia apresenta uma expressiva fragao da diversidade mundial de plantas,
animais e microrganismos. Estima-se a existéncia de quarenta mil espécies de plantas
vasculares, das quais, trinta mil s3o endémicas na regido amazdnica (FORZZA, 2010).
Nesta regido, ha registros de duas mil espécies medicinais usadas pela populagao local
como medicamentos, além de cerca de 1.250 espécies de plantas aromaticas (MAIA;
ANDRADE, 2009).

Plantas aromadticas sdao espécies vegetais que possuem aroma capaz de
sensibilizar o olfato, geralmente de forma agradédvel, cujos principios ativos sdo
constituidos, total ou majoritariamente, por esséncias (CORREA JUNIOR et al., 2014).
As plantas aromaticas sdo usadas desde tempos imemoriais pelos indios e fazem parte
do cotidiano amazonico, independente do estrato social, religido ou grupo étnico. Foram
apropriadas pelos brancos e seus descendentes caboclos e ribeirinhos, urbanos, classe
média ou alta, que as utilizam na alimentacdo, na medicina, na cosmética natural, na
perfumaria e nos rituais da aromaterapia amazdnica (BARATA, 2012). Embora o
conhecimento do poder de plantas aromaticas seja milenar, somente nos ultimos anos
tem havido um interesse maior por parte de farmacias de manipulagdo, industrias
alimenticia e de medicamentos, e em varios ramos da biotecnologia, constituindo um
mercado altamente promissor (SALES, 2015).

As principais familias de plantas aromdticas que predominam na regido
amazonica sdo (em ordem decrescente): Piperaceae, Asteraceae, Myrtaceae, Lamiaceae,
Annonaceae, Lauraceae, Euphorbiaceae, Verbenaceae, Scrophulariaceae e
Anacardiaceac (MAIA; ANDRADE, 2009). A Amazodnia € rica em espécies aromaticas,
contudo diversos recursos naturais se perdem a cada quildometro quadrado de floresta
destruida. Estima-se que o desmatamento tenha devastado até o ano de 2020 cerca de
438.006 km” de floresta e a principal consequéncia do desflorestamento na Amazonia ¢
a perda de biodiversidade (INPE, 2020).

A Floresta Amazonica abrange quatro milhdes de quilometros quadrados (km?)

no territdrio brasileiro e se estende a nove estados do pais (Figura 1).
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Figura 1. Mapa da Amazonia Legal Brasileira
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Fonte: Imazon (2015).

O Estado do Maranhdo (oeste do meridiano 44°) foi incorporado a Amazonia
brasileira pela Lei 1.806, de 06 de janeiro de 1953, e representa um dos estados que
mais desmataram a floresta. Atualmente, a Amazonia Maranhense apresenta menos de
25% de sua vegetacdo original (INPE, 2021).

No Maranhdo, a regido amazonica propriamente dita ¢ compreendida pelas
regides a oeste do paralelo 44 ° e detém 26% do bioma amazonico (MARLUCIA;

OLIVEIRA, 2011). Aparece no cenario nacional como uma das éareas de maior
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diversidade vegetal, contudo quanto menor a quantidade de informagdes sobre os
recursos existentes e possiveis formas de utilizagdo sustentavel, mais dificil ¢
conscientizar a populacdo da necessidade de sua conservagdo. Muito ainda tem que se
investir no conhecimento da sua flora, pois poucas espécies tém sido descritas quanto as
suas caracteristicas morfologicas, composi¢cdo quimica e atividades biolégicas (MUNIZ,

2006; MARLUCIA; OLIVEIRA, 2011).

3.2 Familia botanica Lamiaceae e espécie Hyptis pectinata (L.) Poit

A familia botanica Lamiaceae apresenta grande relevancia na regido amazonica,
sendo constituida por plantas herbaceas a arbustivas, caracterizadas por apresentar caule
e ramos tetrangulares, flores zigomorfas, bilabiadas, e ovario com estilete ginobasico
(BASILIO et al., 2006).

Esta familia de plantas aromaticas compreende aproximadamente 258 géneros e
7193 espécies, com ocorréncia desde regides tropicais até areas de clima temperado
(APG, 2017). No Brasil, existe cerca de 30 géneros e 496 espécies nativas, sendo muitas
destas endémicas ao nordeste e regido amazonica (HARLEY, 2012).

A familia Lamiaceae apresenta grande variedade de classes de micromoléculas,
existindo representantes da via do acetato, da via do acido chiquimico e provenientes de
biossintese mista (FALCAO et al., 2003). Importantes compostos biossintetizados pelo
metabolismo secundario de suas espécies, como alcaloides, flavonoides, terpenos,
cumarinas, ligndides e os 6leos essenciais, tem despertado grande interesse pelo seu
estudo por apresentarem atividades farmacologicas ja descritas (LIMA et al., 2013).

No Brasil, o género Hyptis abrange o maior nimero de representantes de
Lamiaceae, com 69,5% de espécies endémicas, apresentando grande variabilidade de
metabdlitos secundarios, em especial os 6leos essenciais, que conferem as principais
caracteristicas organolépticas do vegetal e tém grande valor junto a diversas
comunidades devido as suas propriedades terapéuticas (HARLEY, 2012). Espécies
desse género sdo tradicionalmente utilizadas no tratamento de infecgdes
gastrointestinais, infecgdes da pele, cdimbras e dores em geral (PINTO et al., 2010).
Para esse género, ja tem comprovada as atividades antibacteriana, fungicida, citotoxica,
anti-inflamatoria, anti-HIV e inseticida (COCK et al., 2019; FALCAO et al., 2003;
SARTORATTO et al., 2004).
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Dentre as espécies pertencentes ao género Hyptis, destacamos a espécie Hyptis
pectinata (L.) (Figura 2), que ¢ uma planta nativa, ndo endémica e encontra-se
distribuida predominantemente no norte do Brasil com destaque a regido amazoOnica
(HARLEY, 2012). H. pectinata, popularmente conhecido como '"canudinho" e
"sambacaita", ¢ um arbusto aromatico muito cultivado no Norte e Nordeste brasileiro,
possui folhas aromadticas e com linhas cruzadas, flores pequenas agrupadas em
inflorescéncias, hermafroditas, pentdmeras e zigomorfas (BISPO et al., 2001; FALCAO
et al., 2016).

Figura 2. Hyptis pectinata (L.) Poit

] A o

Fonte: Tropicos.org. Missouri Botanical Garden.

Esta espécie ¢ amplamente utilizada na medicina tradicional para tratamento de
distirbios gastrointestinais, rinofaringite, congestdo nasal, infec¢des cutaneas, febre,
colicas, inflamacdo e infeccdes causadas por bactérias e fungos (BISPO et al., 2001;
FALCAO et al., 2003; RAYMUNDO et al., 2011), também tem sido utilizada em
enxaguatorios bucais prevenindo doencas da cavidade oral, como a céarie dentdria e dor
orofacial NASCIMENTO et al., 2008; PAIXAO et al., 2013). Estudos farmacologicos
com H. pectinata comprovaram ainda atividades hemostaticas, anti-edematogénica e
regeneragdo hepatica em ratos (BASILIO et al., 2006).

A composicdo do Oleo essencial de H. pectinata ¢ bastante variavel com
predominancia de sesquiterpenos. Os principais compostos ja identificados no o6leo
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essencial desta espécie sdo calamusenone, B-cariofileno, 6xido de cariofileno, D-
germacreno e timol (SANTOS et al, 2008; TCHOUMBOUGNANG et al., 2005). O
6leo essencial de H. pectinata, ja demostrou potencial antibacteriano consideravel
contra bactérias Gram-positivas de elevada patogenicidade e potencial antifiingico em
linhagens de Candida albicans (NASCIMENTO et al. 2008; SANTOS et al., 2008).
Outras atividades comprovadas para este 6leo essencial foram o efeito antinoceptivo e

anti-inflamatorio (RAYMUNDO et al., 2011).

3.3 Oleos Essenciais

Os o6leos essenciais (OEs) sdo produtos abundantes em plantas aromaticas, as
quais conferem odor e sabor caracteristicos. A designacao de “6leo” ¢ devido a algumas
caracteristicas fisico-quimicas como, por exemplo, a de serem geralmente liquidos de
aparéncia oleosa a temperatura ambiente, no entanto, ¢ importante ressaltar que os OEs
nao possuem acidos graxos sendo quimicamente diferentes da composicao gliceridica
dos oleos fixos. Sua principal caracteristica ¢ a volatilidade, que os diferenciam dos
6leos de composicao graxa, cujos componentes presentes sao fixos e apresentam pontos
de ebulicao elevados (FIGUEIREDO et al., 2017).

Os OEs estao presentes em um grande nimero de plantas, sendo compostos por
substancias do metabolismo secundario, que nao estdo diretamente relacionados com o
processo de crescimento, desenvolvimento e reprodugdo dos vegetais (GARCIA;
CARRIL, 2011). Por tempo foram considerados “desperdicio fisiologico” ou produtos
de desintoxicagdo, tal como se dizia dos produtos do metabolismo secundério.
Entretanto, com os avangos cientificos, sdo atribuidas aos OEs varias fungdes
ecologicas necessarias a sobrevivéncia do vegetal em seu ecossistema, como a inibi¢ao
da germinagdo de sementes (alelopatia), protecdo contra calor ou frio, predadores,
atragdo de polinizadores ou para repelir insetos (MIRANDA et al., 2016).

Os OEs sao produzidos e armazenados em estruturas secretoras especializadas,
tais como tricomas glandulares, canais oleiferos, células ou bolsas secretoras, que
podem estar em varios 6rgdos dos vegetais. Assim, dependendo da espécie vegetal, os
OEs podem estar presentes nas folhas, flores, ramos/caules, frutos, sementes ou raizes

de diversas espécies (BUSATO et al., 2014).
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3.3.1 Obtencgao de 6leos essenciais

Os OEs podem ser extraidos por diversos métodos, que variam conforme sua
localizag@o na planta e com a proposta de utilizagdo do mesmo (SILVEIRA, 2012).

Para obtengdo dos OEs, os métodos de extragdo mais comuns sio:

1. Enfleurage ou enfloragdo: método utilizado por algumas industrias de
perfumes, empregado para extrair dleo essencial de pétalas das flores. As pétalas sdo
depositadas, a temperatura ambiente, sobre uma camada de 6leo fixo, durante certo
periodo de tempo, funcionando como liquido extrator. Quando esgotadas, as pétalas sdao
substituidas por novas até a saturacao total, este processo se repete por varias semanas.
Na sequéncia a gordura ¢ tratada com alcool e para obter o 6leo, o 4lcool ¢ destilado a
baixa temperatura. E um processo lento, complexo, caro, mas o produto obtido possui
alto valor comercial (BIASI; DESCHAMPS, 2009).

2. Arraste por vapor d’adgua: método mais utilizado para a extracao de OEs a
nivel mundial, onde ¢ possivel obter 6leos de diversas partes do vegetal. Neste processo
o vapor d’ dgua atravessa os tecidos da biomassa, levando consigo o 6leo contido no
interior de suas glandulas. O 6leo vaporiza-se com o choque térmico, sendo “arrastado
pelo vapor” até atingir o condensador, onde a mistura formada de 6leo e hidrolato,
resfria-se e volta a fase liquida. A separagao do dleo e hidrolato ocorre por diferencas de
polaridade e densidade. Neste método, a planta ¢ colocada sobre uma placa perfurada de
modo a evitar o contato direto com o solvente em ebulicdo (VALENTIM et al., 2018).

3. Hidrodestilacao: método mais utilizado em escala laboratorial. O material
vegetal a ser destilado fica em contato direto com a agua, ¢ quando esta entra em
ebuli¢do, o vapor forga a abertura da parede celular e ocorre a evaporagao do 6leo que
estd entre as células da planta. O vapor, que consiste na mistura de oleo e agua, passa
por um condensador, e quando se resfria, forma uma mistura heterogénea de duas fases,
que sdo separados devido a diferenga de polaridade e densidade entre a dgua e o Oleo.
Nessa extracdo, ¢ comum utilizar o aparelho tipo Clevenger (BUSATO et al., 2014).

4. Extragdo por solventes orginicos: método em que os OEs sdo extraidos por
meio de solventes apolares, como hexano, benzeno, tolueno, dentre outros que
preservem melhor a integridade dos compostos presentes. A extracdo por solvente da

origem a dois produtos: o concreto, que ¢ o produto da primeira fase, resultante da
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extracdo com os solventes apolares; e o absoluto, obtido a partir do concreto, apos ser
submetido a outro tipo de solvente, desta vez polar, como o etanol (SIMOES, 2010).

5. Prensagem: método empregado exclusivamente para extrair 6leo das cascas de
frutos citricos, que apresenta seus OEs em bolsas no pericarpo. O pericarpo € prensado
por uma prensa hidraulica, e a camada que contém o dleo essencial €, entdo, coletada e,
posteriormente, separa-se o 6leo da emulsdao formada com agua através de decantagdo,
centrifugacdo ou destilacdo fracionada (BUSATO et al., 2014).

6. Extracdo por CO, supercritico: método que permite recuperar os aromas
naturais de varios tipos e ndo somente 6leo essencial, de um modo bastante eficiente. E
o método ideal para extracdo industrial de OEs. Nenhum trago de solvente permanece
no produto obtido, tornando-o mais puro do que aqueles obtidos por outros métodos.
Para tal extragdo, o CO, ¢ primeiramente liquefeito através de compressdo e, em
seguida, aquecido a uma temperatura superior a 31 °C. Nessa temperatura, o CO, atinge
um quarto estado, no qual sua viscosidade ¢ andloga a de um gés, mas sua capacidade
de dissolugdo ¢ elevada como a de um liquido, extraindo o 6leo com perfeicao. Uma vez
efetuada a extracao, o CO; retorna ao estado gasoso, resultando na sua total eliminagao
(MSAADA et al., 2012)

7. Turbodestilagao: método adequado para a extracao de 6leos onde o acesso as
bolsas oleiferas ¢ naturalmente mais dificil e de lenta obten¢do, como é o caso de
cascas, madeiras, raizes e sementes. Neste processo, as plantas sdo imersas na agua, € o
vapor circula em meio a esta mistura de planta e agua. Através deste processo, a mesma
agua ¢ continuamente reciclada e usada pelo sistema. Dessa forma, reduzem-se as

dificuldades de acesso e o tempo da destilagio (OLIVEIRA; JOSE, 2007).

3.3.2 Composi¢ao quimica e aplicacao dos 6leos essenciais

Do ponto de vista quimico, OEs sdo misturas complexas, formadas por
compostos organicos, que podem variar em nimero entre dezenas ou centenas de
substancias volateis. Essas substancias pertencem principalmente a classe dos terpenos
que derivam da via do 4cido mevaldnico ou da rota da xilulose-5-P; e a classe dos
fenilpropanoides, produtos obtidos pela via chiquimato (SIMOES, 2010). A origem
destes metabolitos secundarios pode ser resumida a partir do metabolismo da glicose

formada através da fotossintese (Figura 3).
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Figura 3. Esquema das rotas biossintéticas dos metabodlitos secundarios
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Os terpenos sdo, geralmente, os constituintes mais importantes dos OEs. Estes
compostos sdo constituidos por unidades contendo cinco atomos de carbono,
denominadas unidades isoprénicas (Figura 4). A “regra do isopreno” permite classifica-
los de acordo com o nimero de unidades isoprénicas que os formam, sendo assim, os
terpenos podem ser considerados usualmente como produtos resultantes da ligagdo de

varias unidades de isopreno (FONTES; ALCADA, 2008).

Figura 4. Representagdes da molécula de isopreno
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Fonte: Fontes e Algada (2008).

Os terpenos mais simples sdo os hemiterpenos, formados apenas uma unidade de
isopreno, sendo bastante instaveis e dificeis de serem isolados de produtos de plantas.
Os monoterpenos sao constituidos por duas unidades de isopreno (C10); sesquiterpenos
por trés (C15); diterpenos, por quatro unidades (C20); triterpenos por seis (C30) e os
tetraterpenos por oito (C40) unidades isoprénicas. Existem ainda os politerpenos
formados por mais de oito unidades de isopreno (BUCHANAN et al., 2000).

Os terpenos podem apresentar diversas fungdes organicas, tais como alcoois,
cetonas, aldeidos, ésteres, fendis e hidrocarbonetos (SIMOES, 2010). Dentre os
compostos terpénicos, os mais freqiientes nos OEs s3o os monoterpenos e
sesquiterpenos (SILVA et al., 2009).

E importante ressaltar que a composicdo quimica do OE pode variar
consideravelmente de espécie para espécie. Os fatores responsaveis por essa
variabilidade tém natureza diversa, classificados como intrinsecos, que dependem da
genética e fisiologia da planta, ou extrinsecos, como as condi¢gdes ambientais e de
colheita (CUNHA, 2012; SIMOES, 2010). Portanto, os OEs, assim como quaisquer
metabolitos secunddrios, representam uma interface quimica entre as plantas e o
ambiente circundante (Figura 5), sendo assim, sua sintese e propor¢des no vegetal sdo

frequentemente afetadas pelas condi¢cdes ambientais (GOBBO-NETO; LOPES, 2007).
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Apesar dos compostos quimicos presentes nos OEs apresentarem-se em
diferentes concentracdes, sempre ha predomindncia de uma a trés substancias,
designados de majoritarios, que caracterizaram a esséncia da espécie vegetal
(BAKKALI et al., 2008). Os constituintes dos OEs, geralmente sdo identificados por
técnicas cromatograficas e espectrais (ADAMS, 2007). Essa identificagdo ¢ importante

para a compreensao e previsao dos efeitos biolégicos dos OEs (COELHO, 2009).

Figura 5. Fatores que influenciam o acumulo de metabdlitos
secundarios na planta.
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Fonte: Gobbo-Neto e Lopes (2007).

Os OEs sdao empregados como matérias-primas na industria de quimica fina,
para aplicagdo direta em produtos como perfumes, fragrincias e cosméticos, nas
industrias de medicamentos (fitofArmacos) solicitados pelos seus efeitos sobre o sistema
digestivo e aparelho respiratorio, pela atividade analgésica e anti-inflamatoria, além de
ser empregado na horticultura como inseticidas, fungicidas, bactericidas e larvicidas
(BIZZO et al., 2009; COELHO, 2009; GNATTA et al., 2011).

As aplicacdes de OEs como ingredientes funcionais em formulagdes
alimenticias, cosméticas ou ainda em sanitizantes, tem despertado grande interesse no
setor industrial devido a grande aceitacdo dos consumidores por produtos naturais, bem
como pelos danos & saude propiciados pelos aditivos sintéticos (SCHERER et al.,

2009).
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A literatura apresenta varios relatos sobre atividade bioldgica de OEs, decorrente
da grande variedade e diversidade de suas composi¢des quimicas, a exemplo de
atividade antioxidante (MIRANDA et al., 2016), antisséptica (CUNHA; ROQUE,
2013), larvicida (SANTANA et al, 2015), moluscicida (PEREIRA et al., 2020),
antibacteriana (MILLEZI et al.,, 2014), anti-inflamatoria (DE ARAUIJO et al,, 2015),
antifingica, antiviral (MOHAMMADI et al., 2014) ¢ acdo anticarcinogénica (ZU et al.,

2010), demostrando grande potencial dos OEs para diversas atividades biologicas.

3.4 Esquistossomose Mansonica

De acordo com os dados da Organizagdo Mundial da Satde (OMS), a
esquistossomose ¢ uma doenca milenar que afeta cerca de duzentos milhdes de
individuos distribuidos em mais de 74 paises entre os continentes da Asia, América e
Africa. A forma mansonica ¢ endémica em 54 paises, sendo a mais disseminada no
mundo (BRASIL, 2014). E uma doenga parasitaria de veiculagdo hidrica, causada pelo
helminto Schistosoma mansoni e caracterizada como uma das enfermidades
negligenciadas de maior importancia avaliada pela OMS (WHO, 2012).

Dentre os paises da América, o Brasil ¢ o que possui a maior area endémica da
esquistossomose mansonica, sendo considerada grave problema de satde publica no
pais, uma vez que comete cerca de seis milhdes de pessoas, com nimero expressivo de
formas graves e Obitos (BRASIL, 2014). A doenga ¢ popularmente conhecida como
barriga d’agua e foi introduzida no Brasil no século XVII com a chegada de escravos
africanos infectados, trazidos pela Colonia Portuguesa para o trabalho na lavoura
canavieira da regido nordeste do pais (KATZ; ALMEIDA, 2003). Essa atividade
utilizava grande aporte hidrico que somada as péssimas condi¢des socioambientais € a
existéncia dos hospedeiros intermedidrios da esquistossomose, criou as condigdes
favoraveis para o estabelecimento e transmissdo da doenga no pais (SILVEIRA, 1989).

Embora os escravos africanos estivessem infectados por duas espécies do
esquistossomo, Schistosoma mansoni € Schistosoma haematobium (Bilharz, 1852),
somente a primeira se desenvolveu no Brasil. O ciclo evolutivo do S. haematobium nao
prosseguiu nas Américas, devido a falta do hospedeiro intermediario proprio dessa

espécie (KATZ; ALMEIDA, 2003).
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A transmissdo da esquistossomose ocorre em todas as regides do Brasil, as areas
endémicas e focais abrangem 19 estados, onde as maiores taxas de incidéncia ou
prevaléncia tém sido registradas nas regides Nordeste e Sudeste (BRASIL, 2016).

No estado do Maranhdo, a doenca foi registrada desde 1920 (CUTRIM et al.,
1998). A microrregido da Baixada Maranhense mostra a maior prevaléncia da
esquistossomose no Estado, juntamente com alguns bairros de periferia da capital Sao
Luis (BRASIL, 2011). As estimativas da frequéncia desta doenca no Maranhao
indicam que existe uma tendéncia a elevacdo do nimero de casos dessa parasitose

(SANTOS; MELO, 2011).

3.4.1 Ciclo biologico do parasito Schistosoma mansoni

O agente etiologico da esquistossomose mansonica € o trematddeo digenético S.
mansoni, que infecta o ser humano e, eventualmente, outros animais vertebrados
(SILVA-SOUZA; VASCONCELOS, 2005). Parte do ciclo de transmissao da
enfermidade ocorre em aguas doces. Os ovos de S. mansoni sdo eliminados nas fezes do
hospedeiro definitivo infectado (homem ou outros vertebrados suscetiveis) € quando em
contato com a agua, eclodem, liberando larva ciliada denominada de miracidio, que
nada ativamente em busca do hospedeiro intermediario (caramujos do género
Biomphalaria) para penetra-lo (NEVES, 2010). Apds quatro semanas o caramujo
desenvolve a forma infectante, a cercaria, que ¢ liberada por influéncia da luz solar e
temperatura da agua, estando pronta para infectar o hospedeiro definitivo. A
transmissao ocorre quando as formas larvais liberadas pelos caramujos de agua doce
penetram na pele humana durante o contato com agua infestada, reiniciando assim, o
ciclo biologico (Figura 6).

O processo de penetracdo da cercéria na pele humana dura normalmente de dois
a 15 minutos e produz uma irritagdo de intensidade variavel de individuo para individuo
(urticaria e pépulo-eritematoso). Uma vez nos tecidos do hospedeiro definitivo, as
cercarias se transformam em esquistossomulos, caem na corrente sanguinea e/ou
linfatica, atingem a circulacdo venosa, vdo ao coragdo e aos pulmdes permanecendo
algum tempo, podendo causar alteragcdes morbidas; posteriormente retornam ao coragao,

de onde sdo langados através das artérias aos pontos mais diversos do organismo.
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O figado ¢ o 6rgdo preferencial de localizagdo do parasito, onde se diferenciam
sexualmente e crescem se alimentando de sangue. Ainda imaturos, migram para a veia
porta e mesentéricas, onde completam sua evolucdo. Apds acasalamento, os vermes
adultos migram para as vénulas da submucosa intestinal, onde acontecerdo as posturas
dos ovos, podendo eliminar até 300 ovos por dia, dos quais cerca da metade ¢ eliminada
nas fezes do hospedeiro definitivo. Os ovos que ndo conseguem alcancar a luz intestinal
por ficarem retidos nos tecidos, preferencialmente figado e intestinos, sdo os
responsaveis pela formacdo de granulomas que, no figado, podem impedir, total ou
parcialmente, a passagem do sangue, € juntamente com a fibrose periportal ocasionam

as manifestagcdes das formas mais graves da doenga (LENZI, 2008).

Figura 6. Ciclo evolutivo do parasito Schistosoma mansoni
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Fonte: Beduka (2019).
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3.4.2 Caramujos do género Biomphalaria

Os moluscos hospedeiros intermediarios do parasito S. mansoni sdo descritos
como pertencentes ao filo Mollusca, classe Gastropoda, Subclasse Pulmonata, Ordem
Basommatophora, Familia Planorbidae e Género Biomphalaria, ¢ constituem um elo
imprescindivel na transmissao da esquistossomose (REY, 2008).

As caracteristicas que permitem reconhecer o género Biomphalaria sdo: concha
planispiral (Figura 7), com didmetro variando nos individuos adultos entre 7 mm e 40
mm; tentaculos longos e filiformes; olhos nas bases internas dos tentaculos; pé oblongo;
boca contornada por mandibula em forma de T; dente central da radula bicuspide;
glandulas salivares por fora do anel nervoso; hemolinfa vermelha; pénis simples

coincidindo sua ponta com a abertura do canal do esperma (PARAENSE, 1975).

Figura 7. Caracteristica conquiliolégica do género Biomphalaria;
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g

Fonte: Brasil (2008)

A cor natural da concha de moluscos Biomphalaria ¢ amarelo-palha, mas se
modifica quando em contato com substancias corantes dissolvidas na &agua dos
criadouros, como o o0xido de ferro, que confere as conchas coloragdo escura, passando
por vérios tons de marrom até o negro (BRASIL, 2008). Em relacdo ao tamanho da
concha, ¢ varidvel de acordo com a espécie de Biomphalaria, contudo, segundo
Paraense (1955), os caramujos que se desenvolvem em ambientes 1énticos sdo maiores
do que os de ambientes 16ticos, em decorréncia da grande quantidade de alimento.

No Brasil ha ocorréncia de dez espécies do género Biomphalaria e uma sub-
espécie, diferenciadas em relagcdo a infec¢do por S. mansoni (BRASIL, 2014). Destas,
trés espécies foram encontradas naturalmente infectadas pelo S. mansoni: Biomphalaria
glabrata (Say, 1818), Biomphalaria tenagophila (Orbigny, 1835) e Biomphalaria

straminea (Dunker, 1848) e duas s3o hospedeiras potenciais: Biomphalaria amazonica
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(Paraense, 1966) e Biomphalaria peregrina (Orbigny, 1835). As demais espécies:
Biomphalaria intermedia (Paraensel962), Biomphalaria kuhniana (Clessin, 1883),
Biomphalaria schrammi (Crosse, 1864), Biomphalaria oligoza (Paraense, 1975);
Biomphalaria occidentalis (Paraense, 1981) e a sub-espécie Biomphalaria tenagophila
guaibensis (Paraense, 1984) ndo sdo hospedeiras naturais (BARBOSA et al., 2012).

Das trés espécies de Biomphalaria transmissoras de S. mansoni no Brasil, B.
glabrata se destaca como a mais importante, por se mostrar altamente suscetivel em
decorréncia da compatibilidade entre parasito-hospedeiro, € por sua distribuigdo
geografica em cerca de dezesseis estados do pais e Distrito Federal (BRAGA, 2012). As
espécies B. glabrata e B. straminea t€m area de ocorréncia preferencialmente na regidao
Nordeste e no Estado de Minas Gerais, enquanto B. fenagophila ocupa principalmente,
as regides Sudeste e Sul (CARVALHO; CALDEIRA, 2004).

O habitat natural dos mosluscos Biomphalaria sao cole¢des de agua doce parada
ou com pouca correnteza (fluxo inferior a 30 cm/s), podendo ocorrer em lagoas,
pantanos, remansos de rios, margem de reservatorio ou colegdes artificiais, vivem

preferencialmente em aguas rasas e proximo as margens (BARBOSA et al., 2012).

3.5 Estratégias de controle da esquistossomose

No Brasil, o programa de controle da esquistossomose teve inicio em 1975, com
a criacao do Programa Especial para Controle da Esquistossomose (PECE) que consistia
em um programa vertical e baseado principalmente no tratamento em massa dos doentes
(CANTANHEDE et al., 2010). Até entdo, o Brasil ndo apresentava nenhum programa
oficial de controle desta doenga (GUIMARAES, 2007). Em 1993, este programa foi
descentralizado para os estados e, em seguida, para os municipios, e finalmente,
integrado a rede de atencdo a saude no periodo 2007-2010 (BARRETO et al., 2011).

Em 2011, o Brasil passa a ser signatario da Resolucdo WHA65-21 da OMS que
propde a eliminagdo da transmissdo da esquistossomose, uma vez que a expansao do
numero de individuos acometidos por esta doenca no pais ainda era preocupante. A
partir de entdo, o programa brasileiro de controle da esquistossomose passa a ter como
objetivo principal a eliminacdo da doenga, com a redugdo do niimero de casos a niveis
aceitaveis (menores que 5%) nas areas de elevada e de baixa endemicidade, o objetivo ¢é
a interrupg¢ao da transmissao, o que significa a ndo existéncia de casos (BRASIL, 2014).
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O controle da populagdo malacologica ¢ um métodos efetivo para o dominio da
transmissdo da esquistossomose, pois interrompe o ciclo de vida do parasito e impede
que o ser humano adquira esquistossomose (BARBOSA et al., 2012). Este controle
abrange trés métodos: o fisico, bioldgico e o quimico (WHO, 1993).

Método Fisico: consiste, principalmente, na eliminagdo de criadouros através de
alteragdes no ambiente. Essas alteragdes podem ser de drenagem de areas alagadas;
aterro de pequenas colegdes hidricas contaminadas; mudanga no curso de canais e
corregos; revestimento e a canalizacdo dos cursos d’agua; retirada de plantas aquaticas
das margens dos criadouros, entre outras (BRASIL, 2008; NEVES, 2010). Essas
operagdes promovem alteragcdes nos habitats e requer investimentos, manutengdes e
geralmente envolvem projetos caros de infraestrutura (BARBOSA, 1995).

Método Bioloégico: envolve a introdug¢do de organismos com acdo predadora,
competidora, parasitaria ou patogénica sobre os moluscos hospedeiros, reduzindo assim
a populacdo de caramujos (SOUZA; LIMA, 1997). O molusco Pomacea haustrum
(Reeve, 1856), por exemplo, ja& demonstrou competicdo por espaco fisico com B.
glabrata quando introduzido em ambiente natural, substituindo significativamente
populagdes desta espécie (MILWARD-DE-ANDRADE; CARVALHO, 1979). Porém,
em alguns locais, espécies de Pomacea e Biomphalaria coexistiram por até dez anos
sem alteragdes das densidades populacionais dos planorbideos (BRASIL, 2014).
Estudo em carater experimental tem sido realizado para avaliar a eficacia do método,
porém a execucao deste método nao ¢ muito vidvel, pois pode causar sérios problemas
ambientais, ainda mais quando se trata de introdugdo de espécies exoticas que podem
reduzir ou eliminar outras espécies nativas (BRASIL, 2008).

Método Quimico: consiste na aplicagdo de produtos toxicos aos moluscos
(moluscicidas) nos criadouros. A aplicagdo deve ser realizada em trechos de
comprovada importancia epidemioldgica e caso a extensdo a ser tratada seja superior a

500 metros, devem-se instalar duas ou mais estacdes de tratamento (BRASIL, 2014).

3.5.1 Moluscicidas

Segundo a OMS, moluscicidas sdo substancias utilizadas para eliminagdo de
moluscos que vivem em jardins, lavouras e campos, assim como as utilizadas para
controlar caramujos vetores de parasitos importantes em satide publica (WHO, 1991).
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A aplicagdo de moluscicidas em criadouros naturais dos caramujos hospedeiros
de S. mansoni é uma pratica recomendada pela OMS (WHO, 2008). Os moluscicidas
podem ser classificados em sintéticos e naturais. Diversas substancias sintéticas foram
testadas em larga escala com agdo moluscicida, mas poucas merecem destaque.
Podemos citar o sulfato de cobre, pentaclorofenato de s6dio (conhecido como pod-da-
china), carbonato de cobre, Gramaxone, hidréoxido de célcio, N-tritilmorfolina e
Niclosamida (NEVES, 2010; STURROCK, 1995). Entretanto, resultados insatisfatorios
quanto a sua toxicidade em relagdo aos moluscos e/ou por afetarem a fauna e a flora
locais levaram ao desuso dessas substancias (REY, 2008).

O tUnico moluscicida sintético indicado nas campanhas de controle da
esquistossomose foi a Niclosamida, comercialmente conhecido como Bayluscide®. E
um produto de alta eficiéncia contra todos os estagios de desenvolvimento dos moluscos
Biomphalaria (MATA et al., 2011). Entretanto, apresenta alta toxicidade para animais
coabitantes e plantas submersas, causando impactos negativos no meio ambiente, além
de possuir alto custo operacional (LOPES et al., 2011; MOREIRA et al., 2010).
Atualmente, a Niclosamida est4 fora de uso no Brasil e em outros paises (RUIZ et al.,
2005; SILVA FILHO et al., 2009), sendo recomendado somente em situagdes especiais
que requerem uma drastica e rapida reducao da transmissao (BARBOSA et al., 2012).

A preocupacdo com o desenvolvimento de resisténcia dos caramujos a
Niclosamida, a baixa seletividade apresentada e a procura por substancias
biodegradaveis tém incentivado a pesquisa de moluscicidas de origem vegetal como
medida de controle alternativo a proliferagdo dos caramujos (LEYTON et al. 2005).
Dessa forma, plantas de facil propagacao, ciclo evolutivo curto e de baixa ou nenhuma
toxicidade aos ndo-alvo, vém sendo estudadas (LUNA et al. 2005).

O interesse pelo uso de moluscicida de origem vegetal data da década de 1930
quando foi sugerido o plantio de Balanites aegyptiaca L. (Balanitaceae), arvore tipica
do deserto, conhecida como “palma do deserto’, ao longo dos cursos de dgua do Sudao e
do Sudeste da Africa, onde se encontravam focos de transmissio da esquistossomose.
Os frutos desta planta ao cairem na agua, inibiam o aumento da densidade populacional
de caramujos (ARCHIBALD, 1933; WAGNER, 1936). Em 1982, foi determinado que
0s compostos responsaveis pela agdo moluscicida dos frutos eram trés saponinas do tipo
espirostano que foram identificadas como balatininas 1, 2 e 3 (LIU; NAKANISHI,
1982).
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No Brasil, os primeiros estudos com moluscicidas naturais foi demostrado pela
atividade de extratos aquosos de Sejania sp. (cipd-timbd) e de frutos de Sapindus
sapondria L. (saboneteira) sobre caramujos B. glabrata (PINTO; ALMEIDA, 1944). A
partir de entdo, a maioria dos estudos relativos a avaliacdo de moluscicida naturais tem
sido voltada para ensaios utilizando extratos vegetais (CANTANHEDE et al., 2010).

Estudos de revisdao vém sendo publicados, permitindo uma visualizagao do perfil
moluscicida de diversas familias, géneros, espécies vegetais e classes de metabdlitos
com maior potencial para serem usados no controle de caramujos, evitando a
transmissdo da esquistossomose. Cantanhede et al. (2010) relataram atividade
moluscicida de extratos de 38 espécies vegetais distribuidas em 24 géneros e 17 familias
botéanicas, demostrando mortalidade de 50 a 90% de caramujos Biomphalaria.

Alves (2013) evidenciou que 259 extratos de plantas, 16 fragdes e 66 compostos
isolados foram testados em B. glabrata, dos quais 60% dos extratos vegetais e 75% das
fragdes estudadas demonstraram toxicidade contra B. glabrata. As amostras foram
obtidas de 200 espécies, distribuidas em 62 familias, apresentando alto potencial para
serem utilizadas como moluscicida. O estudo verificou ainda que os compostos naturais
isolados que apresentaram acdo sobre estes moluscos foram saponinas (44,7%),
diterpenos (37,3%), alcaloides (2,9%), cromenos (2,9%), monoterpenos (2,9%),
proteinas (2,9%), cumarinas (1,4%), sesquiterpenos (1,4%) e taninos (1,4%).

Recentemente, Pereira et al. (2020) revisaram dados de artigos originais e
revelaram que Oleos essenciais obtidos de 46 espécies de plantas aromaticas foram
testadas para atividade moluscicida contra caramujos Biomphalaria onde mais de 80%
dos oleos volateis estudados foram ativos aos moluscos de acordo com os critérios da
OMS, e a maioria dos 6leos eram provenientes de plantas pertencentes as familias
Rutaceae, Lamiaceae e Pinaceae. Cerca de 37% das espécies avaliadas foram obtidas no
Brasil e 88% dessas plantas foram coletadas no Nordeste do pais, regido com alta
prevaléncia de esquistossomose.

Os principios ativos dos vegetais com atividade moluscicida estdo relacionados
principalmente a produtos do seu metabolismo secundario. Os mais destacados sdo as
saponinas, os taninos e derivados terpénicos dos Oleos essenciais, como o0s
monoterpenos, sesquiterpenos e fenilpropanoides (MATOS-ROCHA et al., 2013;
SOLORZANO-SANTOS; MIRANDA-NOVALES, 2012). Outras classes também
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foram relatadas, como os esteroides e acetogeninas, que provavelmente ocasionam uma
inflamacgao no caramujo (CHIFUNDERA et al., 1993; LUNA et al., 2006).

Embora moluscicidas naturais sejam biodegradaveis, em determinadas
concentragdes, os derivados vegetais podem revelar riscos. Nesse contexto, é necessario
realizar testes de toxicidade das plantas que demostram atividade moluscicida (LUNA
et al., 2005; SANTOS et al., 2007).

Para avaliacdo de toxicidade, o peixe ¢ o vertebrado mais recomendado, pois
apresenta sensibilidade e permite andlise de possiveis alteracdes fisiologicas e
comportamentais (RAPADO et al. 2013) e sdo animais que podem coabitar com
caramujos em ambientes naturais. Peixes da espécie Danio rerio (Hamilton, 1822) sao
considerados um organismo padrdo para ensaios toxicoldgicos, sendo largamente
utilizados em testes de ecotoxicologia aquatica (ABNT, 2011). Além disso, ja foi
utilizado para avaliar os efeitos toxicos de efluentes industriais (HOLANDA, 2012), de
inseticidas, herbicidas (NAKAGOME et al. 2007; DA Silva et al. 2010) e de latex
vegetal (OLIVEIRA-FILHO et al. 2010), sendo considerado bom indicador de
toxicidade ambiental. D. rerio ja teve o seu genoma completamente sequenciado, ¢
amplamente estudado por apresentar muitos gens com fungdes semelhantes ao da
espécie humana (DAHM, 2006) e, conhecidamente semelhante aos modelos de

mamiferos e humano em ensaios de toxicidade (JONES, 2007).
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Chemical characterization and molluscicidal activity of the Hyptis pectinata (L.)

Poit. essential oil against Biomphalaria glabrata (Say, 1818).

Abstract

Many biological properties have been attributed to the Hyptis pectinata (L.) Poit.
essential oil. However, the molluscicidal properties and toxicity on non-target
organisms remain unclear. In this study, the H. pectinata essential oil was chemically
characterized and the molluscicidal potential of this essential oil and its major
compound against the snail Biomphalaria glabrata, intermediate host of Schistosoma
mansoni, were evaluated. The essential oil was extracted from H. pectinata leaves by
the hydrodistillation method. The chemical composition analysis of essential oil was
carried out by gas chromatography with flame ionization detector and mass
spectrometry. Molluscicidal activity was evaluated using the immersion method. The
essential oil showed a yield of 1.57% and 21 compounds were identified, all belonging
to the class of sesquiterpenes. The B-caryophyllene, a-cadinol, and t-muurolol were the
main constituents. The H. pectinata essential oil demonstrated effective molluscicidal
activity against B. glabrata, inducing mortality in a concentration-dependent pattern and
exhibiting lethal effect at concentrations compatible with the dose recommended by the
World Health Organization - WHO (LCy of 63.02 ],tg'mL'1 and LCso 0f40.31 ug~mL'1).
However, the major compound B-caryophyllene did not induce the mortality of the snail
B. glabrata. The H. pectinata essential oil demonstrated low toxicity to the non-target
organism when compared to molluscicide niclosamide. Knowledge of the toxicity of H.
pectinata essential oil against snail B. glabrata contributes to its potential use in
molluscicidal formulations, being an alternative in the control of snail vectors of S.

mansoni, which is a crucial action in the fight against schistosomiasis.
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Highlights

The H. pectinata essential oil is highly toxic against adult B.glabrata.

The H. pectinata essential oil promoted B. glabrata mortality at a lethal concentration

recommended by the WHO (LCs 0f 40.31 pg.mL™" and LCy of 63.02 pg-mL™).

The toxicity of the H. pectinata essential oil for snails is concentration-dependent.

The sesquiterpene B-caryophyllene did not induce B. glabrata mortality.

H. pectinata presented low toxicity to non-target organisms compared to niclosamide.

The H. pectinata essential oil is a potential molluscicide.

1. Introduction

Schistosomiasis is the second most common parasitic disease in the world,

generating important socioeconomic impacts. This infection is caused by trematode

worms of the genus Schistosoma, affecting approximately 240 million people

worldwide (Vos et al. 2012; WHO, 2019).
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Snails of the species Biomphalaria glabrata (Gastropoda: Planorbidae) act as the
main intermediate host of Schistosoma mansoni, having wide geographical distribution,
high infection rates, and efficiency in parasite transmission, releasing hundreds of larval
forms that penetrate human skin. Therefore, these snails are decisive in the disease
transmission cycle (Paraense, 2008; Scholte et al. 2012).

Due to the high incidence of schistosomiasis and the absence of vaccines for its
control, combating vector snails with the application of molluscicides is an efficient
method to control this disease for interrupting parasite transmission and consequently
preventing disease recurrence (WHO, 2017). The only molluscicide commercially
recommended by the WHO consists of niclosamide. However, due to the cases of
resistance to the use of this compound, the search for new molluscicides has been
intensifying (Braz Filho, 2010). Natural products are promising for the discovery of
active compounds, being an alternative for the development of effective molluscicides
in the combat against snail vectors of schistosomiasis (Rapado et al. 2014).

Essential oils, products abundant in aromatic plants, have been widely studied
for their variety of biological activities proven by scientific studies (De Veras et al.
2019; Thanigaivel et al. 2019; Zabka et al. 2014). Essential oils are mixtures of
substances, mainly  plant-synthesized = monoterpenes,  sesquiterpenes, and
phenylpropanoids that may represent potential molluscicidal action with bioactive
compounds against the snail B. glabrata (Araujo et al. 2019; Gomes et al. 2019). The
molluscicidal action of essential oils has generally been attributed to the most prevalent
terpenic compounds. However, the molluscicidal properties of these compounds alone
are poorly investigated.

The essential oil from leaves of the species Hyptis pectinata (Lamiaceae) is

considered promising for several biological activities and contains several bioactive
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substances, including antimicrobial, insecticidal, and larvicidal compounds (Silva et al.
2008; Raymundo et al. 2011; Nascimento et al. 2008). However the molluscicidal
properties of this oil have not yet been described. In this context, this study determines
the chemical composition of the H. pectinata essential oil and evaluates its
molluscicidal activity against the snail B. glabrata, besides evaluating the molluscicidal
effect of the compound present in the greatest quantity in the oil and verifying the
toxicity of the essential oil on non-target organisms. This is the first report on the
molluscicidal activity of the H. pectinata essential oil to control vectors involved in

schistosomiasis transmission.

2. Material and methods

2.1 Plant material

Leaves of the species H. pectinata were collected from adult specimens in the Source of
the Parnaiba River National Park, Alto Parnaiba, Maranhdo State, Brazil (10°2°2” S;
45°58°’3” W). The sample was identified by a specialist from the Jodo Mur¢a Pires
Herbarium of the Emilio Goeldi Museum, municipality of Belém, Par4 State, Brazil,
and a voucher specimen was deposited for identification. The collection was conducted
with the consent of the Biodiversity Authorization and Information System (No. 28007-
2), meeting the requirements of the Ministry of Environment of Brazil (Normative

Instruction No. 154, updated by Normative Instruction No. 3).

2.2 Distillation of the essential oil
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Leaves of the collected material were dried in open air and powdered in a cutting
mill, from which a powder classified as coarse was obtained (Brazilian Pharmacopeia,
2019). In order to obtain the essential oil, 500g of the powdered material was used and
subjected to hydrodistillation using a Clevenger-type apparatus for approximately three
hours. After extraction, the oil was dried over anhydrous sodium sulfate (Na,SO4) and
stored in amber glass ampoules, which were sealed and maintained in a refrigerated

environment (Coutinho, 2007).

2.3 Chemical analysis of the essential oil

The essential oil sample was analyzed by gas chromatography using a DSQ-II
GC-MS instrument (Thermo Fisher Scientific, Austin, TX, USA) equipped with a
fused-silica column (DB-5ms; i.d. 30m x 0.25 mm; film thickness 0.25 um). The
following analysis conditions were used: injector temperature of 250 °C; initial
temperature of 60 °C increased up to 240 °C at 3 °C/min; Helium as carrier gas adjusted
at a flow rate of 36.5 cm/s (1.0 mL/min); splitless injection (1 uL of the sample diluted
in hexane); and split ratio of 20:1. The mass spectrometer was operating in the EI mode
(70 eV and 0.84 scan/sec from 40 to 550 m/z). Retention indices were calculated for all
volatile constituents using homologous series of n-alkanes (C8 - C32, Sigma-Aldrich).

Quantitative data on volatile constituents were obtained by integrating the peak
area using GC-FID without correction factors and operated under the same conditions
as GC-MS except for the carrier gas, with hydrogen produced by a Packard hydrogen
generator being used instead. Individual compounds were identified by comparing their

Kovats retention indices (KI) and mass spectra (molecular mass and fragmentation
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pattern) with those of authentic compounds previously analyzed and stored in the data

system of the libraries of Adams (2007) and NIST (2011).

2.4 Snails

Wild snails of the species B. glabrata (diameter 13 £ 1.2 mm; total weight 0.43
+ 0.1 g) were collected in the municipality of Sdo Luis (2° 33’ 35.1” S; 44° 18” 05.3”
W), Maranhao State, Brazil. The snails were maintained at 25 £ 1 °C in glass aquaria
containing dechlorinated water and fed with fresh lettuce (Lactuca sativa L.). For four
weeks, the mollusks were isolated in glass flasks containing dechlorinated water and
examined for possible infection by S. mansoni through photo-stimulation (Smithers and
Terry, 1974). Uninfected snails with intact shells were selected for the molluscicidal

test.

2.5 Molluscicidal activity test

The molluscicidal bioassay was conducted using a solution of the H. pectinata
essential oil prepared instantly at a concentration of 100 ug-mL™. The oil was dissolved
in 0.1% DMSO, diluted in dechlorinated water, and subjected to mechanical stirring.
The test was performed by immersion, according to the standard methodology by the
WHO (1965). In summary, groups of ten snails were exposed to the H. pectinata
solution in glass aquaria (17x13 cm) for 24 hours at 25 + 1 °C and 50 mL solution/snail
ratio. At the end of the exposure period (24h), the surviving snails were washed in
running water to remove the test solution and transferred to new aquaria containing an

identical volume of dechlorinated water for a recovery phase of up to 72 hours.
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Simultaneously, the negative control group was exposed to dechlorinated water with
0.1% DMSO while the positive control group was exposed to 10 pg'mL™" copper sulfate
(100% lethal concentration for the snail B. glabrata according to Reddy et al., 2004).

Tests were performed in triplicate and in two independent experiments.
Mortality was evaluated during the exposure period and the recovery phase. The snails
were considered dead according to the following parameters: absence of muscle
contraction, shell discoloration, cephalopodal mass retraction, and hemolymph leakage.
After molluscicidal activity against B. glabrata with a single dose (100 pg'mL™) was
confirmed, the essential oil was evaluated at lower concentrations (15, 25, 35, 50, 75, 85
ng'mL™) to determine the values of lethal concentrations necessary to kill 50% (LCso)
and 90% (LCqy) of snails.

The compound identified in greatest quantity in the H. pectinata essential oil
was also individually evaluated for its molluscicidal potential against B. glabrata. This
compund was purchased commercially from Sigma-Aldrich (Sao Paulo, Brazil). The

molluscicidal assay was conducted under the same conditions aforementioned.

2.6 Test for acute toxicity on non-target organism

Fishes of the species Danio rerio (Teleostei, Cyprinidae) were obtained from a
commercial fish farm, acclimatized in the laboratory, and maintained in an aquarium
under constant aeration and partial water change every 48 hours. Healthy adult fish (3.0
+ 0.5 cm and 0.25 £ 0.5 g) were selected for the test. The test was conducted by static
method without water replacement, as standardized by the Brazilian Association of

Technical Standards (2011). Groups of four organisms were exposed to the solution of
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the H. pectinata at concentrations of 5, 10, 15, 20, and 25 pg-mL 1 The experiment
lasted 48 hours. Every 24 hours, the number of dead animals was determined.

The following was measured: pH (7.5), dissolved oxygen (7.65 mg-L™), and
temperature (24.4 °C). The negative control (water with 0.1% DMSO) and the positive
control (CuSOy at 10 pg'mL™, reference substance according to Bichara et al., 2013),
were included in the assay. The entire assay was performed in quadruplicate (n=16
organisms for each concentration of H. pectinata and control groups).

This experiment was developed as approved by the Ethics Committee on Animal

Use of the Federal University of Maranhao (Registration: 34.15).

2.7 Statistical analysis

The values of lethal concentrations (LCsy and LCyy) of molluscicide and acute
toxicity bioassays for fish and its lower and upper confidence limits were calculated by
probit linear regression analysis (SPSS® software, version 13.0). The data were
presented as mean of LCs + standard deviations. Mortality rates (%) of snails by
concentration (pug.mL-1) to the essential oil were submitted to analysis of variance

(ANOVA) followed by Tukey (p < 0.05).

3. Results

3.1 Chemical characterization

The distillation of the H. pectinata essential oil yielded 1.57%. The chemical

characterization of the sample is shown in Table 1.
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Twenty-one compounds have been identified in the H. pectinata oil. The
chromatographic profile of the H. pectinata oil presented only mixtures of constituents
of the class of sesquiterpenes, among which B-caryophyllene (15.79%), a-cadinol
(13.75%), and t-muurolol (10.28%) were the main constituents in the oil. The amount of
oxygenated constituents identified was 49.47%, while the amount of hydrocarbons was
43.88%. The general identification obtained for the constituents of the H. pectinata

essential oil was 93.35%.

Table 1 Chemical characterization of the essential oil from Hyptis pectinata leaves

Content (% )¢

Compound® RI cale.” RIlit.© Hyptis pectinata
o-copaene 1376 1374 1.59
B-bourbonene 1384 1384 2.14
B-elemene 1392 1391 1.40
B-caryophyllene 1418 1418 15.79
a-Santalene 1420 1420 1.78
a-bergamotene 1432 1430 1.04
allo-aromadendrene 1460 1458 8.44
germacrene D 1480 1480 1.42
a-amorphene 1485 1506 1.42
&-Amorphene 1512 1511 3.77
y-cadinene 1513 1513 2.15
trans-calamenene 1529 1529 2.01
trans-a-bisabolene 1549 1549 2.97
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spathulenol 1575 1577 6.0

caryophyllene oxide 1581 1582 1.5
globulol 1585 1583 1.73
humulene epoxide I1 1607 1606 2.48
1,6-humulanedien-3-ol 1621 1619 9.27
t-muurolol 1644 1642 10.28
a-cadinol 1652 1653 13.75
trans-farnesol 1728 1714 2.42

Classes of compounds

Sesquiterpenes hydrocarbons 43.88
Oxygen-containing sesquiterpenes 49.47
Total of identified content % 93.35

The main compounds identified with content above 10% are highlighted in bold

* Compounds listed in order of column elution elution DB-5MS

® Retention index determined in DB-5ms column using a homologous series of alkanes
C8 - C32.

¢ Retention index of the library (Adams, 2007; NIST 2011).

d Calculated from relative areas of peaks in chromatograms based on three or more

injections

3.2 Molluscicidal Activity

The H. pectinata essential oil proved to be highly toxic to B. glabrata in a single
dose (100 pg.mL™), causing 100% snail mortality in the first hours of the exposure
period. After molluscicidal activity with a single dose was confirmed, the essential oil

was evaluated at lower concentrations and LCsy and LCyy were determined (Table 2).
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221

222 Table 2 Estimated values of LCso and LCy for the Hyptis pectinata essential oil against

223 Biomphalaria glabrata snails after 24 hours of exposure

Essential oil Adults snails

LCso LCoo
H. pectinata 40.31+0.29 63.02 £0.27
(95% CI) (39.59-41.03) (62.32—-63.71)

224 Values of LCsy, LCoo and 95% confidence limits (CI) are expressed as pg.mL” of
225  essential oil required to cause the death of snails.

226

227 The H. pectinata essential oil induced snail mortality in all concentrations
228  evaluated except for 15 pg.mL™" (Fig. 1). Snail mortality was positively correlated with
229  concentration levels, being dose-dependent. The mortality rate remained constant from

230  the concentration of 75 pg.mL™ (Fig. 1).

100
80 A
60

40

Mortality rate (%)

20 A

15 25 35 50 75 85

H. pectinata (jgg.m L'1)
231

232 Fig. 1 Mortality rate (%) of wild snails of Biomphalaria glabrata after 24 hours of
233 exposure to the Hyptis pectinata essential oil at different concentrations (ug.mL™).
234 The results are presented as mean + standard deviation. The asterisk (*) indicates zero

235  values. p <0.05. Different letters indicate significant differences between concentrations

236
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During the exposure of snails to the H. pectinata essential oil, it was possible to
observe hemolymph leakage followed by seclusion of the cephalopodal mass into their
shells without presenting response to the touch stimulus. At lower concentrations, snails
presented mucus secretion, escape behavior (by moving to the edges of the aquarium),
and differences in behavior during the recovery phase, such as decreased motor and
feeding capacity. No mortality or behavioral changes were observed in snails in the
negative control group.

Since the sesquiterpene B-caryophyllene was the compound present in the
greatest quantity in the H. pectinata oil, it was also evaluated for molluscicidal activity
to verify its effect on snail mortality. The results showed that B-caryophyllene did not
induce snail mortality at a concentration of 100 pg'mL " and did not cause any
impairment of motor and feeding activities. Therefore, this sesquiterpene was
considered inactive on B. glabrata, since it did not cause snail mortality at the

maximum dose recommended by the WHO in the period of 72 hours after exposure.

3.3 Acute toxicity on non-target organism

In this study, fishes of the species D. rerio were used to evaluate the degree of
toxicity of the H. pectinata essential oil on non-target species for molluscicidal activity.
The acute toxicity value of H. pectinata for the fish D. rerio in 48 hours of exposure
was 43.02 pg.mL". The LCso obtained was compared to the toxic effect of the lethal
concentration (50%) recorded in the literature for the commercial molluscicide

niclosamide on the same species evaluated (Table 3).

Table 3 Toxicity of the Hyptis pectinata essential oil on the fish Danio rerio
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Treatment Acute toxicity on D. rerio

LCso (95% CI) Toxicity classification
H. pectinata 43.02 £0.53 (41.68-44.36) Category 3
Niclosamide 0.12 (0.10-0.19)" Category 1

The data are presented as LCso (in pg.mL™) with the respective 95% confidence limit.
Lethal concentrations obtained after 48 hours of exposure.

Toxicity classification: Category 1 - acute toxicity < 1.00 pg.mL™"; Category 2 - acute
toxicity > 1.00 and < 10.0 pg.mL™; Category 3- acute toxicity > 10.0 and < 100 pg.mL"
(Wallau and Santos, 2013). * LCso obtained in the literature (Rapado et al, 2013.
doi:10.1371/journal.pntd.0002251.t004)

Discussion

Chemical characterization

Essential oils are complex natural mixtures of lipophilic substances
characterized by the presence of one to three major components in relatively high
concentrations compared to the other components present in the oil (Teixeira et al.,
2014), being formed mainly by secondary metabolites of the classes of monoterpenes,
sesquiterpenes, and phenylpropanoids (Simdes et al., 2010).

It was possible to group the terpenic compounds present in the H. pectinata
essential oil into the two following main chemical classes: sesquiterpene hydrocarbons
and oxygenated sesquiterpenes, since compounds of other classes were not identified
(Table 1). Thus, the sample of Hyptis pectinata oil was characterized by containing only
mixtures of sesquiterpenes, with B-caryophyllene (15.79%) as the major compound and

with high levels of a-cadinol (13.75%) and t-muurolol (10.28%).

58



284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

The high content of sesquiterpenes in the H. pectinata essential oil is reported in
the literature (Tchoumbougnang et al., 2005; Santos et al., 2008). However, the H.
pectinata essential oil showed variability in chemotypes when compared to data
reported in the literature. Tchoumbougnang et al. (2005), for example, reported that
germacrene D (28%) and B-caryophyllene (22.1%) were the main components of the
essential oil from fresh leaves of H. pectinata in the humid region of West Cameroon -
Central Africa. Santos et al. (2008) identified calamusenone (24.64%) as the main
component in cultivars from Sergipe State, Brazil, with the occurrence of this
compound in the genus Hyptis being described for the first time.

The chemical variation found in the composition of the oil evaluated in this
study regarding the major compounds, compound types, and relative quantities, in
general, are attributable to the influence of environmental conditions, physiological
changes, and intra-species genetic variability or to others factors, such as the method of
extraction of the essential oil, the type of material used in the extraction (fresh or dry),
and the geographic location (Marlucia, 2011). Secondary metabolites represent a
chemical interface between plants and the environment that can influence enzymatic
activities in certain species and consequently interfere with the biosynthesis of terpenes
present in essential oils (Teixeira et al., 2014).

It is important to note that all differences in oil profiles must be considered when
proposing any type of correlation between the chemical composition and biological
activity of the oils (Morais, 2009). Therefore, the application of essential oils aimed to
biological activity must be preceded by the study and analysis of their chemical
composition, which is essential to estimate the chemical compounds responsible for

biological activity and understand their active compounds, allowing researchers to
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direct their use for various purposes, such as product development for specific

applications.

Molluscicidal activity

The H. pectinata essential oil demonstrated effective molluscicidal activity
against B. glabrata with LCsq of 40.31 pg.mL™" and LCy of 63.02 pg.mL™". According
to the WHO guidelines (1983), a plant with molluscicidal properties has the potential
for use in the field if promoting snail mortality of 90% (LCyo) in concentrations of up to
100 pg.mL”. Thus, the essential oil of this species was considered a promising
molluscicide to control the spread of snail vectors according to the World Health
Organization standards.

The molluscicidal action of the H. pectinata essential oil recorded in this study is
related to the sesquiterpene compounds, since compounds of other classes were not
identified in this oil. However, the sesquiterpene [-caryophyllene, present in the
greatest quantity in the oil, did not induce snail mortality at the maximum concentration
of 100 pg.mL™" when evaluated separately. This suggests that the molluscicidal activity
of the H. pectinata essential oil is not related to the isolated action of the major
compound, but to the synergism of all its compounds acting together or associated with
other compounds not tested in this study, which even at small concentrations can be
active. It is important to note that most of the sesquiterpenes present in essential oils
have their biological activity more intensified when combined due to synergistic action
(Santos et al., 2008).

The molluscicidal effect of the H. pectinata essential oil on B. glabrata observed

in the first hours of the exposure period was probably related to the rapid absorption of
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the oil by the tegument of the snails. Cornwell and Barry (1994) mentioned that the
sesquiterpenes present in essential oils are promoters of cutaneous penetration, being
capable of penetrating tissues quickly. In addition, the lipophilic character of essential
oils may increase cell membrane permeability due to the affinity with lipid-rich tissues
(Bakkali et al., 2008; Lahlou, 2004).

Changes in snail behavior observed during a molluscicidal test suggested a
reaction of these mollusks against an aggressive agent, being considered a defense
mechanism of the animal. Mucus secretion on the shell opening, for example, can be
understood as a way to block contact with the toxic solution (Teixeira et al., 2012).
Although information on the molluscicidal action of essential oils is limited, it is
possible that essential oils act against mollusks and insects similarly. Botanical
insecticides, including essential oils, act on the cholinergic system, GABA system,
mitochondrial system, and the octopaminergic system, besides as AChE inhibitors
(Isman; Machial, 2006; Rattan, 2010).

Conventional organophosphate and carbamate molluscicides, for example,
strongly inhibit AChE activity in mollusk hemolympha (Rorke et al., 1974). Action
mechanisms of other synthetic molluscicides were associated to the loss of low
molecular weight substances such as potassium and calcium ions, besides inhibiting
important enzymes for the cell membrane, such as ATPase, or a possible electrostatic
interaction with the phospholipids present in the cytoplasmic membrane, causing cell
membrane rupture (Chen et al., 2019; Kaehn, 2010; Melo et al., 2018).

It is plausible that the H. pectinata essential oil acts similarly regarding the
destabilization and rupture of the cell membrane of the tegument of B. glabrata, which
would justify the presence of dispersed hemolymph in the solution of the molluscicidal

test. The molluscicidal action of the H. pectinata essential oil can also be the result of
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different action mechanisms affecting more than one system. According to Lopez and
Pascual-Villalobos (2010), the terpenes present in essential oils can operate in different
metabolic pathways. Thus, the elucidation of the action modes of essential oils against

vector snails should be investigated in future research.

Acute toxicity on non-target organism

The toxicity test on the fish Danio rerio was conducted so that the H. pectinata
essential oil could be used safely in the control of schistosomiasis-transmitting snails in
natural environments by estimating its risks to species not targeted by the molluscicidal
action. The tropical species D. rerio is widely used as a good ecotoxicity indicator
(ABNT, 2011) and the genetic similarity of 70% to humans also allows toxicity studies
with this animal model (Magalhaes et al., 2017).

The acute toxicity value (LCsp) of the H. pectinata essential oil for the fish D.
rerio in 48 hours of exposure was 43.02 pg.mL™. The acute toxicity of H. pectinata for
the fish D. rerio was considered of a lesser toxic category compared to the toxicity of
the commercial synthetic molluscicide niclosamide. Rapado et al. (2013) evaluated the
toxic effect of the molluscicide niclosamide on the fish D. rerio and observed high
toxicity with LCso of 0.12 pg.mL™. According to the Globally Harmonized System, the
H. pectinata essential oil is classified as a category 3 toxin for D. rerio, being
substantially less toxic than the reference molluscicide niclosamide, classified as a
category 1 toxin (Table 3).

In addition to the use of the H. pectinata essential oil for snail control in natural
environments, it is also possible to use this oil in artificial breeders of intermediate hosts

of schistosomiasis, such as ditches, open sewers, and other types of water puddles that
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frequently occur in areas of schistosomiasis prevalence, where there is no sanitary
infrastructure and poor social and environmental conditions. In these environments,

other cohabiting species are rarely found.

Conclusion

In this study, we reported for the first time the molluscicidal activity of the H.
pectinata essential oil and described its chemical composition. In conclusion, the H.
pectinata essential oil was characterized by containing only mixtures of sesquiterpene
compounds and demonstrated potential for use in the control of schistosomiasis-
transmitting snails, being biologically active against the snail B. glabrata in
concentrations compatible with the concentration recommended by the WHO. In
addition, considering the limitations of niclosamide, the essential oil investigated in this
study is a promising molluscicide derived from botanical sources, presenting less toxic
potential against non-target organisms compared to niclosamide. Further studies on the
toxicity of this oil on embryos and newborns of B. glabrata will be conducted using as
basis the lethal concentrations obtained in this study in order to verify if the essential oil

acts in all life stages of the snail.
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Molluscicidal activity of monoterpenes and their effect on inhibition of
acetylcholinesterase activity on Biomphalaria glabrata, an intermediate host of

Schistosoma mansoni

Abstract

The molluscicidal action of essential oils have been attributed to the most prevalent
terpenic compounds, however, the molluscicidal properties, mode of action and toxicity
to non-target organisms of these compounds alone remain unclear. In this study, the
molluscicidal potential of four monoterpenes (camphor, thymol, a-pinene and 1,8-
cineole) was analyzed against snails Biomphalaria glabrata, intermediate host of
Schistosoma mansoni. Each monoterpene was evaluated by the immersion test and the
monoterpenes considered active against B. glabrata were analyzed as inhibitors of the
enzymatic activity of acetylcholinesterase (AChE) extracted from snails. In addition,
acute toxicity to non-target organisms was assessed against Danio rerio fish. The results
showed that camphor and 1,8-cineole monoterpenes did not induce snail mortality. The
thymol and a-pinene monoterpenes were active against B. glabrata, inducing mortality
in concentration-dependent patterns and exhibiting a lethal effect in concentrations
compatible with that recommended by the World Health Organization (CLg of 7.11 and
CLg 10.34 pg - mL- 1, respectively). Thymol and a-pinene inhibited the AChE of B.
glabrata in concentrations higher than those used in the molluscicide test. These
monoterpenes showed low toxicity to non-target organisms when compared to the
commercial molluscicide niclosamide. The knowledge about the monoterpenes toxicity
against B. glabrata contributes to its potential use in molluscicidal formulations and
alternatives in the control of snails that host intermediate S. mansoni, a crucial action in

the prevention and transmission of schistosomiasis, a neglected tropical disease.
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Highlights

Camphor and 1,8-cineole did not induce the mortality of adult B. glabrata snails.

Thymol and a-pinene are toxic to B. glabrata in concentration recommended by WHO.

Thymol and a-pinene toxicity to snails is concentration-dependent.

Thymol and a-pinene are inhibitors of acetylcholinesterase of B. glabrata snails.

Low toxicity of thymol and a-pinene to non-target organisms compared to niclosamide.

Thymol and a-pinene monoterpenes are potentially molluscicidal.
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1 Introduction

Schistosomiasis, a parasitic disease caused by trematode worms of the genus
Schistosoma, is the most important helminth infection in humans. It affects millions of
people worldwide. The morbidity and mortality rates are high (WHO, 2019). In Brazil,
schistosomiasis is considered an expanding endemic. It is directly related to extremely
precarious socioenvironmental and socioeconomic conditions (Brasil, 2010; Matos-
Rocha et al. 2017). The snail Biomphalaria glabrata (Gastropoda: Planorbidae) is the
main intermediate host of Schistosoma mansoni in Brazil. This is mainly due to its high
ecological plasticity, high infection rates, and efficiency in the transmission of the
parasite. It is thus paramount for the disease transmission cycle (Scholte et al. 2012).

Since the 1960s, the compound niclosamide is the only commercially available
molluscicide recommended by the WHO. However, it is extremely toxic to fish and
other aquatic animals, which limits its application in occurrence areas due to
environment damage (EPA, 1999; Chen et al. 2019). Therefore, it is necessary to
develop new effective and low toxicity molluscicides for non-target organisms.

Essential oils (EOs) are products present in plants. They have been widely
studied due to their diverse biological activities, highlighting their antibacterial,
antifungal, and insecticidal actions, and their scientifically proven efficacy (De Veras et
al. 2019; Thanigaivel et al. 2019; Zabka et al. 2014). Such products may represent a
potential source of molluscicide agents, since several EOs have demonstrated activity
against snails, which are vectors of schistosomiasis (Araujo et al. 2019; Gomes et al.
2019; Salama et al. 2012; Sousa et al. 2017). The action of EOs, in the broad spectrum
of biological properties reported by hundreds of studies, has been attributed to the most

prevalent compounds in EOs, mainly monoterpenes and sesquiterpenes. However, there
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are few studies analyzing the action of these compounds in isolation (Guimaraes et al.
2019).

Terpenes are the main constituents of EOs. They act mainly as inhibitors of the
enzymatic activity of acetylcholinesterase (AChE) in invertebrates (De Groot ¢ Schmidt
2016; Jankowska et al. 2017). The AChE plays a vital role in maintaining the
physiological functioning of mollusks (Kumar et al. 2009; Teixeira et al. 2012). It has
been the main target of organophosphate molluscicide and carbamates and can be used
as a potent biomarker of mollusk toxicity (He et al. 2017; Ma et al. 2014).

In a previous study conducted by our research group, we demonstrated the
molluscicide activity of four EOs extracted from plants native to the Amazon region of
Maranhéo, Brazil. The LCy of these oils ranged from 27.41 to 182.33 pg-mL™. We
highlighted terpenic compounds present at greater quantity in the essential oils of the
species evaluated, namely FEugenia punicifolia (a-pinene 58.65%), Hyptis dilatata
(camphor 37.98%), Lippia gracilis (thymol 57.94%) and Lippia acutidens (1.8 —Cineole
26%) (Ribeiro, 2016). The main chemical components identified - thymol, a-pinene,
1,8-cineole, camphor - belong to the class of monoterpenes.

Based on these findings, we conducted the present study because the
monoterpenes selected here are mainly present in EOs considered active against snails,
which are vectors of schistosomiasis. Therefore, these monoterpenes may be related to a
molluscicide effect and should be investigated in isolation. In addition, to understand
the nature of toxicity, that is, the molluscicide mode of action of monoterpenes, and
considering that the inhibition of the enzyme AChE can be an important mechanism of
action for toxic actions against vectors, we evaluated the effects of these monoterpenes
on the activity of AChE extracted from B. glabrata snails, which are vectors of

schistosomiasis.
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We also emphasize that, although monoterpenes are possible alternative
products to control schistosomiasis, there are also challenges in predicting the impacts
on non-target organisms. In this context, the objective of this work is to evaluate the
toxic action of the monoterpenes camphor, thymol, a-pinene, and 1,8-cineole on B.
glabrata. We also evaluate the possible mechanism of action of active monoterpenes
through AChE enzymatic activity in soft tissues of snails, and then determine the
toxicity of these monoterpenes to non-target organisms.

After reviewing the current literature, we found no studies on the molluscicide
activity of these monoterpenes against B. glabrata that detail LCsy and LCqo. This is
also the first study to evaluate the effects of monoterpenes on AChE enzymes extracted

from B. glabrata.

2 Materials and methods

2.1 Monoterpenes

Four monoterpenes were evaluated: camphor, thymol, a-pinene, and 1,8-cineole.

All were acquired commercially from Sigma-Aldrich (Sao Paulo, Brazil) (Fig. 1).

OH

(1) {2) (3} {4)

Fig. 1 Chemical structure of the monoterpenes used in the study. (1) camphor, (2)

thymol, (3) a-pinene, and (4) 1,8-cineole
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2.2 Collection, maintenance, and selection of snails

Wild snails of the species B. glabrata were collected in the city of Sdo Luis (- 2°
33"35.1"S; - 44° 18' 05.3" W), state of Maranhdo, Brazil. The snails were kept at 25 + 1
°C in glass aquariums containing dechlorinated water and fed with lettuce (Lactuca
sativa L.) in natura. For four weeks, the mollusks were examined as for infection by S.
mansoni by photo-stimulation, as Smithers and Terry (1974) described. Among
uninfected snails, adults with intact shells were selected for the molluscicide assay

(diameter 13 + 1.2 mm; weight 0.43 + 0.1 g).

2.3 Molluscicide activity assay

The molluscicide bioassay was carried out using an aqueous solution of each
monoterpene (camphor, thymol, a-pinene, and 1,8-cineole) prepared on the spot at a
concentration of 100 pg'mL™, dissolved in 0.1% DMSO, and subjected to mechanical
stirring (400 rpm). The assay was performed according to the WHO standard
methodology. In summary, groups of ten wild snails were exposed to monoterpene
solutions (500 mL) for 24 hours at 25 £ 1 °C. At the end of the exposure period (24 h),
the surviving snails were washed in running water to remove the monoterpene solution
and transferred to new aquariums containing an identical volume of dechlorinated water
for a recovery phase of up to 72 hours.

The negative control group was exposed to dechlorinated water with 0.1%
DMSO, and the positive control group was exposed to 10 pg'mL™ of copper sulfate
(lethal concentration for 100% of dead B. glabrata snails according to Reddy et al.,
2004). This stage was simultaneous to and performed in a similar way as the treatments.

The tests were carried out in triplicate and in two independent experiments.
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Mortality was assessed during the exposure period and the recovery phase. The
animals were considered dead according to the following parameters: absence of muscle
contraction, shell discoloration, retraction of cephalopod mass, and hemolymph
extravasation. The monoterpenes that showed activity against B. glabrata in this single-
dose test were evaluated at lower concentrations to determine the values of lethal
concentration (LCsp and LCog). The test was carried out under the same conditions as

described above.

2.4 AChE extraction

The protein extract, source of AChE, was obtained from snails of B. glabrata, as
described by Bianco et al. (2014), with changes. The animals were frozen for 24 hours.
Then, the shells were carefully removed and the soft tissues (head, foot and visceral
mass) were immediately washed with distilled water, placed on filter paper to drain the
extra and heavy fluids. The tissues were macerated (1:10 m/v) in mortar and pistle for 5
min in 20 mM Tris / HCI buffer, pH 7.5, with 0.5 mM EDTA. The procedure was
performed in an ice bath. The extracts were centrifuged at 11000 x g for 20 min at 4 °C.
The supernatant was named extract containing acetylcholinesterase. The protein

concentration was determined (Bradford, 1976).

2.5 AChE activity

The AChE activity was determined according to the method of Ellman
(1961), with acetylthiocholine iodide (ATCI) (Sigma Aldrich) as a substrate. The
reaction solution consisted of 50 pL of supernatant containing acetylcholinesterase (0.6
mg.mL™" protein) solubilized in 475 pL 100 mM sodium phosphate buffer, pH 8.0; 475

puL 0.2 mM 5,5’-dithiobis-(2-nitrobenzoic acid) (DTNB) (Sigma Aldrich) and 0.75 mM
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acetylthiocholine iodide. The absorbance (412 nm) was recorded every 5 min.
Percentage of inhibition was calculated by comparing the rate of enzymatic hydrolysis
of ATCI for the samples to that of the blank (phosphate buffer, DTNB and ATCI). All

determinations were carried out in triplicate.

2.6 Inhibition of AChE

The monoterpenes thymol and a-pinene were individually diluted in ethanol-PA
at a concentration of 20 mg'mL™". From the stock solution, diluted solutions were
prepared in 100 mM sodium phosphate buffer, pH 8.0. The terpenes were tested at six
final concentrations: 0.01, 0.05, 0.1, 0.3, 0.5, 0.7 mg~mL'1. The inhibitory activity of
AChE was assessed by mixing 50 plL of supernatant containing acetylcholinesterase,
475 uL of terpene solution and 475 pL of the reaction solution described above. In the
negative control, the terpenes were replaced by the phosphate buffer.

The percentage of enzyme inhibition was calculated by comparison with the
negative control. The data were transformed into Log (X), normalized, and non-linear
regression (GraphPad Prism 7.0, GraphPad Inc., San Diego, CA, USA) to calculate ICs

(Concentration to inhibit 50% of acetylcholinesterase activity).

2.7 Acute toxicity on a non-target organism assay

Fish of the species Danio rerio (Teleostei, Cyprinidae) were obtained from a
commercial fish farm. They were acclimatized in laboratory and kept in an aquarium
under constant aeration and partial water change every 48 hours. Healthy adult fish (3.0
+ 0.5 cmand 0.25 + 0.5 g) were selected for the assay.

The assay was performed by the static method, without water replacement,

standardized following the Brazilian Association of Technical Standards (2011). Groups
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of four organisms were exposed to aqueous solutions of monoterpenes (2-30 pg-mL™)
dissolved in 0.1% DMSO. The experiment lasted 48 hours. Every 24 hours, the number
of dead animals was determined. The following was measured: pH (7.75), dissolved
oxygen (7.58 mg-L"), and temperature (24.1 °C). The negative control (water with
0.1% DMSO) and the positive control (CuSO, at 10 pg-mL™”, reference substance
according to Bichara et al., 2013), were included simultaneously in the assay. The entire
assay was performed in quadruplicate (n=16 organisms for each concentration of
monoterpene and control groups). Experiment was developed as approved by the Ethics

Committee on Animal Use of the Federal University of Maranhao (Registration: 34.15).

2.8 Statistical analysis

The values of lethal concentrations (LCsy, 99) of molluscicide and acute toxicity
bioassays for fish and its lower and upper confidence limits were calculated by probit
linear regression analysis (SPSS® software, version 13.0). The data were presented as
mean of LCs of each monoterpene + standard deviations and compared by ANOVA

followed by Tukey post-test. The p-value < 0.05 was considered statistically significant.

3 Results

3.1 Molluscicide activity

Table 1 shows the molluscicide activity of the monoterpenes camphor, thymol,
o-pinene, and 1,8-cineole against B. glabrata snails in a single dose (100 pg.mL™"). The
results show that of the four compounds evaluated only thymol and a-pinene were

active against B. glabrata. They had a considerable molluscicide activity (100%
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mortality in the first hours of exposure), with hemolymph extravasation, mass

cephalopod retraction, and shell discoloration (Fig. 2).

Table 1 Molluscicide activity of the monoterpenes camphor, thymol, a-pinene, and 1,8-
cineole at a concentration of 100 pug.mL™ against Biomphalaria glabrata evaluated

during the exposure period (24 h) and recovery phase (up to 72 h after treatment)

Treatment N" Mortality (%)
Exposure (24 h) Recovery (48-72 h)

Camphor 30 0.0 £ 0.00° 0.0 + 0.00°
Thymol 30 100.0 + 0.00° 100.0 + 0.00°
a-pinene 30 100.0 £ 0.00* 100.0 + 0.00*
1,8-cineole 30 0.0 + 0.00° 0.0 + 0.00°

Copper sulfate 30 97.5+£24% 100.0 + 0.00*
Negative control 30 0.0 + 0.00° 0.0 + 0.00°

" Number of wild snails used in the test.

Values with the same lowercase letters indicate no statistically significant differences

Fig. 2 Snail mortality indicated by hemolymph extravasation (A), cephalopod mass

retraction, and shell discoloration (B)

The compounds camphor and 1,8-cineole did not induce toxic symptoms to
snails, nor was there impairment of their motor and eating activities. These terpenes

were, therefore, inactive against B. glabrata since they did not cause mortality of snails
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up to 72 hours after exposure. The treatment with copper sulfate at 10 pg.mL™" (positive
control) resulted in 100% mortality. There was no mortality in the negative control,
indicating that the bioassay was carried out under suitable conditions for snail survival.
Because they demonstrated molluscicide action in the initial single-dose test
(100 pg.mL™), we evaluated thymol and a-pinene at lower concentrations in order to
determine their respective lethal concentrations necessary to kill 50 (LCsp) and 90%
(LCyp) of snails. Table 2 shows the values of LCsy and LCyy of thymol and a-pinene.
Based on the non-overlapping of 95% confidence limits, there were significant
differences between the values of lethal concentrations of the compounds. Thymol had a

lower LCsg 90 compared to that of a-pinene.

Table 2 Estimated values of LCsp and LCyy of the monoterpenes thymol and a-pinene

against Biomphalaria glabrata snails after 24 hours of exposure

Monoterpene LCsg (95% CI) LCoo (95% CI)
Thymol 4953 +£0.1361 (4.615-5.292) * 7.117 £0.1692 (6.696 — 7.537)"
a-pinene 7.023 £ 0.1762 (6.586 — 7.461)° 10.43 £0.2307 (9.857 - 11) ©

Values of LCso, LCo and 95% confidence limits (CI) are expressed as pg.mL™ of
terpene required to cause the death of snails. LC values followed by different letters

indicate significant differences between concentrations

The mortality of snails treated with thymol and o-pinene was positively
correlated with concentration levels (Fig. 3). The compounds induced mortality of
snails at all concentrations tested, except for the 2 pg.mL"'. Mortality was dose-
dependent with thymol and a-pinene concentrations above 4 pg.mL™ (Fig. 3). From the
concentration of 8 pg.mL" (Fig. 3 A) and 10 pg.mL" (Fig. 3 B) for thymol and o-
pinene, respectively, the mortality rate remained constant.
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Fig. 3 Mortality rate (%) of wild Biomphalaria glabrata snails after a 24-hour exposure
to the monoterpenes thymol (A) and a-pinene (B) at different concentrations (ug.mL™).
The results are presented as mean = standard deviation. The asterisk (*) indicates zero
values. p <0.05. Different letters indicate significant differences between

concentrations.

The exposure of snails to the monoterpenes thymol and a-pinene continued to
induce hemolymph extravasation followed by seclusion in shells at the highest
concentrations. Mortality occurred even during the exposure period (24 h). At lower
concentrations, there was mucus secretion and an escape behavior of snails, which
moved to the edges of the aquarium. We observed a slower behavior of these snails
during the recovery period. We observed no mortality or behavioral changes in snails in

the negative control group.

3.2 Inhibition of AChE activity
This assay was carried out to verify the effects of thymol and a-pinene
monoterpenes as inhibitors of AChE of B. glabrata, an enzyme essential for the

physiological functioning of mollusks. The thymol and a-pinene inhibited the AChE of
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snails and had a significant difference compared to the control treatment. Enzyme
inhibition by monoterpenes was dose-dependent. The ICsy of the compounds was 0.32

mg.mL" and 0.04 mg.mL" for thymol and a-pinene, respectively (Fig. 4).

A B
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Fig. 4 Inhibitory effect of the monoterpenes thymol (A) and a-pinene (B) at different
concentrations (mg.mL"') on acetylcholinesterase from extracts of Biomphalaria
glabrata.

The results are presented as mean + standard deviation. ICsy: inhibitory concentration of
50% of AChE activity. The inhibition of AChE with DMSO 0.1% did not inhibit the
enzyme (2.69% =+ 3.03 inhibition of B. glabrata AChE), not differing from the control
with 2% alcohol (final concentration used in the AChE assay), which presented 2.85 +

0.85% inhibition of the mentioned enzyme.

3.3 Acute toxicity on a non-target organism
The acute toxicity of thymol and a-pinene monoterpenes at 48 hours of exposure

to D. rerio fish were 5.2 ug.mL™" and 14.45 pg.mL™', respectively (Table 3).
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Table 3 Toxicity of thymol and a-pinene monoterpenes to Danio rerio fish

Monoterpene LCsp (95% CI) Toxicity classification
Thymol 5.2£0.3606 (4.304 — 6.096) a Category 2
a-pinene 14.45+0.386 (11.1-17.89) b Category 3

Data are presented as LCsp (in pg.mL™) with 95% confidence limits. Lethal
concentrations obtained after 48 hours of exposure. LCsy mean values followed by
different letters indicate significant differences between concentrations. Toxicity
classification: Category 1 - acute toxicity < 1.00 ug.mL™"; Category. 2 - acute toxicity >
1.00 and < 10.0 pg.mL™"; Category 3- acute toxicity > 10.0 and < 100 pg.mL™ (Wallau
and Santos, 2013)

The results showed that thymol is more toxic to fish than a-pinene. In addition,
thymol toxicity in relation to fish and snails did not differ significantly. There were also
some abnormalities during the exposure of D. rerio to thymol, such as irregular
swimming, slightly extended abdomen, and fish immobile stature. a-pinene did not
present toxicity to D. rerio fish at the LCsy of molluscicide (B. glabrata). In the
negative control group, there were no behavioral changes during the test period, nor was

there mortality.

4 Discussion

4.1 Molluscicide activity

The monoterpenes camphor, thymol, o-pinene, and 1,8-cineole are major
constituents of many essential oils. The molluscicide effect of these monoterpenes on B.
glabrata observed in the first hours of exposure is probably related to a rapid absorption

of the active portion of these compounds by the snail integument. Lee et al. (2003)
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explained that monoterpenes can penetrate tissues quickly, interfering with
physiological functions because they are volatile and lipophilic.

Although the monoterpene thymol had a lower LCsgg than that of a-pinene,
both compounds were considered efficient because they induced significant mortality of
B. glabrata (90%) at concentrations of 10.43 pg.mL™ (o-pinene) and 7.11 pg.mL’
(thymol). This is in accordance with the molluscicide concentration value recommended
by the WHO, which establishes that isolated compounds with molluscicide properties
will only have potential for use in the field if they promote a mortality of 90% of snails
at concentrations lower than or equal to 20 pg.mL™"' (WHO, 1983).

The values of LCy for the B. glabrata snail obtained in this study were lower
than those obtained in other studies that evaluated the molluscicide activity of essential
oils against B. glabrata in which the monoterpene a-pinene or thymol were the major
constituents, such as those of Syzygium cumini (L.) essential oil (LCoo: 191 pg.mL™), of
Eugenia punicifolia (HBK) DC (LCo: 170.13 pg.mL™), and of Lippia gracilis Schauer
(L Cop: 82.8 pg.mL™) (Dias et al. 2013; Ribeiro 2016; Teles et al. 2010).

The results obtained here confirm that the monoterpenes a-pinene and thymol
have a LCyy for B. glabrata significantly lower than those reported in the studies
mentioned, and that the isolated effect of these monoterpenes is more potent than when
contained in an essential oil. It is possible that the interaction of a-pinene and thymol
with other terpenes present in EOs exert an antagonistic effect by reducing the activity
of these compounds, which otherwise was more active when used separately, according
to our results.

Radwan et al. (2008) reported that thymol has activity against B. alexandrina in
Egypt (LCop: 13.92 pug.mL™). Therefore, this compound shows efficacy for other

species of mollusks. Lahlou (2004) described the activity of the compound a-pinene
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against the mollusk Bulinus truncatus; its action is efficient (LCso: 0.49 pg.mL™).
Through the results obtained in this study, we can state that the compounds a-pinene
and thymol act as molluscicides against B. glabrata snails. We may reasonably propose
that they can be responsible for or contribute in large part to the molluscicide activity of
the essential oils that contain them.

The changes in the behavior of snails observed in the molluscicide test can be
considered a defense mechanism of the animal. The secretion of mucus at shell opening,
for example, can be understood as a way to block the entrance of the compound
(Teixeira et al., 2012). It could be also related to a dysfunctional neurotransmission
caused by decreased AChE after immersion in monoterpenes, which would contribute
to excessive secretory activity and a low speed of snails (He et al. 2017). Since the
physiological dysfunction caused by changes in important enzymes could be involved
with the toxicity of terpenes against snails, we evaluated the inhibition of AChE of

snails.

4.2 Inhibition of AChE activity

The decrease in AChE activity causes acetylcholine accumulation in nerve
synapses. Thus, the postsynaptic membrane is in a state of permanent stimulation,
which in turn causes paralysis, ataxia, and loss of coordination capacity of the
neuromuscular system, ultimately resulting in death of snails (Shukla et al. 2006).
AChE, a crucial enzyme for snails, has been reported to suffer the action of several
molluscicide components of plant origin, such as allicin (Allium sativum), acetogenin
(Annona squamosa), and azadirachtin (Azadirachta indica), which are effective to kill

snails (Rao et al. 2003; Shukla et al. 2006; Singh e Singh 1996).
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We report here that the monoterpenes thymol and a-pinene are inhibitors of
AChE of B. glabrata, but at relatively high concentrations (ICso: 0.32 mg.mL"/ ICs:
0.044 mg.mL™") compared to the lethal concentrations determined in the molluscicide
assay (LCso: 4,953 pg.mL”/ LCsp: 7,023 pg.mL™). In addition, we observed a
significant AChE inhibition from 0.1 mg.mL™" of thymol and 0.01 mg.mL™" of a-pinene.

The results indicate that AChE inhibition is not the main mechanism of action of
these monoterpenes to trigger toxic activity to snails, since AChE inhibition requires
high concentrations of these monoterpenes, while toxic symptoms to snails were visible
at low concentrations. Thus, the molluscicide effect of terpenes is not directly correlated
with inhibition of AChE of these snails since the concentrations do not overlap and are
considerably different. In this sense, the results obtained do not support the initial
hypothesis that the molluscicide activity of these monoterpenes could have a direct
relation with the inhibition of AChE of snails.

The mechanism of action of monoterpenes on mollusks has not yet been
explained. In general studies, some authors have shown the decomposition of
cytoplasmic membranes and organelles exposed to monoterpenes. Xia et al. (1999), for
example, observed loss of fungal cell membrane integrity and changes in its function
when exposed to a-pinene. Park et al. (2009) suggested that the mechanism of action of
terpenes at a cellular level is related to the destabilization and lysis of cell membranes,
in addition to abnormalities in the structure of mitochondria, causing cell death. Despite
these findings, it is not known how terpenes damage cell membranes.

Mechanisms of action of some molluscicide agents have been associated with
the loss of low molecular weight substances, such as potassium ions, calcium, and
inhibition of important enzymes for the cell membrane, such as ATPase, or a possible

electrostatic interaction with phospholipids present in the cytoplasmic membrane, also
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causing its break (Kaehn, 2010; Melo et al. 2018). Taking these studies into account, we
suggest that the mechanism of action of the monoterpenes evaluated here — thymol and
a-pinene — act in a similar way by involving the destabilization and disruption of the
membrane of integument cells of B. glabrata snails, which could justify the presence of
dispersed hemolymph in the molluscicide test solution.

The behavior of snails exposed to the monoterpenes thymol and a-pinene, such
as shell confinement, release of hemolymph and mucus secretion, further suggests that
the molluscicide action of monoterpenes may be the result of different mechanisms of
action that affect more than one system. According to Lopez and Pascual-Villalobos
(2010), monoterpenes can operate in different metabolic pathways. Therefore, further
studies are needed to understand the mode of action of terpenes on snails and their

effects on energy metabolism, metabolism of calcium, and membrane integrity.

4.3 Acute toxicity to a non-target organism

Toxicity to non-target organisms is an important test so that the evaluated
monoterpenes can be used safely for the control of mollusks transmitting
schistosomiasis in natural environments, and to assess risks to non-target species of
molluscicide activity. Danio rerio fish, a tropical species, commonly known zebrafish,
is a model organism in aquatic ecotoxicology tests (ABNT, 2011). It is used to evaluate
the toxic effects of industrial effluents, insecticides, herbicides, and vegetable latex (Da
Silva et al. 2010; Holanda, 2012; Nakagome et al. 2007; Oliveira-Filho et al. 2010). It is
considered a good indicator of environmental toxicity. In addition, its sensitivity to
drugs and rapid metabolism share a 70% genetic similarity to humans, which makes

toxicity studies using this animal model productive (Magalhaes et al. 2017).
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According to the results of toxicity to the non-target organism, thymol, at a
molluscicide concentration, showed a toxic potential to affect other species that can
cohabit areas where snails occur. Molluscicides are generally toxic to other aquatic
species. For this reason, their use should be restricted to situations of control and focal
elimination. A careful surveillance of non-target organisms should be performed (WHO,
2012). The a-pinene has an estimated LCsy of 14.45 ug.mL'1 for fish. This concentration
is two times higher than the LCs, determined for adults of B. glabrata (7.023 pg.mL™).
In this sense, a-pinene can be used to control the spread of schistosomiasis without great
risks to the environment at molluscicide concentrations.

Rapado et al. (2013) evaluated the toxic effects of the commercial synthetic
molluscicide Bayluscide (niclosamide) on D. rerio fish and demonstrated a high
toxicity, with a LCso of 0.12 pg.mL™. According to the Global Harmonization System,
thymol is classified as a category 2 toxin (LCso 5.2 pg.mL™") and a-pinene is a category
3 toxin (LCso 14.45 pug .mL™") for D. rerio. These monoterpenes are therefore
substantially less toxic than the reference molluscicide niclosamide (category 1) (LCsg
0.12 pg.mL™). Although thymol and o-pinene have not yet been tested in the field, the
laboratory results offer excellent prospects for their effective application as a
molluscicide, allowing the interruption of the schistosomiasis transmission cycle. We
also observed that application of a-pinene in natural environments is unlikely to cause

damage to organisms that cohabit areas with vector mollusks.

5 Conclusion

The present study evaluated the molluscicide effect of four monoterpenes

(camphor, thymol, a-pinene, and 1,8-cineole) against B. glabrata snails. Thymol and a-
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pinene are active against snails and show a lethal effect at concentrations compatible
with the concentration recommended by the WHO. We determined that thymol and a-
pinene are inhibitors of AChE of snails. However, it is unlikely that this be the
mechanism of action responsible for the molluscicide effect of monoterpenes at the
concentrations evaluated in molluscicide tests. Further studies on the toxicity of these
terpenes on the mass of eggs (embryos) and newborns of B. glabrata should be carried
out considering the lethal concentrations to adult snails obtained in this study in order to
verify whether these terpenes act in all snail life stages and to determine the effects of

application in the field.

Conflicts of interest

The authors declare that they have no known competing financial interests or

personal relationships that could have appeared to influence the work reported in this

paper.

Acknowledgements

This study was supported by Coordenacdo de Aperfeicoamento de Pessoal de
Nivel Superior — Brasil (CAPES) — Finance Code 001.

The authors are grateful to the Scientific and Technological Research and
Development Support Foundation of Maranhdao (FAPEMA): to the IECT Biotechnology

and Universal grants, and FINEP (Brazilian Innovation Agency).

90



478

479
480
481
482

483
484
485
486
487

488
489
490
491

492
493
494

495
496
497

498
499
500
501

502
503
504
505

References

ABNT, Associacdo Brasileira de Normas Técnicas (2011) Ecotoxicologia aquatica:
Toxicidade aguda — método de ensaio com peixes. NBR 15088: 2011. Rio de Janeiro,

Brasil

Aratjo FP, Albuquerque RDDG, Rangel LS, Caldas GR, Tietbohl LAC, Santos MG,
Ricci-Junior E, Thiengo S, Fernandez MA, Santos JAA, Faria RX, Rocha L (2019)
Nanoemulsion containing essential oil from Xylopia ochrantha Mart. produces

molluscicidal effects against different species of Biomphalaria (Schistosoma hosts).

Mem I Oswaldo Cruz 114: 1-8. do1:10.1590/0074-02760180489

Bianco K, Otero S, Balazote OA, Nahabedian D, Kristoff G (2014) Resistance in
cholinesterase activity after an acute and subchronic exposure to azinphos-methyl in the

freshwater gastropod Biomphalaria straminea. Ecotoxicol Environ Safety 109: 8§5-92.

doi:10.1016/j.ecoenv.2014.07.038

Bichara D, Calcaterra NB, Arranz S, Armas P, Simonetta SH (2013) Set-up of an
infrared fast behavioral assay using zebrafish (Danio rerio) larvae, and its application in

compound biotoxicity screening. J Appl Toxicol 34: 214-219. doi:10.1002/jat.2856

Bradford MM (1976) A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Anal Biochem 72:

248-254. do1:10.1016/0003-2697(76)90527-3

Brasil (2010) Impactos na saude e no sistema unico de saude decorrentes de agravos
relacionados a um saneamento ambiental inadequado. Brasilia: Fundagao Nacional de
Satde.http://www.funasa.gov.br/site/wp

content/files_mf/estudosPesquisas ImpactosSaude.pdf. Accessed 8 september 2019

Chen Z, Wang W, Yao J, Li S, Zhang X, Hu H, Liu X, Luo B, Xu H, Duan L
(2019) Toxicity of a molluscicide candidate PPUO7 against Oncomelania hupensis
(Gredler, 1881) and local fish in field evaluation. Chemosphere 222: 56-61.
doi:10.1016/j.chemosphere.2019.01.102

91



506
507
508

509
510

511
512
513
514
515
516

517
518
519
520

521
522
523

524
525
526
527

528
529
530

531
532

Da Silva BM, Ravanell MAC, Paschoalato CFPR (2010) Toxicidade aguda dos
herbicidas diuron e hexazinona a Danio rerio. Pesticidas: Revista de Ecotoxicologia e

Meio Ambiente 20: 17-28. doi:10.5380/pes.v20i1.20472

De Groot AC, Schmidt E (2016) Essential Oils, Part III: Chemical Composition.
Dermatitis 27: 161-169. doi:10.1097/der.0000000000000193

De Veras BO, Oliveira MBM, Silva FGO, Santos YQ, Oliveira JRS, Menezes VLL,
Silva JRGA, Navarro DMDAF, Oliveira Farias JCR, Santos JA, Gorlach-Lira K (2019)
Chemical composition and evaluation of the antinociceptive, antioxidant and
antimicrobial effects of essential oil from Hymenaea cangaceira (Pinto, Mansano &
Azevedo) native to Brazil: A natural medicine. J Ethnopharmacol 247: 112265. doi:
10.1016/j.jep.2019.112265

Dias CN, Rodrigues KAF, Carvalho FAA, Carneiro SMP, Maia JGS, Andrade EHA,
Moraes DFC (2013) Molluscicidal and leishmanicidal activity of the leaf essential oil of

Syzygium cumini (L.) Skeelsfrom Brazil. Chem Biodivers 10: 1133—
1141. doi:10.1002/cbdv.201200292

Ellman GL, Courtney KD, Andres V, Featherstone RM (1961) A new and rapid
colorimetric determination of acetylcholinesterase activity. Biochem Pharmacol 7: 88—

95. do1:10.1016/0006-2952(61)90145-9

EPA, United States Environmental Protection Agency (1999). Niclosamide pesticide
reregistration. Washington (DC), EPA-738-F99-013.
https://archive.epa.gov/pesticides/reregistration/ web/pdf/2455fact.pdf. Accessed 18
september 2019

Essawy AE, Abdelmeguied NE, Radwan MA, Hamed SS, Hegazy AE (2009)
Neuropathological effect of carbamate molluscicides on the land snail, Eobania

vermiculata. Cell Biol Toxicol 25: 275-90. doi:10.1007/s10565-008-9077-7

Gomes PRB, Reis JB, Fernandes RP, Mouchrek Filho VE, Souza AG, Fontenele MA,

Silva JC (2019) Toxicidad y actividad molusccidal del aceite esencial Pimenta dioica

92



533
534

535
536
537

538
539
540
541

542
543
544

545
546
547

548
549

550
551
552

553
554

555
556
557

contra el caracol Biomphalaria glabrata. Rev Peru Biol 26: 101-108. doi:
10.15381/rpb.v26i1.15913

Guimaraes AC, Meireles LM, Lemos MF, Guimaraes MCC, Endringer DC, Fronza M,
Scherer R (2019) Antibacterial activity of terpenes and terpenoids present in essential

oils. Molecules 24: 2471. doi:10.3390/molecules24132471

He P, Wang W, Sanogo B, Zeng X, Sun X, Lv Z, Yuan D, Duan L, Wu Z (2017)
Molluscicidal activity and mechanism of toxicity of a novel salicylanilide ester

derivative against Biomphalaria species. Parasit Vectors 10: 383. doi:10.1186/s13071-
017-2313-3

Holanda JN, Maciel AP, Santos RL (2012) Avaliacdo ecotoxicologica da dgua de
lavagem da purificagdo de biodiesel de soja metilico utilizando Danio rerio como

organismo-teste. Boletim do Laboratorio de Hidrobiologia 25: 13-20.

Jankowska M, Rogalska J, Wyszkowska J, Stankiewicz M (2017) Molecular Targets for
components of essential oils in the insect nervous system—A Review. Molecules 23:

34. do1:10.3390/molecules23010034

Kaehn K (2010) Polihexanide: a safe and highly effective biocide. Skin Pharmacol.
Physiol 23: 7-16. doi:10.1159/000318237

Kumar P, Singh VK, Singh DK (2009) Kinetics of enzyme inhibition by active
molluscicidal agents ferulic acid, umbelliferone, eugenol and limonene in the nervous

tissue of snail Lymnaea acuminata. Phytother Res 23: 172—177. doi:10.1002/ptr.2578

Lahlou M (2004) Essential oils and fragrance compounds: bioactivity and mechanisms

of action. Flavour Frag J 19: 159-165. doi:10.1002/11].1288

Lee S, Peterson CJ, Coats JR (2003) Fumigation toxicity of monoterpenoids to several
stored product insects. J Stored Prod Res 39: 77-85. doi:10.1016/s0022-
474x(02)00020-6

93



558
559
560

561
562
563

564
565
566

567
568
569
570
571

572
573
574
575

576
577
578
579

580
581
582
583

Loépez MD, Pascual-Villalobos MJ (2010) Mode of inhibition of acetylcholinesterase by
monoterpenoids and implications for pest control. Ind Crop Prod 31: 284-288.
doi:10.1016/j.indcrop.2009.11.005

Ma J, Zhou C, Li Y, Li X (2014) Biochemical responses to the toxicity of the biocide
abamectin on the freshwater snail Physa acuta. Ecotoxicol Environ Safety 101: 31-35.

doi:10.1016/j.ecoenv.2013.12.009

Magalhaes FEA, Sousa CAPB, Santos SAAR, Menezes RB, Batista FLA, Abreu AO,
Campos AR (2017) Adult Zebrafish (Danio rerio): An Alternative Behavioral Model of
Formalin-Induced Nociception. Zebrafish 14: 422-429. do1:10.1089/zeb.2017.1436

Matos-Rocha TJ, Lima MCA, Silva AL, Oliveira JF, Gouveia ALA, Silva VBR,
Almeida AS, Brayner FA, Cardoso PR, Pitta-Galdino MD, Pitta ID, Régo MJ, Alves
LC, Pitta MG (2017) Synthesis and biological evaluation of novel imidazolidine
derivatives as candidates to schistosomicidal agents. Rev Inst Med Trop Sp.

59. do1:10.1590/51678-9946201759008

Melo AO, Santos DB, Silva LD, Rocha TL, Bezerra JCB (2018) Molluscicidal activity
of polyhexamethylene biguanide hydrochloride on the early-life stages and adults of the
Biomphalaria glabrata (Say, 1818). Chemosphere 216: 365-371.
doi:10.1016/j.chemosphere.2018.10.035

Nakagome FK, Noldin JA, Resgalla JrC (2007) Toxicidade aguda de alguns herbicidas
e inseticidas utilizados em lavouras de arroz irrigado sobre o peixe Danio rerio.

Pesticidas: Revista de Ecotoxicologia e Meio Ambiente 17: 117-22.
doi:10.5380/pes.v1710.9186

Oliveira-Filho EC, Geraldino BR, Coelho DR, De-Carvalho RR, Paumgartten FJR
(2010) Comparative toxicity of Euphorbia milii latex and synthetic molluscicides to
Biomphalaria glabrata embryos. Chemosphere 81: 218-227.
doi:10.1016/j.chemosphere.2010.06.038

94



584
585
586

587
588
589
590

501
592
593

594
595
596
597

598
599
600

601
602

603
604
605
606

607
608
609

610
611

Park MJ, Gwak KS, Yang I, Kim KW, Jeung EB, Chang JW, Choi IG (2009) Effect of
citral, eugenol, nerolidol and a-terpineol on the ultrastructural changes of Trichophyton

mentagrophytes. Fitoterapia 80: 290-296. doi:10.1016/j.fitote.2009.03.007

Radwan MA, El-Zemity SR, Mohamed SA, Sherby SM (2008) Potential of some
monoterpenoids and their new N-methyl carbamate derivatives against Schistosomiasis

snail vector, Biomphalaria alexandrina.  Ecotox Environ Safe 71: 889-894.

doi:10.1016/j.ecoenv.2007.07.002

Rao IG, Singh A, Singh VK, Singh DK (2003) Effect of single and binary combinations
of plant-derived molluscicides on different enzyme activities in the nervous tissue of

Achatina fulica. J Appl Toxicol 23: 19-22. doi:10.1002/jat.874

Rapado LN, Pinheiro AS, Lopes POMV, Fokoue HH, Scotti MT, Marques JV,
Yamaguchi LF (2013) Schistosomiasis Control Using Piplartine against Biomphalaria
glabrata at Different Developmental Stages. PLoS Neglect Trop D 7: 225I.
doi:10.1371/journal.pntd.0002251

Reddy A, Ponder EL, Fried B (2004) Effects of copper sulfate toxicity on cercariae and
metacercariae of Echinostoma caproni and Echinostoma trivolvis and on the survival of

Biomphalaria glabrata snails. J Parasitol 90: 1332—1337. doi:10.1645/ge-321r

Ribeiro ECG (2016) Atividade moluscicida de 6leos essenciais de plantas aromaticas da

regido Amazonica Maranhense. Dissertacao, Universidade Federal do Maranhao

Salama MM, Taher EE, El-Bahy MM (2012). Molluscicidal and Mosquitocidal
Activities of the Essential oils of Thymus capitatus Hoff. et Link. and Marrubium
vulgare L. Ver Insti Med Trop Sao Paulo 54: 281-286. doi:10.1590/s0036-
46652012000500008

Scholte RGC, Carvalho OS, Malone JB, Utzinger J, Vounatsou P (2012) Spatial
distribution of Biomphalaria spp., the intermediate host snails of Schistosoma mansoni,

in Brazil. Geospatial Health 6: 95. do1:10.4081/gh.2012.127

Shukla S, Singh VK, Singh DK (2006) The effect of single, binary, and tertiary

combination of few plant derived molluscicides alone or in combination with synergist
95



612
613
614

615
616
617

618
619
620

621
622

623
624
625

626
627
628

629
630
631
632

633
634
635
636
637

638
639

on different enzymes in the nervous tissues of the freshwater snail Lymnaea (Radix)
acuminata (Lamark). Pestic Biochem Phy. 85(3), 167-173.
doi:10.1016/j.pestbp.2006.01.003

Sim JXF, Khazandi M, Chan WY, Trott DJ, Deo P (2019) Antimicrobial activity of
thyme oil, oregano oil, thymol and carvacrol against sensitive and resistant microbial

isolates from dogs with otitis externa. Vet Dermatol. doi: 10.1111/vde.12794

Singh VK, Singh DK (1996) Enzyme Inhibition by Allicin, the Molluscicidal Agent of
Allium sativum L. (Garlic). Phytother Res 10: 383-386. doi:10.1002/(sic1)1099-
1573(199608)10:5<383::aid-ptr855>3.0.c0;2-9

Smithers SR, Terry RJ (1974) Immunology of schistosomiasis. Bull World Health
Organ 51: 553-595

Sousa RMOF, Rosa JS, Cunha AC, Fernandes-Ferreira M (2017) Molluscicidal activity
of four Apiaceae essential oils against the freshwater snail Radix peregra. J Pest Sc. 90:

971-984. doi: 10.1007/s10340-017-0842-3

Teixeira T, Rosa JS, Rainha N, Baptista J, Rodrigues A (2012) Assessment of
molluscicidal activity of essential oils from five Azorean plants against Radix peregra

(Miiller, 1774). Chemosphere 87: 1-6. doi:10.1016/j.chemosphere.2011.11.027

Teles TV, Bonfim RR, Alves PB, Blank AF, Jesus HCR, Quintans-Junior LJ, Serafini
MR, Bonjardim LR, Aratijo AAS (2010) Composition and evaluation of the lethality of
Lippia gracilis essential oil to adults of Biomphalaria glabrata and larvae of Artemia

salina. Aft. J. Biotechnol 9: 8800-8804. doi.org/10.5897/AJB10.113

Thanigaivel A, Chanthini KM, Karthi S, Vasantha-Srinivasan P, Ponsankar A, Sivanesh
H, Stanley-Raja V, Shyam-Sundar N, Narayanan KR, Senthil-Nathan S (2019) Toxic
effect of essential oil and its compounds isolated from Sphaeranthus amaranthoides

Burm. f. against dengue mosquito vector Aedes aegypti Linn. Pestic Biochem Physiol

160: 163-170. doi: 10.1016/j.pestbp.2019.08.006

Wallau WM, Santos JA (2013) O sistema globalmente harmonizado de classificagio e

rotulagem de produtos quimicos (GHS): uma introducdo para sua aplicagdo em
96



640
641

642
643

644
645
646

647
648
649
650

651
652
653
654
655

656
657

658
659
660

661
662
663
664

laboratérios de ensino e pesquisa académica. Quim Nova 36: 607-617.

https://dx.doi.0rg/10.1590/S0100-40422013000400021

WHO, World Health Organization (1965) Memoranda: molluscicide screening and
evaluation. Bull World Health Organ 33: 567-576

WHO, World Health Organization (1983) Report of the Scientific working Group on
Plant Molluscicide & Guidelines for evaluation of plant molluscicides. Geneva:

TDR/SC 4-SWE (4)/83.3

WHO, World Health Organization (2012) Research priorities for Helminth infections.
Technical report on the TDR disease reference group on Helminth infections, in: World
Health Organization, Technical Report Reference Series 972. World Health

Organization, Geneva 79

WHO, World Health Organization (2017) Field use of molluscicide in schistosomiasis
control programmes: na operational manual for programme managers. Geneva: World
Health Organization
http://apps.who.int/iris/bitstream/handle/10665/254641/9789241511995-eng.pdf,
accessed 18 September 2019

WHO, World Health Organization (2019) Schistosomiasis.

https://www.who.int/schistosomiasis/disease/en/

Xia Z, Mao X, Luo Y (1999) Study on antifungal mechanism of alpha-pinene. Hunan yi
ke da xue xue bao= Hunan yike daxue xuebao= Bulletin of Hunan Medical

University 24: 507-509

Zabka M, Pavela R, Prokinova E (2014) Antifungal activity and chemical composition
of twenty essential oils against significant indoor and outdoor toxigenic and
aeroallergenic fungi. Chemosphere 112: 443-448.
doi:10.1016/j.chemosphere.2014.05.014

97


http://apps.who.int/iris/bitstream/handle/10665/254641/9789241511995-eng.pdf
https://www.who.int/schistosomiasis/disease/en/

CONCLUSAO

»  Neste estudo, reportamos o efeito moluscicida do 6leo essencial da
espécie vegetal Hyptis pectinata e dos monoterpenos timol e a-pineno sobre moluscos
Biomphalaria grablata, apresentando concentragdes letais em conformidade as
determinadas pela Organizacdo Mundial de Saude.

» O sesquiterpeno B- cariofileno e os monoterpenos 1,8 cineol e canfora
foram considerados inativos a B. glabrata nas concentragdes avaliadas.

» A atividade moluscicida do 6leo essencial esta associada a compostos
sesquiterpenicos presentes (efeito sinérgico).

»  Timol e o-pineno sdo inibidores da AChE de B. glabrata em
concentragdo superiores as concentragdes moluscicida.

» O oleo essencial de H. pectinata e os monoterpenos apresentaram baixa
toxicidade a organismos nao alvo quando comparados ao moluscicida niclosamida.

»  Nossos dados reforgam a importancia de produtos vegetais como fonte
de compostos bioativos para o desenvolvimento de produtos moluscicida que possam

ser utilizados em estratégias de gerenciamento da esquistossomose.
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