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RESUMO
O carrapato Rhipicephalus (Boophilus) microplus é o ectoparasita hematofago

de maior impacto na bovinocultura brasileira. Seu controle €, em geral, feito com
compostos quimicos sintéticos. Entretanto, o manejo inadequado e utilizagcado
indiscriminada dos carrapaticidas vém acelerando a selegao de carrapatos
resistentes aos principios ativos disponiveis comercialmente. Terpenos tém se
tornado uma alternativa promissora ao uso de compostos sintéticos para o
controle de R. microplus, mas o mecanismo de acao destes compostos ainda é
controverso. A inibicdo da enzima acetilcolinesterase (AChE) € um mecanismo
de acgdo ja conhecido de diversos carrapaticidas. Entretanto pouco se tem
explorado sobre a agao de terpenos em AChEs. O objetivo deste trabalho foi
avaliar a agao carrapaticida de terpenos, assim como seu potencial inibitério em
AChE, utilizando-se cepa resistente e sensivel de R. microplus. Larvas de R.
microplus foram submetidas a maceracdo em tampao fosfato de sédio 100 mM;
pH 7,0; 0,5% v/v de triton X-100; contendo inibidores de proteases. Apds trinta
minutos, a suspensédo foi centrifugada a 15000 x g, 4 °C, por 30 minutos. O
sobrenadante foi denominado extrato enzimatico e usado como fonte de AChE.
Verificou-se a atividade AChE no extrato enzimatico assim como a inibicao da
referida enzima por terpenos. Adicionalmente, avaliou-se a acao carrapaticida
de terpenos sobre larvas de R. microplus. Entre os terpenos utilizados o p-
cimeno, timol, carvacrol e citral apresentaram atividade carrapaticida com CLso
de 1,75, 1,54, 1,41 e 0,38 mg.mL"" para a cepa suscetivel e CLso de 1,40, 1,81,
1,10 e 1,13 mg.mL" para a cepa resistente, respectivamente. O timol e o
carvacrol inibiram a AChE das larvas de cepa suscetiveis com ICso de 0,93 e
0,04 mg.mL", respectivamente. A ICso exibida por eucaliptol, carvacrol e timol
para AChE das larvas de linhagens resistentes foi de 0,36, 0,28 e 0,13 mg.mL"",
respectivamente. Este foi o primeiro estudo a investigar a acdo dos terpenos na
AChE de R. microplus suscetivel e resistente. Para alguns terpenos, a correlagao
positiva entre atividade carrapaticida e inibicdo da AChE sugere a inibicao desta
enzima como mecanismo de agado. Esse estudo contribui com o entendimento
do mecanismo de acéo de terpenos, dando suporte para estudos subsequentes

sobre o0 uso destes produtos como carrapaticidas.

Palavras-chave: Rhipicephalus microplus; Acetilcolinesterase; Terpenos
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ABSTRACT
The tick Rhipicephalus (Boophilus) microplus is the most impacting

hematophagous ectoparasite in Brazilian cattle. Their control is generally made
with synthetic chemical compounds. However, inadequate handling and
indiscriminate use of acaricides has accelerated the selection of ticks resistant to
commercially available active ingredients. Terpenes have become a promising
alternative to the use of synthetic compounds to control R. microplus, but the
mechanism of action of these compounds is still controversial. Inhibition of the
enzyme acetylcholinesterase (AChE) is a known mechanism of action of several
acaricides. However little has been explored about the action of terpenes in
AChEs. The objective of this work was to evaluate the acaricides action of
terpenes, as well as their inhibitory potential in AChE, using resistant and
sensitive strain of R. microplus. R. microplus larvae were macerated in 100 mM
sodium phosphate buffer; pH 7.0; 0.5% v / v triton X-100; containing protease
inhibitors. After thirty minutes, the suspension was centrifuged at 15000x g, 4 °C
for 30 minutes. The supernatant was called enzyme extract and used as a source
of AChE. AChE activity in the enzyme extract was verified as well as the inhibition
of said enzyme by terpenes. Additionally, the acaricides action of terpenes on R.
microplus larvae was evaluated. Among the terpenes used, p-cymene, thymol,
carvacrol and citral presented acaricide activity with LCsg of 1.75, 1.54, 1.41 and
0.38 mg.mL"" for susceptible strain and LCso of 1.40., 1.81, 1.10 and 1.13 mg.mL"
' for the resistant strain, respectively. Thymol and carvacrol inhibited AChE of
susceptible strain larvae with ICso of 0.93 and 0.04 mg.mL"", respectively. The
ICs0 exhibited by eucalyptol, carvacrol and thymol for AChE of resistant strain
larvae were 0.36, 0.28 and 0.13 mg.mL"", respectively. This was the first study to
investigate the action of terpenes on susceptible and resistant R. microplus
AChE. For some terpenes, the positive correlation between acaricide activity and
AChE inhibition suggests inhibition of this enzyme as a mechanism of action. This
study contributes to the understanding of the mechanism of action of terpenes,

supporting subsequent studies on the use of these products as acaricides.

Keywords: Rhipicephalus microplus; Acetylcholinesterase; Terpenes.
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1. INTRODUCAO

O carrapato Rhipicephalus (Boophillus) microplus (Canestrini, 1888)
(Acari: Ixodidae) conhecido popularmente como carrapato bovino é o
ectoparasito hematdfago de maior impacto na bovinocultura brasileira, devido a
queda na producgao de leite, mortalidade, danos na pele, morbidade, custo de
controle e efeitos de hemoparasitos transmitidos por R. microplus para os
bovinos (Babesia bigemina, Babesia bovis e Anaplasma marginale).
Conjuntamente tais doencgas sé&o causadoras da tristeza parasitaria bovina, que
se manifesta, clinicamente, por febre, anemia, hemoglobinuria, ictericia, falta de
apetite e prostracdo, determinando alta mortalidade em rebanhos sensiveis
(KESSLER; SCHENK, 1998; GRISI et al., 2014; DOMINGUES et al., 2014). As
perdas anuais de infestagdo por R. microplus no Brasil e no México foram
estimadas em US $ 3,24 bilhdes (GRISI et al., 2014; GALL et al., 2018).

A utilizacao de produtos quimicos sintéticos representa o principal meio
para o controle de carrapatos (SILVA, 2014; FURLANI et al.,, 2015) como
organofosforados e carbamatos (SILVA, 2014). O mecanismo de agao destes
carrapaticidas é inibicado da enzima acetilcolinesterase (BAXTER et al., 1999;
ANDERSON; COATS, 2012). Estes compostos sintéticos se ligam e inibem a
enzima, provocando hiperexcitabilidade dos neurdnios que acarreta morte do
carrapato por paralisia (ANDERSON; COATS, 2012), fato dar-se-a pela inibigao
reversivel ou irreversivel da AChE (YU, 2008).

No entanto o uso indiscriminado dos produtos, leva a redugao de sua
eficacia (VALENTE et al., 2017; RECK et al., 2014) e possibilita a selegcao de
populagdes resistentes aos produtos utilizados (KLAFKE et al., 2006; GOMES et
al., 2011). O aumento progressivo do numero de cepas resistentes aos principais
acaricidas comerciais, caracteriza-se por um aumento na frequéncia da
aplicacao dos mesmos (FURLONG; MARTINS, 2007; RAYNAL et al., 2015).
Além dos problemas supracitados, estes produtos por serem residuais,
contaminam o meio ambiente e induzem toxicidade no hospedeiro vertebrado
(FREITAS et al., 2005; RECK et al., 2014).

Devido aos problemas que acometem os organismos parasitados, o
homem e o ambiente por causa da toxicidade das substancias sintéticas
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(CHAGAS et al., 2003) ha uma tendéncia mundial em reduzir a utilizagdo desses
acaricidas e inseticidas (FARIAS et al., 2009), e buscar solugbes alternativas
para o controle de carrapatos (PARIZI et al., 2009). Nessa perspectiva, produtos
naturais surgem como alternativa de controle em potencial (COSTA-JUNIOR et
al., 2016).

Um exemplo de produtos naturais sdo os 6leos essenciais, ricos em
compostos bioativos derivados do metabolismo secundario das plantas (SILVA
et al., 2018; NAZZARO et al., 2013). S&do uma mistura complexa de substancias
de diversas familias quimicas entre elas os terpenos (SILVA et al., 2018; AAZZA
et al., 2011).

Alguns dleos essenciais e terpenos podem ser utilizados no controle de
R. microplus, reduzindo assim a utilizagdo de produtos organossintéticos
(ANDERSON; COATS, 2012), proporcionam um aumento do nivel de seguranga
para o gado, quando comparados aos acaricidas sintéticos convencionais
(GROSS et al., 2017). Alguns 6leos essenciais também apresentam propriedade
bactericida, fungicida, moluscicida e inseticida (SANTOS et al., 2015). Essas
atividades sdo geralmente atribuidas aos seus componentes terpenos
(BOTELHO et al., 2007).

Oleos essenciais e terpenos isolados foram também investigados por
sua capacidade de inibicdo da AChE (DOHI et al., 2009; DANDLEN et al., 2011).
Entretanto, pouco se tem na literatura sobre a agao inibitoria de terpenos sobre
a AChE de R. microplus e nao se tem conhecimento da agdo em AChE oriunda

de carrapatos resistentes e sensiveis.

Desta forma, o presente trabalho buscou avaliar a agcao de terpenos
sobre atividade da acetilcolinesterase, como possivel mecanismo de agao, em
larvas de cepa sensivel e resistente de R. microplus, e correlacionar a relagao
da inibicdo enzimatica com a atividade carrapaticida dos terpenos. Visando
contribuir com pesquisas e estudos para a elucidagdo dos mecanismos de agao

carrapaticidas.
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2. REFERENCIAL TEORICO

2.1 CARRAPATO Rhipicephalus (boophilus) microplus

Rhipicephalus (Boophilus) microplus (Figura 1) conhecido popularmente
no Brasil como carrapato bovino. E um ectoparasito hematéfago que pertence
ao filo Arthropoda, classe Arachnida, subclasse Acari, ordem Ixodida, familia
Ixodidae, subfamilia Rhipicephalinae, género Rhipicephalus, subgénero
Boophilus, espécie Rhipicephalus microplus. Alguns estudos utilizando
metodologias taxonOmicas moleculares, demonstraram a proximidade
filogenética do género Boophilus com o Rhipicephalus, propondo-se entdo uma
nova classificagdo para a espécie, que mudaria de Boophilus microplus para
Rhipicephalus (Boophilus) microplus (MURREL et al., 2000; BEATI; KEIRANS,
2001; MURREL; BARKER, 2003).

g

Figura 1. Carrapato Rhipicephalus microplus adulto. (A) Fémea. (B) Macho. (C)
Teledginas de R. microplus realizando ovipostura.

Fonte: GARCIAet al., 2019
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Atual distribuicdo geografica de R. microplus e a sua grande expansao
ao longo dos ultimos 150 anos podem ser explicadas principalmente pela
introducdo de gado europeu (Bos tauru) para areas tropicais (LEGER et al.,
2013). Outros fatores podem ter restringido a distribuicdo geografica de R.
microplus, a competicdo com outras espécies de carrapatos (TONNESEN et al.,
2004; ZEMAN; LYNEN, 2010) e / ou variaveis climaticas, como ja foi descrito
para outros carrapatos (ESTRADA-PENA et al., 2005; CUMMING; VAN
VUUREN, 2006; OLWOCH et al., 2007).

R. microplus é distribuido nos rebanhos bovinos das Américas Central e
do Sul, Africa, Asia e Oceania (Figura 2), sendo um dos principais parasitos que
afetam a pecuaria destas areas (JONSSON et al., 2000; BARRE; UILENBERG,
2010). Na América Latina, o R. microplus encontra-se amplamente distribuido
pelo Brasil, norte da Argentina, Paraguai, Uruguai, leste da Bolivia, Coldmbia e
Venezuela. No Brasil, destacam-se as regides Centro-Oeste e Sudeste, locais
com intensa atividade pecuaria e que, além do hospedeiro, possuem condi¢cdes
ideais de temperatura e umidade para o desenvolvimento do parasito
(ESTRADA-PENA, 1999; ESTRADA-PENA et al., 2006).

Fonte: BARRE; UILENBERG (2010)

Figura 2. Destacado em preto, distribuigdo global do carrapato do boi R. microplus. (Barré;
Uilenberg, 2010).
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2.2 CICLO BIOLOGICO

R. microplus é um carrapato monoxeno, isto é, todo o seu ciclo bioldgico
se desenvolve em um unico hospedeiro, preferencialmente nos bovinos
(FURLONG, 2005). O seu ciclo de vida apresenta duas fases, a fase nao
parasitaria, que tem inicio com o desprendimento da teleégena do hospedeiro e
sua queda ao solo para oviposicado e a fase parasitaria, que comeca quando a
larva se fixa no hospedeiro (FURLONG, 2005).

A fase nao parasitaria € o periodo em que o carrapato, permanece no
ambiente para efetuar a postura e o periodo que ocorre a incubacgao, eclosao e
maturagdo das larvas (VERISSIMO, 2013). Apds a eclosdo, as larvas
permanecem por cerca de sete dias na base da vegetagdo, periodo de
enrijecimento da cuticula. Apds esse periodo, elas estao prontas para subir nas
pastagens por geotropismo negativo e aguardarem a passagem do hospedeiro,
que é localizado pelo odor, pelas vibragdes, pelo sombreamento, pelo estimulo
visual e pela concentracdo de CO2 (SONENSHINE, 1993).

Na fase parasitaria, as larvas infestantes quando entram em contato com
o hospedeiro, e buscam fixarem-se em regides do corpo que favorecem seu
desenvolvimento, como: ubere, mamas, regides do perineo, vulva e entre as
pernas. Com a fixacado das larvas infestantes no hospedeiro bovino, comegam
alimentando-se de linfa e, em torno do oitavo dia apds a fixagdo, sofrem a
primeira muda passando a serem ninfas, a partir dessa nova muda comecga a
diferenciacao sexual (PEREIRA, 2008). Os machos com 15 dias apds sua
fixagdo se tornam adultos; sdo menores que as fémeas e andam por toda a
extensao do corpo do hospedeiro, ingerindo sangue e fertilizando varias fémeas.
A fémea quando apresenta maturidade sexual, € fecundada, continua se
alimentando de sangue até ficarem totalmente ingurgitadas, quando passa a ser
denominada teleégena, se desprendem do hospedeiro no 21° dia, caindo ao solo
para iniciar a postura, reiniciando assim o ciclo de vida (NICARETTA, 2018)
(Figura 3).
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Figura 3. Ciclo de vida do carrapato Rhipicephalus microplus.

Fonte: HealthyRumis (2014)

2.3 IMPORTANCIA ECONOMICA E SAUDE DO HOSPEDEIRO

R. microplus € um dos maiores causadores de problemas parasitarios
na pecuaria bovina. Responsavel por prejuizos econdmicos aos produtores de
leite, carne e couro causados por reagdes inflamatdérias nos locais de fixagao
(ANDREOTTI, 2010). Com isso traz gastos elevados com produtos
carrapaticidas e equipamentos para o seu controle, trazendo diversos prejuizos
produtivos a bovinocultura brasileira (DA SILVA et al., 2013). Com perdas
econdmicas no Brasil e no México de US $ 573,61 milhdes por ano
(RODRIGUEZ-VIVAS et al., 2017) respectivamente.

Jonsson (2006) calculou que cada fémea ingurgitada de R. microplus é
responsavel por uma reducao de aproximadamente 1,37g de peso dos bovinos,
além de causar anemia, supressao do apetite e alteracdo no metabolismo dos
animais infestados. A picada de R. microplus pode provocar irritacédo e predispde

0 animal a ataques de moscas e posteriormente aparecimento de miiases, em
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que a pele irritada serve de via de acesso para infecgbes secundarias (BORGES
etal., 2011).

Além disso, é responsavel pela transmissdo de agentes infecciosos
como Babesia spp. e Anaplasma spp., que juntos causam a tristeza Parasitaria
Bovina (RODRIGUEZ-VIVAS et al., 2018). Juntos esses fatores refletem em
grandes perdas na producéo de leite e carne (SUTHERST et al., 1983; SOUSA,
2008) e danos no couro causados por reagdes inflamatorias nos locais de fixagao
do carrapato (SEIFERT et al., 1968). Estudos demonstram que os carrapatos
provocam efeitos imunossupressores no hospedeiro, o que pode facilitar a
transmissdo ou a gravidade nos casos de babesioses e anaplasmoses
(KASHINO et al., 2005; JONSSON, 2006).

2.4 CONTROLE COM COMPOSTOS DE ORIGEM SINTETICAE
CONSEQUENCIAS

E complexo o controle de R. microplus em virtude da influéncia e
interacdo de varios fatores como: raca do bovino, época do ano, condi¢cdes
ambientais e manejo. Esse controle pode ser através da rotagdo de pastagens,
cruzamentos com ragas bovinas resistentes, controle biolégico com alguns tipos
de fungos e extratos vegetais (CAMPOS et al., 2012). Contudo, a utilizagao dos
compostos quimicos sintéticos representa o principal meio para o controle de
carrapatos, incluindo organofosforados e seus principais representantes, Ethion,
Clorpirifés, Clorfenvinfés e Cumafés. (LOPES, 2015).

O mecanismo de acao dos organofosforados esta relacionado a inibicao
da atividade da enzima acetilcolinesterase (AChE), responsavel por hidrolisar o
neurotransmissor acetilcolina (ACh) nas sinapses colinérgicas (BAXTER et al.,
1999; ANDERSON e COATS, 2012). Essa inibigdo causada pelos
organofosforados, eleva o numero de ACh livre até niveis toxicos para os
carrapatos, devido a competicdo dos organofosforados com a acetilcolina pela
interacao com o sitio ativo da AChE. Quando um ligante diferente da acetilcolina
esta no sitio da acetilcolinesterase, esta se encontra fosforilada, causando um

aumento dos niveis de acetilcolina na fenda sinaptica e como consequéncia a
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transmissao continua e desordenada de impulsos nervosos hiperativando fibras

musculares, que pode ocasionar paralisia e morte (ESPINOZA et al., 1991).

Acredita-se que a insensibilidade a acetilcolinesterase tem relacido com
a resisténcia a estes compostos (FOIL et al., 2004; TEMEYER et al., 2010). O
aumento do metabolismo das esterases localizadas no intertegumento de
fémeas ingurgitadas resistentes e com a super expressdo dessas enzimas em
larvas, relacionada a um gene semi—dominante (VILLARINO; WAGHELA,;
WAGNER, 2001; FOIL et al., 2004). Em R. microplus este mecanismo primario
de resisténcia a organofosforados (TEMEYER et al., 2010) apresenta-se
também em varias linhagens resistentes a outros acaricidas sintéticos
(JANADAREE BANDARA et al., 2017).

Habitualmente centenas de litros de solucgdo residual de carrapaticida
s&o gerados e muitas vezes descartados indiscriminadamente (MARTHE et al.,
2010). Além disso, esses produtos contaminam o meio ambiente com residuos
prejudiciais aos hospedeiros e também humanos (FREITAS et al., 2005) e alguns
produtos induzem toxicidade para o hospedeiro vertebrado (RECK et al., 2014).
Em virtude do efeito inibidor das colinesterases, os pesticidas organofosforados
podem ocasionar, em mamiferos, lacrimejamento, salivacao, sudorese, diarreia,
tremores e disturbios cardiorrespiratérios (ECOBICHON; JOY 1991).

2.5 RESISTENCIA

No Brasil, a resisténcia das populagdes de carrapatos aos carrapaticidas
€ generalizada (GRAF et al., 2004; HIGA et al., 2016). O aumento progressivo
do numero de cepas de carrapatos resistentes aos principais acaricidas
comerciais caracteriza-se por um aumento na frequéncia da aplicagdo dos
mesmos (FURLONG et al., 2007; RECK et al., 2014). A suspensao do uso de
um produto por um determinado periodo de tempo para uma populagcdo que
tenha exibido resisténcia ndo o habilitara a um novo uso eficaz (GONZALES,
1975).

Segundo a FAO (2004) populagdes de carrapatos, que ao serem
expostas aos acaricidas, tiverem seu potencial de sobrevivéncia e reproducao

preservados, podem ser consideradas resistentes. Em alguns casos, R.
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microplus apresenta resisténcia antes de entrar em contato com determinado
produto. Isso ocorre porque ja existiam alguns individuos naturalmente
resistentes, ou entdo, como € mais comum, o uso frequente do produto causou
alteragdes (mutagdes) em alguns individuos da populag¢do tornando-os menos
suscetiveis (CAMPOS et al., 2012).

A continuidade do uso dos compostos sintéticos faz aumentar o numero
de individuos com resisténcia. Isso ocorre, uma vez que morre a maioria dos
individuos sensiveis e o0s resistentes acasalam entre si, produzindo
descendentes cada vez mais resistentes e em maior niumero na populagao
(FURLONG, 2000). Segundo KOCAN (1995) R. microplus pode desenvolver
resisténcia mais rapidamente que outros carrapatos, por possuir um curto

periodo de tempo entre as geragdes.

A resisténcia aos principios ativos pelo R. microplus vem sendo relatada
em alguns estudos. Nos ultimos anos se observam um aumento consideravel
nos relatos cientificos sobre o desenvolvimento de resisténcia de grande parte
dos principios ativos quimicos disponiveis comercialmente (FURLONG et
al.,1999; CAMILO et al., 2009; RAYNAL et al., 2013). No Brasil, Farias (1999)
relatou casos de resisténcia a organofosforados e piretréides sintéticos, que foi
relacionado a insensibilidade da acetilcolinesterase a estes compostos (FOIL et
al., 2004; TEMEYER et al., 2010). Esse mecanismo de resisténcia também foi
relatado em linhagens resistentes de R. microplus a outros acaricidas sintéticos
(JANADAREE BANDARA et al., 2017).

2.6 PRODUTOS DE ORIGEM NATURAL COMO ALTERNATIVA
CARRAPATICIDA

Devido aos problemas que acometem os organismos parasitados por
causa da toxicidade das substancias sintéticas (CHAGAS et al., 2003), ha uma
necessidade em reduzir a utilizagao desses acaricidas e inseticidas tanto quanto
possivel (FARIAS et al., 2009), e buscar solugdes alternativas para o controle
dos carrapatos (PARIZI et al., 2009).

Nessa perspectiva, produtos naturais surgem como alternativa de controle
em potencial. O desenvolvimento lento da resisténcia pelos insetos (MACIEL et
al., 2010), baixo impacto ambiental e reducdo de residuos nos produtos de
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origem animal (DIETRICH et al., 2011), sdo vantagens que os produtos naturais
possuem sobre os compostos sintéticos. Além disso, compostos naturais
proporcionam um aumento do nivel de seguranga para o gado, quando

comparados aos acaricidas sintéticos convencionais (GROSS et al., 2017).

Os 6leos essenciais sao exemplos de produto natural. Eles s&o produtos
adquiridos por destilagdo a vapor, ricos em compostos bioativos, derivados do
metabolismo secundario das plantas (SILVA et al., 2018; NAZZARO et al., 2013).
Apresentam-se como misturas complexas de compostos organicos volateis de
baixo peso molecular, formados principalmente por monoterpenos,
sesquiterpenos e fenilpropandides. Podem constituir ainda os 6leos essenciais
os alcoois, ésteres, éteres, aldeidos, cetonas, lactonas, fendis e éteres de fenol
(BIZZO et al., 2009; CAMPOS et al., 2012).

Diversos estudos comprovaram experimentalmente que os Oleos
essenciais tém efetividade inseticida, acaricida, fungicidas, bactericidas e
repelente (ANDERSON; COATS, 2012; FARIAS et al., 2009; DOLAN et al.,
2009). Além disso, tém sido empregados nas industrias farmacéuticas,

alimentares, agricolas e de cosméticos (BAKKALI et al., 2008).

Os terpenos também chamados de terpenoides ou isoprenoides,
(CHANG et al., 2010), representam um dos maiores grupos de metabdlitos
vegetais e s&o os principais constituintes dos 6leos essenciais (RATTAN, 2010).
O crescente interesse destes compostos é atribuido a gama de propriedades
bioldgicas, tais como efeito antitumoral, antimicrobiano, antifungico, antiviral,
anti-hiperglicémico, analgésico, anti-inflamatério e atividades antiparasitarias
(PADUCH et al., 2007).

Alguns trabalhos ja demostraram que terpenos tem atividade
carrapaticida e mostram resultados satisfatérios (MONTEIRO et al., 2009;
CHAGAS et al., 2012; CRUZ et al., 2013; ASSIS-LAGE et al., 2015; PEIXOTO
et al., 2015).

Além disso, Oleos essenciais e terpenos isolados foram também
investigados por sua capacidade de inibicado da AChE (DOHI et al., 2009;
DANDLEN et al., 2011). O alvo da atuagao de terpenos em artropodes sao os

receptores da enzima acetilcolinesterase. A toxidade dos terpenos em
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artropodes € comumente mediada por alteracbes nos mecanismos nervosos,
atuando principalmente nos receptores de acetilcolinesterase, acido gama—
aminobutirico, octopamina e tiromina (BLENAU et al., 2012; LOPES, 2015).
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3. OBJETIVO

3.1 GERAL

Avaliar a acdo dos terpenos na atividade acaricida e inibicdo da
acetilcolinesterase em cepas resistente e sensivel de Rhipicephalus (Boophilus)

microplus.

3.2 ESPECIFICOS

o Verificar o efeito inibitério dos terpenos citral, timol, R-(-)-carvona,
S-(+)-carvona, p-cimeno, a-terpineno, y-terpineno, carvacrol, eucaliptol, R-(+)-
limoneno e S-(-)-limoneno sobre acetilcolinesterase de R. microplus sensivel e
resistente;

° Verificar a atividade carrapaticida dos terpenos, por teste de
imersao larvar em cepa resistente e sensivel;

° Correlacionar a relacao da inibicado enzimatica com a atividade

carrapaticida dos terpenos.
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4. RESULTADOS

Os resultados do presente trabalho estdo apresentados sob forma de
artigo, intitulado “Acaricidal activity and acetylcholinesterase inhibition by

terpenes on Rhipicephalus microplus”
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ABSTRACT

The Rhipicephalus (Boophilus) microplus tick is the main ectoparasite of
cattle in tropical and subtropical regions worldwide. Resistance to chemical
acaricides has become widespread affirming the need for new drugs to tick
control. Terpenes have become a promising alternative for cattle tick control,
however the mechanism of action of these compounds is still controversial.
Inhibition of acetylcholinesterase (AChE) is a well established mechanism of
action of organophosphate and carbamate acaricides, but the possible action of
terpenes on tick AChEs has not hardly been studied in resistant and sensitive
strains of R. microplus. The aim of the present study was to evaluate terpene
inhibition of AChE from resistant and sensitive strains of R. microplus correlating
with their acaricidal activity. Among the terpenes used in the present study, p-
cymene, thymol, carvacrol, and citral displayed acaricidal activity with LCso of
1.75, 1.54, 1.41, and 0.38 mg.mL"" for the susceptible strain, and LCso of 1.40,
1.81, 1.10, and 1.13 mg.mL"" for the resistant strain. Thymol and carvacrol
inhibited the AChE of the susceptible strain larvae with 1Cso of 0.93 and 0.04
mg.mL"", respectively. The ICsp exhibited by eucalyptol, carvacrol and thymol for
AChE of the resistant strain larvae were 0.36, 0.28, and 0.13 mg.mL™",
respectively. This was the first study to investigate the action of terpenes on
AChE from susceptible and resistant R. microplus. As some terpenes with
acaridical activity showed AChE inhibition and others do not, the participation of

AChE in the acaricidal activity of terpenes needs further investigation.

Keywords: Tick, Natural compound, Terpenes.
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1. INTRODUCTION

Rhipicephalus (Boophilus) microplus is one of the most important
ectoparasites afflicting cattle in tropical and subtropical regions worldwide
(Conceicao et al., 2017; Rodriguez-Vivas et al., 2018). The effectiveness of
synthetic chemical acaricides, used as the main control strategy against R.
microplus (Furlani et al., 2015) has been decreased, as a consequence of the
suboptimal dosages applied and misuse of antiparasitic drugs (Reck et al., 2014;
Valente et al., 2017). As a result, tick populations resistant to several commercial
acaricides have been detected worldwide (Klafke et al., 2006; Gomes et al.,
2011).

Inhibition of acetylcholinesterase (AChE) is reported as one of the main
actions of organophosphates (OPs) and carbamates (Anderson and Coats, 2012;
Temeyer et al., 2013), leading to a rapid twitching of muscles, convulsions, and
insect death (Anderson and Coats, 2012; Sharifi et al., 2017). The phenomenon
of resistance has been associated with the insensitivity of AChE to these
compounds (Foil et al., 2004; Temeyer et al., 2010). For instance, this is the
primary mechanism of resistance of R. microplus to OP (Temeyer et al., 2010)
and it is also present in several resistant strains to other synthetic acaricides
(Janadaree Bandara and Parakrama Karunaratne, 2017). Three AChEs
(rBmAChE 1, rBmAChE 2, and rBmAChE 3) have been described in R.
microplus. The enzymes display different biochemical properties and are present
in different tissues, where they probably perform different in vivo functions

(Temeyer et al., 2010; Temeyer et al., 2013).

Essential oils, a complex mixture of organic compounds, mainly
terpenes, have been considered as a tick control alternative with some
advantages over synthetic compounds (Aazza et al., 2011; Gross et al., 2017,
Lima et al., 2018). Several studies have shown the acaricidal and/or repellent
activity of essential oils of Lippia alba, Mesosphaerum suaveolens, Ocimum
gratissimum and Alpinia zerumbet (Cruz et al., 2013; Peixoto et al., 2015; Costa-
Junior et al., 2016; Castro et al., 2018).

Taking into consideration that (i) different terpenes of essential oils
display acaricidal activity (Dolan et al., 2009; Gross et al., 2017); (ii) several
essential oils and isolated terpenes have inhibitory activity on AChE (Dohi et al.,
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2009; Dandlen et al., 2011), and that (iii) to the best of our knowledge the
inhibitory action of terpenes on resistant and susceptible R. microplus AChE has
not been reported, the current study aimed to assess the activity of terpenes
against R. microplus and the inhibitory activity on tick's AChE. We expected to
contribute new data for the elucidation of the mechanisms of acaricide action,
and to further evaluate the use of these compounds as new alternative control

products against R. microplus.

2. MATERIALS AND METHODS

2.1. Tick collection and maintenance

Fully engorged females of R. microplus susceptible (Porto Alegre strain)
and resistant to six classes of acaricides (Jaguar strain) (Reck et al., 2014) were
maintained by artificial infestations of cattle, which were not recently exposed to
acaricide. The ticks were manually collected, washed with distilled water, dried
on filter paper, weighed and separated into groups containing ten specimens
each (maximum weight difference was * 0.5 g) and maintained at 27 °C and =
80% relative humidity until oviposition was completed. Eggs were collected and
incubated in an oxygen demand biochemical incubator for hatching. Randomly
selected larvae aged 14-21 days were used in larval immersion tests. (Lima et
al., 2018). The experimental procedures were approved by the animal research
ethics committee of the Federal University of Maranhao - UFMA under protocol
number 23115.008186 / 2017-18.

2.2. AChE extraction

In order to extract the multiple AChEs present in the larval extracts, R.
microplus larvae of susceptible and resistant strain were macerated using a
mortar and pestle for 5 min in 100 mM sodium phosphate buffer, pH 7.0,
containing 5 mM EDTA, 0.5% (v/v) Triton X-100, and 5 yL.mL"" protease Inhibitor
mix (Sigma-Aldrich, St. Louis, MO, USA), at a 1:25 ratio (larva weight/buffer

volume). The extract was left standing for 25 min at 4 °C and centrifuged at 4 °C
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for 30 min at 15.000 x g. The supernatant (enzyme extract) was recovered, stored

at 4 °C, and used as a source of AChEs.

2.3. Protein quantification

Protein concentration of the enzyme extract was determined using bovine
serum albumin (BSA) as standard (Bradford, 1976). Results were expressed in

milligrams of proteins per milliliter (mg.mL"").

2.4. Determination of AChE activity

The AChE activity of the enzyme extracts was determined according to
Ellman (1961), modified as described by Li et al. (2005). The reaction mixture
consisted of 10 L of the enzyme extract (1.5 mg protein mL"" final concentration),
100 yL 50 mM sodium phosphate buffer, pH 7.5, and 100 pL of the reaction
solution. The reaction solution contained 0.24 mM acetylthiocholine iodide
(Sigma-Aldrich) and 0.64 mM 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB) (Sigma-
Aldrich) prepared in the above sodium phosphate buffer. In the blank sample, the
enzyme extract aliquot was replaced by the buffer. Blanks were carried out with
ethanol to prove that this alcohol was not inhibiting the enzyme. Reaction was
conducted in a 96 well microplate for 30 min and monitored every 5 min by
recording the absorbance (Abs) at 405 nm (Microplate Reader, Biochrom).
Activity was calculated using the equation: Activity (abs/mL/min) = [(T30-T0)/30] x
100, where To and T3p = sample absorbance - blank absorbance measured at
zero and 30 min reaction. Only linear reactions throughout the monitoring period

were considered.

2.5. Inhibition of AChE activity

Citral, thymol, R-(-)-carvone, S-(+)-carvone, p-cymene, a-terpinene, y-
terpinene, carvacrol, eucalyptol, R-(+)-limonene and S-(-)-limonene were
commercially purchased (Sigma-Aldrich) and individually diluted in ethanol to 20
mg.mL-" (stock solution). From the stock solution, a terpene solution at 2 mg.mL-
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' was prepared in 50 mM sodium phosphate buffer, pH 7.5. The final terpene
concentrations tested were 0.002, 0.003, 0.005, 0.008, 0.012, 0.017, 0.026,
0.039, 0.058, 0.088, 0.13, 0.20, 0.30, 0.44, 0.67 and 1.00 mg.mL~'. The AChE
inhibitory activity was evaluated by mixturing 10 uL of the enzyme extract with
100 pL of the terpene and 100 uL of the reaction solution described above.
Propoxur (Sigma-Aldrich) was used as a positive control. It was similarly prepared
as the terpenes, but at 0.25, 0.05, 0.025, 0.005, 0.0025 and 0.0005 mM final
concentrations (Prado-Ochoa et al., 2014). In the negative control, terpenes or
propoxur was replaced by the phosphate buffer and ethanol. Reactions were
conducted in a 96 well microplate for 30 min and monitored every 5 min by
recording the absorbance (Abs) at 405 nm (Microplate Reader, Biochrom). The
percentage of enzyme inhibition was calculated by comparison with the negative
control as follows: AChE inhibition (%) = 100 - [(As / Ac) x 100], where: As =
AChE activity for each concentration; Ac = Negative control (AChE activity
without terpene). Only linear reactions throughout the monitoring period were

considered.

2.6. Larval Immersion Test

The action of terpenes on R. microplus was evaluated with the Larval
Immersion Test (LIT) according to the bioassay previously described (Klafke et
al., 2006). Briefly, terpenes were diluted in a solution containing 1.0% (v/v)
ethanol and 0.02% (v/v) Triton X-100. The final terpene concentrations tested
were 0.08, 0.21, 0.41, 0.51, 1.28, 1.71, 2.45, 3.5, and 5.0 mg.mL~"'. The control
group was treated with 1.0% (v/v) ethanol + 0.02% (v/v) Triton X-100 solution.
Approximately 500 larvae were immersed for 10 min with constant inversion at
25 °C in each test solution and then they were transferred to a paper filter to dry.
Next, approximately 100 larvae were transferred to a clean dry filter paper (8.5 x
7.5 cm) that was folded and closed with clips. The packets were incubated at 27
1 1 °C with relative humidity (RH) = 80% for 24 h. After incubation, dead and alive
larvae were counted. Larvae not moving were recorded as dead. The experiment

was performed with three replicates for each treatment.
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2.7. Statistical analyses

The data were initially transformed to Log(X), normalized and the nonlinear
regression (GraphPad Prism 7.0 software, GraphPad Inc., San Diego, CA, USA)
used to calculate ICso (Concentration to inhibit 50% of the acetylcholinesterase
activity) and LCso (Concentration at which 50% of the larvae died) of susceptible
and resistant R. microplus strains. Statistical comparisons of ICspand LCsp were
performed using the F test (P < 0.0001).

3. RESULTS

Among the eleven terpenes used in this study, p-cymene, thymol,
carvacrol, and citral are noteworthy due to their relatively low LCsp values in the
R. microplus larvae immersion test, respectively: 1.75, 1.54, 1.41, and 0.38
mg.mL™" for the susceptible strain, and 1.40, 1.81, 1.10, 1.13 mg.mL"" for the
resistant strain (Figure 1A). The resistant strain showed ICso AChE higher than
the susceptible strain in the propoxur test (ICso = 0.0041 mg.mL-"and 0.00008
mg.mL™" for the resistant and susceptible strain, respectively). The terpenes
eucalyptol, R-(-)-carvone, S-(+)-carvone, R-(+)-limonene and S-(-)-limonene,
showed low toxicity against R. microplus larvae (LCso> 5 mg.mL™").

Five terpenes showed inhibitory activity against R. microplus AChE under
the experimental conditions and concentrations tested: thymol, carvacrol,
eucalyptol, citral, and R-(-)-carvone (Figure 1B). Carvacrol and thymol showed
the highest AChE inhibition. While carvacrol showed a higher percentage of
AChE inhibition for the susceptible strain (ICso = 0.04 mg.mL"), thymol (ICso =
0.13 mg.mL") exerted greater AChE inhibitory activity for the resistant R.
microplus strain. R-(-)-carvone showed low toxicity to R. microplus (LCso> 5
mg.mL") and a low percentage of AChE inhibition (52.14% and 47.78% at 1
mg.mL" (Supplementary Figure S1), for the susceptible and resistant strain,
respectively). On the other hand, p-cymene had no AChE inhibitory activity under
the experimental conditions used, despite displaying a significant acaricidal
activity (LCso = 1.40 mg.mL"" and 1.75 mg.mL"" for the resistant and susceptible

strains, respectively).
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4. DISCUSSION

The terpenes used in this study were selected because they are present
in essential oils with demonstrated acaricidal activity (Gross et al., 2017; Lima et
al., 2017; Lima et al., 2018). Additionally, these terpenes have been shown to
have acaricidal activity against strains with different acaricide susceptibilities
(Monteiro et al., 2010; Cruz et al., 2013; Peixoto et al., 2015; Costa-Junior et al.,
2016; Tabari et al., 2017; Lima et al., 2018). However, this is the first study
attempting to correlate the acaricidal activity of these terpenes with
acetylcholinesterase inhibition.

Propoxur is an insecticidal compound of the carbamate family. It is
structurally similar to organophosphates, but acts by reversibly inhibiting
acetylcholinesterase in the tick nervous system (Prado-Ochoa et al., 2014;
Silberman and Taylor, 2019). The altered AChE providing resistance to
carbamates may exhibit low enzymatic activity (Janadaree Bandara and
Parakrama Karunaratne, 2017). Thus, it is possible to differentiate resistant
strains from susceptible strains based on the propoxur tests (Baxter et al., 1999;
Prado-Ochoa et al., 2014). The resistant strain used in our work proved its
insensitivity to carbamates by presenting a 51.2-fold net higher ICso for AChE (for
the combined AChEs present in the larval extract) in the propoxur test than for
the susceptible strain.

Our results (Figure 1A) are in agreement with previous studies. The
acaricidal activity of the isomers carvacrol and thymol has previously been
described against R. microplus. Carvacrol is more effective than thymol and also
more toxic to resistant strains than to susceptible strains (Costa-Junior et al.,
2016). Studies with Ixodes ricinus (Acari: Ixodidae) showed that carvacrol and
thymol were more effective than commercial synthetic compounds such as
permethrin (Tabari et al., 2017). Thymol at 2.0% presented deleterious action in
the different stages of R. microplus and displayed an inhibitory efficiency of 99%
on hatching, suggesting that the action of terpenes is not restricted only to larvae
and adults (Monteiro et al., 2010). Previous studies on AChE from Electrophorus
electricus (electric eel) showed that carvacrol exerts a 11.75-fold stronger
inhibitory effect (ICso of 0.063 mg.mL-1) than thymol (ICso of 0.74 mg.mL"") (Jukic
et al., 2007). In our study, carvacrol showed higher inhibition of AChE from the
susceptible strain (Figure 1B).
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The acaricide inefficiency of eucalyptol presented in our paper, has been
previously reported by Hue et al. (2015) on larvae of R. microplus resistant to
deltamethrin and susceptible to amitraz. A previous study by Abdelgaleil et al.
(2009) reported that 10 mM eucalyptol produced 64.9% inhibition of AChE from
Tribolium castaneum beetles, in substantial agreement with our study, where 6.5
mM eucalyptol showed approximately 40-60% inhibitory activity on R. microplus
AChE (Supplementary Figure S2). The non-correlation between inhibition of
AChE and its toxicity suggests that eucalyptol is not being absorbed by R.
microplus larvae, either because of its hydrophobicity (Castro et al., 2018), or
possibly because of a physical phenomenon called apassivation, where the
product is initially absorbed, but then forms a film, barring the passage of the
compound (Chagas et al., 2002).

The acaricidal activity of citral was previously reported (Peixoto et al.,
2015) on R. microplus larvae (resistant to amidines and synthetic pyrethroids, but
susceptible to organophosphates) in agreement with data presented in this work
(Figure 1A). However, citral has low AChE inhibitory activity (Figure 1B),
suggesting that its acaricidal efficiency is likely exerted through other
mechanisms of action.

The results of this work suggest that there is a positive correlation between
the presence of oxygenated functions of the terpenes (Supplementary Figure S3)
and the AChE inhibition. The terpenes with ketone function, R-(-)-carvone and S-
(+)-carvone, showed low or no inhibition of AChE. However, the presence of
hydroxyl group resulted in a greater AChE inhibitory activity as demonstrated by
carvacrol and thymol. The p-cymene, structurally similar to carvacrol and thymol
but without the hydroxyl group (Games et al., 2016), did not display any AChE
inhibitory activity. This characteristic of p-cymene was also responsible for the
absence of repellent activity against Amblyomma americanum in contrast to
carvacrol and thymol (Carroll et al., 2017).

The position of the hydroxyl group in the structures of carvacrol and thymol
is crucial for the inhibitory activity on AChE (Dandlen et al., 2011; Lopes, 2015).
The OH in thymol is positioned in a way that decreases the available area of
interaction within the active site of AChEs (Lopes, 2015). However, for the
resistant strain, we showed that thymol is more active than carvacrol as AChE

inhibitor (Figure 1B). Probably, this can be explained because a series of
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common shared point mutations in the enzyme AChE appear to be responsible
for conferring resistance to organophosphorus and carbamate insecticides in
most arthropod pests. These mutations are associated with changes in protein
structure and reduced sensitivity (Foil et al., 2004; Russell et al., 2004; Lee et al.,
2015; Guo et al.,, 2017). In this work, carvacrol did inhibit AChE from the
susceptible strain more than that from the resistant strain (Figure 1B),
substantiating the hypothesis that the altered AChE in the resistant strain is less
sensitive to carvacrol, suggesting that carvacrol does indeed interact with AChE
affecting its catalytic function.

The relationship between AChE inhibition and pesticidal activity
associated with terpenes remains unclear, possibly reflecting different biological
activities, different effects on multiple AChEs present in some species, including
ticks (Temeyer, 2018), and possibly different targets for the different terpenes in
different arthropod species. For example, carvacrol presented significant
inhibitory action on AChE of German cockroaches (Blattella germanica),
associating the toxicity of carvacrol with its AChE inhibitory capacity (Yeom et al.,
2012). In other arthropods such as Stomoxys calcitrans (Diptera: Muscidae), a
negative correlation between toxicity and AChE inhibition was found in tests with
thymol and carvacrol (Hieu et al., 2012).

Many resistant strains of R. microplus have altered AChE activity as a
mechanism of resistance (Temeyer et al., 2013; Prado-Ochoa et al., 2014;
Janadaree Bandara and Parakrama Karunaratne, 2017). Various terpenes may
present new modes of insecticidal or acaricidal action, or they may exhibit
activities suggesting specific mitigation of existing resistance mechanisms.
Nevertheless, studies on the mechanisms of action of terpenes should be further
explored since these are strong acaricidal candidates, potentially effecting
different metabolic targets.

Among the terpenes tested, citral, carvacrol, thymol, p-cymene, a-
terpinene and y-terpinene showed acaricidal activity to larvae of R. microplus.
However, only carvacrol, thymol, eucalyptol, citral, and R-(-)-carvone inhibited
AChE. The results of this study suggest that the acetylcholinesterase inhibition

may be the main mechanism by which carvacrol acts on R. microplus.
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Figure 1: Effect of terpenes on larvae and on the activity acetylcholinesterase of
R. microplus. The assays were performed with Porto Alegre (susceptible) and
Jaguar (resistant) strains. (A) Results of the larval immersion test (LIT) shown as
LCso (concentration at which 50% of the larvae died) and (B) results of the
inhibition test shown as I[Cso (the concentration to inhibit 50% of
acetylcholinesterase activity) are expressed in mg.mL-'. (*) LCso for the resistant

strain previously published by Lima et al. (2018).
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Supplementary data

Supplementary figure 1: Results of inhibition test of thymol, carvacrol,
eucalyptol, citral and R-(-)-carvone on acetylcholinesterase enzyme activity. (A)
Porto Alegre strain (susceptible) and (B) Jaguar strain (resistant). Each point
represents the average and standard deviation of values obtained by two

independent experiments performed in triplicate.
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Supplementary figure 2: Results of larval immersion test (LIT) of carvacrol,

thymol, citral, a-terpinene, y-terpinene, p-cymene on R. microplus larvae. (A)

Porto Alegre strain (susceptible) and (B) Jaguar strain (resistant). Each point

represents the average and standard deviation of values obtained by experiment

performed in quadruplicate.
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Supplementary figure 3: Terpenes chemical structures containing various

functional groups.
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5. CONSIDERAGAO FINAL

A inibicdo da acetilcolinesterase (AChE) é um mecanismo de agdo bem
estabelecido dos acaricidas. P-cimeno, timol, carvacrol e citral apresentaram
atividade acaricida para a cepa suscetivel e resistente. Timol, carvacrol, citral,
eucaliptol e R - (-) - carvona inibiram a AChE. A inibigdo da acetilcolinesterase

pode ser o principal mecanismo pelo qual o carvacrol atua em R. microplus.
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