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RESUMO 

 

Rhipicephalus sanguineus sensu lato (s.l.) é um carrapato importante para a saúde animal e 

humana, sendo vetores de vários patógenos. Diante deste cenário, é essencial o controle desse 

ectoparasito, que é realizado essencialmente com moléculas sintéticas. Todavia, apesar dos 

guidelines sobre como realizar o controle de parasitos, muitas vezes essas moléculas são 

utilizadas de forma errônea, além de a maioria ter uma toxicidade elevada para os mamíferos 

e haver relatos de seleção de carrapatos resistentes. Nesse contexto, o uso de moléculas 

naturais, como os terpenos, são uma ferramenta importante para o controle de carrapatos. 

Ademais, as informações sobre as recomendações para o controle de parasitos no cão pelos 

médicos veterinários no Brasil são escassas. Assim, os objetivos deste estudo foram investigar 

como o médico veterinário recomenda o controle de parasitos de cães no Brasil e avaliar o 

efeito carrapaticida do carvacrol sobre R. sanguineus s.l e sua capacidade de alterar a 

morfologia do tegumento de ninfas. Para o estudo investigativo sobre os métodos de controles 
de parasitos dos cães usados no Brasil, foram aplicados questionários on-line para médicos 

veterinários de todo o Brasil. As questões abordaram os métodos de controle para helmintos e 

ectoparasitos, bem como medicamentos, frequência de administração e percepção de 

ineficácia dos medicamentos. Entre esses veterinários, 71,4% (n = 288) afirmaram que os 

proprietários estão preocupados com o controle de parasitos. O tratamento preventivo contra 

ectoparasitos caninos é o mais recomendado pelos veterinários, e 46,6% (n = 188/403) 

trocaram com frequência a classe química do antiparasitário. A profilaxia para ectoparasitos 

com regime mínimo mensal (sistêmico, tópico e/ou coleiras) foi recomendada por 21,5% dos 

veterinários (n = 87/403). Esses resultados mostram que o uso indiscriminado de compostos 

antiparasitários e a percepção sobre a ineficácia exigem a necessidade de orientações para 

tratamento e controle de parasitoses caninas nas clínicas veterinárias. Melhorar a 

conscientização do tutor do cão requer a atenção dos veterinários e um esforço conjunto de 

todos os profissionais para executar estratégias eficazes no controle de parasitos. 

Adicionalmente, investigamos o efeito carrapaticida in vitro e in vivo do composto natural 

carvacrol, através de bioensaio in vitro sobre larvas e ninfas de R. sanguineus s.l. e da 

administração oral em camundongos, buscando alterações sobre o tegumento das ninfas de R. 

sanguineus s.l. após o tratamento. Para encontrar a concentração letal média CL50 foi 

realizado a imersão de larvas e ninfas em carvacrol sob diferentes concentrações. Já o 

bioensaio in vivo foi realizado mediante administração oral do carvacrol em camundongos 

Swiss infestados artificialmente com ninfas de R. sanguineus s.l. Os animais foram alocados 

em três grupos de acordo com o tratamento: controle negativo (Sorbitol), carvacrol (60 

mg/kg) e controle positivo (Lotilaner 20 mg/kg). Os resultados do bioensaio in vitro 

demonstraram que carvacrol apresentou uma CL50 de 0,94 mg/mL para imersão de larvas e 

1,81 mg/mL para ninfas. No bioensaio in vivo, o carvacrol exibiu, em 48h após o tratamento, 

uma mortalidade das ninfas de 17%. Foram observadas alterações histológicas no tegumento 

das ninfas que se alimentaram dos animais tratados com carvacrol (60 mg/mL), pois as células 

cúbicas da epiderme apresentavam uma possível agregação de grânulos de proteínas entre a 

camada epitelial e subcuticular. Nosso estudo demonstrou pela primeira vez que o carvacrol 

administrado através da via oral induz alterações no tegumento, podendo interferir no 

desenvolvimento do carrapato R. sanguineus s.l.  

Palavras-chave: carrapaticidas; camundongos; R. sanguineus s.l.; monoterpenos e 

isoxazolinas. 



 
 

ABSTRACT 

 

Rhipicephalus sanguineus sensu lato (s.l.) is an important tick for animal and human health, 

being vectors of several pathogens. Given this scenario, it is essential to control this 

ectoparasite, which is essentially carried out with synthetic molecules. However, despite the 

guidelines on how to control parasites, these molecules are often used incorrectly, in addition 

to the fact that most have high toxicity for mammals and there are reports of selection of 

resistant ticks. In this context, the use of natural molecules, such as terpenes, is an important 

tool for tick control. Furthermore, information on recommendations for the control of 

parasites in dogs by veterinarians in Brazil is scarce. Thus, the objectives of this study were to 

investigate how the veterinarian recommends the control of parasites in dogs in Brazil and to 

evaluate the acaricidal effect of carvacrol on R. sanguineus s.l and its ability to alter the 

morphology of the tegument of nymphs. For the investigative study on the methods of 

controlling parasites in dogs used in Brazil, online questionnaires were applied to 

veterinarians throughout Brazil. The questions addressed control methods for helminths and 

ectoparasites, as well as medications, frequency of administration, and perception of 

medication ineffectiveness. Among these veterinarians, 71.4% (n = 288) stated that owners 

are concerned about parasite control. Preventive treatment against canine ectoparasites is the 

most recommended by veterinarians, and 46.6% (n = 188/403) frequently changed the 

chemical class of the antiparasitic. Prophylaxis for ectoparasites with a minimum monthly 

regimen (systemic, topical, and/or collars) was recommended by 21.5% of veterinarians (n = 

87/403). These results show that the indiscriminate use of antiparasitic compounds and the 

perception of their ineffectiveness require guidelines for treating and controlling canine 

parasitic infections in veterinary clinics. Improving dog owner awareness requires the 

attention of veterinarians and a concerted effort by all professionals to implement effective 

parasite control strategies. Additionally, we investigated the in vitro and in vivo acaricidal 

effect of the natural compound carvacrol, through an in vitro bioassay on larvae and nymphs 

of R. sanguineus s.l. and oral administration in mice, looking for alterations on the tegument 

of the nymphs of R. sanguineus s.l. after treatment. To find the average lethal concentration 

CL50, larvae, and nymphs were immersed in carvacrol at different concentrations. The in vivo 

bioassay was performed by oral administration of carvacrol in Swiss mice artificially infested 

with R. sanguineus s.l. nymphs. The animals were allocated into three groups according to 

treatment: negative control (Sorbitol), carvacrol (60 mg/kg), and positive control (Lotilaner 20 

mg/kg). The results of the in vitro bioassay showed that carvacrol had a LC50 of 0.94 mg/mL 

for immersion larvae and 1.81 mg/mL for nymphs. In the in vivo bioassay, carvacrol 

exhibited, 48h after treatment, nymph mortality of 17%. Histological alterations were 

observed in the tegument of the nymphs that fed on the animals treated with carvacrol (60 

mg/mL), as the cubic cells of the epidermis showed a possible aggregation of protein granules 

between the epithelial and subcuticular layer. Our study demonstrated for the first time that 

carvacrol administered orally induces changes in the tegument, which may interfere with the 

development of the tick R. sanguineus s.l. 

Keywords: acaricides; mice; R. sanguineus s.l.; monoterpenes and isoxazolines. 
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1. INTRODUÇÃO  

 

O crescimento populacional e industrial foram os principais responsáveis pelas 

mudanças ambientais, que promoveram a expansão de vetores de doenças, a dispersão 

de patógenos e uma maior proximidade na relação homem-animal-patógeno. À vista 

disso, uma abordagem One Health que tem como estratégia mundial reconhecer a 

ligação entre a saúde pública, animal e ambiental é primordial para vigilância e controle 

de doenças (BOWSER; ANDERSON, 2018), principalmente no Brasil, país que possui 

uma população canina de aproximadamente 52,2 milhões, perdendo apenas para os 

Estados Unidos da América (ABINPET, 2019). Todavia, essa proximidade expõe os 

tutores e quem tem contato com esses animais a diversos parasitos, uma vez que podem 

ser transmitidos direta ou indiretamente através dessa proximidade (OVERGAAUW et 

al., 2020). 

Em virtude do potencial zoonótico desses parasitos altamente prevalentes, o 

controle parasitário é fundamental à saúde humana e animal (CHOMEL, 2011). Um 

exemplo é o carrapato Rhipicephalus sanguineus sensu lato, principal ectoparasito que 

acomete o cão, podendo parasitar outros mamíferos domésticos e silvestres, e o homem. 

Além disso, R. sanguineus s.l. também é vetor de Babesia canis, Babesia vogeli, 

Hepatozoon canis, Mycoplasma haemocanis, Erlichia canis, Rickettsia rickettsii e 

Rickettsia conorii (DANTAS-TORRES, 2006, 2010, 2008; DEMMA et al., 2005; 

GRAY et al., 2013; RODRÍGUEZ-VIVAS et al., 2016; SILVA et al., 2017). 

Rhipicephalus sanguineus s.l. é um problema à saúde dos cães; e o controle 

desse carrapato deve ser realizado de forma racional, de modo que um conjunto de 

fatores deve ser investigado e levado em consideração, como sua presença no ambiente, 

seu ciclo epidemiológico, além do princípio ativo mais adequado frente à eficácia e ao 

desenvolvimento de resistência aos carrapaticidas (ALHO et al., 2018). O Brasil é um 

país de grandes dimensões e diferentes realidades socioeconômicas e sanitárias, 

dificultando o controle do carrapato do cão. Até então, apesar do Guideline da Trocap 

para controle de parasitos em países tropicais (DANTAS-TORRES et al., 2020), os 

dados sobre como esse controle de parasitos é recomendando pelos médicos veterinários 

eram desconhecidos. Esse dado é crucial para corroborar a instrução do uso racional dos 

produtos carrapaticidas, principalmente diante dos relatos de populações de R. 

sanguineus s.l. resistentes às diferentes bases químicas (BORGES et al., 2007; 

RODRÍGUEZ-VIVAS et al., 2016). 
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Neste sentido, nosso grupo de pesquisa busca formulações que promovam uma 

maior eficácia e ainda possam aumentar a vida útil dos compostos sintéticos. E uma 

fonte para alcançar esse objetivo é o uso de terpenos os quais já demonstraram a 

eficiência carrapaticida in vitro (MONTEIRO et al., 2009; SOUSA et al., 2022; VALE 

et al., 2021). Alguns óleos essenciais (EOs) já tiveram sua capacidade repelente 

comprovada através de estudo in vivo em cães, como o EOs de açafrão (GOODE et al., 

2018). Já para monoterpenos que são moléculas extraídas de EOs, uma microemulsão 

de timol e eugenol reduziu a carga parasitária de larvas de R. sanguineus s.l. em cães 

(MONTEIRO et al., 2021). Apesar dos estudos que documentam a atividade 

carrapaticida de monoterpenos, ainda podemos considerar que os ensaios in vivo são 

escassos (NWANADE et al., 2020).  

Os estudos in vivo em cães têm se tornado cada vez mais inviáveis devido aos 

custos e às mudanças na sociedade, portanto é necessária a busca por novos modelos.  E 

uma alternativa encontrada para avaliar os produtos carrapaticidas foi a utilização de 

modelos experimentais, como ratos. Esses animais foram infestados com Amblyomma 

americanum para avaliar a atividade carrapaticida de diversas moléculas sintéticas, o 

que, no final, foi considerado um teste in vivo robusto (GUTIERREZ et al., 2006). 

Assim, outro modelo animal que pode ser promissor é o camundongo da linhagem 

Swiss, já amplamente utilizado na pesquisa científica para avaliar as diferentes 

atividades de terpenos como o carvacrol. Esse modelo já foi empregado com carvacrol 

em estudos com bactérias como Campylobacter jejuni e o trematódeo Schistosoma 

mansoni (Mousavi et al., 2020; Xavier et al., 2022). O camundongo da linhagem Swiss 

pode ser um modelo para teste carrapaticida in vivo para R. sanguineus s.l. e até mesmo 

para outras espécies de carrapato, como Amblyomma spp., sendo necessário padronizar 

esse tipo de teste, devido às especificidades dos carrapatos e do modelo animal. 

Diante do exposto, esta pesquisa visa a: 1) Investigar como é realizado o 

controle de parasitos em cães no Brasil; 2) Subsidiar informações sobre quais as 

moléculas mais recomendadas pelos médicos veterinários brasileiros para o controle de 

parasitos em cães; 3) Propor um novo bioensaio em camundongos Swiss como teste de 

eficácia in vivo; e 4) Avaliar a eficácia carrapaticida e as alterações histológicas 

provocadas por carvacrol e molécula convencional sobre o tegumento do carrapato do 

cão. 
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2. REFERENCIAL TEÓRICO  

2.1 Rhipicephalus sanguineus  

Os carrapatos são uma causa comum de desordens pruriginosas, importantes 

não só pela elevada casuística, mas também pelo sofrimento causado ao hospedeiro e 

pelo potencial zoonótico de alguns destes (DANTAS-TORRES; OTRANTO, 2011; 

EISEN et al., 2018). Os Ixodídeos são os principais vetores de patógenos que causam 

doença aos animais e aos humanos. Neste contexto, está inserido o complexo 

Rhipicephalus sanguineus, que possuem ampla distribuição e são responsáveis pela 

transmissão de patógenos como protozoários e bactérias (DANTAS-TORRES; 

OTRANTO, 2015; WALKER et al., 2000). 

O carrapato marrom do cão, R. sanguineus sensu stricto (s.s.), foi descrito pela 

primeira vez em 1806 por Latreille como Ixodes sanguineus. Todavia, apesar da sua 

ampla distribuição global, a identificação de carrapatos considerados com R. sanguineus 

vem sendo questionada devido ao progresso dos estudos em filogenia e às inúmeras 

diferenças morfológicas e biológicas. Até bem pouco tempo atrás, a comunidade 

científica ainda não havia chegado a um consenso sobre sua classificação taxonômica, 

sendo proposto que o nome específico para R. sanguineus s.s. não fosse utilizado 

(DANTAS-TORRES; OTRANTO, 2015; NAVA et al., 2015; SANCHES et al., 2016).  

Rhipicephalus sanguineus s.s. foi considerado o único táxon por mais de dois 

séculos (NAVA et al., 2015), formando um grupo representado por mais de 11 espécies, 

que inclui Rhipicephalus sulcatus Neumann, 1908, Rhipicephalus rossicus Yakimov e 

Kohl-Yakimov, 1911, Rhipicephalus schulzei Olenev, 1929, Rhipicephalus pumilio 

Schulze, 1935, Rhipicephalus pusillus Gil Collado, 1936, Rhipicephalus turanicus 

Pomerantzev, 1940, Rhipicephalus leporis Pomerantzev, 1946, Rhipicephalus guilhoni 

Moreland Vassiliades, 1963, Rhipicephalus moucheti Morel, 1965, Rhipicephalus 

bergeoni Morel e Balis, 1976 e Rhipicephalus camicasi Morel, Mouchet e Rodhain, 

1976 (PEGRAM et al., 1987). Recentemente a identidade de R. sanguineus s.s. foi 

consolidada pela publicação de detalhes morfológicos e genéticos através das descrições 

de todos os ínstares, pela deposição de material de referência em coleções de museus 

respeitáveis e pela fixação de um neótipo (NAVA et al., 2018). 

O estabelecimento do neótipo de R. sanguineus s.s. sugere ainda que os 

carrapatos pertencentes a esse grupo sejam denominados R. sanguineus sensu lato (s.l.) 

(DANTAS-TORRES; OTRANTO, 2015; NAVA et al., 2015), uma vez que populações 
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de carrapatos de diferentes morfologias, e até mesmo incompatíveis biologicamente e 

geneticamente, foram chamadas de R. sanguineus s.s. Assim, a aplicação do nome R. 

sanguineus s.l. deve ser utilizada a todo o complexo de espécies desse grupo (NAVA et 

al., 2015; ŠLAPETA et al., 2021).  

Rhipicephalus sanguineus s.l. é conhecido por duas linhagens distintas: uma 

encontrada em climas temperados, denominada de Temperada; outra que representa 

populações tropicais e subtropicais, que seria a linhagem Tropical (MORAES-FILHO et 

al., 2011). Essa taxonomia também vem sendo questionada, e novos estudos foram 

divulgados a respeito dessa classificação (ŠLAPETA et al., 2021). Do ponto de vista 

empírico, essa discriminação parece ser irrelevante; todavia, essa precisão sobre as 

espécies é determinante na compreensão da ecologia, epidemiologia e controle dos 

patógenos transmitidos por esses carrapatos (GRAY et al., 2013). 

 

2.1.1 Morfologia e aspectos biológicos 

Popularmente chamado carrapato marrom do cão, R. sanguineus s.l., possui 

rostro curto com capítulo de base hexagonal. Não apresenta ornamentação, com palpos 

cônicos, olhos e festões estão presentes. Coxa I é profunda com as placas fendidas e 

espiraculares em forma de vírgula nos machos, escudo estreito na parte anterior com 

posterior aumento na região dos olhos. Os machos possuem placas adanais alongadas e 

subtriangulares, em número par, largas em seu aspecto posterior e ocasionalmente 

arredondadas (DANTAS-TORRES, 2008).  

As fêmeas de R. sanguineus s.l. apresentam escudo que recobre metade da 

superfície dorsal do corpo, com o capítulo largo e longo, com a base apresentando 

ângulos laterais acentuados e áreas porosas pequenas. Os palpos são mais longos, 

estreitamente arredondado apicalmente. Os olhos, dispostos nos ângulos laterais, são 

medianamente convexos, geralmente margeados com algumas pontuações dorsalmente 

(COIMBRA-DORES et al., 2016; WALKER et al., 2000). Antes da alimentação as 

fêmeas adultas se assemelham aos machos em tamanho (2,4–2,7 mm de comprimento 

por 1,44–1,68 mm de largura), forma e cor. Ao se alimentar de sangue, a fêmea aumenta 

vertiginosamente de tamanho, podendo alcançar até 11,5 mm de comprimento por 7,5 

mm de largura (DANTAS-TORRES, 2008). Esse tamanho depende da origem do 

carrapato, pois estudos morfométricos demonstraram que a linhagem tropical apresenta 
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carrapatos fêmeas de porte menor quando comparadas ao grupo temperado, em relação 

ao comprimento e largura do idiossoma (SANCHES et al., 2016). 

Rhipicephalus sanguineus s.l. possui um ciclo biológico do tipo trioxeno e 

geotrópico negativo, sendo endofílica (adaptada a viver em espaços interiores), 

monotrópica (todos os estádios de desenvolvimento alimentam-se das mesmas espécies 

de hospedeiros), heteroxênica (têm necessidade por três hospedeiros após a muda) e o 

período de alimentação depende de cada estágio (BARROS-BATTESTI et al., 2006; 

BECHARA et al., 1995; DANTAS-TORRES, 2010) (Figura 1A).  

 

 

 

Figura 1. Representação esquemática do ciclo de vida de R. sanguineus s.l.  Criado com BioRender.com 

 

As larvas e ninfas ficam escondidas nas frestas e buracos saem em busca do 

hospedeiro e, após a fixação, se alimentam durante um período de três a onze dias, até 

terminar o repasto sanguíneo. As larvas são pequenas (0,54 mm de comprimento; 0,39 

mm de largura) e têm apenas três pernas. As ninfas têm quatro pares de pernas, bastante 

semelhantes aos adultos, porém menores (1,14 mm a 1,3 mm de comprimento; 0,57 mm 

a 0,66 mm de largura) e sexualmente imaturas, com ausência da abertura genital. Após a 
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alimentação, esses estágios se desprendem do hospedeiro e saem em busca de um novo 

abrigo para realizar a ecdise (DANTAS-TORRES, 2008; ESTRADA-PEÑA; 

SANCHEZ, 1988).  

As fêmeas se alimentam durante um período de cinco a dez dias e os machos 

até por quinze dias. Antes da alimentação, as fêmeas são bastante semelhantes aos 

machos em tamanho e cor, exceto pelo escudo incompleto (COOLEY, 1946; DANTAS-

TORRES, 2008). Assim como as larvas e ninfas, as fêmeas desprendem-se do 

hospedeiro em busca de abrigo; no caso delas, para depositar os seus ovos, em média 

4.000 ovos, morrendo após a postura (KOCH, 1982) (Fig. 1B). Diferentemente, os 

machos podem realizar alimentação em mais de um cão, consumindo sangue para o 

processo de espermatogênese (GRAY et al., 2013; LITTLE et al., 2007).  

 

Figura 2. Fêmea ingurgitada de Rhipicephalus sanguineus s.l. (A) em processo de ovoposição (B).  

 

Os carrapatos podem ser encontrados por toda a superfície corporal, tendo 

preferência pelas zonas ventrais e zonas com pele fina, como face, orelhas, axilas e 

regiões interdigital, inguinal e perianal. Os adultos possuem preferência por locais de 

difícil acesso ao hospedeiro, como as orelhas; já as larvas e ninfas são encontradas na 

região ventral e membros inferiores (DANTAS-TORRES; OTRANTO, 2011). 

 

2.1.2 Importância médica e médica-veterinária 

Os cães são os principais hospedeiros do carrapato R. sanguineus s.l., e 

possivelmente responsáveis pela manutenção de grandes populações de carrapatos 

(ESCCAP, 2022; MAURELLI et al., 2018). Apesar de R. sanguineus s.l. possuir 

monotropismo pelo cão, pode parasitar outras espécies de mamíferos, incluindo o ser 

humano (DANTAS-TORRES, 2010; DANTAS-TORRES et al., 2006; RODRÍGUEZ-
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VIVAS et al., 2016). Esse evento está intimamente relacionado com a linhagem do 

carrapato, uma vez que o parasitismo em humanos por R. sanguineus s.l. é mais comum 

na Europa do que em países da América do Sul (GUGLIELMONE et al., 2006; 

PAROLA et al., 2008). Todavia, isso também pode estar relacionado com a explosão 

populacional de R. sanguineus s.l., causando altos níveis de infestação ambiental e, 

consequentemente, facilitando o contato docarrapato com hospedeiros não preferenciais 

(DANTAS-TORRES, 2008). 

O parasitismo por R. sanguineus s.l. é uma causa comum de desordens para a 

saúde do hospedeiro, não só pelo prurido, mas também pelo sofrimento do animal e 

pelo potencial zoonótico de alguns destes (DANTAS-TORRES, 2010; PALMAS et al., 

2001). De fato, as doenças transmitidas por carrapatos, são causadas principalmente por 

Anaplasma platys, Babesia canis vogeli, Babesia gibsoni, Ehrlichia canis e Rickettsia 

spp., e as doenças provocadas por esses patógenos apresentam elevadas morbidade e 

mortalidade em cães em todo o mundo (DANTAS-TORRES, 2010, 2008; SOLANO-

GALLEGO; BANETH, 2011; TROTTA et al., 2012).  

A realidade é que as doenças transmitidas por carrapatos são comuns, 

acometendo não somente os cães, mas também outras espécies, incluindo o homem 

(DANTAS-TORRES; CHOMEL; OTRANTO, 2012; DURON et al., 2015b; PAROLA 

et al., 2008). Para evitar os danos provocados pelos carrapatos à saúde humana e 

animal, é necessário que se estabeleça o controle e a prevenção desses artrópodes. 

Todavia esse é um trabalho árduo, diante do desenvolvimento da resistência pelos 

carrapatos e a consequente diminuição da eficácia de moléculas carrapaticidas 

(BORGES et al., 2007; BECKER et al., 2019; KLAFKE et al., 2017 

 

2.1.3 Controle do carrapato do cão 

O método mais comum de controle de carrapatos em cães é a aplicação 

de carrapaticidas (VALE et al., 2022; BORGES et al., 2011).  As moléculas 

carrapaticidas atuam no sistema nervoso do carrapato, com mecanismos de ações 

diversos. Assim, os organofosforados (OP) e os carbamatos são inibidores da 

acetilcolinesterase, os piretróides sintéticos (PS) são moduladores dos canais de sódio, 

amidinas são agonistas de octopamina, os neonicotinóides são agonistas da acetilcolina, 

as lactonas macrocíclicas (LM) ativam os canais de cloro, os organoclorados e 

fenilpirazóis são antagonistas dos canais de cloro controlados pelo ácido gama-

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/acaricide
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aminobutírico (GABA) e as isoxazolinas bloqueiam os canais de cloro dependentes de 

ligante tanto dos receptores de GABA como de glutamato (ABBAS et al., 2018; OZOE 

et al., 2010; ZHAO; GAMMIE, 2014). 

Os carrapaticidas comumente utilizados são eficazes para eliminar infestações 

por carrapatos e prevenir reinfestações durante um certo período (DE LA FUENTE, 

2018). Porém, o uso prolongado dessas moléculas seleciona populações de R. 

sanguineus s.l. resistentes às diferentes bases químicas (BECKER et al., 2019; 

KLAFKE et al., 2017). Segundo o banco de dados “Arthropod Pesticide Resistance” 

(APRD) (MOTA-SANCHEZ; WISE, 2020), populações de R. sanguineus s.l. foram 

consideradas resistentes a 5 grupos de moléculas, tais como amitraz, BHC/ciclodienos, 

DDT, organofosforados e permetrina. 

O primeiro relato de resistência de R. sanguineus s.l. ocorreu em 1954: ao 

Dieldrim, do grupo dos organoclorados, atualmente proibidos em diversos países devido 

a sua alta toxicidade (BRASIL, 2009; BROWN; PAL, 1958; WHITEHEAD, 2005). 

Bioensaios realizados no Brasil também já detectaram cepas de R. sanguineus s.l.  

resistentes a cipermetrina, deltametrina e coumafós (BORGES, et al., 2007). Já para R. 

sanguineus s.s. do Rio Grande do Sul, foi detectada resistência a deltametrina e fipronil 

(BECKER et al., 2019). 

A resistência aos carrapaticidas é um tema bastante relevante, principalmente 

no que diz respeito às dificuldades e aos gastos envolvidos no desenvolvimento de 

novos moléculas (ABBAS et al., 2018). Para uma boa compreensão sobre o tema, é 

importante descrever o conceito sobre resistência, que é a seleção de um traço (ou 

traços) hereditário(s) específico(s) em uma população de artrópodes, responsável pela 

sobrevivência de uma população a uma dose de acaricida. A Organização Mundial de 

Saúde (OMS) encontrou três formas de classificar a resistência, como a identificação 

dos genes subjacentes que conferem o traço de resistência herdada, mensuração de 

susceptibilidade quando submetido à dose padrão e resistência levando a falha no 

controle (COLES; DRYDEN, 2014) 

Os mecanismos envolvidos no desenvolvimento da resistência podem ser 

relacionados à sensibilidade metabólica, comportamental e de penetração cuticular do 

sítio alvo (FERRARI, 1996; WHO, 1970). Um exemplo do mecanismo de resistência da 

via metabólica foi compreendido através de uma cepa de R. sanguineus s.l. que 

apresentou esterases aumentadas quando em contato com piretróides. Portanto, é 

imprescindível que o médico veterinário possua o conhecimento técnico das classes 
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químicas e dos mecanismos de ação, recomendando a rotação de moléculas com 

diferentes mecanismos de ação, com o intuito de evitar a seleção de carrapatos 

resistentes (COLES; DRYDEN, 2014; IRAC, 2012). Entretanto, poucos estudos no 

Brasil tiveram a intenção de conhecer como os veterinários clínicos indicam o 

tratamento antiparasitário. 

Diante dos casos de resistência e a dificuldade no desenvolvimento de novas 

moléculas, a maioria das pesquisas ao longo da última década vem enfatizando que o 

uso de moléculas de origem vegetal pode ser uma opção promissora para o controle de 

carrapatos (ARAÚJO et al., 2016; CRUZ et al., 2013; NEVES et al., 2011; PEIXOTO 

et al., 2015). As plantas aromáticas que produzem óleos essenciais (OEs) possuem 

componentes aromáticos proporcionadores de odor, sabor ou aroma distintivo de uma 

planta. Os OEs são subprodutos do metabolismo das plantas e proporcionam várias 

funções para as plantas, como atração ou repelência de insetos e defesa contra 

patógenos (KOUL et al., 2008). 

Nessa perspectiva dos OEs, diversas pesquisas foram realizadas e 

comprovaram que as moléculas provenientes de OEs possuem ação carrapaticida 

(ARAÚJO et al., 2016; MONTEIRO et al., 2009; NOVATO et al., 2015). Os OEs 

apresentam principalmente componentes pertencentes à classe dos terpenos, incluindo 

os monoterpenos e sesquiterpenos; o segundo formado por moléculas aromáticas e 

alifáticas, conhecidas como fenilpropanóides (BAKKALI et al., 2008). Outra vantagem 

em relação a essas moléculas diz respeito a sua associação de monoterpenos com 

moléculas sintéticas capazes de reduzir a concentração de moléculas sintéticas, o que 

pode aumentar a penetrabilidade do composto sintético no carrapato (TAVARES et al., 

2022).  

 

2.2 Uso do Carvacrol para o controle de carrapatos 

Carvacrol (2-metil-5-(1-metiletil)-fenol) é um monoterpeno, isômero do timol, 

produzido por diversas plantas aromáticas das famílias Lamiaceae e Verbaneceae, 

incluindo Lippia triplinervis (LAGE et al., 2013), Lippia. gracilis (CRUZ et al., 2013), 

Origanum onites (COSKUN et al., 2008), e Origanum. bilgeri (KOC et al., 2013) (Fig. 

3). Essa molécula apresenta forte odor e, por isso, é utilizada como aromatizante e 

conservante natural na alimentação humana. Além da utilização do carvacrol como 

ingrediente alimentar, diversas pesquisas já foram realizadas para avaliar a atividade 
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biológica, farmacológica e toxicológica do carvacrol (SUNTRES; COCCIMIGLIO; 

ALIPOUR 2015). 

 

Figura 3. Estrutura molecular do Carvacrol a partir do Origanum onites. 

Pesquisas recentes têm revelado a atividade do carvacrol sobre diversos 

artrópodes (GLAVAN et al., 2020; LI et al., 2021), principalmente como carrapaticida, 

apresentando essa atividade em diferentes espécies e fases de vida, como Amblyomma 

sculptum, Rhipicephalus microplus, R. sanguineus s.l., Ixodes scapularis e Amblyomma 

americanum (CARDOSO et al., 2020; DOLAN et al., 2009; LIMA DE SOUZA et al., 

2019; VALE et al., 2021). O mecanismo de ação do carvacrol ainda não foi elucidado, 

no entanto alguns estudos propõem que o carvacrol é um inibidor da acetilcolinesterase 

(AChE) (CARDOSO et al., 2020). A AChE é uma enzima responsável pela hidrólise da 

acetilcolina e pode ser usada como marcador da função colinérgica (GAUTHIER; 

GRÜNEWALD, 2012). 

Outras pesquisas visam a entender como o carvacrol age sobre a morfologia de 

R. sanguineus s.l. Uma dessas pesquisas, realizada por Lima de Souza et al. (2019), 

observou a ocorrência de alterações morfológicas na forma dos oócitos (de 

arredondados a irregulares) e nas vesículas germinativas de fêmeas semi-ingurgitadas 

tratadas com baixas doses de carvacrol (20 μL/mL). Buscando minimizar mais ainda a 

toxicidade, o acetilado do carvacrol também foi estudado sobre nematódeos 

gastrintestinais, e avaliada a toxicidade em camundongos, o que demonstrou baixa 

toxicidade (ANDRE et al., 2016). Ainda em carrapatos, Oliveira et al. (2020) avaliaram 

a atividade carrapaticida e as alterações provocadas por doses subletais de 

acetilcarvacrol, obtendo como resultados alterações no tegumento e na reprodução de 

fêmeas de R. sanguineus s.l.  

Apesar dos estudos sobre a atividade carrapaticida do carvacrol, até o momento 

as pesquisas estão concentradas em estudos in vitro, avaliando apenas o contato direto 
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do carrapato com o terpeno. Assim, pouco se sabe sobre a atividade do carvacrol in 

vivo, bem como seu efeito residual e outras formas de administração. 

3. OBJETIVOS  

 

3.1. Objetivo Geral  

Avaliar quais as recomendações sobre o controle de parasitos de cães no Brasil, 

os efeitos do carvacrol e as alterações histológicas no tegumento de R. sanguineus s.l. 

 

3.2. Objetivos Específicos  

▪ Obter informações sobre os métodos recomendados por veterinários do Brasil no 

controle de parasitos em cães e sobre a percepção da ineficácia de alguns 

medicamentos.  

▪ Fornecer informações para melhor adaptar e atualizar as diretrizes às condições 

no Brasil. 

▪ Determinar a CL50 (concentração letal média) do carvacrol in vitro para larvas e 

ninfas de R. sanguineus s.l. 

▪ Desenvolver técnica de bioensaio in vivo para o modelo animal camundongo 

Swiss para avaliar o efeito carrapaticida do carvacrol administrado via oral. 

▪ Avaliar alterações histológicas em que o carvacrol é capaz de provocar no 

tegumento de ninfas de R. sanguineus s.l. alimentadas em camundongos tratados 

por via oral. 

 

4. RESULTADOS  

Os resultados obtidos na presente tese estão sendo apresentados sob a forma de 

capítulos, através de dois artigos científicos nos status de publicado e em preparação 

para submissão em periódicos internacionais especializados na área: 

Capítulo 1  

 

Status: Publicado  

Vale, Tássia Lopes do et al. Practices employed by veterinary practitioners for 

controlling canine gastrointestinal helminths and ectoparasites. 2021, v. 30, n. 4. 

Periódico:  Revista Brasileira de Parasitologia Veterinária [online]. ISSN 1984-2961. 

https://doi.org/10.1590/S1984-29612021079 

https://doi.org/10.1590/S1984-29612021079
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Fator de Impacto: 1.4. Qualis: A3. 

 

Capítulo 2  

 

Status: A ser submetido 

Vale, Tássia Lopes do et al. Efeito carrapaticida in vitro e in vivo do carvacrol sobre 

Rhipicephalus sanguineus sensu lato e suas alterações no tegumento do carrapato. 

Periódico: Veterinary Parasitology.  

Fator de Impacto: 2.82. Qualis: A1. 
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Abstract 
The present study attempted to evaluate the practical experience and methods 

employed by Brazilian veterinary practitioners for control of parasites. Twenty-

one questions were asked of 403 veterinary practitioners based in different 

climatic zones with reference to parasite epidemiology from the country. 

Administration of a combination of drugs at three-month intervals was the most 

common regime recommended for prophylaxis against gastrointestinal helminths, 

with a single treatment repeated after 15 days. Routine prophylaxis against dog 

ectoparasites was recommended by 82.4% veterinary practitioners, and 46.6% 

changed the drug compound used. Monthly prophylaxic treatments for 

ectoparasites, using systemic, topical and/or collar-impregnated drugs, was 

recommended by 21.5% veterinary practitioners. Side-effects of ectoparasiticide-

impregnated collars were suspected by 58% of the veterinary practitioners. 

Isoxazolines were the most frequently used chemical group to treat ectoparasites 

in dogs. Poor efficacy of fipronil in controlling ticks was suspected by 79.5% of the 

veterinary practitioners. The isoxazolines and combination of anthelmintic 

compounds are the most common drugs to prevent or treat ectoparasites and 

gastrointestinal nematodes, respectively. The suspect of the inefficacy of 

antiparasitic drugs is shared among the veterinary practitioners from part of 

Brazil. Guidelines are needed, specifically for the control of gastrointestinal 

helminths and ectoparasites in Brazilian dogs. 

Keywords: Gastrointestinal nematodes, ectoparasites, dogs, antiparasitic drugs, control 

strategies. 
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Resumo 
O presente estudo avaliou os métodos de controle empregados por médicos 

veterinários clínicos para o controle de parasitos de cães no Brasil. Vinte e uma 

perguntas foram feitas a 403 veterinários de diferentes regiões do país. O uso de 

associações de compostos ativos em intervalos de três meses foi o mais 

recomendado para profilaxia de helmintos gastrointestinais, repetido após 15 

dias. A profilaxia de rotina contra ectoparasitos foi recomendada por 82,4% dos 

veterinários, e 46,6% mudam rotineiramente o composto indicado. Tratamentos 

profiláticos mensais para ectoparasitos, com produtos sistêmicos, tópicos e / ou 

impregnados com colar, foram recomendados por 21,5% dos veterinários. Os 

efeitos colaterais das coleiras impregnadas com ectoparasiticidas foram relatados 

por 58% dos médicos veterinários. As isoxazolinas foram o grupo químico mais 

utilizado para tratar ectoparasitos em cães. A baixa eficácia do fipronil no controle 

de carrapatos foi suspeitada por 79,5% dos médicos veterinários. As isoxazolinas e 

a associação de compostos anti-helmínticos são os medicamentos mais comuns 

para prevenir ou tratar ectoparasitos e nematoides gastrointestinais, 

respectivamente. A suspeita da ineficácia dos antiparasitários é compartilhada 

entre os médicos veterinários de algumas regiões do Brasil. Orientações são 

necessárias, especificamente para o controle de helmintos e ectoparasitos 

gastrointestinais em cães no Brasil. 

Palavras-chave: Nematódeos gastrointestinais, ectoparasitos, cães, antiparasitários, 

estratégias de controle. 
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Introduction 

Parasites are important global causes of infectious disease in dogs, in particular in warm and 

humid tropical environments that provide optimal conditions for survival and development of 

free-living stages of a variety of parasitic arthropods, protozoa and helminths, many associated 

with dogs (Dantas-Torres et al., 2020). Brazil is the largest tropical country in the world, 

occupying a highly diverse land area; and has approximately 55.1 million dogs (ABINPET, 2019; 

IBGE, 2019). These conditions are ideal for the completion of parasite life cycles and facilitate 

disease transmission. 

Several common canine gastrointestinal helminth (in particular, Toxocara canis and 

Ancylostoma spp.) and arthropods (in particular, ticks, phlebotomine sand flies and 

mosquitoes) parasites are responsible for zoonotic diseases in Brazil (Dantas-Torres & Otranto, 

2014). Effective and sustainable gastrointestinal helminth and arthropod parasite control is, 

therefore, a fundamental priority to ensure good states of welfare in dogs and reduce the 

potential for zoonotic transmission (Chomel & Sun, 2011). Recognised best practice should 

involve both management, such as addressing the sanitary conditions of the environment to 

interrupt parasite life cycles, and use of antiparasitic drugs strategically targeted to account for 

factors involved in the parasites’ life histories (Alho et al., 2018). However, there is a global 
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tendency among dog owners and veterinary practitioners to rely on the simpler option of 

regular and non-targeted, one-fits-all antiparasitic drug treatments. 

Guidelines have been elaborated for the treatment and control of companion animal 

parasites in north America, Europe and Tropical regions under the auspices of the Companion 

Animal Parasite Council (CAPC) founded in 2002 (CAPC, 2019), the European Scientific Council 

Companion Animal Parasites (ESCCAP) founded in 2005 (ESCCAP, 2019), and the Tropical 

Council for Companion Animal Parasites (TroCCAP) founded in 2015 (Traub et al., 2015) 

(TroCCAP, 2019). These guidelines were updated in 2020, with the notable addition of 

highlighting the need to disseminate information to veterinary practitioners in tropical regions 

(Dantas-Torres et al., 2020). 

Faced with the emergence of antiparasitic drug resistance (Furtado et al., 2014; Becker et 

al., 2019), Brazilian veterinary practitioners have an important role in ensuring the sustainable 

control of the large diversity of gastrointestinal helminths and arthropods that affect dogs. The 

present study, therefore, aimed to evaluate the practical experience and methods employed 

by veterinary practitioners for parasite control in dogs in Brazil, using a structured 

questionnaire format. This included questions that explored perceptions of drug efficacy and 

specific side-effects. Critical knowledge gaps relating to the practicalities of diagnosis, 

treatment, and control of parasitic diseases of dogs are identified with reference to better 

informing Brazilian veterinary practitioners. 

Materials and Methods 

Study population 

There are 124,253 registered veterinary practitioners in Brazil, albeit the true number of 

these working with companion animals is unknown (CFMV, 2019). In this context was used the 

formula to infinite population described by Miot (2011) was to calculate a requirement to 

question 384 veterinary practitioners in order to generate representative responses with a 95% 

confidence level (the true percentage of the population who would pick an answer, Zα/2= 1.96) 

and a margin of error (referred to here as a confidence interval) of 5% (E= 0.05). The δ was 

considered as 0.5. 

n= (Zα δ/ 2× )÷E]2  (1) 

A questionnaire survey was developed to explore theoretical knowledge and understanding 

of canine parasitology as it pertains to situations that are routinely encountered in veterinary 

practices. The sample collect was by convenience in two different moments. Firstly, the 

questionnaire was delivered online to veterinary practitioners working with companion 

animals, and publicised through social media and personal mailing lists of the Brazilian authors. 

In addition, veterinary practitioners who participated in the Brazilian Conference of Small 

Animals Clinic (BCSAC) in 2018 were invited to fill out the questionnaire in printed form. 

Because of the type of sampling and mainly because of the BCSAC audience, the sample 

studied may not represent the entire population of Brazilian veterinary practitioners. This 

methodological bias must be considered in this study. The respondents could freely not answer 

any questions, or give up on completion at any stage. Duplicate responses were excluded, 

along with those from veterinary practitioners without a professional registration number, or 

from another country. All responders freely consented to their participation in the survey and 
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personal data were not exposed. All personal data were handled only by two members of the 

research team, further ensuring total data protection and anonymity. All data were handled 

according to Brazilian data protection law current at the time of the survey. 

Questionnaire structure 

The questionnaire was designed first to obtain data pertaining to inclusivity, and to gauge 

the respondents’ attitudes towards parasite control. This was followed by 13 closed, six open 

and two mixed questions that were subdivided into two sections according canine 

gastrointestinal helminth or arthropod parasites (Supplementary material). Parasitic protozoa 

and Dirofilaria immitis were not the focus of the present study to avoid potential confusion 

with the diagnosis and management of gastrointestinal helminth and tick-borne parasites. 

Specific risk factors such as host age, hygiene and environmental conditions were also not 

analysed in the present study. 

Questions in the gastrointestinal helminth section explored knowledge and attitudes 

towards coproparasitological examination, principles of antiparasitic drug use, anthelmintic 

resistance mitigation, and perceptions of drug efficacy. Questions in the arthropod section 

explored knowledge of and attitudes towards common ectoparasite infestations, treatment 

and prophylaxis regimes using systemic, topical and/or impregnated collar formulations, drug 

side-effects, drug resistance or tolerance mitigation strategies, and suspicion of drug inefficacy. 

More than one response was possible for questions about common ectoparasites and 

antiparasitic drug use, and suspicion of inefficacy. The questionnaire was piloted and refined 

with seven veterinarians, and the final version is shown in the supplementary material. 

Data analysis 

Five hundred and thirty-two responses were received. One duplicate entry, 123 responses 

from unregistered veterinary practitioners (veterinary students, or failure to provide a 

professional registration number), and five responses from non-Brazilian veterinarians were 

removed, leaving a total of 403 responses from veterinary practitioners based across Brazil (5% 

more than the calculated target). A comparison of the number of responders and the 

distribution of the Brazilian population (IBGE, 2012) of each geographic region was performed 

using Chi-square to demonstrate that the sample was representative of the country. The 

responses were coded and transformed into spreadsheets using Epi-Info® software 7.2.2.6 

(Centres for Disease Control and Prevention; USA). Drugs that were described by label name 

were identified using the SINDAN website (SINDAN, 2019) and entered according to the active 

compounds. The final data were summarised into percentages, and Chi-square and Fisher’s 

exact tests were used to perform pairwise comparisons between categories of the same 

independent variable proportions. A p value < 0.05 was considered as statistically significant. 

Analyses were performed using GraphPad Prism 7.0 (Graphpad Software, Inc., San Diego, CA, 

USA). 

Distribution maps of responders and of suspected fipronil resistance in each state and 

Brazilian biomes were created using the program QGis 3.14. The shapes of Brazilian biomes 

and states were obtained from the Brazilian Institute of Geography and Statistics (IBGE) 

database (https://portaldemapas.ibge.gov.br/portal.php#homepage) (IBGE, 2019). 
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Results 

The 403 respondents were veterinary practitioners working in 149 municipalities (from the 

total of 5,568 municipalities of Brazil) from 24 of the 27 Brazilian states, distributed 

proportionally according to Brazilian population across each political region (Figure 1A). Of the 

six official biomes present in Brazil, no responses were received from Pantanal (Figure 1A), 

which represents only 1.8% of the total Brazilian territory area (IBGE, 2019). Analysis of the 

data by biome was not the purpose of the present study and was not performed; nevertheless 

the description of responses from different Brazilian biomes was important to demonstrate 

that the data were  

 

Figure 1. Distribution of the number of responders (A) and reports of inefficacy suspicious of fipronil against ectoparasites 

(B) in different states and biomes of Brazil. 
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representative. Two hundred and eighty-eight (71.4%) of these respondents stated (from a 

veterinary practitioner perspective) that dog owners consider parasite control to be important. 

Gastrointestinal helminth control practices 
The drugs used by Brazilian veterinary practitioners for treatment or prophylaxis of canine 

gastrointestinal helminths are shown in Table 1. Each drug was considered as one response 

and multiple responses were accepted giving rise to 495 responses describing recommended 

drugs. The multiple responses were not considered as concomitant treatments. Drug 

combinations were deduced from commercial brands. 32.3% of the responses recommended 

treatment with a single drug active (n=160 from benzimidazoles, pyrazinoisoquinoline, 

pyrimidine and macrocyclic lactone chemical groups) and 62.2% recommended the use of 

drugs with combinations of compounds (n=308). A combination of praziquantel plus pyrantel 

plus febantel was most commonly used with 25.3% recommendation by Brazilian veterinary 

practitioners. Treatments with a single active, such as praziquantel (7.9%), ivermectin (5.7%) 

and albendazole (5.1%) were recommended by some veterinary practitioners. 

Eighty-three respondents (20.6%) perceived anthelmintic inefficacy, and a further five 

respondents who reported suspected inefficacy of two drugs. Inefficacy was suspected for 

benzimidazole drugs (28.4%), combinations of drugs (23.9%) and, macrocyclic lactones (12.5%) 

(Table 1). Despite the large range of anthelmintic compounds available in Brazil, only 57.0% of 

the respondents routinely changed the drug that they recommended. 

Table 1. The percentages and number of responses (in bracket) showing the chemical groups and drug compounds 

recommended by Brazilian veterinarians for treatment and prophylaxis of canine gastrointestinal helminths and suspicion 

of inefficacy. 

Chemical group / compound Recommended1 Suspect inefficacy2 

Benzimidazoles 14.3 (71)B 28.4 (25)A 

Albendazole 5.1 (25)c,d 8.0 (7)a 

Fenbendazole 2.2 (11)e 8.0 (7)a 

Febantel 4.2 (21)d,e 2.3 (2)b 

Mebendazole 2.8 (14)e 10.2 (9)a,b 

Pyrazinoisoquinoline 7.9 (39)C 9.1 (8)C 

Praziquantel 7.9 (39)c 9.1 (8)a,b 

Pyrimidine 2.2 (11)D 10.2 (9)C 

Pyrantel 2.2 (11)e 10.2 (9)a,b 

Macrocyclic lactone 7.9 (39)C 12.5 (11)B,C 

Ivermectin 5.7 (28)c,d 10.2 (9)a,b 

Milbemycin oxime 2.2 (11)e 2.3 (2)b 

Combinations 62.2 (308)A 23.9 (21)A,B 
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Praziquantel+Febantel 4.0 (20)d,e - 

Praziquantel+Febendazole 2.2 (11)e - 

Praziquantel+Pyrantel 7.9 (39)c 8.0 (7)a,b 

Praziquantel+Pyrantel+Febantel 25.3 (125)a 9.1 (8)a,b 

Praziquantel+Pyrantel+Fenbendazole 15.6 (77)b 3.4 (3)b 

Praziquantel+Pyrantel+Febantel+Ivermectin 7.3 (36)c 3.4 (3)b 

Others 5.5 (27)c,d,C 15.9 (14)a,B,C 

1 Recommendations based on a total of 495 responses (multiple responses were allowed); 2Suspicion of inefficacy based on a 

total of 88 responses (multiple responses were allowed). In bold the total number of responses by chemical group or combination. 

The different letters signify statistical differences with p <0.05, being lower letters among the compounds and capital letters 

among the chemical group or combination. 

The regimes used by interviewed veterinary practitioners for the prophylaxis and treatment 

of canine gastrointestinal helminths are shown in Table 2. More respondents (46.1%) 

recommended administration of prophylactic treatments at 3-month intervals. More 

respondents (60.7%) recommended repeating drug administration after 15 days for the 

treatment of gastrointestinal nematode infections. Less the half (43.5%) of veterinary 

practitioners requested laboratory examination to confirm parasite species infection before 

the treatment (Table 2). Those veterinary practitioners who requested laboratory 

confirmation, did so once (15.9%), or twice a year (21.1%). 

Table 2. The percentages and number (n) of responses (in bracket) of Brazilian veterinarian regimes of recommendations 

to control canine gastrointestinal helminths. 

Regimes % (n) 

Prophylaxis of gastrointestinal helminth 
Every month 

18.8 (76)b 

Every 3-months 46.1 (186)a 

Every 6-months 21.8 (88)b 

Other (irregular intervals) 13.1 (53)c 

Treatment of gastrointestinal helminth 
Treatment and repeat after 15 days 

60.7 (245)a 

Treatment for three consecutive days 18.8 (76)b 

Treatment for three consecutive days and repeat after 15 days 8.9 (36)c 

Other (irregular intervals) 10.9 (44)c 

Not answer 0.5 (2)d 

Request laboratory examination 
No 

52.6 (212)a 

Every 3-months 6.0 (24)c 

Every 6-months 21.1 (85)b 
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Once a year 15.9 (64)b 

Other (irregular intervals) 0.5 (2)d 

Not answer 4.0 (16)c 

The different letters signify statistical differences with p <0.05 among different action for the same regime. 

Control practices against ectoparasites 
The most frequently reported canine ectoparasites were ticks followed by fleas, mites and 

lice (Figure 2). The drugs used for treatment or prophylaxis of canine ectoparasitic infestations 

are shown in Table 3. Each drug was considered as one response and multiple responses were 

accepted, resulting in 750 responses for recommended drugs. Isoxazolines were the most 

frequently recommended ectoparasiticide drug active (60.7%), followed by fipronil (14.5%). 

Two hundred and five respondents suspected of poor efficacy. Fipronil inefficacy was 

suspected by 163 respondents (79.5%) in the 19 Brazilian states with highest densities of dogs 

and highest numbers of respondents (Figure 1B). Suspicion of inefficacy of the recently 

launched isoxazoline compounds was reported by seven respondents (3.4%) (Table 3). 

Prophylaxis against ectoparasitic infestations was recommend by 333 (82.7%) of the 

Brazilian veterinary practitioners. The regimes used by Brazilian veterinary practitioners for the 

prophylaxis of canine ectoparasites are shown in Table 4. A minimum of monthly systemic, 

topical and/or drug impregnated collar treatments was recommended by 87 respondents 

(21.5%), followed by three-monthly treatments recommended by 83 (20.6%). However, 93 

respondents (23.0%) recommended treatments at irregular times. 

One hundred and eighty-eight respondents (46.6%) frequently changed the drug products 

(but not necessarily the actives) used. Skin irritation caused by acaricide/insecticide 

impregnated collars was reported by 234 respondents (58%). Three hundred and seventy-two 

of the veterinary practitioners (92.3%) recommended environmental hygiene management 

alongside prophylactic or therapeutic drug use for canine ectoparasites. 

 

Figure 2. Frequency of the most common ectoparasites in dogs reported by veterinary practitioners from Brazil. Multiple 

responses were allowed. The different letters signify statistical differences with p <0.05. 
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Table 3. The percentages and number of responses (in bracket) of the chemical group (in bold) and drug compounds 

recommended and suspect inefficacy used by Brazilian veterinarians to treat canine ectoparasites. 

Chemical group / compound Recommended1 Suspect inefficacy2 

Phenylpyrazol 14.5 (109)B 79.5 (163)A 

Fipronil 14.5 (109)c 79.5 (163)a 

Isoxazolines 60.7 (455)A 3.4 (7)C 

Afoxolaner 14.0 (105)c 3.4 (7)c 

Fluralaner 26.0 (195)a - 

Sarolaner 20.7 (155)b - 

Pyrethroids 4.3 (32)D 6.3 (13)B,C 

Deltamethrin 2.8 (21)f,g 2.9 (6)c 

Permethrin 1.5 (11)h 3.4 (7)c 

Macrocyclic lactone 6.1 (46)D - 

Ivermectin 1.3 (10)h - 

Selamectin 4.8 (36)e - 

Combinations 5.5 (41)D - 

Imidacloprid, flumethrin 3.6 (27)e,f - 

Imidacloprid, methoprene 1.9 (14)g,h - 

Others 8.9 (67)d,C 10.7 (22)b,B 

Multiple responses were allowed with 750 (1) responses to recommend, and 205 (2) responses suspect of inefficacy. In bold the total 

number of responses by chemical group or combination. The different letters signify statistical differences with p <0.05, being lower letters 

among the compounds and capital letters among the chemical group or combination. 

Table 4. The percentages and number (n) of responses (in bracket) of regimes used by Brazilian veterinarians for 

prophylaxis of canine ectoparasites. 

Regimes % (n) 

Prophylaxis of ectoparasites 
Every month 

21.5 (87)a,b 

Every 3-months 20.6 (83)a,b 

Every 6-months 17.3 (70)b 

Other (irregular intervals) 23.0 (93)a 

Not answer 17.3 (70)b 

The different letters signify statistical differences with p <0.05. 

Discussion 

The climatic conditions in tropical areas are favourable to the development of 

environmental parasite stages, resulting in high levels of infectious challenge (Robinson et al., 

1989; Epe, 2009). In Brazil, dogs from different regions are hosts for a large number of 

pathogenic flea, louse, mite, tick and fly ectoparasites, and tapeworm and roundworm 

gastrointestinal endoparasites (Dantas-Torres & Otranto, 2014). Effective control regimes 

specific to Brazilian dogs are essential to ensure satisfactory states of animal welfare 

(Despommier, 2003; Epe, 2009). The value of antiparasitic drugs is threatened by the 
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emergence of resistance or tolerance; hence recommendations must account for responsible 

and potentially sustainable therapeutic and prophylactic drug use. In this report, we describe 

the first wide-scale survey of Brazilian veterinary practitioners’ practices and attitudes towards 

canine parasite management. 

Dog owners have an important role to play, as they are responsible for putting 

recommendations into practice. According to 71.4% of the veterinarians surveyed, dog owners 

are concerned about the impact of highly visible ectoparasites (Costa-Junior et al., 2012; 

Heukelbach et al., 2012) and gastrointestinal helminths on their animals. Similarly, half of the 

pet owners from a study in Canadá had concern for their pet’s parasites, and the veterinarians 

are the primary sources of owner education (Evason et al., 2021). 

Veterinary practitioners have an important role to play in educating pet owners with 

different financial and educational backgrounds (Pereira et al., 2016) about parasites, which 

present animal welfare and public health risks (Strube et al., 2019). However, it is imperative to 

add owner’s education in a routine of veterinary practice to reduce the risk of pet parasitism 

and zoonoses (Palmer et al., 2010; Baneth et al., 2012). On the other hand, veterinarian’s 

education and scientific updating are also necessary to improve the knowledge and 

consequently the control of pet parasitism and zoonoses (Overgaauw & Boersema, 1996). 

It has been recommended that all dogs should be tested for gastrointestinal parasites at 

least once every three months and after administration of anthelmintic drugs (TroCCAP, 2019), 

to account for continuous reinfection (Little et al., 2009) as prevails in Brazil. Despite this 

recommendation, 52.6%, of the Brazilian veterinary practitioners did not request 

coproparasitological examination and the majority simply recommended fixed interval 

treatments. In other countries, the proportion of veterinary practitioners that recommend the 

treatment without a coprological diagnostic increased in the last years (Kornblatt & Schantz, 

1980; Harvey et al., 1991; Stull et al., 2007). The coprological diagnosis of gastrointestinal 

parasites of dogs in Brazil is predominantly based on relatively inexpensive sedimentation or 

floatation methods. Better understanding is needed concerning why these are not widely 

adopted, for example due to potential inaccessibility or perceptions of poor sensitivity. 

Prophylaxis for gastrointestinal helminths was performed every 3-months by 46% of the 

veterinary practitioners and 61% recommended repeat treatments after 15 days (Table 4). This 

repetition is necessary because most of the products recommended have reduced action 

against immature or migratory stages, for example pyrantel only targets intestine stages while 

benzimidazoles have short half-lives (Plumb, 2018). The high rate of non-targeted drug 

administration by Brazilian veterinary practitioners, could potentially result in a high selection 

pressure for anthelmintic resistance (Shalaby, 2013), especially in tropical and subtropical 

regions that have a favorable conditions for the development of gastrointestinal parasites 

(Klimpel et al., 2010; Dantas-Torres & Otranto, 2014; Alho et al., 2018). Dogs owners from 

Belgium, Netherlands, and Finland had lower anthelmintic treatment frequency than in the 

present study (Pullola et al., 2006; Lempereur et al., 2020), which can be justified by 

epidemiology and risk factors of the nematodes in these temperate countries. Nevertheless, 

the number of dogs deworm in the UK is similar to Brazil, demonstrating that there is also an 

owner behavioral aspect (Pennelegion et al., 2020). 

Regional specific knowledge of the epidemiology of parasites is necessary to inform 

appropriate drug treatment, reducing the selection pressure for resistance. Simply increasing 

the frequency of treatment incurs increased costs and potentially increases the selection 

pressure for resistance. Resistant strains of Ancylostoma caninum and Dipylidium caninum 
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have been reported in the USA (Jesudoss Chelladurai et al., 2018; Jimenez-Castro et al., 2019; 

Kitchen et al., 2019). A mutation in a β-tubulin gene has been reported linked benzimidazole 

resistance in A. caninum from Brazil (Furtado et al., 2014). It is, therefore, necessary to monitor 

to the effectiveness of anthelmintic drugs used in the management of canine gastrointestinal 

helminths in order to respond to emergence of resistance (Kopp et al., 2007). 

Anthelmintic drug treatments of puppies for the control of maternally transmitted 

nematodes should start at the age of two weeks old, and be repeated every 15 days until the 

age of eight weeks (TroCCAP, 2019). Thereafter, treatments should be monthly in areas with 

high prevalence of gastrointestinal helminths (TroCCAP, 2019). For these strategies, 62.2% of 

the participating veterinary practitioners recommended the use of anthelmintic drug 

combination products, in particular involving praziquantel plus pyrantel plus a benzimidazole 

drug (Table 1), which is similar to that used in veterinary practice in other countries (Matos et 

al., 2015). Combinations of broad spectrum anthelmintics are required to treat the 

polyparasitism that it commonly encountered in Brazilian kennel dogs. This strategy is also 

potentially helpful in achieving improved, additive efficacy, decreased toxicity, and reduced 

development of drug resistance (Bartram et al., 2012; Rinaldi et al., 2015; Lanusse et al., 2018). 

According to the veterinary practitioners’ perspective, ticks, followed by fleas, mites and lice 

are the most important ectoparasites of dogs in Brazil (Figure 2). In the same way, 

Rhipicephalus sanguineus sensu lato, Ctenocephalides canis and Ctenocephalides felis felis are 

considered the most common canine ectoparasites worldwide, albeit the prevalence and 

importance of infestation differ according to the geographic region of dogs (Costa-Junior et al., 

2012; Ebrahimzade et al., 2016). 

Regular use of ectoparasiticides is widely recommended to protect dogs against 

ectoparasites and the pathogens that they transmit (CAPC, 2019). 82.7% of the respondents 

recommend the use of ectoparasiticide products (impregnated collars, pour-ons, spot-ons or 

tablets) as a prophylactic measure, with 21.5% recommending administration every month and 

20.6% recommending three-monthly treatments. 

Brazil is an endemic area for canine visceral leishmaniasis and dogs serve as a source of 

infection for phlebotomine sand flies (Rocha et al., 2020). The use of insecticide impregnated 

dog collars, which have both an anti-feeding and insecticidal activity is considered to be a 

useful tool for canine control of leishmaniasis (David et al., 2001). In addition to being used as 

an insecticide against sand flies, these collars are also recommended for tick and flea control 

(Silva et al., 2018). The dog collars constantly release the active chemical; and long half-life 

residues may be responsible for the selection of resistance in ticks (Beirão et al., 2009). 58% of 

the veterinary practitioner respondents had noticed skin irritation in dogs as a side-effect to 

collars. 

The present study addresses the frequency of application or administration of acaricides in 

dogs in Brazil. The most frequently recommended drugs for the control of ectoparasites were 

fluralaner (26%), sarolaner (20.7%), afoxolaner (14%), and fipronil (14.5%). Slightly more than 

half of respondents recommend the rotation of these principles. Interestingly, all of the drugs 

mentioned in the control of ectoparasites, with the exception of fipronil, are the latest to be 

released on the market. Frequent use of ectoparasiticides may exert a selection pressure for 

resistance or tolerance in tick populations (Rodriguez-Vivas et al., 2017; Becker et al., 2019). 

Several studies have shown resistance of R. sanguineus s.l. to permethrin in the USA (Eiden 

et al., 2016), cypermethrin and coumaphos in Brazil (Borges et al., 2007), amitraz in Panama 

(Miller et al., 2001), and ivermectin in Mexico (Rodriguez-Vivas et al., 2017). In Brazil, the first 
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report of R. sanguineus s.l. resistance to fipronil was recently published (Becker et al., 2019), 

supporting the veterinary practitioners’ perceptions of inefficacy of in this study (Table 3). The 

suspicion of inefficacy of recently introduced isoxazolines is noteworthy. 

Almost all of the veterinary practitioner respondents recommend environmental 

management for the control of ectoparasites in dogs in Brazil. The knowledge that ticks and 

fleas are non-permanent parasites makes it necessary to consider the management of 

environmental stages (Dantas-Torres & Otranto, 2014). Despite the variety of available 

products with proven efficacy against canine ectoparasites, there are no guidelines for the 

control of ectoparasites in the environment that take into account the different regions of 

Brazil. It is necessary to remind veterinary practitioners that the chemical control of other 

arthropods that co-infect dogs is more complex, and that the misuse of these compounds can 

cause environmental pollution and toxicity to humans and other organisms (Dantas-Torres & 

Otranto, 2014; Paz et al., 2008). 

This study shows the wide use of antiparasitic products and treatment regimens for parasite 

control in dogs in Brazil. The isoxazoline and combination of anthelmintic compounds are the 

most common drugs to prevent or treat ectoparasites and gastrointestinal nematodes, 

respectively. The suspect of the inefficacy of antiparasitic drugs is shared among the veterinary 

practitioners from Brazil. It is necessary to improve awareness of the use of antiparasitic 

products that require the attention of veterinary practitioners and industry to applied effective 

and sustainable parasite control strategies. 
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Capítulo 2 

Efeito carrapaticida in vitro e in vivo do carvacrol sobre Rhipicephalus sanguineus sensu lato 

e suas alterações no tegumento do carrapato 
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Resumo 

 

Rhipicephalus sanguineus sensu lato (s.l.), carrapato marrom do cão, é um ectoparasito 

que exige a adoção de medidas de controle por transmitir vários patógenos aos cães. O 

controle é realizado com moléculas carrapaticidas sintéticas e, mais recentemente, vêm 

se destacando a busca de moléculas extraídas de plantas, como os monoterpenos. 

Carvacrol é um monoterpeno, encontrado em óleos essenciais de diversas espécies 

vegetais como orégano, manjericão e que já foi sintetizado em laboratório, sendo 

vendido comercialmente. Diversos estudos já demonstraram a atividade carrapaticida do 

carvacrol em formulações tópicas. Adicionalmente, existem lacunas sobre a ação do 

carvacrol na cutícula de carrapatos. O presente estudo teve como objetivo avaliar a 

atividade carrapaticida do carvacrol in vitro através do ensaio de imersão de larvas e 

ninfas e in vivo pela administração oral em camundongos, e ainda obter informações 

acerca dos efeitos dessa molécula sobre o tegumento das ninfas alimentadas nesse 

hospedeiro tratado. A atividade carrapaticida in vitro do carvacrol em larvas e ninfas foi 

realizada através do ensaio de imersão usando nas concentrações 5,0; 3,5; 2,45; 1,71; 

1,20; 0,84; 0,58; 0,41; 0,28 e 0,20 mg/mL diluído em etanol 95% PA-triton 0,02%. Para 

encontrar a concentração letal média CL50 as larvas e ninfas foram contadas em vivas e 

mortas 24h após a imersão. E para avaliação da administração oral, os camundongos 

Swiss foram infestados artificialmente com 25 ninfas de R. sanguineus s.l. Os animais 

foram alocados em três grupos: controle negativo (Sorbitol), carvacrol (60 mg/kg) e 

controle positivo (Lotilaner 20 mg/kg/). Para determinar o efeito carrapaticida in vivo, 

foi realizada a contagem das ninfas mortas 48h após o tratamento e 48h após a segunda 

infestação. Posteriormente, os carrapatos sobreviventes da segunda infestação e que se 

alimentaram foram dissecados para coleta do tegumento e análise histológica. Os 

resultados obtidos no ensaio in vitro demonstraram que carvacrol apresentou uma CL50 

de 1,2 mg/mL no teste de imersão de larvas e 1,82mg/mL para ninfas. Já a mortalidade 

dos carrapatos infestados nos camundongos foi de 17% para o grupo carvacrol na 

primeira infestação e 100% para o controle positivo (p<0,05). Na segunda infestação, 

não houve diferença significativa entre os grupos (p>0,05). Apesar desses resultados de 

eficiência, as ninfas que se alimentaram dos animais tratados com carvacrol 

apresentavam agregação de grânulos de proteínas entre as camadas epitelial e 

subcuticular, o que mostra a ação desse monoterpeno no ciclo de vida do carrapato. O 

estudo demonstrou pela primeira vez que o carvacrol e o lotilaner administrados através 

da via oral causam alterações no tegumento de Rhipicephalus sanguineus s.l., podendo 

interferir no desenvolvimento deste carrapato. E o carvacrol pode ser utilizado para o 

desenvolvimento de produtos com ação carrapaticida. 

 

Palavras-chave: carrapato, carvacrol, terpenos, carrapato marrom e camundongos. 
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Abstract 

 

Rhipicephalus sanguineus sensu lato (s.l.), brown dog tick, is an ectoparasite that 

requires the adoption of control measures for transmitting several pathogens to dogs. 

Control is carried out with synthetic acaricide molecules and, more recently, the search 

for molecules extracted from plants, such as monoterpenes, has been highlighted. 

Carvacrol is a monoterpene, found in essential oils of several plant species such as 

oregano, basil and which has already been synthesized in the laboratory and sold 

commercially. Several studies have already demonstrated the acaricide activity of 

carvacrol in topical formulations. Additionally, there are gaps regarding the action of 

carvacrol on the cuticle of ticks. The present study aimed to evaluate the acaricidal 

activity of carvacrol in vitro through the immersion test of larvae and nymphs and in 

vivo by oral administration in mice, and to obtain information about the effects of this 

molecule on the tegument of nymphs fed on this treated host. The in vitro acaricidal 

activity of carvacrol on larvae and nymphs was performed through the immersion test 

using concentrations of 5.0; 3.5; 2.45; 1.71; 1.20; 0.84; 0.58; 0.41; 0.28 and 0.20 

mg/mL diluted in 95% ethanol PA-0.02% triton. To find the average lethal LC50 

concentration, larvae, and nymphs were counted alive and dead 24h after immersion. 

And for evaluation of oral administration, Swiss mice were artificially infested with 25 

nymphs of R. sanguineus s.l. The animals were divided into three groups: negative 

control (Sorbitol), carvacrol (60 mg/kg), and positive control (Lotilaner 20 mg/kg/). To 

determine the acaricidal effect in vivo, dead nymphs were counted 48 hours after 

treatment and Day +9. Subsequently, ticks that survived the second infestation and that 

had fed were dissected for tegument collection and histological analysis. The results 

obtained in the in vitro assay showed that carvacrol presented a LC50 of 1.2 mg/mL in 

the immersion test for larvae and 1.82 mg/mL for nymphs. Mortality of infested ticks in 

mice was 17% for the carvacrol group in the first infestation and 100% for the positive 

control (p<0.05). Second infestation, there was no significant difference between groups 

(p>0.05). Despite these efficiency results, the nymphs that fed on animals treated with 

carvacrol showed aggregation of protein granules between the epithelial and 

subcuticular layers, which shows the action of this monoterpene in the tick's life cycle. 

The study demonstrated for the first time that carvacrol and lotilaner administered orally 

cause changes in the tegument of Rhipicephalus sanguineus s.l., which may interfere 

with the development of this tick. Carvacrol can be used for the development of 

products with acaricide action. 

 

Keywords: tick, carvacrol, terpenes, brown tick, and mice. 
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Introdução 

 

Rhipicephalus sanguineus sensu lato (s.l.) (Acari: Ixodidae) é o carrapato mais 

comum encontrado em cães de áreas urbanas, sendo o principal responsável pela 

transmissão de agentes patogênicos que ocasionam doenças graves para esses animais, 

causadas por patógenos como Babesia canis, Babesia vogeli, Hepatozoon canis, 

Mycoplasma haemocanis, Erlichia canis, Rickettsia rickettsii e Rickettsia coronorii 

(Dantas-Torres et al., 2006; Mentz et al., 2016; Silva et al., 2017; Trotta et al., 2012). 

Diante de todos os desafios que os cães enfrentam em relação à manutenção da saúde, o 

controle dos carrapatos é fundamental, sendo os produtos sintéticos os mais utilizados 

para este fim, embora muitas vezes sejam empregados de forma errônea (Chomel, 

2011). Este fato tem selecionado indivíduos de R. sanguineus s.l. resistentes, o que foi 

sugerido e comprovado no Brasil e em outros países (Vale et al., 2021; Miller et al., 

2001; Becker et al., 2019; Eiden et al., 2015; Rodriguez-Vivas et al., 2017). 

A existência de carrapatos resistentes às diferentes classes químicas e a demora 

para surgirem novas moléculas são um grande desafio no controle, de modo que são 

necessárias constantes pesquisas (Faza et al., 2013; Kiss et al., 2012).  O uso de 

moléculas de origem vegetal é uma opção promissora, uma vez que já foi demonstrada 

a atividade carrapaticida em condições de laboratório e de campo, em pesquisas com 

R. sanguineus s.l.  (Coelho et al., 2020; Monteiro et al., 2021; Lima de Souza et al., 

2019; Delmonte et al., 2017; Novato et al., 2015; Sousa et al., 2022; Vale et al., 2021). 

 O carvacrol é um monoterpeno volátil, encontrado em óleos essenciais de 

espécies da família Lamiaceae, incluindo os gêneros Thymus, Origanum, Satureja e 

Coridothymus, e que possui atividade carrapaticida para diferentes espécies de 

carrapatos (Lima et al., 2017; Vale et al., 2021; Tavares et al., 2022), incluíndo R. 

sanguinues (Oliveira et al., 2020; Konig et al., 2021; Lima de Souza et al., 2019; Sousa 

et al., 2022).  Este terpeno é classificado como seguro (GRAS) pela Food and Drug 

Administration (FDA) para uso como conservante e ingrediente aromatizante de 

alimentos (FDA, 2013; Suntres et al., 2015). As pesquisas desenvolvidas com o 

carvacrol estão concentradas em ensaios in vitro e na administração tópica (Dantas et 

al., 2021; Lima et al., 2019; Sousa et al., 2022) demonstrando a eficácia e provocando 

alterações no tegumento e várias outras estruturas de R. sanguineus s.l (Lima de Souza 

et al., 2019; Konig et al., 2021). Entretanto, existe a necessidade de conhecer os efeitos 
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do carvacrol em diferentes vias de administração, pois a resposta pode variar devido às 

propriedades farmacocinéticas e farmacodinâmicas dessa molécula (Xavier et al., 2022).  

O objetivo do presente estudo foi avaliar a atividade carrapaticida in vitro do 

carvacrol, padronizar um modelo de estudo in vivo para avaliar a atividade através da 

administração oral em camundongos Swiss infestados artificialmente com ninfas de R. 

sanguineus s.l. e investigar as possíveis alterações morfológicas no tegumento do 

carrapato após o tratamento. 

 

2. Materiais e Métodos 

2.1 Carrapatos 

As larvas e ninfas de R. sanguineus s.l. foram obtidas de uma colônia 

estabelecida a partir de teleóginas coletadas de um cão do município de São José de 

Ribamar - Maranhão, mantida em coelhos Oryctolagus cuniculus Linnaeus, 1758, a 

partir de câmaras de alimentação fixadas no dorso dos coelhos com cola comercial não 

tóxica (Bechara et al., 1995). Para a realização dos bioensaios, foram utilizadas larvas e 

ninfas com idade entre 15 e 25 dias pós-ecdise. Esta pesquisa foi aprovada pelo Comitê 

de Ética do uso de Animais – CEUA, registrada com o nº 23115.005443/2017-51. 

2.2 Compostos  

Carvacrol (5-isopropyl-2-methylphenol; CAS 499-75-2,) e o D-Sorbitol 

(2S,3R,4R,5R)-Hexane-1,2,3,4,5,6-hexol: CAS S1876) foram adquiridos da Sigma-

Aldrich (São Paulo, SP, Brazil), ambos com 99% de pureza. Para os bioensaios in vitro 

com larvas e ninfas não alimentadas, foram testadas até a máxima concentração de 5 

mg/mL, usando etanol P.A como solvente da solução estoque e etanol-triton 0,02% com 

diluição seriada a 70%. Para o bioensaio in vivo por meio da administração oral, o 

carvacrol foi adicionado ao sorbitol para evitar desconforto e irritação à mucosa do 

animal.  

2.3 Bioensaios in vitro 

O teste de imersão larval (TIL) foi realizado de acordo com Klafke et al. 

(2006). Para esse teste, aproximadamente 100 larvas não alimentadas de R. sanguineus 

s.l. foram imersas em um microtubo do tipo eppendorf contendo 1 mL de carvacrol nas 

concentrações de 5,0; 3,5; 2,45; 1,71; 1,20; 0,84; 0,58; 0,41; 0,28; and 0,20 mg/mL 

https://www.sigmaaldrich.com/BR/pt/product/sigma/s1876
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diluído em etanol 95% PA-triton 0,02%. A água destilada e etanol 95% PA-triton 

0,02% foram usados como controle negativo. Após o período de imersão, as larvas 

foram colocadas no centro de uma folha de papel de filtro medindo 8,5 cm × 7,5 cm, 

dobrada ao meio e vedada. Os testes foram realizados em triplicatas para cada 

concentração. Os pacotes foram colocados em uma câmara climatizada a 27 ± 1°C e 

UR> 80 ± 10 (SOLAB® SL-200, São Paulo, Brazil) por 24h. Finalizado esse período, 

foi realizada a contagem de larvas vivas e mortas. 

No teste de imersão de ninfas não alimentadas, foram utilizados os 

procedimentos e concentrações conforme o descrito anteriormente. Entretanto, foram 

usadas 10 ninfas não alimentadas em cada microtubo do tipo eppendorf contendo 1 mL 

de solução. Todos os testes foram feitos em triplicata, o que totalizou 30 ninfas por 

concentração, conforme adaptação de Monteiro et al. (2009).  

2.4 Bioensaio in vivo  

2.4.1 Animais 

Camundongos Swiss, saudáveis, machos, com idade de 6-8 semanas, sem 

exposição prévia a infestação com carrapatos, foram utilizados como hospedeiros. Os 

animais foram alojados em gaiolas coletivas de polipropileno, forradas com maravalha, 

e alimentados com ração comercial e água filtrada em bebedouros, ad libitum. Todos os 

animais dos diferentes grupos foram alojados na mesma sala, com temperatura entre 22 

e 24ºC, umidade relativa (UR%) entre 60 e 80% e luz 12:12h/fotociclo escuro. O 

comportamento dos animais foi avaliado diariamente e, ao final do experimento, os 

animais foram eutanasiados. 

2.4.2 Tratamento Oral 

Foram utilizados 15 camundongos Swiss como hospedeiros experimentais de 

ninfas em jejum de R. sanguineus s.l., segundo adaptação da metodologia descrita por 

Bechara et al. (1995). Para isso, câmaras de alimentação confeccionadas com tubos de 

polipropileno de 2,0 mL foram cortadas em aproximadamente 1,5 cm do topo e então 

fixadas sobre o dorso dos camundongos com cola não tóxica (Dia -2) (Figura 1). Para 

este procedimento, os animais foram sedados com uma associação de Xilazina (5mg/kg) 

e Quetamina (90mg/kg) e ainda receberam reposição de fluidos (NaCl 0,09%). 



 

56 
 

 

Figura 1. Delineamento experimental da infestação de Rhipicephalus sanguineus sensu lato em 

camundongos Swiss. Criado com BioRender.com 

 

No Dia -1, 25 ninfas não alimentadas foram colocadas dentro de cada câmara de 

alimentação, e, após 24 horas (Dia 0), os camundongos foram divididos em três grupos 

com cinco animais: Grupo controle negativo (Neg), para o qual foi administrado, por 

via oral, 0,1 mL de sorbitol; grupo carvacrol (Carv), para o qual foram administrados, 

por via oral, 60 mg/kg de carvacrol em cada animal; e grupo controle positivo (Pos), 

que recebeu, por via oral, 20 mg/kg de Lotilaner por animal. Todos os animais foram 

pesados individualmente para realizar os cálculos das dosagens. Os grupos então foram 

tratados por via oral com auxílio de uma agulha de gavagem para garantir a precisão da 

dosagem. Cada camundongo foi observado por 2 horas após administração para 

observar alguma alguma reação adversa.  

Os animais foram contidos e os carrapatos contados com o auxílio de uma lupa 

após 48 horas (Dia +2) do tratamento. Os animais foram novamente reinfestados no Dia 

+7 pós-tratamento e a contagem realizada no Dia +9, visando a avaliar a eficácia da 

persistência do tratamento (Figura 2). Durante a contagem dos carrapatos, somente os 

animais com a câmara fechada e sem aberturas foram considerados para avaliar a 

atividade carrapaticida. 
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Figura 2. Infestação de Rhipicephalus sanguineus sensu lato em camundongos Swiss. Criado com 

Biorender.com 

 

2.5. Análise histológica dos tegumentos das ninfas  

A análise histológica foi realizada a partir dos tegumentos das ninfas 

alimentadas nos camundongos Swiss (Figura 1). Os carrapatos tratados foram 

dissecados em solução fisiológica a 0,06% para remoção do escudo dorsal e depois 

fixados em paraformaldeído a 4%, durante 30 dias. Depois, as amostras foram imersas 

em solução tampão fosfato (PBS) por 24h, desidratadas em sequência de etanol a 70, 

80, 90 e 95% (1 hora cada banho), incorporados em Leica historesina por 7 dias e 

incluídas em moldes de plástico de polietileno (6 x 8 mm) previamente preenchidos 

com Leica polimerizada. Após a polimerização da resina, os blocos foram seccionados 

com 3 µm em micrótomo (LEICA RM 2255, Leica®). Os cortes foram corados com 

hematoxilina e eosina aquosa de Harris, e examinados e documentados com 

microscópio de campo claro com câmera acoplada (Olympus BX51/Olympus SC30). 

2.6. Análise estatística 

Nos bioensaios in vitro, calculou-se a concentração letal (LC50) do carvacrol 

usando a regressão não linear. A eficiência carrapaticida no ensaio in vivo foi calculada 

a partir do percentual de redução da média aritmética dos carrapatos vivos do grupo 

tratado (GT) comparado à média aritmética do grupo controle (GC) usando a fórmula 

[(GC-GT) / GC]x100 (Marchiondo, 2007). A normalidade dos resultados da eficiência 

carrapaticida foi testada pelo teste de Shapiro-Wilk e posteriormente analisada por 
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Kruskal-Wallis, seguido pelo teste Dunns. Todas as análises estatísticas foram 

realizadas utilizando o software GraphPad Prism 8.0 (GraphPad Inc., CA, EUA) 

adotando nível de significância de 5%. 

 

3. Resultados 

3.1 Bioensaios in vitro 

O carvacrol mostrou atividade carrapaticida in vitro com CL50 de 1,2 e 1,8 

mg/mL sobre larvas e ninfas de R. sanguineus, respectivamente (Figura 3). 
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Figura 3. Eficácia do carvacrol sobre larvas e ninfas de Rhipicephalus sanguineu sensu lato. Cada ponto 

representa a média+- desvio padrão das três replicatas biológicas. CL50: Concentração letal média 

(mg/mL) para 50% dos indivíduos; IC: intervalo de confiança de 95%; R2: Coeficiente de Correlação de 

Regressão.  

3.2 Bioensaio in vivo 

 

Apesar da atividade carrapaticida no teste in vitro de contato, quando 

administrado oralmente, o carvacrol apresentou uma eficácia de 17%. Já no controle 

postivo (lotilaner), obteve-se uma atividade carrapaticida de 100% e houve uma 

diferença estatística em relação aos demais tratamentos no Dia +2 (p<0,05). No dia +9 

pós-tratamento, houve uma redução da eficácia no lotilaner, igualando-se ao controle 
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negativo (Figura 4). Não foram observados efeitos adversos relacionados aos 

tratamentos.  

 

 

Figura 4. Percentual de mortalidade de Rhipicephalus sanguineus sensu lato infestados artificialmente 

em camundongos Swiss tratados por via oral: Neg (Controle negativo: sorbitol), Carv (Carvacrol: 

60mg/kg) e Pos (Controle positivo: lotilaner 20mg/kg). Diferenças estatísticas foram encontradas entre os 

tratamentos através do teste Kruskal-Wallis, seguido por Dunn (*: p<0.05).  

 

3.3 Análise histológica dos tegumentos das ninfas 

O tegumento das ninfas do grupo controle negativo apresentou epitélio formado 

por uma camada de células pequenas e com formato variando de achatado a 

arredondado com seu citoplasma levemente acidófilo,núcleos esféricos e fortemente 

corados pela hematoxilina (Figura 5A). 

As ninfas do grupo tratado com carvacrol (60 mg/kg) e coletadas após nove dias 

de tratamento apresentaram epicutícula, procutícula (exocutícula e endocutícula) 

semelhantes àquelas encontradas nos carrapatos do grupo controle negativo. Entretanto, 

a camada epitelial foi fortemente danificada. Em muitas regiões do tegumento das 

ninfas tratadas com carvacrol, ocorreram a destruição do epitélio e o surgimento de 

áreas desorganizadas. Quando presente, esse epitélio foi formado por uma camada de 

células bem pequenas e sobrepostas com núcleo arredados (Figura 5B).  

O tegumento das ninfas oriundas dos animais tratados com lotilaner (20 mg/kg) 

apresentou alterações decorrentes da ação do composto sintético utilizado no grupo 

positivo, principalmente na região epidérmica e na cutícula (Figura 5C). A cutícula 

apresentou a epicutícula mais fina e menos corada em comparação ao controle negativo. 
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Ademais, a procutícula estava maior e menos corada também quando em relação ao 

controle negativo. Além disso, essa camada não apresentava mais subdivisões, 

formando uma camada única. Foi observada uma intensa desorganização das células 

epiteliais, exibindo alguns pontos de interrupção. Em algumas regiões, o epitélio 

aparece deformado e, em outras, ocorre o desaparecimento completo das células do 

tegumento das ninfas tratadas com lotilaner. Também se observaram vacúolos pequenos 

e arredondados que seguem em direção ao interior do corpo desses carrapatos (Figura 

5C). 

 

Figura 5. Cortes histológicos dos tegumentos das ninfas de Rhipicephalus sanguineus sensu lato corados 

com hematoxilina e eosina (HE). Grupo controle negativo (sorbitol) (A). Carvacrol 60 mg/kg (B) e 

Lotilaner 20 mg/kg (C). Ep – epitélio; epc – epicutícula; exc – procutícula; n – núcleo; va – vacúolos.’ 

 

4. Discussão 

O presente estudo caracteriza-se como o primeiro teste da atividade 

carrapaticida do carvacrol através da administração oral, com importantes resultados da 

ação sobre o tegumento dos carrapatos oriundos de animais tratados. Diversos estudos 

já relataram a atividade carrapaticida de moléculas oriundas de óleos essenciais, como o 

carvacrol, o qual foi o foco do presente estudo (Coelho et al., 2020, Monteiro et al., 

2021, Cardoso et al., 2020), além de levantarem hipóteses de mecanismos de ação na 

fisiologia de carrapatos (Cardoso et al., 2020; Tavares et al., 2022). Entretanto, nenhum 

avaliou formulação oral ou mesmo observou a cutícula dos carrapatos oriundos de 

animais tratados. O modelo experimental com camundongos Swiss infestados com R. 

sanguineus s.l. mostrou-se viável para a realização de bioensaios para avaliar a 

atividade carrapaticida.  

A atividade carrapaticida do carvacrol já foi comprovada em diferentes 

espécies de carrapatos, bem como em diferentes estágios (Araújo et al.; 2016; Lima de 

Souza et al., 2019; 2022). Recentemente, foi comprovada a toxicidade do carvacrol em 
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Rhipicephalus microplus quando aumentou a atividade de enzimas de estresse 

oxidativos e desintoxicantes (Tavares et al., 2022). A atividade carrapaticida in vitro 

encontrada no presente estudo em baixas concentrações em estágios de larvas e ninfas 

reforça o potencial do carvacrol como molécula carrapaticida. 

Apesar de o carvacrol ter apresentado uma atividade carrapaticida em ambos os 

estágios, as larvas demonstraram uma suscetibilidade maior em relação às ninfas 

(Figura 3). Isso ocorre devido às diferenças morfológicas e fisiológicas dos Ixodidae 

durante os estágios de larvas e ninfas. Como todos os artrópodes, os carrapatos são 

cobertos por um exoesqueleto que reveste o corpo e é responsável pela resistência 

estrutural, protegendo contra a perda de água e ainda sendo fonte de energia 

(Sonenshine & Roe, 2013).  

O tegumento da larva favorece a ação dos compostos xenobióticos, já que é 

mais fácil permear o tegumento dos estágios mais imaturos do carrapato em comparação 

aos estágios mais avançados, devido ao fato da espessura da cutícula da larva ser mais 

fina (Sonenshine & Roe, 2014). Resultados semelhantes a esta pesquisa foram 

observados com timol (isômero do carvacrol) incorporado em formulações para uso 

tópico, mostrando que as larvas possuem uma susceptibilidade maior em relação aos 

demais estágios (Delmonte et al., 2017; Coelho et al., 2020; Monteiro et al., 2021).  

Adicionalmente sabe-se que a via de administração pode alterar completamente 

a eficácia de qualquer medicamento. Dentro do cenário dos carrapaticidas de 

administração oral, damos destaque aos compostos da família das isoxazolinas 

(Afoxolaner, Fluralaner, Sarolaner e Lotilaner) uma classe de carrapaticida atualmente 

bastante utilizada para cães e gatos, atuando na inibição dos canais de cloreto 

controlados por glutamato e ácido gama-aminobutírico (GABA) em invertebrados 

(Zhou et al., 2022). Nesse contexto, buscamos entender o mecanismo de ação e 

administração oral do carvacrol e comparamos com o Lotilaner (controle positivo). 

A administração oral de carvacrol mostrou-se eficaz no tratamento de infecções 

por Campylobacter jejuni e Schistosoma mansoni em camundongos, em doses que 

variaram de 100 e 200 mg/kg, respectivamente, demonstrando o efeito biológico dessa 

molécula, mesmo sendo administrado por via oral (Mousavi et al., 2020; Xavier et al., 

2022). Logo, ao considerar a escassez de informações sobre os efeitos carrapaticida do 

carvacrol in vivo, buscou-se avaliar essa ação em camundongos Swiss infestados 

artificialmente.  
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Camundongos selvagens como Peromyscus que são hospedeiros de Ixodes 

scapularis já foram utilizados para avaliar a atividade carrapaticida de diversas 

moléculas sintéticas, como na administração de iscas contendo fipronil e fluralaner 

(Gutierrez et al., 2006; Poché et al., 2020). Nesse contexto, o camundongo Swiss foi 

escolhido como um modelo experimental para avaliar a atividade carrapaticida do 

carvacrol. Esse modelo se mostrou viável, pois as ninfas de R. sanguineus s.l. fixaram-

se e realizaram a alimentação. Apesar do sucesso do modelo experimental, o carvacrol 

apresentou uma baixa atividade carrapaticida mesmo após 48 horas do tratamento, 

enquanto o lotilaner apresentou 100%. Esses resultados podem estar relacionados à 

distribuição do carvacrol nos tecidos do animal, principalmente a pele, o que pode ter 

retardado os efeitos do carvacrol e uma bioacumulação significativa para induzir à 

mortalidade nos carrapatos quando administrado por via oral (Aqil et al., 2007; Cal, 

2006; Dancik et al., 2015; Kao et al., 1988). Além do mais, a disponibilidade do 

carvacrol para gerar mortalidade nas primeiras horas pode ter sido diminuída em função 

do metabolismo de primeira passagem e sua ligação a proteínas plasmáticas. Essa 

proposição justifica também o efeito residual constatado para o carvacrol, semelhante ao 

desencadeado pelas isoxazolinas (Pfister & Armstrong, 2016), principalmente ao se 

considerarem as propriedades físico-químicas do carvacrol, como por exemplo um log 

de P de 3,6 e uma alta de taxa de ligação a proteínas (Bansal et al., 2022; Oliveira, 

2020). É importante salientar que ocorreu um aumento da mortalidade do controle 

negativo ao longo do período de observação, possivelmente em função do 

desenvolvimento de resistência do hospedeiro após a primeira infestação (Bechara et al., 

1995) (Fig. 3). 

Com a finalidade de avaliar se o carvacrol poderia estar atuando sobre o 

carrapato e o induzindo a alterações morfológicas, mesmo com baixa eficiência de 

mortalidade visual, decidiu-se então investigar possíveis alterações morfológicas no 

tegumento do carrapato. Essa estrutura foi escolhida porque o tegumento forma o 

exoesqueleto do carrapato e é uma estrutura importante para mudança de fase (ecdise) e 

de proteção eficiente para evitar a transposição de produtos, impedindo a penetração de 

agentes químicos nos ectoparasitas (Lima de Souza et al., 2022).  

 Um composto que altere a morfologia dessa estrutura pode impedir o 

desenvolvimento do carrapato, bem como de seu ciclo de vida, contribuindo assim para 

o seu controle. Apesar de estudos anteriores demonstrarem o potencial de modificação 

morfofisiológica do carvacrol e do acetilcarvacrol em tecidos de R. sanguineus s.l. 
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(Lima de Souza et al., 2019; Oliveira et al., 2020), este é o primeiro estudo a detalhar 

essas alterações após a administração oral do carvacrol. Adicionalmente, este é o 

primeiro estudo de observação das lesões no tegumento em carrapatos após tratamento 

com a isoxazolina lotilaner. 

 Apesar da baixa atividade carrapaticida do carvacrol e o lotilaner no Dia +9 após 

o tratamento, alterações histológicas dos tegumentos foram observadas no grupo 

exposto ao carvacrol (60 mg/mL), pois a camada epitelial foi fortemente danificada. Em 

muitas regiões dos tegumentos das ninfas tratadas com carvacrol, ocorreu a destruição 

do epitélio e surgimento de áreas desorganizadas. Quando presente, esse epitélio foi 

formado por uma camada de células bem pequenas e sobrepostas com núcleos 

arredondados. Isso pode ser justificado pela ação do carvacrol, que penetra no interior 

das células epiteliais, danificando-as. Essas células prejudicadas não poderão sintetizar e 

armazenar os componentes que constituem a cutícula. Resultados semelhantes foram 

observados por Lima de Souza et al. (2022) em fêmeas semi-ingurgitadas de R. 

sanguineus s.l. expostas ao carvacrol aplicado topicamente. Os resultados sugerem que 

o carvacrol administrado por via oral, mesmo não ocasionando mortalidade imediata, 

apresenta grande potencial carrapaticida ao provocar efeitos deletérios aos carrapatos, 

com alterações no tegumento de ninfas similares ao estudo mencionado anteriormente.  

As ninfas do grupo tratado com lotilaner (20 mg/kg) exibiram uma alteração 

significativa na morfologia tegumentar: epicutícula mais finas e menos coradas e 

procutícula muito mais espessa, menos corada e sem subdivisões. Além disso, o epitélio 

é intensamente desorganizado e lesionado. Em algumas regiões, ele aparece deformado 

e, em outras, ocorre o desaparecimento completo dessas células, além de vacúolos 

pequenos e arredondados que seguem em direção ao interior do corpo desses carrapatos. 

Possivelmente, isso sugere não somente que a morfologia mudou, mas também que a 

fisiologia foi afetada, pois células danificadas não são capazes de exercer suas funções 

totalmente ou parcialmente. Resultado análogo também foi observado por Lima de 

Souza et al. (2017) e Abreu et al. (2020) com fêmeas semi-ingurgitadas e ingurgitadas 

de R. sanguineus expostas ao óleo de neem (Azadirachta indica A. Juss) e água 

ozonizada. Tais estudos relataram que esse tipo de comportamento celular ocorre devido 

à toxicidade ocasionada por moléculas com potencial carrapaticida capazes de induzir 

as células a secretar componentes cuticulares mais rapidamente e em maior quantidade, 

na tentativa de minimizar os danos causados pela substância tóxica dentro do 

organismo. 
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5. Conclusão 

O camundongo Swiss é um modelo eficiente para avaliação da atividade 

carrapaticida contra ninfas de R. sanguineus s.l. Além disso, o carvacrol é uma molécula 

com atividade carrapaticida in vitro e in vivo sobre R. sanguineus s.l., capaz de provocar 

alterações nos tegumentos das ninfas quando administrado por via oral em 

camundongos, mesmo depois de sofrer os processos de biotransformação e distribuição. 

Assim, esse terpeno pode ser utilizado no desenvolvimento de novas formulações para o 

controle de carrapatos. No entanto, é necessário o desenvolvimento de uma formulação 

que aumente sua absorção e distribuição para administração por via oral. Esta pesquisa 

demonstra o potencial dessa molécula que pode ser utilizada por via oral para o controle 

de carrapatos. 
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 CONSIDERAÇÕES FINAIS 

 

Os resultados obtidos no presente estudo revelaram como é recomendado o 

controle de parasitos em cães no Brasil, mostrando as práticas realizadas para o controle 

de parasitos necessita de adequação às particularidades do Brasil. No segundo capítulo, 

foi demonstrado o efeito carrapaticida do carvacrol sobre larvas e o tegumento de ninfas 

da espécie R. sanguineus s.l. através de bioensaios in vitro e in vivo com camundongos 

Swiss que permitiram concluir que:  

1) A concentração letal média do carvacrol (CL50) para larvas e ninfas é 

diferente, requisitando uma maior concentração do terpeno para o estágio 

mais avançado de R. sanguineus s.l.  

2) O carvacrol administrado por via oral agiu sobre o tegumento, ou seja, 

foram observadas alterações histológicas das ninfas que se alimentaram 

dos animais tratados com carvacrol (60 mg/mL), pois as células cúbicas 

da epiderme apresentavam uma possível agregação de grânulos de 

proteínas entre as camadas epitelial e subcuticular. 
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Efficacy of lotilaner against myiasis 
caused by Cochliomyia hominivorax 
(Diptera: Calliphoridae) in naturally 
infested dogs 

Tássia Lopes do Vale1, Alcyjara Rego Costa2, Leandro Macedo Miranda2, Geovane Ferreira 

Silva3,  

Naylene Carvalho Sales Silva1, Tiago Barbalho Lima2, Daniel Praseres Chaves2, Heinz Sager4,  

Pedro Veloso Facury Lasmar5 and Livio Martins Costa–Junior1*  

Abstract  
Background The New World screwworm fly, Cochliomyia hominivorax, is widely distributed across 
South America. This parasitic insect is a significant cause of primary myiasis in animals, including 
dogs. There is an urgent need for a rapid and efficient treatment to improve the recovery of 
affected animals. In the present study we evaluated the potential of lotilaner for the treatment of 
myiasis caused by C. hominivorax larvae in naturally infested dogs. Lotilaner ™ belongs to the 
isoxazoline class of chemical compounds and is marketed as Credelio  for use against ticks 
and fleas in dogs and cats. 

Methods Eleven dogs with naturally acquired myiasis were enrolled in this study based on the 
severity of lesions and the number of identified larvae. All animals received a single oral 
administration of lotilaner at a minimum dose of 20.5 mg/kg body weight. After treatment, the 
number of expelled larvae, live or dead, was determined at 2, 6 and 24 h, and the larval expulsion 
rate, larvicidal effect and overall efficacy were calculated. After 24 h, the remaining larvae were 
removed, counted and identified. The lesions were cleaned, and palliative treatment was 
administered when necessary, according to the animal’s health status. 

Results All larvae were identified as C. hominivorax. The larval expulsion rate was 80.5% and 93.0% at 
2 and 6 h posttreatment, respectively. Lotilaner showed an overall efficacy of 100% at 24 h post-
treatment. 

Conclusions Lotilaner demonstrated a rapid onset of action and a high efficacy against C. 
hominivorax. We therefore recommend lotilaner for the effective treatment of myiasis in dogs. 

Keywords New World screwworm fly, Ectoparasites, Dogs, Myiasis, Control strategies 

Background 
Myiasis is a disease caused by the larval 

stages of several species of flies that feed 

on tissue from the hosts. However, in 

South America, including Brazil, the New  
World screwworm (NWS), Cochliomyia hominivorax  
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(Diptera: Calliphoridae), is the main species causing 

primary myiasis in humans and warm-blooded animals [1, 

2]. Historically, the geographic distribution of NWS 

extended from the southern USA to the central region of 

Argentina [3]. In the late 1960s, the USA successfully  
© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 
International License, which permits use, sharing, adaptation, distribution and reproduction in any medium 
or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to 
the Creative Commons licence, and indicate if changes were made. The images or other third party material 

in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you 
will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 
0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made 
available in this article, unless otherwise stated in a credit line to the data. 
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launched a program aimed at eradication of this species by releasing sterile insects within its national 

borders, later expanding the program to Mexico and finally to continental Central America [4]. Panama 

currently represents the biological barrier, achieved by releasing sterile insects within its territory along 

the border with Colombia [5]. As a result of these eradication programs, the current distribution of this 

parasitic fly comprises the Caribbean and South American countries, with the exception of Chile. There 

is a proposal for an eradication program in Uruguay which, if implemented, will require constant 

epidemiological surveillance on the border with Brazil and Argentina [6]. 
To eradicate C. hominivorax and eliminate the need for epidemiological surveillance, it is necessary, in 

addition to the massive release of sterile insects, to diagnose and treat all cases of myiasis in a given area 

[4, 7]. In companion animals, NWS myiasis is a debilitating disease and can be fatal depending on the 

time to diagnosis and treatment, level of infestation and the site of infestation [8]. The threat of reinvasion 

of the NWS in areas where it has been eradicated increases proportionally with increasing international 

animal trade and the travel of pets and humans. Dogs are important hosts for NWS, and the diagnosis and 

treatment of myiasis are essential for effective control of this disease, as described for the outbreaks in 

Florida (USA) in 2016 [9]. Control measures are even more important in the context of the One Health 

perspective and the fact that NWS is not limited to domestic animals [10]. 
In this context, a rapid and efficient treatment is necessary to improve the recovery of affected animals 

and reduce the possibility of reinvasion in the areas where this parasitic fly has been eradicated. Various 

topical and systemic drugs are used to treat myiasis in dogs (e.g. macrocyclic lactones, nitenpyram and 

spinosad) [8, 11– 13]. More recently, other parasiticides, such as isoxazolines, have been described for 

the effective treatment of cutaneous myiasis [11, 14, 15]. 
The isoxazoline parasiticide lotilaner acts as a potent non-competitive antagonist of GABA-activated 

chloride channels from arthropods [16]. Lotilaner has been  

registered for use in dogs and cats in a chewable tablet-formulation as Credelio™ (Elanco Animal Health, 

Indianapolis, IN, USA) and demonstrated efficacy against ticks [17–19], mange mite [20] and fleas [21, 

22]. The efficacy of lotilaner against myiasis by the Old-World screwworm (Chrysomya bezziana) was 

recently shown in two cats from Malaysia [23]. Although the action of isoxazolines on C. hominivorax 

has been documented, the efficacy of lotilaner on myiasis caused by this parasite has not yet been shown. 

The objective of the present work was to verify the potential of lotilaner for the treatment of naturally 

acquired screwworm myiasis caused by C. hominivorax in dogs. 

Methods 
The experimental procedures were approved by the animal research ethics committee of the Federal 

University of Maranhão—UFMA (CIAEP: 02.0341.2019), Brazil, under protocol number 

23115.005441/2017-62. 

Experimental design 
Eleven client-owned dogs (5 males, 6 females) that were naturally infested with C. hominivorax and with 

active myiasis were enrolled in the study. All larvae collected during the experiment were maintained in 

70% ethanol and identified as C. hominivorax, according to Stojanovich et al. [24]. The age of the 

enrolled dogs ranged from 1.5 to 10.0 years and with body weight ranged between 3.3 and 25.0 kg. The 

dogs had not received any ectoparasiticide treatment in the 120 days immediately preceding the 

experiment. The myiasis lesions were distributed in different body areas: mammary (3 dogs), eye (3 

dogs), scrotum (2 dogs), neck and thoracic and pelvic limbs (1 dog each). 
After myiasis had been diagnosed, based on the obser- 

vation of larvae in the wound, the dogs received lotilaner (Credelio™) in a single dose orally, following 

the manufacturer’s recommended dose for control of fleas and ticks in dogs. The doses ranged from 23.9 

to 40.9 mg/ kg body weight. After treatment, the dogs were kept in individual kennels with a removable 

tray (surface area of 0.3–0.8  m2 according to body weight). The dogs were observed at 2 and 6 h post-

treatment at which times expelled larvae were collected and quantified. At 24 h post-treatment, the 

remaining larvae were mechanically removed from the wound. Larvae without movement were 

considered to be dead. After the removal of the remaining larvae, the wounds were cleaned and an anti-
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inflammatory (0.2 mg/kg of meloxicam, applied subcutaneously [SC]) and antibiotic (15.0 mg/kg of 

amoxicillin trihydrate, SC) treatment was administered before the dogs were sent home. The dogs were 

evaluated at home daily for general health conditions, and the wounds were cleaned by the owners until 

complete healing had been achieved. Data analysis 
The evaluation of the efficacy of lotilaner against C. hominivorax was calculated based on the formulae 

described by Oliveira et al. [13]. The overall efficacy was calculated as: [(number of dead larvae expelled 

+ number of live larvae expelled + number of dead larvae removed)/ total number of larvae] × 100. The 

larval expulsion efficacy was calculated at 2, 6 and 24 h post-treatment using the formula: [(number of 

dead larvae expelled + number of live larvae expelled)/total number of larvae] × 100. The larvicidal 

efficacy was calculated using the formula: [(number of dead larvae expelled + number of dead larvae 

removed)/total number of larvae] × 100. 

Results 
All larvae collected during the study were confirmed as C. hominivorax. No adverse effects related to 

lotilaner or any other treatment were observed throughout the study. Each dog had only a single wound 

with active myiasis and an average of 35 larvae (range: 1–100) (Fig. 1). 
A  rapid onset of activity was observed, with highest mean expulsion of larvae at 2 h (80.5%), which 

increased up to 93.0% at 24 h post-treatment (Fig. 2a). Expulsed larvae comprised both live and dead 

larvae (Fig. 1). Larvae that were removed from the wounds 24 h post-treatment were all dead, and the 

overall efficacy was 100% at that time point (Fig. 2c). 
The mean larvicidal efficacy of lotilaner was rather low at 41.1% at 24 h post-treatment (Fig. 2b), 

which suggests that the efficacy of the treatment was mostly driven by larval expulsion. The combination 

of larva expulsion and the larvicidal effect results in a high cumulative efficacy of 80.5%, 93.0% and 

100.0% at 2, 6, and 24 h post-treatment, respectively (Fig. 2c). 

Discussion 
Myiasis is an infestation of live tissue by the larvae of several species of flies [25]. Larvae of C. 

hominivorax are the main cause of primary myiasis, which represents one of the major skin diseases in 

dogs in areas where this fly species is present [1, 26]. The number of wounds and larvae in each dog 

enrolled in the present study was similar to that reported in earlier studies in other regions of Brazil [27]. 

The highest prevalence of myiasis in Brazil has been reported to be in adult dogs, with no gender 

predilection [27, 28]. These earlier reports corroborate the observations made on the dogs enrolled in the 

present study. 
Topical insecticides in ointment or spray formulations were the main treatments for myiasis before 

effective systemic compounds became commercially available. Lotilaner belongs to the isoxazoline 

chemical class, and chemical compounds in this class are the most recommended for use in Brazil for the 

control of ectoparasites [29]. The oral administration of a drug has the advantage of reduced exposure 

risks for pet owners and the environment, compared to topical administration. At the same time, it is 

expected that used compounds used lead to fast elimination of the larvae. The rapid activity of lotilaner 

and high larval expulsion at 2 h post-treatment, as shown in the present study, can be explained by the 

early peaking of lotilaner concentration in the blood within 2 h after treatment [30]. This result is in 

agreement with those from earlier efficacy studies against fleas, where 64.0% of adult Ctenocephalides 

felis were eliminated 2 h after treatment [21]. Insecticidal compounds that have a rapid onset of efficacy 

are preferred options for treating primary myiasis in dogs as they allow quick restoration of quality of life 

 
Fig. 1 Mean and standard deviation of the number of expelled, dead, removed and total number of larvae of ™ Cochliomyia hominivorax 

per dog treated  with a single oral dose of Credelio  (lotilaner) 
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[15]. Therefore, a high and rapid expulsion of larvae is important, as it can promote faster healing of 

lesions and prevent animals from having to undergo procedures such as sedation and prolonged antibiotic 

therapy. Furthermore, the rapid expulsion of larvae from the host tissue can reduce the risk of foreign 

body infection and the need to debride the lesion to remove the larvae [23]. Given the lack of guidance 

for treating myiasis in dogs, the use of systemic molecules should be recommended due to the above-

mentioned advantages [14, 15]. 

 

Fig. 2 of a single dose of CredelioExpulsion (a), larvicidal efficacy ™ (lotilaner) in dogs at 2, 6 and 24 h (b) and general efficacy 

(c)  

post-treatment on myiasis by Cochliomyia hominivorax. Dots show the individual values for each dog, the bar shows the 

average value and the horizontal lines show the standard deviation 

Sarolaner, also an isoxazoline, was reported to achieve a similar high cumulative larva expulsion of C. 

hominivorax [15], showing that the efficacy against this parasite could be inherent to all registered 
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compounds of this chemical class. Nitenpyram, a neonicotinoid, also shows a high larval expulsion of C. 

hominivorax after two treatments within 24 h [8], while a single administration of spinosad promoted 

lower larval expulsion, similar to a single treatment of nitenpyram [13]. 
Residual protection for at least 30 days against subsequent infestation by C. hominivorax should be the 

focus of further studies. Lotilaner has a terminal half-life of 30.7 days [30] and high insecticide and 

acaricide efficacy at 30 days of the treatment [18, 22, 31], suggesting that the residual protection against 

NWS can be expected for the same period of time. Drugs with these characteristics that promote the 

prevention and control of NWS must be a priority of One Health. Therefore, it is important to encourage 

the registration of new drugs against C. hominivorax and to urge the standardization of protocols for 

treatment and prevention of myiasis in dogs. 

Conclusion 
The results of this study show a rapid onset of action and high efficacy against C. hominivorax. In 

conclusion, lotilaner can be recommended for the effective treatment of myiasis in dogs. 
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CHAPTER 6 

Repellent Potential of Terpenoids Against Ticks 
Tássia L. Vale1, Isabella C. Sousa1, Caio P. Tavares1, Matheus N. Gomes1, Geovane F. Silva1, 
Jhone R. S. Costa1, Aldilene da Silva Lima2, Claudia Q. Rocha2 and Livio Martins Costa-Júnior1,* 
1 Departamento de Patologia, Universidade Federal do Maranhão (UFMA), Brazil 
2 Departamento de Química, Universidade Federal do Maranhão (UFMA), Brazil 

Abstract: Substances used as repellents to avoid contact with ticks and tickborne disease are 
essential to control. Several compounds have been developed throughout human history to 
promote repellent activity, and in the last decades, synthetic repellents have been widely used. 
However, several humans, animal, and environmental health problems have been related to 
synthetic compounds. The use of natural molecules with low toxicity becomes an alternative 
to replace these compounds. The natural terpenoids from secondary plant metabolites are an 
essential group with repellency activity on different arthropods. This chapter addresses the 
primary terpenes with repellency activity, briefly identifying the effectiveness of tick 
repellents, test methodology, primary terpenes tested, and activity. The evaluated compound 
showed good repellent activity on different tick species and stages. However, through this 
chapter, we show the variations in the techniques used to evaluate the bioprospection of 
terpenes with possible repellent activity and a lack of in vivo repellency studies with terpenes. 
Finally, we emphasize the repellent activity of terpenes to encourage the use of natural 
compounds as a strategy to control ticks. 

Keywords: Animals, Control, Natural Product, Repellent, Tick. 

INTRODUCTION 

Repellent compounds are volatile chemicals that cause the arthropod to disorient its 
movements, removing it and thus preventing infestation or attack on the host (Fig. 1) [1, 
2]. Chemical repellents like DEET, IR3535, DEPA, Icaridin (picaridina) and Permethrin 
(synthetic pyrethroid) have been the most widely used repellents for repelling 
arthropods, such as insects and ticks [3, 4], with vehicle formulations in the form of a 
spray, lotion, and gel and can be applied to clothing or skin [5]. 
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The repellent effect is induced by different isoprenoid metabolites, mainly acyclic, 
monocyclic, bicyclic monoterpenoid, diterpenoid, and sesquiterpenoid. Published data 
suggests that the repellent effect against arthropods is correlated with oxygenated 
components, with the occurrence of a hydroxyl group (OH) linked to a primary, 
secondary or aromatic carbon. However, depending on which carbon the hydroxyl 
group binds to, the repellent activity can be modulated [21]. These classes can be highly 
efficient in spatial repellency. However, the monoterpenoid is more volatile when 
compared to the sesquiterpenoids. Sesquiterpenoids have a higher molecular weight, 
with a 15-carbon structure, and thus their volatilization is lower, thus promoting a 
longer duration of their repellent efficiency [12]. This difference in repellency between 
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the terpenoid classes is directly related to the terpenes' ability to interfere with the 
vectors' odorous receptors, terpene volatility, molecular weight, polarity, and the 
intermolecular forces among the molecules of the repellent compounds [22]. 

Terpenoids Repellent Against Ticks 

Arthropods, such as ticks, are responsible for vector-borne diseases to human and 
veterinary health. These diseases are limiting factors for animal production in tropical 
and subtropical regions of the world. In humans, they can cause severe toxic conditions 
and are a neglected public health problem in many parts of the world. Ticks are essential 
vectors, and tick bites can cause paralyzes, toxicoses, skin irritation, allergy, and 
secondary infections [23 - 25]. Tick control and disease prevention are mainly 
dependent on the use of chemical acaricides. Synthetic or natural repellents represent a 
viable form of protection against tick attacks. Several phytochemical defensives have 
been heavily exploited in the last decades for repellency against ticks. 

Different terpenoids have been described to have repellent effects on tick species, about 
33 terpenes (Fig. 2) have been reported to have this activity (Table 1). The studies 
already conducted show that terpenes have been tested on different ticks, such as 
Hyalomma sp., Ixodes ricinus, Ixodes scapularis, Amblyomma americanum, 
Amblyomma sculptum, Riphicephalus annulatus, Riphicephalus, appendiculatus, 
Riphicephalus sanguineus, and Riphicephalus microplus, and showed a repellent effect 
on the larval, nymph, and adult (Table 1). 

Table 1. Terpenoids that show repellency against ticks, concentrations used, percentage of repellency, ticks 

species and stages repelled. 

Compound 
Concentration/Repellency 

(%) Species Stage References 

β-Cyclocitral 0.1 μL=90.0 
R. 

appendiculatus 
* 

Lwande et al., 

1999 



 Repellent Potential of Terpenoids Terpenoids: Recent Advances in Extraction   83 
(Table 1) cont..... 

83 
 

Compound 
Concentration/Repellency 

(%) Species Stage References 

β-Ocimene 0.1 μL=77.8 R. appendiculatus * 
Lwande et al., 

1999 

(+)-Borneol 1.3 µg.cm-2 = 33.3 I. ricinus N 
Schubert et al., 

2017 

(-)-Borneol 1.3 µg.cm-2 = 26.6 I. ricinus N 
Schubert et al., 

2017 

Borneol 0.5%= 64.3 I. ricinus N 
Pålsson et al., 

2008 

Carvacrol 

0.078% = 50.0  N 
Dietrich et al., 

2006 

1.0 mg (AI). cm-2 = 53.8  A 
 

0.13 mg.cm-2 = 50.0 

 

R. microplus L Lima et al., 

2019 

5%=100.0 I. ricinus L 
 

 I. scapularis A 
Jordan et al., 

2012 

beta-citronellol 
3.6% = 100.0  

A. sculptum 

 

Ferreira et al., 
2017 

3.6% = 90.0  

R. sanguineus Un A 

Ferreira et al., 
2017 

(-)-beta-caryophyllene 10%= 65.5  N 
Ashitani et al., 

2015 

Citronellol 
0.206 mg.cm  =100.0 

A. americanum N 
Tabanca et al., 

2013 

 155 nmoles.cm  = 98.0 
I. scapularis N 

Carroll et al., 
2007 

β-Caryophyllene 0.1 μL= 27.8 R. appendiculatus * 
Lwande et al., 

1999 

1,8-Cineol 0.5%= 70.4 I. ricinus N 
Pålsson et al., 

2008 

m-cymene  R. appendiculatus * 
Lwande et al., 

1999 

Cedrol 0.1mL=29.7 R. appendiculatus * 
Ndungu et al., 

1999 

I. scapularis 

A. americanum Jordan  et al ., 
2012 

  

Tabari  et al ., 
2017 

1.0  mg (AI).cm -2  = 100.0 

  

Un A 

a 

  

Ixodes ricinus 

-2 

Callicarpenal -2 

0.1 µl  = 90.0 
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 0.1 μL= 86.7 R. appendiculatus * 
Lwande et al., 

1999 

(S)-(+)-carvone 4.14 mg.cm-2 = 50.0 R. microplus L Lima et al., 

2015 
(R)-(−)-carvone 4.35 mg.cm-2 = 50.0 R. microplus L Lima et al., 

2015 

Cedrene 
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Compound 
Concentration/Repellency 

(%) Species Stage References 

d-Limonene 0.1 μL= 27.2 R. appendiculatus * 
Lwande et 

al., 1999 

α-Ionone 0.1 μL= 90.0 R. appendiculatus * 
Lwande et 

al., 1999 

β-Ionone 0.1 μL= 48.7 R. appendiculatus * 
Lwande et 

al., 1999 

(−)-10-epi-gama-eudesmol 

Elemol 

0.103 mg.cm-2 = 90.0 A. americanum N 
Tabanca et 

al., 2013 

5.157 nmole.cm-2 = 50.0  N 
Carroll et al., 

2010 

14783 nmole.cm-2 = 50.0 
 

N 
Carroll 

et 

al., 

Geraniol 

 

 1% = 98.4

 

Hyalomma sp. * 

Khallaayoune 

et al., 2009 

 A. americanum N 
 

5% = 100.0 A. americanum 

 

Bissinger et 

al., 
2014 

 

A. americanum Un, A 
Bissinger et 

al., 
2014 

 5% = 100.0  

 Un, A, Bissinger et 

al., 
2014 

5% = 100.0 R. sanguineus Un, A 
Bissinger et 

al., 
2014 

 0.1 μL= 90.0 R. appendiculatus * 
Lwande et 

al., 1999 

trans-2-Methyl Cyclopentanol  R. appendiculatus * 
Lwande et 

al., 1999 

(-)-Germacrene 10%=70.2 I. ricinus N 
Ashitani et 

al., 
2015 

Humulene 10%= 96.8 Ixodes ricinus N 
Ashitani et 

al., 
2015 

I. scapularis 

2010 

  

0.206  mg.cm -2  =90.0 Tabanca  et al ., 
2013 

Un, A a 

5 %  = 100.0. 

  

  
I. scapularis 

trans - Geranyl-acetone 

0.1  μL = 90.0 
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Intermedeol 155mol. cm-2 = 96.0 I.scapularis N 
Carroll et al., 

2007 

(-)-Isolongifolenone 78 nmol.cm-2 =100.0 I. scapularis N 
Zhang et 

al., 2009 

 0.1µl = 90.0 R. appendiculatus * 
Lwande et 

al., 1999 

Linalool 5%=50.24 I.ricinus L 
Tabari et al., 

2017 

Alpha-Ionone 
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Compound 
Concentration/Repellency 

(%) Species Stage References 

(S)-(−)-limonene 6.56 mg.cm-2 = 50.0 R. microplus L Lima et al., 

2015 
(R)-(+)-limonene 7.81 mg.cm-2 = 50.0 R. microplus L Lima et al., 

2015 

Nerolidol 0.1µl = 100 R. appendiculatus * 
Lwande et al., 

1999 

Nootkatone 

0.089% = 50.0 I. scapularis N 
Dietrich et al., 

2006 

1.0 mg (AI).cm-2 = 100.0 I. scapularis A 
Jordan et al., 

2012 

1.0 mg (AI).cm-2 = 100.0  A 
Jordan et al., 

2012 

Nonanal 0.1µl = 90.0  * 
 

Nerol 

 0.1µl = 90.0

 

R. appendiculatus * 

Lwande et al., 

1999 

Alpha-Pinene  I. ricinus N 
 

1-α-Terpineol 

0.1 μL= 89.9  

R. appendiculatus 
 

Lwande et al., 

1999 

Alpha-terpineol 

65 µg.cm-2 = 50.0  

I. ricinus N 

Schubert et al., 
2017 

Phytol 0.1 mL= 48.4  * 
Lwande et al., 

1999 

trans-Phytol 0.1 mL= 48.4 R. appendiculatus * 
Lwande et al., 

1999 

 65 µg.cm-2 = 66.6 I. ricinus N 
Schubert et al., 

2017 

 I. scapularis N 
Dietrich et al., 

2006 

Thymol 

0.075 mg.cm-2 = 66.7 A. americanum * 
Carroll et al., 

2017 

10%= 85.7 R. annulatus L Arafa et al., 

2020 

 I. ricinus L 
Tabari et al., 

2017 

Thujone 0.5%= 70.0 I. ricinus N 
Pålsson et al., 

2008 

 0.5%= 68.6 I. ricinus N 
Pålsson et al., 

2008 

A. americanum 

R. appendiculatus Lwande  et al ., 
1999 

  

10 % = 83.4 Tunón  et al ., 
2006 

  
* 

a 

  

R. appendiculatus 

Terpinen-4-ol 

0.909 %  = 50.0 

5%=100.0 

Verbenol 
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Most of the compounds with repellent effect, for example, monoterpenes such as 
limonene, citronellol, and citronellal, are common secondary metabolites of the 
essential oils that present arthropod-repellency activity. The repellent effect of 
terpenoids proves that they can be used as promising alternatives for producing new 
repellent products based on plant molecules or to assist synthetic products in prolonging 
their effect [26]. 

The repellent effect may be correlated to the structures of the terpenes and their 
interactions with a series of biochemical and physiological events that have been little 
explained to understand the mechanism of action of natural repellent compounds. Many 
of the terpenes reported the repellent activity in their structure oxygenated components, 
linked to a hydroxyl group on carbon 1, 2, or aromatic carbons [27]. Another factor that 
may contribute to repellency is the volatility of the terpenes, which can interfere with 
the location of their hosts. Arthropods rely predominantly upon the olfactory perception 
of volatility during host location [9]. Consequently, the terpenes cause a disorder in the 
tick's behavior in locating its host, preventing it from attacking. Olfactory sensilla ticks 
can detect volatile molecules, where it can be suggested that olfaction also is involved 
in the repellency process [21]. 

Bioassays to Evaluate Repellent Compounds Against Ticks 

For many decades, repellent development has been studied using different methods 
considering the biology and the species' behavior. The tick's behavior, mainly the 
negative geotropism of the majority of species, is used to evaluate the repellency effect 
[23]. The repellents could be classified into contact and spatial repellents. For contact 
repellents, the targets must be in touch with the treated surface before being repelled. In 
contrast, the spatial repellents must function at a distance from the application site, and 
the targets do not need to be in physical touch with the treated surface. 

Among the disadvantages of researches into new tick repellents is the lack of a 
standardized test method. These studies differ in 1) species, 2) life stages of the ticks 
used, 3) the duration in which repellency and toxicity are assessed, 4) the quantity and 
formulations of the active ingredients of crude extracts, fractions, or essential oils, 5) 
use of solvent and 6) variability of the ticks’ behaviors in assays [3, 28]. These 
variations in test methodologies and test conditions interfere with comparing studies and 
selecting molecules with possible repellent potential. Therefore, it is understood that the 
efficiency of all the bioassays will depend on essential factors such as 1) type of 
material used, 2) physical-chemical characteristics of the molecule used, 3) time of 
exposure and 4) the number of ticks used in the chosen method. 
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Tick Climbing Bioassay 

 
choice Y-shaped olfactometer is one of the most used because it allows the insertion of 
two different odors during the analysis. Although the arena olfactometer is also used for 
repellency tests, it has a limitation when using only one odor for the test [27, 30]. 

Petri Dish Bioassay 

The Petri dish bioassay is well-known as the “Choice Assay,” where half of the dish is 
treated and the other controlled (without treatment). After treatments of one side of the 
evaluated compound and the other with the same amount of solvent, the papers need to 
dry for ten minutes in a closed chapel to evaporate the solvent. Then, the ticks are 
placed in the center of the dish in groups of six, three males or three females. The 
positions found after 5, 10, and 30 minutes of testing are assessed to perform the 

This method is the most used to analyzed tick repellent [29]. The principle is 
based on the negative geotropism of ticks (Fig.  3 ) . The tick is added to the base 
and needs to pass into a treated area with an experimental compound. The 
substrate used can be filter paper, glass stick, leather, bamboo stick, or other inert 
material or add the host odor. The number of specimens used depends on the stage 
and species of the tick. 

A variation of the climbing assay is the Fingertip Bioassay, used as an 
experimental compound to impregnate part of the finger of a human volunteer. 
The tick is disposable at the base and permits a climb to the finger. The ticks that 
move up to the treated area are considered non-repelled, while those that retreat or 
fall off the treated surface are repelled [3, 28]. 

Fig. (3).   Negative geotropism in  Rhipicephalus microplus  ticks and fingertip bioassay with  Amblyomma 
sculptum . 

Olfactometer Bioassay 

Bioassay using olfactometers to test repellent compounds on ticks can be 
performed. The assay with the attractive stimulus is typically associated with the 
search behavior of the hosts. The assays that use anemotaxic stimulants such as 
four-way, arena, or Y-shaped olfactometers, rely on the ectoparasite stimulus to 
guide themselves according to the prevailing wind plume [30, 31]. The double- 
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analysis. Similar procedures could be achieved using watch glass and impregnating a 
circular filter paper adding in the glass center. 

Although the methodology describes a time for the volatilization of the experimental 
compounds, these methods are not indicated for compounds that present fumigation 
activity since they do not have air circulation and kill ticks. 

Bioassay of the Falcon Tissue Flask Repellency 

Moving Object Bioassay 

This method was developed to increase the motivation of ticks to move while requiring 
search behavior by the host [35]. For this assay, heat, and movement are used to nurture 
attractions associated with hosts, allowing ectoparasites to exhibit their natural behavior 
of holding on to a host in the lab. It is necessary to use a vertical drum slowly rotating 
heated. In the drum, there is a surface that will be used as a base for the effective 
attachment of the parasite. A glass stick is then placed horizontally, ending in front of 
the drum, where the ticks will approach. 

The distance between the drum and the glass stick is adjusted so that the tick reaches 
only the desired attachment location. As the drum rotates, the attachment region passes 
periodically, and the parasite can attach itself to the moving object, simulating the 
animal that gives. For the test analysis, are accounted for: ticks that approach/ do not 
approach the drum (spatial repellency), ticks fixed to the drum, and ticks that remain on 
the treated surface or fall off (contact repellency). 

Repellent Compound on Ticks of Medical Importance 

The species of ticks usually describe as disease vectors to humans are A. sculptum, A. 
aureolatum, A. ovale, Dermacentor andersoni, and Dermacentor variabilis [36, 37]. 
These species are described as vectors of Rickettsia, the etiologic agent of the Rocky 
Mountain spotted fever (RMSF). Due to being involved in the transmission of numerous 
pathogens, these ticks create essential social and economic impacts associated with 
medical costs, loss of productivity, and death [38]. Considering the many damages 
created by ticks and the hardships found in effectively instituting pest control, a viable 
alternative to prevent diseases stemming from parasitism from these species is to reduce 
interaction with its vectors through the use of repellents [5]. 

The use of human repellents dates thousands of years ago, but it was only after World 
War II that it reached its apex, where soldiers employed chemical compounds to prevent 
bites from insects that were responsible for the transmission of some diseases. To 
prevent more deaths, numerous researches regarding long-lasting repellent compounds 
were initiated. One of the first repellent compounds to be developed was Dimethyl 
phthalate (DMP), followed by Indalone and ethyl hexanediol [10]. The main synthetic 
repellents found in the market are DEET, IR3535, Icaridin (Picaridin), DEPA, and 
permethrin (synthetic pyrethroid). But knowledge about the effects related to 
intoxication caused by synthetic repellents, in addition to the dissatisfaction regarding 
produce and environmental contamination, leads to a search for more ecologically 
viable alternatives [39]. 

Facing the issues occasioned by synthetic repellents, NP, namely plant-based products 
with volatile constituents, can be an essential source of molecules with repellent action. 
It is already possible to find citronella-based repellents in the market whose active 
components are citronellal and Citronellol [5]. Currently, the employment of NP 
extracted from plants has provoked interest around the world and comprises a promising 
strategy to tick control, especially essential oils and their chemical constituents. 
Knowing the importance of the compounds, it is then possible to list some Terpenoids 
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repellent action over ticks of medical importance regarding public health, as seen in 
Table 1. 

Repellent Compounds on Dogs’ Ticks 

Several tick species are capable of infecting dogs, such as R. sanguineus, A. 
americanum, Haemaphysalis longicornis, I. scapularis, D. variabilis, and I. ricinus [40 
- 42]. Besides causing blood loss, irritability, and hypersensibility, these ticks are 
pathogen vectors [11, 22, 43]. Dogs are exposed to tick infestation in various situations, 
e.g., during walks in parks and forests [44]. To prevent these ticks from transmitting 
pathogens, it is necessary to institute protection measures against ectoparasites [45]. 
One action is to avoid contact with ticks by employing parasite-repellent products. Such 
products are practical tools to reduce the possibility of interaction with ticks and, 
subsequently, pathogen transmission due to compounds that inhibit the host’s attraction 
[46]. However, the process of parasite-repellent compounds occurs mainly due to 
interaction with irritant agents, also named deterrents [47] (Fig. 1). 

The main tick-repellent for dogs found in the market are based on synthetic compounds 
such as Pyrethroids and Phenylpyrazoles in the form of leashes, spray, spot-on, and 
pour-on [48 - 51]. These compounds are effective and relatively safe. However, there 
are concerns about their possible adverse effects on human and animal health [52, 53]. 
Also, there are reports of ticks resistant to the drugs, consequently reducing the 
acaricidal efficacy [54 - 56] significantly. In light of this issue, the employment of 
terpenes as repellents has been fully studied (Table 1). However, studies on the 
effectiveness of these compounds as repellents have been carried out mainly in vitro. 
Until this work, there is no scientific literature on terpene-based repellents applied 
directly to dogs [57]. 

Based on in vitro tests, some products using essential oils are already being 
commercialized as repellents. Since some essential oils, such as clove oil, thyme oil, 
and cinnamon oil, are listed as “Generally recognized as safe” (GRAS) by Food and 
Drug Administration (FDA) and exempt from toxicity data requirements from EPA [58, 
59]. These products, commercialized as repellents, are composed of essential oil 
mixtures such as Ultrashield Green (geraniol, citronella, rosemary, lemongrass, cedar e 
thyme oils), Pyranha Zero-bite (geraniol, thyme, and mint oils), and Flea+Tick Spray 
repellent (lemongrass, cinnamon, sesame and castor oils) [60]. The list of 
commercialized products based on natural compounds that produce repellent effects is 
very extensive [61]. 

Natural repellents can have a substantial effect against parasites, which could be 
beneficial in the prevention of tick infestation. Its low toxicity and appeal to be a green 
product, as they do not act on pollinating insects due to its high volatility, make this 
type of product increasingly attractive to consumers. When related to pets, such as dogs, 
due to their proximity to humans [62, 63]. However, it is 
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A total of 27 terpenoids were tested as a repellent against ticks parasites of livestock 
animals (Table 1). All these compounds are monoterpenes, sesquiterpenes, or 
diterpenes. The monoterpenes have the most compound with repellent activity (17 
substances), followed by sesquiterpenes with eight compounds, and finally, the 
diterpenes with only two compounds. It is known that the constituents of essential oils 
are highly volatile. For this reason, researchers carried out the encapsulation of the 
monoterpene carvacrol with the yeast cell wall to increase the time of repellent activity 
of this molecule, delaying its volatilization [30]. 

Another species of tick widespread in horses is Dermacentor nitens (horse ear tick). 
However, there is a significant lack of studies to determine the repellent effect of natural 
products on this tick. The search in the scientific literature revealed only a single study 

necessary to note that the low toxicity does not exempt said products from other 
adverse effects in dogs and humans altogether [64]. Finally, the efficacy of tick 
repellents is poorly studied, which further hampers the use of new repellents [65] 
( Fig.  4 ). 

Fig. (4).   Venn diagram of terpenes showed with repellent effect on ticks from human, livestock and dog. 

Repellent Compounds on Livestock’s Ticks 

The primary tick species that infest livestock animals are the southern cattle tick, 
R. microplus  [54], One-host cattle fever tick,  R. annulatus  [66] and Brown ear tick 
R. appendiculatus  [67] infesting cattle as primary hosts and,  A. sculptum  [68] and 
A. cajennense  [69] generalist ticks common in horses. For this reason, these five 
species of ticks are among the most used in studies for the determination of the 
repellent activity of terpenoids. 
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using eugenol (phenylpropanoid) as a repellent for D. nitens larvae [70]. To date, no 
terpenoids have been evaluated for repellent activity on this tick species 

CONCLUDING REMARKS 

Terpenoids have repellent activity against different species of ticks. This repellent 
activity is due to the various biochemical mechanisms involved, conferring degrees of 
repellency between the terpenoid compounds. Although there are several synthetic 
repellents for the control of ticks, terpenoids offer a safe alternative with low toxicity. 
This makes terpenoids attractive for human, animal, and environmental health. In 
addition, there is a range of molecules available, which can be essential tools as tick 
repellents. However, the lack of repellent in vivo studies with terpenoid compounds 
impedes a better understanding of how these compounds work in routine use. These 
problems directly reflect that few terpenes are commercially available, and their use 
against ticks is not widely used. Thus, the development of products with these 
molecules deserves to be further explored as a strategy to control ticks. 
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Ticks are a widely distributed arthropod of veterinary importance. Resistance of ticks to synthetic acaricides has 

become widespread, warranting the development of new drugs for tick management. Carvacrol is a volatile 

monoterpene, with promising results against various species of ticks; however, to be used for therapeutic 

purposes, carvacrol must be included in a formulation that makes its application feasible. This study aims to 

develop a formulation of a carvacrol-containing shampoo that is effective against two species of ticks: 

Rhipicephalus sanguineus and R. microplus. Shampoo sensory characteristics and pH were evaluated at 37, 25 and 

5 ◦C, for a maximum of 15 days. The shampoo remained stable at 25 and 5 ◦C. The efficacy of the carvacrol-

containing formulation against two species of ticks was assessed by the larval immersion test. Mortality of both 

tick species was significantly higher for the carvacrol shampoo than for a carvacrol hydroalcoholic solution. In 

conclusion, the carvacrol-containing shampoo showed larvicidal efficacy on ticks.    
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1. Introduction  

The brown dog tick, Rhipicephalus sanguineus sensu lato, is one of the most widely distributed 

tick species globally and preferentially parasitizes dogs, but may also be found feeding on 

other hosts, including humans (Dantas-Torres, 2008). The management of R. sanguineus is 

mostly based on the use of synthetic chemical acaricides. However, the intensive use of these 

compounds has led to the selection of acaricide-resistant tick strains (Borges et al., 2007; 

Rodriguez-Vivas et al., 2017; Becker et al., 2019). Consequently, there is a need for the 

development of alternative approaches for tick management, and some plant-based 

compounds have been evaluated (Ellse and Wall, 2013).  

Carvacrol is a volatile plant monoterpene which is currently classified as GRAS (Generally 

Recognized As Safe) and approved for use in human food (EAFUS, 2006; Hyldgaard et al., 2012; 

European Parliament and Council, 1996). Importantly, carvacrol has shown promising results 

when used against various species of ticks, including R. sanguineus (Araújo et al., 2016; Novato 

et al., 2015; Tabari et al., 2017). Natural or synthetic chemical substances can be included in 

pesticide formulations in order to make their application feasible (York, 2016). Thus, 

effectiveness, stability, and ease of application are among the criteria that these formulations 

must satisfy (Díaz et al., 2019; Ferreira et al., 2017). For the development of an acaricide 

formulation containing carvacrol, its low solubility in water must be considered, and, for 

example, the use of colloidal distribution systems, may be required (Ryu et al., 2018). Because 

acaricides are typically applied topically (Dantas-Torres, 2008), shampoo formulations emerge 

as viable alternatives, having already shown good efficiency in the delivery of other acaricides 

(Franc and Cadiergues, 1999; Heukelbach et al., 2006; Schuele et al., 2008).  

The current study aimed to formulate a shampoo containing carvacrol against the brown dog 

tick R. sanguineus and the cattle tick Rhipicephalus microplus, used here as model organism. 

The cattle tick R. microplus is an excellent model for testing acaricide formulations, due to its 

ease of maintenance in experimental animals and the large numbers of ticks that can be 

obtained for testing, when compared to other tick species. Even though it is uncommon to use 

shampoos in cattle, we tested the acaricide formulation on these two species as a proof of 

concept, and because it is of the utmost importance to test  

whether the acaricide formulation is tick species-specific.  

2. Materials and methods  

2.1. Shampoo formulation  

The carvacrol shampoo was formulated at room temperature with the following raw 

materials: 14.0 g sodium lauryl ether sulfate, 1.0 g 30% cocamidopropyl betaine, and 0.5 g 

lauryl glucoside as surfactants; 0.75 g carboxymethyl cellulose as gelling agent; 0.2 g 

methylparaben as preservative; 10% citric acid (q.s.) as acidulant; 3.0 g carvacrol (W224502, 

Sigma-Aldrich, St. Louis, MO, USA), and ultrapure water (q.  

s. 100 g) as base solution. The surfactants and carvacrol were mixed until completely 

homogenized. Next, citric acid was added to adjust the pH to 5.0. The carboxymethyl cellulose 

and methylparaben (previously solubilized in water at 100 ◦C) were then added. Finally, the 

mass of formulation was adjusted to 100 g with ultrapure water. At each addition, the 
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formulation was completely homogenized with a glass rod. A shampoo formulation without 

carvacrol was also prepared.  

2.2. Sensory evaluation and pH stability  

Sensory evaluation and pH stability tests were performed in triplicate, at 37 ± 2 ◦C, 25 ± 2 ◦C or 

5 ± 2 ◦C, without direct light exposure, using 100 mL of shampoo sealed hermetically in amber 

glass flasks. The results were recorded after 1, 7, and 15 days of preparation. The sensory 

evaluation tests consisted of judging any changes in color, odor, and appearance and results 

were ranked in three categories: normal, without alteration; slightly modified; and intensely 

modified (ANVISA, 2004). The pH was measured with universal pH indicator strips (gradation 

1.0, range 0–14). The accuracy of the indicator strips was confirmed by testing them against 

buffer solutions of known pH.  

2.3. Tick collection and maintenance  

Naturally detached engorged R. sanguineus and R. microplus females were obtained from 

artificially-infested New Zealand rabbits and calves, respectively, and maintained at 27 ± 1 ◦C, ≥ 

80% humidity (Biological Oxygen Demand) until oviposition was completed. Eggs were 

collected and incubated for hatching. Larvae aged 14–21 days were used in larval immersion 

tests. The experimental procedures were approved by the Federal University of Maranhao 

(UFMA) ethics committee under pro˜ tocol number 23115.005443/2017–51.  

2.4. Larval immersion test  

The larval immersion test was performed according to Klafke et al. (2006). Carvacrol shampoo 

and the shampoo without carvacrol were prepared and immediately diluted in water to be 

used in the assay. A carvacrol hydroalcoholic solution (3.0 g carvacrol diluted in 50% ethanol 

solution, q.s. 100 g) was also used. Water, 50% ethanol, and the non-carvacrol shampoo were 

considered as negative controls. The formulation samples were diluted at a ratio of 1:16, 1:19, 

1:23, and 1:47 in water. Approximately 500 larvae were immersed for 10 min in each 

treatment solution and then transferred to a filter paper to dry. Subsamples of approximately 

100 larvae were transferred to a clean dry filter paper (8.5 × 7.5 cm) that was folded and 

closed with plastic clips. The packets were incubated at 27 ± 1 ◦C and relative humidity ≥80% 

for 24 h. After incubation, dead and live larvae were counted: immobile ticks were considered 

dead. Three independent repetitions of the experiment were conducted for each experimental 

group.  

The statistical analysis of mortality data from the larval immersion test was performed using 

GraphPad Prism 8.0 software (version 8, GraphPad Inc., San Diego, CA, USA). The mean values 

for each treatment were compared by analysis of variance (ANOVA), followed by Tukey’s test 

(p < 0.05) to compare differences between specific groups.  

3. Results and discussion  

In this study, the shampoo containing carvacrol exhibited a pearl-like color, the characteristic 

carvacrol odor, pH 5.0, and the same color at 5, 25 and 37 ◦C. After 1, 7, and 15 days of 

preparation, at 5 and 25 ◦C, it remained homogeneous, and was rated normal, without 

alteration. However, a phase separation occurred at 37 ◦C after 7 days and the shampoo was 

rated as slightly modified after 7 days and intensely modified after 15 days. The incorporation 

of carvacrol in formulations is important for the stability of the product, by preventing 
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degradation and microbiological contamination, facilitating its application, and enhancing the 

effect of the active compound (Díaz et al., 2019; Ferreira et al., 2017).  

The carvacrol-containing shampoo was highly effective against both tick species, leading to 

100% mortality in R. microplus and R. sanguineus after treatment with 0.125% of carvacrol 

shampoo (1:23 dilution of the shampoo in water) and with 0.15% of carvacrol shampoo (1:19 

dilution of the shampoo in water), respectively (Table 1). The carvacrol hydroalcoholic solution 

had no efficacy against R. sanguineus at the tested concentrations and showed only low 

efficacy (21.6 ± 2.5% mortality at 0.175%, 1:16 dilution ratio) against R. microplus at the 

highest concentration used (Table 1).  

Carvacrol has been studied for several years as a bactericide, fungicide, acaricide, and 

insecticide because of the growing interest for active compounds that are safe for human and 

animal health and the environment and that exert weak selection pressure leading to 

resistance (Abbaszadeh et al., 2014; Araújo et al., 2016; Park et al., 2017; Ryu et al., 2018). 

Even though the acaricidal activity of carvacrol against ticks including R. sanguineus has 

already been demonstrated (Araújo et al., 2016; Costa-Júnior et al., 2016; Cruz et al., 2013; 

Novato et al., 2018; Senra et al., 2013a, 2013b), carvacrol-containing formulations have been 

poorly explored against ticks, especially R. sanguineus (Lima et al., 2017, 2019; Novato et al., 

2019).  

The bioactivity of carvacrol, which is frequently diluted in ethanol for the larval immersion test 

against unengorged Rhipicephalus larvae (Coelho et al., 2020; Daemon et al., 2012; Scoralik et 

al., 2012), can be  

Table 1  
Mortality (mean ± SD) of Rhipicephalus sanguineus and Rhipicephalus microplus larvae, treated with different amounts of the carvacrol shampoo and 

with the experimental controls.   

50% Ethanol  
Non-carvacrol shampoo  1:16  

1:19  
1:23  

1:47  

–  

–  
–  

–  

0.0 ± 0.0a  
0.0 ± 0.0a  
0.0 ± 0.0a  
0.0 ± 0.0a  

0.0 ± 0.0a  
0.0 ± 0.0a  
0.0 ± 0.0a  
0.0 ± 0.0a  

 
Carvacrol hydroalcoholic 

solution  
1:16  

1:19  

1:23  

1:47  

0.175  

0.15  

0.125  

0.0625  

0.0 ± 0.0a  

0.0 ± 0.0a 0.0 ± 

0.0a  

0.0 ± 0.0a  

21.6 ± 
2.5b  
3.4 ± 1.5a  
16.6 ± 
5.4b  
0.0 ± 0.0a  

 
Carvacrol shampoo  1:16  0.175  100.0 ± 

0.0c  
100.0 ± 
0.0d  

 1:19  

1:23  

1:47  

0.15  

0.125  

0.0625  

100.0 ± 
0.0c  
97.3 ± 1.4b  

97.3 ± 1.8b  

100.0 ± 
0.0d  
100.0 ± 
0.0d  
39.4 ± 

5.7c  

 
Mean values, followed by different letters in the same column, are significantly different (p < 0.05).  

Treatment  Dilution  
ratio  

Carvacrol  
concentration  
( %)  

Mortality (%)  
R.  
sanguineus  

R.  
microplus  

Water  –  –  0.0 
  ± 0.0 a  

  0.0 ± 0.0 a  

–  –  0.0 
  ± 0.0 a  0.0 

  ± 0.0 a  
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partly explained based on its interaction with the tick’s surface. The cuticle, the outermost 

part of the integument covering ticks, is composed mainly of lipids, polyphenols, proteins, and 

chitin (Hackman and Filshie, 1982; Lees, 1947). Because of its liposolubility, carvacrol has been 

suggested to interact strongly with the cuticle.  

The mortality rates found in the tests comparing the carvacrol- containing shampoo and the 

carvacrol hydroalcoholic solution (Table 1) suggest a possible synergistic effects of the 

components of the shampoo formulation. The intrinsic properties of some compounds may 

have acaricidal effect or contribute to it. For instance, carboxymethyl cellulose (at 0.1%) alone 

is capable of inhibiting larval hatching in engorged R. microplus females (de Mendonça et al., 

2019). Similarly, high mortality rates of R. sanguineus were observed when glycerin, which also 

forms a film on the surfaces where it is applied, was used in formulations associated with the 

terpene thymol (Delmonte et al., 2017). The authors suggested that this effect may be 

attributable to the increased water loss through the cuticle or to the film produced, which 

causes occlusion of the gas exchange channels. Most water loss in ticks occurs through the 

cuticle and spiracles (Lees, 1947), and the lipid layer in the cuticle plays an important role in 

regulating this occurrence. The higher efficacy of carvacrol shampoo against ticks compared to 

hydroalcoholic solution may be explained by the use of surfactants in the former increasing 

the terpene efficacy.  

This is a proof-of-concept study, in which only the in vitro efficacy of one shampoo formulation 

was tested. Nonetheless, given the high efficiency of the carvacrol shampoo, even at low 

concentrations, the data presented here provide considerable support for new studies 

including, the assessment of in vivo effectiveness, allergenicity, and potential to cause 

dermatitis, contributing to the validation of integrated tick management strategies. In 

conclusion, the carvacrol shampoo developed was effective against R. sanguineus and R. 

microplus larvae under an in vitro study.  
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Abstract 
Ticks are subject to various environmental constrains, such as dehydration, desiccation and 

long-waiting for hosts to attach. These factors are crucial for tick survival in the environment. 

Ticks have developed physiological mechanisms and/or strategies that allow adaptability and 

survival in the environment in which they live, such as spiracle control and cyclical or 

discontinuous gas exchanges. However, details of gas exchange profile have been reported 

only in a few tick species in the past. The present study aims to identify and describe 

respiratory gas exchange patterns in a tropical population of the brown dog tick Rhipicephalus 

sanguineus sensu lato and effects of blood feeding. Adult female ticks were fed on rabbit 

hosts. Partially fed (4 to 6 days) and completely fed (> 9 days) ticks were collected daily during 

feeding, weighed and subjected to C O2 emission measurement at 25 °C using flow-through 

respirometry. Unfed adult females showed a well-defined periodical burst of  CO2 emissions, 

followed by short periods of low-emission intercepts. The fed groups had drastic changes in 

respiratory profiles with semi-engorged females showing a high-intensity respiratory pattern 

alternating between continuous and discontinuous and the engorged females showing a 

continuous respiratory pattern with high frequency and intensity. The findings from this study 

contribute to a better understanding of the respiratory physiological process of a tropical 

population of the dog tick, which may help future investigations on other biological aspects of 

this ectoparasite and development of control measures. 

Keywords Tick feeding · CO2 exchange · Respiration · Metabolic rate 
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Introduction 
Ticks are ectoparasites of medical and veterinary importance because they can act as vectors 

of pathogenic organisms and cause lesions and injuries to the host at the site of the bite during 

hematophagy (Barros-Battesti et al. 2006). Ticks are subject to various environmental, such as 

humidity and temperature, and physiological factors, such as dehydration, desiccation and 

fasting (Needham and Tell 1991; Fielden et al. 1999; Sonenshine and Roe 2013). These factors 

are crucial for tick survival in the environment. Ticks have developed mechanisms and/or 

strategies that allow adaptability and survival in the environment in which they live, such as 

reduction of metabolic rate, diapause, impermeability of the integument, control of the 

spiracles and a discontinuous cycle of gas exchange (Needham and Teel 1991; Lighton et al. 

1993; Fielden et al. 1999; Sonenshine and Roe 2013). 

The discontinuous cyclic gas exchange pattern of arthropods, observed in insects and ticks, is a 

very effective behavioral and physiological strategy against water loss, oxidative stress and 

survival in hypoxic and hypercapnic environments (Lighton et al. 1993; Fielden et al. 1993, 

1999; Lighton 1996, 1998; Fielden and Lighton 1996; Hetz and Bradley 2005; Chown et al. 

2006; Zheng et al. 2013, 2015). The typical cycle for  CO2 release in bursts described for insects 

comprises three sequential stages: (1) the closed phase during which the spiracles are closed 

with negligible external gas exchange; (2) the flutter phase, triggered by endotracheal hypoxia, 

during which rapid fluttering of the spiracles allows diffusive and convective ingress of  O2 but 

little egress of  CO2 or water vapor; and (3) the burst phase in which hypercapnia (caused by 

the accumulation of  CO2 from respiring tissue) triggers the spiracles to open resulting in rapid 

release of C O2 and water vapor by diffusion without/with convection (Lighton 1996; Fielden et 

al. 1999; Fielden and Duncan 2013). In ticks, the discontinuous pattern of gas exchange does 

not have the three evident phases, being thus characterized only by bursts of C O2 emission, 

which coincide with the opening of the spiracles, followed by periods of low emissions caused 

by the closure of the spiracles (Fielden and Duncan 2013). 

Amblyomma marmoreum (Fielden et al. 1993; Lighton et al. 1993), Amblyomma hebraeum 

(Fielden et al. 1993), Amblyomma americanum (Zheng et al. 2013), Dermacentor andersoni 

(Fielden and Lighton 1996), Dermacentor variabilis (Fielden et al. 1999) and Ornithodoros 

turicata (Zheng et al. 2015) are among tick species that have been investigated in term of gas 

exchange. Little has been studied on this subject in tick species belonging to the Neotropical 

region. 

The brown dog tick, Rhipicephalus sanguineus sensu lato, is an African tick species that has 

spread throughout the world along with humans and their dogs (Walker et al. 2000). It has a 

worldwide distribution, being the only tick species that is currently established in North, 

Central, and South America, Europe, Africa, Asia, and Oceania (Walker et al. 2000; Estrada-

Peña et al. 2004). In South America, a possible different vectorial competence for Ehrlichia 

canis is showed, elucidating the taxonomic position of the R. sanguineus group species 

complex in the world, which includes at least two species in South America, designated as 

‘tropical lineage’ and ‘temperate lineage’ (Nava et al. 2015; Moraes-Filho et al. 2015; Labruna 

et al. 2017; Valim et al. 2017). The present study aims to identify and describe the respiratory 

gas exchange pattern in a tropical population of R. sanguineus s.l. and the effect of blood 

feeding. 

Materials and methods 
Source of ticks 
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Female ticks of R. sanguineus s.l. were collected from a dog naturally infested in São Luís city, 

Maranhão, Brazil. The tick colony was maintained in the laboratory using New Zealand 

(Oryctolagus cuniculus) rabbits aged 60 to 120 days and weighing between 1.5 and 2.5 kg of 

both sexes as hosts for all biological stages (larva, nymphs and adults) of R. sanguineus s.l. 

The experimental group of R. sanguineus s.l. was divided into adult female unfed (fasted), 

partially fed (4 to 6 days) and completely fed (> 9 days). The unfed adult females used in the 

analysis were between 5–30 days of age. The partially fed females were collected/removed 

from the rabbit host with 4 to 5 days of attachment, while the completely fed were collected 

after the natural detachment from the host (9 days after infestation). 

Respirometry 

The measurement of gas exchange of R. sanguineus s.l. was performed using a carbon dioxide 

and water  (CO2/H2O) analyzer (LI-7000, Li-COR, Inc., Lincoln, NE). Ticks were placed 

individually in a cylindrical 5 mL glass respirometer chamber with activity detector (AD2, Sable 

Systems, NV, USA) covered with aluminum foil. Air flow was generated using an air pump that 

was regulated by using a mass air flow controller to maintain a constant air flow rate (40 mL 

min-1). Room air was scrubbed of C O2 and  H2O vapor by running room air through drierite 

and ascarite columns. All experiments were performed at room temperature at 28 ± 2 °C. 

The Li-COR Li-7000 data acquisition software (v.2.0.0) was used to record C O2. Each session of 

recording lasted for 18 h and data were recorded with sampling rate of once every 5 s. Data 

analysis was performed using the ExpeData data analysis software (Sable Systems). The  CO2 

recording data were corrected to obtain the baseline and converted to the μL h −1 units. The 

parameters of data analysis included mean C O2 emission volume ( Vco2), mean of  CO2 

emission volume by peak (Burst V co2), burst length and interburst length times. Were 

excluded of the analysis the data obtained during the time of activity of the ticks. 

Statistical analysis 

The  CO2 release/respiration parameters were compared between feeding stages of the female 

ticks. The normality was verified using the Shapiro–Wilk test. The effect of blood feeding on 

various respiration parameters was analyzed with ANOVA and Student’s t-tests (pairwise 

comparison of means) (α = 0.05). All tests were performed using the software BioEstat (v.5.0). 

Results 
Unfed females of R. sanguineus showed a discontinuous cyclic gas exchange pattern, 

characterized by short burst interspersed by low emission levels (interburst), which are at the 

baseline level of  CO2 emission (Fig. 1a). The mean burst and inter burst durations were 1.12 ± 

0.6 and 1.79 ± 1.01 min, respectively (Table 1). In addition to short interbursts, long intercepts 

were observed, which are considered to be a long period of low  CO2 emission (Fig. 1a). These 

long interburst lasted for on average 105 ± 1575 min (77–126) in time (Table 1). A single long 

interburst was recorded typically during the recording in unfed females, with exception of two 

females which demonstrated two long intercepts during the recording. Recording of the long 

interburst occurred between 21:00 and 00:00 during the overnight recording period of the 

analyzes. The mean V co2 of unfed females was 0.47 ± 0.2 μL h r−1 (Table 1), while the mean 

specific V co2 was 0.22 ± 0.1 μL  hr−1. The mean gas exchange frequency was 7.2 ± 4 cycles per 

hour. 
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The partially fed females showed a continuous pattern mainly in the initial periods of the 

recording, which then changed to a discontinuous profile comprised in high-intensity 

respiratory cycles and frequencies (Fig. 1b). The mean durations of the bursts and interbursts 

(short and long) of the fed group were significantly (p < 0.05) lower than those of the unfed 

ticks (Table 1). In addition to reducing the duration of the interbursts, the gas exchange of 

females partially fed was characterized by the high occurrence of bursts per hour (Table 1). 

 

Fig. 1  Gas exchange  (CO2 emission) of Rhipicephalus sanguineus s.l. females, unfed (a), partially fed (b) and completely fed (c). 

Black arrows indicate long interbursts 
Table 1  Mean and standard deviation of C O2 release in unfed, partially fed and engorged females of Rhipicephalus sanguineus s.l. 
Metabolic characteristics Unfed Partially fed (4–6 days) Engorged 

female 
Number of ticks 10 10 10 

Mean weight (mg) 2.41 ± 0.60 28.50 ± 7.7 175.47 ± 37.20 
Vco2 (µL  h−1) 0.47 ± 0.20a 16.30 ± 5.85b 59.55 ± 13.45c 
Specific  Vco2 (µL  h−1  mg−1) 0.20 ± 0.10a 0.55 ± 0.11b 0.34 ± 0.05a 
Cycle frequency  (h−1) 7.20 ± 4.00a 43.24 ± 10.10b 46.50 ± 7.40b 
Burst  Vco2 (µL) 0.04 ± 0.02a 0.22 ± 0.07b 0.32 ± 0.09b 
Burst  VCO2 specific (µL) 0.016 ± 0.01 0.007 ± 0.001 0.001 ± 0.00 
Burst duration (min) 1.12 ± 0.60b 0.60 ± 0.06a 0.60 ± 0.20a 
Interbusrt length (min) 1.79 ± 1.01c 0.14 ± 0.07b 0.03 ± 0.03a 
Long interburst length (min) 105.30 ± 15.70b 40.00 ± 12.70a – 

Different letters indicate significant differences by t-tests or ANOVA 

The gas exchange pattern of the engorged females resembled the continuous profile of the 

partially fed females, in which bursts and interburst cannot be clearly defined, with high-

frequency of C O2 emissions (Fig. 1c). The long interbursts were not observed in the engorged 
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females. The total  Vco2 and the burst  Vco2 of the engorged females were higher than those 

observed in unfed ticks (p < 0.05), and the engorged females had the highest total  Vco2 (Table 

1). The increase in  Vco2 is likely associated with an increase in the metabolic rate in response 

to blood sucking and reproductive activity of the fed specimens. 

Discussion 
In the present study we described the cyclic pattern of gas exchange of R. sanguineus s.l. 

females at different times of blood feeding. Unfed females showed a well-defined 

discontinuous pattern of bursts of  CO2 emissions, followed by short periods of low-emission. 

The fed groups had changes in respiratory profiles with partially fed females showing a high 

intensity respiratory pattern alternating between continuous and discontinuous, while the 

engorged females showing a continuous respiratory pattern of high frequency and intensity. 

The increase in  Vco2, the high frequency and intensity and the reduction in the duration of the 

bursts and interbursts are the main changes in the respiratory patterns of fed females in 

comparison to non-fed specimens. These modifications in females ticks after feeding were 

previously reported in A. marmoreum and D. variabilis (Lighton et al. 1993; Fielden et al. 

1999). The increase in body mass during blood feeding and consequently of the metabolic rate 

and production of metabolites are factors that contribute to the change from the 

discontinuous to the continuous pattern. The increase of the metabolic rate leads to a greater 

generation of  CO2 and its concentration in the hemolymph and in the tracheal trunks of the 

engorged specimens results in increased frequency of the spiracular opening for  CO2 release 

and absorption of  O2 (Fielden et al. 1999; Fielden and Duncan 2013). 

Several interspecific variations among tick species in the frequency of spiracular opening are 

found, which causes variations in patterns of gas exchange that can range from a single burst 

to several bursts per hour (Fielden and Duncan 2013). In the present study we found that 

unfed females of R. sanguineus was characterized by short burst and interburst durations. 

These measurements were smaller than what found in A. habraeum (5 min. of burst), A. 

marmoreum (5 to 7 min of burst), A. americanum (6 min of burst), D. variabilis (3 min of burst) 

and O. turicata (13 min of burst) (Fielden et al. 1993; Lighton et al. 1993; Zheng et al. 2013, 

2015). One possible explanation for such differences is that the inherent adaptability of R. 

sanguineus to the tropical environmental conditions where they inhabit, such as temperature 

above 27 °C, which eventually require higher respiratory rates. 

In addition to short interbursts between  CO2 bursts, it was observed in unfed and partially fed 

females of R. sanguineus s.l. a long period of low  CO2 emission greater than the duration of 

the interbursts, which we call the long interburst. Physiologically, this long interburst is 

probably a period of closure of the spiracle, which causes a long period of hypoxia and low 

metabolic rate. The duration of the long interburst of R. sanguineus s.l. (95 min), were similar 

to those observed in other species of ticks, such as A. hebraeum (95 min), A. marmoreum (114 

min), A. americanum (115 min) and D. andersoni (100 min) (Fielden et al. 1993; Lighton et al. 

1993; Fielden and Lighton 1996; Zheng et al. 2013). We believe that a long interburst could be 

a mechanism to compensate for the short and fast  CO2 emission, since the respiratory 

intensity of R. sanguineus s.l. is higher than showed in other species, necessitating a closed 

period of the spiracles and hypoxia to compensate for the fast respiratory process and loss of 

water. 
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The discontinuous gas exchange cycle of insects is an effective mechanism against oxidative 

stress in environments where the oxygen level may be toxic. The insects close the spiracles to 

control the level of internal oxygen to avoid oxygen toxicity (Hetz and Brandley 2005). This 

mechanism can be another compensation strategy for R. sanguineus s.l. to control the level of 

oxygen with long intercepts. 

The present study described for the first time the respiratory pattern of gas exchange of the 

brown dog R. sanguineus s.l. at different blood feeding stages, evidencing a change of 

respiratory profile in response to the blood sucking. Our findings contribute to a better 

understanding of the respiratory physiological process of a tropical species of tick, which may 

help future investigations on different aspects of this ectoparasite, such as biology and 

development of control measures. 
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