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Abstract
*Corresponding author: The control of Rhipicephalus sanguineus is vital to prevent discomfort in domestic dogs
rvivas@correo.uady.mx as well as to reduce the risk of transmission of several zoonotic pathogens. Increased
ORCID: 0000-0002-3340-8059 resistance and inefficiency of the most extended synthetic acaricides demonstrate the
need to study into novel, effective and environmentally safe treatment options for brown
Received: October 3, 2024 dog tick control. This study aims to evaluate the acaricide activity of eugenol in vitro on
Accepted: January 14, 2025 R. sanguineus sensu stricto obtained in Argentina. Nine R. sanguineus s.s. populations

from three provinces (San Luis, Buenos Aires, and Rio Negro) were evaluated. The larval
packet test was used to assess the toxicological response of R. sanguineus s.s. to eu-
genol. Dose-response mortality regressions, lethal concentrations at 50% (LC50), and
slope were calculated by probit analysis. The concentrations that killed 50% of the tick
populations studied were those with concentrations between 3.20 and 7.71 mg-mL". In
conclusion, eugenol has good acaricidal activity against the larvae of R. sanguineus s.s.,
and substantial inter-population variation in response to eugenol was found in the nine

tick populations studied.
Keywords: Acaricidal activity, tick control, parasiticides, ectoparasite treatment.

Resumen

El control de Rhipicephalus sanguineus es vital para prevenir malestar en los perros
domésticos, asi como para reducir el riesgo de transmision de varios patogenos zoo-
noticos. El aumento de la resistencia y la ineficiencia de los acaricidas sintéticos mas
extendidos demuestran la necesidad de estudiar opciones de tratamiento que sean
novedosos, efectivos y ambientalmente seguros para el control de la garrapata marron
del perro. Este estudio tiene como objetivo evaluar la actividad acaricida in vitro del
eugenol sobre R. sanguineus sensu stricto de Argentina. Se evaluaron nueve pobla-
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ciones de R. sanguineus s.s. de tres provincias (San Luis, Buenos Aires y Rio Negro).
Se utilizd la prueba de paquete de larvas para evaluar la respuesta toxicologica
de R. sanguineus s.s. al eugenol. Las regresiones de mortalidad dosis-respuesta,
las concentraciones letales al 50 % (CL50) y la pendiente, se calcularon mediante
analisis probit. Las concentraciones que mataron al 50 % de las poblaciones de
garrapatas estudiadas fueron de 3.20 a 771 mg-mL". En conclusion, el eugenol tiene
una buena actividad acaricida contra las larvas de R. sanguineus s.s., encontran-
dose una variacion sustancial entre poblaciones en respuesta al eugenol en las
nueve poblaciones de garrapatas estudiadas.

Palabras clave: Actividad acaricida, control de garrapatas, parasiticidas, tratamiento

de ectoparasitos.

Introduction

Rhipicephalus sanguineus parasites preferentially
domestic dogs and has a cosmopolitan character, as
it is globally distributed. R. sanguineus infests a wide
range host such as wild carnivores, birds, livestock,
and humans (Nava et al, 2018; Hosseini-Chegeni,
2019). Dogs are the main host of R. sanguineus and
this tick species has high relevance in veterinary and
public health due to its role as a vector of several
zoonotic pathogens such as Mycoplasma haemocanis,
Coxiella burnetii, Leishmania chagasi, Babesia vogeli,
Ehrlichia canis, Anaplasma platys, and Rickettsia spp.
(Oskam et al., 2017; Ipek et al., 2018; Ortega-Morales
et al., 2019).

The use of synthetic acaricides continues to be the
most common control strategy against R. sanguineus.
The intensive use of synthetic acaricides exerts a
strong selective pressure generating resistant tick
populations to some active components such as per-
methrin, amitraz, fipronil, and ivermectin (Miller et al.,
2001; Eiden et al., 2005; de Oliveira Filho et al., 2017;
Rodriguez-Vivas et al., 2017a, b; Daniele et al., 2021).

Plant-derived products (containing botanical extracts,
fractions, or isolated compounds) with acaricide ac-
tivity are a strategy with huge potential to tick control
(Stafford et al., 2017; Adenubi et al., 2018).

Eugenol is a phenolic compound found in essential
oils of clove (Syzygium aromaticum), clove pepper
(Pimenta dioica), betel pepper (Piper betel), basil
(Oocimum basilicum), cinnamon (Cinnamomum verum),
Bayrum tree (Pimenta racemosa), nutmeg (Myristica
fragans), and other plants (Raja et al., 2015). Several
studies have demonstrated the wide spectrum acari-
cidal activity of eugenol (Monteiro et al., 2012; Valente
et al.,, 2017; Chen et al,, 2019; Coelho et al., 2020). This
study aims to evaluate under controlled in vitro condi-
tions the acaricide activity of eugenol on R. sanguineus
s.s. from three Argentinean regions.

Introduccion

Los parasitos Rhipicephalus sanguineus con pre-
ferencia en perros domésticos, poseen un caracter
cosmopolita, ya que se distribuyen por todo el
mundo. R. sanguineus infesta a una amplia gama de
hospedadores, como por ejemplo carnivoros salva-
jes, aves, ganado y seres humanos (Nava et al., 2018;
Hosseini-Chegeni, 2019). Los perros son el hospedador
principal, y esta especie de garrapata tiene una gran
relevancia en la salud veterinaria y publica debido a
su papel como vector de varios patogenos zoonéticos,
tales como: Mycoplasma haemocanis, Coxiella bur-
netii, Leishmania chagasi, Babesia vogeli, Ehrlichia
canis, Anaplasma platys y Rickettsia spp. (Oskam et
al., 2017; Ipek et al., 2018; Ortega-Morales et al., 2019).

El uso de acaricidas sintéticos sigue siendo la estra-
tegia de control mas comdn contra R. sanguineus. El
uso intensivo de estos acaricidas ejerce una fuerte
presion selectiva, que genera poblaciones de ga-
rrapatas resistentes a algunos componentes activos
como permetrina, amitraz, fipronil e ivermectina
(Miller et al., 2001; Eiden et al., 2015; de Oliveira Filho
et al., 2017; Rodriguez-Vivas et al., 2027 a, b; 20173, b;
Daniele et al., 2021).

Los productos de origen vegetal (que contienen ex-
tractos botanicos, fracciones o compuestos aislados)
con actividad acaricida, representan una estrategia
con enorme potencial para el control de garrapatas
(Stafford et al., 2017; Adenubi et al., 2018).

El eugenol es un compuesto fenodlico presente en los
aceites esenciales de clavo (Syzygium aromaticum),
pimienta de clavo (Pimenta dioica), pimienta de betel
(Piper betel), albahaca (Ocimum basilicum), canela
(Cinnamomum verum), malagueta (Pimenta racemosa),
nuez moscada (Myristica fragrans) y otras plantas
(Raja et al., 2015). Diversos estudios han demostrado
la actividad acaricida de amplio espectro del eugenol
(Monteiro et al., 2012; Valente et al., 2017; Chen et al,,
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Figure 1. Map of Argentina (Buenos Aires Province, San Luis Province, Rio Negro Province) showing study sites where ticks were

collected.

Figura 1. Mapa de Argentina (Provincia de Buenos Aires, Provincia de San Luis, Provincia de Rio Negro) que muestra los sitios de

estudio donde se recolectaron las garrapatas.

Materials and Methods
Study site

Ticks were collected from three provinces of Argentina
(Buenos Aires, Rio Negro and San Luis). The in vitro
study was carried out at the Laboratory for Veterinary
Parasitology, at National University of Rio Negro (Choel
Choel, Rio Negro, Argentina).

In each province three sites (rural areas, veterinary
hospitals and veterinary clinics) were studied (Figure 1).
The minimum distance between sites was 50 km.

Ticks

Nine engorged female R. sanguineus populations
were collected from infested dogs in the three prov-
inces of Argentina between January and April, 2023.
All engorged females were removed from dogs using
fine-point forceps as close to the dog’s skin as pos-
sible to collect intact mouthparts and prevent any
mechanical injury to the reproductive system of the
female tick and avoid any interference with egg laying
as described by Gammon and Salam (2002) and the
World Association for the Advancement of Veterinary
Parasitology guidelines (Marchiondo et al., 2013).
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2019; Coelho et al., 2020). Este estudio tiene como ob-
jetivo evaluar, en condiciones controladas in vitro, la
actividad acaricida del eugenol frente a R. sanguineus
s.s. de tres regiones de Argentina.

Materiales y Métodos
Area de estudio

Las garrapatas se recolectaron en tres provincias
de Argentina (Buenos Aires, Rio Negro y San Luis). El
estudio in vitro se realizo en el Laboratorio de Parasi-
tologia Veterinaria de la Universidad Nacional de Rio
Negro (Choel Choel, Rio Negro, Argentina).

En cada provincia se estudiaron tres sitios (zonas
rurales, hospitales y clinicas veterinarias) (Figura 1). La
distancia minima entre los sitios fue de 50 km.

Garrapatas

Entre enero y abril de 2023, se recolectaron nueve
poblaciones de garrapatas hembra repletas de R.
sanguineus de perros infestados en las tres provincias
de Argentina. Todas las garrapatas hembra repletas
se extrajeron de los perros con pinzas de punta fina
lo mas cerca posible de la piel del perro para recoger
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Table 1. Provinces, sites, number of dogs and number of ticks R. sanguineus s.s. studied in Argentina.
Cuadro 1. Provincias, localidades, niimero de perros y niimero de garrapatas R. sanguineus s.s. estudiadas en Argentina.

Province / Provincia Site / Localidad

No. of sampled dogs / Nimero No. of collected engorged
de perros muestreados females / Nimero de
garrapatas hembra
repletas colectadas

Buenos Aires

Rural area / Zona rural
Veterinary hospital /Hospital veterinario
Veterinary clinic / Clinica veterinaria

Rio Negro
Rural area / Zona rural
Veterinary hospital / Hospital veterinario
Veterinary clinic /Clinica veterinaria

San Luis

Rural area / Zona rural
Veterinary hospital / Hospital veterinario
Veterinary clinic / Clinica veterinaria

4 30
4 35
6 40
4 31
6 31
5 35
4 37
6 34
5 35

Specimens were collected for taxonomic classification
according to Walker et al. (2000) and morphological
comparison with images taken from previous studies.
The engorged female ticks were classified as R. san-
guineus s.s. as previously identified in the region by
Daniele et al. (2021). The collected engorged females
were transported to the laboratory.

In the laboratory, the engorged females collected from
dogs at each site were transferred to plastic Petri dishes
with holes for the passage of air and incubated at 27-
28 °C, 70-80% relative humidity, and photoperiod (LD
12: 12 h) to allow for egg laying. After 20 days the eggs
were mixed and transferred to glass jars with cotton lids
and incubated under the same conditions to allow the
larvae to hatch. Live larvae of 14-21 days of age were
used for bioassays (Rodriguez-Vivas et al., 2017a).

The studied provinces were Buenos Aires, Rio Negro
and San Luis. In each province, 15-20 dogs were
inspected, and 4-6 (26.6-30%) were infested with R.
sanguineus engorged females. In each province three
sites were studied and one tick population from in-
fested dogs were collected for convenience (a total of
nine collection sites) (Table 1).

Eugenol

Eugenol was purchased from Sigma-Aldrich, with a
certificate of 299% purity (Sigma-Aldrich Corp., St.
Louis, MO, USA E51791). The compound was diluted
in 70% ethanol (ethanol+distilled water v/v) be-
cause this solvent is not toxic to larvae of R. san-
guineus (Calmon, 2013).

piezas bucales intactas y evitar cualquier lesion me-
canica en el sistema reproductivo de la garrapata, asi
como cualquier interferencia con la puesta de huevos,
tal como describe Gammon & Salam (2002) y en las
normas de la Asociacion Mundial para el Avance de la
Parasitologia Veterinaria (Marchiondo et al., 2013).

Los ejemplares se recolectaron para su clasificacion
taxonomica de acuerdo con Walker et al. (2000) asi
como comparacion morfologica con imagenes de
estudios previos. Las garrapatas hembra se llevaron al
laboratorio y se clasificaron como R. sanguineus s.s.,
tal como se identificaron previamente en la region por
Daniele et al. (2021).

En el laboratorio, las garrapatas hembra recolectadas
y procedentes de perros en cada sitio, se colocaron en
placas Petri con orificios para el paso de aire y se incu-
baron a 27-28 °C, 70-80 % de humedad relativa y foto-
periodo (LD 12: 12 h) para permitir la puesta de huevos.
A los 20 dias se mezclaron los huevos y se colocaron en
frascos de vidrio con tapas de algodon y se incubaron
en las mismas condiciones para permitir la eclosion de
larvas. Para los bioensayos se utilizaron larvas vivas de
14-21 dias de edad (Rodriguez-Vivas et al., 2017a).

Las provincias que se estudiaron fueron Buenos Aires,
Rio Negro y San Luis. En cada provincia se inspeccio-
naron entre 15y 20 perros, 4y 6 de ellos (26.6-30 %)
estaban infestados con garrapatas hembra repletas de
R. sanguineus. En cada provincia se estudiaron tres lo-
calidades, y se recolecto una poblacion de garrapatas
de los perros infestados por conveniencia (un total de
nueve sitios de recoleccion) (Cuadro 1).
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Larval packet test

To test the susceptibility of the nine tick populations
the larval packet test was used. From an approxi-
mately 100 larvae of R. sanguineus s.s. were placed on
Whatman paper envelopes using a brush no. 4 in 6 x
6 cm, closed using clips and 90 p of the solution to be
challenged was added to both surfaces, then taken to
the incubator at 27 °C temperature and 80% relative
humidity for 24 hours. After this time the packages
were opened, and the mortality rates were obtained
using the following formula.

total number of dead larvae
total number of dead larvae

The working dilutions used to determine the lethal
concentration 50 (LC50) were: 0.31, 0.62, 1.25, 2.5, 5.0,
7.5, 10, 15, and 30 mg-mL" of eugenol in distilled water.
Each working dilution was challenged in triplicate and
as a negative control 70% ethanol

Data analysis

The mortality records of each bioassay were analyzed
by Probit analysis using Polo Plus programme (LeOra
software, Inc., Berkeley, CA, U.S.A.). This analysis pro-
vided estimations of 50% lethal concentration values
and associated 95% confidence intervals. Lethal con-
centrations to kill 50% (LC50) of tick populations and
their respective 95% confidence intervals (CI95) were
calculated for each tick population.

Results and Discussion

The results of probit analysis to estimate the LC50
of eugenol in each tick population, are presented in
Table 2. The concentration that killed 50% of the tick
populations studied were from 3.20 to 771 mg/mL. The
lowest LC50 was 210 mg-mL' (1.6-2.7 CI95) in R. san-
guineus s.s. larvae from a veterinary clinic of Buenos
Aires and the highest LC50 was 7.71 mg:-mL" (6.2-9.6) in
the population collected from the rural zone of Rio
Negro. All tick population in the Rio Negro provinces
had the highest LC50.

In recent years, knowledge and interest in the field of
herbal medicine, phytotherapy and plant-based prod-
ucts have increased (Adenubi et al., 2018; Mendel, et
al., 2019). Among the isolated compounds that showed
acaricide properties in different species is eugenol
(Brown et al., 1998). In in vitro studies, eugenol dis-
rupted the oviposition (Brown et al., 1998), showed
larvicidal and acaricidal activity (Monteiro et al., 2012;
Valente et al., 2014) and exhibited repellent properties
against R. microplus (Zeringota et al., 2013). A previous
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Eugenol

El eugenol se adquirio en Sigma-Aldrich, con un
certificado de pureza = 99 % (Sigma-Aldrich Corp., St.
Louis, MO, EE. UU. E51791). El compuesto se diluyd en
etanol al 70 % (etanol + agua destilada v/v) porque
este disolvente no es toxico para las larvas R. sangui-
neus (Calmon, 2013).

Prueba de paquetes de larvas

Para comprobar la susceptibilidad de las nueve
poblaciones de garrapatas, se utilizd la prueba de
paquete de larvas. Se colocaron aproximadamente 100
larvas R. sanguineus s.s. en sobres de papel Whatman
con ayuda de un pincel n® 4 de 6 x 6 cm, los sobres
se cerraron con broches y se anadieron 90 p de la
solucion a evaluar en ambas superficies, después se
llevaron a la incubadora a 27 °C de temperatura'y 80 %
de humedad relativa durante 24 horas.

Transcurrido este tiempo se abrieron los sobres y
se obtuvieron las tasas de mortalidad mediante la
siguiente formula.

total larvas muertas

- x 100
total larvas vivas

Las diluciones de trabajo utilizadas para determinar la
concentracion letal 50 (CL50) fueron: 0.31, 0.62, 1.25, 2.5,
5.0, 7.5, 10, 15 y 30 mg:mL" de eugenol en agua desti-
lada. Cada dilucion de trabajo se evaluo por triplicado
y como control negativo se utilizo etanol al 70 %.

Analisis de datos

Los registros de mortalidad de cada bioensayo se
analizaron mediante un analisis probit utilizando el
programa Polo Plus (LeOra Software, Inc., Berkeley, CA,
EE. UU.). Este analisis proporciond estimaciones de los
valores de concentracion letal del 50 % e intervalos
de confianza asociados del 95 %. Se calcularon las
concentraciones letales para matar al 50 % (CL50) de
las poblaciones de garrapatas y sus respectivos inter-
valos de confianza al 95 % (IC95) para cada poblacion
de garrapatas.

Resultados y Discusion

En el Cuadro 2 se muestran los resultados del analisis
probit para estimar la CL50 de eugenol en cada pobla-
cion de garrapatas. La concentracion que mato al 50 %
de las poblaciones de garrapatas estudiadas fue de
3.20 a 7.71 mg-mL". La CL50 mas baja fue de 210 mg-mL"
(1.6-2.7 1C95) en larvas R. sanguineus s.s. provenientes
de una clinica veterinaria de Buenos Aires, y la CL50
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Table 2. Lethal concentration 50% (mg-mL‘1), slope, and 95% confidence interval of eugenol in R. sanguineus s.s. larvae from three

different provinces of Argentina.

Cuadro 2. Concentracion letal 50% (mg-mL"), pendiente e intervalo de confianza al 95% de eugenol en larvas de R. sanguineus s.s.

de diferentes tres provincias de Argentina.

Province/ Provincia Site / Sitio LC50 / CL50 mg-mL™ CI95 mg-mL" Slope / Pendiente
San Luis Veterinary hospital / 3.20a 2.38 - 4.7 1.57
Hospital veterinario
Veterinary Clinic/ Clinica 2.94a 25-4.0 1.81
veterinaria
Rural area / Zona rural 4.66b 3.6-6.2 1.91
Buenos Aires Veterinary hospital / 3.91b 3.0-54 1.67
Hospital veterinario
Veterinary Clinic / 2.10a 1.6-27 1.7
Clinica veterinaria
Rural area / Zona rural 312a 2.4 - 41 171
Rio Negro Veterinary hospital / 5.52b 44 -6.8
Hospital veterinario 2.3
Veterinary Clinic / 5.50b 41-73
Clinica veterinaria 1.80
Rural area / Zona rural 7.71b 6.2 -9.6 21

* Different letters in the column show significant differences. LC = Lethal concentration, Cl = confidence interval
* Letras diferentes en la columna indican diferencias significativas. CL = Concentracion letal, IC = Intervalo de confianza

study showed 100 % of mortality of R. microplus and
Dermacentor nitens larvae using a dose of 5.0 pyl-ml™ of
eugenol (Monteiro et al., 2012). In Brazil, R. sanguineus
s.l. larvicidal efficacy was reported between 64 and 95 %
using doses of 5 and 10 mg-mL" of eugenol (Coehlo et
al., 2020). In the present study, eugenol concentration
of 3.20-7.71 mg-mL" killed 50% of all tick populations.
This acaricidal activity is attributed to the neurotoxic
effect that eugenol has when binding to the octopa-
mine receptors in the tick cells (Enan, 2001).

In this study a substantial inter-population variation
in the response of R. sanguineus s.s. to eugenol was
found. The three tick populations of the province
Rio Negro needed significant higher concentration of
eugenol to kill 50% of the populations. To date there
is no report of resistance of R. sanguineus to eugenol
and this variation in susceptibility to different popula-
tions of ticks might be due to the biological variation
or cross resistance of tick populations. However, ami-
traz, a commercially acaricide, acts on the octopamine
receptors that produces a hypersensitivity and death
of ticks (Rodriguez-Vivas et al., 2014), which is similar
to the mechanism so far identified of eugenol in ar-
thropods. Amitraz is an acaricide used for the control
of ticks and mites in dogs from Argentina (Daniele et
al., 2021) and it might be selected individual resistance
of R. sanguineus as it was found in Panama (Miller et
al., 2001) and Mexico (Rodriguez-Vivas et al., 2017b). In
future studies, it is necessary to know if there is resis-

mas alta fue de 7.71 mg-mL" (6.2-9.6 1C95) en la pobla-
cion recolectada de la zona rural de Rio Negro. Todas
las poblaciones de garrapatas en la provincia de Rio
Negro tuvieron la CL50 mas alta.

La Figura 2 muestra la mortalidad, dependiendo de la
dosis de eugenol para matar larvas de R. sanguineus
s.s. de tres diferentes provincias de Argentina.

En los Gltimos anos han aumentado los conocimientos y
el interés en el campo de la fitoterapia y los productos a
base de plantas (Adenubi et al., 2018; Mendel et al., 2019).
Entre los compuestos aislados que han mostrado propie-
dades acaricidas en diferentes especies se encuentra el
eugenol (Brown et al., 1998). En estudios in vitro, el euge-
nol interfirio en la oviposicion (Brown et al., 1998), mos-
tro actividad larvicida y acaricida (Monteiro et al., 2012;
Valente et al., 2014) y presentd propiedades repelentes
frente a R. microplus (Zeringota et al., 2013). Un estudio
previo mostro una mortalidad del 100 % en larvas de R.
microplus y Dermacentor nitens utilizando una dosis de
5.0 pl-ml” de eugenol (Monteiro et al., 2012). En Brasil, se
reporto una eficacia larvicida de R. sanguineus s.s. entre
64y 95 % con dosis de 5y 10 mg-mL" de eugenol (Coehlo
et al.,, 2020). En el presente estudio, una concentracion
de eugenol de 3.20-7.71 mg:mL" mato al 50 % de todas las
poblaciones de garrapatas. Esta actividad acaricida se
atribuye al efecto neurotoxico que el eugenol ejerce al
unirse a los receptores de octopamina en las células de
la garrapata (Enan, 2001).
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Figure 2. Mortality depending on the dose of eugenol to kill R. sanguineus s.s. larvae from three different provinces of Argentina.
Figura 2. Mortalidad dependiendo de la dosis de eugenol para matar larvas de R. sanguineus s.s. de tres diferentes provincias de

Argentina.

tance of R. sanguineus to eugenol in some tick pop-
ulations, as well as the existence of a cross reaction
with another commercial acaricide such as amitraz.

Conclusions

Eugenol showed good acaricidal activity against larvae
of R. sanguineus s.s. A substantial inter-population
variation in the response of R. sanguineus to eugenol
was found in the nine tick populations studied (LC50
from 21 to 7.7 mg-mL").
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