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Abstract
The main way to avoid contact with ticks and consequently tick-borne disease is the use of synthetic
repellents. The search of new repellent compounds to increase the possibilities of use in strategies
controls are necessary. The present study evaluated the repellent activity of two natural terpenes
carvacrol and thymol in each one two different formulation (encapsulated and nonencapsulated with
yeast cell wall) against the ticks Amblyomma sculptum and Rhipicephalus sanguineus sensu lato
nymphs. Nymphs of A. sculptum and R. sanguineus s.l. of a single generation were used. The vertical
�lter paper repellency assay were performed with different concentration of both terpenes encapsulated
and nonencapsulated in yeast cell wall. The repellent concentration 50% (CR50) were calculated to each
compound formulation. Both carvacrol and thymol (encapsulated and nonencapsulated), had a repellent
activity against A. sculptum and R. sanguineus s.l nymphs. Amblyomma sculptum was more sensitive to
nonencapsulated carvacrol (RC50 values: 0.0032 to 0.0082 mg/cm2 after 1 and 15 min) (P < 0.05), while

R. sanguineus s.l. was more sensitive to encapsulated carvacrol (RC50 values: 0.00008 to 0.0035 mg/cm2

after 1 and 15 min) (P < 0.05). Among tick species, R. sanguineus s.l. was more sensitive for most
compounds than A. sculptum (P < 0.05). Although with distinct repellent activities, carvacrol and thymol
encapsulated can be a promising alternative to synthetic repellents against A. sculptum and R.
sanguineus s.l.

Introduction
Rhipicephalus sanguineus sensu lato is the vector of Babesia canis vogeli and Ehrlichia canis for
domestic dogs (Dantas-Torres et al. 2010), while Amblyomma sculptum (formerly A. cajennense) is the
vector of Theileria equi (Peckle et al. 2013). Furthermore, A. sculptum is the main vector of the bacterium
Rickettsia rickettsii, the causative agent of Brazilian Spotted Fever (BSF) to humans in Brazil, being R.
sanguineus s.l. a potential vector (Dantas-Torrres et al. 2010; Labruna et al. 2017; Luz et al. 2019).
Currently, the use of synthetic repellents is the most used method to avoid ticks infestation and
consequently tick-borne disease. The N,N-diethyl-3-methylbenzamide (DEET) is the compound most used
(Carroll et al. 2004; Jensenius et al. 2005; Soares et al. 2010; Meng et al. 2016; Ferreira et al. 2017).
However, the uncontrolled use of these synthetics can cause numerous adverse effects on animals,
humans and the environment, in addition to selecting resistant species (Naqqash et al. 2016).

Studies are focused on �nding promising alternatives to synthetic repellents against ticks, particularly
those of animal and human importance. In this context, the use of several essential oils (EOs) has low
toxicity on animal, human and environmental health. EOs and their constituents are natural products of
plant with characteristics of low toxicity, rapid degradation and sustainability to a promising repellent
action against ticks (Tabari et al. 2017). The monoterpenes carvacrol and thymol stand out for their
repellent effectiveness against a variety of hard tick species (Tabari et al. 2017, Lima et al. 2019; Arafa et
al. 2020), except A. sculptum and R. sanguineus s.l. nymphs.
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The monoterpenes are highly volatile reducing their repellent action over time, since they are unstable
under high temperature, oxygen, and light. Microencapsulation formulation could preserve the terpenes
properties and increase the time of repellent effect. The Saccharomyces cerevisiae yeast wall have been
used for encapsulating hydrophobic compounds, including EOs and terpenes (Pannell 1990; Paramera et
al. 2011; Ciamponi et al. 2012; Lima et al. 2017). Lima et al. (2017) showed encapsulation of carvacrol
with S. cerevisiae cell walls increased acaricidal activity, up to 2.5 times compared to nonencapsulated
carvacrol. In turn, Lima et al. (2019) also demonstrate that the encapsulation process increased the
repellent effects of carvacrol by 5.4 times compared to unencapsulated carvacrol at 6 hours post-
treatment.

Due to the veterinary and public health importance of A. sculptum and R. sanguineus s.l., the need for
alternative compounds to synthetic ones against these ixodides is notorious. Thus, the present study
evaluate in vitro repellent activity of carvacrol and thymol (encapsulated and nonencapsulated with yeast
cell wall) against A. sculptum and R. sanguineus s.l., nymphs in order to contribute to the development of
repellents with natural compounds.

Materials And Methods

Ticks
The experiments with animals were approved by the Ethics Committee on Animal Use (CEUA) of the
Federal University of Maranhão, Brazil under protocol number 23115.005443/2017-51. The colony of A.
sculptum was established of donated specimens by the Laboratory of Parasitic Diseases of the
University of São Paulo, São Paulo, Brazil. The colony of R. sanguineus s.l. was established from
naturally infested dogs in the municipality of São José de Ribamar, Maranhão, Brazil.

For colony maintenance, ticks of A. sculptum and R. sanguineus s.l. were fed through arti�cial
infestations on rabbits Oryctolagus cuniculus, using the technique proposed by Faccini et al. (2021). After
natural detachment, engorged larvae, nymphs and adults were collected and kept in a climatized
chamber (BOD) (27 ± 1ºC and 80 ± 10% relative humidity. Only nymphs aged between 15 and 25 days of
fasting were used in the experiment.

Carvacrol, Thymol and DEET
The Thymol, Carvacrol and DEET were purchased commercially from the Sigma-Aldrich company (St.
Louis, MO), with the issuance of certi�cates of purity ≥ 98%. DEET, carvacrol and, thymol were diluted in a
solution containing P.A. ethanol and distilled water, with serial concentrations at 50% starting at 1
mg/cm2. The tested concentrations of encapsulated and non-encapsulated carvacrol and thymol, as well
as DEET, were: 0.5, 0.025; 0.0125; 0.00625; 0.003125; 0.001563; 0.000781; 0.000391; 0.000195; 0.000098
mg/cm2.All solutions were prepared on the day of the test. As a negative control, distilled water and
unencapsulated yeast wall.
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Encapsulation of Carvacrol and Thymol
The yeast cell wall were purchased commercially from Biorigin (São Paulo, SP, Brazil). The carvacrol and
thymol encapsulation process in S. cerevisiae yeast cell wall was performed according to the method of
Paramera et al. (2011) and Lima et al. (2017). The yeast cell wall (3g) was washed in 20 mL of distilled
water, centrifuged at 3.000 rpm for 10min, and the supernatant discarded. Carvacrol or Thymol (3g) were
added to the washed yeast wall and the mixture was stirring at 45°C ± 1 for 4 hours. The material washed
by centrifugation at 3.000 rpm for 20 min to remove nonencapsulated terpene. The encapsulated sample
were kept at -20°C, and after lyophilized. The yeast cell walls were washed using the same washing
procedure and used as negative control. The encapsulation e�ciency (%EY) was calculated in mg of
terpene encapsulated in yeast cell wall according to Paramera et al. (2011).

Morphological analysis
Carvacrol and thymol encapsulated were placed on carbon coated tape and examined using scanning
electron microscopy (Phenom ProX, Phenom-World, Eindhoven, Netherlands) at an acceleration of 15 kV.
Two hundred yeasts from each sample were measured using Image J software (National Institute of
Mental Health, USA) and were compared through prism 8.0 using the Way-Anova test followed by the
Tukey post-test.

In vitro repellence test
Nymphs of A. sculptum and R. sanguineus s.l. of a single generation (25-day fasting), avoiding the
in�uence of possible genetic variability were used to repellency test. The repellency test on vertical �lter
paper with the different species of ticks were performed according Carroll et al. (2004). Filter papers (7 x 4
cm), with a central area corresponding to 5 x 4 cm were impregnated with 165µL of different
concentrations of encapsulated carvacrol, encapsulated thymol, nonencapsulated carvacrol,
nonencapsulated thymol and positive control using DEET. The corresponding 1 x 4 cm upper and lower
areas were considered neutral areas (untreated). The papers were dried for 10 minutes at room
temperature and suspended vertically by one of the non-impregnated areas in an apparatus. At each
observation time 10 specimens of tick were placed in the non-impregnated area at the bottom of the �lter
paper. The location of specimens in each area of the �lter paper was observed at 1, 5, 10 and 15 minutes
post initial of the test. As a negative control, unencapsulated yeast wall and water was used. All
concentrations tested were carried out with three repetitions.

Statistical analysis
The concentration repellent for 50% of the nymphs (CR50) was calculated using GraphPad Prism Version
8.0 (Graphpad Software, Inc., San Diego, CA, USA). The data were initially transformed to log (X) and
normalized; subsequently, nonlinear regression was performed to obtain the CR50. The repellency results
for the different treatments and species were compared using the 2way-Anova and Wilcoxon tests,
respectively. For all statistical analyses, a signi�cance level of 5% was adopted.
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Results

Encapsulation process
Scanning electron microscopy images showed samples containing carvacrol and thymol encapsulated in
the yeast wall. Furthermore, the images of encapsulated S. cerevisiae show spheroidal or slightly
elongated shapes, regular and smooth surfaces with no deformities, suggesting that the encapsulation
process did not damage the yeast cell wall. Thus, it is pointed out that the walls remained thick while the
encapsulated molecules had contact with encapsulating material (Fig. 1). Morphological analysis by
scanning electron microscopy also revealed size differences between control yeast cell walls (mean area
0,138 ± 0.025 µm), encapsulated carvacrol (mean area 0,192 ± 0.031 µm) (p < 0.05) and encapsulated
thymol (mean area 0,190 ± 0,035 µm) (p < 0.05). The encapsulation yield of carvacrol and thymol in yeast
cell walls was 74.5% and 85.7%, respectively, showing the encapsulation e�ciency of these compounds.

Repellent activity
The RC50 of carvacrol and thymol (encapsulated and nonencapsulated), and DEET (positive control) on
A. sculptum and R. sanguineus s.l. are shown in Table 1. All compounds, including the positive control
(DEET), had a repellent effect at all concentrations tested against A. sculptum and R. sanguineus s.l.
Negative control showed no repellent activity.
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Table 1
Concentration repellent (CR50) of encapsulated and unencapsulated carvacrol, thymol and DEET to 50%

of nymphs of Amblyomma sculptum and Rhipicephalus sanguineus s.l.
Compounds Tempo Amblyomma sculptum R. sanguineus s.l.

RC50 95% CI R2 RC50 95% CI R2

Nonencapsulated
carvacrol

1 0.0032bA 0.0028–
0.0037

0.9689 0.0018cA 0.0012–
0.0028

0.7839

5 0.0061bA 0.0050–
0.0075

0.9446 0.0059cA 0.0046–
0.0076

0.8985

10 0.0079bA 0.0065–
0.0096

0.9377 0.0122dA 0.0092–
0.0160

0.8808

15 0.0082bA 0.0065–
0.0103

0.9189 0.0194dA 0.0156–
0.0242

0.9115

Encapsulated
carvacrol

1 0.0064cB 0.0061–
0.0068

0.9898 0.00008aA 0.00005–
0.0001

0.8793

5 0.0111cB 0.0102–
0.0121

0.9770 0.0006aA 0.0005–
0.0009

0.9029

10 0.0126cB 0.0118–
0.0135

0.9834 0.0013aA 0.0009–
0.0017

0.9046

15 0.0157cA 0.0148–
0.0167

0.9861 0.0035aA 0.0026–
0.0046

0.9054

Nonencapsulated
Timol

1 0.0026bB 0.0020–
0.0033

0.9167 0.0006bA 0.0005–
0.0008

0.9195

5 0.0105cB 0.0074–
0.0148

0.8081 0.0037cA 0.0031–
0.0044

0.9501

10 0.0156cA 0.0119–
0.0205

0.8622 0.0041cA 0.0033–
0.0052

0.9212

15 0.0237cB 0.0222–
0.0253

0.9602 0.0041cA 0.0080–
0.0130

0.9100

Encapsulated

Timol

1 0.0062cB 0.0057–
0.0067

0.9825 0.00033bA 0.0002–
0.0004

0.8989

5 0.0088cB 0.0083–
0.0092

0.9919 0.0014bA 0.0011–
0.0019

0.9095

10 0.0108cB 0.0098–
0.0119

0.9765 0.0029bA 0.0022–
0.0037

0.9156

15 0.0195cB 0.0174–
0.0219

0.9498 0.0058bA 0.0045–
0.0076

0.9097

DEET 1 0.0017aA 0.0015–
0.0019

0.9769 0.0004bA 0.0003–
0.0006

0.8929
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5 0.0019aA 0.0018–
0.0020

0.9938 0.0012bA 0.0009–
0.0016

0.9057

10 0.0028aA 0.0021–
0.0035

0.9184 0.0032b,cA 0.0025–
0.0042

0.9173

15 0.0046aA 0.0039–
0.0054

0.9504 0.0053bA 0.0043–
0.0066

0.9385

For A. sculptum nymphs, the RC50 values of carvacrol ranged from 0.0032 to 0.0082 (nonencapsulated)

and 0.0064 to 0.0157 (encapsulated) mg/cm2, thymol from 0.0026 to 0.0237 (nonencapsulated) and
0.0062 to 0.0195 (encapsulated) mg/cm2, and DEET of 0.0017 to 0.0046 mg/cm2. The tick A. sculptum
was more sensitive to DEET than the other compounds, with RC50 ranging from 0.0017 to 0.0046

mg/cm2 (P < 0.05) (Table 1). Among the monoterpenes, nonencapsulated carvacrol was the most
effective against A. sculptum (P < 0.05), having a high repellent effect. Carvacrol (encapsulated) and
thymol (encapsulated and nonencapsulated) showed low repellent activity, with similar RC50 values (P > 
0.05) (Table 1).

Rhipicephalus sanguineus s.l. nymphs was more susceptible to the repellent effect of encapsulated
carvacrol in relation to other compounds, including positive control (DEET) (P < 0.05). On the other hand,
nonencapsulated carvacrol showed little effectiveness in repelling R. sanguineus s.l. nymphs with high
RC50 values. Encapsulated thymol also showed high repellent activity against R. sanguineus s.l. with
RC50 similar to positive control (DEET) (P > 0.05). Nonencapsulated thymol showed also a relevant
repellent effect, with RC50 close to positive control (DEET), and statistically similar at 1 minute of the test
(P > 0.05).

Among the species, R. sanguineus s.l. exhibited high sensitivity for most compounds compared to A.
sculptum (P < 0.05), except for nonencapsulated carvacrol (5, 10 and 15 minutes) and DEET (10 and 15
minutes) (P < 0.05).

Discussion
Amblyomma sculptum and R. sanguineus s.l. are among the most important vectors of diseases for
animals and humans worldwide (de la Fuente et al. 2008), including the lethal BSF caused by R. rickettsii.
Although all evolutionary stages of A. sculptum and R. sanguineus s.l. can parasitize man, the nymph
stage is considered the most important due to its greater parasitic success, increasing the chances of
BSF transmission (Szabó et al. 2013; Labruna et l. 2017; Luz et al. 2019). One of the main ways of
prevention is the use of synthetic repellents, which can cause numerous adverse effects on animals,
humans and the environment. The search for alternative compounds (e.g., EOs and its terpenes) against
these ixodids is mandatory. Furthermore, EOs and terpenes are highly volatile reducing their repellent
effect time, and the microencapsulation should be an alternative to decrease the volatility and increase
the effect.
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The encapsulation yield of carvacrol and thymol in yeast cell walls in the present study was 74.5% and
85.7%, respectively, showing the encapsulation e�ciency of these compound. Furthermore, the
encapsulation process did not degrade the yeast cell walls, remaining thick and without deformities after
containing the terpenes. Similar e�cacy was observed in the encapsulation of extract of curcumin
(Paramera et al. 2011) and carvacrol (Lima et al. 2017; 2019).

Overall, carvacrol and thymol exhibited repellent effect against A. sculptum and R. sanguineus s.l.
nymphs. This suggests these monoterpenes as alternative compounds in prevention and control of these
ixodids and its tick borne disease. Carvacrol and thymol are known for their acaricidal activity, especially
to Amblyomma, Rhipicephalus e Ixodes (Novelino et al. 2007; Daemon et al. 2009; Oliviera Monteiro et al.
2010; Silva Mendes et al. 2011; Carroll et al. 2017; Tabari et al. 2017; Lima et al. 2019; Vale et al. 2021).
Furthermore, carvacrol and thymol are considered promising compounds against other arthropods such
as mosquitoes, �ies and mites (Lindberg et al. 2000; Park et al. 2012; Tababari et al. 2015).

Although both carvacrol and thymol had repellent activity against A. sculptum nymphs, nonencapsulated
carvacrol was most effective. This result was unexpected, since both compounds are highly volatile and
encapsulation with S. cerevisiae cell walls tends to increase their repellent effect over time (Bakkali et al.
2008; Shi et al. 2008; Lima et al. 2019). One hypothesis would be methodological, where the time from 1
to 15 minutes was not enough to observe the increase in repellent activity, requiring a longer time for a
better release of the compound from the encapsulated and, consequently, having a greater activity. In
addition, the species and stage of the tick may have in�uenced, since studies of the repellent activity of
encapsulated monoterpenes (e.g., carvacrol) were carried out on Rhipicephalus larvae for up to 6h (Lima
et al. 2019). Therefore, larvae would be more sensitive than nymphs for their morphophysiological
characteristics (e.g., size, little chitin, and skin respiration). Thus, further studies on the repellent activity
of encapsulated and nonencapsuled thymol and carvacrol against A. sculptum nymphs are needed (e.g.,
larvae and adults). Interestingly, carvacrol and thymol have high acaricidal activities against A. sculputm
immatures, reaching a mortality rate > 90% (Vale et al. 2021), indicating the potential of these compound
to control these ixodids.

Rhipicephalus sanguineus s.l. was more sensitive to encapsulated carvacrol when compared to the other
compounds (P < 0.05), including the positive control (DEET). These results agree with those reported by
Lima et al. (2019) for R. (B.) microplus larvae, in which encapsulated carvacrol was also more effective.
Nonencapsulated carvacrol also showed high repellent activity against R. sanguineus s.l., but with
repellent effect 22.5, 9.8, 9.3 and 5.5 less than encapsulated carvacrol. Lima et al. (2019) also reported
that the repellent activity of encapsulated carvacrol was 3 to 5 times more potent than nonencapsulated
carvacrol against R. (B.) microplus, concluding that the encapsulation technique protected and increased
the repellent activity of carvacrol. However, thymol (nonencapsulated and encapsulated) also showed a
high repellent activity against R. sanguineus s.l., in a greater similarity between DEET and encapsulated
thymol. As observed for A. sculputm, thymol encapsulated and nonencapsulated had a varied repellent
effect against R. sanguineus s.l.. Therefore, it is possible that thymol encapsulation with S. cerevisiae cell
walls does not change its repellent activity over time as seen for encapsulated carvacrol in the present
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study and by Lima et al. (2019). Thus, the time from 1 to 15 minutes may have been a limiting factor,
requiring further investigation. Importantly, thymol is toxic to a variety of ticks and mites of public and
animal health importance, including Rhipicephalus spp. (Monteiro et al. 2012; Barimani et al. 2016; Tabari
et al. 2017).

The tick R. sanguineus s.l. was more sensitive to the repellent effects of most compounds than A.
sculptum (P < 0.05), except for nonencapsulated carvacrol (5, 10 and 15 minutes) and DEET (10 and 15
minutes) (P < 0.05) (Table 1). These results con�rm the toxic effect of carvacrol and thymol against ticks
of the genus Rhipicephalus (Araújo et al. 2016; Tabari et al. 2017; Lima et al. 2019), and the need of
further investigation of these monoterpenes against ticks of the genus Amblyomma. Senra et al. (2013)
using a concentration of 2.5 mg/mL of carvacrol and thymol, recorded a lethality of 100% for R.
sanguineus s.l. nymphs, and of 45.0–62.7% for A. sculptum nymphs. It is possible that Rhipicephalus
spp. tends to suffer more the effects of these monoterpenes than Ambyomma spp., indicating a possible
natural resistance from this last group to the monterpenes carvacrol and thymol. In addition, A. sculptum
parasitizes a variety of wild and domestic hosts, and during the non-parasitic phase they are found on the
forest vegetation and dirty �elds (Barros-Battesti et al. 2010; Guglielmone et al. 2014). Already R.
sanguineus s.l. parasite the domestic dog, never found in forest areas or �elds. Thus, it is possible that
the constant contact of A. sculptum with botanical compound at the environments has evolved some
type of resistance of this species against the toxicity of different plant compounds.

Due to their acaricide and repellent effects against ticks, low toxicity to humans, animals and the
environment, EOs and it’s terpenes have become promising compounds in the control of these
ectoparasites, and in the prevention of transmitted diseases (e.g., Lyme Disease, Tick-Borne Encephalitis
and BSF). Although with distinct repellent activities, the results in the present study show a signi�cant
repellent e�cacy of carvacrol and thymol against nymphs of R. sanguineus s.l. and A. sculptum. Also,
the effectiveness of the yeast wall in encapsulating these monoterpenes con�rming that the yeast wall is
a promising structure in encapsulating molecules with high volatility (e.g., carvacrol and thymol), acting
as a physical barrier against temperature and humidity variations.
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Figure 1

Scanning electron microscopy (SEM) of thymol (A) and carvacrol (B) encapsulated with yeast cell
walls and negative control (C).


