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The objective of this work was to verify the sensitivity of Amblyomma cajennense and Dermacentor nitens
larvae to the solvents ethanol, methanol, acetone, xylol and dimethyl sulfoxide (DMSO) and the surfac-
tant Tween 80. The first four solvents were tested at analytical purity while the DMSO and surfactant
Tween 80 were tested at a concentration of 1%. The substances tested at analytical purity that caused high
mortality were also tested at concentrations of 50%, 25% and 1%. The larval packet test was used, with 10
repetitions for each treatment. A control group was also formed with the same number of repetitions, in
which the larvae were only exposed to distilled water. In the first experiment, only xylol was highly toxic
at the concentrations tested, causing mortality above 90% for larvae of both species. In the second exper-
iment, xylol at 1% and at 25% showed low toxicity to the A. cajennense and D. nitens larvae, respectively,
since the percentage mortality was statistically similar to that of the control group (p > 0.05).

� 2012 Elsevier Inc. All rights reserved.
1. Introduction

Amblyomma cajennense (Fabricius, 1787), the Cayenne tick, is
widely distributed in the Americas, from the southern United
States to northern Argentina (Guglielmone et al., 2006a). Its
primary hosts are horses and capybaras, but due to its low specific-
ity, especially in the immature stages, it can infest other mammals,
such as cattle, deer, domestic and wild dogs and humans, along
with birds (Aragão and Fonseca, 1953; Oliveira, 1998; Vieira
et al., 2004; Ramos et al., 2010). A. cajennense is also the main tick
species that affects humans in neotropical regions (Guglielmone
et al., 2006b). It is responsible for the transmission of Ricketsia
rickettsii, the etiological agent of spotted fever (Guedes et al.,
2005; Labruna and Machado, 2006).

Dermacentor nitens (Neumann, 1897), the tropical horse tick,
occurs from the southern United States to northern Argentina. It
mainly parasitizes the ear flaps of horses, causing damage such
as loss of blood, stress, predisposition to myiasis and secondary
bacterial infections (Borges et al., 2000; Guglielmone et al.,
2006b). This tick is also a vector of Babesia caballi, one of the agents
causing equine babesiosis (Labruna and Machado, 2006).
ll rights reserved.
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The control of these two tick species mainly involves the appli-
cation of synthetic acaricides. However, due to problems such as
soil and water contamination and animal and human intoxication
caused by the intensive use of pesticides in general (Koul et al.,
2008), new ways to control ticks are being investigated. One area
that has attracted a great deal of scientific interest is the acaricidal
activity of plant extracts, essential oils or molecules synthesized
from these products (Mendes et al., 2011; Borges et al., 2011).

During the processes of extracting essential oils and other sub-
stances from plants and their subsequent solubilization for testing
of acaricidal activity, solvents and surfactants are utilized, because
many of these substances have low water solubility. Solvents
should have little or no effect on the target tick species, so that
the results reflect the real acaricidal activity of the substance being
tested (Beadles et al., 1973; Ravindran et al., 2011).

Studies of the sensitivity of ticks to solvents and surfactants
have been carried out on engorged females of D. nitens (Beadles
et al., 1973), Rhipicephalus microplus (Canestrini, 1888) larvae and
engorged females (Chagas et al., 2003; Gonçalves et al., 2007)
and engorged females of Rhipicephalus annulatus (Say, 1821)
(Ravindran et al., 2011). The results demonstrate that the suscepti-
bility varies according with nature of the solvent or surfactant and
with the developmental stage, with engorged females being more
sensitive than unengorged larvae (Chagas et al., 2003; Gonçalves
et al., 2007). Thus, the aim of the present study was to assess the
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Table 1
Mortality mean of Amblyomma cajennense and Dermacentor nitens larvae treated with
different solvents and surfactants under laboratory conditions (27 ± 1 �C and
RH > 80 ± 10).
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sensitivity of A. cajennense and D. nitens larvae to the solvents eth-
anol, methanol, acetone, xylol and dimethyl sulfoxide (DMSO) and
the surfactant Tween 80.
Mortality mean (%) ± S.D.

Amblyomma cajennense Dermacentor nitens

Distilled water 0.0aA ± 0.0 0.0aA ± 0.0
Ethanol 0.0aA ± 0.0 1.4aA ± 3.2
Methanol 0.0aA ± 0.0 0.0aA ± 0.0
Acetone 0.0aA ± 0.0 0.5aA ± 1.1
Xylol 91.3bA ± 4.2 94.3bA ± 10.8

aA aB
2. Material and methods

2.1. Location of the study

The study was performed at the Arthropod Parasite Laboratory
(LAP) of Federal University of Juiz de Fora, Minas Gerais, Brazil.
DMSO 1% 3.1 ± 2.2 1.2 ± 3.7
Tween 1% 0.0aA ± 0.0 0.0aA ± 0.0

Means followed by different uppercase letters in the row and different lower case
letters in column differ significantly (p < 0.05).
2.2. Source and maintenance of the ticks

A. cajennense and D. nitens females were collected from
naturally infested horses in the municipality of Seropédica, Rio
de Janeiro state. After collection, the ticks were taken to the LAP
where they were washed in distilled water, dried on paper towel,
placed in Petri dishes and then put in a climate-controlled chamber
(27 ± 1 �C and RH > 80%) for oviposition. After 15 days, the eggs
were weighed into aliquots of 200 mg, placed in plastic syringes
with the distal part cut, sealed with hydrophilic cotton and then
maintained under the same temperature and humidity conditions.
The larvae submitted to testing were aged between 15 and 21 days.
The experimental design was based on the methods used by
Chagas et al. (2003) and Gonçalves et al. (2007).
2.3. Experiments

The solvents ethanol, methanol, acetone and xylol were used at
analytical purity, while DMSO and the surfactant Tween 80 were
diluted in distilled water to a concentration of 1%, as employed
by Gonçalves et al. (2007).

The larval packet test, as modified by Chagas et al. (2002), was
employed to assess the sensitivity of the larvae of the two species.
Filter paper sheets measuring 2 � 2 cm were moistened with 40 ll
of the solution to be tested and placed in the center of larger filter
paper sheets (6 � 6 cm). Then the larvae were placed in the center
of the smaller sheet and the larger one was folded in the middle
and the edges were closed with clips. Six treatment groups were
formed (each with one of the substances tested), along with a con-
trol group (distilled water), with 10 repetitions each. All the exper-
imental groups were maintained in the same climate-controlled
chamber (27 �C ± 1 and RH P 80 ± 10%).

Mortality was evaluated after 24 h, through the use of a vacuum
pump with a pipette tip (0.5 ml) attached to the end of a rubber
tube, to count the live and dead larvae. The average mortality lev-
els were expressed in percentage according to the following
formulas:

a) Mortality ð%Þ ¼ Dead larvae
Total larvae� 100

b) Average mortality ð%Þ ¼
P

of the mortality rates of the repetitions
ðNumber or repetitionsÞ

This procedure was carried out separately for the A. cajennense
and D. nitens larvae. The substances at analytical purity that caused
greater than 5% mortality were also tested at concentrations of
50%, 25% and 1%, using the same method.
2.4. Statistical analysis

The statistical analysis was performed using the Bioestat ver-
sion 5.0 software. The percentage values were transformed into
arcsin x. The mean values of each treatment were analyzed by
the nonparametric Kruskal–Wallis and Student–Newman–Keuls
tests (p < 0.05). For substances tested at different concentrations,
Spearman’s test was applied to assess possible dose–response
correlations.
3. Results

No mortality was observed among in the groups treated with
ethanol, methanol, acetone and Tween 80 (1%), being the same
as the control group (Table 1). The mortality A. cajennense larvae
treated with DMSO (1%) was 3.1%, but was statistically similar
(p > 0.05) to the control group (Table 1). Xylol was the only sub-
stance that caused high mortality (91.3%), presenting significant
differences with the control group (p < 0.05) (Table 1).

For the D. nitens larvae, the mortality was low for the groups
treated with ethanol, methanol, acetone, Tween 80 (1%) and DMSO
(1%), in no case higher than 2% and in all cases statistically similar
(p > 0.05) to the control group (0%) (Table 1). Therefore, as ob-
served for A. cajennense, xylol was the most toxic substance to
the D. nitens larvae, causing average mortality of 94%, a figure sig-
nificantly different (p < 0.05) than that observed for the control
group (0%) (Table 1).

Because of the high mortality, xylol was also tested at concen-
trations of 50%, 25% and 1% and since it is not soluble in water,
methanol was used to dissolve it. At 1% concentration, this sub-
stance caused a mean mortality of 1.9% to A. cajennense larvae,
statistically similar (p > 0.05) to the control group (Table 2). At con-
centrations of 25%, 50% and 100%, the mortality rates were 14.3%,
60.5% and 91.3%, respectively, in all cases significantly different
(p < 0.05) from control (Table 2).

For D. nitens, the mortality rates caused by xylol at concentra-
tions of 1% and 25% were 2.1% and 6.2%, respectively, not signif-
icantly different from control (Table 2). At concentrations of 50%
and 100%, the respective mortality rates were 93.3% and 94.3%,
being statistically different (p < 0.05) from the control group
(Table 2).

Spearman’s test revealed a correlation between reduced
concentrations of xylol and lower mortality rates for A. cajennense
(r – 0.9146) (p < 0.01) and D. nitens (r – 0.8408) (p < 0.01).
4. Discussion

Concerns about the drawbacks of indiscriminate use of acari-
cides has prompted many studies to assess the potential of products
of plant origin as alternatives to control ticks (Clemente et al., 2010;
Mendes et al., 2011; Borges et al., 2011). However, few studies have
been performed to evaluate the effect of the solvents and surfac-
tants that are necessary to dissolve these substances for application
on ticks (Chagas et al., 2003; Gonçalves et al., 2007). The present
study is the first in the respect on unengorged A. cajennense and
D. nitens larvae. Such studies are fundamental to select appropriate



Table 2
Mortality mean of Amblyomma cajennense and Dermacentor nitens larvae treated with
xylol under laboratory conditions (27 ± 1 �C and RH > 80 ± 10).

Mortality mean (%) ± S.D.

Amblyomma cajennense Dermacentor nitens

Distilled water 0.0aA ± 0.0 0.0aA ± 0.0
Xylol 1% 1.9abA ± 2.3 2.1aA ± 3.3
Xylol 25% 14.3bcA ± 15.4 6.2aB ± 3.8
Xylol 50% 60.5cdA ± 28.3 93.3bB ± 6.8
Xylol 100% 91.3dA ± 4.2 94.3bA ± 10.8

Means followed by different uppercase letters in the row and different lower case
letters in column differ significantly (p < 0.05).
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solvents for future tests of plant extracts and essential oils as natu-
ral pesticides (Ravindran et al., 2011).

Of the solvents tested at analytical purity, ethanol and methanol
caused little or no mortality among the A. cajennense and D. nitens
larvae and might be expected, since previous studies have also
found low toxicity of ethanol and methanol on the cattle tick larvae
(Chagas et al., 2003; Gonçalves et al., 2007). However, both Chagas
et al. (2003) and Gonçalves et al. (2007) found that these solvents
have toxic action on engorged females of R. microplus, by degrading
the external lipid coating of the cuticle, leading to water loss and
death. In contrast, Ravindran et al. (2011), employing the immer-
sion test on engorged females of R. annulatus, found that methanol
was the least toxic solvent, causing average mortality of approxi-
mately 4%. This difference corroborates the hypothesis of intraspe-
cific differences in sensitivity to solvents, as well as differences
depending on the developmental stage.

Acetone caused mortality of less than 1% in A. cajennense and D.
nitens larvae, in contrast to the results obtained by Gonçalves et al.
(2007), who observed mortality of 10% on R. microplus larvae trea-
ted with acetone and those obtained by Chagas et al. (2003), who
observed 8.9% mortality of the cattle tick larvae. These differences
are possibly related to variations in the method utilized, since in
performing the larval packet test, Chagas et al. (2003) observed
that R. microplus larvae did not suffer mortality above 5% from this
solvent.

Xylol, unlike the other solvents tested at analytical purity,
caused mortality above 90% against the A. cajennense and D. nitens
larvae. Chagas et al. (2003), also observed that xylol was the most
toxic substance among the solvents tested, causing 100% mortality
of R. microplus larvae. Xylol toxicity can be related to molecular
size (number of carbon atoms). Beadles et al. (1973), evaluating
the effect of solvents on engorged D. nitens females, observed a cor-
relation between molecular size and the capacity of the solvent to
suppress oviposition. The maximum suppression occurred with
solvents having eight or more carbon atoms in their molecules.
Hadaway and Barlow (1958) and Chagas et al. (2003) also indicated
that the toxicity of solvents on arthropods is correlated with
molecular weight. In the tests conducted here, this pattern held,
because among the solvents tested at analytical purity, xylol has
the largest number of carbon atoms (n = 8) and molecular weight
(MW) (106.16), while acetone (MW 58.08) and methanol (MW
32.04) have three carbons and ethanol (MW 46.07) has only two.

The mortality obtained for the larvae treated with DMSO at 1%
was lower than 4%, revealing its low toxicity to A. cajennense and D.
nitens larvae, a fact also observed by Gonçalves et al. (2007) study-
ing R. microplus larvae, where the mortality was under 5%. The low
toxicity of DMSO may be related to the concentration employed
(1%) in the present study, since Chagas et al. (2003) reported mor-
tality of 22% among larvae at a DMSO concentration of 25%.

Tween 80, even though it has 64 carbon atoms (MW 1310.0),
much higher than the solvents studied here, did not cause mortal-
ity to the A. cajennense and D. nitens larvae, an identical finding to
that of Gonçalves et al. (2007) in relation to R. microplus larvae.
However, the low toxicity of Tween 80 observed in the present
study may be related to the concentration used (1%), which may
have minimized its action on the two species’ larvae.

The same hypothesis was proposed by Chagas et al. (2003)
regarding the action of triton on R. microplus. This is further corrob-
orated by the results obtained in the second experiment, since
there was a positive correlation between the declining concentra-
tions of xylol and decreasing mortality rate for A. cajennense and D.
nitens, which was under 3% at a xylol concentration of 1%, demon-
strating that even the most toxic solvent among those tested, when
applied at low concentrations, caused low mortality.

Comparison of the results obtained here with those reported by
Chagas et al. (2003) and Gonçalves et al. (2007) shows that, in gen-
eral, A. cajennense and D. nitens larvae were slightly more resistant
to contact with the solvents than were R. microplus larvae. Studies
assessing the acaricidal activity of thymol on ticks have also indi-
cated that R. microplus larvae are naturally more sensitive to this
monoterpene than are A. cajennense and D. nitens larvae (Mendes
et al., 2011; Scoralik et al., 2012). These differences can be related
to the particular characteristics of each species, such as composi-
tion and permeability of the cuticle.

In conclusion, the solvents ethanol, methanol, acetone and di-
methyl sulfoxide (1%) and the surfactant Tween 80 (1%) are not
toxic to the larvae of these two tick species, as is also the case
for xylol at concentrations of 1% and 25% on A. cajennense and D.
nitens, respectively. However, since the sensitivity of ticks differs
depending on the life stage (Chagas et al., 2003; Gonçalves et al.,
2007), it is necessary to assess the effect of these solvents on the
other stages of A. cajennense.
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