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The goal of the present study was to evaluate the acaricidal potential of Lippia alba essential
oil, citral chemotypes (LA-10 and LA-44 genotypes) and carvone chemotypes (LA-13 and LA-
57 genotypes), as well as purified citral and enantiomers of carvone and limonene. Efficacy
against Rhipicephalus microplus was assessed by the larval packet and the engorged female
immersion tests. Citral chemotypes had greater larvicidal activity than carvone chemo-

Ifey"_"ords-' types, and this was further supported by larvicidal and adulticidal activity of purified citral
\L;gf;glce’lz% with LCsq values of 7.0 and 29.8 mg/mL, respectively. While purified enantiomers of carvone
Carvone exhibited greater larvicidal activity than those of limonene, enantioselectivity of limonene
Citral was observed with R-(+) displaying significantly higher efficacy (LCso of 31.2 mg/mL) than
Cattle tick S-(—) (LCsp of 54.5 mg/mL). The essential oils and purified compounds were much less toxic

toward engorged adult females, with the exception of citral, and this may be due to limited
cuticular penetration.
Published by Elsevier B.V.

1. Introduction

The cattle tick Rhipicephalus microplus is responsible
for significant losses in livestock farming in tropical and
subtropical regions. In addition to blood loss, pathogen
transmission, damage to the hides and irritation of the
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animals, the rapid and widespread tick resistant to control
agents is among the major concerns in this area (Fragaetal.,
2003; Castro-Janer et al., 2010; Mendes et al., 2011). Cattle
tick control has been achieved basically by means of syn-
thetic chemical agents that are efficient in the short-term.
However, chemical control has negative immediate and
long-term effects on the whole production system (Alves
et al,, 2012). The need to develop novel cattle tick control
technologies that are more selective and less harmful to
humans and the environment has led to the investigation
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of many plant species as potential sources of biopesticides
to substitute or complement synthetic pesticides (Correa
and Salgado, 2011).

L. alba (Mill.) N.E. Brown (Verbenaceae), commonly
known as Brazilian lemon balm, is widely used by the
population due to its tranquilizing, mild antispasmodic,
analgesic, sedative, anxiolytic and slightly expectorant
properties (Sette-de-Souza et al., 2014). According to the
predominance of specific chemical constituents in its
essential oil composition, L. alba can be differentiated into
chemotypes, such as carvone and citral (Jannuzzi et al.,
2010; Hennebelle et al., 2006).

The monoterpenes carvone, limonene and citral are
among the most prominent chemical compounds in L.
alba essential oils. Carvone is an unsaturated monoterpene
ketone, and due to the presence of a chiral center, it can be
biosynthesized in either its R-(—)-carvone or S-(+)-carvone
enantiomer by some plants. Carvone has antimicrobial and
anti-fungal properties and is used in the food and pharma-
ceutical industries (Carvalho and Fonseca, 2006). Similarly,
limonene is a monoterpene hydrocarbon that can be
biosynthesized as its R-(+)- or S-(—)-limonene enantiomer
by many plant species. Finally, citral is a mixture of two
isomeric acyclic monoterpene aldehydes, geranial (trans-
citral, citral A) and neral (cis-citral, citral B), that possesses
a characteristic lemon scent and is widely used in the per-
fume, food and cosmetics industries (Tavares et al., 2011).

The essential oils of some Lippia species, such as Lip-
pia triplinervis (Lage et al., 2013) and Lippia gracilis (Cruz
etal., 2013), have been reported to possess acaricidal activ-
ity against ticks. Aiming to broaden the knowledge in the
acaricidal activity of essential oils of Lippia plant species
and their chemical compounds against ticks and identify
the better chemotype with focus in a standardization of
acaricidal natural compounds, our goal was to evaluate the
acaricidal activity of four L. alba genotype essential oils,
and their major compounds, R-(—)- and S-(+)-carvone and
R-(+)- and S-(—)-limonene, and citral against R. microplus
larvae and engorged females.

2. Methods
2.1. Plant, chemicals, and biological materials

Four L. alba genotypes were analyzed representing car-
vone chemotypes (LA-13 and LA-57) and citral chemotypes
(LA-10 and LA-44). To extract the essential oils plant leaves
were harvested from the field at the Active Germplasm
Bank (ABG) for Medicinal and Animal use Plants of the
Federal University of Sergipe (Table 1). The ABG was main-
tained at the “Campus Rural da UFS” Research Farm, located
in the municipality of Sdo Cristévao, Sergipe State, Brazil.

Table 1

The climate of the region is tropical semi-arid, and the soil
is classified as Red-Yellow Argisol. The plants received a
daily drip irrigation, applying 6 mm day~!. Defoliation was
performed manually and leaves dried in a forced-air oven
at 40°C for 5 days.

R. microplus specimens resistant to amidines and syn-
thetic pyrethroids but sensitive to organophosphates were
maintained on artificially infected cattle. The present study
was approved by the animal research ethics committee of
the Federal University of Maranhdo under protocol number
23115018061/2011-11.

Purified R-(—)- and S-(+)-carvone, R-(+)- and S-(—)-
limonene, and citral were purchased from Sigma-Aldrich
Chemical Co. (St. Louis, MO, USA).

2.2. Essential oil extraction and analysis

Essential oils were extracted via hydrodistillation
(120min) of 75g of dried leaves per sample using a
Clevenger-type apparatus.

The compounds present in L. alba essential oil sam-
ples were identified using a gas phase chromatograph
coupled to a mass spectrometer (GC-MS; QP 5050A, Shi-
madzu) equipped with an AOC 20i auto injector (Shimadzu)
and a fused-silica capillary column (5% diphenyl-95%
dimethylpolysiloxane; 30m x 0.25mm ID x 0.25 pm film
thickness; J&W Scientific, Folsom, CA, USA), using helium
as a carrier gas at 1.2 mLmin~! flow. The temperature was
set to 50°C for 1.5min then programmed to increase to
200°C at 4°C/min followed by an increase of 15 °C/min up
to 250°C then remaining constant for 5 min. The injector
and detector (or interface) temperature was set at 250°C
and 280°C, respectively, and 0.5 L of sample in ethyl
acetate was injected at a split ratio of 1:87 and 64.20 kPa
of column pressure. The MS conditions were as follows:
quadrupole ion-trap mass analyzer operating in electronic
ionization mode achieved by electron impact at 70eV,
scanning intervals of 0.85fragments/s and a fragment
detection range between 40 and 550 Da. Quantitative anal-
ysis of the chemical constituents was performed by GC on
a Shimadzu GC-17A device (Shimadzu Corporation, Kyoto,
Japan) with a flame ionization detector (FID) using a ZB-
5MS fused-silica capillary column (5% phenyl-arylene-95%
dimethylpolysiloxane; 30m x 0.25mm ID x 0.25 pm film
thickness; Phenomenex, Torrance, CA, USA) under the
same conditions as described for the GC-MS column. Each
component was quantified by area normalization (%). Com-
pound concentrations were calculated from GC peak areas
and arranged in order of elution from the GC column.
The essential oil components were identified by matching
their mass spectra to spectra available in the database of
the device (NIST05, NIST21, and WILEY8). These libraries

Identification and origin of Lippia alba genotypes from the Active Germplasm Bank of Medicinal Plants from Federal University of Sergipe.

Genotype code Chemotype Municipality/state of origin Origin UFS herbarium voucher No.
LA-13 Carvone Fortaleza-Ceara Federal University of Ceara 13,488
LA-57 Carvone Rio Real-Bahia Federal University of Sergipe 13,469
LA-10 Citral Brasilia-Federal District University of Brasilia 13,495
LA-44 Citral Brasilia-Federal District University of Brasilia 14,788
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allowed for the comparison of spectral data with a similar-
ity index above 80%. The measured retention indices were
also compared with indices from the literature (Adams,
2007). The equation of Vandendool and Kratz (1963) was
used to calculate the relative retention indices (RRIs)
against a homologous series of n-alkanes (C9-C18) injected
under the above mentioned GC conditions.

2.3. Larval packet test

The larval packet test was performed with R. microplus
larvae according to the method developed by Stone and
Haydock (1962)and as adapted by the Food and Agriculture
Organization (1971) and Leite (1988). The essential oils and
the purified compounds were prepared at concentrations
varying from 6.0 to 200.0 mg/mL in 3% Triton X-100, and
were used in the bioassays treatments. For each concentra-
tion, approximately 100 tick larvae were placed between
two 2 cm x 2 cm filter papers impregnated with 0.4 mL of
solution containing the essential oils or citral or one of the
enantiomers to form a packet.

Subsequently, the packet was placed into a clean filter
paper envelope (8.5cm x 8.5cm) and sealed with plastic
clips. The envelopes were transferred to an incubator at
27+1°C and >80% relative humidity for 24 h. After this
period, the living and dead larvae were counted. Each treat-
ment was repeated 4 times, and control packets were made
using 3% Triton X-100.

2.4. Engorged female immersion test

The engorged R. microplus female immersion test
was performed according to the method developed by
Drummond et al. (1973). Engorged R. microplus females
were collected from artificially infested calves, washed
with running water, dried with paper towels and weighed
in groups of 10 specimens, trying to maintain the weights
of the groups as homogenous as possible. Each tick group
was submerged in the essential oils of L. alba (LA-10, LA-13,
LA-44, and LA-57 genotypes), S-(+)- or R-(—)-carvone, R-
(+)- or S-(—)-limonene, or citral at concentrations varying
from 10.0 to 200.0 mg/mL for 5min. Control immersions

Table 2
Chemical composition of the essential oils of four Lippia alba genotypes.

were performed using 3% Triton X-100. Each treatment
was repeated 4 times. Engorged females were then dried in
paper towel, placed into Petri dishes and transferred into a
biochemical oxygen demand (BOD) incubator at 27 £1°C
and >80% relative humidity for 30 days for later evaluation
of oviposition and hatching.

2.5. Statistics

The 50% lethal concentration (LCsg) and confidence lim-
its (CL) of essential oils and pure monoterpenes on larvae
and engorged females were calculated by Probit analysis
using GraphPad Prism 6.0 software. Compound or essen-
tial oil activity is considered significantly different when
the 95% CL fails to overlap (Roditakis et al., 2005).

3. Results and discussion

Several studies have reported the diversity of L. alba
essential oil chemotypes, supporting that the differences
between each essential oil vary depending on their major
constituents (Senatore and Rigano, 2001; Atti-Serafini
et al.,, 2002; Hennebelle et al., 2006; Jannuzzi et al., 2010).
In this study, the major essential oil monoterpenes, i.e.,
carvone, limonene, and citral (geranial + neral), present in
L. alba genotypes have exhibited potent acaricidal activity
against R. microplus.

The essential oil chemical compositions of the four L.
alba genotypes are listed in Table 2. The LA-13 and LA-57
genotypes were representative carvone chemotypes and
consisted primarily of carvone/limonene at 52.9%/26.9%
and 63.5%/25.8%, respectively. The LA-10 and LA-44 geno-
types were representative citral chemotypes and consisted
primarily of geranial/neral at 46.2%/33.5% and 44.2%/31.1%,
respectively.

Essential oils from the citral chemotypes (genotypes LA-
10 and LA-44) exhibited greater larvicidal activity than the
carvone chemotypes (genotypes LA-13 and LA-57), with
LCso values of 8.8 mg/mL and 10.9 mg/mL, respectively.
The carvone chemotype genotypes exhibited LCsg values of
16.8 mg/mL and 27.0 mg/mL, respectively (Table 3). Com-
ponents such as citral, a- and (3-pinene, terpinene and

Compound RRI* L. alba genotype”

LA-13 LA-57 LA-10 LA-44
Sabinene 969 2.27+0.01 0.03+0.03 - 0.27 £0.00
Myrcene 988 0.61+0.01 0.49+0.02 1.25+0.03 2.63+0.03
Limonene 1024 26.95+0.16 25.86+0.47 - 0.54+0.01
Linalool 1095 1.73+0.02 0.87 +0.04 0.95+0.01 0.74+0.03
Neral 1235 - - 33.50+0.19 31.13+£0.19
Carvone 1239 52.94+0.17 63.47+0.43 - 0.35+0.35
Geranial 1264 - - 46.25+0.53 4417 +£0.84
Piperitone 1340 1.21+0.03 1.18+0.04 - -
B-Caryophyllene 1417 - 0.33+0.02 2.42+0.04 2.36+0.04
y-Muurolene 1478 2.54+0.07 2.25+0.07 0.60+0.01 -
Elemol 1548 4.33+0.10 - - -
Caryophyllene oxide 1582 - - 7.28+0.13 8.06+0.25
Total (%) 92.58 94.48 92.25 90.25

2 Relative retention index to an n-alkane homologous series (nC9-C18) calculated using the Vandendool and Kratz equation (1963).
b Means (+SEM) of the content of compounds obtained from three different GC-ID determinations. Dashes indicate that the compound was not found.
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Table 3
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Lethal concentration 50% (LCsq ) of Lippia alba genotypes, citral, S-(+)- and R-(—)-carvone, and R-(+)- and S-(—)-limonene of Rhipicephalus microplus larvae

and engorged females with their respective 95% confidence limits.

Genotype LCso (mg/mL) 95% CL R?
Larvae
Carvone chemotype LA-13 16.8° 16.3-17.4 0.97
LA-57 27.0¢ 24.9-29.8 0.89
Citral chemotype LA-10 8.8¢ 6.0-13.0 0.73
LA-44 1092 9.9-12.1 0.97
Citral’ 7.0° 6.8-7.1 0.96
S-(+)-carvone 10.92 8.7-13.6 0.87
R-(—)-carvone 9.92 8.5-11.7 0.96
R-(+)-limonene’ 31.24 30.8-31.7 0.91
S-(—)-limonene 54.5¢ 47.8-62.2 0.92
Engorged females
Carvone chemotype LA-13 >200.0 - -
LA-57 >200.0 - -
Citral chemotype LA-10 >200.0 - -
LA-44 237.5P¢ 155.8-362.1 0.88
Citral’ 29.8?2 24.14-36.89 0.91
S-(+)-carvone 146.2° 134.5-159.0 0.96
R-(—)-carvone’ 145.8° 123.4-172.2 0.86
R-(+)-limonene’ 322.7¢ 245.4-424.4 0.94
S-(—)-limonene >200.0 - -

LCso =lethal concentration 50% (mg/mL) R. Microplus larvae or engorged females; CL=95% confidence limit; R? =regression coefficient; (—) calculation was

not possible.
" Commercial product.
Values down a column with different letters are significantly different.

terpineol extracted from Eucalyptus spp. have already been
reported to possess acaricidal activity against ticks (Chagas
et al., 2002). Citral exhibited the lowest LC5g values against
both larvae and engorged females. Citral has already been
reported in Cymbopogon species (Cymbopogon citratus and
Cymbopogon flexuosus), and its toxic effect has been demon-
strated on adult R. microplus females (Agnolin et al., 2014).
Acaricidal differences among essential oils of Lippia gracil-
lis genotypes have been reported, however the efficacy was
not correlate with their chemotypes (Cruz et al., 2013).

The negative control shown no effect on larvae (0.0%)
and engorged female (eggs production index 80.0% and egg
hatching 93.5%). Among the pure compounds tested, citral
exhibited the highest efficacy against R. microplus larvae,
with an LCsq of 7.0 mg/mL, followed by the R-(—)-carvone
(LCs0 9.9 mg/mL) and the S-(+)-carvone (LCs9 10.9 mg/mL)
enantiomers, while limonene enantiomers achieved LCsg
values of 31.2 mg/mL for R-(+)-limonene and 54.5 mg/mL
for S-(—)-limonene (Table 3). Ferrarini et al. (2008) reported
larvae mortality for limonene in the range of 2.5 pg/mL, but
the data were obtained using a different procedure in which
larvae were exposed to limonene for longer periods.

Pure citral exhibited the highest efficacy against
engorged females, with an LCsq of 29.8 mg/mL. In contrast,
carvone and citral chemotypes or carvone enantiomers
exhibited no efficacy in inducing engorged female mor-
tality with LCso values above 100 mg/mL. Among the
enantiomers, the lowest efficiencies were achieved by R-
(—)-carvone (LCs9 145.8 mg/mL) and S-(+)-carvone (LCsq
146.2 mg/mL). Due to the low efficacy of LA-10, LA-13,
and LA-57 genotypes and S-(—)-limonene against engorged
females the LCsg values could not be calculated.

The significance of chirality is widely recognized in
insecticides. Although enantiomers have similar physico-
chemical properties, they interact in a different way in
biological systems (Liu et al., 2004). In this case, in addition
to satisfactory efficacy against R. microplus larvae, limonene
enantiomers have exhibited enantioselectivity. Although
enantioselectivity has also been observed for limonene in
the engorged female assay, potency for both enantiomers
against engorged females were lower than those for the
larvae.

LA-13 and LA-57 genotypes (carvone chemotype)
exhibited intermediate potencies compared to limonene
and carvone monoterpenes. This finding suggests the major
constituents of the essential oil (carvone and limonene)
are acting in an additive or synergic manner, thus con-
tributing equally to the observed toxic effects. However,
the synergistic action of other minor constituents cannot be
disregarded. Conversely, other studies have reported that
essential oils are more efficient than their isolated com-
pounds (Miresmailli et al., 2006; Singh et al., 2009).

In contrast, R-(—)- and S-(+)-carvone enantiomers were
less potent than the essential oils and exhibited no signif-
icant enantionselectivity for both, R. microplus larvae and
engorged females.

The efficacy of carvone against Aedes aegypti larvae and
females (Simas et al., 2004) has been demonstrated. Such
differences are probably explained by the evaluation in
different species in addition to different mechanisms of
action.

With respect to the engorged females, higher LCsq val-
ues, with the exception of citral, may be explained by the
difficulty of the compounds in penetrating the R. microplus
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cuticle. Furthermore, pesticides may be absorbed orally.
Arthropods have two means of cuticle absorption, the
hydrophilic and the lipolytic, which influence the func-
tional capacity of a given bioactive substance. It is also
important to notice the possible influence of a physical
phenomenon, which the product is initially absorbed and
then undergoes passivation, a process that forms a layer,
preventing the passage of the oil (Chagas et al., 2002).

The study of isolated organic compounds is essential
to increase the knowledge on how essential oils may be
used as green pesticides (Kalita et al., 2013). It is further
important to accomplish in-depth studies on the actions of
enantiomers in biological systems, not only because their
commercialization represents a global tendency in phar-
maceutical production, but also because information about
their pharmacokinetic, pharmacodynamic and toxicologi-
cal interactions could give some insight in the selectivity of
a given enantiomer.

4. Conclusions

The results presented herein report the toxicity of
essential oils of L. alba genotypes against R. microplus
ticks. The genotypes exhibited potent activity against
R. microplus larvae, which was accounted for the pres-
ence of limonene and carvone as major components of
the essential oil. Enantioselectivity has been observed for
limonene against larvae and engorged females. These find-
ings provide a greener alternative in cattle tick control.
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