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Abstract

The ixodicidal activity of the methanolic extracts of Artemisia ludoviciana (Astereceae), Cordia boissieri (Boraginaceae)
and Litchi chinensis (Sapindaceae) against two field populations of Rhipicephalus (Boophilus) microplus from the
state of Nuevo Leon (NL) and Veracruz (VER) was evaluated. The extract of L. chinensis in the concentration of 150
mg/ml showed efficacies of 100% and 99% against engorged females and mortalities of 98% and 99% against larvae.
C. boissieri in the same concentration showed efficacies of 71% and 37% against engorged adults and mortalities
of 33.04% and 10.33% against larvae and A. ludoviciana had efficacies of 94% and 83% in adults and mortalities of
89.39% and 89.21% against larvae in both populations respectively. The enzymatic activity of Acetylcholinesterase
(AChE), Carboxylesterase (CaE), Glutathione-S-Transferase (GST) and Alkaline Phosphatase (ALP) was measured in
both populations of ticks. As a result, a significant difference between both populations was shown, being the VER
population the one that exhibited a higher enzymatic activity (p < 0.05). It can be concluded that the methanolic
extract of the seed of L. chinensis shows potential ixodicidal activity and can be used as an alternative source of
tick control, however, prior characterization, toxicity and formulation studies are necessary.
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Resumo

No presente trabalho, a atividade ixodicida de extratos metandlicos de Artemisia ludoviciana (Astereceae),
Cordia boissieri (Boraginaceae) e Litchi chinensis (Sapindaceae) contra Rhipicephalus (Boophilus) microplus foi
avaliada em duas populagdes de campo nos estados de Nuevo Le6n (NL)y Veracruz (VER). O extrato de L. chinensis na
concentragdo de 150 mg/ml, apresentou eficacia de 100% e 99% contra fémeas ingurgitadas, e taxas de mortalidade
de 98% e 99% contra larvas. C. boissieri, na mesma concentra¢ao, apresentou eficacia de 71% e 37% contra adultas
ingurgitados, e taxas de mortalidade de 33,04% e 10,33% contra larvas e A. ludoviciana apresentou eficacias de 94% e
83% em adultos e mortalidade de 89,39% e 89,21% contra larvas em ambas as populagdes respectivamente. Por outro
lado, a atividade enzimatica da Acetilcolinesterase (AChE), Carboxilesterase (CaE), Glutationa-S-Transferase (GST)
e Fosfatase Alcalina (ALP) foi medida em ambas as populagdes de carrapatos. Como resultado, foi apresentada uma
diferenca significativa entre as populagdes, sendo a populacdo VER a que apresentou maior atividade enzimatica
(p £0,05). Assim, pode-se concluir que o extrato metandlico da semente de L. chinensis apresenta potencial
atividade ixodicida e pode ser utilizado como fonte alternativa de controle de carrapatos, porém estudos prévios
de caracterizagao, toxicidade e formulagdo sdo necessarios.

Palavras-chave: R. (B.) microplus, ixodicidas sintéticos, extratos de plantas, cinética enzimatica.

1. Introduction

The tick Rhipicephalus (Boophilus) microplus is an  losses due to its direct and indirect effects, amounting to
endemic ectoparasite of livestock mainly in tropical and ~ $573.61 million dollars in Mexico (Rodriguez-Vivas et al.,
subtropical regions of the world, causing great economic 2004, 2017; Barros-Battesti et al., 2006).
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Currently the most widespread method for tick control
is the use of synthetic ixodicides, such as pyrethroids (SP),
organophosphorus compounds (OP) and amitraz (AM),
which have played a fundamental role in the control
of R. (B.) microplus. However, due to the extensive and
indiscriminate use of these chemical products, this tick
species has developed resistance to the main classes of
acaricides in different countries (Fernandez-Salas et al.,
2012; Guerrero and Pruett, 2003).

This resistance has developed mainly due to intrinsic or
biological factors related to the tick, such as the production
of genetic mutations in the dominant resistance allele and
changes in the enzymatic metabolism in tick populations
(Guerrero et al., 2001; Foil et al., 2004).

In Mexico, the resistance of ticks to ixodicides is
recognized in several states, mainly in the tropics
(Rodriguez-Vivas et al., 2007). Nerveless, the synthetic
ixodicides used to control the tick are usually toxic to
humans and the environment, as well as having residual
effect on meat and milk in cattle (Del Puerto et al., 2014).

New therapeutic options are being investigated in
order to reduce the use of synthetic ixodicides. In this
context, studies show that botanical oils and extracts are
proposed as possible control methods for R. (B.) microplus
(Adenubi et al., 2016).

Compounds from plant extracts provide a potential
alternative to existing ixodicides, based on promising
results in controlling ixodicide-susceptible and -resistant
ticks (Chagas et al., 2002; Fernandes and Freitas, 2007,
Adenubi et al., 2016).

Likewise, studies carried out with Cordia boissieri
extracts show antibacterial, antifungal and antioxidant
activity (Salazar-Aranda et al., 2011). In addition, studies
with Artemisia ludoviciana showed the presence of
antimicrobial, antiparasitic, and antioxidant activity
(Zavala-Sanchez et al., 2002; Said Fernandez et al., 2005;
Lopes-Lutz et al., 2008). Also, studies on Litchi chinensis
have shown its antioxidant, anticancer, antimicrobial,
antiviral and anti-inflammatory activity (Yang et al., 2012;
Lin et al., 2015; Wen et al., 2014; Nimmanpipug et al.,
2009; Yamanishi et al., 2014). However, none of these
plants have reports of ixodicidal activity on the cattle
tick. Therefore, the aim of this study was to evaluate the
ixodicidal activity of methanolic extracts from leaves of
C. boissieri, A. ludoviciana and seeds of L. chinensis as well
as synthetic ixodicides in two different populations of
R. (B.) microplus engorged females and larvae.

2. Materials and Methods

2.1. Plant material and extraction

The plant material of C. boissieri was collected in
Higueras, Nuevo Le6n (NL)(25°57°50.9” N and 100°01°15.2”
W), A. ludoviciana was collected in Guadalupe, (NL)
(25°42’07.6” N and 100°11'33.9” W), and Litchi chinensis
was collected in Veracruz (VER) (22°28'17.09” N and
93°36’39.9” W), in Mexico. The extracts were obtained
using a Soxhlet extractor (700ml of methanol / 70g of
plant material). The product obtained was evaporated in
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a rotary evaporator (Heidolph, Laborota, 4003-control,
Germany) at 30°C and under reduced pressure. The extract
obtained was dried at 25°C and stored at 4°C (Borges-
Argdez et al., 2007).

2.2. Synthetic ixodicides

Three ixodicides were selected based on the most
used products in both regions: Ticoff® (Lapisa), active
ingredient Cypermethrin which belongs to the pyrethroids,
(Concentration: 1.5mL/1L), Asuntol® liquid (Bayer), active
ingredient Coumaphos in the Organophosphorus group (OP)
(Concentration: 1mL/1L), and Garra Ban MO 29® (Lapisa),
which is an association of the active ingredients Chlorpyrifos
and Permethrin belonging to the Organophosphorus and
Pyrethroid groups (Concentration: 1mL/1L).

2.3. Tick collection

Female R. (B.) microplus ticks were collected from
naturally infested cattle in production units in the city
of General Bravo, (NL) (25°42’07.6” N and 100°11'33.9”
W) and another production unit in Tantoyuca, (VER)
(21°21°07.6” N and 98°14” W), both states within the
Mexican territory. The collection method was carried
out in accordance with the recommendations of the FAO
(2004). Two groups of engorged female ticks were made,
one used for the adult immersion test (AIT). The second
group was incubated at 27+2°C, with a relative humidity
of 80-90% (Cen-Aguilar et al., 1998) for two weeks until
eggs were laid and the larvae used for the larval package
test (LPT), larval immersion test (LIT), and for biochemical
characterization of populations by the enzymatic activity
of AChE, CaE, GST, and ALP.

2.4. Enzyme extracts

Pools of 100mg of R. (B) microplus larvae were formed
in 10 volumes (1:10) of distilled water, homogenized
in FastPrep®-24 (MP Biomedicals) at 2,500 RPM for
10 minutes at 4°C. The resulting supernatants were used
as a source of the enzymes acetylcholinesterase (AChE),
carboxylesterase (CaE), Glutathione-S-transferase (GST)
and alkaline phosphatase (ALP). The protein concentration
of the enzyme extracts was determined using bovine
serum albumin (BSA) as a standard (Bradford, 1976).
The results were expressed in milligrams of protein per
milliliter (mg. ml™").

2.5. Evaluation of enzyme activity

Enzyme activity was determined according to
Ellman et al. (1961) and modified as described by Li et al.
(2005). For AChE, the reaction solution contained 0.24mM
acetylthiocholine chloride (Sigma-Aldrich) and 0.64mM
5,5’-dithiobis-(2-nitrobenzoic acid) (DTNB) (Sigma-
Aldrich), prepared in phosphate buffer and 10ul of the
enzymatic extract. For CaE, an assay was performed in
which the following was poured in each well: enzymatic
extract; 50mM tris-HCl buffer (pH 7.1) and the substrate
p-nitrophenylacetate was added at a final concentration
0f 0.0005 M to start the reaction. For ALP, enzyme extract
was added to each well, diethanolamine buffer 1.0M (pH
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9.8) with 50mM MgCl,. To start the reaction, the substrate
4-nitrophenyl-phosphate was added. For the evaluation
of the enzyme kinetics of the three enzymes, substrate
degradation was measured by spectrophotometric readings
at 405nm every 2 min for 12 min. For GST, a reaction mix
was made with 19.8ml of Dulbecco’s phosphate buffered
saline (pH 7.2), 200ul of 200mM reduced L-glutathione
(G4251 Sigma), and 200 pl of 1-chloro-2,4-dinitrobenzene
(CDNB) 100mM (S2569 Sigma). In each well, 10ul of the
enzyme extract and 190ul of the reaction mixture were
added, the absorbance readings were made at 340nm
every 2 min for 12 min, having a total of six readings for
each well. Eighteen replicates were performed for each
population, three blanks per microplate were included
which did not contain enzymes.

2.6. Adult immersion test (AIT)

The AIT described by Drummond et al. (1973) was used
to evaluate the synthetic ixodicides, which were diluted
in water with the concentrations recommended by the
manufacturer, using water as a control and the ixodicidal
activity of methanolic extracts (ME) at concentrations of
50,100 and 150mg/ml, against engorged females of R. (B.)
microplus which were dissolved in methanol 60%, used
as a control. This solvent has been reported to not have a
significant effect on tick mortality at this concentration
(Chagasetal., 2003). This test was performed in triplicate
with a total of 42 groups from the two populations. Each
group of ten ticks was dipped for five minutes in each
treatment, that is, each diluted ixodicide solution, each
concentration of the ME and each control. After immersion,
the groups were dried and dorsally taped using double-
sided tape, in a previously identified Petri dish. They were
incubated at 27+2°C and with a relative humidity of 80-90%,
which are ideal conditions for oviposition.

After 14 days of incubation, the mortality rate of adult
females was evaluated, and the fertile egg mass of each
group was weighed and placed in glass vials and incubated
under the same conditions; after 30 days the egg hatching
analysis was performed. From these data, the reproductive
index (RI) (Equation 1) and the efficiency index (EI%)
(Equation 2) of the treatments were determined, using the
following formulas, described by Drummond et al. (1973):

RI = Reproductive Index:

RI = (egg weight x % egg hatch x 20,000) / (1)

weight of engorged female

EI = Efficacy Index (%):

RI of the control group —
- [ of group

= / RI of th trol
RI of the treated group x lOOj of the control group (2 )

2.7. Larval packet test (LPT)

A modified LPT was used to assess (Stone and Haydock,
1962) the effect of the synthetic ixodicides on mortality
at the concentration recommended by the manufacturer.
The commercial synthetic ixodicides were diluted in two
parts of trichloroethylene (Tc) (CTR, MSDS, Mexico) and
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one part of olive oil (0O0) (Sigma-Aldrich) to prepare the
treatment solutions with the concentration recommended
by the manufacturer. 0.67ml of each solution was added
onto 850mm x 750mm Whatman No. 1 filter papers
(Whatman International Ltd., Maidstone, England).
Control groups were prepared with the acaricide-free
Tc-00 solution. The filter papers were allowed to dry for
24 hours at room temperature before testing. Approximately
70-100 larvae were taken from the tubes with a paintbrush
and placed into each filter paper which was then folded in
half and sealed with foldback clips. The packets were then
incubated at 27+2°C with a relative humidity of 80-90%.
After 24 h, the packets were opened and the numbers
of alive and dead larvae were counted. Three replicates
were made for each treatment. Larval mortality was
determined by the Abbott’s formula (Equation 3) (Abbott,
1925) recommended by FAO (2004):

100-%

. % Treatment Mortality —
% Mortality = X x 100 (3)
Control Mortality

% Control Mortality

2.8 Larval immersion test (LIT)

The LIT technique by Shaw (1966), was modified to
evaluate the effect of the ME of the plants. 400 to 500 larvae
of 7-14 days of age were exposed to increasing concentrations
of each extract using three dilutions (50, 100, and 150mg/ml)
and a control (methanol 60%) for 10 minutes under agitation
(shaker). After this time, the larvae were placed into filter
papers (Whatman No. 1), identified, and closed with foldback
clips. Packets were incubated for 24 hours at 27+1.5°C and
with a relative humidity of 70-80% and dead larvae were
recorded for mortality. These assays were performed by
triplicate for every plant extract and concentration. Larval
mortality was determined by the Abbott’s formula (Abbott,
1925) recommended by the FAO (2004).

2.9. Statistical analysis

The data was analyzed in the SigmaPlot 14.0 software
for AIT results, a non-parametric test (Kruskal-Wallis) was
used to determine the statistically significant differences
between the groups and the mean difference was made
with the Bonferroni correction. For LPT and LIT tests, a
one-way analysis of variance (ANOVA) was performed and
multiple comparisons were made using Tukey’s test. All the
above was done with a significance level of p < 0.05 and
was considered as statistically significant.

3. Results

3.1 Evaluation of enzyme activity

In the enzymatic activity study of CaE, GST, AChE and ALP
(Figure 1), a significant difference was observed between
the NL and VER populations, where the population VER
showed an increased enzymatic activity.

3.2 in vitro ixodicidal activity

The ME ixodicidal activity of C. boissieri and A. ludoviciana
leaves and L. chinensis seeds was evaluated on adult
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females and larvae of R. (B.) microplus. The efficacy of the
synthetic ixodicides for commercial use and the ME against
engorged females of R. (B.) microplus was evaluated by the
AIT (Drummond, 1976) measuring mortality, egg mass and
inhibition of larval hatching in the populations from NL
(Table 1) and VER (Table 2). The NL population showed
a statistically significant difference between the control
and the three ME in the mortality of engorged females,
highlighting the 100% mortality of the L. chinensis seed
extract at the concentration of 150mg/ml. Regarding the egg
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Figure 1. Enzymatic activity of AChE, GST, CaE, and ALP in larvae
populations of R. (B.) microplus from the states of NL and VER.

mass, only the L. chinensis seed extract in the concentrations
of 100 and 150mg/ml, presented a statistical significant
difference with the control. In the hatching percentage,
the three ME presented significant statistical difference
with the control. In the VER population, with the C. boissieri
extract, the mortality of the engorged females and the
mass of eggs were not statistical significant different from
the control. In the hatching percentage, the extracts of C.
boissieri and A. ludoviciana in the concentration of 50mg/
ml did not presented a statistical significant difference
with the control. Meanwhile the L. chinensis seed extract
in the concentration of 150mg/ml had an efficacy of 99%.

The evaluation of the commercial synthetic ixodicides in
the NL population (Table 1) showed a statistical significant
difference in the mortality of the engorged females with
the coumaphos and chlorpyrifos-permethrin towards the
control, however, it did not happen with the cypermethrin.
Only the chlorpyrifos-permethrin mixture presented a
significant difference with the control regarding the mass of
eggs. In hatching percentages, the three ixodicides showed
a statistical difference towards the control, highlighting
that cypermethrin had low ixodicide activity, compared to
the other two products. In the VER population (Table 2),a
statistical significant difference was only observed between
the control and the coumaphos in the mortality of the
females and in the hatching percentage. In relation to
the mass of eggs, no ixodicide had a statistical significant
difference with the control.

Table 1. Activity of synthetic ixodicides and methanolic extracts against adult ticks and reproductive parameters of R. (B.) microplus

in the population of NL.

Nuevo Le6n Mortality % Egg mass weight (g) Egg Hatching % Efficiency index
Cypermethrin 0.00£0.00¢ 0.85+0.06* 70.00+42.43° 3217
Coumaphos 90.00+14.14 0.08+0.112 0.00£0.00¢ 100
Chlorpyrifos + Permethrin 100.00+0.00* 0.00+0.00° 0.00£0.00¢ 100
Control 0.00+0.00¢ 0.85+0.15° 100.00+0.00* -
Cordia boissieri
50 mg/ml 5.00£7.07° 0.61+0.142 35.00£42.43° 5513
100 mg/ml 10.00+0.00° 0.72+0.03° 65.007.07° 57.00
150 mg/ml 20.00+28.28° 0.60+0.17° 50.00+14.14° 71.27
Methanol 60% 0.00£0.00¢ 0.98+0.14 100.00+0.00° -
Artemisia ludoviciana
50 mg/ml 20.00+14.14° 0.45+0.122 20.00+0.00° 83.38
100 mg/ml 25.00+21.21° 0.56+0.337 20.00+14.14° 88.50
150 mg/ml 35.00£35.36° 0.55+0.24% 10.00+£0.00° 94.90
Methanol 60% 0.00+0.00¢ 0.98+0.14 100.00+0.00° -
Litchi chinensis
50 mg/ml 75.00+21.21° 0.22+0.17* 12.50+10.61° 96.65
100 mg/ml 90.00£0.00° 0.03+0.04" 30.00£42.43° 98.26
150 mg/ml 100.00+0.00° 0.00+0.00° 0.00%0.00¢ 100
Methanol 60% 0.00£0.00¢ 0.98+0.14 100.00+0.00° -

Common corresponding letters a-c in a given column indicates no significant differences (p > 0.05).
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Table 2. Activity of synthetic ixodicides and methanolic extracts against adult ticks and reproductive parameters of R. (B.) microplus

in the population of VER.

Veracruz Mortality % Egg mass weight (g) Egg Hatching % Efficiency index
Cypermethrin 0.00+0.00° 0.92+0.01* 100.00+0.00* 3.56
Coumaphos 45.00£7.072 0.35+0.007 10.00+0.00¢ 96
Chlorpyrifos + Permethrin 5.00£7.07° 0.73+0.07° 90.00+0.00? 29
Control H,0 0.00+0.00° 0.85+0.15% 100.00£0.00* -
Cordia boissieri
50 mg/ml 5.00+£7.07° 0.98+0.082 85.00+7.072 28.91
100 mg/ml 0.00+0.00° 0.79+0.05° 90.00+0.00? 27.22
150 mg/ml 5.00+£7.07° 0.77+0.02* 80.00+0.00° 37.10
Methanol 60% 0.00+0.00° 0.94+0.06° 100.00£0.00* -
Artemisia ludoviciana
50 mg/ml 15.00+7.072 0.65+0.10* 70.00+14.14* 52.77
100 mg/ml 10.00+0.00? 0.45+0.06° 35.00£7.07° 83.57
150 mg/ml 25.00£7.072 0.46+0.06° 35.00£7.07° 83.82
Methanol 60% 0.00+0.00° 0.94+0.06° 100.00+0.00* -
Litchi chinensis
50 mg/ml 25.00£7.072 0.49+0.05° 40.00+14.14° 79.43
100 mg/ml 25.00£7.072 0.25+0.06° 25.00£7.07° 93.73
150 mg/ml 60.00+14.14* 0.27+0.07° 5.00£0.00¢ 99
Methanol 60% 0.00+0.00° 0.94+0.16* 100.00+0.00* -

Common corresponding letters a-c in a given column indicates no significant differences (p > 0.05).

Comparing the commercial synthetic ixodicides and
the ME in the NL population (Table 1), it is important to
mention that the three concentrations of the extract of
L. chinensis did not differ significantly in the mortality
of engorged females with the coumaphos and the
chlorpyrifos + permethrin mixture. In the egg mass, the
chlorpyrifos-permethrin mixture did not present statistical
difference with the L. chinensis extract in the 100 and
150mg/ml concentrations, in the hatching percentage,
only the concentration of 150 mg/ml of the L. chinensis
extract and coumaphos ixodicides and the chlorpyrifos-
permethrin association had no significant difference.
It is worth mentioning that the ME of L. chinensis, the
coumaphos ixodicides and the chlorpyrifos-permethrin
mixture, obtained an efficacy rate of 100%. The ME of A.
ludoviciana and C. boissieri had higher ixodicidal activity
than cypermethrin. In the VER population (Table 2), the
ME of C. boissieri behaved the same as cypermethrin and
the chlorpyrifos-cypermethrin mixture, while the ME of
A. ludoviciana and L. chinensis as the coumaphos in the
mortality of the engorged females. Only the concentration
of 150 mg/ml of the ME of L. chinensis and the coumaphos
did not presented a significant difference in the hatching
percentage.

In the cattle tick larvae, synthetic ixodicides and ME
showed ixodicide activity (Table 3). The cypermethrin had
very low mortalities in the VER population and slightly
low mortalities in the NL population, coumaphos and
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the chlorpyrifos-permethrin association presented a
mortality of 100% in the NL population, and in the VER
population coumaphos maintained an effectiveness with
a mortality of 100%. Meanwhile, the ME of C. boissieri
tested in both populations showed ixodicidal activity,
however its efficacy was low. The mortalities in the ME of
A. ludoviciana at concentrations of 50, 100 and 150mg/ml
in both populations, presented similarities, being slightly
higher in the NL population. Both populations presented
the highest mortality with the concentrations evaluated
of the ME of L. chinensis.

4. Discussion

Plants have been used for many years in traditional
medicine due to their pharmacological effects (Prieto-
Gonzalez et al., 2004; Oliveira et al., 2011; Pio et al., 2019).
In recent decades, plant extracts have been used for their
antimicrobial activity (Sharma et al., 2017; Souza et al.,
2018), and acaricides on ticks (Adenubi et al., 2016).
Scientific studies of Cordia species have been intensified,
which demonstrates the great interest in phytochemical,
biological and pharmacological studies (Matias et al.,
2015; Debiasi et al; 2021), especially the specie C. boissieri,
whose capacity has been reported from different extracts
with antibacterial, antifungal and antioxidant activity
(Salazar-Aranda et al., 2011; Viveros-Valdez et al., 2016).
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Table 3. In vitro ixodicide activity of synthetic ixodicides and
plant extracts in both populations against R. (B.) microplus larvae.

Treatment Veracruz Nuevo Leon
Cypermethrin 6.03+1.69¢" 97.38+0.997
Coumaphos 100+0.00° 100+0.007
Chlorpyrifos + Permethrin 97.50£0.57* 100+0.00?
Control H,0 2.00+0.88" 2.00+0.88¢
Cordia boissieri
50 mg/ml 3.79+1.01" 13.74+1.22f
100 mg/ml 4.87+0.24" 16.08+1.62f
150 mg/ml 10.33£1.53¢ 33.04+10.07¢
Methanol 60% 4.57+1.66" 4.57+1.66"
Artemisia ludoviciana
50 mg/ml 73.86+3.00" 87.31+0.74¢
100 mg/ml 82.20+2.06¢ 86.85+0.07¢
150 mg/ml 89.2142.26% 89.39+0.79«
Methanol 60% 4.57+1.66" 4.57+1.66%
Litchi chinensis
50 mg/ml 85.09+0.68¢ 88.87+0.00«¢
100 mg/ml 94.23+1.13% 91.58+4.91«
150 mg/ml 99.73+0.382 98.44+0.56"
Methanol 60% 4.57+1.66" 4.57+1.66%

Common corresponding letters a-h in a given column indicates no
significant differences (p > 0.05).

The A. ludoviciana plant belongs to the Asteraceae family
which has a diversity of plant species with pharmacological
activities and acaricidal effects (Adenubi et al., 2016), as
in the case of Artemisia absinthium, whose methanolic
extracts in a concentration of 200mg/ml presented
100% of mortality in the tick species Rhipicephalus
sanguineus (Godara et al., 2014). It has been shown
that A. ludoviciana has antimicrobial, antiparasitic, and
antioxidant activity (Zavala-Sanchez et al., 2002; Said
Fernandez et al., 2005; Lopes-Lutz et al., 2008). L. chinensis
has different ethnopharmacological uses (Ibrahim
and Mohamed, 2015) such as: antioxidant, anticancer,
antimicrobial, antiviral, anti-inflammatory, antidiabetic,
hepatoprotective, immunomodulatory and antithrombotic
activity (Yang et al., 2012; Lin et al., 2015; Wen et al,,
2014; Nimmanpipug et al., 2009; Yamanishi et al., 2014;
Chang et al., 2013; Bhoopat et al., 2011; Jing et al., 2014;
Sung et al., 2012). Furthermore, overexpression of esterases
and Glutathione S-transferases is associated with metabolic
detoxification of pesticides (Bellgard et al., 2012). In ticks,
these enzymes have been implicated in resistance through
the metabolic detoxification mechanism (Bellgard et al.,
2012; Nandi et al., 2015; Ghosh et al., 2015; Gupta et al.,
2016; Ghosh et al., 2017; Chigure et al., 2018; Fular et al.,
2018). Regarding esterases, CaE catalyze the hydrolysis
of esters and are classified in the serine hydrolase
superfamily, involved in detoxification and playing an
important physiological role in lipid metabolism (Ran et al.,
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2009). AChE is a key enzyme in the nervous system of
animals, hydrolyzing the neurotransmitter acetylcholine
(Temeyer et al., 2013). Studies on ixodicide-resistant
strains of R. (B.) microplus have shown that esterases,
particularly Cak and AChE, are associated with resistance,
implying an increased metabolic detoxification and
insensitivity to the action site (Li et al., 2005). Baxter and
Barker (2002) demonstrated the relationship between
resistance to organophosphorus (OP) and a high AChE
activity in Australian tick populations. Likewise, point
mutations of CaE and AChE genes have been detected
in resistant strains of this species, which are associated
with resistance (Hernandez et al., 2000). Similarly, in
R. (B.) microplus, three esterases, characterized as CaE,
were detected based on enzymatic inhibition and a high
activity of these enzymes was shown in a resistant strain
(Villarino et al., 2003). Regarding the results obtained from
the evaluation of the enzymatic activity of the populations
(Figure 1), it was observed that the esterases (CaE and
AChE) presented a significant difference between the two
populations, being the population of VER the one with
the highest enzymatic activity. A study carried out by
Fular et al. (2020), reports values of different enzymatic
activities for CaE, AChE and GTS, in a susceptible and a
resistant strain of R. (B.) microplus. Taking into account
these values, the VER population presented values of CakE
enzymatic activity similar to the resistant strain and the
population of NL to the susceptible strain. Furthermore,
itis known that the CaE activity is related to the presence
of resistance to organophosphorus and pyrethroids, since
it plays an important role in the metabolic detoxification
of pyrethroids. The results of the bioassays align with this
as it was observed that in adults (Tables 1 and 2) and in
larvae (Table 3), where a high enzyme activity and a low
tick mortality was observed in the population of VER
regarding AChE, which means higher enzymatic activity in
the population of VER. However, a low mortality was not
shown with the organophosphorus, this could be due to
the fact that the larvae have a resistance to the penetration
of the organophosphorus and this allows them to inhibit
or delay the penetration of the chemical through their
exoskeleton (Alonso-Diaz et al., 2006). GSTs are enzymes
that catalyze the conjugation between glutathione and
various molecules. They play the most important role in
the cellular detoxification mechanism of xenobiotic and
endogenous compounds (Agianian et al., 2003). Chemical
exposure in arthropods, in this case ticks, is a classic
event that selects resistance to pesticides, related to high
GST activity (Ketterman et al., 2001; Wei et al., 2001;
Freitas et al., 2007). In the results obtained from the GST
(Figure 1), a high value was shown in the VER population,
similar to that presented in the study by Fular et al. (2020).
However, the values in the population of NL are below the
value of the resistant strain and higher than the susceptible
one. In the population of VER higher values were observed
comparing to those of the resistant strain presented by
Fular et al. (2020), assuming that the low effectiveness
of pyrethroids in the VER population in adults (Table 2)
and larvae (Table 3), is due to the significant increase
in the enzymatic activity of GST. Alkaline phosphatase
(ALP) is a digestive enzyme involved in adsorption and
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transport mechanisms through the hydrolysis of phosphate
groups (Moss, 1992). An increase in the ALP activity has
been associated with the detoxification mechanisms of
phosphorus compounds, particularly in insects that become
resistant to pesticides (Gonzalez et al., 2015). ALP is also
involved in the glucose and fatty acids transport across
the midgut epithelial membrane, as has been observed in
Bombyx mori (Vlahovic et al., 2009). In insects, few studies
have been conducted on the use of ALP as a biomarker,
however, Bounias et al. (1996) observed an increase in ALP
activity after copper treatment in honey bees. Likewise,
Badiou-Bénéteau et al. (2012) evaluated ALP as a biomarker
to indicate exposure of the Apis mellifera bee to pesticides
from the neonicotinoid family, observing changes of
enzymatic activity in exposed bees. In ticks, there are no
reports of the evaluation of ALP associated with resistance
to acaricides. However, the presence of activity by this
enzyme was observed, being higher in the population of
VER, showing a significant difference compared to NL.
The synthetic ixodicides evaluated on the engorged
female ticks presented low efficacy indices in the VER
population (Table 2), and in the NL population (Table 1)
only cypermethrin presented low activity, while the
ME of C. boissieri, A. ludoviciana and L. chinensis showed
ixodicidal activity on adult female ticks, being the last one
that presented the highest efficacy rates (Table 1 and 2).
In larvae, high mortality was shown with the synthetic
ixodicides (Table 3), being the cypermethrin the only that
presented a low efficacy in VER and a moderately low
efficacy in NL, both efficacies below what is described
in the NOM-006-Z00-1993 (NOM, 1994), which states
that the efficacy of ixodicides must be higher than or
equal to 98%, which agrees with what was described
by Fernandez-Salas et al. (2012), where the presence of
strains resistant to cypermethrin are reported with a 3%
of mortality in discriminating doses in four municipalities
of the state of VER. In the same way, Esparza Renteria and
Esparza Sevilla (2015) demonstrated the presence of strains
slightly resistant to cypermethrin in the state of NL, thus
reinforcing the result obtained in this study, demonstrating
the increase in resistance to pyrethroids in recent years.
Coumaphos and the chlorpyrifos-permethrin mixture
showed higher efficacy in the NL population. There are
few studies on the diagnosis of resistance in the state of
NL; however, Esparza Renteria and Esparza Sevilla (2015)
confirms the presence of susceptible strains in the state.
Studies carried out by the National Center for Animal Health
Verification Services (CENAPA), between 2015 and 2017, do
not indicate the presence of resistance to organophosphorus
and to the pyrethroid-organophosphorus association in
the state of NL (Neri, 2018) as there is a lack of data due
to the fact that most of the producers in the state do not
send samples for resistance diagnosis, despite the fact
that they have significant resistance problems. In the
VER population, the efficacy of coumaphos was of 100%,
showing that currently this population is not under
pressure from this ixodicide, therefore, the effectiveness
of the product is still considerable for its application.
In addition, the chlorpyrifos-permethrin association was
lower, not reaching what was established by NOM-006-
Z00-1993 (NOM, 1994), however, Rodriguez-Vivas et al.
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(2011), reports that if a mortality of 80-99% is obtained, the
ixodicide could be used for six more months and then stop
it and using it for at least two years, while other families
of ixodicides are used with annual rotation, but if the
mortality obtained is very low (<60%), this product can
no longer be used since the resistance of R. (B.) microplus
towards organophosphorus and pyrethroids is genetically
characterized by incomplete dominance, so it is possible to
find populations of ticks resistant to these acaricides years
after their use has ceased. The results in the NL population,
in terms of association, were similar to those obtained
by Fernandez-Salas et al. (2012), where they report the
presence of multiresistant strains in four municipalities of
the state of VER. In addition, Rodriguez-Vivas et al. (2007)
reports the presence of strains resistant to the different
associations of synthetic ixodicides in four states of Mexico,
including VER. It should be noted that the populations of
R.(B.) microplus in this state are mostly under pressure with
these ixodicides, Therefore, normally obtain less efficacy
from these, which is also due to the fact that the efficacy
of ixodicides varies according to the regions, depending
mainly on factors such as; ecological niches, livestock
management and use of ixodicides (Jonsson, 1997), thus
demonstrating that environmental and operational factors
(Denholm and Rowland, 1992), have led to an increase
in resistance in the VER state, in addition to the fact that
ticks have a different toxicological response, due to the
resistance situation in each population (Guerrero et al.,
2001; Foil et al., 2004).

The ME of C. boissieri evaluated in the two populations
(Table 3), showed ixodicidal activity, however, the efficacy
in general was low, this may be due to the fact that the
extract acts as an inhibitor of AChE, which is the target
enzyme of the organophosphorus, where in populations
of resistant ticks it is altered, as could be the case of the
VER population where the extract presented less efficacy.
This biological activity was reported by Marini et al. (2018),
demonstrating the in vitro ability to inhibit AChE of three
species of the Cordia genus, being Cordia megalantha
the species that presented the higher activity, however,
confirmatory studies of this mechanism of action are
necessary. The efficacy indices and mortality percentages
of the ME of A. ludoviciana (Table 3) in both populations
presented similarities, being slightly higher in the NL
population. Godara et al. (2014), describe that the ME
of the species Artemisia absinthium at a concentration
of 200mg/mL, presented a mortality of 100% in the tick
species R. sanguineus. With this, it can be considered that
the increase in the concentration of the A. ludoviciana
extract, or a fractionation could result in higher mortality.
The ME of L. chinensis (Table 3) in both populations,
presented the highest mortality in the concentration of
150 mg/ml. These results can be compared with plant
extracts that currently appear in commercial products
such as: Azadirachta indica where 8.68mg/ml causes 90% of
effectiveness (Avinash et al., 2017), Cymbopogon citratus at a
concentration of 125mg/ml, causes 98.78% of effectiveness
(Chungsamarnyart & Jiwajinda, 1992), Thymus vulgaris at
a concentration of 20mg/ml, causes 98.1% of effectiveness
(Monteiro et al., 2009). The results in this study are not
so far from those reported for the C. citratus plant, which
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leads to work on the process of obtaining and purifying the
extract, to obtain greater effectiveness, in the same way to
take into account that plants of the same species can vary
in the amount of chemical components, due to their inter-
specific variations and other factors such as: seasonality,
circadian rhythm, development, temperature, ultraviolet
radiation, water availability, altitude and atmospheric
pollution, among others, changing the production rate of
secondary metabolites presenting a different effectiveness
(Gobbo-Neto and Lopes, 2007). It is worth mentioning that
due to its high acaricidal activity shown in this study, the
methanolic extract of the L. chinensis seed can be used as an
alternative source to control R. (B.) microplus infestations,
delaying the development of resistance to ixodicides, on
the other hand, this is only the in vitro ixodicidal effect;
therefore, it is necessary to carry out additional in vivo
studies (Martins & Gonzalez, 2007) in order to see if the
minimum ixodicidal concentration tested in this study
can cause the same activity, due to difficulties related to
external environmental conditions (Mulla and Su, 1999).

5. Conclusion

The VER population demonstrated a significant increase
in enzymatic activity and presented a lower efficacy to
the commercial synthetic ixodicides regarding the NL
population, however, the efficacy and mortality rates of
the evaluated methanolic extracts presented similarities
in both populations. The L. chinensis seed extract showed
ixodicide potential to be used as an alternative source for the
control and treatment of the R. (B.) microplus tick, however,
previous studies of phytochemical characterization,
purification, toxicity and formulation are necessary.

References

ABBOTT, W.S., 1925. A method of computing the effectiveness of
an insecticide. Journal of Economic Entomology, vol. 18, no. 2,
pp. 265-267. http://dx.doi.org/10.1093/jee/18.2.265a.

ADENUBI, O.T,, FASINA, F.O0., MCGAW, L]., ELOFF, ].N. and NAIDOO,
V., 2016. Plant extracts to control ticks of veterinary and medical
importance: a review. South African Journal of Botany, vol.
105, pp. 178-193. http://dx.doi.org/10.1016/j.sajb.2016.03.010.

AGIANIAN, B., TUCKER, P.A., SCHOUTEN, A., LEONARD, K., BULLARD,
B. and GROS, P, 2003. Structure of a Drosophila sigma class
glutathione S-transferase reveals a novel active site topography
suited for lipid peroxidation products. Journal of Molecular
Biology, vol. 326, no. 1, pp. 151-165. http://dx.doi.org/10.1016/
S0022-2836(02)01327-X. PMid:12547198.

ALONSO-DIAZ, M., RODRIGUEZ-VIVAS, R., FRAGOSO-SANCHEZ,
H. and ROSARIO-CRUZ, R., 2006. Resistencia de la garrapata
Boophilus microplus a los ixodicidas. Archivos de Medicina
Veterinaria, vol. 38, no. 2, pp. 105-113. http://dx.doi.org/10.4067|
S0301-732X2006000200003.

AVINASH, B., SUPRAJA, N. and SANTHI, P., 2017. Evaluation of
acaricidal activity of Azadirachta indica extracts against
Rhipicephalus (Boophilus) microplus and its GC-MS analysis.
International Journal of Science, Environment and Technology,
vol. 6, no. 1, pp. 980-992.

8/11

BADIOU-BENETEAU, A., CARVALHO, S., BRUNET, ]., CARVALHO, G.,
BULETE, A., GIROUD, A. and BELZUNCES, L., 2012. Development
of biomarkers of exposure to xenobiotics in the honeybee Apis
mellifera: application to the systemic insecticide thiamethoxam.
Ecotoxicology and Environmental Safety, vol. 82, pp. 22-31. http://
dx.doi.org/10.1016/j.ecoenv.2012.05.005. PMid:22683234.

BARROS-BATTESTI, D.M., ARZUA, M. and BECHARA, G.H., 2006.
Carrapatos de importancia médico-veterinaria da regiao
neotropical: um guia ilustrado para identificaco de especies. Sio
Paulo: Vox/ICTTD-3/Butantan, pp. 223.

BAXTER, G.D. and BARKER, S.C., 2002. Analysis of the sequence and
expression of a second putative acetylcholinesterase cDNA from
organophosphate-susceptible and organophosphate-resistant
cattle ticks. Insect Biochemistry and Molecular Biology, vol. 32, no.
7, pp. 815-820. http://dx.doi.org/10.1016/S0965-1748(01)00168-
0. PMid:12044498.

BELLGARD, M.I.,, MOOLHUIJZEN, P.M., GUERRERO, E.D., SCHIBECI, D.,
RODRIGUEZ-VALLE, M., PETERSON, D.G., DOWD, S.E., BARRERO,
R., HUNTER, A., MILLER, RJ. and LEW-TABOR, A.E., 2012.
CattleTickBase: an integrated Internet-based bioinformatics
resource for Rhipicephalus (Boophilus) microplus. International
Jjournal for parasitology, vol. 42, no. 2, pp. 161-169. http://dx.doi.
org/10.1016/j.ijpara.2011.11.006. PMid:22178513.

BHOOPAT, L., SRICHAIRATANAKOOL, S., KANJANAPOTH]I, D.,
TAESOTIKUL, T., THANANCHAI, H. and BHOOPAT, T., 2011.
Hepatoprotective effects of lychee (Litchi chinensis Sonn.): a
combination of antioxidant and anti-apoptotic activities. Journal
of Ethnopharmacology, vol. 136, no. 1, pp. 55-66. http://dx.doi.
org/10.1016/j.jep.2011.03.061. PMid:21540102.

BORGES-ARGAEZ, R., CANCHE-CHAY, C.I., PENA-RODRIGUEZ,
L.M., SAID-FERNANDEZ, S. and MOLINA-SALINAS, G.M., 2007.
Antimicrobial activity of Diospyros anisandra. Fitoterapia, vol. 78,
no. 5, pp. 370-372. http://dx.doi.org/10.1016/j.fitote.2007.03.004.
PMid:17498888.

BOUNIAS, M., KRUK, I, NECTOUX, M. and POPESKOVIC, D., 1996.
Toxicology of cupric salts on honeybees. V. gluconate and sulfate
action on gut alkaline and acid phosphatases. Ecotoxicology and
Environmental Safety, vol. 35, no. 1, pp. 67-76. http://dx.doi.
org/10.1006/eesa.1996.0082. PMid:8930506.

BRADFORD, M.M., 1976. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding. Analytical Biochemistry,
vol. 72, no. 1-2, pp. 248-254. http://dx.doi.org/10.1016/0003-
2697(76)90527-3. PMid:942051.

CEN-AGUILAR, J.E, RODRIGUEZ-VIVAS, R.I, DOMINGUEZ-ALPIZAR,
J.L.and WAGNER, G.G., 1998. Studies on the effect on infection
by Babesia sp. on oviposition of Boophilus microplus engorged
females naturally infected in the Mexican tropics. Veterinary
Parasitology, vol. 78, no. 4, pp. 253-257. http://dx.doi.org/10.1016/
S0304-4017(98)00148-4. PMid:9786625.

CHAGAS, A.C.D.S., LEITE, R.C., FURLONG, ]., PRATES, H.T. and PASSOS,
W.M,, 2003. Sensibilidade do carrapato Boophilus microplus
a solventes. Ciéncia Rural, vol. 33, no. 1, pp. 109-114. http://
dx.doi.org/10.1590/S0103-84782003000100017.

CHAGAS, A.C.S., PASSOS, M.W.M., PRATES, H.T., LEITE, R.C.,
FURLONG, J. and FORTES, I.C.P,, 2002. Efeito acaricida de oléos
essenciais e concentrados emulsiona veis de Eucalyptus spp.em
Boophilus microplus. Arquivo Brasileiro de Medicina Veterindria
e Zootecnia, vol. 39, pp. 247-253. http://dx.doi.org/10.1590/
$1413-95962002000500006.

CHANG, Y., YANG, D., CHIU, C,, LIN, Y., CHEN, J. and CHEN, Y., 2013.
Antioxidative and anti inflammatory effects of polyphenol-rich
litchi (Litchi chinensis Sonn.)-flower-water extract on livers of

Brazilian Journal of Biology, 2024, vol. 84, e264425


https://doi.org/10.1093/jee/18.2.265a
https://doi.org/10.1016/j.sajb.2016.03.010
https://doi.org/10.1016/S0022-2836(02)01327-X
https://doi.org/10.1016/S0022-2836(02)01327-X
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12547198&dopt=Abstract
https://doi.org/10.4067/S0301-732X2006000200003
https://doi.org/10.4067/S0301-732X2006000200003
https://doi.org/10.1016/j.ecoenv.2012.05.005
https://doi.org/10.1016/j.ecoenv.2012.05.005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22683234&dopt=Abstract
https://doi.org/10.1016/S0965-1748(01)00168-0
https://doi.org/10.1016/S0965-1748(01)00168-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12044498&dopt=Abstract
https://doi.org/10.1016/j.ijpara.2011.11.006
https://doi.org/10.1016/j.ijpara.2011.11.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22178513&dopt=Abstract
https://doi.org/10.1016/j.jep.2011.03.061
https://doi.org/10.1016/j.jep.2011.03.061
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21540102&dopt=Abstract
https://doi.org/10.1016/j.fitote.2007.03.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17498888&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17498888&dopt=Abstract
https://doi.org/10.1006/eesa.1996.0082
https://doi.org/10.1006/eesa.1996.0082
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8930506&dopt=Abstract
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/0003-2697(76)90527-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=942051&dopt=Abstract
https://doi.org/10.1016/S0304-4017(98)00148-4
https://doi.org/10.1016/S0304-4017(98)00148-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9786625&dopt=Abstract
https://doi.org/10.1590/S0103-84782003000100017
https://doi.org/10.1590/S0103-84782003000100017

high-fat-diet fed hamsters. Journal of Functional Foods, vol. 5,
no. 1, pp. 44-52. http://dx.doi.org/10.1016/].jff.2012.08.002.

CHIGURE, G.M., SHARMA, A K., KUMAR, S., FULAR, A., SAGAR, S.V.,
NAGAR, G., UPADHAYA, D., SARAVANAN, B.C., KUMAR, R. and
GHOSH, S., 2018. Role of metabolic enzymes in conferring
resistance to synthetic pyrethroids, organophosphates, and
phenylpyrazole compounds in Rhipicephalus microplus.
International Journal of Acarology, vol. 44, no. 1, pp. 28-34.
http://dx.doi.org/10.1080/01647954.2017.1400588.

CHUNGSAMARNYART, N. and JIWAJINDA, S., 1992. Acaricidal activity
of volatile oil from lemon and citronella grasses on tropical
cattle ticks. Kasetsart Journal: Natural Science Supplement, vol.
26, no. 5, pp. 46-51.

DEBIASI, B.W., RAISER, A.L, DOURADO, S.H.A., TORRES, M.PR.,
ANDRIGHETT], C.R., BONACORS], C., BATTIROLA, L.D., RIBEIRO,
E.B. and VALLADAO, D.M.S., 2021. Phytochemical screening
of Cordia glabrata (MART.) A. DC. extracts and its potential
antioxidant, photoprotective, antimicrobial and antiviral
activities. Brazilian Journal of Biology = Revista Brasileira de
Biologia, vol. 83, pp. e248083. http://dx.doi.org/10.1590/1519-
6984.248083. PMid:34190769.

DEL PUERTO, A., SUAREZ, S. and PALACIO, D., 2014. Effects of
pesticides on health and the environment. Revista Cubana de
Higiene y Epidemiologia, vol. 52, pp. 372-387.

DENHOLM, I. and ROWLAND, M.W., 1992. Tactics for managing
pesticide resistance in Arthropods: theory and practice. Annual
Review of Entomology, vol. 37, no. 1, pp. 91-112. http://dx.doi.
org/10.1146/annurev.en.37.010192.000515. PMid:1539942.

DRUMMOND, R.O., 1976. Tick-borne livestock diseases and their
vectors. 4. Chemical control of ticks. Italia: World Animal
Review, pp. 28-33.

DRUMMOND, R.O., ERNST, S.E., TREVINO, J.L., GLADNEY, W.J. and
GRAHAM, O.H., 1973. Boophilus annulatus and B. microplus:
laboratory tests of insecticides. Journal of Economic Entomology,
vol. 66, no. 1, pp. 130-133. http://dx.doi.org/10.1093/jee/66.1.130.
PMid:4690254.

ELLMAN, G.L., COURTNEY, K.D., ANDRES JUNIOR, V. and
FEATHERSTONE, R.M., 1961. A new and rapid colorimetric
determination of acetylcholinesterase activity. Biochemical
Pharmacology, vol. 7, no. 2, pp. 88-95. http://dx.doi.
0rg/10.1016/0006-2952(61)90145-9. PMid: 13726518.

ESPARZA RENTERIA, ] A. and ESPARZA SEVILLA, E.L., 2015 [viewed
23 May 2022]. Susceptibility of Boophilus microplus (Canestrini,
1887) (Acari: Ixodidae) to seven ixodicides in Nuevo Leon,
Mexico. CIBA Revista Iberoamericana De Las Ciencias Biologicas
y Agropecuarias [online], vol. 4, no. 8, pp. 141-150. Available
from: https://www.ciba.org.mx/index.php/CIBA/article/view/38

FERNANDES, E.F. and FREITAS, E.D.P.S., 2007. Acaricidal activity of
an oleoresinous extract from Copaifera reticulata (Leguminosae:
Caesalpinioideae) against larvae of the southern cattle tick,
Rhipicephalus (Boophilus) microplus (Acari: Ixodidae). Veterinary
Parasitology, vol. 147, no. 1-2, pp. 150-154. http://dx.doi.
org/10.1016/j.vetpar.2007.02.035. PMid:17478043.

FERNANDEZ-SALAS, A., RODRIGUEZ-VIVAS, R. and ALONSO-DIAZ, M.,
2012. First report of a Rhipicephalus microplus tick population
multi-resistant to acaricides and ivermectin in the Mexican
tropics. Veterinary Parasitology, vol. 183, no. 3-4, pp. 338-342.
http://dx.doi.org/10.1016/j.vetpar.2011.07.028. PMid:21824728.

FOIL, L.D., COLEMAN, P, EISLER, M., FRAGOSO-SANCHEZ, H., GARCIA-
VAZQUEZ, Z., GUERRERO, E.D., JONSSON, N.N., LANGSTAFF, 1.G.,
LI, A.Y., MACHILA, N., MILLER, R.J., MORTON, J., PRUETT, J.H.
and TORR, S., MILLER, R.J., MORTON, J., PRUETT, J.H. and TORR,
S., 2004. Factors that influence the prevalence of acaricide

Brazilian Journal of Biology, 2024, vol. 84, e264425

Ixodicidal effect of plant extracts on Rhipicephalus (B.) microplus

resistance and tickborne diseases. Veterinary Parasitology,
vol. 125, no. 1-2, pp. 163-181. http://dx.doi.org/10.1016/j.
vetpar.2004.05.012. PMid: 15476966.

FOOD AGRICULTURE ORGANIZATION OF THE UNITED NATIONS -
FAO, 2004. Resistance management and integrated parasites
control in ruminants/guidelines. In: FOOD AGRICULTURE
ORGANIZATION OF THE UNITED NATIONS - FAO. Module 1-ticks:
acaricide resistance, diagnosis, management and prevention. Rome:
Animal Production and Health Division, Food and Agriculture
Organization, pp. 25-77.

FREITAS, D.R., ROSA, R.M., MORAES, J., CAMPOS, E., LOGULLO, C.,
DA SILVA VAZ JUNIOR, I. and MASUDA, A., 2007. Relationship
between glutathione S-transferase, catalase, oxygen
consumption, lipid peroxidation and oxidative stress in eggs
and larvae of Boophilus microplus (Acari: ixodidae). Comparative
Biochemistry and Physiology, vol. 146, no. 4, pp. 688-694. http://
dx.doi.org/10.1016/j.cbpa.2006.04.032. PMid:16798037.

FULAR, A., GUPTA, S., SHARMA, A.K., KUMAR, S., UPADHAYA, D.,
SHAKYA, M., NAGAR, G. and GHOSH, S..2020. Standardization
of tick specific biochemical tools for estimation of esterases,
monooxygenases and glutathione S-transferase for
characterization of acaricide resistance. Pesticide Biochemistry
and Physiology, vol. 164, pp. 130-139. http://dx.doi.org/10.1016/j.
pestbp.2020.01.008. PMid:32284118.

FULAR, A., SHARMA, A K., KUMAR, S., NAGAR, G., CHIGURE, G., RAY,
D.D. and GHOSH, S., 2018. Establishment of a multi-acaricide
resistant reference tick strain (IVRI-V) of Rhipicephalus microplus.
Ticks and Tick-Borne Diseases, vol. 9, no. 5, pp. 1184-1191. http://
dx.doi.org/10.1016/j.tthdis.2018.04.014. PMid:29730262.

GHOSH, S., GUPTA, S., AJITH KUMAR, K.G., SHARMA, A.K., KUMAR,
S., NAGAR, G., KUMAR, R, PAUL, S., FULAR, A., CHIGURE, G.,
NAND]I, A., MANJUNATHACHAR, H.V.,, MOHAMMAD, A., VERMA,
M.R., SARAVANAN, B.C. and RAY, D., 2017. Characterization and
establishment of a reference deltamethrin and cypermethrin
resistant tick line (IVRI-IV) of Rhipicephalus (Boophilus) microplus.
Pesticide Biochemistry and Physiology, vol. 138, pp. 66-70. http://
dx.doi.org/10.1016/j.pestbp.2017.03.002. PMid:28456306.

GHOSH, S., KUMAR, R., NAGAR, G., KUMAR, S., SHARMA, AK.,
SRIVASTAVA, A., KUMAR, S., AJITH KUMAR, K.G. and SARAVANAN,
B.C.,2015. Survey of acaricides resistance status of Rhipiciphalus
(Boophilus) microplus collected from selected places of Bihar, an
eastern state of India. Ticks and Tick-Borne Diseases, vol. 6, no.
5, pp. 668-675. http://dx.doi.org/10.1016/j.ttbdis.2015.05.013.
PMid:26117183.

GOBBO-NETO, L. and LOPES, N.P., 2007. Plantas medicinais: fatores
de influéncia no contetido de metabdlitos secundarios. Quimica
Nova, vol. 30, no. 2, pp. 374-381. http://dx.doi.org/10.1590/
S0100-40422007000200026.

GODARA, R., PARVEEN, S., KATOCH, R., YADAV, A., VERMA, PK.,
KATOCH, M., KAUR, D., GANAI, A., RAGHUVANSH]I, P. and SINGH,
N.K., 2014. Acaricidal activity of extract of Artemisia absinthium
against Rhipicephalus sanguineus of dogs. Parasitology Research,
vol. 113, no. 2, pp. 747-754. http://dx.doi.org/10.1007/s00436-
013-3704-9. PMid:24288053.

GONZALEZ, CA., CRUZ, J. and ALFARO, R.M.,, 2015. Physiological
response of alligator gar juveniles (Atractosteus spatula)
exposed to sub-lethal doses of pollutants. Fish Physiology
and Biochemistry, vol. 41, no. 4, pp. 1015-1027. http://dx.doi.
0rg/10.1007/s10695-015-0066-5. PMid:25948055.

GUERRERO, E.D. and PRUETT, ].H., 2003. Status and future prospects
for molecular diagnosis of acaricide resistance in Boophilus
microplus. Trends Entomol, vol. 3, pp. 97-103.

GUERRERO, F.D., DAVEY, R.B. and MILLER, RJ., 2001. Use of an allele-
specific polymerase chain reaction assay to genotype pyrethroid

9/11


https://doi.org/10.1016/j.jff.2012.08.002
https://doi.org/10.1080/01647954.2017.1400588
https://doi.org/10.1590/1519-6984.248083
https://doi.org/10.1590/1519-6984.248083
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34190769&dopt=Abstract
https://doi.org/10.1146/annurev.en.37.010192.000515
https://doi.org/10.1146/annurev.en.37.010192.000515
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1539942&dopt=Abstract
https://doi.org/10.1093/jee/66.1.130
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4690254&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4690254&dopt=Abstract
https://doi.org/10.1016/0006-2952(61)90145-9
https://doi.org/10.1016/0006-2952(61)90145-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=13726518&dopt=Abstract
https://doi.org/10.1016/j.vetpar.2007.02.035
https://doi.org/10.1016/j.vetpar.2007.02.035
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17478043&dopt=Abstract
https://doi.org/10.1016/j.vetpar.2011.07.028
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21824728&dopt=Abstract
https://doi.org/10.1016/j.vetpar.2004.05.012
https://doi.org/10.1016/j.vetpar.2004.05.012
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15476966&dopt=Abstract
https://doi.org/10.1016/j.cbpa.2006.04.032
https://doi.org/10.1016/j.cbpa.2006.04.032
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16798037&dopt=Abstract
https://doi.org/10.1016/j.pestbp.2020.01.008
https://doi.org/10.1016/j.pestbp.2020.01.008
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32284118&dopt=Abstract
https://doi.org/10.1016/j.ttbdis.2018.04.014
https://doi.org/10.1016/j.ttbdis.2018.04.014
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29730262&dopt=Abstract
https://doi.org/10.1016/j.pestbp.2017.03.002
https://doi.org/10.1016/j.pestbp.2017.03.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28456306&dopt=Abstract
https://doi.org/10.1016/j.ttbdis.2015.05.013
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26117183&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26117183&dopt=Abstract
https://doi.org/10.1590/S0100-40422007000200026
https://doi.org/10.1590/S0100-40422007000200026
https://doi.org/10.1007/s00436-013-3704-9
https://doi.org/10.1007/s00436-013-3704-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24288053&dopt=Abstract
https://doi.org/10.1007/s10695-015-0066-5
https://doi.org/10.1007/s10695-015-0066-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25948055&dopt=Abstract

Garcia-Ponce, R. et al.

resistant strains of Boophilus microplus (Acari: ixodidae). Journal
of Medical Entomology, vol. 38, no. 1, pp. 44-50. http://dx.doi.
org/10.1603/0022-2585-38.1.44. PMid: 11268690.

GUPTA, S., AJITH KUMAR, K.G., SHARMA, A.K., NAGAR, G., KUMAR,
S., SARAVANAN, B.C., RAVIKUMAR, G. and GHOSH, S., 2016.
Esterase mediated resistance in deltamethrin resistant reference
tick colony of Rhipicephalus (Boophilus) microplus. Experimental
& Applied Acarology, vol. 69, no. 2, pp. 239-248. http://dx.doi.
org/10.1007/s10493-016-0032-7. PMid:26979585.

HERNANDEZ, R., HE, H., CHEN, A.C., WAGHELA, S.D., IVIE, G.W.,
GEORGE, J.E. and WAGNER, G.G., 2000. Identification of a point
mutation in an esterase gene in different populations of the
southern cattle tick, Boophilus microplus. Insect Biochemistry
and Molecular Biology, vol. 30, no. 10, pp. 969-977. http://
dx.doi.org/10.1016/S0965-1748(00)00069-2. PMid:10899463.

IBRAHIM, S.R. and MOHAMED, G.A., 2015. Litchi chinensis:
medicinal uses, phytochemistry, and pharmacology. Journal
of Ethnopharmacology, vol. 174, pp. 492-513. http://dx.doi.
org/10.1016/j.jep.2015.08.054. PMid:26342518.

JING, Y., HUANG, L., LV, W., TONG, H., SONG, L., HU, X. and YU, R., 2014.
Structural characterization of a novel polysaccharide from pulp
tissues of Litchi chinensis and its immunomodulatory activity.
Journal of Agricultural and Food Chemistry, vol. 62, no. 4, pp.
902-911. http://dx.doi.org/10.1021/jf404752c. PMid:24320227.

JONSSON, N.N., 1997. Control of cattle ticks (Boophilus microplus) on
Queensland dairy farms. Australian Veterinary Journal, vol. 75,
no. 11, pp. 802-807. http://dx.doi.org/10.1111/j.1751-0813.1997.
tb15657.x. PMid:9404613.

KETTERMAN, A.J., PROMMEENATE, P., BOONCHAUY, C., CHANAMA,
U., LEETACHEWA, S., PROMTET, N. and PRAPANTHADARA,
L., 2001. Single amino acid changes outside the active site
significantly affect activity of glutathione S-transferases. Insect
Biochemistry and Molecular Biology, vol. 31, no. 1, pp. 65-74. http://
dx.doi.org/10.1016/S0965-1748(00)00106-5. PMid:11102836.

LI, AY., PRUETT, ].H., DAVEY, R.B. and GEORGE, ].E., 2005. Toxicological
and biochemical characterization of coumaphos resistance in
the San Roman strain of Boophilus microplus (Acari, [xodidae).
Pesticide Biochemistry and Physiology, vol. 81, no. 3, pp. 145-153.
http://dx.doi.org/10.1016/j.pestbp.2004.12.002.

LIN, Y.C., CHANG, J.C., CHENG, S.Y., WANG, C.M,, JHAN, Y.L, LO, LW.,
HSU, Y.M., LIAW, C.C., HWANG, C.C. and CHOU, C.H., 2015. New
bioactive chromanes from Litchi chinensis. Journal of Agricultural
and Food Chemistry, vol. 63, no. 9, pp. 2472-2478. http://dx.doi.
0rg/10.1021/jf5056387. PMid:25694129.

LOPES-LUTZ, D., ALVIANO, D., ALVIANO, C. and KOLODZIEJCZYK, P.,
2008. Screening of chemical composition, antimicrobial and
antioxidant activities of Artemisia essential oils. Phytochemistry,
vol. 69, no. 8, pp. 1732-1738. http://dx.doi.org/10.1016/].
phytochem.2008.02.014. PMid:18417176.

MARIN]J, G., GRAIKOU, K., ZENGIN, G., KARIKAS, G.A., GUPTA, M.P.
and CHINOU, 1., 2018. Phytochemical analysis and biological
evaluation of three selected Cordia species from Panama.
Industrial Crops and Products, vol. 120, pp. 84-89. http://dx.doi.
org/10.1016/j.indcrop.2018.04.037.

MARTINS, R.M. and GONZALEZ, FH.D., 2007. Uso del aceite
de citronela de Java (Cymbopogon winterianus Jowitt)
(Panicoidideae) como acaricida frente a la garrapata Boophilus
microplus Canestrini (Acari: ixodidae). Revista Brasileira de
Plantas Medicinais, vol. 9, no. 4, pp. 1-8.

MATIAS, E.E.E., ALVES, E.F., DO NASCIMENTO SILVA, M.K., DE
ALENCAR CARVALHO, V.R., COUTINHO, H.D.M. and DA COSTA,
J.G.M., 2015. The genus Cordia: botanists, ethno, chemical and
pharmacological aspects. Revista Brasileira de Farmacognosia,

10/11

vol. 25, no. 5, pp. 542-552. http://dx.doi.org/10.1016/].
bjp.2015.05.012.

MONTEIRO, C.M., DAEMON, E., CLEMENTE, M.A., ROSA, L.S. and
MATURANO, R., 2009. Acaricidal efficacy of thymol on engorged
nymphs and females of Rhipicephalus sanguineus (Latreille
1808) (Acari: ixodidae). Parasitology Research, vol. 105, no. 4,
pp. 1093-1097. http://dx.doi.org/10.1007/s00436-009-1530-x.
PMid:19562380.

MOSS, D.W., 1992. Perspectives in alkaline phosphatase research.
Clinical Chemistry, vol. 38, no. 12, pp. 2486-2492. http://dx.doi.
org/10.1093/clinchem/38.12.2486. PMid: 1458591.

MULLA, M.S. and SU, T., 1999. Activity and biological effects of
neem products against arthropods of medical and veterinary
importance. Journal of the American Mosquito Control Association,
vol. 15, no. 2, pp. 133-152. PMid:10412110.

NANDI, A., JYOTL, SINGH, H. and SINGH, N.K., 2015. Esterase and
glutathione-S-transferase levels associated with synthetic
pyrethroid resistance in Hyalomma anatolicum and Rhipicephalus
microplus ticks from Punjab, India. Experimental & Applied
Acarology, vol. 66, no. 1, pp. 141-157. http://dx.doi.org/10.1007/
510493-015-9884-5. PMid:25652614.

NERI, S., 2018. Situacién actual de la resistencia de la garrapata
Boophilus Microplus hacia los ixodicidas en México. In Curso de
capacitacion para la inspeccion de ganado y control de la garrapata
(Boophilus spp.) para la movilizacién nacional y exportacion, 19-
21 septiembre 2018, Piedras Negras, Coahuila, México. México:
Departamento de Ectoparasitos y Dipteros, Centro Nacional de
Servicios de Constatacion en Salud Animal (CENAPA), pp. 52.

NIMMANPIPUG, P, LEE, V.S., WOLSCHANN, P. and HANNONGBUA, S.,
2009. Litchi chinensis-derived terpenoid as anti-HIV-1 protease
agent: structural design from molecular dynamics simulations.
Molecular Simulation, vol. 35, no. 8, pp. 673-680. http://dx.doi.
org/10.1080/08927020802714841.

OFFICIAL MEXICAN STANDARD - NOM, 1994. NOM-006-Z00-1993:
biological effectiveness requirements for ixodicides for use in cattle
and test method. Mexico DF: Official Gazette of the Federation.

OLIVEIRA, A.K.M., OLIVEIRA, N.A., RESENDE, U.M. and MARTINS,
P.FR.B., 2011. Ethnobotany and traditional medicine of the
inhabitants of the Pantanal Negro sub-region and the raizeiros
of Miranda and Aquidauna, Mato Grosso do Sul, Brazil. Brazilian
Journal of Biology = Revista Brasileira de Biologia, vol. 71, no.
1, suppl. 1, pp. 283-289. http://dx.doi.org/10.1590/S1519-
69842011000200007. PMid:21537601.

PIO, I.D.S.L., LAVOR, A.L., DAMASCENO, C.M.D., MENEZES, P.M.N.,
SILVA, ES. and MAIA, G.L.A., 2019. Traditional knowledge and
uses of medicinal plants by the inhabitants of the islands of
the Sdo Francisco river, Brazil and preliminary analysis of
Rhaphiodon echinus (Lamiaceae). Brazilian Journal of Biology =
Revista Brasileira de Biologia, vol. 79, no. 1, pp. 87-99. http://
dx.doi.org/10.1590/1519-6984.177447. PMid:29694558.

PRIETO-GONZALEZ, S., GARRIDO-GARRIDO, G., GONZALEZ-LAVAUT,
J. and MOLINA-TORRES, ]., 2004. Actualidad de la Medicina
Tradicional Herbolaria. Revision analitica. Revista CENIC Ciencias
Bioldgicas, vol. 35, no. 1, pp. 19-36.

RAN, C., CHEN, Y. and WANG, ].-J., 2009. Susceptibility and
carboxylesterase activity of five field populations of Panonychus
citri (Mcgregor) (Acari: Tetranychidae) to four acaricides.
International Journal of Acarology, vol. 35, no. 2, pp. 115-121.
http://dx.doi.org/10.1080/01647950902917593.

RODRIGUEZ-VIVAS, R.L, GRISI, L., PEREZ DE LEON, A.A., SILVA
VILLELA, H., TORRES-ACOSTA, ].E]., FRAGOSO SANCHEZ, H.,
ROMERO SALAS, D., ROSARIO CRUZ, R., SALDIERNA, F. and
GARCIA CARRASCO, D., 2017. Potential economic impact

Brazilian Journal of Biology, 2024, vol. 84, e264425


https://doi.org/10.1603/0022-2585-38.1.44
https://doi.org/10.1603/0022-2585-38.1.44
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11268690&dopt=Abstract
https://doi.org/10.1007/s10493-016-0032-7
https://doi.org/10.1007/s10493-016-0032-7
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26979585&dopt=Abstract
https://doi.org/10.1016/S0965-1748(00)00069-2
https://doi.org/10.1016/S0965-1748(00)00069-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10899463&dopt=Abstract
https://doi.org/10.1016/j.jep.2015.08.054
https://doi.org/10.1016/j.jep.2015.08.054
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26342518&dopt=Abstract
https://doi.org/10.1021/jf404752c
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24320227&dopt=Abstract
https://doi.org/10.1111/j.1751-0813.1997.tb15657.x
https://doi.org/10.1111/j.1751-0813.1997.tb15657.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9404613&dopt=Abstract
https://doi.org/10.1016/S0965-1748(00)00106-5
https://doi.org/10.1016/S0965-1748(00)00106-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11102836&dopt=Abstract
https://doi.org/10.1016/j.pestbp.2004.12.002
https://doi.org/10.1021/jf5056387
https://doi.org/10.1021/jf5056387
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25694129&dopt=Abstract
https://doi.org/10.1016/j.phytochem.2008.02.014
https://doi.org/10.1016/j.phytochem.2008.02.014
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18417176&dopt=Abstract
https://doi.org/10.1016/j.indcrop.2018.04.037
https://doi.org/10.1016/j.indcrop.2018.04.037
https://doi.org/10.1016/j.bjp.2015.05.012
https://doi.org/10.1016/j.bjp.2015.05.012
https://doi.org/10.1007/s00436-009-1530-x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19562380&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19562380&dopt=Abstract
https://doi.org/10.1093/clinchem/38.12.2486
https://doi.org/10.1093/clinchem/38.12.2486
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1458591&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10412110&dopt=Abstract
https://doi.org/10.1007/s10493-015-9884-5
https://doi.org/10.1007/s10493-015-9884-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25652614&dopt=Abstract
https://doi.org/10.1080/08927020802714841
https://doi.org/10.1080/08927020802714841
https://doi.org/10.1590/S1519-69842011000200007
https://doi.org/10.1590/S1519-69842011000200007
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21537601&dopt=Abstract
https://doi.org/10.1590/1519-6984.177447
https://doi.org/10.1590/1519-6984.177447
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29694558&dopt=Abstract
https://doi.org/10.1080/01647950902917593

assessment for cattle parasites in Mexico. Revista Mexicana
de Ciencias Pecuarias, vol. 8, no. 1, pp. 61-74. http://dx.doi.
org/10.22319/rmcp.v8i1.4305.

RODRIGUEZ-VIVAS, R.I, MATA-MENDEZ, Y., PEREZ-GUTIERREZ,
E. and WAGNER, G., 2004. The effect of management factors
on the seroprevalence of Anaplasma marginale in Bos indicus
cattle in the Mexican tropics. Tropical Animal Health and
Production, vol. 36, no. 2, pp. 135-143. http://dx.doi.org/10.1023/
B:TROP.0000012105.19518.80. PMid:14998312.

RODRIGUEZ-VIVAS, R.I., RIVAS, A.L., CHOWELL, G., FRAGOSO,
S.H., ROSARIO, C.R., GARCIA, Z., SMITH, S.D., WILLIAMS, ].J.
and SCHWAGER, S.J., 2007. Spatial distribution of acaricide
profiles (Boophilus microplus strains susceptible or resistant
to acaricides) in southeastern Mexico. Veterinary Parasitology,
vol. 146, no. 1-2, pp. 158-169. http://dx.doi.org/10.1016/j.
vetpar.2007.01.016. PMid:17349747.

RODRIGUEZ-VIVAS, R.L, TREES, A.J., ROSADO-AGUILAR, J.A.,
VILLEGAS-PEREZ, S.L. and HODGKINSON, J.E., 2011. Evolution
of acaricide resistance: phenotypic and genotypic changes
in field populations of Rhipicephalus (Boophilus) microplus
in response to pyrethroid selection pressure. International
Journal for Parasitology, vol. 41, no. 8, pp. 895-903. http://dx.doi.
org/10.1016/j.ijpara.2011.03.012. PMid:21570981.

SAID FERNANDEZ, S., RAMOS GUERRA, M.C., MATA CARDENAS,
B.D., VARGAS VILLARREAL, ]. and VILLARREAL TREVINO, L.,
2005. In vitro antiprotozoal activity of the leaves of Artemisia
ludoviciana. Fitoterapia, vol. 76, no. 5, pp. 466-468. http://dx.doi.
org/10.1016/j.fitote.2005.04.009. PMid: 15975735.

SALAZAR-ARANDA, R., PEREZ-LOPEZ, L.A., LOPEZ-ARROYO, ].,
ALANIS-GARZA, B.A. and WAKSMANDE TORRES, N., 2011.
Antimicrobial and antioxidant activities of plants from north-
east of Mexico. Evidence-Based Complementary and Alternative
Medicine, vol. 2011, pp. 536139. http://dx.doi.org/10.1093/ecam/
nep127. PMid:19770266.

SHARMA, A., FLORES-VALLEJO, R., CARDOSO-TAKETA, A. and
VILLARREAL, M., 2017. Antibacterial activities of medicinal
plants used in Mexican traditional medicine. Journal of
Ethnopharmacology, vol. 208, pp. 264-329. http://dx.doi.
org/10.1016/j.jep.2016.04.045. PMid:27155134.

SHAW, R.D., 1966. Culture of an organophosphorus-resistant strain
of Boophilus microplus (Can.) and an assessment of its resistance
spectrum. Bulletin of Entomological Research, vol. 56, no. 3,
pp. 389-405. http://dx.doi.org/10.1017/S0007485300056480.
PMid:5945563.

SOUZA, G.R., OLIVEIRA-JUNIOR, R.G.D., DINIZ, T.C., BRANCO,
A., LIMA-SARAIVA, S.R.G., GUIMARAES, A.L, OLIVEIRA, A.P,
PACHECO, A.G.M,, SILVA, M.G., MORAES-FILHO, M.O., COSTA,
M.P,, PESSOA, C.0. and ALMEIDA, J.R.G.D.S., 2018. Assessment
of the antibacterial, cytotoxic and antioxidant activities of
Morus nigra L. (Moraceae). Brazilian Journal of Biology = Revista
Brasileira de Biologia, vol. 78, no. 2, pp. 248-254. http://dx.doi.
org/10.1590/1519-6984.05316. PMid:28832831.

STONE, B.F. and HAYDOCK, P., 1962. A method for measuring the
acaricides susceptibility of the cattle tick Boophilus microplus
(Can.). Bulletin of Entomological Research, vol. 53, no. 3, pp.
563-578. http://dx.doi.org/10.1017/S000748530004832X.

Brazilian Journal of Biology, 2024, vol. 84, e264425

Ixodicidal effect of plant extracts on Rhipicephalus (B.) microplus

SUNG, Y.Y., YANG, W.K. and KIM, H.K., 2012. Antiplatelet,
anticoagulant and fibrinolytic effects of Litchi chinensis Sonn.
extract. Molecular Medicine Reports, vol. 5, no. 3, pp. 721-724.
http://dx.doi.org/10.3892/mmr.2011.735. PMid:22200762.

TEMEYER, K.B., OLAFSON, P.U., BRAKE, D.K., TUCKOW, A.P,, LI,
A.. and PEREZ DE LEON, A.A., 2013. Acetylcholinesterase of
Rhipicephalus (Boophilus) microplus and Phlebotomus papatasi:
gene identification, expression, and biochemical properties of
recombinant proteins. Pesticide Biochemistry and Physiology,
vol. 106, no. 3, pp. 118-123. http://dx.doi.org/10.1016/j.
pestbp.2013.01.005.

VILLARINO, M.A., WAGHELA, S.D. and WAGNER, G.G., 2003.
Biochemical detection of esterases in the adult female
integument of organophosphate resistant Boophilus microplus
(Acari Ixodidae). Journal of Medical Entomology, vol. 40, no.
1, pp. 52-57. http://dx.doi.org/10.1603/0022-2585-40.1.52.
PMid:12597652.

VIVEROS-VALDEZ, E., JARAMILLO-MORA, C., ORANDAY-CARDENAS,
A., MORDN-MARTINEZ, J. and CARRANZA-ROSALES, P, 2016.
Antioxidant, cytotoxic and alpha-glucosidase inhibition activities
from the Mexican berry “Anacahuita” (Cordia boissieri). Archivos
Latinoamericanos de Nutricion, vol. 66, no. 3, pp. 211-218.
PMid:29870608.

VLAHOVIC, M., LAZAREVIC, J., PERIC-MATARUGA, V., ILIJIN, L. and
MRDAKOVIC, M., 2009. Plastic responses of larval massand
alkaline phosphatase to cadmium in the gypsy moth larvae.
Ecotoxicology and Environmental Safety, vol. 72, no. 4, pp.
1148-1155. http://dx.doi.org/10.1016/j.ecoenv.2008.03.012.
PMid:18472163.

WEI, S.H., CLARK, A.G. and SYVANEN, M., 2001. Identification
and cloning of a key insecticide-metabolizing glutathione
S-transferase (MdGST-6A) from a hyperinsecticide-resistant
strain of the housefly Musca domestica. Insect Biochemistry
and Molecular Biology, vol. 31, no. 12, pp. 1145-1153. http://
dx.doi.org/10.1016/S0965-1748(01)00059-5. PMid: 11583927.

WEN, L., WU, D, JIANG, Y., PRASAD, K.N,, LIN, S., JIANG, G., HE,
J., ZHAO, M., LUO, W. and YANG, B., 2014. Identification of
flavonoids in litchi (Litchi chinensis Sonn.) leaf and evaluation
of anticancer activities. Journal of Functional Foods, vol. 6, pp.
555-563. http://dx.doi.org/10.1016/].jff.2013.11.022.

YAMANISHI, R., YOSHIGAI, E., OKUYAMA, T., MORI, M., MURASE,
H., MACHIDA, T., OKUMURA, T. and NISHIZAWA, M., 2014. The
Anti-inflammatory effects of flavanol-rich lychee fruit extract
in rat hepatocytes. PloS One, vol. 9, no. 4, pp. 81-93. http://
dx.doi.org/10.1371/journal.pone.0093818. PMid:24705335.

YANG, D. ]., CHANG, Y.Z., CHEN, Y.C,, LIU, S.C., HSU, C.H. and LIN,
J.T,, 2012. Antioxidant effect and active components of litchi
(Litchi chinensis Sonn.) flower. Food and Chemical Toxicology,
vol. 50, no. 9, pp. 3056-3061. http://dx.doi.org/10.1016/].
fct.2012.06.011. PMid:22721981.

ZAVALA-SANCHEZ, M., PEREZ-GUTIERREZ, S., PEREZ-GONZALEZ,
C., DAVID SANCHEZ-SALDIVAR, D. and ARIAS-GARCIA,
L., 2002. Antidiarrhoeal activity of nonanal, an aldehyde
isolated from Artemisia ludoviciana. Journal Pharmaceutical
Biology, vol. 40, no. 4, pp. 263-268. http://dx.doi.org/10.1076/
phbi.40.4.263.8465.

1111


https://doi.org/10.22319/rmcp.v8i1.4305
https://doi.org/10.22319/rmcp.v8i1.4305
https://doi.org/10.1023/B:TROP.0000012105.19518.80
https://doi.org/10.1023/B:TROP.0000012105.19518.80
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14998312&dopt=Abstract
https://doi.org/10.1016/j.vetpar.2007.01.016
https://doi.org/10.1016/j.vetpar.2007.01.016
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17349747&dopt=Abstract
https://doi.org/10.1016/j.ijpara.2011.03.012
https://doi.org/10.1016/j.ijpara.2011.03.012
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21570981&dopt=Abstract
https://doi.org/10.1016/j.fitote.2005.04.009
https://doi.org/10.1016/j.fitote.2005.04.009
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15975735&dopt=Abstract
https://doi.org/10.1093/ecam/nep127
https://doi.org/10.1093/ecam/nep127
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19770266&dopt=Abstract
https://doi.org/10.1016/j.jep.2016.04.045
https://doi.org/10.1016/j.jep.2016.04.045
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27155134&dopt=Abstract
https://doi.org/10.1017/S0007485300056480
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=5945563&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=5945563&dopt=Abstract
https://doi.org/10.1590/1519-6984.05316
https://doi.org/10.1590/1519-6984.05316
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28832831&dopt=Abstract
https://doi.org/10.1017/S000748530004832X
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22200762&dopt=Abstract
https://doi.org/10.1016/j.pestbp.2013.01.005
https://doi.org/10.1016/j.pestbp.2013.01.005
https://doi.org/10.1603/0022-2585-40.1.52
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12597652&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12597652&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29870608&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29870608&dopt=Abstract
https://doi.org/10.1016/j.ecoenv.2008.03.012
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18472163&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18472163&dopt=Abstract
https://doi.org/10.1016/S0965-1748(01)00059-5
https://doi.org/10.1016/S0965-1748(01)00059-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11583927&dopt=Abstract
https://doi.org/10.1016/j.jff.2013.11.022
https://doi.org/10.1371/journal.pone.0093818
https://doi.org/10.1371/journal.pone.0093818
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24705335&dopt=Abstract
https://doi.org/10.1016/j.fct.2012.06.011
https://doi.org/10.1016/j.fct.2012.06.011
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22721981&dopt=Abstract
https://doi.org/10.1076/phbi.40.4.263.8465
https://doi.org/10.1076/phbi.40.4.263.8465

