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ABSTRACT: Rhipicephalus (Boophilus) microplus, is a major economic problem to the livestock industry, particularly as
this ectoparasite is becoming resistant to conventional pesticides. Plant extracts, such as those obtained from species of
the Piperaceae family, have been used as a natural alternative to control ectoparasites. This study aimed to evaluate the
acaricidal and larvicidal action of Piper rivinoides extract. In the adult immersion test (AIT), P rivinoides extract was tested
at concentrations of 5-50 mg/mL, while for the LPT the extract was tested at concentrations of 0.09-50 mg/mL, and in
the ex situ test in an open environment, the P rivinoides extract was tested at a concentration of 6.12 mg/mlL, using as a
positive control a solution containing 150 ng/mL of cypermethrin, 250 pug/mL of chlorpyrifos and 10 pg/mL of citronellal,
and 2% ethanolic aqueous solution was used as a negative control. Data were analyzed with the Tukey test using one-way
analysis of variance (ANOVA) and the lethal concentrations were calculated by Probit analysis. The P rivinoides extract in
LPT eliminated 100% of larvae at 50 mg/mL after 24 h at 27-28°C. The extract was also effective at the same concentration,
killing 100% of engorged female ticks in AIT. Furthermore, in an open environment under semi-natural conditions ex situ,
the P rivinoides extract (6.12 mg/mL) had 73.79% efliciency against cattle tick larvae. These results demonstrate the potential
acaricidal activity of P rivinoides extract, presenting as a potential natural alternative to combat ectoparasites.
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RESUMO: Rbipicephalus (Boophilus) microplus, é um grande problema econdmico para a inddstria pecudria, particularmente
porque esse ectoparasita estd se tornando resistente a pesticidas convencionais. Extratos vegetais, como os obtidos de espé-
cies da familia Piperaceae, tém sido usados como uma alternativa natural para controlar ectoparasitas. Este estudo teve como
objetivo avaliar a agao acaricida e larvicida do extrato de Piper rivinoides. No teste de imersio em adultos (TTA), o extrato de
P, rivinoides foi testado nas concentragées de 5-50 mg/mL, enquanto para o LPT o extrato foi testado nas concentrages de
0,09-50 mg/mL, e no teste ex situ em ambiente aberto, o extrato de P rivinoides foi testado na concentragio de 6,12 mg/mlL,
utilizando como controle positivo uma solugao contendo 150 pg/mL de cipermetrina, 250 ng/mL de clorpirifés e 10 pg/mL
de citronelal, e solugdo aquosa etandlica 2% foi utilizada como controle negativo. Os dados foram analisados pelo teste de
Tukey usando andlise de varidncia (ANOVA) unidirecional e as concentragées letais (CLs) foram calculadas pela andlise de
Probit. O extrato de P rivinoides em LPT eliminou 100% das larvas a 50 mg/mL apés 24 h a 27-28°C. O extrato também
foi eficaz na mesma concentragao, matando 100% das teledginas no teste AIT. Além disso, em ambiente aberto sob condi¢oes
seminaturais ex situ, o extrato de P rivinoides (6,12 mg/mL) teve 73,79% de eficiéncia contra larvas de carrapatos bovinos.
Esses resultados demonstram a potencial atividade acaricida do extrato de P rivinoides, apresentando-se como um potencial
alternativa natural para combater ectoparasitas.

PALAVRAS-CHAVE: larvicida; carrapatos; extrato vegetal; Piperaceae; parasita bovino.
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Effect of Piper rivinoides extract on the control of Rhipicephalus (Boophilus) microplus

INTRODUCTION

Ectoparasitoses cause great damage to livestock worldwide,
and ticks of the species Rhipicephalus (Boophilus) microplus
(Canestrini, 1887) (Acari: Ixodidae) are considered one of the
major problems for the agricultural sector (Paixao ez al., 2021).
Negative economic impacts in the order of US$ 30 billion each
year have been attributed to this tick (Lew-Tabor; Valle, 2016),
comprising both productivity losses and expenses related to ani-
mal treatment (Cella ez 2/., 2023; Kumar; Rayulu; Kumar, 2017).

Traditional acaricides, synthetic formulas of pyrethroids
and organophosphates, when managed inadequately, result in
ineffectiveness in controlling these ectoparasites and resistance
(Raynal ez al., 2020; Garcia-Ponce ez al., 2023). With the
emergence of ticks resistant to conventional chemical formu-
las, the interval between treatments is often shortened and
higher dosages are required. However, as these compounds
are associated with environmental toxicity, concerns have been
raised globally (Rosado-Aguilar ez 4/., 2010).

The cattle production chain has sought innovations for
the strategic control of these ticks (Andreotti; Garcia; Koller,
2019). With animal and environmental safety at the forefront,
natural products have been considered viable alternatives to
replace traditional acaricides and insecticides (Medeiros ez 4/.,
2019; Bortolucci ez al., 2019). Research into the prospect-
ing of plants with bioactive properties for use in One Health
approaches to address this issue has grown, particularly regard-
ing to the number of studies exploring products obtained from
the secondary metabolism of plants (Marchesini ez 4/., 2020).

Among the numerous plant species in Brazil with thera-
peutic potential, those of the Piper genus stand out. Species of
this genus are aromatic plants widely used in cooking (Salehi
et al., 2019), and essential oils (EOs) and plant extracts con-
taining secondary metabolites can be extracted from all plant
organs. Secondary metabolites obtained from Piper spp. have
already demonstrated biological properties that include anti-
inflammatory (Silva et 4/., 2008; Duan ez 4l., 2022), leish-
manicidal (Vendrametto et 4/., 2010), antioxidant (Abrahim;
Kanthimathi; Abdul-Aziz, 2012), and trypanocidal activities
(Veiga-Santos ez al., 2013).

Piper rivinoides, the target species of this studyand popu-
larly known as pariparoba, is an invasive plant that is endemic
to Brazil and is distributed throughout the national territory
(Queiroz; Barros; Guimaraes, 2020). Recent studies have
shown that the predominant compounds of P rivinoides EO
are Oi-pinene, -pinene, and limonene, and that the EO has
significant cytotoxic effects (Fonseca ez al., 2021; Machado
et al., 2022), and fungicidal (Leal e 4/., 2019), bactericidal,
and protozoacidal activities (Bernuci ez a/., 2016). Despite the
numerous biological activities associated with this species, to
date, the insecticidal action of the EO or extracts on cattle ticks
has not been investigated. Thus, this study aimed to evaluate
the acaricidal effect of the P rivinoides extract on engorged
females and larvae of R. (B.) microplus.

MATERIAL AND METHODS

Plant material

Leaves of P rivinoides were collected in April 2014 in Antonina,
Parand, Brazil (25°25° 44” S, 48° 42’ 43” W). One specimen
was authenticated and deposited at the Botanical Museum of
Curitiba under registration number 396414.

Preparation of extracts

The preparation of extracts was carried out at the Natural
Products and Biotechnology Research Laboratory at the State
University of Maring4, Maring, Parand State, Brazil. The leaves
were dried in an air-circulating oven (Quimis Aparelhos
Cientificos) at a temperature of 40°C and then pulverized in
a knife mill (Usiram Indtstria Comércio). The P rivinoides
leaf powder (100 g) was submitted to extraction in a Soxhlet
apparatus for 6 h using dichloromethane as the extraction sol-
vent, which was then concentrated under reduced pressure in
a rotary evaporator at 40°C (IKARV 10 Basic®) to give the 2
rivinoides crude extract (PrCe). The PrCe was stored under
refrigeration at 4°C until use.

Tick preparation

Engorged females of R.(B.) microplus were collected from
naturally infested cattle from a private dairy in Pérola, Parand
State, Brazil. The collection was carried out manually during
routine milking activities, and the ticks were donated to the
Natural Products and Biotechnology Research Laboratory at
the State University of Maringd, in Maring4, Parand State,
Brazil. Animals had not been submitted to any chemical acar-
icidal treatment for at least 45 days prior to tick collection.

Adult immersion test (AIT)

The experiment was carried out at the Natural Products and
Biotechnology Research Laboratory at the State University of
Maring4, Maringd, Parand State, Brazil. For each PrCe con-
centration (5-50 mg/mL), 15 female ticks were used (divided
into three groups of five) with homogeneous weights (-0.20 g).
Each group was immersed in the extract for 5 min (Medeiros
et al., 2019), then the engorged females were placed in Petri
dishes and incubated at 27-28°C and 70-80% relative humidity
(RH) for 2 weeks. This step was to assess whether the extract
was effective in causing the mortality of females (mortality
rate %), as well as to determine the effect on egg laying (ovi-
position). The eggs from each engorged female were weighed
and placed in a test tube to hatch under the same temperature
and humidity conditions. At this stage, the influence of the
PrCe on egg hatchability was determined. The negative con-
trol consisted of the 2% ethanolic aqueous solution.
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From the data obtained (tick mass, egg mass, and hatching
rate), the reproductive efficiency (RE) and product efficiency
(PE) were determined and calculated according to equations
1 and 2 (Medeiros et al., 2019).

_eggmass (g) X hatchrate (%) x 20,000 (1)

RE Mass of ticks (g)

Where, 20,000 is the estimated number of larvae in 1g
of eggs (Medeiros ez al., 2019)

PE = RE of the negative control group — RE of the treated group x 100 (2)
- RE of the negative control group

Larvicidal activity in vitro by
the larval packet test (LPT)

The experiment was carried out at the Natural Products and
Biotechnology Research Laboratory at the State University
of Maringd, Maringd, Parand State, Brazil. The LPT method
recommended by the Food and Agriculture Organization
(FAO) (Stone; Haydock, 1962) was used with some modi-
fications. For the larval immersion test, larvae aged 14 to
21 days were used, coming from engorged females collected
from cattle. Groups of 100 larvae were placed in dry filter
paper packets (2x2 cm). The PrCe was diluted in aqueous
solution with 2% ethanol (0.09-50 mg/mL). A positive con-
trol (PC) was prepared containing 150 pg/mL of cyperme-
thrin, 250 pg/mL of chlorpyrifos, and 10 pg/mL of citro-
nellal. The negative control consisted of the 2% ethanolic
aqueous solution.

Each packet was moistened with 100 UL of the PrCe and
positive and negative controls. Packets were then incubated
at 27-28°C and 85-95% RH, in the dark for 24 h. After this,
the packets were opened, and the number of live and dead
larvae was counted. All tests were performed in triplicate and
larvae mortality was determined as the following Mortality
% = (dead larvae x 100) / (total larvae) (Leite ez /., 1995).
The lethal concentrations for 50% (LC, ) and 99% (LC,) of

the larvae were calculated.

Acaricidal activity ex situ
in an open environment

The acaricidal activity of the PrCe in an open environment
ex situ was determined using the method described by Aratjo
et al. (2015), with modifications. Eggs laid by non-treated
engorged females (40 mg) were weighed and added to test tubes
to hatch into larvae. For ex situ testing,40-cm high Brachiaria
decumbens plants were placed in pots. The pots were placed in
arow, 50 cm apart from each other, so that they were exposed
to sunlight and the variations in temperature and humidity of
the open environment. The species B. decumbens was chosen
for the experimental model due to its robustness, adaptation

to various soils, and extensive use in similar studies.

The test tubes containing larvae were placed at the base
of the grass plants in each pot. After 24 h, the larval migra-
tion up the B. decumbens plants was observed, and 10 mL of
the PrCe (at the LC,, concentration) was distributed over the
location where the larvae had agglomerated.

On the third day, the plants were cut and placed in Petri
dishes to count the living larvae. The larvae without mobility
or did not respond to stimuli were considered dead. The PC
and NC were the same as those used in the LPT, and all tests
were performed in triplicate.

The number of living larvae found in the treated groups
was compared to that of the NC. The treatment efficacy was
calculated using the following formula: Efficacy (%) = (A-B
x 100)/A, according to Bittencourt ez al., (2003). Where, A
is the average number of larvae in the NC, and B is the aver-
age number of larvae in the treated group.

Statistical analysis

The data were submitted to analysis of variance (ANOVA)
and differences among the group averages were determined
by Tukey’s test at a 5% significance level. The LC, and LC,,
values and their respective 95% confidence intervals (CI) were
calculated by probit analysis.

RESULTS AND DISCUSSIONS

Several species of the Piper genus have been investigated for
their different biologicalactivities: antibacterial, antifungal,
anthelmintic, and leishmanicidal (Vendrametto ez 4/., 2010;
Bernuci ez al., 2016; Tharmalingam ez al., 2014; Campelo
et al., 2018). Piperlongumine (or piplartine), an amide
alkaloid, stands out as one of the isolated compounds most
studied among the species of this genus (Rafael ez /., 2008),
as it has already been recognized for its promising anti-
cancer properties (Bezerra ez al., 2015; Piska ez al., 2018).
Another compound isolated from Piper spp. is dilapiol, a
phenylpropanoid with genotoxic effects against Aedes aegypti,
the dengue vector mosquito (Rafael ez 2/., 2008), and a pre-
dominant constituent in the EO of P. gaudichaudianum
(Schindler; Heinzmann, 2017).

In the present study, the PrCe demonstrated consistent lar-
vicidal effects on R.(B.) microplus. At the highest PrCe concen-
tration tested in the LPT, 50 mg/mL, larval mortality reached
100%, showing no significant differences concerning the PC
group treated with commercial acaricides. At concentrations
of 3.12 and 1.56 mg/mL of PrCe no significant differences
were observed between the two treatments, with both treat-
ments resulting in larval mortality greater than 50% (Table 1).
Larvicidal activity has previously been associated with other
species of the Piper genus, P aduncum (Pereira Filho et al.,
2024; Rafael ez al., 2008) and P Marginatum (Santana et al.,
2015), with the EOs of these species demonstrating promis-
ing results against A. aegypti larvae.
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Based on the results of the larval mortality rate presented
in Table 1, the LC, and LC99 for the PrCe were determined
using probit analysis. The LC that caused the death of 99%
of the larvae was 6.12 mg/mL (Table 2). Pereira Filho ez al.
(2024), when studying the larvicidal activity of R aduncum
essential oils, found an LC , of 5.05 mg/mL for ticks of the
Amblyomma sculptum species. This value is proportionally lower
than that found in the present study, demonstrating that Piper
rivinoides has significant biocidal activities. In similar stud-
ies, the EO of Eugenia pyriformis had an LC,, of 24.6 mg/mL
against R. (B.) microplus larvae (Medeiros et al., 2019), while
Gazim et al. (2011) reported an LC,, of 11.38 g/mL for the
EO of Tetradenia riparia against the same tick. When com-
paring the data from the present study with the literature, it
could be stated that the PrCe in this study has a higher larvi-
cidal potential than that of EOs of other species. We observed
that PrCe demonstrates significant larvicidal potential, which
suggests that it is superior to extracts and OEs from differ-
ent plant species.

Based on the lethal concentrations of the PrCe presented
in Table 2, tests were conducted to determine the product’s
efficiency (PE) against R.(B.) microplus larvae ex situ (Table 3).
This test aimed to evaluate the chemical stability of the extract

Table 1. Mean mortality of Rhipicephalus (Boophilus) microplus
larvae treated with different concentrations of Piper rivinoides
crude extract.

PC 100.0 +0.00°
50.00 100.0 +0.00°
25.00 8250+ 077°
12,50 70.89 £146¢

6.25 6012 +1.36¢
312 54.04 +191°
156 5250+231°
078 4236+1.20f
039 3552+ 2.099
019 1909 £337"
0.09 0.00£0.00

NC 0.00 £ 0.00

PC: Positive Control; NC: Negative control; Means followed by the
same letters do not statistically differ according to Tukey’s test at the
significance level of p < 0.05.

when applied in the field, under uncontrolled conditions.
The results indicated a PE of 73.79% at a concentration of
6.12 mg/mlL, a level of larvicidal effectiveness considered opti-
mal in semi-natural laboratory conditions (ex sit#). According to
the literature, around 95% of all ticks on a property are in
the free-living phase, particularly the larval stage (Verissimo,
2015), this is an important factor that must be considered
when developing control strategies for cattle ticks.

The acaricidal efficacy of the PrCe against adult ticks
(engorged females) was determined using the AIT method
(Table 4). The mortality rate reached 100% for 50 mg/mL of
PrCe, with no significant differences compared to the mortality
rate of the PC group. According to the Ministry of Agriculture,
Livestock, and Supply (Ministério da Agricultura e Pecudria,
MAPA) (Brasil, 1997), for new registrations of acaricides in
Brazil, a minimum effectiveness of 95% is required; this per-
centage was surpassed in the present study for the PrCe at the
highest concentration tested (Table 4). Lower concentrations,
such as 40 mg/mL and 30 mg/mL of PrCe, also exhibited signifi-
cantly elevated mortality rates of adult ticks (greater than 65%).

Regarding the effects on oviposition and hatchability, a
complete inhibition (100%) was observed in both categories
at the highest PrCe concentration tested (50 mg/mL), with
no significant difference compared to the results of the PC
group. Ata 40 mg/mL concentration, inhibition was 81.03%
for oviposition and 69.89% for hatchability, showing that the
PrCe has bioactive properties with relevant biocidal actions
even at low concentrations.According to Andreotti, Garcia
and Koller (2019), adults can lay approximately three thou-
sand eggs. Therefore, the ability to inhibit >80% of larval
procreation is considered an excellent result, reinforcing the
possibility that the PrCe can be an alternative for the strate-
gic fight against ticks.

Table 3. Mean number oflive Rhipicephalus (Boophilus) microplus
larvae recovered from vessels treated with the Piper rivinoides
crude extract at 6.12 mg/mL and the product efficiency (%).

PC 0.00+0.00¢ 100.00
PrCe 25157+ 2779°" 7379
NC 960.33 £ 284.51° 0.00

Mean followed by the same letter in the column do not differ among
them by the Tukey test (p < 0.05). PrCe =Piper rivinoides Crude extract;
PC= Positive Control; NC= Negative control.

Table 2. Lethal concentrations (and confidence intervals) of the Piper rivinoides crude extract for 50% and 99% of the Rhipicephalus

(Boophilus) microplus larvae.

PrCe 3.81+0.56

150
(1.26 -1.81)

L4490

612
(425 -11.59)

LC, : 50% lethal concentration; LC__: 99% lethal concentration; CI: Confidence interval; The averages followed by the same letter in the column do
not differ among them by the Tukey test (p < 0.05). PrCe=Piper rivinoides Crude extract.
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Table &. Mean (+ standard error) mortality and product efficiency against Rhipicephalus (Boophilus) microplus engorged females, as well
as egg weight and hatchability following immersion of engorged females in different concentrations of Piper rivinoides crude extract.

PC 0.171+ 0.054 100.00 0.000+0.000°¢ 0.00 100.00 0.00¢ 0.00¢ | 100.00
50 0177+ 0.046 100.00 0.000+0.000°¢ 0.00 100.00 0.00¢ 0.00¢ | 100.00
40 0.174+ 0.060 66.67 0.017+0.011¢ 0.102 £ 0.073 8103 3041¢ 5944 | 9406
30 0.169 +0.040 7333 0.024 +0.009¢ 0.241 + 0114 5542 7236° 2055¢ | 7945
20 0175+ 0.030 40.00 0.052+£0.027%¢ | 0136+0.053 7679 7677° 45.62¢ | 5438
10 0.169+£0.028 6.67 0.054+0.023>¢ | 0.311+0.1269 Lonl 9247 2 5909 | 4091
5 0159+ 0.023 26.67 0.063+0.0132° | 0.3939 +0.1239 2705 96.89° 7678°% | 23.22
NC 0.163£0.042 0.00 0.085+0.028° | 05378 +0.1594 0.00 9692° 100.00:| 0.00

280

PC = Positive control; NC = Negative control; RE = Reproductive efficiency; PE = Product effectiveness; Mean followed by different letters are

statistically different by the Tukey test (p > 0.05).

Overall, the most effective treatments in engorged
females were observed at higher concentrations of 50 mg/mL
and 40 mg/mL, with PEs of 100% and 94.06%, respec-
tively. This level of effectiveness is in line with the guidelines
of the World Association for the Advancement of Veterinary
Parasitology (WAAVP), which recommends an effectiveness
greater than 95% for a quality commercial acaricide (Holdsworth
etal., 2006). The PC group achieved a PE of 100%, as expected,
in contrast, the NC group had a null PE, clearly showing the
dose-dependent effect of treatments (Table 4).

Chauret ez al. (1996) have reported for the first time in
a species of the Piperaceae three known neolignans (conocar-
pan, eupomatenoid-5, and eupomatenoid-6) isolated from
P decurrens via insecticidal bioassay guided fractionation.
Sartorelli ez al. (2001) related the first phytochemical investi-
gation carried out on the species P regnellii on the chemistry
of lignans/neolignans. Among the isolated compounds from
the ethyl acetate extracts of the roots of P regnellii, are the
neolignans conocarpan, eupomatenoid-3, eupomatenoid-5
and eupomatenoid-6. Several compounds of this class have
been isolated from Piperaceae species and in the case of P
regnellii, phytochemical studies of its roots showed the accu-
mulation of several phenylpropanoids and benzofuran neolig-
nans including conocarpanas the major compound (Sartorelli
et al., 2001). Pessini et al. (2003) isolated and identified the
neolignans conocarpan, eupomatenoid-3, eupomatenoid-5,
and eupomatenoid-6 from the extract of the leaves of P reg-
nellii. In another study the antifungal activity of P solmsianum
seems to be related mainly to the presence of compounds 2, 3
(neolignans), and 4 (flavonoid), however, it was verified that
another active compound, as yet unidentified, exists in the
plant. Investigations about the chemistry of P rivinoides indi-
cate the presence of bioactive benzofuran neolignans eupo-
matenoid-5, eupomatenoid-6, and conocarpan in its extract
(Felisberto; Marques; Moreira, 2021).

Based on our observations and data reported in the lit-
erature, the insecticidal activity of 2 rivinoides seems to be
related mainly to the presence of compounds eupomatenoid
and conocarpan. The results of this study corroborate the bio-
cidal effects already described for plant species of this genus
against other groups of parasites (Jeon ez al., 2023).

Although the results are promising, it is crucial to carry
out further studies to evaluate the applicability of PrCe in
natural conditions, particularly considering that piplartine,
one of the main secondary metabolites of the Piper genus, has
already been identified as a toxic molecule for mammals (Piska
etal., 2018) and fish, with embryonic malformations observed
in zebrafish (Danio rerio) (Chauret et al., 1996). Therefore, it
is essential to determine the safety profile concerning non-
target organisms.Furthermore, it is necessary to analyze the
economic viability of the development of a natural acaricide.

CONCLUSION

The crude plant extract of P rivinoides obtained by Soxhlet extrac-
tion showed activities against R. (B.) microplus adult ticks and
larvae (in vitro and ex situ), showing that this plant has bioactive
molecules with significant acaricidal action in all phases of the
cycle. Although more studies must be carried out to evaluate the
applicability in natural conditions and determine the safety pro-
file against non-target organisms, the P rivinoides extract rich in
neolignans could be an alternative for the development of a poten-
tial natural acaricide, replacing traditional synthetic insecticides.

ACKNOWLEDGMENTS

This study was supported by Conselho Nacional de
Desenvolvimento Cientifico e Tecnolégico (CNPq),
Financiadora de Estudos e Projetos (FINEP), Capacitagio
e Aperfeicoamento de Pessoal de Nivel Superior, (Capes),
Fundagao Araucdria, and Programa de Pés-graduagio em
Ciéncias Farmacéuticas da Universidade Estadual de Maringd.

Acta Veterinaria Brasilica December 18 (2024) 276-282



Effect of Piper rivinoides extract on the control of Rhipicephalus (Boophilus) microplus

ABRAHIM, N. N.; KANTHIMATHI, M. S.; ABDUL-AZIZ, A. Piper
betle shows antioxidant activities, inhibits MCF-7 cell proliferation
and increases activities of catalase and superoxide dismutase.
BMC Complementary and Alternative Medicine, v. 12, n. 220,
p.1-11, 2012.

ANDREOQOTTI, R.; GARCIA, M.V, KOLLER, W. W. Controle estratégico
dos carrapatos nos bovinos. In: Andreotti R, Garcia MV, Koller
WW, editors. Carrapatos na cadeia produtiva de bovinos. Brasilia:
Embrapa, p. 125-136, 2019.

ARAUJO, L. X. et al. Acaricidal activity of thymol against larvae
of Rhipicephalus microplus (Acari: Ixodidae) under semi-natural
conditions. Parasitology Research, v. 114, n. 9, p. 3271-3276, 2015.

BERNUCI, K. Z. et al. Evaluation of chemical composition and
antileishmanial and antituberculosis activities of essential oils of
Piper species. Molecules, v. 21, n. 12, p. 1-12, 2016.

BEZERRA, D. P et al. Antitumour efficacy of Piper tuberculatum
and piplartine based on the hollow fiber assay. Planta Medica, v.
81, n.1, p.15-19, 2015.

BITTENCOURT, V. R. E. P. et al. Avaliacao da acao in vivo de
Metarhizium anisopliae (Metschnikoff, 1879) Sorokin, 1883 aplicado
sobre Brachiaria decumbens infestada com larvas de Boophilus
microplus (Canestrini, 1887) (Acari: ixodidae). Revista Brasileira
de Parasitologia Veterinaria, v. 12, n. 1, p. 38-42, 2003.

BORTOLUCCI, W. C. et al. Schinus terebinthifolius essential oil and
fractions in the control of Aedes aegypti. Bioscience Journal, v.
35, n. 5, p. 1575-1587, 2019.

BRASIL. Ministério da Agricultura, Pecuaria e Abastecimento.
[Portaria n. 48 de 12 de maio de 1997]. Regulamento técnico para
licenciamento e/ou renovacdo de licenca de produtos antiparasitarios
de uso veterinario. Diario Oficial da Republica Federativa do
Brasil, Brasilia, 16 p., 1997.

CAMPELDO, Y. et al. Structure-Activity relationship of piplartine and
synthetic analogues against Schistosoma mansoni and cytotoxicity
to mammalian cells. International Journal of Molecular Sciences,
v.19, n. 6, p. 117, 2018.

CELLA, W. et al. Activity of essential oils from leaves, flower buds
and stems of Tetradenia riparia on Rhipicephalus (Boophilus)
microplus larvae. Brazilian Journal of Veterinary Parasitology,
v.32,n.1, p.1-16,2023.

CHAURET, D. C. et al. Insecticidal neolignans from Piper decurrens.
Journal of Natural Products, v. 59, p. 152-155, 1996.

DUAN, Z. et al. Piperine Derived from Piper nigrum L. Inhibits LPS-
Induced Inflammatory through the MAPK and NF-«B Signalling
Pathways in RAW26L4.7. Foods, v. 11, n. 2990, p. 1-14, 2022.

FELISBERTO, J.S.; MARQUES, A. M.; MOREIRA, D. L. Development
and Validation of an Analytical Method to Quantify Bioactive
Neolignans of Piper rivinoides Kunth Extracts. Revista Virtual de
Quimica, v.13,n. 5, p. 1165-1172, 2021.

FONSECA, A. C. C. et al. Cytotoxic effect of pure compounds from
Piper rivinoides Kunth against oral squamous cell carcinoma.
Natural Product Research, v. 35, n. 24, p. 1-5, 2021.

Acta Veterinaria Brasilica December 18 (2024) 276-282

GARCIA-PONCE, R. et al. Ixodicidal effect of extracts from Cordia
boissieri, Artemisia ludoviciana and Litchi chinensis on Rhipicephalus
(Boophilus) microplus (Acari: Ixodidae). Brazilian Journal of Biology,
v. 84, n. 264425, p. 1-11, 2023.

GAZIM, Z. C. et al. Acaricidal activity of the essential oil from
Tetradenia riparia (Lamiaceae) on the cattle tick Rhipicephalus
(Boophilus) microplus (Acari; Ixodidae). Experimental Parasitology,
v.129,n. 2, p.175-178, 2011.

HOLDSWORTH, PA. et al. World Association for the Advancement
of Veterinary Parasitology (W. A. A. V. P) guidelines for evaluating
the efficacy of acaricides against ticks (Ixodidae) on ruminants.
Veterinary Parasitology, v. 136, n. 1, p. 29-43, 2006.

JEON, H. et al. Piperlongumine treatment impacts heart and liver
development and causes developmental delay in zebrafish (Danio
rerio) embryos. Ecotoxicology and Environmental Safety, v. 258,
n. 114995, p. 1-10, 2023.

KUMAR, S. S.; RAYULU, V. C; KUMAR, N. V. Acaricidal resistance
in Rhipicephalus (Boophilus) Microplus ticks infesting cattle of
Andhra Pradesh. Journal of Entomology and Zoology Studies,
v. 5, n. 6, p. 580-584, 2017

LEAL, A. et al. Chemical identification and antimicrobial potential
of essential oil of Piper rivinoides kunth (BETIS-WHITE). Food and
Chemical Toxicology, v. 131, n. 110559, p. 1-5, 2019.

LEITE, R. C. et al. In vitro susceptibility of engorged females
from different populations of Boophilus microplus to comercial
acaricides. Revista Brasileira de Parasitologia, v. &4, n. 2, p. 283-
294,1995. Supl. 1.

LEW-TABOR, A. E.; VALLE, M. R. A review of reverse vaccinology
approaches forthe development of vaccines against ticks and tick-borne
diseases. Ticks and Tick-borne Diseases, v. 7, n. 4, p. 573-585, 2016.

MACHADO, T. Q. et al. Apoptotic effect of B-pinene on oral squamous
cell carcinoma as one of the major compounds from essential oil of
medicinal plant Piper rivinoides Kunth. Natural Product Research,
V.36, n. 6, p.1-6,2022.

MARCHESINI, P. et al. Acaricidal activity of Acmella oleracea
(Asteraceae) extract against Rhipicephalus microplus: What is
the influence of spilanthol? Veterinary Parasitology, v. 283, n.
109170, p. 1-8, 2020.

MEDEIRQOS, J. P et al. Biocidal potential of Eugenia pyriformis
essential oil in the control of Rhipicephalus (Boophilus) microplus
in the free-living cycle. Pesquisa Veterinaria Brasileira, v. 39, n.
11, p. 879-888, 2019.

PAIXAQ, J. L. F et al. Assessment of weight gain and control of
parasitism by Rhipicephalus microplus in dairy cattle in the field
using organosynthetic parasiticide, phytotherapics and homeopathu.
Arquivo Brasileiro de Medicina Veterinaria e Zootecnia, v. 73,
n.5, p.1001-1013, 2021

PEREIRA FILHO, A. A. et al. Effects of Piper aduncum (Piperales:
Piperaceae) Essential Oil and Its Main Component Dillapiole
on Detoxifying Enzymes and Acetylcholinesterase Activity of
Amblyomma sculptum (Acari: Ixodidae). International Journal of
Molecular Sciences, v. 25, n. 5420, p. 1-15, 2024.

281



282

Lorenzetti et al.

PESSINI, G. L. et al. Antibacterial Activity of Extracts and Neolignans
from Piper regnellii (Mig.) C. DC. var. pallescens (C. DC.) Yunck.
Memadrias do Instituto Oswaldo Cruz, v. 98, p. 1115-1120, 2003.

PISKA, K. et al. Piperlongumine (piplartine) as a lead compound
for anticancer agents — Synthesis and properties of analogues: A
mini-review. European Journal of Medicinal Chemistry, v. 156,
n. 2018, p.13-20, 2018.

QUEIROZ, G. A.; BARROS, A. A. M.; GUIMARAES, E. F. Piper
(Piperaceae) do Parque Estadual da Serra da Tiririca, Niteroi/
Marica, RJ, Brasil. Rodriguésia, v. 71, n. e01992018, p. 1-13, 2020.

RAFAEL, M. S. et al., Potential control of Aedes aegypti
(Diptera: Culicidae) with Piperaduncum L. (Piperaceae) extracts
demonstrated by chromosomal biomarkers and toxic effects on
interphase nuclei. Genetics and Molecular Research,v.7,n.3,
p.772-781, 2008.

RAYNAL, J.T. et al. Acaricide efficacy against a Brazilian de
Rhipicephalus (Boophilus) microplus isolated field population over
a five-year period. Pubvet, v. 14, n. 4, p. 1-3, 2020.

ROSADO-AGUILAR J. A. et al. Acaricidal activity of extracts
from Petiveria alliacea (Phytolaccaceae) against the cattle tick,
Rhipicephalus (Boophilus) microplus (Acari: ixodidae). Veterinary
Parasitology, v. 168, n. 3-4, p. 299-303, 2010.

SALEHI, B. et al. Piper Species: A Comprehensive Review on Their
Phytochemistry, Biological Activities and Applications. Molecules,
v. 24, n. 7, p. 1364, 2019.

SANTANA, H.T. et al. Essential oils of leaves of piper species display
larvicidal activity against the dengue vector, aedes aegupti (diptera:

Culicidae). Revista Brasileira de Plantas Medicinais, v.17,n.1, p.
105-111, 2015.

SARTORELLI, P. et al. Enantioselective conversion of
p-hydroxypropenylbenzene to(+)-conocarpan in Piper regnellii.
Plant Science, v. 161, p. 1083-1088, 2001.

SCHINDLER, B.; HEINZMANN, B. M. Piper gaudichaudianum Kunth:
Seasonal characterization of the essential oil chemical composition
of leaves and reproductive organs. Brazilian Archives of Biology
and Technology, v. 60, n. e17160441, p. 112, 2017.

SILVA, D.R. et al. Anti-inflammatory activity of the extract, fractions
and amides from the leaves of Piper ovatum Viahl (Piperaceae).
Journal of Ethnopharmacology, v. 116, n. 3, p. 569-573, 2008.

STONE, B. F; HAYDOCK, K. PAmethod for measuring the acaricide-
susceptibility of the cattle tick Boophilus microplus (Can.). Bulletin
of Entomological Research, v. 53, n. 3, p. 563-578, 1962.

THARMALINGAM, N. et al. Inhibitory effect of piperine on
Helicobacter pylori growth and adhesion to gastric adenocarcinoma
cells. Infectious Agents and Cancer, v. 9, n. 43, p. 1-10, 2014

VEIGA-SANTOS, P, et al. The natural compounds piperovatine and
piperlonguminine induce autophagic cell death on Trypanosoma
cruzi. Acta Tropica, v. 125, n. 3, p. 349-356, 2013.

VENDRAMETTO, M. C. et al. Evaluation of antileishmanial activity of
eupomatenoid-5, a compoundisolated from leaves of Piperregnelliivar.
pallescens. Parasitology International, v. 59, n. 2010, p.154-158, 2010.

VERISSIMO, C. J. Controle de carrapatos nas pastagens. Nova
Odessa: Instituto de Zootecnia, 2015. 106 p.

© 2024 Universidade Federal Rural do Semi-Arido

This is an open access article distributed under the terms of the Creative Commons license.

Acta Veterinaria Brasilica December 18 (2024) 276-282



