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Brazil has one of the largest commercial cattle herds in the world, which naturally coexist
with an enormous number of parasitic species. Southern cattle tick, Rhipicephalus (Boophilus)
microplus, is among these species, interfering with animal productivity and causing losses to
the beef and dairy cattle sector. The use of chemical acaricides in the control of this mite has
resulted in the emergence of resistant populations. In this sense, alternative control measures
using plants as sources of botanical acaricides have shown to be effective. Eugenia pyriformis
Cambess is a Brazilian plant with antioxidant and antimicrobial activity; however, there are
no reports on its acaricidal activity in the literature. The present study aimed to evaluate the
acaricidal and larvicidal potential of E. pyriformis leaf essential oil (EO) on southern cattle
tick at different stages of the reproductive cycle. E. pyriformis leaves were collected and dried,
and had their EO extracted by hydrodistillation (3h) using a modified Clevenger apparatus.
Chemical analysis was performed by gas chromatography coupled with mass spectrometry
(GC/MS), and 32 compounds belonging to the sesquiterpene class were identified: hydrocarbons
(17.98%) and oxygenated forms (81.96%), with spathulenol (43.65%) and caryophyllene
oxide (12.17%) as the most common. The EO was evaluated by the Adult Immersion Test at
the concentrations (500.00 to 3.12mg/mL) in which the following parameters were measured:
mortality of females (%), hatchability of eggs (%), and product efficiency (%). Larvae were
assessed by the Larval Packet Test at concentrations ranging from 25.00 to 0.00004mg/mL.
Lethal concentrations (LC) required for killing 50 and 99.9% of adult females and larvae
were determined using Probit analysis. LC, and LC,,, of EO were 0.06 and 24.60mg/mL
and 1,208.80 and 2,538mg/mL for larvae and adult females, respectively. Action of the EO in
the free-living cycle of R. (B.) microplus larvae was another parameter assessed. To this end,
the larvae were deposited in pots containing Brachiaria decumbens and, after migration to
the leaf apex, a solution containing LC,,, (24.60mg/mL) of the EO was sprayed. After 24h,
72.25% of the larvae had died, indicating stability of the EO when subjected to uncontrolled
temperature and humidity conditions. The mechanism of action through which the EO killed
the larvae and adult females was investigated by the Bioautographic Method, which showed
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inhibition of 3.15mg/mL of the EO on the acetylcholinesterase (AChE) enzyme. The results
found in the present experiment indicate that E. pyriformis essential oil is an alternative in
the control of southern cattle tick in the larval (parasitic) and free-living cycle (non-parasitic)

stages under field conditions.

INDEX TERMS: Biocidal, Eugenia pyriformis, essential oil, Rhipicephalus (Boophilus) microplus, free-living
cycle, “uvaia”, acaricide, larvicide, spathulenol, caryophyllene oxide, acetylcholinesterase, alternative

acaricides, tick.

RESUMO.- [Potencial biocida do éleo essencial de Eugenia
pyriformis Cambess no controle de Rhipicephalus (Boophilus)
microplus no ciclo de vida livre.] O Brasil dispde de um dos
maiores rebanhos bovinos comerciais do mundo, sendo natural
que junto a esse rebanho, coexista uma enorme quantidade de
espécies parasitarias; dentre estes o carrapato Rhipicephalus
(Boophilus) microplus que interfere na produtividade animal,
causando prejuizos a pecudria de corte e leite. A utilizacao
de acaricidas quimicos no controle deste 4caro tem causado
o surgimento de populagdes resistentes e neste sentido,
controles alternativos utilizando plantas como fontes de
acaricidas botanicos tém se mostrado eficazes. Eugenia
pyriformis Cambess é uma planta brasileira com atividades
antioxidante e antimicrobiana, entretanto nao ha relatos da
atividade acaricida. O objetivo do presente estudo consistiu na
avaliacao do potencial acaricida e larvicida do 6leo essencial
das folhas de E. pyriformis sobre o carrapato bovino nos
diferentes estagios do ciclo reprodutivo. As folhas foram
coletadas, secas e o OE extraido por hidrodestilagao (3 horas)
em aparelho Clevenger modificado. A andlise quimica foi
realizada por cromatografia gasosa acoplada a espectrometria
de massas (CG/EM) sendo identificados 32 compostos,
pertencentes a classe sesquiterpenos: hidrocarbonetos
(17.98%) e oxigenados (81.96%); tendo como majoritarios o
spathulenol (43,65%) e caryophylene oxide (12,17%). O OE foi
avaliado pelo teste de imersao de adultos nas concentracgdes
(500,00 a 3,12mg/mL) onde foram mensurados os parametros:
mortalidade das fémeas (%), eclodibilidade dos ovos (%) e
eficiéncia do produto (%). As larvas foram avaliadas pelo teste
de imersao larval (Larval Packet Test) nas concentragoes que
variaram de 25,00 a 0,00004mg/mL. Foram determinadas as
concentracgoes letais (CLs) necessarias para matar 50 e 99,9%
das fémeas adultas e das larvas utilizando a andlise de
Probitos. As CL e CL,, , do OE foram (0,06 e 24,60mg/mL)
para as larvas e (1.208,80 e 2.538mg/mL) para as fémeas
adultas, respectivamente. Outro parametro avaliado em nossa
pesquisa foi mensurar a agdo do OE no ciclo de vida livre das
larvas de R. (B.) microplus; onde as larvas foram depositadas
em vasos com Brachiaria decumbens e ap6s migracdo destas
para o apice das folhas, foi aspergido solu¢do contendo a
CL,,, (24,60mg/mL) do OE. Ap6s 24 horas, 72,25% das
larvas morreram indicando que houve estabilidade do OE
quando submetido a condi¢oes de temperatura e umidade nao
controladas. O mecanismo de acdo pelo qual o OE matou as larvas
e fémeas adultas foi investigado pelo método bioautografico,
indicando uma inibi¢do de 3,15mg/mL do 6leo essencial
sobre a enzima acetilcolinesterase (AChE). Os resultados
encontrados no presente experimento indicaram que o 6leo
essencial de E. pyriformis é uma alternativa no controle do
carrapato bovino no estagio larval (parasitario) e no ciclo de
vida livre (estagio ndo parasitario) em condi¢cdes de campo.
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TERMOS DE INDEXACAO: Biocida, 6leo essencial, Eugenia pyriformis,
Rhipicephalus (Boophilus) microplus, ciclo de vida livre, uvaia, acaricida,
larvicida, spathulenol, caryophyllene oxide, acetilcolinesterase,
alternative acaricida, carrapato.

INTRODUCTION

Livestock is one of the most important activities in Brazilian
agribusiness, as the country has one of the largest commercial
cattle herds and is the second largest producer and the largest
exporter of beef in the world (De Carvalho & De Zen 2017).
However, profitability of the livestock activity is significantly
diminished by the effects of parasites affecting cattle. Southern
cattle tick, Rhipicephalus (Boophilus) microplus, is among these
parasites (Ramirez et al. 2016). It is an ectoparasite with a
parasitic life cycle of 21 days in live host, and a free-living cycle
of up to 300 days in pasture without live host (Pereira et al.
2015). This tick causes losses in the order of billions of dollars
peryear in Brazil (Grisi etal. 2014) as a result of reduced beef
and milk production, falling birth rates, increased mortality,
devaluation of leather, transmission of important pathogens,
and spending on an attempt to control it (Campos etal. 2012).

Control of this tick is based on the use of chemicals such as
organophosphates, carbamates, amidines, synthetic pyrethroids,
fluaruzon, and lactone macrolides (Mendes et al. 2013). One
of the problems of the continuous use of chemicals in the
control of ticks is the residues left in the body and milk of
treated animals, presenting a long period of action. In humans,
these residues can cause neurotoxic disorders, endocrine
system disorders, allergies, cough, and abnormalities of lung
function (Ferrarini et al. 2008). Thus, there is a demand for the
implementation of research and technologies that promote
sustainable development with the use of natural products
(Zaman et al. 2012) that have acaricidal properties, which may
be an alternative to control ticks with lesser environmental
impact (Chagas et al. 2002).

There are several species of plants in the Brazilian flora,
or cultivated in the country, that are used in southern cattle
tick control programs in an attempt to reduce the use of
conventional products. Citronella (Cymbopogon nardus),
neem (Azadirachta indica), andiroba (Carapa guianensis),
tobacco (Nicotiana tabacum), lemongrass (Cymbopogon
citratus), eucalyptus (Eucalyptus spp. and Corymbia) and
others comprise the group of herbal medicines with acaricidal
efficacy (Alves et al. 2014).

Research in this area is promising, as evidenced by the
several studies conducted on this theme. Clemente et al. (2010)
observed the acaricidal activity of Eucalyptus citriodora and
Cymbopogon nardu oils on ticks. De Souza etal. (2012) observed
a tendency to low mammalian toxicity, rapid degradation
and slow resistance development in plant-borne acaricides.
Gomes et al. (2012) evaluated the effect of Lippia sidoides oil



Biocidal potential of Eugenia pyriformis Cambess essential oil in the control of Rhipicephalus (Boophilus) microplus in the free-living cycle 881

on R. (B.) microplus larvae and females. De Monteiro et al.
(2012) and Valente et al. (2014) confirmed the acaricidal
activity of myrtaceae on larvae and females of R. microplus.
De Assis et al. (2015) demonstrated the acaricidal activity
of Baccharis dracunculifolia essential oil on non-engorged
larvae and engorged females of R. microplus.

However, there are no reports of control studies addressing
the southern cattle tick R. (B.) microplus using Eugenia
pyriformis Cambess essential oil (EO).

E. pyriformis species belongs to family Myrtaceae, a plant
commonly found in the states of Sdo Paulo, Parana, Santa
Catarina, and Rio Grande do Sul, known by the popular names
of “uvaia’, ‘uvaieira”, or field bush (Armstrong et al. 2012). This
plantis a 6-13m tall tree with brown, erect trunk and rounded
crown. Flowering occurs from August to September with
fruit ripening between November and December. The genus
to which it belongs presents a large number of species in
Brazil, which are known for the production of essential oils
(Stieven et al. 2009). Research has shown that E. pyriformis
EO has acaricidal (De Assis et al. 2011), antimicrobial,
antioxidant (Stieven et al. 2009), and antifungal (Souza 2013)
potential against Tyrophagus putrescentiae and Suidasia
pontifica Oudemans. Studies conducted with the fruits of
“uvaia” revealed the presence of total flavonoids and phenolic
compounds, highlighting the antioxidant potential of this species
(Silva etal. 2018, Da Silva et al. 2019). However, there are no
reports in the literature on the application of E. pyriformis oil
in the control of southern cattle tick, which led our research
group to evaluate the chemical composition of E. pyriformis
leaf EO and its effectiveness in the control of this pathogen in
vitro and ex situ (free-living cycle), as well as to measure the
acaricidal activity of this EO in application under semi-natural
conditions for the control of R. (B.) microplus larvae.

MATERIALS AND METHODS

Data on plant material, soil analysis, temperature (°C), rainfall
(mm) and relative humidity (%). Eugenia pyriformis Cambess leaves
were collected in the municipality of Mangueirinha, southwestern
Parana state, Brazil (25°56'28” S; 52°10°32” W) 921m a.s.l. from
January to August 2015. During this period, data on temperature
(°C), rainfall (mm) and relative humidity (%) were obtained from
the “Secretaria Estadual de Agricultura e Abastecimento” (SEAB)
of the aforementioned municipality. The plant was identified and
deposited at the Herbarium of the “Universidade Estadual de
Maringa” (UEM) under no. 30.713. This species is registered in the
National System of Genetic Heritage Management and Associated
Traditional Knowledge (SisGen) under no. AO6F4D8. The soil in
the location where the Eugenia pyriformis leaves were collected at
0-20cm depth in different points was analyzed at the Santa Rita Soil
Analysis Laboratory in the municipality of Mamboré, Parana state.

Extraction of Eugenia pyriformis leaf essential oil (EO).
The leaves were dried at room temperature, sectioned in a milling
processor, and hydrodistilled using the modified Clevenger apparatus.
The plant-to-water ratio was 300g fragmented leaves to 3000mL
distilled water. Hydrodistillation was performed for 3h, and the oil
was removed with n-hexane, filtered with anhydrous sodium sulfate
(Na,S0,) (Simdes & Spitzer 2002), stored in amber flasks, and kept
under refrigeration at 4°C (Omolo et al. 2004) for complete solvent
evaporation. EO yield was determined by the dry leaf mass to EO
mass (%) ratio.

Physical and chemical indices of Eugenia pyriformis leaf
EO. Relative density was obtained by the mass-to-volume ratio at
20°C, and determined according to the technique described by the
Farmacopeia Brasileira (1988). The refractive index was determined
using an RL-3 Abbe refractometer (Warsaw, Poland) (Farmacopeia
Brasileira 1988).

Chemical characterization. Chemical identification of the EO
was carried out by GC-MS using an Agilent 7890B Gas Chromatograph
coupled with an Agilent 5977 A MSD Mass Spectrometer and an
Agilent HP-5ms UI fused silica capillary (30x250pm x 0.25um;
Agilent Technologies), with initial oven temperature of 50°C (2min),
followed by an increase to 60°C at 5°C/min for 1min, an increase
to 250°C at 5°C/min for 15min and, finally, an increase to 300°C at
50°C/min for 1min. Helium was utilized as the carrier gas at the
linear speed of 1mL/min up to 300°C and pressure release of 56kPa.
The injector temperature was 250°C; injection volume was 1uL;
injection occurred in split mode (20:1). The temperatures of the
transfer line, ion source, and quadrupole were 240, 230 and 150°C,
respectively. The MS detection system was used in scan mode at the
mass-to-charge ratio (m/z) of 40-550 with solvent delay of 3min.
The compounds were identified by comparing the mass spectra
found in NIST Mass Spectral Library (NIST 11.0) and the retention
indices (RI) obtained by a homologous series of n-alkane standard
(C7-C28) (Adams 2012).

Essential oil activity on Rhipicephalus (Boophilus) microplus.
Acaricidal activity of “uvaia” EO was determined by the adult
immersion test (AIT) (Drummond et al. 1973) and the larval packet
test (LPT), recommended by the Food and Agriculture Organization
(FAO 2004), whereas larvicidal activity was verified in the free-living
cycle (Aragjo et al. 2015).

Adult immersion test (AIT). A total of 360 Rhipicephalus
(Boophilus) microplus female ticks with maximum engorgement
were collected from dairy cattle in a farm in the municipality of
Umuarama, Parand state, Brazil. Then E. pyriformis EO solutions were
prepared at the following concentrations: 500.00, 400.00, 300.00,
200.00, 100.00, 50.00, 25.00, 12.50, 6.25 and 3.12mg/mL. A 2%
(v/v) aqueous polysorbate-80) solution was used as EO emulsifier.
The negative control was a 2% (v/v) aqueous polysorbate-80 solution,
whereas the positive control was a 0.125% commercial solution
containing 15% cypermethrin, 25% chlorpyrifos and 1% citronellal.
Subsequently, the ticks cleaned with water and selected based on
normal appearance and motility, body integrity, and maximum
engorgement (Leite et al. 1995). The AIT was performed according
to Drummond et al. (1973). From the data obtained (tick mass, egg
mass, and egg hatching rate), reproductive efficiency (RE) and product
efficiency (PE) were calculated according to Equations 1 and 2,
respectively (Drummond et al. 1973).

_ egg mass (g) x hatching rate(%) x20.000

RE (1)

tick mass (g)

_ negative Control Group RE — Treated Group RE x 100

RE @)

negative Control Group RE

Larval packet test (LPT). Larvicidal activity of the EO on

R. (B.) microplus larvae was determined by the Larval Packet Test
(LPT). EO was used at concentrations of 25.00, 12.50, 6.25, 3.00,
1.50, 0.78, 0.39, 0.19, 0.09, 0.04, 0.02 0.01, 0.006, 0.003, 0.0015,
0.0007, 0.0003, 0.00019, 0.00009, and 0.00004mg/mL. Reading
consisted in observing their motility, and those that did not show
motility at touch after 24h were considered dead (Leite etal. 1995).

Pesq. Vet. Bras. 39(11):879-888, November 2019
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Larval mortality rate (%) and mean mortality (%) were calculated
according to Equations 3 and 4.

Larval mortality(%) = W (3)
otal larvae

1st repetition +2nd repetition +3rd repetition &)

Average mortality(%) = 3

Larvicidal activity of Eugenia pyriformis essential oil on the
free-living cycle of Rhipicephalus (Boophilus) microplus larvae.
Plastic pots (n=9), 25cm high and 25cm in diameter, were filled with
2.2kg of soil, previously autoclaved at 121°C for 2h. Each pot was
fertilized with 1g of N, P, K fertilizer (08-20-10), and six Brachiaria
decumbens seeds (Figueiredo et al. 2013) were planted at a depth
of 2cm. Plants were allowed to grow in a greenhouse with daily
watering for three months (Aradjo etal. 2011). After development,
each pot was again fertilized with 1g of N, P, K (20-05-20), and the
B. decumbens leaves were pruned at the height of 40cm off the ground.
At the edges of the pots, physical barriers of adhesive tape were
placed to prevent the larvae from escaping. Then 30mg of larvae were
deposited at the base of each B. decumbens seedling. After 24h, the
larvae migrated to the apex of the grass leaves. After that, 5mL of a
positive control triplicate (commercial solution at 0.000125mg/mL
containing 0.015mg/mL cypermethrin, 0.025mg/mL chlorpyrifos and
0.001mg/mL citronellal) were sprayed on the grass leaves. Negative
control (2% (v/v) aqueous polysorbate-80 solution) and E. pyriformis
EO were prepared ina 2% (v/v) aqueous polysorbate-80 solution at
the CL,, , previously established in in vitro tests. The application was
concentrated at the apex of the plant, simulating the application of
commercial acaricides on pastures. After 24h, the Brachiaria leaves
were removed and the dead larvae were counted with the aid of an
entomological magnifying glass. The mean number of live larvae in
the negative control group was compared with the mean number
of live larvae in the treatments. Extract efficacy (%) was obtained
according to Equation 5 (Bittencourt et al. 2003), where: A = mean
number of live larvae in the negative control group and B = mean
number of live larvae in the treatment groups.

Efficiency(%) = % (5)

Anticholinesterase activity of the essential oil. Anticholinesterase
activity was determined by the Bioautographic Method described
by Marston et al. (2002), with modifications (Yang et al. 2009).
Eugenia pyriformis leaf EO was tested at concentrations ranging
from 500.00 to 0.18mg/mL, diluted in methanol. The samples
were plotted on aluminum chromatoplates (10x10cm, 0.2mm
thick, silica gel 60 F254). After plotting, the plates were dried
and an acetylcholinesterase enzyme solution in TRIS buffer was
sprayed on them, followed by spraying of an a-naphthyl acetate
solution. The plates were kept at 37°C for 20min. After that, the
chromatoplates were sprayed with Fast Blue B salt colorimetric
reagent, resulting in a purple-colored surface. Anticholinesterase
activity of the EO was determined by the appearance of white spots
after 5min, demonstrating the inhibitory action of the concentrations
evaluated on the enzyme activity, contrasting with the purple color
of the colorimetric reagent (Collins et al. 1997). The positive pattern
was Temepho6s® larvicide.

Statistical analysis. The experimental design was completely
randomized. Data were processed and submitted to analysis of
variance (ANOVA), and differences between arithmetic means and
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the standard deviation were determined by Tukey’s test at 5%
significance level. Lethal concentrations that killed 50% (LC, ) and
99.9% (LC,,,) of adult teleogines and larvae and their Cls (5%)
were calculated by Probit analysis (ED 50 Plus 1.0). All tests were
performed in triplicate.

RESULTS AND DISCUSSION

Data on plant material, soil analysis, temperature (°C),
rainfall (mm) and relative humidity (%)

Hydrodistillation of dried Eugenia pyriformisleaves yielded
0.023% +0.06 colorless oil. These results are in accordance
with those of Stefanello et al. (2009), who found yield of
0.02-0.04% for fresh leaves in the city of Curitiba, Parana
state, Brazil, collected from October to December 2005.
However, Apel etal. (2004), using fresh leaves collected in the
state of Rio Grande do Sul, Brazil, in June 1997, found a yield
(0.4%) higher than that obtained in the present experiment.
This difference may have been influenced by seasonality
(Morais 2009), as this species is resistant to cold, light frost,
and abundant rainfall (Sartori et al. 2010). This information
coincides with the meteorological data for the region where
the leaves were collected, whose data showed 19.65+3.62°C
temperature, 70.86+44.53mm rainfall, and 77.56+4.87 (%)
relative humidity.

Density and refractive index found in this study were
0.95 g/mL and 1.4835, respectively. These parameters confirm
the identity and detection of essential oil impurities (Instituto
Adolfo Lutz 1985). Care during the extraction and storage
processes influences the quality of essential oils, as they are
unstable in the presence of light, oxygen, heat, moisture, and
metals. Thus, it is necessary to perform physicochemical
analyses as a way of certifying and maintaining quality
(Serafini et al. 2001).

The soil in which E. pyriformis was planted is classified
as clayey, acidic (pH 4.13), of low fertility (V% 24.23), and
normality for organic matter (23.19% C) (Ronquim 2010)
(Table 1).

According to Nascimento et al. (1995), the ideal soils for
“uvaia” cultivation are clayey neosols or latosols and perfect
soil pH is 4.1-5.6. Sartori et al. (2010) consider the pH of
4.5-5.5 as ideal for the cultivation of sedimentary origin and
average fertility. Thus, the location where the E. pyriformis of
this study was cultivated corroborated the data in the literature
regarding the appropriate soil characteristics.

Chemical characterization of the essential oil (EO)
Thirty-two compounds were identified by GC/MS in
the EO extracted in this study. The predominant class was
sesquiterpenes: oxygenates (82.02%) and hydrocarbons
(17.98%), with spathulenol (43.65%) and caryophyllene oxide
(12.17%) as the most commonly found (Table 2).
Comparison between the chemical composition of the
Eugenia pyriformisleaf EO found in the present experiment and
those of other studies showed thatin Porto Alegre, Rio Grande
do Sul state, Brazil, Apel et al. (2004) identified 29 compounds
whose main class was sesquiterpenes: hydrocarbons (17.98%)
and oxygenates, (81.96%) with predominance of a-cadinol
(14.00%) and 6-cadinene (12.40%). In this same context, the
study conducted by Stefanello et al. (2009) in Curitiba, Parana
state, Brazil, found 65 compounds whose predominant class
was monoterpenes, with limonene (12.05%) and (3-pinene
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Table 1. Analysis of pH, base saturation, micro- and macro-nutrients of the soil for cultivation of Eugenia pyriformis
pH and Macronutrients
cmol/dm™ mg dm?
pH (CaCl,) A+ H* + AP+ Ca? + Mg* K* SB* CEC* P C
4.13 1.90 10.85 3.07 0.4 3.47 14.32 4.36 23.19
Base saturation Micronutrients (cmol/dm?)
V (%) Fe Cu Mn Zn B S Ca/Mg Ca/K Mg/K
24.23 46.10 6.97 120 5.59 0.30 4.73 1.26 4.27 3.4
SB = sum of bases, CEC = cation exchange capacity, V = base saturation, pH = pH in CaCl,, P = phosphorus, C = carbon, AI** = aluminum, H*+AI** = potential

acidity, Ca?* = calcium, Mg?* = magnesium, K* = potassium.

Table 2. Chemical composition of Eugenia pyriformis leaf essential oil

Relative area®

Peak Compounds? (%) RI calculate® Method identification
Hydrocarbon sesquiterpenes
1 «a-copaene 1.11 1376 a,b,c
2 B-bourbonene 2.25 1388 a,b,c
3 -elemene t 1390 a,b,c
4 a-gurjunene t 1409 ab,c
5 B-caryophylene 1.49 1419 ab,c
6 -gurjunene 0.70 1433 ab,c
7 Aromadendrene 1.40 1441 a, b,c
8 a-humulene 1.18 1454 a, b,
9 Allo-aromadendrene 2.37 1460 a,b,c
10 a-amorphene 0.79 1484 a,b,c
11 Germacrene D t 1485 a, b,c
12 Bicyclogermacrene 1.99 1500 a, b,c
13 o- muurolene 0.82 1500 a, b,c
14 y-cadinene 1.06 1513 a, b,c
15 Cis-calamenene 0.79 1522 a, b,c
16 Trans-cadina 1,4 - diene 0.78 1534 a, b,c
17 a-cadinene 1.25 1538 a, b,c
Oxygenated sesquiterpenes

18 Valerenol t a,b,c
19 Spathulenol 43.65 1578 a,b,c
20 Caryophylene oxide 12.17 1583 a, b
21 Viridiflorol 5.00 1592 a, b,c
22 Globulol 1.86 1590 a,b,c
23 Guaiol 2.35 1560 a, b,c
24 Ledol 291 1602 a, b,c
25 N.i. 0.03 a, b,c
26 Iso-sphatulenol 1.55 1625 a, b,c
27 Epi-a-cadinol 4.29 1638 a, b,c
28 Allo-aromadendrene epoxide 1.54 1641 a,b,c
29 Epi-a-muurolol 4.18 1640 a, b,c
30 Cariofilla-3,8(13)-dien-5f-ol 0.89 1640 a, b,c
31 o-santalol 0.57 1674 a, b,c
32 {3-santalol 1.00 1715 a, b,c

TOTAL identified 99.94

Hydrocarbon sesquiterpenes 17.98

Oxygenated sesquiterpenes 81.96

2 Compounds listed in order of elution in column HP-5MS, ® Relative area (%) = percentage of the area occupied by the compounds in the chromatogram,
¢RI calculate = identification based on retention index (RI) using a homologous series of n-alkane C,-C,, on Agilent HP-5MS column, ¢ MS = identification
based on comparison of mass spectra using Wiley 275 libraries, N.i = not identified, t = traces.
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(15.60%) as the most common. The Eugenia pyriformisleaf EO
composition in this experiment showed variability compared
with the studies by Apel et al. (2004) and Stefanello et al.
(2009). Interestingly, the experiments conducted with EO of
this species were mainly conducted in the southern Brazil.
Although this region presents similar climatic characteristics,
differences in EO chemical composition were observed. This
variability in EO chemical composition may be associated with
the influence of environmental factors such as temperature and
humidity, edaphic factors, and genetic variability (Borsato etal.
2007, Gobbo-Neto & Lopes 2007, Cerqueira et al. 2009).
The EO analyzed in this study was obtained from a single
species, in the same locality, and under the same conditions.
Thus, it is considered that local climatic variations and soil
composition (Table 1) contributed to its variability. Biotic and
abiotic factors directly influence the chemical composition of
essential oils. According to Morais (2009), information on the
species used, the vegetative phase of the plant during collection,
crop implantation location, soil information, temperature
and altitude are fundamental for the correct knowledge of
its chemical and biological characteristics.

EO activity on Rhipicephalus (Boophilus) microplus in vitro

The objective of the present experiment was to verify
in which stage of the R. (B.) microplus reproductive cycle
the EO showed the highest activity. The results of acaricidal
activity indicated that Eugenia pyriformis EQO, at the tested
concentrations, did not significantly promote mortality of
engorged females (Fig.1), with LC_; of 1,562.90mg/mL and
LC,,, of 2,578.67mg/mL (Table 3), i.e,, the EO did not act in
the first stage of southern cattle tick reproductive cycle, which
corresponds to the parasitic life cycle.

Another important step in this experiment was to evaluate
whether E. pyriformis essential oil inhibited the hatchability of
eggs (Fig.2). The results indicated that, at the concentration
of 500.00mg/mL, the EO provided 54.36% inhibition, thus
evidencing low reproductive efficiency of the tick (64.73%)
(Fig.3).

However, the EO showed higher activity when tested in the
free-living cycle, which corresponds to the larval stage (Fig.4),
showing LC,  of 0.06mg/mLand LC,, , of 24.60mg/mL (Table 3).

Effect of the EO on the larvae were expressive because,
according to Chengetal. (2003), good larvicidal agents present
LC,, values <0.10mg/mL, and the E. pyriformis EO LC, found
in the present experiment was 0.06mg/mL (Table 3). When
comparing the LCs between engorged females and larvae,
it was evident that the EO was more active on the larvae.
The likely explanation for this difference may be associated
with the cuticle composition of the larvae and adult females, as
tick cuticle is formed by an outer layer, epicuticle (composed
of waxes and proteins), and an inner layer, endocuticle
(composed of chitin and protein). According to Odhiambo
(1982), the lipid layer is observed in R. (B.) microplus only
from nymph ecdysis and, in greater quantity in the adult tick,
in which it is thicker. This difference in cuticle thickness is
also explained by Furlong & Sales (2007), who stated that
the increase in the cuticle thickness of engorged females
occurs as a result of hormonal stimulation, so that there is
no extravasation of their acquired proteins during the blood
meal. According to Santos et al. (2015), cuticle thickening
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Fig.1. Mortality (%) of Rhipicephalus (Boophilus) microplus engorged
adult females subjected to the adult immersion test (AIT) at
different concentrations of Eugenia pyriformis essential oil.
Positive control (commercial solution) = 100% adult female
mortality and negative control (2% polysorbate-80) = 0% adult
female mortality.
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Fig.2. Hatchability of eggs (%) of Rhipicephalus (Boophilus) microplus
subjected to adultimmersion test (AIT) at different concentrations
of Eugenia pyriformis essential oil. Positive control (commercial
solution) = 0% hatchability of eggs and negative control (2%
polysorbate-80) = 95.71+2.17% hatchability of eggs.

Table 3. Lethal concentrations (LC,, and LC,, , mg/mL) of
Eugenia pyriformis leaf essential oil on adult females and larvae

of Rhipicephalus (Boophilus) microplus by Probit analysis

Rhipicephalus (Boophilus) microplus

CL,, (mg/mL) CL,,, (mg/mL)
Positive control ~ 0.019 + 0.001* 0.21+0.01°
* *
Larvae 0.06 + 0.003* 24.6 £ 5.74*
Cl (0.057 - 0.063) (18.86 - 30.34)
Adult females 1,208.80 + 118.80" 2,538 + 238
CI (1,111.90 - 1,305.70) (2,344 - 2,733)

Values presented as mean *standard deviation. *® Means followed
by same letters in the same column do not statistically differ by
Tukey’s test at 5% significance level; LC,, = lethal concentration 50%,
LCyy, = lethal concentration 99.9%, CI = confidence interval, Positive
control = commercial organophosphorus (15% cypermethrin; 25%

chlorpyrifos; 1% citronellal).
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makes it difficult for EO to penetrate only through joints
and natural orifices, leaving the adult tick less vulnerable to
poisoning, which makes the lethal dose higher for teleogines
compared with larvae.
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Fig.3. Product efficiency (%) of Eugenia pyriformis essential oil on
Rhipicephalus (Boophilus) microplus. Positive control (commercial
solution) = 100% product efficiency and negative control (2%
polysorbate-80) = 0% product efficiency. Means obtained from
the equation by Drummond et al. (1973).
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Fig.4. Mortality (%) of Rhipicephalus (Boophilus) microplus larvae
subjected to the larval packet test (LPT) at different concentrations
of Eugenia pyriformis essential oil. Positive control (commercial
solution) = 100% larval mortality and negative control (2%
polysorbate-80) = 0% larval mortality.

EO activity on Rhipicephalus (Boophilus) microplus under
semi-natural conditions

Another stage of the reproductive cycle of the tick
corresponds to the larval free-living cycle. It is an important
stage because 95% of the larvae are distributed in pastures,
and only 5% are parasitizing animals (Powell & Reid 1982).
Thus the LC,, , of 24.60mg/mL (Table 3) found for larvicidal
activity by the Larval Packet Test was used in the field tests
for the tick free-living cycle (Table 4).

Twenty-four hours after EO spraying at 24.60mg/mL
concentration on tick larvae positioned at the apex of the
Brachiaria decumbens leaves, larva mortality of 72.25% was
observed (Table 4).

Some essential oils have been shown to have proven
acaricidal activity on R. (B.) microplus larvae in in vitro studies
(Scoralik et al. 2012). However, there seem to be no reports
on the application of E. pyriformis EO for tick control at any
stage of the free-living cycle, which is the first to evaluate the
activity of EO on R. (B.) microplus larvae under semi-natural
conditions.

Regarding the application of EO and other substances
of plant origin, many in vitro studies have been conducted,
but there are still few investigations ex sito, simulating field
conditions. Under semi-natural conditions, thymol found in
the EO of Lamiaceae and Verbenaceae (Pengelly 2004) plants
was tested at a concentration of 10mg/mL (LC90=9.25mg/mL)
in Brachiaria decumbens pots containing of R. (B.) microplus
larvae, reducing more than 95% the number of live larvae
(Aratjo et al. 2015), thus indicating the efficiency of the
protocol established by this author.

From the results obtained in the present study, it is
possible to conclude that E. pyriformis EO, when applied to
B. decumbens pots under semi-natural conditions, showed a
72.25% reduction in tick larvae reproductive efficiency and
stability when used in an uncontrolled environment (Table 4).

Anticholinesterase activity of the essential oil (EO)

Another important aspect within this research was to
determine by which mechanism of action the EO acted on
southern cattle tick. In conventional southern cattle tick control
treatment, it is common to use organophosphate, a class of
pesticides that promote the inhibition of the acetylcholinesterase
(AchE) enzyme. Despite the high toxicity of these substances,
they are widely used in livestock and agriculture, as well as
domestically (Worek et al. 2005).

Thus the activity on AchE was evaluated by the Bioautographic
Method (Table 5).

The results showed that the EO inhibited the enzyme ata
concentration of 3.15mg/mL, which is superior to the results

Table 4. Larvicidal activity of Eugenia pyriformis leaf essential oil on larvae of Rhipicephalus (Boophilus) microplus by
the ex situ test

Treatment Mean number of live larvae Treatment efficacy (%)
Positive control 0.00 £ 0.00? 100
EO (24.6 mg/mL) 66.00 + 15.51° 72.25
Negative control 237.67 £55.19" 0.00

Values presented as mean tstandard deviation. ** Means followed by same letters in the same column do not statistically differ by Tukey’s Test
at 5% significance level; Positive control = commercial organophosphorus (15% cypermethrin, 25% chlorpyrifos, 1% citronellal), Negative

control = polysorbate-80 (2%).
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Table 5. Inhibiting activity of acetylcholinesterase enzyme
at different concentrations of Eugenia pyriformis leaf
essential oil (EO) by the Bioautographic Method

Acetylcholinesterase inhibitor (AChEI)
Concentration Eugenia pyriformis
(mg/mL) (EO)
500.00 +
400.00
300.00
200.00
100.00
50.00
25.00
12.50
6.25
3.15
0.75
0.37
0.18 -

PC =Positive control; commercial organophosphorus (15% cypermethrin,
25% chlorpyrifos, 1% citronellal); +++ strong inhibition, ++ moderate
inhibition, + weak inhibition of acetylcholinesterase enzyme; (-) absence
of inhibition; EO = essential oil.

Positive control

+ o+ o+ o+ o+ o+ A+ o+ o+

+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+

found in the in vivo larvae test (LC,,, 24.60mg/mL). This
difference may be explained by the absence of physiological
conditions that interfere with biochemical reactions in vivo,
because the Bioautographic Method is performed in a
controlled environment with all pre-established conditions,
without interference of cell wall permeability, absorption
characteristics of molecules, as well as solubility in hydrophilic
and lipophilic media inherent in living beings (Benson 2005,
Brain et al. 2007).

Molecules capable of inhibiting or reactivating the AChE
enzyme are potential substitutes for organophosphates.
Success in developing products of these classes depends
on the efficiency and practicality of the tests employed to
evaluate AchE activity (Araujo et al. 2016).

CONCLUSIONS

Eugenia pyriformis Cambess leaf essential oil (EO) presented
sesquiterpenes as the predominant class, with spathulenol
and caryophyllene oxide as major compounds.

In in vitro tests, the EO was active against Rhipicephalus
(Boophilus) microplus southern cattle tick larvae at LC,,, of
24.6mg/mL. When tested under semi-natural conditions (ex situ),
the EO showed a 72.25% reduction in tick larvae reproductive
efficiency and stability when applied in an uncontrolled
environment. The mechanism of action by which the EO killed
the larvae was inhibition of the acetylcholinesterase enzyme
at a concentration of 3.15mg/mlL, thus indicating presence
molecules with biocidal potential in the E. pyriformisleaf EO.
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