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SUMMARY

Extracts and essential oils from plants are important natural sources of pesticides. These compounds are considered an
alternative to control ectoparasites of veterinary importance. Schinus molle, an endemic species of Brazil, produces a
high level of essential oil and several other compounds. The aim of this work was to determinate the chemical composition
of extracts and essential oils of S. molle and further to evaluate the activity against eggs and adults of Ctenocephalides felis
felis, a predominant flea that infests dogs and cats in Brazil. In an in vitro assay, the non-polar (n-hexane) extract showed
100% efficacy (800 µg cm−2; LD50 = 524·80 µg cm−2) at 24 and 48 h. Its major compound was lupenone (50·25%). Essential
oils from fruits and leaves were evaluated, and had 100% efficacy against adult fleas at 800 µg cm−2 (LD50 = 353·95 µg cm−2)
and at 50 µg cm−2 (LD50 = 12·02 µg cm−2), respectively. On the other hand, the essential oil from fruits and leaves was not
active against flea eggs. This is the first study that reports the insecticidal effects of essential oils and extracts obtained from
Schinus molle against Ctenocephalides felis felis.

Key words: Essential oil, Brazilian plants, cat flea, toxicity, Saccharomyces cerevisiae, triterpenes, sesquiterpenes,
interdisciplinary study.

INTRODUCTION

Ctenocephalides felis felis (Bouché), the cat flea, is
among the ectoparasites of cats and dogs with highest
economic importance worldwide. In the USA and
Europa, another flea subspecies (Ctenocephalides
canis – dog flea) is found (Bitam et al. 2010).
According to Dryden et al. (2013), when cat fleas
acquire a host, they mate and start laying eggs
within 24–48 h. Female cat fleas can produce 40–50
eggs per day.
The infestation by this flea causes several pro-

blems, such as allergic dermatitis and discomfort to
pets and their owners. This flea has also been impli-
cated in the transmission of bacteria such as
Rickettsia typhi, Rickettsia felis, Bartonella henselae
and other Bartonella species (Blagburn and Dryden,
2009). Annual spending to control fleas on pets is

estimated at about US$ 1 billion in the USA and
€ 1·1 billion in Western Europe (Rust, 2005).
Catfleas havebecome resistant to some conventional

treatments, which are based on residual topical or oral
medications. The first resistance reported for C. felis
felis was in 1952 to dichloro-diphenyl-trichloroethane
(DDT), followed by dieldrin in 1956. Strains of C.
felis felis have also been found to be resistant to organo-
phosphates, pyrethroids, pyrethrins, organochlorines,
carbamates and fipronil (Coles and Dryden, 2014).
Studies suggest there are three necessary conditions
for evolution of resistance to occur: individuals in
the population must differ genetically; genetic differ-
ences must produce a phenotypic difference; and the
phenotypic difference must enhance survivability,
transferring the resistance to the next generation
(Coles and Dryden, 2014).
Studies have investigatedmany properties of plant-

based repellents, such as essential oil of Cinnamomum
osmophloeum, Taiwania cryptomerioides, Plectranthus
amboinicus, Calendula officinalis L., Allium sativum
L. and other plants (Stamopoulos et al. 2007; Lans
et al. 2008; Ellse and Wall, 2013; Sparagano et al.
2013; Su et al. 2013). The use of plants and other
natural sources as biological agents is increasing due
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to rising environmental concern among scientists and
the public at large and the quest for healthier living
habits, as well as the greater difficulty of treating
certain diseases (Sousa et al. 2008; Souza-Moreira
et al. 2010). Brazil is known for its great diversity of
flora, and has many plants that are sources of natural
therapeutic products.
Schinus molle L. (Anacardiaceae), popularly known

as ‘aroeira branca’, is a native Brazilian species
(Downer et al. 1988; Silva-Luz and Pirani, 2014). It
is also known as felfelkazib or filfilrafie in Arabic,
while in English it is known with various names in-
cluding; pepper tree, California pepper tree, Chilean
pepper tree, mastic tree, molle, pepper berry tree,
weeping pepper, Peruvian mastic, pink pepper or
Peruvian pepper tree (Ibrahim and Al-Naser, 2014).
Its pepper fruits (poivre-rose) are greatly appreciated
in European cooking (Cavalcanti et al. 2015). This
native species occurs throughout the Midwest and
South of Brazil, especially in coastal regions, where
it has important economic and social value because
in addition to use as a food seasoning, the essential
oils are also used for medicinal and cosmetic purposes
(Di Stasi and Hiruma-Lima, 2002).
The leaves contain essential oils, tannins, alkaloids

and biflavonoids, which are used in folk medicine as
antimicrobial, antifungal, antispasmodic, antipyretic
and anti-inflammatory agents (Marongiu et al. 2004).
Several studies have focused on identifying the compo-
nents of this plant’s extracts (Fourie et al. 2005; Lans
et al. 2008; Sparagano et al. 2013). Furthermore, the es-
sential oils and their components are reported to have
strong repellent activity against several arthropods of
veterinary importance (Ellse and Wall, 2013;
Sparagano et al. 2013; Su et al. 2013). These highly
volatile essential oils are an interesting option for the
control of fleas on dogs and cats, considering that vola-
tile compoundsusually are safe for use onpets (although
some can have adverse effects in dogs –Genovese et al.
2012; Addie et al. 2015) and humans and have selectiv-
ity to natural enemies, biodegradability, low cost and
low environmental impact (Dayan et al. 2009).
Our goals were to evaluate the activity of the

extracts and essential oils of Schinus molle
L. against C. felis felis and to evaluate the cytotox-
icity in eukaryotic cells.

MATERIALS AND METHODS

Plant material

The leaves and mature fruits of S. molle tree were col-
lected during the summer period at Volta Redonda
city, Rio de Janeiro, Brazil (GPS 22°31′36·23S;
44°04′31·62W). A specimen voucher was deposited
in the herbarium of the Institute of Botany (UFRRJ,
Brazil), and identified by Dr Pedro Germano Filho
with the code RBR 35791. Schinus molle was dried at
room temperature, protected from light andmoisture.

Plant extracts

Extracts of leaves (100 g) from S. molle were
obtained by sequential Soxhlet extraction with
different solvents (1000 mL each) using increasing
polarity (n-hexane, ethyl acetate and methanol).
The extraction time was 2 h for each solvent. The
resulting extracts were evaporated using rotatory
evaporator affording hexanic (SmH), ethyl acetate
(SmAe) and methanol (SmM) extracts.

Extraction, content (% w/w) and chemical
characterization of the essential oil

Samples weighing 50 g of S. molle, consisting of
dried aerial parts (leaves and fruits separately),
were subjected to hydrodistillation using a Clevenger
type apparatus. Aliquots of the essential oils (EO) at
time intervals of 30, 60, 120, 180 and 240 min were
taken to analyse the chemical composition for leaves,
or 30, 60, 120, 240 and 360 min for fruits. The EO
were dried over anhydrous sodium sulphate and con-
centratedwithN2 gas.The content (%w/w) of all frac-
tions of EO collected was evaluated in triplicate and
chemical analysis was performed by gas chromatog-
raphy-mass spectrometry (GC-MS).
A gas chromatograph coupled to a mass spectrom-

eter (Shimadzu QP-2010 Plus) was used for separ-
ation, detection and quantification the of S. molle
EO components. The compounds were separated
in a fused silica capillary column (5% diphenyl and
95% dimethylsiloxane), with 30 m× 0·25 mm (id) ×
0·25 µm of film thickness. Helium was used as the
carrier gas at a flow rate of 1 mL min−1.
Injector and detector temperatures were set at 220

and 250 °C, respectively. Oven temperature was
kept at 60 °C for 2 min, with increase of 5 °C min−1

to 110 °C followed by an increase of 3 °C min−1 to
150 °C, and finally, 15 °C min−1 to 290 °C, kept con-
stant for 15 min. To separate and identify the sub-
stances, 1·0 µL of essential oil samples (10 µLmL−1),
in the defined times, were injected manually and in
splitlessmode.Mass spectrawere obtainedwith a quad-
rupole detector operating at 70 eV, with mass range
40–400 m/z and a ratio of 0·5 scan s−1.
The identificationofEOwasbasedoncomparisonof

retention times (RT) against the data in the National
Institute of Standards and Technology (NIST) data-
base (2008) and retention index (RI) from the literature
(Adams, 1995). RI was obtained based on co-injection
of samples with a mixture of hydrocarbons, C8-C40
(Sigma-Aldrich, USA), and computed based on the
literature (Van den Dool and Kratz, 1963).

Insecticidal activity in vitro of S. molle on C. felis
felis eggs

The in vitro testing was realized using the filter paper
impregnation method with a stock solution at a
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concentration of 200 mg mL−1 of the S. molle essen-
tial oils from fruits and leaves. Both oils were diluted
in acetone, the solvent able to dissolve the oil.
Acetone alone was used as the negative control.
Ten 1:2 serial dilutions were obtained from the

stock solution, starting at a concentration of 800 µg
cm−2. Two repetitions were performed for each con-
centration, with filter paper strips measuring 10 cm2

(1 cm wide and 10 cm long). Each strip was impreg-
nated with 0·2 mL of the respective dilution, for a
total of 20 strips, plus two for the negative control
group, two for a positive control with phenylpyrazole
(fipronil at 400 µg cm−2) and two for another positive
control using pyriproxyfen 400 µg cm−2 (an insect
growth regulator). After the treatment, the strips
were left in the open to dry for 30 min. The dried
strips were then placed in test tubes containing 10
C. felis felis eggs along with a substrate necessary for
larval development, consisting of sand, wheat bran
and fecalmaterial fromadult fleas froma colonymain-
tained since 1998 in the Laboratory for Experimental
Chemotherapy in Veterinary Parasitology of Federal
Rural University of Rio de Janeiro (UFRRJ). The
tubes were sealed with non-woven tissue and rubber
bands and kept in a climatized chamber at 28 ± 1 °C
and relative humidity of 75 ± 10%. To evaluate the
efficiency of each test dilution, the material in each
tubewasfixed in 70°GLalcohol 30days after the incu-
bation and then the number of adults that had
emerged from the puparia were counted with the aid
of a stereoscopic microscope.
The formula of Abbott (1987) was used to calculate

the efficacy: Per cent efficacy = [(mean number of
adult fleas of the control group –mean number of
adult fleas from the treated group)/(mean number
of adult fleas from the control group)] × 100.

In vitro insecticidal activity of the extracts and
essential oil of S. molle against C. felis felis adults

In vitro insecticidal activity against C. felis felis
adults was tested using the filter paper tests against
unfed fleas obtained from a laboratory colony. The
experiments followed the standards established by
the Ethics Committee for Animal Use of the
Institute of Biology (CEUA/IB).
Leaf extracts (SmH, SmAe and SmM) were

diluted in n-hexane, ethyl acetate and methanol, re-
spectively, and the final concentration ranging from
250 to 40 000 µg mL−1, and negative controls were
realized with each solvent. For the tests with EO
using S. molle leaf extracts (EOL) and fruits
(EOF), the concentration ranging from 78·125 to
40 000 µg mL−1 were obtained using acetone as
solvent and negative control.
Strips of filter paper, 1 cm wide and 10 cm long,

were impregnated with 0·2 mL of the each EO and
extracts, and strips impregnated with acetone were
used as negative control. Fipronil at 400 µg cm−2

was used as positive control. After drying at room
temperature for 30 min, the strips were inserted
into glass tubes containing 10 unfed adult cat fleas
(five males and five females). The assay was con-
ducted in duplicate as described by Batista et al.
(2014). After application, the strips of paper had a
final concentration ranging from 25 to 800 µg cm−2

for (SmH, SmAe and SmM) and 1·562–800 µg
cm−2 of fruits and leaves EO.
The tubes were sealed with parafilm and rubber

bands and kept in climatized chamber at 28 ± 1 °C
and 75 ± 10% relative humidity. Themotility evalua-
tions were carried out at 10 min, 30 min, 1, 2, 24 and
48 h. Flea activitywasmonitored after gently tapping
the glass tubes on a hard surface.Tubeswhere allfleas
showed normal occasional jumps and coordinated
movements were evaluated as zero efficacy. Fleas
with uncoordinated movements or fleas that lay on
one side showing only weak leg movements were
counted as alive despite the fact that they would not
be capable of infesting or feeding on a host. Fleas
not moving at all after stimulation by tapping the
tubes were counted as dead (Batista et al. 2014).
Normality of the data set was tested using the

Shapiro–Wilk test. Statistical significance was set at
5% (P < 0·05). Mortality of adult flea at 24 and 48
h from treated and control groups were compared
by the t-test using a significance level of P< 0·05.
The estimate of LD50 (lethal dose – which killed
50% of the treated population) was done by probit
analysis using Minitab® 16 (2013, Minitab Inc.).

Yeast strains and growth conditions

A wild strain of Saccharomyces cerevisiae BY4741
(MATa; his3Δ1; leu2Δ0; met15Δ0; ura3Δ0)
(Euroscarf, Frankfurt, Germany) was maintained
on solid 2% yeast extract-peptone-dextrose (YPD)
(1% yeast extract, 2% glucose, 2% peptone, and 2%
agar). Cells were grown up to the middle exponen-
tial phase (about 106 cells mL−1) in liquid 2% YPD
mediumusing an orbital shaker at 28 °Cand160 rpm
with the flask volume/medium ratio of 5/1 (Castro
et al. 2008). The essential oils were solubilized in 1%
dimethyl sulfoxide (DMSO), whichwas used as nega-
tive control.

Cell viability and mitochondrial damage

Cells were re-inoculated into fresh liquid medium
containing 0, 78·125, 312·5 and 1250 µg mL−1

(1·562, 6·25 and 25·00 µg cm−2, respectively) of
fruit and leaf EO and incubated at 28 °C and 160
rpm. Initial cell concentration was 105 cells mL−1.
At 1, 6 and 24 h, cells from control tubes (1%
DMSO) were diluted with 50 mM of phosphate
buffer (pH 6·0) and plated on YPD plates and
YPGLy; cells that were exposed to the EO of fruits
and leaves were diluted in the same buffer and
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plated on both YPD and YPGly plates (1% yeast
extract, 4% glycerol, 2% peptone and 2% agar).
YPGly was used to test the inability of cells to
grow on an aerobic restricted medium (glycerol)
due to the damage in the mitochondria. The assay
was conducted in triplicate. The viable number of
cells was determined after 72 h of growth. Viability
was measured as percentage of viable cells, grown
on YPD plates that survived after incubation with
essential oils. The damage rates caused by essential
oils were measured as the number of colonies
counted on YPGly plates in relation to colonies
counted on YPD plates (Jin et al. 1998).

RESULTS

Chemical analysis of plant extracts

The hexane extract (SmH) was found to contain
eight identifiable compounds: spathulenol (8·9%),
caryophyllene oxide (0·7%), 14-heptadecenal (1·3%),
n-octadecanal (8·7%), Z-2-octadecen-1-ol (1·9%),
octadecyl-vinyl-ether (21·5%), lupenone (50·5%),
lupeol (2·9%), along with two unidentified com-
pounds (3·6% together) (Fig. 1). These compounds
were identified previously from plants of the genus
Schinus and some of them in S. molle (Masateru
et al. 2008; Carvalho et al. 2013). Analysis of metha-
nol (SmM) and ethyl acetate (SmAe) extracts were
not performed, considering that the samples were in-
active in the biological model studied.
The hyperbolic distribution describing the extrac-

tion of S. molle essential oils in function of time
showed maximum values equal to 0·99% ( ± 0·03)
and 2·4% (± 0·04) for leaves and fruits, respectively.

The estimated extraction time was longer than 20 h
(Fig. 2); but an initial asymptotic pattern was
observed at 240 and 360 min for the leaves and
fruits, respectively. The analysis of the essential oil
from the S. molle leaves and fruits (EOL and EOF)
showed differences in the composition and chemicals
(Table 1 and Fig. 3). The main substances found in
the leaves were spathulenol and cubenol (sesquiter-
penes), while in the fruits they were 4-terpineol
and myrtenal (monoterpenes) and the spathulenol.

In vitro insecticidal activity of S. molle against eggs
and adults of C. felis felis

The activity of the essential oils from leaves at the con-
centration of 800 µg cm−2 was 10·53%, while efficacy

Fig. 1. Major substances obtained from Schinus molleL. Triterpenes and lipids were obtained by Soxhlet extraction (1 h);
myrtenal, terpinol, spathulenol and cubenol (monoterpenes and sesquiterpenes, respectively) were obtained by
hydrodistillation from leaves and fruits of S. molle.

Fig. 2. % w/w of essential oil obtained by hydrodistillation
of leaves and fruits dried, fromSchinus molleL. in function
of time (30, 60, 120, 180, 240 and 360 min).
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at the concentration of 100 µg cm−2 was 5·26%. The
other concentrations were not effective. The fruit es-
sential oil had efficacy of 10·5% at concentrations of
800 and 50 µg cm−2, and efficacy of 5·3% at concentra-
tions of 200 and 3125 µg cm−2. The positive controls,
consisting of fipronil and pyriproxyfen applied at 400
µg cm−2, were 100% effective, demonstrating that the
method was employed correctly.
The mortality of C. felis felis caused by hexane

(SmH), ethyl acetate (SmAe) and methanol (SmM)
extracts from leaves was significantly different from
the control group at 48 h [SmH (P = 0·0034),
SmM (P= 0·0062) and SmAe (P= 0·0051)]. The
SmH extract showed efficacy of 100% at 800 µg
cm−2, while SmAe and SmH did not show a signifi-
cant efficacy at 800 µg cm−2 (5 and 40%, respectively
at 48 h). Ctenocephalides felis felis bioassays with

different concentrations of the extracts of S. molle
showed that only SmH extract had insecticidal activ-
ity. The LD50 values were 524·80 and 168·57 µg
cm−2 after 24 and 48 h, respectively (Table 2).
The percentage (%) of mortality and efficacy of the

two essential oils (EOL and EOF) againstC. felis felis
were determined by the filter paper test. The com-
bined data and curve fitting statistics are reported in
Table 3.
Efficacy for bothEOLandEOFwere observed at 24

and 48 h. EOF achieved 100% efficacy at the highest
concentration tested (800 µg cm−2), both at 24 and
48 h. Although at 24 h, the mortality induced by
EOF was not significantly different from the control
group (P= 0·0855), it was significantly different at
48 h (P= 0·0201). Leaf essential oil (EOL) achieved
100% efficacy at lower concentration (50 µg cm−2)

Table 1. Chemical profile of Schinus molle essential oil obtained by hydrodistillation of leaves and fruits dried
at room temperature protected from light and moisture

Order
elution

Retention
time Substances

Kovats
index

Retention
index EOL EOF

Identification
method

1 5·580 α-pinene 939 935 3·4 tr a, b

2 6·881 Sabinene 976 977 0·6 – a, b

3 7·048 β-pinene 980 982 6·7 tr a, b

4 12·984 Linalool 1098 1114 – 1·0 a, b

5 14·108 Methyl octanoate 1120 1133 tr 4·3 a, b

6 14·283 p-menth-2-en-1-ol 1121 1136 tr 1·8 b

7 14·403 α-campholenal 1125 1138 1·1 tr a, b

8 15·294 trans-pinocarveol 1139 1154 6·2 5·7 a, b

9 15·432 cis-β-terpineol 1144 1156 tr 2·0 a

10 15·703 trans-verbenol 1144 1161 2·8 tr b

11 16·549 Pinocarvone 1162 1176 2·2 tr a

12 17·293 α-phellandren-8-ol 1166 1189 1·6 4·6 a

13 17·521 4-terpineol 1177 1193 1·1 18·5 a, b

14 18·622 Myrtenal 1193 1211 5·1 20·9 a, b

15 18·853 Myrtenol 1194 1215 3·9 4·3 a, b

16 19·520 Verbenone 1204 1226 2·0 4·0 a, b

17 20·334 cis-carveol 1217 1239 0·8 – a, b

18 31·406 β-caryophyllene 1418 1425 4·6 1·3 a, b

19 33·325 α-caryophyllene 1454 1463 0·8 tr a, b

20 33·557 Alloaromadendrene 1461 1467 4·3 tr a, b

21 34·634 γ-muurolene 1477 1489 2·3 2·3 b

22 35·407 Bicyclogermacrene 1494 1505 2·3 1·1 b

23 35·578 α-muurolene 1499 1508 1·4 tr a, b

24 36·216 trans-β-guaiene 1500 1523 6·2 0·8 b

25 36·488 γ-cadinene 1513 1529 2·8 Tr a, b

26 37·306 α-cadinene 1538 1548 0·9 Tr a, b

27 39·250 Germacrenol 1574 1592 1·2 – a, b

28 39·504 Spathulenol 1576 1598 11·7 14·5 a, b

29 39·809 Globulol 1583 1607 2·1 1·2 a, b

30 40·138 Gleenol 1585 1618 2·2 – b

31 40·510 Ni 1631 1·3 –
32 40·703 Humulene epoxide II 1606 1638 1·0 tr b

33 40·880 (1, 10-di-epi)-
cubenol

1614 1644 3·0 1·1 b

34 41·297 (1-epi)-cubenol 1627 1658 0·4 – b

35 41·765 Cubenol 1642 1674 13·0 8·2 a, b

36 42·082 α-cadinol 1653 1685 1·0 2·4 a, b

OE, elution order; RT, retention time; KI, Kovats index; RIC, retention index calculated using alkanes series; identifica-
tion: a – gas chromatography-mass spectrometry (GC-MS) (Nist Library, 98); b –mass spectrum of literature (Adams,
1995) with the aid of the RIC; less than 0·1% concentration (tr); not detected (–); not identified (ni).
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and were statistically different at 24 h (P= 0·003) and
48 h (P= 0·002) from the control group.
EOL and EOF gave negative slope values, indi-

cating reliability improvement in probit analysis.
EOF showed higher LD50 values (353·95 and
138·22 µg cm−2) than for EOL (12·02 and 9·10
µg cm−2) at 24 and 48 h. Therefore, according to
the filter paper test, EOL was more effective
against C. felis felis (with highest potency at 24 h)
than EOF.

Insecticidal activity in vivo in S. cerevisiae cells

The results showed total cell death. In this case,
because of the high toxicity it was not possible to
detect mitochondrial damage. Additionally, cell cul-
tures not exposed to oil (control) and exposed only to
1% DMSO were analysed, in both cases showing
normal growth of colonies.

In accordance with the LD50 values shown in
Table 3, the toxicity assays from the leaf oil were
performed with concentrations near the LD50:
1250 (25·00); 312·5 (6·25) and 78·125 µg mL−1

(1·562 µg cm−2), respectively, C1, C2 and C3.
Incubation for 1 and 2 h with the EOF or EOL
did not show high toxicity to S. cerevisiae yeast
cells at different concentrations (Fig. 4). Despite
the significant results in the analysis of mitochon-
drial damage after cell exposure to EOF and EOL
for 1 and 2 h at three different concentrations,
there was no decrease in cell viability, showing that
mitochondrial damage is not sufficient to cause cell
death (Fig. 5).

DISCUSSION

Increasing research interest has been directed at es-
sential oils of many plants to find new formulations

Fig. 3. Chemical profile of Schinus molle L. essential oil obtained by hydrodistillation of the leaves (above) and fruits
(below), considering the difference (subtraction) of the same components (or same retention time). The numbers in order
of elution (OE) are listed in Table 1.

Table 2. % Mortality of Ctenocephalides felis felis through filter paper test, using Schinus molle hexanic,
methanolic and ethyl acetate extracts

Schinus molle extract

Extract dose (μg cm−2) Hexanic (SmH) Methanol (SmM) Ethyl Acetate (SmAe)

Time 24 h 48 h 24 h 48 h 24 h 48 h
800 75 100 10 40 0 5
400 25 55 20 40 0 15
200 35 65 10 35 5 20
100 0 25 5 20 0 20
50 0 10 20 35 20 40
25 10 20 25 40 5 25
LD50 (μg cm−2) 524·80 168·57 – – – –
Slope −4·35 −3·66 – – – –
Normality testa Passed Passed Passed Passed Passed Passed
P valuesb 0·093 0·0034 0·125 0·0062 0·152 0·0051

a Normality (Shapiro–wilk).
b P values (mortality vs. control), t-test and probit analysis were performed for all data from both trials, usingMinitab® 16
(2013, Minitab Inc., LEADTOOLS, LEAD Technologies, Inc.).
Fipronil at 400 µg cm−2 was used as positive control to ensure viability of the colony.
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for veterinary use and new active molecules, or even
prototypes for the development of new drugs that
are more effective and safer for use in veterinary
medicine.
Different results have been reported regarding the

content of essential oil extracted from S. molle, using
different methods, such as supercritical fluid extrac-
tion (Barroso et al. 2011; Scopel et al. 2013), extrac-
tion from fresh plant parts (Murray et al. 2005;
Benzi et al. 2009), soxhlet extraction (Silva et al.
2005), microwave extraction (Bousbia et al. 2009)

and others. Only a few studies have been published
using hydrodistillation, and the result of our study
are similar to the published record (Barroso et al.
2011; Zahed et al. 2010; Gomes et al. 2013).
The chemical composition of the essential oils

(Table 1) were consistent with the findings of other
studies, except that the percentage of each com-
pound, were different and we did not detect the pres-
ence of the monoterpenes myrcene, phellandrene
and limonene in our samples (Murray et al. 2005;
Silva et al. 2005; Benzi et al. 2009; Zahed et al.

Table 3. % Mortality of Ctenocephalides felis felis through filter paper test, and efficacy of Schinus molle fruits
and leaves essential oil fruits (EOF) and leaves (EOL)

Schinus molle Essential oil

Essential oil Dose (μg cm−2) Fruits (EOF) Leaves (EOL)
Mortality Efficacy Mortality Efficacy

Time 24 h 48 h 24 h 48 h 24 h 48 h 24 h 48 h
800 100 100 100 100 100 100 100 100
400 35 70 35 70 100 100 100 100
200 40 70 40 70 100 100 100 100
100 0 10 0 10 100 100 100 100
50 5 10 5 10 100 100 100 100
25 0 15 0 15 50 55 47·4 52·6
12·5 20 30 20 30 40 45 36·8 42·1
6·25 0 0 0 0 45 45 42·1 42·1
3·125 5 5 5 5 15 35 10·5 31·6
1·562 0 5 0 5 10 15 5·3 10·5
LD50 (μg cm−2) 353·95 138·22 – – 12·02 9·10 – –
Slope −3·16 −2·55 – – −1·73 −1·27 – –
Normality testa Passed Passed Passed Passed Passed Passed Passed Passed
P valuesb 0·0855 0·0201 – – 0·0003 0·0002 – –

a Normality (Shapiro–wilk).
b P values (mortality vs. control), t-test and probit analysis were performed for all data from both trials, usingMinitab® 16
(2013, Minitab Inc., LEADTOOLS, LEAD Technologies, Inc.).
Fipronil at 400 µg cm−2 was used as positive control to ensure viability of the colony.

Fig. 4. Analysis of yeast survival after exposure to
essential oils. Saccharomyces cerevisiae cells were
submitted to (C1 = 1250 µg mL−1), (C2 = 312·5 µg mL−1)
and (C3 = 78·125 µg mL−1) during 1 and 2 h. The results
represent the mean ± standard deviation of at least three
independent experiments. Each group of results was
separately analysed to determine statistical differences.
Different symbols mean statistically different results at
P< 0·05.

Fig. 5. Analysis of mitochondrial damage after exposure
to essential oils. Saccharomyces cerevisiae cells were
submitted to (C1 = 1250 µg mL−1), (C2 = 312·5 µg mL−1)
and (C3 = 78·125 µg mL−1) during 1 and 2 h. The results
represent the mean ± standard deviation of at least three
independent experiments. Each group of results was
separately analysed to determine statistical differences.
Different symbols mean statistically different results at
P< 0·05.
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2010; Barroso et al. 2011; Gomes et al. 2013;Martins
et al. 2014).
Abdel-Sattar et al. (2010) identified 65 com-

pounds in the extracts, compared with 36 identified
in this report. The GC-MS techniques were similar
in both studies. The difference in the compounds
identified can be explained by various factors
described by Cavalcanti et al. (2015). Variations in
essential oil contents from plant tissues can be
related to different factors, some of them intrinsic
and controlled by the plant’s genetic traits. On the
other hand, quantitative traits are susceptible to eda-
phoclimatic effects, such as seasonality, water avail-
ability and soil nutrients (Cavalcanti et al. 2015).
The composition of the essential oils can also be

modulated by temperature, moisture, nutrient avail-
ability, light intensity, photoperiod and/or ecological
interactions (Sangwan et al. 2001; Lima et al. 2003).
Finally, it can be affected by other conditions, such as
storage andwhether the plantmaterial usedwas dried
or fresh (Jerković et al. 2001). The main factor that
determines the concentration of each compound
present in the essential oils is its genotype (Gomes
et al. 2013).
Some non-polar compounds could be present in

the genus Schinus and in SmH, such as fatty acids,
triterpenes and steroids (Masateru et al. 2008). We
evaluated the hexane extract’s chemical composition
and found a high concentration of lupenone (50·2%),
a steroidal triterpene. Thus, the toxic action of the
extract could be related to this triterpenoid, but
there are no published reports attributing toxic
action to lupenone. Therefore, further studies to
evaluate the action of lupenone against C. felis felis
are warranted.
Methanol (SmM) and ethyl acetate (SmAe)

extracts were not analysed since the samples were in-
active in the biological model studied. SmAe and
SmM, showed a nonlinear response with maximum
efficacy of 5 and 40% at 48 h, respectively. This non-
linear response may be based on the synergism
between the compounds present in the extracts.
However, it is known that extracts of S. molle of
medium to high polarity contain phenolic acids,
flavonoids, biflavones and terpenes (Masateru et al.
2008), along with gums, alkaloids and tannins
(Ferrero et al. 2006). Few studies have reported the
action of these secondary metabolites in the control
of infestation by fleas. Phenolic (phenolic acids,
flavonoids and tannins) and gums have not been eval-
uated, however, monoterpenes and sesquiterpenes
are known as agents used to control fleas;
Insecticidal use of monoterpene limonene has been
successfully applied for the control of insect parasi-
toids of pet animals. Weekly application of (+)-lim-
onene reduced flea infestations by 80% in cat, and
was toxic to all life stages of the cat flea, with no
adverse effects on liver and kidney function
(Ibrahim et al. 2001). Custonolide (sesquiterpene)

have been reported as insecticidal agents, shown to
be highly effective, however, these compounds have
not been evaluated against the fleas (Vattikonda
et al. 2015).
Historically it is known that alkaloids have insecti-

cidal activity (nicotinic acid and its derivatives) but
efficacy against fleas has not been evaluated exten-
sively. Macrocyclic lactones; such as avermectin,
selamectin and spinosyns (polyketides) have been
used to control fleas and were derived from natural
products (Mertz and Raymond, 1990; Zakson-
Aiken et al. 2001).
We evaluated efficacy of extraction at 3 and 6 h for

EOL and EOF, respectively, which gave maximum
values of 0·86% ± 0·05 for EOL and 2·3% ± 0·07 for
EOF, results similar to those calculated for the
time of 20 h (0·99% ± 0·03 for EOL and 2·4% ±
0·04 for EOF). Therefore, the time of 3 h for EOL
and 6 h for EOF were ideal, close to the maximum
values estimated for extraction of S. molle essential
oils by hydrodistillation (Fig. 2).
Studies evaluating the activity of plant extracts or

essential oils on inhibition of the life cycle of C. felis
felis, or the activity of S. molle on the eggs of other
insects have not been published. Akinneye et al.
(2006), evaluating the insecticidal potential of
powders made from the root bark, stem bark and
leaves of Cleisthopholis patens, found that the root
and stem bark powders inhibited the development
of eggs to adults of the Indian mealmoth (Plodia
interpunctella).
Shojaaddini et al. (2008) tested the essential oil of

Carum copticum by fumigation for control of
P. interpunctella and observed that the adult insects
were approximately 500 times more susceptible
than the other life phases. They also noted that the
last-instar larvae were more susceptible than the
eggs. In general, all the development phases were
affected by the essential oil of this plant, which
caused morality of eggs, larvae, pupae and adults
of 80, 90, 90 and 100%, respectively.
Lans et al. (2008) thoroughly saturated pets

infested with fleas with an infusion obtained from
Melissa officinalis (10 and 18% w/v) for 30 min, and
then allowed each animal’s coat to air dry. They
also used other formulations, such as spray of
Citrus spp. (decoction), Lavandula officinalis (decoc-
tion), Thuja plicata and Juniperus communis (essen-
tial oil) against the fleas (Lans et al. 2008). For all
tests, efficient repellency was observed 24 h after
treatment, but they did not report on the percentage
of infestation after treatment; therefore, efficacy
could not be determined.
We observed greater efficacy of S. molle on C. felis

felis adults than on the immature forms. In the test to
evaluate the activity of the S. molle fruit oil onC. felis
felis, of the 10 eggs exposed to the essential oil, an
average of 9·2 fleas reached the adult stage, while
the corresponding result for the leaf oil was 9·5
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adults. In sharp contrast, both essential oils were
100% effective against adult fleas. This result is
similar to that found by Shojaaddini et al. (2008),
who also observed greater sensitivity of adult
insects compared with immature forms.
Baldin et al. (2008) noted high activity of a powder

made fromRuta graveolens in inhibiting egg-adult de-
velopment of the Mexican bean weevil (Zabrotes sub-
fasciatus). Baldin et al. (2009) found increase in the
egg-adult development period of Acanthoscelides
obtectus, another bean weevil species, when the beans
were treated with powder made from Arnica
montana. Raja and John William (2008) investigating
the volatile oils of Cymbopogon winterianus,
Eculyptus citrodora, Cymbopogon flexuosus, Vetiveria
zizanioides and Cymbopogon Martini, observed that
these species had ovicidal activity against the cowpea
beetle (Callosobruchus maculatus), reducing adult
emergence by up to 88%. Souza and Trovão (2009)
studying dried extracts of Cnidoscolus quercifolius to
protect corn against the maize beetle (Sitophilus
zeamais), observed ovicidal and larvicidal activity.
Our results differ from these studies, in that the

essential oil from S. molle was not able to kill the im-
mature forms of C. felis felis and did not cause an in-
crease in the flea’s development period.
Carneiro et al. (2011) investigated the action of an

extract of Annona coriacea on eggs and newly
hatched nymphs of the insect Rhodnius neglectus,
using two application methods, topical and contact.
They evaluated concentrations of 25, 50, 100 and
200 mg mL−1. The extract was able to inhibit the
egg hatching by up to 90% when applied topically,
while in the contact method, the mortality was up to
96·6% of nymphs at the highest concentration, pos-
sible after contact with residue of the extract on
impregnated paper. The topical application method
was efficient in inhibiting egg hatching and the
contact method was sufficient to inhibit development
of recently hatched nymphs. The contact method
was similar to that used by us, where 10 eggs for
each repetitionwere placed in contact with an impreg-
nated filter paper. However, we did not observe any
change in the biological cycle ofC. felis felis: the imma-
ture forms developed within the expected interval,
whereby the adults emerged 30 days after exposure
of the eggs to the oil, both from the fruits and leaves,
impregnated on filter paper.
The choice of pyriproxyfen as positive control was

because it is a juvenile hormone analog of insects,
and it interrupts the embryonic development of C.
felis felis (Rust, 2005). It does not kill the insect dir-
ectly. Instead, it acts on the growth and development
of its immature stages (Graf, 1993). In a study con-
ducted by Batista et al. (2012) using a combination of
0·05% pyriproxyfen and 0·04% cyfluthrin (a pyreth-
roid) on immature forms of C. felis felis, the authors
found average efficacy of 98·8% in interrupting the
egg-adult development during 182 days.

Fipronil was also used as a positive control. It is a
pyrazole insecticide (Cole et al. 1993) with good se-
lective activity against insects (Narahashi et al.
2010). It is approved globally for treatment and
control of infestations by fleas and ticks on dogs
and cats (Taylor, 2001). The drug interferes in the
insect’s neuromodulation, leading to death by
hyperexcitation (Rauh et al. 1990). Both positive
controls used in this study were 100% effective in
interrupting the egg-adult cycle.
There is a growing body of evidence indicating the

potential value of essential oils as control agents
against a range of arthropod ectoparasites, particu-
larly lice, mites and ticks. However, results pub-
lished regarding fleas are scant and not conclusive
and there are no specific studies to evaluate the
efficacy of whole essential oils against fleas (Ellse
and Wall, 2013).
A recent bibliographical search only identified

four papers that describe the activity of essential oil
against the cat flea (Ibrahim et al. 2001; Lans et al.
2008; Genovese et al. 2012; Su et al. 2013). These
studies generally show repellent activity but no adul-
ticide activity.
Results of a new method for analysing repellents

in large scale showed the essential oil of
Cinnamomum osmophloeum (leaf), Taiwania crypto-
merioides (heartwood) and Plectranthus amboinicus
(leaf) had dose-dependent repellent activity against
cat fleas. The repellency activities were 97·6% for
EO ofC. osmophloeum and 90·6% for EO of P. amboi-
nicus during 4 and 8 h, respectively (Su et al. 2013).
Essential oils of Schinus molle (fruit and leaf)

showed insecticidal activity against Trogoderma
granarium (khapra beetle) and Tribolium castaneum
(red flour beetle) (Abdel-Sattar et al. 2010). Data
on the cumulative mortality during 6 days of expos-
ure revealed that the fruit oil caused 50%mortality at
250 µL and 93·3% mortality at 1000 µL, while that
obtained from leaves was less toxic. The mortality
of T. granarium was 50% at 500 µL and 68·8% at
1000 µL. These results are important considering
that the mortality increased with longer exposure
time (Abdel-Sattar et al. 2010).
Other studies show that the essential oils of

Schinus molle were efficient as a repellent at 176·0,
70·0 and 35·38 µg cm−2, causing 100, 95 and 82·5%
mortality against Triatoma infestans, respectively
(Chopa et al. 2006). Thus, our results allow inferring
that the essential oils from the leaves and fruit of
Schinus molle can have repellent activity against the
cat flea, since the leaf extract caused 100% mortality
at 50 µg cm−2 concentration.
Assays with Saccharomyces cerevisiae yeast cells in

the presence of the essential oils obtained from fruit
and leaves did not show toxicity levels near the LD50

found in our study. This seems confusing given the
strong antifungal activity of essential oils, such as of
Cinnamomum zeylanicum on the pathogenic
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filamentous fungus Fusarium keratitis (Homa et al.
2015), or of Melaleuca alternifolia on the fungus
Botrytis cinerea (Yu et al. 2015).
In a study of the antifungal action of the essential

oil of Schinus lentiscifolius, Gehrke et al. (2013) eval-
uated the toxicity of the crude extract and hexane
fraction on S. cerevisiae, finding minimum inhibi-
tory concentration values of 125 and 250 µg mL−1

and minimum lethal concentration values above
500 and 500 µg mL−1 for the crude extract and
hexane fraction, respectively. The results of another
study of exposure of different fungi (Aspergillus niger,
Aspergillus oryzae, Fusarium oxysporum, Rhizophus
oryzae and Rhyzophus stolonifer) to essential oil from
fruits and leaves of S. molle revealed minimum inhibi-
tory concentrations between 500 and 1000 µg mL−1

(Martins et al. 2014). These data are in accordance
with those found in this study, because the oil extracted
from the fruit at the concentration of 12 500 µg mL−1

caused zero cell survival. However, we observed that
lower concentrations of the leaf and fruit essential oil
(hexane fraction) did not significantly reduce the cell
survival, a finding also corroborated by the low impair-
ment of the mitochondrial functions (Figs 4 and 5).
Therefore, although cells of Saccharomyces cerevi-

siae are unicellular, and thus much more sensitive to
the action of the two Schinus molle essential oils,
lower concentrations might not be toxic to the
yeast, but still toxic to fleas. It is important to
stress that S. cerevisiae cells are widely used in
models to study cells of higher mammals, because
they have very similar and homologous cell struc-
tures, metabolism and macromolecules (Khurana
and Lindquist, 2011; Ribeiro et al. 2015).
Another point in favour of a larger study of the use

of essential oils of Schinus for prevention of ectopar-
asites is the possibility of topical use, preventing in-
ternal organs’ exposure to their cytotoxic action at
higher concentrations.
In conclusion, the insecticidal properties of essen-

tial oils and extracts obtained by three methods (de-
coction, infusion and maceration) were evaluated.
Our data show that non-polar extracts are the most
active against C. felis felis. Therefore, the study of
polar extracts probably would not lead to the discov-
ery of a substance that could be used to treat flea
infestations.
We can also conclude that the essential oil of

Schinus molle is an important source of chemical con-
stituents that may have potential use in veterinary
medicine. The essential oils, which are rich in ter-
penes (monoterpenes and sesquiterpenes) did not
have toxic effects at lower concentrations on S. cere-
visiae cells or cause change in plasmatic membranes
and mitochondrial damage, thus allowing the pos-
sible inclusion of these oils in formulations that can
be applied directly to the animal.
This is the first study reporting the in vitro insecti-

cidal effects of essential oils and extracts obtained from

S. molle. Major oil compounds (myrtenal, terpineol,
spathulenol and cubenol) and the hexane extract (lupe-
none) should be evaluated for use as natural pesticides.
These fractions may have possible value as candidates
for alternative control of fleas. However, further
studies are necessary to evaluate the pulicide activity
under in vivo conditions. The processes of isolating
these compounds are being evaluated with the inten-
tion of conducting in vivo testing.
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