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Here, we describe the trypanocidal and antimalarial activities from essential oils extracted from Annona vepretorum
(AVOE) and Annona squamosa (ASOE) (Annonaceae) leaves. The essential oils were obtained by hydrodistillation
and analyzed by gas chromatography—mass spectrometry (GC-MS) and GC—flame ionization detection (GC-FID). A
total of twenty-one compounds were identified in AVOE and twenty-three in ASOE. The sesquiterpenes are more
abundant in the both essential oils. ASOE contained significant quantities of (E)-caryophyllene (27.4%), germacrene
D (17.1%) and bicyclogermacrene (10.8%). The major compounds in AVOE were bicyclogermacrene (39.0%), spath-
ulenol (14.0%) and a-phellandrene (11.5%). The essential oils demonstrated potent trypanocidal and antimalarial
activities with values of 1csq lower than 20 pg/mL, and a strong inhibition of the proliferation of amastigotes, the
clinically relevant forms of Trypanosoma cruzi. In addition, through ultrastructural studies and flow cytometry analy-
sis with trypomastigotes of 7. cruzi, we identified significant ultrastructural alterations induced by the essential oils,
especially in the cell membrane and mitochondria, which ultimately results in necrotic parasite death.

Keywords: Annona squamosa; Annona vepretorum; essential oil; antimalarial activity; trypanocidal activity

Introduction

Tropical diseases caused by single-celled parasites, such
as malaria and Chagas’s disease, affect about one bil-
lion people worldwide, with a high prevalence in tropi-
cal regions (1). Quality pharmaceutical treatment of
both diseases is dramatically limited to a few classes of
drugs, which, in many cases, are associated with high
toxicity, variable efficacy and resistance, constituting a
public health problem in developing countries (2, 3).
Therefore, the development of new therapies for the
treatment of parasitic diseases is necessary.

Annona L. (Annonaceae) comprises approximately
162 species of trees and shrubs that are found predomi-
nantly in lowland tropical regions (4). Previous chemi-
cal and pharmacological investigations of some species
from this genus have indicated the presence of impor-
tant bioactive compounds (alkaloids, acetogenins and
terpenes) that exhibit various pharmacological activi-
ties, including cytotoxicity against tumor cell lines,
antimicrobial and particularly trypanocidal properties
(5-7).

To date, only Annona squamosa (ASOE) has been
used in folk medicine. Its leaves are reported to posses
stimulant, antispasmodic, sudorific, anthelmintic and

insecticidal properties. A poultice of the leaves is used
as a cataplasm over boils and ulcers to induce suppura-
tion (8). The search for trypanocidal and antiplasmodial
compounds from annonaceous plants continues and
here we report on the chemical composition of essential
oils from leaves of ASOE and Annona vepretorum
Mart. (AVOE) as well as their antiplasmodial and
trypanocidal activities.

Experimental
Plant material

ASOE leaves were collected in September 2012 at the
‘Campus Universitario’ of the Universidade Federal de
Sergipe, city of Sao Cristovao, Sergipe, Brazil, coordi-
nates: [10°55°26” S, 37°06°05”W], while AVOE leaves
were collected in March 2012 at the city of Pogo
Redondo, Sergipe, Brazil, coordinates: [09°47°44”S,
37°40°35”W]. Plant identification was confirmed by
Dr. Ana Paula do Nascimento Prata, Department of
Biology, Universidade Federal de Sergipe (UFS),
Brazil, and voucher specimens (19001 and 23158,
respectively) have been deposited in the Herbarium of
the Universidade Federal de Sergipe (ASE/UFS).
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Hydprodistilation of the essential oils

The essential oils from dried leaves of ASOE and
AVOE (200 g each) were stove dried with circulating
air at 40°C for 24 hours and submitted to hydrodistilla-
tion for 3 hours using a Clevenger-type apparatus. The
essential oils were dried over anhydrous sodium sulfate
and the percentage content was calculated on the basis
of the dry weight of plant material. The essential oils
were stored in a freezer (—20°C) until analyzed. The
hydrodistillation was performed in triplicate.

GC-FID and CG-MS analysis of the essential oils

Gas  chromatography—flame  ionization detection
(GC-FID) analyses were carried out using a Shimadzu
GC-17A fitted with an FID and an electronic integrator.
Separation of the compounds was achieved employing a
ZB-5MS fused capillary column (30 m x 0.25 mm x
0.25 pm film thickness) coated with 5%-phenyl-arylene—
95%-dimethylpolysiloxane. Helium was the carrier gas
at 1.0 mL/minute flow rate. The column temperature pro-
gram was 40°C for 4 minutes, at a rate of 4°C/minute to
240°C, then at 10°C/minute to 280°C, and at 280°C for
2 minutes. The injector and detector temperatures were
250°C and 280°C, respectively. Samples (10 mg/mL in
CH,Cl,) were injected with a 1:50 split ratio. Retention
indices (RIs) were generated with a standard solution of
n-alkanes (Cg—C,). Peak areas and retention times were
measured by an electronic integrator. The relative
amounts of individual compounds were computed from
GC peak areas without an FID response factor correc-
tion. GC—mass spectrometry (GC—MS) analyses were
performed on a Shimadzu QP5050A GC-MS system
equipped with an AOC-20i auto-injector. A J&W
Scientific DB-5MS (coated with 5%-phenyl-95%-
dimethylpolysiloxane) fused capillary column (30 m x
0.25 mm x 0.25 pm film thickness) was used as the sta-
tionary phase. MS were taken at 70 eV with scan inter-
vals of 0.5 seconds and fragments from 40 to 550 Da.
The other conditions were similar to the GC analysis.

Identification of oil constituents

The essential oil components were identified by com-
parison of (i) their retention times (zz) with those of
some standard compounds [oa- and [-pinenes, (E)-
caryophyllene, limonene and spathulenol] analyzed
under identical conditions; (ii) their RIs (determined on
a DB-5MS column relative to the fz of a series of
n-alkanes (Cg—C,), according to (9) with those pub-
lished in the literature (9); and (iii) their mass spectra
with those listed in the NIST (05, 05s, 21 and 107) and
Wiley 8 mass spectral libraries, and those published in
the literature (10).

Animals and parasites

BALB/c female mice (eight to ten weeks old) were
obtained from Centro de Pesquisas Gongalo Moniz
(Fundagdo Oswaldo Cruz, Bahia, Brazil) and main-
tained in sterilized cages under a controlled environ-
ment, receiving a balanced rodent diet and water
ad libitum. All animal experiments and procedures
were approved by the institution’s committee on the
ethical handling of laboratory animals. Epimastigotes of
Trypanosoma cruzi (Y strain) were maintained at 26°C
in LIT medium (liver infusion tryptose) supplemented
with 10% fetal bovine serum (FBS; Cultilab, Campinas,
SP, Brazil), 1% hemin (Sigma, Chemical Co., MO,
USA), 1% R9 medium (Sigma) and 50 pg/mL of gen-
tamycin (Novafarma, Anapolis, GO, Brazil) (11).
Tissue culture trypomastigotes (Y strain) were obtained
from the supernatants of five- to six-day-old infected
LLC-MK2 cells maintained in RPMI-1640 medium
supplemented with 10% FBS and 50 pg/mL of genta-
mycin at 37°C in a 5% humidified CO, atmosphere
(12). W2 strain Plasmodium falciparum (chloroquine-
resistant) was maintained in continuous culture of
human erythrocytes (blood group O") using the RPMI
1640 medium supplemented with 10% human plasma

(13).

Cytotoxicity to mammalian cells

To determine the cytotoxicity of the essential oils, peri-
toneal exudate macrophages obtained from BALB/c
mice were placed into ninety-six-well plates at a cell
density 1 x 10° cells/well in RPMI-1640 medium with-
out phenol red supplemented with 10% FBS and
50 pg/mL of gentamycin and incubated for 24 hours at
37°C and 5% CO,. After that time, each compound
were added at five concentrations ranging from 1.23 to
100 pg/mL in triplicate and incubated for 72 hours.
The cytotoxic effect was measured by the AlamarBlue
assay as described by Meira et al. (14) Gentian violet
was used as positive control, at concentrations ranging
from 0.04 to 10 pg/mL.

Antimalarial activity

Parasites grown at 1-2% parasitemia and 2.5% hemato-
crit were distributed onto ninety-six-wells culture plate
and incubated with the compounds at five concentra-
tions ranging from 1.23 to 100 pg/mL in culture
medium (RPMI 1640) without hypoxanthine. After
24 hours, [*H]-hypoxanthine was added, the plate were
incubated again and parasites were harvested using a
cell harvester to quantify the [*H]-hypoxanthine
incorporation in a [B-radiation counter. Inhibition of
parasite growth was evaluated by comparison with
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[*H]-hypoxanthine uptake in treated versus untreated
parasite (15). Non-linear regression was used to
determine the inhibitory concentration 50% (icso) for
P. falciparum on Prism 5.02 GraphPad software.
Mefloquine (Farmaguinhos, Rio de Janeiro, Brazil) was
used as standard drug.

Trypanocidal activity

Epimastigotes (1 x 10° cells/well) were placed in fresh
medium in LIT medium in the absence or presence of the
essential oils at various concentrations (100—1.23 pg/mL)
in triplicate. Cell growth was determined after culture for
five days by counting viable forms in a Neubauer chamber
(16). Bloodstream trypomastigotes forms of 7. cruzi were
obtained from supernatants of previously infected LLC-
MK2 cells placed in ninety-six-well plates (4 x 10° cell/
well) in RPMI medium supplemented with 10% FBS and
50 pg/mL of gentamycin in the absence or presence of
different concentrations of the essential oils, in triplicate.
Viable parasites were counted in a Neubauer chamber 24
hours later (16). The percentage of inhibition was
calculated in relation to untreated cultures. To determine
the inhibitory concentration 50% (icsg) for epimastigote
and trypomastigote forms of 7. cruzi, we used non-linear
regression on Prism 5.02 GraphPad software.
Benznidazole (LAFEPE, Recife, Brazil) was used as the
positive control.

In vitro macrophage infection and treatment with
essential oils

Peritoneal macrophages (2 x 10° cells/well) obtained from
BALB/c mice were cultured in a twenty-four-well-plate
with rounded coverslips on the bottom in RPMI supple-
mented with 10% FBS and incubated for 24 hours. Cells
were infected with trypomastigotes at a ratio of ten para-
sites per macrophage for 2 hours. Free trypomastigotes
were removed by successive washes using saline solution
and the cells were incubated for 24 hours to allow full
internalization and differentiation of trypomastigotes to
amastigotes. Next, cultures were incubated in complete
medium alone or with the essential oils or benznidazole
(10 pg/mL) for 72 hours. Cells were fixed in absolute
alcohol and the percentage of infected macrophages and
the relative number of amastigotes per 100 macrophages
was determined by manual counting following hematoxy-
lin and eosin staining in an optical microscope (Olympus,
Tokyo, Japan). The percentage of infected macrophages
and the number of amastigotes per 100 macrophages was
determined by counting 100 cells per slide. The one-way
analysis of variance (ANOVA) and Bonferroni for multi-
ple comparisons were used to determine the statistical
significance of the group comparisons.

Electron microscopy analysis

Trypomastigotes (4 x 107 cells/well) of Y strain 7. cruzi
were incubated for 24 hours at 37°C in the absence or
presence of AVOE (11.2 or 22.4 pg/mL) or ASOE (12.7
or 25.4 ng/mL). After incubation, the parasites were
fixed for 1 hour at room temperature with 2% formalde-
hyde and 2.5% glutaraldehyde (Electron Microscopy
Sciences, Hatfield, PA, USA) in sodium cacodylate buf-
fer (0.1 M, pH 7.2) for 1 hour at room temperature.
After fixation, parasites were processed for transmission
electron microscopy (TEM) as previously described
(14). Images were observed under a Zeiss 109 transmis-
sion electron microscope.

Propidium iodide and annexin V staining

Trypomastigotes (1 x 107) were incubated for 72 hours
at 37°C in the absence or presence of AVOE (11.2 or
22.4 pg/mL) or ASOE (12.7 or 25.4 pg/mL). After
incubation, the parasites were labeled for propidium
iodide (PI) and annexin V using the annexin V-FITC
apoptosis detection kit (Sigma, MO), according to the
manufacturer’s instructions. Acquisition and analyses
was performed using a FACS Calibur flow cytometer
(Becton Dickinson, CA), with FlowJo software (Tree
Star, USA). A total of 10,000 events were acquired in
the region previously established as that corresponding
to trypomastigotes forms of 7. cruzi.

Results and discussion

Hydrodistillation of ASOE and AVOE leaves produced
red and light yellow crude essential oils, with a yield of
0.34+0.10% and 0.76+0.02% (w/w), respectively, in
relation to the dry weight of the plant material. The
sesquiterpenes are more abundant in the essential oils,
with 95.5% in ASOE and 65.1% in AVOE (Table 1).
The major compounds identified in AVOE essential
oil were bicyclogermacrene (39.0%), spathulenol
(14.0%), a-phellandrene (11.5%), (E)-B-ocimene (8.6%),
o-cymene (6.0%), a-pinene (6.0%) and germacrene D
(5.5%). The major compounds identified in ASOE
essential oil were (E)-caryophyllene (27.4%), germac-
rene D (17.1%), bicyclogermacrene (10.8%), (Z)-caryo-
phyllene (7.3%), B-elemene (6.2%), a-humulene (5.7%),
epi-a-cadinol (4.3%), y-cadinene (4.2%) and d-elemene
(4.1%) (Table 1). Recently, Costa et al. (6) described the
chemical composition of the essential oil from the leaves
of AVOE, identifying eighteen compounds less than this
study. These variations, or detector sensitivity or sample
dilution in the composition of the major constituents, as
well as the contents of all components, can be related to
soil and climate conditions, water stress, collection
place, nutrition and other abiotic factors (16). Although



Downloaded by [152.245.207.5] at 15:09 01 March 2015

Journal of Essential Oil Research 163

Table 1. Essential oil composition from leaves of Annona squamosa (ASOE) and Annona vepretorum (AVOE).

Peak area %

Compound RI? RI° ASOE AVOE

1 o-Pinene 931 932 0.6 £0.0 6.0 £ 0.1

2 Camphene 935 946 0.8 £0.0 -

3 B-Pinene 975 974 - 0.3 +0.0

4 Myrcene 988 988 - 0.6 £0.0

5 o-Phellandrene 1004 1002 - 11.5 £ 0.0

6 0-Cymene 1023 1022 - 6.0 +04

7 Limonene 1027 1024 0.6 £0.0 0.5+0.0

8 (Z2)-B-Ocimene 1035 1032 - 0.3£0.0

9 (E)-p-Ocimene 1046 1044 - 8.6 +04

10 Linalool 1099 1095 - 02 +0.0

11 5-Elemene 1332 1335 4.1+0.0 0.6 £0.0

12 a-Copaene 1376 1374 0.8 £0.0 0.3+0.0

13 B-Bourbonene 1385 1387 0.8 £ 0.0 -

14 B-Elemene 1389 1389 6.2 +0.0 1.2 +£0.1

15 (Z2)-Caryophyllene 1406 1408 7.3 +0.0 -

16 o-Gurjenene 1408 1409 - 0.1 £0.2

17 (E)-Caryophyllene 1421 1417 274 £ 0.6 1.1 £0.0

18 Aromadendrene 1439 1439 - 04 +0.0

19 allo-Aromadendrene 1453 1458 - 0.3 £0.0

20 dehydro-Aromadendrene 1461 1460 - 1.4 £0.1

21 o-Humulene 1463 1452 5.7+0.0 -

22 Germacrene D 1482 1484 17.1 £0.2 55+0.0

23 Viridiflorene 1492 1496 0.5+0.6 0.3+0.0

24 Bicyclogermacrene 1498 1500 10.8 £ 0.1 39.0 +0.3

25 Germacrene A 1517 1508 0.6 £0.0 -

26 5-Amorfene 1518 1511 - 04 +0.0

27 y-Cadinene 1521 1513 42 +£0.0 -

28 8- Cadinene 1525 1522 22 +0.0 —

29 Germacrene B 1564 1559 1.7+ 0.0 -

30 Spathulenol 1579 1577 0.2 +0.3 14.0 £ 1.0

31 Caryophyllene Oxide 1586 1582 0.9 £0.0 -

32 Globulol 1588 1592 - 0.5+0.0

33 epi-a-Cadinol 1643 1638 43 +0.1 -

34 a-Cadinol 1657 1652 0.7 £0.0 -
Monoterpene identified 2.0 34.0
Sesquiterpene identified 95.5 65.1
Total 97.5 99.1

Note: RI? (calc.), retention indices on DB-5MS column calculated according to (9). RI® retention indices according to (10).

Table 2. Cytotoxicity against macrophages, effect on erythrocitic stages of Plasmodium falciparum, and trypanocidal action
against trypomastigote and epimastigote forms of Trypanosoma cruzi of the essential oils of Annona vepretorum (AVOE) and An-
nona squamosa (ASOE).

LCs0 (png/mL) ICs0 (ng/mL) Pla. ICs0 (ug/mL) Try. ICs0 (ng/mL) Epi.
AVOE 39.7 (£ 0.6) 9.9 (£ 0.7) 11.2 (£ 0.5) 162 (+1.2)
ASOE 28.8 (£ 0.9) 14.7 (+2.9) 12.7 (£ 0.5) 14 9 (£ 0;7)
Benznidazole® - - 2.7 (£ 0.5) 2.7 (= 0.7)
Mefloquine® - 0.02 (£ 0.0) - -
Gentian violet® 0.19 (+ 0.0) - - -

Note: Values are means (+ SD) of two independent experiments. “Positive control against epimastigote (Epi.) and trypomastigote (Try.) forms of
T. cruzi. ®Positive control against P. falciparum (Pla.). “Positive control against mammalian cells.

several of the constituents present in this study are in limonene, (Z)-p-ocimene, linalool, 6-clemene, a-copae-
agreement with Costa et al. (6), some compounds ne, a-gurjenene, and dehydro-aromadendrene that
are described for the first time, such as o-cymene, contributes to the chemical knowledge of the essential
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Figure 1. Annona oils inhibited Trypanosoma cruzi amastigotes proliferation in macrophages at a concentration of 10 pg/mL.
Mouse peritoneal macrophages were infected with Y strain trypomastigotes for 2 hours and treated with the essential oils Annona
vepretorum (AVOE) and Annona squamosa (ASOE) (10 pg/mL) or benznidazole (10 pg/mL), a standard drug. Cells were stained
with hematoxylin and eosin and analyzed by optical microscopy. The percentage of infected macrophages (A) and the relative
number of amastigotes per 100 macrophages (B) are higher in untreated infected controls than in cultures treated with the essential
oils AVOE and ASOE. Bdz, benznidazole. Values represent the mean = SEM of triplicates. **P < 0.01; ***P < 0.001 compared

with the control group.

oil of AVOE. Recently, Garg and Gupta (17) reported
the chemical composition of the ASOE leaf oil from the
northern India plains and observed that the major
constituents were (E)-caryophyllene (22.9%), germac-
rene D (21.3%), bicyclogermacrene (8.5%), B-elemene
(7.8%), vy-cadinene (6.7%), a-muurolol (5.7%), and
aromadendrene (4.8%). The results from our present
study were very similar to those reported by Garg and
Gupta (17) except for the presence of the other major
compounds (Z)-caryophyllene (7.3%), o-humulene
(5.7%), epi-a-cadinol (4.3%) and d-elemene (4.1%) that
can be explained by the same reason observed in AVOE.
However, all constituents identified in ASOE and AVOE
are commonly found in Annonaceae species. The
presence of the compounds bicyclogermacrene, (E)-
caryophyllene and germacrene D in high concentrations
has been observed in almost all Annona essential oils
investigated and could be considered chemotaxonomic
markers (6, 7).

As the chemical composition of the essential oils
AVOE and ASOE was elucidated, their antimalarial
and trypanocidal activities were evaluated. The essen-
tial oils displayed potent antimalarial activity against
erythrocitic stages of P. falciparum and trypanocidal
action against 7. cruzi epimastigotes and trypomastig-
otes. As shown in Table 2, AVOE and ASOE demon-
strated 1cso values of 9.9 and 14.7 ug/mL, respectively,
against P. falciparum, 1cso values of 16.2 and 14.9 ng/
mL, respectively, against epimastigotes forms of 7. cruzi
and 1csy values of 11.2 and 12.7 pg/mL, respectively,
against trypomastigotes forms of 7. cruzi.

Next, essential oils cytotoxicity to mouse macro-
phages was analyzed. AVOE and ASOE exhibited rcs

values of 39.7 and 28.8 pg/mL respectively (Table 2),
therefore being several times less cytotoxic in compari-
son with gentian violet (Lcso = 0.19 pg/mL), the refer-
ence drug in this assay, and presenting a selective
cytotoxicity against parasites. Given the selectivity of
AVOE and ASOE against extracellular forms of
T. cruzi, we assayed an in vitro model of mouse macro-
phages infected with Y strain trypomastigotes to evalu-
ate the ability of these essential oils against
intracellular amastigotes, the chronic clinically relevant
forms of 7. cruzi. In this assay, cells previously
infected were incubated with 10 pg/mL of AVOE or
ASOE or benznidazole for 72 hours. After treatment,
cells were stained with hematoxylin and eosin, and
observed by optical microscopy in order to evaluate the
number of infected macrophages and the relative num-
ber of amastigotes per 100 macrophages. As shown in
Figure 1, both essential oils significantly reduced the
number of infected macrophages (»p < 0.001) and the
relative number of amastigotes per 100 macrophages
(p < 0.01), showing a strong inhibition of the prolifera-
tion of amastigotes. Benznidazole was more effective
than the essential oils, nearly eradicating the prolifera-
tion of amastigotes. Although the essential oils were
less effective than benznidazole or mefloquine in the
biological assays, it is important to say that these refer-
ence drugs are highly toxic to hosts and showing a var-
iable efficacy in several strains that have some degree
of resistance to these drugs (18, 19). Furthermore,
results presented in this study are considered very
promising when compared with other results of Annon-
aceae essential oils with trypanocidal and antimalarial
activity (6, 16, 20).
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Figure 2. Transmission electron microscopy (TEM) of trypomastigotes treated with Annona vepretorum (AVOE) and Annona
squamosa (ASOE) for 24 hours. (A) Untreated trypomastigotes, kinetoplast (K), mitochondrion (M) and nucleous (N); (B, C) try-
pomastigotes treated with AVOE (11.2 pg/mL) showing alterations in parasite plasma membrane (black arrow) and intense swell-
ing mitochondrial (asterisk) accompanied by a large loss of density (D) trypomastigotes treated with AVOE (22.4 pg/mL) showing
myelin-figures near mitochondria (white arrow); (E) trypomastigotes treated with ASOE (12.7 pg/mL) showing intense swelling
mitochondrial (asterisk) accompanied by a large loss of density; (F) trypomastigotes treated with ASOE (25.4 pg/mL) showing
myelin-figures near mitochondria (white arrow) and alterations in parasite plasma membrane (black arrow). Bars = 0.5 pm.

After confirming that AVOE and ASOE were able
to kill parasites, our next step was to understand how
they affect parasite cells through assays with trypom-
astigotes forms of 7. cruzi, once the trypanocidal activ-
ity of species of Annonaceae is better documented than
the antimalarial activity. For this purpose, we used
TEM to examine the ultrastructural morphology of try-
pomastigotes (Y strain) treated with AVOE or ASOE
for 24 hours. As we can see in Figure 2, thin sections
of untreated trypomastigotes observed by TEM

revealed normal appearance of organelles, intact plasma
membrane and parasite cytoplasm without alterations
(Figure 2A). However, the treatment with AVOE (11.2
or 22.4 pg/mL) or ASOE (12.7 or 25.4 pg/mL) caused
plasma membrane alterations (Figures 2B and 2F) and
intense swelling mitochondrial accompanied by a large
loss of electron density of its matrix (Figures 2C and
2E). We also observed the presence of myelin-like
figures near mitochondria (Figure 2D and 2F). Interest-
ingly, similar alterations in the mitochondria were
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Figure 3. Flow cytometry analysis of trypomastigotes treated with Annona vepretorum (AVOE) and Annona squamosa (ASOE)
and incubated with propidium iodide (PI) and annexin V. (A) Untreated trypomastigotes; (B) trypomastigotes treated with AVOE
(11.2 pg/mL); (C) trypomastigotes treated with AVOE (22.4 pg/mL); (D) trypomastigotes treated with ASOE (12.7 pg/mL); (E)

trypomastigotes treated with ASOE (25.4 pg/mL).

found when T. cruzi were incubated with IC-195,739
or 22,26-azasterol, which are know sterol biosynthesis
inhibitors (21, 22). Alterations in cell membrane and
the appearance of concentric membranous structures
have also been previously reported after treatment with
sterol biosynthesis inhibitors (23, 24). This might be an
indicative that the trypanocidal activity of these essen-

tial oils, in part, can be assigned to an interference in
the lipid metabolism. Finally, to understand the
mechanism by which AVOE and ASOE cause parasite
death, a double staining with annexin V and PI was
performed for flow cytometry analysis. Eventual
phosphatidylserine flipping in the membrane surface is
an alteration observed in the apoptotic process and a
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collapse of the cell, making it permeable to PI, is an
alteration observed in the process of necrosis (25). As
shown in Figure 3, in untreated cultures, most parasites
were negative for annexin V and PI staining, demonstrat-
ing cell viability. In comparison with untreated parasites,
a significant increase in the number of Pl-positive para-
sites was observed under treatment with AVOE (11.2 or
22.4 pg/mL) or ASOE (12.7 or 25.4 pg/mL). Parasites
treated with AVOE (22.4 pg/mL) for 72 hours showed
20.5% and 44.9% of parasites positively stained for PI
alone and PI + annexin V, respectively; whereas 1.18%
parasites cells were stained only for annexin V. There-
fore, the treatment with these essential oils increases the
number of PI staining, which is characteristic of parasite
cell death through necrosis induction.

In conclusion, our results show that the essential
oils AVOE and ASOE are potent agents against P. fal-
ciparum and T. cruzi, exhibiting significant selectivity
for these parasites. In addition, through ultrastructural
studies and flow cytometry analysis with trypomastig-
otes of T. cruzi (Y strain), we identified significant
ultrastructural alterations induced by the essential oils,
especially in the cell membrane and mitochondria,
which ultimately results in necrotic parasite death.
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