
Phytomedicine 22 (2015) 969–974

Contents lists available at ScienceDirect

Phytomedicine

journal homepage: www.elsevier.com/locate/phymed

In vitro and in vivo antiparasitic activity of Physalis angulata L.

concentrated ethanolic extract against Trypanosoma cruzi

Cássio Santana Meira a, Elisalva Teixeira Guimarães a,b, Jamyle Andrade Ferreira dos Santos a,b,
Diogo Rodrigo Magalhães Moreira a, Renata Campos Nogueira a,
Therezinha Coelho Barbosa Tomassini c, Ivone Maria Ribeiro c, Claudia Valeria Campos de
Souza c, Ricardo Ribeiro dos Santos d, Milena Botelho Pereira Soares a,d,∗

a Centro de Pesquisas Gonçalo Moniz, Fundação Oswaldo Cruz, Salvador, Bahia, Brazil
b Universidade do Estado da Bahia, Salvador, Bahia, Brazil
c Laboratório de Química de Produtos Naturais-PN2-Extração, Isolamento e Purificação, Farmanguinhos-Fiocruz, Rio de Janeiro, RJ, Brazil
d Centro de Biotecnologia e Terapia Celular, Hospital São Rafael, Salvador, BA, Brazil

a r t i c l e i n f o

Article history:

Received 23 March 2015

Revised 3 July 2015

Accepted 6 July 2015

Keywords:

Chagas disease

Trypanosoma cruzi

Physalis angulata

Plant extract

Drug combination

a b s t r a c t

Background: The current treatment of Chagas disease, endemic in Latin America and emerging in several

countries, is limited by the frequent side effects and variable efficacy of benznidazole. Natural products are

an important source for the search for new drugs.

Aim/hypothesis: Considering the great potential of natural products as antiparasitic agents, we investigated

the anti-Trypanosoma cruzi activity of a concentrated ethanolic extract of Physalis angulata (EEPA).

Methods: Cytotoxicity to mammalian cells was determined using mouse peritoneal macrophages. The an-

tiparasitic activity was evaluated against axenic epimastigote and bloodstream trypomastigote forms of

T. cruzi, and against amastigote forms using T. cruzi-infected macrophages. Cell death mechanism was de-

termined in trypomastigotes by flow cytometry analysis after annexin V and propidium iodide staining. The

efficacy of EEPA was examined in vivo in an acute model of infection by monitoring blood parasitaemia and

survival rate 30 days after treatment. The effect against trypomastigotes of EEPA and benznidazole acting in

combination was evaluated.

Results: EEPA effectively inhibits the epimastigote growth (IC50 2.9 ± 0.1 μM) and reduces bloodstream try-

pomastigote viability (EC50 1.7 ± 0.5 μM). It causes parasite cell death by necrosis. EEPA impairs parasite

infectivity as well as amastigote development in concentrations noncytotoxic to mammalian cells. In mice

acutely-infected with T. cruzi, EEPA reduced the blood parasitaemia in 72.7%. When combined with benznida-

zole, EEPA showed a synergistic anti-T. cruzi activity, displaying CI values of 0.8 ± 0.07 at EC50 and 0.83 ± 0.1

at EC90.

Conclusion: EEPA has antiparasitic activity against T. cruzi, causing cell death by necrosis and showing syner-

gistic activity with benznidazole. These findings were reinforced by the observed efficacy of EEPA in reducing

parasite load in T. cruzi-mice. Therefore, this represents an important source of antiparasitic natural products.

© 2015 Elsevier GmbH. All rights reserved.
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Abbreviations: EEPA, ethanolic extract from P. angulata; DMSO, dimethyl sulfoxide;

TU, discrete typing unit; LIT, liver infusion tryptose; FBS, fetal bovine serum; RPMI,

oswell park memorial institute; PI, propidium iodide; CC50, cytotoxicity concentra-

ion of 50%; IC50, inhibitory concentration of 50%; EC50, effective concentration at 50%;

NOVA, analysis of variance; EC90, effective concentration of 90%; CI, combination in-

ex; GV, gentian violet; BDZ, benznidazole; SEM, standard error of the mean; SD, stan-

ard deviation; DPI, days post-infection.
∗ Corresponding author at: Centro de Pesquisas Gonçalo Moniz, Fundação Oswaldo

ruz. 121, Rua Waldemar Falcão, Candeal, Salvador 40296-710, Bahia, Brazil. Tel.: +55

1 3176 2260; fax: +55 71 3176 2272.

E-mail address: milenabpsoares@gmail.com, milena@bahia.fiocruz.br

(M.B.P. Soares).
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Chagas disease, a zoonosis caused by the hemoflagellate proto-

oan Trypanosoma cruzi, remains a serious health problem in many

atin American countries, where it is an endemic disease that affects

pproximately 10 million people (Rassi et al. 2010). It is estimated

hat over 400.000 individuals are infected in non-endemic areas,

ainly in the USA and in European countries (Coura and Viñas 2010).

nce the individual has been infected by T. cruzi, there is no effective

reatment and the development of a vaccine is still in experimental

tage (Gupta et al. 2013; Maya et al. 2007). The current treatment is

ased on the 2-nitroimidazole benznidazole (LAFEPE, Brazil), which
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is recommended for all acute, early chronic and reactivated cases (Da

Silva et al. 2011). Its inefficacy against the chronic phase of the dis-

ease, allied to many side effects which frequently lead to treatment

interruption (Bahia et al. 2012; Urbina 2009) encourages the search

for alternative compounds for a better treatment for Chagas disease.

In the continuous search for new drugs, natural products are

an important source of compounds to a large number of illnesses

(Newman and Cragg 2012). A considerable number of plant-derived

compounds are nowadays recognized for their antiparasitic proper-

ties (Negi et al. 2014; Rocha et al. 2005; Singh et al. 2014; Wink 2012).

An example of plant species with active compounds is the Solanaceae

Physalis angulata L., an annual herb widespread in many tropical

countries and widely used in folk medicine (Soares et al. 2003;

Tomassini et al. 2000). Previously, our research group demonstrated

the antiparasitic properties of seco-steroids physalins isolated from

P. angulata against Plasmodium falciparum and different Leishmania

species (Guimarães et al. 2009,2010; Sá et al. 2011). More recently,

it was also reported that physalins, specifically B and F, are endowed

with a strong anti-T. cruzi activity against different evolutive forms

of T. cruzi (Meira et al. 2013). Isolating physalins is quite costly, time

consuming and affords low yields, aspects which hamper the use of

isolated physalins for a neglected disease. To overcome this, a feasible

alternative is the use of a Physalis angulata extract. In fact, the con-

centrated ethanolic extract from P. angulata (EEPA) is nonmutagenic,

presents low toxicity in mice and is effective against different Leish-

mania species (Nogueira et al. 2013). Therefore, in the present work

the anti-T. cruzi activity in vitro and in vivo of EEPA was evaluated.

Material and methods

Plant material

P. angulata specimens were collected and identified during the

drier season (from June until November) in Belém, Pará State, Brazil.

A voucher specimen was deposited in the Herbarium of the Depart-

ment of Physiology from the University Federal of Pará (Voucher

number 15).

Extraction and phytochemical analysis of P. angulata

Stems of P. angulata (1 kg) were dried and crushed. Then, extrac-

tion was carried out with ethanol at 50–60 °C during 6 h. The ex-

tract was concentrated under reduced pressure, yielding 100 g (10%)

of crude ethanolic extract. It was maintained in a desiccator under

vacuum until weight stabilized. HPLC–UV analysis was determined

in an Agilent HP 1100 series system consisting of an auto-sampler,

high-pressure mixing pump and UV detector (Agilent Technologies,

Santa Clara, CA). Samples were run in a reverse phase C-18 column

5 μm (250 mm × 4 mm, Hibar® LiChrosorb®, Merk, Germany) and

UV absorbance was measured at 225 nm by injecting 10 μl of EEPA

dissolved in 10 mg/ml in MeOH at flow rate 1 ml/min. Physalins in the

EEPA were confirmed by comparing with standard isolated physalin

previously characterized. These procedures were performed as de-

scribed by Nogueira et al. (2013) and executed in accordance with

European Medicines Agency guidelines for herbal products.

Drugs

Benznidazole (LAFEPE, Recife, Brazil) was used as reference drug

in the anti-T. cruzi assays. Gentian violet (Synth, São Paulo, Brazil)

was used as positive control in the cytotoxicity assays. All compounds

were dissolved in DMSO (Sigma–Aldrich, St. Louis, MO) and diluted in

cell culture medium for use in the assays. The final concentration of

DMSO was less than 1% in all in vitro experiments.
arasites

The T. cruzi strains Y (DTU II; Silva and Nussenzweig 1953) and

olombian (DTU I; Federici et al. 1964) were used in this study. T. cruzi

pimastigotes were grown in liver infusion tryptose (LIT) medium

upplemented with 10% fetal bovine serum (FBS; Cultilab, Campinas,

razil), 1% hemin (Sigma–Aldrich), 1% R9 medium (Sigma–Aldrich)

nd 50 μg/ml of gentamycin (Novafarma, Anápolis, Brazil) at 26 °C.

issue culture trypomastigotes were obtained from the supernatants

f 5- to 6-day-old infected LLC-MK2 cells maintained in RPMI-1640

edium supplemented with 10% FBS and 50 μg/ml gentamycin at

7 °C in a 5% humidified CO2 atmosphere.

nimals

Female BALB/c mice (18–22 g) were provided by the animal breed-

ng facility and maintained in sterilized cages under a controlled en-

ironment, water ad libitum and receiving a balanced diet for rodent

t Centro de Pesquisa Gonçalo Moniz (Fundação Oswaldo Cruz, Bahia,

razil). All experiments were carried out in accordance with the rec-

mmendations of Ethical Issues Guidelines, and were approved by

he local Animal Ethics Committee.

ssessment of cytotoxicity to macrophages

Peritoneal exudate macrophages were obtained by washing, with

old RPMI medium, the peritoneal cavity of BALB/c mice 4–5 days af-

er injection of 3% thioglycolate in saline (1.5 ml per mice). Then, cells

ere seeded into 96-well plates at a cell number 1 × 105 cells/well

n RPMI-1640 medium supplemented with 10% of FBS and 50 μg/ml

f gentamycin and incubated for 24 h at 37 °C and 5% CO2. After that

ime each sample was added at eight concentrations (0.02–50 μg/ml)

n triplicate and incubated for 72 h. Twenty microliters/well of Ala-

arBlue (Invitrogen, Carlsbad, CA) were added to the plates during

0 h. Colorimetric readings were performed at 570 and 600 nm. CC50

alues were calculated using data-points gathered from three inde-

endent experiments. Gentian violet was used as positive control.

ntiparasitic activity

Epimastigotes (1 × 106 cells/well) were seeded in fresh medium

n LIT medium in the absence or presence of the EEPA at eight

oncentrations (0.02–50 μg/ml) in triplicate. Cell growth was deter-

ined after culture for 5 days by counting viable forms in a Neubauer

hamber. Bloodstream trypomastigotes forms of T. cruzi from the

upernatants of previously infected LLC-MK2 cells were dispensed

nto 96-well plates (4 × 105 cell/well) in RPMI medium supple-

ented with 10% FBS and 50 μg/ml of gentamycin in the absence

r presence of different concentrations (0.02–50 μg/ml) of the plant

xtract, in triplicate. Viable parasites were counted in a Neubauer

hamber 24 h after incubation. The percentage of inhibition was

alculated in relation to untreated cultures. To determine the in-

ibitory concentration of 50% (IC50) and the effective concentration

t 50% (EC50) for epimastigote and trypomastigote forms of T. cruzi,

espectively, a nonlinear regression on Prism 5.02 GraphPad software

as employed. Experiments were performed in both Y and Colom-

ian strains and benznidazole was used as anti-T. cruzi reference

rug. For in vitro drug combinations, doubling dilutions of each drug

EEPA and benznidazole), used alone or in fixed combinations were

ncubated with 4 × 105 cells/well trypomastigotes (Y strain) for 24 h.

he analysis of the combined effects was performed by determining

he combination index (CI) by using Chou-Talalay CI method and the

ompuSyn software version 1.0 (ComboSyn Inc., Paramus, NJ), as

escribed previously (Chou and Talalay 2005). CI values were used as

utoff to determine synergism.
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Table 1

Antiparasitic activity of EEPA on extracellular forms of T. cruzi and host cell cytotoxicity.

Sample Epimastigotes IC50 ± S.D

(μg/ml)a

Trypomastigotes EC50 ± S.D

(μg/ml)b

MØ CC50 ± S.D.

(μg/ml)c

Y strain Colombian

strain

Y strain Colombian

strain

EEPA 2.9 ± 0.1 7.4 ± 0.2 1.7 ± 0.5 2.3 ± 0.2 6.1 ± 0.8

BDZ 2.8 ± 0.7 4.1 ± 1.1 2.8 ± 0.7 3.3 ± 0.1 >50

GV – – – – 0.21 ± 0.02

Values were calculated using concentrations in triplicate and three independent ex-

periments were performed. IC50 = inhibitory concentration at 50%. EC50 = effective

concentration at 50%. CC50 = cytotoxic concentration at 50%. S.D = standard deviation.

BDZ = benznidazole. GV = gentian violet. MØ = macrophage.
a Determined 120 h after incubation with compounds.
b Determined 24 h after incubation with compounds.
c Cell viability of BALB/c mouse macrophages determined 72 h after treatment.
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. cruzi-infected macrophages

Peritoneal exudate macrophages (2 × 105 cells/well) obtained

rom BALB/c mice were seeded in a 24 well-plate with rounded cov-

rslips on the bottom in RPMI supplemented with 10% FBS and incu-

ated for 24 h. Cells were then infected with trypomastigotes (10:1)

or 2 h. Free trypomastigotes were removed by successive washes us-

ng saline solution and the cells were incubated for 24 h to allow

ull internalization and differentiation of trypomastigotes to amastig-

tes. Next, cultures were incubated in complete medium alone or

ith the EEPA or benznidazole (0.1–2.5 μg/ml) for 72 h. Cells were

xed in absolute alcohol and the percentage of infected macrophages

nd the number of amastigotes/100 macrophages was determined by

anual counting after hematoxylin and eosin staining using an op-

ical microscope (Olympus, Tokyo, Japan). The percentage of infected

acrophages and the number of amastigotes per 100 macrophages

as determined by counting 100 cells per slide. The one-way ANOVA

nd Bonferroni for multiple comparisons were used to determine

he statistical significance of the group comparisons. Experiment was

one with both strains (Y and Colombian) and benznidazole was used

s positive control.

ropidium iodide and annexin V staining

T. cruzi trypomastigotes from Y strain (1 × 107) were incubated

or 24 and 72 h at 37 °C in the absence or presence of EEPA (1.7,

.4 or 5 μg/ml). After incubation, the parasites were labeled for

ropidium iodide (PI) and annexin V using the annexin V-FITC

poptosis detection kit (Sigma–Aldrich), according to the manufac-

urer’s instructions. Acquisition and analyses was performed using

FACS Calibur flow cytometer (Becton Dickinson, San Diego, CA),

ith FlowJo software (Tree Star, Ashland, OR). A total of 30.000

vents were acquired in the region previously established as that

orresponding to trypomastigotes forms of T. cruzi.

nfection in mice

Female BALB/c mice (18–22 g) were infected with bloodstream

rypomastigotes by intraperitoneal inoculation of 104 parasites in

00 μl of saline solution and then mice were randomly divided in

roups (six animals per group). After the day 5 of infection, treatment

ith 50 or 100 mg/kg weight of EEPA was given orally for 5 consec-

tive days. For the control group, benznidazole was given orally at

ose of 100 mg/kg weight. Saline containing 20% DMSO was used as

vehicle and administrated on untreated and infected group. Ani-

al infection was monitored daily by counting the number of motile

arasites in 5 μl of fresh blood sample drawn from the lateral tail

eins, as recommended by standard protocol (Brener 1962). Survival

as monitored for 30 days after treatment. The one-way ANOVA and

onferroni for multiple comparisons were used to determine the sta-

istical significance of the group comparisons.

esults

Extraction and phytochemical analysis of EEPA revealed that this

xtract is rich in seco-steroids, mainly physalins B, D, F and G. By

PLC–UV, it was estimated that each 100 mg of EEPA contains 0.84%

f physalin B, 0.90% of physalin D, 0.37% of physalin F and 0.36% of

hysalin G. This is in agreement with the literature showing that this

lant contains a number of steroids (Nogueira et al. 2013; Tomassini

t al. 2000).

The trypanocidal activity of EEPA was initially evaluated against

pimastigotes and trypomastigotes (Y and Colombian strains)

hrough the determination of IC50 and EC50, respectively. The plant

xtract showed a potent anti-T. cruzi activity, being able to inhibit

pimastigote proliferation and lyse trypomastigotes. The IC of EEPA
50
reatment was 2.9 and 7.4 μg/ml for epimastigotes of Y and Colom-

ian strains, respectively, while benznidazole exhibited an IC50 of

.8 and 4.1 μg/ml, respectively. For trypomastigotes, the EC50 calcu-

ated of EEPA was 1.7 and 2.8 μg/ml for Y and Colombian strains,

espectively. Under the same assay conditions, the standard drug

enznidazole presented an EC50 of 2.8 and 3.3 μg/ml for Y and

olombian strains, respectively. Next, the cytotoxicity of EEPA was

etermined in mammalian cells. The plant extract exhibited a CC50

alue of 6.1 μg/ml, being several times less cytotoxicity than the ref-

rence drug, gentian violet (CC50 = 0.21 μg/ml) (Table 1).

The activity of EPPA against intracellular amastigotes (Y strain)

as also investigated. The plant extract induced a concentration-

ependent reduction in the analyzed parameters: percentage of in-

ected macrophages (Fig. 1A) and the mean number of intracellular

mastigotes per infected macrophage (Fig. 1B). Under the same con-

itions, a similar reduction was observed on treated-benznidazole

acrophages. No signs of cytotoxicity were observed on macrophage

ultures (data not shown).

After confirming that EEPA was able to decrease parasite viability,

he mechanism of EEPA-induced cell death was investigated. In un-

reated cultures, most cells were negative for annexin V and PI stain-

ng, demonstrating cell viability (Fig. 2A). Cultures treated with EEPA

howed a concentration and time-dependent increase in the number

f PI-positive parasites when compared with untreated parasites

Fig. 2B–D). Treatment with 3.4 μg/ml of EEPA for 72 h resulted in

1.5 and 41.3% of cells positive for PI and PI + annexin V, respectively,

hereas 1.1% cells were stained only for annexin V. These results

ndicate that EEPA treatment increases the number of PI staining,

hich is characteristic of a parasite cell death caused by a necrotic

rocess.

Next, in vivo studies to evaluate the effects of EEPA against T.

ruzi infection in mice (acute phase) were performed. As shown in

ig. 3, EEPA treatment significantly (P < 0.001) reduced blood para-

itaemia when compared with mice treated with vehicle (Fig. 3). At

oses of 50 and 100 mg/kg, EEPA administration caused a reduction

n blood parasitaemia of 42.6 and 72.7%, respectively (Table 2). In the

roup treated with benznidazole, it was observed >99% of inhibition

f blood parasitaemia, indicating that eradication of infection was

chieved. Treatment with EPPA, similar to the treatment with ben-

nidazole, had a protective effect on mortality. Mice from benznida-

ole or EEPA treated groups did not show any behavioral alteration or

igns of toxicity (data not shown).

Finally, the antiparasitic effect of EEPA and benznidazole in com-

ination was investigated against trypomastigotes. In comparison to

rug alone, the combination of EEPA and benznidazole reduced both

C50 and EC90 values. In fact, the EC50 and EC90 of benznidazole de-

reased in average by 59% when combined with EEPA (Table 3), The

ombination index values revealed that EEPA and benznidazole have

ynergistic effects.
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Fig. 1. EEPA inhibited amastigote proliferation in T. cruzi-infected macrophages.

Mouse peritoneal exudate macrophages were infected with Y strain trypomastigotes

for 2 h and treated with different concentrations of EEPA (2.5, 1, 0.5 or 0.25 μg/ml) or

benznidazole (2.5 μg/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) were determined by

counting hematoxylin and eosin-stained cultures. BDZ is benznidazole. Values repre-

sent the mean ± SEM of triplicates. ∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001 compared to the

control group.

Fig. 2. Flow cytometry analysis of trypomastigotes treated with EPPA for 24 or 72 h

and stained with propidium iodide (PI) and annexin V. (A) Representative untreated

trypomastigotes (24 h); (B) trypomastigotes treated with EEPA (5 μg/ml) for 24 h; (C)

trypomastigotes treated with EEPA (1.7 μg/ml) for 72 h; (D) trypomastigotes treated

with EEPA (3.4 μg/ml) for 72 h.
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Fig. 3. Parasitemia of BALB/c mice infected with T. cruzi and treated with EEPA. Female BA

mice were treated orally with EEPA (50 or 100 mg/kg) or benznidazole (100 mg/kg) once a

of trypomastigotes in fresh blood samples. Values represent the mean ± SEM of 6 mice per

< 0.001 compared to untreated-infected group (vehicle).
iscussion

In this study, the potent anti-T. cruzi activity of concentrated

thanolic extract from P. angulata (EEPA) rich in physalins was

emonstrated in vitro on different strains of T. cruzi and in vivo on an

cute model of infection. EEPA was chosen mainly because the isola-

ion of the active molecule is costly, time consuming and gives a small

raction of material. On the other hand, the extract is easily obtained,

as low cytotoxicity and high stability (Nogueira et al. 2013).

EEPA effectively inhibits the growth of epimastigotes and was

oxic against bloodstream trypomastigotes of T. cruzi. More im-

ortantly, has potent activity against amastigotes inside infected
LB/c mice were infected with 104 Y strain trypomastigotes. Five days after infection,

day during 5 consecutive days. Parasitemia was monitored by counting the number

group. Results are from one experiment of two replicates performed. ∗P < 0.05; ∗∗∗P



C.S. Meira et al. / Phytomedicine 22 (2015) 969–974 973

Table 2

Parasitemia and mortality evaluation in mice infected with Y strain T. cruzi and treated daily with

EEPA or benznidazole for 5 days.

Sample Dose (mg/kg) % Blood parasitemia reduction in

micea

Mortalityb

8 dpi 10 dpi

EEPA 50 42.6 49.7 0/6

EEPA 100 72.7 71.7 0/6

BDZ 100 >99 >99 0/6

Vehicle – – – 4/6

Dpi = days post-infection. BDZ = benznidazole. Vehicle = untreated and infected group.
a Calculated as ([(average vehicle group − average treated group)/average vehicle group] ×

100%).
b Mortality was monitored until 30 days after treatment.

Table 3

Antiparasitic activity of EEPA or benznidazole in Y strain trypomastigotes alone or in combination.

Sample EC50 ± S.D. (μg/ml)a EC90 ± S.D. (μg/ml)a CI atb

Drug alone Combination Drug alone Combination EC50 EC90

EEPA 1.7 ± 0.5 0.58 ± 0.05 3.1 ± 0.2 1.3 ± 0.1 0.8 ± 0.07 0.83 ± 0.1

BDZ 2.8 ± 0.7 1.17 ± 0.1 6.7 ± 0.2 2.7 ± 0.2

S.D. = standard deviation. BDZ = benznidazole.
a EC50 and EC90 values were calculated using concentrations in triplicates and two independent

experiments were performed.
b Combination index (CI). Cutoff: CI value of 0.3–0.7, synergism; 0.7–0.85, moderate synergism;

0.85–0.9, slight synergism; 0.9–1.1, additivity; >1.1, antagonism.
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acrophages (the clinically relevant form), without affecting mam-

alian cells. These observations confirm and extend the antiparasitic

ctivity of EEPA recently reported by Nogueira et al. (2013). The au-

hors demonstrated that even in a low dose of EEPA is enough to re-

uce the percentage of infected cells, as well as the parasite burden

n L. amazonensis-infected macrophages. Moreover, a high selectivity

ndex was observed, pointing out the great efficacy against L. amazo-

ensis (Nogueira et al. 2013).

To identify the mechanism of cell death induced by EEPA treat-

ent, analyses of the classical necrosis/apoptosis processes were

erformed. From the literature, it is well known that activation of

ell death pathway depends on type, time, and intensity of the

timulus (Kessler et al. 2013). Necrosis is usually defined as a pro-

ess of cell collapse that involves oncosis (increase in cell vol-

me), rupture of plasma membrane and the unorganized disman-

ling of swollen organelles. Apart from the presence of plasma mem-

rane permeabilization, necrosis lacks specific biochemical markers

Kroemer et al. 2009). In this study, EEPA treatment caused an in-

rease time-dependent in the number of PI-positive parasites, sug-

estive of cell death by necrosis. PI-positive parasites also were ob-

erved after 24 h of treatment with physalin B (Meira et al. 2013).

n addition, ultrastructural analyses showed remarkable alterations

n the morphology of the Golgi complex, kinetoplast, endoplasmic

eticulum and plasma membrane of trypomastigotes, confirming a

attern consistent with necrotic cell death.

Combination therapies can be a valuable tool to improve treat-

ent efficacy and reduce dose levels and toxicity, as well as to pre-

ent the potential development of resistance, which may be advan-

ages for the treatment of parasitic diseases (Vivas et al. 2008; Diniz

t al. 2013). In this study, EEPA demonstrates synergistic effects with

enznidazole against the bloodstream parasites in vitro, showing a

romising profile for drug combination.

In spite of the great potential of natural products for infectious dis-

ase treatment, the literature is relatively scarce of anti-T. cruzi nat-

ral products (Altei et al. 2014; Da Rocha et al. 2014; Sanchez et al.

013; Santos et al. 2012; Valli et al. 2013). Therefore the investigation

f both crude and fractionated plant extracts is important. The find-

ngs reported here not only demonstrate that EEPA is a rich source
f antiparasitic natural products, but also points out the necessity of

ore efforts toward exploring biodiversity for identifying anti-T. cruzi

ompounds.

onclusion

EEPA demonstrated a strong, selective, and broad-spectrum an-

iparasitic activity against T. cruzi. Consistent with this strong in vitro

ctivity, EEPA reduced parasite burden by rapidly interrupting the

ell cycle in the obligated host. Mechanistically, this natural prod-

ct achieved antiparasitic activity through induction cell death via

ecrosis. EEPA was able to reduce the course of an aggressive acute

nfection murine model and provided to a suitable partner for drug

ombination. The results presented herein reinforce the investigation

f other members of this family for antiparasitic compounds.
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