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Chagas disease is a major health problem in Latin America and is caused by the parasitic protozoan
Trypanosoma cruzi. Although many drugs have been used to alleviate the disease, these have been ineffective in
the chronic phase and have also presented numerous side effects on patients. In this study we tested the effect
of three sesquiterpene lactones (dehydroleucodine, helenalin and mexicanin) and a diterpene (5-epi-icetexone)
on parasites (Y-strain) grown in host cells. At 48 h of treatment, the number of amastigotes inside the cells was
lower than in the controls. This effectwas observable at concentrations of 1.5–3.8 μM,which are of low cytotoxicity
to host cells. In addition, the compounds caused a decrease in the percentage of infected cells. The treatments also
reduced the presence of trypomastigotes in the extracellular medium. In all cases, helenalin was the most potent.
The number of parasites per cell at 24 h indicates the occurrence ofmultiple infection,whichwould also be affected
by the compounds. However, we should not discard an effect on the proliferation and survival of parasites within
the host cells. On the other hand, an additional effect on the differentiation of parasites and/or the survival of extra-
cellular trypomastigotes might be possible. We conclude that these compounds are very effective against T. cruzi
possibly by multiple mechanisms.

© 2012 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Trypanosoma cruzi is the causative agent of Chagas disease, or
American trypanosomiasis, the prevalent health problem in Latin
America and still expanding into other areas of the planet. Between 15
and 18 million people are afflicted with this potentially lethal disease
(http://apps.who.int/gb/ebwha/pdf_files/EB124/B124_17-en.pdf) which
affects the cardiovascular, gastrointestinal, and nervous systems of
human hosts. Recent estimates indicate that between 1% and 6% of the
population of Latin America is infected with T. cruzi, and approximately
50,000 new cases are diagnosed every year [1–4]. This monoflagellate
parasite fulfills its life cycle between an invertebrate vector (a triatomine
insect) and mammal vertebrates. Furthermore, depending on the host,
the parasite can be found at different stages [5]. Despite the enormous
efforts that have been made to alleviate the disease, there is still no
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effective therapy because of its ineffectiveness against the chronic
phase of the disease and the many cytotoxic effects on host cells [6,7].
Current chemotherapy of Chagas disease is based on the nitroheterocyclic
derivatives benznidazole and nifurtimox, although both compounds
show severe side effects [7–9]. Because nifurtimox and benznidazole
are far from being considered ideal trypanocidal drugs, the search for
new compounds effective against T. cruzi, with low toxicities and in-
creased efficacies during the indeterminate and chronic phases, still
continues [reviewed in 7]. Natural compounds derived from plants
have been tested against T. cruzi for decades, and many of them
were shown to be effective against non-infective forms of parasites
at very low concentrations [6,10]. It has been shown that compounds
of the family of sesquiterpene lactones [11,12], and diterpenes [13]
obtained from plants of different regions of Argentina are effective
against T. cruzi epimastigotes at very low concentrations. However,
there is little evidence to demonstrate that these compounds are ef-
fective against the infective forms of the parasites (trypomastigote
and intracellular amastigote) [14]. Sesquiterpene lactones are now
being considered for use against T. cruzi based on their abundance
in the leaves in members of the Asteraceae (Compositae) and their
potent biological activities as antimicrobial and antitumoral agents
[15–18]. In this study we tested the effect of three sesquiterpene
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lactones; helenalin, mexicanin and dehydroleucodine and the icetexane
diterpene 5-epi-icetexone, on parasites inside mammalian cells and
found that these compounds strongly reduced the number of intracellu-
lar amastigotes and extracellular trypomastigotes at 48 h of treatment.

2. Materials and methods

2.1. Extraction and purification of compounds

All the compounds were isolated from plants collected in San Luis,
Argentina. Helenalin and mexicanin were isolated from the aerial
parts of Gaillardia megapotamica (Spreng.) Baker var. radiata (Voucher
Del Vito & Petenatti 2841 deposited in the herbarium of the Universidad
Nacional de San Luis, UNSL) as has been described by Giordano, O. et al.
[19]. The purity of these compounds (95% for both lactones) was tested
by

13
C-nuclear magnetic resonance, melting point analysis, and optical

rotation, and the datawere in accordancewith those reported previously
[19]. Dehydroleucodine was isolated from the leaves of Artemisia
douglassiana Besser (Voucher Nr. 55 from the UNSL), purified, and
the purity (100%) was tested as described by Giordano et al. [19].
5-epi-icetexone (ICTX) was isolated from specimens of Salvia gilliessi
Benth. (VoucherDPP6087, L.A. Del Vito, from theherbariumofUNSL) and
purified as described by Nieto et al. [20]. The purity (99%) was tested by
thin layer chromatography and spectroscopicmethods. Because the com-
pounds were water insoluble, they were dissolved in dimethylsulfoxide
(DMSO) and added to the media under concentrations in which the
solvent alone did not affect the cells (not shown).

2.2. Culture of Vero cells

Vero cells were cultured in RPMI medium (Gibco) supplemented
with 10% fetal bovine serum (Gibco), penicillin/streptomycin (0.1%)
and 2 mM L-glutamine, and maintained in an atmosphere of 5% CO2

at 37 °C. For infection experiments, the cells were subcultured and
seeded into 24-well plate on sterilized coverslips.

2.3. Culture of parasites

Epimastigotes of T. cruzi (Y-strain) (DTU T. cruzi II, [21])were cultured
in Diamond medium (0.1 M NaCl, 0.05 M K2HPO4 pH: 7.2, 0.625%
triptose, 0.625% triptone, 0.625% yeast extract, 12.5μgr/ml hemin)
supplemented with 10% fetal bovine serum (Gibco) at 29 °C. To obtain
trypomastigotes, the cultures were kept for 2 weeks without renewing
the culture medium. Under these conditions, ~ 20% of parasites were
transformed into trypomastigotes,

2.4. Infection of Vero cells and treatments with the compounds

Vero cells were grown for 24 h in 24 multiwell plates (3×104cells/
well) containing sterile coverslips. Then, 1.5×106 parasites were added
in 0.5 ml of medium (RPMI) and incubated for 30 min at 37 °C. Consid-
ering that approximately 20% of parasite mixture corresponds to infec-
tive forms, the multiplicity of infection (MOI) was maintained at 10 in
accordance with other authors [22,23]). Subsequently, the medium
was removed, to eliminate non-internalized parasites, and was replaced
by fresh medium. Between 1.5 and 3.8 μM (dissolved in DMSO) of each
compound under study were added to the cell cultures and incubated
for 24–48 h. These concentrations were chosen because they were ef-
fective against epimastigotes and non-cytotoxic to mammalian cells
[11–13]. Controls were performed with or without 0.25% DMSO. After
incubation, the media were collected (for counting of released para-
sites), and the Vero cells werewashed and processed for lightmicrosco-
py. The experimentwas performed in triplicate from three independent
experiments.
2.5. Light microscopy

The coverslips containing the infected cells were washed twice
with PBS and the cells were fixed for 5 min with pure methanol,
and stained with Giemsa stain (Merck, Damstadt, Germany) (10% in
water) for 15 min. After discarding the dye, the cells were washed
three times with distilled water and the coverslips were mounted
on slides with EUKITT mounting solution (O. Kindler GmbH & Co.,
Freiburg, Germany). The cells were observed under an optical micro-
scope, and the percentage of infected cells and the number of parasites
per cell were determined from 200 Vero cells counted per experiment
(from fields taken randomly).

2.6. Obtention and counting of extracellular parasites

After incubations with or without compounds, the media were col-
lected at 24 or 48 h and parasites (trypomastigotes) were fixed with
5% paraformaldehyde and counted in a Neubauer hemocytometer.

2.7. Percentage of infectivity

We calculate the percentage of infectivity based on the following
equation:

%I ¼ IA� 100=IAC;

where IA is the number of intracellular amastigotes in experimental
conditions, and IAC is the number of intracellular amastigotes in controls,
following a similar equation used by other authors for internalization
assays [22].

2.8. Effect of the compounds on trypomastigotes

Bloodstream trypomastigotes were obtained from infected Albino
Swiss mice by cardiac puncture, at 21 days post-infection with Y
strain of T. cruzi. The number of parasites was adjusted with saline
solution to 260 cells/μl in each tube. The compounds were then
added to concentrations of 1.5 or 3 μM (MXN, ICTX), 1,5 or 3.8 μM
(DhL), 1.5 μM (HLN) or 5.8 μM of benznidazole (BZN) and aliquots
were collected every 30 min. The parasites were counted in a hemocy-
tometer, assuming that the mortality is related to the disappearance of
parasites.

2.9. Cytotoxicity assay

Vero cells were grown for 24 h on sterile coverslips in 24 multiwell
plates (3×104 cells/well), as detailed above. Compoundswere added at
final concentrations of 1.5 or 3.0 μM. To evaluate viability, the cells were
tested for exclusion of eosin at 24 or 48 h of treatment.

2.10. Statistical analysis

The data obtained were analyzed by ANOVA and Tukey–Kramer
pairwise comparisons, with a significance level of p≤0.05.

3. Results

In this study we show the effect of three sesquiterpene lactones;
helenalin (HLN), mexicanin (MXN) and dehydroleucodine (DhL),
and a diterpene 5-epi-icetexone, (ICTX) (Fig. 1) on intracellular
forms of T. cruzi. As seen in Figs. 2 and 3, the four compounds signif-
icantly reduced the amount of Vero cells infected with parasites at
48 h post-infection. However, as expected, at shorter periods of time
(24 h) no significant differences were observed in the percentages of
infected cells (Fig. 3). The compounds were effective at different con-
centrations ranging from 1.5 μM (HLN and MXN), to 3.0 μM (ICTX) or
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HLN MXN
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Fig. 2. Vero cells infected with T. cruzi, submitted to different treatments. The cells were
grown in coverslips, infected with T. cruzi and treated with: 1.5 μM helenalin (HLN),
1.5 μM mexicanin (MXN), 3.8 μM dehydroleucodine (DhL) or 3.0 μM 5-epi-icetexone
(ICTX). After 48 hour treatment with the compounds, the cells were processed for
light microscopy and stained with Giemsa, as detailed in Materials and methods.
DMSO: infected cells treated with solvent alone (0.25%).

helenalin mexicanin

dehydroleucodine 5-epi-icetexone 

Fig. 1. Chemical structure of the natural compounds.
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3.8 μM (DhL), depending on the compound used. These concentrations
were chosen because they had been shown to be effective against
epimastigotes of T. cruzi and they presented very low toxicity to
mammalian cells [13,24]. At similar concentrations, benznidazole
did not induce changes with respect to controls (data not shown).
This difference between 24 and 48 h could be explained due to higher
mortality of infected cells in the presence of compounds or to a decrease
in re-infection to other cells under these conditions. However, at these
periods of incubation and at the concentrations used, the compounds
did not affect either the viability or growth of Vero cells (Table 1), as
they grew normally and showed no morphological changes (Fig. 2). At
24 h post-infection no major differences were observed in the number
of parasites per cell (predominantly in the range of 1–10, not shown),
indicating that this time period was insufficient to evidence any effect
of the compounds. The number of parasites per cell indicates the occur-
rence ofmultiple infections in somehost cells. In controls, itwas observed
that the number of cells with more than 20 parasites was greatly in-
creased at 48 h, while treatments with the compounds kept the cells
with low amounts of parasites (Fig. 4). This suggests that the compounds
would also inhibit the proliferation of intracellular amastigotes, and the
highest inhibitory effect was observed with HLN (Fig. 4). However,
the effect of HLN should be taken with some caution, since at longer in-
cubation times (e.g. 72 or 96 h), Vero cells begin to be affected, showing
an increasingmortality (from 2% to 20%) and undergoingmorphological
changes (data not shown). From the data presented here, we have calcu-
lated the percentage of infectivity as detailed in material and methods.
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Fig. 3. Vero cells observed by light microscopy were counted for the number of infected
cells. The percentage in each case was estimated from the number of infected cells/total
cells counted×100. The bars represent the means of percentages of infected cells±SD
at 24 or 48 h after treatments with the compounds, at the concentrations indicated in
Fig. 2. Numbers between parentheses indicate the number of experiments for each case.
DMSO: cells treated with the solvent alone; HLN: 1.5 μM helenalin; MXN: 1.5 μM
mexicanin; DhL: 3.8 μM dehydroleucodine; ICTX: 3.0 μM 5-epi-icetexone. (*) Statistical
difference (pb0.001) in relation to control groups.



Table 1
Cytotoxicity of the compounds on Vero cells.

Dead cells (%)

24 h 48 h

Controls 0.40±0.27 0.80±0.44
DMSO 0.00±0.00 0.60±0.54
MXN (1.5 μM) 0.40±0.27 7.25±0.65
MXN (3.0 μM) 4.25±0.60 13.19±1.32
ICTX (1.5 μM) 0.80±0.83 0.40±0.22
ICTX (3.0 μM) 0.50±0.25 6.80±1.29
DhL (1.5 μM) 0.20±0.44 0.60±0.89
DhL (3.8 μM) 0.80±0.83 2.00±1.22
BZN (1.5 μM) 0.50±0.57 0.40±0.22
BZN (3.0 μM) 0.20±0.44 0.80±0.44

Values are expressed as the mean percentage of dead cells after 24 or 48 hour
incubation with the compounds±SD of three experiments.
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As shown in Fig. 5, these percentages were significantly reduced
after the treatment with the compounds, HLN being the most potent
inhibitor.

As shown in Fig. 6 the number of parasites (as trypomastigotes) re-
covered from the extracellular medium dramatically decreased after
treatment with HLN or MXN. This effect was already observable after
24 h of treatment. Meanwhile, ICTX or DhL caused a significant decrease
at 48 h of treatment. This decrease caused by the compounds could be
attributed either to a prevention in the differentiation and release of
parasites or rapidmortality of trypomastigotes in the extracellularmedi-
um. The compoundswere also tested on bloodstream trypomastigotes as
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Fig. 4. Number of amastigotes per cell, counted from the infected Vero cells after 48 hour trea
means of percentages from infected cells, containing: 1–10 (white bars), 11–20 (horizontal str
DMSO: cells treated with the solvent alone; HLN: 1.5 μM helenalin; MXN: 1.5 μM mexicanin;
described in Materials and methods. As shown in Fig. 7, this stage was
very sensitive to the action of the compounds, MXN and HLN being the
most powerful. In turn, all compounds used were more active than
BZN (Fig. 7), whereas DMSO did not affect the parasites to the concen-
trations used (data not shown). In addition, the remaining parasites
after treatment with MXN or HLN were immobile.

4. Discussion

Although attempts have beenmade to find an adequate chemothera-
py against Chagas disease, only a few drugs such as nifurtimox and
benznidazole are used to alleviate the disease. However, the efficiency
of these drugs in the chronic phase of the disease is still controversial
and they also cause many undesirable side effects on treated patients so
that their use is now somewhat restricted. For decades, natural com-
pounds have been tested against the parasite causing Chagas disease.
Despite the many compounds found with trypanocidal activity, their
effect has been tested mostly in vitro and therefore they cannot even
be used in any therapy due to some adverse effects on host cells, and
in many cases their mechanism of action is unknown. Moreover, in
most cases these compounds have not been tested against intracellular
parasites or in experimentally infected animals. Understanding the life
cycle and metabolism of the parasites are important issues in order to
find the possible targets for the action of therapeutic agents.

Terpenoid derivatives, such as sesquiterpene lactones and diterpenes,
are families of molecules abundant in the plant kingdom and many of
them exhibit important biological activities. In this study we showed
that three sesquiterpene lactones, such as HLN, MXN and DhL, and the
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tment with the compounds at the concentrations indicated in Fig. 2. Values represent the
ipes), or more than 20 (diagonal stripes), parasites per cell±SD from three experiments.
DhL: 3.8 μM dehydroleucodine; ICTX: 3.0 μM 5-epi-icetexone.
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Fig. 5. The percentage of infectivity estimated from the data in Figs. 4 and 3 of the
corresponding experiment (n=3), by the equation detailed in Materials and methods.
Bars represent the means±SD. (***) Significant differences in relation to control
groups (pb0.001). DMSO: cells treated with the solvent alone; HLN: 1.5 μM helenalin;
MXN: 1.5 μM mexicanin; DhL: 3.8 μM dehydroleucodine; ICTX: 3.0 μM 5-epi-icetexone.
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diterpene ICTX appear to be effective against intracellular parasites, as
they inhibit the growth of amastigotes and possibly affecting their differ-
entiation into trypomastigotes in the host cells. These compounds were
previously tested in vitro against epimastigotes, affecting their viability
and growth at very low concentrations [11–13]. After 48 h of treatment
with compounds, the percentage of Vero cells infected with parasites, as
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well as the number of parasites per cell, were significantly lower than in
controls, and the most powerful effect was due to HLN. This lactone
(HLN) and derivatives have been previously tested successfully against
trypomastigotes of T. cruzi [13], using a different strain of parasites
(Tulahuen).Moreover, it appears that the spatial orientation of a hydroxyl
group could be crucial for the activity of these lactones, and justify the
differences between HLN and MXN observed by us and by Schmidt et
al. [13].

It is known that after several rounds of replication in the form of
amastigotes, parasites differentiate into trypomastigotes and are re-
leased to the extracellular medium to infect new cells [25]. Our re-
sults show that the compounds significantly reduced the number of
extracellular parasites (trypomastigotes), presumably as a result of
low numbers of amastigotes or the compounds may also affect the
differentiation into trypomastigotes. However, this phenomenon
could also be a consequence of high mortality of amastigotes inside
the cells, which has not been tested in this work. Another possibility
is that the trypomastigotes are killed immediately by the compounds,
as soon as the parasites are released into the extracellular environment.
In support of this, an increased sensitivity of trypomastigote forms to
certain drugs [26–28] has been reported, and the compounds tested
here were also shown to be toxic to the trypomastigotes, even at very
short exposure times. We ruled out that the effects are caused by the
solvent used, since controls with DMSO did not differ significantly
from controls without solvent, at least at the concentrations used in
the trials. The effect of sesquiterpene lactones on intracellular T. cruzi
has also been tested by others [14], with apparent different toxicities
on parasites. However, these authors probed the compounds on other
host cells and parasite strain, and this could explain the observed
differences.

In conclusion, we demonstrate here that the compounds under
study, as well as being active against epimastigotes [11–13], would
also effect invasiveness to mammalian cells, and/or proliferation of
intracellular parasites and the survival of trypomastigotes. All this
could indicate that the compounds act by multiple mechanisms and
possibly on different targets at each stage of the parasite. Their mech-
anisms of action remain to be elucidated, and if they only affect pro-
liferation or the viability of the parasites inside mammalian cells,
and/or differentiation into trypomastigotes. Although we have not
used the typical host cells such as macrophages, because of serious dif-
ficulties to infect these cells in vitro, we believe that testing with Vero
cells could represent in some way the mechanism of infection, since at
least the processing cycles trypomastigote–amastigote–trypomastigote
are completed in these cells. The findings presented here could be con-
sidered as an approach in the study of new drugs on models that could
somehow simulate events in the chronic phase of Chagas disease [22].

5. Conclusions

We conclude that sesquiterpene lactones, such as helenalin,
mexicanin and dehydroleucodine are active against infective forms of
T. cruzi. These compounds and the diterpene 5-epi-icetexone diminished
the percentages of infected Vero cells and the number of parasites per
cell. Moreover, the compounds reduced the number of trypomastigotes
in the medium. It remains to be discovered whether the effect of these
compounds is on proliferation and/or the vitality of the intracellular
parasites.
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