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There is no effective treatment for the prevalent chronic form of Chagas’ disease in Latin America. Its
causative agent, the protozoan paraSitgpanosoma cruzhas an essential requirement for ergosterol, and
ergosterol biosynthesis inhibitors, such as the antifungal drug posaconazole, have potent trypanocidal activity.
The antiarrhythmic compound amiodarone, frequently prescribed for the symptomatic treatment of Chagas’
disease patients, has also recently been shown to have antifungal activity. We now show here for the first
time that amiodarone has direct activity agaihstruzi both in vitro and in vivoand that it acts synergistically

with posaconazole. We found that amiodarone, in addition to disrupting the parasitésh@aeostasis,

also blocks ergosterol biosynthesis, and that posaconazole also affécto@eostasis. These results provide
logical explanations for the synergistic activity of amiodarone with azoles agrimstiziand open up the
possibility of novel, combination therapy approaches to the treatment of Chagas’ disease using currently
approved drugs.
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suggested the desirability of testing amiodarone againstuzj mitochondria, since its low affinity for Ca limits its fluorescence
alone and in combination with posaconazole. in the C&"-poor cytoplasm of the Vero cells or amastigotes.
Rhodamine-123 is a mitochondrion-specific cationic dye, which
Materials and Methods distributes across the inner mitochondrial membranes strictly

P ites. The EP stock off . irulent strain isolated according to their membrane potentiél.
arasries. 'ne Stock Oft . cruzl (a virulent strain isolate . Lipid Composition. Lipid analyses were carried out as described
from a pediatric case in Carabobo State, Venezuela) was used in

this study*? Handling of live T. cruzi was done according to in the Supportlng Informgnon. .
established guidelings. Enzymatic Assays.Native squalene synthase was isolated and

Studies of in Vitro Antiproliferative Activity. The epimastigote puritfied frr?m T. cruziegimasggztebs %nd re]l_?sayed by a ra?)i_omettric
form of the parasite was cultivated in liver infusion tryptose Spot-wash assay as described beforejniie pure recombinan
medium?2 supplemented with 10% new born calf serum (Gibco) farnesyl diphosphate synthase was assayed as described by Mon-

i 20
at 28°C with strong (120 rpm) agitation. Cultures were initiated at talvettllet ak ) ) . ) )
a cell density of 2< 10° epimastigotes mt2, and drugs were added In_ Vivo Studies. In vivo studles_were carrled_ out by using the
at a cell density of 0.51.0 x 107 epimastigotes mtZ. Cell murine model of acute Chagas’ disease described previéfsty,
densities were measured by using an electronic particle counterWhich female NMR#IVIC mice (20-25 g) were infected with
(model ZBI; Coulter Electronics Inc., Hialeah, FL) as well as by 10° or 10° bloodstream trypomastigotes and drug treatment was
direct counting with a hemocytometer. Cell viability was followed ~Started 24 h 'fﬂe);- Treatments were given for 30 consecutive days
by Trypan blue exclusion, using light microscopy. Amastigotes were &t io mg kg* d™* for posaconazole (30 doses) and/or at 50 mg
cultured in Vero cells maintained in minimal essential medium kg™ every other day (eod) for amiodarone (15 doses). Negative
supplemented with 1% fetal calf serum in a humidified atmosphere controls (i.e. untreated animals) received only the vehicle, while
(95% air-5% CQy) at 37°C, as described previoushy.Cells were positive controls were treated with the affiti-cruzi compound,
infected with 10 tissue culture-derived trypomastigotes per cell for Nifurtimox, at 50 mg kg* d~* for 30 days. Survival was followed
2 h and then washed three times with phosphate-buffered salinedaily and parasitemia weekly, the latter by direct microscopic
(PBS) to remove nonadherent parasites. Fresh medium with andéxamination. Animals were observed for 60 days postinfection, after

without drugs was added, and the cells were incubated for 96 h Which time parasitological cures were evaluated by using a
with a medium change at 48 h. The percent of infected cells and combination of hemoculture, xenodiagnosis, and blood PCRSsts.

the numbers of parasites per cell were determined directly using FOr PC’ZR, primers Tezl (5-CGAGCTCTTGCCCACACGGGT-
light microscopy, and a statistical analysis of the results was carried GCT-3) and TcZ2 (5-CCTCCAAGCAGCGGATAGTTCAGG-

out as described previougly. ICs, values were calculated by ~3) Were used to deteck. cruzisatellite DNA (TcZ DNA)2!
nonlinear regression, using the program GraFit (Erithacus Software Drugs. Posaconazole was provided by Dr. David Loebenberg
Ltd, Surrey, UK). Fractional inhibitory concentrations (FIC) were (Schering Plough Research Institute, Kenilworth, NJ). Amiodarone
calculated as described by Hallander et*alytoplasmic free Ca hydrochloride was obtained from Sigma-Aldrich Company (St.
concentrations in control and drug-treated extracellular epimastig- Louis, MO).

otes were determined by fluorimetric methods, using Fura-2, again  Theoretical Calculations A common feature pharmacophore
as described previousty Subcellular C& levels and mitochondrial model for human oxidosqualene cyclase was built by using the Cat-
membrane potentials were monitored on individual Vero cells alyst 4.8 program (Accelrys, Inc., San Diego, CA). For the training
infected with T. cruzi amastigotes by using time-scan confocal set, we only considered compounds with activities within an order
microscopy, as described in detail elsewhéréBriefly, Vero cells of magnitude of the most active compound reported previously
heavily infected (72 h) witll. cruziamastigotes were plated onto  (Chart 2)22 Up to 255 best quality conformations were generated
22 x 40 mm glass coverslips (0.15 mm thickness) and incubated for each compound, with the exception ®f(Ro48-8071) ([&
simultaneously with 1M cell-permeant Rhod-2 and 1@y/mL (6-allylmethylaminohexyloxy)-2fluorophenyl]-(4-bromophenyl)-
Rhodamine-123 for 50 min at 3T in culture medium and then  methanone, Chart 1), for which we used the X-ray crystallographic
washed and incubated with Ringer's solution, with or without coordinates taken from PDB file 1W6&3To ensure that Catalyst
amiodarone. Under the conditions usédluorescence of Rhod-2  would only generate pharmacophores that fit the X-ray crystal-
comes mainly from intracellular G&rich compartments, like lographic structure of3 from the protein/ligand complex, the
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Figure 1. Antiproliferative activities of amiodarone and posaconazole agaéigganosoma cru4n vitro. Effects of amiodarone (A) and posaconazole

(B) on the growth ofT. cruziextracellular epimastigotes. Experiments were carried out in triplicate and each bar represents one standard deviation.
Effects of amiodarone (C) and posaconazole (D) on the proliferatioh ofuziamastigotes cultured inside Vero cells at“€7. Shown are the
percentage of infected cell®), the number of amastigotes per cdll)( and the number of Vero cells per fiell)Y after 96 h of incubation, as a

function of drug concentration. Experiments were carried out in quadruplicate and each bar represents one standard deviation. (E) Isobologram
illustrating the combined effects of amiodarone and posaconazole. @nuzi intracellular amastigotes. The drug concentrations (alone or in
combination) that led to the complete eradication of the intracellular parasites after 96 h are shown. The broken line corresponds to the predicted

positions of the experimental points for simple additivity. A fractional inhibitory concentration (FIC) of 0.42 was calculated according tteHallan
et al’*

ligand was assigned a principal value of two, whereas all other AA: T ol
compounds were assigned principal values of one. By assigning ey Y Posa
only 3 a principal value of two, only the X-ray structure ®kan £ /  m POSA L AMIO
influence the geometries of pharmacophores output by the program; 285 A

the other training set compounds are merely required to adopt a §§n4 [ WA \

geometry consistent with the output pharmacophores. This provides gg°8 ,,/ A
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We show in Figure 1 the effects of amiodarone and posa- = 20 Y o -

conazole on the proliferation &f. cruziin vitro. Amiodarone o M- POSA+AMO 49 o o
(2) had a clear, dose-dependent effect on proliferation of the 05 101520:;3&3;:35‘)‘5 5055 60

epimastigote (extracellular) stages, with a minimal inhibitory Ei 2 Activities of amiod AMIO le (POSA
concentration of 2@M and an 1G of 9 uM (Figure 1A), while igure 2. Activities of amiodarone ( ), posaconazole ( )

f le th di | d and nifurtimox (NFX) in a murine model of acute Chagas’ disease.
or posaconazole the corresponding values were 20 and 14 nMygRi-viC mice were inoculated with Z0bloodstream form trypo-

(Figure 1B). Against the clinically relevant intracellular amastig- mastigotes of the Y strain and treatment started 24 h later. All drugs
ote form of the parasite, both drugs were even more potent. were given orally for 30 consecutive days at the following doses:
Amiodarone had minimal inhibitory concentration andsdC  AMIO, 50 mg kg™ every other day (eod); POSA and NFX at 50 mg
values of 8 and 2.ZM (Figure 1C), while for posaconazole kg™t d.

(1), the corresponding values were 3 and 0.25 nM (Figure 1D). and the method of Hallander et’#land obtained a fractional
These results indicate that amiodarone has activity against bothinhibitory concentration value of 0.42 (Figure 1E), indicating
proliferative stages ofT. cruzi comparable to its in vitro strong synergism.

antifungal activity10.11To explore this similarity in more depth, Next, we investigated if the anfi- cruzi activity of amio-

we investigated the effects of amiodarone and posaconazole indarone detected in vitro could also be observed in vivo. In a
combination against. cruzi since synergistic effects between preliminary study, NMRI mice were infected with a relatively
amiodarone and various other azole drugs have been reportedigh inoculum (18 trypomastigotes/mouse), which led to a
in several yeasts and fungi. We used a checkerboard techniqueéulminant acute infection as previously descrilsédyral drug
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Table 1. Effects of Amiodarone and Posaconazole in a Murine Model < 200 A 200 B
of Acute Chagas’ Disease. 1Trypomastigotes Mouseé, Y Strain, 86 £ 180 180
days pt Z«; 160 160
negative § 140 l 140 i
parasitological 3 120 120
treatment conditions survival test$ g 100 100
c
no treatment (control) 8/10 3/8 = 80 20 30 40 50 8510 ?b 3'9 40 " 50
amiodarone, 50 mg kg, eod, 15 doses  6/10 0/6 Time (min) Time (min)
posaconazole, 20 mg k&1, 30 doses 10/10 6/10 S 200 c 700 D
amiodarone, 50 mg kg, eod, 10/10 8/10 < 180 650
15 dosest posaconazole, “8 160 600
20mg kg*d™*, 30 doses 5 140 550
nifurtimox, 50 mg kg'd-?1, 30 doses 8/10 4/8 % 120 500
aFemale NMRI-IVIC mice (26-25 g) were infected with F0blood- g 100 450
stream trypomastigotes and drug treatment started 24 h later, at the doses £ 800 70 20 30 40 50 510 20 30 40 %0
and frequencies indicateHemoculture, xenodiagnosis, and TcZ DNA Time (min) Time (min)
PCR; see Materials and Methods. Figure 3. Effects of amiodarone (AMIO) and posaconazole (POSA)
Table 2. Effects of Amiodarone and Posaconazole on the Free on C&* homeostasis ifT. cruziepimastigotes. Epimastigotes, grown
Cytoplasmic C&" Concentration off rypanosoma cruzEpimastigotes in the absence or presence of 12.5 nM POSA, were incubated in the
easurement pcrszience of the cell permeadnt dye _Fuzja-f? for 45 min.lICytoplgsmiq l;‘rede
P concentrations were determined fluorimetrically, as describe
conditions control posaconazdle _posaconazofe elsewhere. (A) Effects of 12,6M AMIO on cytoplasmic free CH
2mM Ca* 95+£35(n=15) 86+27(n=8) 461+64(n=09) concentration in control (untreated) cells incubated with 2 mM external
2 m’x‘q.cg*r*né 174+£39(n=6) 193+39(n=4) 668+50(M=4) free C&*. (B) Effects of amiodarone (12&M) on cytoplasmic free
0 maM '8; ° 99411 (1=4) 97£15(n=4) 480+ 40 (n=4) Ca* concentration in control (untreated) cells incubated in the presence
omM Cat + 193+ 26 (h=4) 131+11 (=4) 6114+ 77 (h=4) of 1 mM external EGTA (C) Effects O.f 12‘LHV| AMIO on Cytoplasmlc
amiodarong free C&" concentration in cells grown in the presence of 12.5 nM POSA

for 48 h, incubated with 2 mM external free €a(D) Effects of 12.5
uM AMIO on cytoplasmic free C& concentration in cells grown in
the presence of 12.5 nM POSA for 96 h, incubated with 2 mM external
free C&*. Arrows indicate the time of addition of AMIO.

a Free cytoplasmic calcium concentrations were determined using fluo-
rimetric methods with Fura-2, as described in previod3Igoncentrations
are expressed in nM.Posaconazole treatment; 12.5 nM for 48 h.
¢ Posaconazole treatment; 12.5 nM for 96! miodarone concentration;
12.5uM. . . ) )
second model, mice were infected with a lower inoculun®(10
Table 3. Free Sterols Present ffrypanosoma cruzEpimastigotes (EP trypomastigotes/mouse) and treated with the same therapeutic
stock) Grown in th‘e Absence or Presence of Posaconazole, Amlodarone,schemes used for the first infection model. Survival and
or Their Combinatiof . . . .
parasitological cures, 86 days pi, are presented in Table 1. Most

posaconazofe- (8/10) animals treated with the combination tested negative to

sterof control posaconazdleamiodarong amiodarone ) i X
hemoculture, xenodiagnosis, and blood PCR for nuclear satellite
exogenous cholesterol 312 46.1 634 88 (TcZ) DNA, indicating very low parasite burdens %0 trypo-
ergosterol E”fg%e”c’us' 1;‘.‘lDesmethy':5‘ ) " mastigotes/m#), versus 6/10 for those treated with posacona-
24-ethyl-5,7,22-cholesta-15.4 12.9 6.7 nd. zole alone and 4/8 animals treated with the conventional
trien-35-ol treatment, nifurtimox. These results demonstrate that amiodarone
ergt‘ﬁztr?_'%_zo‘l‘(z* 6.5 137 102 nd. has in vivo antiT. cruziactivity and support further in vivo
ergosta-5,7-dienf3ol 9.5 36 41 n.d. studies of this drug as an antiparasitic agent, used alone or in
ergosta-5,7,24(2p 8.5 n.d. n.d. n.d. combination.
ergtg:t';'_f‘z‘ﬂ(z% 26 - 30 d To probe the molecular basis of the antiparasitic activity of
dien-3-ol amiodarone and its synergism with posaconazole, we tested the
24-ethyl-5,7-cholesta- 6.0 75 75 n.d. effects of both drugs, alone and in combination, on the calcium
dien-3-ol homeostasis of both epimastigotes (Figure-ZA Table 2) and
Endogenous, 14-MethyL: intracellular amastigotes (Figure 4A,B). Amiodarone at 1.6
24-methylene- n.d. 3.2 n.d. 16.9 . L > . .
dihydrolanosterol induced a rapid increase in free cytoplasmic>Ctevels in
lanosterol n.d. 55 n.d. 43 epimastigotes (Figure 3A, Table 2), as determined by Fura-2

2 Posaconazole concentratien12.5 nM.> Amiodarone concentration  fluorescencé® The increase was due to drug-induced*Ca
=12.5uM. °Free sterols were isolated and purified from whole cells grown release from intracellular compartments, since the same effect
in the absence or presence of the indicated drug concentrations for 96 h;was observed in the absence of extern@"GRigure 3B, Table
they were analyzed by high-resolution gdigiuid chromatography coupled 5y |l exposed to 12.5 nM posaconazole for 48 h gave results
with mass spectrometry, as described in Materials and Meti{odd., not [ .
detected. similar to control cells (Figure 3C, Table 2), but cells exposed

to posaconazole for 96 h had basafCaytoplasmic levels 4.5-
treatment was started 24 h post-inoculation (pi) and given for fold higher than did control cells (Figure 3D, Table 2).
30 days with amiodarone (50 mg Kgevery other day, eod),  Moreover, amiodarone was able to induce a further increase in
posaconazole (20 mg k§d~1), amiodarone plus posaconazole, these levels, which reached values 7-fold higher than those of
nifurtimox (50 mg kg?! d%), or no drug. As can be seen in the control cells (Figure 3D, Table 2). We were also able to
Figure 2, treatment of infected animals with amiodarone alone detect selective effects of amiodarone orf'Claomeostasis in
reduced parasitemia (Figure 2A), increased survival 60 days piintracellularT. cruziamastigotes: Figure 4A,B show that when
(Figure 2B; 0% for untreated controls vs 40% for amiodarone- heavily infected Vero cells were exposed to amiodarone, there
treated animals) and, when given in combination with posa- was a rapid release of &afrom the parasite’s mitochondria,
conazole, delayed the development of parasitemia when com-as detected by Rhod-2 fluorescetogn red). There was also
pared with the all other treatment groups (Figure 2A). In a a collapse of the mitochondrial membrane potential, as dem-
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AMIO-treated

Rhod-2 Rhodamine 123 Merge

Figure 4. Effects of amiodarone (AMIO) on Cahomeostasis iff. cruziamastigotes; Vero cells infected with cruziwere double-labeled with
Rhod-2 (red) and Rhodamine 123 (green) to visualize mitochondrial fréed@acentrations and transmembrane electrical potentials, respectively.
(A) Control cells, (B) cells treated with 128V AMIO for 20 min. Note the drastic AMIO-induced reduction of the mitochondrial membrane
potential and the corresponding increase in the parasites’ free cytoplasfiic@eentration. These effects were not observed in the host cells.

onstrated by a decrease in Rhodamine 123 fluoresé&(ice with the combination of amiodaror®us posaconazole, it was
green), associated with the increase in the parasite$*]Ga found that the (exogenous) cholesterol level increased to nearly
However, no effects were seen on the host cells’ free cytoplas-80% of total sterols, with no detectable levels of the parasite’s
mic C&" levels. Such results contrast with those previously normal 14-desmethyl sterols (Table 3). These findings clearly
obtained in yeast, where it was shown that amiodarone disrupteddemonstrate that amiodarone has a previously unknown effect
Ca* homeostasis largely by inducing a rapid influx of this ion  on sterol biosynthesis, providing a second logical basis for its
from the extracellular milieu, mediated by caffeine-sensitive synergism with posaconazole. Since no accumulation of squalene
MID-1 channels'°In any case, the results in Figures 3 and 4 \yas observed, amiodarone does not target squalene epoxidase
and Table 2 clearly indicate th@oth amiodarone and posa-  (rigure 5). There was some inhibitory activity on nativecruzi
conazole can disrupt €ahomeostasis iff. cruzj a fact that squalene synthase (SQS)albeit with low potency: the 16
could explain their antiproliferative synergism agaifstruzi values were 12 and BM against microsomal and glycosomal
However, this may not _be tt_]e_ only o_rigin of the_synergistic SQS, respectively (data not shown). Likewise, there was no
effects of these drugs, since it is possible that amiodarone alsoinhibition of a recombinant farnesyl diphosphate syntAae

|nte+rferes with sterol biosynthesis, ba;eo_l on the fa_ct that other50‘uM amiodarone (data not shown). On the other hand, a TLC
Ca&"-channel blockers are known to inhibit sterol isomerases . - .
analysis of the neutral lipids from amiodarone-treated cells

and yeast growtR2-26 ; X
y g showed accumulation of a compound having Bnvalue

¢ Vtvfh_ShOW |UJ?the_3 thﬁ_ rﬁsults ofan exget[]lme{]t dleS|gned t? corresponding to that of squalene epoxide, indicating inhibition
est this possibiiity, In which we compared the SIErolS present ;o |aye of oxidosqualene cyclase (OSC, see Figure 5).

in T. cruziepimastigotes treated with amiodarone, posaconazole, ) . .
or their combination, with those present in control (no drug Structurally, amiodarone has considerable similarities to other
treatment) cells. In cells treated with 12.5 nM posaconazole, known OSC inhibitors (including those known to inhibitcruzi

we observed the expecfed reduction of the parasite’s endo-  9rowt?®), as shown for example by comparison with the
genous 14-desmethyl sterols and a concomitant accumulationPenchmark OSC inhibito. Both are halogenated bisaryl
of 14-methyl sterols (lanosterol and eburicol), Table 3, Figure ketones with cationic oxymethylene side chains, and they have
5. However, in cells treated with 12/M amiodarone, there  similar sizes. To investigate these similarities in more depth,
was also a significant reduction in the overall levels of Wwe investigated the structural features key to OSC inhibition in
endogenous sterols, but no accumulation of sterol intermediatesa series of 14 potent OSC inhibitéfs(Chart 2), using
indicating inhibition of de novo sterol synthesis at a pre- pharmacophore modeling with the Catalyst 4.8 program (Ac-
lanosterol level (Table 3, Figure 5). When cells were treated celrys Inc., San Diego, CA).
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Figure 5. Sterol structures and sites of action of different inhibitors of ergosterol biosynthesis.

A determine whether amiodarone could fit into the sterol/inhibitor
binding site in OSC. By way of controls, we first docked
lanosterol an@ into the active site of OSC (Figure 7A,B), where
we found rms deviations of 0.98 A and 0.97 A from the
crystallographic results, for lanosterol and Ro48-8071, respec-
tively. Then, we docked amiodarone, obtaining the top five
structures shown in Figure 7C, which are clearly similar to those
found with 3. Moreover, we found that many features of the
pharmacophore model are associated with intermolecular in-
teractions with the OSC protein, again providing support for
amiodarone’s effect on ergosterol biosynthesis. These facts
indicate that amiodarone could represent a novel class of OSC
inhibitor, a fact which may also help explain its antifungal
activity

Of course, care needs to be exercised when considering
combination therapy in humans. In this respect the US Federal
Drug Administration has recently (March, 2004) added the
following paragraph to the Cordarone (amiodarone HCI 200 mg
tablets) label: ‘Fluoroquinolones, macrolide antibiotics, and
azoles are known to cause QTc prolongation. There have been
Figure 6. Pharmacophore model for oxidosqualene cyclase with (A) reports of QTc prolongation, with or without TdP, in patients
the X-ray crystallographic structure 8ffrom 1W6J and (B) the best  taking amiodarone when fluoroquinolones, macrolide antibiotics,
fit conformatlpn _of2. Pharmacophore features are: positive charge or azoles were administered concomitantly, see WARNINGS,
(red), aromatic ring (orange), hydrogen bond acceptor (green), and . S
hydrophobic (cyan). Worsened Arrhythmia’. However, s_tudles in heal'ghy volunteers

have shown than posaconazole, in contrast with other azole

The results (Figure 6A) indicated the presence of five features derivatives, has no significant effects on the QTc intef¢at,
common to the most active OSC inhibitors: a positive charge @ fact which could probably allow its concomitant administration
feature (red), two aromatic ring features (orange), a hydrogen With amiodarone. Nevertheless, caution should be used, as both
bond acceptor feature (green), and a hydrophobic feature (cyan)compounds are substrates of cytochrome P450 3A4 (CYP3A4).
These features are all present in amiodarone, although amio- Conclusions.The results described above are of interest for
darone does not fit the pharmacophore ideally (Figure 6B), many reasons. First and foremost, we find that amiodarone, a
which would result in activity lower than that of the most potent drug currently in use for the symptomatic treatment of arrhyth-
inhibitors. We also used the Autodock 3.05 progtarto mias in many Chagas’ disease patients, has an unexpected, direct
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Figure 7. Molecular docking results based on oxidosqualene synthase structures (PDB files 1W6J and 1W6K). (A) Five top-scoring docked
lanosterol structures together with its X-ray structure (in yellow); rms deviatidn98 A. (B) Five top-scoring docke8l structures together with

its X-ray structure (in yellow); rms deviatios 0.97 A. (C) Five top-scoring docked amiodarone structures together with the X-ray strucire of

(in yellow).

anti-T. cruziactivity and that this activity is potentiated by the de France, Paris, France (October 26@gtober 2006). The
ergosterol biosynthesis inhibitor posaconazole. Amiodarone technical assistance of Hector Rojas, Margarita Bisio, Carlos
disrupts Ca" homeostasis ifT. cruziby inducing the release  Rodrigues, and Imeria Ni@z Odreman is gratefully acknow!-
of this ion from intracellular stores, specifically from the single edged.

giant mitochondrion present in those cells. This action is,

however, parasite-specific, since it was not observed in the Supporting Information Available: Additional experimental
mammalian host cells, which grew normally under amiodarone and theoretical details. This material is available free of charge via
levels that led to loss of parasite viability within 24 h. We also the Intemet at http://pubs.acs.org.

find that posaconazole affects €ahomeostasis, and that
amiodarone augments this effect. Disruption of Chomeo- _

stasis in posaconazole-treatdd cruzi epimastigotes and @ \1"&1'390- Control of Chagas Diseastech. Rep. Sei2002 905
amastigotes is probably related to structural alterations of the  (5) Rassi, A., Jr.: Rassi, A.; Little, W. C. Chagas’ heart dise@ie.
parasite’s mitochondrion that are observed in cells depleted of Cardiol. 200Q 23, 883-889.

endogenous sterols upon prolonged exposure to ergosterol (3) Urbina, J. A Docampo, R. Specific Chemotherapy of Chagas
disease: controversies and advandegnds Parasitol.2003 19,
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