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We describe the in vitro antiproliferative effects of the new triazole derivative UR-9825 against the protozoan
parasite Trypanosoma (Schizotrypanum) cruzi, the causative agent of Chagas’ disease in Latin America. The
compound was found to be extremely active against the cultured (epimastigote) form of the parasite, equivalent
to that present in the reduviid vector, with a MIC of 30 nM, a concentration 33-fold lower than that required
with the reference compound ketoconazole. At that MIC, growth arrest coincided with depletion of the
parasite’s 4,14-desmethyl endogenous sterols (ergosterol, 24-ethylcholesta-5,7,22-trien-3b-ol, and precursors)
and their replacement by methylated sterols (lanosterol, 24-methylenedihydrolanosterol, and obtusifoliol), as
revealed by high-resolution gas chromatography coupled with mass spectrometry. This indicated that the
primary mechanism of action of UR-9825 was inhibition of the parasite’s sterol C14a demethylase, as seen with
other azole derivatives. The phospholipid composition of growth-arrested epimastigotes was also altered, when
compared to controls, with a significant increase in the content of phosphatidylethanolamine and phosphati-
dylserine and a concomitant reduction of the content of phosphatidylcholine. The clinically relevant intracel-
lular amastigote form, grown in cultured Vero cells at 37°C, was even more sensitive to UR-9825, with a MIC
of 10 nM, comparable to that for ketoconazole. The results showed that UR-9825 is among the most potent
azole derivatives tested against this parasite and support in vivo studies with this compound.

The largest parasitic disease burden on the American con-
tinent is Chagas’ disease, caused by the kinetoplastid proto-
zoon Trypanosoma (Schizotrypanum) cruzi, with 16 to 18 mil-
lion people infected and an estimated annual loss of 2.7
disability-adjusted years (41). The parasite develops intracel-
lularly in its mammalian hosts, leading to severe tissue damage,
particularly in the heart and gastrointestinal tract, which, cou-
pled with intense inflammatory reactions, underlies the patho-
genesis of the disease (1, 5). Although .90% of those infected
survive the initial acute phase, 30 to 40% of individuals with
chronic T. cruzi infection will develop, over years or decades,
irreversible heart and gastrointestinal lesions which are fre-
quently lethal (1, 6, 23, 25). Current chemotherapeutic ap-
proaches for the treatment of this condition, based on nitro-
furans and nitroimidazoles, are unsatisfactory due to limited
efficacy, particularly for the prevalent chronic form of the dis-
ease, and frequent toxic side effects (8, 10, 23, 25). Recently,
great advances have been made in the control of both vectorial
and transfusional transmission of the disease, particularly
through the Southern Cone and Andean Initiatives (41). How-
ever, transmission continues in other parts of the continent and
the problem of those already infected, most of them in the
undetermined chronic phase, remains a challenge (8, 28, 29).

Sterol biosynthesis inhibitors (SBI) are currently the most
advanced and widely used drugs in the treatment of fungal
diseases (26, 38, 39). Although T. cruzi requires specific en-
dogenous sterols for cell viability and proliferation and thus is
extremely sensitive to SBI in vitro (reviewed in references 27,

28, and 30), currently available SBI are not powerful enough to
eradicate T. cruzi from experimentally infected animals or hu-
man patients (4, 12, 20, 22). However, we have recently shown
that new triazole derivatives such as D08070 (Zeneca Pharma-
ceuticals) and SCH 56592 (Schering-Plough), both selective
inhibitors of the parasite’s sterol C14a demethylase with high
intrinsic anti-T. cruzi activity and special pharmacokinetic
properties (long terminal half-lives and large volumes of dis-
tribution), are capable of inducing radical parasitological cure
of both acute and chronic experimental Chagas’ disease (21,
28, 30, 34, 35). UR-9825 [(1R,2R)-7-chloro-3-[2-(2,4-difluoro-
penyl)-2-hydroxyl-1-methyl-3-(1H-1,2,4-triazol-1-yl)propyl]
quinazolin-4(3H)-one] (Uriach & Cia) (Fig. 1) is a new triazole
derivative with potent and broad-spectrum antifungal activity
and a long terminal life in dogs and cynomolgous monkeys (3,
24; J. Bartolı́, E. Turmo, M. Algueró, E. Boncompte, M. L.
Vericat, L. Conte, J. Ramis, J. Garcı́a-Rafanell, and J. Forn,
Abstr. 37th Intersci. Conf. Antimicrob. Agents Chemother.,
abstr. E-67, 1997). In this article we describe the results of a
study on the in vitro anti-T. cruzi activity of UR-9825, which
suggest that it is a good candidate for in vivo chemotherapeutic
studies in appropriate animal models of Chagas’ disease.

MATERIALS AND METHODS

Parasite. The EP (11) and Y stocks of T. cruzi were used in this study with
indistinguishable results. Handling of live T. cruzi was done according to estab-
lished guidelines (13).

In vitro studies. The epimastigote form of the parasite was cultivated in liver
infusion tryptose (LIT; see reference 11) medium, supplemented with 10%
newborn calf serum (Gibco) at 28°C with strong agitation (120 rpm). The cul-
tures were initiated with a cell density of 2 3 106 epimastigotes per ml, and the
drugs were added at a cell density of 0.5 3 107 to 1 3 107 epimastigotes per ml.
Cell densities were measured with an electronic particle counter (model ZBI;
Coulter Electronics Inc., Hialeah, Fla.) and by direct counting with a hemocy-
tometer. Cell viability was followed by trypan blue exclusion using light micros-
copy. Amastigotes were cultured in Vero cells maintained in minimal essential
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medium supplemented with 1% fetal calf serum in a humidified 95% air–5%
CO2 atmosphere at 37°C as previously described (18, 31–33, 36). Briefly, the cells
were infected with 10 tissue culture-derived trypomastigotes per cell for 2 h and
then washed three times with phosphate-buffered saline to remove nonadherent
parasites; fresh medium with and without drugs was added and the cells were
incubated for 96 h with a medium change at 48 h. Quantification of the number
of infected cells and of the number of parasites per cell by use of light microscopy
and statistical analysis of the results were carried out as described previously (18,
31–34, 36).

Studies of lipid composition. For the analysis of the effects of drugs on the
lipid composition of the epimastigotes, total lipids from control and drug-treated
cells were extracted and fractionated into neutral and polar lipid fractions by
silicic acid column chromatography and gas-liquid chromatography (18, 34–37).
The neutral lipid fractions were first analyzed by thin-layer chromatography (on
Merck 5721 silica gel plates with heptane–isopropyl ether–glacial acetic acid
[60:40:4] as the developing solvent) and conventional gas-liquid chromatography
(isothermic separation in a 4-m glass column packed with 3% OV-1 on Chro-

mosorb 100/200 mesh, with nitrogen as the carrier gas at 24 ml/min and flame
ionization detection in a Varian 3700 gas chromatograph). For quantitative
analysis and structural assignments the neutral lipids were separated in a capil-
lary high resolution column (25 m by 0.20 mm [inside diameter] Ultra-2 column;
5% phenyl-methyl-siloxane; 0.33-mm film thickness) in a Hewlett-Packard 5890
series II gas chromatograph equipped with an HP5971A mass sensitive detector.
The lipids were injected in ethyl acetate; the column was kept at 50°C for 1 min
and then the temperature was increased to 270°C at a rate of 25°C z min21 and
finally to 300°C at a rate of 1°C z min21. The carrier gas (He) flow was kept
constant at 1.0 ml z min21. The injector temperature was 250°C, and the detector
was kept at 280°C. The polar lipid fraction (containing mostly phospholipids) was
analyzed as described before (7); briefly, the lipid fractions eluted from the silicic
acid column with chloroform-methanol at 1:1 (vol/vol) were pooled and further
fractionated by thin-layer chromatography on Merck 5721 silica gel plates using
chloroform–methanol–32.5% ammonia (wt/vol) (17:7:1 by volume) as the devel-
oping solvent (9). The phospholipid spots were visualized using iodine and
scraped, and the total organic phosphorous was measured using the method of
Ames and Dubin (2).

Drugs. UR-9825 was provided by the Research Center, Uriach & Cia, Barce-
lona, Spain, while ketoconazole was provided by Janssen Pharmaceutica, Cara-
cas, Venezuela. The drugs were added as dimethyl sulfoxide solutions; the final
dimethyl sulfoxide concentration in the culture media never exceeded 1% (vol/
vol) and had no effect by itself on the proliferation of the parasites or Vero cells.

RESULTS AND DISCUSSION

Effects on epimastigotes. The data presented in Fig. 2 show
the effects of UR-9825 on the proliferation of the epimastigote
form of T. cruzi, equivalent to that present in its reduviid
vectors, grown in LIT medium at 28°C (11). The response
observed is characteristic of all SBI tested against this organ-
ism, with no significant effects on the growth rate for at least
one generation after the drug addition, followed, at effective
doses, by complete growth arrest and cell lysis after three to

FIG. 1. Chemical structure of UR-9825.

FIG. 2. Effects of UR-9825 on the proliferation of T. cruzi epimastigotes. Epimastigotes were cultured in modified LIT medium at 28°C as described in Materials
and Methods. The arrow indicates the time of addition of the drug, at the indicated concentrations. Each experimental point corresponds to the mean of three
independent cultures; each full bar represents two standard deviations.
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four generations (verified by light microscopy and trypan blue
exclusion). Just before lysis, epimastigotes became rounded
and large cell aggregates were observed, as seen before with
other SBI (16, 17, 40). The minimal concentration of UR-9825
required to induce this “delayed lytic effect” after 144 h (MIC)
was 30 nM, which is 33 times lower than that of ketoconazole
(7, 16, 31, 33), D0870 (18, 35), or itraconazole (results not
shown) and only comparable to that of SCH 56592, the most
potent SBI known against this parasite (34).

The onset of growth arrest and subsequent cell lysis induced
by SBI in T. cruzi have been associated with the complete
depletion of the parasite’s endogenous sterols (18, 32–37). This
was confirmed in epimastigotes treated with UR-9825 by anal-
ysis of the neutral lipid fraction using high-resolution gas-
liquid chromatography coupled with mass spectrometry. We
present in Table 1 the free sterol composition of epimastigotes
incubated for 120 h with concentrations of UR-9825 or keto-
conazole equal to or above the MIC (30 nM and 1 mM, re-

TABLE 1. Free sterols present in T. cruzi epimastigotes (EP stock) grown in the absence or presence of UR-9825 or ketoconazolea

Name Structure Control
UR-9825 Ketoconazole

(1 mM)0.01 mM 0.03 mM 1 mM

Exogenous: cholesterol 30.2 37.9 12.5 10.1 9.4

Endogenous, 14-desmethyl

24-Methylcholesta-5,7,22-trien-3b-ol (ergosterol) 36.9 14.2 5.2 ,1 ,1

24-Ethylcholesta-5,7,22-trien-3b-ol 15.4 22.1 ,1 ,1 ,1

Ergosta-5,7-dien-3b-ol 6.2 9.7 ,1 ,1 ,1

Ergosta-5,7,24(241)-trien-3b-ol 6.0 ,1 ,1 ,1 ,1

Ergosta-7,24(241)-dien-3b-ol 5.3 ,1 ,1 ,1 ,1

24-Ethyl-5,7-cholesta-dien-3b-ol ,1 4.0 ,1 ,1 ,1

Endogenous, 14-methyl ,1 2.2 47.0 62.5 61.9
24-Methylenedihydrolanosterol

4,14-Dimethylergosta-8,24(241)-dien-3b-ol
(obtusifoliol)

,1 ,1 19.0 7.8 10.1

Lanosterol ,1 9.9 16.4 19.6 18.6

a Sterols were extracted from T. cruzi epimastigotes cultured in LIT medium in the absence or in the presence of the indicated concentrations of UR-9825 or
ketoconazole for 120 h; they were separated from polar lipids by silicic acid column chromatography and were analyzed by quantitative capillary gas-liquid
chromatography and mass spectrometry as described in Materials and Methods. Results are expressed as mass percent.
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spectively), together with that of control (untreated) organ-
isms. It can be seen that under those conditions essentially all
the endogenous 4,14-desmethyl sterols (ergosterol, 24-ethyl-
cholesta-5,7,22-trien-3b-ol, and precursors) were replaced by
4,14-dimethyl and trimethyl sterols such as lanosterol, 24-methyl-
ene-dihydrolanosterol, and 4,14-dimethylergosta-8,24(241)-dien-
3b-ol (obtusifoliol). These results strongly suggest that the pri-
mary target of UR-9825 in T. cruzi is the cytochrome P-450-
dependent sterol C14a demethylase, as found for other azoles
(18, 32–37).

Epimastigotes treated with UR-9825 concentrations which
induced complete growth arrest also displayed an altered phos-
pholipid composition when compared with control (untreated)
cells. It can be seen in Table 2 that these cells exhibited a large
increase in the content of phosphatidylethanolamine (PE) and
a concomitant decrease in the content of phosphatidylcholine
(PC) (Table 2). This effect has also been observed before with
several other SBI and has been attributed to a sharp reduction
in the activity of membrane-bound PC-PE-N-methyl trans-
ferase, due to the altered sterol composition (7). Thus, UR-
9825 seemed to induce all the physiological alterations char-
acterized before in SBI-treated epimastigotes, but at lower
concentrations than conventional azoles.

Effects on amastigotes. The clinically relevant intracellular
amastigote forms, proliferating in cultured Vero cells at 37°C,
were more susceptible to UR-9825 than epimastigotes: it can
be seen in Fig. 3 that the MIC required to reduce infected cells
by 99% and the IC50 (concentration of the drug required to
reduce infected cells by 50%) were in this case 10 nM and 1
nM, respectively. The observation time was 96 h after infec-
tion, as at this time the intracellular development of the par-
asite is complete and nonproliferative trypomastigotes begin to
be released by host cells. It can also be seen that no effects on
the viability and proliferation of the host Vero cells were ob-
served up to the highest concentration tested (100 nM), indi-
cating a very specific antiparasitic activity. The MIC was es-
sentially identical to that observed with ketoconazole (results
not shown; see also references 31 and 33), D0870 (18, 35), or
itraconazole (not shown), but higher than that previously re-
ported for SCH 56592 (34).

Conclusions. The results presented above indicate that the
in vitro activity of UR-9825 against T. cruzi is comparable to
that of the most potent SBI tested against this organism,
D0870 and SCH 56592, which have been shown to be able to
induce radical parasitological cure in murine models of both
acute and chronic Chagas’ disease (34, 35). However, as dis-
cussed in detail elsewhere (18, 34, 35), effective in vivo activity
of SBI against T. cruzi requires both high intrinsic (in vitro)
antiparasitic activity and special pharmacokinetic properties,
such as long terminal half-lives and large volumes of distribu-
tion. Thus, although the extremely short terminal half-life of
UR-9825 in mice (3; Bartoli et al., 37th ICAAC) prevented us
from testing this compound in our previously described murine
models (19, 33–36), the long half-lives in dogs and cynomol-
gous monkeys (51 and 24 h, respectively) (Bartoli et al., 37th
ICAAC) would suggest that this compound could have signif-
icant anti-T. cruzi activity in these animal models. Work is
currently in progress to test this hypothesis in a dog model
previously described by Lana et al. (14, 15).
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