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Cure of Short- and Long-Term Experimental
Chagas’ Disease Using D0870

Julio A. Urbina,* Gilberto Payares, Judith Molina,
Cristina Sanoja, Andreina Liendo, Keyla Lazardi,
Marta M. Piras, Romano Piras, Norma Perez, Patrick Wincker,
John F. Ryley

Chagas’ disease, a protozoan infection by the kinetoplastid Trypanosoma cruzi, con-
stitutes a major public health problem in Latin America. With the use of mouse models
of both short- and long-term forms of the disease, the efficacy of D0870, a bis-triazole
derivative, was tested. D0870 was able to prevent death and induced parasitological cure
in 70 to 90 percent of animals, in both the short- and long-term disease. In contrast,
currently used drugs such as nifurtimox or ketoconazole prolonged survival but did not
induce significant curing effects. D0870 may be useful in the treatment of human long-
term Chagas’ disease, a condition that is currently incurable.

Chagas’ disease afflicts 16 million to 18
million persons in Latin America, causes
one of the heaviest disease burdens of the
region, and ranks third most prevalent at a
global level among parasitic diseases, after
malaria and schistosomiasis (1). Currently,
no treatment is available for the long-term
form of the disease, which is prevalent and
leads in 30 to 40% of the cases to irrevers-
ible cardiac and gastrointestinal tract le-
sions (2). Nitrofurans such as nifurtimox
(Bayer, recently discontinued) and nitroim-
idazoles such as benznidazole (Roche) have
been used in short-term cases, but their
efficacy varies between geographical areas,
probably as a consequence of variation
among parasite strains; moreover, both
drugs have serious side effects, including
anorexia, vomiting, peripheral polyneuro-
pathy, and allergic dermopathy, which may
be a consequence of oxidative or reductive
damage in the host’s tissues (2, 3).

Sterol biosynthesis inhibitors (SBI) have
been developed as chemotherapeutic agents
for the treatment of fungal diseases and are
often used in orally active forms (4). Their
specific activity on fungal diseases is based on
the depletion of essential endogenous sterols
or the accumulation of toxic intermediates or
both. T. cruz is also sensitive to this class of
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inhibitor (5-9), but currently available SBIs,
such as ketoconazole and itraconazole, are not
powerful enough to eradicate the parasite
from human patients or experimentally in-
fected animals (10). The chemical (R,S)-2-
(2,4-difluorophenyl)-1-(3-[(2)-4-(2,2,3,3-
tetrafluoropropoxy)styryl]-1,2,4-triazol-1-yl)-
3-(1,2,4-triazol-1-yl)-propan-2-ol, also called
as ICI 195,739, is a racemic compound with
superior activity against systemic fungal infec-
tions in a variety of animal models and with a
specific activity against T. cruzi in a murine
model (11). On the basis of biochemical and
ultrastructural studies, we concluded that ICI
195,739 has a dual mechanism of action
against the parasite and involves inhibition of
the sterol biosynthesis pathway at the level of
cytochrome P450—dependent Cl4a-demeth-
ylase and a blockade of the cell cycle at
cytokinesis (7, 12). DO870, the R(+) enanti-
omer of ICI 195,739, is responsible for the
specific antifungal activity (13), and this com-
pound is currently being developed as a sys-
temic antifungal agent (14).

In vitro work on both proliferative stages
of the parasite showed that DO870 could also
account for the anti-T. cruz activity of ICI
195,739. Thus, against the epimastigote form,
equivalent to the form present in the Redu-
viid vector and cultivable in axenic media
(15), D0870 produced a dose-dependent ef-
fect on the growth rate and de novo synthesis
of 4-desmethyl sterols, with median inhibitory
concentrations (ICsy’s) of 100 and 50 nM,
respectively, whereas for the S(—) enanti-
omer, the ICs, for both growth inhibition and
de novo sterol synthesis was 3 uM. Corre-
spondingly, against the clinically relevant in-
tracellular amastigote form, which was cul-
tured in Vero cells (5, 6, 9), the minimal
growth inhibitory concentration (m.i.c.) for
DO0870 was 10 nM, and no effects on the host
cells were observed in the presence of drug
concentrations 100 times greater. For the
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S(—) enantiomer, however, the m.i.c. was 300
nM, and deleterious effects on the host cells
were already observed at 100 nM. In the
presence of the m.i.c. of D0870, all the en-
dogenous parasite sterols (ergosterol, 24-eth-
yl-cholesta-5,7,22-trien-3B-ol, their precur-
sors in epimastigotes, and their 5,22-tetrahy-
dro analogs in amastigotes) were replaced
within 96 hours by 14a-methyl sterols such as
lanosterol,  24-methylene-dihydrolanosterol,
and 24-methyl-dihydrolanosterol (16). These
results showed that the primary target of this
compound, as well as of other azoles (6, 8, 9,
17), is the parasite’s sterol Cl14a-demethylase.
After we established that D0870 was
responsible for the specific antiparasitic ac-
tivity, this compound was used in subse-
quent in vivo studies. In a murine model of
short-term disease (6, 8, 9), mice were in-
fected with 10° bloodstream trypomastig-
otes of the virulent Y strain, which led to a
fulminant infection that killed all untreated
animals in 21 days. Oral treatment was
started 24 hours postinoculation (p.i.). The
activity of DO870 was 30 to 50 times more
potent than that of ketoconazole or nifur-
timox in prolonging survival of infected
animals (Table 1); moreover, DO870 given
orally at 15 to 20 mg per kilogram of body
weight per day (mg/kg per day) every other
day (e.o.d.) for a total of 28 doses was able
to protect 85 to 100% of the infected ani-
mals from death at the end of the observa-
tion periods (100 to 120 days). Animals
treated with ketoconazole at 30 mg/kg per
day given daily for a total of 43 doses or
with suboptimal doses of DO870 began to
die at 70 days p.i.; this delayed death was
associated with the reappearance of circu-
lating parasites at 60 days p.i. (18). No
reappearance of circulating parasites oc-
curred in animals treated with =15 mg/kg
per day of D0870, which suggests that they
had been cured by the drug treatment.
To verify the occurrence of parasitolog-
ical cures of the short-term disease in sur-
viving animals, we ran a battery of five
independent tests, including hemoculture,
xenodiagnosis, inoculation of homogenized
organs into uninfected mice, hemoinocula-
tion into baby mice, and detection of T.
cruzi antibodies by immunoprecipitation of
total epimastigote surface antigens labeled
with '2°1 (6, 7, 9, 19). Additionally, we
analyzed blood samples to detect specific T.
cruzi DNA sequences by using a polymerase
chain reaction (PCR) ‘method, which has
been recently shown to be the most sensi-
tive technique available for parasite detec-
tion in patients with long-term disease (20).
Greater than 60% of animals that received
D0870 at 15 to 20 mg/kg per day were
cured, whereas no cures were observed with
currently available drugs (Table 1). Similar
results were obtained if DO870 treatment
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was started at 7 days p.i., when the infection
was fully established and circulating para-
sites were found in all infected animals.

A murine model of long-term disease
was also used in our studies; in this case,
mice were infected with a less potent inoc-
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ulum (10* bloodstream trypomastigotes) of
the cardiotropic Bertoldo strain, which pro-
duced a slowly developing parasitemia that
attained a peak at about 25 days p.i. but was
effectively controlled by most infected ani-
mals; animals that survived this initial

Table 1. Effect of D0870, ketoconazole, and nifurtimox on survival and parasitological cure in a murine
model of short-term Chagas’ disease. Groups that received daily treatment (or vehicle only for the control
group) were treated for 28 consecutive days followed by a 7-day rest and another 15 days of treatment.
Groups treated on alternate days received a total of 28 doses. For parasitological and serological tests, see
(6, 7, 9). For DNA extraction and PCR of blood samples, see (20). The table summarizes the results of three
independent experiments; blood PCR tests were carried out in one experiment. ND, not done. Shown is
the number of affected individuals divided by the total number of individuals.

>

Negative .
Treatment Total number Survival parasitological, Negag\éaRblood
of doses (105 days p.i.) serological tests 105 da .
(105 days p.i.) ( ys p.i.)
None (control) 0 0/27 0727 0/9
Nifurtimox 43 6/10 0/10 n.d.
(50 mg/kg/day, daily)
Ketoconazole ' 43 13/27 1/27 1/9
(80 mg/kg/day, daily)
D0870 43 6/8 0/8 ND
(1 mg/kg/day, daily)
D0870 28 6/8 1/8 ND
(1 mg/kg/day, e0.d.)
D0870 43 18/27 6/27 4/9
(5 mg/kg/day, daily)
D0870 28 8/8 1/8 ND
(5 mgr/kg/day, e.o.d.)
D0870 43 24/28 11/28 3/10
(10 mg/kg/day, daily)
D0870 28 24/28 16/28 4/10
(10 mg/kg/day, e.o.d.)
D0870 28 17/20 12/20 7/10
(15 mg/kg/day, e.o.d.)
D0870 28 20/20 13/20 9/10
(20 mg/kg/day, e.0.d.)
D0870 28 10/10 6/10 6/10

(20 mg/kg/day, e.0.d.)
treatment started 7 days p.i.

Table 2. Effect of D0870, ketoconazole, and nifurtimox on survival and parasitological cure in a murine
model of long-term Chagas’ disease. Groups that received daily treatment (or vehicle only for the control
group) were treated for 28 days followed by a 7-day rest and another 15 days of treatment. Groups treated
on alternate days received a total of 28 doses. For parasitological and serological tests, see (6, 7, 9). For
DNA extraction and PCR of blood samples, see (20). The table summarizes the results of two independent
experiments. ND, not done. Shown is the number of affected individuals divided by the total number of

individuals.
Negative )
T Total number of Survival parasitological, Negative blood
reatment d . h PCR
oses (145 days p.i.)  serological tests (145 days p.i)
(145 days p.i.) o

None (control) 0 10/20 3/20 6/20
Nifurtimox 43 8/9 1/9 ND

(50 mg/kg/day, daily)
Ketoconazole 43 14/19 3/19 3/19

(80 mg/kg/day, daily)
D0870 43 17/20 13/20 17/20

(10 mg/kg/day, daily)
D0870 28 14/20 12/20 12/20

(10 mg/kg/day, e.o.d.)
D0870 - 28 17/20 16/20 17/20

(15 mg/kg/day, e.o.d.)
D0870 28 20/20 19/20 18/20

(20 mg/kg/day, e.o.d.)
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phase (~70%) experienced a slow deterio-
ration of their general physical condition
but survived for several months, although
early sudden death also occurred. Treat-
ment was started at 40 to 50 days p.i., at
which time no circulating parasites were

found. In this case, D0870 at 15 to 20 mg/kg
per day given on alternate days for a total of
28 doses provided 90 to 100% protection
from death with 80 to 90% parasitological
cures, whereas conventional drugs given
daily for a total of 43 doses had no signifi-
cant effects on survival or number of cures
when compared to controls (Table 2) (21).

The results suggest a parasitological cure
of experimental long-term Chagas’ disease.
We think that the dual mechanism of ac-
tion of DO870 against this parasite com-
bined with its long lifetime in both rodents
and humans (14, 22), which helps maintain
high tissue concentrations of the drug for
prolonged periods, could account for its an-
tiparasitic activity. Our results indicate that
D0870 could be useful in the treatment of
human long-term Chagas’ disease.
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Auditory Neurophysiologic Responses and
Discrimination Deficits in Children with Learning
Problems
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Children with Igarning problems often cannot discriminate rapid acoustic changes that
occur in speech. In this study of normal children and children with learning problems,
impaired behavioral discrimination of a rapid speech change (/da/versus/ga/) was cor-
related with diminished magnitude of an electrophysiologic measure that is not depen-
dent on attention or a voluntary response. The ability of children with learning problems
to discriminate another rapid speech change (/ba/versus/wa/) also was reflected in the
neurophysiology. These results indicate that some children’s discrimination deficits
originate in the auditory pathway before conscious perception and have implications for
differential diagnosis and targeted therapeutic strategies for children with learning dis-

abilities and attention disorders.

Leaming and attention problems occur in
many children, often concurrently (I).
These disorders frequently involve an in-
ability to process complex auditory infor-
mation that occurs, for example, in
speech. In fact, a large subset of children
with such disorders cannot process com-
plex auditory signals, even at the most
elemental level (2, 3).

A comprehensive study is under way to
examine the relation among psychophysical
speech discrimination abilities, standardized
measures of learning and academic achieve-
ment, and neurophysiology in a large pop-
ulation of both normal children and chil-
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dren with learning problems. One aim is to
determine whether children with certain
auditory processing problems have difficul-
ties that originate from abnormalities in the
neurophysiologic encoding of acoustic dif-
ferences in speech (which occurs after pe-
ripheral sensory encoding and before con-
scious perception) or whether the problems
arise from some higher level processing def-
icit (which may involve, for example, lin-
guistic or cognitive abilities) (4). Such in-
formation would aid in the diagnosis and
treatment of these children, whose learning
problems have been difficult to define or
categorize.

An important aspect of this work is to
establish a neurophysiologic correlate of be-
havioral discrimination. Fortunately, there
is a neurophysiologic response that occurs
in response to small (as well as large) acous-
tic changes in both simple and complex
stimuli (5). This response, termed the mis-
match negativity (MMN), provides an in-
dex of the neurophysiologic representation
of acoustic contrasts and thus provides a
16 AUGUST 1996
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tool for exploring the processing of acoustic
differences that underlie speech perception.

The MMN originates in the auditory
thalamocortical pathway (6, 7) and demon-
strates learning-associated plasticity (8). It is
elicited by a physically deviant stimulus oc-
curring in a series of homogeneous stimuli.
The response can be elicited in a passive
paradigm in which attention or behavioral
responses are not required (9). It has been
obtained during sleep in infants and adults
and during wakefulness, sleep, and barbitu-
rate anesthesia in animal models (10). From
a developmental standpoint, the MMN is
robust in children and appears to be mature
by school age (11, 12). Thus, the MMN
reflects with considerable precision the dis-
crimination of acoustic change and can be
used to determine which aspects of the
acoustic signal are differentiated neurophysi-
ologically and, ultimately, which neuronal
pathways are impaired (7, 13).

In this experiment, behavioral discrimi-
nation abilities and MMN responses were
evaluated in a group of normal children
(n = 90) and in a group of children with
learning problems (n = 91). The normal
group consisted of children ages 6 to 15
years with no history of learning or atten-
tion problems (based on a detailed parent
questionnaire) and scores within normal
limits (including no discrepancy between
ability and achievement) on a psychoedu-
cational test battery (14). The group with
learning problems consisted of children in
the same age range who had been diagnosed
clinically as having a learning disability
(LD children), attention deficit disorder
(ADD children), or both; in some cases,
they had scores that were not within the
normal limits on two or more of the tests in
the psychoeducational test battery and a
history of learning or attention difficulties
(suspected LD). All children had normal
intelligence (scores >85 on the Brief Cog-
nitive Scale) (14). The normal group dif-
fered significantly from the group with
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