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Abstract
The nitroheterocyclic drugs nifurtimox and benznidazole are first-line drugs available to

treat Chagas disease; however, they have limitations, including long treatment courses and

toxicity. Strategies to overcome these limitations include the identification of new drugs with

specific target profiles, re-dosing regimens for the current drugs, drug repositioning and

combination therapy. In this work, we evaluated combination therapy as an approach for op-

timization of the current therapeutic regimen for Chagas disease. The curative action of

benznidazole/itraconazole combinations was explored in an established infection of the

mice model with the T. cruzi Y strain. The activities of the benznidazole/itraconazole combi-

nations were compared with the results from those receiving the same dosage of each indi-

vidual drug. The administration of benznidazole/itraconazole in combination eliminated

parasites from the blood more efficiently than each drug alone. Here, there was a significant

reduction of the number of treatment days (number of doses) necessary to induce parasite-

mia suppression with the benznidazole/itraconazole combination, as compared to each

compound administered alone. These results clearly indicate the enhanced effects of these

drugs in combination, particularly at the dose of 75 mg/kg, as the effects observed with the

drug combinations were four times more effective than those of each drug used alone.

Moreover, benznidazole/itraconazole treatment was shown to prevent or decrease the typi-

cal lesions associated with chronic experimental Chagas disease, as illustrated by similar

levels of inflammatory cells and fibrosis in the cardiac muscle tissue of healthy and treated

mice. These results emphasize the importance of exploring the potential of combination

treatments with currently available compounds to specifically treat Chagas disease.
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Introduction
American trypanosomiasis, also known as Chagas disease, is a protozoan infection caused by
T. cruzi. This human infection is endemic in countries of Central and South America. Despite
vector control programs and other measures taken in blood banks and maternity hospitals, ap-
proximately eight million people are estimated to be infected worldwide and over 25 million
are at risk [1].

For most of the past 40 years, the array of therapeutics options for the treatment of Chagas
disease has been extremely limited. Current specific chemotherapy, which is based on the
nitroheterocyclic compounds nifurtimox and benznidazole, has limitations due to side effects,
long treatment regimens and some degree of variation in the sensitivity among parasite popula-
tions[2,3,4]. Strategies to overcome these limitations include the identification of new drugs
with specific target profiles, re-dosing regimens for the current drugs, drug repositioning and
combination therapy [5]. Among these strategies, drug repositioning and re-dosing regimens
for the current drugs, as monotherapy or in combination therapy, are the quickest interven-
tions to improve Chagas disease therapy.

Drug repositioning has been successful at identifying C14-α-demethylase (CYP51) inhibi-
tors as anti-T. cruzi agents [6]. A number of these inhibitors have been reported to exhibit po-
tent anti-T. cruzi activity in experimental animals. A phase II clinical trial to investigate the
efficacy and safety of posaconazole and E1224 were recently completed, and reports indicate
that both compounds had little to no sustained efficacy in treating patients in the chronic
phase of Chagas disease as a single medicine [7,8]. These results highlight the need to investi-
gate alternative dosing regimens and possible combination therapies to improve the efficacy of
Chagas disease treatment.

Combination therapies for the treatment of Chagas disease have increasingly been advocat-
ed as a way of enhancing treatment efficacy and tolerance. Consensus has grown in favor of the
use of combination regimens for infectious diseases over the past few years for several reasons.
Combining drugs from different chemical classes could reduce drug doses and/or treatment
duration, resulting in fewer side effects. This strategy could also reduce the overall costs, pro-
viding a more cost-effective option. Finally, combination therapy could improve treatment effi-
cacy for life-threatening acute T. cruzi infections in humans, such as those of oral, congenital
or reactivated Chagas disease patients.

Studies investigating interactions among sterol biosynthesis inhibitors that act at different
steps of its biosynthesis pathway have shown synergistic effects against T. cruzi [9,10]. Other
studies specifically focused on interactions between ketoconazole and benznidazole or posaco-
nazole and benznidazole have shown enhancement in the efficacy of chemotherapy for an
experimental infection when these drugs are used in combination [11,12]. More recently,
Moreira da Silva [13] showed that the administration of benznidazole in combination with itra-
conazole in mice induces lower elimination of benznidazole (prolonged half-life) using the
HPLC-UV method and determined an accumulation profile in this animal model. The authors
suggest that this effect may contribute to improving the therapeutic efficacy of these com-
pounds when administered in combination against T. cruzi infection. Itraconazole has been
used in humans as an efficient antimycotic without severe side effects [14]. A number of studies
have been shown the in vivo curative activity of itraconazole in human [15] and in experimen-
tal animals [16]. Others have shown a suppressive, but not a curative activity, of itraconazole
[17].

Considering these antecedents, this study was designed to investigate the efficacy of benznida-
zole in combination with itraconazole against T. cruzi in an experimental murine model of acute
Chagas disease to support the potential clinical evaluation of such combination therapies.

Benznidazole/Itraconazole Combination Therapy

PLOS ONE | DOI:10.1371/journal.pone.0128707 June 15, 2015 2 / 12

Department for International Development (DFID),
UK; Médecins Sans Frontières/Doctors without
Borders (MSF), International; Spanish Agency for
International Development Cooperation (AECID),
Spain; Swiss Agency for Development and
Cooperation (SDC), Switzerland. The funders had no
role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared
that no competing interests exist.



Materials and Methods

Ethics statements
All procedures and experimental protocols were conducted in accordance with the guidelines
issued by the Brazilian College of Animal Experimentation (COBEA) and approved by the Eth-
ics Committee in Animal Research at Universidade Federal de Ouro Preto (number 2009/16).

Parasite
The T. cruzi Y strain (DTU II), which was previously characterized by Filardi & Brener [18] as
partially resistant to benznidazole, was used in the present study. The original isolate was pre-
served in its trypomastigote form in liquid nitrogen, periodically transferred to mice and then
refrozen with full retention of its biological and drug susceptibility characteristics.

Drugs
The following drugs were commercially purchased from or provided by their respective phar-
maceutical companies:

i. Benznidazole- 2-nitro-imidazole-(N-benzil-2-nitro-1-imidazoleacetamide (produced by
LAFEPE, Brazil).

ii. Itraconazole- 4-(4-(4-(4-((2-(2,4-dichlorophenyl)-2-(1H-1,2,4-triazol-1-ylmethyl)-1,3-
dioxolan-4-yl)methoxy)phenyl)-1-piperazinyl)phenyl)-2,4-dihydro-2-(1-methylpropyl)
(Sporanox, Janssen-Cilag, produced by Brainfarma).

iii. Cyclophosphamide (N,N-bis(2-chloroethyl)-1,3,2-oxazaphosphinan-2-amine 2-oxide;
Genuxal, Asta Medica Oncologica).

In vivo assays
Female Swiss mice (18–22g) were obtained from the Animal Facility at the Federal University
of Ouro Preto, Minas Gerais, Brazil and maintained in a temperature-controlled room with ac-
cess to water and food ad libitum. The animals were inoculated intraperitoneally with 5,000
blood trypomastigotes of T. cruzi Y strain. After four days, tail blood was examined for the
presence of parasites. The mice were subjected to a specific treatment when T. cruzi was
detected microscopically.

Dose-response experiment
Infected animals were divided into groups of 10 and received drugs (benznidazole and itraco-
nazole) at doses of 50, 75 and 100 mg/kg of bodyweight (mg/kg). The compounds were sus-
pended in distilled water using 4% methyl-cellulose (Sigma), and each animal received 0.2 mL
of drug suspension daily by gavage for 20 consecutive days. The optimal dose (dose effective in
curing mice infected with different T. cruzi strains) of benznidazole and itraconazole for mice
infection treatment was 100 mg/kg [18,16].

Drug combination experiment
The drug combinations consisted of benznidazole plus itraconazole at the following dosages:
50, 75 or 100 mg/kg of benznidazole in combination with the same doses of itraconazole.
Drugs were administered for 20 consecutive days upon detection of parasitemia, which occurs
at the 4th day post-inoculation.
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Assessment of parasitological cure
Parasitological cure was evaluated following the methodology standardized by Caldas et al,
[19] based on a battery of three independent tests: fresh blood examination before and after cy-
clophosphamide immunosuppression (CyI), followed by PCR assays performed on blood sam-
ples from mice with negative parasitemia at the 1st and 6th month after treatment and anti-T.
cruzi IgG levels evaluated at the 1st month after treatment. Animals showing negative results in
all tests were considered cured.

Fresh blood examination
Parasitemia was evaluated during and up to the 30th day post-treatment to detect the natural
reactivation of infection. Animals that did not exhibit evidence of reactivation after treatment
were treated with CyI, which consists of three cycles of 50 mg of cyclophosphamide/kg of body
weight for four consecutive days, with intervals of three days between each cycle. Parasitemia
in these animals was evaluated during the CyI cycles and for 10 days after immunosuppression.

PCR assay
Mice were bled from the orbital venous sinus, and 200 μL of blood was collected at the 1st and 6th

month after treatment. PCR was performed only in samples from negative animals as determined
by fresh blood examination. DNA extraction and PCR were performed according to Gomes et al.
[20] with some modifications. The primers used for the parasite minicircle amplification were
the following: S35 5’-AAATAATGTACGGG(T/G)GAGATGCATGA-3’ and S36 5’-GGGTTC
GATTGGGGTTGGTGT-3’ [21]. Thirty-five amplification cycles were carried out in a Research
Programmable Thermal Controller (MJ Research, model PTC-150). The cycles consisted of an
initial denaturation of 5 minutes at 95°C, followed by 35 cycles of 1 minute each at 95°C for dena-
turation, 1 min at 65°C for primer annealing and 1 minute at 72°C for primer extension. Five mi-
croliters of the PCR product was analyzed by electrophoresis on a 6% polyacrylamide gel and
visualized by silver staining. Positive and negative blood samples and reagent controls were pro-
cessed in parallel in each assay, and all experiments were conducted under controlled conditions.
To avoid contamination, DNA extraction, mixing, and electrophoresis were performed in sepa-
rate, delineated areas. To confirm the absence of inhibition factors, an internal control corre-
sponding to a segment of the murine TNF-α gene was amplified [22].

Influence of the specific treatment on IgG levels
Blood from treated mice was collected from the orbital venous sinus (500 μl) at the 1st month
after treatment. T. cruzi-specific antibodies were detected by the technique described by Voller
et al [23]. Enzyme-linked immunosorbent assay plates were coated with T. cruzi antigen pre-
pared from alkaline extraction from the Y strain during exponential growth in LIT medium.
Peroxidase-conjugated anti-mouse IgG antibody (Sigma Chemical Co.) was used. The mean
absorbance values for the 10 negative control samples were used to determine the reactivity
index value by dividing the absorption value (O.D. value) of each serum sample by the mean
value of the differential controls sample.

Myocardial Tissue Assessment
For morphometric analysis, mice were sacrificed six months after treatment. Animals were sac-
rificed by cervical dislocation, and heart tissues were fixed with 10% formalin and embedded in
paraffin. Blocks were cut into 4 μm-thick sections and stained with either hematoxylin-eosin
(H&E) to detect inflammation or Masson's trichrome stain to assess fibrosis. Twenty fields
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from each H&E- or Masson's trichrome-stained section were chosen at random and evaluated
at 40x magnification, resulting in the analysis of a total area of 74931 μm2 of myocardium. Im-
ages were obtained using a Leica DM 5000 B microchamber (version 2.4.0 R1; Leica Applica-
tion Suite, United Kingdom) and processed using Leica Qwin (version 3) image analyzer
software. The fibrotic areas were quantified using the image segmentation function. All pixels
with blue hues in the Masson's trichrome-stained sections were selected to build a binary
image, and the total area occupied by connective tissue in uninfected and T. cruzi-infected
mice was subsequently calculated.

Statistical analysis
To evaluate the dose-dependent effect in reducing the parasitemia, the data were converted
using a logarithmic transformation and tested using Pearson’s correlation coefficient. The vari-
ations in the levels of parasitemia among the animals treated with each drug alone or in combi-
nation were evaluated using analysis of variance, and comparison among groups was
performed using Tukey's Multiple Comparison Test. The results of the morphometric analysis
were expressed as the average ± standard deviation and analyzed using the Mann-Whitney
test. Differences were considered significant when p< 0.05.

Results
The parasitemia levels and mortality rates of animals infected with the T. cruzi Y strain were as-
sessed. All untreated animals had higher levels of parasitemia that peaked on the 8th day post-
infection, and mortality occurred on average at 15 days post-infection (data not shown). The
effects of suboptimal doses (50 and 75 mg/kg) of each drug alone on the evolution of the infec-
tion in mice were then evaluated and compared with those observed in mice treated with an
optimal dose (100 mg/kg) of benznidazole and itraconazole. The optimal dose of each com-
pound lessened mortality and proliferation of T. cruzi in all treated mice (Table 1). For the

Table 1. Efficacy of benznidazole (Bz) and itraconazole (Itz) treatments for 20 days (monotherapy or combination) in murinemodel of acute Trypa-
nosoma cruzi infection.

Experimental groups1 Parasitemia clearance
(doses)2

Negative Results in FBE or PCR
assays3 (%)

Number of surviving/ total number of
animals

Unifected - 10/10 (100%) 10/10 (100%)

Untreated 0/10 0/10 (0%) 0/10 (0%)

Bz 100 mg/kg/day 10/10 (1.5±0.32) 7/10(70%) 10/10 (100%)

Itz 100 mg/kg/day 10/10 (2.9±3.76) 0/10 (0%) 10/10 (100%)

Bz + Itz (100 + 100 mg/kg/
day)

10/10 (1.0+0) 8/10 (80%) 10/10 (100%)

Bz 75 mg/kg/day 10/10 (1.5±0.70) 2/10 (20%) 10/10 (100%)

Itz 75 mg/kg/day 3/10 (13±4.58) 0/10 (0%) 4/10 (40%)

Bz + Itz (75 + 75 mg/kg/day) 10/10 (1.0+0) 8/10 (80%) 10/10 (100%)

Bz 50 mg/kg/day 10/10 (4.2±3.73) 0/10 (0%) 10/10 (100%)

Itz 50 mg/kg/day 0/10 0/10 (0%) 4/10 (40%)

Bz + Itz (50 + 50 mg/kg/day) 10/10 (1.2+0.42) 2/10 (20%) 9/10 (90%)

1 Swiss female weight 18 to 22g were inoculated with 5x103 trypomastigotes (Y strain), treatment was initiated at 4 days after inoculation followed by 20

days and it was administered per oral route.
2 Mean of doses (or days of treatment) required to induce the parasitemia supression.
3 Fresh blood examination (FBE) before and after cyclophosphamide immunosuppression and PCR assays performed at 1st and 6th month post-

treatment.

doi:10.1371/journal.pone.0128707.t001
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suboptimal doses of itraconazole, suppression of parasitemia was verified only in those animals
treated with 75 mg/kg. Parasitemia suppression was observed in animals treated with benzni-
dazole, regardless of dosage. Given these results, the influence of the therapeutic scheme on the
course of the acute infection of mice was evaluated considering the parasitemia levels and sur-
vival rate of animals after specific treatment. The analysis of parasitemia post-treatment
showed that all compounds had a dose-dependent effect. The optimal dose of each compound
was able to markedly reduce parasitemia (Fig 1), as demonstrated by the significantly smaller
(p<0.05) log of maximum parasitemia based on which animals treated with benznidazole or
itraconazole were compared with those receiving suboptimal doses (Fig 1). Similarly, the sur-
vival of itraconazole-treated animals also exhibited a dose-dependent curve, and only mice

Fig 1. Effects of benznidazole and itraconazole treatment on parasitemia levels.Maximum number of trypomastigotes detected in the peripheral blood
of mice infected with Trypanosoma cruzi Y strain and treated with daily doses 50, 75 or 100 mg/kg bodyweight (mg/kg) of benznidazole (Bz) or itraconazole
(Itz) for 20 consecutive days and those in the infected control group (IC). Insert indicates Pearson correlation analysis between drug dose and
parasitemia levels.

doi:10.1371/journal.pone.0128707.g001
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receiving the optimal dose stayed alive (100% survival) until 30 days post-treatment. In con-
trast, those animals receiving suboptimal doses of benznidazole exhibited 100% survival
(Table 1).

Then, the activities of the benznidazole/ itraconazole combinations were compared with the
results from those receiving the same dosage of each individual drug. The benznidazole/itraco-
nazole combination administered eliminated parasites from the blood more efficiently than
each drug alone. Here, the beneficial effect of drug combinations was demonstrated by the re-
duction of the number of treatment days (number of doses) necessary to induce parasitemia
suppression in relation to each compound administered alone (Table 1). These results clearly
indicate the enhanced effects of the combined action of the drugs, particularly at the dose of 75
mg/kg, as the effects observed with the drug combinations were four times more effective than
those of each drug used alone. In other words, itraconazole administered at 75mg/kg cured
none of the Y strain-infected mice and benznidazole at 75mg/kg induced just 20% of cure,
while benznidazole/itraconazole treatment at the same doses cured 80% animals.

Additionally, the analysis of the log of the maximum parasitemia detected in the blood of
each treated and uncured animal showed significant efficacy of the combined treatment in re-
ducing parasite load relative to the efficacy of each drug administered alone (Fig 2A). The in-
hibitory effects observed were statistically different at all drug concentrations.

Comparative analysis of specific T. cruzi antibodies detected in blood samples collected at
the 1st month post-treatment was performed. For these analyses, experimental animals were
classified based on the results of the parasitological and PCR evaluations: (-) treated mice that
had negative parasitological and PCR results, and (+) treated mice that had positive parasito-
logical and PCR results. A concordance among parasitological, molecular assays and serologi-
cal tests was observed. All animals with negative results in the fresh blood examination and
PCR had reactivity index values near 1; in other words, all cured animals had IgG antibodies
levels similar to those of healthy mice (Fig 2B).

Fig 2. Anti-Trypanosoma cruzi activity of benznidazole/itraconazole combination therapy.Mice were inoculated with 5,000 T. cruzi Y strain
trypomastigotes by the intraperitoneal route and treated with daily doses 50, 75 and 100 mg/kg of bodyweight (mg/kg) of benznidazole (Bz) or itraconazole
(Itz) alone or in combination for 20 consecutive days. (a) Maximum number of trypomastigotes detected in the peripheral blood of treated mice up to 30 days
post-treatment. (b) IgG antibodies in treated mice by ELISA up to 30 days post-treatment. The results are shown as the reactivity index value, which was
obtained by dividing the absorption value (O.D. value) of each serum sample by the mean value of the differential control uninfected sample. (-) negative
results in fresh blood examination and PCR assay, (+) positive results in fresh blood examination and/or PCR assay, and& significant difference relative to
benznidazole treatment administered alone at the same dose;$ significant relative to itraconazole treatment administered alone at the same dose.

doi:10.1371/journal.pone.0128707.g002
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To evaluate the efficacy of early treatment in preventing the development of chronic lesions
in mice infected with the Y strain, a quantitative analysis of the inflammation and fibrotic area
in the cardiac muscle tissue of treated and non-infected mice was performed at 6 months of
treatment. The effects of combined treatment (50, 75 and 100 mg/kg) were evaluated and com-
pared with those observed in mice treated with the optimal dose (100 mg/kg) of benznidazole
or itraconazole and those observed in healthy animals. The intensity of inflammatory infiltra-
tion and the fibrotic area in the hearts of mice infected with the Y strain and treated with an op-
timal dose of benznidazole was very similar to that of healthy animals. In contrast, the optimal
dose of itraconazole did not reduce the intensity of heart inflammation or the fibrotic area in
infected mice (Fig 3A and 3B). Benznidazole/itraconazole combination treatment was able to
prevent or lessen the typical lesions in heart tissue associated with the chronic phase of experi-
mental T. cruzi infection, as illustrated by similar levels of inflammatory cells and fibrotic areas

Fig 3. Effect of benznidazole/itraconazole combination treatment on chronic cardiac lesions.Mice
were inoculated with 5,000 Trypanosoma cruzi Y strain trypomastigotes by the intraperitoneal route and were
treated with daily doses 100 mg/kg of bodyweight of benznidazole (Bz) or itraconazole (Itz) alone or in
combination at doses of 50, 75 and 100 mg/kg of bodyweight of each drug for 20 consecutive days. Animals
were euthanized six months post treatment. Uninfected control (NIC) groups were also evaluated. (a)
Myocardial inflammatory cell count in heart muscle of mice, and (b) Fibrotic areas in the heart muscle of
treated and uninfected mice. (c-n) Analysis of histological sections of hearts frommice, 40 x magnification: (c-
h) Hematoxylin-Eosin staining for inflammation assessment and (i-n) Masson’s trichrome stain for fibrosis
assessment. (c and i) Myocardial sections from healthy mice; (d and j) from infected benznidazole 100 mg/kg-
treated; (e and k) from infected itraconazole 100 mg/kg-treated; (f and l) from benznidazole (100 mg/kg)/
itraconazole (100 mg/kg)-treated; (g and m) from benznidazole (75 mg/kg)/itraconazole (75 mg/kg)-treated;
(h and n) benznidazole (50 mg/kg)/itraconazole (50 mg/kg)-treated. & significant difference in relation to
uninfected control.$+Significant difference in relation to itraconazole ($) and benznidazole (+) treatments
administered at the optimal dose (100 mg/kg).

doi:10.1371/journal.pone.0128707.g003
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observed in the heart muscle tissue of treated and healthy mice. Moreover, mice treated with
benznidazole/itraconazole had fewer inflammatory cells and a smaller fibrotic area than those
of itraconazole-treated mice (Fig 3).

Discussion
Various studies have shown that new therapies, including combinations of drugs with different
mechanisms of action, may improve the efficacy of treatments and/or reduce the adverse effects
[11,12]. Combination therapy is used to treat a number of infectious diseases, such as toxoplas-
mosis, malaria, tuberculosis and AIDS [24,25,26,27]. Previous studies have shown that combi-
nations of nitroheterocycles and CYP51 inhibitors compounds, such as benznidazole and
posaconazole [12], at suboptimal doses or shorter treatment durations have equivalent or supe-
rior efficacy compared to the individual drugs given at their optimal doses and full treatment
length in a murine model of Chagas disease.

Recently, Moreira da Silva et al [13] showed that itraconazole can alter the pharmacokinet-
ics of benznidazole after oral coadministration in mice, increasing the volume of distribution
and elimination half-life of benznidazole. The authors suggest that this alteration of the phar-
macokinetic profile of benznidazole could be therapeutically useful. Considering this hypothe-
sis, we investigated the trypanocidal activity of itraconazole combined with benznidazole
during acute T. cruzi infection in mice. To better evaluate the efficacy of the combined therapy,
the effects of the monotherapies at the same doses were also determined. Our results confirm
findings from previous reports showing the high levels of in vivo activity of itraconazole and
benznidazole, which confer almost complete protection against death to infected mice when
used at optimal doses (100 mg/kg) [13,16]. Treatments of infected animals with doses lower
than those indicated above were unable to induce parasitological cures (benznidazole) or pro-
vide parasitemia suppression (itraconazole), confirming the dose-dependent anti-T. cruzi ac-
tivity of these drugs. Additionally, the beneficial effect of the combined treatment was
evidenced by increased effectiveness in suppressing and/or reducing the parasitism of the
drugs administered at suboptimal dosages compared to the effects of optimal doses of each
compound administered alone. The trypanocidal activity of benznidazole/itraconazole was
confirmed by further reductions in the parasite load observed in treated and uncured animals
in relation to those observed in animals that received each drug alone. The reasons for the dif-
ferent cure rate detected in benznidazole/itraconazole therapy could be interpreted in terms of
the different mechanisms of action, efficacy and time-to-kill of the two drugs. It suggests that
benznidazole would lead to a rapid and significant reduction of parasite biomass for subse-
quent action of itraconazole. The unique pharmacokinetic properties of CYP51 inhibitors in
mammal tissue, such as a long terminal half-life and large volume of distribution may contrib-
ute to the control of infection through its inhibitory effect on parasite replication. Therefore,
the ability of itraconazole to alter the pharmacokinetic profile of benznidazole could be respon-
sible, at least partially, for the enhanced efficacy of this drug combination [13].

Furthermore, our data show that the combination benznidazole/itraconazole (75 mg/kg)
treatment was able to induce similar levels of cure (80%) compared with the effect of benznida-
zole monotherapy at the optimal dose (70%); this combination represents the possibility of
25% reduction of the doses of each of the compounds used as monotherapy. In addition, sub-
optimal doses of benznidazole/itraconazole were effective in preventing cardiac lesions, which
are characteristic of the chronic phase of infection, more efficiently than the optimal treatment
with itraconazole and benznidazole in monotherapy, even when a parasitological cure was not
observed. These results are consistent with the hypothesis that there is a positive correlation be-
tween the parasitic load and the intensity of inflammation and disease severity in humans and
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experimental animals [28,29,30,31]. Others studies have been demonstrated that a reduction in
parasite load achieved by the effect of trypanocidal therapy has always a favorable effect on T.
cruzi infection outcome [32,33,34]. These findings confirm previous studies in which lower lev-
els of antibodies specific to T. cruzi antigens, as well a reduced tissue damage, were detected
[34]. Taken together, the results of this initial study support the notion that the use of itracona-
zole in combination with benznidazole could reduce the doses needed to obtain the same trypa-
nocidal effect and, consequently, should diminish the treatment’s side effects and cost.
Considering these results, this therapeutic scheme could be evaluated as an alternative treat-
ment option for the management of life-threatening acute T. cruzi infections in humans, such
as those in congenital or reactivated Chagas disease patients.

The results of the present study demonstrate that suboptimal doses of benznidazole/itraco-
nazole in combination therapy have equivalent or superior efficacies than these compounds
given at their optimal doses in a murine model of acute Chagas disease, indicating a positive in-
teraction with the concomitant treatment. Our results reinforce the importance of evaluating
already-marketed compounds with synergistic effects. This approach may offer alternative
treatment options with a more rapid turnaround time for clinical evaluation.
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