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Abstract Trypanosoma cruzi, the etiologic agent of Chagas
disease, causes an acute myocarditis and chronic cardiomy-
opathy. The current therapeutic agents for this disease are not
always effective and often have severe side effects. Curcumin,
a plant polyphenol, has demonstrated a wide range of potential
therapeutic effects. In this study, we examined the effect of
curcumin on T. cruzi infection in vitro and in vivo. Curcumin
pretreatment of fibroblasts inhibited parasite invasion. Treat-
ment reduced the expression of the low density lipoprotein
receptor, which is involved in T. cruzi host cell invasion.
Curcumin treatment of T. cruzi-infected CD1 mice reduced
parasitemia and decreased the parasitism of infected heart
tissue. This was associated with a significant reduction in
macrophage infiltration and inflammation in both the heart
and liver; moreover, curcumin-treated infected mice displayed
a 100% survival rate in contrast to the 60% survival rate
commonly observed in untreated infected mice. These data
are consistent with curcumin modulating infection-induced
changes in signaling pathways involved in inflammation,
oxidative stress, and apoptosis. These data suggest that
curcumin and its derivatives could be a suitable drug for the
amelioration of chagasic heart disease.

Abbreviations
MAPK Mitogen activated protein kinase
COX 2 Cyclooxygenase 2

CCL Chemokine C-C ligand motif
CXCL Chemokine C-X-C ligand
ET1 Endothelin 1
ICAM Intercellular adhesion molecule
VCAM Vascular cell adhesion molecule
SREBP Sterol regulatory element binding protein
PPAR-γ Peroxisome proliferators activated receptor γ
TNF Tumor necrosis factor
BCL2 B cell lymphoma 2
TLR Toll-like receptor
IL Interleukin

Introduction

Trypanosoma cruzi, an intracellular parasite, causes Chagas
disease which affects millions of people in Latin America
leading to cardiac and gastrointestinal disease. Of those
infected, about millions will develop severe cardiac and/or
digestive disorders and annually, up to 50,000 people may die
and many others will become physically disabled
(Romero and Morilla 2010). Recently, Chagas disease has
become a public health concern in non-endemic area due to
immigration of infected persons from Chagas-endemic
regions of Latin America. The clinical manifestations of acute
infection include myocarditis, hepatosplenomegaly, and rarely
meningoencephalitis. Fifteen to 30% of infected individuals
may develop a chronic chagasic cardiomyopathy, arrhythmia,
congestive heart failure, and stroke. In addition, individuals
with chronic Chagas disease can develop gastrointestinal
manifestations such as the development of megasyndrome.

Previous investigations, including those from our laboratory
group and others, have demonstrated that T. cruzi infection
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upregulates markers of inflammatory and oxidative stress in-
cluding phosphorylated AKT,MAPK, notch signaling, COX2,
chemokines (CCl2,CCl3, CCl5, CXCl5, and CXCl10), and
proinflammatory cytokines (Combs et al. 2005; Machado et
al. 2000; Nagajyothi et al. 2010). T. cruzi infection in a murine
model increased the expression in the myocardium of ET-1,
ICAM,VCAM, andmatrix metallo-peptidase 3 (MMP3) and 9
(MMP9) (Zhang and Tarleton 1996; Gutierrez et al. 2008).
Cardioprotective proteins such as adiponectin and PPAR-γ
were significantly reduced during infection (Combs et al.
2005; Nagajyothi et al. 2010). Parasitic infection is known to
regulate the host NFκB signaling pathway resulting in inflam-
mation and oxidative stress (Heussler et al. 2006). These
interacting pathways and the associated inflammatory
responses result in cardiac remodeling and cardiomyopathy.

Curcumin (1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-hep-
tadiene-3,5-dione (commonly called diferuloylmethane)) is
the orange-yellow active component from the herb Curcuma
longa, possessing many pharmacological and biological ac-
tivities. Studies on the safety of curcumin and its derivatives in
different animal models (Chiu et al. 2009) have demonstrated
that even at high doses curcumin is nontoxic to laboratory
animals. Curcumin has antioxidant, anti-inflammatory, anti-
infectious immunomodulatory effects, an ability to regulate
apoptosis, antiangiogenic properties, and anticarcinogenic
properties and has been shown to target several molecules
including growth factors, transcription factors, cytokines, and
enzymes involved in the etiology of diverse diseases (Chiu et
al. 2009; Kang and Chen 2009a; Kuttan et al. 2007; Aggarwal
et al. 2006; Arbiser et al. 1998). Published studies on the effect
of curcumin in heart disease indicate that curcumin can regu-
late genes involved in cardiac homeostasis. Curcumin has
been demonstrated to prevent and reverse cardiac hypertrophy
and failure in animal models (Ghosh et al. 2010).

Recently we reported that T. cruzi utilizes the host low
density lipoprotein receptor (LDLr) in its invasion of mam-
malian cells (Nagajyothi et al. 2011). Curcumin has been
demonstrated to have an inhibitory effect on LDLr transcrip-
tion (Kang and Chen 2009b; Yuan et al. 2008). Therefore, we
tested the inhibitory effect of curcumin treatment on T. cruzi
invasion and the pathogenesis of Chagas disease in a murine
model. Here, we report that not only does curcumin treatment
reduce the rate of invasion, but it also modulates the conse-
quences of infection. Curcumin-based compounds represent a
new therapeutic approach for the treatment of Chagas disease
and should provide an effective and economical therapy to
prevent and modulate the pathogenesis of this infection.

Materials and methods

Parasitology and pathology The Brazil strain of T. cruzi
was maintained in C3H/He mice (Jackson Laboratories,

ME). Six to 8-week-old male CD-1 mice were obtained
from Charles River Laboratories (Wilmington, MA, USA)
and infected intraperitoneal with 5×104 trypomastigotes.
One set (12 mice in each group) of infected mice were
treated with curcumin (100 mg/kg body weight/day orally)
for 35 days (Reddy et al. 2005). Blood (75 μl) was collected
on day 23 postinfection (p.i.) to detect parasitemia. The
parasitemia was determined using a Neubauer hemocytom-
eter. Five mice from each group were sacrificed on 20 days
p.i., and the heart tissue was analyzed for parasite load,
macrophage infiltration, and inflammatory, oxidative, and
cardiovascular signaling pathways. In vitro experiments
were repeated thrice and the results were represented by
standard errors. For each in vivo experiment, a minimum
of five mice were used per group and each experiment has
been repeated thrice unless otherwise mentioned. Animal
experiments were approved by the Institutional Animal Care
and Use Committee of Albert Einstein College of Medicine
(protocol no. 20100204). For in vitro experiments, parasites
were also maintained in L6E9 myoblasts in vitro as previously
described (Rowin et al. 1983).

Effect of curcumin on T. cruzi Epimastigotes of Brazil strain
(1.23×106 per well) were incubated with different concen-
trations of curcumin (0–100 uM in Liver Digest Neutralized
Tryptone medium (Tyler and Engman 2000)) for different
time intervals at 37°C incubator. The number of dead and
live parasites was determined by microscopy (total 1,000
parasites).

Mammalian cell culture Human foreskin fibroblast (HFF)
(ATCC CRL 1475) cell line was maintained in our lab-
oratory using standard methods as previously published
(Nagajyothi et al. 2011).

Materials All of the cell culture reagents used in these
experiments was obtained from Cellgro (Mediatech Inc.),
primary antibodies were obtained from Abcam (MA, USA)
and secondary fluorescence antibodies were obtained from
Invitrogen (CA, USA) unless other suppliers are specifically
mentioned in the text. Curcumin (C1386-5G) was purchased
from Sigma (MO, USA).

Immunoblot analysis Cell lysates were prepared as previ-
ously described (Nagajyothi et al. 2008). An aliquot of each
sample (40 μg protein) was subjected to 7.5% SDS-PAGE
and the proteins were transferred to nitrocellulose filters for
immunoblot analysis. AKT, phosphoAKT, GSK3β, and
phospho GSK3β primary antibodies were obtained from
Cell Signal (1:2,000 dilution, ab52818 Abcam, MA, USA)
and horseradish peroxidase-conjugated goat anti-rabbit im-
munoglobulin (1:5,000 dilution, Amersham Biosciences)
were used to detect specific protein bands (see Fig. legends)
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using a chemiluminescence system (Nagajyothi et al. 2011;
Combs et al. 2005).

Immunofluorescence analysis Fibroblasts were cultured on
cover slips to 80% confluence and then infected with trypo-
mastigotes (3.1×106/cm2 surface area of culture plates) for
1 h. One set of cells were pretreated with 30-μM curcumin
for 24 h. The monolayers were fixed with 4% paraformal-
dehyde, permeabilized with 0.1% Triton ×100 (30 min) and
stained for LDLr using specific primary antibodies (rabbit
monoclonal to LDLr, Ab52818 ABCAM), with the concen-
trations as recommended by the manufacturers and Alexa
fluor 594 (goat anti-rabbit IgG 1:500 dilution; Invitrogen,
CA, USA). Images were obtained and analyzed by fluores-
cence microscopy using an inverted Olympus IX71 with a
HQ2 CCD camera and a Nikon Microphot-FXA with Spot
camera software.

Double staining immunofluorescence analysis of infected
cells to differentiate bound and invaded parasites Fibro-
blasts (curcumin pretreated and untreated as discussed
above) were incubated with parasites at a multiplicity of
infection (1:3) for 1 h, washed to remove unbound parasites,
fed with fresh medium, and incubated at 37°C. At 4, 15, and
24 h postinfection, the cells were fixed with 4% paraformal-
dehyde, blocked in 3% BSA, incubated with anti-parasite
mouse serum (serum of infected CD1 mice 1:20 dilution)
and secondary antibody fluorescent Alexa 480 (green) to
stain parasites bound to the cell surface. Then the cells were
permeabilized with 0.2% Triton X-100, blocked in 3% BSA,
incubated with anti-parasite mouse serum and secondary
antibody fluorescence Alexa 594 (red) to stain intracellular
parasites.

DNA extraction and qPCR analysis of parasite load HFF
cells were pretreated with 15 or 25 uM curcumin for 24 h
and then incubated with trypomastigotes (2:1 MOI) for 96 h
at 37°C in the presence of curcumin. Curcumin-untreated
HFF cells were infected with trypomastigotes as control.
DNA was isolated and purified using Qiagen DNeasy Kit
(QIAGEN Sciences, MD, USA). Parasite load in these cells
was quantitated by real-time PCR as previously described
(Combs et al. 2005). We followed the above method to
isolate DNA and to quantify parasite load in hearts of
20 days post-infected mice.

RNA extraction and qPCR analysis Total RNA was
extracted from the heart tissue of CD1-infected mice (day
20 p.i.) using Trizol reagent (Invitrogen). RNA was further
purified using RNeasy minikit (QIAGEN Sciences, MD,
USA) according to the manufacturer’s instructions. Reverse
transcription of total RNA and the quantitative PCR were
carried out as described earlier using iQ5 BioRad system

(Nagajyothi et al. 2008). The LDLr mRNA levels were
detected using PCR primers designed by OriGene
(Rockville, MD, USA). The mRNA levels of macrophage-
specific F4/80 gene and TLR-9 were measured using the
published primers and protocol. The measurements were
normalized to the mRNA levels of HPRT gene as described
earlier (Nagajyothi et al. 2008).

The mRNA levels of the genes involved in the various
signaling pathways were measured using the PCR arrays
from SABiosciences (PAMM 013, PAMM 012, and PAMM
065) following manufacturer’s instructions. cDNA from
curcumin-treated and untreated infected CD1 mice were
prepared as described above. A minimum of five hearts
were used in each set and pooled the respective cDNAs to
perform each PCR array and the experiments were repeated
thrice. Uninfected, untreated mice were used as control.

Statistical analysis Standard errors and Student’s t tests were
calculated using the statistic function of Microsoft Excel.

Results and discussion

Curcumin inhibits T. cruzi invasion by regulating LDLr
levels of host cells Our recent studies demonstrated that T.
cruzi utilizes host LDLr for invasion (Nagajyothi et al.
2011). Inhibition or disruption of LDLr significantly re-
duced parasite load in infected cells. Earlier studies demon-
strated that curcumin inhibits the nuclear translocation of
SREBP1 and SREBP2, negatively regulating LDLr tran-
scription (Kang and Chen 2009a; Yuan et al. 2008). There-
fore, to examine the effect of curcumin on T. cruzi invasion,
HFF cells were pretreated with curcumin (30 μM) for 24 h
and then incubated with trypomastigotes for 1 h. The effect
of curcumin on LDLr activation is dose-dependent and
curcumin pretreatment at 30-μM concentration maximally
reduced LDLr levels (Kang 2009). Immunofluorescence
analysis (IFA) was used to determine the inhibitory efficien-
cy of curcumin treatment on parasite binding and internali-
zation. Curcumin pretreatment did not prevent the parasite
from binding to the host cells; however, it completely
inhibited the internalization of the parasites (Fig. 1a). IFA
of LDLr demonstrated a significant reduction in the expression
of LDLr in curcumin-pretreated cells (Fig. 1b).

Curcumin treatment reduces T. cruzi infection in vitro We
quantified the parasite load in 25 and 15 μM curcumin-
treated HFF cells after 96 h of infection by qPCR analysis
(Combs et al. 2005). Cells treated with 25 μM curcumin
displayed a 75% reduction in parasite load while cells treated
with 15 μM displayed a 50% reduction in parasite load
compared to untreated cells (Fig. 1c).
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Effect of curcumin treatment on parasite load and other
parameters in acutely infected mice Curcumin treatment

(100 mg/kg body weight/day orally) of T. cruzi-infected CD1
mice decreased parasitemia to 30% (day 23 postinfection) of

Fig. 1 Curcumin treatment inhibits Trypanosoma cruzi invasion a
Invasion of T. cruzi in curcumin-pretreated cells evaluated using
double-stained IFA demonstrated a significant reduction of internalized
parasites (bright red, arrow) in curumin-treated (30 μM) HFF cells
compared to untreated cells. Curcumin inhibits T. cruzi internalization
but does not affect the binding of parasites (which appear as yellow/
green straining) to host cells. b IFA of LDLr demonstrated a

significant reduction in LDLr expression in 30 μM curcumin-
pretreated HFF cells compared to untreated cells. (×40 magnification,
bar represents 50 μm). c Both trypomastigotes (2:1 MOI) and curcu-
min were incubated with HFF cells for 96 h displaying lower levels of
infection compared to untreated cells as demonstrated by qPCR anal-
ysis (p<0.05) (Each experiment was performed three times. Similar
results were obtained with each replicate)
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that observed in untreated infected mice. qPCR analysis dem-
onstrated a significant reduction of LDLr mRNA (40% of
control, p<0.05) and parasite load (37% of control, p<0.05)
in the heart of curcumin-treated infected mice compared with
the untreated infected mice (control mice). Curcumin concen-
trations ≥15 μM in vitro were trypanocidal over time (Fig. 2a);
however, the level of curcumin achieved in serum and tissue
were below 15 μM in our in vivo experiments. The bioavail-
ability of orally supplemented curcumin in tissue/serum has
been reported to be poor (Vareed et al. 2008). The reduction in
parasite load in these treated mice is most likely not a direct
effect of curcumin as a trypanocidal agent, as achievable serum
and tissue levels are much lower than trypanocidal levels of
this drug. Infected CD1 mice treated with curcumin had a
100% survival whereas control untreated infected mice had a
60% survival rate (Fig. 2b, p<0.05). Increased body weight
due to edema (secondary to heart failure) was observed in
infected CD1 mice; however, curcumin treatment decreased
the body weight in infected treated mice (Fig. 2c). Thus
curcumin treatment of infected mice reduced the parasite load
and the mortality.

Multifunctional properties of curcumin attenuate the regu-
latory effects of T. cruzi infection on various pathways T.
cruzi infection is known to cause inflammation in many
organs including the heart where it causes myocarditis. T.
cruzi infection increases macrophage infiltration and upre-
gulates NFκB, TNF-α, and a series of chemokines and
cytokines in infected cells/tissue (Combs et al. 2005;
Machado et al. 2000; Nagajyothi et al. 2010). Curcumin
treatment of infected mice significantly reduced macro-
phage infiltration to 38% (p<0.05) of untreated infected
mice as determined by qPCR analysis using primers specific
to macrophage F4/80 mRNA (Fig. 3a). Significant reduc-
tions in heart and liver inflammation were also observed in
curcumin treatment during acute T. cruzi infection compared
to untreated mice (Fig. 3b, c). qPCR analysis demonstrated a
significant reduction in the mRNA levels of inflammatory
markers such as TNF-α, IL-19, IL-22, Bcl2 like1, COX-2,
and TLR-9 compared to curcumin-untreated mice infected
with T. cruzi (Table 1).

The metabolism of arachidonic acid in cell membranes
plays an important role in the inflammatory response by
generating potent chemical messengers, eicosanoids.

Membrane phospholipids are hydrolyzed by phospholipase
A2 (PLA2), releasing arachidonic acid, which may be me-
tabolized by cyclooxygenases (COX) to form prostaglan-
dins and thromboxane A2 (TXA2) or by lipoxygenases
(LOX) to form leukotrienes. Curcumin has been found to

Fig. 2 Curcumin treatment kills parasites in vitro and increased sur-
vival in infected CD1 mice. a Curcumin has trypanosidal effect on
epimastigotes: treatment above 15-μM concentrations of curcumin
effectively killed parasites with time. b Curcumin treatment increased
the survival of infected mice. c Infection-induced increase in body
weight is decreased by curcumin treatment (p<0.005). Control unin-
fected, untreated; untreated-infected untreated with curcumin; treated-
infected treated with curcumin (a minimum of five mice were used per
group and each experiment was performed three times. Similar results
were obtained with each replicate)

b
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inhibit PLA2, COX-2, and 5-LOX activities in cultured cells
(Hong et al. 2004). Previously we demonstrated that TXA2

contributes to the pathogenesis of T. cruzi infection (Ashton
et al. 2007). qPCR analysis demonstrated a significant
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decrease in COX-2 mRNA levels in curcumin-treated mice
upon infection (Table 1). Overall, these data are consistent
with the idea that infection-induced inflammation is blunted
by the anti-inflammatory property of curcumin.

Reactive oxygen species (ROS) play a key role in en-
hancing inflammation through the activation of stress
kinases and redox sensitive transcription factors such as
NF-κB. Oxidative stress-induced injuries are a common
finding in chagasic myocardium. Sustained ROS generation
of inflammatory and mitochondrial origin, coupled with an
inadequate antioxidant response, results in the inefficient
scavenging of ROS in the heart and lead to long-term
oxidative stress and damage of the cardiac cellular compo-
nents (Gupta et al. 2009). qPCR analysis demonstrated a
significant upregulation at day 15 postinfection of the
mRNA levels of NOS-2 (200-fold increase) and superoxide
dismutase (Sod1: 7.5-fold increase) in hearts obtained from
infected mice compared to uninfected mice. T. cruzi infec-
tion has been previously reported to upregulate NOS2,
NOS3, and NOS1 levels (Durand et al. 2009). Mice treated
with curcumin demonstrated a significant decrease in the
mRNA levels of enzymes involved in oxidative signaling
such as catalase, peroxidase, SOD, NOS2, and NOS1 in
heart tissue compared to untreated infected mice heart as
determined by qPCR analysis at day 20 p.i. (Table 2). There

was a corresponding increase in the mRNA levels of car-
dioprotective proteins with curcumin treatment in infected
mice such as ApoE (2,040-fold increase) and myoglobin
(20,284-fold increase) compared to untreated mice. Myo-
globin has been reported to protect heart NOS2 (Hendgen-
Cotta et al. 2008). These data indicate that curcumin can
regulate stress-induced signaling pathways during infection.

There is evidence that curcumin is both pro-apoptotic and
antiapoptotic (Li et al. 2007; Chan and Wu 2004). T. cruzi is
known to alter the host cellular signaling (Chuenkova and
PereiraPerrin 2009). In vivo studies have shown that the
parasite targets AKT in host cells as an intracellular anti-
apoptotic strategy. T. cruzi induces AKT phosphorylation
regulating cell survival signaling in infected mouse heart;
curcumin treatment reduced the phosphorylation of AKT
and GSK3β significantly (Fig. 3d). qPCR analysis showed
a significant increase (61-fold) in the mRNA levels of
Bnip3l (BCL2/adenovirus E1B 19kD-interacting protein 3-
like) in curcumin-treated infected mice heart compared to
infected but untreated mice (day 20 p.i.). Bnip3l induces
apoptosis by interacting with viral and cellular antiapoptotic
proteins.

Infection with T. cruzi results in acute myocarditis and
chronic cardiomyopathy and vasculopathy. Caveolin-1
(Cav-1) and Cav-3 null mice develop cardiomyopathy. Pre-
viously, we reported that there are reduced levels of Cav-1
and Cav-3 in the hearts of T. cruzi-infected mice (Medina et
al. 2007; Nagajyothi et al. 2006; Adesse et al. 2010). Cur-
cumin regulates Cav-1 expression and can inhibit athero-
sclerosis (Yuan et al. 2008). The levels of adiponectin, a
protein hormone derived from adipocytes, and PPARγ are
significantly reduced in mice with acute T. cruzi infection
(Combs et al. 2005; Nagajyothi et al. 2008, 2010). Adipo-
nectin and PPARγ modulate inflammation and are cardio-
protective (Wang and Nakayama 2010). Curcumin treatment
increased adiponectin and PPARγ levels in infected mice
epidydimal white adipose tissues (WAT) compared to un-
treated infected mice (Fig. 3e). There was an increase in

Table 2 Fold change in mRNA levels of enzymes/proteins involved in
oxidative signaling pathway in curcumin-treated infected CD1 mice
hearts day 20 postinfection compared to untreated infected mice hearts
(taken as fold 1) as measured by qPCR array

Oxidative stress signaling markers Fold change in mRNA levels

Catalase 912↓

Peroxidase 4,000↓

SOD 200↓

NOS-2 3↓

NOX-1 16,854↓

ApoE 2,040↑

Myoglobin 20,284↑

Table 1 Reduced mRNA levels of inflammatory markers in curcumin-
treated infected mice hearts compared to untreated (taken as fold 1) at
day 20 postinfection measured by qPCR array

Inflammatory markers Fold decrease in mRNA

TNF 8,000

IL-19 1,300

IL-22 3,200

Bcl2like 1 6,500

COX-2 1,038

TLR-9 4

Fig. 3 Multifunctional properties of curcumin attenuate immunopa-
thology of T. cruzi infection measured on day 20 p.i. a Curcumin
treatment reduced the load of macrophages in infected heart demon-
strated by the qPCR analysis of F4/80 mRNA compared to untreated
mice. b, c Bar graphs represent the measured difference in the weights
of hearts (b) and liver (c) upon infection and curcumin treatment. d
Curcumin treatment modulated the effect of infection on the phosphor-
ylation of AKT and GSK3β. e Effect of curcumin treatment on the
mRNA levels of adiponectin and PPARγ in the WAT of infected mice.
mRNA levels of control mice were considered as onefold (p<0.005). f
Curcumin treatment attenuated the mRNA levels of ICAM-1, VCAM-
1, ITG-b1, TGF-b, MMP-1, and MMP-9, which were regulated by T.
cruzi infection. mRNA levels of control mice were considered as
onefold (p<0.005). Control uninfected, untreated; untreated-infected
untreated with curcumin; treated-infected treated with curcumin (a
minimum of five mice were used per group and each experiment was
performed three times. Similar results were obtained with each
replicate)

R
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mRNA levels of leukocyte adhesion molecules such as
ICAM, VCAM, and ITG- β-1, the receptor for VCAM, as
well as TGF- β-1, MMP1, and MMP9 in the heart of
infected CD1 mice (Fig. 3e). ICAM and VCAM are known
inducers of atherosclerosis. Interestingly, coronary atheroscle-
rosis and atherosclerotic lesions are detected in chagasic
patients. Curcumin-treated infected mice showed a significant
decrease in the mRNA levels of all of these genes (Fig. 3e).

Increased expression of cytokines, chemokines, production
of reactive oxygen species, inducible nitric oxide synthase,
and adhesion molecules are all significant contributors to the
development of chagasic cardiomyopathy (Combs et al. 2005;
Machado et al. 2000). Therefore, while inflammatory cells in
the heart control parasite growth, they are also involved in the
pathogenesis of chagasic heart disease. Inflammation induced
cytokine and chemokine upregulation, the expression of in-
flammation modulators like metalloproteinases, and changes
in the expression of stress response proteins all result in
alterations of the cardiac cytoskeleton and vasculature
ultimately leading to morbidity. Both TNF-α blockers
and anti-cytokine/chemokine treatment have been
reported to ameliorate and prevent myocarditis in T. cruzi
infection models. Therefore, modulation of macrophage
activation may be central in providing therapeutic benefits for
Chagas disease control (Melo 2009).

Recent studies on the beneficial effects of curcumin in
heart diseases indicate a role for curcumin in the regulation
of cardiac homeostasis. For example, it has been demon-
strated to prevent and reverse cardiac hypertrophy and fail-
ure in animal models (Ghosh et al. 2010). In vitro and in
vivo research on curcumin has demonstrated it has a diverse
profile of activities, including anti-inflammatory, cytokine
release, antioxidant effects, immunomodulatory effects, an
ability to regulate apoptosis, and the presence of antiangio-
genic properties (Kuttan et al. 2007; Aggarwal et al. 2006;
Arbiser et al. 1998). Our in vivo studies with curcumin-
treated T. cruzi-infected mice demonstrated a significant
reduction in parasitemia and tissue parasite load, increased
survival rate, and improved pathological conditions in com-
parison to untreated infected mice. In summary, we believe
the reduction in parasite load in organs is the result of a
reduction in LDLr levels. Curcumin is trypanocidal; how-
ever, the dose of curcumin (effective bioavailability) used in
in vivo experiments are very low and below the level re-
quired for a direct trypanocidal effect. Thus the amelioration
of the disease may be the result of decreased parasite load as
well as an indirect effect by modulating various signaling
pathways. The results of these studies are significant and
indicate that curcumin may be useful in the treatment of
Chagas disease. The multifunctional properties of curcumin
both directly on the parasite and on the modulation of host
responses to T. cruzi infection altering the pathophysiology
of infection merits further investigation.
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