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Short-term therapy with simvastatin reduces
inflammatory mediators and heart inflammation
during the acute phase of experimental Chagas disease

Rafael Rodrigues Silva', Deena Shrestha-Bajracharya’', Camila Megale Almeida-Leite?,
Romulo Leite?, Maria Terezinha Bahia'2, Andre Talvani'?/+
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Escola de Farmacia, Universidade Federal de Ouro Preto, Ouro Preto, MG, Brasil

Trypanosoma cruzi infection induces progressive cardiac inflammation that leads to fibrosis and modifications
in the heart architecture and functionality. Statins, such as 3-hydroxy-3-methylglutaryl coenzyme A (HMG CoA)
reductase inhibitors, have been studied due to their pleiotropic roles in modulating the inflammatory response. Our
goal was to evaluate the effects of simvastatin on the cardiac inflammatory process using a cardiotropic strain of
T. cruzi in a murine model of Chagas cardiomyopathy. C57BL/6 mice were infected with 500 trypomastigotes of the
Colombian strain of T. cruzi and treated with an oral dose of simvastatin (20 mg/Kg/day) for one month and inflam-
matory and morphometric parameters were subsequently evaluated in the serum and in the heart, respectively.
Simvastatin reduced the total cholesterol and inflammatory mediators (interferon-gamma, tumour necrosis factor-
alpha, CCL2 and CCLY) in the serum and in the heart tissue at 30 days post-infection. Additionally, a proportional
reduction in heart weight and inflammatory infiltration was observed. Simvastatin also reduced epimastigote pro-
liferation in a dose-dependent manner in vitro and was able to reduce blood trypomastigotes and heart amastigote
nests during the acute phase of Chagas disease in vivo. Based on these data, we conclude that simvastatin exerts a
modulatory effect on the inflammatory mediators that are elicited by the Colombian strain of T. cruzi and amelio-
rates the heart damage that is observed in a murine model of Chagas disease.
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Chagas cardiomyopathy (CC) is a chronic clinical
manifestation that is caused by the protozoan 7rypanoso-
ma cruzi. This protozoan induces persistent inflammation
comprised of neutrophils, macrophages, CD4* and CD8' T
cells (Reis et al. 1993, Brener & Gazzinelli 1997) that cul-
minates in myocarditis, fibrosis and changes in the heart
architecture and functionality. This illness, which affects
approximately 10 million individuals in Latin America, is
characterised by persistent inflammatory remodelling of
the heart tissue and is becoming the most common form of
progressive, non-ischaemic heart disease worldwide (Pra-
ta 2001, WHO 2010). Both systemically and at chronic in-
flammatory foci, inflammatory cells release inflammatory
cytokines, such as interferon-gamma (IFN-y) and tumour
necrosis factor-alpha (TNF-0) and various chemokines
(e.g., CCL2, CCL3 and CCL5) that assist in the control of
the parasite infection. However, these effectors also drasti-
cally affect heart tissue integrity and increase the cardiac
inflammatory response, leading to a worsening of the dis-
ease phenotype (Talvani & Teixeira 2011).
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The ability of the host to control the infection may
dictate the balance that exists between the inflamma-
tory disease course and the typical regulatory immune
response. Newly developed cardiovascular therapeu-
tics (e.g., ACE-inhibitors and beta-blockers) have been
shown to reduce inflammatory infiltration, fibrosis, car-
diac output ventricular function and circulating inflam-
matory cytokines and chemokines in experimental and
human studies (Leon et al. 2003, Botoni et al. 2007, Pau-
la-Costa et al. 2010, Coelho dos Santos et al. 2010). More
recently, by blocking the conversion of 3-hydroxy-3-
methylglutaryl coenzyme A (HMG CoA) to mevalonate,
HMG CoA reductase inhibitors (statins) have emerged
as potent inhibitors of cholesterol and isoprenoid biosyn-
thesis (Liao 2002). Furthermore, the pleiotropic effects
of statins have been associated with the inhibition of in-
flammatory cytokine synthesis, a reduction in ventricu-
lar remodelling and an improvement in endothelial cell
function through the increased production of endothelial
nitric oxide and a decrease in the release of endothelin-1
and other inflammatory mediators (Elrod & Lefer 2005,
Greer et al. 2006, Devaraj et al. 2007). Additionally,
some studies have also suggested that the specific statin
simvastatin may affect immune-mediated inflammation
because of the documented ability of this statin to re-
duce the adhesion of inflammatory cells to the endothe-
lium, inhibit leukocyte adhesion by direct interactions
with the leukocyte-function antigen-1 and modulate the
expression of the integrin dimer CD11b on monocytes.
Simvastatin may also participate in the regulation of cy-
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tokine/chemokine gene expression and in the function-
ing of the innate and adaptive immune systems (Serrano
et al. 2001, Cui et al. 2009, Bu et al. 2011).

The anti-inflammatory properties of statins are inde-
pendent of their effects on cholesterol levels, but despite
a favourable safety profile for short treatment with sta-
tins (Node et al. 2003), few studies have described the
role of statins during the inflammatory events triggered
by T. cruzi infection. Our aim is to evaluate the effect
of simvastatin on cardiac inflammation using a cardio-
tropic strain of 7. cruzi (Colombian) in a murine model
and to assess the modulation of immune parameters and
epimastigote replication by statins in vitro.

MATERIALS AND METHODS

Parasites - Blood trypomastigotes from the 7. cruzi
Colombian strain, which have a cardiac tropism and
have been classified as discrete typing units I of 7" cruzi
(Zingales et al. 2009), were maintained through succes-
sive passages in Swiss mice at the Laboratory of Chagas
disease, Federal University of Ouro Preto (UFOP), state
of Minas Gerais, Brazil.

Experimental animals and infection - Male C57BL/6
mice weighing 18-20 g (50 days of age) from the Animal
Facility at UFOP were inoculated intraperitoneally with
500 trypomastigotes from the 7. cruzi Colombian strain.
All procedures were performed in accordance with the
guidelines issued by the Brazilian College of Animal
Experimentation and these experiments were previously
approved by the Ethic Committee in Animal Research at
UFOP (CEUA) (protocol #2009/28). Animals were fed
commercial food and water ad libitum. The mouse parasi-
taemia was determined by collecting fresh blood from the
tail vein on the 3rd day of infection and parasitaemia was
analysed until no parasites were detectable in the blood.

Statin and treatment scheme - A previous set of ex-
periments was performed to determine the toxicity of
simvastatin (Sanval, SP, Brazil) treatment in mice (n = 8/
group) using a daily dose of 2, 20, 40 and 80 mg/kg. A
dose of 20 mg/kg was selected for the current study and
administered daily in the evening to account for the cir-
cadian rhythm of statins. A new set of mice were divided
into the following groups: (i) 10 mice infected with 7. cru-
zi receiving vehicle, (i) 10 mice infected with 7° cruzi and
treated with simvastatin (20 mg/kg), (iii) 10 non-infected
mice receiving vehicle only and (iv) 10 non-infected mice
treated with simvastatin (20 mg/kg). This experiment was
repeated twice and the survivors from the first and second
experiments were grouped to obtain a total of 10 biologi-
cal samples. Simvastatin was diluted in phosphate buffer
(vehicle) for 15 min in an ultrasonic water bath and ad-
ministered in the oropharyngeal cavity by gavage. This
therapy was initiated on the same day as 7. cruzi inocula-
tion and continued for 30 days post-infection. Treatment
was typically administered in the morning. The animals
were euthanized on the afternoon of the 30th day.

In vitro effect of simvastatin on Trypanosoma cruzi -
To assess whether the HMG-CoA inhibitor simvastatin
affects parasite survival in vitro, epimastigotes of the Y
strain of 7. cruzi were cultivated in liver infusion trip-

tose (LIT) medium to a cellular density of 10 epimas-
tigotes per mL, as previously described (Paula-Costa et
al. 2010). Simvastatin (1.9 mM-1 M/mL) was mixed for
15 min in LIT medium using an ultrasonic bath, added
to the parasite suspension and incubated at 28°C. The
surviving parasites were counted after 24 h and daily
for seven days in a Neubauer chamber and the number
of parasites was compared with that upon cultivation in
LIT medium without drug. The tests were performed in
triplicate and repeated twice.

ELISA for inflammatory mediators - Circulating lev-
els of TNF-a, IFN-y, interleukin (IL)-10, regulated upon
activation, normal T cell expressed and secreted (CCL5/
RANTES) and monocyte chemoattractant protein
(CCL2/MCP-1) from simvastatin-treated and untreated
mice were collected 30 days after infection from the or-
bital venous sinus (0.5 mL). After euthanasia, 100 mg
of cardiac tissue from each animal was homogenised in
cold phosphate buffer and the supernatants were stored
to evaluate the previously mentioned soluble inflamma-
tion mediators. For the analysis, the samples (serum and
homogenate) were thawed and excess proteins were re-
moved by acid/salt precipitation, as previously described
(Lula et al. 2009). Briefly, equal volumes of serum and
1.2% trifluoracetic acid/1.35 M NaCl were mixed and
incubated at room temperature for 10 min followed by
centrifugation for 5 min at 10,000 rpm. The supernatants
were adjusted for salt content (0.14 M sodium chloride
and 0.01 M sodium phosphate) and to a pH of 7.4 to de-
termine the concentrations of the aforementioned mu-
rine soluble cytokines. TNF-a, IFN-y, IL-10 (BioSource
International, Inc, CA, USA), CCL5 and CCL2 (R&D
Systems, Minneapolis, MN) levels were quantified by
ELISA following the manufacturer’s guidelines. All
samples were measured in duplicate.

Cholesterol determination - Blood from 10 animals/
group (2 independent experiments) was collected at the
time of euthanasia and serum was obtained after centrifu-
gation (3,500 rpm for 5 min at 4°C) as previously described
by Haraguchi et al. (2010). The total cholesterol content
was assessed using an enzymatic kit (Doles, Brazil).

Morphometric and histopathology analysis - Ani-
mals were euthanized 30 days after infection and sec-
tions of the heart (half atrium and ventricle) from each
mouse were collected for histopathology analysis. Tissue
fragments were fixed in 10% buffered formalin solution,
dehydrated, cleared and embedded in paraffin. Frozen
tissue was cut into 4-mm-thick sections and stained with
haematoxylin-eosin (H&E) for the assessment of both
inflammation and amastigote nests. Twenty fields from
each H&E stained section were randomly chosen and
analysed at 40X magnification. A total area of 74.931 um?
was analysed, which is the equivalent area of 50 fields of
analysed myocardium. The images were obtained using
a Leica DM 5000 B microchamber vs. 2.4.0 R1 (Leica
Application Suite, UK) and processed by the Leica QWin
(V3) image analyser software. The inflammatory process
was evaluated by a correlation index between the area
(um?) of cellular nuclei observed in the heart tissue from
non-infected compared with infected animals (either
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treated with simvastatin or untreated). This index cor-
responded to inflammatory leukocyte nuclei in addition
to the background of cardiac cellular nuclei observed in
data from non-infected mice, as previously shown (Cal-
das et al. 2008). Amastigote nests were also quantified
by calculating the area occupied by parasites in the same
sections used to quantify the inflammatory process.

Heart mass measurement - Hearts were carefully ex-
cised ex vivo and gently blotted on absorbent paper to
remove blood from the ventricles before the wet weight
measurements were calculated. The relative heart weight
was calculated using the heart weight in mg/mouse body
weight in grams (mg/g). This value was then used to
evaluate the cardiac mass measurements obtained after
30 days of infection and after treatment with simvastatin
in animals from two independent experiments (n = 10).

Statistical analysis - The results of the serological
assays, immune assays and morphological and histopa-
thology parameters were analysed by non-parametric
Newman-Keuls Multiple Comparison and Tukey’s tests.
A difference was considered significant if p was equal
to or less than 0.05.

RESULTS

The effect of simvastatin on circulating and in vitro
parasite levels and on surviving C57BL/6 mice - A dose-
response for simvastatin was investigated using 2, 20, 40
and 80 mg/kg of animal weight during 30 days of 7. cruzi
infection. High doses of simvastatin (40 and 80 mg/kg)
were observed to cause an elevated index of mortality on
the 25th day of infection, which coincided with the day
before peak parasitacmia was observed (Table). Among
the animals treated with 2 mg and 20 mg of simvastatin,
60% and 40% mortality was observed, respectively, on
the 25th day of infection, with no differences in the level
of circulating parasites.

Assuming 20 mg/kg/day as the ideal dose of sim-
vastatin (due to the decreased mortality), we identified a
significant reduction in the level of circulating parasites
during peak parasitaemia on the 26th day and in the pre-
vious three days (Fig. 1A). Simvastatin did not cause an
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Fig. 1: simvastatin interferes in parasitemia and mice surviving. Dai-
ly treatment with 20 mg/kg/day of simvastatin reduced considerable
the peak of parasitemia on the 26th day (A) and and increased the
survive of animals till the peak of parasites on the 26th day (B) in
comparison with those infected and non-infected mice without treat-
ment. Data were shown as mean of each group/day plus standard er-
ror of the mean. Asterisk (p <0 .05) means statistical difference for
each point of the curve.

TABLE

Representative number of blood parasites and percentage of mortality in C57BL/6 mice infected
with Colombian strain of Trypanosoma cruzi during treatment with different concentrations of simvastatin

Infection with Colombian strain of 7. cruzi

Simvastatin Untreated
2 mg 20 mg 40 mg 80 mg -
n=_§ n=3_§ n=_§ n=3_§ n=3_§
5th day
Mean of parasites (x 10%) + SEM 10+2.7 7+33 12+3.3 33+4.8¢ 12+ 1.42
(% of mortality) (0) 0) 0) 0) (0)
15th day
Mean of parasites (x 10%) + SEM 367 +89.3 328 +53.2 384 +81.9 656 + 201 450 +36.9
(% of mortality) (15) (25) (25) (25) (25)
25th day
Mean of parasites (x 10%) + SEM 1.060 + 153« 885 + 927 (40) 1.793 + 0.0 0.0+0.0 2.060 + 268
(% of mortality) (60) 90) (100) (60)

a: p <0.05 when parasitemia was compared with untreated group; SEM: standard error of the mean.



516

increased mortality in healthy animals and in those ani-
mals infected with 7. cruzi this drug was able to protect
20% of the animals beginning on the 25th day after infec-
tion (Fig. 1B) compared with untreated, infected mice.

In parallel, we evaluated whether simvastatin could
be acting directly on parasite proliferation. Therefore,
to eliminate any interference with the host cells (e.g.,
macrophages, Vero cells etc.), epimastigotes of 7. cruzi
were utilised to perform an in vitro evaluation in an ax-
enic culture. Interestingly, simvastatin was efficient in
reducing the epimastigotes present in culture in a dose-
dependent manner (Fig. 2).

Cholesterol levels and cardiac weight - High levels
of circulating cholesterol were found in the serum of ani-
mals that were infected with 7. cruzi. Low daily doses of
simvastatin were able to modify this pattern in mice after
30 days of treatment (Fig. 3A). In contrast, because this
study focused solely on the acute phase of the disease,
simvastatin therapy was unable to prevent an increase
in the relative weight of the heart of infected animals.
This weight was evaluated by dividing the average of the
mouse body weight by the heart weight (Fig. 3B).

Pleiotropic effects of simvastatin on cytokine and
chemokine profiles - We investigated whether simvasta-
tin therapy could shift the pattern of soluble inflamma-
tory mediators upon murine 7. cruzi infection. Serum
homogenate levels of the inflammatory and regulatory
cytokines IFN-y, TNF-a and IL-10 (Fig. 4A, B, E) and
chemokines CCL2 and CCLS5 (Fig. 4 C, D), which are
essential for the control of parasite infection and leuko-
cyte recruitment to inflammatory foci, were increased in
animals infected with 7. cruzi after 30 days of infection.
Interestingly, daily treatment with simvastatin drastically
reduced the levels of inflammatory cytokines (Fig. 4A, B)
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Fig. 2: simvastatin inhibits epimastigote proliferation in vitro. Epi-
mastigotes forms of Trypanosoma cruzi was cultured in liver infu-
sion tryptose medium in the presence of different concentrations of
simvastatin (1.9, 3.9, 15.6 and 62.5 mM). Drugs were added 4 h after
the insertion of parasites in the plates and daily counter of parasites
shown a reduction in their proliferation in a dose-dependent way.
Data were shown as a mean/standard error of the mean of two inde-
pendent experiments.
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and chemokines (Fig. 4C, D). However, in these experi-
ments, simvastatin did not statistically alter the level of
the regulatory cytokine IL-10 in 7. cruzi-infected mice or
in uninfected animals (Fig. 4E). A similar investigation
was performed on the supernatant from the cardiac tissue
homogenate in which only inflammatory mediators were
analysed. Again, simvastatin reduced the cardiac levels of
TNF-a and IFN-y (Fig. 5A, B) and the chemokines CCL2
and CCL5 (Fig. 5C, D) in animals infected with 7. cruzi.

Simvastatin alters amastigote nests and leukocyte in-
filtration into the heart - Inflammatory infiltration into
the heart is partially driven by chemokine patterns and
by the presence of 7. cruzi or parasitic antigens inside or
in close proximity to the myocardium. Here, treatment
with simvastatin for 30 days drastically reduced the in-
flammatory cell infiltration into the heart tissue (Fig.
6B) compared with simvastatin-infected (Fig. 6A) and
uninfected animals (Fig. 6C). Quantification of the nu-
clei in the cardiac tissue reinforced these histopathologi-
cal observations; a significant reduction in inflammatory
leukocytes in the heart tissue (Fig. 6D) and a reduction
in the number of amastigote nests of 7. cruzi (Fig. 6E) in
animals treated with simvastatin was observed.
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Fig. 3: simvastatin controls cholesterol in infected mice, but does not
interfere in cardiac mass weight. Serum cholesterol level became sta-
bilize in those Trypanosoma cruzi-infected animals without simvas-
tatin therapy (A). In addition, the relative heart weight (B), calculated
using heart weight in milligram/mouse body weight in gram (mg/g),
did not present difference between infected groups even after 30 days
of simvastatin treatment. It was used animals from two independent
experiments (n = 10). White circles mean groups of healthy mice and
black triangles mice infected with T'cruzi. Data were shown as mean/
standard error of the mean and p < 0.05 means statistical difference.
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DISCUSSION

The inflammatory process has been suggested to
be the most important factor in acute and chronic Cha-
gas disease, both in humans and experimental models
(Lannes-Vieira et al. 2009, Talvani & Teixeira 2011).
However, this hypothesis does not exclude the partici-
pation of 7 cruzi or parasitic antigens as a trigger for
the inflammatory process. Additionally, the parasitic
and the host genetic diversity have been suggested to
be responsible for driving and modulating aspects of
the inflammatory response (Santos et al. 2009, Guedes
et al. 2010). Several researchers have consolidated their
efforts to clarify whether this inflammatory process
dictates the clinical changes and the progression toward
chronic heart failure that is observed in humans. There-
fore, cardiovascular drugs that are routinely used (e.g.,
ACE inhibitors, beta-blockers and others) have been
tested for the treatment of Chagas disease. With a new
anti-inflammatory focus, studies have demonstrated a
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drastic reduction in leukocyte infiltration in the heart,
fibrosis, circulating inflammatory cytokines/chemok-
ines and improvements in cardiac output ventricular
functions in Chagas disease (Morris et al. 1989, Leon
et al. 2003, Botoni et al. 2007, Coelho dos Santos et al.
2010, Paula-Costa et al. 2010). Because of these results,
new therapeutic targets based on statins, a lipid-modi-
fying agent HMG-CoA, have emerged as a method to
prevent cardiovascular diseases (Liao 2002, Cheng et al.
2005, Mizuno et al. 2011). The clinical benefits of statins
are thought to be associated with their ability to reduce
cholesterol synthesis, but the product of their enzymatic
reaction, mevalonate, is also a precursor of cholesterol
and many non-steroidal isoprenoid compounds. The
post-translational modification of mevalonate promotes
membrane and protein-protein interactions and could
result in the modification of numerous inflammatory
signalling pathways that affect and modulate the cellular
function of immune mediators (Quist-Paulsen 2010).
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Fig. 4: simvastatin reduces serum levels of CCL2, CCL5 and proinflammatory cytokines. Treament with 20 mg of simvastatin/kg/mouse daily
decreased levels of proinflammatory cytokines interferon-gamma (IFN-y) (A), tumour necrosis factor-alpha (TNF-a) (B) and chemokines
CCL2 (C) and CCLS5 (D) while regulatory cytokine interleukin (IL-)10 (E) was not alternate in mice infected with Trypanosoma cruzi. Analysis
was done between groups of animals treated with vehicle (white) and those treated with simvastatin (black) using animals from two independent
experiments (total n = 10) and data were shown as mean/standard error of the mean.
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The pleiotropic effects of statins have previously been
studied in the context of 7. cruzi infection. Inhibition of
the growth of epimastigotes of 7. cruzi has been observed
upon treatment with 10-0 mg/mL of statin (lovastatin) that
may be a result of the inhibition of C14 acetate incorpora-
tion into parasite sterols (Florin-Christensen et al. 1990). 7.
cruzi, similar to many fungi and yeasts, requires specific
sterols for its survival during different stages of its life cy-
cle (Urbina 2009). In our in vitro investigation, the growth
of cultured epimastigotes was reduced by the presence of
simvastatin in a dose-dependent fashion (1.9 mM-2.5 mM).
HMG-CoA reductase is already known to catalyse the NA-
DPH-dependent reduction of HMG-CoA to mevalonate,
which is primarily located in mitochondria. Therefore,
simvastatin could potentially represent a competitive
inhibitor of this enzyme in epimastigotes (in vitro) and in
trypomastigotes (in vivo) (Hurtado-Guerrero et al. 2002).

The reduction in parasitaemia in mice using simvas-
tatin (20 mg/kg/daily) coincided with decreased mortality
in animals after the 25th day of infection. Even with a
significant reduction in the levels of inflammatory me-
diators, such as IFN-y and TNF-a, 30-40% mortality
was expected in mice during peak parasitaemia based on
the biological characteristics of the Colombian strain in
isogenic C57BL/6 mice (Talvani et al. 2000, Paula-Costa
et al. 2010). Unfortunately, mice do not survive well due to
the alterations in the metabolic pathways that are a result
of a persistent inflammatory response induced by specific
strains of 7. cruzi (Sanchez-Guillén et al. 2006), which is
a limitation of this experimental model. However, mortal-
ity in our experimental model of Chagas disease could be
delayed if we initiated a statin plus an anti-7. cruzi drug
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chemotherapeutic strategy, as previously demonstrated by
Urbina et al. (1993). In this previous study, the authors in-
dicated that lovastatin was able to potentiate the therapeu-
tic effects of ketoconazole, an azolic anti-fungal drug. Ad-
ditionally, combination therapy with both drugs at doses
that offered only limited protection against 7. cruzi was
able to eliminate the presence of circulating parasites and
prevent mortality (Urbina et al. 1993).

Investigations that have analysed the effect of statins
on T. cruzi infection were only associated with chemo-
therapy or with the capacity of the drugs to block ste-
rol (ergosterol) formation in parasites, thereby affecting
parasitic growth or the capacity of the parasite to infect
mammalian cells (Florin-Christensen et al. 1990, Urbina
etal. 1993, Hankins et al. 2005, Priotto et al. 2009). Here,
inflammatory cardiac disease in mice was analysed to
measure the ability of simvastatin to reduce cholesterol
in infected animals, to modulate the levels of systemic
and cardiac pro-inflammatory cytokines (IFN-y, TNF-a)
and chemokines (CCL2/MCP-1 and CCL5/RANTES)
and to alter the heart inflammatory process at the end of
the acute phase of the disease.

Based on our previous experience, an early anti-in-
flammatory intervention with simvastatin could be essen-
tial for the treatment of long-term cardiac inflammation
and to reduce heart architectural and functional changes
in experimental Chagas disease (Melo et al. 2011). A
daily dose of simvastatin (20 mg) was capable of reduc-
ing pro-inflammatory IFN-y and TNF-a, but not regula-
tory IL-10 and did not ameliorate the clinical parameters
(left ventricle ejection fraction and diastolic diameter of
left ventricle) of dogs infected with 7. cruzi during the
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Fig. 5: heart tissue concentrations of interferon-gamma (IFN-y) (A), tumour necrosis factor-alpha (TNF-a) and cyitokines CCL2 (C) and CCL5
(D) in Trypanozoma cruzi-infected mice treated or not with simvastatin. Homogenate of 100 mg of cardiac tissue from 10 animals were proc-
essed and inflammatory mediators (TNF-a, IFN-y, CCL2 and CCLS5) were evaluated on the 30th day post-infection. Each dot represents the

result in a single animal and the bar the mean value of the group.
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chronic phase of disease. We investigated the pleiotropic
effects of simvastatin in mice because they are the most
widely used species to investigate the immunology of the
acute events of Chagas disease. In experimental Chagas
disease, dogs have been useful in the study of cardiac
parameters because of their similarities with human car-
diac disease, but an increased understanding of inflam-
matory events (e.g., the chemokine network and cellular
activation/recruitment) during the acute phase of Chagas
disease has been well described in the murine model
(Talvani & Teixeira 2011). In addition, the reproducibil-
ity of these data in 7. cruzi infection using two different
mammalian models and different genetic populations of
T. cruzi would reinforce the application of simvastatin as
an immunomodulatory therapeutic agent.

In the murine model, some authors have suggested
that some of the observed cardiac destruction is due to the
presence of parasites in the heart tissue and an increase in
leukocyte infiltration that leads to necrosis and fibrosis
(Andrade 1983, Brener & Gazzinelli 1997). The chemok-
ines CCL2/MCP-1 and CCL5-RANTES have been largely
associated with leukocyte (monocytes and lymphocytes)
recruitment to inflammatory foci to combat parasite in-
fection, but this infiltration inevitably results in damage
to the host tissues (Aliberti et al. 1999, Talvani et al. 2000,
Teixeira et al. 2002, Lannes-Vieira et al. 2009, Paiva et
al. 2009). In fact, the role of CCLS in the recruitment of
CCR5" leukocytes has been reinforced by experiments that
indicate that CCR5-deficient mice are more susceptible to
T. cruzi infection after the reduction of macrophages and
T-cell migration into the heart, especially during the early
stages of infection (Machado et al. 2005, Hardison et al.
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2006). Other evidence of this phenomenon is based on the
partial blockage of the CC-chemokine receptor inhibitor
(Met-RANTES), which induces a reduction in the leuko-
cyte influx (modulated by 7. cruzi), followed by a reduc-
tion in parasitaemia and a reduction in fibronectin deposi-
tion in the heart tissue (Marino et al. 2004, Medeiros et al.
2009). Simvastatin was able to drastically reduce CCL2/
MCP-1 and CCL5/RANTES, thereby culminating in a re-
duction in the migration of inflammatory cells into the
cardiac organ; this effect could be associated with a good
cardiac prognosis in experimental models. Few studies
involving statins and 7. cruzi infection have focused on
cardiac host inflammation, but simvastatin has previously
been shown to be capable of reducing the expression and
serum levels of CCL2/MCP-1 and CCLS/RANTES and
CCR2 and CCRS receptors in both in vitro and in vivo
models of human immunodeficiency virus, vasculopa-
thy and diabetes/metabolic diseases (Nabatov et al. 2007,
Tsuchiya et al. 2007, Yin et al. 2007, Lin et al. 2009).

In conclusion, we have demonstrated for the first time
that simvastatin has pleiotropic effects in modulating the
systemic and cardiac levels of CCL2/MCP-1 and CCL5/
RANTES in isogenic mice infected with the cardiotropic
strain of 7. cruzi (Colombian). This therapeutic strategy
also reduced the levels of circulating/tissue parasites,
soluble inflammatory mediators (TNF-a and IFN-y) and
cardiac leukocyte infiltration during the acute phase of
experimental disease. Therefore, given the key role of in-
flammation in the pathogenesis of Chagas disease, addi-
tional trials are needed in different experimental models
to further support the use of statins as pharmacological
agents to reduce cardiac inflammation in humans.
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