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Abstract
Background: There is increasing evidence suggesting that Chagas disease involves oxidative damage and contributes to
heart disease progression.

Objective: To evaluate the effect of carvedilol on oxidative stress markers in chronic Chagas disease.

Methods: The study population included 42 patients with Chagas cardiomyopathy and oxidative stress biomarkers were
measured before and after a period of six months of treatment with carvedilol (37.5 mg/day). Patients were considered
according to the Los Andes classification and the activity of superoxide dismutase, catalase, glutathione peroxidase,
S-transferase and reductase, myeloperoxidase and adenosine deaminase; levels of reduced glutathione, thiobarbituric
acid reactive species, carbonyl protein, vitamin E and nitric oxide were measured in blood.

Results: After treatment with carvedilol, all groups showed significant reductions in levels of carbonyl protein and reduced
glutathione, whereas the levels of nitric oxide and adenosine activity increased significantly only in group IA. Moreover,
most of the antioxidant enzymes showed decrease in activity in groups IA and IB.

Conclusion: The data suggest that treatment with carvedilol was effective in attenuating oxidative damage, an effect that may
be particularly important in patients with chronic Chagas’ disease cardiomyopathy. (Arq Bras Cardiol 2012;98(3):218-224)
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Introduction

Chagas’ Disease (CD) is associated with the infection caused
by the protozoan Trypanosoma cruzi (T. cruzi) and has a wide
distribution in Central and Latin America. It is estimated that
between eight and 15 million people are infected in the
continent, and two to three million are Brazilians'?2.

The indeterminate phase represents the most common
chronic form of the disease, with about 70% of cases, usually
lasting 10 to 30 years, but in general, it may persist throughout
life*. However, this form can be considered as belonging to the
category of patients with potential cardiac involvement. Heart
involvement is the most common and serious consequence of
chronic CD, with an estimated annual outpatient mortality of
around 4%”.

Oxidative stress is common in inflammatory diseases,
including CD, which is characterized by chronic inflammation®.
Recently, our group showed that increased oxidative stress is
associated with CD progression, and that the use of antioxidant
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intervention was effective to attenuate disease progression’:.
Carvedilol acts as a beta-1-adrenergic blocker, a vasodilator and
as an antioxidant and is considered a potent cardioprotective
agent, as demonstrated in several experimental models of
ischemia’. The protective action of carvedilol is superior to other
beta-blockers at equivalent doses'. The antioxidant effect has
been attributed largely to its carbazole structure and hydroxylated
metabolites have higher antioxidant capacity when compared
to that of carvedilol'.

The concept that carvedilol treatment can influence the course
of CD has received more support in recent times; however, its
antioxidant properties have been little explored in this disease,
despite evidence of its antioxidant activity in experimental in
vitro models™.

Carvedilol seems to act as an antioxidant, through electron
donation directly to Reactive Oxygen Species (ROS) and Reactive
Nitrogen Species (RNS)'.

Methods

Study design

This is a therapeutic intervention and prospective
study, carried out with a sample that was part of an open
cohort, consisting of patients followed at the Department of
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Cardiology, Hospital Universitario Clementino Fraga Filho,
UFR) HUCFF. Oxidative stress biomarkers were measured
before and after six months of treatment with carvedilol
(divided into three doses of 12.5 mg per day, including a final
dose of 37.5 mg daily).

Patient selection

The study sample consisted of patients who were in
the chronic phase of heart disease, defined according to
electrocardiographic and echocardiographic assessments, who
had spontaneously followed the flow chart of the ambulatory
care unit of Chagas disease at HUCFF-UFRJ. The patients
included in the study were 21 and 70 years, followed actively
and regularly at the Chagas Disease outpatient clinic of the
Service of Cardiology at HUCFF. They had been diagnosed
with Chagas disease and had maintained dietary habits. Only
chronic chagasic patients with no other associated diseases and
who had been living far from endemic areas for over 20 years
were included. The study protocol was approved by the Ethics
Committee of HUCFF-UFRJ, according to the national and
international guidelines for research involving human subjects
(Resolution No. 1996 of the National Health Council), which
regulate experiments involving human subjects (Protocol CEP
N. 053/07). All patients received information about the study
and signed the free and informed consent form.

The patients were followed by the same medical team.
Medical visits were scheduled at the clinic regularly, with an
mean interval of four months, and when necessary, patients
underwent a biochemical evaluation, including thyroid
function tests. Patients with hypertension, chronic obstructive
pulmonary disease, cardiomyopathy of any origin other than
Chagas’ disease, valvular heart disease, thyroid dysfunction,
excessive tobacco/alcohol consumption, known immune
dysfunction, abnormalities in serum electrolytes (potassium
and calcium) or systemic disease were excluded.

All patients were clinically stable for at least three
months at the time the blood sample was collected for this
study. The diet of the patients was poor regarding the most
important nutritional antioxidants and, therefore, the intake
of vitamins C and E was negligible. Medications that could
alter electrolyte balance were interrupted for 48 hours before
the clinical and laboratory tests, and there were no clinical
events during this period.

Patients were divided according to the modified Los
Andes classification' into four groups: 10 patients in group IA
(normal electrocardiogram and echocardiogram: no cardiac
involvement); 20 patients in group IB (normal or borderline
electrocardiogram and abnormal echocardiogram: mild
cardiac involvement); eight patients in group Il (abnormal
electrocardiogram and echocardiogram, with no congestive
heart failure: moderate cardiac involvement); and four patients
in group Il (abnormal electrocardiogram and echocardiogram
with heart failure: severe cardiac involvement).

Serological diagnosis of Chagas’ disease

The serological diagnosis of Chagas’ disease was carried out
in all patients through screening for anti-T. cruzi antibodies,
using two methods. The dilution considered a positive

serological reaction was established by the reference center
laboratory of Manguinhos-Fiocruz (R)).

The seropositive patient was one with two positive
serological tests in two different collections. In case of doubt
between the methods, serum samples were retested by
immunofluorescence and if any discrepancy remained, this
method’s result was considered. Blood was collected by the
same person, on the same day of the week in the morning
and in fasting conditions.

Drugs and reagents

The drug carvedilol, (RS)-1-(9H-carbazole-4-iloxy)-3-[2-(2-
ethoxyphenyl) ethylamine] propan-2-ol, was kindly provided
by Pharmaceutical Laboratory of the State of Sdo Paulo (Brazil),
EMS Sigma Pharmaceuticals.

Reagents related to the analysis of oxidative stress
biomarkers were purchased from Sigma Chemical Co. (St.
Louis, USA).

Sample preparation

Blood samples were collected in tubes previously cooled to
a temperature of 10°C, containing heparin as an anticoagulant
or without heparin to obtain serum. Plasma, serum and acid
extracts were stored in liquid nitrogen until the analysis of
the parameters was carried out. Enzymatic evaluations were
performed in hemolyzed samples, while GSH levels were
obtained from acid extracts of whole blood. Thiobarbituric
acid reactive species (TBARS) and protein carbonyl (PC)
content were analyzed in plasma.

Antioxidant enzyme assays

The catalase (CAT) enzyme activity was determined by
the speed of degradation of hydrogen peroxide (H,0,) (10
mM) at 240 nm''>. Superoxide dismutase (SOD) activity was
determined at 480 nm according to the method of adrenalin
autoxidation. Glutathione reductase (GR) activity was
determined at 340 nm by measuring the rate of oxidation
of NADPH'”. Clutathione peroxidase (GPx) was determined
at 340 nm, by the reduction of tert-Butyl hydroperoxide
(tBOOH) by oxidation of reduced glutathione (GSH)®.

Activity of Glutathione S-transferase (GST) was determined
at 340 nm using 1-chloro-2 ,4-dinitrobenzene as substrate
according to Habig et al'®. All activities were conducted in
hemolysates and expressed as milliliter of whole blood.

Reduced glutathione (GSH) Assay

GSH is a tripeptide with important endogenous
antioxidant activity that prevents oxidative damage to
important cellular components caused by ROS and was
measured in the acid extract to 412 nm, using the method
described by Beutler et al*.

Protein carbonyl (PC)

PC is the most widely used marker for evaluating oxidative
modification of proteins and it was determined in serum using
the method described by Levine et al*'.
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Lipid peroxidation assessment (TBARS levels)

TBARS is a lipid peroxidation and oxidative stress index. It
was determined spectrophotometrically at 535 nm in plasma
using substances that react with thiobarbituric acid, according
to the method described by Bird and Draper?.

Vitamin E Assessment

Vitamin E was determined in plasma and carried out by
high performance liquid chromatography with UV detection
at 292 nm?.

Inflammatory marker assay

Levels of Nitric Oxide (NO) were indirectly measured by
the Criess method?**. Myeloperoxidase (MPO) activity was
assessed according to the method developed by Rao et al*?°,
while the activity of adenosine deaminase (ADA) was assessed
according to the method of Giusti and Galanti*’. All these
parameters were measured in serum.

Statistical Analysis

Statistical comparisons of markers of oxidative stress and
inflammatory responses within the different groups were
performed according to Analysis of Variance - One way
ANOVA complemented by Tukey-Kramer test. The data were
analyzed by using generalized linear models for repeated
measures. For all analysis the SPSS version 11.5.0 software
were used, which was acquired under license from the Federal
University of Santa Catarina on 09/06/2002. The minimum
significance level adopted was 5%.

Results

Table 1 contains the clinical observations regarding the
analyzed groups. Of the 42 selected patients at the start of the

study, age ranged from 31 to 67 years, mean of 58.8 years, of
which 17 were males and 25 were females. Body Mass Index
(BMI) was 24.3 kg/m?.

Symptoms potentially related with esophagopathy
occurred more frequently in groups Il and 11, with statistical
significance (p < 0.001). As for symptoms potentially related
to colopathy (constipation > 3 days), there was significant
difference only in group IA (in which 100% of subjects
showed no such symptoms) compared to groups Il and IlI
(Table 1).

Radiological evaluation showed that the cardiothoracic
ratio increased with the degree of cardiac involvement (p =
0.0001). No x-rays of the esophagus and/or barium enema
were performed. The echocardiogram showed an ejection
fraction in patients from group Ill that was significantly lower
than in other groups (p = 0.0001). The left ventricular end-
diastolic diameter was corrected for body surface area and
values > 32 mm/m? were considered abnormal. Based on
this criterion, 12 patients had left ventricular dilatation. The
right myocardial involvement expressed by the pulmonary
hypertension was present in groups Il and Il (Table 2).

The response in the different groups was very similar
after treatment with carvedilol. All groups showed significant
decreases in the levels of GSH and PC, which were
accompanied by a nonsignificant decrease in TBARS levels.

Vitamin E levels were also maintained, along with no
changes in inflammatory markers, except NO and ADA
levels, which showed a significant increase only in patients
from group IA. Regarding the enzymatic profile, there was
a generalized response of decreased activity in basically all
groups. More specifically, there was a significant decrease in
SOD activity in all studied groups, with significant decreases
in groups IA and IB regarding the activities of GPx and GST.
In turn, we observed the maintenance of GR activity and
significant increases in CAT only in groups IA and IB. GSH

Biometric and demographic characteristics of the 42 chagasic patients

Variable IA 1B 1 n ANOVA
(n=10) (n=20) (n=8) (n=4) p

Age (meansd) 589+ 10.2 61.8+11.2 58.8 + 11.1 59+ 10.6 0.10
Sex (m/total) 6/10 6/20 4/8 1/4
BMI (Kg/m?) 255+42 24.1+341 243+43 23+38 0.25
Regular physical activity (%) 78 75 60 20
Constipation > 3 days (%) 0 12.5 35 42
Dysphagia (%) 478 37 88 91
Hemoglobin (g/dL) 133+1.2 13.8+1.1 128+16 10+1.8 0.11
Creatinine (mg/dL) 09+06 1.1£03 09+04 1.0+03 0.13
TSH (ug/mL) 212 28+09 32+07 31+08 0.17
Leukocytes (cells/mm?) 12x103+ 1.2 11x10°+ 1.1 13x10°+£ 0.9 13x10°+ 0.8 0.19
Medications

Amiodarone (n) 0 0 2 2

Captopril (n) 0 20 8 4

Values represent mean + SD; BMI - body mass index; TSH — thyroid stimulating hormone.
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Data concerning radiology, electrocardiography and echocardiogram results of chagasic patients
Variable 1A IB I 1] ANOVA
(n=10) (n=20) (n=8) (n=4) p

Chest x-ray
- Cardiothoracic index (mzdp) 0.45+0.02 0.45+0.02 0.48 +0.04 0.52 £0.02 0.0001*
-Compatible with CHF (%) 0 0 20 100 0.001
Electrocardiogram 0

RBBB (%) 0 55.7 62.3 97.8 0.001%
RBBB+LAHB (%) 0 68.9 721 99.1 0.003v
Inactive area (%) 2 55 89.3 0.001%
Echocardiogram

LVEF (%) 65.2 61.6 424 37.6 0.0001-e
LVEDDi (mm/m?) 283+1.8 292412 32.3+4.8 35.9+1.9 0.001-e
Pulmonary hypertension (%) 0 0 25 44 0.001-e

LAHB - left anterior hemiblock; LVEF - left ventricular ejection fraction; LVEDD: - Left Ventricular End-Diastolic Diameter Index; CHF - Congestive heart failure; RBBB

— right bundle-branch block; Tukey (IA ™ Ill)*; (IA " lll)%; (IB ' lll)e; (IA"1l) o.

levels were significantly decreased in patients from IA group
treated with carvedilol (0.18 = 0.12 mmol mL") when
compared to untreated patients (0.31 = 0.17 mmol mL-1, p
< 0.05), while the levels of TBARS and vitamin E remained
unchanged in both groups (Table 3).

However, levels of PC were significantly decreased in
patients treated with carvedilol (0.04 = 0.07 nmol mg™)
when compared to untreated ones (0.15 = 0.07 nmol mg",
p < 0.01). When compared within the same group IA, the
activity of antioxidant enzymes such as SOD, GST and GPx
showed significant decrease compared to those found in
untreated patients, while CAT activity was increased and
GR activity remained unchanged (Table 4). In relation
to inflammatory markers after treatment with carvedilol,
there was a significant increase in NO levels compared to
untreated patients (10.93 £ 3.19 mMand 17.96 + 3.2 mM,
respectively; p < 0.05) and ADA activity (10.03 = 1.28 UI™"
and 17.17 = 2.5 UI™", respectively; p < 0.05), while MPO
activity remained unchanged (Table 3).

Patients from Group IB treated with carvedilol showed
a similar response when compared to patients in group IA.
GSH levels (0.16 = 0.13 mmol mL") were also significantly
decreased when compared to untreated patients (0.22 =
0.17 mmol mL?, p < 0.01), while TBARS and vitamin E levels
remained unchanged in both groups of patients (Table 3).
Similarly as shown in the IA group of patients, PC values
were also significantly reduced in patients treated with
carvedilol (0.05 = 0.02 nmol mg") compared to untreated
patients (0.16 = 0.19 nmol mg?, p <0.05). The profile of
antioxidant enzymes in this group was also similar to that
found in group IA, while the inflammatory markers in this
group remained unchanged (Tables 3 and 4).

In patients classified as Il, the behavior of the analyzed
parameters were also very similar to those in groups IA and
IB (Table 3). GSH levels were significantly lower in patients
treated with carvedilol compared to untreated ones (0.18 +
0.11 and 0.29 = 0.10 mmol mL", respectively, p < 0.05),
whereas there were no significant differences in levels of

Comparison within the same group of levels of GSH, TBARS and CP, Vitamin E and levels of +NO, MPO and ADA in the blood of

chagasic patients at two different moments of treatment

Group IA (n=10) Group IB (n=20) Groupll(n=8) Group lll (n=4)
Before After 6 Before After 6 Before After 6 Before After 6
months of months of months of months of
treatment treatment treatment treatment

treatment treatment treatment treatment
GSH 0.31+£0.17 0.18+0.12 022017 0.16 £ 0.13* 0.29+0.10 0.18+£0.11* 0.38+0.15 0.16 £ 0.09*
TBARS 13.11£9.98 95+4.28 10.02 +6.18 7712117 11.34 £4.60 8.33+1.55 15.19+£5.04 9.50 +2.22
CP 0.15+0.07 0.04 £0.01™ 0.16+0.19 0.05+0.02* 0.17 £0.07 0.05+0.01** 0.15+0.06 0.05+0.01
Vit. E 17.36 £ 8.1 1244 +2.85 17.12+£8.93 15.70 £ 4.68 19.64 +9.25 1224 +2.18 11.72 £ 3.40 1118 £3.83
*NO 10.93+3.19 1796+32* 11.18 £1.38 16.07 £ 1.50 15.49 + 342 18.86 + 2.60 1317 £4.62 1210+ 1.00
MPO 417.3+40.1 5442 +70.1 430.97 + 31,53 420.7+279 409.54 + 80.95 352.13 +50.36 440.92 +68.15 395.08 +60.10
ADA 10.03+1.28 1747+£25* 10.67 +1.08 15.36 + 2.29 14.02 +2.27 1290 +2.14 10.63 £ 3.52 9.05+4.06

ADA - adenosine deaminase (UI'); GSH - reduced glutathione (umol mL™'); MPO - myeloperoxidase (mU mL™"); *NO - nitric oxide (mM ); CP - carbony! protein
(nmol mg™"); TBARS - thiobarbituric acid reactive species (nmol mL™); Vit - Vitamin E (umol mL™"); Values represent mean + SD, *p < 0,05; **p < 0.01,***p < 0.001

represent significant differences within the same chagasic group.
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Comparison of antioxidant enzyme activity within the same group in the blood of chagasic patients at two different moments

of treatment

Group IA (n=10) Group IB (n=20) Group Il (n=8) Group Il (n=4)
Before After 6 months Before After 6 months Before After 6 Before After 6
months of months of
treatment of treatment treatment of treatment treatment treatment
treatment treatment
SOD 144.99 +29.00 64.04 £6.05 *** 171,52 +41.16 66.37 + 8.56 ** 141.26 + 46.62 709+ 11.2* 1454 +44.1 69.20 +6.54 *
CAT 8.87 £2.55 1327 +3.88* 921+£201 1162+4.10* 843+3.14 9.50 +4.06 754 +393 12511643
CGR 5.02+0.71 478+1.26 494 +£143 486+1.70 476+1.16 400+1.09 469 +0.81 473 +1.52
GST 30.61 £2.58 24.07 +3.68* 3541+942 24.58 +£9.64 *** 3410+ 5.64 20.81+29** 26.66 + 7.51 2328+5.33
GPX 235+0.22 148 +0.54 = 232+0.35 149 £0.39 ** 275+0.73 2.36+0.35 248 £0.17 2.14+£040

CAT - catalase (mmol min~' mL™"); GPx - glutathione peroxidase (mol min"" mL™"); GR - glutathione reductase (umol min"" mL™"); GST - glutathione S-transferase
(umol min™" mL™"); SOD - superoxide dismutase (USOD mL™"); Values represent mean + standard deviation *p < 0,05; **p < 0,01;***p < 0,001 represent significant

differences within the same chagasic group .

TBARS and vitamin E. PC values were also significantly
decreased after treatment with carvedilol (0.05 = 0.017 nmol
mg") compared to untreated patients (0.17 £ 0.07 nmol
mg”, p <0.001). After treatment with carvedilol, the values
of inflammatory markers remained unchanged (Table 3); the
activities of SOD and GST enzymes decreased significantly,
while the activities of the CAT, GPx and GR enzymes
showed no significant differences when compared to those
in untreated patients (Table 4).

As observed in the other groups, the group of patients
classified as group Ill showed a decrease in GSH levels in
patients treated with carvedilol (0.16 = 0.09 mmol mL", p
< 0.05) when compared to untreated patients (0.38 + 0.15
mmol mL") (Table 3). Also similar to values found in groups
IA, 1B and 11, there were no significant differences in the levels
of TBARS and vitamin E, while the protein damage marker
once more showed decreased values in patients treated
with carvedilol (0.05 = 0.017 nmol mg™") when compared to
untreated patients (0.15 = 0.06 nmol mg”, p < 0.05) (Table 3).

The activities of CAT, GR, GST and GPx were notsignificantly
different in relation to the treatment with carvedilol, but SOD
activity was decreased among patients treated with carvedilol
(69.20 = 6.54 ml"), when compared to untreated patients
(145.44 = 44.12 mL USOD", p < 0.05). Similar to the results
obtained in groups IB and II, inflammatory markers remained
unchanged after treatment with carvedilol (Table 3).

Discussion

In the present study, untreated patients had higher levels
of biomarkers of damage to lipids (TBARS) and proteins (PC),
with generally higher activity of antioxidant enzymes, which
seem to represent the maintenance of the oxidative stress
profile related to Chagas’ disease cardiac involvement.

Apparently, the group I, considered the most severe
stage of heart failure and, thus, that in which the number of
participating individuals was lower due to the high mortality
rate in this phase, showed a higher oxidative stress in
relation to groups characterized by lower severity, especially
considering the groups IA, IB and to a lesser extent, also group

Arq Bras Cardiol 2012;98(3):218-224

IIl. In a similar study by Keith et al. involving cardiac patients
with varying degrees of involvement, markers of oxidative
damage such as lipid peroxides and malondialdehyde, as well
as antioxidant defenses such as levels of glutathione, vitamins E
and C, and GPx activity also showed a direct correlation between
these markers and disease severity?®. This association has been
demonstrated by our laboratory in previous studies, as well as
other related studies®.

According to the data shown in this study, it appears that
patients with lower cardiac involvement and therefore with a
higher antioxidant capacity (groups IA and IB) seem to have a
greater capacity to neutralize the oxidative damage detected
in their blood, a response that seems to be enhanced by
treatment with carvedilol. A similar response has been detected
by our laboratory in chagasic patients after six months of
supplementation of vitamins E and C. In a study with mice
infected with T. cruzi, the results were similar, where the
activities of antioxidant enzymes CAT, GPx and CR, as well
as GSH levels were increased in response to infection, while
oxidative insult occurred in the myocardium of these animals®°.

Conversely to what was found in most of the other antioxidant
enzymes, an increase in CAT activity was detected in the blood of
patients belonging to groups 1A and 1B. Chow et al. showed that
rats with vitamin E deficiency had decreased CAT activity, while
the activities of SOD and GPX were not changed, which are in
accordance with the present study, suggesting that vitamin E in the
diet provides protection against the CAT inactivation under such
experimental conditions®'. Considering that the beta-oxidation
of lipids in peroxisomes increases the production of H,0,*, and
that vitamin E protects against CAT inactivation*, treatment with
carvedilol could be responsible for the increased activity of this
enzyme in the blood of these patients.

Carvedilol protects against overproduction of ROS at
concentrations of 0.1 to T00 mM, which are consistent with
the dose (37.5 mg/ day) used in this study*. Early studies with
this compound indicated that carvedilol is much more potent in
inhibiting the production of hydroxyl radical (*OH) than other
beta-adrenergic antagonists®.

Studies have shown that hydroxylated metabolites are
also potent antioxidants and may contribute to the overall
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antioxidant action of this drug and may increase its power by
5-10 fold**?7. Several carvedilol metabolites found in human
plasma showed an even stronger antioxidant activity (50-80
times higher than carvedilol) to inhibit oxidation of LDL by
macrophages*®. Thus, it is possible that the in vivo antioxidant
activity of carvedilol is also attributed to its metabolites®”.

Its antioxidant potential can also be linked to its ability to
bind to Fe () and Cu (Il), preventing the oxidation of lipids
and proteins mediated by these transition metals, which
could explain the decrease in biomarkers of lipid (TBARS) and
protein (PC) damage in the present study, after treatment with
carvedilol. When analyzing the marker of damage to proteins,
carvedilol consistently reduced the formation of PC when
compared to patients before treatment.

Except for the group classified as IA, with lower cardiac
involvement, all inflammatory markers remained unchanged in
the other groups. It is known that NO, in combination with the
O, leads to the formation of peroxynitrite, a potent biological
oxidant that eliminates T. cruzi in a dose-dependent manner,
and that MPO is an enzyme that participates in immune defense
reactions through the formation of hypochlorous acid as a
defense mechanism against pathogens*. That could explain the
increase found in the levels of NO and ADA in the group that
has a better immune response against infection by the parasite.
Furthermore, the cardioprotection of carvedilol may be related
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