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Abstract

We report results obtained with sera from 58 chronic chagasic patients
that were evaluated for effects on heart rate and atrioventricular (AV)
conduction in isolated rabbit hearts and screened for the presence of
muscarinic and beta-adrenergic activity. We show that sera from 26
patients decreased heart rate, while 10 increased it and 22 had no
effect. Additionally, sera from 20 of the 58 patients blocked AV
conduction. Muscarinic activation seems to be involved in both
effects, but is not the only mechanism, since atropine did not antago-
nize the decrease in heart rate in 23% of sera or AV block in 40%. Sera
from patients with complex arrhythmias were significantly more
effective in depressing both heart rate and AV conduction. Sera that
induce increases in heart rate seem to operate exclusively through
beta-adrenergic activation. Two of these sera, evaluated with respect
to intercellular communication in primary cultures of embryonic
cardiomyocytes were able to block gap junction conductance evalu-
ated by a dye injection technique after 24-h exposure. The mechan-
isms underlying this uncoupling effect are currently being investi-
gated.
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Introduction

Chagas’ disease results from a protozoan
infection by Trypanosoma cruzi (1). The
disease has both acute and chronic phases.
During the chronic phase, live parasites are
very rarely observed in blood or in the af-
fected organs, leading to the view that au-
toimmune mechanisms may be responsible
for the pathogenesis during the chronic stage.
For as yet unexplained reasons the heart and
gastrointestinal system are targets of the para-
site, and chronic chagasic cardiopathy is char-

acterized by bradycardia, conduction distur-
bances, heart failure, thromboembolism and
sudden death.

In a previous study on 10 patients, we
have shown that sera from chronic chagasic
(CCh) patients with complex arrhythmias
decrease heart rate and induce atrioventricu-
lar (AV) conduction block (AVB). In con-
trast, sera from CCh patients without com-
plex cardiac arrhythmias had no significant
effect on these parameters (2). We further
demonstrated that the depressing effects of
the sera on cardiac electrogenesis were me-
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diated by the activation of muscarinic recep-
tors by their IgG fraction (2,3). We now
report results obtained from experiments with
sera from 58 CCh patients that were screened
for the presence of muscarinic activity, as
well as beta-adrenergic activity as previ-
ously reported for other preparations by
Borda and collaborators (4,5). We evaluated
the effects of sera on heart rate and AV
conduction in isolated rabbit hearts and char-
acterized the mechanisms underlying the ob-
served effects by perfusing the same sera in
the presence of atropine or propranolol.

We also report on preliminary experi-
ments where we tested the effects of two of
these sera, displaying beta-adrenergic-like
effects, on intercellular communication in
primary cultures of murine embryo cardiac
myocytes.

Material and Methods

ECG recordings in isolated rabbit hearts

To evaluate the effect of serum on car-
diac electrogenesis, isolated rabbit hearts
were perfused by the Langendorff method as
described by Farias de Oliveira et al. (2). The
experimental protocol consisted of control
recordings for 20-30 min in Tyrode solution
(or in Tyrode containing atropine or pro-
pranolol, 1 µM), a 30-min perfusion with the
previous solution containing serum from the
chagasic patients diluted 1:100 (v/v) and a
final perfusion in the control solution. The
ECG was continuously monitored on an os-
cilloscope (561 Tektronix, Inc., Beaverton,
OR, USA) and recorded on a chart recorder
(2200, Gould Inc., Cleveland, OH, USA)
and on a video recorder (Hi Fi Video Cas-
sette Recorder, Sansui, Japan) using a Neuro
Corder instrument (Neuro Data Instr. Corp.,
New York, NY, USA). Experiments were
carried out only if no significant changes in
the ECG parameters were observed for the
20-30-min period of the control recordings.
The ECG analysis included P wave fre-

quency, presence of AVB and other arrhyth-
mias.

Cultures of mouse embryo cardiac myocytes

Cultures of cardiac myocytes were ob-
tained as previously described (6). Briefly,
hearts from 18-day-old in utero albino mice
were aseptically removed, the atria were
trimmed away and the ventricles minced
into small fragments. These fragments were
washed free of blood cells and incubated
three to four times for 10 min with Ca2+- and
Mg2+-free salt solution containing 0.05%
trypsin (Difco, Detroit, MI, USA) and 0.01%
collagenase (Worthington, Type II) at 37oC.
Enzyme activity was interrupted with fetal
calf serum (FCS). The suspension was cen-
trifuged at low speed and the cell pellet
resuspended in Dulbecco’s Modified Eagle
Medium (Sigma Chemical Co., St. Louis,
MO, USA) with 15% horse serum, 5% FCS,
2% chick embryo extract, 1 mM glutamine,
1000 U/ml penicillin and 50 µg/ml strepto-
mycin. The cell suspension was then pre-
plated in gelatin-coated culture flasks and
incubated for 90 min at 37oC in a 5% CO2

atmosphere. After this incubation the super-
natant containing non-attached cells was re-
moved and these cells were re-plated onto
gelatin-coated coverslips placed in 24-well
plates at approximately 5 x 105 cells/ml.
Medium was replaced the following day.
After 24 h, fresh medium containing serum
from CCh patients or from normal blood
donors was added at 1:10 (v/v) dilution. Dye
injection experiments were performed in
these cultures 15 min, and 4 and 24 h after
this maneuver.

Dye coupling

Dye coupling was assayed by intracellu-
lar injection of Lucifer yellow into indi-
vidual cells in culture. High resistance mi-
croelectrodes (30-50 MW if filled with 3 M
KCl) were filled with a 5% solution of the
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dye in 150 mM LiCl. Dye was injected into
the cell cytoplasm after impalement by small
(10 mV) hyperpolarizing pulses. When the
injected cell was distinctly bright, injection
was stopped, the microelectrode withdrawn
from the cell and dye spread to neighboring
cells was scored and photographed (Kodak
TMAX 400 film for 30 s) 1 min later. Fluo-
rescence images were obtained using a Nikon
Diaphot inverted microscope equipped with
Xenon arc illumination and the appropriate
filter set, as previously described (7).

Patient follow-up and selection procedures

Sera were obtained from chronic chagas-
ic cardiopathic patients followed for several
years at the Cardiomyopathy Research Clinic
of Hospital Universitário Clementino Fraga
Filho, UFRJ, Rio de Janeiro, Brazil. Sera
from 58 patients with different clinical char-
acteristics were assayed: 13 were classified
as group I (10, IA and 3, IB), 28 as group II
and 17 as group III according to the Los
Andes classification (8,9). According to the
Lown criteria (10), 20 belonged to group 1
(16, 1A and 4, 1B), 3 to group 2, 2 to group
3, and 33 to group 4 (15, 4A and 18, 4B).
Patients with concomitant arterial hyperten-

sion, chronic obstructive pulmonary disease,
cardiomyopathy of any etiology other than
Chagas’ disease, valvular heart disease, con-
genital cardiomyopathy, obstructive coro-
nary disease, thyroid dysfunction, excessive
alcohol consumption, known immunologic
dysfunctions or systemic diseases were ex-
cluded from the study. Patients who partici-
pated in this study gave written informed
consent. WHO and Helsinki Treaty regula-
tions (1963), reviewed in Venice (1983),
were followed and the study was approved
by the Hospital Ethics Committee.

Results and Discussion

Of the 58 CCh patients’ sera tested for
effects on cardiac electrogenesis, 26 (45%)
decreased and 10 (17%) increased heart rate
while 22 (38%) did not change it. Sinus rates
were considered to be significantly altered
by serum perfusion when the decreases were
larger than 10% (considering that a small,
spontaneous, and gradual decrease in heart
rate is observed in the isolated hearts) and
the increases were larger than 5%. Figure 1
summarizes the clinical characterization of
each of the 58 patients whose sera were
assayed, as well as the effects of perfusion
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Figure 1 - Classification of
chronic chagasic patients and ef-
fects of their sera on heart rate
and atrioventricular conduction
in isolated rabbit hearts. The re-
sults were listed according to
the Lown classification of the pa-
tients as indicated at the top of
the figure. Heart rate ratios
higher than 1 indicate an in-
crease in heart rate and ratios
lower than 1 indicate a decrease
in heart rate in the presence of
serum. Black bars indicate induc-
tion of atrioventricular conduc-
tion block by serum. Patient clas-
sification according to the Los
Andes criteria is shown at the
bottom of the figure. All sera
were tested diluted in Tyrode
saline at 1:100 (v/v).
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with these sera on heart rate and AV conduc-
tion in isolated rabbit hearts. Figure 2 shows
results of typical experiments displaying in-
creased (Figure 2A) and decreased (Figure
2B) heart rate in isolated rabbit hearts per-
fused with chagasic patients’ sera as com-
pared to the lack of effect during perfusion
with serum from a normal blood donor (Fig-
ure 2C).

These results show that the main effect of
CCh patients’ sera on cardiac activity is
depression of electrogenesis, as previously
reported by us (2), in contrast to the findings
by Borda and collaborators (4,5) who re-
ported a primarily positive chronotropic and
inotropic action of sera from CCh patients.
More recently, other investigators have also
reported results consistent with our observa-
tions (11) that only sera from a small fraction
of the patients had antibodies recognizing
beta-adrenergic receptors. One possible ex-
planation for this discrepancy is related to
differences in the experimental models used
- primary cultures of rat embryo myocytes
for chronotropic effects, and of rat atrium for
inotropic effects, in the study by Borda et al.
(4,5) - compared to adult isolated rabbit
heart used in our studies. Another is related
to differences in the clinical stages of the
patients: in our study, the patients had dis-
tinct clinical, hemodynamic and electrocar-
diographic disturbances, as can be seen from
the wide distribution of the patients in both
the Los Andes and Lown classifications (Fig-
ure 1), while Borda’s group usually worked
with sera from asymptomatic patients. We
also cannot rule out differences related to the
infective parasite strain, which are known to
result in distinct clinical manifestations of
the disease.

Among the 26 patient sera that decreased
heart rate, 20 (77%) had their effects blocked
by atropine (1 µM) while the remaining 7
continued to decrease heart rate in the pres-
ence of this muscarinic receptor antagonist,
suggesting an interaction of these sera with
non-muscarinic receptors. Figure 3A shows
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Figure 2 - Effect of patient se-
rum on isolated rabbit hearts.
ECG recordings for each pair
were obtained from the same
heart in this and subsequent fig-
ures. The upper traces in each
pair (control) represent ECG re-
corded during Tyrode perfusion.
Lower traces (serum) were ob-
tained in the presence of serum
diluted 1:100 (v/v) in Tyrode so-
lution. Sera from chronic chagas-
ic patients can induce tachycar-
dia (A) or bradycardia (B). Serum
from a normal patient had no ef-
fect on cardiac electrogenesis
(C). Horizontal bar = 1 s.
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Figure 3 - Muscarinic and beta-
adrenergic-like effects of sera
from chronic chagasic patients.
A, Control and washout traces
represent ECG recorded during
Tyrode perfusion, and the
middle trace, labeled serum,
was obtained in the presence of
a serum that induced a decrease
in sinus rate. B, Control and
washout, obtained in the pres-
ence of 1 µM atropine; S/Atr,
obtained with the same serum
as used in A, now in the pres-
ence of 1 µM atropine. In this
case the serum did not induce
bradycardia. C, Control and
washout, perfusion with Tyrode;
serum, in the presence of a se-
rum inducing an increase in
heart rate. D, Control and wash-
out in the presence of 1 µM pro-
pranolol; S/Prop, in the presence
of propranolol, the same serum
as used in C did not induce ta-
chycardia. Horizontal bar indi-
cates 1 s.
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the result of one experiment in which atro-
pine successfully antagonized the depress-
ing effect of the serum on heart rate. All 10
sera inducing an increase in heart rate had
their effects blocked by propranolol (1 µM),
as shown in Figure 3B, thus suggesting a
beta-adrenergic activation. Our data indicate
that sera from some CCh patients depress
cardiac electrogenesis via a non-cholinergic
pathway, while most others act through the
already reported muscarinic activation.

Analysis of the experiments with sera
derived from the 58 patients allowed us to
confirm that the depressing effect of these
sera is related to the severity of the cardiopa-
thy and to the presence of complex cardiac
arrhythmias in these patients. Figure 1 shows
that most of the sera depressing heart rate
were from CCh patients with complex ar-
rhythmias (CCh+, which includes groups 3
and 4 according to the Lown classification).
Sera from this group significantly decreased
heart rate (from 125 ± 4 bpm (means ± SEM)
during saline perfusion to 108 ± 4 in the
presence of serum and 113 ± 4 upon wash-
out; N = 35). In contrast, sera from patients
without complex arrhythmias (CCh-, groups
1 and 2 of the Lown classification) did not
significantly alter heart rate (124 ± 3 bpm in
saline compared to 119 ± 5 in the presence of

Control

Serum

Control

S/Atr

A

B

Figure 4 - Atrioventricular con-
duction block (AVB) induced by
serum from a chronic chagasic
patient in the isolated rabbit
heart. The arrows point to P
waves. A, Control: during Tyrode
perfusion; serum: ECG record-
ing obtained in the presence of
serum diluted 1:100 in Tyrode
solution. Note the occurrence of
AVB, characterized by several
non-conducting P waves (not fol-
lowed by the QRS complex). B,
Control: recording obtained dur-
ing atropine (1 µM) perfusion. S/
Atr: ECG recording obtained dur-
ing perfusion of the same se-
rum used in A, now in the pres-
ence of 1 µM atropine. Horizon-
tal bar indicates 1 s.

sera and 119 ± 4 upon washout; N = 23). The
effects of control and patient sera were com-
pared by ANOVA, followed by the Student-
Newman-Keuls test.

Figure 4 shows recordings of an experi-
ment performed with serum from a CCh
patient that induced second degree AVB.
Figure 1 shows that while sera from 16 of 35
(46%) CCh+ patients induced AVB, only 4
of 23 (17%) sera from CCh- patients had this
blocking effect. The Fisher exact test applied
to these results confirmed the previous ob-
servation that sera from CCh patients with
complex arrhythmias are significantly more
effective in inducing AV conduction distur-
bances (P = 0.047). No correlation between
depression of heart rate and induction of
AVB by individual sera could be established.

The ability to induce AVB was prevented
by atropine (1 µM) in 1 of 4 sera (25%) in the
CCh- group and in 11 of 16 (70%) in the
CCh+ patients. The depressing effect on heart
rate, on the other hand, could be reversed by
atropine in 3 of 7 (43%) CCh- and 16 of 19
(84%) CCh+ patients’ sera. These results
indicate a tendency for sera from CCh+ pa-
tients to act preferentially via muscarinic
activation while in sera from CCh- patients a
non-muscarinic mechanism seems to pre-
dominate.
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Figure 5 - Photomicrographs of primary cultures of neonatal mouse cardiomyocytes under
phase contrast (left panels), and fluorescence (right panels). In the control culture (A and B),
the dye spread to 4 cells adjacent to the injected cell. In the culture treated with serum that
showed adrenergic-like effects on heart rate (in the isolated whole rabbit heart), the dye
remained restricted to the injected cell (C and D). Calibration bar in D holds for all micro-
graphs and indicates 50 µm.

Results from longitudinal studies evalu-
ating clinical and electrocardiographic as-
pects in CCh patients show that the occur-
rence of conduction disturbances, specifi-
cally AVB, and complex arrhythmias are
very often associated (12). Whether these
disturbances are related to the muscarinic-
like activity of serum from CCh+ patients
needs to be further evaluated.

In another series of experiments we in-
vestigated the effect of sera from CCh pa-
tients exhibiting beta-adrenergic-like effects
in the whole heart preparation on intercellu-
lar communication in primary cultures of
murine embryo cardiac myocytes. Addition
of the sera at the dilutions used for the whole
heart (1:100 v/v) did not induce major alter-
ations in the cultures as evaluated by dye
spread (data not shown). However, at 1:10
dilution sera from these patients strongly
decreased coupling after 24 h, as illustrated
in Figure 5. Observe that while in the control
untreated culture Lucifer yellow injected into
one cell promptly spread to several other
cells (Figure 5B), in the serum-treated cul-
ture the dye was restricted to the injected cell
(Figure 5D). Figure 6 gives a quantitative
view of the uncoupling induced by this CCh
serum diluted 1:10 (v/v). Control untreated
cultures (open bars) showed coupling de-
grees ranging from 1-3 cells to more than 6
cells coupled to the injected cell, with maxi-
mum frequency in 4-6 cells. Treatment with
serum from a normal patient (black bars) for
24 h did not change this profile. In contrast,
treatment with sera from two distinct CCh
patients (hatched bars) with beta-adrener-
gic-like activity tended to uncouple the cells,
displacing the maximum frequency towards
1-3 cells with virtual absence of coupling to
4 or more cells and a significant number of
cells completely uncoupled (coupling de-
gree 0). Figure 7 shows that, for the serum
from CCh patient 1, the uncoupling effect
can only be detected after 24-h exposure.
This implies that the observed effect is not
acute, in contrast to what is seen in the

Figure 6 - Histogram show-
ing the extent of dye coup-
ling in primary cultures of
cardiomyocytes. The cul-
tures were treated with
sera from chronic chagasic
(CCh) patients showing ad-
renergic-like effects (pa-
tients 1 and 2) and from
orthopedic patients, both
compared to untreated cul-
tures (control). The cells
were injected with the
fluorescent dye Lucifer yel-
low. The extent of coup-
ling was divided into four
classes: 0, 1-3, 4-6 and >6
according to the number of
cells to which dye was
transferred upon injection into one cell. In control untreated cultures and in cultures treated
with serum from the orthopedic patient, 73% and 65% of the injected cells were well
coupled (coupling degree: ³ 4 cells), respectively. In cultures treated with sera from chagasic
patients 1 and 2, the percentage of dye-uncoupled cells was 22% and 35%, respectively.
Coupling was significantly decreased in cultures incubated with sera from both CCh patients
(P<0.01, c2).
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isolated hearts as described above. In fact,
the expected result after activation of the
cardiac beta-adrenergic receptor would be
increased coupling as reported by De Mello
(13) and Burt and Spray (14), resulting from
protein kinase A (PKA) activation. Our ob-
servations, restricted to prolonged culture
exposure to sera containing beta-adrenergic-
like activity, may be explained in many dif-
ferent ways. It is known that receptor activa-
tion by these sera is not identical to the
natural agonist activation. Indeed, there was
no desensitization with most sera tested.
Binding experiments (15) suggest that the
agonist and the serum binding sites are di-
verse. Therefore, it is reasonable to assume
that activation by sera may trigger intracellu-
lar cascades that are not those activated by
the natural agonist, resulting in diverse ef-
fects. Alternatively, given that the serum
effect does not desensitize the receptor, one

may assume that PKA could be depleted
after prolonged exposure to serum, resulting
in the long-term decrease in junctional coup-
ling. Increased coupling would not be seen
during the shorter time exposures due to the
fact that cultures were initially well coupled.
These arguments, however, are highly specu-
lative and it is clear that additional experi-
ments are needed to identify the underlying
mechanism.
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Figure 7 - Time dependence of the uncoupling effects
of chagasic sera. Histogram showing the degree of dye
coupling in primary cardiomyocyte cultures. The cardio-
myocytes were incubated with serum from chagasic
patient 1 for different periods of time. Control (black
bars) is represented by cardiomyocytes incubated with
an orthopedic patient’s serum for 24 h. Incubation with
the chagasic patient’s serum for periods of time vary-
ing from 15 min up to 4 h did not affect the dye
coupling pattern observed in the control condition
(P>0.01, c2). However, 24 h after incubation with the
chagasic serum coupling was significantly decreased in
comparison to the control group (P<0.01, c2).
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