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Background: Chronic chagasic heart disease represents extensive remodeling of the cardio-
vascular system, manifested as cardiac denervation, interstitial mononuclear infiltrate, myocyte
and vascular degenerative changes, fibrosis, and hypertrophy. Moreover, acrobic exercises are
widely indicated for the treatment of various disorders of the cardiovascular system.
Purpose: To evaluate the right and left ventricles of BALB/c mice with chronic Chagas disease,
undergoing mild exercise, by using morphometric and stereological methods.

Materials and methods: A total of 20 male mice at 4 months of age were used for experiments.
The animals were divided into four groups (n=5 in each group): untrained control, trained
control, untrained infected (UI), and trained infected (TI). Animals of UI and TI groups were
inoculated with 1,000 trypomastigote forms of Trypanosoma cruzi (Y strain), and after 40 days,
animals entered chronic phase of the disease. Physical exercise, which included swimming,
was performed for 30 minutes daily, five times a week for 8 consecutive weeks at a bath tem-
perature of 30°C. After the trial period, euthanasia and subsequent withdrawal of the heart
were done. The organ was prepared by histological staining procedures with hematoxylin—eosin
and picrosirius red.

Results: We found that the physical training used in our experimental model promoted increase
in volume density of capillaries and decrease in volume density of collagen fibers and cross-
sectional area of cardiomyocytes in chagasic animals (TI group). By histopathological analysis,
we found differences in the inflammatory infiltrate, which was lower in animals of TI group.
The training program promoted a recovery of these parameters in the TI group.

Conclusion: Our results suggest that low-intensity aerobic exercise acts on morphological
and morphometric parameters of the left and right ventricles in mice infected with 7. cruzi,
reducing the changes caused by the organism and making the results comparable to those of
the uninfected control group.
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Introduction
Chagas disease, also known as American trypanosomiasis, is a disease caused by the
protozoan parasite Trypanosoma cruzi. It is found mainly in Latin America, from
Chile to the Southern United States. In Brazil, it is the fourth leading cause of death
from parasitic infection."> According to the World Health Organization (WHO),? over
12 million people are infected, and approximately 7-8 million are estimated to be
infected worldwide, causing approximately 20,000 deaths annually. The main clinical
manifestations of Chagas disease are cardiac and/or digestive disturbances.

Chronic chagasic heart disease represents extensive remodeling of the cardiovas-
cular system, manifested as cardiac denervation and interstitial mononuclear infiltrate.
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Myocyte and vascular degenerative changes, fibrosis, and
hypertrophy characterize the main pathologic features of
chronic chagasic cardiomyopathy.'*# These morphological
alterations coexist and are associated with abnormalities of
the electrical and contractile cardiac activities, which are
characterized mainly by conduction faults, frequent and
complex ventricular arrhythmias, and systolic ventricular
dysfunction.>® In general, they are of ten biventricular pat-
tern and frequent mode with greater impact on the right
side, characterized by dilation and dysfunction of the right
ventricle (RV), resulting from particular anatomical and
functional changes of the left ventricle (LV) on the right
side.’

Physical exercise is recognized as a hypotensive agent in
both humans and animals,3*!° especially when training is car-
ried out at low and moderate intensity, and acts as a powerful
stimulus for the cardiovascular structural remodeling. Studies
in animals and humans show positive results of physical
exercise practice in the 7. cruzi infection.'!?

The objective of this study was to evaluate the effect of
an exercise program in the myocardium of mice with chronic
chagasic heart disease, thus creating a basis for the practice
of regular exercise as an additional medical therapy for this
illness.

Materials and methods

Animals and procedures

Experimental animals

The study included 20 young, male, BALB/c mice (20-25 g,
5-7 weeks old) from the Animal House of the Dante Pazzanese
Institute of Cardiology, Sao Paulo, Brazil. The animals were
housed in collective polycarbonate cages in a temperature-
controlled room (22°C) with a 12-hour dark-light cycle
(light: 07:00-19:00 hours). Mice were fed standard laboratory
chow. The experimental protocol was approved by the Ethical
Committee in Research of the Sdo Judas Tadeu University
(Proto 060/2007), and this investigation was conducted in
accordance with the Principles of Laboratory Animal Care
formulated by the National Institutes of Health. The mice
were randomly assigned into four groups: untrained control
(UC, n=5), trained control (TC, n=5), untrained infected (UI,
n=5), and trained infected (TI, n=5).

Parasitemia and exercise training

Inoculum and strains of T. cruzi

Ten 20-day-old BALB/c mice (groups Ul and TI) were
infected with 1,000 trypomastigotes forms of Y strain of
T. cruzi per animal. Parasites were obtained from the blood of

infected mice, washed three times with phosphate-buffered
saline by centrifugation, and inoculated intraperitoneally.

Parasitemia

Parasitemia curve and parasite peak were determined by
collecting 5 UL of blood samples from the tail of the animal
by using Brenner’s'? protocol. The blood was collected
daily from the 2nd day of infection until no parasites were
observed (~40 days), characterizing the chronic phase of
infection.

Exercise training

After 60 days, all animals were adapted in a liquid medium in
individual tanks (50 cm high x 30 cm diameter) for 5 days —
15 minutes daily — with the purpose of reducing the stress
of animals when performing physical exercise in water. The
training protocol, modified by Lancha Jr,'* included swim-
ming and was performed with animals of TC and TI groups
for 8 weeks, 5 days a week, lasting 30 minutes per day.
There was no extra weight added to the training because of
the animals’ fragility. The animals of the untrained groups
(UC and UI) held a 15-minute session per week, intending to
undergo the stress similar to that experienced by the trained
animals. This protocol was characterized as training of low
intensity and long duration.

Tissue sample preparation

Atthe end of the experiment, the animals (~120 days old) were
sacrificed by decapitation, and an incision was made in their
chests to expose the hearts of each animal. The hearts were
removed and weighed on an analytical balance; then the atria
were separated from the ventricles at the level of the atrioven-
tricular groove, and the RV and LV were sectioned at the level
of the papillary muscles, including the interventricular septum.
The tissue thus obtained was weighed and fixed in 10% buffered
formalin solution (pH 7.2) for 48 hours.

After fixation, the material was subjected to the process
of dehydration, diafanization, and inclusion in paraffin. For
every animal, five nonconsecutive histological sections, 6 um
thick cross sections, of the fragments of RV and LVwere used.
After the hematoxylin—eosin and picrosirius red staining, the
sections were examined by light microscopy and polarized
light microscopy, respectively.

Morphological/morphometric analysis

The images were captured and used for morphometric and
stereological studies with the AxioVision (Zeiss, Gottingen,
Germany) software.
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Table | Body mass and heart weights of the studied animals

Parameters/groups (n=5) ucC TC Ul TI

Body mass, initial (g) 37.20+0.83 38.33+0.81 37.2+1.09 37.00+1.22
Body mass, final (g) 42.1610.83 43.18+1.00 40.97£1.33 41.54+1.53
MF-MI (g) 496+ 0.36 5.35+0.43 3.78+0.59*# 4.54+0.73
Heart weight (g) 0.198+0.02 0.198+0.016 0.176+0.03 0.188+0.03
Heart mass/body mass, X103 451 +0.87 4.58+0.29 4.47+0.61 474 +0.40

Notes: Values are presented as mean £ SEM. *P<<0.05 vs UC; #P<<0.05 vs TC.

Abbreviations: UC, untrained control; TC, trained control; Ul, untrained infected; Tl, trained infected; MF, mass final; MI, mass initial; SEM, standard error of the mean.

In total, ten images per group, under x30 magnification,
were captured. Four measures per image were obtained
at 0°, 90°, 180°, and 270° to estimate the thickness of
LV and RV. The area (a) of the left ventricular cavity was
estimated by drawing a line over the circle delimited by the
inner interface. The lumen diameter (D) was calculated as:
D=2 a/n.

A total of 480 photomicrographs (x400) were used for
the quantitative analysis of the muscle tissue composition in
LV and RV. The computerized program, AxioVision (Zeiss),
analyzed each micrograph. The myocyte mean cross-sectional
area (CSA [my]) was determined for every animal in each
group. The myocardium was analyzed by a stereological
test system with 442 points, which are delimited by lines
of inclusion and exclusion, systematic and evenly allocated,
and superimposed on the micrographs. The volume density
was estimated for the myocyte (Vv [my]), capillaries (Vv
[cap]), and connective tissue (Vv [ct]); Vv [structure] = PP
[structure]/partial points (PP) counted on a section in relation
to the total possible points or test-points (PT). To determine
volume density of the picrosirius red-stained collagen fibers,
the photomicrographs of the LV and RV were analyzed by
using a stereological test system with 200 points, and values
were expressed as a percentage.'®

Statistical analysis

Data were expressed as mean £ SEM (standard error of
mean). After confirming that all continuous variables were
normally distributed using the Kolmogorov—Smirnov test,
statistical differences between the groups were obtained by
one-way analysis of variance. When a significant difference
was detected, comparisons were made by Tukey’s post hoc
test. P-values less than 0.05 were considered to be statisti-
cally significant.

Results

Biometrical analysis
The animals of the UI group showed a 24% decrease in the
weight variation (initial weight—final weight, P<<0.01) and

physical training reversed this situation by 20% when com-
pared to the control group (UC) (Table 1).

Histopathological analysis
The semiquantitative findings reveal differences between the
groups and text, as shown in Figure 1.

Morphometric analysis

In the study groups, no significant difference was observed
in the parameters such as thickness (T), diameter (D), and in
the relation T/D in the LV. We observed a decrease (—6%)
in the thickness of interventricular septum in the TI group
when compared to that in the UI group. We noted that train-
ing caused a significant increase in the thickness of the right
ventricular myocardium both in the control group (+24%)
and the infected group (+66%) (Table 2).

Figure | Photomicrographs of transverse histological sections of myocardium from
animals in the studied groups (hematoxylin—eosin stain).

Notes: (A) untrained control; (B) trained control; (C) untrained infected; (D)
trained infected. (A) The characteristic homogenous structure seen in control. (B)
Myocyte hypertrophy evidenced by karyomegaly and hyperchromatic nuclei (thin
arrow) and decreased inter-beam space (thick arrow). (C) Beam of more spaced
muscle fibers (thin arrow), moderate mononuclear inflammatory infiltrate with
presence of mast cells (arrowhead). There is edema and mild diffuse fibrosis (thick
arrow). (D) Absence of inflammatory infiltrate, increased spaces between muscle
beams (thick arrow) and myocyte hypertrophy characterized by karyomegaly and
hyperchromatic nuclei (thin arrow).
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Table 2 Ventricular cavity diameter (VCD), thickness (T) of
the LV and RV walls and of the septum, and T/VCD of the four
studied groups of mice

Groups ucC TC Ul TI

VCD (mm?) LV 1212027  1.21£0.18  1.13+0.12 1.09+0.17
T (mm?) LV 1.20+0.03  1.29£0.19  1.15+0.21 1.22+0.17
TNVCD (mm?) LV 0.91+0.15  0.89+0.12  0.90+0.1 0.95+0.19
T (mm?) RV 0.4210.04 0.53+£0.04 0.32£0.01*  0.53+0.02*
Septum (mm?) 1.05+0.07  1.0+£0.03 0.98+0.03  0.92+0.05

Notes: Values are presented as mean + SEM. #P<<0.05 vs TC; *P<<0.05 vs Ul.
Abbreviations: UC, untrained control; TC, trained control; Ul, untrained infected;
T, trained infected; LV, left ventricle; RV, right ventricle; SEM, standard error of the
mean.

When the myocardium of infected animals that did not
undergo training (Ul group) was analyzed and compared
with that of the animals in the UC group), we found that
the chronic Chagas disease promoted decrease (P<<0.05)
in the volume densities of capillaries and cardiomyocytes in
the LV, and significant increase in the volume densities of
collagen, interstitium, and the CSA of cardiomyocytes was
observed. In the RV, we observed an increase (P<<0.05) in
the volume densities of collagen and capillaries and decrease
in the interstitium and the CSA of cardiomyocytes (Table 3,
Figures 1 and 2).

After performing the aerobic training protocol of low
intensity, we found that exercising caused an increase in Vv
[cap] (P<<0.05) and a decrease in Vv [int], volume density
of collagen fibers (Vv [col]), and CSA of cardiomyocytes
(P<0.05) in infected animals, when compared to those in Ul
animals (Table 3, Figures 1 and 2).

Discussion

Our results showed that low-intensity aerobic exercise
decreased the body weight to a little extent in the group of
animals infected with 7 cruzi. The decrease in body mass,

associated with heart failure, caused by Chagas disease can
characterize the cardiac cachexia. Perhaps, mild aerobic
exercise training can promote improvements in this condition,
which can be visualized by increased body mass.'®

Besides the effect on body mass, the low-intensity acrobic
exercise promoted thinning of the interventricular septum and
increased the RV thickness. However, we found no differences
in regard to the thickness and diameter, and in the relation
between these parameters in the LV between the groups. The
morphological reorganization of the parenchyma and stroma
myocardium seems to be intrinsically induced as a result of
the infection with 7. cruzi. Novaes et al reported that such
infection can induce an overall structural remodeling of
the right atrium and LV in animals infected with 7. cruzi.'’
Furthermore, another study reported that remodeling occurs
and the parasite infection may also compromise the tolerance
to physical exercise.'® The positive effects of regular light
aerobic exercise in patients with Chagas disease have been
reported in the literature, Fialho et al found improvement of
the cardiac functional capacity in these patients when they
were subjected to regular physical exercise.! Our results
verified such effects on morphological and morphometric
parameters. Debessa et al while studying the cardiac muscle
tissue, especially collagen fibers, demonstrated that there
are differences in the amount and types of collagen fibers
between young and elderly subjects.?’ The loss of cardio-
myocytes is related to the accumulation of collagen. Another
possible mechanism for the accumulation of collagen with
age could be an inhibition of collagen degradation. Thus,
the increase in myocardial collagen may contribute to the
decrease of ventricular elasticity with age. Similar data were
found by Marques et al in the myocardium of spontaneously
hypertensive animals.?! Hypertension leads to hypertrophy
in the cardiomyocytes, and the blood supply is affected;

Table 3 Stereological parameters of the LV and RV of the four studied groups of mice

Groups ucC TC Ul TI

Vv [myo]% LV 92+0.4%< 91.2+0.4%< 88.4+0.6%b<d 89.7£].2:%¢

Vv [col]% LV 1.520. b 0.9£0.03bd 3.05+0.06*# |.3£0.05%+b<
Vv [cap]% LV 2.240.4| %< 5.140.2%abed 1.3+0.14% 4.310.74%abed
Vv [ct]% LV 5.8340.12* 3.73£0.2 |Hacd 10.32+0.55%#ad 5.99+0.82%+ad
CSA (um) LV 187.43£11.31* 214.91423.1 6%0< 232.50%1 || 8FHac 181.56£1[.93%+
Vv [myo]% RV 88.8610.49 92.4£1.21%* 94.05+0.44* 90.63+0.54*
Vv [col]% RV 1.05+0.07 1.1+£0.08 2.89+0.25%# 2.18+0.16%#*
Vv [cap]% RV 0.6810.12 0.98+0.1 | 0.97+0.22 1.29+0.15%

Vv [ct]% RV 10.46+0.4 6.6x1.11* 4.99+0.38* 8.08+0.4"
CSA (um) RV 201.46+22.18 237.89+4.64* 184.63£19.59*# 233.46+4.95%+

Notes: Values are presented as mean + SEM. *P<<0.05 vs UC; #P<<0.05 vs TC; *P<<0.05 vs Ul; LVxRV 2P<<0.0001 vs UC; ®P<<0.0001 vs TC; <P<<0.0001 vs Ul; 9P<<0.0001 vs TI.
Abbreviations: UC, untrained control; TC, trained control; Ul, untrained infected; Tl, trained infected; LV, left ventricle; RV, right ventricle; Vv, volume density; myo,
myocytes; col, collagen fibers; cap, capillaries; ct, connective tissue; CSA, cross-sectional area.
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Figure 2 Photomicrographs of longitudinal sections of the myocardium stained by
picrosirius red, viewed through polarized light.

Notes: (A) Untrained control; (B) trained control; (C) untrained infected; (D)
trained infected. Note the birefringent collagen fibers (arrows) and their arrangement
in the cardiac muscle tissue. Check the increase in collagen fibers in the untrained
infected group (C) compared to trained infected group (D).

this in turn leads to ischemia and consequent cell loss by
apoptosis and/or necrosis, promoting remodeling by repara-
tive fibrosis.?!

The present study showed changes in the chagasic
untrained group (UI group) and similar data were observed
by the aforementioned authors, corroborating our findings,
which are as follows: cardiomyocyte hypertrophy is associ-
ated with 1) an increase in CSA [myo] (27%), perhaps to
compensate the loss of cardiomyocytes; and 2) an increase
in Vv [col] (106%) and Vv [ct] (77%) and decrease in
Vv [cap] (41%), thus leading to an increase in the ratio.
Tassi et al studied the relationship between fibrosis and
ventricular arrhythmias in Chagas heart disease, without
ventricular dysfunction, by cardiac magnetic resonance
and found that the presence of myocardial fibrosis is
closely related to arrhythmia. Furthermore, perhaps the
parasitemia has a similar effect with advancing age and
the effects of exercise on collagen fibers appear to be
similar.?

Thus, we found that physical training used in our experi-
mental model promoted increase in Vv [cap] and decrease in
Vv [int], Vv [col], and CSA of cardiomyocytes in chagasic
animals (TT group). In addition, the histopathological evalua-
tion showed differences in the inflammatory infiltrate, which
was lower in this group of animals. Similar results on the
effects of physical exercise in chagasic animals were obtained
in the enteric nervous system.?

The direct action of the parasitemia in the cardiac muscle
in the above parameters was not reported in the literature.
Finally, we note that our results suggest that the application

of low-intensity physical training has positive effects on
morphological and morphometric parameters of the LV
and RV in mice infected with 7. cruzi and minimizes the
changes caused by the organism, making the results com-
parable to those of the uninfected control group. Further
studies are needed to determine whether such activities can
contribute to functional improvement of the heart muscle
in the Chagas disease.
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The authors report no conflicts of interest in this work.
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