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Background. Myocardial perfusion defects (MPD) due to coronary microvascular dys-
function is frequent in chronic Chagas cardiomyopathy (CCC) and may be involved with
development of myocardial damage. We investigated whether MPD precedes left ventricular
systolic dysfunction and tested the hypothesis that prolonged use of dipyridamole (DIPY) could
reduce MPD in an experimental model of CCC in hamsters.

Methods and results. We investigated female hamsters 6-months after 7. cruzi infection
(baseline condition) and control animals, divided into T. cruzi-infected animals treated with
DIPY (CH + DIPY) or placebo (CH + PLB); and uninfected animals treated with DIPY
(CO + DIPY) or placebo (CO + PLB). The animals were submitted to echocardiogram and
rest SPECT-Sestamibi-Tc99m myocardial perfusion scintigraphy. Next, the animals were
treated with DIPY (4 mg/kg bid, intraperitoneal) or saline for 30 days, and reevaluated with the
same imaging methods. At baseline, the CH + PLB and CH + DIPY groups showed larger
areas of perfusion defect (13.2 +£ 13.2% and 17.3 + 13.2%, respectively) compared with
CO + PLB and CO + DIPY (3.8 = 2.2% e 3.5 + 2.7%, respectively), P < .05. After treatment,
we observed: reduction of perfusion defects only in the CH + DIPY group (17.3 £ 13.2% to
6.8 £7.6%, P = .001) and reduction of LVEF in CH + DIPY and CH + PLB groups (from
653 £9.0% to 53.6 £ 6.9% and from 69.3 £ 5.0% to 54.4 + 8.6%, respectively, P < .001).
Quantitative histology revealed greater extents of inflammation and interstitial fibrosis in both

All editorial decisions for this article, including selection of reviewers
and the final decision, were made by guest editor Alberto Cuocolo,
MD.

Reprint requests: Marcus Vinicius Simaoes, PhD, Medical School of
Ribeirao Preto, University of Sdo Paulo, Sao Paulo, Brazil;
msimoes @fmrp.usp.br

1071-3581/$34.00

Copyright © 2018 American Society of Nuclear Cardiology.

1569


http://crossmark.crossref.org/dialog/?doi=10.1007/s12350-018-1198-7&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12350-018-1198-7&amp;domain=pdf

1570 Tanaka et al.

Prolonged dipyridamole administration reduces myocardial perfusion

Journal of Nuclear Cardiology®
September/October 2019

Chagas groups, compared with control group (P < .001), but no difference between Chagas

groups (P > .05).

Conclusions. The prolonged use of DIPY in this experimental model of CCC has reduced
the rest myocardial perfusion defects, supporting the notion that those areas correspond to
viable hypoperfused myocardium. (J Nucl Cardiol 2019;26:1569-79.)
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Abbreviations

CCC Chronic Chagas cardiomyopathy

MPD Myocardial perfusion defects

DIPY Dipyridamole

PLB Placebo

LV Left ventricle

LVEDD Left ventricle end diastolic dimension

LVESD Left ventricle end systolic dimension

LVEF Left ventricular ejection function

PD Perfusion defects

SPECT Single photon emission computerized
tomography

See related editorial, pp. 1580-1583

INTRODUCTION

Chagas disease is still endemic in many regions of
Latin America, where from 8 to 10 million people are
estimated to be infected,’ and represents an emerging
public health issue in nonendemic countries such as the
United States and the European and Asian countries.””

The most relevant clinical manifestation of the
disease in its chronic phase is a dilated cardiomyopathy
arising at about 2 to 3 decades after the initial infection.
An intriguing aspect of the pathogenesis of chronic
Chagas cardiomyopathy (CCC) involves which predom-
inant injuring mechanisms lead to such a delayed
development of myocardial damage.* The main patho-
genic mechanisms considered to be central in this
process are myocardial aggression depending on persis-
tently low intensity but incessant parasitism® and
myocardial injury mediated by the immune system.®

Besides the above, clinical studies have demon-
strated a high rate of ischemic perfusion defects (30 to
50%) in chronic Chagas disease patients with normal
sub-epicardial coronary arteries, suggesting that
myocardial perfusion disturbances occurring due to
microvascular dysfunction may also take part in the
myocardial lesion process.”” This hypothesis is further
supported by necroscopic studies showing topographic
correlation between coronary microvascular obstruction
and ischemic myocardial lesions in CCC patients.'®"!

Previous results of our research group showed rest
myocardium perfusion defects are detected when using
in vivo imaging in experimental model of CCC in

hamsters. These rest myocardium perfusion defects
(MPD) were topographically related to increased
myocardial inflammation and regional systolic dysfunc-
tion but not with regional fibrosis, raising the possibility
to represent areas of viable myocardium with resting
hypoperfusion.'?

Thus, to understand those findings in greater depth,
the present study aimed at investigating whether the
MPD precede the LV systolic dysfunction in the
experimental model of CCC in hamsters. In addition,
we also tested the hypothesis that the prolonged use of a
coronary vasodilator agent, viz., dipyridamole, could
ameliorate the rest MPD in this experimental model of
CCC.

METHODS

Experimental Animals

Twelve-week-old female hamsters (Mesocricetus aura-
tus) (Anilab—Animais de Laboratério Criagio e Comércio
Ltda, Paulinia/SP, Brasil) were used for the study. The animals
were maintained in a climatically controlled environment on a
12-h light/dark cycle with free access to food and standard
chow. All procedures and protocols were approved by the
Animal Research Ethics Committee of the Institution (Protocol
n° 028/2014).

Experimental Protocol

The animals of the Chagas group were infected intraperi-
toneally with 3.5 x 10* trypomastigote forms of 7. cruzi Y-
strain. Control animals were inoculated with the same volume
of saline solution.

Six months after 7. cruzi infection or saline injection for
controls, all animals were submitted to baseline imaging
studies, including high-resolution myocardial perfusion-
SPECT and echocardiography. This time window was chosen
based on previous works indicating that at 6 months after
infection, the animals present no significant LV systolic
dysfunction.'?

The animals were then divided into four groups: (1)
Chagas + dipyridamole (CH + DIPY, n = 15): chronically 7.
cruzi-infected animals treated with dipyridamole; (2) Cha-
gas + placebo (CH + PLB, n = 15): chronically T. cruzi-
infected animals treated with placebo; (3) Control + dipyri-
damole (CO + DIPY, n = 10): noninfected animals treated
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with dipyridamole; and (4) Control + placebo (CO + PLB,
n = 10): noninfected animals treated with placebo.

The animals treated with dipyridamole received an
intraperitoneal injection of 4 mg/kg twice a day for 30 days.
This dose was chosen based on previous studies investigating
the effect of dipyridamole in rodent microcirculation.'*'
Placebo-treated animals were injected intraperitoneally with
the same volume of saline solution.

In the posttreatment evaluation, the animal underwent the
same imaging methods used at the baseline, which was
followed by euthanasia and collection of blood samples and
heart tissue. The confirmation of chronic Chagas infection was
performed by detection of anti-7. cruzi antibodies in the sera of
the infected hamsters with a Western blot assay with the TESA
fraction of secreted 7. cruzi antigens employing anti-hamster
IgG conjugated to horseradish peroxidase as the secondary
antibody as previously described.'®

Echocardiographic Assessment of
Ventricular Remodeling and Function

After sedation with ketamine and xylazine (100 and
10 mg/kg), the echocardiogram was recorded using the high-
resolution Philips HD11XE two-dimensional echocardiogra-
phy system (Philips, Andover, MA) provided with a 15-MHz
high-frequency linear transducer. Using the parasternal win-
dow to obtain long-axis and short-axis images of the LV at the
papillary level, M-mode images were used for the measure-
ment of interventricular septum and LV posterior wall
thickness, as well as LV end diastolic (LVEDD) systolic
(LVESD) dimensions. The diastolic diameter of the LV was
measured in the maximum ventricular diastolic dimension, and
the systolic LV dimension was obtained during maximum
inward motion of the septum and posterior wall. LVEF was
calculated applying the Teichholz formula.

The images were recorded by an echocardiographer
experienced in lab work with small animals who was blind
to the group to which the animals belonged, for the offline
analysis at the end of the study.

All measures represented the means of at least five
consecutive cardiac cycles using the same projection, trans-
ducer positions, and angulation and in the same frozen image
frame.

High-Resolution Myocardial Perfusion
SPECT

Images were acquired with a high-resolution imaging
system based on pinhole collimators coupled to a gamma
camera of clinical use (BrightView XCT; Philips Medical
Systems Inc., Cleveland, OH) that has recently been vali-
dated.'”'® For image acquisition, the animals were
anesthetized with 3% isoflurane, and 555 MBq of Sestamibi-
Tc99m was injected into the sublingual vein. One hour after
injection of the radiopharmaceutical, the animals were anes-
thetized with ketamine (100 mg/Kg) and xylazine (10 mg/kg),
intramuscular, and positioned in a cylindrical support that
permitted to rotate the animals to sequential angular positions
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in the image acquisition system. Forty projections equally
spaced over 360° were acquired, 30 s/projection, using a
128 x 128 acquisition matrix.

The dipyridamole or placebo administration was kept in
all experimental groups until the radiotracer injection. The
animals of DIPY groups received the last dose of dipyridamole
around 8 hours before the radiotracer injection; thus, images
were performed under the effect of dipyridamole.

The images were exported in DICOM format and were
processed to obtain the three-dimensional model of radiophar-
maceutical distribution in the target organ using a dedicated
reconstruction software.'’

Analysis of myocardial perfusion was based on the
construction of a polar map generated with the previously
validated software for the quantitative assessment of defect
areas.'® Perfusion defects (PD) were identified by pixels with
uptake below 50% in relation to the pixels of maximum uptake
value. The results of quantitation are reported as percent area
of perfusion defect in relation to total LV surface. LV
segmentation into a 13-segment model (6 basal, 6 mid-
ventricular and 1 apical) was used for the topographic
correlation of the perfusion defect areas with the results of
histopathologic studies.

Histopathology

After deep anesthesia, the chest was opened, and the
animals were sacrificed by exsanguination. The heart was
excised and washed in PBS solution, and basal vessels and
atria were discarded.

For histopathologic analysis, short-axis sections were
obtained at three ventricular levels (basal, mid-ventricular, and
apical). Slices were scanned and analyzed using a digital
pathology system consisting of a digital scanner (Scanscope
CS System; Aperio Technologies Inc., Vista, CA, USA).

Samples with areas ranging from 1.5 to 2 mm? were used
for all analyses, maintaining a topographic correlation with the
in vivo imaging exams. The samples were stained with
hematoxylin—eosin for quantitative analysis of inflammatory
intensity by automatic counting of the number of clusters of
mononuclear cells per mm”. The extent of fibrosis was
quantitated using picrosirius staining, and measured as percent
area of interstitial and perivascular fibrosis.

Statistical Analysis

Continuous variable data are reported as mean + standard
deviation, and nominal variables are reported as absolute (1)
and relative (%) frequency.

The Shapiro-Wilk test was used to determine Gaussian
distribution of variables. We used the One-way Analysis of
Variance (ANOVA) for the simultaneous comparison among
the four experimental groups of the baseline means of
myocardial perfusion defect areas, echocardiography variables,
and for the histopathological results of inflammation per-
formed after treatment. Kruskal-Wallis was used for the
simultaneous comparison of fibrosis extent, which presented
non-Gaussian distribution, at the end of study.



1572 Tanaka et al.

Prolonged dipyridamole administration reduces myocardial perfusion

A mixed ANOVA for repeated measures was used to assess
interaction (main effect) between the experimental groups
(between-subject effect) and time (within-subject effect) on
LVEF, LVEDD, and myocardial perfusion defect areas. Green-
house—Geisser conservative F-test was used to take into account
lack of compound symmetry when appropriate. Where a
statistically significant interaction was found, simple effect tests
were performed to evaluate differences between pre- and
posttreatment values into each experimental group.

The level of significance was set at P < .05, two-tailed in
all analyses.

Statistical analysis was performed using Stata, version
14.2 (StataCorp, College Station, TX, USA).

RESULTS

General Aspects and Mortality

During treatment, five infected animals died, three
from the placebo group and two from the dipyridamole
group. In the control group, one animal receiving
dipyridamole died. Only surviving animals were used
for statistical analysis.

LV Function

The results of the echocardiogram and myocardial
perfusion-SPECT at baseline and posttreatment evalua-
tion are presented in Table 1.

The echocardiography parameters were similar for
all groups at baseline evaluation, ANOVA—P > .05.
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Repeated-measures ANOVA of LVEF showed a
significant interaction between the experimental groups
and time (pre- and posttreatment time interval),
P = .016. In a post hoc test of simple effects, posttreat-
ment LVEF was reduced in comparison with
pretreatment LVEF in both Chagas group (CH + PLB
and CH + DIPY), P < .001 for both comparisons. No
difference was detected in the control groups, P > .05.
No significant interaction between the groups and time
on LVEDD was found, P = .133.

Myocardium Perfusion

Thirteen of the 25 infected animals (52%) showed
significant areas of perfusion defects compared with
control, ANOVA—P < .05. Of the 325 segments analyzed
inboth T. cruzi infected groups, 64 (20%) showed perfusion
defects. Among the 13 animals with perfusion defects, the
segments most frequently involved were apical (100%),
anterior-basal (69%), anterior-basal septum (69%), infe-
rior-basal septum (62%), and mid-inferior septum (54%).

Repeated-measures ANOVA of area of perfusion
defects showed a significant interaction between the
experimental groups and time (pre- and posttreatment
time interval), P = .036. A significant reduction of the
area of perfusion defects was observed only in the
infected group treated with dipyridamole (Table I,
Figures 1, 2B, P < .001). In the CH + PLB group and
in the control noninfected groups, the areas of perfusion
defects were similar at baseline and in the posttreatment
period (Table 1, Figures 1, 2A).

Table 1. Baseline and posttreatment results of echocardiographic and myocardial perfusion studies

for each experimental group

Control + PLB Control + DIPY Chagas + PLB Chagas + DIPY P

Variables (n = 10) (n =9) (n = 12) (n = 13) (ANOVA)
LVEF (%)
Baseline 65.1 + 9.8 63.0+5.3 69.3+5.0 65.3 +9.0 P=.016
Post 60.0 + 8.8 59.3 £+ 89 54.4 + 8.6* 53.6 £ 6.9*
treatment
LVEDD (cm)
Baseline 0.7 £ 0.06 0.6 £ 0.06 0.6 £ 0.03 0.7 £ 0.05 P=.133
Post 0.7 +0.12 0.6 £ 0.10 0.7 £ 0.08 0.8 £ 0.06
treatment
PD (%)
Baseline 3.8+2.2 35+27 13.2 £ 13.2 17.3 £ 13.2 P =.036
Post 55+3.2 29+33 10.5 £ 10.0 6.8 £+ 7.6*
treatment

Data are reported as mean + standard deviation. The P values refer to the results for the main effect of the mixed ANOVA for

repeated measures test

LVEF left ventricular ejection fraction; LVEDD left ventricular end diastolic dimensions; PD Perfusion defects; DIPY dipyridamole;

PLB placebo
*P < 0.001 vs baseline, simple effect posttest
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Figure 1. Line graphs representing the values of myocardium perfusion defects areas obtained for
each experimental group at baseline and posttreatment with dipyridamole or placebo. *P < 0.001

vs baseline, simple effect posttest.

Histopathological Analysis

A significant number of the Chagas animals exhib-
ited important chamber dilation with reduced LV wall
thickness. However, no significant areas of transmural
fibrosis were detected. An intense focal inflammatory
infiltrate with mononuclear cells was usually detected in
sub-epicardial or perivascular regions. Most animals
exhibited mild multifocal myocarditis. Preserved fibers
were detected in the control animals (Figure 3A).

The intensity of the inflammatory infiltrate esti-
mated by the number of mononuclear cells and the
extent of fibrosis in each experimental group are
reported in Figure 3B. A larger number of clusters of
mononuclear inflammatory cells were detected in both
Chagas groups compared with controls, ANOVA—
P < .0001. There was no significant difference between
the CH + DIPY and CH + PLB groups.

The extent of fibrosis was greater in the
CH + DIPY and CH + PLB groups compared with
the CO + PLB group, Kruskal-Wallis test—P < .001.
We found no difference of fibrosis extent between the
groups of infected animals treated with placebo or
dipyridamole (P > .05, Dunn’s posttest).

DISCUSSION

The main results of the present study show that rest
myocardium perfusion defects are frequent and precede
the development of LV systolic dysfunction in this
experimental model of CCC in hamsters. Notably, the
areas with PD were not topographically related to
regional myocardial fibrosis at the histopathology. The
prolonged administration of dipyridamole, an antiplate-
let and vasodilator agent of the coronary
microcirculation, was associated with a significant
reduction of the resting myocardial perfusion defects.

The Experimental Model of CCC

In the baseline condition (6-months after 7. cruzi
infection), both groups of 7. cruzi infected animals
showed LVEF and LVEDD values similar to those
observed in the control groups. These results indicated
that infected animals at this time window of 6-months
after infection had not yet developed significant LV
systolic dysfunction in this intermediate stage of exper-
imental CCC development, despite the detection of low-
grade chronic myocarditis. This finding agrees with
previous reports by Bilatte et al., in which significant LV
dysfunction was first detected in the time window of 8-
months after infection.'>'® Thus, it is plausible to
consider that, at baseline evaluation, with regard to LV
systolic function, the infected hamsters were in an
evolutive phase corresponding to the indeterminate form
seen in humans with CCC.*°

It is relevant to mention that only female animals
were used in this study as previous reports indicated that
the parasitism and disease progression were more
homogenous and predictable in females.”' However, it
is also noteworthy to mention that CCC in humans
presents a more aggressive course in males.*

Again, in agreement with previous reports, we
observed in both infected groups receiving placebo or
DIPY a substantial progression of myocardial dysfunc-
tion between the baseline and posttreatment evaluations,
characterized by a significant reduction of LVEEF,
resembling the natural evolution of CCC."?

In the histopathological analysis, both groups of
Chagas animals presented a larger extent of inflammatory
infiltrates, compared with the control groups. Moreover,
both infected groups presented similar extent of fibrosis
that was larger than the amount observed in the CO + PLB
group. These results agree with previous studies in this
same phase of CCC evolution in hamsters.'*"’
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Figure 2. Illustrative images of the study of myocardial perfusion at baseline and posttreatment in
an infected animal treated with placebo (A) or DIPY (B). Representative sections of tomographic
images (SPECT) are shown. The images were obtained at three levels of the left ventricular cavity
(basal, mid-cavity, and apical) and on vertical and horizontal long axes, with the resulting polar
map shown in the right side of the figure. The placebo-treated animal presented at baseline severe
perfusion defects in the anterior-lateral and apical walls that persisted during the posttreatment
evaluation. The dipyridamole-treated animal presented a large severe perfusion defect involving the
septal, anterior, lateral, and apical wall at the baseline evaluation, with a striking reduction of
perfusion impairment in the images acquired in the posttreatment evaluation.

However, we found no difference in the comparison
among the infected groups and the CO + DIPY. This
result probably reflects the only slightly increased amount
of fibrosis in the infected animals in this intermediate
phase of CCC evolution, in which the inflammation
predominates over the interstitial fibrosis.'’

Myocardial Perfusion Disturbances

September/October 2019

At the baseline evaluation, 6-months after experi-
mental 7. cruzi infection, we observed that 52% of the
animals had resting myocardial perfusion defects.

Notably, the histological analysis in

the

same
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Figure 3. A Representative histological sections stained with HE (upper panels) and with
picrosirius (lower panels) from each experimental group. The histological samples of infected
animals show focal points of a diffuse mononuclear inflammatory infiltrate and fibrosis, with
similar intensity in both placebo and dipyridamole groups. B Bar graphs representing the results of
quantitative analysis of inflammation and fibrosis for each experimental group. Data are reported as
mean * standard deviation. DIPY, dipyridamole, PLB, placebo. The p value of inflammation refers
to the One-way Analysis of Variance (ANOVA) test with Tukey posttest, and the P value of fibrosis

refers to Kruskal-Wallis test with Dunn’s posttest.

topography of the LV wall showed no transmural or
coalescent areas of fibrosis. Thus, it is plausible to
interpret these perfusion defects as being secondary to
intense resting myocardial hypoperfusion, possibly indi-
cating the presence of microvascular dysfunction in this
CCC model.

The most frequently affected myocardial region was
the apical segment. It is relevant to consider that some
extent of these apical perfusion defects can be related to
artifacts caused by partial volume effect due to apical
thinning and also to the high mobility of the apex in
small rodents’ hearts. However, all the apical perfusion
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defects in infected animals were larger than those mild
ones observed in controls. Moreover, other myocardial
regions were also frequently affected by perfusion
defects, indicating the presence of nonartifactual perfu-
sion derangements in infected animals.

In the present study, we obtained high-resolution
myocardial perfusion images in hamsters by means of an
imaging system based on the adaptation of a pinhole
collimator to a gamma camera designed for clinical use.
This was needed because the spatial resolution of
conventional gamma cameras is not enough for imaging
small animals, which present the size of about one-tenth
of human-being size. The use of such a pinhole
collimation system is a validated alternative to achieve
high-resolution SPECT images in small animals."’

Our results agree with previous data obtained by our
group using the same experimental model of CCC. In
that previous study, 50% of the animals investigated in a
later time window of cardiomyopathy progression (8 and
10 months after experimental 7. cruzi infection) exhib-
ited myocardial perfusion defects topographically
correlated with changes in segmental LV wall motion
and greater severity of global LV systolic dysfunction.
In addition, in that study, the myocardial segments with
perfusion defects were not topographically correlated
with areas of increased regional fibrosis, but were
associated with greater severity of myocardial
inflammation.'?

It is important to mention that alternative mecha-
nisms to explain the reduction in the rest myocardial
uptake of Sestamibi-Tc99 m might include an impair-
ment of the radiotracer accumulation and/or an
increased washout associated to mitochondrial dysfunc-
tion. In fact, previous studies have demonstrated that the
myocardial accumulation and retention of Sestamibi is
strongly dependent on the functional and structural
mitochondrial integrity.* It is known that local myocar-
dial production of inflammatory cytokines including
IFN- y and TNF- « is associated with iNOS production
leading to morphological and functional changes in
mitochondria, which could modify the uptake of the
radiopharmaceutical.***> Following this hypothesis, the
Sestamibi-Tc99m uptake defects would indicate the
presence of myocardial inflammation but not the occur-
rence of true myocardial perfusion defects. However, in
our study, the prolonged administration of dipyridamole
was associated with improvement of the Sestamibi-
Tc99m uptake, despite no significant change in the
inflammation extent assessed by the histopathological
findings. Therefore, our results indicate that the
observed Sestamibi-Tc99m uptake defects most proba-
bly correspond to reduction of myocardial perfusion at
rest.
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The interpretation of our present findings indicating
that myocardial perfusion changes were caused by
microvascular derangements is further supported by
the results of clinical studies showing reversible and
fixed defects in the myocardial perfusion scintigraphy in
humans with CCC and angiographically normal coro-
nary arteries, described by our and other groups of
investigators.”>*

In contrast to our findings, one previous study using
contrast echocardiography in naturally infected Chagas
baboons did not find changes in the coronary microcir-
culation.?® However, it is important to consider that in
previous studies in CCC, both in humans and in our
experimental model, only about 50% of the subjects
present myocardial perfusion disturbance. In that study
in Baboons, only four animals had developed CCC as
documented by segmental wall motion impairment,
resulting in a very small sample to conclude the absence
of myocardial perfusion derangements. In addition, we
must also consider that the evaluation method used,
contrast Echocardiography, may present lower sensitiv-
ity compared with the myocardial perfusion scintigraphy
for detecting microvascular disease.”’

In addition, our results indicate that severe myo-
cardium perfusion disturbances at rest precede the
development of LV systolic dysfunction in this exper-
imental model of CCC. These findings are in accordance
with previous observations showing disarrangements of
myocardium perfusion in humans with CCC but no
apparent myocardial dysfunction *° Furthermore, clini-
cal studies also showed that areas with reversible
myocardial perfusion defects are topographically related
to late development of regional fibrosis and segmental
wall motion impairment in CCC patients.”

The Effects of Dipyridamole

Our results showed a significant effect of prolonged
dipyridamole administration leading to a marked reduc-
tion of resting MPD in this experimental model of CCC.
To the best of our knowledge, this is the first study to
demonstrate the beneficial effect of dipyridamole in
improving myocardial perfusion in an experimental
model of dilated cardiomyopathy.

These results agree with the effects expected from
the pharmacological action of dipyridamole. This drug is
a vasodilator of the microcirculation, acting by inhibit-
ing the adenosine transporter and the consequent
elevation of its plasma levels.”**’ Adenosine binds to
endothelial and muscle cell receptors of the arteriolar
wall, causing relaxation and consequent vasodilation.
The combined effects of vasodilation and platelet anti-
aggregation are considered to be the main factors
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responsible for the improved tissue perfusion observed
with the use of dipyridamole.?

The pharmacologic action of dipyridamole also
includes the inhibition of phosphodiesterases-5 and
6,°"3! causing an increase of both cAMP and cGMP
levels, with a consequent increase of nitric oxide release,
contributing to arteriolar vasodilation and inhibition of
platelet aggregation.””*?** In addition, dipyridamole
has been reported to be related to the induction of
capillary endothelial cell proliferation and to capillary
neoformation in the rat heart.'*'> Studies using a model
of hind limb ischemia in mice demonstrated improved
collateral arterial perfusion and restoration of blood flow
in animals treated with dipyridamole, effects associated
with increased perfusion through the microcirculation
secondary to the increase in vascular density and cell
proliferation.**

The mechanism leading to the myocardial perfusion
disturbance at the microvascular level in CCC is
postulated to include inflammatory injuries and thick-
ening of the vascular walls that would lead to the
obstruction of the small coronary arteriolar branches, to
the formation of platelet plugs and to endothelial injury,
associated with an increased production of endothelin
and of inflammatory cytokines,'*>>® in addition to a
possible occurrence of abnormal vasoreactivity and
coronary arteriolar spasms.”’

It is plausible to assume that the effect of dipyri-
damole in reducing the perfusion disturbances in this
experimental model may have been mediated by the
action of the drug on several of the mechanisms
mentioned above, mainly by inhibition of the formation
of platelet plugs, and reversal of endothelial dysfunction
and of arteriolar spasms. In addition, the improved
myocardial perfusion may also have been due to the
neoangiogenic effect of adenosine.>*

Our quantitative histopathology findings showed
comparable degrees of myocardial inflammation and
fibrosis in both infected groups treated with placebo or
dipyridamole, indicating that the effect of prolonged
dipyridamole in reducing MPD was not due to a
reduction of myocardial inflammation, eventually asso-
ciated to the drug effect.

In the control groups the extent of inflammation was
also comparable, but in a lower grade, than that
observed in the infected animals. These findings were
consistent with a neutral effect of dipyridamole over
inflammation.

One could argue that the apparent reduction of the
perfusion defects could happen in consequence of a
hemodynamic effect of dipyridamole, causing arterial
vasodilation and facilitating the LV systolic function
and hence producing an increased regional LV wall
thickening that could contribute for the apparent
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reduction of the MPD. However, this explanation does
not seem plausible, as there was no significant difference
in the LVEF or LV diameters in both groups, control or
infected, after treatment with DIPY compared with the
respective placebo groups. These results indicate that
prolonged dipyridamole administration cause no signif-
icant hemodynamic effect capable of inducing changes
in LV volume, wall thickness or systolic function.

Thus, in summary, our results indicate that pro-
longed use of dipyridamole improves the myocardial
perfusion in this model of CCC.

In essence, the fact that dipyridamole led to
amelioration of the perfusion defects in 7. cruzi infected
animals further supports the notion that the observed rest
myocardium perfusion defects at baseline correspond to
viable myocardium. In addition, these findings corrob-
orate the presence of coronary microvascular
derangements in this model of CCC.

The current results can lend support for the future
development of prospective investigations using coro-
nary vasodilator drugs, such as dipyridamole, for the
treatment of microvascular myocardial perfusion distur-
bance in CCC patients, evaluating its potential impact
on the course of myocardial systolic dysfunction.

NEW KNOWLEDGE GAINED

Our results show that coronary microvascular per-
fusion disturbance is an important feature in
experimental CCC preceding the development of LV
systolic dysfunction. This aspect may have important
implications for the clinical scenario, where myocardial
perfusion scintigraphy may play a relevant role in the
early detection of CCC and in the monitoring of its
evolution.®® It also lends support to the notion that
myocardium perfusion disturbance may be a target for
therapeutic interventions in human Chagas disease.

LIMITATIONS

In the present study, we performed no arterial blood
pressure assessment that could be useful to verify the
hemodynamic effects of prolonged dipyridamole. It is
also important to acknowledge that the assessment of
myocardial perfusion using SPECT technique provides a
qualitative and comparative evaluation of myocardial
perfusion, but not a quantitative estimate of the myocar-
dial perfusion. This may have caused an underestimation
of the myocardial perfusion disturbance that could be
more accurately evaluated by other quantitative imaging
techniques such as PET.

In addition, it is noteworthy that a proportion of the
infected animals treated with placebo also presented
reduction of the perfusion defects between the baseline



1578 Tanaka et al.

Prolonged dipyridamole administration reduces myocardial perfusion

and posttreatment (Figure 1). This finding suggests the
occurrence of spontaneous changes in the magnitude of
the microvascular abnormalities over time, or a low
reproducibility of the myocardial perfusion assessment
in this model of CCC.

We did not perform evaluation of the diastolic
function, as we used Echocardiography equipment that
could not provide adequate Doppler images. It is
relevant to recognize that diastolic dysfunction would
be an important parameter to monitor the course of
myocardial dysfunction in CCC.

CONCLUSIONS

The present results show that myocardium perfusion
disturbance is frequent in experimental CCC and pre-
cedes the development of myocardium systolic
dysfunction. The prolonged administration of dipyri-
damole in chronically 7. cruzi-infected hamsters is
associated with a significant reversion of resting
myocardial perfusion defects, thus indirectly indicating
the presence of viable myocardium in those hypoper-
fused myocardial segments, and confirming the
occurrence of microvascular dysfunction in CCC.

These findings lend support for future prospective
studies testing the impact of drugs targeting the myocar-
dial perfusion derangement over the myocardial systolic
dysfunction progression in CCC.
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