EFFECTS OF LONG-TERM SUSTAINED ELEVATION OF CGMP LEVELS AND STEM CELL
IMPLANTATION ON CELL DEATH AND FIBROSIS IN THE HEART AFTER ACUTE
MYOCARDIAL INFARCTION IN THE RAT

A heart attack occurs by interruption of blood
supply to the heart, usually secondary to
occlusion of a coronary artery by the rupture
of an atherosclerotic plaque. Lost cardiac cells
(cardiomyocytes) are replaced by fibrotic scar
tissue, namely collagen fibers, profibrobic
factors, and myofibroblasts, the key cells in
fibrosis. Diabetes mellitus is a major risk factor
for coronary disease and patients suffering
from diabetes demonstrate a greater preva-
lence of heart attacks compared to the general
population.

There is considerable interest in exploring a
variety of cells that can differentiate and
replace heart cells lost as a result of the heart
attack. Specifically, investigators wish to utilize
implanted stem cells or pharmacologically
stimulate dormant endogenous stem cells to
restore the cardiac cells.

An animal study is ongoing to determine
whether the pharmacological long term eleva-
tion of cGMP levels, through treatment with
sildenafil, may stimulate the formation of
cardiac cells after a heart attack, presumably
by the activation of endogenous stem cells.
Furthermore, muscle derived stem cells were
implanted into heart tissue, to determine
whether cardiac cell regeneration would en-
sue.

This study includes 3 groups of rats that
were subject to coronary artery ligation,
inducing a heart attack. Echocardiography
was performed before and after arterial
ligation. Groups were sacrificed at 1 and 4
weeks, and coronary tissue collected for
investigation by immunohistochemistry. This
report aims to provide a preliminary assess-
ment of the degrees of cardiac scarring after a
heart attack, using Picrus Sirius Red for
collagen fibers, TUNEL for programmed cell
death (apoptosis), and alpha smooth muscle
actin for myofibroblast content.
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BACKGROUND

Acute myocardial infarction, com-
monly known as a heart attack, has
been the leading cause of death in the
United States for the past 80 years.
Nearly one million people die each
year from heart attacks or other
cardiovascular diseases (eg, stroke). Of
the overall population of individuals
suffering from heart attacks, diabetes
mellitus is a major contributor to
myocardial infarction.

Studies show that 65% of those who
have diabetes die from some type of
cardiovascular illness. High glucose
levels, or hyperglycemia, cause fatty
material to accumulate inside the blood
vessels. With time, as the fatty material
accumulates, the material begins to
harden, which could potentially lead to
a blood clot or interruption in the blood
flow, causing a heart attack.

However, various studies indicate
that sildenafil, a type of drug used to
treat erectile dysfunction, is cardiopro-
tective. Sildenafil, commonly referred
to as a PDES5 inhibitor, is beneficial in
elevating the levels of ¢cGMP, which
relaxes the smooth muscle, increasing
blood flow in the blood vessels.
Therefore, in this study, we aimed to
determine the pharmacological effects
of sildenafil on the elevation of cGMP
levels to stimulate iz vivo the forma-
tion of cadiomyocytes, or heart muscle
cells, by activation of endogenous
stem cells after an acute myocardial
infarction.
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METHODS AND MATERIALS

Twenty four Fischer 344 male rats
were used for this study. These rats were
retired breeders from a larger ongoing
study. All of the rats used in this study
were normal, with no illnesses or
abnormalities. The rats were divided
into three major groups with eight rats
per group: 1) control group, no oral
treatment of sildenafil and sacrificed at
one week; 2) control group, no oral
treatment of sildenafil and sacrificed at
five weeks; and 3) treated with oral
sildenafil in water to elevate cGMP
levels and sacrificed at 5 weeks.

At the beginning of the experiment,
echocardiographs were taken for each
group of rats. After the first echocardio-
graphs were taken, ligation of the left
coronary artery was performed on the
rats of each group. Immediately after
surgery a second echocardiograph was
taken at 4-7 days, and the rats for the
first group were sacrificed at 7 days.
Treatment was administered as indicat-
ed to the third group.

At the end of the 5-week period for
both the second and third group, a third
echocardiograph was taken and the rats
for both groups were sacrificed. The left
ventricle of the heart of every rat in each
group was taken after the sacrifice and
divided into four sections, in which
paraffin embedded sections were ob-
tained.

By examining these sections, we
were able to make these histochemical
determinations: 1) the acute myocardial



infarction scar (infarction size) through
intense Pico Sirius red staining for
collagen deposition and quantitave anal-
ysis, 2) apoptotic index through TUNEL
protocol and quantitative analysis to
measure the programmed cell death,
and 3) the use of troponin staining as a
marker for cardiomyocyte integrity.

RESULTS

In the Pico Sirius red staining, there
was a moderate fibrosis in the left
ventricle concentrated in the infarction
zone, which was not reduced by sildena-
fil. We also found a moderate impair-
ment to the cardiac ejection fraction (EF)
in the heart ultrasound taken at 3—7 days
after surgery. The ejection fraction was
maintained untl 4 weeks after ligation,
in which the EF impairment was not

improved by sildenafil.

DISCUSSION

Long-term continuous treatment
with sildenafil failed to prevent scar
formation in the infarcted heart. The
results are in contrast to the cardiac and
penile protective effects illustrated with
slightly longer and higher dose treat-
ment in diabetic-model rats. These

results are preliminary and need confir-
mation by other procedures on the
available specimens.
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