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Echocardiographic Assessment of Effects of Cyclic
Nucleotides Signaling Regulators in Animal Models of Heart
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This thesis aimed to evaluate cardiac function in baseline, during
disease progress and after administration of cyclic nucleotides (cyclic
adenosine monophosphate, cAMP, and cyclic guanosine monophosphate, cGMP)
signaling regulators in animal models of heart failure wusing
echocardiography. Echocardiography is an accurate noninvasive method for
assessment of cardiac function and hemodynamic measurements which have been
associated with prognosis and effectiveness of drug therapy in clinical
setting.

Heart failure (HF) is a clinical syndrome characterized by reduced
ejection fraction (heart failure with reduced ejection fraction, HFREF,
EF <40%) resulting from left ventricular (LV) and right ventricular (RV)
failure and requires treatment to enhance cardiac output (CO) and vascular
tone. However, patients with LVEF > 40% may manifest signs of HF (heart
failure and normal ejection fraction, HFNEF) due to pulmonary congestion
resulting from increased LV filling pressures and altered myocardial
relaxation.

Augmentation of cyclic nucleotides, cAMP and cGMP, signaling are
recognized as potential therapeutic strategies in heart failure (HF) based
on several preclinical studies that have investigated various mechanisms
to enhance the effects of cAMP and c¢GMP. cAMP increases force (inotropy),
frequency of myocardial contraction (chronotropy) and relaxation
(lusitropy) while cGMP is generated in response to nitric oxide (NO) and
modulates inotropy. Interrelation of cAMP and cGMP signaling pathways
involves the activity of the cyclic nucleotide—degrading enzymes,
phosphodiesterases, which are critical regulators of cAMP and cGMP

intracellular concentrations. In the heart, c¢GMP also acts as a regulator



of the activity of cAMP hydrolyzing PDEs and influence the intracellular
concentration of cAMP. Dobutamine is a S —-AR agonist which increases
intracellular levels of cAMP and calcium resulting in enhancement of CO,
while phosphodiesterase inhibitors, e.g. pimobendan, act through
independent mechanism bypassing B —-AR to prevent cAMP hydrolysis.

Initially, the rapid ventricular pacing (RVP) induces hemodynamic
changes including cardiac index reduction, RV and LV filling pressures
elevation, cardiac dilatation without wall thickening. And latterly, RVP
leads to severe heart failure. In the first study, healthy and
tachycardia—induced (TI) HF dogs underwent echocardiographic examination
to determine changes during disease progression and dobutamine effects in
the advanced stage of HF to determine the lowest effective infusion rate
(2, 4, 8and 12 pg kg ' min'). Global radial strain showed reduction since
the second week while global circumferential strain showed reduction after
fifth week of disease progression follow—up. In the end of study, the
torsional deformation was reduced; however, this reduction was not
significantly different from baseline measurements. Normalized to reduced
torsional deformation has been described in humans and might be related
to moderate to severe diastolic dysfunction. Invasive hemodynamic
assessment showed preserved lusitropic effects and reduced inotropic
effects that required higher doses of dobutamine to produce similar effects
of that obtained using same doses in healthy dogs.

Pathological changes after a single injection of monocrotaline,
extracted from a plant, include pulmonary arterial hypertension (PAH) and
right ventricular hypertrophy which leads to right heart failure. In the
second study, right ventricle overload—-induced heart failure rats were
evaluated after 28 days of sildenafil (1 mg/kg, q 12h), pimobendan (0. 15
mg/kg, 12h), and nicorandil (1 mg/kg, q 12h) in single and combined
administration in the same doses to determine improvements in RV and LV
systolic and diastolic function with the treatment in advanced stage of
disease. Echocardiography taken in week basis showed variables related to
RV dysfunction and morphological changes since the first week after disease
induction. Therapy using cAMP and c¢GMP signaling regulators after
development of HF showed attenuation of disease with improvement of
echocardiographic parameters. Sildenafil, commonly used to reduce RV

afterload, provided comparable hemodynamic effects to the administration



of pimobendan; however, only generated statistically significant
improvement in overall diastolic function when administered in combination
with pimobendan and nicorandil. Nonetheless, disease-related pathological
changes could not be reverse despite of the therapy.

LV hypertrophy may progress to systolic and diastolic dysfunction
and ultimately to HF. Efforts to reduce ventricular hypertrophy has focused
on signaling pathways that regulate hypertrophy positively. However, more
recently negative regulators of this signaling pathway are under
investigation targeting the treatment of myocardial hypertrophy.
Isoproterenol, a non—-selective B -AR agonist, if administered in higher
than recommended dose is related to histological findings including
hypertrophy, myocardial necrosis, concentric LV remodeling and diastolic
LV dysfunction or HF with normal ejection fraction (HFNEF). In the last
study, healthy and isoproterenol—-induced left-sided HF rats were evaluated
every 15 days for 3 times during sildenafil (dose 10 mg/kg/d) or pimobendan
(0.5 mg/kg/d) administration using Doppler echocardiography and cardiac
strain to determine the degree of disease attenuation and myocardial
remodeling with the therapy. Circumferential and longitudinal strain
showed abnormal deformation in basal and mid-ventricular septal segments
with significant improvement after 45 days of single administration of both
drugs. However, hypertrophy and interventricular dyssynchrony were present
in association with arrhythmic events (premature ventricular contraction,
ventricular tachycardia, ventricular fibrillation) mostly related to
sildenafil administration. Pimobendan administration attenuated septal
motion abnormalities, LV dilation and improved systolic function, although
diastolic dysfunction remained unchanged, it showed reduced to absent
arrhythmogenic effects.

In conclusion, effects of different doses of cAMP and cGMP
regulators assessed using echocardiographic variables, which have been
suggested predict myocardial response to long—term therapy and improve
prognosis in previous studies, may also improve diagnhosis and therapeutic
effectiveness evaluation. Two dimensional cardiac strain may be useful for
early detection of wall motion abnormalities along the apical loop of the
myocardial band in RVP—induced HF. Dobutamine stimulation test showed that
higher doses than those used in dogs with normal cardiac function are

necessary for dogs with HF to enhance systolic and diastolic function



through inotropic and lusitropic effects. In this study, the use of cyclic
nucleotide phosphodiesterase inhibitors (sildenafil and pimobendan),
despite of improvements in cardiac function in animal models of cardiac
disease, may have limited use in patients with HF of different etiologies
due to described detrimental effects. In addition, results of previous
studies indicated that the use of cAMP-dependent inotrope agents are not
effective in the long—term treatment of HF and are associated with
hospitalization and death. Therefore, development of new compounds with
different mechanism of action that avoid these adverse effects are

essential for improvement of current therapeutic protocols.



