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Changes in the Heart Resulting from Chronic Heart Failure
V. V. Kirillova, R. K. Dzhordzhikiya, and R. R. Nigmatullina

Translated from Byulleten’ Eksperimental’noi Biologii i Meditsiny, Vol. 144, No. 10, pp. 380-383, October, 2007

Original article submitted November 23, 2006

A relationship between morphofunctional changes in the heart and predominance of
adrenergic or serotoninergic influences on the strength of myocardial contraction in the
right atrium was revealed in patients with chronic heart failure. During left ventricular
hypertrophy, the strength of myocardial contraction in response to serotonin exceeded
that induced by epinephrine and was realized via 5-HT2 receptors.
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Despite considerable advances in the therapy of
patients with chronic heart failure, the pathogenesis
of this disease is poorly understood. The patho-
genesis of heart failure is explained on the neuro-
hormonal model, which suggests activation of the
sympathoadrenal system and increase in blood ca-
techolamine level [3,4]. Coronary heart disease
(CHD) and acute myocardial infarction cause the
development of chronic heart failure. This state is
accompanied by an increase in not only blood cate-
cholamine level, but also serotonin (5-HT) con-
centration [7]. The role of 5-HT in this process
remains unknown.

An essential stage of cardiovascular diseases is
heart remodeling, which includes myocardial hyper-
trophy and dilation of heart cavities leading to chan-
ges in heart geometry and diastolic and systolic
dysfunction. Left ventricular (LV) hypertrophy 15-
fold increases the risk of chronic heart failure in pa-
tients under 65 [1]. Experiments on 5-HT2-knock-
out mice showed that these receptors are involved
in the development of myocardial hypertrophy [5].
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Here we studied the effects of serotonin, epi-
nephrine, and 5-HT2 receptor agonist m-CPP on
the strength of right atrial contraction depending on
the degree of morphofunctional changes in the myo-
cardium.

MATERIALS AND METHODS

Segments of the left atrium auricle were obtained
from CHD patients during coronary bypass surgery
and from patients operated for mitral valve replace-
ment (rheumatoid heart disease) at the Department
of Cardiosurgery (Kazan Hospital No. 6). All pa-
tients received standard therapy.

The patients (46-61 years) were divided into 4
groups. Group 1 included 6 patients with diastolic
dysfunction of LV, which had the following echo-
cardiographic parameters: thickness of the interven-
tricular septum and posterior wall of LV 1.0-1.1 cm
(within normal), end-diastolic volume (EDV) of LV
123-156 ml (increased), end-diastolic size (EDS) of
LV 4.9-5.6 cm (within normal range), and ejection
fraction 50-75% (within normal range). Group 2
included 5 patients with LV hypertrophy, which
had the following echocardiographic parameters:
thickness of the interventricular septum and poste-
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Fig. 1. Effects of 5-HT (light bars) and epinephrine (dark bars) on the strength of myocardial contraction in patients with diastolic dysfunction
without (a) or with LV hypertrophy (b). *p<0.05 and **p<0.001 compared to the effect of compounds in a concentration of 0.1 pM.

rior wall of LV 1.2-1.8 cm (increased), LV EDV
138-214 ml (increased), LV EDS 4.9-5.6 cm, and
ejection fraction, 50-75%. Group 3 included 4 pa-
tients with systolic dysfunction and LV hypertro-
phy, which had the following echocardiographic
parameters: thickness of the interventricular septum
and posterior wall of LV 1.2-1.9 cm (increased), LV
EDV 171-223 ml (increased), LV EDS 5.5-5.9 cm
(increased), and ejection fraction 39-48% (decrea-
sed according to Teiholtz). Two patients of group
3 had one additional trabecula. Group 4 included
6 patients with systolic dysfunction of LV and thin-
ning of the wall of LV, which had the following
echocardiographic parameters: interventricular sep-
tum thickness 0.5-0.7 cm (decreased), LV EDV
194-286 ml (increased), LV EDS 6.2-7.3 cm (in-
creased), and ejection fraction 35-48% (decreased
according to Teiholtz).

The segment of the right atrium auricle was
immediately placed in cold modified Krebs solution
(4°C). The period from sampling to the start of the
study did not exceed 50 min. The experiment was
performed as described elsewhere [1]. Contraction
strength of myocardial strips from the right atrium
auricle was assessed after treatment with 5-HT (Sig-
ma), epinephrine (Sigma), and 5-HT2 receptor ago-
nist m-CPP (1-(3-chlorophenyl)piperazine hydro-
chloride, Tocris) in increasing concentrations of
0.1, 1.0, and 10.0 uM. The reaction to agonists was
expressed in percent of the basal level.

For statistical processing of the experimental
results M, m, and & were calculated. The signifi-
cance of differences was evaluated by Student’s ¢
test. The differences were significant at p<0.05.

The patients signed written informed consent
form to enter the trial, which was approved by

Ethical Committee of Kazan State Medical Univer-
sity.

RESULTS

In group 1 patients, the maximum strength of myo-
cardial contraction to 5-HT and epinephrine was 65
and 204%, respectively (Fig. 1, a). Hence, in pa-
tients with diastolic dysfunction without LV hyper-
trophy, changes in the strength of myocardial con-
traction in response to epinephrine was 3-fold grea-
ter than to 5-HT.

LV hypertrophy in group 2 patients was ac-
companied by changes in myocardial reactivity to
5-HT and epinephrine. 5-HT induced a dose-de-
pendent increase in the strength of myocardial con-
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Fig. 2. Effect of 5-HT2 receptor agonist in concentrations of 0.1
(light bars), 1 (dark bars), and 10 pM (shaded bars) on contraction
strength of the atrial myocardium in patients with chronic heart
failure.
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Fig. 3. Effects of 5-HT (light bars) and epinephrine (dark bars) on the strength of myocardial contraction in patients with systolic dysfunction
with LV hypertrophy (a) and thinning of the LV wall (b). *p<0.001 compared to the effect of compounds in a concentration of 0.1 uM.

traction (Fig. 1, b). The maximum change in con-
traction strength in response to 10 pM 5-HT was
149%, which 2-fold exceeded the myocardial reac-
tion in group 1 patients. Epinephrine in a concen-
tration of 10 puM increased the strength of myo-
cardial contraction in these patients by 69%, which
was 3-fold lower compared to the myocardial reac-
tion in group 1 patients. Hence, patients with LV
hypertrophy have higher myocardial reactivity to
5-HT and lower myocardial reactivity to epineph-
rine compared to patients without hypertrophy. In
patients with LV hypertrophy, changes in the strength
of myocardial contraction in response to 5-HT were
2-fold higher than to epinephrine.

5-HT2 receptor agonist had a positive inotropic
effect on the myocardium in group 2 and 3 patients
with LV hypertrophy. 5-HT2 receptor agonist indu-
ced a negative inotropic effect in the myocardium
in group 1 and 4 patients without LV hypertrophy
(Fig. 2). Activation of 5-HT-mediated cardiac regu-
lation probably serves as a compensatory mecha-
nism maintaining contractility, which is realized via
myocardial hypertrophy under conditions of redu-
ced myocardial reactivity to epinephrine due to
desensitization of adrenoceptors [6].

In group 3 patients with systolic dysfunction
and LV hypertrophy, changes in the strength of
myocardial contraction to 5-HT and epinephrine
were 146 and 70%, respectively. Hence, 5-HT and
epinephrine had similar positive inotropic effect
(Fig. 3, a).

In group 4 patients with thinning of the LV
wall, changes in the strength of myocardial contrac-
tion to 5-HT and epinephrine were 61 and 148%,
respectively (Fig. 2, b). Hence, systolic dysfunction
and thinning of the LV wall are accompanied by a

2-fold greater increase in the strength of myocardial
contraction in response to epinephrine compared to
that induced by 5-HT.

These data illustrate the relationship between
morphofunctional changes in the myocardium of
patients with chronic heart failure and predomi-
nance of adrenergic or 5-HT-ergic influences on the
strength of myocardial contraction in the right atri-
um. During LV hypertrophy, changes in the strength
of myocardial contraction in response to 5-HT are
more pronounced compared to those induced by
epinephrine. This reaction is realized via 5-HT2
receptors.

Our results demonstrate the existence of com-
pensatory interrelations between adrenergic and 5-
HT-ergic influences regulating inotropic function of
the myocardium in patients with chronic heart fai-
lure. This fact should be taken into account in the
study of the pathogenesis and therapy for cardio-
vascular diseases.
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