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ABSTRACT: Chronic adrenergic and angiotensin-energic stimulation of the heart muscle is one of the main

KEYWORDS causes of the onset and development of heart failure. a,-AR is widespread in the cardiovascular system and can be

Model; further applied and introduced into the heart's regenerative cell therapy. This study's objective was to study the

Myocardial infarction; effect of a,-AR stimulation on the performance of an isolated heart in rats with a model of myocardial infarction.

ap-adrenoreceptors; To study the mechanisms of MI, experiments were carried out according to the classical technique of H. Selye -
Isolated heart;

Rat

ligation of the anterior branch of the left coronary artery and perfusion of a Langendorff heart with a model of
myocardial infarction. We studied the parameters of myocardial activity by changes in heart rate, as well as the left
ventricle pressure (LVP), and the CF (dp/dt..y)/(dp/dty;,) of the left ventricle. Coronary dilator activity was
assessed by measuring the outflow of the perfusion solution through the coronary arteries. The amplitude of the
left ventricle's pressure wave after application of the a,-AR agonist clonidine hydrochloride at a concentration of
10 M to the perfused solution increased by 44% (p<0.05) from the initial values. The rate of contraction and the
rate of relaxation of the left ventricular myocardium also increased by 20% (p<0.05) and 37% (p=<0.05),
respectively. The activation of a2-AR in adult rats' isolated hearts with a model of myocardial infarction caused a
decrease in heart rate by 18% (p<0.05) and CF by 2% (p=<0.05).

INTRODUCTION

Chronic adrenergic and angiotensin-energic stimulation
of the heart muscle is one of the main causes of the onset
and development of heart failure [1-5].

The B-AR and o;-AR activation mechanisms and their

participation in myocardial contractility have been

studied in detail. Early studies did not reveal the
participation of a,-AR in the regulation of myocardial
contractility, isolated papillary muscle, and the whole
heart. Indeed, the presence of 0y,-AR (0za, O ¥ 0yc) iN

the cardiac tissue of experimental animals was small
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compared to the amount of these receptors in endothelial
tissues, kidneys, liver, and neurons [6]. In the last decade,
all types of o,-AR have been identified in the
myocardium [7, 8]. Domestic researchers using DNA
microarrays in embryonic stem cell cardiomyocytes
showed the presence of three subtypes of o,-AR at
different stages of embryonic development [9]. The
results obtained can be further applied and introduced
into the regenerative cell therapy of the heart.
Fundamental studies on the effect of various
pharmacological agents indicate multidirectional effects
of heart rate.

A decrease in heart rate in response to stimulation of o,-
AR is caused by inhibition of norepinephrine release
[10].

stimulation of a,-AR with clonidine either increases heart

from sympathetic nerves In other studies,
rate [11] or does not change it [8].

Experiments on an isolated heart showed that activation
of a,-AR of different concentrations caused a decrease in
heart rate, and only 10® M had multidirectional effects
[12]. The age-related features of a,-AR blockade on the
heart rate of rats were shown [13]. Studies on the
inotropic function of the heart of animals are also
ambiguous [14, 15]. The previous Vitro studies recorded
multidirectional effects on inotropy of rat atrial and
ventricular myocardial strips upon activation of a,-AR
[16], revealed a biphasic change in inotropy in rats
without sympathetic innervation of the heart [13]; while
ex vitro studies showed a decrease in the amplitude of
left ventricular pressure [12].

A number of authors have shown the cardioprotective
effect of myocardial a,-AR [9,14]. Activation of a,-AR
was found to counteract the development of hypertrophy
in transgenic rats with increased content of angiotensin |1
in the cardiac tissue [17]. We assumed that a study on the
activation of a,-AR in an isolated heart with a model of
myocardial infarction (MI) would be of undoubted
interest since it is known that myocardial infarction is one
of the leading causes of death in the world (about 12% of
the total number of deaths).

The search for new methods of disease modeling,
diagnosis, and treatment is becoming a topical issue of
modern research in the treatment of myocardial infarction
(MI). The modern literature describes various methods of

modeling acute myocardial infarction, which is used to

130

study this disease. The most common models are

diathermocoagulation of the interventricular artery,
occlusive models, models with reversible occlusion,
induction of MI by hormonal shifts characteristic of type
2 diabetes mellitus and stress conditions - Panin's
technique, MI - Langendorff retrograde heart perfusion
[18].

The most common and used for the reproduction of acute
myocardial infarction is the occlusal model - the
imposition of ligatures on various branches of the heart's
coronary vessels. Thus, ligation of the descending branch
of the left coronary artery in dogs is accompanied by the
formation of a heart attack in the anterior wall of the left
ventricle and the anterior part of the interventricular
septum. A similar operation on rats also leads to the
occurrence of MI, which reproduces human MI both by
external signs and by ECG characteristics [19].

This research aimed to study the effect of a,-AR
stimulation on the performance of an isolated heart in rats

with a model of myocardial infarction.
MATERIALS AND METHODS

The
technique.

myocardial infarction model reproduction

To study the mechanisms of myocardial infarction, we
carried out experiments according to the classical method
of H. Selye - ligation of the anterior branch of the left
coronary artery, the formation of focal myocardial lesions
with necrosis, infiltration of inflammatory cells, and
subsequent fibrosis [20]. The ligation of a coronary
vessel is a complex invasive procedure, while the zone of
the spread of myocardial infarction may vary [9].
Surgical modeling of myocardial infarction is
accompanied by high mortality in animals [21,22].

The experiments involved ten white outbred rats aged
100-120 days, with an average weight of 200-250 grams.
The formation of the myocardial infarction model was
performed under ether anesthesia. On the left side of the
chest, the rats were shaved off, disinfected, and made the
incision. With the help of retractors, the pectoral muscles
were bred, and between the 5th and 6th ribs, an incision
of about 15-20 mm was made, and the heart was removed
from the chest cavity. The ventricles held the heart, and a

ligature (Premiline 6/0, 2xDR12) was placed on the
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anterior branch of the left coronary artery 0.5-1 mm Clonidine hydrochloride (Sigma) at a concentration of 10
below its exit from under the auricle of the heart and ® M was used to stimulate o,-AR. This concentration of
ligated, and the heart was returned to the chest cavity. the agonist was selected on the basis of previously
The muscles were moved together; the skin was sutured conducted experiments, which showed significant
and treated with an antiseptic. In the postoperative changes in the performance of an isolated heart of rats in
period, the animals were kept under standard conditions. the control group [7]. The results were statistically
Further studies to study the effect of an 02-AR agonist on processed in Excel using paired and unpaired Student's t-
an isolated heart with a model of myocardial infarction test. Values at * - p<0.05 were considered significant.

were carried out after 54 days, due to which heart failure

was formed in rats [23]. RESULTS AND DISCUSSION

. . The initial pressure developed by the left ventricle in rats
Isolated heart specimen preparation

with a myocardial infarction model was 19.9 + 5.3 mm

The methodology of the Langendorff heart developed by Hg. The application of an a,-AR agonist into the working
H. Selye remains fundamentally unchanged to this day. solution caused an increase in LVP to 22.9 + 6.4 mm Hg.
According to the original description of the method, the By the 5th minute of the experiment, LVP was 22 + 5.8
isolated heart is perfused by cannulating the aorta. The mm Hg. Then, by 10 minutes, LVVP began to increase to
physiological Krebs-Henseleit buffer flows retrograde 27.5 + 6.7 mm Hg (p<0.05), and at 15 minutes, it was
down the aorta, opposite to the normal physiological 28.3 = 7.2 mm Hg (p<0.05). At the final minute of the
flow, at a constant pressure of 55-60 mm Hg and a experiment, LVP increased to 28.7 + 7.1 mm Hg
constant temperature of 37°C. A latex balloon filled with (p<0.05) (Figure 1). The control group of healthy animals
distilled water and connected by a catheter to a pressure had the opposite effect of a,-AR activation on LVP - a
transducer was placed in the left ventricle to determine 26% decrease from the initial value (Figure 2).
contractile activity. An isolated heart's performance was The maximum rate of increase in the pressure of the left
recorded in the PowerLab system (ADInstruments, ventricular myocardium after introducing clonidine
Australia) and processed in the LabChartPro 8V hydrochloride into the perfused solution during the first
program.The ability of the considered a,-AR agonist to minute of observation increased from 594.8 + 138.8 mm
change the studied parameters of myocardial activity was Hg/sec to 713.2 £ 175.1 mm Hg/sec. Further, by the 5th
determined by changes in heart rate, as well as the minute, the rate of pressure rise decreased to 653.5 +
pressure developed by the left ventricle (LVP), the rate of 147.8 mm Hg/sec. Then dP/dty, increased to 784.4 +
contraction (dp/dtys,) and relaxation (dp/dt.;,) of the left 159.1 mm Hg/sec (p<0.05) by the 15th minute. During
ventricle. Coronary dilator activity was assessed by the 20th minute of the experiment, the maximum rate of
measuring the outflow of the perfusion solution through increase in left ventricular myocardial pressure was 782.4
the coronary arteries. +151.4 mm Hg/sec (p<0.05).
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Figure 1. The effect of a,-AR agonist, clonidine hydrochloride, (10.¢ M) on LVP and heart rate of the Langendorff heart of adult rats with a model of
myocardial infarction (original entry). Control - recording prior to administration of a,-AR agonist.
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The minimum relaxation rate of the left ventricular
myocardium after the addition of a2-AR agonist
increased from 340 + 101.7 mm Hg/sec to 489.9 + 124.5
mm Hg/sec during the first minute of the experiment.
During the 5th minute of observation, there was a slight
decrease in the left ventricular myocardium's minimum
relaxation rate to 429.6 £ 102.2 mm Hg/sec. Then the

minimum rate of myocardial relaxation began to increase
to 559.8 £ 140 mm Hg/sec (p<0.05) during the 10th
minute of the experiment, to 556.5 + 149.4 mm Hg/sec
(p<0.05) during the 14th minute, up to 589.2 + 154.2 mm
Hg/sec (p<0.05) during the final 20th minute of the
experiment.
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Figure 2. The effect of clonidine hydrochloride (10.s M) on the Langendorff heart's performance in adult rats (control group) and with a model of

myocardial infarction. The ordinate axis is the change in values (in%), the abscissa is the performance of an isolated heart - the pressure developed by
the left ventricle (LVP), heart rate (HR), CF. Note: the reliability is indicated relative to the initial values: * -p <0.05, *** - p <0.001.

The application of an ay-AR agonist to the perfused
solution caused a decrease in heart rate in a model of
myocardial infarction. During the first minute, the heart
rate did not change and amounted to 141.6 + 15.3 bpm.
By the 5th minute of the experiment, the heart rate began
to slow down to 116.7 = 11.4 bpm (p<0.05). During the
10th minute, the heart rate decreased to 112.1 + 17.5 bpm
and continued to decline to 103.5 + 14.4 bpm (p<0.05) at
the 15th minute of the experiment and to 95.6 + 12.5 bpm
(p<0.05) at the final minute of observation (Figure 1).
The

multidirectional effects of clonidine hydrochloride on

control group of healthy animals showed
heart rate, namely, a 10% increase in one group and a
25% decrease in the other group (Figure 2).

The coronary flow of an isolated heart with a model of
myocardial  infarction  after  adding  clonidine
hydrochloride to the working solution decreased in the
first minute of the experiment from 6.2 £ 1 ml/min to 5.9
+ 1 ml/min. By the 5th minute, the CF decreased to 5.2 +
1.1 ml/min (p<0.05). Then, by the 10th minute, the CF

was 5 £ 1.1 ml/min (p<0.05). At the 15th minute, the CF
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did not change and amounted to 5.1 + 1.1 ml/min
(p<0.05); during the 18th minute, the CF was 5.1 £ 1.1
ml/min (p<0.05). In the control group, the addition of an
a2-AR agonist to the perfusion solution caused a
decrease in CF by 13% from the initial values (Figure 2).
After analyzing the data obtained from the isolated heart
of rats with a model of myocardial infarction, the
amplitude of the pressure wave of the left ventricle after
application of the a,-AR agonist clonidine hydrochloride
at a concentration of 10® M to the perfused solution
showed to increase by 44% (p<0.05) from the initial
values. The rate of contraction and the rate of relaxation
of the left ventricular myocardium also increased by 20%
(p<0.05) and 37% (p<0.05), respectively. The activation
of a,-AR in adult rats' isolated heart with a model of
myocardial infarction caused a decrease in heart rate by
18% (p<0.05), and CF by 2% (p<0.05).

Summary

The activation of a,-AR causes the opposite effects of

LVP in the control group of animals and in rats with
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experimental myocardial infarction. The addition of an
a-AR agonist to the perfused solution resulted in a
decrease in heart rate in healthy rats and increased heart
rate in the other group. Bradycardia was observed in the
heart of rats with a myocardial infarction model.
Perfusion with clonidine hydrochloride reduced the blood
supply to the isolated heart of healthy animals and had no
effect on CF of the heart of rats with a model of

myocardial infarction (Figure 2).
CONCLUSIONS

A comparative analysis of the left ventricle pressure's
initial values showed this parameter in rats with a model
of myocardial infarction to be lower than in the control
group (p<0.05). Analysis of the heart rate of rats revealed
significantly significant differences between the initial
values. In the group with a myocardial infarction model,
the heart rate is significantly lower (p<0.05) compared to
the control group (Figure 3). No significant differences
were found in the baseline parameters and the effect of

-

clonidine hydrochloride on the coronary flow of an
isolated rat heart in the study groups. At the same time,
we recorded a significant difference in the effects of
activation of the second subtype of ay-adrenergic
receptors in the control group and in the group of animals
with experimental myocardial infarction. As the results of
our studies show, myocardial infarction practically
neutralized the decrease in the coronary duct and reduced
the severity of changes in the frequency of contractions
isolated heart. However,

of an most  significantly,

myocardial infarction affected the isolated heart's
contractile response when stimulated with a,-AR. The
control group had a decrease in the left ventricle pressure,
while the study group showed a significant increase in
this parameter. The results obtained once again confirm
the facts of the ability of a,-AR to contribute to the
development of cardiac pathologies. It is possible that
this occurs as a result of gene modifications in the a,-AR
isoforms, which can lead to a change in the interaction of

receptors with G-proteins [12].

control group

miocardial infarction

20 mmHg

50 ms

Figure 3. Initial values of left ventricular pressure and heart rate in rats of the control group and with the model of myocardial infarction (original
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