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We studied the effect of a.,-adrenoreceptor activation after preliminary I-current blockade
on the performance of the Langendorff-isolated rat heart 54 days after modeling myocar-
dial infarction. Stimulation of o,-adrenoreceptors against the background of application of
I, blocker ZD7288 in concentrations of 10~ and 10-° M decreased myocardial inotropy in
isolated rat hearts by 50 and 39% (p<0.05) and increased HR by 20 and 15% (p<0.05), respec-
tively. Activation of o,-adrenoreceptors against the background of application of ZD7288 in
a concentration of 10~° and 10-° M led to a decrease in the coronary flow in the isolated rat
heart with the model of myocardial infarction by 21% (p<0.05) and 32% (p<0.05), respectively.
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Myocardial infarction (MI) is caused by ischemia fol-
lowing coronary occlusion. Acute and chronic MI are
classified as two different phases of injury, depending
on the time of myocardial necrosis relative to the
time of coronary vessel occlusion. The acute phase
occurring within the first 7 days is associated with
cardiomyocyte death, extensive inflammation, and fi-
broblast recruitment. The subacute phase character-
ized by healing of cardiac tissue and scar formation
occurs between the 1st and 4-6th weeks. Expansion of
the infarct zone, thinning of the ventricular wall and
dilatation of the ventricle characterize the chronic
phase that occurs after 8-9 weeks. Extensive remodel-
ing of the left ventricle (LV) gradually leads to severe
heart failure [1].

The most important role in the pathogenesis of
heart failure is played by hyperactivation of the sym-
pathetic nervous system, as a result of which catechol-
amines cause dysfunction of the heart, arrhythmias,
myocardial hypertrophy, and apoptosis. Another con-
sequence of increased level of circulating catechol-
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amines is a decrease of myocardial adrenoreactivity
related to a decrease in the density of B-adrenergic
receptors and their desensitization, which leads to dis-
ruption of cAMP-dependent mechanisms of Ca?*-chan-
nel activation and inhibition of the inotropic response
to agonists [2].

We have previously demonstrated the role of
a,-adrenergic receptors (a,-AR) in the regulation of
cardiac activity in healthy animals [3-6]. According
to published reports, rats with spontaneous hyper-
tension demonstrate enhanced expression of o,-AR
subtypes, dysfunction of a,-AR, and inefficiency of
signaling pathways associated with o,-AR in a model
of the cardiovascular system pathology [7]. In rats
with ventricular tachycardia/fibrillation induced by
ischemia/reperfusion, stimulation of a,-AR with se-
lective agonist UK-14304 produced an antiarrhythmic
effect. Another a,-AR agonist, dexmedetomidine, had a
pronounced cardioprotective effect in LV dysfunction
caused by hypoxia/oxygenation. In addition, o.,-AR an-
tagonist yohimbine aggravated ventricular tachycardia
during acute ischemia in dogs [7].

I, is a non-selective cationic current activated
by hyperpolarization and entering through hyper-
polarization-activated cyclic nucleotide-gated chan-
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nels (HCN channels) [8]. Initially, I, was considered
characteristic of the heart conduction system cells
and neurons, but later it was identified in atrial and
ventricular myocytes in animals and humans [8].
L. currents are modulated by the level of cAMP, sym-
pathetic and parasympathetic divisions of the auto-
nomic nervous system [9]. Experiments on rats have
shown that I, density is significantly higher in LV
myocytes isolated from hypertrophied myocardium.
Functional overexpression of I, in cardiomyopathy
can be explained by transcription mechanisms; this
was associated with a significant increase in mRNA
isoforms of HCN2 and HCN4 channels in rat LV tis-
sue after MI [10]. Since the presence of HCN chan-
nels and o,-AR has been shown in cardiomyocytes
in the pathology of the cardiovascular system, HCN
channels can be an important effector of adrenergic
regulation of the heart.

The aim of this work is to investigate the effect of
a,-AR activation against the background of I, currents
blockade on the performance of Langendorff-isolated
rat heart 54 days after experimental ML

MATERIALS AND METHODS

Outbred rats (n=20, age 100-120 days, body weight
200-250 g) were used in the experiment. The experi-
ments were carried out in compliance with the Euro-
pean Convention for the Protection of Animals Used
in Experiments or for Other Scientific Purposes (Stras-
bourg, 1986).

The effect of clonidine hydrochloride against the
background of I-currents blockade was studied in
rats (n=14) on day 54 after MI modeling (period of
scar formation) [11]. In control experiments (n=6), the
effect of clonidine hydrochloride without prior I-cur-
rents blockade was assessed.

MI was modeled under ether anesthesia. The an-
imal was fixed on the operating table, an incision was
made on the left side of the chest, the pectoral mus-
cles were pulled apart, and a 10-15-mm incision was
made between ribs V and VI. The heart was taken out
of the chest cavity by pressing fingers on the chest
from both sides. The heart was held by the ventricles
and a ligature was applied to the anterior branch of
the left coronary artery (Prolene 6/0, Ethicon) 0.5-
1.0 mm below its orifice under the auricle, and tied
3 times; then, the heart was returned to the chest
cavity, the muscles were brought together, and the
skin was sutured. During the postoperative period, the
animals were kept under standard conditions.

Ex vivo experiments were carried out using a
Langendorff apparatus (ADInstruments). The animals
(n=20) were intraperitoneally injected with a 25%
solution of urethane (800 mg/kg body weight). The
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heart was isolated, washed, and placed in cold Krebs—
Henseleit solution (2-5°C). The aorta was cannulated
and retrograde perfusion of the isolated heart with
oxygenated (95% O,, 5% CO,) solution was performed
under a constant hydrostatic pressure of 60-65 mm Hg
at 37°C. The contractile activity of the myocardium
was studied in the isovolumic mode using an MLT844
pressure sensor (ADInstruments) and a latex balloon
filled with water and inserted into the LV cavity. HR
(bpm), left-ventricular developed pressure (LVDP, mm
Hg), and coronary flow (CF, ml/min) were determined.
The curve was recorded using on PowerLab 8/35
system (ADInstruments) and LabChart Pro software.
a,-AR were stimulated with clonidine hydrochloride
(Sigma) in a concentration of 10-% M; for blockade of
L. currents, ZD7288 (Tocris) was used in concentrations
of 10-* and 10-° M.

Statistical processing of the obtained results was
carried out using Microsoft Excel program by one-
way ANOVA followed by a posteriori tests (T test) for
related and unrelated groups; paired and unpaired
Student’s t tests were also applied. The data are pre-
sented as M*m. The differences were significant at
p<0.05.

RESULTS

Addition of the o,-AR agonist clonidine (10-°® M)
against the background of preliminary I-current
blockade with ZD7288 (10-° M) decreased LVDP from
44.6%8.1 to 35.1£7.8 mm Hg by the 5th minute. By
the 10th minute of observation, LVDP decreased to
26.5t4.6 mm Hg (p<0.05) and at the 20th minute it
was 22.5+£3.1 mm Hg (p<0.05) (Fig. 1, a; Fig. 2, b). Thus,
LVDP decreased to 50% of the initial value. Activation
with clonidine against the background of I current
blockade reduced HR at the Ist minute of the study
from 140.0£8.3 to 134.0£9.2 bpm. By the 5th minute,
the HR increased to 150.0£12.5 bpm and by the 20th
minute to 168.0+11.4 bpm (p<0.05), i.e., increased by
20% (Fig. 2, b). Stimulation of o.,-AR against the back-
ground of I-current blockade reduced CF values from
5.7%0.7 to 5.1£0.7 ml/min (p<0.05) at the 5th minute
of observation, to 4.6+0.6 ml/min (p<0.05) at the 15th
minute, and to 4.5+0.6 ml/min (p<0.05) at the 20th
minute (Fig. 2, b); thus, CF decreased by 21%.
Clonidine against the background of administra-
tion of ZD7288 (10-° M) reduced LVDP by the 5th min-
ute of the experiment from 79.3+14.4 to 58.5+11.5 mm
Hg, by the 15th minute this parameter decreased to
51.9+8.2 mm Hg (p<0.05) and by the 20th minute
of observation, LVDP decreased to 48.3+7.8 mm Hg
(p<0.05) (Fig. 1, b; Fig. 2, c¢). Clonidine against the
background of I-current blockade increased HR from
178.0£15.5 to 191.7£14.5 bpm (p<0.05) at the 5th
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Fig. 1. Effect of a,-AR agonist clonidine hydrochloride (10—¢ M) against the background of I, blocker ZD7288 in concentrations of
10—° M (a) and 10—° M (b) on LVDP and HR of Langendorff-isolated adult rat heart on day 54 after Ml modeling. Original record.
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minute and up to 202.8+14.3 bpm at the 15th minute
of the experiment. By the 20th minute, the HR in-
creased to 205.0+12.4 bpm (p<0.05). Administration of
an o,-AR agonist against the background of blockade
decreased CF from 7.7+1.1 to 5.7+1.1 ml/min (p<0.05)
at the 10th minute of observation and to 5.2+1.2 ml/
min (p<0.05) by the 15th minute (Fig. 2, c).
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Fig. 2. Effect of clonidine hydrochloride (10—% M) on the perfor-
mance of the Langendorff-isolated heart of adult rats 54 days
after Ml modeling in the control (a) and against the background
of | blockade with ZD7288 in concentrations of 10—° M (b) and
10— M (c). *p<0.05 in comparison with the initial values.

We also performed a comparative analysis of acti-
vation of a,-AR with clonidine (control) and clonidine
against the background of I-current blockade with
ZD7288 (10-? and 10> M) in the isolated heart of adult
rats on day 54 after MI modeling. Preliminary I, block-
ade changed the direction of the dynamics of myocar-
dial inotropy in the rat isolated heart upon stimulation



R. K. Bugrov, A. M. Kuptsova, et al.

with o,-AR from positive to negative. Stimulation of
a,-AR in the control increased LVDP by 44% (p<0.05)
(Fig. 2, a), while stimulation of o,-AR against the
background of ZD7288 in concentrations of 10-* and
10° M decreased this parameter by 50% (p<0.05) and
39% (p<0.05). In the control, activation of a,-AR caused
a decrease in HR by 33% (p<0.05) (Fig. 2, a). Admin-
istration of a.,-AR agonist against the background of
ZD7288 blocker in concentrations of 10-° and 10-° M,
on the contrary, led to an increase in HR by 20 and
15% (p<0.05 in both cases), respectively. It should be
noted that CF decreased in the control (Fig. 2, a) and
in the experiment. At the same time, the maximum
decrease (by 32%, p<0.05) was observed after admin-
istration of a.,-AR agonist against the background of
ZD7288 blocker in a concentration of 10° M.

Thus, pre-blockade of I, changed the chronotropic
and inotropic responses of rat heart with an MI model
to stimulation of a.-AR, but did not affect the direc-
tion of CF dynamics.

Based on published data, we can assume the exis-
tence of several mechanisms of joint influence of o,-AR
and I currents on the work of the heart. Activation
of a,-AR with clonidine directly inhibits the I. current
[12]. Activation of o,-AR reduces the level of adenylate
cyclase, inhibits activity of L-type Ca?* channels, and
stimulates K* channels. o,-AR agonists also stimulate
NO synthase and the NO-cGMP pathway [13]. There
is evidence that, despite the overexpression of o,-AR
subtypes, their agonists act on cardiomyocytes of
spontaneously hypertensive rats much weaker than on
cardiomyocytes of normotensive rats [7]. The obser-
ved increase in the number of a.-AR in spontaneously
hypertensive rats may play an important role in the
effective adaptation of the heart in other models of car-
diovascular pathology [7]. It has been shown that stim-
ulation of a,-AR protects the heart from damage during
ischemia. It is assumed that this mechanism is associ-
ated with inhibition of catecholamine release in sympa-
thetic synapses and a decrease in the oxygen demand of
cardiomyocytes during ischemia/reperfusion [14]. Func-
tional overexpression of HCN channels has also been
shown in cardiac pathologies [10]. Thus, an increase
in o,-AR-mediated signals in cardiomyocytes with an
increase of a.-AR in cardiovascular pathologies [7] can
be determined, among other things, by more complex
interaction between I and a.-AR of the heart after ML
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