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Certain synthetic analogues of leucine-enkephalin [natural peptide neurotransmitter] are
known to have membrane-protecting action and be able to stimulate the processes of
reparative regeneration. For this reason, it was of interest to study a potential beneficial
effect of these agents on the course of myocardial infarction (Ml). Experimental studies
provided evidence that administration of synthetic opioid peptides favored the
stabilization of the final volume of necrotic focus and the acceleration of its healingz.
Opioid peptides were shown to act both via the central nervous system and by a direct
effect on the myocardiume’ 7. Administration of exogenous opioid peptides is also
justified by the fact that blood concentration of endogenous opioid peptides is
decreased in patients with acute MI> °.

It is known that the elevation of circulating opioid peptide level in the organism can be
achieved not only by the introduction of exogenous opioid peptides but also by the
activation of endogenous opioid systems with the use of transcranial electrostimulation
(TCES), which leads to a release of opioid peptides, in particular, of beta-endorphin,
into the cerebrospinal fluid and blood*.

The present work was aimed at studying the course of reparative processes in patients
with Ml under stimulation of endogenous opioid systems with the use of TCES method.

Material and Methods

Sixty-three patients with primary excessive M| were examined. All patients were
admitted to the clinic not later than 6-hr after the beginning of angina attack. Among
these patients, 23-persons (20-male and 3-female patients; mean age of 55.6+1.6 yr;
anterior M| localization in 70% of cases, posterior localization in 30% of cases) were
treated at admittance and subsequently every other of 15-days with TCES in addition to
conventional symptomatic therapy. Each session- lasted for 25 to 30-minutes, and the
strength of current was chosen according to the individual tolerance of each patient
(from 6 to 10 mA, 7 mA in average). Frequency (77-Hz) and duration (3.5 to 4-ms of
rectangular impulses, as well as the ratio between direct and mean impulse current
values (2:1) were maintained at constant levels.

Control group consisted of the remaining 40-patients (34-male and 6-female patients;
mean age of 54.5+1.8 yr; anterior Ml localization in 77.5% and posterior localization in
22.5% of cases) who received conventional complex symptomatic therapy including,
anticoagulants, antiaggregants [preventing clumping], polarizing mixture, vasodilators
and anti-arrhythmic agents. The two patient groups were similar in their clinical and
anamnestic characteristics.



In order to evaluate the formation of necrotic focus and the development of
compensational myocardial hypertrophy (CMH) in patients with anterior Ml localization,
the method of precordial electrocardiotopography (ECTPG) [special ECG] described by
P. Maroko et al. (1972) and modified by A. V. Vinogradov et al. (1981) was used. The
mass of vital myocardium was evaluated according to the total amplitude value of Q
waves and QS complexes (ESQ+ISQS, mm?). The extent of ischemic [low oxygen
state] lesion was judged by the total elevation of ST segment above the isoelectric line
(ST, mm). ECTPG was taken at admittance, after TCES session (in the control group -
after administration of the polarizing mixture), on days 2, 3, 5, 10 and 25 of MI
development. Simultaneously, using the method of phase analysis of heart activity, the
rate of increase in the blood pressure in the left ventricle during the isometric
contraction phase (dp/dt, % of the expected value) was determined according to the
technique described by A. P. Golikov et al. (1981). Parameters were recorded with the
use of Mingograf-4 apparatus (Siemens, FRG).

Collagen metabolism reflecting the formation of post-infarction scar was judged of by
the dynamics of plasma protein bound oxyproline (PBO) contents (upmol/l). This
parameter was determined at admittance and on days 5, 10, 15, 20 and 25 of M|
development according to the technique proposed by A. A. Krel and L. N. Furtseva
(1968). Normal PBO level in 22-healthy individuals was 61.5+2.6 umol/l.

Plasma beta-endorphin concentrations in patients with M|l were measured at
admittance, after TCES (in the control group — following the administration of polarizing
mixture), on days 2, 3 and 5 of Ml development using radioimmunoassay with Immuno
Nuclear Corp. kit (USA). In a group of 15-patients with CHD and without MI beta-
endorphin level was 6.4+0.5 pmol/l.

In all patients cardiac rhythm was monitored daily during the acute MI period. In the
cases of repeated angina pain, ST segment elevation and repeated peak of blood
creatine phosphokinase (CPK) and CPK MB activities, prolonged course of the disease
was ascertained. In order to reveal heart aneurysm, before the discharge all patients
were examined using echocardiography or ventriculography. Circulation msufﬂuency
(Cl) was designated as being moderate (tachycardia, dyspnoea of less than 24-min™
and venous stasis in the lungs determlned radiographically [X-ray]) or pronounced
(tachycardia, dyspnoea of more than 24-min’ ! and interstitial or alveolar lung edema as
determined by radiography).

Results and Discussion

As it is shown in the table, the SQ+XSQS value during the acute MI period were
virtually similar in both groups; however, on the day 25 of M| development a tendency
towards the decrease in size of the necrotic focus could be observed in TCES-treated
patients. Thus, on the day 25 the SQ+=SQS value was 310.2+35 mm? in the TCES
group, whereas in the control group it was 403.2+36.5 mmZ. Simultaneously, in TCES-
treated patients a rapid drop of ST could be observed, difference between the two
groups being significant on days 10 and 25.



It is known that such dynamics of ECTPG parameters may be associated with the
accelerated post-infarction scar formation®.

Furthermore, in the TCES group, following a period of the decrease in XRh, there was
an increase in this parameter due to a rise of amplitude of the persisting R waves and
their shifting to the place of QS complexes. This fact seems to be associated with the
restoration of ischemized cardiomyovyte function and increase in mass of non-infarction
portions of myocardium as a result of hyperplasia of intracellular ultra-structures® °.

Additionally, significantly greater dp/dt values were found in the TCES group on days 2
to 10 as compared with those in the control group (see the table). Improvement of heart
contractility during the acute period may be brought about by the direct effect of opioid
peptides on non-infarction portions of the myocardium®. During the subacute period, the
increase in heart contractility seems to be associated with the accelerated CMH
development.

Plasma PBO concentrations in TCES-treated patients with M| were significantly higher,
as compared with those of controls, during the period from the day 5 to the day 15 (Fig.
1), that is, exactly on those days when patients were treated with. TCES. Increase in
blood PBO concentration testifies of collagen metabolism intensification, in particular, of
strengthening of collagen synthesis. Such changes reflect the improvement of
connective-tissue function and acceleration of the connective-tissue scar formation at
the site of necrosis. Thus, in TCES-treated patients with MI, reparative processes
become intensified due the accelerated formation of post-infarction scar and the
development of CMH.

In order to study more precisely the effect of TCES on the endogenous opioid systems,
blood beta-endorphin concentrations were measured in Ml patients. It was established
that over a period from the day 1 to the day 5 blood beta-endorphin concentrations in
patients of the control group were in average 2.9 times lower (Fig. 2) as compared with
those in non-Ml patients with CHD (p <0.01). As a rule. Blood beta-endorphin level
correlated with the severity of patient’s condition, that is, low initial blood beta-endorphin
level was associated with Ml complications such as pronounced Cl, prolonged course of
the disease and disturbances of cardiac rhythm.

On the other hand, TCES of the opioid systems resulted in a significant increase in
blood beta-endorphin concentrations in patients with M| (Fig. 2). After each next TCES
session, beta-endorphin level became 1.8 times higher, in average, as compared with
the initial value. Furthermore, stationary blood beta-endorphin level also became higher.
Thus, on the day 3 beta-endorphin concentration in the blood of TCES-treated patients,
even before the session, was 1.7 times as high as that in the control group, whereas on
the day 5 it was 2.4 times as high.

It can be concluded that the TCES-induced increase in blood beta-endorphin
concentration is one of the mechanisms underlying the acceleration of reparative
processes. Similar effect could be observed following the experimental administration of
dalargin, a synthetic opioid peptide. One possible mechanism of dalargin-induced



acceleration of the post-infarction scar formation is that of the stimulation of capillary
growth at the site of the scar®.

Improvement of heart contractility due to TCES and the stimulation of reparative
processes including the development of CMH were accompanied by a rapid recovery
from Cl phenomena. Thus, during the period from the day 1 to the day 10 the
occurrence of Cl in patients receiving conventional symptomatic treatment became 2-
times less, whereas in TCES-treated patients it became 4-times less as compared to
the initial value. In TCES-treated patients, the incidence of repeated angina pain was
also lower.

For instance, on the day 2-repeated pain that required the administration of opioid
analgesics was observed only in 13% of patients (compared with 28% in the control
group). Prolonged MI course was demonstrated in 8.7% of TCES-treated patients
(compared with 30% of controls). By the middle of the day 1, ventricular and atrial
extrasystole was revealed in 21.7% arid 8.7% of TCES-treated patients respectively,
whereas in the control group the corresponding figures were 37.5% and 15%
respectively.

Conclusions

1) Transcranial electrostimulation will accelerate the formation of post-infarction
scar and. the development of compensational hypertrophy of the surviving
myocardium, which is accompanied by the improvement of heart contractility.
Introduction of this method into the complex therapy for the treatment of
myocardial infarction can improve the clinical course of the disease, decreasing
the incidence of the signs of circulation insufficiency, repeated angina pain,
prolonged course of myocardial infarction and rhythm disturbance.

2) One of the main mechanisms underlying the stimulation of reparative processes
during the treatment of patients with myocardial infarction using transcranial
electrostimulation is that of the activation of the endogenous opioid system, as
determined by the increase in plasma beta-endorphin concentration.

Dynamics of the parameters of precordial electrocardiotopography and heart
contractility in TCES-treated patients with Ml (M+m).
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