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The arrhythmic effects of Na* and Ca** intracellular imbalance were examined on rats
with aconitine-induced cardiac arrhythmias. Under conditions of Na*-dependent arrhyth-
mogenesis, blockade of Ca*-channels with verapamil aggravated cardiac rhythm distur-
bances. Correction of ionic imbalance by intravenous injection of calcium preparations
in aconitine-induced arrhythmia promoted recovery of stable sinus rhythm and de-
creased animal mortality. Intracellular imbalance of Na* and Ca** ions can underlie the
arrhythmogenic effects of antiarrhythmic drugs.
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Hyperpolarization of the sarcolemma caused by
abnormal membrane repolarization and decreased
resting potential is an important pathogenic mecha-
nism of cardiac rhythm disturbances. In experi-
ments, membrane hyperpolarization and cardiac
arrhythmia (CA) are usually simulated by intra-
venous injection of KCI. Under conditions of hyper-
kalemia, outward potassium current during the final
phase of hyperpolarization decreases due to increa-
sed concentration of K* in the intracellular fluid and
the value of negative resting potential decreases.
Normally resting potential is about -95 mV, but
under conditions of hyperkalemia its value decrea-
ses with increasing of the extracellular potassium
concentration. Hypopolarization of the membrane
to -50 and -60 mV leads to activation of fast Na
channels and spontaneous ectopic rhythm distur-
bances; at -30 and -35 mV these channels inac-
tivate, but slow Ca channels open in sarcolemma,
which leads to Ca-dependent CA caused by re-entry
mechanism or trigger activity. Extreme hyperkale-
mia inactivates both Na and Ca channels and
causes cardioplegia [6,7].
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During acute coronary syndromes in patients
with coronary heart disease, membrane permeabi-
lity for K* increases, and potassium ions leaks into
the extracellular fluid from ischemized cardiomyo-
cytes. Leakage of only 1% potassium from cells
2-fold elevates its extracellular level [5]. Local rise
in potassium concentration can provoke various CA
(depending on the degree of membrane hypopola-
rization).

There are no methods for evaluation of ab-
normal activation of ionic channels. Therefore, the
antiarrhythmic drugs are routinely chosen by trial-
and-error method, which frequently leads to block
of ionic channels that are not involved in local
arrhythmogenesis. Clinically, it manifested in anti-
arrhythmic drug inefficiency or even cause arrhyth-
mogenic complications [2,3].

Our aim was to study the cardiac rhythm dis-
turbances in rats under the effect of selective acti-
vation or blockade of Na and Ca channels.

MATERIALS AND METHODS

Experiments were carried out on random-bred male
and female albino rats (n=50) weighing 160-200 g
and randomized into five groups. Under nembutal
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ions elevates pronouncedly [4]. At this period, Na*/K*
pump works more intensively, and the exchange of
Na* for Ca?* proceeds at greater rate. Both pro-
cesses evacuate the surplus of Na* ions from the
cell. Probably, in our experiments the intracellular
sodium concentration was far surpassed that cal-
cium. Under these conditions, the block of Ca chan-
nels with verapamil not only decrease the entry of
Ca?" ions into the cells during the second phase of
action potential, but it also impeded the donation
of Ca? ions from sarcoplasmic reticulum. Thus,
dysfunction of ionic channels aggravated the intra-
cellular ionic imbalance, which resulted in the de-
velopment of aconitine-induced CA and the death
of animals. The pathogenic role of calcium deficit
in cytosol was corroborated by the antiarrhythmic
effect of intravenous CaCl, in group 4 rats and by
its high efficiency in prevention of aconitine-indu-
ced CA in group 5 rats.

The ionic mechanisms of cardiac rhythm dis-
turbances caused by dysfunction of ionic channels
and intracellular imbalance of Na* and Ca?* ions are
little studied. Probably, the function of Ca-activated
K channels is also distorted under these conditions,
which promotes membrane depolarization.

This study confirms the possibility of arrhyth-
mogenic side effects during drug-induced dysfunc-
tion of ionic channels. Our experimental paradigm
can be used to assess the arrhythmogenic side ef-
fects of antiarrhythmic preparations.

Thus, the pathogenic relation between intra-
cellular imbalance of Na* and Ca?* ions and elec-
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trical instability of the myocardium is established.
Under conditions of Na*-dependent arrhythmogene-
sis, the block of slow Ca channels with verapamil
decreases the intracellular concentration of Ca?*
ions, aggravates aconitine-induced CA, and increa-
ses mortality. Intravenous infusion of CaCl, during
aconitine-induced CA demonstrates pronounced
antiarrhythmic potency and prevents the fatal out-
come.
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