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Antiarrhythmic effects of phosphorylated glycolysis intermediates glucose-1-phosphate,
fructose-1,6-diphosphate, and phosphoenolpyruvate in early postocclusion arrhythmias are
shown in rat experiments; in contrast to these, D-glucose, sodium pyruvate, and
monoiodacetate, a glycolysis inhibitor, exert no appreciable antiarrhythmic effect.
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There is no doubt that prolongation of glycolytic
energy production during administration of glyco-
lysis intermediates and electron acceptors has a
favorable impact on the course of acute myocar-
dial ischemia, improving the hemodynamic param-
eters and decreasing the size of the necrosis zone
[1,5,6,8]. The contribution of glycolysis to the
development of early postocclusion arrhythmias and
ventricular fibrillation is still being debated [2,3].
We investigated the effects of monoiodacetate
glycolysis intermediates on the course of postocclu-
sion arrhythmias and the incidence of ventricular
fibrillation in acute myocardial ischemia.

MATERIALS AND METHODS

Experiments were carried out with Wistar rats
weighing 160 to 240 g narcotized with sodium
thiopental in a dose of 50 mg/kg intraperitoneally.
The descending branch of the left coronary artery
was occluded in a single step during artificial ven-
tilation of the lungs. The ECG was continuously
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recorded in the Il standard lead. The following
characteristics of arrhythmia were assessed: latent
period before the development of occlusion arrhyth-
mias, mean number of ventricular extrasystoles, fre-
quency and duration of paroxysms of ventricular
tachycardia, and incidence of ventricular fibrillation.
The tested compounds: monoiodacetate (MIA), D-
glucose (DGL), glucose-1-phosphate (G-1-P), fruc-
tose-1,6-diphosphate (FDP), phosphoenolpyruvate
(PEP), and pyruvate (PV) were intravenously in-
jected as a sodium salt solution in 0.5 ml normal
saline with a microdosing device according to the
following scheme: 25% of the dose in a jet before
coronary artery occlusion and 75% by drip infusion
for 10 min after the occlusion. MIA was jet-injected
2 min before occlusion. Doses of the compounds
are presented in Table 1. The data were statistically
processed using Student’s ¢ test and y? methods.

RESULTS

In the control the development of early postocclu-
sion arrhythmias lasting for 70+16 sec was ob-
served as soon as 218+39 sec after coronary ar-
tery occlusion in 100% of experiments. In 5 of the
13 experiments the animals developed ventricular
fibrillation (Table 1).
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TABLE 1. Effect of MIA and Glycolysis Intermediates on the Course of Early Postocclusion Arrhythmias

Experim. Dose, Number of animals developing Latent VT dura- | Number of
conditions| mg/kg total VE VT VE period, sec| tion, sec VE
Control - 13 13 5 218%39 70£16

MiA

DGL

G=1-P | 100
FDP 9 8
9 7
9
PEP 9
L os 8
PV 10.0 9
100.0 7

3uEn |

2 25453

1 34946
405=44"

::6,#3?, 5:‘752:: FE1h
21=8"
18=x10*
9=*=4"
g3

240=51
3 25769 49=15

128=+25

Note. VE: ventricular extrasystole; VT: ventricular tachycardia; VF: ventricular fibrillation. Asterisk shows reliable difference

from control (p<0.05).

The glycolysis inhibitor MIA in a dose of 1
mg/kg did not affect the incidence of arrhythmias
in rats, but it shortened the mean duration of ven-
tricular tachycardia to 24+7 sec vs. 70+16 sec in
the control (p<0.05) and somewhat decreased the
intensity of ventricular extrasystoles. If the MIA dose
was increased to 4 mg/kg, its effect was less pro-
nounced. Moreover, a trend toward a shorter latent
period before the development of arrhythmias was
observed. MIA in a dose of 20 mg/kg caused the
death of all experimental animals (#=6).

DGL in a total dose of 100 mg/kg had a
slight protective effect on the course of early
postocclusion arrhythmias, which manifested itself
in a shorter ventricular tachycardia, 18%35 sec
(»<0.05), a trend toward a longer latent period,
and less intensive ventricular extrasystoles. G-1-P,
a phosphorylated intermediate of the initial stage
of glycolysis, had a more marked antiarrhythmic
effect if administered in parallel with DGL. The
duration of ventricular tachycardia was a mere 613
sec and none of the 9 animals developed ventricu-
lar fibrillation.

FDP, an intermediate of the median phase of
glycolysis in a dose of 50 mg/kg reliably (p<0.05)
reduced the incidence and duration of ventricular
tachycardia and reduced the intensity of ventricu-
lar extrasystoles. Increasing the FDP dose to 100
mg/ke enhanced the above antiarrhythmic effects of
the compound. FDP in the maximal tested dose,
150 mg/kg, reliably lowered the incidence of early
postocclusion disorders of heart rhythm, completely
prevented the development of ventricular fibrilla-
tion, noticeably reduced the duration of ventricu-
lar tachycardia and the intensity of ventricular
extrasystole, and prolonged the latent period.

PEP, an intermediate of the terminal stage of
glycolysis, administered in a dose of 0.1 mg/kg,
markedly shortened the duration of ventricular
tachycardia to 9t3 sec. If the dose was increased
fivefold, the agent significantly reduced the inci-
dence of ventricular tachycardia, completely pre-
vented ventricular fibrillation in the experimental
animals, maximally prolonged the latent period (to
451127 sec), and sharply reduced the duration of
ventricular tachycardia.

PV, the final product of Embden-Meyerhoff’s
cycle, injected in doses of 10 and 100 mg/kg, had
no appreciable effect on the characteristics of
postocclusion arrhythmias.

The theoretical essence of glycolysis inhibition
thus boils down to the prevention of a glycolytic
“outburst” which represents one of the triggering
factors in the genesis of postocclusion arrhythmias
in the early stages of myocardial ischemia [2,3].
Our studies, however, demonstrated that an at-
tempt to inhibit the Embden-Meyerhoff cycle at
the level of glyceraldehyde dehydrogenase by MIA
did not result in a noticeable improvement in the
course of early postocclusion disorders of the heart
rhythm.

Use of glycolysis intermediates which may be
ranked by their antiarrhythmic activity with due
consideration for isomolar doses in the following
order: G-1-P < FDP < PEP proved to be more ef-
fective. It is therefore possible to propose that gly-
colysis intermediates are capable of partially inhib-
iting the active course of preceding reactions ac-
cording to the “substrate-enzyme” principle, that
is, they may “mildly” inhibit the development of
the glycolytic “outburst” phenomenon, with energy
production preserved at a certain level. The latter
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circumstance is fundamentally important, for it
helps maintain the functional activity of energy-
dependent mechanisms of ionic homeostasis in
cardiomyocytes and determines the gradation of
glycolysis intermediates by their antiarrhythmic
activity as a function of the energetic value of the
substrate.

Of course, this hypothesis does not exhaust all
the aspects in the mechanism of the antiarrhythmic
effect of glycolysis intermediates during early postoc-
clusion arrhythmias. For instance, the antiacidotic
effect of FDP and PEP [4] may be of importance,
because metabolic acidosis is one of the key com-
ponents in the pathogenesis of arrhythmias occur-
ring in acute myocardial ischemia [3,7].
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The effect of the antiheparinate antihepolin on the intensity of replication processes
in rat hepatocytes was studied. A single intravenous infusion of polycation caused an
approximately 6-fold increase in the intensity of DNA synthesis on day 2 postinjection
followed by a drop to thebaseline level on days 5-6. If antihepolin was injected in
parallel with heparin, DNA synthesis was intensified after just 24 hours.
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Among synthetic polymers characterized by antihe-
parin activity linear ionenes are known, such as
polybrene [4,3], quaternary ammonium salt of oli-
gomer 25 conidine (QAS-0-25 conidine) [7], and
other substances of polycationic structure [2]. Syn-
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thetic polycations deserving special attention are
those in which natural substances are used as
quaternized nitrogen carriers in their construction.
For example, a systematic series of polymers that
are quaternary salts of polymethacryloil lupinin
(poly-MACL) [5] was synthesized on the basis of
an alkaloid of Anabasis aphylla, lupinin, whose ter-
tiary nitrogen atoms may be easily transformed into
quaternary atoms [6]. A characteristic feature of
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