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The anti-arrhythmic effect was tested on the model of aconitine-induced arrhythmia. The experiment was per-
formed in vivo with 31 male Wistar laboratory rats. Group A was first administered aconitine and, after the onset of
the first sinus rhythm disorders, the 44Bu compound was administered. Group B was first administered the 44Bu
compound and only after that the aconitine. The control group was administered aconitine and saline as a replacement
of the tested compound. In group A, there was a decrease in the ventricular fibrillation occurrence from 100 % to 8 %
(p<0.001) after the administration of the 44Bu compound. In the B group, the onsets of all monitored arrhythmia
types were delayed by an average of 15.6 min. Ventricular rhythm occurrence was decreased from 100 to 20 %, as well

as ventricular fibrillations, from 100 to 0% (p<0.001).

INTRODUCTION

The group of ultra-short-acting beta-blockers is becom-
ing an important therapeutic group in the area of acute
medicine in cardiovascular conditions'-*. The 44Bu com-
pound, which is being tested in the authors’ laboratory,
belongs among the potential ultrashort acting beta-adreno-
Iytic agents. It is an original compound which was synthe-
sized in-house. In preliminary in vitro experiments, both
compounds have been found to have the ability to block
to a significant level the sodium depolarisation as well
as the potassium repolarisation currents, that to larger
degree than esmolol. The impact on the sodium current
I, and potassium current I _is even more apparent than
in ajmaline®. We thus decided to verify experimentally
the supposed anti-arrhythmic effect of this compound in
vivo on an animal. The laboratory rat used already in the
preceding experiments® was chosen.

MATERIALS AND METHODS

The anti-arrhythmic effect of the 44Bu compound
was tested on the model of aconitine-induced arrhythmia.
Aconitine (Sigma Aldrich) is a pentacyclic diterpenic al-
kaloid derived from the Aconitum napellus plant. It has a
great binding affinity with the so-called “neurotoxin recep-
tor binding site 2” of the voltage-sensitive sodium chan-
nels in the cell membranes of various excitable tissues,
including the myocardium’’.

The 44Bu compound was tested in two ways:

1. as a therapeutic agent (the experimental group A;
n=12)

2. as a preventive agent (the experimental group B;
n=10)

Tested Substance

The tested substance with the working title 44Bu
belongs in the group of hydrochlorides, 2-hydroxy-3-
(alkylamino)propyl-4-{ (alkoxycarbonyl)amino} benzoates
and it is substituted by #-butyl in the basic part. The sub-
stance was synthesized at the Department of Chemical
Drugs of the authors’ faculty. The 44Bu compound was
tested at the dose of 1.5 mg.kg™! of the animal weight be-
cause in the experiments that preceded it proved to have
been the most effective® in impacting heart rate.

Aconitine was in the experiment used at a dose of
30 ug.kg! of the animal weight. This dose was determined
based on the preliminary experiment whose object was to
titrate the dose so that the survival period of the intoxi-
cated animals verged on 5 minutes and, thus, enough time
was gained for the presupposed therapeutic intervention
of the tested substance.

Experimental Animals

The testing was performed in vivo in 31 male Wistar
laboratory rats (average body weight of 310 &+ 25 g). The
animals came from and conventional breeding colony
(Faculty of Medicine, Masaryk University, Brno).
Methodology of the experiment was approved and moni-
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tored by the local University Ethical Committee of the
UVPS Brno.

Procedure
The animals were anaesthetised using a 1% solution of

ketamine (Narkamon® inj. Spofa, Czech Republic) and

2 % solution of xylazine (Rometar® inj. Spofa, Czech

Republic). Saline was used for dilution (sterile isotonic

0.9 % NaCl solution for infusion) and as a solvent of

the tested substance. An anaesthetic agent was adminis-

tered intramuscularly at the dose of 0.5 ml/100 g of body
weight. The 44Bu compound was administered always
intravenously into the uncovered vena jugularis in the fol-
lowing situations: (i) in case of monitoring the preventive
effect (experimental group B), two minutes before the
administration of aconitine, (ii) in case of monitoring the
therapeutic effect (experimental group A), immediately
after the development of the first sinus rhythm disorders

induced by aconitine, (iii) animals in the control group C

were administered saline intravenously in the very same

moment.

Animals were being monitored continuously on a
Seiva Praktik ECG machine. Experimental group A was
monitored another 15 minutes following the aconitine ad-
ministration; with experimental group B for 25 minutes.
In predetermined time intervals (starting point, aconitine
administration followed by 10 second intervals), the ap-
propriate ECG records were made for further process-
ing.

Changes induced by aconitine administration or by the
subsequent administration of the 44Bu compound were
evaluated for their potential batmotropic, dromotropic
and chronotropic action. Attention was paid to the first
occurrence of the given types of arrhythmias (see below)
and the blockade of conduction without any close speci-
fication of the blockade type. Zero time mark is always
ascribed to the intravenous aconitine administration. (The
administration of aconitine took 10 seconds).

Also the percentage occurrence of the given disorder
in each group was assessed discretely. Measurements
of the change in the QRS complex width as well as the
change in heart rate in time were done, too.

The following arrhythmia types were monitored:

— Atrial arrhythmias: supraventricular premature beats
(SVPB); atrial fibrillations (AF)

— Ventricular arrhythmias: discrete ventricular premature
beats or ventricular premature beats in salvos (VPBS);
ventricular premature beats with a firm bond to the
basic rhythm, i.e. bigeminies and trigeminies (VPBB);
ventricular escape rhythm (VER) and ventricular fi-
brillations (VF).

Statistical Analysis

Statistical calculations of the changes of the QRS
complex width and of heart rate were carried out with
the Microsoft Excel software. The Student's paired t-test
was used for assessing the significance of the changes as
against the initial value; Student's unpaired t-test was used
to determine the statistical significance of the differences
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among the experimental groups (A and B) and the control
group (C). The Mann-Whitney test was used to verify the
calculations. The statistical significance of the frequency
of occurrence of the appropriate arrhythmia types was
assessed with the ¢? test in the Unistat 5.1 software.

RESULTS

In the control group C, all of the 9 animals died as
a result of ventricular fibrillations caused by aconitine
intoxication. The average survival period of these animals
was 5.1 minutes after aconitine administration. Twenty to
forty seconds after the intravenous aconitine administra-
tion, the animals developed increased atrial excitability
that manifested itself in supraventricular extrasystoles
and, in some cases, atrial fibrillations. There was also
ventricular excitability that manifested itself in ventricular
extrasystoles. Extrasystoles are most commonly multiplex,
discrete or in salvos. In some cases, couplets or triads
of ventricular extrasystoles appear. Excitability disorders
are accompanied by the blockade of the sinoatrial and
conduction. There is a AV block of the 2nd and later on
of the 3™ degree. Meanwhile, the intraventricular conduc-
tion worsens, too. The QRS complex significantly widens
in time and it reaches a peak of 64.7 + 7.5 ms which cor-
responds to 404.5 % of the initial value in the fifth - the
last monitored minute (Fig. 1). The rhythm source moves
on the lower centres, i.e. there are atrial fibrillations and
the ventricles follow their own beats - a ventricular escape
rhythm appears that gradually progresses and results in
some cases in ventricular fibrillation and death. Heart
rate was very volatile (Fig. 2) due to the interference of
positively chronotropic and negatively dromotropic effect
of aconitine. The mean heart rate was throughout the
whole of the experiment on the levels of 180.1 + 45.6 %
of the initial value with a peak of 246.8 % (612 bpm) in
the fourth minute after the i.v. aconitine administration
(Fig. 2). Heart rate changes in relation to the initial val-
ue were proved by the Student’s pair t-test as significant
(p<0.05).

In experimental group A of 12 animals which were
administered the tested 44Bu compound as a therapeu-
tic agent, the aconitine intoxication survival balance was
9 survivals and 3 deaths. One death was dues to ventricu-
lar fibrillations, two due to total blockade of the sinoven-
tricular as well as intraventricular conduction. The mean
survival period of the 3 mortalities was 8.0 minutes after
aconitine administration.

After the administration of the 44Bu compound, there
is a slow down of the onset of the individual arrhythmias.
The onset of the supraventricular extrasystoles is not af-
fected because the 44Bu compound is administered to
the animal after their development. The time of the onset
of the fibrillation is prolonged by 7 seconds. The time of
the first onset of all monitored ventricular arrhythmias
prolongs by 29 to 66 seconds. 32 seconds later, also the
SA and AV conduction blockades appear i.e.dromotropic
effect of aconitine sets in (Table 1). Although in animals
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Fig. 1. Changes in the QRS complex width in time and
standard deviation.

of this experimental group the ventricular escape rhythm
sets in, there is no progression and it does not result in
ventricular fibrillations. Instead, there is a gradual return
to the individual disorders. Within 15 minutes after the i.v.
aconitine administration, there is a general renewal of the
sinus rhythm in 50 % of the animals. In the other animals,
there are also some discrete ventricular extrasystoles or
supraventricular extrasystoles. What followed afterwards
was not monitored. The change in the onset of the individ-
ual arrhythmia types was found to be significant (p<0.05)
only in the case of the onset of the ventricular rhythm
- the first occurrence was prolonged by 47 seconds. Delay
in the onset of the ventricular fibrillations could not have
been processed statistically because this arrhythmia de-
veloped in the tested group A only once.

After the administration of the 44Bu compound, there
is also a decrease in the per cent occurrence of some of
the ventricular arrhythmia types (Table 1) but it was only
the difference in the occurrence of the ventricular fibril-
lations which went down from 100 % in the control group
C to 8 % in the group A that was after the assessment by
the ¢?test found to be statistically very significant (p =
0.000032).

Since the first minute after the aconitine administra-
tion, there have been significant changes in the QRS com-
plex width as compared to the initial value. The statistical
significance (p <0.01) of these changes was verified by the
Student’s paired t-test. The maximum QRS complex width
was found in the 4" minute when in had 48+12.6 ms
(234.8+£62.7 % of the initial value). Then, there was a
slight decrease. In the 15" minute of the experiment, the
QRS complex width was at 25.7+2.4 ms (127.1 % of the
initial value) - see Fig. 3. The Student’s unpaired t-test
confirmed great statistical significance (p = 0.007) in the
fifth minute of the experiment between the QRS complex
widths in the control group C and experimental group
A animals. The statistical significance in this time interval
was also confirmed by the Mann-Whitney test. It would
appear, then, that the 44Bu compound accelerates the
intraventricular conduction blocked by aconitine.
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Fig. 2. Heart rate change in time and standard deviation.

The heart rate change was very volatile, similar to the
control group C. The differences as against the initial val-
ue were significant (p<0.05). The mean heart rate was
128.0 + 28.1 % of the initial value during the whole of the
experiment and there was a peak in the 7" minute after
the i.v. administration - 423 beat per minute (150.0 % of
the initial value) - see Fig. 2. The Student’s unpaired t-test
as well as the Mann-Whitney test proved a great statistical
significance (p<0.01) of the heart rate changes in com-
parison with the control group C between the 1* and the
4™ minute after aconitine administration.

In the experimental group B, all of the 10 experimen-
tal animals survived 25 minutes of the experiment (time
measured after aconitine administration). By virtue of the
preventive administration of the 44Bu compound, there
was a highly significant (p<0.001) delay of the onset of
all of the monitored arrhythmia types - in average by 15.6
minutes (Table 1). The onset of the ventricular rhythm
is found even as many as 21.6 minutes later. Ventricular
fibrillations did not develop during the 25 minute moni-
toring in any of the experimental animals. There were
changes also in the per cent occurrence of the individual
arrhythmia types. Using the @?test, a highly significant
decrease in the occurrence of the ventricular rhythm
from 100 % in the control group C to 20% (p = 0.0004)
and with ventricular fibrillations from 100 % to 0 (p =
0.000013).

Also this group manifested changes in the QRS com-
plex width and heart rate.

Change in the QRS complex width ranged from
20.0£0.9 to 44.9+ 5.8 ms (100-224.6 % of the initial
value) and it increased with time (Fig. 1) over the whole
of the experiment. A more significant increase appears
approximately in the 16" minute. Using the Student’s
unpaired t-test, we were able to detect a significant dif-
ference (p<0.05) in the time interval between the 1%
and 9" minutes between the QRS complex width in the
group A animals (the 44Bu compound administered as
a therapeutic agent) and the group B animals (the 44Bu
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Table 1. The first occurrence of the given types of arrhythmias (minute - second) and the percentage occurrence
of the given disorder in each group (%)

Type of Control groupCn=9 Tested group An = 12 Tested group Bn =10
arrhythmia
The time onset | Occurrence (%) | The time onset | Occurrence (%) | The time onset | Occurrence (%)
SVPB 0-29 78 % 0-33 67 % 14 - 20 60 %

AF 0-50 56 % 0-57 75 % 13 - 00 20 %
VPBS 0-45 89 % 1-14 75 % 17 -50 60 %
VPBB 0-53 56 % 1-28 67 % 16 - 20 90 %
VER 1-23 100 % 2-10 83 % 23 -00 20 %

VF 3-24 100 % 4 -30 8 % 0-00 0%

Blockade 0-52 67 % 1-20 67 % 15 - 37 90 %

100 % = total number of the tested animals in the group (n)

SVPB = supraventricular premature beats, AF = atrial fibrillations, VPBS = discrete ventricular premature beats or ventricu-
lar premature beats in salvos, VPBB = ventricular premature beats with a firm bond to the basic rhythm (bigeminies and
trigeminies), VER = ventricular escape rhythm, VF = ventricular fibrillations

compound administered as a preventive agent).

Heart rate did not vary much in time. It ranged in the
interval of 97-121% of the initial value and it peaked in the
25" minute (301 bpm - Fig. 2). Using the Student’s paired
ttest did not return any significant heart rate changes in
relation to the initial value but the unpaired t-test gave
a statistically significant heart rate change compared to
the control group C in the interval between the 20" sec-
ond and 5" minute (p < 0.01) and in comparison to the
group A, in the interval of the 20" second and 2" minute
(p<0.05). Statistical calculations were verified also with
the Mann -Whitney test.

DISCUSSION

Effect of aconitine on the myocardium of the tested
animals can be characterized as positively batmotropic,
negatively dromotropic and positively chronotropic. In
animals intoxicated by aconitine which were soon ad-
ministered the 44Bu compound as a therapeutic agent
(experimental group A), there was a significant decrease
in the occurrence of ventricular fibrillations from 100 %
to 8 % (p=0.000032). Total mortality dropped from 100 %
to 25%. The 44Bu compound succeeded in cutting the
QRS complex width from 47.98 ms in the 4" minute to
25.73 ms in the 15" minute and thus in speeding the in-
traventricular conduction in the myocardium intoxicated
with aconitine (Fig. 1). The 44Bu compound also limited
the increase of heart rate induced by aconitine. While in
the control group C the heart rate was 612 bpm in the
4" minute, the experimental group A had a heart rate of

374 bpm in the same time interval (Fig. 2).

When administering the 44Bu compound as a preven-
tive, i.e. before the aconitine administration (experimental
group B), there was a significant (p<0.001) delay in the
onset of all of the evaluated arrhythmia types by an aver-
age of 15.6 minutes. Also, there was a greatly significant
decrease in the occurrence of ventricular rhythm, from
100% to 20% (p = 0.0004) and ventricular fibrillations
from 100% to 0 (p = 0.000013) (Tablel).

As a preventive agent, the 44Bu compound admin-
istration also limited the QRS complex width growth
which is the opposite of what we have seen in both of the
above mentioned groups. With respect to the fact that
the 44Bu compound is degraded much more rapidly than
aconitine the widening of the QRS complex sets in from
approximately the 16™ minute, i.e. at period when first ar-
rhythmias develop. In the tested animals of the group B,
a significantly lower increase of heart rate was registered
during the whole of the 25 minute experiment.

Aconitine is an alkaloid that modifies voltage-sensitive
sodium channels!® most of all. It causes a permanent acti-
vation of the sodium channels at the steady state potential
by blocking the inactivation of the sodium channels’. It
has a great binding affinity with the so-called “neurotoxin
receptor binding site 2” which is localized on the alpha
subunit in the transmembrane region of the voltage-sensi-
tive sodium channel’®. Aconitine modified sodium chan-
nels open already at a negative value of the membrane
potential and as a result, there is an inhibition of their
inactivation - aconitine thus permanently depolarises the
membranes!!. According to the in vitro data, the 44Bu
compound should slow down the depolarisation and pro-
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long the action potential. All alkaloids binding to the so-
called “neurotoxin receptor binding site 2” bind almost
invariably to open channels but they affect them only
slightly in both steady and inactivated state'’. Preventive
action of the 44Bu compound thus is founded probably
on the change of the ratio of the open sodium channels
and the inactivated sodium channels (i.e. in a steady state)
on one side and the inactivated channels.

Modification of the sodium channel by an aconitine
bonding onto the receptor binding site 2 is generally
considered to be irreversible'®. Despite this, some local
anaesthetics, anticonvulsants and antiarrhythmics of the
I* class can inhibit the effect of the toxins binding on
the “neurotoxin receptor binding site 2” of the sodium
channel™. This inhibition is probably a result of an indi-
rect allosteric bond between the receptor binding site 2
and the receptor site for this type of drugs because both
receptor sites have different bonding sites which, howeyver,
overlap®. Whether the 44Bu compound is capable of bind-
ing to the receptors of the above mentioned substances
based on its structural similarity with some of the local
anaesthetics (as procainamide) and of inhibiting the effect
of aconitine by indirect allosteric action or whether it af-
fects the receptor binding site 2 to which aconitine binds
directly will be the subject of the next study.
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