
ANTIARRHYTHMIC PROFILE AND ENDOTHELIAL ACTION
OF NOVEL DECAHYDROQUINOLINE DERIVATIVES

Valery I. Kozlovski���, Vladimir P. Vdovichenko�, Stefan Ch³opicki���,
Sergey S. Malchik�, Kaldybek D. Praliyev�, Oral T. Zcilkibayev�

����������� �	 
���������� ������������ ���������� ���������� ������ ������ ������������ � � �! "�#$"�
%����&� �����' ������� ������ ����������� ����� (��) *+� ,"++�$ ������� -���.�' �-���.��� /�����.�� �	 �������
(�������� 0�������� (��) �+ � 1*+�++ 2����� 3��.4�� �	 %���������

Antiarrhythmic profile and endothelial action of novel decahydroquino-
line derivatives. V.I. KOZLOVSKI, V.P. VDOVICHENKO, S. CH£OPI-
CKI, S.S. MALCHIK, K.D. PRALIYEV, O.T. ZCILKIBAYEV. Pol J Phar-
macol., 2004, 56, 767–774.

We tested antiarrhythmic and endothelial action of novel decahydroqui-
noline derivatives. Antiarrhythmic activity was analyzed using models of
aconitine-, calcium chloride-, and adrenaline-induced arrhythmias in rats.
Potency to induce nitric oxide (NO)-dependent coronary vasodilation was
assessed in isolated guinea pig heart perfused according to Langendorff tech-
nique.

Among 15 novel decahydroquinoline derivatives (D1–15), four of them
displayed antiarrhythmic activity (D12–D15). D12–D15 compounds were
more active in the model of aconitine–induced arrhythmias than in calcium
chloride-induced arrhythmias and were inactive in the model of adrenaline-
induced arrhythmias. Profile of antiarrhythmic activity of D12–D15 com-
pounds was similar to that of quinidine and procainamide.

Interestingly, in the isolated guinea pig heart D14 and D15 (10�� M) in-
duced coronary vasodilation, that was mediated by endothelium-derived NO.

In conclusion, novel decahydroquinoline derivatives described here
(D12–D15) show antiarrhythmic activity typical of antiarrhythmic drugs of
class I. Importantly, some of these compounds (D14, D15) release NO from
coronary endothelium, which may provide an additional therapeutic benefit.

Key words: decahydroquinoline, antiarrhythmic, endothelium, nitric ox-
ide, coronary vasodilation
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INTRODUCTION

Cardiac arrhythmias represent one of the most
serious complications of coronary artery disease or
heart failure, and their pharmacological treatment
has serious limitations. A majority of antiarrhyth-
mic drugs with the exception of amiodarone do not
reduce mortality from life-threatening arrhythmias
[7, 8, 19, 39]. On the other hand, even amiodarone
has serious side-effects such as pulmonary fibrosis
or pneumonitis [4, 12, 34]. Furthermore, many of
antiarrhythmic drugs display negative inotropic ef-
fect, which excludes their use in patients with heart
failure [16, 17]. Finally, some of antiarrhythmic
drugs of class I and class III increased mortality of
patients with ventricular arrhythmias [11, 13, 35,
39, 40].

That is why the development of new, safe and
effective antiarrhythmic drugs is one of the major
tasks for cardiovascular pharmacology.

Decahydroquinoline derivatives, which are struc-
turally similar to quinidine, were previously shown
to display antiarrhythmic activity [5, 33]. Here, we
assessed antiarrhythmic activity of 15 novel deriva-
tives of decahydroquinoline in three commonly
used models of arrhythmia in rats. We also ana-
lyzed their hemodynamic effects in vivo as well as
their potency to induce coronary vasodilation in the
isolated guinea pig heart. We attempted to find an
antiarrhythmic compound that would additionally
have NO-releasing property. We speculate that anti-
arrhythmic drug with pleiotropic action on endo-
thelium could offer better antiarrhytmic effect
[9, 23] as well as additional cardioprotective activ-
ity.

MATERIALS and METHODS

Animals

Wistar rats and Dunkin-Hartley guinea pigs of
both sexes were used. The investigation conforms
with the Guide for the Care and Use of Laboratory
Animals published by the US National Institutes of
Health and was approved by local Animal Re-
search Committee.

Novel decahydroquinoline derivatives

The structure of decahydroquinoline is shown
in Figure 1. The synthesis of the novel decahydro-
quinoline derivatives was described previously [31,

32]. The structures of decahydroquinoline deriva-
tives tested in the present work are shown in Table
1. All of them have substitutions at 1st, 2nd and 4th
positions. LD$+ of these compounds varied from
100 mg kg#� to 450 mg kg#� (see Table 1). Decahy-
droquinoline derivatives were dissolved in the mix-
ture of Tween 80 and water (1:3) in in vivo experi-
ments and in the mixture of DMSO and water (1:1)
in experiments on the isolated guinea pig heart.

Assessment of antiarrhythmic action of decahy-

droquinoline derivatives

Antiarrhythmic properties of decahydroquino-
line derivatives were studied in three different ex-
perimental models of arrhythmias (see below) and
compared with antiarrhythmic activity of classic
antiarrhythmic drugs (quinidine, procainamide,
lidocaine, verapamil and propranolol). Antiarrhyth-
mic drugs were administered iv 5 min before ad-
ministration of aconitine at incremental doses,
starting from 1/20 of LD$+. Latent period before ar-
rhythmias and duration of the arrhythmias were
analyzed. ED$+ (according to Litchfield and Wil-
coxon [20]) and antiarrhythmic index (LD$+ /ED$+)
were then calculated. Aconitine-induced arrhyth-
mias were induced by iv administration of aco-
nitine hydrobromide at a dose of 50 �g kg#� [22,
36, 37]. Calcium chloride-induced arrhythmias
were induced by 10% calcium chloride iv given at
a dose of 30 mg kg#� [2, 36]. Epinephrine-induced
arrhythmias were induced by iv administration of
epinephrine (0.4 mg kg#�) [2, 22].

Assessment of cardiovascular effects of decahy-

droquinoline derivatives in vivo

Rats were anesthetized (ethaminal sodium,
50 mg/kg ip) and decahydroquinoline derivatives
were administered iv as a bolus injection (1/10 of
LD$+). ECG, heart rate, mean blood pressure were
analyzed before and at various time periods after
drug injection (1, 5, 15 and 30 min). Also cardiac
output and peripheral vessel resistance were calcu-
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Fig. 1. The structure of decahydroquinoline
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Table 1 . The chemical structures of the novel decahydroquinoline derivatives

N R� R� R� R�

1 CH�
� C � C OH �

2 CH�
� C � C OH �

3 CH�
� =O

4 CH�-C � C-C�H� CH�
� =O

5 CH�-C � C-C�H� CH�
� =O

6 CH�-C � C-C�H� CH�
� C � CH � OH �

7 CH�-C � C-C�H� CH�
� C � CH � OH �

8 H =O

9 H =O

10 =O

11 =O

12 H =O

13 H =O

14 CH�CH�C�H� CH�
� OCOC�H�

� H

15 CH�CH�C�H� CH�
� OCOC�H�

� H

� equatorial orientation; � axial orientation
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lated using the method of tetrapolar chest rheogra-
phy [21].

Assessment of NO-dependent coronary vasodila-

tor properties of decahydroquinoline derivatives

in the isolated guinea pig heart

The details of the method were described else-
where [10]. Briefly, guinea pigs of both sexes and
body weight between 300–400 g were anesthetized

with pentobarbital (30–40 mg kg#�). Their hearts

were isolated, washed in ice-cold saline, and

mounted in Langendorff apparatus (Hugo Sachs

Electronics, HSE). Guinea pig hearts were perfused

retrogradely through an aorta under a constant per-

fusion pressure of 60 mm Hg using Krebs-

Henseleit buffer of the following composition

(mM): NaCl 118, CaCl, 2.52, MgSO1 1.64,

NaHCO" 24.88, KH,P01 1.18, glucose 5.55, so-
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Table 2. The values of LD�� and antiarrhythmic indices in aconitine-induced and calcium chloride-induced arrhythmias for the novel
decahydroquinoline derivatives and reference antiarrhythmics

Compounds LD�� (rats, ip, mg kg��) Antiarrhythmic index

Aconitine-induced arrhythmia Calcium chloride-induced arrhythmia

D-12 425.0 ± 95.2 6.4 5.2

D-13 345.0 ± 26.6 6.6 1.1

D-14 219.0 ± 28.8 2.8 1.2

D-15 270.0 ± 4 9.1 11.1 1.3

Quinidine 115.0 ± 13.0 4.8 1.6

Procainamide 267.0 ± 15.6 7.9 1.2

Lidocaine 153.0 ± 22.0 no activity 1.0

Verapamil 44.0 ± 10.4 no activity 7.8
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Fig. 2. Influence of the decahydroquinoline derivatives (D) and the reference antiarrhythmic drugs at 1/10 of LD�� on the latent pe-
riod before aconitine–induced arrhythmia in rats. Results are the means ± SEM (n = 5–7). * indicates statistically significant differ-
ence vs. control (p < 0.05)



dium pyruvate 2.0, that was equilibrated with

95%O, + 5% CO, at 37�C in the oxygenator with

rotating disc (HSE). The hearts were paced with

273 impulses per min through two platinum elec-

trodes placed in the right atrium. Left ventricular

pressure (LVP) was measured using the fluid-filled

balloon inserted into the left ventricle and connected

to a pressure transducer (Isotec HSE). The end dia-

stolic pressure was adjusted to be less than 10 mm Hg.

The dP/dt��� and dP/dt��� values were calculated

from LVP signal by an analogue differentiation am-

plifier (DIF module HSE). Coronary flow (CF) was

monitored by ultrasonic flow meter (HSE). LVP,

dP/dt���, dP/dt��� and CF were calibrated once

a day before the experiment and then continuously

displayed throughout the experiment and finally

analyzed using specially designed software (PSCF.

EXE-IGEL, Poland).

Decahydroquinoline derivatives at various con-
centrations were infused into the coronary circula-
tion as 1 min infusion and their effect on CF and on
heart contractility were analyzed. Contribution of
endothelial NO to coronary vasodilation induced
by decahydroquinoline derivatives was analyzed
using NO synthase inhibitor L-N�-nitroarginine
methyl ester (L-NAME) 10#1 M.

RESULTS

Antiarrhythmic activity of decahydroquinoline

derivatives

Among 15 decahydroquinoline derivatives,
only compounds D12–D15 displayed antiarrhyth-
mic activity. D12 and D13 have keto-group at 4th
position; whereas at 2nd position they have 2,3-
dimethoxyphenyl- and 2,4-dimethoxyphenyl-groups,
respectively. D14 and D15 have 3-phenylpropyl-
group at 1st position, methyl-group at 2nd position
and benzoxy-group at 4th position. D14 is a cis-iso-
mer, while D15 is a trans-isomer.

Aconitine-induced arrhythmias

In control experiments, the latent period for
aconitine-induced arrhythmias was 1.4 ± 0.1 min,
and duration of arrhythmia was 85.0 ± 3.6 min.
None of D compounds influenced the duration of
arrhythmias. However, D12–D15 compounds at the
doses of 1/10 of LD$+ or higher profoundly in-
creased the latent period before the arrhythmia and
this effect was more pronounced as compared to
procainamide (Fig. 2). The most prominent in-
crease in the latent period at the drug dose of 1/10
of LD$+ was induced by D13 and amounted to 13.0
± 8.4 min. In contrast to D12–D15 compounds or
procainamide, quinidine only weakly affected la-
tent period, while lidocaine and verapamil had no
effect at all. The antiarrhythmic indices for
D12–D15 compounds are given in Table 2.

Calcium chloride-induced arrhythmias

In control group, the latent period after calcium
chloride injection was 0.50 ± 0.08 min, and sur-
vival rate amounted to 10%. Neither D12–D15
compounds nor reference drugs increased the latent
period before the arrhythmias. Only verapamil and
D12 increased the survival in this model at the
doses of 1/10 of LD$+. Antiarrhythmic index for
verapamil and D12 was 7.8, and 5.2, respectively
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Fig. 3. (A) The influence of the decahydroquinoline derivatives
(D compounds) and quinidine at a concentration of 10�� M on
the coronary flow in the isolated guinea pig heart. The data are
expressed as an increase in coronary flow (ml min��). Results
are the means ± SEM (n = 3). * Indicates statistically significant
difference vs. vehicle. (B) The coronary vasodilator effect of
D14 and D15 (10�� M) before and after NO synthase inhibitor
L-NAME (10�� M). The data are expressed as an increase in
coronary flow (ml min��). Results are the means ± SEM (n = 3)



(Tab. 2). Survival rates in verapamil- and D12-
treated groups were 85.7% and 60%, respectively.
Both drugs were given at the dose equivalent to
1/10 of LD$+.

Epinephrine-induced arrhythmias

In control experiments, the latent period before
the arrhythmias was 0.8 ± 0.17 min and survival
rate was 0%. D12–D15 at the doses of 1/10 of LD$+

neither prolonged the latent period nor did they
protect animals from death. In contrast, propranolol
at a dose of 1/10 of LD$+ increased latent period to
4.0 ± 1.0 min and increased survival rate to 20%.

Cardiovascular effects of decahydroquinoline

derivatives in vivo

Iv administration of D12–D13 compounds in-
duced short-lasting hypotensive response, a fall in
peripheral resistance, and an increase (D12) or a de-
crease (D13) in heart rate. D15 compound induced
transient increase in blood pressure, increased pe-
ripheral resistance and decreased heart rate. Neither
of these responses lasted longer then 2–5 min. In
contrast, D14 induced more sustained hypotensive
response (15 min after drug injection blood pres-
sure was still decreased by approximately 20%).

Assessment of NO-dependent coronary vasodila-

tor properties of decahydroquinoline derivatives

in the isolated guinea pig heart

In the isolated guinea pig heart, basal CF and
basal dP/dt were 15.7 ± 1.0 ml/min and 863.6 ±
40.8 mmHg/s, respectively. DMSO slightly in-
creased CF by 1.1 ± 0.1 ml/min, and decreased
dP/dt by 1.2 ± 0,2%.

Intracoronary infusion of D14–D15 but not of
D12–D13 increased CF in a concentration-de-
pendent manner (10# –10#$ M) (Fig. 3A). Interest-
ingly, in the presence of NO synthase inhibitor
L-NAME (10#1 M) (see Figure 3B) vasodilation in-
duced by D14 or by D15 compound were abrogated.

On the other hand, D14 and D15 decreased
dP/dt to the similar extent as equimolar concentra-
tion of quinidine, while D12 and D13 had negligi-
ble effect on the isolated heart contractility (Fig. 4).

DISCUSSION

Here we identify 4 novel decahydroquinoline
derivatives (D12–D15, Tab. 1) endowed with anti-

arrhythmic activity. Three of them (D12, D13,
D15) were devoid of major hemodynamic effects
and two of them (D14, D15) had ability to release
NO from coronary endothelium.

D12–D15 compounds display stronger antiar-
rhythmic activity in aconitine-induced arrhythmia
than in the model of calcium chloride-induced ar-
rhythmias suggesting that these compounds may
belong to class I or possibly to class III antiarrhyth-
mics.

Indeed, cardiac effects of aconitine are attrib-
uted to its ability to interact with sodium channels
[27, 28, 38], and sodium channel blockers display
significant antiarrhythmic properties in this model
[3, 18]. Also class I antiarrhythmics were shown to
delay the onset of aconitine-induced arrhythmia
[41]. Noteworthy, D12–D15 displayed more pro-
nounced antiarrhythmic effect as compared to stan-
dard antiarrhythmics of class I.

In contrast to verapamil, D12–D15 compounds
were weak in the model of calcium chloride-
induced arrhythmias [14, 43] ruling out a possibil-
ity that D12–D15 compounds are calcium-channel
blockers. Also a lack of antiarrhythmic activity of
D12–D15 compounds in epinephrine-induced ar-
rhythmia, in which model �-adrenoceptor antago-
nists are typically active [24, 25], excludes their
�-adrenoceptor antagonist properties.

Although most likely D12–D15 compounds be-
long to the antiarrhythmic drugs of class I, they
may possess properties of class III antiarrhythmics.
Indeed, amiodarone, the major representative of
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class III antiarrhythmic drugs, displays antiarrhyth-
mic properties in the model of aconitine-induced
arrhythmias [18, 42]. Whether these properties of
amiodarone are related to the fact that amiodarone
blocks also sodium channel activity [29] or they are
related to other mechanisms is not clear.

In the present study, we found that D14 and
D15 compounds possess pleiotropic endothelial ac-
tion. Indeed, both compounds induced NO-depen-
dent coronary vasodilation in the isolated guinea
pig heart. One of the main causes of arrhythmias is
the coronary artery disease, which is often accom-
panied by endothelial dysfunction. It is known that
endothelial dysfunction plays a key role in the
pathogenesis of the coronary artery disease [1, 6].
Noteworthy, arrhythmias in coronary artery disease
are often attributed to ischemia/reperfusion [26, 30]
and drugs releasing endothelium-derived NO may
prevent deleterious consequences of ischemia/reper-
fusion [15]. Therefore, endothelial action of an an-
tiarrhythmic drug may contribute to the effective
treatment of arrhythmias in coronary artery disease.
Interestingly, D15, the most potent releaser of NO
among D12–D15 compounds, had the highest anti-
arrhythmic index in the model of aconitine-induced
arrhythmias.

In conclusion, we identified here 4 novel deca-
hydroquinoline derivatives that possess antiar-
rhythmic properties most likely related to their so-
dium channels blocking properties. Two of the
novel decahydroquinoline derivatives have also
pleiotropic endothelial action associated with NO
release. Pharmacology of arrhythmias succumbed
many failures. We suggest that it is worth to ex-
plore in greater detail antiarrthymic drugs with NO
releasing properties. They may prove to represent
more efficient agents capable of prevention or
treatment of life-threatening arrhythmias.
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