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Experiments with electrophysiology of the heart have been essential for
the progress in diagnostics and pharmacotherapy of cardiovascular diseases.
The aim of the study was to establish the influence of a new propranolol ana-
logue on mechanical and bioelectrical activity of the rabbit heart in vitro. In
the experiment, propranolol (1-isopropylamino-3-[1-naphthoxy]-2-propanol
hydrochloride) and its newly synthesized analogue (1-[1,1-dimethyl-ethyl-
amino]-3-[1-naphthoxy]-2-propanol hydrochloride) were used. Atrial trabe-
cules were cut from right rabbit atrium. Each preparation consisted of car-
diomyocytes and sino-atrial node cells. Preparations were stimulated with
square pulses of direct current at a voltage of 20V, rate of 2 Hz and 1 ms du-
ration. Propranolol and its analogue were applied at gradded concentration
10�� M, 10�� M, 10�� M, 10�� M, 10�� M and 10�� M. Mechanical (force of
contraction, time of contraction and relaxation) and bioelectrical (amplitude
and duration of action potentials) activities were examined. Bioelectrical ac-
tivity of preparations was recorded using intracellular microelectrodes. LD

��

for new analogue was determined. Analogue diminished force of contraction
and shortened time of contraction and relaxation of myocardium and de-
creased amplitude and duration of action potentials in sino-atrial node cells.
It influenced mechanical and bioelectrical parameters to lesser degree than
propranolol.

Key words: electrophysiology, myocardium, -adrenoceptor, propra-
nolol, propranolol analogue
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INTRODUCTION

Propranolol has initiated a new direction in
therapy of many heart diseases [22]. This substance
developed by J.W. Black in 1964 [18] as a first
member of �-adrenoceptor-blocking drugs became
essential in the therapy of patients with coronary-
artery diseases. Since the introduction of propra-
nolol to clinical practice, new �-blocking drugs
with beneficial pharmacological properties, small
toxicity and wide therapeutic spectrum have been
searched for. Pharmacological properties of propra-
nolol and other �-blockers result from their affinity
for �-adrenoceptors and are closely related to the
chemical structure which is similar to isoproterenol
[1, 14]. Substituents at the N-terminal end of the
side chain determine affinity for �-adrenoceptor.
Structure of the joining group and substituents at
the aromatic ring determine if a compound acti-
vates or inhibits the receptor [5]. Alkyl group at the
N-terminal of a side chain defines the degree of af-
finity for �-adrenoceptor. Analysis of the drug
structure allows to predict the place for introducing
of a new chemical group. Even small modifications
of structure may cause significant changes in phar-
macological properties [9]. In earlier in vitro stud-
ies, several propranolol analogues were examined
in order to characterize their influence on myocar-
dium. They contained different chemical groups in
the side chain of propranolol such as dimethyl qua-
ternary group, hydroxyl group, nitric oxide mole-

cule in place of isopropyl group or the structure of
monoterpene [12, 19, 20, 23]. In our experiment,
propranolol (1-isopropylamino-3-[1-naphthoxy]-2-
propanol hydrochloride) and its newly synthesized
analogue (1-[1,1-dimethyl-ethyl-amino]-3-[1-naph-
thoxy]-2-propanolhydrochloride) were used. Modi-
fication of chemical structure was an effect of the
addition of the methyl group to the side chain of
propranolol (Fig. 1). Such modification has not
been used so far and we supposed that it may result
in a compound with different, favorable influence
on mechanical and bioelectrical activity of rabbit
heart in vitro in comparison with propranolol.

MATERIALS and METHODS

At the beginning of the experiment, LD"� of the
new analogue was determined and it amounted
2800 mg kg'� in mice (ip).

Animals

Experiments were performed on 70 adult male
Chinchilla rabbits (2–4 kg). Rabbits were kept in
the well ventilated room under an artificial light/dark
cycle (12/12 h, light on from 7 a.m. to 7 p.m.) under
standard conditions (21°C) with a free access to
food and water. All procedures were approved by
the Ethics Committee for the Animal Research in
Katowice (nr 26/2000).

Drugs

In the experiments, Tyrode solution was used
(CaCl# = 1.8 mmol l'�, KCl = 5.4 mmol l'�, MgCl#
= 1.0 mmol l'�, NaCl = 148 mmol l'�, Glucose =
5.5 mmol l'�, distilled water to 1000 ml, pH = 7.4)
as a solvent for the examined substances: propra-
nolol hydrochloride (Polfa, Warszawa, Poland),
newly synthetized propranolol analogue (synthe-
sized at the Institute of Heavy Organic Synthesis,
Kêdzierzyn-KoŸle, Poland) and isoprenaline (Iso-
proterenol, Sigma Chemical Co., USA). The structure
of the new propranolol analogue: C�!H#"NO#Cl
(310.0) was confirmed by spectroscopic technique.
All the solutions were freshly prepared prior to
each experiment.

Experimental protocol

Animals were divided randomly into 4 groups.
In control group (n = 10), Tyrode solution was used;
in group I (n = 25) animals received propranolol, in
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Propranolol
(1-isopropylamino -3-[naphthoxy]-2-propanol hydrochloride)

Propranolol analogue
propanol hydrochloride)
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+

(1-[1,1-dimethyl-ethyl-amino]-3-[1-naphthoxy]-2-

Fig. 1. Scheme of the chemical structure of propranolol and its
analogue



group II (n = 25) the new propranolol analogue was
administered and in group III (n = 10) there were
two subgroups (n = 5), one treated with propranolol
and isoprenaline and the other given the analogue
and isoprenaline. In III group, we established the
specificity of the analogue action on �-adrenoce-
ptors. Animals were anesthetized ip with urethane
(Fluka, Germany) at 1.0 g kg'�. Then rabbits were
placed on the operating table and after thoracotomy
the heart together with the main vessels was excised.
Subsequently, 3–4 atrial trabecules (about 10 mm
long) were cut out from the right rabbit atrium under
an operating microscope. These specimens exhibited
spontaneous contraction in Tyrode solution. Each
preparation consisted of cardiomyocytes and sino-
atrial node cells and it was placed in a special
chamber filled with Tyrode solution (37°C ± 0.5)
oxygenated with a mixture of 95% O# and 5% CO#

[24]. The Tyrode solution flowed continuously
through the chamber at a rate of 0.25 ml/min. One
end of the preparation was fastened to an electro-
mechanical transducer tube F30 (HSE, Germany)
and stimulator S44 (Grass, Germany). The other
end protruded freely. Survival time of the prepara-
tion was about 60 min from the onset of stimula-
tion. All preparations were stimulated throughout
the experiments with square pulses of direct current
at a voltage of 20V, rate of 2 Hz and 1 ms duration
[25]. Each study started after a 30 min equilibration
period. The signal from the electromechanical
transducer tube type 336 (HSE, Germany) was sent
to the oscilloscope 2221 A (Tectronix, USA) [24].

All recordings were collected in PC and printed by
a plotter HC 100 (Tectronix, USA). Scheme of the
experimental system is presented in Figure 2. In the
control group, each preparation was perfused with
Tyrode solution and mechanical activity was deter-
mined. In groups I and II, test solutions of propra-
nolol and its analogue were prepared by adding ap-
propriate amounts of propranolol or its analogue to
a reservoir with Tyrode solution to obtain concen-
trations: 10'! M, 10'( M, 10'" M, 10'� M, 10') M
and 10'# M. After control recordings the Tyrode so-
lution was replaced by a proper test solution. The
mechanical activities of atrial preparations were re-
corded after 15, 30 and 45 min for each molar con-
centration separately. In group III, propranolol ana-
logue was applied at 10'� M and after the first
recording of mechanical activity (at 15 min), iso-
prenaline at 10'( M was added. After all record-
ings, the force of contraction (mg) as well as the
durations of contraction and relaxation (ms) were
estimated.

Bioelectrical activity of preparations was re-
corded using intracellular microelectrodes filled
with 3M KCl solution. Microelectrodes had a resis-
tance of 15–35 MOhm [6, 24]. The microelectrode
was inserted under microscope into the sino-atrial
node cell by means of the hydraulic micromanipu-
lator MO-103 (Narishige, Japan) and joined with
the transducer tube type 309 (HSE, Germany) and
stimulator S44 (Grass, Germany). Substances were
applied and electrical records were taken as above.
Amplitude (mV) and duration (ms) of action poten-
tials were estimated. Analysis of data was per-
formed by computer programme Transition 2
Gould Data Software System (UK).

Statistical analysis

Results were expressed as means ± SEM. Stati-
stical analysis was performed by means of Mann-
Whitney test. Significance was set at p < 0.05.

RESULTS

We observed a progressive reduction of the
force of contraction after propranolol at doses
higher than 10'( M (Tab. 1). Propranolol analogue
produced less negative inotropic response than the
native drug at doses of 10'# M and 10') M (Tab. 1).
Both propranolol and its analogue shortened the
time of contraction at doses higher than 10'( M
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Fig. 2. The experimental system: T– atrial trabecule, M–
microelectrode, E– dispersing electrode, E�, E�– stimulating
electrodes, G– impulse generator, O– oscilloscope, ET–
electromechanical transducer, PA– pre-amplifier, A– amplifier



(Tab. 2). Only at 10') M propranolol diminished
this parameter stronger than its derivative.

We also observed shortening the time of relaxa-
tion after propranolol at doses higher than 10'" M
(Tab. 3). But analogue had weaker influence on this
parameter in comparison with propranolol at con-
centrations of 10'# M, 10'� M and 10'" M (Tab. 3).
At doses lower than 10'" M no significant differ-
ences between both tested compounds in parame-
ters of mechanical activity of cardiomyocytes were
observed (data not shown).

Table 3. Time of relaxation (ms) after different concentrations
of propranolol and its analogue

Time of relaxation (ms)

Compound 0 min 15 min 30 min 45 min

Control 386.0
± 2.92

379.9
± 1.67

370.8
± 2.28

365.3
± 2.21

Analogue
10�� M

391.0
± 5.84

368.2
± 8.13

353.0
± 7.29*

343.6
± 9.18*

Propranolol
10�� M

393.9
± 3.90

366.9
± 3.48*

344.9
± 3.41*

336.4
± 4.80*

Analogue
10�� M

380.2
± 5.78

368.0
± 7.94

358.8
± 8.26

350.8
± 8.10

Propranolol
10�� M

371.8
± 7.44

384.0
± 6.63*

340.6
± 6.42*

333.6
± 6.74*

Analogue
10�� M

375.1
± 4.21

365.2
± 3.82*

357.1
± 3.75*

350.9
± 3.47*

Propranolol
10�� M

395.0
± 3.18

379.2
± 2.80�

371.2
± 2.76�

363.8
± 2.86�

Analogue
10�� M

354.3
± 4.06

346.4
± 3.79*

340.7
± 3.87*

335.8
± 3.61*

* Statistically significant difference (p < 0.05) vs. control group.
� Statistically significant difference (p < 0.05) vs. analogue-
treated group, n = 6 preparations for each group

Analysis of electrical activity revealed that the
negative inotropic effect of propranolol was ac-
companied by changes in the measured parameters,
i.e. amplitude and duration of action potentials.
Propranolol diminished amplitude of action poten-
tials of sino-atrial node cells (Tab. 4) and at doses
10'# M and 10') M shortened duration of action po-
tential (Tab. 5). The analogue diminished bioelec-
tric parameters at the same doses as propranolol,
but these changes were weaker in comparison with
propranolol (Tab. 5). There were no statistically
significant differences in bioelectrical parameters
between both tested compounds at doses lower
than 10'� M (data not shown).
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Table 1. Force of contraction (mg) after different concentrations
of propranolol and its analogue

Compound 0 min 15 min 30 min 45 min

Control 353.3
± 7.67

348.3
± 7.65

342.3
± 8.35

337.0
± 8.33

Propranolol
10�� M

357.9
± 6.75

283.6
± 5.26*

227.5
± 4.07*�

177.2
± 1.83*�

Analogue
10�� M

343.5
± 5.59

309.6
± 4.58*

288.1
± 6.34*

270.1
± 5.85*

Propranolol
10�� M

338.8
± 4.44

272.1
± 2.21*�

238.9
± 5.29*�

209.9
± 7.28 *�

Analogue
10�� M

353.1
± 5.33

333.5
± 5.74

319.8
± 5.49*

312.0
± 6.22*

Propranolol
10�� M

358.8
± 5.57

315.5
± 9.94*

294.4
± 9.18*�

277.3
± 9.96*�

Analogue
10�� M

353.0
± 3.44

338.1
± 3.76

328.3
± 3.92

320.9
± 4.02

Propranolol
10�� M

346.4
± 4.52

323.6
± 7.14*�

297.8
± 4.96*�

282.4
± 4.65*�

Analogue
10�� M

364.7
± 3.92

356.6
± 3.69

349.3
± 3.10

344.1
± 2.99

* Statistically significant difference (p < 0.05) vs. control group.
� Statistically significant difference (p < 0.05) vs. analogue-
treated group, n = 6 preparations for each group

Table 2. Time of contraction (ms) after increasing concentra-
tions of propranolol and its analogue

Compound 0 min 15 min 30 min 45 min

Control 177.7
± 4.71

175.0
± 5.11

172.3
± 5.53

169.7
± 5.85

Propranolol
10�� M

156.2
± 4.07

133.6
± 4.20*

121.2
± 7.09*

111.8
± 9.52*

Analogue
10�� M

165.2
± 7.85

151.6
± 7.61*

142.6
± 7.72*

132.2
± 7.87*

Propranolol
10�� M

139.9
± 3.56

124.4
± 3.19*�

117.2
± 2.84*�

110.4
± 2.96*�

Analogue
10�� M

161.0
± 4.32

151.0
± 5.01*

143.6
± 6.10*

136.2
± 7.48*

Propranolol
10�� M

156.2
± 4.81

144.8
± 4.57*

137.4
± 4.35*

132.0
± 4.56*

Analogue
10�� M

155.9
± 8.76

149.5
± 9.31*

143.1
± 9.28*

138.3
± 9.29*

Propranolol
10�� M

158.6
± 5.23

150.0
± 5.30*

143.0
± 4.42*

136.0
± 4.29*

Analogue
10�� M

145.6
± 4.53*

138.5
± 4.12*

133.1
± 3.77*

127.8
± 3.63*

* Statistically significant difference (p < 0.05) vs. control group.
� Statistically significant difference (p < 0.05) vs. analogue-
treated group, n = 6 preparations for each group



Our studies showed that the analogue could
block �-adrenoceptors like propranolol. Results of
examination of receptor specificity are shown in
Table 6.

DISCUSSION

Introduction of �-adrenoceptor blocking drugs to
clinical practice was one of the crucial steps in
pharmacology of the last century. Originally devel-

oped as drugs for angina and hypertension treat-
ment, �-blockers have recently become essential in
acute myocardial infarction and tachyarrhythmias
[7]. Besides classic drugs with settled position in
therapy, there are many new compounds with pro-
longed hypotensive activity, favorable hemody-
namic and metabolic profile or protective action on
the vascular wall [22]. The new propranolol ana-
logue turned out to be a substance less toxic than
propranolol (LD"� = 2800 mg kg'� for analogue and
LD"� = 107 mg kg'� for propranolol) [3]. We sho-
wed that the analogue could block �-adrenoceptors
like propranolol. But it had weaker negative ino-
tropic effect in comparison with propranolol which
caused a progressive reduction of the force of con-
traction at doses higher than 10'( M. Results of the
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Table 4. Amplitude of action potentials (mV) following applica-
tion of propranolol and its analogue at different concentrations

Amplitude of action potentials (mV)

Compound 0 min 15 min 30 min 45 min

Control 100.7
± 3.12

97.7
± 2.90

95.0
± 2.84

92.5
± 2.79

Propranolol
10�� M

105.7
± 3.51

79.3
± 3.20*�

66.7
± 2.98*�

58.3
± 2.71*�

Analogue
10�� M

103.3
± 2.98

93.0
± 2.74

85.3
± 2.99*

77.3
± 2.94*

Propranolol
10�� M

108.0
± 2.74

89.7
± 2.33

82.0
± 2.52*

74.0
± 2.35 *

Analogue
10�� M

101.7
± 2.45

91.0
± 2.52

84.3
± 2.66*

78.0
± 2.74*

* Statistically significant difference (p < 0.05) vs. control group.
� Statistically significant difference (p < 0.05) vs. analogue-
treated group, n = 6 preparations for each group

Table 5. Duration of action potentials (ms) following applica-
tion of propranolol and its analogue at different concentrations

Duration of action potentials (ms)

Compound 0 min 15 min 30 min 45 min

Control 179.0 ±
4.16

175.3 ±
4.14

171.7 ±
3.92

178.8 ±
5.29

Propranolol
10�� M

179.7 ±
3.23

152.0 ±
2.92*�

129.7 ±
2.60*�

115.0 ±
2.52*�

Analogue
10�� M

184.3 ±
3.36

172.3 ±
3.36

164.0 ±
4.06

158.7 ±
3.73*

Propranolol
10�� M

181.3 ±
3.73

154.3 ±
3.85*

140.3 ±
3.77*

128.0 ±
3.83*

Analogue
10�� M

177.3 ±
4.07

165.0 ±
3.31

156.0 ±
3.14*

145.7 ±
2.94*

* Statistically significant difference (p < 0.05) vs. control group.
� Statistically significant difference (p < 0.05) vs. analogue-tre-
ated group, n = 6 preparations for each group

Table 6. Receptor specificity of the propranolol analogue

Force of contraction (mg)

Compound 0 min 15 min 30 min 45 min

Control 339.4
± 7.56

386.4
± 9.76

428.2
± 6.48

504.8
± 4.67

Propranolol 10�� M
and
Isoprenaline 10�� M

353.8
± 3.81

305.1
± 4.00*�

282.2
± 3.38*�

263.4
± 3.23*�

Analogue 10�� M
and
Isoprenaline 10�� M

373.1
± 6.46

363.8
± 5.41

355.4
± 5.11*

345
± 5. 89*

Time of contraction (ms)

Control 138.3
± 3.34

156.8
± 5.02

164.6
± 5.37

168.4
± 5.45

Propranolol 10�� M
and
Isoprenaline 10�� M

154.2
± 6.16

154.2
± 6.16

134.3
± 5.37*

127.9
± 5.53*

Analogue 10�� M
and
Isoprenaline 10�� M

156.0
± 5.62

148.1
± 5.57

140.6
± 5.36*

133.7
± 5.45*

Time of relaxation (ms)

Control 379.1
± 3.89

396.7
± 3.99

421.8
± 6.73

444.0
± 6.18

Propranolol 10�� M
and
Isoprenaline 10�� M

383.7
± 7.16

361.8
± 6.90*

344.4
± 5.80*�

334.6
± 6.52*�

Analogue 10�� M
and
Isoprenaline 10�� M

390
± 7.21

384.8
± 7.37

377.1
± 7.38*

368.3
± 8.05*

* Statistically significant difference (p < 0.05) vs. control group,
n = 6 preparations for each group. � Statistically significant dif-
ference (p < 0.05) vs. analogue- and isoprenaline-treated group



present study are in accordance with data obtained
by Parmley et al. [16]. They compared effects of
propranolol and sotalol on contractility of papillary
muscles isolated from the cat heart and showed that
propranolol at concentrations higher than 10'( M
had negative inotropic effect and shortened time of
contraction whereas sotalol exerted positive ino-
tropic effect. Also in our study the negative ino-
tropic response to popranolol was accompanied by
shortening of time of both contraction and relaxa-
tion at doses higher than 10'( M. Tuganowski et al.
[25] investigated changes in mechanical and bioe-
lectrical activity of atrial trabecules isolated from
right rabbit atrium with the cut-end method after
propranolol application. They found that if the cut-
end method was used, negative inotropic effect of
propranolol was not accompanied by any bioelec-
trical changes, whereas propranolol applied extra-
cellularly decreased the force of contraction and
excitability of cardiomyocytes. These authors sug-
gested the presence of intracellular �-adrenoce-
ptors. Also Levy and Richards [11] observed dimi-
nution of the force of contraction in rabbit right
atrium trabecules after the application of propra-
nolol. In the other study, Levy [10] showed that
propranolol significantly decreased the force of
contraction of myocardium and caused arrhythmia
and asystolia. Nayler et al. [15] obtained similiar
results in vitro with propranolol. They estimated
the activity of propranolol and two other �-blo-
ckers (Kö-592 and 39,089 Ba) in the rabbit right
atrium trabecules and papillary muscles and showed
that propranolol had the strongest negative ino-
tropic effect among the examinated compounds.
Bell and Peterson [2] showed that propranolol de-
pressed contractility of myocardium and decreased
the heart rate in an animal model. Davis and Temte
[6] examined the effects of propranolol on bioelec-
trical activity of ventricular muscle and Purkinje fi-
bers of the dog heart. Propranolol diminished the
amplitude of action potential of both ventricular
muscle and Purkinje fibers. In our study, we ob-
served similar influence of propranolol on the elec-
trical activity of sino-atrial node cells of rabbit
heart. Morales-Aguilera and Vaughan Williams
[13] described diminution of depolarization veloc-
ity after propranolol in preparations excised from
the rabbit heart. Barrett and Cullum [1] showed in
vitro a decrease in amplitude of action potentials in
ventricular muscle and conducting nodal tissue fi-
bers after propranolol and its optical isomers. In

other in vitro studies, propranolol decreased veloc-
ity of depolarization in papillary muscle of human
and dog myocardium [4]. Satoh [21] compared the
influence of propranolol and pindolol on electro-
physiological activity of spontaneously active
sino-atrial node cells in rabbit and showed that both
compounds prolonged duration of action potentials
and had negative inotropic effect. Freeman and
Turner [8] observed that propranolol and practolol de-
creased velocity of depolarization of action potentials
in atrial trabecules, but they did not change amplitude
of action potentials in rabbit sinus and atrioventricular
nodes. Many investigators have been looking for new
�-blockers based on propranolol, whose activity
could be favorable in pharmacotherapy. Rosen et al.
[20] examined an influence of a new propranolol
analogue (N,N-dimethylpropranolol) on bioelectri-
cal activity of Purkinje fibers in dog and showed
that this analogue decreased the amplitude, velocity
of depolarization and duration of action potentials.
Moreover, it was found that propranolol had a
stronger influence on the excitability of prepara-
tions that its analogue. Our study also revealed that
propranolol analogue decreased amplitude and
shortened duration of action potential of sino-atrial
node cells, but its influence on electrical activity
was weaker than that of propranolol, like in the pa-
per mentioned above. Librowski et al. [12] esti-
mated antiarrhythmic activity of (-)trans-4-[2-hy-
droxy-3(N-isopropylamino)-propoxyimino]-cis-cara-
ne in the isolated myocardium of guinea pig. This
compound shortened velocity of depolarization,
duration of action potential as well as refractory pe-
riod and prevented ouabain-induced arrhythmia.
Siemieniuk et al. [23] estimated in animal model an
influence of propranolol analogues containing the
structure of monoterpene on myocardium. All ana-
logues had the same or minor cardiodepressive tox-
icity as propranolol but no antiarrhythmic activity
in barium-induced arrhythmia. Rauckman et al.
[19] showed that introduction of nitric oxide into
the side chain of propranolol instead of isopropyl
group caused a decrease in its affinity for �-adre-
noceptors. Pierson et al. [17] modified the structure
of propranolol to diminish its affinity for 5-HT�,

receptors and ��- and �#-adrenoceptors. Removal
of the hydroxyl group from the side chain of pro-
pranolol and converting the secondary amine to
a tertiary one caused a decrease in affinity of a new
compound for 5-HT�, receptors together with ap-
proximately 1000-fold decline of affinity for �-adre-
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noceptors. Different �-blocking compounds have
similar therapeutic effects, but various pharmacol-
ogical properties. Because of minor toxicity of our
propranolol analogue in comparison with the native
drug, there is a possibility of its application in
a wide range of therapeutic doses. Minor influence
on mechanical activity of cardiomyocytes (weaker
negative inotropic effect) of the tested analogue
may be useful in certain clinical situations when
a strong depression of heart contractility is undesir-
able. Moreover, this analogue may have other use-
ful pharmacological properties, but they need to be
confirmed in further studies.
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