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Abstract

Barto‰ová L. ,  M. Frydrych,  G.  Vaculová,  K.  Beránková,  M. Bébarová3,  R.
Opatfi i lová1,  V.  Strnadová, P.  Mokr˘1,  V.  Bruncl ík2,  J .  Kolevská2,  J .  Krãmáfi,
L.  Barto‰íková,  T.  Flor ian,  J .  Neãas: Ultrashort Bradycardic Effect of Newly Synthesized
Compounds. Acta Vet. Brno 2006, 75: 183-196.

Changes in the heart rate induced by four different doses of two newly synthesized potential
ultrashort-action antagonists of beta adrenergic receptors were tested in 90 male laboratory Wistar
rats. The isoprenaline-induced tachycardia model was used. Their effects were compared with
those of esmolol. In the second part of the study, approximate electro-physiological measurements
were made in vitro to assess the influence of the compounds tested on ion membrane currents in
isolated ventricular cardiomyocytes. Both compounds demonstrated significant bradycardic
effects in all concentrations tested compared with the control group, but they differed in the time
of the onset of their action. Both newly synthesized compounds induced blockade of the fast
sodium current (INa) and potassium currents (Ito, IK1, IK,end).

Experimental pharmacology, rats, heart rate, ester-functional group, bradycardic effect,
membrane currents, esmolol

Although attempts at using beta sympatolytic antagonists (beta blockers, beta adrenolytics,
beta adrenergic receptors) have been made in many areas of medicine, they have gained
a particularly important position in the treatment of cardiovascular diseases. They are indicated
for the treatment of myocardial infarction, hypertension, arrhythmias and hyperthrophic
cardiomyopathy (Frishman et al. 1984; McDevitt  1986; Hampton 1994). Beta blockers,
however, have also a number of side effects, e.g., bradycardia, hypotension, and they may have
an aggravating effect on the heart failure, or rather, bronchospasm, peripheral
vasoconstriction, fatigue, insomnia and depression. In order to avoid prolonged action, beta
blocking agents with assumed ultra-short-acting period have been developed. Their
pharmacological effects last only several minutes, and their administration as intravenous
infusions in indicated patients in critical care situations is much safer than the use of longer-
acting beta-adrenergic blocking agents (Reilly et al. 1985; Gray 1988).

Ultra-short-acting beta blocking agents still form only a small fraction of a large group of
beta-adrenolytics. At present, two ultra-short-acting beta blockers have been registered:
esmolol (Brevibloc® inj.) (Gorczynski  1985) and landiolol (Onoact® inj.) (Barton et al.
1986). A third one, flestolol (Atarashi  et al. 2000), is now being clinically tested. What
they all have in common is a short elimination half-life achieved by the insertion of an ester
group in the side chain on the aromatic core. This group is very rapidly hydrolyzed by plasma
cholinesterases or by esterases present in the cytosole or erythrocyte membranes. With
compounds of this type, gradual beta-blockade titration is possible and their clinical effects
rapidly subside with the facultative termination of the therapy (Murthy et al. 1988). In the
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Czech Republic, the only registered drug with ultra-short-acting beta blocker esmolol is
Brevibloc. Its active agent is esmolol hydrochloride. Ultra-short-acting beta blockers are
used more and more frequently not only in emergencies where rapid control over the heart
rate is necessary (sinus tachycardia, fibrillation and atrial flutter - Blanski  et al. 1988) but
also for the treatment and prophylaxis of tachycardia and hypertension caused by increased
sympathetic activation under anaesthesia during surgery or in the postoperative stage (e.g.
during laryngoscopy or intubation - Bensky et al. 2000).

Ultra-short-acting beta blockers are thus becoming an important therapeutic group, and
new drugs exhibiting those characteristics are being developed.

On the basis of a pilot study (Barto‰ová et al. 2003) and an analysis of the structure - the
compound 44Bu may be assumed to have a beta-blocking rapid action. The aim of the
present study was to find the relationship between the doses of compounds 44Bu and 444
and their pharmacological action. For the test of heart rate changes, the isoprenaline-induced
tachycardia model was used. The effect on ion membrane currents was tested in the
concentration of 10 µmol·l-1 in vitro using isolated ventricular cardiomyocytes.

Materials and Methods
Tested Substances

Both tested compounds designated as 44Bu and 444 belong to newly synthesized compounds with a potential
ultra-short beta- blocking action. Their ultrashort action is achieved by the incorporation of metabolically unstable
ester functional group in the linking chain of the original aryloxyaminopropanol structure of the blocker (Mokr˘
et al. 2003). The tested substances are derivates of aryl-carbonyl-oxy-amino-propanols and their difference is in
the different substituent in the aliphatic chain of the molecule - 44Bu has n-butyl and 444 terc-butyl (see Fig. 1).

The tested compounds were produced by a five-step
synthesis as hydrochlorides. The structure was confirmed
using 1H-NMR and 13C-NMR spectroscopy (Mokr˘ et al.
2001), (apparatus Varian Gemini), IR spectrophotometry
(apparatus Nicolet Impact in KBr tablet). Purity was
evaluated by TLC on silica gel (Kieselgel® 60 F254 Merck);
mobile phase cyclohexane : ethanol : triethylamin (4:2:1)
v/v/v and by HPLC (column RP C18 Supelco ABZ+®);
mobile phase methanol : water (60:40) v/v. Basic physical
indicators were assessed: melting point; solubility (see Table
1 and 2).

Both of the compounds are assumed to have a similar
biotransformation as flestolol, which is also one of ultra- short-
acting beta-blockers. The ester group in the molecule linking
chain is hydrolyzed in plasma by plasmatic esterases (probably
carboxylesterases), and two metabolites, 4-alkoxycarbonyl
aminobenzoic acid and 3-alkylaminopropane-1,2-diol, are
produced.
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Fig. 1. Chemical structure of the tested compounds

Compound 44Bu
4 -Butoxycarbonylamino-benzoic acid

3 - butylamino - 2-hydroxy-propyl ester

Esmolol
3-[4-(2 -Hydroxy-3-(isoproplylamino-

propoxy)-phenyl]-propionic acid methyl ester

Compound 444
4 -Butoxycarbonylamino-benzoic acid

3 - tert-butylamino - 2-hydroxy-propyl ester



Solutions for intravenous administration of compounds 44Bu and 444 were made by dissolving the compounds
in saline (sterile isotonic 0.9 % NaCl solution for infusion).

Experimental  Animals
For in vivo tests, ninety Wistar strain rats with mean weight 246 ± 25 g were used. They were conventional breed

rats (Faculty of Medicine, MU Brno) and their housing complied with provisions of the Decree 286/1999 Coll.
(temperature 20 - 24 °C, humidity 40 - 60%, 12 h light (200 lx max) and 12 h dark, housed in PVC cages with three
rats per cage). The rats received standard feed M1 and water ad libitum. There were no restrictions regarding their
access to feed and water before the experiment.

Methodology of the experiment was approved and monitored by the local Ethical Committee for Animal Welfare
at the University of Veterinary and Pharmaceutical Sciences, under ref. No. 12609/2003-30/300 and 17739/2003-
30/300.

Experimental  Design
The experiment was designed as a comparative test of dose-dependent effects of compounds 44Bu and 444 on the

heart rate. Their effects were compared with esmolol (BreviblocR inj. Baxter Healthcare Ltd., UK). Compounds 44Bu
and 444 and esmolol were tested in four doses at concentrations of 1.0 mg.kg-1 (2.48 µmol·kg-1); 1.5 mg·kg-1 

(3.72 µmol·kg-1); 2.5 mg.kg-1 (6,20 µmol·kg-1); and 3.5 mg·kg-1 (8.69 µmol·kg-1) body weight of experimental
animals. The tested compound was dissolved in 1 ml saline. Each dose of the two newly synthesized compounds was
tested on a group of eight rats, and each dose of esmolol was tested on a group of six rats. The control group consisted
of six rats that were administered placebo (1 ml saline).

Experimental  Procedure
In vivo experiment: The rats were brought under general anaesthesia by the administration of a mixture of 1%

ketamin solution (Narkamon® inj. Spofa) and 2% xylazin solution (Rometar® inj. Spofa). The anaesthetic 
(0.5 ml.100g-1b.w.) was administered intramuscularly to the femur region.

Heart rate changes were studied on the model of tachycardia induced by subcutaneous administration of 4 µg·kg-1

(Czech formulary 2002) isoprenaline (Isuprel® inj. Abbott). The maximum heart rate averaging 152.42% of baseline
was reached in 8 to 10 min. Thus induced tachycardia remained stable for at least 30 min following the administration.
The compounds tested were administered intravenously to the vena jugularis as a bolus dose of appropriate
concentration and uniform volume (1 ml). The compounds were administered over 20 sec.

The heart rate was monitored with electrocardiograph (SEIVA EKG Praktik) using the appropriate PC software.
ECG measurements were made at predetermined intervals. The first measurement was made at the beginning of
the experiment following the onset of total anaesthesia, the second 10 min after the subcutaneous administration
of isoprenaline. That value corresponded to the initial level of tachycardia and was regarded as 100%. The third
measurement was made during the intravenous administration (designated 0). Further measurements were made at
30-sec intervals in the first minute after administration, at 1-min intervals from minute 1 to 6, and at 2-min intervals
between minute 6 and 20 following administration. The last measurement was made after 25 min.

The heart rate values measured were then expressed as percentage of variation from the heart rate measured
immediately before the administration of the tested compound regarded as 100%.

In vitro experiment: Electrophysiological measurements of the effect of compounds 44Bu, 444 and esmolol on
ion membrane currents were made in ventricular cells enzymatically isolated from the hearts of Wistar laboratory
rats. Currents were measured by the whole cell patch clamp technique at room temperature (Bahníková et al.
2002). Measurements were made at the compound concentration of 10 µmol·l-1, which corresponds to 0.32 mg·kg-1

body weight of the rats for compounds 44Bu and 444 and to 0.27 mg·kg-1 b.w. for esmolol.

Stat is t ical  Analysis
Statistical computations were made in Microsoft Excel. For each value, the standard deviation was also

computed. The non-paired Student’s t-test was used for the comparisons between the effects of the control group
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Table 1. Basic characteristics of studied compounds

Compound Summary formula Mr Melting point °C
Esmolol C16H26NO4Cl 331.83 85 - 86

44Bu C19H31N2O5Cl 402.92 181.2 - 183.8
444 C19H31N2O5Cl 402.92 187.9 - 189.9

Table 2. Solubility of the tested compounds

Compound purified water ethanol methanol chloroform
Esmolol very easy easy very easy -

44Bu very low easy easy very low
444 very low easy very easy very low



and four different concentrations of compounds 44Bu, 444 and esmolol. The test was used to determine the
statistical significance of changes observed with the tested compounds in all four concentrations against both the
control group and against heart rate changes induced by esmolol in the same concentration. The paired t-test was
used to determine the statistical significance of heart rate changes against the initial tachycardia value for each
group of results (groups with different doses).

Results

1. In vivo experiment  -  changes of  the hear t  ra te
Tests  of  the compound 44Bu

The time of the onset of action was similar in all three tested doses of 44Bu, with the
maximum between 2 and 3 min after i.v. administration. The least slowing effect 44Bu on
the heart rate (by 4.91 ± 3.35% compared with the baseline) was observed with the dose of
1.0 mg·kg-1 b.w. An increase in the concentration by 0.5 mg·kg-1 almost tripled the effect of
the compound (the heart rate slowed by 14.64 ± 10.14% compared with the baseline).
Further increase in concentration up to 2.5 mg·kg-1 (a decrease by 14.06 ± 8.43% compared
with the baseline) did not, however, increase the effect of the substance significantly. In fact,
at the concentration of 3.5 mg·kg-1, the effect of 44Bu on the heart rate decreased markedly
(the heart rate slowed down by only 8.06 ± 6.87% compared with the baseline). The
statistical significance of the heart rate response to different doses tested compared with
placebo and with baseline values is given in Table 3. A graphical representation of the heart
rate changes along the time line is shown in Fig. 2.

Tests  of  the compound 444
The time of the onset of action was comparable in all three doses of the compound 444

tested, and the maximum effect was recorded between 1 and 2 min after administration. The
heart rate slowing effects of the compound grew with increase in dosage until the
concentration of 2.5 mg·kg-1. The maximum slowing effects on heart rate were recorded
after the administration of 1.0 mg·kg-1 (7.74 ± 1.33%), 1.5 mg·kg-1 (12.27 ± 7.66%) and 2.5
mg*kg-1 (17.34 ± 5.07%) - see Fig. 3. All the above values of the heart frequency decrease
are related to the baseline. Administration of 3.5 mg·kg-1 body weight of the compound 444,
however, caused major disturbances in the heart rhythm (AV blockades), ventricular
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Fig. 2. Time line of heart rate changes (in %) following administration of 44Bu
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premature beats (bigeminies or triads) that caused the death of 50% of the animals. Because
heart rate measurements in the rest of the rats were invalidated by sine rhythm lapses that
rendered ECG records unusable, the results of that dose were not evaluated. Statistical
significance of heart rate changes in response to individual doses tested compared with
placebo and baseline values is given in Table 4.

Tests  of  esmolol
The time of the onset of action was comparable in all the doses tested. A statistically

significant decrease in the heart rate compared with the control group was observed already
during the i.v. administration of esmolol with a “low point” reached between 30 and 60
seconds after esmolol administration. Doses of 1.0 mg·kg-1, 1.5 mg·kg-1, 2.5 mg·kg-1 and
3.5 mg·kg-1 caused a decrease from the baseline of 23.77 ± 6.64%, 19.06 ± 7.24%, 24.58
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Fig. 3. Time line of heart rate changes (in %) following administration of 444

Fig.4. Time line of heart rate changes (in %) following administration of esmolol
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± 9.36% and 29.45 ± 3.28%, respectively (see Fig. 4). This means that the bradycardic effect
of esmolol was significantly greater than those of newly synthesized compounds at all doses
tested (see Fig. 5). The only exception was with the dose at the concentration of 1.5 mg·kg-1

where no significant difference in action between esmolol and the compound 444 was found.
Statistical significance of heart rate changes in response to individual doses tested compared
with placebo and baseline values is given in Table 5. 

2. In vitro experiment - approximate measurements of ion membrane currents
Measurements of the following three currents were made: depolarization fast sodium

current INa and the main repolarization potassium currents: Ito (transient outward potassium
current) IK1 (inward moiety of potassium current) and IK,end (potassium current measured at
the end of 300 ms pulse). All three compounds were tested at the concentration of 10 µmol·l-1.
The time line of changes in ion membrane currents during experiments is shown in Figs 6
a-c and 7 a-c.

Measurements  of  fas t  sodium current  INa
While 44Bu and 444 caused a 100% blockade of INa, esmolol caused only 45% blockade

(see Figs 6a, 6b and 6c). The recovery of the current was gradual during the washout period
in all three compounds.

Measurements  of  potassium repolar izat ion currents
Transient outward potassium currents Ito were blocked more intensively by 44Bu (50%

blockade) than by 444 (30% blockade). On average, esmolol causes only 15% blockade of
Ito (see Figs 7a, 7b a 7c). All blockades induced were fully reversible.
The most intensive blockade of the inward moiety of potassium current IK1 was caused by
the compound 444 (36% blockade), followed by esmolol (25%) and 44Bu (15%). Potassium
current IK, end blockades by 44Bu, 444 and esmolol were 30%, 20% and 15% , respectively.

Discussion

Compounds designated as 44Bu and 444 are potential drugs with ultra-short beta-blocking
action differing slightly in their molecule structures - 44Bu has n-butyl in its aliphatic chain,
444 has terc-butyl in it. In this project, we aspired to find out whether the above mentioned
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Fig. 5. Maximum slowing of heart rate (in %) at 2 min following administration of the three compounds in all doses used
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change in the chemical structure would affect the pharmacological effects of these
compounds. Both compounds showed a very rapid onset of action at all doses tested.
Statistically significant slowing of the heart rate compared with placebo was recorded
already during i.v. administration, except for the lowest dose of 44Bu where a significant
heart rate slowing was recorded only at 30 seconds. The results presented in this paper were,
in part, published (Barto‰ová et al. 2004b).

Both 44Bu and 444 have thus bradycardic action with a rapid onset of their effect.
Increasing doses of esmolol have an increasing effect on the heart rate. We observed the
same direct relationship between the dose and the heart rate with the compound 444 until
the dose at a concentration of 2.5 mg·kg-1 b.w. The administration of the compound 444
at the concentration of 3.5 mg·kg-1, however, caused major heart rhythm disturbances
characterized by AV blockade and ventricular extrasystoles, mainly bigeminies and
trigeminies. Nevertheless, the lowest concentration of 1 mg·kg-1 of 444 brought 
about a significantly higher decrease of the heart rate than in 44Bu, especially in the
second half of the experiment. When a 2.5 mg·kg-1 concentration was administered,
bradycardic effect of the compound 444 lasted statistically significantly longer than that
of 44Bu.

Compound 44Bu caused a maximum decrease in the heart rate at the dose of 1.5 mg· kg-1,
and further dose increase failed to produce any significantly greater effect of the compound,
i.e. further slowing of the heart rate. No significant differences between concentrations of 
1.5 mg·kg-1 and 2.5 mg·kg-1 were found. This seems to indicate that the concentration of 
1.5 mg·kg-1 b.w. was sufficient to produce bradycardic effects, and no further dose increase
would produce a more intensive therapeutic effect. A comparison between the maximum
heart rate slowing effects of the three compounds tested is shown in Fig. 5. Besides being
bradycardic, the compound 44Bu tested in our study is also hypotensive. The administration
of more that 3 mg·kg-1 caused a rapid decrease in the systolic arterial blood pressure
(Frydrych et al. 2004), which then produced reflexive tachycardia. For that reason, the dose
of 3.5 mg·kg- 1 had a lower bradycardic effect than expected. This phenomenon was not
observed at lower concentrations (Frydrych et al. 2004) of 44Bu and any doses of the
compound 444.

A comparison of our results with those reported in some previous experiments
(Barto‰ová et al. 2004a) showed no statistically significant differences in the bradycardic
effect of 44Bu on the baseline heart rate and on the induced tachycardia. On the basis of these
findings we may assume that the compound tested does not fully antagonize the effect of
isoprenaline. In addition to beta-blocking activity, it probably has partial intrinsic
sympathomimetic activity. It is, however, also possible that the heart rate slowing effect is
due to its dromotropic effect on the myocardium, i.e. to a major prolongation of the PQ
interval. Compared with esmolol, 44Bu causes an almost 39% greater prolongation of the
PQ interval against the baseline, which is indicative of its greater slowing effect on the
atrioventricular excitement conduction (Bruncl ík  et al. 2003). The underlying cause of
these electrophysiological changes is the ability of the newly synthesized compounds to
completely block the depolarization fast sodium current (INa), while esmolol is able to
produce only about a 50% blockade. The newly synthesized compounds also have a more
pronounced blocking effect on the repolarization outward potassium current (Ito).
Membrane channels may be affected either directly by direct action on channels or indirectly
by reduced activation of beta-adrenergic receptors. Both modes of action result in
a decreased activation of membrane channels (Cheng et al. 1999; Ding et al. 2002; Lei
et al. 2002; Bosch et al. 2002).

It thus seems that, however being incapable of topping the bradycardic effect of esmolol
in vivo, both of the tested compounds display a much more significant blocking action on
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the ion membrane currents during in vitro experiments. That leads to the conclusion that they
may have an important antiarrhythmic effect. We plan to explore that in further research.

Ultrakrátk˘ bradykardick˘ úãinek novû syntetizovan˘ch slouãenin
Na devadesáti normotenzních laboratorních potkanech kmene Wistar samãího pohlaví

byly testovány ve ãtyfiech rozdíln˘ch dávkách zmûny srdeãní frekvence dvou novû
syntetizovan˘ch potenciálních ultrakrátce pÛsobících antagonistÛ beta adrenergních
receptorÛ. Zmûna srdeãní frekvence byla testována na modelu isoprenalinem indukované
tachykardie. Jejich efekt byl srovnáván s úãinkem esmololu. Ve druhé ãásti práce jsme
provedli orientaãní elektrofyziologické mûfiení vlivu testovan˘ch látek na iontové
membránové proudy izolovan˘ch komorov˘ch kardiomyocytÛ in vitro. Obû látky vykazují
ve v‰ech testovan˘ch koncentracích signifikantní bradykardick˘ efekt vÛãi placebu, ale li‰í
se v rychlosti nástupu úãinku. Obû novû syntetizované látky, vyvolávají blokádu sodíkového
depolarizaãního proudu INa a draslíkov˘ch proudÛ (Ito, IK1, I K,end).
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