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INTRODUCTION

Esmolol is an ultra short-acting beta 1- adrenergic-
receptor antagonist reported to have no intrinsic
sympathomimetic activity. It has been successfully
used in lowering the ventricular rate and rate-pre-
ssure product in patients with myocardial infarction,
postmyocardial infarction angina, or acute unstable
angina (Kirshenbaum et al., 1985). In anaesthetized
dogs, esmolol produced steady-state beta-blockade
within 20 minutes of initiation of 3 hours i.v. infu-
sions and did not produce alpha-blockade (Gorczynski
and Vuons 1984).

The aim of the present work is to investigate the
effect of esmolol on some cardiovascular and respi-
ratory functions. In addition. Its effect on duodena]
and uterine smooth muscles was also studied,

MATERIALS AND METHODS

Drug:

Esmolol hydrochloride (Brevibolic®), was provided
from Baxter-Travenol Laboratories, USA, as ampoules, ;
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containing 2.5 g esmolol / 10 ml each. The solvent
contains 25% propylene glycol, 25% alcohol and water
for injection. Esmolol was buffered with 17.0 mg
sodium acetate and 0.00715 ml glacial acetic acid,
sodium hydroxide and or/ hydrochloric acid added,

as necessary to adjust pH.

Methods:
(A) Cardiovascular effects:

Isolated guinea pig auricles, were prepared accord-
ing to the technique described by Chapman et al.,
(1972). After recording the normal beats using T2
isotonic transducer connected with MD2 Oscillograph
(Bioscience, Washington), different concentrations
of esmolol hydrochloride were tested every 20 minu-
tes, their effects and duration of action were dem-
onstrated.

Isolated rabbit's heart was prepared according to
Chapman et al., (1972), using Gunn's apparatus. The
rhythmic contractions of heart were recorded using
T2 isotonic transducer recording on Oscillograph MD2.
Graded concentrations of esmolol were injected every
5 min. in 10 ml cannula and their effects were reco-
rded. Trials were &lso made to determine the potency
of esmolol in comparison with that of propranolol
(Inderal) on isolated rabbi: ‘s heart. :

Systemic blood pressure and ECG according to Chapman
et al., (1972) were recorded in pentobarbital sodium
(30 mg/kg b. wt., i.v.) anaesthetized, spontaneously
breathing dogs. ECG was racorded by using a standard
Lead. 1I. The blood pressure was recorded using a
four channel Oscillograph (Bioscience). Doggs of
esmolol hydrochloride ranging from 7.5 x 10°-6x10°M/
kg b. wt. were injected intravenously every 15 minu-
tes, and their effects on blood pressure, duration
of action and ECG were demonstrated. Trials were
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also made to determine the antiarrhythmic effects

of esmolol hydrocp&oride whﬁn injected Zntravenously
in a dose 1.5 x 10, 3 x 10 and 6 x 10 M / kg b.
wt. in anaesthetized dogs before and after induct-
ion of arrhythmia with adrenaline. After recording
the normal ECG, esmolol was given (0.5 minute) bef-
ore the induced arrhythmia with adrenaline. ECG cha-
nges were recorded at 0.5, 2, 5, 10, 15, 20 and 30
minutes after the induced arrhythmia with adrenaline.
Moreover, in another experiment, cesmolel was given
(0.5 minute) after the induced arrhythmiz with adre-
naline and the ECG changes were recorded before, at
once and after (0.5 min.) adrenaline injection, then
at 0.5, 2, 5, 10, 15, 20 and 30 minutes post inject-
ion of esmolol. The arrythmogenic effects of adrena-
line tested are recorded alone in the absence of
esmolol.

(B) Respiratory effects:

Effect of different concentrations of esmolol on
rat's phrenic nerve-diaphragm was studied according
to the method of Bulbring (1946). After recording
the normal contractions using T2 isotomic trancedu-
cer connected with MD2 Oscillograph (Bioscience),
increased graded concentrations of esmolol every 10
minutes were added and their effects were demonstra-
ted.

(C) Effect on other isolated smooth muscle preparat-
ions:

Pieces of rabbit's duodenum and uterus of rats at
various stages of sex cycle (non-oestrus and oestrus)
and at early and late pregnancy were suspended in
glass jar bath of 50 ml capacity containing the spe-
cific oxygenated physiological solutiom at 37 and
38-39°C, respectively (Robella, et al., 1928). Before
testing the effects of esmolol hydrochloride, the
normal rhythmic contractility of each organ was
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recorded. The T2 isotonic transducer connected with

Oscillograph MD2 (Bioscience) was used for recording
the contractions of each preparation. Different gra-
ded concentrations of esmolol every 20 minutes were

added and their effects were demonstrated.

RESULTS
Cardiovascular effects:

Esmolol in concentations of 6 x 10° to 3.6 x 10°M/ml

bath caused a marked negative inotropic activity on

the isolated guinea pig auricles. The onset, inten-

sity and duration of action were positively correl-

ated with the drug concentration (Table 1).

Esmolol 38 concentggtions of_g.77 X 10-7357.

1.5 x }9 s 3 X 10_4, 6 x 10_4, 1.5 x }2 5

6 x 10 331.5 x 10 -3 3 x 10 -3 6 x 10 ,_}.

2.4 x 10_7, 4.8 x 107, 6 x 10 ", 1.2 x 10 and

2.4 x 10 "M/ml cannula induced a reduction in ampli-

tude and frequency contraction of the isolated rabb-

it's heart ( i.e. negative inotropic and chronotro-

pic activities). This reduction was concentration :
dependent (Fig. 1). Attempts made to explore the ca-

".rdio-inhibitory activity of esmolol in comparison

with propranolol (Inderal) on the isolated rngit's

heart. It was noticed that esmolol (1.2 x 10 ~ M/ml

cannula) produced it carggo-inhibitory effect similar

to propranolol (3.3 x 10 = M/ml cannula) with their

reduction in amplitude (45.54 and 46.02%) and rate

of contraction (15.38 and 15.38 %), respectively

(Fig. 1).

On i.v. administration of esmolol in dogs, the mean
systolic and diastolic blood pressure were signifi-
cantly decreased (1.94 to 14.94% and 6.14 to 26.45%
respectively). The changes and duration of action
were dose-dependent (Table 2). After i.v. injectioa
of esmolol (6 x 10" M/kg b. wt.), the average dura-
tion of reduction of systolic and diastolic blood
pressure were 4.93 + 0.05 minutes (Fig.2).
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The electrocardiographic pattern following i.g. inje-

ction of gradual doses of esmolol (7.5 x 10 ° to

6 x 10 © M/kg b. wt.), in anaesthetized, and sponta-

neously breathing dogs was studied. As shown in Table

3, there was an increase in the amplitude of P-wave

and T-wave, prolongation of P-R, T-wave, P-wave and

P-T intervals. Furthermore, the amplitude and durat- :
ion of QRS complex were decreased. These findings :

occured immediatly after injection and were dose-de-
pendent.

Antiarrhythmic effects of esmolol_xhen admig&stered
intravggously indoses of 1.5 x 10 ', 3 x 10 ~ and

6 x 10 " M/kg b. wt. in anaesthetized dggs before
and after adrenaline injection ( 1 x 10 = M/kg b. wt.)
were incorporated in Table (4 and 5), respectively.
The curative and protective effects of esmolol (be-
fore and after induced arrhythmia by adrenaline) are
represented as a decreases in amplitude of the QRS
complex, P-R and P-T intervals. ‘Furthermere, the du-
ration of T-wave are increased. The onset and durat-
ion of the curative action of esmolol were positively
correlated with their dosage. The arrythmogenic effe-
cts of adrenaline in the absence of esmelol in anae-
sthetized dogs was studied. Adrenaline increases the
amplitude of the P-wave, QRS complex and T-wave, pro-
longation of P-wave, QRS complex, P-R and P-T inter-
vals. Furthermore, the duration of T-wave are decre-
ased and the average duration of the induced arrhytbz
mias was 37-40 minutes. Esmolol in a dose of 6 x 10
M/kg b. wt., showed better protection (more than 30
minutes) when administered i.v. after adrenaline be-
fore it (10 minutes only).

Respiratory effect:

Esmolol ig concentrations of 6 x }9-6, 1.2 x 12 5,
2.4 x 10 7, 4.8 x 10 7, _46 %2 107 ;. 1.8 %10 %1 ¢
3.86 x 10 ~ and 7.7 x 10 ° M/ml bath was had no eff-
ect on the twitches of isolated rat phrenic nerve-
diaphragm prepgratioh by indirect stimulation. Esmo-

lol (1.5 x 10 ~ and 3 x 10 ~ M/ml bath) decreased .
e
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the amplitude of the indirect muscle twitches (Fig.
3) in comparison with control solvent of the tested
drug.

Effect on the other smooth muscles:

Esmolol (up to 9.6 x 10-6 M/ml bath) had no effect

on the contraction of isolated rabbitlg duodenum, A
whereas, concentrations from 1.2 x 10 to 3.86 x ;
10 © M/ml bath, inhibited the amplitude oply. Conce-
ntrations of esmolol more than 3.86 x 10 ~ M/ml inh-

ibited both amplitude and rate of isolated rabbit's
duodentum. This effect was dose-dependent (Fig. 4)

and the duration ef action about 6-8 min. (for 2.4

x 10 7-3.86 x 10,° M/ml) and 12-21 min. (for 4.8 x

10 ° - 2.4 x 10 " M/ml).

The effects of esmolol on the uterine motility of
rats at various stages of sex cycle were demonstrgted
in (Fig. 5)..Concentrations ranged from 1.2 x 10

to 2.4 x 10 © M/ml bath inhibited the force and sti-
mulate the frequency of motility of the isolated ut-
erus of rats at all tested stages (non-oestrus, oe-
strus, early and lgge pregnancy). Higher concentra-
tions up to 6 x 10 ° M/ml bath induced marked inhib-
ition in both force and frequency of contraction.
The duration of action about 4, 7.5, 13 agd 19.5 mi=
nutes for the concentrations of 1.8 x 10 >, 3.6x10
4.8 x 10 ~ and 6 x 10 ° M/ml bath in all tested sta-
ges, respectively.

DISCUSSION

The present study indicated that esmolol induced a
negative inotropic activity on both guinea pig's au-
ricle and rabbit's heart,Its potency is 1 / 36.36
as potent as a propranolol. Similar findings were
also previously reported by Sochynsky and Hardcagtle

(1986), who found that, esmolol potency is one over
.~ s« g potent as a propranolol. The significant
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electrophysiological alterations following i.v. in-
jection of esmolol in normal anaesthetized dogs co-
nfirmed the in vitro findings. The decrease in sys-
tolic and diastolic blood pressure (1.94 to 14.947
and 6.14 to 26.45%, respectively), progressive inc-
reases in the amplitute in p-wave and T-wave, prol-
ongation of P-R. T-wave and P-T intervals reflect

to a greater extent that esmolol exhibited a dose
dependent effect on the heart. The cardiodepressor
effect of esmolol might be attributed to its Bl-ad-
renergic cell receptor blocking properties. These
findings were also in correspondence with those pre-
viously reported by Liu et al., (1986), who found
that, esmolol produced significant decrease in sys-
tolic blood pressure (4.3 + 1.5%), rate-pressure pr-
oduct (13.1+ 1.8%) and mean arterial blood pressure (1.7

+ 2.0%); and Kirshenbaum et al., (1985) they recor-
ded that after 30 min. observation period, esmolol
was titrated to a maxiumum dose of 300 ug/kg/min.
and infused for up to 420 min., tue ventricular rate
fell from 92 + 11 to 77 + 13 beats/min. and the sys-
tolic arterial pressure decreased from 120 + 13 to
97 + 11 mm Hg during theinitial 30 min. titratigg
period. After i.v. injection of esmolol (6 x 10
M/kg b. wt) the average duration of action for sys-
tolic and diastolic blood pressure were 4.93+0.05
min. The obtained resuits are consistent with those
reported by Sum et al., (1983) and Kirshenbaum et
al., (1985), they found thai, the distribution and
elimination t 0.5 of esmolol averaged 2.03_gnd 9.19
min. Moreover, esmolol in a dose of 6 x 10 ~ M/kg

b wt., showed better protection when administered
intravenously after induced arrythmia with adrenal-
ine than before one. Gray et al., (1985), found
that in 15/16 patients with supraventricular tachy-
arrhythmia 200 ug/kg/min. decrease heart rate and
blood pressure, also esmolol is supperior to digo-
xin (0.6 mg) in treatment of supraventricular tachy-
arrhythmias as atrial fibrillation, atrial flutter
and sinus tachycardia-early after open heart surgery
when sympathetic tone is high and ventricular res-
ponse rates may be rapid.

|
|
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Concergang the effect of esmolol.(1.5 x 10 2 and

3 x 10 ~ M/ml) on rat phrenic nerve-diaphragm, there
was a decrease in amplitute of the indirect muscle
twitches. The obtained results are consistent with
those reported by Sheppard et al., (1986), who found
that esmolol produced a slight and significant inhi-
bition to bronchmotor sensitivity similar to isopro-
terenol after injection of higher doses.

Our experiments revealed that, the smooth muscles
of rabbit duodenum and rat uterus at different sta-
ges of oestrus phase and pregnancy were remarkably
inhibited by esmolol. The intense and durztion of
this response seemed to be dose-dependent. These fi-
ndings were closely relatec with those reported by
Gray et al., (1985), who found that, constipation
and dry moutn have been occured in scme patients
after administration of esmolol; and Angaran et al.,
{1986) who reported that, esmolol at higher doses

begins to inhibit B, receptors located in the bron-
chial and vascular musclature.

In conclusion, our present resuits demonestrated
that, esmolol could be recomended for successful tr-
eatment of tachyarrhythmias after adrenaline or when
sympathetic tone is high but its inhibitory effect
on smooth muscle of uterus should be taken in consi-
deration especially at time of parturation.

SUMMARY

Some pharmacological actions of esmolol,a new ultra-
short acting cardioselective beta-adrenergic blocker,
were studied on guinea pig's auricles, rabbit's he-
art, rat's phrenic nerve diaphragm, rabbit's duode-
num, rat's uterus as well as dogs blood pressure, ECG
pattern and their protective action when administered
intravenously before and after induced tachyarrhyth-
mias with adrenaline in pentobarbital:” anaesthetized

dogs was demonstrated. \

=
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Esmolol induced a marked negative inotropic activity
on guinea pig's auricles. On isolated rabbit's he-
art, the negative inotropic and chronotropic effects
were indu ed by esmolol in concentrations up to

7.5 x 10 ° M/ml. The inhibitory effect of esmolol
potency is 1/ 36.36 as potent of propranolol on ra-
bbit's heart. -

In anaesthetized dogs. i.v._gnjection_gf esmolol at
dosage ranged from 7.5 x 10 - 6 x 10 ~ M/kg b.wt.
produced a significant decrease in systolic and dia-
stolic pressure, while lower doses induced insigni-
ficant changes. The electrocardiographic pattern in-
duced by esmolol in dogs were mainly characterized
by an increase in the amplitues of p-wave and T-wave,
prolongation of P-R, T-wave, P-wayﬁ and P-T interv-
als. Esmolol in a dose of 6 x 10 ~ M/kg b.wt. pro-
duced a good curative effect when injected intrave-
nously after induced arrhythmias with adrenaline
thar before injection.

Esmolol inhibited the indirect muscle twiches of rat's
phrenic nerve-diaphragm,

Furthermore, esmolol induced a marked inhibition of
both amplitutes and frequency of isolated rabbit's
duodenum and uizpus of rats in_goncentrations more
than 3.86 x 10 ~ and 3.6 x 10 ~ M/ml, respectively.
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