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Summary : The influence of ~-adrenoceptor antagonists on the spontaneous rate and on ferce

of contraction of the myocardium was studied independently on spontaneously beati ng right and

electrically driven isolated [eft atria of rabbit. On spontaneous rate. practolol had sympathomimetic
effect only. N-isopropyrmethoxamine (IMA). had both sympathomimetic as well as depressant

effects. whereas alprenolol. procino[ol. bunolor and H 35/25 had dapr&ssant effects only in higher

concentrations. The order of potency was procinolol >bunolol >alprenolol >H 35/25> and IMA. On

the contractions of isolated left atria. all ~-adre:loceptor antagonists produced concentration­

-dependent depressant effect. In relation to procinolol. these agents were 5-125 times ress potent for

depressing the contractions of left atria by 15% and the order of ~-potency was procinolol> alprenol o r

>bunolol=H 35/25>IMA>and practofol.

The present results indicate that the depressant effects of ~-adrenoceptor antagonists on

spontaneous rate of right atria and on contraction of isolated left atria are not related to eactl other.
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Besides the classica I effects expected of ,B-adrenoceptor bl!ockade, many f3­
adrenoceptor antagonists also exhibit sympathomimetic as well as variable myocardial
depressant effect (1.3,4). In the the present study the sympathomimetic and depressant
effects of some ~-adrenoceptor antagonists were studied seperately using spontaneously

beating and electrically driven isolated rabbit atria under comparible experimental condi­
tions. The purpose of this was to determine the influence of ,B-adrenoceptor antagonists
independently on spontaneous rate and on force of contraction by avoiding the
secondary changes that may occur in force of contractions due to change in frequency
(2.5,9). Such comparison has not been reported earlier with these antagonists.

MATERIAL AND METHODS

Both right and left rabbit atrial preparations were set up in two identical tissue baths
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containing oxygenated Kreb's bicarbonate solution at a temperature of 37.0±01°C, as
described earlier (10.11), Left atrial prerarations were electrically driven through bir:olar
platinum electrodes using a Grass S4 stimulator to deliver square wave pulses (03 ms;
2 Hz; strength. 15-25 V, which was 50~~ above threshold). Right atria WEre allowed
to beat spontaneously. Contractions of both the atria were recorded simultar.eously on
Grass Model 7 Polygraph.

After stabilization of the sr;ontaneous atrial rate and force of contraction, the
effects of ,B-adrenoceptor antagonists were studied in cumulative fashion. Successive
doses to make concentrations 3 times the previous one in tath were added at 10 min
intervals. Ttle statistical analysis was carried out by student 't' test for rairEd s;:;mples.

Hyd'r08hloride salts of racaemic form of prectolol (I.C.I., U.K.), procinolol (Roussel
Ucalf. Pa'ris,), bunolol (Warner-Lambert, N.J.), N-isopropylmethoxamine (IMA) (Burroughs
Welcomes. U.S.A.). alprenolol and H 35/25 (A.B. Hassale, Sweden) WEre used in the

resent study

RESULTS

Isolated right atria: The mean resting rate of spontaneously beating right atria
was 199±6 beats/min (23 observations). The maximal effects of a concentraton of
,B-adrenoceptor antagonist developed slowly in 5-10 min; the der;ressant effect was
completely reversible after repeated washes,

Fig. 1 shows that 3 X 10-9M concentration of practolol (5± 1.37 beats/min) and
IMA (7±2.57 beats/min) had significant (P<0.05) sympathomimetic activity. whereas
other ,B-adrenoceptor antagonists were devoid of sympathomimetic activity. Practolol
(even 10-4 M) had no depressant effect. All other ,B-adrenoceptor antagonists produced
concentration-dependent but variable depressant effects uJ=on the spontar.eous atrial rate
above concentration of 10-6M. Curve for tile depressant effect of procinolol exhibited

a steeper slope in comparison to other ,B-adrenoceptor antagonists. The order of I=otency
of these t/-adrenoceptor antagonists for depressing the spontaneous atrial rate by 15%
was Procinolol>bunolol>alprenolol> H 35/25>and IMA (Table I).

Isolated left atria: In control experiments, the twitch tension (0.88±0.7 g-wt)
tllat developed due to contraction did not alter during 2 hr period. Like the effect on
spontaneous atrial rate, the effect of a concentration of a ,B-adrenoceptor antagonist on
the force of contraction developed slowly in 5-10 min. However, the depressant effects
of practolol, IMA and H 35/25 only were reversible after repeated washes.
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Fig. 2 shows that all ,B-adrenoceptor antagonists produced concentration-depen­
dent depressant effects on the force of contraction. No sympathomimetic effect was
observed with these antagonists except that practolQI (3 X 10-10 M) had a sympathomi­
metic effect (7.5±2.92 g-wt %; P=<0.05). The order of potency of these ,B-adreno­
ceptor antagonists for depressing the force of contraction of isolated left atria by 15%
was procinolol>alprenolol> bunolol= H 35/25> IMA> and practolol (Table I),

The contractions of atria were completely abolished in 4 out of 6 experiments of
procinolol (3 X 10-sM). 3 out of 8 experiments of alprenolol (3 X 10-sM) and in 2 out
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Fig, Effl'}cts of ~·adre10ceptorantagonists on spontaneous rale of isolated right atria of rabbit.
Values are means from experiments as shown below. (vertical lines indicate S.E.M.)
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of 6 experiments of bunolol (10-4M). Higher concentrations of ,B-adrenoceptor antago­
nists except practolol could not be employed because they either induced irregularities
in rhythms or the tissue became inexcitable.

TABLE I: Molar concentrations of ~ -adrenoceptor antagonists having a 15% depressant effects upon the
spontaneous rate and the fOrce of contra'ction of isOlated rabbit atria and the potency ratiOS.

Force of contraction
Antagonists

Cone. (M) Potency ratio'

Procinolo I 2.5 X 10-0

Aipreno\ol 1 ."\ X 10-8 0.19

Bunolol 3.6 X 10-8 0.07

H 35/25 3.6 X 10-8 0.07

IMA 7.2 X 10-8 0.035

Practo!ol'" 3.7 X 10-7 0.008

Spontaneous rate Relative
potency

'Conc. (M) Potency ratio' Ratio"

10-5 40001 :

4.0 X 10-3 0.25 3077 : 1

2.0 X 10-5 0.50 556 : 1

5.6 X 10-5 0.18 1556: 1

9.0 X 10-3 0.11 1250: 1

• Potency ratio in comparison to procinolcl= 1.

•• For depressing spontaneous rate and force of contraction by 15% .

••• Depressant effect was not observed even upto 10-4M.

DISCUSSION

On the spontaneous rate, practolol had sympathomimetic effect only. The results
are in agreement with those of Grodzniska and Gryglewski (3) on isolated guinea pig
right iltria and with those of Refsum ilnd Landmilrk (8) on isolated rat right atria. Higher
concentrations (> 1a-11M) of other ,B-adrenoceptor antagonists had variable depressant
effects.

On the contractions of isolated left atria. all ft-adrer.oceptor antagonists had
con cen tration -de pen dent depressant effect. Unl i·ke the earlier studies wherein, practolol
was reported to have sympathomimetic effect only on the contractions of isolated rat
left atria (8) and on travecular muscles of dogs (6), it producedconcentrat(on-dependent
depressant effect on the contractions of electrically driven left atria in the present study.
This agrees with the marked quinidine-like effect of practolol reported on isolated rabbit
left atria (7).

On analysing and comparing the results obtained for the depressant effects of all
,B-adrenoceptor antagonists on sr:ontaneous rate of right atria and on contractions of left
atria (Table I) in relation to procinolol it appeared that except practolol, other ,B-adrenocep-



VOlume 27
Number 4

Cardiac Effects of ~-adrenoceptor Antagonists 315

tor antagonists were 2-9 times less potent in depressing the spontaneous atrial rate whereas
they were 5-30 times less potent in depressing the contractions of left atria. Though
practolol fai led to depress spontaneous atrial rate to any extent, it was 125 times less
potent than procinolol in depressing the contractions of isolated left atria. In general.
the ,B-adrenoceptor antagonists (except practolol) were 500-4000 times more potent
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Fig. 2 E'ffects of ~-adrenoceptorantagonists on farce of contraction of isOlated left atria of rabbit.
Values are means from experiments as shown below. (Vertical lines indicate S.I;'.M.)
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in depressing the contractions of isolated left atria than the depressing spontaneous
atrial rate. It is also apparent from Fig'. 1 and 2 that the concentrations in which these
agents had significant der:ressant effects on contractions of isolated left attia. had no
depressant effect upon spontaneous atrial rate and their depressant effect appeared only in
concentrations higher than 10-sM.

Thus it appears from the present study that the depressant effects of p-adrenocep~

tor antagonists on sr:ontaneous rate of right atria and on contractions of isolated left
atria are not related to each other.
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