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Summary

1. The pharmacological activities of the optical isomers of salbutamol have
been examined. (-)-Salbutamol was much more potent than (+)-salbutamol
on B-adrenoceptors.
2. Both (-)- and (+)-salbutamol showed high selectivity for /8-adreno-
ceptors in bronchial muscle compared to cardiac muscle, in this way resembling
racemic salbutamol.
3. The use of isomeric activity ratio to detect differences between receptors
was examined in the light of the results obtained with the isomers of salbutamol.

Introduction

Lands and his colleagues (Lands, Arnold, McAuliff, Luduena & Brown, 1967;
Lands, Luduena & Buzzo, 1967) proposed that /3-adrenoceptors be classified into
f81 and P2 types. Stimulation of mammalian cardiac muscle is mediated by /3k-
receptors and relaxation of bronchial, arterial and uterine muscle by ,82-receptors.
Skeletal muscle also contains ,82-receptors. This classification, which was based on
the relative potencies of N- and a-substituted catecholamines in different tissues,
has gained more general acceptance since the discovery of highly selective /3-adreno-
ceptor agonists (see Brittain, Jack & Ritchie, 1970). Salbutamol is a /8-adreno-
ceptor agonist which is more active on bronchial smooth muscle than on cardiac
muscle (Cullum, Farmer, Jack & Levy, 1969; Daly, Farmer & Levy, 1971). This
drug contains an asymmetric centre and so it was of interest to ascertain whether
activity resided mainly in the laevo (-) isomer (R configuration), as in the case
with other sympathomimetic amines acting on adrenoceptors, and whether the iso-
mers showed the same selectivity of action as the racemate. Recently Hartley &
Middlemiss (1971) prepared the (-) and (+) isomers of salbutamol and this paper
describes some pharmacological properties of these compounds.

Methods

Guinea-pigs of either sex, weighing 250-400 g were anaesthetized with urethane,
125 g/kg i.p., and prepared for measurement of bronchial resistance (Konzett &
Rossler, 1940). Temporary increases in bronchial resistance, measured with a low
pressure transducer connected to a Devices recorder, were produced by sub-maximal
doses of acetylcholine, histamine or 5-hydroxytryptamine injected intravenously at
intervals of 5 minutes. ,B-Adrenoceptor agonists were injected intravenously 5 min
before intravenous injection of the spasmogens.
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Beagle dogs of either sex, weighing 7-12 kg, were anaesthetized with pento-
barbitone sodium, 30 mg/kg intravenously. The animals were intubated with a
cuffed endotracheal tube and allowed to breathe spontaneously, except in those
experiments involving pulmonary resistance tests. Arterial blood pressure was
measured from a carotid artery or femoral artery by means of a Bell & Howell blood
pressure transducer connected to a Devices recorder. Heart rate was measured
with a Devices instantaneous rate meter triggered by the pulse pressure. Measure-
ment of pulmonary air flow, pressure and volume were made as described by
Diamond (1967). Pulmonary resistance was calculated by the method of Amdur &
Mead (1958). Temporary changes in pulmonary resistance were induced by intra-
venous injection of acetylcholine at 5 min intervals. /8-Adrenoceptor agonists were
given 1 min before the injection of acetylcholine. In all experiments drugs were
injected intravenously through a cannula in a femoral vein.

Cumulative concentration-effect curves for the /8-adrenoceptor agonists were
determined for the reduction of induced tone in the isolated intact trachea prepara-
tion of the guinea-pig (Farmer & Coleman, 1970) and for their positive inotropic
and chronotropic effects on isolated left and right atrial strips of the guinea-pig
(Blinks, 1966) by adding geometrically increasing doses of drug to the tissue bath
without changing the bathing fluid. The relative activities of the /8-adrenoceptor
agonists were expressed as the doses equipotent with isoprenaline (= 1) at 50%
of the maximal effect.
The following drugs were used: (± )-isoprenaline sulphate, (± )-salbutamol hydro-

chloride, (-)- and (+)-salbutamol acetate monomethanolate, pronethalol hydro-
chloride and propranolol hydrochloride. (±)-Isoprenaline was dissolved in 0-9%
w/v NaCl solution (saline) containing ascorbic acid, 1 ,ug/ml. All other drugs
were dissolved in saline. In the text, concentrations refer to the free base; (+)-
isoprenaline is referred to as isoprenaline.

Results

Effects on bronchospasm in the anaesthetized guinea-pig

Isoprenaline and (-)-, (+)- and (±)-salbutamol given intravenously inhibited
acetylcholine-induced bronchospasm in anaesthetized guinea-pigs. The dose-effect
curves for the isomers and (±)-salbutamol were similar in slope and maxima to
those obtained with isoprenaline. Effective intravenous doses were found in the
ranges of 1-10 ,ug/kg for isoprenaline, 2 5-100 ,ug/kg for (-)- and (±)-salbutamol
and 0-05-5-0 mg/kg for (+)-salbutamol. The mean equipotent doses for (-)-,
(+ )- and (± )-salbutamol compared to isoprenaline (=1) were 2-93 (1-30-
5-29), 112 (57-233) and 3 75 (1-88-7-75) respectively. Similar orders of potencies
were obtained when the spasmogen used was histamine or 5-hydroxytryptamine.
The effects of (-)- and (+)-salbutamol were mediated through /8-adrenoceptors
because they were prevented by a prior injection of pronethalol, a 8-adrenoceptor
blocking agent.

EJffects on acetylcholine-enhanced pulmonary resistance and on blood
pressure and heart rate in the anaesthetized dog

Isoprenaline, (-)-, (+)- and (±)-salbutamol caused dose-dependent inhibition
of the rise in pulmonary resistance induced by intravenous acetylcholine. The
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effective intravenous dose-ranges were isoprenaline 0 1-2-0 ,ug/kg, (-)-salbutamol
1-4 ug/kg, (+)-salbutamol 50-400 ,ug/kg and (±)-salbutamol 4-20 ug/kg. The
mean equipotent doses of (-)-, (+)- and (±)-salbutamol compared to iso-
prenaline (=1) were 2-6 (0-5-13-9), 138 (59-322) and 6-0 (30-12-2) respectively.
Isoprenaline, (±)-salbutamol and the isomers, at the dose-ranges quoted, also
caused falls in diastolic blood pressure (5-50 mmHg) but only isoprenaline caused
significant increases in heart rate (10-60 beats/minute). Indeed very large doses of
(-)- and (±)-salbutamol caused only small increases in heart rate; for example,
the tachycardia after 100 ug/kg of either drug was only 20-25 beats/minute.
(+)-Salbutamol, 400 ug/kg, had no significant effect on heart rate.

Efjects on isolated tissue preparations

The effects of isoprenaline and (-)-, (+ )- and (± )-salbutamol on isolated tracheal
and atrial preparations of the guinea-pig are summarized in Table 1.

TABLE 1. 13-Adrenoceptor agonist activities of isoprenaline, (-)-, (±)- and (+)-salbutamol on isolated
tissue preparations of the guinea-pig

Receptor P-Adrenoceptor agonist potency
type (mean equipotent doses* relevant to isoprenaline=1)

(Lands et, x-,_--
Preparation al., 1967) Isoprenaline (-)-Salbutamol (+)-Salbutamol (±)-Salbutamol

Intact trachea /2 1 6-2 425 5 6
(3*2-11*9) (345-522) (3'4-9 4)

Atria (left) p1 1 >10,000t V. weak negative >10,000t
inotropic response

Atria (right) /1 1 >10,000t >10,000t -'-1,000t
* Calculated on weight/volume basis. t Partial agonist.

On the intact guinea-pig trachea the fl-stimulants caused dose-dependent
decreases in the rise of intraluminal pressure induced by transmural stimulation.
The effective concentrations were: isoprenaline 5-50 ng/ml (12-9-129 nM), (-)-
and (±)-salbutamol 20-300 ng/ml (84-1,260 nM) and (+)-salbutamol 1-25 ,.tg/ml
(4-20-105 /tM). The concentration-effect curves for the isomers and (± )-salbutamol
were similar in slope and maxima to those obtained with isoprenaline. The drug
effects were antagonized by propranolol (100 ng/ml). The actions of (-)-, (+)-
and (±)-salbutamol on isolated atrial preparations of the guinea-pig were quanti-
tatively and qualitatively different from those of isoprenaline. Isoprenaline, 01-5
ng/ml (0x24-12x0 nM) caused dose-dependent positive chronotropic effects on
cardiac muscle whereas concentrations of 0x2-20 ,ug/ml (0-84-84 ,tM) of (-), (+)-
and (±)-salbutamol were required to elicit a positive chronotropic effect: even
then the maximum responses to salbutamol were not more than 50% of those
obtained with isoprenaline. In their inotropic actions (-)- and (± )-salbutamol were
weak partial agonists; surprisingly (+)-salbutamol, 10-40 ,.ug/ml (42-168 EM),
caused a very weak negative inotropic effect (5-20%).

Discussion

Detailed studies with the isomer of isoprenaline (Beccari, Beretha & Lavendal,
1953) showed that the pharmacological activity of the racemate resides mainly
in the (-) isomer. It was not surprising therefore, to find that (-)-salbutamol was
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much more active than (+)-salbutamol. More interesting was the fact that both
isomers resembled the racemic compound in being very much more active on
tracheobronchial muscle than on cardiac muscle. This result makes it unnecessary
to postulate that the relative inactivity of racemic salbutamol on cardiac muscle
results from an interaction between the isomers in the tissue.

Patil (1969) has argued that if 8-adrenoceptors are dissimilar, then the ratios of
activity for the optical isomers of a fl-adrenoceptor agonist in different tissues con-
taining 8-receptors should be different. Buckner & Patil (1971) determined iso-
meric activity ratios of (-)- and (+)-isoprenaline in isolated atrial and tracheal
preparations of the guinea-pig and concluded that the /3-adrenoceptors in these
tissues were not different. While the isomeric activity ratio of (-)- and (+)-salbu-
tamol on isolated tracheal muscle is 1: 68 it is impossible to calculate a ratio on
cardiac muscle because the isomers are virtually inactive on this tissue. As dis-
cussed elsewhere (Brittain et al., 1970) the selectivity of action of salbutamol
probably stems from the nature of the N-substituent and the 3-substituent in the
phenyl ring and not the configuration about the asymmetric carbon. The results pre-
sented in this paper are in accord with Lands' proposals that /3-adrenoceptors in
tracheal smooth muscle can be differentiated from those in cardiac muscle.
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