Dissociation of Tracheobronchial and Cardiac
Effects of Some Beta-adrenergic Stimulants

Liynda Hinds, M.D.,* and Ronald L. Katz, M.D.}

The effects of three beta-adrenergic stimulating
agents, isopr I, salb 1, and terbutali
were studicd in the cat. In animals receiving
halopropane, the dose of salbutamol or terbuta-
line necessary to produce ventricular arrhyth-
mias was 100-500 times greater than the dose
of isoproterenol nceded. In cats recciving ni-
trous oxide, a dose of carbachol which increased
airway pressure 50-135 per cent for a presct tidal
volume was given. This action of carbachol was
blocked by 2 ug/kg of salbutamol or terbutaline.
The large differences between bronchodilating and
arthythmia-producing doses of salbutamel and
terbutaline suggest that these agents might be of
value in the of b h riction in

ious and thetized (Key words:
Cardiac beta-adrencrgic receptors; Trachcobron-
chial beta.adrenergic receptors; Cardiac arrhyth-
mias; B h B hodilators; Isopro-
terenol; Salbutamol; Terbutaline.)

ictors;

IsorroTERENOL has been given by inhalation
and intravenously for the trcatment of bron-
chospasm occurring during anesthesia. Al
though this agent is effective, complications
have often been seen. The g-adrenergic stimu-
lating activity of isoprotercnol, which produces
relaxation of tracheobronchial smooth muscula-
ture, has also been held responsible for cardiac
arrhythmias and arrest.* Salbutamol and ter-
butaline are new g-adrenergic stimulating
agents that have been introduced for the treat-
ment of asthma. The purpose of the present
study was to determine the ability of these
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agents to 1) produce ventricular arrhythmias,
and 2) inhibit carbachol-induced bronchocon-
striction.

Methods

Twenty healthy, nonpregnant cats weighing
3—14 kg were studied. Anesthesia was induced
with pentobarbital, 36 mg/kg, intraperitone-
ally. Either a tracheostomy was done or the
trachca was intubated with an uncuffed Portex
tube 4.0-5.0 mm in internal diameter. A con-
stant-volume animal respirator with a nonre-
breathing valve was used to control ventilation
at Vp = 10 ml/kg + 10 ml at a rate of 20/min.
In prior experiments in cats this ventilation
was found to maintain arterial pH and P, at
control levels of 7.3 and 30. Anesthesia was
maintained with either nitrous oxide or halo-
propane (see below). The femoral vessels
were cannulated and arterial pressure was
measured with a Statham transducer and re-
corded on a Grass polygraph. The femoral
vein was used for all injections. Rectal tem-
perature was monitored with a Yellow Springs
thermometer and maintained above 36 F in
most cats by a heating blanket.

Group I: ArriyTHMIA STUDIES

Twelve cats were anesthetized with halo-
propane, an agent known to sensitize the heart
to the arrhythmic effect of catecholamines.!- 2
In these animals the arrhythmia thresholds of
salbutamol and terbutaline were determined
and compared with that of isoproterenol.
These cats were prepared as described above
and lead II of the ECG was recorded on the
Crass polygraph. The Vemitrol vaporizer was
used to deliver 0.5-1.0 per cent halopropane
in 99.5-99 per cent O.. Incremental doses of
salbutamol, terbutaline, and isoproterenol were
given until a ventricular arrhythmia was re-
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Fic. 1. Comparison of
the abilities of isopro-
terenol and terbutaline to
produce arthythmias in
the halopropane-anesthe-
tized cat. A, at the ar-
row isoproterenol (ISOP),
1 pg/kg, was injected and
produced cardiac arrhyth-
Panel B is a con-

tsec ll‘lius. =
tinuation of pamel A, at
a speed of 25 mm/sec.
C, at the arrow terbuta-
line ({TERB), 50 ug/ke,
SRR was injected and did not
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corded. An arrhythmia was judged to be
either five consecutive ventricular beats or a
persistent ventricular irregularity such as bi-
geminy. Doses used (pg/kg) were:

Isoproterenol 003 0.1 0.5 10

Salbutamol - _ e -
Terbutaline § 03 10 30 10 25 50 100

200¢
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produce cardiac arrhyth-
mias. D, a dose of 100
ug/kg of terbutaline pro-
duced an arrhythmia, but
the number of ectopic
beats was less than seen
with 1 pg/kg of isopro-
terenol.

200
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Six cats received isoproterenol and salbuta-
mol, and six, isoproterenol and terbutaline.
Once the arrhythmic threshold dose of isopro-
terenol had been determined, salbutamol or
terbutaline was given. The interval between
doses of isoproterenol was 15 minutes and that
for salbutamol and terbutaline, 15-30 minutes.

TanLe 1. Doses of Isoproterenol, Salbutamol, and Terbutaline
Causing Arrhythmias in 12 Cats®

Arrhythmic Dose (ux/kg)

Isoprotereno} (1) 0.1 0.5 0.5 o1 0.5 1.0
Terbutaline (T) >350 50 >50 25 >30 100
Dose ratio 1:T >1:500 1:100 >1:100 1:250 >1:100 1:100
Isuproterenol (1) 0.1 0.1 0.5 1.0 1.0
Salbutamol (8) 10 >50 >50 >30 100
Dose ratio 1:8 1:100 >1:500 >1:100 >1:50 1:100

* When > appears, the dose listed was the largest given and did not produce arrhythmias.
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TasLe 2. Effectiveness of Salbutamol and Terbutaline in Blocking
Carbachol-induced Bronchaconstriction

Increase in Airway Pressure (Per Cent) Per Cent Block Duration (Min)
Carbachol
G | cabachot | e | Ot | batamol | Terbutal "
only Terbutaline | Salbutamol
(2 p/ke) 2 sa/kz)

Cat 1 60 3 6 78 90 a0+ >120

Cat 2 50 13 20 74 60 0% 15

Cat 3 a7 17 14 7 7 >120 60*
Cat 4 60 20 21 67 65 > 40 97*
Cat 5 135 14 90 ™

Cat 6 34 12 S0 >150

Cat 7 60 10 83 >60

Cat 8 100 44 56 >100

MEaN 72 15 19 76 68

* Indieates whether salbutamol or terbutaline was given first.

Group 1I: TRACHEOBRONCHIAL STUDIES

In eight cats, anesthesia was maintained
with 75 per cent N,O and 25 per cent O,.
The inspiratory airway pressure necessary to
deliver a fixed tidal volume was measured with
a Statham low-pressure transducer and re-
corded on the Grass polygraph. Bronchocon-
striction was induced with carbachol, given in-
travenously. The initial dose of 1.0 ug/kg was
increased by 0.25 pg/kg-increments until the
inspiratory airway pressure had increased 50
per cent or more. After at least three constant
responses to this dose of carbachol had been
obtained, salbutamol or terbutaline, 2 pg/kg,
was given intravenously. The carbachol dose
was repeated every 15-20 minutes until the
original increase in airway pressure had been

reproduced or until at least 45 minutes had
elapsed. Two cats received salbutamol only,
two cats, terbutaline only, and four cats, both
salbutamol and terbutaline. The second drug
was administered only after the response to
carbachol had returned to the control level
In the four cats receiving both drugs, salbuta-
mol was given first in two and terbutaline first
in the other two.

Results

Group I: ARRHYTHMIA STUDIES

In all 12 cats the dose of salbutamol or
terbutaline needed to produce arrhythmias far
exceeded that of isoproterenol (fig. 1, table 1).
The dose of isoproterenol needed to cause a
ventricular arrhythmia was 0.1 pg/kg in five
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Fic. 2. Ability of terbutaline to prevent the i in airway p produced by car-

bachol.~ A, injection of carbachol (CARB), 2.5 ug/kg, at the arrow increased airway pressure.

B, injection of terbutaline (TERB), 2 ug/kg, prior to carbachol virtually abolished
C, D, and E show the recovery of carbachol response 43, 60, and 75 minutes

of carbachol.
after injection of terbutaline.
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animals, 0.5 pg/kg in four, and 1.0 pg/kg in
three. Among the six cats given salbutamol,
one had an arrhythmia at 10 pg/kg, one at 25
pg/kg, and one at 100 pg/kg. The remaining
three cats had had no arrhythmias after 50
pg/kg, and no further salbutamol was given.
Of the six cats given terbutaline, one had an
arthythmia at a dose of 25 pg/kg, one at 50
pg/kg, and one at 100 pg/kg, while the other
three developed no arrhythmias at 50 pg/kg,
the largest dose given.

Group II: TRACHEOBRONCHIAL STUDIES

In all eight cats salbutamol or terbutaline
blocked the increase in airway pressure pro-
duced by carbachol (fig. 2, table 2). The
doses of carbachol varied from 1.25 to 2.5
pe/kg and increased airway pressures 50-135
per cent. Terbutaline, 2.0 pg/kg, blocked the
carbachol response by 76 per cent, while salbu-
tamol, 2 pg/kg, blocked the response by 68
per cent.

Discussion
The results of the present study demonstrate
that the dose of salbutamol or terbutaline
needed to produce ventricular arrhythmias is
usually 100-500 times greater than that for
isoproterenol. Furthermore, although the ar-

rhythmic dose of salbutamol or terbutaline was
between 10 and 100 pg/kg, bronchoconstric-
tion induced by carbachol could be markedly
inhibited by 2 pg/kg.

Our interest in alternatives to isoproterenol
was stimulated by recent reports linking iso-
proterenol to the annual increase in mortality
of asthmatics in England and Wales.>-¢. These
deaths associated with isoproterenol have been
attributed to: 1) alterations in viscosity of
tracheal secretions resulting in bronchial plug-
ging; 2) decreased arterial oxygen tensions; 3)
increased ventricular irritability resulting in ar-
rhythmias.t: % 8

Two types of g-adrenergic receptors have
been described by Lands et al.® Those re-
sponsible for cardinc stimulation and lipolysis
were termed “8,” and those responsible for
bronchodilation and vasodepression, “g».” The
optimal molecular configurations for cardiac
and bronchial g-adrenergic receptor stimula-
tion differ. The presence of a cyclopentyl
group on the terminal nitrogen increases car-
diac stimulation, whereas a —CHlOH at the
meta position on the benzene ring increases
bronchial dilation.’® Englehardt et al3* have
shown that the catecholamine structure is not
essential for g-adrenergic stimulation. Modifi-
cation of the isoproterenol molecule led to the
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production of several compounds with bron-
chial effects more potent than those of isopro-
terenol, but producing less cardiac stimulation
(fig. 3). The first of these was orciprenaline.*
Salbutamol, a more recent selective g-adren-
ergic stimulator, proved to be longer-acting
than orciprenaline and to cause still less car-
diac stimulation.?*13 A similar drug, terbu-
taline, has been shown to have twice the ac-
tivity of orciprenaline on the isolated guinea
pig trachea and to produce less cardiac stimu-
lation at equipotent doses.’* The results of
the present study of salbutamol and terbutaline
demonstrate the difference between their tra-
cheobronchial and cardiac effects in vivo.

Isoproterenol, in addition to its potential for
producing ventricular arrhythmias, has other
drawbacks, which include: 1) short duration
of action; 2) rapidly developing tachyphylaxis;
3) ineffectiveness orally; 4) tachycardia.13-17
The short duration of action of isoproterenol
is due to its rapid O-methylation by catechol-
o-methyltransferase (COMT) to 3-methoxy
isoproterenol.® The presence of a —CH.OH
at the meta position in salbutamol is thought
to prevent its breakdown by COMT,*® thus
prolonging its duration of action to at least
twice that of isoproterenol.?%3 Terbutaline’s
duration of action is also at least twice as long
as that of isoproterenol.’* Tachyphylaxis to
isoproterenol has been shown to be due to one
of its metabolites, 3-methoxy isoproterenol,
which is a g-adrenergic blocker.!™ 1 Although
preliminary studies suggest that salbutamol
and terbutaline do not produce tachyphylaxis
like that seen with isoproterenol, further stud-
ies are necessary. Although isoproterenol is
ineffective orally, salbutamel in Jarge doses can
be effective,* while in preliminary studies
terbutaline has seemed to be orally effective.’*

Finally, tachycardia, which is common with
isoproterenol, is rarely produced by thera-
peutic doses of salbutamol or terbutaline.s. 13- 14
In view of these considerations and the large
differences between bronchodilating and ar-
rhythmia-producing doses of salbutamol and
terbutaline shown by this study, it seems likely
that these drugs will be of value in the treat-
ment of bronchoconstriction in both conscious
and anesthetized patients. They are clearly
safer and more effective than isoproterenol for
this purpose.
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