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CT: Tmpairment of lung function with selective beta-1 blocking drugs
epeatedly demonstrated in guinea pigs, normal subjects and asthmatic
The effects of several beia blockers, propramolel (non-selective),
beta-1 zelective), IPS 339 (beta-2 selective) on histamine-induced
nstriction have been investigated in 30 anaesthetized snd mecheni-
ilated guinea pigs, measuring changes in conductance and dynamic
e. Their effects on peripheral lung, where only beta-2 adrencceptors
it, were more specifically assessed using changes in lung distensibility
of static pressare-volume curves. Atenolol (1 mg-ke '), TPS 339 (2
+ and propranolol (2 mg-kg ') enhanced histamine-induced decrease
itensibility, conductance and dynamic compliance. The decrease was
i order of maguitude for all three parameters, Atenolol {1 mg-kg™¥)
anolol {2 mg-kg ') decreased lung distensibility to the same extent.
st low dose atenolol (0.1 mg-kg™") did not potentiate histamine-
onchoconsitiction although this dose did produce a significant cardiac
iade, These results demonstrate that 1) beta blockers have a clear
the peripheral lung, 2} beta-1 adremoceptors are not involved in
r effects of cardioselective drugs. They sngpest that dose dependent
ectivity is the major mechanism behind impairment of lung function

Laboratcire de Physiologie, INSERM U 296
and Service de Pharmacologie Clinique, Hépi-
Lal Henri Monder, 94010 Créteil, France.

Correspondence: De. A. HARF Service des
Explorations Fonctionnelles, Hépital Henri
Mondor, 94010 Créteil, France.

Keywords: Airway conductance; atenolol; beta
adrenergic blockade; bronchoreactivity; his-
tamine; lung distensibility; propranclol.

Received: February 16, 1987, accepted after
revision July 27, 1987,

such drugs,
rJ. JO88, I

1t is well known that beta adrenoceptor blocking
drugs can cause bronchoconstriction. Although a non
specific property of the drugs has been invoked [10],
this effect is generally ascribed to removal of the beta-
2 mediated sympathetic bronchodilator drive of the
airways. The use ol cardioselective beta blockers is
therefore recommended in asthmatic patients. How-
ever impairment of ventilatory function has also been
reported with these drugs and has been tentatively
ascribed to the presence of beta-1 adrenoceptors in
the airways [16].

Recently a high density of adrenoceptors in the
peripheral lung (alveolar septa and terminal bronchi-
oles) has been demonstrated by means of autoradiog-
raphic studies in guinea pigs [7]. These receptors were
exclusively of the beta-2 subtype in contrast to those
of the central airways where some beta-1 receptors
have been lound [19]. We postulated that if cardio-
selective beta blockers indeed act only on beta-1
adrenoceptors they would have a minimal eflect on
the peripheral lung. We therclore studied several beta
antagonists (non-selective, beta-1 and beta-2 selec-
tive) during histamine challenge, assessing their eflects
on the respiratory system (using changes in conduc-
ramge and dynamic compliance) and more specifically

the peripheral lung (using changes in lung

-ensibility measured by static pressure-voume

ve).

At usual doses of cardioselective beta blockers, we
{ound a potentiation of the decrease in lung distensi-
bility during the histamine challenge indicating a clear
eflect on the peripheral lung. Since this eflect was
equivalent to that obtained aflter non-selective or
beta-2 selective beta blockers, it suggests that beta-1
adrenoceptors are not involved. In contrast, when 2
low dose of cardioselective beta blocker was used
there was no such potentiation. These results suggest
that a dose dependent loss ol selectivity is a major
mechanism behind impairment of lung lunction with
these drugs.

Methods

Experiments were performed on a total of 36
Hartley strain guinea pigs (body weight 300+ 20 g)
(Charles River, France). The pguinea pigs were
anaesthetized with pentobarbital sodium (30
mg-kg~! i.p.). A jugular vein was cannuolated for
drug administration. A tracheal cannula was inserted
just below the larynx. The animals were paralyzed
with pancuronium bromide (4 mg+kg™' i.p.) and
mechanically ventilated. The tidal volume was main-
tained at 8 mg-kg ! at a rate of 60 breaths min ! in
order to obtain normocapma [4). The heart rate was
monitored by continuous electrocardiographic re-
cordings (ECG Biotach Gould). Body temperature









muscle in alveolar ducts and terminal bronchioles.

Pharmacological and radioligand binding studies
have supported the general idea that both subtypes of
beta adrenoceptors are present in the same organ,
although generally one type predominates [16]. In the
lung a large number of beta adrenoceptors arc
present. Autoradiographic methods, in the puinea
pig, have demonstrated a beta adrenoceptor density
gradient, with a high density in the peripheral lung
{alveoli and bronchioles) vs a lower density in the
central bung (bronchi, pulmonary vessels and connec-
tive tissue} [71. In the peripheral lung these beta
adrenoceptors have been shown to be exclusively of
beta-2 subtype in contrast to the airways where both
beta-1 and beta-2 subtypes havc been found [19]. It
can be assumed that after beta blockade changes in
lung distensibility (representative of the peripheral
lung) indicate a beta-2 adrenoceptor invoivement.

We have found a clear effect of propranoclol in
enhancing histamine-induced bronchoconstriction,
confirming previous reports [10, [3]. In addition to
the fall in Cdyn and G our results show a large
decrease in Cst. The eflect of propranolol was
approximately of the same order of magnitude for Cst
as for Cdyn and G, indicating that the penipheral lung
is largely involved in the response io beta blockers.

In order to assess a potential role of beta-1
adrenoceptors we first investigated the effect of a
beta-2 blocker. We did not find fewer respiratory
eflects for IPS 339 than for propranolol, suggesting
that the beta-1 blocking component of propranolol
enhancement of bronchoconstriction was of minor
importance. However, since the equivalence of the
beta-2 effects for the two drugs was difficult to assess,
we looked for more evidencc on the role of beta-I
adrenoceptors.

Atenolol is known to be a highly cardioselective
beta blocking agent [1, 2]. Several clinical studies have
demonstrated that bronchospasm was of lesser im-
portance with cardioselective beta blockers [6,11],
while in other studies, during histamine or cholinergic
bronchial challenge, equivalent potentiation was seen
aftcr cardioselective and non-selective beta blockers
[14,15]. In our study atenolol appeared to be as potent
as propranolol in enhancing the histamine-induced
bronchoconstriction. Since lung distensibility de-
creased as much as did the other parameters, it can be
postulated, as discussed above, that beta-2 adrenc-
ceptors were involved in these effects of atenolol. A
dose dependent loss of selectivity therefore could be
responsible for this respiratery effect.

In order to evaluate this hypothesis we studied the
respiratory eflect of a lower dose of atenolol. A dose
of 0.1 mg-kg ™' was chosen since it excrts a significant
beta blockade as shown by the reduction in the
isoprenaline-induced tachycardia. In contrast to the
dose of t mg+kg ™', atenolol at adose of 0.1 mg-kg ™!
had no effect on the respiratory system. This result
can be explained on the basis of a dose dependent loss

Comparing the eflects of low doses of propranolol
and atenolol they have shown that while propranolol
0.2 mg-kg ! shifted the isoprenaline increase in heart
rate and airway pressure dose response curves to the
right, atenolo] 0.1 mg-kg ~! modified only cardiovas-
cular eflect. A similar conclusion was drawn by SMITH
et al, [17] who analysed the cardiovascular (heart rate
vs vasomotion) and metabolic (free fatty acids vs
glucose, insulin and lactate) responses of 0.3 and 1
mg-kg~! of atenolol. The particularity of our
findings is the loss of specificity that occurs for a dose
which is in the range required for efficient cardiac beta
blockade; cardioselectivity is only observed for lower
doses.

In conclusion we have shown that: 1) the peripheral
lung is involved to a large extent in the potentiation of
histamine-induced bronchoconstriction by beta
blocking agents and such an observation is against the
responsibility of beta-1 adrenoceptors; 2) dose depen-
dent loss of selectivity is the major mechanism behind
impairment of lung function following cardioselective
beta blocking drugs.
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