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on the methods of Du Bais et al. [22]. The results were
expressed as specific airways conductance (sGaw},
which is the reciprocal of airway resistance per litre of
thoracic gas volume. The mean of eight values
recorded was taken as sGaw.

Partial and compietc expiratory flow volume curves
were obtained using a 12 / dry rolling-seal spirometcr
with a Aow/volume differentiator (P K Morgan Ltd.)
and recorded using an X-Y plotter (Rikadenki 201T).
After 30 s of normal tidal breathing, a lforced maximal
expiration from end-tidal inspiratory volume to
residual volume was performed to obtain the partial
flow-volume curve. The patient then inspired from
residual volume to total lung capacity and performed
a second forced maximal expiration o residual
volume to obtain the complete expiratory flow-
volume curve. Three curves were recorded at intervals
ol 90 s for each reading. Flow rates at 25% of vital
capacity were measured Irom the partial (V,(p)) and
complete V,s(c) flow-volumc curves. Measurements
from the complete flow-volume curve may be less
sensitive in detecting changes in airflow resistance
than from the partial flow-volume curve [19) because
an inspiration to total lung capacity may transiently
reduce bronchomotor tone [23], thus partially obscur-
ing changes in airway calibre.

Subjects attended the laboratory at 9 am on three
separate occasions at least a week apart, having had a
light breakfast with no tea, coffee or cola. Afltera 15 min
rest period, baseline iung function tests were performed.
Following this, either atenolol 50 mg, propranoiol 80
mg or placebo was adminisicred oraliy in a double-
blind, random-order lashion. After 2 hours, to ailow
peak drug concentrations to be reached [17, 24], the lung
function tests were repcaied. The subjects then
underwent symptom-limited graded treadmill exercise
(Brucc protocof) with continuous electrocardiogram
(ECG) monitoring. Lung lunction tests were repeated at
2 min after completion of the exercise to allow adequate
equilibration of the body picthysmograph. Further lung
{unction tests were recorded 10 min after completion of
the exercise, at which time airway calibre changes arc
present in exercise-induced asthma j25). Heart rate and
blood pressurc were recorded regularly during the
expeniment,

Results (expressed as mean (SEM)) of the lung
function tests at baseline, 2 hours after drug adminis-
tration, 2 and 10 min post-exercise on each beta-
adrenoceptor anlagonisi were compared with those
on placebo using Student’s paired t-test, with a
modification for mulliplc comparisons [26]. The
results for sGaw were logged prior to statistical
analysis [27].

Results
Respiratory

Propranolol and atenolol caused small reductions
in V,4(p) and V,(c) 2 hours after dosing (figs 1A and
B) but these did not achieve statistical significance.
Two min after completion of exercise on placebo

V,s(p) increased from 1.97 (0.11) [+s™! (2 h post
dose) to 2.38 (0.18) /-s~!; and V,s{c) increased from
2.30 (0.10) to 2.66 (0.08) I-s” !, These increases in
V,s(p) and V,.(c}) were inhibited by propranolol
{p<0.01 at 2 min post-exercise) but not by atenolol
(figs 1A and B). Two min after completion of exercise
on atenolol, V,.(p) increased from 1.87 (0.14) to 2.24
(0.26) I-s™!, V,4(c) increased from 2.18 (0.12) to 2.59
(0.i6) /-5~ 1, Ten min after completion of exercise,
values were returning towards resting levels and there
were no statistically significant differences beiween
placebo, atenolol and propranolol. The changcs in

V,«(p) were closely mirrored by those in V,4(c),
although the latter were numerically larger. Statistical
stgnificance occurred at the same time points lor both
measurements.

Neither beta-adrenoceptor antagonist had a signifi-
cant effect on resting sGaw (fig. 1C). However, 2 min
after completion of exercise on placebo mean sGaw
increased (rom 1.56 (0.18) s~ '-kPa ! (2 h post
dosc) to 1.69 (0.19) s~ <kPa~ ', whereas on atenolol
post-exercise sGaw fell lrom 1.49 (0.20) to 1.23 (0.11)
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Fig. I. Mean (sem} V,,(p) (panel A), V,.{c) (panel B), and sGaw
{panel C) before and alter drug adminisiration and after excrcise on
placcho (O), atenotol {®) and propranclol (A). *: p<0.05; **:
p<0.01.
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§~!-kPa~! and on propranolol from 1.55 (0.16) to
1.29 (0.13) s !-kPa~' (p<0.05). Ten min after
completion of excrcise, values were returning towards
resting Jevels and there were no statistically significant
differences between placebo, atenolol and proprano-
lol.

Cardiovascular

Heart rate and systolic blood pressure after drug
administration and during each stage of exercise were
similarly reduced by both atenolol and propranolol
when compared to placebo. Peak heart rate during
exercise on placebo (193 (4) beats per min) was
significantly reduced (p < 0.05) by both atcnotol (146
(7} beats per min} and propranolol {138 (8) beats per
min). Mecan excrcise time (17.2 (0.9) min, placebo)
was significantly reduced by propranolol (14.6 (0.6)
min; p<0.05), but not by atenolol (16.8 (1.0) min).

Discussion

The doses ol propraneclol and atenolol used had

cquipotent cardiovascular beta-blocking eflects in this
study. The exercisc-induced incrcases in heart rate
and blood pressure after placebo were atienuated 10
the same extent by the two antagonists during each
stage ol exercise and alsc at peak exercise. As
cxpected, cxercise time was reduced by propranolol]
but not by atenolol when compared with placebo,
because propranoclol has beta-2 blocking effects on
the peripheral circulation and skeletal muscle metab-
olism. These observations are consislent with previ-
ous work [28].
_ The reductions in resting measurements of V,5(p),
V,4(c) and sGaw were small alter administration of
propranolol and atenolol, and in this group of eight
normal subjccts did nol achieve sialistical signifi-
cance. These findings are in agreement with most [3,
4] but not at all 5] studies in normal subjects.
Inadequate dose or time interval after dosing are
unlikely explanations of the apparent lack of effect
since the change in post-exercise lung function was
clearly seen. as was an cffect on excrcise heart rate.
Airway smooth tnuscle possesses large numbcers of
beta-2 receptors and responds Lo circulating adrena-
line when concentrations are clevated within the
physiological range by low-dose infusien [7. 9], with a
preferentiaf cffect in the small airways [7}. The fack of
a significant effect of beta-adrenoceptor antagonists
on resting airway culibre in this study sugpests thal
basal concentrations of circulating adrenaline play
little part in the control of resting airway tone in
normal subjects.

Two minutes after compietion of exercise on
placebo and alenolol a significant increase in V,.(p)
and V,{c) was ohserved. This increase was inhibited
by the non-selective propranolol. The increase in
V,s(p) and V,4(c) after excrcise on atenolol oceurred
despite o concomitanl reduction in large airway
culibre as assessed by a decrease in sGaw. The
reduction in sGaw would tend to diminish any

increase in V,, values. This resull indicates that the
increases in V, values were true observations, and is
in keeping with the changes in V,; measurements
being gencrated from airways other than the large
airways, ie. from small airways [19, 20].

Exercise time was reduced by propranclol com-
pared to atenolol and placebo. It is unlikety that this
influences the differential effect of atenolol and
propranolol on the small airways since no such
differential effect was observed in the large airways.
Moreover, longer exercise, which in this study would
be at greater work loads, would Llend, if anything, to
cause larper falls in airway calibre. as observed m
asthmatic patients [25]. The reverse was observed in
this study: the rcduction in airway culibre occurred
with propranotol. despite the shorier exercise time.

The bronchodilation in the small airways s
precbably mediated by the beta-2 eflects of the
increased concentrations ol adrenaline which occur
during vigorous exercise [8, 29] and which have been
shown to cause similar bronchodijation in the small
airways when infused 7, 10]. The differential effect of
the selective and non-selective beta-adrenoceptor
antagonists on the post-exercise bronchodilation in
the small airways is compatible with the presence of
beta-2 receplors and probable lack of beta-1 receptors
on airway smooth muscle [16].

A slight increase in large airway calibre (sGaw) was
seen 2 min alter completion of exercise on placebo,
although the increase was not statistically significant.
However, both beta-adrenoceptor antagonists caused
a reduction in sGaw at 2 min post-exercise. Atenolol
is relatively lacking in beta-2 blocking properties {17,
and this effect on the large airways may be mediated
therefore by the beta-1 blocking properties which
both drugs have in common. The mechanism is likely
to be indirect because airway smooth muscle does not
appear to possess beta-l receptors [16}. The large
airways arc vagally innervated [11- 13], whereas the
small airways receive only sparse vagal innervation
[14, 15]. The vagus possesses pre-junciional inhibilory
beta receptors [30, 31] and clinical studies have shown
that beta-adrenoceptor blockade can cause increased
cardiac vagal tone [32]. The receptors have been
shown rccently in dogs to be beta-1 receptors [33].
Why should blockade of these receptors allow the
vagus to mediate airway narrowing after exercise but
not at rest? Firstly, vagal tone to the airways is
reduced during exercise, permitting bronchodilation
[6]. but retuerns when exercise is stopped. A beta-
adrenoceptor antagonist. by antagonizing the betis-|
receplars  which would normally counter-balance
vagal return after exercise. would allow vagal lone to
return more rapidly, and possibly excessively for a
short while, thus causing airway narrowing. Secondly,
in asthmatic patients exercise is a potent stimulus to
bronchoconstriction [34]. In normal subjects, cxercise
may provoke airway narrowing in the presence of the
altered vapal control mechanisms induced by beta-
adrenoceptor blockade,

The effcet of atenolol on post-exercise sGaw but
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not V,, measurements is not explained by loss of
cardioselectivity which can occur with higher doses of
the drug [35]. No effect of atenolol was seen on the
small airways which have been shown to have large
numbers of heta-2 adrenoceptors.

The underlying mechanism by which beta-adreno-
ceptor antagonists can cause profound airway nar-
rowing in asthmatic patients is not esiablished.
Although a direct effect on airway smooth muscle
beta-2 reecptors by a non-selective beta-adrenoceptor
antagonist may be a partial explanation [2], selective
beta-adrenoceptor antagonists can also cause bron-
choconstriction in some asthmatic patients [36, 37].
This is usually explained by the lack of complete
selectivity of so-called ‘selective’ drugs. However this
study suggests that vagal mechanisms may also be
involved. There is indirect evidence to suggest that
vagal activity is increased in asthma [13], and this
enthanced vagal tone may therefore be more depen-
dent on pre-junctional inhibitory beta-1 receptor
control. The effect of a beta-adrenoceptor antagonist
in such patients would therefore be to permit vagally-
induced airway narrowing. In support of the involve-
ment of the vagus, the bronchoconstrictor response to
beta-adrenoceptor antagonists can be inhibited by
anti-choiinergic drugs [2, 5].

The resunits of this study suggest that beta-
adrenoceptor antagonists possibly have a dual effect
on the airways. Inhibition of vagal pre-junctional
inhibitory beta-1 receptors may permit vagally-
mediated airway narrowing under ceriain conditions.
In addition, a non-selective beta-adrenoceptor antag-
onist may have a direct effect on airway smooth
muscle beta-2 receptors.

Achnowledgemens: We thank ICT for supplying the
drugs and matching placebo tabjets used in this
study.
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RESUME: Nous avons étudié I'eflet de la sélectivité des antagon-
istes des béta adréno-récepleurs sur le calibre des voies aériennes au
repos et apres I'effort chez des sujets normaux, Huit sujets normaux
ont rega 50 mg d’aténolol, 80 mg de propanoclol et du placebo par

voie orale en ordre randomisé ct selon la technigue du double
anenymat. La conductance spécifique des voies aériennes el les
courbes débit-volume (partielle et compléte) ont été enregistrées
avant et 2 h aprés Padminisiration de la drogue. et aprés Ieffort,
Aucun antagoniste des béta-adréno-récepteues n’a eu d'effet
mesurable sur la fohction pulmonaire au repos. L'augmentatiou
des debits aprés effort, mesurée par Lo courbe débit-volume
partelle @it inhibée par le propanolol mats pas pur Pantaponisie
adréno-récenleuwr bita- 1 selectif aténolol, alors que les deux drogues
ertrainaient une dinunution de la conduclunce spévifique des voles
aériennes aprés I'efferl. Les antagonistes des béla-adréno-révep-
teurs peuvent avoir un effet biphasique sur le calibre dew visies
aériennes: d’abord un effet direct sur les bél-2 récepleurs du
muscle lisse des voies aériennes; en second lieu, un blocage des béta
adréno-récepteurs peut, au niveau des prandes voics aénennes,
inhiber les béta-| récepteurs pré-jonctionnels vagaux qui, normale-
ment, inhibent la libération d'acétylcholine 4 la terminaison
nerveuse, permettant? ainsi un rétrécissement des voies aériennes,
d'origine vagale.





