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1 (±)-Isoprenaline (Iso), (-)-adrenaline (Ad), (-)-noradrenaline (NA), (±)-phenylephrine
(Phe) and the J2-selective adrenoceptor agonist (±)-fenoterol (Fen) caused a concentration-
dependent relaxation of human isolated bronchial preparations. Iso, Ad and NA caused complete
relaxation of both spontaneous and carbachol-induced bronchial tone. Fen, which was only tested in
preparations where tone was induced with carbachol, also caused complete relaxation. However,
Phe was a partial agonist in all preparations tested.
2 When relaxation responses to these amines were calculated as a % of their maximal effects,
comparison of EC50 values showed that the order of potency was Iso > Ad = Fen > NA > Phe
(92:27:25:1:0.2) in preparations with carbachol-induced tone and Iso > Ad > NA > Phe
(112:38:1:0.3) in preparations with spontaneous tone.

3 pA2 values determined for the 1-adrenoceptor antagonists propranolol (non-selective), atenolol
(13-selective) and ICI-118, 551 (132-selective), using Iso as an agonist were, 9.3, 5.3 and 9.1
respectively.
4 These results indicate that 132-adrenoceptors mediate relaxation of human isolated bronchus to
sympathomimetic amines in preparations obtained 4-14 h post-mortem from non-diseased lung.
oa-Adrenoceptors were apparently sparse or absent in this tissue.

Introduction

Sympathomimetic bronchodilators continue to play a
major role in the treatment of asthma (Svedmyr,
1977; Paterson et al., 1979). In asthma, the major
site of airways obstruction is in the central airways.
Isolated central airways preparations from several
laboratory animal species have been used as models
in the evaluation of f-adrenoceptor agonists as bron-
chodilators. While these different central airways
preparations have been of great value in the screen-
ing of potential bronchodilator amines, many of them
do not accurately reflect human central airways with
respect to the ,B-adrenoceptor subtypes that they
contain. Evidence from studies in conscious man
strongly suggests a predominance of 12-
adrenoceptors in central airways (Larsson & Sved-
myr, 1977; Madsen et al., 1979). However, 13i-
adrenoceptors predominate in the trachea of the cat
(Lulich, et al., 1976; O'Donnell & Wanstall, 1983),
rabbit (Bristow etal., 1970; Toda etal., 1978) and pig
(Goldie et al., 1983) while 32-adrenoceptors pre-
dominate in guinea-pig trachea (O'Donnell 1972;
O'Donnell & Wanstall, 1979). Harms (1976) has
shown that f32-adrenoceptors predominate in isolated

rings of human primary bronchi obtained from surgi-
cally excised lung samples. We have previously
shown that preparations from smaller bronchi ob-
tained 4- 14 h post-mortem from non-diseased lung,
respond to a range of relaxant and spasmogenic
agents (Goldie et al., 1982). The present investiga-
tion sought to determine the predominant 3-
adrenoceptor subtype in this tissue, with a view to
assessing the value of the preparation as in in vitro
model of human central airways.

Methods

Bronchi (2-3 mm i.d.) were removed from 44 sepa-
rate macroscopically normal specimens of human
lung (11 female, 34 male) obtained 4-14h post-
mortem. The subjects were aged 9- 55 years. Excised
bronchi were dissected free of all peripheral lung
tissue, including visible blood vessels and cut into
spirals. Preparations were suspended under 500 mg
tension in Krebs-Henseleit solution aerated with 5 %
C02 plus 95% 02 at 37°C. The composition of
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Krebs-Henseleit solution (mM) was NaCl 117.6, KCl
5.4, NaHCO3 25, KH2PO4 1.03, MgSO4 0.57, D-
glucose 11.1 and CaCl2 2.5. Isometric changes in
tension were measured with a Grass force-
displacement transducer (FT03C) coupled to a
preamplifier and a Rikadenki pen recorder (Model
1328L). Preparations were left to equilibrate for 2 h
with washing at 30 min intervals, before any drug
induced effects were measured.

Firstly, experiments were conducted to determine
the possible effect of bronchial ac-adrenoceptors
(mediating contraction) on the relaxant potency of
sympathomimetic amines which stimulate both a-
and P-adrenoceptors. The effects of cumulative con-
centrations of Phe (oa-adrenoceptor selective) were
assessed in human isolated bronchi, in the absence
and presence of the ,B-adrenoceptor antagonist prop-
ranolol (0.5 JM). In most cases, human isolated bron-
chi developed tone spontaneously and thus the relax-
ant effects of sympathomimetic amines could be
measured following their cumulative addition to the
organ bath. However, in some preparations, tone had
to be induced with carbachol before the relaxant
effects of agonists could be measured. When bronchi-
al tone did not develop spontaneously, a complete
cumulative concentration-effect curve to carbachol
was constructed. After washing and resting the prep-
aration for 1 h, tone was re-established using a con-
centration of carbachol which induced 50% of the
maximum response to this spasmogen. Relaxation
responses to cumulative concentrations of 3-
adrenoceptor agonists were then superimposed. Re-
sults were expressed as a % of the maximum relaxa-
tion produced by each sympathomimetic amine. In
experiments to determine the relative potencies of
relaxant amines, a cumulative concentration-effect
curve was constructed to each of (±)-isoprenaline
(Iso), (- )-adrenaline (Ad), (- )-noradrenaline
(NA), (+)-phenylephine (Phe) or (+)-fenoterol
(Fen) and the EC50 value taken as a control measure
of amine potency. Concentration-effect curves to two
of the other amines were then constructed in turn at
intervals of approximately 90 min.

Concentration-effect curves to Iso were also estab-
lished in the absence and presence of the competitive
f-adrenoceptor antagonists propranolol (non-
selective), atenolol ( 13-selective) or ICI-1 18,55 1 (12-
selective) in bronchi pre-contracted with carbachol.
Preparations were exposed to one concentration of
one of these antagonists for 1 h before another
cumulative concentration-effect curve to Iso was
produced. In some preparations, this procedure was
repeated once using a higher concentration of the
same antagonist. The EC50 values for Iso in the
presence and absence of antagonist and the ratio of
these values was then determined. Schild plots (log10
concentration ratio - 1 versus log10 molar antagonist

concentration) were constructed and pA2 values
were determined by regression analysis of individual
data points. Consecutive Iso concentration-effect
curves were also constructed in preparations not
exposed to 13-adrenoceptor antagonists to monitor
possible spontaneous changes in agonist potency.
Drugs used were (-)-noradrenaline bitartrate,

(-)-adrenaline bitartrate, (±)-isoprenaline hyd-
rochloride, (±)-phenylephrine hydrochloride, car-
bamylcholine chloride (Sigma); fenoterol hydrob-
romide (Boehringer Ingelheim); propranolol hyd-
rochloride, atenolol, ICI-1 18,551 (erythro-DL- 1 -(7-
methylindom-4-yloxy)-3-(isopropylaminobutan-2-
ol) hydrochloride) (ICI). Drug solutions were freshly
prepared using 0.9% w/v NaCl solution (saline).
Solutions of sympathomimetic amines were stabil-
ized with ascorbic acid (20 fig ml- 1).

Results

In the absence of spontaneously developed or
carbachol-induced tone, cumulative concentrations
of the relatively oa-adrenoceptor-selective agonist
Phe (0.8-800 JIM) failed to cause either contraction
or relaxation in isolated human bronchial prepara-
tions. In preparations with spontaneous tone, Phe
caused concentration-dependent relaxation (Table
1), but was a partial agonist producing only
48.9 ± 9.7% (mean + s.e.mean, 8 preparations from
3 lung specimens) of the maximal response to Iso.
Carbachol-induced tone was reduced by Phe in 10 of
11 preparations tested (4 lung specimens) by only
46.5 ± 10.4% and was unaltered in the remaining
preparation. In the presence of the f-adrenoceptor
antagonist propranolol (0.5 JIM), Phe caused weak
concentration-dependent increases in tone in 3 of the
9 preparations tested. Maximal Phe-induced con-
tractions were equivalent to 8, 17 and 29% of the
respective carbachol response maxima. Thus a-
adrenoceptor-mediated bronchial contraction was
not considered to be of any importance when
measuring the P-adrenoceptor potency of agonists
such as NA and Ad which stimulate both a- and
P-adrenoceptors.
The relative relaxant potencies of f-adrenoceptor

agonists in isolated human bronchus are summarized
in Table 1. In preparations with spontaneous tone
and in carbachol-contracted bronchi, the relative
potencies were Iso> Ad> NA> Phe. The highly
selective 132-agonist Fen (O'Donnell, 1970), which
was only tested against carbachol-induced tone, was
about 25 times more potent than the relatively 11-
selective agonist NA, but was approximately equipo-
tent with the relatively 02-selective agonist Ad. Iso
was only 3-4 times more potent than Fen and Ad,
but was about 92 times more potent than NA. Simi-
larly, in bronchi that gained tone spontaneously, Iso
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Table 1 EC50values and relative relaxant potency ratios for sympathomimetic amines in human isolated bronchus

(±)-Iso (-)-Ad (±)-Fen (-)-NA (±)-Phe

Carbachol-induced tone

EC5O(IM)
n
Ratio

0.021 ± 0.003
16 (10)
91.8

0.076 ± 0.012
6(5)
26.6

0.082 ± 0.029
8 (4)
24.6

2.02 ± 0.27
6(5)
1.0

9.86± 1.80
10 (4)
0.2

Spontaneous tone

EC50(AM)
n
Ratio

0.025 ± 0.009
10 (9)
112.4

0.074 ± 0.020
6(6)
38.0

2.81 ± 0.82
4(4)
1.0

10.04± 1.90
8 (3)
0.3

EC50 values are given as mean ± s.e.mean and n indicates the number of bronchial preparations used. Numbers in
parentheses indicate the number of separate lung specimens from which bronchi were obtained.

was only about 3 times more potent than Ad but was
about 112 times more potent than NA (Table 1).
Except for Phe, each of the relaxant amines caused
complete relaxation of tone in all of the preparations
tested. Phe was nearly 5 times less potent than NA in
carbachol-contracted bronchi and 3.6 times less po-
tent than NA in preparations with spontaneous tone.
The absolute potencies of particular sympathomime-
tic amines were similar in bronchi with spontaneously
developed or carbachol-induced tone.

Figure 1 shows the Schild plots for three competi-
tive P-adrenoceptor antagonists with Iso as the agon-
ist, in carbachol-contracted human bronchi. Prop-
ranolol (non-selective), and ICI-1 18,551 (12-
selective) were both potent inhibitors of Iso-induced
relaxation in human isolated bronchi. Conversely,
atenolol (pl-selective) was a weak inhibitor of Iso-
induced relaxation (Table 2).

Discussion

The present study has clearly demonstrated the pre-
dominance of P2-adrenoceptors in human isolated
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Table 2 pA2 values for propranolol (non-
selective), ICI-1 18,551 (12-selective) and atenolol
(PI-selective) against isoprenaline-induced relaxa-
tions in carbachol contracted human isolated
bronchus

PA2

Propranolol
ICI-1 18,551
Atenolol

9.3±0.4
9.1±0.2
5.3 ±0.4

slope

0.9±0.2
1.1 ±0.1
1.2±0.4

n

14 (7)
22 (5)
14 (6)

pA2 values are given as mean + s.e.mean and n
indicates the number of individual measurements
of antagonist-induced rightward shifts in
concentration-effect curves. Numbers in parenth-
eses indicate the number of different lung speci-
mens from which bronchi were dissected.

bronchial spirals dissected from non-diseased lung
obtained 4-14h post-mortem. Comparison of the
potencies of several sympathomimetic amines in
carbachol-contracted bronchi, showed that the P2-
selective amines Fen and Ad were about 25 times and
27 times more potent, respectively than the relatively
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Figure 1 Schild plots for the p-adrenoceptor antagonists (a) propranolol, (b) ICI-118,551 and (c) atenolol with
isoprenaline (Iso) as the agonist, in human isolated bronchus.
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:1-selective catecholamine NA. Furthermore, Fen
and Ad were only 3-4 times less potent than Iso
which was the most potent amine tested. In these
experiments, the (-)-isomers of NA and Ad were
used while the racemic mixtures of the other agonists
were tested. Presumably, (-)-Iso would have been
about 180 times more potent than NA. Although Fen
was not tested in human bronchi that developed tone
spontaneously, the potencies and relative potencies
of the other sympathomimetics tested were similar to
those observed in carbachol-contracted bronchi. In
effect, preparations with either spontaneous or
carbachol-induced tone behaved identically with re-
spect to 3-adrenoceptor-mediated relaxations. How-
ever, the levels of tone developed spontaneously
varied considerably. Thus, carbachol pre-contracted
bronchi were easier to use in that reproducible levels
of tone could be induced within given preparations.

In accord with the findings of Harms (1976), com-
parison of the pA2 values for P-adrenoceptor an-
tagonists suggests that a relatively pure population of
J32-adrenoceptors exist in human isolated bronchus.
02-Adrenoceptors predominate in the guinea-pig
trachea, although a small population of functional
01-adrenoceptors also exists (O'Donnell & Wanstall,
1979). The pA2 value for ICI-118,551 (02-selective
antagonist) in the guinea-pig trachea was 8.69, using
Fen as the agonist (O'Donell & Wanstall, 1980). In
the present study in human bronchus, this antagonist
was even more potent. Furthermore, the 131-selective

antagonist atenolol was 6,300 times less potent than
ICI-1 18,551 in human bronchi. In contrast, atenolol
was 30-70 times more potent against Iso, in pig
bronchi (Goldie et al., 1983) and in guinea-pig atria
(Harms, 1976; O'Donnell & Wanstall, 1979), where
f1-adrenoceptors predominate, than in human bron-
chi (this study).

In agreement with the findings of Mathe et al.,
(1971) and of Simonsson et al., (1972), a-
adrenoceptors mediating contraction of human iso-
lated bronchi were revealed in the present study.
However, as in these other studies, contractions were
only observed following blockade of bronchial J-
adrenoceptors with propranolol. Even then, Phe only
caused weak contractions in 3 of-the 9 preparations
tested. Thus it would seem that in non-diseased
human isolated bronchi, a-adrenoceptors are of no
functional significance. The present study indicates
that human isolated bronchial preparations, obtained
4- 14 h post-mortem may provide a valuable model
for the assessment of the pharmacological reactivity
of human central airways smooth muscle.
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