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ax-Adrenoceptor function and autoradiographic
distribution in human asthmatic lung
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1 The autoradiographic distribution of a,-adrenoceptors was investigated in non-diseased and
asthmatic human lung by use of [3H]-prazosin (H-PZ). To validate binding and autoradiographic
methods, H-PZ binding was also measured in rat heart.
2 Significant levels of specific H-PZ binding were detected in sections of rat heart. This binding
was associated with a single class of non-interacting sites of high affinity (dissociation constant,
Kd = 1.17 + 0.26 nM). The maximum binding capacity (B,,.) was 59.5 + 4.5 fmol mg 1 protein.
3 In sharp contrast, very low levels of specific H-PZ binding were found in both human non-
diseased and asthmatic bronchus, although a high level of binding of [125I]-iodocyanopindolol (I-
CYP, 50pM) to fi-adrenoceptors was detected in these airways. Furthermore, very low levels of
autoradiographic grains representing specific H-PZ binding were found in all airway structures in
human non-diseased or asthmatic lung parenchyma.
4 Consistent with these data, the a-adrenoceptor agonist phenylephrine failed to induce significant
increases in tone in bronchi isolated from either non-diseased or asthmatic human lung. Results
indicate that asthma does not involve significant increases in airway a1-adrenoceptor function.

Introduction

It has been proposed that asthma is associated with
enhanced a-adrenoceptor activity (Szentivanyi,
1980). This theory, was supported by some studies
suggesting that a1-adrenoceptor agonists such as
phenylephrine and methoxamine, induced significant
bronchoconstriction in asthmatics (Patel & Kerr,
1973; Snashall et al., 1978; Black et al., 1982; 1984),
although others have produced evidence to the con-
trary (Thomson et al., 1982). Some evidence suggests
that a-adrenoceptor antagonists may be therapeuti-
cally beneficial in asthma (Griffith et al., 1972; Patel
& Kerr, 1975), while other studies do not support
this concept (Ind & Dollery, 1983; Utting, 1979;
Svedmyr, 1984; Baudouin et al., 1988). Clearly, the
role of a-adrenoceptors in airway smooth muscle
function is controversial.

Several studies have demonstrated that
al-adrenoceptor-mediated contractile responses in
human isolated bronchial preparations are small and
only evident after fi-adrenoceptor blockade (Mathe
et al., 1971; Goldie et al., 1984; 1985). However,

1 Author for correspondence.

greater a,-adrenoceptor activity may reside at the
level of bronchiolar airways (Barnes et al., 1983a).
Furthermore, significant a-adrenoceptor activity has
been associated with increases in submucosal gland
secretion (Peatfield & Richardson, 1982; Phipps et
al., 1982). Few studies have investigated
a2-adrenoceptor function in the lung. Barnes et al.
(1983b) demonstrated a2-adrenoceptor-mediated
contraction of canine tracheal smooth muscle.
However, this was not observed in human bronchus,
although a2-adrenoceptor-mediated attenuation of
excitatory nerve transmission was documented
(Grundstrom & Andersson, 1985). This is perhaps
consistent with the fact that the a2-selective agonist
clonidine reduced bronchial obstruction in asthma
(Lindgren et al., 1986). Thus we were particularly
interested in the possibility that the up-regulation of
airway al-adrenoceptors is involved in asthma. To
this end, we have examined the autoradiographic
localization and distribution of specific binding sites
for the al-selective radioligand [3H]-prazosin (H-
PZ) in human non-diseased and asthmatic lung par-
enchyma and bronchus. We have also investigated
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the functional effects of the a,-selective agonist phen-
ylephrine in human bronchi, to ascertain the likely
physiological significance of such receptors.

Methods

Radioligand binding and autoradiography

Tissue preparation Samples of macroscopically
normal lung were obtained from 3 victims of cardio-
vascular or automobile accidents with a mean
subject age of 47.0 + 17.4 years and a mean post-
mortem age of 5.2 + 2.0h. Samples of asthmatic lung
were also obtained from 3 severely asthmatic indi-
viduals. These subjects died rapidly before medical
assistance arrived. Subject 1 was a 63 year old female
(lung post-mortem age = 7 h) who used a Ventolin
inhaler regularly and who died in respiratory failure.
Subject 2 was a 62 year old male (lung post-mortem
age = 4 h) asthmatic with chronic obstructive lung
disease, for whom medication consisted of Ventolin,
Moduretic, Minipress and Zyloprim. This subject
died following a myocardial infarction. Subject 3 was
a 60 year old male asthmatic (lung post-mortem
age = 7.5 h) and who died following a coronary
occlusion and who regularly used a Ventolin inhaler
and oral theophylline.
Human bronchi (2-3mm i.d.) were dissected free

of parenchymal tissue and visible blood vessels and
placed in aluminium foil trays containing Macrodex
(6% dextran in 5% glucose). Parenchymal tissue was
inflated by bronchial instillation of OCT embedding
medium diluted 1:4 with 0.9% w/v NaCl solution
(saline). Samples of rat ventricle were obtained from
male Wistar rats (300-500g) and placed in alu-
minium foil trays containing Macrodex (6% dextran
in 5% glucose). All tissue samples were snap frozen
in isopentane which had been quenched with liquid
nitrogen. Tissue samples were then stored at -750C
until required. Serial frozen tissue sections (10ym,
autoradiographs; 16,pm, binding experiments) were
cut at - 30'C, mounted and thawed onto glass slides
covered with gelatin. Sections were stored at - 750C
for up to 2 weeks before use without loss of radioli-
gand binding capacity.

Radioligand binding Slide-mounted sections (16 pm)
of rat ventricle were incubated at 220C for 5-60min
in Tris-HCl buffer (170mM, pH 7.6) which contained
[3H]-prazosin (H-PZ; 79 Ci mmolP , 2 nM,
Amersham) and the protease inhibitor phenylmethyl-
sulphonylfluoride (PMSF, 10 pM). In another series
of experiments, sections of rat ventricle were co-
incubated with sections of human lung parenchyma
at 22'C for 25 min in Tris-HCl buffer containing

H-PZ (0.25-9 nM) and PMSF (10puM). Specific
binding of H-PZ to al-adrenoceptors was defined as
that which was displaced by 10pM phentolamine.
Sections incubated with H-PZ were washed at 4°C
in radioligand-free buffer for 1 min and again for
2 x 15min periods, then rapidly rinsed in distilled
water and wiped from slides with glass fibre filter
paper (Whatman, GF/A). Tissue radioactivity was
measured in a Packard liquid scintillation counter
(Model B2450). The protein content of sections from
each tissue block was estimated by the method of
Lowry et al. (1951).

Autoradiography To determine the tissue distribu-
tion of al-adrenoceptors, slide-mounted sections
(10 pm) of human non-diseased and asthmatic lung
parenchyma or bronchus were incubated with H-PZ
(1 nM) for 25 min in the absence or presence of 1OpM
phentolamine. These preparations were washed as
described for binding studies. Sections were then
rapidly dried under a stream of cold dry air.
Emulsion-coated (type 0) coverslips coated with
NTB-3 nuclear track emulsion (Eastman Kodak Co.,
Rochester, N.Y.) were attached to one end of these
tissue slides with cyanoacrylate adhesive and stored
in desiccated light-tight X-ray cassettes at 4°C for 70
days. Autoradiographs were developed in Dektol
(Kodak; diluted 1:1 with distilled water) for 3 min,
rinsed in 1% acetic acid containing 2.5% Hypam
hardener (Ilford) and fixed for 3min with Hypam
Rapidfix (Ilford; diluted 1:4 with distilled water)
containing 2.5% Hypam hardener. Tissue sections
were then lightly stained with Gill's haematoxylin for
30 s, dehydrated in graded solutions of ethanol,
cleared in xylene and the coverslips re-apposed to
the slides by tissue mounting in DePeX medium
(BDH). Autoradiographs were viewed with a Zeiss
III photomicroscope under light and dark-field illu-
mination.
For comparative purposes, the distribution of fi-

adrenoceptors was also determined in slide-mounted
sections of asthmatic bronchus using ['251]-iodocya-
nopindolol (I-CYP, 50pM) as previously described
(Goldie et al., 1986a).

Organ bath experiments

The mean + s.e.mean subject age and post-mortem
age of lung samples obtained from individuals with
severe bronchial asthma were 29.2 + 10.1 years and
10.5 + 2.2 h (n = 4), respectively. Similarly, non-
diseased lung was obtained from individuals with a
mean subject age and post-mortem age of
44.4 + 12.5 years and 8.4 + 1.2 h (n = 5), respec-
tively. There was no significant difference between
non-diseased and asthmatic groups with respect to
either the mean age of the subjects or the post-



at-ADRENOCEPTORS IN HUMAN ASTHMATIC LUNG 703

b

Figure 1 Photomicrographs of 10m thaw-mounted

lung parenchyma (d-f). Light-field photomicrograph of
muscle (SM), submucosal glands (SG) and cartilage (C);
contain carbon particles (Cn). (b and e) Dark-field photo
and localization of autoradiographic prains derived froi

photomicrograph showing the distribution of non-specil
bated with H-PZ (1 nm) and phentolamine (10pym). Bar =

mortem age of the lung samples (P > 0.05, non-

paired t test).
Bronchial spiral preparations were dissected from

both human non-diseased and asthmatic lung and

suspended in organ baths as previously described
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en sections of human non-diseased bronchus (a-c) and
human bronchus showing the epithelium (E), smooth
lung parenchyma showing alveoli (Alv), some of which
xrographs of the above sections showing the distribution
3H]-prazosin (H-PZ, 1 nm) binding. (c and i) Dark-field
autoradiograph grains in respective serial sections incu-
Opm.

(Goldie et al., 1986b). All preparations were left to
equilibrate for 2.5 h at 370C in Krebs solution gassed
with 5% CO2 in oxygen before any pharmacological
testing was attempted. Cumulative concentration-
effect curves to carbachol were constructed in all
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Figure 2 Photomicrographs of lOm thaw-mounted frozen sections of human asthmatic bronchus. (a, d) Light-
field photomicrographs of 2 serial sections of human asthmatic bronchus showing smooth muscle (SM), damaged
epithelium (E) and a luminal mucous plug (mp) infiltrated with cells. Dark-field photomicrographs of the above
sections showing the distribution and localization of autoradiographic grains derived from (b) [3H]-prazosin (H-
PZ, 1 nM) and (e) [1251]-iodocyanopindolol (I-CYP; 50pM) binding. Dark-field photomicrograph showing the dis-
tribution of non-specific autoradiographic grains in respective serial sections incubated with (c) H-PZ (mnM) and
phentolamine (10pM) or (0 I-CYP (50 pM) and isoprenaline (200Mm). An artifact seen as bright areas associated with
the epithelial basement membrane appears in each dark-field photomicrograph. Bar = 100ym.

preparations used. Cumulative concentration-effect
curves were also produced for (±)-phenylephrine in
the absence or presence of propranolol (0.5 M), in
bronchial preparations with spontaneous or
carbachol-induced tone. The concentration of car-

bachol used to induce tone was that concentration
producing 50% (EC50) of the maximum response to
this agonist, as determined from the first cumulative
concentration-effect curve. Preparations were
washed at the end of each curve by 3 complete
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changes of Krebs solution and an interval of 1 h
allowed between curves.

Drugs and solutions

Carbamylcholine chloride, (±)-isoprenaline hydro-
chloride, (± )-phenylephrine hydrochloride, (±)-
propranolol hydrochloride, theophylline (Sigma);
(± )phentolamine mesylate (Ciba); PMSF
(phenylmethylsulphonylfluoride, Calbiochem).
PMSF was freshly prepared in absolute ethanol.
[3H]-prazosin, 79Cimmol-1; ['251]-iodocyanopin-
dolol, 2000 Ci mmolP-1 (Amersham). The Krebs solu-
tion used throughout the study had the following
composition (mM): NaCl 117.6, KCl 5.4, NaHCO3
25, KH2PO4 1.03, MgSO4 0.57, D-glucose 11.1 and
CaCI2 2.5.

Analysis of results

All numerical results were expressed as mean +
s.e.mean. Parameters describing the concentration-
dependence of H-PZ binding (dissociation constant,
Kd; maximum binding capacity, B,,,.) were esti-
mated by non-linear least squares regression analysis
of data fitted to a one site binding model, by use of
the computer programme MLAB (N.I.H., U.S.A.).
Scatchard analysis was used to confirm these results
and the nature of binding was described using Hill
analysis. The probability (P) of differences between
mean values was determined by use of Student's two
tailed, non-paired t test and was considered signifi-
cant if P < 0.05.

Results

Characteristics of [31H]-prazosin binding

Incubation conditions appropriate for the detection
of specific H-PZ binding were determined from
studies using rat heart which is known to contain a
significant population of ac-adrenoceptors
(Guicherey & Meyer, 1981). The specific binding of
H-PZ (2 nM) in rat heart sections reached equi-
librium after approximately 25min, and was satur-
able and involved a single population of
non-interacting, high affinity sites (Hill coefficient,
nH = 1.007 + 0.124). Non-linear regression analysis
of the specific binding data using a one binding site
model yielded a maximum binding capacity (B,,.,.) of
59.5 + 4.5 fmolmg 1 protein and a dissociation con-
stant (Kd) of 1.17 + 0.26 nm (where the errors were
estimated directly from non-linear regression
analysis of data from one heart). Specific binding
accounted for 74% of total binding at a H-PZ con-
centration of 0.25 nm and 60% at a H-PZ concentra-
tion of 3.5 nM.

In sharp contrast, no evidence of a time-related
increase in H-PZ (2 nM) binding or of binding satura-
bility was obtained in tissue specimens from 3
samples of human non-diseased lung. Similarly, no
significant levels of specific H-PZ binding were
detected in tissue sections from asthmatic lung
samples.

Autoradiography

The distribution of autoradiographic grains derived
from H-PZ (1 nM) binding was assessed in human
lung tissue in an attempt to identify locations of
small populations of a1-adrenoceptors, which might
not be detected in binding studies. However, only
very low levels of specific H-PZ binding were
observed in specimens of human non-diseased
bronchus and lung parenchyma (Figure 1) and asth-
matic bronchus (Figure 2) and lung parenchyma.
Some areas of peripheral lung tissue contained black
deposits resembling carbon particles or tar (Figures
ld), presumably derived from atmospheric pollutants
including cigarette smoke. These areas are associated
with high levels of non-specific binding (Figures if).
Specific grain densities over smooth muscle and sub-
mucosal glands in bronchi from both human non-
diseased and asthmatic lung were also very low. In
contrast to the low levels of specific H-PZ binding in
asthmatic bronchus, this tissue contained high levels
of specific I-CYP binding which represents f-
adrenoceptors (Figure 2).

Organ bath experiments

Phenylephrine caused partial concentration-
dependent relaxation in 10 of 11 bronchial prep-
arations from human non-diseased lung with
spontaneously developed (Figure 3a) or carbachol-
induced tone (Figure 3b), while 1 preparation failed
to respond to phenylephrine but contracted in
response to carbachol. In contrast, in the presence of
the f-adrenoceptor antagonist propranolol (0.5 pM),
phenylephrine caused small concentration-dependent
increases in tone in 6 of 10 bronchial preparations
from 5 separate non-diseased lung samples (Figure
3c). Maximal phenylephrine-induced contractions
amounted to 10, 11, 12, 13, 18 and 24% of the
respective maximum contractile response to car-
bachol.

In one bronchial preparation from an asthmatic
lung sample, phenylephrine caused an increase in
basal tone equivalent to 14% of the maximal con-
tractile response to carbachol. Conversely,
concentration-dependent relaxation was obtained in
2 of 4 bronchial preparations with spontaneous tone
from 3 asthmatic lungs (Figure 3d). The 2 bronchial
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Figure 3 Effect of cumulative concentrations of phenylephrine (0: 0.3-300pM) in bronchial preparations from
human non-diseased (a, b, c) and asthmatic (d, e, I) lung in the absence or presence of propranolol (0.5.uM).
CCh = carbachol (0.3-1 yM). Iso = isoprenaline (6.4 yM). Theo = theophylline (1 mM).

preparations which were unresponsive to phenyle-
phrine did contract in response to carbachol and
relaxed in response to isoprenaline. Phenylephrine
also caused concentration-dependent relaxation in
each of 5 bronchial preparations with carbachol-
induced tone from 4 asthmatic lung samples (Figure
3e). Even in the presence of propranolol (0.5pM),
these preparations failed to contract in response to
phenylephrine (Figure 30.

Discussion

After fl-adrenoceptor blockade, adrenaline, nor-
adrenaline or phenylephrine-induced stimulation of

human pulmonary a-adrenoceptors has been shown
to cause vascular smooth muscle contraction (Goldie
et al., 1982), submucosal gland secretion (Phipps et
al., 1982), inhibition of excitatory neurotransmission
(Grundstrom & Andersson, 1985; Andersson et al.,
1986) and weak contractions of bronchial smooth
muscle (Goldie et al., 1984; 1985). While the physio-
logical significance of airway smooth muscle a-
adrenoceptor function in healthy lung is uncertain,
some studies suggest that al-adrenoceptor function
is enhanced in asthma (Black et al., 1982; 1984;
Szentivanyi et al., 1984), perhaps as a result of the
presence of mediators including histamine (Kneussel
& Richardson, 1978). However, we were unable to
demonstrate such enhancement in the presence of
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histamine (Goldie et al., 1985). Other studies have
also failed to show increased a-adrenoceptor activity
in asthmatic compared to non-asthmatic bronchi
(Svedmyr, 1984; Goldie et al., 1988; Barnes, 1986).

Samples of post-mortem asthmatic human lung
are obtained very infrequently. The need to obtain
approximately age-matched samples of non-diseased
and asthmatic human lung within 11 h post-mortem
in order to conduct appropriate comparisons of both
functional and autoradiographic data, further
reduces the number of suitable tissue samples.
Despite these constraints, it is clear from the present
study that asthma does not involve significantly
increased airway al-adrenoceptor function. Indeed,
phenylephrine caused only small contractions of
bronchi from both non-diseased and asthmatic lung.
Furthermore, in all but one case, weak contractions
were only elicited after propranolol-induced block-
ade of f-adrenoceptors. In the absence of propran-
olol, phenylephrine caused P-adrenoceptor-mediated
partial relaxation of these bronchi, which emphasizes
the relative insignificance of al-adrenoceptor func-
tion in human bronchial smooth muscle.
Autoradiographic experiments were conducted in

order that populations of a-adrenoceptors present
throughout the lung including airway smooth
muscle could be examined. Consistent with previous
findings (Sholtz et al., 1980; Guicherey & Meyer,
1981; Muntz et al., 1986), high levels of specific
H-PZ binding to sections of rat heart were detected
in binding analyses.

In sharp contrast, very low levels of specific H-PZ
binding were detected in association wtih airway
structures within human lung parenchyma and
bronchi. Interestingly, bronchiolar airways in ferret
lung (Barnes et al., 1983a) have been shown to
contain significant numbers of al-adrenoceptors.
This suggests that great care must be taken when
extending conclusions drawn from studies using
animal lung to human airways. However, it is note-
worthy that there was no evidence of significant
numbers of bronchiolar al-adrenoceptors in rat lung

(Xue et al., 1983). Conversely, high levels of binding
of I-CYP to f-adrenoceptors were detected in
various structures within bronchi from both non-
diseased and asthmatic lung.

While the present study shows that
al-adrenoceptor activity in healthy and asthmatic
human airway structures is low, these findings are
contrary to results from some studies using homoge-
nized membrane preparations from human non-
diseased (Szentivanyi et al., 1979; Barnes et al.,
1980b), asthmatic (Szentivanyi et al., 1979) and bron-
chitic lung (Barnes et al., 1980b) and in guinea-pig
lung (Barnes et al., 1979; 1980a). The detection of
low but significant numbers of al-adrenoceptors in
these investigations may reflect the much higher
protein content of membrane preparation aliquots
compared with that in lung tissue sections. Impor-
tantly, however, the number of a1-adrenoceptors
detected in these membrane preparations was at
least 5-10 fold lower than the number of fl-
adrenoceptors present. While the possibility of some
post-mortem fall out of a1-adrenoceptors in airway
smooth muscle cannot be excluded, we have pre-
viously demonstrated powerful xl-adrenoceptor-
mediator contraction of human pulmonary artery
obtained up to 14h after death (Goldie et al., 1982).
Thus it seems more likely that the number of
a1-adrenoceptors in human bronchi are too low to
be readily detected by radioligand binding or light
microscopic autoradiography.
The present study has clearly demonstrated the

absence of significant numbers of airway
al-adrenoceptors in human lung. These results are in
line with studies reporting only weak a-agonist-
induced bronchoconstriction (Thomson et al., 1982)
and disappointing therapeutic efficacy with a-
adrenoceptor antagonists in asthma (Svedmyr, 1984).

This research was supported by grants from the National
Health & Medical Research Council of Australia and TVW
Telethon Foundation of Western Australia.
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