
Eur Respir J 1997; 10: 1026–1032
DOI: 10.1183/09031936.97.10051026
Printed in UK - all rights reserved

Airway endothelin levels in asthma: influence of endobronchial
allergen challenge and maintenance 

corticosteroid therapy

A.E. Redington*, D.R. Springall**, M.A. Ghatei+, J. Madden*, 
S.R. Bloom+, A.J. Frew*, J.M. Polak**, S.T. Holgate* P.H. Howarth*

Airway endothelin levels in asthma: influence of endobronchial allergen challenge and
maintenance corticosteroid therapy. A.E. Redington, D.R. Springall, M.A. Ghatei, J.
Madden, S.R. Bloom, A.J. Frew, J.M. Polak, S.T. Holgate, P.H. Howarth. ©ERS Journals
Ltd 1997.
ABSTRACT:  Endothelins (ETs) are 21 amino acid peptides which, in addition to
their other properties, are potent bronchoconstrictors. Whilst there is evidence of
the involvement of ET in the pathophysiology of chronic asthma, its contribution
to the acute allergic response is undefined.

To examine this, we have undertaken segmental bronchoprovocation with aller-
gen and saline at separate sites in six atopic asthmatics receiving treatment with
bronchodilators only and six atopic asthmatics additionally receiving treatment with
inhaled corticosteroids. Each challenged segment was lavaged 10 min after bron-
choprovocation and concentrations of immunoreactive ET were measured in bron-
choalveolar lavage fluid.

In the non-steroid-treated subjects, there were significantly lower ET levels at the
allergen-challenged sites compared to the saline-challenged sites (p<0.05). In the
steroid-treated subjects, on the other hand, there was no significant difference
between the two sites. Levels of ET at the saline-challenged sites were significantly
lower in the steroid-treated subjects compared to the non-steroid-treated subjects
(p<0.04).

These findings do not support the hypothesis that allergen exposure in asthma
results in immediate release of endothelin. However, release at later time-points and
a role for endothelin in late-phase bronchoconstriction are not excluded.
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The human endothelin (ET) family comprises three 21
amino acid peptides termed ET-1, ET-2 and ET-3 [1].
Endothelin-1 was originally characterized as a potent
vasoconstrictor [2], but ETs are now recognized to have
many other biological properties. Of particular relevance
to asthma, all three isopeptides are potent contractile
agonists of isolated human airways [3], while ET-1 caus-
es bronchoconstriction in vivo in guinea-pigs when admi-
nistered either intravenously [4] or by inhalation [5]. In
addition, ET-1 has been shown to stimulate secretion of
mucus in isolated tracheal preparations [6], to activate
inflammatory cells including macrophages [7] and mast
cells [8] in vitro, and to exert pulmonary proinflamma-
tory effects in vivo in guinea-pigs [9]. Finally, ET-1 is
mitogenic both for fibroblasts [10] and airway smooth
muscle [11], suggesting a possible role in airway wall
remodelling in asthma.

Members of the ET family exert their effects via an
interaction with specific membrane receptors. In a vari-
ety of systems, two receptors have been characterized,
which are denoted ETA and ETB [12]. The ETA recep-
tor has a higher affinity for ET-1 or ET-2 as compared
with ET-3, whereas the ETB receptor has equal affinity

for the three members. Contraction of human bronchi is
believed to be principally ETB-mediated [13], whereas
other properties of ETs relevant to asthma, such as secre-
tion of mucus and mitogenic responses, are likely to in-
volve ETA receptors.

There are a number of potential sources of ET within
the airway wall, including bronchial epithelial cells [14],
vascular endothelial cells [2] and inflammatory cells,
such as macrophages [15] and possibly also mast cells
[16], although a mast cell origin has not yet been demon-
strated in humans. In bronchial biopsies, a major site of
immunoreactivity for ET is the airway epithelium [17,
18]. Expression at this site is increased in asthma [19]
and, consistent with this, ET levels in bronchoalveolar
lavage (BAL) fluid from non-corticosteroid-treated asth-
matics are increased in comparison with those in BAL
fluid from healthy control subjects [20, 21]. As these
levels correlate with the degree of airflow obstruction in
asthma [21], it has been proposed that ET contributes to
the resting bronchomotor tone in this disease.

We hypothesized that ET may be released during
acute allergen exposure and, thereby, contribute to the
immdiate bronchoconstrictor response. To investigate the
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relationship between allergen exposure and ET release
in vivo, we have used a segmental bronchoprovocation
model. Twelve atopic asthmatic subjects, six of whom
were receiving regular maintenance therapy with inhaled
corticosteroids, underwent fibreoptic bronchoscopy with
endobronchial allergen and sham saline challenges into
separate bronchopulmonary segments. BAL was then
performed in each segment during the immediate phase
of bronchoconstriction, and concentrations of immuno-
reactive ET in BAL fluid were determined by radio-
immunoassay.

Materials and methods 

Subjects

Six atopic asthmatics (2 males and 4 females; aged
23±1 yr), treated only with inhaled short-acting β2-ago-
nists as required, and a further six atopic asthmatics (1
male and 5 females; aged 27±2 yrs), additionally receiv-
ing regular therapy with inhaled corticosteroids, took
part in the study. Their clinical and physiological para-
meters are summarized in table 1. One subject in the
steroid-treated group was also receiving treatment with
the long-acting β2-agonist salmeterol. All subjects were
nonsmokers, had mildly symptomatic clinically stable
asthma, and none had experienced recent symptoms of
upper respiratory tract infection. The study was approv-
ed by the Southampton Joint University and Hospitals
Ethics Committee, and all subjects gave written informed
consent.

Physiological measurements

Subjects attended, 1–2 weeks prior to bronchoscopy,
for measurement of forced expiratory volume in one sec-
ond (FEV1) and airway reactivity and determination of
atopic status. On this occasion, those subjects receiving
inhaled short-acting β2-agonists had been asked to discon-
tinue this medication for a minimum of 6 h beforehand.

The technique used to determine airway reactivity was
adapted from the five breath procedure described by CHAI

et al. [22]. All solutions were administered from an
Inspiron nebulizer (CR Bard, Sunderland, UK) driven by
compressed air at a flow rate of 8 L·min-1. After resting
for 15 min, the baseline FEV1 was recorded using a
wedge bellows spirometer (Vitalograph Ltd, Buckingham,
UK). Subjects then inhaled five breaths of 0.9% saline
via a mouthpiece, each breath taken from functional resid-
ual capacity (FRC) to total lung capacity (TLC), and fur-
ther measurements of FEV1 were made after 1 and 3
min. Subjects proceeded to inhale increasing doubling
concentrations (0.03–16 mg·mL-1 saline) of histamine
(BDH, Lutterworth, Leicestershire, UK), with FEV1 mea-
surements made at 1 and 3 min after each inhalation.
These stepwise inhalations continued until either the
FEV1 had fallen by at least 20% of the postsaline value
or until the maximum concentration had been reached.
The log10 concentration of agonist was plotted against
the percentage change in FEV1 from the postsaline value,
and the cumulative provocative concentration causing a
20% fall in FEV1 (PC20) was derived by linear interpo-
lation between the last two data-points.

Atopic status was determined by skin-prick testing us-
ing the following allergen extracts: Dermatophagoides
pteronyssinus, cat allergen, mixed feathers, mixed grass
pollens and dog allergen (Miles Inc, Hollister Stier,
Elkhart, IN, USA). A drop of each allergen solution was
placed on the skin of the volar surface of the forearm
and a small volume of solution introduced into the epi-
dermis using sterile 1 mm lancets (Entaco Ltd, Studley,
Warwickshire, UK). A positive response was defined as
a wheal diameter ≥3 mm measured at 15 min to one or
more allergen extract, in the presence of negative (0.9%
saline) and positive (histamine acid phosphate) controls.
A skin-prick test wheal dose-response series was then
performed using serial 10 fold dilutions of the allergen
that produced the largest response, in order to determine
the concentration to be used for segmental broncho-
provocation. The lowest concentration which produced a
≥3 mm diameter wheal response was chosen for the endo-
bronchial challenge.
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Table 1.  –  Clinical and physiological characteristics of the subjects studied

Ss Age Sex FEV1 PC20 Treatment Allergen and 
No. yrs % pred mg·mL-1 concentration

Non-steroid-treated
1 19 F 104 4.67 S Der p 10-4

2 21 F 131 2.21 S Der p 10-5

3 23 F 120 0.61 S Der p 10-5

4 27 M 108 3.73 S Der p 10-4

5 27 M 89 3.64 S Der p 10-4

6 20 F 107 2.50 S Der p 10-5

Steroid-treated
1 23 F 103 1.19 BDP (200), S Der p 10-5

2 35 M 112 3.08 BDP (1000), S Der p 10-5

3 20 F 123 - BDP (400), Sm, S GP 10-5

4 29 F 99 0.30 BDP (400), S Der p 10-4

5 29 F 81 0.86 BDP (1000), S Der p 10-3

6 26 F 105 4.79 BDP (800), S Der p 10-3

Ss: subjects; F: female; M: male; FEV1: forced expiratory volume in one second; PC20: provocative concentration of histamine
producing a 20% fall in FEV1: BDP: beclomethasone dipropionate, with total daily dose in µg in parenthesis; Sm: salmeterol; S:
salbutamol; Der p: Dermatophagoides pteronyssinus; GP: grass pollen.



Fibreoptic bronchoscopy and endobronchial allergen
challenge

Fibreoptic bronchoscopy, endobronchial allergen chal-
lenge and BAL were performed in accordance with our
published procedure [23], conforming to current National
Heart, Lung and Blood Institute (NHLBI) guidelines
[24]. Premedication consisted of nebulized salbutamol 5
mg and ipratropium bromide 0.5 mg, intravenous atropine
0.6 mg, and intravenous midazolam as required (median
6.5 (range 0–8) mg). Lignocaine 10 and 4% spray was
used to achieve anaesthesia of the upper airways, and
a flexible Olympus BFIT20 fibreoptic bronchoscope
(Olympus Optical Co., Tokyo, Japan) was inserted either
via the nasal or oral route. Further aliquots of 1% lig-
nocaine were applied to the larynx and lower airways.
The tip of the bronchoscope was then wedged into the
medial segment of the middle lobe and 20 mL of pyro-
gen-free 0.9% saline, prewarmed to 37°C, were instilled.
The instrument was withdrawn and was next wedged into
the anterior segment of the right upper lobe, where 20
mL of the prewarmed allergen solution was similarly
applied. Appearances were observed in order to confirm
that airway narrowing occurred at the allergen-challenged
segment. Ten minutes after challenge, BAL was per-
formed at each site by instilling 6×20 mL aliquots of
0.9% saline, with recovery by gentle aspiration after each
application. From the total sample of BAL fluid recov-
ered, 10 mL were withdrawn and immediately mixed
with 0.2 mL aprotinin (10,000 kallikrein inactivator
units·mL-1) (Bayer Ltd, Newbury, Berkshire, UK) in order
to minimize degradation of ET by BAL fluid proteases.
Oxygen was administered at a rate of 2 L·min-1 through-
out the procedure, and oxygen saturation was measured
continuously by means of a digital pulse oximeter (Pulsox-
7; Minolta, Tokyo, Japan). Subjects were observed in the
department for at least 3 h after completion of the pro-
cedure.

BAL fluid total and differential cell counts

After centrifugation, the cell pellet was resuspended
in phosphate-buffered saline (PBS, pH 7.4) and total cell
concentrations were determined using a Neubauer hae-
mocytometer (BDH, Dagenham, Essex, UK). The cell
concentration was adjusted to 5×105 cells·mL-1 and cell
preparations for differential counts were prepared by cyto-
centrifugation (Cytospin; Shandon Scientific Limited, Run-
corn, Cheshire, UK) using 100 µL aliquots of the cell
suspension per slide. These preparations were air-dried,
fixed in methanol, and stained using the Hema "Gurr"
rapid staining set (BDH, Lutterworth, Leicestershire, UK).
Differential cell counts were performed, counting 500
cells per slide.

ET extraction and radioimmunoassay

After thawing, BAL fluid specimens were acidified by
addition of 2 mL of 4% (v/v) acetic acid, centrifuged,
and ET was extracted using Sep-Pak C18 cartridges (Waters
Associates, Milford, MA, USA). Sep-Pak cartridges were
activated by preconditioning with 10 mL of 100% ace-

tonitrile, 10 mL of 100% methanol and then 10 mL of
4% acetic acid. The samples were loaded and immunore-
active ET was eluted with 2 mL of 60% (v/v) acetoni-
trile/water containing 0.03 M ammonium acetate. The
eluate was dried in a vacuum centrifuge (Savant Instrum-
ents Inc, Hicksville, NY, USA) and the resulting pellet
was reconstituted with assay buffer (60 mM phosphate
buffer, pH 7.4, containing 10 mM ethylenediamine tetra-
acetic acid (EDTA), 7 mM sodium azide, and 0.3% (w/v)
bovine serum albumin (BSA)). The recovery of peptide
by this extraction procedure was estimated by adding
synthetic ET-1 to buffer (0.2 and 1 fmol·mL-1) yielding
64±4 and 83±6% (n=4) recovery, respectively.

The ET radioimmunoassay has been described in detail
previously [25], but the antibody used in the present study
was obtained from a subsequent bleed of the immunized
rabbit and gave increased sensitivity. This assay could
detect changes of 0.05 fmol·tube-1 at 95% confidence
with duplicate tubes. The antibody shows 60, 70 and
0.1% cross-reactivity with ET-2, ET-3 and big ET-1, res-
pectively, but no cross-reactivity with other pulmonary
neuropeptides tested, including neuropeptide Y, subs-
tance P, vasoactive intestinal peptide (VIP), bombesin
and galanin.

Statistical analyses

Results for age, FEV1 % predicted, and BAL fluid
return volumes were expressed as mean±standard error
of mean (SEM). Comparisons of these measurements were
performed using paired and unpaired t-tests. Airway
reactivity values were expressed as geometric mean
(range) and BAL fluid ET concentrations and cell num-
bers as median (range), as these data were not normal-
ly distributed. Comparisons of these measurements were
performed using the Wilcoxon test for paired data and
the Mann-Whitney U-test for unpaired data, as appro-
priate. Correlations were sought using Spearman's test.
A p-value of less than 0.05 was regarded as statistically
significant. Statistical analysis was performed using Stat-
View 4.02 for Macintosh (Abacus Concepts, Berkeley,
CA, USA).

Results

There were no significant differences between the non-
steroid-treated and the steroid-treated subjects in age
(23±1 vs 27±2 yrs; p = 0.14), FEV1 (110±6 vs 104±6 %
pred; p=0.48), or airway reactivity (2.45 (0.61–4.67) vs
1.35 (0.30–4.79) mg·mL-1; p=0.47). Measurement of air-
way reactivity was not determined in one of the steroid-
treated subjects (subject No. 3), who was additionally
treated with the long-acting β2-agonist salmeterol.

Bronchoscopy was generally well-tolerated, other than
in one of the steroid-treated individuals (subject No. 4)
with marked bronchial hyperresponsiveness, who devel-
oped bronchospasm during the procedure and required
administration of nebulized salbutamol and intravenous
hydrocortisone. Marked bronchoconstriction of the chal-
lenged segment was seen to occur in all subjects at the
allergen-challenged site within a few minutes of expo-
sure. In contrast, no bronchoconstriction was evident
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at the saline-challenged sites. There was no significant
difference in BAL fluid return volumes between the sal-
ine- and allergen-challenged sites (56.3±5.5 vs 62.5±6.3
mL; p=0.33).

Total and differential cell counts in BAL fluid from
both sites are presented in table 2. Considering data for
the saline-challenged site, which may be regarded as
reflecting basal values, there was a trend towards a reduc-
tion in total cell numbers (p=0.11) in the steroid-treated
asthmatics compared to the non-steroid-treated asth-
matics, but no significant differences in the numbers of
individual cell types. There were no significant differ-
ences in either total or individual cell numbers between
allergen- and saline-challenged sites in either group.

Immunoreactive ET was detectable in all BAL fluid
samples. In the non-steroid-treated subjects, there were
significantly lower ET concentrations at the allergen-chal-
lenged sites compared to the saline-challenged sites (0.49
(0.25–0.77) vs 0.78 (0.23–1.53) pM; p=0.046) (fig. 1).
In the steroid-treated subjects, on the other hand, ET

concentrations tended to be slightly higher at the aller-
gen-challenged sites, but this difference was not statis-
tically significant (0.26 (0.15–1.18) vs 0.19 (0.05–0.60)
pM; p=0.25). The difference in ET concentration between
the two challenged segments was significantly different
between the non-steroid-treated and the steroid-treated
groups, either when expressed as an absolute value (-0.26
vs +0.10 pM; p=0.025) or as a percentage (-34.9 vs
+95.8%; p=0.037). Concentrations of ET at the saline-
challenged sites were significantly higher in the non-
steroid-treated subjects than the steroid-treated subjects
(0.78 (0.23–1.53) vs 0.19 (0.05–0.60) pM; p=0.037).
There were no significant correlations between ET
measurements, total and differential cell counts, and
physiological indices, either when considering the two
groups separately or together.

Discussion

Segmental bronchoprovocation provides a valuable
technique to study the cellular and biochemical events
occurring within the airways of sensitized asthmatics in
response to allergen exposure [26]. Using this method,
previous investigators have provided evidence for the
release of a number of spasmogenic mediators, including
histamine, prostaglandins and leukotrienes, in associa-
tion with immediate allergen-induced bronchoconstric-
tion (reviewed in [27]). Endothelin is an extremely potent
bronchoconstrictor, which has been linked to airflow obs-
truction in chronic stable asthma on the basis of increased
expression in bronchial biopsies [19] and BAL fluid [20,
21]. In the present study, a segmental bronchoprovoca-
tion model was used to investigate whether ET release oc-
curs in the airways following acute allergen exposure in
asthma and whether this peptide might, thus, be impli-
cated in immediate allergen-induced bronchoconstriction.

In asthmatics not receiving regular anti-inflammatory
therapy with inhaled corticosteroids, concentrations of
immunoreactive ET were found to be significantly lower
at allergen-challenged sites in comparison with saline-
challenged sites. This result was unexpected and failed
to support our hypothesis that allergen exposure might
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Table 2.  –  Total and differential cell counts in bronchoalveolar lavage (BAL) fluid

Total cells Macrophages Lymphocytes Neutrophils Eosinophils Basophils/ Epithelial
×105·mL-1 ×105·mL-1 ×105·mL-1 ×105·mL-1 ×105·mL-1 mast cells cells

×105·mL-1 ×105·mL-1

Non-steroid-treated group
Saline-challenged site 83.5 71.0 3.26 3.40 0.74 0 0.15

(74.0–401.0) (66.6–319.8) (1.04–52.2) (1.63–38.0) (0.15–12.9) (0–0) (0–4.02)
Allergen-challenged site 54.0 43.8 6.37 1.99 0.59 0 0

(18.0–144.0) (15.0–57.8) (2.34–12.5) (0.61–3.43) (0.07–1.23) (0–0) (0–1.09)

Steroid-treated group
Saline-challenged site 57.5 46.3 7.19 1.57 0.63 0.09 0.24

(7.0–131.0) (6.08–109.4) (0.70–8.50) (0.14–2.16) (0.06–0.72) (0–0.48) (0–1.73)
Allergen-challenged site 42.0 34.7 4.31 1.61 0.25 0 0.19

(29.0–80.0) (28.4–42.6) (2.69–31.5) (0.64–3.35) (0.06–2.55) (0–0.08) (0–1.01)

Cytocentrifuge preparations were unavailable or unsuitable for analysis in the case of one subject in the non-steroid-treated and
two subjects in the steroid-treated group. Data are expressed as median, and range in parenthesis. Paired and unpaired compar-
isons were performed using the Wilcoxon and Mann-Whitney U-tests, respectively.
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Fig. 1.  –  Concentrations of endothelin in bronchoalveolar lavage
(BAL) fluid from allergen- and saline-challenged segments in steroid-
treated (●) and non-steroid-treated (❍) subjects. Horizontal bars rep-
resent median values. ET: endothelin; NS: nonsignificant.



induce ET release in the airways at this time-point. A
possible explanation may be that one or more factors are
released during the immediate allergic response which
either rapidly metabolize or bind ET, thereby reducing
its detection by radioimmunoassay and limiting its bron-
choconstrictor potential. At present, there is little infor-
mation regarding proteases responsible for degrading ET
in vivo. It has been suggested that neutral endopeptidase
(NEP) plays a role, as this enzyme is capable of degrad-
ing all three ET isopeptides in vitro [28]. In addition, it
has been reported that activated leucocytes release en-
zymes which can degrade ET and which are distinct
from NEP [29], although these have not yet been char-
acterized in detail. Although our protocol involves the
immediate addition of the protease inhibitor, aprotinin,
it is possible that a high local concentration of BAL
fluid proteases could overcome its protective effect or
alternatively that metabolism may occur rapidly in vivo. 

The demonstration of reduced BAL fluid ET levels
following allergen exposure is consistent with other
studies of ET in asthma. KRAFT et al. [30] reported a
night-time decrease in BAL fluid ET levels in asthma-
tics with nocturnal asthma who were not treated with
corticosteroids. Metabolism by proteases released from
inflammatory cells or increased binding were proposed
as possible explanations. In addition we have recently
reported preliminary evidence that endobronchial hyper-
osmolar saline challenge in subjects with exercise-induc-
ed asthma results in reduced BAL fluid ET levels [31].

In contrast, in subjects who had been receiving regu-
lar treatment with inhaled corticosteroids, we were unable
to demonstrate a significant difference in ET concen-
trations between allergen-challenged and saline-chal-
lenged sites. The efficacy of corticosteroids in asthma
is considered to result from their ability to exert multiple
anti-inflammatory effects in the airways, and a number
of investigators have reported reductions in inflamma-
tory cell numbers in bronchial biopsies following corti-
costeroid treatment [32, 33]. The failure to demonstrate
a difference in ET levels in the corticosteroid-treated sub-
jects in the present study may, therefore, have resulted
from a reduction in the degree of airways inflammation
in response to corticosteroid therapy, with a consequent
reduction in the release of ET degrading enzymes. This
is supported by the finding of a trend towards a reduc-
tion in total cell numbers in the steroid-treated subjects,
although we were not able to demonstrate significant
reductions in the numbers of individual leucocytes, per-
haps due to the wide range of measurements and the
small numbers involved. In addition to absolute changes
in cell numbers, it is possible that the ability of indi-
vidual cells to release ET-degrading enzymes may also
be reduced by corticosteroids.

Measurement of mediators in BAL fluid provides no
direct information concerning the cellular origin of these
mediators. In the case of ET, airway epithelial cells are
likely to represent one important source, as a major site
of ET expression in bronchial tissue, as determined both
by immunohistochemistry [17, 18] and by in situ hybri-
dization [17], is the airway epithelium. Human bronchial
epithelial cells in vitro release ET into the culture medi-
um, and the quantities released are increased in cells
derived from asthmatic subjects [34]. However, although
bronchial epithelial cells from a proportion of asthmatics

express the low affinity immunoglobulin E (IgE) Fc
epsilon receptor type II (FcεRII) (CD23) and release ET
in vitro via an IgE-dependent mechanism [35], release
has not yet been demonstrated at a time-point as early as
10 min after stimulation. Inflammatory cells, particularly
macrophages, must also be considered as likely contri-
butors to ET in BAL fluid, as highlighted by a recent
report demonstrating increased expression of immunore-
active ET by alveolar macrophages derived from asthma-
tic subjects [15]. In the present study, however, we were
unable to demonstrate significant correlations between
ET levels and numbers of macrophages or other leuco-
cytes.

A further point of interest in the present study was the
finding that concentrations of immunoreactive ET at the
saline-challenged sites, which may be considered to reflect
basal levels, were significantly lower in the steroid-treat-
ed subjects compared to the non-steroid-treated subjects.
This may reflect reduced release from airway epithelial
cells, as synthesis and release of ET by the pulmonary
epithelial cell line A549 [36] and by cultured human
bronchial epithelial cells [34] have been reported to be dec-
reased by corticosteroids. Release of ET by macropha-
ges might also be reduced by corticosteroids, although,
to our knowledge, this has not yet been reported. In agree-
ment with our present findings, previous investigators
have reported a reduction in BAL fluid ET levels in vivo
in asthma following a short course of oral prednisolone
[20]. In our previous study [21], on the other hand, we
were unable to demonstrate a significant difference be-
tween basal BAL fluid ET levels between non-steroid-
treated and steroid-treated asthmatic subjects. The most
likely explanation for this apparent discrepancy is that,
whereas the steroid-treated group in the present study
contained only subjects whose asthma was clinically well-
controlled, in the earlier study this group also included
several patients with more severe disease, who did not
have fully suppressed airways inflammation as assessed
by other parameters [21].

The antiserum used in the present study was raised
against ET-1 but exhibits significant cross-reactivity both
with ET-2 and ET-3. Evidence from fast protein liquid
chromatography suggests that ET-1 and ET-3 are pre-
sent in approximately equal amounts in BAL fluid, but
that ET-2 cannot be detected [20]. This is in agreement
with immunohistochemical studies indicating that pre-
proET-1 and preproET-3, but not preproET-2, are exp-
ressed by bronchial epithelial cells [18]. The ET that we
have been able to detect, therefore, is likely to reflect a
combination of ET-1 and ET-3. Both these peptides can
be considered relevant to the pathophysiology of asth-
ma via their ability to interact with ETA (ET-1) and ETB
(ET-1 and ET-3) receptors, both of which are present in
human asthmatic airways [37].

Possible confounding factors in the present study include
the use of the β2-agonist salbutamol and the local anaes-
thetic lignocaine during the bronchoscopy. These agents
are routinely administered in order to ensure the safety
and tolerability of the procedure for our asthmatic volun-
teers. Although salbutamol is capable of abolishing the
early bronchoconstrictor response seen in asthma fol-
lowing allergen inhalation challenge [38], we observed
constriction of the allergen-challenged segment in each
subject, indicating that any inhibitory effect of salbutamol
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was overcome by the high local concentration of aller-
gen which is achieved with endobronchial instillation.
The pharmacological effects of salbutamol and ligno-
caine on ET release from cultured cells have not been
reported, however, and so there remains a theoretical pos-
sibility that these agents may have influenced our results.
Finally, the subjects in the present study were predomi-
nantly female, although inspection of the individual data-
points did not suggest any noticeable effect of gender
on ET levels.

In summary, the present results do not support the
hypothesis that allergen exposure results in the release
of endothelin in the airways sufficiently early to contri-
bute to immediate bronchoconstriction. However, release
at later time-points has not been excluded, and a role for
endothelin in the late-phase bronchoconstrictor response
remains possible. Our findings also highlight the fact that
measurements of endothelin levels at any individual time-
point represent a net reflection of release and metabo-
lism. Further studies are warranted on factors influencing
both these processes.
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