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Effect of inhaled 15- (s)-hydroxyeicosatetraenoic
acid on tracheobronchial clearance in normal
human airways
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StewartW Clarke, Stephen T Holgate

Abstract
15-(s)-Hydroxyeicosatetraenoic acid (15-
HETE) is the predominant metabolite
of arachidonic acid in normal and
asthmatic human airways and a potent
mucus secretagogue in canine and
human airways. A study was carried out
on the effect of inhaled 15-HETE on

tracheobronchial clearance, measured
for six hours by a radioaerosol tech-
nique, in 10 normal subjects. Subjects
inhaled 80 nmol 15-HETE or the diluent
(sodium phosphate buffer) on two
occasions at least two weeks apart in a

double blind and randomised fashion (20
minutes after radioaerosol inhalation.
Tracheobronchial clearance after
inhaled 15-HETE was almost identical to
that after placebo for all measurements
up to six hours. It is concluded that 15-
HETE has no effect on tracheobronchial
clearance in normal human airways and
is unlikely to account for the impaired
mucociliary clearance seen in asthma.
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15-(s)-Hydroxyeicosatetraenoic acid (15-
HETE) is the predominant oxidative
metabolite of arachidonic acid in both normal
and asthmatic airways.' Release of 15-HETE
from asthmatic airways is greatly enhanced by
allergen challenge in vitro and in vivo.' 2

When stimulated appropriately human
eosinophils3 and airway epithelial cells4 5
release 15-HETE as their major lipid product
and this may be the source of its release in
allergic reactions affecting airway mucosal
surfaces, as in asthma. Despite overwhelming
evidence for the generation of 15-HETE in
asthma, the role of this eicosanoid is still
undefined. In vitro 1 5-HETE is able to
stimulate leukotriene synthesis by mast cells67
and this action may be responsible for the
potentiating effect of 15-HETE on allergen
induced early asthmatic response8 as this is
largely a mast cell mediated event. We may
plausibly speculate that the reduced
mucociliary clearance seen during the early
asthmatic response9 may be initiated by the
substantial amount of 15-HETE generated in
the airways after allergen stimulation.' This
reduction in mucociliary clearance is blocked
by pretreatment with sodium cromoglycatet"
or the leukotriene antagonist FPL-55712,9
suggesting that mediators released from mast

cells, and in particular the leukotrienes, may
have a role. Besides acting via the mast cell
mediators, 15-HETE may also act directly to
impair mucociliary clearance in asthma, as it
has been shown to be a potent mucus
secretagogue in canine airways in vivo and in
human airways in vitro." 12 We therefore
studied the effect of inhaled 1 5-HETE on
mucociliary clearance in non-asthmatic
subjects.

Methods
SUBJECTS
Ten healthy non-smokers with no history of
asthma took part in the study (table 1). They
took no medication and had been free from
respiratory tract infections for at least four
weeks before the study. Five subjects were
atopic as defined by positive skinprick tests
(weal response ofmore than 2 mm) with two or
more allergens-grass pollen, Dermato-
phagoides pteronyssinus, and cat dander
(Bencard, Brentford, Middlesex). The study
was approved by the Royal Free Hospital's
ethical practices subcommittee, and written
informed consent was obtained from each
subject.

MEASUREMENTS
Forced expiratory volume in one second
(FEVy) and forced vital capacity (FVC) were
measured with a dry bellows spirometer
(Vitalograph, Buckingham) 10 to 20 minutes
before each radioaerosol inhalation. The high-
est value from three technically acceptable
measurements was recorded. All readings were
corrected for body temperature and ambient
pressure.

Table I Characteristics of the subjects

Subject Age FEV, Height
No Sex (y) Atopy (% pred) (m)

1 M 34 - 93 172
2 F 26 - 133 168
3 M 32 + 110 164
4 M 27 + 130 1-77
5 F 52 - 104 1-66
6 M 27 + 89 1-68
7 M 33 - 111 1-80
8 M 31 + 108 1-74
9 M 24 - 100 1-74
10 M 33 + 98 1-66
Mean 32 108 1-71
SE 2-5 4-6 0-02
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Tracheobronchial clearance was measured
by a non-invasive radioisotopic method.'3 Five
micron polystyrene particles were firmly tagged
with the gamma emitting radionuclide tech-
netium-99m (t l/2 = six hours) and inhaled via
the mouth under strictly controlled conditions.
The initial topographical distribution of the
radioaerosol within the lungs was monitored
with a gamma camera (International General
Electric, Berkshire) linked to a computer
(Nodecrest, Byfleet). Posterior views were
obtained to derive a penetration index for the
99mTc labelled particles (ratio of counts
recorded over peripheral lung to those record-
ed over central lung).'4 This index estimates the
degree of penetration into the lungs of the
radioaerosol relative to that of labelled krypton
gas (`lmKr; t 1/2 = 13 seconds), which was
subsequently inhaled.

Radioaerosol clearance was monitored with
two suitably collimated scintillation counters,
axially opposed anteroposteriorly over the mid-
sternum. An immediate radioaerosol count was
made to ascertain the initial lung burden.
Thereafter counts were made at half hour
intervals for six hours and a final measurement
at 24 hours to estimate the amount of
radioaerosol in non-ciliated airways-that is,
alveolar deposition. After correction for the
natural decay of the radioisotope and back-
ground radioactivity all counts were expressed
as a percentage of the initial count to allow for
differences in initial lung burden. Alveolar
deposition for each subject was determined as
the percentage of the initial lung burden
remaining in the lungs at 24 hours and was
subtracted from the whole lung clearance curve
to give a tracheobronchial clearance curve.
Coughs were recorded and sputum collected
and weighed for six hours after aerosol inhala-
tion. The tracheobronchial clearance curve was
corrected for productive coughs.'5

DRUG ADMINISTRATION
Aliquots of 1 5-(s)-hydroxyeicosatetraenoic
acid (15-HETE) (Chiral Organics, Reading)
dissolved in 100% ethanol at a concentration of
2-47 mg/ml and of 100% ethanol alone
(placebo) were stored at - 20°C under nitrogen
until they were used. Each aliquot was diluted
with isotonic (0- 15 M) sodium phosphate
buffer, pH 7-4 immediately before use to
produce a 2 ml solution containing 10% alcohol
and either 1 mM 15-HETE or placebo. Each
solution was stored at - 4°C until 20 minutes
before inhalation, when it was left at room
temperature. Both the 15-HETE and placebo
solutions were administered as aerosols
generated from a starting volume of 2-0 ml in a
disposable Inspiron Min-Neb nebuliser (C R
Bard International, Sunderland), connected to
a dosimeter driven by compressed air at a
pressure of 25 lb/in2 (138 kPa). Subjects wear-
ing a nose clip were instructed to take five
consecutive breaths from functional residual
capacity to total lung capacity via a mouth-
piece. The dosimeter setting was adjusted so
that 80 jil ofaerosol was generated, correspond-
ing to 80 nmol 15-HETE (mass median particle
diameter 4-7 jgm) leaving the nebuliser.

STUDY DESIGN
Each subject was studied on two occasions
separated by at least two weeks. In a
randomised and double blind manner subjects
inhaled on each occasion either a single dose
of 80 nmol 15-HETE or vehicle placebo 20
minutes after inhalation of the radioaerosol.
Regular whole lung counts were measured as
described above and a tracheobronchial
clearance curve was plotted for each subject on
each occasion.

DATA ANALYSIS
All figures are means (with standard errors in
parentheses) unless otherwise stated, and the
p < 0 05 level was accepted as significant.
Baseline values of FEV, and FVC on the two
study days were analysed by Student's t test.
Penetration indices, alveolar depositions, and
inspiratory flow rates on the two days were
compared by Wilcoxon signed rank tests. The
area under the tracheobronchial 99`TC poly-
styrene particle retention curves (AUC) was
calculated by trapezoid integration between
time points 0 and six hours (AUCO,6 h)
and between time points 0 and three hours
(AUCO.3 h), and compared by Wilcoxon signed
rank tests.

Results
Baseline pulmonary function, inspiratory flow
rates, penetration indices, and alveolar deposi-
tions did not differ significantly on the two study
days (table 2).
Only one subject (No 6) had a productive

cough after inhaling placebo and the tracheo-
bronchial retention curve was corrected as
described previously.'5 Tracheobronchial
clearance after inhalation of 1 5-HETE was
almost identical to that after placebo whether
AUC was calculated for the first three hours
(138 (8-6) v 135 (11-1) % h, NS) or for the
whole six hours (173 (16-0) v 173 (19-0) % h,
NS; Figure).

Discussion
In this study inhaled 15-HETE had no
measurable effecton tracheobronchial clearance
in normal subjects. With the nebulisation
procedure used, about 10% of the dose
administered to the mouth-that is, 8 nmol-
should have been delivered to the airways of
our subjects. This is more than 10 times the
dose administered to normal mongrel dogs by
Johnson et al, who reported mucus hypersecre-
tion and inflammatory changes in the airways of

Table 2 Mean (SE) baseline spirometric values,
inspiratoryflow rates, penetration indices, and alveolar
deposition in the 10 subjects on the two study days*

15-HETE Placebo

FEV, (1) 4-0 (0 3) 4.0 (0-3)
Forced vital capacity (1) 4-7 (0 3) 4 8 (0-3)
Inspiratory flow (1/min) 33 9 (3-9) 39 7 (6 2)
Penetration index 0 56 (0-06) 0-55 (0-05)
Alveolar deposition (%) 41 5 (4 5) 43-1 (4 8)

*None of the differences is significant.
15-HETE-1 5-(s)-hydroxyeicosatetraenoic acid.
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on canine and human airways probably reflect a
species difference in the biological function of
this mediator.
Thus inhaled 15-HETE had no effect on

tracheobronchial clearance in normal subjects.
This result, with our earlier findings that 15-
HETE reduces human airways responsiveness
in both normal and asthmatic subjects'6 and has
no effect on the allergen induced late asthmatic
response,8 suggests that this mediator, though
present in great quantity in the asthmatic
airways, is unlikely to be directly responsible
for the inflammatory changes seen in this
disorder.
We thank Ms H Yeung for typing the manuscript. This work
was supported by the National Asthma Campaign, UK.
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