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MODIFICATION OF HUMAN AIRWAY SMOOTH MUSCLE
REACTIVITY BY DRUGS THAT INTERFERE WITH

ARACHIDONIC ACID METABOLISM

JOHN J. ADCOCK & LAWRENCE G. GARLAND

Department of Pharmacology, Wellcome Research Laboratories, Langley Court, Beckenham, Kent BR3 3BS

Histamine-induced contractions of small airways from
human lung were substantially augmented by the cyclo-
oxygenase inhibitor, indomethacin, whereas the con-
traction of larger airways was not. Mixed cyclo-
oxygenase/lipoxygenase inhibitors of arachidonic acid
metabolism did not modify histamine-induced contrac-
tions of smooth muscle from either small or large air-
ways but completely reversed the augmentation of his-
tamine responses produced by indomethacin on the
smaller airways. The SRS-A (slow reacting substance of
anaphylaxis) antagonist, FPL55712, did not affect the
augmentation of histamine-induced contractions by in-
domethacin.

Introduction There have been several reports that
indomethacin augments histamine-induced contrac-
tions of guinea-pig tracheal smooth muscle (Orehek,
Douglas & Bouhuys, 1975; Adcock & Garland,
1980; Burka & Paterson, 1980). This augmentation
was reversed by two compounds, CLI and BW 755c,
that inhibit both the cyclo-oxygenase and lipoxygen-
ase pathways of arachidonic acid metabolism (Ad-
cock & Garland, 1980). These latter observations led
Adcock & Garland (1980) to suggest that the in-
creased reactivity to histamine produced by in-
domethacin was due to increased synthesis of a lipox-
ygenase product(s) when the cyclo-oxygenase path-
way was blocked. Since this phenomenon might be
analogous to either aspirin sensitivity or to non-
specific airway hyper-reactivity in asthmatics, we
have investigated whether histamine-induced con-
tractions of human bronchial spirals are similarly
modified by inhibitors of arachidonic acid
metabolism.

Methods Human bronchial tissue was obtained
from patients undergoing surgery for bronchial car-
cinoma. Bronchioles were dissected from apparently
normal lung tissue and placed in Tyrode solution of
the following composition (mM): NaCl 137, KCl 2.7,
CaCl2 1.8, MgCl2 0.49, NaHCO3 11.9, NaH2PO4 0.4
and glucose 5.5. The tissues were classified into two
groups according to size i.e. <3 mm and 5-8 mm
internal diameter. Each bronchiole was cut to form a
spiral, suspended in an organ bath and superfused at
a rate of 3 ml/min with Tyrode solution at 37°C,
gassed with 95% 02 and 5% CO2. It was then
equilibrated under an initial tension of 4-5 g for
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1.5 h. The load was reduced to 3 g just before the start
of the experiment and responses were measured
isotonically using a Harvard heart/smooth muscle
transducer linked to a Rikadenki 4-channel desk-top
pen recorder. At least two cumulative dose-response
curves for histamine were obtained before the super-
fusion of test compound(s) which was usually for
20 min before and during the next histamine dose-
response curve. Responses are expressed as percen-
tages of the maximal control response.
Compounds studied were: indomethacin; BW

755c (3-amino-l-[m(trifluoromethyl)-phenyl]-2-
pyrazoline, Higgs, Copp, Denyer, Flower, Tateson,
Vane & Walker, 1978); CLI (3-amino-l-[p-
(chlorophenyl)]-2-pyrazoline, Adcock, Garland,
Moncada & Salmon, 1978) and FPL 55712 (sodium
7-[3-(4-acetyl-3-hydroxy-2-propylphenoxy)-2-
hydroxypropoxy]-4-oxo-8-propyl-4-H-l-
benzopyran-2-carboxylate, Augstein, Farmer, Lee,
Sheard & Tattersall, 1973).

Results The responsiveness of small airways (inter-
nal diameter < 3 mm) was compared with that of
larger airways (internal diameter 5-8mm). There
was no apparent difference in the sensitivity of the
different sized airways to histamine. The dose-
response curve occurred within the range 0.1 to
1,000 yg (ED5o = 66± 10 jg) which was very similar
to that reported previously for guinea-pig trachea
(Adcock & Garland, 1980). In larger airways, ob-
tained from four separate specimens of lung, in-
domethacin (1 MLg/ml) had no effect on responses to
histamine. However, in the smaller airways taken
from these same lungs as well as from three others (7
specimens total), indomethacin (1lg/iml) substan-
tially augmented histamine-induced contractions
(Figure la). The maximum response after in-
domethacin was between 3 and 4 times greater than
control, an effect that was some 2-3 times greater
than that found previously in guinea-pig trachea
(Adcock & Garland, 1980). In human as well as in
guinea-pig tissue the effect of indomethacin persisted
for up to 3 h after its removal from the system.

In contrast to indomethacin, compounds CLI and
BW 755c did not modify histamine-induced contrac-
tions of spirals taken from smaller airways. When
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Figure 1 Histamine-induced contractions of smooth muscle spirals, taken from the small airways of man, expressed
as cumulative log dose-response curves either before (@, n = 7 in (a), 3 in (b)) or after (0, n = 7 in (a), 3 in (b))
treatment with indomethacin (1 jg/ml). In (b) histamine responses after 20 min superfusion of indomethacin
concomitantly with BW 755c (40 jg/ml) on the same preparation are shown by (A) (n = 3). Following removal of
BW 755c, indomethacin (1.0 l.g/ml) superfusion was continued for a further 20 min (A; n = 3). Responses are
expressed as percentages of the maximal control response and vertical lines show s.e.mean.

either of these phenyl pyrazolines, at concentrations
between 20 to 40 jig/ml, was superfused over a bron-
chial spiral for 20 min before and during a histamine
dose-response curve, the contractions were virtually
unchanged from the preceding control responses.

However, when superfused concomitantly with in-
domethacin (1 Lg/ml), BW 755c (40 gtg/ml) com-

pletely reversed the previously augmented histamine
responses, obtained with indomethacin alone.
(Figure lb). This effect of BW 755c was reversible.
Thus when superfusion ofBW 755c was stopped but
indomethacin treatment continued for a further
20 min, the histamine responses were again aug-

mented (Figure lb). Compound CLI was similarly
effective in 3 experiments. These results with com-

pound BW755c and CLI in human peripheral air-
ways are similar to those obtained previously in
guinea-pig trachea (Adcock & Garland, 1980).

It has been shown that leukotrienes C4 and D4,
products of the lipoxygenase pathway, contract
human airway smooth muscle at concentrations of
10-10 to 10-5 M (Dahlen, Hedqvist, Hammarstrom &
Samuelsson, 1980). This effect is blocked by the
antagonist of slow reacting substance of anaphylaxis
(SRS-A), FPL 55712 (Dahlen et al., 1980). We
therefore examined the effect of FPL55712 on

indomethacin-induced hyper-reactivity in the small
airways from human lung. Contractions induced by
partially-purified SRS-A (guinea-pig lung) were

blocked by FPL 55712 at a concentration (0.5 fg/ml)
that left histamine responses unchanged. Further-
more, the same concentration of FPL 55712 had no
effect on histamine contractions previously aug-
mented by indomethacin (1 jg/ml). In addition,
when bronchial spirals were pretreated for 20 min
with FPL 55712 (0.5 Ag/ml) before indomethacin
treatment, the characteristic augmentation was still
obtained with indomethacin.

Discussion The present results demonstrate that
histamine-induced responses of the small airways
(less than 3 mm internal diameter) in human lung are
augmented by indomethacin to an even greater ex-
tent than histamine responses of guinea-pig trachea
(Orehek et al., 1975; Adcock & Garland, 1980;
Burka & Paterson, 1980). The lack of effect of
indomethacin on histamine contractions of the larger
airways in human lung (5-8 mm internal diameter) is
in agreement with the observations of Brink,
Grimaud, Guillot & Orehek (1980) who showed that
indomethacin did not modify histamine contractions
of human bronchial spirals taken from airways of
4-6mm internal diameter. It seems, therefore, that
human airways exhibit an anatomical difference in
their responsiveness to indomethacin. This might be
related to the functional differences between the
smaller and larger airways since constriction of the
smaller airways mainly affects pulmonary com-
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pliance whereas constriction of the larger airways is
associated predominantly with pulmonary resistance.
It is of interest to note that lipoxygenase products,
particularly leukotriene C4, markedly reduced pul-
monary compliance but had little effect on pulmo-
nary resistance in the monkey. (Smedegard, Hedq-
vist, Dahlen, Revenas, Hammarstrom & Samuels-
son, 1982).
The results obtained with two compounds that are

dual inhibitors of the cyclo-oxygenase and the lip-
oxygenase pathways of arachidonic acid metabolism
suggest that the increased responsiveness of lower
airways in human lung might be attributed to an
effect of lipoxygenase products. It can be envisaged
that synthesis of these increases after cyclo-

oxygenase inhibition, following diversion of
arachidonate metabolism to the lipoxygenase path-
way. However, the lack of effect ofFPL 55712 on the
hyper-reactivity described both in the present experi-
ments and previously on the guinea-pig trachea
(Adams & Lichtenstein, 1979; Adcock & Garland,
1980; Hitchcock, 1980) indicates that leukotrienes
C4 or D4 are not involved in the indomethacin-
induced augmentation of histamine contractions of
airway smooth muscle.
The present results in human tissue support the

hypothesis that lipoxygenase products (but not
leukotrienes C4 or D4) may have a role either in
non-specific airway hyper-reactivity, or in the syn-
drome referred to as 'aspirin-sensitive asthma'.
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