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The late reaction following bronchial provocation with house
dust mite allergen.

Dependence on arachidonic acid metabolism
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SUMMARY

The involvement ofarachidonic acid metabolism in early and late bronchial reactions
has been studied in four asthmatic subjects sensitive to Dermatophagoides pteronys-
sinus. Pre-treatment with either indomethacin (an inhibitor of the cyclo-oxygenase
pathway) or benoxaprofen (an inhibitor of both cyclo-oxygenase and lipoxygenase
pathways) failed to affect the amplitude, but did produce some foreshortening of the
early response to allergen. If benoxaprofen is an effective inhibitor of SRS-A
formation in vivo, then these observations question the role ofSRS-A as a spasmogen
in allergen-induced bronchospasm. Both drugs were effective inhibitors of the late
reaction, implying involvement of cyclo-oxygenase products (endoperoxides, pro-
staglandins or thromboxanes) in the genesis of a late response to allergen.

INTRODUCTION

Inhalation ofhouse dust mite (HDM) allergen by extrinsic asthmatic subjects commonly results in a
biphasic response, with both early and late airways obstruction (McAllen, Assem& Maunsell, 1970;
Warner, 1976). It is generally assumed that the acute response can be attributed to release, or
generation, of autocoids, following IgE-mediated mast cell degranulation. Challenge studies using
sensitized chopped lung, or isolated cell populations, have demonstrated release of a range of
biologically active compounds, including histamine (Engineer et al., 1978); prostaglandins, PGE2
and PGF2a (Piper & Walker, 1973); PGI2, PGD2 and thromboxanes (TxA2) (Lewis et al., 1980;
Schulman et al., 1981); leukotrienes, LTB4, LTC4 and LTD4 (Morris et al., 1980; Lewis & Austen,
1981); and PAF-acether (Bogart & Stechschulte, 1974; Knauer et al., 1981). In addition to these
chemically defined materials, chemotactic factors have also been detected (Atkins et al., 1977).

There is no consensus as to the mechanism underlying the late onset airways obstruction to
allergen. This phenomenon has been attributed variously to: immune complex deposition (Pepys &
Hutchcroft, 1975); generation of high molecular weight chemotactic factors (Atkins et al., 1977;
Nagy, Lee & Kay, 1982); cutaneous basophil anaphylaxis (Askenase, 1977) or activation of the
coagulation cascade (de Shazo et al., 1979; Dahl & Venge, 1981). Alternatively, it has been proposed
that unspecified mast cell products generated via either IgE (Solley et al., 1976; Tannenbaum et al.,
1980) or IgG4 antibodies (Gwynn et al., 1982) are able to produce a biphasic reaction.
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Increased arachidonic acid metabolism with production of prostaglandins, thromboxanes and

leukotrienes is a feature of allergic reactions, so that it is reasonable to consider that such materials
may participate in both early and late phases of allergen-induced airflow obstruction. In vitro,
prostaglandins, thromboxane A2 and leukotrienes are potent respiratory smooth muscle spas-
mogens that also have inflammatory actions on lung tissue. The production of these substances via
cyclo-oxygenase and lipoxygenase pathways can be inhibited by indomethacin and benoxaprofen.
We have used these drugs to examine the involvement of these metabolites in allergen-induced
bronchospasm of asthmatic subjects.

MATERIALS AND METHODS

A group of mild, extrinsic asthmatic subjects who gave a history of wheezing on exposure to house
dust and a negative history of aspirin sensitivity were selected. All subjects gave a positive skin prick
test for Dermatophagoides pteronyssinus extract (Bencard) and a biphasic reaction to bronchial
provocation with house dust mite allergen. Bronchodilator and anti-asthma drugs were discon-
tinued for at least 48 h prior to bronchial challenge. All subjects had a forced expiratory volume in 1
s (FEV 1) before allergen inhalation that was at least 70% of the predicted value. Informed consent
was obtained from each subject and the study was approved by the Hospital Ethics Committee.

Bronchial provocation technique. The bronchial provocation tests were carefully standardized
according to the method of Robertson et al. (1974). After an initial control inhalation of normal
saline, house dust mite allergen (Bencard SDV No. 3 solution, 3 3 mg/ml) in saline was administered
via a Wright's nebulizer containing 5 ml of solution, fitted to an AMBU face mask and driven by
compressed air at 7 1/min. Identical conditions were used on each occasion and the nebulizer output
was checked by periodic weighing before and after use. Bronchial provocation was performed at the
same time of day on each occasion and the tests were separated by intervals of at least 1 week.
Allergen was administered during tidal breathing for periods of 1-2 min. On the first visit, a
threshold dose was determined by increasing the allergen concentration by five-fold increments
until a fall of at least 20% in the FEV 1 value during the early phase ofbronchospasm was recorded.
The lowest concentration of allergen was that concentration which produced a skin wheal, on prick
testing, of less than 3 mm diameter.

Drug treatment. After the threshold dose of allergen had been determined, bronchial
provocation tests were repeated on four subsequent occasions, following pretreatment with either
indomethacin (25 mg orally, 1 h before allergen), benoxaprofen (600 mg orally, 11 h before
allergen), both drugs at the same doses, or placebo. This design necessitated placebos both for
benoxaprofen and for indomethacin. Treatments were single blind and were allocated according to
a four by four Latin Square. The allergen dose for each patient was kept constant, as was the
nebulizer output and inhalation period on each subsequent occasion. Baseline FEV 1 values were
measured using a dry bellows spirometer (Vitalograph) taking the maximal of three successive
estimates. Subjects were only studied if basal FEV 1 values were within 15% of previous
observations for that subject. Measurements were made at 10 min intervals over 40 min prior to

allergen inhalation; then at 5, 10, 15, 20, 30, 45, 60, 90 and 120 min, with hourly recording for up to 8
h after allergen provocation. Blood was taken for determination of plasma concentrations of
indomethacin and benoxaprofen at the time of allergen administration and also during late
reactions. The plasma was separated immediately and stored at - 20°C until assayed for
benoxaprofen (Chatfield & Woodage, 1978) and indomethacin (Skellern & Salole, 1975).

Analysis ofresults. For statistical analysis, three phases of the response have been studied; firstly
the fall in FEV 1 during the early reaction; secondly the average FEV1 during the recovery phase
between (2-4 h); and thirdly the average FEV 1 during the late reaction (5-7 h). These results were
evaluated, using a one way analysis ofvariance by ranks and the Wilcoxon test for pairs. As an index
of both severity and duration of asthma, a cumulative index has been adopted. Measurement of the
area under the curve that depicts the reduction of the FEV 1 values below mean pre-challenge FEV
1, gives the cumulative reduction in lung function in litre hours (Fig. 1). The early reaction was

measured over the first hour and the late reaction over the period 3-7 h taking the pre-allergen FEV
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Fig. 1. Bronchial responses to house dust mite allergen following: (a) placebo treatment, (b) benoxaprofen, (c)
indomethacin and (d) indomethacin, I h after challenge. Shaded areas (0-1 h; 3-7 h) depict the cumulative
reduction in FEV I expressed in litre hours, relative to the mean pre-challenge FEV I value depicted as a solid
horizontal line on each graph.

1 values as the baseline for calculation. By comparing the drug treatment data with the placebo
pre-treatment challenges, a percentage inhibition for each drug was calculated for both early and
late phases of bronchospasm.

RESULTS

Bronchial provocation tests were undertaken on four subjects (three male and one female) aged
17-36 years (mean age: 25-3 years). All except one had chronic asthma from childhood. Two had
been taking bronchodilators only, one had been treated with disodium cromoglycate and one had
required inhaled beclomethasone for control ofasthma. All these drugs were stopped at least 2 days
before bronchial provocation. All subjects gave positive skin tests to house dust mite (mean wheal
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Table 1. Percentage inhibition of allergen-induced bronchospasm*

Early reaction Late reaction
Treatment (n) (0-1 h) (3-7 h)

Indomethacin (4) 33-3 + 25 4 90 8 + 27 5
Benoxaprofen (4) 12 5 +45 6 80 5 +47 1
Indomethacin + 39-5+ 27 5 71 5 + 11 5

Benoxaprofen (2)

* Inhibition by drug treatment calculated from the
product of intensity and duration of bronchospasm,
during the specified period, as a percentage ofproduct of
intensity and duration of bronchospasm observed fol-
lowing placebo treatment.

Table 2. The effect of indomethacin and benoxaprofen on bronchial response to house dust mite

Mean FEV 1 values (litres) n = 4

Placebo: Control t Recovery * Early reaction t Late reaction
306 272 246 210

Indomethacin: Recovery Control Late reaction t Early reaction
275 269 258 233

Benoxaprofen: Recovery Control Late reaction t Early reaction
271 269 268 232

Comparison between adjacent columns indicates significance at 1% (*) and
0-10% (t) levels.

diameter 10 mm, range, 7-14 mm). In addition, all gave positive skin prick tests to other common
allergens. None were cigarette smokers.

Fig. I a shows a typical recording ofFEV 1 during bronchial provocation. The tests proved very
reproducible for each subject and exhibited similar intensity of early bronchospasm on each
occasion. Benoxaprofen (Fig. lb) and indomethacin (Fig. lc) had no noteworthy effect on the
amplitude of the fall in FEV 1 during early bronchospasm. Some foreshortening of the response was
evident when the response was assessed by reference to its intensity/duration product (area under
the curve) for the first hour. This accounts for the weak inhibition detected during the early reaction
(Table 1). The most striking finding was marked inhibition of the late reaction, in terms of the
amplitude ofairways obstruction. The time course ofthe late reaction appeared unaltered, although
recordings were not continued beyond 9 h after bronchial provocation. Combination of
benoxaprofen with indomethacin proved no more effective than either drug alone.

Plasma levels of the drugs at the time of allergen inhalation were 44 0-65 3 pg/ml (mean 51 3
jg/ml) for benoxaprofen and 0 9-5 4 ig/ml (mean 3 3 ptg/ml) for indomethacin. Blood taken during
the late reaction, 6 h after allergen inhalation, gave levels of 47-49 ,ug/ml (mean 48 jig/ml) for
benoxaprofen and 20-4 5 yg/ml (mean 3 3 ,ug/ml) for indomethacin.

In one subject, bronchial challenge was repeated on two subsequent occasions when
benoxaprofen or indomethacin was given orally, after the early phase ofbronchospasm had become
established. In both instances, the late reaction was unaffected by drug treatment (Fig. ld), even

though drug levels in plasma collected at the onset of the late response indicated adequate
absorption (44 pg/ml for benoxaprofen and 1-I yg/ml for indomethacin).

Table 2 shows the mean FEV 1 values arranged in rank order for each drug pre-treatment. With
placebo plus indomethacin and placebo plus benoxaprofen pre-treatment, the mean pre-challenge
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FEV I was significantly higher than the early reaction values, the 2-4 h recovery values and the late
reaction. With indomethacin and/or benoxaprofen, the FEV 1 recovery values were not
significantly lower than the pre-treatment values of FEV 1. However, each drug produced a
pronounced inhibition of the late reaction, such that there was no significant difference between
FEV 1 during the pre-treatment phase and during the period assigned to the late reaction. This
contrasts with the significant difference between pre-treatment FEV 1 values and values recorded
during the early phase of bronchospasm.

DISCUSSION

Neither indomethacin nor benoxaprofen inhibited the early bronchoconstrictor response to house
dust mite inhalation in sensitized individuals. The lack of effect of indomethacin confirms the
observations previously described by Smith (1975). These observations suggest that the cyclo-oxy-
genase products, prostaglandins and thromboxanes, although known to be released in vitro, have
little action as airway smooth muscle spasmogens in the early response to allergen. The lack of
efficacy of benoxaprofen questions also the importance of leukotrienes as spasmogens in the early
phase of the response, since benoxaprofen, at therapeutic concentrations, inhibits allergen-induced
SRS-A generation from animal and human chopped lung (Boot et al., 1982).

On the other hand, therapeutic concentrations of either indomethacin or benoxaprofen, alone
or together, inhibited the late response to inhalation of house dust mite. The inhibition was
substantial and was observed on each of the 10 occasions that these non-steroidal anti-inflamma-
tory drugs were administered prior to allergen challenge. Rank sum analysis revealed a highly
significant difference between late responses following placebo and following non-steroidal
anti-inflammatory drug pre-treatment; discriminant analysis confirmed that these responses could
be assigned into two groups. Although the present study was limited to four patients in whom the
effects of four treatments, placebo, indomethacin, benoxaprofen and a combination of indometha-
cin and benoxaprofen were compared; Joubert & Viljoen, (1982) have also reported that
indomethacin inhibited the late onset bronchial response in 11 of 13 asthmatics who showed
delayed responses to allergen inhalation. It is likely that the inhibitory effect of these non-steroidal
anti-inflammatory drugs on the late bronchospasm is due to cyclo-oxygenase inhibition, as this is a
property common to both indomethacin (Shen, 1979) and benoxaprofen (Dawson, 1980). On those
two occasions when non-steroidal anti-inflammatory drugs were administered after expression of
the early response, indomethacin and benoxaprofen failed to inhibit the late response, even though
both drugs were present in concentrations sufficient to inhibit cyclo-oxygenase activity at the time of
onset of the late response. Such observations imply that a transient phase of arachidonic acid
metabolism at, or soon after, inhalation of allergen is mandatory for expression of a delayed onset
response.

The delayed component of allergen-induced bronchospasm has long attracted clinical interest,
for it may be followed by persistent hyperreactivity of the airways, reminiscent of clinical asthma
(Cockcroft et al., 1977). Hitherto, only glucocorticosteroids and disodium cromoglycate like drugs
have been shown to inhibit the late response (Booij-Noord, Orie & de Vries, 1971); non-steroidal
anti-inflammatory drugs can now be included in this category. Although the present study has been
concerned with the effect of non-steroidal anti-inflammatory drugs on allergic responses of human
lung, analogous observations have been reported for other allergic responses. Thus, in the skin,
indomethacin inhibited the erythematous but not the oedematous component of the late skin
reactions to injected allergen, an effect which is likely to be mediated by prostaglandins (Dorsch &
Baur, 1980). In the gut, non-steroidal anti-inflammatory drugs have been reported to be
dramatically effective in certain individuals with food allergy (Youlten, 1980), raising the possibility
that, in these situations, a transient phase ofcyclo-oxygenase activity may also be pre-requisite for a
clinically evident allergic response.

We would like to thank Miss M. Rehahn for the statistical analysis. Merck, Sharp & Dohme for measurement of
indomethacin plasma levels and Trevor Woodage of Lilly Research Centre Ltd., for measurement of the
benoxaprofen plasma levels.



398 A. J. Fairfax, Jennifer M. Hanson & J. Morley

REFERENCES

ASKENASE, P.W. (1977) Role of basophils, mast cells,
and vasoamines in hypersensitivity reactions with a
delayed time course. Prog. Allergy, 23, 199.

ATKINS, P.C., NORMAN, M., WEINER, H. & ZWEIMAN,
B. (1977) Release ofneutrophil chemotactic activity
during immediate hypersensitivity reactions in
humans. Ann. Intern. Med. 86, 415.

BOGART, D.B. & STECHSCHULTE, D.J. (1974) Release
of platelet activating factor from human lung. Clin.
Res. 22, 652.

BooiJ-NOORD, H., ORIE, N.G.M. & DE VRIES, K.
(1971) Immediate and late bronchial obstructive
reactions to inhalation ofhouse dust and protective
effects ofdisodium cromoglycate and prednisolone.
J. Allergy clin. Immunol. 48, 344.

BOOT, J.R., SWEATMAN, W.J.F., Cox, B.A., STONE, K.
& DAWSON, W. (1982) The anti-allergic activity of
benoxaprofen (2-(4-chlorophenyl)-a-methyl 5-ben-
zoxazole acetic acid): a lipoxygenase inhibitor. Int.
Arch. Allergy Appl. Immunol. 67, 340.

CHATFIELD, D.H. & WOODAGE, T.J. (1978) Deter-
mination of benoxaprofen (2-(4-chlorophenyl)-a-
methyl 5-benzoxazole acetic acid, LRC1 3794) in
biological fluids. J. Chromatog. 153, 101.

COCKCROFT, D.W., RUFFIN, R.E., DOLOVICH, J. &
HARGREAVE, F.E. (1977) Allergen-induced increase
in non-allergic bronchial reactivity. Clin. Allergy, 7,
503.

DAHL, R. & VENGE, P. (1981) Activation of blood
coagulation during inhalation challenge tests.
Allergy, 36, 129.

DAWSON, W. (1980) The comparative pharmacology
of benoxaprofen. J. Rheumatol. 7, Suppl. 6, 5.

DE SHAZO, R.D., LEVINSON, A.I., DVORAK, H.F. &
DAVIS, R.W. (1979) The late phase skin reaction:
evidence for activation of the coagulation system in
an IgE-dependent reaction in man. J. Immunol. 122,
692.

DORSCH, W. & BAUR, X. (1980) Effect of topical
indomethacin on allergen-induced dual skin reac-
tions. Allergy, 35, 503.

ENGINEER, D.M., NEIDERHAUSER, U., PIPER, P.J. &
SIROIS, P. (1978) Release of mediators of anaphy-
laxis: inhibition of prostaglandin synthesis and the
modification of release of slow reacting substance
of anaphylaxis and histamine. Br. J. Pharmacol. 62,
61.

GWYNN, C.M., INGRAM, J., ALMOUSAWI, T. & STAN-
WORTH, D.R. (1982) Bronchial provocation tests in
atopic patients with allergen-specific IgG4 anti-
bodies. Lancet, i, 254.

JOUBERT, J.R. & VILJOEN, I. (1982) The influence of
prostaglandin (PG) inhibitors on the delayed asth-
matic response (DAR). Presented to the XIth
International Congress of Allergy and Clinical Im-
munology, London.

KNAUER, K.A., LICHTENSTEIN, L.M., ADKINSON, N.A.
& FISH, J.E. (1981) Platelet activation during
antigen-induced airway reactions in asthmatic sub-
jects. N. Engl. J. Med. 304, 1404.

LEWIS, R.A. & AUSTEN, K.F. (1981) Mediators of
local homeostasis and inflammation by leuko-
trienes and other mast cell-dependent compounds.
Nature, 293, 103.

LEWIS, R.A., ROBERTS, L.J., HOLGATE, S.T., OATES,
J.A. & AUSTEN, K.F. (1980) Prostaglandin D2
production by rat and human mast cells activated
by reversed anaphylaxis. Fed. Proc. 39, 905.

McALLEN, M.K., ASSEM, E.S.K. & MAUNSELL, K.
(1970) House dust mite asthma. Results of chal-
lenge tests on five criteria with Dermatophagoides
pteronyssinus. Br. Med. J. 2, 501.

MORRIS, H.R., TAYLOR, G.W., PIPER, P.J. & TIPPINS,
J.R. (1980) Structure of slow-reacting substance of
anaphylaxis from guinea-pig lung. Nature, 285,
104.

NAGY, L., LEE, T.H. & KAY, A.B. (1982) Neutrophil
chemotactic activity in antigen-induced late asth-
matic reactions. N. Engl. J. Med. 306, 497.

PEPYS, J. & HUTCHCROFT, B.J. (1975) Bronchial
provocation tests in etiologic diagnosis and analysis
of asthma. Am. Rev. Resp. Dis. 112, 829.

PIPER, P.J. & WALKER, J.C. (1973) The release of
spasmogenic substances from human chopped lung
tissue and its inhibition. Br. J. Pharmacol. 47, 291.

ROBERTSON, D.G., KERIGAN, A.T., HARGREAVE, F.E.,
CHALMERS, R. & DOLOVICH, J. (1974) Late asth-
matic reactions induced by ragweed pollen allergen.
J. Allergy Clin. Immunol. 54, 244.

SCHULMAN, E.S., NEWBALL, H.H., DEMERS, L.M.,
FITZPATRICK, F.A. & ADKINSON, N.F. (1981) Ana-
phylactic release of thromboxane A2, prostaglan-
din D2, and prostacyclin from human lung paren-
chyma. Am. Rev. Resp. Dis. 124, 402.

SHEN, T.Y. (1979) Prostaglandin synthetase inhibi-
tors. In Anti-inflammatory drugs (ed by J.R. Vane&
S.H. Ferreira) pp. 305. Springer-Verlag, New York.

SKELLERN, G.G. & SALOLE, E.G. (1975) A high speed
liquid chromatographic analysis of indomethacin
in plasma. J. Chromatog. 114, 483.

SMITH, A.P. (1975) Effect of indomethacin in asthma:
evidence against the role of prostaglandins in
asthma. Br. J. clin. Pharmacol. 2, 307.

SOLLEY, G.O., GLEICH, C.J., JORDAN, R.E. &
SCHROETER, A.L. (1976) The late phase of the
immediate wheal and flare skin reaction. Its depen-
dence upon IgE antibodies. J. Allergy Clin. Im-
munol. 58, 408.

TANNENBAUM, S., OERTEL, H., HENDERSON, W. &
KALINER, M. (1980) The biologic activity of mast
cell granules. Immunology, 125, 325.

WARNER, J.O. (1976) Significance of late reactions
after bronchial challenge with house dust mite.
Arch. Dis. Child. 51, 905.

YOULTEN, L.J.F. (1980) Adverse food reactions pre-
vented by aspirin and other nonsteroidal anti-
inflammatory drugs. Aspirin Symposium; Royal
Society of Medicine, International Congress and
Symposium Series, No 39, p. 25. Academic Press,
London.


