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Bronchial hyperreactivity to leucotriene D4 and histamine in
exogenous asthma

HANS BISGAARD, STEFFEN GROTH, FLEMMING MADSEN

Abstract Subjects and methods

Reactivity of the small and large airways to inhaled leucotriene
D., one of the leucotrienes that constitute slow reacting
substance of anaphylaxis, was studied in eight patients with
exogenous asthma and nine healthy subjects with no history of
atopy. Non-cumulative dose response relations were con-
structed for leucotriene D4 in a randomised, double blind set up.
Reactivity to the leucotriene was compared with reactivity to
histamine in the two groups. Both groups reacted to leucotriene
D4 with significant airway obstruction evident in forced expira-
tory volume in one second (FEVy), peak expiratory flow rate,
maximal expiratory flow rate at 30% of forced vital capacity
estimated from a partial flow volume curve initiated at 50% of
vital capacity (V30), and an increase in volume of trapped gas.
The airways of the patients were significantly (p<O-Ol) more

reactive to leucotriene D4 than those of the controls. The
differences were, in order of magnitude, 102-103 for FEV, but
only about 15 for t3 (p<0-05). The hyperreactivity ofthe airways
of the asthmatic subjects to leucotriene D4 was comparable
to that to histamine. Inhalation of leucotriene D4 caused
pronounced dyspnoea only among the patients.
The findings suggest a role for leucotriene D4 in human

bronchial asthma.

Introduction

Slow reacting substance of anaphylaxis has long been suspected
of playing an important part in the pathogenesis of bronchial
asthma. It is now known to be a group of mediators identified as
leucotrienes C4, D4, and E<.' The leucotrienes have been shown in
vitro in human lung tissue after challenge with specific allergens.2
They contract human bronchi in vitro" and produce transient
obstruction of the airways in vivo.1
The airways are more reactive to most known mediators of

allergic reaction in people with asthma than in those without atopy.
It was therefore remarkable that Griffin et al were unable to detect
any hyperreactivity to challenge with leucotriene D4 in a group of
patients with asthma.8 The results indicated reconsideration of the
role of slow reacting substance of anaphylaxis in asthma but as they
disagreed with the findings from a series of pilot studies from our
laboratory we tested the hypothesis that patients with exogenous
asthma are, indeed, hyperreactive to leucotriene D4.
The study was designed to establish a non-cumulative dose

response relation for the effect of leucotriene D4 on airway
resistance among a group of patients with exogenous asthma and a
group without atopy. Reactivity was sought in the large as well as
the small airways. Magnitude of hyperreactivity to leucotriene D4
was compared with that to histamine. Leucotriene D4 was ad-
ministered in a randomised, double blind set up.
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We studied 17 subjects: eight patients with exogenous bronchial asthma
(the study group) and nine healthy controls without a history of atopic
symptoms (the control group). The patients with bronchial asthma had been
known to the allergy unit for several years. Previous examinations had, on at
least one occasion during an attack, shown that airway obstruction was
reversible and that the improvement in lung function was paralleled by a
reduction in symptoms. The reversibility was measured as an improvement
in their peak flow rate of more than 20% after inhalation of a 32 agonist.
The presence of and correspondence between the following criteria

confirmed the exogenous component of the asthma: (1) a positive case
history; (2) a positive skin test (greater than + + according to Aas et al9); and
(3) a positive bronchial challenge to the allergen or allergens thus identified.

Only those patients who showed a 20% reduction in forced expiratory
volume in one second (FEV,) after inhalation of less than 10 imol
histamine were included. Two asthmatic subjects were allergic to Pleum
pratense, four to Dermatophagoides pteronyssimus, one to cats, and one to dogs.

Challenge with bronchial allergen had been performed within a year
before the study. The challenge procedure was similar to the cumulated
histamine challenge described below (see procedure). Extracts from stock
solutions (10' standard quantified (SQ) or 1/10 wt/vol) were prepared
immediately before use. The patients were challenged with doses increased
by a factor of 10, beginning at 10 SQ, until an allergen concentration was
reached causing a greater than 20% decrease in FEV, (maximum 105 SQ).
This was seen in all the patients at concentrations at or below 105 SQ units.

All the patients in the study group were using nebulised ti2 agonists
regularly. One patient was taking theophylline 300 mg twice daily and
another beclomethasone dipropionate 100 aig twice daily. The patients were
asked to stop taking f32 agonists eight hours before the examination.
Theophylline was stopped 24 hours and beclomethasone dipropionate eight
days before the examination. No other drugs were being taken by any of the
subjects.

All subjects had prior experience of pulmonary function examination
procedures and aerosol inhalation challenge tests. None of the subjects had
any sign of other respiratory disorders or had had respiratory disorders
within a month before the investigation. They were all non-smokers.
The study was approved by the local ethical committee, and the subjects

volunteered fully informed.
Leucotriene was kept under argon at -80°C until one hour before use.

Phosphate buffered saline pH 7-2 was used as the solvent and also served as
the placebo. The concentration of the leucotriene in the batches was
regularly tested by ultraviolet spectral analysis.

In two cases the leucotriene D4 aerosol was condensed at the outlet of the
inhalation hose and analysed against the authentic leucotriene D4 stock
solution by high pressure liquid chromatography as previously described. '
Samples from the leucotriene D4 solution left in the jar after nebulisation, as
well as samples of the original leucotriene D4 test solution, were analysed in
the same manner.

Challenge procedure-The test substances were dissolved in 2 ml
phosphate buffered saline and added to a DeVilbiss 35 B nebuliser with a
maximum output of 2 5 ml/min. The aerosol was inhaled from the nebuliser
via a settling bag of 10 1 and a 1 m long hose. The nebulisation of the test
solution was completed within four minutes. As a fixed volume of 2 ml was
nebulised the reaction to the challenge could be related to the total amount of
test substance nebulised. We had previously reported a pilot study
indicating that only about 5% of the amount administered to the nebuliser
reached the lungs.6 Our subjects were instructed in the use of tidal volume
breathing alone and to avoid coughing during the period of testing.
Lungfunction examination-The subjects were studied with computerised

Jaeger lung function equipment (transfer screen), which included a
pneumotachygraph and a helium and nitrogen analyser. All values were
calculated at body temperature, pressure, and saturation. The equipment
was calibrated daily. Inspiratory vital capacity (VC) was measured three
times and the highest value used. Total lung capacity (TLC) and residual
volume (RV) were determined by helium dilution. Functional residual
capacity (FRC) was determined by a nitrogen method. The highest value
from three complete flow volume curves was used to calculate FEVy, peak
expiratory flow rate (PEF), and maximum expiratory flow rate at 25% VC
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(Ve. ). Partal flow volume curves were initiated at RV +50% VC, and
the flow was read at RV +30% VC (V.). The highest value from three
attempts was used. Washout volume was determined as the volume of
oxygen required to reduce the concentration ofnitrogen in the expiratory air
to 2% when breathing pure oxygen during tidal volume breathing. The
volume of trapped gas (Vtg) was measured according to the method of
Christensson et al. " Vtg was measured in direct continuation of the washout
of nitrogen to i/o. At this point the subject was told to make a maximal
inhalation ofthe oxygen and to hold his breath. A stopcock was turned, and
he breathed out into an empty bag previously washed with oxygen. During
the subsequent expiration of five maximal breaths nitrogen was mobilised
and the concentration in the expired air reached a plateau (FEN2). Vtg was
determined as the volume of air that contained the mobilised nitrogen in a
concentration of 80/o:

TLC FEN2-FRC 0-02
Vtg= 0-

0-8

Vtg was calculated as a percentage ofTLC: Vtg%o.
Leucotriene was administered in a double blind randomised design to the

study group in test doses of 0-14, 0-84, and 5-0 nmol (0-07, 0-42, and
2-48 jig) and to the control group in test doses of 10 and 40 nmol (4-% and
19-84 tsg). Subjects were challenged with either placebo or the test
substance on each day oftesting: one day ofchallenge with placebo and three
of chaLlenge with leucotriene D4, randomised in order. The examinations
were performed within the same week and at the same time of day for each
subject. The subject inhaled 2 ml phosphate buffered saline before inhaling
test substance or placebo on each day of examination. Lung function
examinations were performed before the inhalation of the phosphate
buffered saline, immediately after the inhalation of phosphate buffered
saline, and immediately after the inhalation of the test substance or placebo.
The results of those performed before inhalation of salFne were used to
determine the day to day variation in the subject, and those performed after
inhalation of saline defined the baseline. The individual lung function tests
performed before and after inhalation of the test substance or placebo were
always performed in the same sequence:V30, washout volume, Vtg0/e, FRC,
FEV,, PEF, and Ve.,,.

Histamine was administered in an open design. The control group was
challenged with histamine in test doses of 10 and 100 psmol (2 and 20 mg) as
described above. The diagnostic histamine challenge in the study group was
carried out as a cumulative dose response study. After an initial inhalation of
saline, histamine was given starting at 0-17 pmol (32 Isg) and increasing by a
factor oftwo every 15 minutes. At least three partial or complete flow volume
curves were obtained immediately after the inhalation of each dose; Vtg,
FRC, and washout volume were not measured after histamine inhalation.
The challenge was interrupted when a decrease of at least 200/o was observed
in the baseline readings of FEV,.

STATISTICAL ANALYSIS

Statistical analysis was based on the differences between results of lung
function tests performed before and after inhalation of test substance or
placebo as a proportion (%) ofthe baseline values obtained before inhalation.
Because the small size of the sample did not permit worthwhile tests of
goodness of fit with regard to the usual parametric assumption-that is,
Gaussian distribution-non-parametric models were used throughout the
study. Two groups were compared with the Mann-Whitney U test in
unpaired circumstances-for example, comparison between groups of
patients. Pairwise comparisons within the same group-for example, before
and after inhalation-were based on Pratt's test,'2 which is in fact the
Wilcoxon matched pairs signed rank test modified to take zero differences
into account. Dose response relations were evaluated by Page's test,'3 which
is a modification of the Friedmann multisample test sensitive to a hypothesis
of a monotone, ascending order between classes.

Descriptive statistics were medians with regard to central tendency, and
dispersion was indicated by the interquartile range, which contains the
central 50"!% of data. p Values below 0-05 were designated significant, and
p values below 0-01 highly significant. The individual dose response
relations were estimated by a linear log dose response plot.
The individual dose that was found to change a lung function variable

significantly was referred to as the threshold dose. The limits for each
variable were defined from the 95% reference interval of our department's
own reference values for the results of a second test compared with a first
(defined as a control state) to give intraindividual variation (FEV, 88-111%,
PEF 78-127%, V30 63-160!/o, Vtg 68-148%). Thus the threshold dose (TD)
for FEV, was the dose that would reduce FEV, by 120/6-otherwise written
as TD, (FEV,). TD , (PEF), TD u (V30), and TD+e4s (Vtg%/) were
defined correspondingly. The threshold doses were read from the individual
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log dose response relations. If the dose response curves did not intercept the
chosen threshold they were extrapolated to one log decade. If they still did
not intercept the threshold dose was not estimated but indicated only as
more or less than the extrapolated upper or lower dose. The threshold doses
were used in comparisons between groups.

Results

Table I gives anthropometric data on all subjects together with results of
lung function tests before inhalation of phosphate buffered saline. Table II
also shows these results, as a proportion (%) ofpredicted values as estimated
from our laboratory's own reference, for both groups. The day to day
variation in the lung function results obtained before inhalation ofphosphate
buffered saline and the differences between those results and those obtained
after inhalation of saline were not significant. Lung function values before
inhalation of phosphate buffered saline were significantly reduced for all
variables in the study group compared with the control group (table II).
The figure shows the log dose response relations for inhalation of

leucotriene D4 for the two groups for PEF, FEV,, V30, and Vtge/. The

TABLE i-Anthrpopnetrc data on and median results of lug functon tests before any
inhalation in patients and controls

Age Height Weight FEVi PEF V30 VtgrfLC
Sex (years) (cm) (kg) (1/min) (1/min) (I/min) (%)

Contols
M 31 181 70 3-8 11-51 4-01 1-53
F 29 177 61 3-3 6-22 2-29 1 51
M 33 174 83 3-5 10-82 1-81 1-53
F 42 162 55 3-4 7-19 2-68 1-31
F 38 152 52 2-1 5-14 1-28 2-53
F 27 174 66 3-8 7-47 3-41 1-61
M 35 173 61 3-5 8-79 1-80 2-15
F 42 170 63 4-2 10-30 2-46 1-56
M 37 187 74 4-6 12-28 3-00 1-91

Asmaac patents
M 29 182 73 2-3 6-10 1-05 5-40
M 20 192 72 4-3 13-63 2-26 2-53
F 40 192 108 3-5 7-73 1-46 1-97
M 28 179 75 3-2 8-73 1-55 2-65
F 40 170 62 1-4 3-64 0-64 9-15
M 22 183 74 4-6 10-82 1-47 3-64
M 39 182 85 3-6 7-92 1-28 1-59
M 19 179 62 3-2 8-71 1-55 3-86

FEVi=forced expiratory volume in one second; PEF=peak expiratory flow rate; V30=maximal
expiratory flow rate at 30%of forced vital capacity estimated from a partial flow volume curve initiated
at 50% vital capacity); Vtg= volume of trapped gas; TLC= total lung capacity.

TABLE i-Medin (quartie) results of lung functon tests before inhalation of phosphat
buffered saline as a proportion (%) ofpredicted vawus

FEV, PEF s30 liNtge

Controls 91 (85-116) 114(92-118) 98(61-126) 100(81-118)
Patients 72 (54-90) 86 (65-102) 46 (35-54) 44 (32-79)

p Values <0-05 <0°05 <0-01 <0 05

0
a>

10 9o4 -7i -lb -4 -e -tX ~~~~loglo mdof MD

Difference in reactivity to inhalations of leucotrien D4 between asthmatic subjects (0)
and controls (-). The changes were evaluated from changes after inhalation of
leucotriene as percentages ofprechallenge values.
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inhalation of the leucotriene D4 caused significant changes (p<001) in all
lung function variables in both groups. The changes were significantly dose
dependent (p<0-01) in the study group, whereas in the control group only
V,0 showed a significant (p<001) dose dependent change. The dose
response curves of the asthmatic subjects lay to the left of the dose response
curves of the controls (figure). Similar results were obtained for the
measurements of Ve, , and washout volume (data not shown).
Threshold doses reducing FEV, by 12% and PEF by 22% differed

significantly between patients and controls (p<001) (table III), and those
reducing V, by 37% and increasing Vtg by 47% also indicated

reported after inhalation ofhistamine alone. The controls did not experience
any dyspnoea when breathing tidal volume after inhalation ofeven the high
dose of leucotriene D,, whereas pronounced dyspnoea, coughing, and
wheezing as well as systemic side effects were experienced after inhalation of
the high dose of histamine.
The concentration of leucotriene D, in the nebulising chamber after

nebulisation was 200/o and 28% of the original concentration in the two pilot
tests. The condensed aerosol had a concentration of 450%/o and 490%/o of the
original concentration. The retention times for the authentic leucotriene D4
stock solution, the condensed leucotriene D4, and the solution left in the

TABLE III-Indivi threshold doses (TD) (nmol) of lewcotiene D4 reducing FEVy by 12%, PEF by 21%, and Vo by 39% and
increasing Vtgo by 47%. The threshold dosefor each variable was derivedfrom our 95% reference unitfor intraindzvudual varian
and readfrom the individwal dose response relations

TD -12(FEVt) TD 21%(PEF) TD 37%(V3O) TD -47%(Vtg%)
Patients Controls Patients Controls Patients Controls Patients Controls

0-10-t >400 °-17t >400 0-50t 17 <0-014 16
9-00t >400 18-00t >400 1-10 >400 3-20 1501
4-00 33 2-80t 120 0-62 9t 0-24 <1
3-50 170 6-00t >400 8-00t 10 1-00 10
0-14 5t 0-38 50 4-00 30 0-80 7t
0-07t 15 0-lot 30 20-00t it <0-014 4t
4-00 >400 1-35 >400 0-09t 25 0-54 1 1
0-85 >400 2-70 >400 1-90 140 0-85 >400

>400 >400 >400 >400

Median 2-18 >400 2-03 >400 1-5 25 0-67 11

p<0-01 p<0-Ol p<0-0I

tEtrapolated value.
Cou-ersim: SI to ,radizonat wu-Leucotriene D4: I nmol 4% ng.

hyperreactivity among the patients. A significant difference was found for
the threshold dose reducing Va, by 37% (table III); no statistical test was
possible for that increasing Vtg by 47%.
The size of the leucotriene 13 hyperreactivity can be approximated from

the median threshold doses for the patients and the controls (table III).
Hyperreactivity was factor I0(-IO3 as reflected by PEF and FEV,, which are
supposed to reflect large airway resistance, and only slightly above 10' as
judged by V0 and Vtg, which are supposed to reflect the bronchoconstric-
tion ofthe small airways. Thus in the patients the hyperreactivity of the large
airways seemed to be more pronounced than that of the small airways.
The dose response relations for the two groups (figure) showed that the

hyperreactivity was not restricted to a narrow range of doses but applied to
all the doses tested.

In the large airways of the patients the hyperreactivity to histamine was
comparable with the hyperreactivity to leucotriene D, (table IV). The
threshold doses reducing FEV, by 12% and PEF by 21% in the two groups
showed a significant (p<O-01 hyperreactivity to histamine of factor

The threshold dose of histamine reducing V0 by 37% was significantly
smaller in the patients than in the controls (p<OOl). The ratio of threshold
dose of histamine to that of leucotriene for reducing V3. by 37% was not
significantly higher for controls than for patients (p>O 1). The hyper-
reactivity to histamine was therefore not significantly different from the
hyperreactivity to leucotriene D, judged from the pulmonary variables
normally thought to reflect bronchospasm in the small airways of the lung.
The patients reported a feeling of chest tightness after inhalation of the

highest dose of both compounds. Coughing and irritation of the throat were

TABLE iv-Individual threshold doses (TD) (munol) of histamine reducing FEVi by 12%,
PEF by 21%, and tZ,oby 37%_ The threshold dose for each variable was deJined from
the 95% reference lmuts for intraindivzdual variation and read from the individual dose
response relations

TD 12%(FEVI) TD 2,,(PEF) TD 47%(VV)
Patients Controls Patients Controls Patients Controls

0-7 800 7-Ot > 1080 0-8t lO0Ot
2-9 >1080 40-Ot >1080 7-2 >1080
3-7 600 8-lt 190 7-6t 29
0-7 >1080 1-7 >1080 3-7 600t
0-4 108 2-4 23 5-0t 650t
1-3 >1080 4-9 >1080 5-0 25
1-9 17 8-0t 13 1-6 180t
0-4 >1080 0-5 >1080 1 0 170t

51 120 84

Median 11 800 5-95 > 1080 4-13 180

p<0-01 p<001 p<0-01

tExtrapolated value.Conversiou: SI to tadiaional uis-Histam ine: 1unol 186 [,g.

nebulising chamber were identical. The only peak shown by high pressure
liquid chromatography corresponded with the authentic leucotriene D4,
though the test samples were eluted for more than 30 minutes-that is, no
new products were detectable by the high pressure liquid chromatography.

Discussion

Bronchial hyperreactivity to many mediators such as histamine or
methacholine is the hallmark of bronchial asthma and correlates
well with the severity of the condition."4 Non-pharmacological
stimuli such as exercise, rapid respiratory manoeuvres, inhalation of
cold air, and dust may also cause bronchoconstriction in susceptible
subjects.'5 It has been suggested that as an increased sensitivity of
the airways to physical, chemiucal, and pharmacological stimuli is so
characteristic of asthma its presence should be essential for the
diagnosis ofasthma.'6 As the slow reacting substance ofanaphylaxis
leucotrienes are putative mediators in asthma they might be
expected to provoke a more pronounced bronchoconstriction in
asthmatic people than in people without atopy.

In an early communication we presented preliminary results
indicating that patients with exogenous asthma were hyperreactive
to leucotriene D,. 7 The present study confirms that the airways of
patients with exogenous asthma are more reactive to leucotriene
D4 than those of subjects with no history of atopy and that the
degree of hyperreactivity to leucotriene D4 is similar to that of
histamine. Hyperreactivity to leucotriene D4 was shown by the
variables supposedly reflecting the function of the large airways
(FEV, PEF) as well as those presumed to reflect the function of the
small airways: V., Vtg%/o, Ve,. 2, and washout volume. Two of
these variables, the washout volume and Vtg%/o, were independent
of the relation between flow and volume. Vtg/o is an index of lung
volumes, which are either closed offor only slowly ventilated at tidal
volume breathing." Formerly it has been shown to be a sensitive
variable in detecting asthmatic attacks.i" In the present study it
turned out to be equally sensitive to Q0 for detecting the
hyperreactive response among the asthmatic subjects.
Why were the airways of the asthmatic patients more reactive to

the two mediators than the airways of the controls? The hyper-
reactivity could have been a result of a local irritating effect of
leucotriene D4 or some product of decomposition during nebulisa-
tion. We have, however, observed that the effect of leucotriene D,
m people without asthma is not affected by blocking of the irritant
receptors by means of high dosage ipratropium bromide (Atrovent)
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(unpublished observations). Furthermore, analysis by high
pressure liquid chromatography of the condensed leucotriene D4
aerosol did not show any products other than leucotriene D4 in the
aerosol. A local irritating effect of the leucotriene D4 aerosol was
therefore not a likely reason for the hyperreactivity seen among the
asthmatic subjects.
The hyperreactivity could also have been the result ofa difference

in prechallenge pulmonary lung function due to an obstruction of
the airways. This would cause a predominantly central deposition of
the mediator'9 and thereby a more pronounced response of the
central airways to the challenge. When comparing the effect of the
mediators on central versus peripheral airways it is therefore
necessary to take into consideration the mode of administration of
the test substances. In the present study the aerosol was
administered via a settling bag. Thus a more peripheral deposition
of the mediator in the airways would be expected than would have
been the case if a settling bag had not been interposed. The patients
did, however, show obstructive lung function before challenge. The
possibility cannot therefore be excluded that relatively more
leucotriene D4 and histamine were deposited in the central airways
in the patients than in the controls despite the settling bag.
Furthermore, it has been suggested that a reduced calibre of the
airways might cause an exaggerated response to broncho-
constrictory agents per se.20 Consequently, it could be argued that
the observed hyperreactivity to leucotriene D4 among the asthmatic
subjects was only apparent and did not reflect a genuine difference
between the airways of the two groups. As, however, the hyper-
reactive response of the asthmatic subjects to leucotriene D4 was
comparable to that to histamine a genuine bronchial hyperreactivity
to leucotriene is likely to have existed.

It has been argued that the effect of leucotriene D4 could be
underestimated owing to deterioration of this unsaturated fatty acid
during nebulisation.7 In the present study we performed analysis
with high pressure liquid chromatography on: (1) the leucotriene
D4 test solution before nebulisation; (2) the leftover test solution in
the nebulising chamber; and (3) leucotriene D4 aerosol condensed
at the outlet of the inhalation hose. The concentration in the
nebulising chamber was reduced to about a quarter of the original
test solution. The leucotriene D4 concentration in the sample
condensed at the outlet of the inhalation hose was, however, four to
five times higher than the original concentration. This can be
interpreted as a result of evaporation from the microdroplets
generated by the ultrasound nebuliser, which would increase the
concentration of leucotriene D4 at the outlet, while condensation of
the vapour in the nebulising chamber would dilute the original
leucotriene D4 solution. Alternatively, formation of leucotriene D4
micelles in the solution might explain the results. In any case, there
is no reason to believe that the leucotriene D4 is decomposed during
nebulisation.
The findings of our study contradict those of Griffin et al.' They

examined six asthmatic subjects and reported that their airways
compared with those of five healthy volunteers from another study5
did not seem to be hyperreactive to leucotriene D4. The volunteers
did not have asthma, but not all were free from other atopic
symptoms. Their results may be explained by "an error of the
second kind," particularly as Griffin et al compared the two groups
by means of the partial flow at 30% of vital capacity, which is a
variable with a large intraindividual variation and a low degree of
reproducibility. Only this single test of pulmonary function was
selected by the authors.

Another reason for the difference may be that Griffin et al did not
construct the dose response relations to leucotriene D4 in a non-

cumulative manner. Tachyphylaxis has been reported after
administration of the comparable mediator prostaglandin F2 in
asthmatic but not in healthy subjects,2' and early communications
have shown tachyphylaxis to leucotriene D, in vitro.3 Eventually
our study was performed double blind.

In conclusion, our results show a pronounced and significant
hyperreactivity to the slow reacting substance of anaphylaxis
component leucotriene D4 in large as well as small airways among
patients with confirmed exogenous asthma. The hyperreactivity to
leucotriene D4 was of the same order of magnitude as the
hyperreactivity to histamine. The hyperreactive response to both
mediators was more pronounced in the central airways than in the
peripheral airways.

These findings support the presumed role of leucotriene D4 in
human bronchial asthma.

We thank laboratory technician I L Rossing for skilful help and I
S0ndergaard for valuable help with the high pressure liquid chromatography
analysis. HB and SG are research fellows under the Danish Medical
Research Council and Copenhagen University, respectively. The study was
supported by the foundations of Maskinmester C 0 Hansen og hustru GEH
Hansen f Kruse's legat and Mimi og Victor Larsen. Leucotriene D4 was
provided by Dr J Rokach of Meck-Frosst Laboratories, Quebec.

Part of this study was presented at the Washington Spring Symposium on
Prostaglandins and Leucotrienes, April 1984, and at the Fourth Inter-
national Symposium on Prostaglandins, Thromboxanes and Leucotrienes,
Halle, German Democratic Republic, May 1984.
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