
Br J clin Pharmac 1995; 39: 119-123

The reproducibility and effect on non-specific airway
responsiveness of inhaled prostaglandin D2 and leukotriene
D4in asthmatic subjects
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1 Mast cell mediators PGD2 and LTD4 may play important roles in asthma patho-
genesis. There is little information on the repeatability of inhalation challenge
with these agonists in the laboratory.

2 We assessed the repeatability of inhalation challenges using PGD2 and LTD4 in
two groups of 10 asthmatic volunteers. Non-specific bronchial responsiveness was

assessed by histamine inhalation challenges.
3 Using the Bland-Altman method, we found the coefficient of repeatability to be

1.2 doubling doses for LTD4 and 2.1 for PGD2 at a 1 week interval. Repeatability
for histamine inhalation challenge over the same time period was similar at 1.4
and 2.1 doubling doses respectively.

4 Non-specific bronchial responsiveness following LTD4 challenge decreased
significantly, mean PD20FEV1 increasing from 169 nmol on day 1 to 278 nmol on

day 3 (P = 0.001), before returning to baseline levels.
5 A progressive decrease in non-specific bronchial responsiveness occurred follow-

ing PGD2 challenge. Baseline PD20FEV1 was 195 nmol, increasing to 238 nmol by
day 3 (NS) and 313 nmol by day 8 (P = 0.016).

6 PGD2 inhalation challenges performed a week apart are less reproducible than
LTD4 challenges, possibly as a result of significant changes in histamine bronchial
responsiveness. Our findings allow accurate power calculations to be made for
studies to assess new pharmacological antagonists to these mediators.
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Introduction

The inherent variability of clinical asthma in the
community creates difficulties in the study of patho-
physiology and treatment. To overcome this labora-
tory based models of asthma have been developed,
largely based on measurement of the bronchocon-
strictor response to inhaled provocants. Utilising the
response to inhaled allergen, a number of mediators
have been identified which are thought to play a role
in the early and late phase bronchoconstriction [1].
The mast cell has been implicated as the source of
many of these mediators, as evidenced by degranu-
lation during acute attacks [2] and enhanced spon-
taneous and stimulated mediator secretion [3,4].
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bronchial responsiveness asthma

In addition to the preformed mediator histamine, con-
tained within the secretory granules, the mast cell is
able to produce prostaglandin D2 (PGD2) via the
cyclooxygenase [5] and leukotriene D4 (LTD4) via
the lipoxygenase pathways of arachidonic acid
metabolism [6]. PGD2 and LTD4 have well recog-
nised bronchoconstrictor actions as well as other pro-
inflammatory actions which may contribute to the
pathophysiology of asthma.

Based on the mediator hypothesis, strategies in
asthma research have included developing specific
pharmacological antagonists. Assessment of new
antagonists often includes their ability to prevent
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mediator-induced bronchoconstriction, measured by
inhalation challenge in asthmatic subjects. There is
little published data on the repeatability of many
types of inhalation challenge or their effect on non-
specific bronchial reactivity. This study aimed to
assess the repeatability of inhalation challenges with
PGD2 and LTD4 and their effect on non-specific
bronchial reactivity.

Methods

Subjects

Seventeen non-smoking asthmatic volunteers, mean
age 39.3 (range 18 to 57) years, participated in the
study. Thirteen of the subjects were female and
fifteen atopic, defined as a >2 mm wheal response to
at least two from a range of common allergens
(Bencard, Brentford, UK). All subjects had a mini-
mum two year history of intermittent breathlessness
and wheezing, were current non-smokers and had a
.20% variability in their forced expiratory volume in
one second (FEVI) spontaneously or following bron-
chodilator administration. The mean FEVI at recruit-
ment was 2.55 (s.d. 0.59) 1, mean 92 (s.d. 16) % of
predicted values in the LTD4 group and 2.60 (s.d.
0.56) 1, mean 84 (s.d. 16) % of predicted values in
the PGD2 group. All subjects had hyperresponsive
airways, defined as a provocation concentration of
histamine which reduced the FEV, by .20% from
post-saline (PC20FEV1) of <8 mg ml- . All subjects
were taking intermittent inhaled 3-adrenoceptor
agonist bronchodilator treatment and 10 were taking
regular inhaled corticosteroids at doses ranging from
400 to 1500 jig daily. Bronchodilators were withheld
for 8 h prior to each study day but inhaled cortico-
steroids were continued at their usual dose, which
remained constant throughout the study period.
Subjects gave written informed consent and the study
was approved by the Southampton University and
Hospitals Ethics Committee.

Study design

The design was that of a two arm (LTD4 or PGD2)
open study, each involving 10 subjects in three
visits to the department over an 8 day period. On day
1, following a 10 min rest period two baseline
measurements of FEVI were made at 5 min intervals.
Providing the measurements did not vary by >10%
when subjects were asked to return on a subsequent
day, a histamine inhalation challenge was performed.
After completing the histamine challenge subjects
remained resting in the department until the FEVI
had spontaneously recovered to within 10% of base-
line. An inhalation challenge with LTD4 or PGD2 was
then performed after which any residual bronchcon-
striction was reversed using inhaled salbutamol. On
day 3 subjects underwent a single histamine inhala-
tion challenge and on day 8 subjects repeated the
protocol of day 1, undergoing a histamine inhalation

challenge followed by a LTD4 or PGD2 inhalation
challenge after spontaneous recovery.

Agonist solutions

Histamine acid phosphate (BDH Ltd, Poole, UK)
was dissolved in 0.9% sodium chloride solution
(saline) buffered to pH 7.4 (Baxter Healthcare Ltd,
Thetford, UK) and stored as a stock solution of 64
mg ml-1 in 4 ml aliquots at -20° C. On each study
day an aliquot of stock solution was thawed immedi-
ately prior to use and diluted with saline to produce a
range of doubling concentrations between 0.03 and
32 mg ml-'. Leukotriene D4 (Ultrafine Chemicals,
Manchester, UK) was stored at -20°C in 1 ml
aliquots dissolved in 20% ethanol in protein buffered
saline. On each study day an aliquot of stock solution
was thawed immediately prior to use and dissolved in
phosphate buffer to produce a range of concentrations
between 0.125 and 16 jig ml-' which were stored on
ice until use. Prostaglandin D2 (Ultrafine Chemicals,
Manchester, UK) was stored as a stock solution in
1 ml aliquots at -20° C dissolved in absolute ethanol.
On each study day an aliquot was diluted in saline
immediately prior to use to give a range of concentra-
tions between 1.95 and 250 jig ml-' which were
stored on ice until use.

Inhalation challenges

Measurements of FEV, were made using a rolling
seal spirometer (Morgan Spiroflow, PK Morgan Ltd,
Kent, UK) connected via an interface to a desk top
computer (Macintosh Plus, Apple Computer UK Ltd,
Hertfordshire, UK). For all inhalation challenges a
single measurement of FEVI was made at each time
point unless the effort was felt to be sub-maximal.
The lowest FEV1 at each agonist concentration was
subsequently used for analysis. Solutions were
administered using an Inspiron Mini-neb nebuliser
(CR Bard International, Sunderland, UK) and for all
challenges subjects were instructed to take 10 breaths
from functional residual capacity to total lung ca-
pacity while wearing a nose-clip. The nebulisers
were driven by a dosimeter set to deliver compressed
air at a pressure of 20 PSI for 0.57 s. The delivery of
agonist was determined by weighing the nebuliser
pots after inhalation and under the conditions de-
scribed a mean 88 (s.d. 6.2) jil was delivered to the
mouth. The mass median particle diameter of the
aerosol generated was 4.7 jim [7].

For histamine challenges subjects initially inhaled
saline diluent with FEVI measurements at 1 and 3
min. Provided these fell within 10% of baseline
measurements subjects immediately proceeded to
inhale the lowest concentration of histamine solution.
Measurements of FEVI were repeated at 1 and 3 min
and increasing concentrations of histamine inhaled
until a .20% fall in FEVI had been achieved. For
LTD4 and PGD2 challenges subjects initially inhaled
diluent with FEVI measurements at 1, 3 and 5 min.
Provided these fell within 10% of the baseline FEV1
subjects immediately inhaled the lowest concentration
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of agonist with further measurements of FEV1 at 1, 3
and 5 min until a .20% fall had been achieved.

Data analyses

The mean of two baseline FEV1 measurements were

used to compare airway calibre between study days
by two-way analysis of variance (ANOVA) with sub-
ject and study day variables. For all inhalation chal-
lenges the successive doses of agonist administered
were calculated from the product of the agonist con-

centration and volume inhaled (88 jl). The lowest
FEV1 measurement at each concentration was used
for analysis and expressed as a percentage of the
lowest post-diluent measurement. This was plotted on

a linear scale against the cumulative dose of agonist
administered, expressed on a logarithmic scale. The
provocation dose of agonist causing a 20% fall in
FEV1 (PD20FEV1) was derived from the linear
portion of the dose-response curve by interpolation.
The PD20FEV1 data expressed in molar terms were

subjected to log transformation before statistical
analysis. Any relationship between histamine
bronchial reactivity and the PD20FEV1 for LTD4 or

PGD2 was analysed by linear regression of the values
from day 1. Between days comparison of challenge
procedures was performed using a two-tailed Stu-
dent's t-test. The repeatability of the agonist inhala-
tion challenges was assessed using the Bland-Altman
method [8]. The mean PD20FEV1 from the two visits
was plotted against the difference between the means,
both expressed on a logarithmic (base 2) scale. The
standard deviation of the differences from the mean

was then calculated from which the coefficient of
repeatability was derived.

Results

Baseline measurements

There was no significant difference in baseline FEV1
measurements between study days, with baseline and
post-diluent FEV1 measurements falling within 10%

for all subjects on all visits. The subjects participat-
ing in the PGD2 arm had slightly less reactive air-
ways with a geometric mean baseline histamine PD20
FEV1 of 195 nmol compared with 169 nmol for the
LTD4 group. This difference was not statistically
significant (P = 0.8).

Leukotriene D4 arm

All subjects had a dose related fall in FEV1 folowing
inhalation of histamine or LTD4, allowing calculation
of PD20FEV1 values for all challenges (Table 1). On
day 1 inhaled LTD4 was approximately 450 times
more potent than histamine as a bronchoconstrictor in
asthmatic airways. There was no correlation betwen
the PD20FEV1 values for histamine and LTD4 (r =

0.47, P = 0.17). All subjects demonstrated a reduc-
tion in airway reactivity by day 3, with a significant
increase in the geometric mean PD20FEV1 for hista-
mine (P = 0.001). By day 8 airway reactivity had
returned to baseline levels. There was no significant
difference between the PD20FEV1 values for LTD4 on

days 1 and 8 (P = 0.6). The calculated coefficient of
repeatability for LTD4 inhalation challenge was 1.2
(Figure 1), similar to the corresponding coefficient
for histamine of 1.4.

Prostaglandin D2 arm

All subjects had a dose related fall in FEV1 following
inhalation of histamine or PGD2, allowing calculation
of PD20FEV1 values for all challenges (Table 1). On
day 1 inhaled PGD2 was approximately 8 times more

potent as a bronchoconstrictor than histamine. There
was no correlation between the PD20FEV1 values for
histamine and PGD2 (r = 0.55, P = 0.1). There was a

progressive reduction in airway reactivity throughout
the study period such that by day 8 histamine
PD20FEV1 values were significantly different from
day 1 (P = 0.02). There was no significant difference
between the geometric mean PD20FEV1 for PGD2 on

days 1 and 8 (P = 0.2). The coefficient of repeat-
ability for PGD2 inhalation challenge was 2.1 (Figure
1), identical to that for the corresponding histamine
challenges.

Table 1 The PD20FEV1 (nmol) results for inhalation challenges

LTD4 Histamine PDG2 Histamine
Subject Day I Day 8 Day 1 Day 3 Day 8 Day I Day 8 Day I Day 3 Day 8

1 6.86 4.12 166 327 349 100.0 64.7 358 297 272
2 0.34 0.49 215 312 228 24.0 20.9 70 115 161
3 0.18 0.24 123 247 72 4.4 7.1 108 48 63
4 0.15 0.09 202 340 336 35.6 91.0 510 1207 1353
5 0.26 0.17 50 92 70 82.6 47.4 854 1351 1011
6 0.13 0.21 98 301 209 20.5 76.6 297 560 976
7 0.09 0.06 90 102 57 4.4 7.8 186 187 273
8 0.74 1.04 530 837 383 5.6 9.6 97 79 154
9 0.37 0.21 101 131 58 212.5 114.4 213 438 599
10 1.25 1.43 901 1058 823 13.5 34.8 58 61 96
GM* 0.38 0.36 169 278 176 23.2 31.4 195 238 313
GSD** 0.003 0.003 2.3 2.2 2.5 3.6 2.7 2.3 3.1 2.7

*GM = geometric mean.
**GSD = geometric standard deviation.
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influences an unlikely explanation of our findings.

10o Previous studies of the effect of exogenous
leukotrienes have not found any significant effect on

05 - non-specific airway responsiveness in non-asthmatics
[13]. In asthmatic subjects constrictor doses of

0o0 leukotrienes increase airways responsiveness in the

-05 initial hours following inhalation [14]. This changeappears short lived, the increase seen 4 h after
-10.o leukotriene inhalation was returning towards baseline

levels when next assessed at 7 h. Continuation of this
1.56 8 9 I 1 late reduction in bronchial responsiveness is consis-

tent with our finding of a significant increase in
b PD FEV values at 72 h. Reduced non-specific

2.5 -20 1

2.0.0 ................................. bronchial reactivity following LTD4 inhalation seems
15 inconsistent with the hypothesis that in asthma sul-
1.0 phidopeptide leukotrienes are involved in generating
05 A A bronchial hyperresponsiveness. However, their ability
0.0 A to change bronchial responsiveness would explain
-0.5

the disparate study results and the variation seen in

-1.0
A clinical asthma and following allergen inhalation.

A A Leukotriene involvement in asthma is supported by
1 5 - elevated concentrations in bronchoalveolar lavage
-20 A (BAL) of resting asthmatic subjects [15] and from
-2 1 2 3 4 5 6 7 8 increased BAL [16] and urine [17] concentrations fol-

log mean PD20 values lowing allergen challenge.
Prostaglandin D2 inhalation challenge was not as

1 Bland-Altman plots of repeated inhalation repeatable as LTD4. with a coefficient of repeatability
ges with leukotriene D4 (a) and prostaglandin D2 of 2.1 which was identical to that of histamine in thisweek~~~~ ~ ~ ~ ~ ~~~~~~~~dnia toar tha ofnhistamine injetthis
week apart in ten asthmatic subjects. group of subjects. The progressive reduction in non-

specific airway responsiveness also seems inconsis-
tent with PGD2 contributing to the development of

ssion bronchial hyperresponsiveness in asthma. Although a

potent bronchoconstrictor in asthmatic airway when
is study the characteristic bronchoconstrictor administered exogenously [18], the effect on
ise seen in asthmatic subjects was used to bronchial responsiveness has not been well studied
uct dose-response curves to histamine, LTD4 and interaction with other bronchoconstrictor medi-
'GD2. This allowed accurate assessment of the ators has not been conclusively demonstrated
-ability of inhalation challenges using the [19, 20]. Interaction between inhaled agonists has
-Altman technique. Calculation of the co- been demonstrated for simultaneously administered
.nt of repeatability defines the 95% confidence LTC4 and histamine, although this was small and
al within which repeated tests would be significant only for maximum flow at 70% of vital
ted to fall and overcomes the difficulties associ- capacity below total lung capacity [21]. Given the
vith use of correlation coefficients. Transforma- spacing between challenges in our study any effect of
If the results to log base 2 allows expression of histamine pre-inhalation on PGD2 or LTD4 challenge
)efficient of repeatability in terms of doubling is likely to be small. In addition a consistent effect
of agonist administered, the standard increment would be expected, minimising any influence on the
halation challenges. The coefficient of repeat- coefficient of repeatability. While tachyphylaxis to
for LTD4 inhalation challenge in this study hsitamine has been clearly demonstrated in vitro, its

1.2, similar to that of histamine inhalation existence in vivo remains controversial. In asthmatic
nge. Repeated histamine inhalation challenges subjects tachyphylaxis may be related to the dose of
be expected to fall within ± 1.4 doubling histamine delivered to the airways [22]. This makes it
similar to that reported by other investigators unlikely to be an important confounder in our study

]. Following LTD4 challenge all subjects had an which involved subjects with marked bronchial
se in histamine PD20FEVp, consistent with a hyperresponsiveness.
ion in non-specific bronchial responsiveness. In conclusion, we have shown that the coefficient
Ligh the change in PD20FEV1 lay within the 95% of repeatability for LTD4 and PGD2 inhalation
ence intervals of the test for all but one subject,, challenge of asthmatic airways is similar to that of
nsistency of this increase suggests it is unlikely inhaled histamine, falling within 1-2 doubling dilu-
due to chance. Bronchial reactivity measured by tions. Although both agonists caused a reduction in
uine inhalation challenge remains stable over bronchial reactivity we are unable to explain, knowl-
ne frame of our study [12]. This, together with edge of the coefficient of repeatability enables
erlapping of study period for different subjects accurate power calculations to be performed and
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confident assessment of the protective efficacy of
prostanoid and leukotriene receptor antagonists.
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