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Effect of pranlukast, an oral leukotriene
receptor antagonist, on leukotriene D4 (LTD4)
challenge in normal volunteers

T C O’Shaughnessy, P Georgiou, K Howland, M Dennis, C H Compton,
N C Barnes

Abstract responsiveness, and airway inflammation.
During the past decade a growing body ofBackground – There is increasing evidence

to show that leukotrienes are important evidence has shown that leukotrienes play an
important part in the pathogenesis of asthma.mediators in asthma. Leukotriene re-

ceptor antagonists protect against antigen Moreover, the cysteinyl leukotrienes LTC4,
LTD4, and LTE4 have been shown potently toand exercise challenges in patients with

chronic asthma. A study was undertaken constrict bronchial smooth muscle, stimulate
mucous secretions, mediate inflammation,to investigate the activity of the leukotriene

receptor antagonist pranlukast (SB and possibly induce bronchial hyper-
responsiveness.1–3205312, ONO-1078) in blocking broncho-

constriction induced by leukotriene D4 The cysteinyl leukotrienes are released in
response to immunological and non-immuno-(LTD4) inhalation. The selectivity of pran-

lukast was evaluated using histamine chal- logical stimuli from mast cells, eosinophils,
macrophages, and other inflammatory cells thatlenge.

Methods – Pranlukast, 450 mg twice daily, are implicated in asthma. Bronchoconstriction
is stimulated directly through leukotriene re-was given to eight healthy non-smoking

men for five days in a randomised, double ceptors found on bronchial smooth muscle and
other cells.4–7blind, placebo controlled, crossover study.

The specific airways conductance (sGaw) Urinary levels of the leukotriene metabolite
LTE4 are increased in several subpopulationswas measured before and after bronchial

provocation with inhaled LTD4 at 3.5 hours of patients who have asthma – namely, aspirin-
sensitive patients in the resting state and afterafter the first dose and at 3.5 and 9.5 hours

after the last dose of pranlukast on the aspirin challenge, wheezing patients, and
patients who have atopic asthma after allergenmorning of day 5. The concentration of

LTD4 required to produce a fall in sGaw challenge.4 8–12 Leukotrienes are also found inDepartment of
Respiratory Medicine, of 35% (PC35) was calculated. Subjects also the bronchoalveolar lavage fluid of patients
The London Chest underwent a histamine challenge 3.5 hours with asthma.13
Hospital, Bonner

after a single dose of pranlukast, 450 mg, A number of studies have demonstrated theRoad, London E2 9JX,
UK or placebo. effectiveness of specific cysteinyl leukotriene
T C O’Shaughnessy Results – A single dose of pranlukast pro- receptor antagonists during early and late re-N C Barnes

duced a 10.6 fold increase in PC35sGaw sponses to asthma induced by allergens, ex-
Department of (95% confidence interval (CI) 4.4 to 25.5; ercise, and cold air, as well as to chronic
Clinical p<0.001) for LTD4 at 3.5 hours after dosing asthma.14–17 Pranlukast (SB 205312, ONO-Pharmacology,

compared with placebo. Three and a half 1078) has been shown in animal studies toSmithKline Beecham,
New Frontiers Science hours after the morning dose of pranlukast be a potent and selective cysteinyl leukotriene
Park, Harlow, Essex on day 5 the PC35sGaw for LTD4 was receptor antagonist.18 19 Results of allergen chal-
CM19 5AW, UK increased 25.9 fold (95% CI 10.8 to 62.2; lenges in asthma patients investigated in JapanP Georgiou
K Howland p<0.001) and was still increased sevenfold also have confirmed the activity and selectivity
C H Compton (95% CI 2.9 to 16.7; p<0.001) relative to of pranlukast.20

In the present study we have examined theplacebo 9.5 hours after administration ofDepartment of Drug
the morning dose. No significant differ- protective effect of pranlukast on broncho-Metabolism and

Pharmacokinetics, ences were noted for the PC35sGaw to constriction induced by LTD4 inhalation after
SmithKline Beecham, histamine for pranlukast compared with a single 450 mg dose and after 4.5 days ofPO Box 1539, King of

placebo. 450 mg daily oral dosing in normal subjects.Prussia, Pennsylvania
19406, USA Conclusions – This study shows that pran- This dose was chosen as it was a candidate
M Dennis lukast is a potent and selective LTD4 re- dose regimen based on Japanese evidence on
This study was presented in ceptor antagonist in humans which blocks efficacy and safety. To investigate the selectivity
part at the American LTD4 challenge after initial and repeated of pranlukast we assessed the response to his-Thoracic Society Meeting,
Seattle, Washington, USA in administration when given twice daily for tamine challenge after a single dose.
May 1995. five days.
Correspondence to: (Thorax 1997;52:519–522)Dr N C Barnes.
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Returned to authors pranlukast, SB 205312, ONO-1078.  9 February 1996
Revised version received The study population consisted of eight healthy
20 September 1996 Asthma is characterised by variable and re- male volunteers of mean age 30.9 years (range,Accepted for publication
24 September 1996 versible airflow obstruction, bronchial hyper- 26–39). The subjects were non-smokers with
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normal lung function. None of the study sub- pranlukast or placebo on two occasions sep-
arated by at least one week. A histamine chal-jects was taking any regular medication and

non-steroidal anti-inflammatory drugs were not lenge was performed 3.5 hours after each of
these two doses.allowed during the study period. Subjects who

developed upper respiratory tract infections On day 1 of the study subjects presented at
the laboratory, having fasted and abstainedwithin six weeks of the start of the study were

excluded. All of the men were familiar with from caffeinated beverages since midnight
during the preceding night. Baseline measure-pulmonary function testing and all gave written

informed consent for participation in the study, ments of forced expiratory volume in one sec-
ond (FEV1) were made three times with awhich was approved by the ethics committee

of the Royal Brompton National Heart and rolling seal spirometer (P K Morgan, UK).
Specific airways conductance (sGaw) wasLung Hospitals.
measured five times using a whole body ple-
thysmograph (Morgan Data Analysis System
Version 3.02; P K Morgan) and a mean sGaw

Leukotriene D4 (Cascade Biochem Ltd, Uni- value was calculated. The subjects then ate a
standard breakfast. Thirty minutes later theyversity of Reading, UK) was stored at −70°C

until immediately before use, at which time it were given the study medication: pranlukast,
450 mg, or matching placebo. Three and a halfwas dissolved in buffered normal saline so-

lution. The starting LTD4 concentration was hours later sGaw was measured again and the
subjects then underwent LTD4 inhalation chal-2×10−6 mol/l. During the challenges this

concentration was increased by 3.2 fold lenge.
For the LTD4 challenges subjects first in-(0.5 log10) increments up to a maximum of

2×10−4 mol/l. haled buffered normal saline for two minutes.
After an additional two minutes sGaw wasHistamine acid phosphate (Northwick Park

Hospital, London, UK) was also dissolved in measured five times and the mean value was
calculated and used in subsequent analyses as abuffered normal saline solution, and a starting

concentration of 0.25 mg/ml (0.8 lmol/l) was baseline value. Subjects then inhaled increasing
concentrations of LTD4. The sGaw was meas-used. During the challenges the histamine con-

centrations were increased by doubling, up to ured five times at two and five minutes after
each inhalation until either a 35% fall in sGawa maximum concentration of 32 mg/ml.
from the values after saline was achieved or the
aerosol containing the highest LTD4 con-
centration was administered. If the decrease in 

The challenge aerosols were inhaled using a sGaw was greater than 10% but less than 35%
the lung function tests were repeated every 3–5Wright nebuliser (Clement Clarke, Harlow,

Essex, UK) that contained 2 ml of test solution minutes until sGaw values returned to 90% of
the post-saline values. The next concentrationpropelled by compressed air at a flow rate of

7 l/min. Subjects inhaled the aerosol by tidal was not administered until this occurred.
On study day 5 an LTD4 challenge wasbreathing by mouth for two minutes, in a man-

ner previously described.21 22 The nebuliser de- performed according to the same procedure at
3.5 hours and 9.5 hours after the morning doselivered its contents at a rate of 0.16 ml/min.

The same flow rate and type of nebuliser were of pranlukast or placebo.
Histamine challenge tests were performedused throughout the study.

using the same procedure as was used for the
LTD4 challenges, except that a single set of
measurements of sGaw was taken after two 

The initial screening of volunteers included a minutes, before proceeding to the next con-
centration.full physical examination, routine haematology

and biochemistry tests, and an electro-
cardiogram. Haematology and biochemistry
tests were performed again on each study day 

In part 1 of the study blood was drawn fromand at the end of the study.
the antecubital vein into a heparinised syringe
before breakfast on each study day, immediately
before and after each LTD4 challenge at 3.5 

The study was divided into two parts and was hours after dosing on days 1 and 5, and before
the challenge at 9.5 hours after dosing on dayconducted using a randomised, double blind,

crossover design in each part which included 5. Plasma was stored at −70°C until plasma
concentrations of pranlukast could be assayedat least a one week washout period between

the two dosing periods in part 1 of the study by high pressure liquid chromatography.20 The
assay is linear up to 1000 ng/ml, with a lowerand between the end of part 1 and start of part

2. In part 1 each subject was given pranlukast, limit of quantification of 10 ng/ml, and is ac-
curate and reproducible to within ±10%.450 mg, or placebo in two separate repeat dos-

ing periods consisting of four days of twice
daily dosing and a single dose on the morning
of day 5. LTD4 challenges were performed at  

The PC35 was calculated from the log con-3.5 hours after dosing on day 1, and at 3.5 and
9.5 hours after dosing on day 5. In part 2 centration-response curve between the two

points on either side of a 35% fall in sGaw byeach subject received a single 450 mg dose of

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.52.6.519 on 1 June 1997. D

ow
nloaded from

 

http://thorax.bmj.com/
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Table 1 Baseline lung function tests

Treatment FEV1 (l) sGaw (/s/kPa)

Screen 4.36 (0.49) 1.5 (0.4)

Part 1
Day 1 Predose pranlukast 4.34 (0.71) 1.8 (0.7)

Predose placebo 4.27 (0.49) 1.6 (0.5)
+3.5 h Pre-challenge pranlukast – 1.9 (0.8)
+3.5 h Pre-challenge placebo – 1.8 (0.5)

Day 5 Predose pranlukast 4.18 (0.51) 1.8 (0.9)
Predose placebo 4.34 (0.60) 1.5 (0.4)

+3.5 h Pre-challenge pranlukast – 1.9 (1.0)
+3.5 h Pre-challenge placebo – 1.5 (0.4)
+9.5 h Pre-challenge pranlukast – 1.9 (1.0)
+9.5 h Pre-challenge placebo – 1.7 (0.5)
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Part 2 Predose pranlukast 4.28 (0.56) 1.9 (0.8) Figure 2 Relationship between shift in PC35 for LTD4Predose placebo 4.12 (0.68) 1.8 (0.9) challenges and plasma level of pranlukast before challenge
Follow up 4.28 (0.65) 1.9 (0.9) on day 5 (r=0.62; Spearman correlation=0.59).

Values are mean (SD).
FEV1=forced expiratory volume in one second; sGaw=specific airways conductance.

Results
There was no significant variation in the base-
line FEV1 and sGaw values on the different
study days and no change in pulmonary func-
tion either after 3.5 hours or 4.5 days of treat-
ment (table 1). The percentage of baseline
sGaw was plotted against the log dose of LTD4

for each challenge.
Subjects treated with pranlukast tolerated

significantly higher concentrations of LTD4 at
3.5 hours after dosing on day 1 and at 3.5 and
9.5 hours after dosing on day 5 than subjects
treated with placebo before a 35% decrease in
sGaw was observed (fig 1).

On day 1 the geometric mean PC35sGaw
for LTD4 at 3.5 hours after a single 450 mg
dose of pranlukast increased 10.6 fold com-
pared with placebo (95% CI 4.4 to 25.5;
p<0.001). On day 5, after repeat dosing, the
geometric mean PC35sGaw for LTD4 at 3.5
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hours after pranlukast increased 25.9 fold (95%
Figure 1 Changes in PC35 for the LTD4 challenges; Β=geometric means. CI 10.8 to 62.2; p<0.001) compared with

placebo. Moreover, compared with placebo,
a sevenfold increase (95% CI 2.9 to 16.7;
p<0.001) in PC35sGaw for LTD4 was still
present even at 9.5 hours after dosing on daylinear interpolation.22 For those curves where

the maximum dose was reached without achiev- 5 (table 2).
There was no significant difference in theing a 35% reduction in sGaw, a conservative

estimate was made through extrapolation of histamine concentrations for PC35sGaw after
a single dose of pranlukast compared withthe slope of the dose-response curve during

active treatment, using the slope of the cor- placebo (shift 1.3 fold; 95% CI 0.6 to 2.7; p=
0.38) (table 2).responding placebo response. The upper limit

of extrapolation was 640 mmol/l for LTD4 and A positive correlation was observed between
log plasma concentrations of pranlukast in64 mg/ml for histamine.

The data were analysed in each part of the blood samples taken immediately before LTD4

challenge (3.5 and 9.5 hours after dosing onstudy by analysis of variance for the two period
crossover design, fitting a linear model with day 5) and the log shift in the PC35 ratio of

pranlukast to placebo (r=0.62; 95% CI 0.19terms for subject, period, treatment, and, for
part 1, time and treatment by time interaction. to 0.86; p<0.01; fig 2).

No changes in haematological or biochemicalLogarithmic transformation was applied to
PC35 values prior to statistical analysis. parameters were noted during the study. The

Table 2 Geometric mean concentrations of LTD4 and histamine required to produce a fall in specific airways
conductance of 35% (PC35sGaw)

Treatment regimen LTD4 (lmol/l) Histamine (mg/ml)

Day 1 Day 5 Day 5 Dosing
+3.5 hours +3.5 hours +9.5 hours +3.5 hours

Placebo 8.1 11.6 13.0 5.34
Pranlukast 450 mg twice daily 85.4 301.2 90.7 7.05
Estimated ratio 10.6 25.9 7.0 1.3
95% confidence interval (4.4 to 25.5) (10.8 to 62.2) (2.9 to 16.7) (0.6 to 2.7)
p value (estimated ratio) <0.001 <0.001 <0.001 NS
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only side effects reported were mild abdominal pranlukast during LTD4challenge is positively
correlated with plasma concentrations, and thediscomfort and loose stools in one subject tak-
pharmacodynamics of the drug appear to being pranlukast and mild abdominal discomfort
suited to twice daily dosing, with no evidencein one subject taking placebo.
of tachyphylaxis after short term treatment for
4.5 days.

This study was funded by SmithKline Beecham.Discussion
As in previous studies, the present study dem-

1 Morris HR, Taylor GW, Piper PJ, Tippins JR. Structure of
onstrates that LTD4 is approximately 1000 slow-reacting substance of anaphylaxis from guinea-pig

lung. Nature 1980;285:104–6.times more potent than histamine in causing
2 Drazen JM, Austen KF. Leukotrienes and airway responses.

bronchoconstriction in normal subjects.21 The Am Rev Respir Dis 1987;136:985–8.
3 Marom Z, Shelhamer JH, Bach MK, Morton DR, Kalinerstudy also confirms the reproducibility of LTD4 M. Slow-reacting substances, leukotrienes C4 and D4,challenge in normal individuals.23 The data on increase the release of mucus from human airways in vitro.

Am Rev Respir Dis 1982;126:449–51.day 5 at 3.5 and 9.5 hours on the placebo
4 Taylor GW, Taylor I, Black P, Maltby NH, Turner N, Fuller

day showed no evidence of tachyphylaxis to RW, et al. Urinary leukotriene E4 after antigen challenge
and in acute asthma and allergic rhinitis. Lancet 1989;i:leukotriene challenge. 584–8.

Administration of pranlukast produced a sig- 5 Lee TH. Mechanism of bronchospasm in aspirin-sensitive
asthma (editorial). Am Rev Respir Dis 1993;148:1442–3.nificant 10.6 fold shift in the LTD4 dose-re- 6 Kuehl FA Jr, DeHaven RN, Pong SS. Lung tissue receptors

sponse curve at 3.5 hours after dosing on day for sulfidopeptide leukotrienes. J Allergy Clin Immunol
1984;74:378–81.1. At 3.5 hours on day 5, when plasma con- 7 Holroyde MC, Altounyan RE, Cole M, Dixon M, Elliott
EV. Bronchoconstriction produced in man by leukotrienescentrations of pranlukast are expected to be at
C and D. Lancet 1981;ii:17–8.steady state, the shift in the dose-response curve 8 Sladek K, Szczeklik A. Cysteinyl leukotrienes over-
production and mast cell activation in aspirin-provokedwas greater at 25.9 fold. This represents an
bronchospasm in asthma. Eur Respir J 1993;6:391–9.underestimate of the true increase in the shift 9 Christie PE, Tagari P, Ford-Hutchinson AW, Charlesson S,
Chee P, Arm JP, et al. Urinary leukotriene E4 con-of the dose-response curve, given that a con-
centrations increase after aspirin challenge in aspirin-servative method of extrapolation was used. sensitive asthmatic subjects. Am Rev Respir Dis 1991;143:
1025–9.These results indicate that the broncho-

10 Wenzel SE, Westcott JY, Larsen GL. Bronchoalveolar lavageprotective effect of pranlukast is increased after fluid mediator levels 5 minutes after allergen challenge in
atopic subjects with asthma: relationship to the de-repeat dosing for five days and that this effect
velopment of late asthmatic responses. J Allergy Clin Im-is maintained for 9.5 hours. This shift in the munol 1991;87:540–8.

11 Wenzel SE, Larsen GL, Johnston K, Voelkel NF, WestcottLTD4 dose-response curve is greater than the
JY. Elevated levels of leukotriene C4 in bronchoalveolarfirst generation of LTD4 dose antagonists21 and lavage fluid from atopic asthmatics after endobronchial
allergen challenge. Am Rev Respir Dis 1990;142:112–9.comparable to shifts produced by second gen-

12 Smith CM, Hawksworth RJ, Thien FCK, Christie PE, Leeeration leukotriene receptor antagonists such TH. Urinary leukotriene E4 in bronchial asthma. Eur
Respir J 1992;5:693–9.as zafirlukast.

13 Arm JP, O’Hickey SP, Spur BW, Lee TH. Airway re-
The effectiveness of pranlukast during LTD4 sponsiveness to histamine and leukotriene E4 in subjects

with aspirin-induced asthma. Am Rev Respir Dis 1989;challenge correlates positively with pranlukast
140:148–53.

plasma concentrations. The relationship be- 14 Westcott JY, Voelkel NF, Jones K, Wenzel SE. Inactivation
of leukotriene C4 in the airways and subsequent urinarytween plasma concentrations of pranlukast and
leukotriene E4 excretion in normal and asthmatic subjects.

the ability of the drug to block the bron- Am Rev Respir Dis 1993;148:1244–51.
15 Dahlen B, Kumlin M, Margolskee DJ, Larsson C, Blomqvistchoconstriction induced by LTD4 inhalation H, Williams VC, et al. The leukotriene-receptor antagonist

suggests that higher plasma concentrations of MK-0679 blocks airway obstruction induced by lysine-
aspirin in aspirin-sensitive asthmatics. Eur Respir J 1993;pranlukast are associated with larger shifts in 6:1018–26.

16 Taylor IK, O’Shaughnessy KM, Fuller RW, Dollery CT.the LTD4 dose-response curve, a relationship
Effect of cysteinyl-leukotriene receptor antagonist ICI 204,not previously demonstrated with other LTD4 219 on allergen-induced bronchoconstriction and airway
hyperreactivity in atopic subjects. Lancet 1991;337:690–4.receptor antagonists.21

17 Taniguchi Y, Tamura G, Honma M, Aizawa T, MaruyamaThe repeated LTD4 challenges in this study N, Shirato K, et al. The effect of an oral leukotriene
antagonist, ONO-1078, on allergen-induced immediateshowed that pranlukast has a prolonged pro-
bronchoconstriction in asthmatic subjects. J Allergy Clintective effect against bronchoconstriction in- Immunol 1993;92:507–12.

18 Obata T, Okada Y, Motoishi M, Nakagawa N, Terawaki T,duced by LTD4 inhalation consistent with a
Aishita H. In vitro antagonism of ONO-1078, a newlytwice daily dosing regimen. In addition to dem- developed anti-asthma agent, against peptide leukotrienes
in isolated guinea pig tissues. Jpn J Pharmacol 1992;60:onstrating a long duration of inhibition, this
227–37.study showed no evidence of short term tachy- 19 Yamaguchi T, Kohrogi H, Honda I, Kawano O, Sugimoto
M, Araki S, et al. A novel leukotriene antagonist, ONO-phylaxis due to pranlukast. We believe this
1078, inhibits and reverses human bronchial contractionstudy to be the first reported to use repeated induced by leukotrienes C4 and D4 and antigen in vitro.
Am Rev Respir Dis 1992;146:923–9.LTD4 challenge and longer term dosing to

20 Fujimura M, Sakamoto S, Kamio Y, Matsuda T. Effecthelp to define the duration of action and to of a leukotriene antagonist, ONO-1078, on bronchial
hyperresponsiveness in patients with asthma. Respir Meddemonstrate the absence of short term tachy-
1993;87:133–8.

phylaxis. 21 Barnes N, Piper PJ, Costello J. The effect of an oral leuko-
triene antagonist L-649,923 on histamine and leukotrieneAs expected, pranlukast had no effect on
D4-induced bronchoconstriction in normal man. J Allergy

bronchoconstriction induced by histamine Clin Immunol 1987;79:816–21.
22 Sterk PJ, Fabbri LM, Quanjer PhH, Cockcroft DW, O’Byrneinhalation compared with placebo, dem-

PM, Anderson SD, et al. Airway responsiveness. Stand-
onstrating its specificity of action as an LTD4 ardized challenge testing with pharmacological, physical

and sensitizing stimuli in adults. Eur Respir J 1993;receptor antagonist. 6(Suppl 16):53–83.
In conclusion, this study shows that pran- 23 Barnes NC, Zakrzewski JT, Piper PJ, Costello JF. Re-

producibility of histamine and leukotriene D4 inhalationlukast is a selective and potent orally active challenge in normal humans. Br J Clin Pharmacol 1985;
20:554P.LTD4 receptor antagonist. The effectiveness of
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