The effect of repirinast on airway
responsiveness to methacholine and allergen
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Repirinast, a novel ingested antiallergic asthma medication from Japan, was compared versus
placebo on airway responsiveness to methacholine and was compared versus placebo and
cromolyn on airway responses to allergen. In 14 patients with mild, stable, atopic asthma, we
performed a double-blind, double-dummy, random-order trial with ingested repirinast 300 mg
twice daily for 7 days, inhaled cromolyn 40 mg spincaps single dose, and double placebo on
allergen-induced early (EAR) and late (LAR) asthmatic responses and increased airway
responsiveness. In the 14 subjects, no difference occurred in methacholine PCy, after 6 days of
repirinast or 6 days of placebo. In the 13 subjects who completed the allergen study, single-dose
cromolyn significantly reduced the EAR by 63% and the LAR by 65% versus placebo

(p < 0.02); repirinast was not significantly different from placebo, both the EAR and LAR being
reduced by less than 10%. Allergen-induced increase in methacholine responsiveness was
borderline (p = 0.052), and no significant drug effects occurred. In these models, a 1-week
treatment period with repirinast, like other oral antiallergic asthma medications (e.g., ketotifen,
fumarate), provides no protection against airway responses to methacholine or allergen.

(J ALLERGY CLIN IMMUNOL 1992.:90:782-8.)
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Repirinast is an ingested “antiallergic” asthma drug
currently used in Japan. This chemical, isopentyl 5,6-
dihydro-7,8-dimethyl-4,5-dioxo-4H-pyrano  [3,2-c]
quinoline-2-carboxylate, is a “prodrug,” and is dees-
terified to the active component.' It has antiallergic
properties as demonstrated by inhibition of antigen-
induced mediator release (histamine, SRS-A) from
mast cells and both animal and human lung slices in
vitro.>® In vivo animal studies show inhibition of an-
tigen-induced respiratory depression and inhibition of
passive cutaneous anaphylaxis.”” * These effects are
qualitatively similar to cromolyn but in some studies
exceed the effects of cromolyn.”® In humans with
asthma, it has been reported to be efficacious as eval-
uated by somewhat subjective global symptom
scores.' ° Repirinast is reasonably well tolerated caus-
ing occasional gastrointestinal upset and minor hepatic
dysfunction or skin rashes.' This agent has recently
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Abbreviations used

FEV,: Forced expiratory volume in 1 second
LAR: Late asthmatic response

EAR: Early asthmatic response

been approved for investigation in Europe and North
America. In this investigation we assessed the effect
of a 6-day course of repirinast on airway responsive-
ness to methacholine in a double-blind, placebo-con-
trolied trial in 14 patients with mild, stable, atopic
asthma. In 13 of the same subjects we also assessed
the effect of a 7-day course of repirinast on airway
responsiveness to allergen and compared it with a
single dose of cromolyn sodium using a double-blind,
double-dummy approach.

METHODS
Subjects

Fourteen atopic asthmatic subjects were recruited from
the Chest Clinic at the Royal University Hospital in Sas-
katoon and from advertisements. Subjects had atopic
asthma, which was, at the time of study, mild and well
controlled with either no medication or occasional inhaled
beta agonist. Forced expiratory volume in 1 second (FEV,)
was greater than 80% predicted, and subjects all had, by
history, at least one allergen to which they responded both
clinically and on allergy prick skin tests. Anthropometric
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TABLE I. Anthropometric data, airway function, and allergen data

Allergen

FEV,
Age Height Methacholine
Subject {yr) Sex {cm) L/sec (%) PC,, (mg/ml) Rx* Name Dilution

[ 27 F 165.74 3.36 105 2.7 S Horse 1:64
2 27 M 181.00 3.63 82 1.1 F Grass L2y
3 26 M 175.26 4.17 98 12.0 0 Grass 11024
4 18 M 179.07 5.80 125 2.1 S Grass 256
5 44 M 170.18 2.60 74 0.49 F Grass 1.2048
6 27 F 167.64 2.80 86 1.2 S D. farinae 132

7 33 M 170.18 3.19 83 2.1 S Cat io6d

3 30 M 171.45 5.58 140 2.9 S D. farinae 146

9 23 F 160.02 3.50 113 8.1 0 Mixed grass 1:256
10 19 F 156.85 2.68 87 3.1 S Horse 128
1t 27 F 158.75 3.19 108 3.6 S Cat [T
12 25 M 170.18 3.45 84 2.5 0 Cat Pihd
13 24 M 177.80 4.78 109 64.0 0 Cat 108

14 26 M 180.34 4.20 95 0.89 S Horse 1:256

*S, Salbutamol p.r.n., F. fenoterol p.r.n.

data on the 14 subjects are shown in Table 1. This inves-
tigation was approved by the President’s Ethics Committee
of the University of Saskatchewan, and signed informed
consent was obtained.

Methacholine inhalation test

Airway responsiveness to methacholine was measured
with use of a minor modification of the previously reported
method.”” A Bennet Twin Jet nebulizer (Puritan Bennett
Corp., Carlsbad, Calif.) (in place of a Wright nebulizer)
was used. The nebulizer was calibrated to deliver an output
of 0.13 ml/min, with an airflow rate of 4.5 L/min. Three
milliliters of room temperature solutions were added to the
nebulizer. FEV, was initially measured in triplicate. Isotonic
saline solution was then inhaled for 2 minutes of tidal breath-
ing, and the FEV, was repeated at 30 and 90 seconds.
Thereafter, doubling concentrations of methacholine from
as low as 0.03 mg/ml to as high as 64 mg/ml were then
inhaled for 2 minutes at 5-minute intervals, and the FEV,
was repeated at 30 and 90 seconds and if necessary, 180
seconds, after each inhalation. Change in FEV, was mea-
sured from the lowest postsaline FEV, to the lowest post-
methacholine FEV,. The test was continued until the FEV,
had fallen by 20% or until the top concentration had been
administered. The methacholine PC,, was then calculated
by a linear interpolation formula of the last two data points.'®

Allergen inhalation tests

Allergen inhalation tests were done as previously re-
ported.'""* The first day was a control day. Aerosols were
generated by a Wright nebulizer calibrated at a flow rate of
6.5 L/min to give an output of 0.13 ml/min. The nebulizer
was connected to a Hans-Rudolph (Hans Rudolph, Inc.,
Kansas City, Mo.) valve, and aerosols were inhaled via a
mouthpiece. The uninhaled nebulizate. and the exhalate

were trapped with two ventilator filters (BB-50T. Pall
Biomedical Inc., Fajardo, Puerto Rico) on the expiratory
side of the valve. After a reasonable rest period in the
laboratory (several minutes to three quarters of a hour de-
pending on the subject), FEV, was measured in triplicate.
The allergen diluent, isotonic buffered saline with 0.5%
phenol, was then inhaled for 2 minutes of tidal breathing
on three occasions at 10-minute intervals. The FEV, was
repeated in duplicate 10 minutes after each inhalation and
after the third inhalation, every 10 minutes for the first hour,
every 30 minutes for the second hour, and hourly up to 7
hours. On the control day, duplicate prick skin tests with
the allergen inhalation were performed from 18 dilution to
1:1024 or greater dilution. The skin test end point was
defined as the smallest concentration producing a mean
wheal diameter (duplicate tests measured in two perpendic-
ular directions) of 2 mm. Methacholine PC,, was measured
at 7 hours. The early asthmatic response (EAR) allergen
PC,, was predicted from the methacholine PC., and the skin
test end point.'* Appropriate concentrations of allergen were
frozen in multiple single-use 3 ml aliquots in Wright neb-
ulizer—compatible vials on the basis of commencing aller-
gen concentration (for safety sake and to allow a minimum
of three concentration inhalations if possible}, four or five
concentrations below the prediction, or at the end point,
whichever was highest.

On the second day, allergen inhalations were started ei-
ther four or five concentrations below the prediction or at
the skin test end point concentration. Doubling concentra-
tions of allergen were inhaled for 2 minutes at 10-minute
intervals, with the same inhalation system as for the control.
FEV, was initially measured in triplicate and 10 minutes
after each allergen concentration. Allergen inhalations were
stopped when the FEV, had fallen 12% or greater; the high-
est preinhalation and highest postinhalation FEV s werc
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TABLE Il. Effect of placebo and repirinast on
methacholine PC,,

Methacholine
PC,, (mg/ml)
Geometric mean

Pre Post t P
Placebo 4.0 4.4 0.95 >0.20
Repirinast 3.8 3.3 1.12 >0.20

used to determine the percent change. FEV, was then mea-
sured for 7 hours as on the control day. Methacholine PC,,
was repeated 7 and 30 hours after allergen challenge.

Study design

Subjects attended the laboratory on a minimum of 16
occasions during a time when they were not exposed to
allergen or respiratory tract infection for in excess of 4
weeks, when their asthma was stable and required no treat-
ment other than occasional beta agonist, and when their
FEV, was stable (+10%). The 16 days included 5 whole
days in the laboratory 4 of which were allergen test days.
Day 1 and day 2 were the screening control day and allergen
test day as outlined herein.

On day 3 and day 4, allergen inhalation tests were re-
peated in exactly the same fashion with use of the last three
concentrations of allergen that were administered on day 2.
Days 3 and 4 were preceded by active treatments, repirinast
for 7 days and sodium cromoglycate single dose adminis-
tered in a double-blind, double-dummy, random-order fash-
ion. During one period, subjects received repirinast 300 mg
(2 x 150 mg tabs) twice daily for 7 days (14 doses) up to
and including 1 hour before the allergen inhalation test, and
a single dose of two placebo spincaps 10 minutes before
allergen challenge. During the other period, they received
placebo twice daily for 7 days and a single administration
of 2 X 20 mg cromolyn sodium spincaps 10 minutes before
allergen inhalation. Day 5 was an allergen test day repeated
after single-blind administration of two placebo tablets twice
daily for 7 days and two placebo spincaps 10 minutes before.
There was at least a 1-week interval between completion
of an allergen challenge and commencement of ingested
medications, indicating a minimum 2-week interval between
allergen challenges and a minimum total time span of 6
weeks between days 2 and 5.

A summary of the study design is as follows.

Day 1: Saline control day.

Day 2: Allergen challenge.

Days 3 and 4: Allergen challenges after active treatments;
seven doses repirinast and one dose cromolyn double-
blind, double-dummy, random order.

Day 5: Allergen challenge after double placebos.

Methacholine PC,, was measured on four occasions in
relationship to each of the day 3, 4, and 5 allergen chal-
lenges: before commencing the ingested medications (within
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*one doubling concentration of baseline values), after 6
days (12 doses) of medication (the day before allergen chal-
lenge), 7 hours after, and 30 hours after allergen challenge.

Thirty minutes after the last dose of ingested medications,
one half hour before the allergen challenge, on days 3, 4,
and 5, blood was drawn. On all 3 days blood was sent for
measurement of repirinast blood levels. hematologic, renal,
and hepatic function. In women, a pregnancy test was done
before the study and with the blood work on day 5; all
pregnancy tests were negative.

Analysis

The EAR was defined as the maximum percent reduction
in FEV, occurring within the first hour after allergen chal-
lenge. The late asthmatic response (LAR) was defined as
the maximum percent reduction in FEV, between 3 and 7
hours after allergen inhalation. Allergen-induced increase
in airway responsiveness was defined as the A log PC,, from
preallergen to postallergen; all methacholine PC,, values
were analyzed by log transformation.

The effect of repirinast and placebo on airway respon-
siveness to methacholine was analyzed with use of the data
from the week before days 3 and 4. Pretreatment and post-
treatment values for (log) methacholine PC,, were compared
by means of the paired ¢ test." The change in log PC,, after
the two treatments was also compared by paired 7 test.

Analysis of the treatment effects of the three treatments
(repirinast, sodium cromoglycate, and placebo) on EAR,
LAR, and A log PC,, from days 3, 4, and 5 were done with
use of analysis of variance (ANOVA)"; individual signifi-
cances were assessed by means of Scheffe’s test.'

RESULTS

Thirteen subjects completed the study. One subject
was droppped from the study before completion of all
allergen challenges because of unexplained wide vari-
ability in the early asthmatic response to allergen on
days 2, 3, and 5; the subject did not perform a day 4
chalienge. Since days 3 and 5 were repirinast and
placebo, respectively, in this subject, his data were
included in analysis of the effect of repirinast on
methacholine PC,,. Three subjects had mild-to-mod-
erate gastrointestinal upset while taking repirinast
compared with one taking placebo (before the sodium
cromoglycate day). No changes occurred in hemato-
logic, renal, or hepatic function during repirinast treat-
ment. Repirinast blood levels varied between 43 and
1115 ng/ml (median, 181) on the repirinast day and
were undetectable in all subjects on the cromolyn and
placebo days.

The effect of a 6-day treatment with repirinast and
placebo on methacholine PC,, is summarized in Table
I1. The geometric mean methacholine PC,, varied be-
tween 3.3 mg/ml and 4.4 mg/ml. There were no
significant differences after either treatment, and the
change in log PC,, after repirinast (—0.07 = 0.24)
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FIG. 1. Control and aliergen inhalation day. Percent A FEV, on vertical axis and time in hours
after completion of allergen challenge on horizontal axis. Sol/id circles represent day 1 diluent
inhalation, open circles represent day 2 allergen inhalation.

was not significantly different from that after placebo
(+0.05 + 0.19) paired r = 1.23, p > 0.02.

No significant effect of treatment occurred on base-
line FEV, (p > 0.05). The mean values for FEV, (%
A) after allergen challenges are shown in the 13 sub-
jects in Figs. | and 2. No significant change occurred
in FEV, after the diluent control inhalation (Fig. 1).
All subjects had an EAR on day 2 (Table III) ranging
from 12% to 28% (20.6% =+ 5.2%). Five of the 13
subjects had LARs greater than 10%; the mean LAR
for the entire group was 9.2% = 8.5%. The repro-
ducibility of the allergen challenge was compared on
days 2 and 5 (allergen alone vs allergen and placebo).
The early asthmatic response (varied less than =+ 50%
in 9 of the 13 subjects and showed greater than 50%
variability, all in the direction of smaller response on
day 5 in the remaining four (Table III). The LAR
varied less than +50% in four of five;, one isolated
early responder on day 2 had an LAR on day 5 (Table
IIT). The interclass correlation coefficients calculated
from days 2 and 5 were 0.101 and 0.62 for EAR and
LAR, respectively.'” Individual repirinast levels are
also shown in Table III; no apparent relation was ob-
served between level and apparent inhibition of EAR
or LAR.

The effect of drug treatments on allergen-induced

responses is shown in Fig. 2. The mean allergen-
induced EARs and LARs are virtually identical for
placebo and repirinast, and both are substantially
lower (by 63% and 65%, respectively, than placebo)
on the cromolyn day. Analysis of variance revealed a
significant treatment effect on both the EAR (p =
0.0019) and the LAR (p < 0.015). Both EARs and
LARs after cromolyn were significantly different
(smaller) than after either of the other two treatments;
repirinast did not differ from placebo. No apparent
dose-response effect was seen when repirinast blood
levels were compared with possible protective ef-
fect(s).

Allergen-induced fall in methacholine PC,, (Fig.
3) was only marginally significant at 7 hours on the
placebo day (t = 2.13, p = 0.052). There was no
significant treatment effect on A log PC,,.

DISCUSSION

In 14 patients with mild, stable, atopic asthma,
repirinast 300 mg twice daily for 6 days failed to alter
airway responsiveness to methacholine. In 13 of these
14 asthmatic patients, repirinast 300 mg twice daily
for 7 days had no effect on the EAR or LAR to al-
lergen, whereas a single 40 mg dose of sodium cro-
moglycate significantly inhibited both EARs and
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FIG. 2. Allergen challenges on days 3, 4, and 5. Percent change in FEV, on vertical axis, time in
hours after completion of allergen challenge on horizontal axis. Allergen response after sodium
cromoglycate shown in solid circle, after repirinast in open circles, and after placebo in open
triangles.

TABLE Ill. Early and late responses and repirinast blood levels

EAR (% A FEV,) LAR (% A FEV,)
Days 3 and 4 Day 5 Days 3 and 4 Day5  Repirinast
Subject level
no. Day 2 Repirinast Cromolyn Placebo Day2 Repirinast Cromolyn Placebo (ng/ml)
1 21.9 6.0 6.3 12.1 6.3 3.0 0 3.0 1035
2 20.6 9.6 5.6 4.3 11.1 6.8 2.8 5.8 377
4 24.8 29.0 3.8 35.8 7.3 32.7 8.7 34.9 46
5 26.1 4.3 22.2 17.0 26.1 8.7 0 31.9 66
6 21.7 25.5 0 33.3 4.3 17.0 7.0 8.3 292
7 22.0 14.0 5.7 25.4 22.0 28.1 0 33.3 181
8 12.0 23.5 13.0 16.0 17.0 20.6 16.0 9.0 1115
9 22.7 22.1 10.3 30.3 2.0 4.4 2.9 7.6 43
10 24.5 12.5 0 6.0 0 0 0 0 52
11 16.1 29.3 8.9 26.2 1.8 13.8 8.9 9.8 173
12 15.2 13.4 9.1 4.5 7.6 4.5 7.6 9.0 430
13 12.0 4.4 2.3 15.1 0 2.2 1.2 5.8 110
14 28.0 14.8 0 8.6 14.6 0 0 2.4 181
mean 20.6 16.0 6.7 18.0 9.2 10.9 4.2 12.4
SD 5.2 9.0 6.2 11.1 8.5 10.8 5.0 12.3

LARs. In these subjects, not specifically selected to  and no significant treatment effect of either treatments
demonstrate allergen-induced increase in airway re-  could be found.

sponsiveness, only borderline increase occurred in air- Limited data are available on the effectiveness of
way responsiveness to methacholine after allergen, this ingested antiallergic drug. Studies in Japan, gen-
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FIG. 3, Geometric mean methacholine PC,, (mg/ml, vertical axis) 7 days before, 1 day before,
7 hours after, and 30 hours after allergen inhalation. So/id circles sodium cromoglycate day.
open circles repirinast day, triang/es placebo (day 5).

crally open, appear to suggest modest efficacy as as-
sessed by subjective criteria.’ ° In an unblinded, non-
random-order trial, a single 270 mg ingested dose of
repirinast was found to be effective in inhibiting al-
lergen-induced EARSs in slightly less than 50% of sub-
jects (14 of 29) and to inhibit cutaneous wheal and
flare responses to allergen in 20% (6 of 30).'"® The
blood levels in our study (40 to 1000 ng/ml =
0.4 X 1077 to 107® gm/ml) were similar to levels
(10 ¢ to 107 gm/ml), which have proved effective
in vitro to inhibit allergen-induced mediator release.”

Allergen-induced increase in airway responsiveness
may be the best indirect measure of allergen-induced
airway inflammation.'® This may be particularly useful
for testing the “antiinflammatory” effect of asthma
treatment. It is probably a better indirect measure of
airway inflammation than is the LAR, since the latter
is significantly reversible with bronchodilator and may
be masked rather than truly inhibited.”” In previous
studies we have shown that allergen-induced increase
in airway responsiveness can be inhibited by single
dose pretreatment with sodium cromoglycate,'" ' and
beclomethasone'’ but not by salbutamol,'’ theophyl-
line,'? ketotifen,”' or clemastine.”’ Unfortunately, our
selection of “all comers” for allergen challenges in
this study resuited in a large range of LARs (the ma-
jority of the subjects were not late responders), and
of A log PC,, values, and this, accompanied by the
within-subject variability, effectively nullified our op-

portunity to look at allergen-induced increase in air-
way responsiveness. Although masking of the late
response by a bronchodilator {e.g., theophylline)
might be associated with no improvement in allergen-
induced airway hyperresponsiveness,’”” it might be
reasonable to expect that failure of inhibition of the
late response (e.g., salbutamol, ketotifen, clemastine)
would be associated with no inhibition of allergen-
induced increases in airway responsiveness. However,
in one study in seven subjects, indomethacin was
shown to at least partially inhibit A log PC,, without
influencing either the EAR or the LAR.*

It is interesting to note that short course ketotifen.
another widely used ingested “antiallergic™ asthma
therapy, when compared with clemastine, cromolyn.
and placebo, was equally ineffective in this allergen
challenge model.”

This investigation has given us further insights into
the use of allergen inhalation tests in evaluation of
asthma pharmacology. The first observation is that the
longer the time interval between allergen challenges.
the less reproducible they are. On occasion, it ap-
peared that this nonreproducibility might be associated
with gradual slight improvement in methacholine air-
way responsiveness leading to reduction in the EAR.
In most subjects, however, the nonreproducibility of
the early response was unexplained. Subject no. 3 had
such wide unexplainable variability in the carly re-
sponse that we felt we had to exclude him from con-
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tinuing in the trial. This subject initially had a 19%
FEV, fall with grass pollen 1:1024. On the repirinast
day (day 3), he had a 41% FEV, fall after grass pollen
1:4096. On the placebo day (day S), which was done
out of order specifically to check reproducibility, he
had only a 5% FEV, fall at an allergen concentration
of 1:1024. Airway responsiveness, FEV,, and symp-
toms were stable at the time of the three allergen
challenges. This represents a variability of almost 32-
fold in the early asthmatic PC,y; this is the largest
unexplained variation in early response that we have
ever witnessed. These observations provide the ratio-
nale for attempting to keep the time span of a series
of allergen challenges to the minimum to appropriately
complete the investigation, and also provide the ra-
tionale for the use of two unmedicated allergen chal-
lenges to check individual reproducibility. When we
are investigating two or more agents compared with
placebo, it has been our practice to do the screening
allergen challenge day on day 2 and the single-blinded
placebo day as the last study day.' '*>*' Where only
one agent is being compared with placebo, the active
drug and placebo have been administered double-
blind, random-order on days 3 and 4.**

The second observation is one of patient selection.
With careful patient selection, we have been able to
study allergen-induced increase in airway respon-
siveness and late responses in 6 to 12 individ-
uals.' '% 2!~ 22 Inclusion of the more heterogeneous
population, as noted above, negated the opportunity
to examine this important aspect.

In conclusion, we have demonstrated that a 6- to
7-day course of repirinast failed to significantly influ-
ence airway responsiveness to methacholine or the
EARs or LARs to allergen in patients with mild, sta-
ble, atopic asthma. Allergen-induced increase in air-
way responsiveness could not be assessed in this trial.

The authors thank Joe Mink and Jacquie Bramley for
their assistance in the preparation of this manuscript.
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