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The effect of prednisolone and ketotifen on the antigen-
induced bronchoconstriction and mediator release in rat
isolated lungs
Maria Ottenhof, Jan G.R. Ufkes' & Hans H. Van Rooij*

Department ofPharmacology, Academic Medical Centre, University ofAmsterdam, and Department of
Pharmacology & Pharmacotherapy*, Faculty ofPharmarcy, State University of Utrecht, The Netherlands

1 Using a new method for inducing IgE-mediated, systemic anaphylaxis in the rat both prednisolone
and ketotifen had been shown previously to be effective in suppressing the bronchial anaphylaxis in
vivo. In order to study the mode of action underlying their bronchoprotective effect, both agents were.

also tested on the antigen-induced bronchoconstriction in rat isolated lungs in relation to the mediator
release in the lung-effluent.
2 The presence ofhistamine, 5-hydroxytryptamine (5-HT) and SRS-A could be detected biologically
in the lung-effluent during bronchoconstriction. Histamine and 5-HT were determined quantitatively
by means of h.p.l.c. with fluorimetric detection, whereas SRS-A was determined using the guinea-pig
ileum in a cascade set-up.
3 Although both prednisolone and ketotifen inhibited the antigen-induced bronchoconstriction
effectively, it appeared that only prednisolone suppressed the release ofhistamine, 5-HT and SRS-A in
the lung-effluent significantly, whereas ketotifen had no effect.
4 On account of these data it is suggested that the bronchoprotective effect of prednisolone is mainly
based on inhibition of the release of the mediators involved, whereas the effect of ketotifen may be
based on receptor antagonism.

Introduction

Several studies indicate that 5-hydroxytryptamine (5-
HT), possibly together with cyclo-oxygenase and
lipoxygenase products, is a mediator of the bronchial
anaphylaxis in actively sensitized rats (Church et al.,
1972; Stotland & Share, 1974; Brunet et al., 1983;
Ahlstedt et al., 1983; Dahlback et al., 1984). Using a
recently developed method for inducing IgE-
mediated, bronchial and cardiovascular anaphylaxis
in Brown-Norway rats, five different types of anti-
allergic agents were tested with regard to mortality,
bronchoconstriction and cardiovascular events (Uftkes
& Ottenhof, 1984). With the exception of the his-
tamine H,-receptor antagonist mepyramine (no
activity at all), each anti-allergic agent tested showed a
different and characteristic profile of anti-allergic
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activity. It was suggested that with regard to mortality
and cardiovascular events lipoxygenase products are
possibly important mediators whereas other
mediators (including cyclo-oxygenase products) may
be involved in the bronchoconstriction. Histamine
was considered to be of minor importance compared
to other mediators.
Although both prednisolone and ketotifen

appeared to be effective in suppressing the bronchial
anaphylaxis in vivo, they showed rather different
profiles of anti-allergic activity (Ufkes & Ottenhof,
1984) which suggests a different mode ofaction. In the
present paper we describe the identification and
quantification of the putative mediators involved in
the bronchial anaphylaxis in isolated lungs from
sensitized Brown-Norway rats. To clarify the mode of
action underlying their bronchoprotective effects the
influence of prednisolone and ketotifen on the
antigen-induced bronchoconstriction was established
in relation to the mediator release in the lung-effluent.
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Methods

Sensitization procedure

Female Brown-Norway rats (K.U. Leuven, Belgium)
weighing 160-190 g were used throughout. The
animals were injected i.p. with a suspension of 2 ml
trinitrophenyl haptenized ovalbumin (TNP-OVA)
together with A1P04 as an adjuvant (see also Ufkes et
al., 1983). All rats were judged 12-21 days later to
determine the extent of sensitization. The amounts of
TNP-specific IgE in plasma were determined using a
radioimmunoassay, as previously described by Aal-
berse (1978). If the titer was increased by up to 20%
binding of radioactivity to TNP-sepharose, the rats
were considered to be sensitized sufficiently.

Rat isolated lungs with vascular perfusion

Lungs were removed under pentobarbitone-Na (Nem-
butal, Abbott) anaesthesia (50 mg kg- '), suspended in
a plexiglass chamber and perfused through the pul-
monary artery with Krebs-Ringer solution (37TC and
gassed with 5% CO2 in 02) at a flow rate of
7.5 ml min-'. The pulmonary arterial pressure (PAP)
was recorded by means of an Ailtech Physiological
Transducer (MEDIO-E). Lungs were rhythmically
ventilated (25 min-') by an alternating negative pres-
sure of 5.5 cmH2O in the chamber using a Palmer
respiratory pump. Using 5% CO2 in 02 a positive
pressure of 5.5 cmH2O was continuously maintained
in the trachea. Through the tracheal cannula the
tracheal pressure fluctuations (TP) were recorded by
an Elema-Schonander pressure transducer (EMT
31 1), as a measure ofthe lung ventilation. TP and PAP
were displayed on a Kipp BD9 recorder.

Bioassay

In order to identify the mediators released during the
antigen-induced bronchoconstriction, samples
(0.1-0.5 ml) of lung-effluent were added to a cascade

Table 1 The tissue preparations used to identify
the mediators released during antigen-induced
bronchoconstriction

Tissue

Rat stomach strip (m)

Rabbit aorta strip (m)
Rat duodenum (t)
Guinea-pig ileum (t)

Bioassay
5-Hydroxytryptamine, prostaglan-

dins
Thromboxane A2

Bradykinin
Histamine, SRS-A

Bioassay tissues were prepared according to Hen-
man et al. (1978) and suspended isometrically (m) or
isotonically (t) in cascade set-up for the mediators of
anaphylaxis to be detected.

of various isolated smooth muscle strips (see Table 1)
superfused with Krebs-Ringer solution (37TC and
gassed with 5% CO2 in 02) at a flow rate of
7.5 ml min-'.

In some experiments the Krebs-Ringer solution
contained indomethacin (2 pg ml ') to inhibit the
endogenous synthesis of cyclo-oxygenase products.
To increase the specificity of the tissues towards the
putative mediators the following antagonists (alone or
in various combinations) were added to the super-
fusion medium: atropine (200 ng ml'), mepyramine
(500 ng ml-'), methysergide (I jig ml -) and FPL
55712 (Iggml-').

In experiments determining the SRS-A activity the
total amount oflung-effluent(7.5 ml min ') was mixed
with the Krebs-Ringer solution (1:1), containing
atropine, mepyramine and methysergide, and sub-
sequently this mixture superfused the cascade of
tissues.

Quantitative determination of histamine and 5-HT
was performed by h.p.l.c. (see below). A quantitative
estimation ofSRS-A activity was obtained by express-
ing it as equivalents ofleukotriene C4 (LTC4) or LTD4,
formed by comparing the SRS-A-induced contrac-
tions on the guinea-pig ileum with the standard dose-
effect curves for LTC4 and LTD4 respectively. The
effect of the anti-allergic (pre)treatment on SRS-A
release was determined by measuring the amount of
SRS-A in the effluent, which was then expressed as a
percentage of the SRS-A activity in effluent from
control (untreated) lungs (taken to be 100%).

H.p.l.c. assay for histamine and 5-hydroxytryptamine

For the determinations of histamine in lung-effluents
reversed-phase liquid chromatography was used with
Hypersil ODS 5 tM (Shandon) as the column packing
and with a mobile phase consisting of a mixture of 2-
propanol and water (2:8 v/v, pH = 6.2), containing
5mM sodiumdodecylsulphate. On line post-column
derivatization with o-phtalaldehyde and fluorimetric
detection (A = 340 nm, l.,. = 455 nm) was perfor-
med, as described by Nondek et al. (1983). For the
determination of 5-HT in lung-effluents reversed-
phase liquid chromatography was used with Hypersil
ODS 5 liM (Shandon) as the column packing and with
a mobile phase consisting of a mixture of methanol
and water (2:8 v/v, pH = 4.7) and 50mM ammon-
iumacetate. Fluorimetric detection Q. = 300 nm,
Akem. = 340 nm) was used. Samples of lung-effluents
(100 id) were injected without any pretreatment.
Calibration was performed using freshly prepared
solutions of synthetic histamine and 5-HT in Krebs-
Ringer solution.

Antigen challenge

Before starting the actual experiment, recordings were
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made of TP and PAP for 15 min. The bronchocon-
striction was induced by the administration of 0.2 ml
trinitrophenyl haptenized bovine serum albumin
(TNP-BSA, see Aalberse, 1978) to the perfusion fluid.

Drugs

Prednisolone (Di-Adreson-F aquosum, Organon) was
administered in doses of 100-200mgkg-' body
weight intraperitoneally 5 h before the operation
procedure to remove the lungs was started. Ketotifen
(Zaditen, Sandoz, kindly supplied by Wander
Pharma, Holland) was added to the perfusion fluid at
final concentrations of 100-500 ng ml -l.
To standardize the activity of the smooth muscle

strips in the cascade set-up the following synthetic
mediators were used: histamine (B.D.H.), 5-hydrox-
ytryptamine (Fluka A.G.), acetylcholine (O.P.G.),
bradykinin (Bachem A.G.), prostaglandins (PGE1,
PGE2 and PGF2, kindly supplied by Unilever Re-
search) and leukotrienes (LTC4 and LTD4, kindly
supplied by Dr J. Rokach, Merck Frosst
Laboratories). Mediator solutions were freshly
prepared in appropriate concentrations and stored on
ice during the experiments.
The following antagonists were used: atropine

(O.P.G.), mepyramine (O.P.G.), methysergide (San-
doz), FPL 55712 (sodium 7-[3-(4-acetyl-3-hydroxy-2-
propylphenoxy)-2-hydroxy propoxy]-4-oxo-8-propyl-
4H-1-benzopyran-2-carboxylate) kindly supplied by
P. Sheard, M.Sc., Fisons Pharmaceuticals), indometh-
acin (M.S.D.).

Analysis of data

The decrease of TP, as a measure of bronchoconstric-
tion, was calculated as area under the curve and
expressed as percentage of the basal TP. Bron-
choprotective activity was determined by comparing
the bronchoconstrictions (i.e. decrease of TP in %) in
untreated, antigen challenged lungs (controls) with
those in lungs (pre-) treated with the anti-allergic
compound under investigation.

All data concerning the comparison between con-
trol experiments and those with anti-allergic treat-
ment, were statistically analysed by means ofStudent's
t test. Results given are expressed as mean ± s.e.mean
(in both the text and Figures).

Results

Antigen-induced bronchoconstriction

After a 15 min period of measuring the PAP and the
TP, the antigen (TNP-BSA) was administered to the
fluid perfusing the lungs from rats previously sen-
sitized with TNP-OVA. This resulted in a highly

reproducible, immediate bronchoconstriction charac-
terized by a slight but consistent increase in PAP and a
considerable decrease in TP (see Figure 1). The dura-
tion of this bronchoconstriction corresponded largely
with the 8-0 min period of antigen-induced bron-
choconstriction in vivo (see Ufkes et al., 1983). The
mean decrease of TP, used here as a measure of the
bronchoconstriction, was 23.1 ± 1.1% (n = 58), also
shown in Figure 3. A second antigen challenge at the
moment the PAP and TP were normalized, was
considerably less effective, whereas a third challenge
was without any effect at all. Administration ofTNP-
BSA to the perfusion fluid of lungs from non-sen-
sitized rats did not cause bronchoconstriction.

Detection and quantification of the mediator release

Samples of 0.1-0.5ml lung-effluent taken 2, 5 and
10min after the antigen challenge were added to the
cascade superfusion medium (flow rate 7.5 ml min ').
Using selective receptor antagonists (i.e. atropine,
methysergide or mepyramine), and in some ex-
periments indomethacin to inhibit the endogenous
synthesis ofcyclo-oxygenase products, only 5-HT and
histamine could be detected with the rat stomach strip
and the guinea-pig ileum respectively (see Figure la).
It appeared that both histamine and 5-HT reached
maximum levels 2 min after the antigen challenge. The
presence of other types of mediators could not be
demonstrated in that manner. After mixing the total
amount of lung-effluent with the superfusion medium
(1:1) containing atropine, mepyramine and methyser-
gide, a third component could be detected using the
guinea-pig ileum. It manifested itselfas a slow contrac-
ting substance and could only be antagonized by the
specific SRS-A antagonist FPL 55712 (1 g ml-', final
concentration) (see Figure lb). Therefore, this com-
ponent is thought to be SRS-A, the leukotriene
mixture ofLTC4 and LTD4 (Lewis et al., 1980). Unlike
the release of histamine and 5-HT which was short-
lasting, the SRS-A activity reached a maximum value
circa 7 min after the antigen challenge after which time
it slowly decreased during the following 60-90 min. A
thromboxane A2 (TXA2)-like substance or other pros-
taglandins could not be detected in this manner. In
order to make sure that any TXA2 generated did not
decay to the inactive TXB2 before reaching the assay
tissue, several experiments were conducted in which
the lung-effluent directly (within seconds) superfused
the rabbit aorta strip, this being the first assay tissue in
the cascade, according to a method applied by Alaba-
ster & Hawkeswood (1978). As a result no extra
mediator activity was seen. The absence of TXA2 or
other prostaglandins was also confirmed in several
experiments in which indomethacin (2 gml-') was
added to the perfusion medium; no effect on either the
antigen-induced bronchoconstriction or the mediator
activity in the lung-effluent was observed.
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The 5-HT and histamine concentrations in the lung-
effluents were measured 2, 5 and 10 min after antigen
challenge using h.p.l.c. separation and fluorimetric
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detection (see Figure 2a and b). The maximum
concentration of 5-HT detected was 15.2 ± 2.3 ng
ml-' (n = 22) 2 min after antigen challenge, whereas
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Figure 1 Detection of the mediators, released in the lung-effluent after antigen challenge, using a cascade of various
assay tissues. The upper tracings show the pulmonary arterial pressure (PAP) and the tracheal pressure fluctuations
(TP). (a) The left panel shows the responses of a rat stomach strip (blocked by atropine), a rabbit aorta strip and the
guinea-pig ileum (both blocked by atropine and methysergide) to samples (0.2 ml) oflung-effluent taken 2, 5 and 1O min
after antigen challenge. (b) The right panel shows the responses of these tissues (all blocked by atropine, mepyramine
and methysergide) to the total amount of lung-effluent.
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the maximum concentration of histamine was
189 ± 21 ng ml-' (n = 20). These data are also incor-
porated in Figures 4 and 5.
The SRS-A activity in the lung-effluents was quan-

tified by comparing the SRS-A-induced contrac-
tions on the guinea-pig ileum with the standard dose-
effect curves for LTC4 and LTD4, determined in
several experiments. It appeared that the SRS-A
activity in effluents from the control (untreated) lungs
might be considered equivalent to contractions evoked
by a (single) dose of 10-13 ng LTC4 or 4-6 ng LTD4.

The effect ofprednisolone and ketotifen

Prednisolone 100 mg kg- ', administered i.p. 5 h before
the experiment was performed, appeared to be the
optimum dose for inhibiting the antigen-induced
bronchoconstriction. Addition of prednisolone to the
perfusion fluid in final concentrations up to 1 mg ml-'
did not cause any significant change with regard to the
bronchoconstriction. The antigen-induced bron-
choconstriction after the prednisolone pretreatment
appeared to be 11.2 ± 1.1% (n = 30), indicating a
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Figure 3 The antigen-induced bronchoconstriction in
untreated lungs (controls, open column; n = 58), in lungs
from rats pretreated with prednisolone (solid column;
n = 30) and in lungs perfused with ketotifen (hatched
column; n = 28). *P <0.005.
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Figure 2 H.p.l.c. separation and fluorimetric detection of 5-hydroxytryptamine (5-HT) (a) and histamine (Hist)(b) in
lung-effluents taken 2, 5 and 10 min after the antigen challenge.
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52% reduction as compared to the control values (see
Figure 3).
The data concerning the effect of prednisolone on

antigen-induced 5-HT, histamine and SRS-A release
are summarized in Figures 4, 5 and 6, respectively. To
avoid confusion concerning the expression ofthe SRS-
A activity in LTC4 or LTD4 equivalents, the effect of
prednisolone on the SRS-A activity detected was
expressed as a percentage of the SRS-A activity in
effluents from the control lungs (taken to be 100%).

Ketotifen, added to the perfusion fluid in final
concentrations of 100-500 ng ml -', caused a concen-
tration-dependent suppression of the antigen-induced
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bronchoconstriction. Intraperitoneal administration
several hours before the experiment was performed
did not cause any significant change in the bron-
choconstriction. It was established that 500ngmlP'
ketotifen, this being the maximum usable concentra-
tion, decreased the antigen-induced bronchoconstric-
tion to 8.5 ± 0.9% (n = 28), which means a 63%
reduction as compared to the control values (see
Figure 3). Ketotifen in higher concentrations caused
effects of its own on the PAP and TP, which prevented
a correct interpretation of its influence on the antigen-
induced bronchoconstriction.
With regard to the effect ofketotifen on the antigen-
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Figure 4 The release of 5-hydroxytryptamine (5-HT) in effluents from untreated lungs (controls; open columns;
n = 22), lungs from rats pretreated with prednisolone (solid columns; n = 15) and lungs perfused with ketotifen
(hatched columns; n = 13) before (t = 0) and 2, 5 and Omin after the antigen challenge. *P <0.05, **P<0.02,
NS = not significant.
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induced release of 5-HT, histamine and SRS-A, it was
clearly established that ketotifen had no effect at all as
can be seen in Figures 4, 5 and 6.

Table 2 summarizes the data of Figures 3, 4, 5 and 6
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expressing the relative scores of prednisolone and
ketotifen tested with regard to the antigen-induced
bronchoconstriction and the release of 5-HT, his-
tamine and SRS-A.
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Figure 5 The release of histamine in effluents from untreated lungs (controls; open columns; n = 20), lungs from rats
pretreated with prednisolone (solid columns; n = 15) and lungs perfused with ketotifen (hatched columns; n = 13)
before (t = 0) and 2, 5 and 10 min after the antigen challenge. *P <0.005, NS = not significant.
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Histamine in doses up to 500 pg did not cause any
demonstrable bronchoconstriction. With the excep-
tion of the 5-HT-induced bronchoconstriction which
was blocked by ketotifen to a considerable extent, it
appeared that neither prednisolone nor ketotifen,
tested in their optimal effective doses, exhibited any
significant effect on the bronchoconstrictions induced
by the other mediators.

Discussion

In this study we have attempted to identify and
quantify the putative mediators involved in the
antigen-induced bronchoconstriction in rat isolated
lungs and to establish the effect of prednisolone and
ketotifen. To this end we used a newly developed

X - immunization procedure for inducing IgE-related,
systemic anaphylaxis in Brown-Norway rats.
Our results show that large amounts of histamine

and smaller but still considerable amounts of 5-HT
were released in the lung effluent during the first
minutes after antigen challenge. In addition, using the
guinea-pig ileum we were able to detect a slow
contracting substance which appeared in the effluent
somewhat later after the antigen challenge. This
substance was identified as SRS-A, the leukotriene
mixture consisting of LTC4 and LTD4 (Lewis et al.,
1980). Surprisingly no other products of arachidonic

lease ofenSRS-A ;
ineffl kennfrom u acid such as thromboxane-like substances, could be

rd to the SRS-A release in effluents of detected by means of the cascade superfusion tech-
pretreated with prednisolone (solid nique. In view of the short half-life of TXA2 (about
nd lungs perfused with ketotifen (hat- 30 s at 370C) special attention was given to the point
15). P <0.005, NS= not significant. that the lung effluent directly (without any delay)

superfused the rabbit aorta strip, considered to be very
sensitive to TXA2 (Alabaster & Hawkeswood, 1978;

veral experiments were performed to Zijlstra & Vincent, 1981). This finding is in contrast to
t of prednisolone and ketotifen on the results of Dahlback et al. (1984) who concluded
riction induced by various, exogen- that besides 5-HT some not yet identified products of
red bronchoconstrictors. Acetyl- cyclo-oxygenase/thromboxane synthetase are main
)ig), bradykinin (50 and 100 fig) and mediators of allergen-induced bronchial anaphylaxis
fig) induced bronchoconstriction of in rats and that products of the lipoxygenase pathway
ilar to that after antigen challenge. play a minor role but may modulate the response. On

the other hand Brunet et al. (1983) presented results
Live effects of prednisolone and from in vitro studies suggesting that the respiratory
antigen-induced bronchoconstric- response of rats to antigen challenge is mediated by 5-

ase of5-hydroxytryptamine (5-HT), HT in the trachea and by 5-HT and leukotrienes in the
'RS-A in the lung effluent lung parenchyma. These in vitro effects were also

found in vivo. Iacopina et al. (1984) showed that LTC4
Bron- 5-HT Histamine SRS-A produced dose-dependent increases of the pulmonary
nhocon- perfusion pressure in rat isolated lungs accompanied
,triction by a dose-dependent increase in effluent levels of
+ + ++ ++ + +++ cyclo-oxygenase products. These results differed from
+ + + 0 0 0 those of Al-Ubaidi & Bakhle (1980) who did not

observe a release of cyclo-oxygenase products in rats
ifectiveness; + + = medium effec- after SRS-A administration. Our experiments using
effect. indomethacin to block the cyclo-oxygenase pathway
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of arachidonic acid metabolism, demonstrate no sig-
nificant effect on the antigen-induced bronchocon-
striction and mediator release. This also implies no
direct role for cyclo-oxygenase products in this in vitro
model. However, it does not exclude a role for these
products in the bronchial anaphylaxis in vivo, since in
that case various other cell types are involved such as
platelets, an important source of thromboxanes. Alth-
ough histamine was released in large amounts its role
in antigen-induced bronchoconstriction still remains
uncertain since it has been established that antihis-
tamines are ineffective in modifying the bronchocon-
striction (Church, 1975; Farmer et al., 1975; Menasse
et al., 1979; Ufkes & Ottenhof, 1984), and exogenously
administered histamine does not cause bronchocon-
striction (this paper; Church, 1975). The release of
considerable amounts of 5-HT corresponds with the
findings reported by others (Church et al., 1972;
Stotland & Share, 1974; Brunet et al., 1983; Ahlstedt et
al., 1983; Dahlbick et al., 1984).

In an attempt to clarify the mode of action underly-
ing their broncho-protective effects, prednisolone and
ketotifen were tested on the antigen-induced bron-
choconstriction in relation to the mediator release.
Although their effectiveness in suppressing the bron-
chial anaphylaxis in vivo has been established (Ufkes&
Ottenhof, 1984), they showed rather different profiles
of anti-allergic activity which suggests a different
mode ofaction. This could be clearly confirmed by our
present results. Although both prednisolone and
ketotifen were able to inhibit the antigen-induced
bronchoconstriction effectively, only prednisolone
suppressed the release of histamine, 5-HT and SRS-A
considerably, whereas ketotifen had no effect at all. As
distinct from ketotifen, prednisolone was only effec-
tive if the rats from which the lungs were removed,
were pretreated 5 h before the antigen challenge. This
time lag may be explained by the slow appearance of
the protein synthesis-dependent intermediary
macrocortin, which is considered to be the 'second
messenger' in the anti-inflammatory action of
glucocorticosteroids in perfused lung and peritoneal
leukocytes (Flower & Blackwell, 1979; Carnuccio et
al., 1981). This polypeptide has been shown to inhibit
the action of phospholipase A2 leading to suppression
ofthe synthesis ofarachidonic acid products including
SRS-A. The manner in which glucocorticosteroids
inhibit the histamine and 5-HT release is not complete-
ly clarified. Several data point to a role for the
lipoxygenase products 5-HPETE and 5-HETE, gen-
erated by phospholipase A2 as well, in enhancing the
histamine release in human basophils (Peters et al.,
1981) and rat mast cells (Stenson et al., 1980). As a
consequence the prednisolone-induced, macrocortin-
mediated inhibition of phospholipase A2 not only
decreases the SRS-A release but might decrease the
release of 5-HPETE and 5-HETE as well, leading to a

decreased histamine and (in rodents) 5-HT release
from mast cells.
With regard to the preventive effect of ketotifen in

bronchial asthma, several mechanisms have been
suggested (see also Craps & Ney, 1984): inhibition of
the antigen-induced release of histamine (Martin &
Romer, 1978; Radermecker et al., 1980) and SRS-A
(Ross et al., 1979; Greenwood, 1982); SRS-A (Ney et
al., 1980) but not histamine HI-(Martin & R6mer,
1978; Martin & Baggiolini, 1981) receptor-antagon-
ism; calcium antagonism (Lowe & Richardson, 1980)
and prevention or reversal of decreased P-adrenocep-
tor sensitivity (Bretz et al., 1983). In contrast to the
findings of Greenwood (1982) and Ross et al. (1979),
who used sensitized guinea-pig and human chopped
lung preparations to study the effect of ketotifen on
antigen-induced histamine and SRS-A release, we
failed to find any inhibition of the antigen-induced
mediator release by ketotifen. Apart from differences
in immunization procedures, species used and ex-
perimental conditions, much higher ketotifen concen-
trations (10-4 mol 1-1) were used compared to the
more appropriate concentrations (500 ngml-'
= 1.18 x 10-6moI 1-P) in our experiments, which
may explain this discrepancy. Since exogenously ad-
ministered bradykinin and acetylcholine but not 5-HT
were still able to cause bronchoconstriction during the
lung perfusion in the presence of ketotifen a mechan-
ism based on calcium antagonism (Lower & Richard-
son, 1980) may be excluded as well. Although reversal
and prevention of P-adrenoceptor-mediated tachy-
phylaxis (Bretz et al., 1983) might be a very relevant,
additional factor for the anti-asthmatic activity of
ketotifen in the clinical situation, it does not play a role
in our present experiments. Taking into account the
fact that ketotifen is a strong histamine Hi-receptor
antagonist (Martin & Romer, 1978) and also exhibits
functional SRS-A antagonism in vivo (Ross et al.,
1979), and the finding in our experiments that
ketotifen effectively inhibited the 5-HT induced bron-
choconstriction without affecting the mediator re
lease, it can be assumed that the bronchoprotective
effect of ketotifen is mainly based on (multiple)
receptor antagonism.
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