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Mechanisms involved in the relaxant response of bradykinin in
epithelium intact strips of the guinea-pig trachea
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Abstract

Kinins caused graded relaxations in guinea-pig trachea with epithelium under spontaneous or carbachol-induced tone. The
order of potency was: [Tyr®Jbradykinin > lysyl-bradykinin > bradykinin > methionyl-lysyl-bradykinin. The bradykinin B, receptor
agonist des-Arg®-bradykinin (1 «M) was inactive. Relaxation in response to bradykinin (100 nM) was unaffected by tetrodotoxin
(0.3 M), nicardipine (1 M), Ca®*-free solution without or plus ryanodine (10 uM), propranolol (1 M), glibenclamide (1 xM),
staurosporine (0.3 wM), nickel chloride (100 M) or [p-p-Cl-Phe® Leu!’]VIP (a vasoactive intestinal peptide receptor antagonist,
0.03 M), but was partially inhibited by apamin (0.3—-1 wM). Both HOE 140 (p-Arg-[Hyp? Thi’ p-Tic’,Qic®Jbradykinin) and NPC
17761 (p-Arg[Hyp>,p-Hype E(trans-thiophenyl)’,Qic®bradykinin) (0.1-1000 nM) caused graded, reversible and selective inhibi-
tion of the bradykinin (100 nM) relaxation, with ICs;, values of 1.4 and 19.1 nM, respectively. HOE 140 and NPC 17761 (0.1-10
nM) produced a graded shift to the right of the bradykinin concentration-response curves associated with a reduction of the
maximum relaxation. The kinin B, receptor antagonist, des-Arg®{Leu®]bradykinin (1 wM), was inactive. Thus, bradykinin-in-
duced relaxation in guinea-pig trachea results from activation of bradykinin B, receptors and can be antagonized with high
affinity in a selective and reversible manner, through noncompetitive mechanism, by both HOE 140 and NPC 17761. In addition,
the bradykinin response does not involve neural pathways, extracellular Ca?* influx or mobilization of intracellular Ca®?™ stores
sensitive to ryanodine, but is modulated by small conductance Ca®*-activated K* channels.
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1. Introduction in several responses in the airways, such as neurogenic
inflammation, venoconstriction, oedema and bron-
choconstriction. In addition, kinins can release several

inflammatory mediators including neuropetides and

Bradykinin and related kinins are proinflammatory
and algesic peptides generated in the plasma and tis-

sues from «a,-globulins, high and low molecular weight
kininogens, by the action of kallikreins (Lewis, 1970;
Garcia Leme, 1978; Regoli and Barabé, 1980; Marceau
et al., 1983). Evidence indicates that kinins can be
generated in upper airway secretions in allergic rhini-
tis, rhinovirus colds and asthma. Thus, pharmacological
and biochemical studies suggest that bradykinin, acting
on specific receptors, has an important role in the
control of pulmonary function and may be implicated
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metabolites derived from arachidonic acid pathways
(see for review: Farmer, 1991a,b, 1994; Hall, 1992;
Barnes, 1992; Geppetti, 1993).

Bradykinin also causes contraction or relaxation of
guinea-pig trachea, depending on the presence of the
epithelium, these effects being mediated, at least in
part, by epithelium-derived products of arachidonic
acid metabolism (Mizrahi et al., 1982; Bramley et al.,
1990). Recently, we reported that the relaxation in-
duced by bradykinin in epithelium intact strips of
guinea-pig trachea is mediated jointly by the release of
L-arginine-derived nitric oxide or a nitric oxide-related
substance and by a cyclo-oxygenase-derived product
from the arachidonic acid pathway (Schlemper and
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Calixto, 1994). However, the precise mechanism by
which bradykinin causes relaxation in guinea-pig tra-
chea remains unknown.

The present study was undertaken to investigate
further the mechanisms and receptor subtypes underly-
ing the relaxant responses induced by bradykinin in
epithelium intact strips of guinea-pig trachea.

2. Materials and methods
2.1. Tissue preparation

Guinea-pig of both sexes (300-400 g) were killed by
a blow on the head and exsanguinated. The trachea
was rapidly removed and carefully dissected from ad-
hering fat and connective tissues. Four preparations
were obtained per animal, each containing 3-4 carti-
laginous rings (3—4 mm wide) and the terminal trachea
was discarded. The rings were opened and strips of
about 8-10 mm in length with intact epithelium were
suspended in individual 5 mi-jacketed organ baths con-
taining Krebs-Henseleit solution maintained at 37°C,
pH 7.2, gassed with 95% of O, and 5% of CO, and
with the following composition (mM): NaCl 118; KCl
4.7, CaCl, 2.5; NaHCO; 25; MgSO, 1.1; KH,PO, 1.1
and glucose 11. Preparations were allowed to equili-
brate for at least 120 min before drug addition, under a
resting tension of 1 g, during which time the bath
solution was renewed each 15 min. A small increase in
the resting tone was observed during the equilibration
period. Isometric tension changes were recorded by
means of a F-60 force transducer on a Narco 40 (Narco
Biosystems) physiograph. Tissues were considered to
contain a viable epithelium when bradykinin (100 nM)
relaxed preparations under spontaneous tonus or pre-
contracted with carbachol by at least 80% (approxi-
mately 200-350 mg) (Schlemper and Calixto, 1994). All
the experiments with bradykinin and related kinins
were carried out in the presence of captopril (3 uM),
to avoid degradation of these peptides by kininase II.
The kinin responses are expressed either in mg of
tension or as percentage of relaxation.

2.2. Relaxant effect of kinins in the epithelium intact
strips of guinea-pig trachea

Following the equilibration period, complete non-
cumulative concentration-response’ curves were Ob-
tained for bradykinin, Iysyl-bradykinin, methionyl-
lysyl-bradykinin, [Tyr®Jbradykinin or des-Arg’-brady-
kinin (0.1-1000 nM), in preparations either under
spontaneous tone or precontracted with carbachol
(0.01-0.03 uwM). Responses to bradykinin and related
peptides were obtained by addition of single increasing
concentrations of the peptide with 20-min intervals

between doses. The contact time of the agonists with
the preparations was restricted to 5—10 min.

2.3. Effect of selective kinin B, and B, receptor antago-
nists on bradykinin-induced relaxation in guinea-pig tra-
chea

Following the equilibration period of the prepara-
tions, complete concentration-response curves were
obtained for bradykinin (0.1-1000 nM) in the absence
or in the presence of increasing concentrations of two
selective bradykinin B, receptor antagonists, HOE 140
or NPC 17761 (0.1-10 nM) or in the presence of the
bradykinin B, receptor antagonist des-Arg’-[Leu®]-
bradykinin (1 uM). Antagonists were added to the
preparations 10 min before challenge with bradykinin.
Longer periods of incubation of the preparations with
the antagonists were tested in previous experiments
(n = 4), but they did not cause additional effects (data
not shown). Only one complete concentration-response
curve for each agonist was tested in each preparation.
Therefore, separate control and test tissues were stud-
ied simultaneously. In order to correct for any sponta-
neous and /or agonist-induced changes in the response,
control experiments were carried out in the presence
of phosphate-buffered solution plus bovine serum albu-
min 0.25% (the vehicle used to dilute the bradykinin
antagonists) throughout the experiments.

In other experiments following the equilibration pe-
riod, preparations were stimulated with bradykinin (100
nM), a concentration producing about 80% of the
maximal relaxant response. After at least two stable
control relaxant responses to bradykinin (100 nM) were
obtained, preparations were preincubated with differ-
ent concentrations of the selective bradykinin B, re-
ceptor antagonists HOE 140 and NPC 17761 (0.1-1000
nM) for 10 min and new relaxant responses for
bradykinin (100 nM) were obtained in their presence.
The potencies (ICy, values) for these drugs in ant-
agonizing the bradykinin relaxation response were de-
termined. Only one antagonist was tested in each
preparation.

2.4. Influence of different classes of drugs on
bradykinin-induced relaxant responses.

In order to assess whether bradykinin-mediated re-
laxation in guinea-pig trachea involves direct ionic
channel activation, release of neurotransmitters, and
the participation of second messengers, preparations
were stimulated with bradykinin (100 nM), and after at
least two reproducible relaxant responses (control) were
obtained, tissues were incubated with one of the fol-
lowing drugs: tetrodotoxin (a voltage-dependent Na™
channel blocker, 0.3 wM), apamin (a Ca®*-dependent
K* channel blocker, 0.3-1 uM), glibenclamide (an
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ATP-sensitive K* channel blocker, 1 wM), nickel chlo-
ride (a voltage-dependent T-type calcium channel
blocker, 100 wM), nicardipine (a dihydropyridine L-
type Ca’™ channel blocker, 1 uM), staurosporine (a
protein kinase C inhibitor, 0.3 wM), propranolol (a
B-adrenoceptor antagonist, 1 uM) or [p-p-Cl-
Phe® Leu!’IVIP (a vasoactive intestinal peptide recep-
tor antagonist, 0.03 uM). New relaxant responses for
bradykinin (100 nM) were obtained in the presence of
these compounds. All drugs remained in contact with
the tissues for 10-20 min. In order to investigate the
contribution of either extracellular or intracellular Ca%™*
on bradykinin-mediated relaxation in guinea-pig tra-
chea, in a separate group of experiments, preparations
were mounted in normal Krebs solution. After the
equilibration period and after at least two control
responses to bradykinin (100 nM) were obtained,
preparations were transferred to Ca®*-free Krebs solu-
tion containing either EGTA (1 mM) or ryanodine (10
uM). Preparations remained 20 min in Ca®*-free
medium plus EGTA, during which time the bath solu-
tion was renewed every 5 min. After this, the guinea-pig
trachea preparations remained 10 min in a Ca®**-free
solution without EGTA and new responses to
bradykinin (100 nM), both in the absence or in the
presence of ryanodine, were obtained. To correct for
the possible time-dependent decrease of spontaneous
tone of the preparation, resting tone was adjusted by
addition of carbachol (0.1-0.3 wM).

2.5. Statistical analysis
Data are presented as means + S.E.M., except the
EC,, or IC,, values (i.e. the concentration of agonists

causing half-maximal relaxant responses or the concen-
trations of antagonists required to inhibit the
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bradykinin-induced relaxation to 50% of the control
response, respectively), which are given as geometric
means accompanied by their respective 95% confi-
dence limits. The IC, or EC, values were determined
from individual experiments for the complete antago-
nist or agonist concentration-response curves by using
a least-square regression analysis. Statistical analysis
was performed either by means of unpaired Student’s
t-test or by analysis of variance followed by Dunnett’s
multicomparison test when appropriate. P <0.05 or
less was considered as indicative of significance.

2.6. Drugs

Bradykinin, lysyl-bradykinin, methionyl-lysyl-brady-
kinin, [Tyr®Jbradykinin, prostaglandin E,, captopril,
L-isoproterenol bitartrate, apamin, [p-p-ClI-
Phe®,Leu!’]VIP, pL-propranolol, staurosporine, tetro-
dotoxin, sodium nitroprusside (sodium nitroferri-
cyanide), nicardipine hydrochloride, carbamylcholine
chloride (carbachol), phosphate-buffered solution
tablets (concentration: NaCl 137 mmol; KCI 2.7 mmol
and phosphate-buffered 10 mmol) and EGTA (ethyl-
eneglycol-bis-(8-amino-ethylether) N,N’-tetra-acetic
acid (all obtained from Sigma Chemical Company, St.
Louis, MO, USA), nickel chloride-6-hydrate (Riedel-de
Haén, Germany), HOE 140 (p-Arg-[Hyp?® Thi’b-
Tic’,0ic®]bradykinin) and glibenclamide (Hoechst,
Frankfurt, Germany) and NPC 17761 (p-Arg’[Hyp?,p-
HypeE(trans-thiophenyl)’,Oic®Jbradykinin) (Scios No-
va, Baltimore, MD, USA), des-Arg’-bradykinin and
des-Arg’[Leu®]bradykinin (Peninsula, Belmont, CA,
USA), ryanodine (Research Biochemicals, MA, USA).

Stock solutions of these drugs (1-100 mM) were
prepared as follows: glibenclamide was dissolved in
0.01 N NaOH containing glucose 5%, nicardipine was
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Fig. 1. (A) Relaxant effect of bradykinin in intact strips of guinea-pig trachea submitted to basal tone (1 g) (O) or in preparations pre-contracted
by carbachol (Cb, 0.01-0.03 uM) (®). (B) Effect of lysyl-bradykinin (O), methionyl-lysyl-bradykinin (e), [Tyr®]bradykinin (O) and des-Arg®-
bradykinin (M) in epithelium intact strips of guinea-pig trachea under basal tone (1 g). Each point represents the mean of 5-6 experiments and

the vertical bars indicate the S.E.M.
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dissolved in absolute ethanol, staurosporine in dimethyl
sulfoxide (50%) and bradykinin B, receptor antago-
nists in albumin bovine 0.2% in phosphate-buffered
solution. All other drugs were dissolved in phosphate-
buffered solution. The final bath concentration of
ethanol and dimethyl sulfoxide did not exceed 0.02%,
which alone had no effect on the tonus of the prepara-
tion or on bradykinin-mediated relaxation. The experi-
ments with nicardipine were protected from light to
avoid its photo degradation.

3. Results

3.1. Analysis of kinin-induced relaxant response in intact
epithelium of guinea-pig trachea

Addition of bradykinin and related peptides (0.1-
1000 nM) to epithelium intact strips of guinea-pig
trachea under basal tone caused small, transient con-
tractions followed by concentration-dependent delayed
relaxations (Fig. 1A and B). The relaxant bradykinin
responses were reproducible, with no evidence of
tachyphylaxis. The ECs, values and maximal relaxant
responses caused by bradykinin and analogues are rep-
resented in Table 1. The potencies obtained for the
relaxant responses caused by bradykinin and analogues
in guinea-pig trachea under spontaneous tonus did not
differ significantly (Table 1). Concerning the maximal
relaxation, bradykinin and [Tyr®Jbradykinin produced a
significantly greater relaxation when compared with
lysyl-bradykinin and methionyl-lysyl-bradykinin. The
selective bradykinin B, receptor agonist des-Arg®-
bradykinin had no effect (Fig. 1B). When preparations
with intact epithelium were precontracted with carba-
chol (0.01-0.03 M), bradykinin (0.1-1000 nM) caused
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Table 1
Potency and maximal responses of kinins in epithelium intact strips
of guinea-pig trachea

Agonist ECy, (nM) Relaxation (mg)

147 (3.1-69.4) 405+33
Lysyl-Bradykinin ® 18.0 (11.0-29.0) 230+34
Bradykinin ° 21.1 (6.3-69.6) 380+49
Methionyl-lysyl-Bradykinin ®  30.0 (13.0-70.0)  191+43
[Tyr®)Bradykinin ® 31.0(17.0~-53.0) 380+42

Bradykinin ?

Values are means+ S.E.M. of at least 6—7 experiments. * Prepara-
tions precontracted with carbachol (0.01-0.1 wM). ° Preparations
under basal tonus (1 g).

similar concentration-dependent relaxations (Fig. 1A).
The EC,, and maximal response for bradykinin did not
differ significantly from values reported for this pep-
tide in preparations under spontaneous tonus (Table
1). About 30% of the tissues, either under spontaneous
or in carbachol-induced tone, failed to produce relax-
ation when challenged with bradykinin (data not
shown).

3.2. Inhibition by selective bradykinin B, receptor antag-
Onists

Incubation of epithelium intact strips of guinea-pig
trachea with the selective bradykinin B, receptor an-
tagonists HOE 140 and NPC 17761 (0.1-10 nM) for 10
min did not affect basal tone, but caused a concentra-
tion-dependent displacement to the right of the
bradykinin-induced relaxant concentration-response
curve, and a significant reduction of the maximal relax-
ant response to bradykinin (Fig. 2A and B). In con-
trast, results from Fig. 3 show that the selective
bradykinin B, receptor antagonist des-Arg’-{Leu®]-
bradykinin (1 M) did not cause any significant effect

100
200
300

400*

500 : _ '
03 1 10 100 1000
BRADYKININ (nM)

[

Fig. 2. Relaxant response obtained for bradykinin in the absence (O) or in the presence of (A) HOE 140 (nM): 0.1 (e), 0.3 (1) and 1 (m) or (B)
NPC 17761 (nM): 1 (@), 3 (O) and 10 (M) in epithelium intact strips of guinea-pig trachea. Each point represents the mean of 4-5 experiments

and the vertical lines indicate the S.E.M.
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Fig. 3. Effect of kinin B; receptor antagonist des-Arg’-
[Leu®]bradykinin on bradykinin-induced relaxation in epithelium in-
tact strips of guinea-pig trachea. Responses obtained in the absence
(O) or in the presence of des-Arg®{Leu®Jbradykinin 1 M (e). Each
point represents the mean of 8 experiments and the vertical bars
indicate the S.E.M.

on bradykinin-mediated relaxation. The calculated
EC, values (and 95% confidence limits) were: control
group 12.4 (4.3/18.9) nM and in the presence of des-
Arg®-[Leu®]bradykinin 12.9 (4.2/22.3) nM.

We next analysed the effect of several concentra-
tions of the selective B, bradykinin receptor antago-
nists HOE 140 and NPC 17761 (1-1000 nM) against
bradykinin (100 nM)-induced relaxation in prepara-
tions with intact epithelium and under spontaneous
tone. The results of Fig. 4 show that the two bradykinin
B, receptor antagonists caused a concentration-depen-
dent inhibition of bradykinin-induced relaxation. ICs,
values (and their 95% confidence limits) were 1.4
0.7/2.7) and 19.1 (7.6/47.0) nM, respectively. The
inhibitory actions of both bradykinin B, receptor an-
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Fig. 4. Effect of bradykinin B, receptor antagonists HOE 140 (O)
and 17761 (@) (0.1-3000 nM) on bradykinin (100 nM)-induced relax-
ation in epithelium intact strips of guinea-pig trachea. Each point
represents the mean of 7 experiments and the vertical lines indicate
the S.EM.

tagonists were completely reversible after washing (data
not shown). Bradykinin B, receptor antagonists were
selective in antagonizing bradykinin-induced relax-
ation, as even at higher concentrations up to 100 nM
they did not affect the relaxant response produced by
isoproterenol (1 M) or sodium nitroprusside (1 M)
(Fig. 5).

3.3. Effect of several drugs against bradykinin-induced
relaxation in the guinea-pig trachea

The results summarized in Table 2 and the data of
Fig. 6 show that preincubation of epithelium intact
strips of guinea-pig trachea with apamin (0.3 and 1
uM) caused a partial, although significant concentra-
tion-dependent antagonism of the relaxation caused by
bradykinin (100 nM). However, even at a higher con-
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Fig. 5. Effect of bradykinin B, receptor antagonists HOE 140 (100 nM) (A) and NPC 17761 (100 nM) (B) on bradykinin (BK, 100 oM)-,
isoproterenol (ISO, 1 xM)- and sodium nitroprusside (SNP, 1 uM)-mediated relaxations in epithelium intact strips of guinea-pig trachea. Each
column represents the mean of 5-7 experiments and the vertical bars indicate the S.E.M. Significant difference from control groups: * * P < 0.01.
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Table 2
Effect of different classes of drugs on bradykinin (100 nM)-induced
relaxation in epithelium intact strips of guinea-pig trachea

Drug Concentration  Relaxation (mg)
(M) Absence  Presence

Glibenclamide 1 236420 254423
Tetrodotoxin 0.3 329436  313+35
Nickel chloride 100 400430 355+40
[p-p-Cl-Pheb Leu'7IVIP 0.03 405+56  350+29
Propranolol 1 384+75 441+ 60
Staurosporine 0.3 258435 313+66
Nicardipine 1 278425  280+21
Ca’*-free plus EGTA - 390+58 395+64
Ryanodine 10 326+33  376+54

Values are means+ S.E.M. of at least 5-10 experiments.

centration (1 M) apamin failed to inhibit prosta-
glandin E, (300 nM)-and isoproterenol (100 nM)-in-
duced relaxation. Bradykinin-induced relaxation was
not significantly affected by tetrodotoxin (0.3 uM),
nicardipine (1 wM) or Ca**-free solution either in the
absence or in the presence of ryanodine (10 uM),
glibenclamide (1 wM), nickel chloride (100 M), pro-
pranolol (1 uwM), staurosporine (0.1 uM) or [p-p-Cl-
Phe®,Leu!’IVIP (0.03 M) (Table 2). In addition, none
of these drugs affected per se the resting tone of the
preparations (results not shown).

4, Discussion
The results reported in the present study extend our

previous finding (Schlemper and Calixto, 1994) and
show that bradykinin and related peptides caused, with
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slow onset, reproducible, concentration-dependent re-
laxation in epithelium intact strips of guinea-pig tra-
chea under basal tone. Furthermore, the ICg, of
bradykinin-induced relaxation in preparations precon-
tracted with carbachol was not statistically different
from the IC,, obtained in experiments carried out
under normal tonus. Contrasting with the results re-
ported by Rhaleb et al. (1988), our data indicate that
kinin-induced relaxation in epithelium intact strips of
the guinea-pig trachea is mediated through stimulation
of bradykinin B, receptors. These observations are
substantiated by the following evidence: (1) the re-
ported rank order of potency for kinins is compatible
with preparations containing bradykinin B, receptors;
(2) the selective kinin B, agonist des-Arg’-bradykinin
did not cause any detectable response in the prepara-
tions, nor did des-Arg®-[Leu®]bradykinin, a kinin B,
selective receptor antagonist, affect the concentration-
dependent relaxant response caused by bradykinin;
and (3) the new generation of potent and highly selec-
tive bradykinin B, receptor antagonists, HOE 140 and
NPC 17761, caused a complete and reversible concen-
tration-dependent inhibition of the bradykinin-media-
ted relaxation of epithelium intact strips of guinea-pig
trachea.

Of interest are the results showing that both HOE
140 and NPC 17761 caused a concentration-dependent
rightward shift of the relaxant concentration-reponse
curve for bradykinin. The two antagonists also caused
inhibition of the maximal response to bradykinin, thus
indicating a noncompetitive antagonism. A noncompet-
itive mechanism of the bradykinin B, receptor antago-
nists towards bradykinin-mediated relaxation in
guinea-pig trachea could be explained by the fact that,

800 B
600 1
400
200 1
0"
PGE, PGE, ISO iSO
0.3 UM  + 0.1 uM  +
APA APA
1 uM 1 uM

Fig. 6. Effect of Ca®*-activated K* channel blocker apamin (APA) on (A) bradykinin (BK, 100 nM)-, (B) prostaglandin E, (PGE,, 0.3 uM)- or
isoproterenol (ISO, 100 nM)-mediated relaxation in epithelium intact strips of guinea-pig trachea. Each column represents the mean of 6-8
experiments and the vertical bars indicate the S.E.M. Significant difference from control group: “P < 0.05, * " P < 0.01.
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in this preparation, the bradykinin response is indi-
rectely mediated by the release of prostanoids, possibly
prostaglandin E, (Folkerts et al., 1989; Bramley et al.,
1990; Proud et al., 1993), in addition to the release of
nitric oxide from the epithelium (Schlemper and Cal-
ixto, 1994). Very similar noncompetitive antagonism
was reported for propranolol in antagonizing the indi-
rect responses to tyramine of electrically stimulated
contractions of rat left atria (Black et al., 1981, see for
review Kenakin, 1984). Recent radioligand binding
studies carried out in guinea-pig tracheal epithelial
cells have found two binding sites for bradykinin at B,
receptors, a high-affinity site (estimated K, of 0.44
nM) and a low-affinity site (estimated K, of 10 nM)
(Proud et al., 1993). Trifilieff et al. (1992) also reported
two binding sites for bradykinin in epithelium intact
strips of guinea-pig trachea (estimated K, of 0.04 and
180 nM), while in guinea-pig trachea without epithe-
lium only one binding site for bradykinin was observed
(estimated K, 55 pM). Interestingly, both bradykinin
sites were competitively and completely antagonized
with a higher affinity by the selective bradykinin B,
receptor antagonists HOE 140 and NPC 17761, thus
indicating the presence of B, receptors in the prepara-
tions (Trifilieff et al., 1992,1993; Proud et al., 1993).
Furthermore, our results also demonstrated that the B,
receptor antagonists studied were quite selective to-
ward bradykinin, as they failed to affect isoproterenol-
and sodium nitroprusside-mediated responses.

The relaxation caused by bradykinin in epithelium
intact strips of guinea-pig trachea was unaffected by
tetrodotoxin, nicardipine or Ca?*-free medium, either
in the absence or in the presence of ryanodine, gliben-
clamide, the selective VIP receptor antagonist [p-p-Cl-
Phe® Leu!’]VIP, propranolol, nickel chloride or stau-
rosporine. These data suggest that the neural release
of neurotransmitters in response to the action poten-
tial-dependent, activation of ATP-sensitive K* chan-
nels, mobilization of extracellular Ca®* influx through
L-or T-type channels, mobilization of intracellular Ca®*
stores sensititive to ryanodine, stimulation of $3,-adren-
oceptors and VIP receptors or activation of a protein
kinase C-dependent mechanism does not seem to be
involved in the relaxant response produced by
bradykinin. The question as to whether bradykinin-
mediated relaxation in guinea-pig trachea involves Ca®*
mobilization from intracellular sources through mecha-
nisms distinct from ryanodine-sensitive receptors (re-
viewed by Sorrentino and Volpe, 1993; McPherson and
Campbell, 1993; Meissner, 1994), as it has been sug-
gested to occur for the relaxation response to
bradykinin in guinea-pig taenia caeci (Field et al,
1994), was not further investigated in the present study.

Bradykinin-mediated relaxation in guinea-pig tra-
chea was partially but significantly antagonized by
apamin, thus suggesting that, as reported for

bradykinin-mediated relaxation in other smooth muscle
tissues (Hall and Morton, 1991; Griesbacher, 1992;
Field et al., 1994), bradykinin-mediated relaxation in
guinea-pig trachea is modulated by small conductance
Ca?*-activated K* channels. However, apamin did not
significantly affect the relaxation responses caused by
exogenous administration of prostaglandin E, or iso-
proterenol, suggesting that inhibition of bradykinin-in-
duced relaxation did not occur at the smooth muscle,
but probably at the epithelium level controlling prosta-
glandin E, and/or nitric oxide release. However, evi-
dence now suggests that nitric oxide or nitric oxide
releasing substances directly activate Ca®*-sensitive K™
channels in vascular smooth muscles, a response which
is antagonized by potent and selective Ca?*-activated
K™* channel blockers, such as apamin, charybdotoxin
and iberiotoxin (Khan et al., 1993; Suzuki et al., 1993;
Bolotina et al., 1994; Kitamura et al., 1993; Maggi and
Giuliani, 1994). Thus, we cannot completely rule out
the possibility that apamin inhibits bradykinin relax-
ation through a direct action at the smooth muscle
cells from guinea-pig trachea. Further studies will be
required to clarify this point.

While this paper was under revision, Da Silva et al.
(1995) reported that bradykinin induced graded relax-
ation, in epithelium intact strips of guinea-pig trachea
pre-contracted with histamine (30 M), through stimu-
lation of bradykinin B, receptors, but not B, receptors.
This effect involves the activation of phospholipase A,
and the release of products from the cyclo-oxygenase
pathway. The authors also reported that, in contrast to
our results, NPC 17761 caused a pure competitive
antagonism of bradykinin-mediated relaxation, yielding
a pA, value of 7.3 £ 0.4 and slope of unity, whereas
the antagonism afforded by HOE 140 was non-compe-
titive. A comparison between our results and those
reported by Da Silva et al. (1995) is difficult due to
marked differences between the methodologies used,
such as the periods of equilibration, presence or ab-
sence of previous tone with histamine, or of the en-
dopeptidase inhibitor thiorphan. Also, Da Silva et al.
(1995) obtained concentration-response curves by cu-
mulative addition of bradykinin, whereas single addi-
tion was used in our experiments.

In summary, the findings of the present study con-
firm and extend those of previous studies (Bhoola et
al., 1989; Bramley et al., 1990; Schlemper and Calixto,
1994; Da Silva et al., 1995), and provide functional
evidence that bradykinin induces concentration-depen-
dent relaxation of epithelium intact strips of the
guinea-pig trachea through stimulation of bradykinin
B, receptors, a response which is antagonized in a
selective and reversible but noncompetitive manner by
the highly potent and selective bradykinin B, receptor
antagonists, HOE 140 and NPC 17761. Furthermore,
bradykinin-induced relaxation of guinea-pig trachea
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does not involve a neuronal pathway, but is modulated,
at least in part, by activation of small conductance
Ca?*-activated K* channels.
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