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Abstract

Bradykinin caused graded contraction in the guinea pig ileum, trachea and urinary bladder and rat uterus and vas deferens in
vitro. The order of potency (ECs,, nM) was: ileum (3) > uterus (5) > trachea (15) > vas deferens (41) > urinary bladder (52) and
the maximal responses (percentage to 80 mM KCI) were: 152 + 8 (ileum), 122 + 6 (uterus), 97 + 3 (urinary bladder), 75 + 5
(trachea) and 33 + 3 (vas deferens). Responses to bradykinin in guinea pig ileum and urinary bladder and rat vas deferens and
uterus were markedly attenuated in Ca®*-free medium with or without EGTA or by nicardipine, whereas those in guinea pig
trachea depended almost exclusively on intracellular Ca?* sources which were sensitive to ryanodine. Treatment of the animals
with pertussis toxin only inhibited bradykinin-induced contraction of the rat uterus. Furthermore, the protein kinase C inhibitors,
H, (5-isoquinolinysulfonyl-2-methyl-piperazine) and staurosporine, antagonized in a graded manner bradykinin responses in
guinea pig ileum and trachea and rat vas deferens, indicating the possible dependence on activation of protein kinase C
mechanisms, while responses of the rat uterus rely on coupling by a pertussis toxin-sensitive G protein. Thus, bradykinin acting at
B, receptors may induce contractions in several smooth muscles from rat and guinea pig through activation of multiple second
messenger pathways.
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1. Introduction and nonvascular smooth muscles (see for review: Re-
goli and Barabé, 1980; Hall, 1992; Farmer and Burch,
1992).

Two receptor subtypes, denoted B, and B,, have
been defined on the basis of the rank order of potency
of several bradykinin analogues, and more recently by
the use of selective and highly potent kinin receptor
antagonists. The bradykinin B, receptors seem to be
restricted to some rabbit tissues and are normally ex-

pressed in pathological states or following tissue injury,

The nonapeptide bradykinin is generated in plasma
from its percursor, the «,-globulin named kininogen,
by the actions of the enzyme kallikrein in response to
tissue injury (Regoli and Barabé, 1980). Once released,
bradykinin, acting as a local hormone, binds to specific
membrane receptors and participates in a wide number
of physiological and pathological states, such as vaso-
dilatation, increase in vascular permeability, control of

blood pressure and production of pain, and also partic-
ipates in several inflammatory processes. Apart from
these effects, bradykinin has been shown to induce
potent contractile or relaxant effects in several vascular
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and are characterized to exhibit greater affinity for the
kinin metabolites des-Arg’-bradykinin or des-Arg!‘-
kallidin (Lys-bradykinin) than for bradykinin. They are
selectively antagonized by the B, receptor antagonists,
des-Arg’[Leu®]bradykinin or des-Arg'®-[Leu®]Lys-
bradykinin. Conversely, bradykinin B, receptors are
widely distributed throughout most tissues of mam-
malian species and mediate the majority of actions of
kinin under normal conditions. The bradykinin B, re-
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ceptors present high affinity for bradykinin and kallidin
and are selectively and competitively antagonized by
several peptide B, receptor antagonists (reviewed by
Hall, 1992; Farmer and Burch, 1992).

Although functional and biochemical studies suggest
the possible heterogeneity of bradykinin B, receptors
(reviewed by Hall, 1992; Farmer and Burch, 1992),
recent evidence tends not to confirm this hypothesis,
indicating that differences detected mainly on the basis
of the potency for selective bradykinin B, receptor
antagonists reflect species variations in bradykinin B,
receptors (Hall et al., 1993; Hess et al., 1994). So far,
the bradykinin B, receptor has been cloned from
murine, rat and human species and they are members
of the superfamily of guanine nucleotide binding pro-
tein (G protein) coupled receptors (McEachern et al.,
1991; Eggrickx et al., 1992; Hess et al., 1992; 1994).
However, the intracellular second messengers which
mediate bradykinin responses are complex, and in most
tissues, including smooth muscles, are less known. The
effector systems activated by bradykinin depend on
which enzymes or channels they are coupled to in a
particular tissue. Thus, bradykinin-mediated responses
involve both mobilization of extracellular Ca?* influx,
which enters the cell through membrane Ca?* chan-
nels, and mobilization of intracellular Ca?* stores (re-
viewed by Burch et al., 1993). The mechanism by which
bradykinin mobilizes intracellular Ca®>* in most tissues
involves the activation of phosphatidylinositol-specific
phopholipase C, resulting in increases of cellular levels
of inositol 1,4,5-trisphosphate and diacylglycerol. While
inositol 1,4,5-trisphosphate releases intracellular Ca*™*
from sarcoplasmatic reticulum, diacylglycerol directly
activates protein kinase C (Farmer and Burch, 1992).
In many tissues bradykinin’s actions occur via activa-
tion of phospholipase A,, resulting in the release of
arachidonic acid which is metabolized to a variety of
eicosanoid products (Burch et al., 1993). In other tis-
sues, bradykinin-induced responses are associated with
activation of Ca?*-activated K* channels resulting in
membrane hyperpolarization. Apart from these effects,
bradykinin may also increase the cAMP or cGMP
levels, although secondary to the release of prostanoids
and nitric oxide (Hall, 1992).

The current study was undertaken to investigate, by
the use of several pharmacological procedures, some of
the second messenger transduction mechanisms in-
volved in the contractile responses elicited by
bradykinin in the guinea pig trachea, guinea pig uri-
nary bladder, guinea pig ileum, rat vas deferens and rat
uterus in vitro. These preparations of the two species
were selected because bradykinin causes concentra-
tion-dependent contraction in all of them through acti-
vation of B, receptors and because they are widely
used as pharmacological bioassays (Regoli and Barabé,
1980; Hall, 1992).

2. Material and methods
2.1. Tissue preparation

Guinea-pigs (200-350 g) and Wistar rats (200-350
g) of both sexes were lightly anesthetized with ether,
killed by a blow on the head, and exsanguinated from
the carotid arteries. The guinea pig trachea, guinea pig
ileum, guinea pig urinary bladder, rat uterus and rat
vas deferens were rapidly removed and carefully dis-
sected free from adhering tissues. The female rats were
treated 24 h before with estradiol benzoate (0.5 mg /kg
s.c.). The rings of guinea pig trachea (3—4 mm wide)
were opened and strips of guinea pig urinary bladder
(10-15 mm in length) were set up in 5 ml jacketed
organ baths containing Krebs-Henseleit solution main-
tained at 37°C, pH 7.2, and gassed continuously with
95% of O, and 5% of CO, with the following composi-
tion (mM): NaCl 113; KCl 4.7; CaCl, 2.5; MgSO, 1.1;
KH,PO, 1.1 and glucose 11 and pH 7.4. The prepara-
tions were allowed to equilibrate for at least 60 min
before drug addition under a resting tension of 1 g,
during which time the bath solution was renewed every
15 min. Isometric contraction was recorded by means
of an F 60 force transducer (Narco Biosystem). The
epithelium of guinea pig trachea was removed by gen-
tly inserting the tip of a small pair of forceps into the
luminal surface of the ring and rolling it back and forth
on filter paper soaked with bathing medium. The ab-
sence of epithelium was confirmed by assessing the
lack of relaxation response caused by bradykinin (100
nM) in preparations under spontaneous tonus
(Schlemper and Calixto, 1994). The guinea pig ileum
(20 mm in length), and the whole rat vas deferens and
rat uterus (15-20 mm in length) were set up in 5 ml
organ baths containing Tyrode (37°C) solution, modi-
fied Krebs solution (30°C) or De Jalon solution (30°C),
respectively. Preparations were bubbled with air under
1 g (guinea pig ileum and rat uterus) and 0.5 g of load
(rat vas deferens). The isotonic contractions were
recorded by means of a light lever (6-fold amplifica-
tion) writing on a kymograph. The physiological solu-
tions had the following composition (mM): De Jalon
solution (NaCl 154; KCl 4.7; CaCl, 0.3; MgCl, 1.4;
NaHCO, 1.7 and glucose 5.5), Tyrode solution (NaCl
137; KCl 2.7; CaCl, 1.8; MgCl, 1.0; NaHCO; 11.9;
NaH,PO, 0.4 and glucose 5.5), and modified Krebs
solution (NaCl 136.8; KCl 5.6; CaCl, 1.3; NaH,PO,
0.4; NaHCOj; 14.8 and glucose 5.5). The pH was ajusted
to 7.2. Preparations were allowed to equilibrate for at
least 60 min before the experiments were started, and
during this period the bath solution was changed every
15 min. Responses to bradykinin in all tissues were
determined in the presence of captopril (3 uM) to
avoid degradation by the action of kininase II. Con-
firming our previous findings (Medeiros and Calixto,
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1993), no significant differences were observed in the
responsiveness to bradykinin when the experiments
were carried out in preparations aired with carbogen
or bubbled with air (n = 3, results not shown).

2.2. Concentration-response curves

Following the appropriate equilibration period,
preparations were challenged with 80 mM KCI (pre-
pared by equimolar replacement of NaCl by KCl in the
medium) to evaluate the maximal response of each
preparation. After washout, replacement with normal
medium, and return to baseline, complete cumulative
concentration-response curves were obtained for
bradykinin (0.1 nM to 10 wM) in the absence or in the
presence of several drugs. In order to avoid or mini-
mize bradykinin desensitization, only one complete
bradykinin concentration-response curve was obtained
in the guinea pig trachea and in the rat vas deferens. In
the other preparations, 2-3 complete cumulative con-
centration-response curves were obtained for bradyki-
nin at 30-to 60-min intervals between curves. The cu-
mulative concentration-response curves for bradykinin
were obtained by a stepwise increase of the agonist in
approximately 0.5 log unit increments. Each drug con-
centration of the cumulative curve was added when the
effect of the preceding one had reached its maximum.

2.3. Influence of calcium

To assess the contribution of extracellular Ca** to
bradykinin-mediated contractions before obtaining a
complete concentration-response curve for bradykinin,
preparations were set up in normal physiological salt
solution, and after obtaining the contraction response
for KCl (80 mM), they were placed for 30 min in
physiological solution free of Ca? or in Ca®*-free solu-
tion containing EGTA (1 mM). To investigate the roles
played by L-type Ca?* channels in bradykinin-media-
ted contraction, in some experiments the preparations
were incubated with the L-type Ca2* channel blocker
nicardipine (1 nM to 1 uM) for 20 min and a new
complete cumulative concentration-response curve for
bradykinin was obtained in its presence. As
bradykinin-induced contraction in guinea pig trachea
was only partially affected in Ca®*-free medium, we
next examined the possible contribution of Ca’* from
intracellular sources to bradykinin-mediated contrac-
tions. To this end, complete concentration-response
curves for bradykinin were obtained in the absence or
in the presence of the alkaloid ryanodine (10 and 30
uM) incubated with guinea pig trachea 20 min before-
hand, either in normal medium or in Ca?*-free solu-
tion.

2.4. Effect of protein kinase C

The possible role of protein kinase C in the contrac-
tile response elicited by bradykinin was evaluated by
the use of the protein kinase C inhibitors, H, and
staurosporine, or the selective protein kinase C activa-
tor, phorbol ester. Following the equilibration period,
complete concentration-response curves were obtained
for bradykinin in the absence or in the presence of H,
(10 and 30 M), staurosporine (1-100 nM) or phorbol
ester (1 wM), incubated with the tissues for 30 min in
the case of H, and staurosporine and for 60 min for
phorbol ester.

2.5. Influence of pretreatment with pertussis toxin

The possible participation of G;-or G-coupled pro-
tein in bradykinin-mediated contractions in these
preparations was also investigated. Three days before
the experiments, animals under ether anesthesia re-
ceived an intravenous injection of pertussis toxin (10
pe/kg) (Eglen et al., 1987). The responsiveness to
bradykinin of preparations taken from pertussis toxin-
treated animals was compared to that of control seg-
ments from saline-treated animals. Confirming our
previous observations (Calixto and Medeiros, 1991),
the pertussis toxin treatment (10 pg/kg i.v.) inhibited
carbachol-induced negative inotropic and chronotropic
activities in isolated guinea pig and rat hearts (n =4,
results not shown).

2.6. Drugs

The following drugs were used: bradykinin, H, (5-
isoquinolinylsulfonyl-2-methyl-piperazine), nicardipine,
phorbol 12-myristate 13-acetate, captopril, pertussis
toxin (Sigma Chemical Co., St. Louis, MO, USA),
ryanodine (Research Biochemicals, Natick, MA, USA).
The stock solution of these drugs (1-10 mM) was
prepared as follows: bradykinin, H, and captopril in
saline 0.9%; all other drugs were diluted in absolute
ethanol. Pertussis toxin was dissolved in physiological
buffer solution, pH = 7.4. The final ethanol bath con-
centration was less than 0.2% and had no effect on the
tissues’ responsiveness to bradykinin. Appropriate par-
allel control experiments were carried out with only the
vehicle used to dilute these drugs. All experiments
carried out with nicardipine were protected from light
to avoid its degradation.

2.7. Statistical analysis

The contractile responses for bradykinin are pre-
sented as percentages of the response to 80 mM KCI.
The ECs, values (i.e. the concentration of bradykinin
causing half-maximal contractile response) were deter-
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Fig. 1. Mean concentration-response curve for bradykinin in several

nonvascular smooth muscles from (A) guinea pig ileum, (B) rat uterus, (C)

guinea pig urinary bladder, (D) rat vas deferens and (E) guinea pig trachea. Control responses (O) or responses obtained in tissues maintained in
Ca’*-free solution (@) or in Ca?*-free solution plus EGTA (1 mM) (01). Each point represents the mean of 5~7 experiments and the vertical

lines indicate the S.E.M.

mined for individual experiments from complete
bradykinin concentration-response curves by the use of
the least-squares method. Only one antagonist was
tested in each preparation. The EC,, are presented as
the geometric means accompanied by their respective
95% confidence limits. All other values shown repre-
sent the mean + S.E.M. Statistical significance was as-
sessed by unpaired Student’s t-test. Differences be-

tween groups were considered to be significant at P <
0.05.

BRADYKININ (nM)

3. Results

3.1. Concentration-response curves for bradykinin

Cumulative addition of bradykinin (0.1 nM to 10
wM) caused a concentration-dependent contractile re-
sponse in all studied preparations. With the exception
of the actions of bradykinin in guinea pig trachea and
guinea pig urinary bladder, which were characterized
by slowly developed sustained tonic contraction,
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Fig. 2. Mean concentration-response curve for bradykinin in several nonvascular smooth muscles from (A) guinea pig ileum, (B) rat uterus, (C)
guinea pig urinary bladder, (D) rat vas deferens and (E) guinea pig trachea. Control responses (O) or responses obtained in the presence of
nicardipine: (A) 0.01 pM (@), 0.1 oM (0); (B) 0.1 uM (@), 1 uM (0); (C) 0.1 uM (@), 1 uM (0O); (D) 0.001 uM (@), 0.01 M (O); and (E) 1 uM
(e). Each point represents the mean of 6-8 experiments and the vertical lines indicate the S.E.M.
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Fig. 3. Mean concentration-response curve for bradykinin in the
guinea pig isolated trachea obtained in normal medium (A) in the
absence (O) or in the presence of ryanodine (30 uM, ®), or re-
sponses obtained in Ca’*-free solution (B) in the absence (O) or in
the presence of 10 uM (®) or 30 M (D) of ryanodine. Each point
represents the mean of 5 experiments and the vertical lines indicate
the S.E.M.

bradykinin-induced contractions in guinea pig ileum,
rat uterus and rat vas deferens were characterized by a
rapid phasic response. The relative rank order of po-
tency (EC,, nM and 95% confidence limits) was:
guinea pig ileum, 3.4 (2.5-10.8) > rat uterus 5.3 (3.4—
8.5) > guinea pig trachea 15.5 (11.4-20.7) > rat vas def-
erens 41.7 (31.3-62.8) > guinea pig urinary bladder 52.3
(38.6-69.2). The maximal contractions (in percentage
of 80 mM KCIl contractions, mean + S.E.M.) were:
152 + 8 (guinea pig ileum), 122 + 6 (rat uterus); 97 + 3
(guinea pig urinary bladder); 75 + 5 (guinea pig tra-
chea) and 33 + 3 (rat vas deferens).

3.2. Effect of calcium removal, nicardipine and ryan-
odine on bradykinin-induced contraction

The contractile responses elicited by bradykinin in
the guinea pig ileum, guinea pig urinary bladder and

rat vas deferens were completely abolished when the
preparations were maintained in Ca®*-free medium for
30 min (Fig. 1A, C and D). Although bradykinin-in-
duced contraction in rat uterus was also markedly
depressed in Ca®*-free medium (percentage of inhibi-
tion, mean + S.E.M. of 76 + 5), its response was not
significantly depressed any further in Ca®*-free medium
plus EGTA (1 mM) (81 + 4%) (Fig. 1B). Conversely,
bradykinin-induced contractions in guinea pig trachea
were partially but significantly inhibited (P < 0.05) (28
+4%) when preparations were placed in Ca’*-free
medium. Similar inhibition for bradykinin-induced con-
traction (26 + 4%) was observed when guinea pig tra-
cheas were placed in Ca’?*-free medium containing
EGTA (1 mM) (Fig. 1E). Preincubation of the prepara-
tions with nicardipine (0.001-1 wM) had no effect on
the tone of the preparations (results not shown), but
caused a potent and graded inhibition of bradykinin-in-
duced contraction in guinea pig ileum, rat uterus,
guinea pig urinary bladder and rat vas deferens (Fig.
2A, B, C and D). The inhibition was 100; 92 + 4; 85 + 3
and 93 + 3%, respectively. Nicardipine was most po-
tent in inhibiting bradykinin-induced contraction in rat
vas deferens followed by guinea pig ileum > rat uterus
= guinea pig urinary bladder. However, nicardipine up
to 1 uM failed to affect bradykinin-induced contrac-
tion in guinea pig trachea (Fig. 2E), but consistently
antagonized KCl-induced contraction (control response
of 3.54+0.32 g and response in the presence of
nicardipine of 1.46 + 0.28 g, P < 0.05, n = 5). Preincu-
bation of guinea pig trachea, maintained in normal
Krebs solution with ryanodine (30 M), caused partial
but significant inhibition of bradykinin-induced con-
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traction (33 + 3%) (P < 0.05) (Fig. 3A). However, when
this alkaloid (10 uM and 30 wM) was added to the
guinea pig trachea maintained in Ca?*-free medium, it
markedly prevented bradykinin-mediated contraction

uM, ryanodine completely abolished bradykinin-in-
duced contraction in this preparation (Fig. 3B), leaving
the contraction induced by KCl unaffected (control
response of 3.41 4+ 0.30 g versus 2.95 4+ 0.32 g in the

in a concentration-dependent manner (Fig. 3B). At 30 presence of ryanodine, P > 0.05, n = 5).
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Fig. 6. Mean concentration-response curves for bradykinin in several nonvascular smooth muscles from (A) guinea pig ileum, (B) rat uterus, (C)
guinea pig urinary bladder, (D) rat vas deferens and (E) guinea pig trachca. Response obtained in saline-treated animals (O) or responses

obtained in animals pretreated with pertussis toxin (10 wg/kg i.v., 3 days prior to experiments) (®). Each point represents the mean of 5-7
experiments and the vertical lines indicate the S.E.M.
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3.3. Effect of protein kinase C inhibitors and activator
on bradykinin action

Preincubation of guinea pig ileum, rat vas deferens
and guinea pig trachea with H, (10 and 30 puM), a
protein kinase C inhibitor, failed to affect the tone of
the tissue (results not shown), but inhibited bradyki-
nin-mediated contractions, with inhibition at 30 uM of
59 + 4%, 61 + 3% and 62 + 4%, respectively. Interest-
ingly, H, up to 30 uM failed to significantly affect
bradykinin-elicited contraction in rat uterus and in
guinea pig urinary bladder (Fig. 4B and C) as well as
KCl-mediated contraction in all studied preparations
(results not shown, n = 4-5 experiments).

Staurosporine (1-100 nM), another protein kinase C
inhibitor, also did not affect the tonus of the prepara-
tions (not shown), but caused graded and significant
inhibition of bradykinin-induced contraction in guinea
pig ileum, rat vas deferens and guinea pig trachea (Fig.
5A, D and E). The inhibition of bradykinin (0.1 nM to
10 uM) responses caused by 30-100 nM of stau-
rosporine was 94 + 4; 65 + 7 and 58 + 8, respectively.
In contrast, only higher concentration of staurosporine
(100 nM) inhibited bradykinin-induced contractions in
rat uterus (86 + 6% of inhibition) and caused a marked
displacement to the right of the bradykinin-induced
contractile response in guinea pig urinary bladder (Fig.
5B and D). As reported for H,, the highest effective
concentration used of staurosporine (100 nM) did not
significantly affect the contraction induced by KClI in
all studied tissues (results not shown, n = 4-5 experi-
ments).

Interestingly, short-term exposure (60 min) of all
preparations to phorbol ester (1 uM), a diterpene
known to activate protein kinase C, did not signifi-
cantly modify bradykinin-mediated contractions in any
studied tissues (results not shown, n = 6-7 experi-
ments). In addition, phorbol ester up to 1 uM failed to
affect the tonus of the studied preparations (results not
shown).

3.4. Influence of pertussis toxin pretreatment

The pretreatment of animals with pertussis toxin (10
ng/kg iv) 3 days prior to the experiments did not
result in any significant change of bradykinin-mediated
contractions in guinea pig ileum, guinea pig trachea,
guinea pig urinary bladder or rat vas deferens (Fig. 6A,
C, D and E). However, the same treatment caused a
small but significant (about 3-fold) displacement to the
right of bradykinin-mediated contractions of rat uterus.
The ECs, of pertussis toxin-treated rats was 9.2 (7.2—
12.7) nM and that of saline-treated rats was 3.2 (1.1-
5.8) nM (Fig. 6B). However, the maximal response
elicited by bradykinin was not significantly affected in
pertussis toxin-treated preparations (Fig. 6B).

4. Discussion

The results of the present study demonstrate that
bradykinin caused potent and concentration-dependent
contractile responses in guinea pig ileum, guinea pig
urinary bladder, guinea pig trachea, rat uterus and rat
vas deferens, but the second messenger mechanisms
underlying its responses markedly differed among the
preparations. Bradykinin exhibited similar potency in
eliciting contraction in guinea pig ileum, rat uterus and
guinea pig trachea, but it was about 8-10 times less
potent in inducing contraction in rat vas deferens and
guinea pig urinary bladder. In addition, the maximal
responses to bradykinin also markedly differed among
the studied preparations, being greater in guinea pig
ileum, followed by rat uterus > guinea pig urinary blad-
der > guinea pig trachea > rat vas deferens.

Of interest are the results indicating that bradyki-
nin-mediated contractions in guinea pig ileum, guinea
pig urinary bladder, rat vas deferens, and rat uterus
rely almost exclusively on extracellular Ca?* influx, as
its contractile responses were abolished in Ca?*-free
medium. Moreover, the contractile responses elicited
by bradykinin in rat vas deferens, guinea pig ileumn and
guinea pig urinary bladder were very sensitive to the
action of nicardipine, suggesting that bradykinin in-
duces Ca?* mobilization from extracellular medium in
such preparations via L-type voltage-sensitive dihydro-
pyridine channels. Such results differ somewhat from
similar experiments carried out with bradykinin in aorta
and jugular vein from rabbits (Calixto and Medeiros,
1992), in circular muscle from guinea pig ileum (Calixto
and Medeiros, 1991) and guinea pig gallbladder
(Cabrini et al., 1995), which were quite resistant to the
action of nicardipine. These results indicate that
bradykinin-induced contractions in the latter prepara-
tions presumably involve mechanisms other than the
activation of voltage-sensitive L-type Ca?* channels.
Bradykinin-mediated contraction in guinea pig trachea
relies only partially on extracellular Ca’?" influx, as
indicated by the fact that its contractile response was
resistant to Ca?*-free medium or Ca’?*-free solution
plus EGTA. Furthermore, nicardipine, at a concentra-
tion that markedly antagonized KCl-induced contrac-
tion in guinea pig trachea, failed to interfere with
bradykinin-induced contraction in this preparation.
Taken together, such results are consistent with the
view that bradykinin-mediated contraction in guinea
pig trachea is mainly associated with the release of
Ca’™* from intracellular store sources. This hypothesis
was further investigated by examining the effect of the
neutral alkaloid ryanodine, which has been recently
demonstrated to bind specifically with ryanodine re-
ceptors on the sarcoplasmatic reticulum. These recep-
tors are widely distributed in the peripheral and in the
central nervous system of several mammalian species
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(reviewed by Sorrentino and Volpe, 1993; McPherson
and Campbell, 1993; Meissner, 1994). This alkaloid has
been reported to affect muscle contraction either by
closing or opening the sarcoplasmatic reticulum Ca®*
channels. Thus, ryanodine, when added to the guinea
pig trachea maintained in Ca®*-free solution, and to a
lesser degree in normal medium, caused significant
inhibition of bradykinin-mediated contraction in guinea
pig trachea, thus further supporting our previous no-
tion that bradykinin-induced contraction in guinea pig
trachea appears to be coupled to activation of
phospholipase C and generation of inositol 1,4,5-tris-
phosphate. The action of ryanodine on bradykinin-
mediated contraction in guinea pig trachea seems to be
quite selective, as at the higher concentration used this
alkaloid did not significantly affect KCl-induced con-
tractions. Similar inhibition by ryanodine of bradyki-
nin-induced contraction via stimulation of B, receptor
has been demonstrated in the guinea pig gallbladder in
vitro (Cabrini et al., 1995). Recently, Yang et al. (1994)
reported very similar results indicating that bradykinin
acting on B, receptors increases the intracellular Ca?*
concentration in canine trachea smooth muscle cells
through activation of B, receptors. This bradykinin
effect involves release of Ca?* from intracellular Ca?*
stores followed by the influx of external Ca’*. One
ryanodine receptor, termed B4, has been demon-
strated to be coupled to bradykinin receptor activation
in mink lung epithelial cells (Giannini et al., 1992).
Another interesting aspect investigated in the pre-
sent study was the fact that the contractile responses
elicited by bradykinin in guinea pig ileum, rat vas
deferens and guinea pig trachea and partially in rat
uterus, but not in guinea pig urinary bladder, were
markedly reduced by the protein kinase C antagonists
H, and staurosporine, staurosporine being markedly
(50- to 100-fold) more potent. Although some nonspe-
cific effects of both protein kinase C inhibitors have
been reported (Hidaka and Kobayashi, 1992; Ruegg
and Burguess, 1989), in our models their actions seem
to be quite selective, as at the concentration that they
were cffective in antagonizing bradykinin-mediated
contractions, neither drug significantly interfered with
KCl-mediated responses. Similar inhibition of
bradykinin-mediated contraction by protein kinase C
inhibitors has been demonstrated previously in circular
muscle from guinea pig ileum (Calixto and Medeiros,
1991), rabbit aorta and jugular vein (Calixto and
Medeiros, 1992) and rat portal vein (Campos and Cal-
ixto, 1994), but not in guinea pig gallbladder (Cabrini
et al., 1995). These findings suggest that protein kinase
C-dependent mechanisms play an important role in the
action of bradykinin in such preparations, possibly by
stimulation of phosphatidylinositide-specific phospho-
lipase C turnover and formation of diacylglycerol (re-
viewed by Hall, 1992; Farmer and Burch, 1992). How-

ever, there are marked variations in the sensitivity of
protein kinase C inhibitors among tissues and animal
species. We did not further explore the reason for the
differences in the present study. However, recently
reported results revealed a greater differential sensitiv-
ity of protein kinase C inhibitors when analysed against
different isoforms of this protein (Shimamoto et al.,
1993; Wilkinson et al., 1993). Thus, the possible exis-
tence of isoforms of protein kinase C among prepara-
tions might explain, at least in part, such discrepant
data. Surprisingly, the short-term (60 min) activation of
protein kinase C with the selective protein kinase C
activator, phorbol 12-myristate 13-acetate, failed to
affect bradykinin-mediated contractions and did not
cause any effect per se on the tonus of the prepara-
tions. It is possible that the lack of effect of phorbol on
the basal tone as well as in bradykinin-mediated con-
traction in such tissues, in contrast to that reported in
other smooth muscle preparations (Rasmussen et al.,
1987; Guimaraes et al., 1992), is due to the short
period of incubation. Alternatively, the bradykinin-in-
duced contraction mediated by activation of B, recep-
tors in these preparations could involve a complex
mechanism of action, and activation of protein kinase
C alone might not be sufficient to elicit contraction.
Additional experiments are clearly required to clarify
this point.

It is well established that tissue sensitivity to bacte-
rial toxins, such as pertussis toxin, a toxin that is known
to catalyse the adenosine 5-diphosphate ribosylation of
G- and G;-proteins, has long been used as a criterion
to investigate the possible involvement of a class of G
proteins that couple neurotransmitter responses in
many cell types (Murayama and Ui, 1983; Ui, 1986).
Thus, we also assessed whether guanine nucleotide
regulatory proteins G, and/or G, couple bradykinin-
mediated contractions in these preparations. The treat-
ment of animals with pertussis toxin (10 ug/kg iv.) 3
days before the experiments failed to affect bradykinin-
mediated contractions in guinea pig ileum, guinea pig
urinary bladder, guinea pig trachea and rat vas defer-
ens. These findings are consistent with the view that
coupling of bradykinin receptors to a phospholipase C
and to Ca’* entry in such tissues is probably mediated
by G proteins which are presumably distinct from the
known pertussis toxin-sensitive G; or G,. However,
bradykinin-induced contraction in the rat uterus was
partially but significantly inhibited in animals pre-
treated with pertussis toxin, suggesting that G; and /or
G, protein modulates bradykinin-mediated contraction
in this preparation. These findings are in accordance
with recently reported data indicating that bradykinin
B, receptors are coupled to pertussis toxin-sensitive G
proteins (G,2, G2a, G;3a and G,) in rat myometrium
(Tanfin and Harbon, 1987; Milligan et al., 1989; Lieb-
mann et al.,, 1990; Tanfin et al., 1991). Of particular
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interest are the previous findings showing that the G;
protein levels in the rat myometrium change during
gestation, and that previous treatment with pertussis
toxin on day 12 of pregnancy attenuated cyclic AMP
responses, suggesting an inhibitory involvement of G;
proteins in this process (Tanfin and Harbon, 1987).
Several studies have directly or indirectly suggested
that bradykinin-mediated responses in many tissues are
susceptible to modulation by pertussis toxin-sensitive
(G; or G,) proteins (Liebmann et al., 1990; Bozou et
al., 1989; Ewald et al., 1989; Gil-Longo et al., 1993),
while in other tissues bradykinin-mediated responses
seem to be unaffected by pertussis toxin (Burch and
Axelrod, 1987; Kremer et al., 1987; Perney and Miller,
1989; Calixto and Medeiros, 1991; Liao and Homcy,
1994; Wilkb-Laszczak et al., 1994).

In summary, the results of the current study provide
consistent evidence indicating that the post-receptor
mechanisms involved in bradykinin-mediated contrac-
tions of nonvascular smooth muscle preparations from
guinea pigs and rats are regulated by multiple mecha-
nisms. Although all bradykinin responses in these tis-
sues are thought to be mediated by activation of B,
receptors (Hall, 1992; Farmer and Burch, 1992), the
contractile responses induced by bradykinin in rat vas
deferens, guinea pig ileum, guinea pig urinary bladder
and rat uterus are largely dependent on the influx of
Ca’* from the extracellular medium, which is very
sensitive to inhibition by nicardipine, a voltage-sensi-
tive L-type Ca’" channel antagonist. In contrast,
bradykinin-mediated contraction in guinea pig trachea
relies much less on influx of extracellular Ca?* and
depends strongly on the release of Ca?* from intra-
cellular stores, a mechanism which was abolished by
ryanodine. Furthermore, bradykinin-mediated contrac-
tions in guinea pig ileum, rat vas deferens and guinea
pig trachea seem to involve, at least in part, activation
of protein kinase C-dependent mechanisms. Finally, we
have also provided functional evidence indicating that
bradykinin-induced contraction in rat uterus, but not in
guinea pig ileum, guinea pig trachea, guinea pig uri-
nary bladder or rat vas deferens, is mediated by a
mechanism regulated by pertussis toxin-sensitive G;
and /or G, coupled proteins. Such differences in the
mechanisms of bradykinin-mediated contractions in
these preparations may indicate that this peptide, act-
ing through stimulation of bradykinin B, receptors on
smooth muscles, can activate multiple signalling path-
ways, which in turn control muscle contraction. Fur-
thermore, it cannot be ruled out that such differences
in bradykinin responses can be partially attributed to
the small changes in bradykinin sequence of B, recep-
tors reported to occur among animal species (Hall et
al., 1993; Hess et al., 1994).
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