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Abstract

T-kinin and its putative carboxypeptidase product des-Arg"!-T-kinin are members of the kinin family that are unique to the rat. Primary
cultures of rat bladder smooth muscle cells were used to investigate the pharmacology of these peptides. Calcium imaging experiments
showed that rat bladder smooth muscle cells responded to both bradykinin and des-Arg®-bradykinin with an increase in [Ca®*]; and
responses to both agonists could be observed in the same cell. A more detailed pharmacological characterisation with a range of bradykinin
receptor agonists and antagonists using *>Ca*> " efflux confirmed the presence of both B; and B, bradykinin receptors. Using this cellular
model, we confirm that T-kinin is a bradykinin B, receptor agonist and show for the first time that des-Arg''-T-kinin is a potent and selective
bradykinin B; receptor agonist. In addition, using cells expressing the cloned rat and human bradykinin B, receptors plus the Ca> " -sensitive
protein aequorin, T-kinin was shown to be selective for the rat over the human bradykinin B, receptor.

© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The effects of the inflammatory mediators bradykinin
(Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg) and kallidin (Lys-
bradykinin), and their carboxypeptidase metabolites des-
Arg’-bradykinin and des-Arg'®-kallidin have been exten-
sively investigated; however, less is known about the
pharmacology of the rat-specific T-kinin (Ile-Ser-bradyki-
nin) and the potential role of its putative carboxypeptidase
breakdown product des-Arg''-T-kinin has not been inves-
tigated.

In most species, bradykinin is formed by the action of
plasma kallikrein on high molecular weight kininogen, and
kallidin is formed from high or low molecular weight
kininogens by tissue kallikrein. In the rat, there are two
differences in the kinin generating system. Due to a minor
difference in the sequence of the cleavage site, tissue
kallikrein generates bradykinin from kininogens and, there-
fore, kallidin is not generated in the rat. Secondly, a third
type of kininogen known as T-kininogen, coded for by a
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separate gene, is found in the rat. This is broken down by T-
kininogenase leading to the production of T-kinin (Ile-Ser-
bradykinin). T-kininogen is thought to have a role in
inflammatory processes in the rat, as its expression is
increased following an inflammatory insult (Barlas et al.,
1985a,b).

Bradykinin and kallidin are subject to degradation by
proteases, cleavage by carboxypeptidases removes the ter-
minal arginine to form des-Arg’-bradykinin and des-Arg'’-
kallidin, respectively (Bhoola et al., 1992). T-kinin is also
subject to degradation and can be converted to bradykinin
by the action of an aminopeptidase. It is also susceptible to
carboxypeptidases in vitro (Passaglio and Vieira, 1996), and
it is likely that the potential carboxypeptidase metabolite of
T-kinin, des-Arg“—T—kinin, occurs naturally.

The effects of bradykinin and kallidin are mediated by
the bradykinin B, receptor. The bradykinin B; receptor,
whose expression is regulated by inflammatory mediators, is
activated by des-Arg’-bradykinin and des-Arg'’-kallidin. In
the rat, T-kinin is thought to act on the bradykinin B,
receptor (Yamawaki et al., 1995). The activity of des-
Arg"'-T-kinin has not been explored but it might be
expected to be a bradykinin B, receptor agonist. Recently,
it has been shown that des-Arg''-T-kinin can displace
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[*H]des-Arg'’kallidin binding to the cloned rat bradykinin
B, receptor (Jones et al., 1999); however, its pharmacolog-
ical actions have not been investigated in detail.

Rat bladder has been reported to express both B; and B,
bradykinin receptors (Lecci et al., 1995), and the expression
of the bradykinin B, receptor is increased following inflam-
matory insults (Belichard et al., 1999; Jones et al., 1999).
The pharmacology of bradykinin receptors in rat bladder
smooth muscle cells has not, however, been studied. In this
report, we show that isolated rat bladder smooth muscle
cells express both B; and B, bradykinin receptors and
characterise the responses to T-kinin and the novel kinin
des-Arg''-T-kinin.

2. Methods
2.1. Preparation of bladder smooth muscle cells

Bladder smooth muscle cells were prepared by a mod-
ification of the method of Levesque et al. (1993). The
urinary bladder was removed from female Sprague—Dawley
rats weighing about 150—170 g and washed in growth
medium (Medium 199 containing 2 mM L-glutamine, 100
U/ml penicillin and 100 pg/ml streptomycin plus 10% foetal
calf serum (FCS)). After chopping into approximately 2 X 2
mm pieces, the tissue was digested with 1 mg/ml elastase
(from porcine pancreas) and 3 mg/ml collagenase (Type 4)
for 90 min on a rotary shaker at 37 °C. The digested tissue
was spun at 300 X g for 5 min, the pellet was resuspended in
growth medium and then triturated gently. The resulting cell
suspension was passed through a 90-um muslin filter to
remove undigested clumps of tissue and the cells transferred
to 80-cm? tissue culture flasks in growth medium and grown
in 6% CO; at 37 °C. The medium was changed after 1 day
to remove any debris. The cells multiplied in culture and
were split by a ratio of 1:2 every 3—4 days using a solution
containing 1 mM EDTA and 10 mM HEPES in Ca*" - and
Mg? " -free Hanks Balanced Salt Solution (HBSS) to detach
the cells. All experiments were carried out on cells that had
been in culture for 7-9 days.

In culture, the isolated rat bladder smooth muscle cells
showed the classic “hill and valley” phenotype typical of
smooth muscle cells (Chamley-Campbell et al., 1979). To
determine the proportion of the cell population that were
smooth muscle, a monoclonal antibody to the smooth
muscle form of actin was used. The cells were plated onto
poly-D-ornithine-coated glass coverslips (22 mm) at approx-
imately 15,000 cells per coverslip in growth medium and
grown overnight. The cells were fixed (methanol and glacial
acetic acid (95%/5% v/v) for 30 min), washed in phosphate-
buffered saline (PBS), pH 7.2, incubated in blocking sol-
ution (5% sheep serum in PBS) for 15 min before incubation
with mouse monoclonal anti-a-smooth muscle actin, at a
dilution of 1:400, made up in blocking solution, for 2 h at
room temperature. After extensive washing in PBS, fluo-

rescein-linked anti-mouse Ig diluted 1:30 in blocking sol-
ution was applied for 2 h in the dark. The coverslips were
washed in PBS and placed on microscope slides with
Citifluor mounting medium, sealed with nail varnish and
examined under a fluorescence microscope. These experi-
ments showed that approximately 90% of the cells stained
positively for the a-smooth muscle actin antibody. No
staining was observed in the bladder smooth muscle cells
with control ascites fluid and anti-o-actin did not stain
Chinese Hamster Ovary (CHO) cells, which were used as
negative control.

2.2. Measurement of **Ca’" efflux

Measurement of **Ca”" efflux was carried out as de-
scribed in Smith et al. (1995). Briefly, bladder smooth
muscle cells were plated onto 60-well Terasaki plates at
approximately 1500 cells/well and grown overnight. After
loading with 45 nCi/ml [**Ca]calcium chloride for 4 h at 37
°C, the cells were washed for 17 min in assay buffer (10
mM HEPES in HBSS, pH 7.4). Agonists were applied for 1
min and antagonists were applied for the 4 min prior to, and
during, the 1-min application of agonist. The amount of
43Ca’”" in each wash was measured by liquid scintillation
counting in a Wallac scintillation counter.

In some experiments, the method was adapted for 96-
well plates; the smooth muscle cells were plated at 35,000
cells/well and grown overnight. The medium was removed
from the cells and replaced with 50 pl of 50 pCi/ml
[**Ca]calcium chloride and incubated for 4 h at 37 °C.
The cells were washed for 20 min with assay buffer using a
Denley cell washer and then exposed to the agonist for 4
min. Where antagonists were used, they were added for 4
min before the addition of the agonist as well as during the
application of agonist. The amount of **Ca** in each wash
was determined by counting on a Packard Topcount.

The amount of *°Ca® " efflux for each wash was calcu-
lated as a fraction of the total *Ca®* in the cells (deter-
mined by solubilising the cells with 0.2% sodium dodecyl
sulphate). The rate of **Ca®"* efflux in response to an
agonist was expressed as the fold increase over the basal
efflux. Typical values for basal and agonist-evoked efflux in
the Terasaki-based method were 0.045 +0.002 min '
(n=24), 0.114 £ 0.002 min ~ ' (n=24) and 0.296 + 0.045
min ~ ' (n=6) for basal, des—Argg—bradykinin (1 uM) and
bradykinin (100 nM)-evoked efflux, respectively. In the 96-
well plate-based method, basal efflux was 0.016 £ 0.001
min ~ ' (n=6) and agonist-evoked efflux was 0.030 + 0.005
min~' (n=7) for des-Arg’-bradykinin (1 pM) and
0.091 £ 0.005 (n=9) for bradykinin (100 nM).

2.3. Calcium imaging
Bladder smooth muscle cells were plated onto poly-D-

ornithine-coated 22-mm glass coverslips at approximately
17,000 cells per coverslip in growth medium and grown
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overnight. A video imaging system (Imagemaster, Photon
Technology International) was used for measurement of
[Ca’"];. The cells were loaded with 2 pM of the cell
permeant acetoxymethyl ester of fura-2 (fura-2/AM) for
30 min at 37 °C, rinsed, transferred to a perfusion chamber
at room temperature and perfused (flow rate of 1 ml/min)
with buffer (HBSS containing 10 mM HEPES, pH 7.4) in
the presence and absence of drugs. Fura-2 was excited
alternately at 340 and 380 nm, and the emitted light
monitored at 510 nm. Images were captured every 4 s and
ratio images calculated using Imagemaster software.

2.4. Aequorin-based assays

To measure the activity of the human bradykinin B,
receptor, CHO cells stably expressing the receptor and
aequorin, a protein which emits light on interaction with
Ca’*, were used. The cells were grown in Minimum
Essential Medium Alpha without ribonucleosides and deox-
yribonucleosides, supplemented with 10% dialysed FCS, 2
mM L-glutamine, 100 IU/ml penicillin, 100 pg/ml strepto-
mycin and 700 ug/ml G418. For the assay, the cells were
plated onto Packard Viewplates at 50,000 cells/well, grown
overnight and then incubated with 20 uM coelenterazine H
plus 30 uM glutathione, made up in the growth media, for
2-3 h at 37 °C. The loading solution was removed and
replaced with assay buffer (10 mM HEPES in HBSS, pH
7.4) and the plate was placed in a Luminoskan luminometer.
Following injection of the agonist, the luminescence was
measured for 20 s. For comparison Cos-7 cells (grown in
Dulbecco’s Modified Eagle Medium plus 2 mM L-gluta-
mine, 100 IU/ml penicillin, 100 pg/ml streptomycin and
10% FCS) were transiently transfected with the rat brady-
kinin B, receptor and aequorin cDNA. Following trans-
fection with 50 pg aequorin cDNA and 20 pg of rat
bradykinin B, receptor cDNA using electroporation (300
V, 500 pF using a Bio-Rad Gene Pulser), the cells were
plated at 12,500 cells/well in Packard Viewplates and grown
for 2 days. The cells were loaded with coelenterazine H and
the luminescence measured as described above for the
human bradykinin B, receptor.

2.5. Data analysis

The data were calculated as the mean and S.E.M. of at
least three independent experiments. Agonist and antagonist
concentration—response curves were fitted using a Logistic
fit in Microcal Origin. Statistical comparisons were made
using two-tailed unpaired Student’s test; results were con-
sidered significant if P<0.05.

2.6. Materials
Bradykinin, des-Arg’-bradykinin, [Leu®]-des-Arg’-bra-

dykinin and kallidin were obtained from Bachem (UK).
Des-Arg'%kallidin, HOE140 (p-Arg-[Hyp®,Thi’,p-Tic’,

Oic®)-bradykinin) and des-Arg'®-HOE140 were obtained
from Peninsula Laboratories Europe. T-kinin and Sar-[D-
Phe®]-des-Arg’-bradykinin were obtained from Novabio-
chem. B9858 (Lys-Lys-[Hyp®,Igl’,n-Igl’,Oic*]-des-Arg’-
bradykinin; Stewart et al., 1996) was custom synthesised
by Phoenix Pharmaceuticals, and des-Arg''-T-kinin was
custom synthesised by Peptide and Protein Research (Uni-
versity of Exeter, Exeter, UK). The bradykinin B, receptor
antagonist FR173657 ((E)-3-(6-acetamido-3-pyridyl)-N-[N-
(2,4-dichloro-3-[(2-methyl-8-quinolinyl)-oxymethyl]-phe-
nyl]-N-methylaminacarbonylmethyl]-acrylamide; Asano et
al., 1997) was kindly synthesised by Dr. David Xu at
Novartis, Summit, USA. [**Ca]calcium chloride (specific
activity 0.185—1.85 MBg/mg calcium) was from Amersham
Pharmacia Biotech. The collagenase was from Worthington
Biochemical (Lakewood, NJ, USA), clastase was from
Roche Diagnostics. The anti-a-actin was from Sigma-
Aldrich and fluorescein-linked anti-mouse Ig was from
Amesham Pharmacia Biotech. Citifluor mounting medium
was from Citifluor (City University, London, UK). Micro-
scint-40 was from Packard Bioscience. Fura-2/AM was
from Molecular Probes. All tissue culture media and sup-
plies were from Life Technologies, all other reagents were
from Sigma-Aldrich or BDH.

3. Results

As both By and B, bradykinin receptors have been
reported to be linked to phosphoinositidase C and increased
[Ca® " ]; in other smooth muscle cells (Levesque et al., 1993;
Tropea et al., 1993; Mathis et al., 1996), changes in Ca®"
homeostasis were used a measure of receptor activation in
the isolated bladder smooth muscle cells. Calcium imaging
experiments showed that bladder smooth muscle cells
responded to bradykinin B; and B, receptor agonists with
a rise in [Ca’"]; (Fig. 1). Out of 15 cells exposed to
bradykinin (100 nM), all 15 responded and des-Arg’-bra-
dykinin (300 nM) evoked an increase in [Ca® * ]; in 14 out of
17 cells tested.

The cells responded to bradykinin stimulation with a
rapid and transient increase in [Ca® "], (Fig. 1A), whereas
the response to des-Arg’-bradykinin was usually slower,
more prolonged and was often oscillatory in nature (B,C).
Individual cells were able to respond to both bradykinin and
des-Arg’-bradykinin (C,D). Out of 11 cells challenged with
both agonists, all responded to bradykinin and 8 responded
to des-Arg’-bradykinin. This indicates that both receptors
can be expressed in the same cell.

In order to characterise these responses more fully, the
pharmacology was investigated using agonist-evoked
$Ca?" efflux. Bladder smooth muscle cells responded to
both B; and B, bradykinin receptor agonists with an
increase in **Ca” " efflux (Fig. 2). The maximum responses
evoked by the bradykinin B, receptor agonists bradykinin
and kallidin (8.0 £ 1.6 (n=6)- and 8.4+ 0.9 (n=4)-fold
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Fig. 1. Increases in [Ca® " ]; evoked by des-Arg’-bradykinin and bradykinin
in bladder smooth muscle cells. The data represent the ratio of the
fluorescence emitted at 510 nm, following excitation at 340 and 380 nm, in
individual bladder smooth muscle cells loaded with fura-2/AM. The cells
were stimulated with 300 nM des-Arg’-bradykinin (1 min) or 100 nM
bradykinin (I min). The bar indicates the presence of either des-Arg’-
bradykinin (dABK) or bradykinin (BK). Each trace represents the data from
a single cell.

increases over basal, respectively) were significantly greater
(P<0.05) than the maximum responses evoked by the
bradykinin B; receptor agonists, 3.0 £ 0.2 (n=10)-fold
increase over basal for des-Arg’-bradykinin and 2.8 + 0.5
(n=15)-fold increase over basal for des—ArglO-kallidin. In
addition, the bradykinin B, receptor agonists were more
potent than the bradykinin B, receptor agonists. The ECsq
values for bradykinin and kallidin were 2.7 = 1.6 nM (n=06)
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Fig. 2. Stimulation of **Ca®>" efflux in bladder smooth muscle cells by
bradykinin, kallidin, des-Arg’-bradykinin and des-Arg'®-kallidin. The data
represent the increase in “*Ca®”" efflux, expressed as fold increase over
basal, evoked by the concentrations of the agonists shown and are the
means and S.E.M. of 4—10 independent experiments. Des-Arg’-bradykinin
and des-Arg'®kallidin were applied in the presence of 30 nM HOE140 to
block activation of bradykinin B, receptors.

and 3.2+ 1.1 nM (n=4), respectively, and for des-Arg’-
bradykinin and des-Arg'’kallidin, they were 37 +9 nM
(n=10) and 39 £+ 14 nM (n=5), respectively.

The pharmacology of the bradykinin receptors on
bladder smooth muscle cells was characterised further
by measuring the ability of HOE140 (a selective brady-
kinin B, receptor peptide antagonist), FR173657 (a non-
peptide bradykinin B, receptor antagonist), des-Argm—
HOE140 (a peptide bradykinin B; receptor antagonist),
Lys-Lys-[Hyp>,Igl®,p-Igl’,0ic®]-des-Arg’-bradykinin
(B9858, a peptide bradykinin B; receptor antagonist) and
[Leu®]-des-Arg®-bradykinin (a peptide bradykinin B; recep-
tor antagonist) to inhibit the response to 3 nM bradykinin
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Fig. 3. Inhibition of des-Arg’-bradykinin and bradykinin-evoked *°Ca?*
efflux by a range of bradykinin receptor antagonists. The data represent the
$Ca’* efflux evoked by (A) 40 nM des-Arg’-bradykinin or (B) 3 nM
bradykinin in the presence of antagonists. The results are calculated as a
percentage of the control response to 40 nM des-Arg’-bradykinin or 3 nM
bradykinin and represent the means and S.E.M. of three to seven
independent experiments.
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Table 1
Inhibition of bradykinin and des-Arg’-bradykinin-induced **Ca®* efflux in
bladder smooth muscle cells

Compound 1Cs5o (nM) vs. ICso (nM) vs.
bradykinin des-Arg’-bradykinin

HOE140 1.2+0.6 16316 + 7422

FR173657 7.0+3.0 >30000

Des-Arg'-HOE140 432+ 180 59410

B9858 536 £ 81 8.1+23

[Leu®]-des-Arg’-bradykinin >30000 10+£2

The data represent the concentration required to inhibit the bradykinin
(3 nM) or des-Arg®-bradykinin (40 nM)-induced **Ca®" efflux by 50%
and are the means and S.E.M. of three to seven independent experiments.

and 40 nM des-Arg’-bradykinin, concentrations close to
their respective ECso values. The rank order of potency
against 3 nM bradykinin was HOE140>FR173657>des-
Arg'®-HOE140 =B9858>[Leu®]-des-Arg’-bradykinin,
which is consistent with the known pharmacology of the
bradykinin B, receptor (see Fig. 3). In contrast, the rank
order of potency against 40 nM des-Arg’-bradykinin was
B9858=[Leu®]-des-Arg’-bradykinin>des-Arg'*-HOE 140>
HOE140>FR173657. The ICso values for the antagonists
tested are given in Table 1. These profiles are consistent
with the bladder smooth muscle cells expressing both B,
and B, bradykinin receptors.

A
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=

Fig. 4. Increases in [Ca®>"]; evoked by T-kinin and des-Arg''-T-kinin in
bladder smooth muscle cells. The data represent the ratio of the
fluorescence emitted at 510 nm, following excitation at 340 and 380 nm,
in individual bladder smooth muscle cells loaded with fura-2/AM. The cells
were stimulated with 30 nM T-kinin or 300 nM des-Arg''-T-kinin for 1
min. The bar indicates the presence of either T-kinin (TK) or des-Arg'!-T-
kinin (dA11TK). Each trace represents the data from a single cell.

Having demonstrated that both B, and B, bradykinin
receptors were expressed on bladder smooth muscle cells,
the ability of T-kinin ligands to evoke changes in [Ca® " ];
was investigated using calcium imaging. These experiments
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Fig. 5. Pharmacology of T-kinin derived ligands in bladder smooth muscle
cells. (A) Stimulation of **Ca>* efflux in bladder smooth muscle cells by
T-kinin and des-Arg'!-T-kinin. The data represent the increase in **Ca’*
efflux, expressed as fold increase above basal, evoked by the concentrations
shown of T-kinin and des-Arg''-T-kinin, in the presence of 30 nM HOE140
to block activation of bradykinin B, receptors, and are the means and S.E.M.
of four independent experiments. (B) Inhibition of T-kinin-evoked **Ca®"
efflux by HOE140 and [Leu®]-des-Arg’-bradykinin. The data represent the
45Ca?" efflux evoked by 1 nM T-kinin in the presence of the antagonists as a
percentage of the control response to 1 nM T-kinin and are the means and
S.E.M. of three independent experiments. (C) Inhibition of des-Arg''-T-
kinin-evoked **Ca*>”" efflux by HOE140 and [Leu®]-des-Arg’-bradykinin.
The data represent the **Ca” " efflux evoked by 40 nM des-Arg''-T-kinin in
the presence of the antagonists as a percentage of the control response to 40
nM des-Arg''-T-kinin and are the means and S.E.M. of five independent
experiments.
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showed that both T-kinin and des-Arg''-T-kinin could evoke
an increase in [Ca® " ]; in bladder smooth muscle cells (Fig.
4). Out of 19 cells tested, 10 responded to T-kinin and 7 out
of 21 cells responded to des-Arg''-T-kinin. The pattern of
responses seen with T-kinin and des-Arg''-T-kinin was
similar to that obtained with bradykinin and des-Arg’-
bradykinin, with T-kinin evoking a rapid and transient
increase in [Ca® * ];, (Fig. 4a) and des-Arg''-T-kinin evoking
a more prolonged response (Fig. 4b); however, no oscilla-
tory responses to des-Arg''-T-kinin were observed.

The pharmacology of the T-kinin peptides was charac-
terised further using *>Ca® " efflux (Fig. 5A). T-kinin caused
an increase in **Ca’ " efflux with an ECs, value of 1.1 + 0.3
nM (n=4) (Fig. 5A) and the maximum response (5.7 &= 0.9-
fold increase over basal) was not significantly different
(P>0.1) from the maximum response to bradykinin. Des-
Arg"'-T-kinin also evoked **Ca”" efflux in bladder smooth
muscle cells with an ECsq value of 40 + 8 nM (n=4). The
response to des-Arg''-T-kinin (5.4 £ 1.0-fold increase over
the basal level) was significantly greater (P <0.05) than the
response to either des-Arg’-bradykinin or des-Arg'®-kallidin
and in fact was not significantly ( P>0.05) different from the
responses evoked by the bradykinin B, receptor agonists
bradykinin, kallidin and T-kinin itself.

The pharmacology of the responses evoked by T-kinin
and des-Arg''-T-kinin was investigated using a selection of
the bradykinin B; and B, receptor antagonists used previ-
ously. The **Ca®" efflux induced by 1 nM T-kinin was
inhibited by HOE140 with an ICsy value of 1.7 £ 0.5 nM
(n=3) but was unaffected by high concentrations of [Leu®]-
des-Arg’-bradykinin (up to 3 pM) (Fig. 5B). The response
to 40 nM des-Arg''-T-kinin was inhibited by [Leu®]-des-
Arg’-bradykinin with an ICs, value of 38 + 13 nM (n=4)
but not by high concentrations of HOE140 (up to 3 pM)
(Fig. 5C). These data confirm that in bladder smooth muscle

B rat B, receptor

120001 0 human B, receptor

100

804

60+

Increase in luminescence
(% maximum response)

40-
20-
o] o
1 10 100 1000 10000
[T-kinin] (nM)

Fig. 6. Increases in [Ca® " ]; evoked by T-kinin in at the human and rat
bradykinin B, receptors. The data represent the increase in luminescence
evoked by the concentrations shown of T-kinin in CHO cells expressing the
human bradykinin B, receptor plus aequorin or Cos-7 cells expressing the
rat bradykinin B, receptor plus aequorin. The data are expressed as a
percentage of the maximum response obtained and are the mean and S.E.M.
of three (human) or four (rat) independent experiments.

cells, T-kinin is a selective activator of the bradykinin B,
receptor whereas des-Arg''-T-kinin selectively activates
bradykinin B, receptors.

We have demonstrated previously that des-Arg''-T-kinin
is more potent at the rat than the human bradykinin B,
receptor using radioligand binding (Jones et al., 1999). To
investigate whether T-kinin was more selective for the rat
bradykinin B, receptor than the human, its ability to
increase [Ca®"]; in cells transfected with either the rat or
human bradykinin B, receptor and the Ca®"-sensitive
protein aequorin was measured (Fig. 6). In Cos-7 cells
transfected with the rat bradykinin B, receptor plus
aequorin, the ECsq value for T-kinin-induced luminescence
was 42 £ 10 nM (n=4). In contrast, in CHO cells express-
ing the human bradykinin B, receptor and aequorin, the
ECso value was 741 £ 81 nM (rn=3), indicating a prefer-
ence of this kinin for the rat bradykinin B, receptor.

4. Discussion

The T-kinin system is a poorly characterised part of the
kinin system in the rat. T-kinin is produced from T-kini-
nogen by the action of the T-kininogenase enzyme. Unlike
high and low molecular weight kininogens, which are the
precursors of bradykinin and kallidin, the levels of T-
kininogen are increased in inflammatory conditions. For
example, it has been shown that T-kininogen was the most
abundant kininogen in rat plasma following induction of
adjuvant arthritis (Barlas et al., 1985a) and the expression of
T-kininogen was upregulated by inflammatory mediators
such as cytokines (Takano et al., 1995; Yayama et al., 2000).
Like all kinins, T-kinin is subject to degradation by a variety
of protease enzymes. The two major pathways of kinin
degradation are via angiotensin-converting enzyme (ACE),
which hydrolyses the Pro—Phe bond to generate inactive
fragments, and via carboxypeptidase, which generates selec-
tive bradykinin B, receptor agonists. In vitro studies showed
that T-kinin is susceptible to carboxypeptidase but resistant
to ACE (Passaglio and Vieira, 1996). The major product of
T-kinin degradation by carboxypeptidase would be des-
Arg"'-T-kinin. In addition, degradation of T-kinin by amino-
peptidases to bradykinin may also occur (Vieira et al.,
1994).

In view of the potential importance of the T-kinins as
activators of the rat bradykinin receptors, we decided to
investigate their pharmacology. As rat bladder has been
reported to express both B, and B, bradykinin receptors
(Lecci et al., 1995; Belichard et al., 1999), the possibility
that bladder smooth muscle cells would prove to be a useful
cellular model for bradykinin receptors was explored.

Before studying the responses to T-kinin and des-Arg''-
T-kinin, it was necessary to confirm that cultured bladder
smooth muscle cells expressed both B; and B, bradykinin
receptors and that the pharmacological profile of well-
studied bradykinin receptor agonists was consistent with
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that previously reported for rat bradykinin receptors. Cal-
cium imaging experiments demonstrated that bradykinin
and des-Arg’-bradykinin evoked increases in [Ca’"]; in
bladder smooth muscle cells. The results with bradykinin
and des-Arg’-bradykinin showed that a high proportion of
the cells responded to each agonist (100% and 82%,
respectively) and that B; and B, bradykinin receptors could
be, but were not always, expressed on the same cell. Cells
were either responsive to bradykinin alone, or bradykinin
and des-Arg’-bradykinin. None were found to respond to
des-Arg’-bradykinin alone. The responses to des-Arg’-bra-
dykinin were generally longer in duration than the bradyki-
nin-evoked responses and sometimes oscillatory in nature.
This pattern is similar to that reported by Mathis et al.
(1996) for rabbit mesenteric artery smooth muscle cells and
Smith et al. (1995) for bovine aortic endothelial cells.

The pharmacology of the responses to the bradykinin B
receptor agonists des-Arg’-bradykinin and des-Arg'%-kalli-
din and the bradykinin B, receptor agonists bradykinin and
kallidin in bladder smooth muscle cells was comparable to
that reported for these agonists in other rat cells and tissues.
For example, the ECsq values for bradykinin (2.9 nM)- and
kallidin (3.2 nM)-evoked **Ca®" efflux were similar to the
values reported for bradykinin-evoked Ins(1,4,5)P; forma-
tion in arterial smooth muscle cells (5 nM) (Dixon et al.,
1994), and cultured dorsal root ganglion cells (7.6 nM)
(Harvey and Burgess, 1996). The ECsq values for the
bradykinin B; receptor agonists des-Arg’-bradykinin (37
nM) and des-Argm-kallidin (39 nM) were similar to those
recently reported in rat aortic smooth muscle cells, 24 and
16 nM, respectively (Schaeffer et al., 2001). They are also
within the same range as the values reported for des-Arg’-
bradykinin-evoked contractions in rat smooth muscle prep-
arations. For example, the pD, value for des-Arg’-bradyki-
nin-induced contraction in the ileum was 8.3 (Meini et al.,
1996), in portal vein rings, the ECsy value was 46 nM
(Campos and Calixto, 1994) and in the bladder, the ECs,
value was 58 nM (Meini et al., 1998).

Having demonstrated that bladder smooth muscle cells
expressed both B; and B, bradykinin receptors, the
responses evoked by T-kinin and des-Arg''-T-kinin were
investigated. Both T-kinin and des-Arg''-T-kinin were capa-
ble of increasing [Ca®* ]; and the pattern of responses was
similar to that for bradykinin and des-Arg’-bradykinin, with
the bradykinin B, receptor agonist giving a more prolonged
response than the bradykinin B, receptor agonist. Although
a lower proportion of the cells appeared to respond to T-
kinin and des-Arg''-T-kinin (53% and 33%, respectively)
than to bradykinin and des-Arg’-bradykinin, it would be
necessary to study a greater number of cells to determine
whether this was a statistically significant difference.

The potency of T-kinin (ECsq value of 1.1 nM) was very
similar to that of bradykinin (2.9 nM) and kallidin (3.2 nM),
and the response was inhibited by HOE140 and not by
[Leu®]-des-Arg’-bradykinin. This is a similar profile of
activity to that reported previously for T-kinin (Champion

et al.,, 1997). As T-kinin is unique to the rat, it might be
expected to have greater potency at the rat bradykinin B,
receptor compared to the human bradykinin B, receptor. In
fact, it was approximately 20-fold more potent in Cos-7
cells transfected with the rat bradykinin B, receptor than in
CHO cells transfected with the human bradykinin B,
receptor.

Des-Arg'!-T-kinin evoked **Ca®" efflux with an ECs,
value that was very close to that found for the other
bradykinin B receptor agonists in the rat bladder smooth
muscle cells. The response to des-Arg''-T-kinin was
inhibited by [Leu®]-des-Arg’-bradykinin but not by
HOE140, confirming that it was activating bradykinin B,
receptors. We demonstrated previously the rat selectivity of
this peptide by showing that it is a more potent displacer of
[*H]des-Arg'’kallidin binding at the rat bradykinin B,
receptor than the human (Jones et al., 1999). In contrast to
bradykinin and kallidin, which evoked greater responses
than their bradykinin B receptor-selective derivatives, there
was no difference in the maximum responses evoked by T-
kinin and des-Arg''-T-kinin. The higher efficacy of des-
Arg"'-T-kinin was not due to activation of the bradykinin B,
receptor as the experiments were carried out in the presence
of HOE140 to block activation of the bradykinin B,
receptor. This suggests that des-Arg''-T-kinin is a full
agonist at the rat bradykinin B; receptor, whereas des-
Arg’-bradykinin and des-Arg'®-kallidin may be classified
as partial agonists. This is surprising for des-Arg’-bradyki-
nin, which is formed in the rat, but perhaps not for des-
Arg'%kallidin as it is not an endogenous ligand in the rat.

In summary, we have demonstrated that cultured rat
bladder smooth muscle cells express functionally active
B, and B, bradykinin receptors and it will be possible to
compare the expression and regulation of both subtypes of
bradykinin receptor in the rat bladder cells. In addition,
using this cellular model, the putative breakdown product of
T-kinin, des-Arg“—T—kinin, has been shown to be a potent
and selective agonist at the rat bradykinin B; receptor. As
the expression of T-kininogen, the precursor of T-kinin and
des-Arg''-T-kinin, is increased under inflammatory condi-
tions in the rat, this suggests that des-Arg''-T-kinin may
have an important role as a mediator of inflammation in the
rat.
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