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1 The ability of capsazepine, a recently developed capsaicin receptor antagonist, to prevent the effects
of capsaicin on the rat isolated urinary bladder (contraction) and vas deferens (inhibition of electrically-
evoked twitches) was compared to that of ruthenium red, a dye which behaves as a functional
antagonist of capsaicin.
2 In the rat bladder, capsazepine (3-30 jiM) produced a concentration-dependent rightward shift of the
curve to capsaicin without any significant depression of the maximal response to the agonist. By
contrast, ruthenium red (10-30 pM) produced a non-competitive type of antagonism, characterized by
marked depression of the maximal response attainable. Similar findings were obtained in the rat isolated
vas deferens in which capsazepine (10 JtM) produced a rightward shift of the curve to capsaicin while
ruthenium red (3 tLM) depressed the maximal response to the agonist.
3 At the concentrations used to block the effect of capsaicin, neither capsazepine nor ruthenium red-
affected the contractile response of the rat urinary bladder produced by either neurokinin A or electrical
field stimulation or the twitch inhibition produced by rat a-calcitonin gene-related peptide (xCGRP) in
the vas deferens.
4 These findings provide additional evidence that both capsazepine and ruthenium red are valuable
tools for exploration of the function of capsaicin-sensitive primary afferent neurones. The antagonism of
the action of capsaicin by capsazepine is entirely consistent with the proposed interaction of this
substance with a vanilloid receptor located on primary afferents, while the action of ruthenium red
apparently involves a more complex, non-competitive antagonism.

Keywords: Capsaicin, primary afferent neurones; efferent function of sensory nerves; capsazepine; ruthenium red

Introduction

In recent years, much interest has developed in the pharma-
cological modulation of sensory neurone function (Maggi &
Meli, 1988; Holzer, 1988; 1991; Maggi, 1991). A specific
receptor on the cell membrane of primary afferent neurones
has been recently discovered, which recognizes capsaicin and
other natural pungent principles, including the ultrapotent
capsaicin analogue, resiniferatoxin (Szallasi & Blumberg,
1990). This capsaicin or 'vanilloid' receptor fulfils several
criteria to be considered the molecular target through which
capsaicin and its congeners produce their specific actions on
primary afferent neurones, which are characterized by long-
lasting desensitization. Capsaicin also possesses non-specific
actions (i.e. not restricted to primary afferent neurones) on
nerves and smooth muscle which do not exhibit desensitiza-
tion (Maggi & Meli, 1988; Holzer, 1991 for reviews). Studies
from various laboratories have indicated that stimulation of
the 'vanilloid' receptor on the membrane of primary afferent
neurones is followed by the opening of a novel type of
receptor-operated ion channel, which admits both sodium
and calcium ions (Bevan & Szolcsanyi, 1991). It has recently
been proposed that two different substances act as capsaicin
antagonists, the inorganic dye ruthenium red (see Amann &
Maggi, 1991 for review) which does not interact with the
vanilloid receptor (Szallasi & Blumberg, 1990) and the benza-
zepine derivative, capsazepine (Bevan et al., 1991; 1992; Dray
et al., 1991; Dickenson et al., 1991; Urban & Dray, 1991),
which was proposed as the first competitive antagonist of the
capsaicin or vanilloid receptor.

' Author for correspondence.

Owing to the different mechanisms by which capsazepine
and ruthenium red are thought to act as capsaicin
antagonists, a direct comparison of these two drugs appeared
of interest. With this aim we have chosen two preparations,
the rat isolated urinary bladder and vas deferens, in which
the selective action of capsaicin has been well characterized.
In both preparations ruthenium red has been shown to
antagonize the action of capsaicin by acting at a prejunc-
tional site to inhibit the release of sensory neuropeptides
which mediate the response to capsaicin (Maggi et al.,
1988a,b). The resultant contraction of the rat isolated blad-
der is mediated through the release of endogenous
tachykinins (Maggi et al., 1991); inhibition of electrically-
evoked (field stimulation) twitches of the rat isolated vas
deferens is mediated by the release of calcitonin gene-related
peptide (CGRP) (Maggi et al., 1987; Santicioli et al., 1988).
In both preparations a cumulative concentration-response
curve to capsaicin has been used in order to determine the
nature of the antagonism produced by capsazepine and
ruthenium red.

Methods

Male albino rats of Wistar strain (body wt. 340-360 g) were
stunned and bled. The whole urinary bladder and vasa
deferentia were excised and placed in oxygenated (96% 02
and 4% CO2, pH 7.4) Krebs solution of the following com-
position (mM): NaCl 119, KCI 4.7, MgSO4 1.5, KH2PO4 1.2,
CaCI2 2.5, NaHCO3 25 and glucose 11.

Contractile responses of the urinary bladder and vas
deferens (pars prostatica) were studied as described pre-
viously (Maggi et al., 1987; 1991). Briefly, iosmetric tension
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recording was made from 1 cm long longitudinal strips of rat
detrusor muscle and segments of the vas deferens 1.5 cm in
length under a load of 10 mN (bladder) and 5 mN (vas
deferens). In both preparations, electrical field stimulation
was carried out by means of two wire platinum electrodes
placed at the top and the bottom of the organ bath which
were connected to a GRASS S88 stimulator. Square wave
pulses (pulse width 0.5 ms, 60 V) were automatically
delivered at a frequency of 0.01 Hz (bladder) and 0.2 Hz (vas
deferens).

Experiments started after a 60 min equilibration period. In
the rat bladder the contractile response to KCI (80 mM) was
determined at 15 min intervals until reproducible responses
were obtained. This response to KCI was used as an internal
standard to evaluate the maximal response to capsaicin.
The effects of capsazepine and ruthenium red were inves-

tigated on a concentration-response curve produced by addi-
tion of capsaicin (10 nM- 10 lM). In order to avoid or
minimize capsaicin desensitization (see Results), the capsaicin
concentration was increased by a factor of 10 for each suc-
cessive dose of the cumulative nerve. Each dose of the
cumulative curve was added when the effect of the preceding
one had reached its maximum. Only one concentration-
response curve to capsaicin was obtained in each prepara-
tion. Several preparations were made from the same animal,
one of which served as control while the others received
capsazepine or ruthenium red before capsaicin application.

Contact time for capsazepine and ruthenium red was
30 min. To check whether capsazepine and ruthenium red
may have affected the capsaicin response at the postjunc-
tional level, their effect was studied on the contraction of the
rat urinary bladder produced by neurokinin A (1-30 nM)
and inhibition of twitch contractions of the vas deferens
produced by rat aCGRP (1-300 nM).

Statistical analysis of the data was performed by means of
the Student's t test for paired or unpaired data or by analysis
of variance, when applicable. All values in the text, figures
and table are means ± s.e.mean.

Stock solutions were prepared as follows: capsaicin to
given a final concentration of 10-100 mm, was dissolved in
absolute ethanol and then diluted in water. Ruthenium red
(1-10 mM, Aldrich) was dissolved in water. Capsazepine
(10-100 mM) was dissolved in dimethylsulphoxide. Rat
aCGRP and neurokinin A (Peninsula) were dissolved in
water. The vehicles used to dissolve capsaicin (0.01%
ethanol) or capsazepine (0.03% dimethylsulphoxide) had no
effect on the preparations.

Results

General

Cumulative addition of capsaicin (10 nM- 10 AM) with a ten
fold increase in concentration between doses produced a
concentration-dependent contraction of the rat isolated blad-
der. The maximal effect was observed at 1 jaM, after which
tension declined and 10 1iM capsaicin did not evoke a larger
response. The maximal response to capsaicin obtained with
this protocol of cumulative addition (48 ± 4% of the res-
ponse to 80 mM KCI, mean ± s.e.mean, n = 10) was slightly
less than the response (55 ± 3% of KCI response, n = 8)
observed when 1 AM capsaicin was added to the bath as a
single concentration.

In the rat isolated vas deferens, cumulative addition of
capsaicin (10nM-10 jM) produced concentration-dependent
inhibition of electrically-evoked twitches. The maximal
inhibitory effect was observed with 1 jAM capsaicin and was
followed by a gradual recovery of the twitches amplitude.
Addition of 1 gAM capsaicin to the bath as a single dose
produced a transient inhibitory effect (58 ± 4%, n = 6, cf.
Maggi et al., 1987) which was not different from that
obtained in response to 1 gAM capsaicin using a cumulative

protocol (54 ± 3% inhibition, n = 8).
In the vas deferens, the twitch inhibition is ascribable to a

specific action of capsaicin on sensory nerves and release of
CGRP (Maggi et al., 1987). In this preparation, at a
threshold concentration of 10 LM, capsaicin produces an
opposite effect, twitch enhancement (not shown), as origin-
ally described by Moritoki et al. (1987). This effect, which is
repeatedly observed upon consecutive application of cap-
saicin in the same preparation, is ascribable to a nonspecific
effect of the drug (i.e. not involving activation of sensory
nerves, Maggi & Meli, 1988) and limits the possibility of
exploring the effects of capsazepine over a large range of
concentrations.

Effect of capsazepine and ruthenium red in the rat
urinary bladder

Neither capsazepine nor ruthenium red affected spontaneous
motility of the rat urinary bladder.

Capsazepine (3-30 jaM) produced a concentration-depend-
ent rightward shift of the concentration-response curve to
capsaicin in the rat bladder (Figure 1). In the presence of
3 AM capsazepine, the response to a threshold concentration
of capsaicin (10 nM) was blocked but the maximal response
to capsaicin was obtained at the same concentration (1 AM)
as in controls. Ten and 30 AM capsazepine produced a further
inhibition of the response to capsaicin and in this case the
maximal response to the agonist was obtained at 10 AM
capsaicin (Figure 1).
The maximal response to capsaicin in the presence of

3-30 AM capsazepine was not significantly different from that
found in control experiments (Table 1).
Ruthenium red (3-10-AM) produced a concentration-

dependent inhibition of the response to capsaicin in the rat
bladder. As can be noted from curves presented in Figure lb,
the maximal response to capsaicin in the presence of
ruthenium red was depressed as compared to controls.

Neither capsazepine (10-30 AM) nor ruthenium red (30
AM) significantly affected contractions produced by neuro-
kinin A (Figure lc and d) nor twitch contractions of the rat
bladder produced by electrical field stimualtion at 0.01 Hz
(Table 1).
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Figure 1 Effect of capsazepine (CPZ, a,c) or ruthenium red (RR,
b,d) on concentration-response curve for capsaicin-induced (a,b) or
neurokinin A-induced (c,d) contraction of the rat isolated urinary
bladder. In (a) and (c): control (0); CPZ 3JM (0); 101iM (0);
301AM (-). In (b) and (d): control (0); RR IO AM (0); 30AM (A).
Each value is mean ± s.e.mean (vertical lines) of 4-12 experiments.
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Table 1 Effect of capsazepine and ruthenium red on contractile responses of the rat isolated urinary bladder to various agents

Controls
Capsazepine 3 gM
Capsazepine IOMm
Capsazepine 30Mm
Ruthenium red lOMm
Ruthenium red 30Mm

Response
to EFS
(MN

13.8 ± 1.5
14.0 ± 2.5
13.2 ± 4.0
11.0± 1.2
11.7 ± 3.0
12.5 ± 2.0

Response to
NKA (30 nM)

(MN)

25 ± 2
NT

21 ± 2
19±3
NT

23 ± 2

Maximal response
to capsaicin

(MN)

23 ± 2
23 ± 6
22±4
20±4
12±2*
3 ± 1*

Contractile response to electrical field stimulation (EFS, 0.01 Hz, 0.5 ms pulse width, maximal voltage), neurokinin A (NKA) or
capsaicin are mean ± s.e.mean.
Number of experiments is 9-12 in the control group and 4-6 for each group with capsazepine or ruthenium red.
Significantly different from control: *P<0.05.

Effect of capsazepine and ruthenium red in the rat vas
deferens

Capsazepine (10 MM) produced a slight (10-20%) enhance-
ment of twitch contractions of the rat isolated vas deferens to
electrical stimulation (0.2 Hz, 0.5 ms pulse width, maximal
voltage). Capsazepine (1O MM) produced a parallel rightward
shift of the concentration-response curve to capsaicin, with
no apparent depression of maximal inhibitory response
(Figure 2). In the presence of 1O Mm capsazepine, the res-
ponse to 10-100 nM capsaicin was virtually abolished and a
concentration of 1O MM capsaicin was required to produce a
transient maximal twitch inhibition. This effect was followed
by a prompt recovery of twitch amplitude, possibly related to
the nonspecific potentiating effect produced by capsaicin at
10 Mm, as described above.
Ruthenium red (3 pM) inhibited twitch amplitude by

38 + 5% (n = 4). In the presence of ruthenium red, the
concentration-response curve to capsaicin was shifted to the
right and maximum effect was depressed compared to con-
trols (Figure 2). In Figure 2, the inhibitory effect of capsaicin
in the presence of ruthenium red (and rat aCGRP, see below)
is expressed as % reduction of the new baseline. The max-
imal twitch inhibition produced by 10 MM capsaicin in the
presence of 3 MM ruthenium red (21 ± 3% inhibition) was
significantly less than the maximal response obtained in
either control preparations (55 ± 4% inhibition at 1 iM cap-
saicin) or in the presence of capsazepine (54 ± 3% inhibition
at 10MM capsaicin).

Rat ocCGRP (10 nM-0.3 gM) produced a concentration-
dependent inhibition of twitch amplitude in the rat isolated
vas deferens, as described previouisly (Maggi et al., 1987).
The inhibitory effect of CGRP was unaffected by capsazepine
(101iM) or ruthenium red (3pM) (Figure 2b).

Discussion

In this study we have used a cumulative protocol of capsaicin
administration to investigate capsaicin antagonism by cap-
sazepine and ruthenium red. It is well known that capsaicin
produces a functional desensitization of primary afferent
neurones. In descriptive terms, this means that, after applica-
tion of the drug, the primary afferents become insensitive to
further applications of capsaicin itself as well as to other
agents which stimulate the primary afferent neurones. The
capsaicin desensitization phenomenon is concentration-, time-
and temperature-dependent (e.g. Amann, 1990) and probably
involves different mechanisms such as a true desensitization
(tachyphylaxis) of the vanilloid receptor (Dray et al., 1989;
Maggi et al., 1990), blockade of transmitter release through
the inactivation of voltage-sensitive calcium channels (Bleak-
man et al., 1990; Docherty et al., 1991) and degenerative
changes in primary afferents owing to the marked influx of

cations produced by capsaicin (Bevan & Szolcsanyi, 1990;
Maggi, 1991; Holzer, 1991).
To overcome this problem, increasing concentrations of

capsaicin were added to the bath with a ten fold increase in
concentration at each step, while the effect of antagonists was
compared to control curves obtained in preparations from
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Figure 2 Effect of capsazepine (CPZ) or ruthenium red (RR) on

concentration-response curve for capsaicin-induced (a) or rat a-
calcitonin gene-related peptide (aCGRP)-induced (b) inhibition of
twitch contractions of the rat isolated vas deferens: control (0); CPZ
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the same animal. The maximal response produced by
cumulative application of capsaicin was only slightly less
(bladder) or not significantly different (vas deferens) from
that produced by the administration of a 1 gM single dose of
capsaicin.
A drawback of the technique we have used is that the

whole curve obtained with the agonist, either in the absence
or presence of antagonists, is very steep and the few experi-
mental points obtained in this way do not lend themselves to
a conventional analysis for establishing whether competitive
antagonism occurred (i.e. measurement of ED_%s, dose-ratios
and Schild plots). In spite of this limitation, the different
nature of antagonism by capsazepine and ruthenium red was
very evident in both preparations investigated. Capsazepine
essentially produced a rightward shift of the concentration-
response curve to capsaicin without any significant depres-
sion of the maximum response. The failure of capsazepine to
modify significantly the contractile response to neurokinin A
in the bladder or to CGRP in the vas deferens ruled out a
postjunctional action to inhibit the effect of endogenous
neuropeptides released by capsaicin. Likewise, the failure of
capsazepine to affect the amplitude of twitch contractions in
both the bladder and the vas deferens excludes a nonspecific
neuronal depressant action.

Overall, the present results are in good agreement with the
competitive antagonist character of capsazepine action at the
vanilloid receptor, as demonstrated in other test systems
(Bevan et al., 1991; 1992; Dray et al., 1991).

In sharp contrast, ruthenium red displaced the curve to
capsaicin in a manner that is indicative of non-competitive
antagonism. The ability of ruthenium red to antagonize the
action of capsaicin in the rat bladder and vas deferens at a
prejunctional site of action was demonstrated in previous
studies (Maggi et al., 1988a,b) but the nature of antagonism

(competitive vs. noncompetitive) had not been investigated.
In contrast to capsazepine, ruthenium red at the concentra-
tion required to antagonize capsaicin, may have a neuronal
depressant action not restricted to primary afferent neurones.
This aspect of ruthenium red pharmacology, already noted in
previous investigations (e.g. Chahl, 1989), is further
confirmed here by its depressant action on twitch contrac-
tions of the isolated vas deferens. This effect of ruthenium
red is however very variable from one preparation to another
and cannot account for the ability of the dye to act as
functional capsaicin antagonist (Amann & Maggi, 1991).
Evidence has been presented (Dray et al., 1990; Bleakman et
al., 1990) indicating that ruthenium red acts at the level of
the cell membrane of primary afferent neurones to prevent
the opening of the vanilloid receptor-operated cation chan-
nel. Although the molecular mechanism by which ruthenium
red acts as a functional capsaicin antagonist has not yet been
established, the non-competitive antagonism seen in this
study is in keeping with its proposed site of action at a step
beyond the occupation of the vanilloid receptor by the
agonist.
The results of the present study, while confirming that

both capsazepine and ruthenium red are useful tools to ex-
plore sensory neurone function, indicate that these two
agents act at distinct steps in the sequence of events which is
activated by capsaicin application. The different nature of the
antagonism by capsazepine and ruthenium red is strongly
reminiscent of the manner in which other drugs (e.g. bicucul-
line and picrotoxin at the GABAA receptor) act to inhibit
receptor-operated ion channels and this parallel may be kept
in mind in planning further experiments analysing the phar-
macology of the vanilloid receptor and functional responses
coupled to its activation.
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