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1 In strips of human isolated detrusor muscle, the 5-hydroxytryptamine (5-HT) receptor (5-HT4) that
mediates facilitation of neuromuscular cholinergic transmission was further characterized by using 5-HT
and a series of ligands known for their 5-HT4 agonist (5-methoxytryptamine: 5-MeOT, cisapride, (R,S)-
zacopride, BIMU 8) or antagonist (RS 23597, GR 125487, DAU 6285) properties.
2 In the presence of methysergide (1 gM) and ondansetron (3 gM) to isolate pharmacologically the 5-
HT4 receptors, 5-HT (0.3 nM- UM), 5-MeOT (10 nM-30 gM), BIMU 8 (10 nM-3 uM), cisapride (0.1-
10 gM) and (R,S)-zacopride (0.1-30 gM) potentiated cholinergic contractions to electrical field
stimulation in a concentration-dependent manner. RS 23597 (10 nM-10- M), a competitive 5-HT4
receptor antagonist in other systems, also showed agonist properties. The following rank order of
potency as an agonist was obtained: 5-HT (pEC50=8.0)>RS 23597 (7.0)=BIMU 8 (6.9)> cisapride
(6.6)> 5-MeOT (6.0) > (R,S)-zacopride (5.7). Relative to 5-HT (intrinsic activity = 1), 5-MeOT acted as a
full agonist (1.03), while BIMU 8 (0.76), (R,S)-zacopride (0.61), RS 23597 (0.60) and cisapride (0.41)
behaved as partial agonists.
3 The potentiation by 5-HT was competitively antagonized by the selective 5-HT4 receptor antagonist
GR 125487 (0.3-3 nM) with a pA2 estimate of 9.75 (Schild slope of 1.09), and by DAU 6285 (1 gM;
pKB=6.45). Additionally, GR 125487 (3 nM) antagonized the responses to 5-MeOT (pKB= 9.72) and
reversed the potentiation induced by RS 23597. As an antagonist, RS 23597 (10, 30 and 100 nM)
inhibited the response to 5-HT. In addition, 30 and 100 nM RS 23597 reduced the 5-HT response
maximum by 30 and 50%, respectively. The pKB value calculated at 10 nm was 8.0.
4 Thus, in the human isolated detrusor muscle, the 5-HT4 receptors mediating facilitation of cholinergic
neuromuscular transmission are activated by indoleamines (5-HT, 5-MeOT), substituted benzamide
(cisapride, (R,S)-zacopride), benzoate (RS 23597) and benzimidazolone (BIMU 8) derivatives. The
activities (in terms of both potency and efficacy) of most agonists, as well as the affinity estimates of the
antagonists GR 125487 and DAU 6285, are comparable to those found in other peripheral tissues.
Exceptions are RS 23597, which acted either as a partial agonist or as an antagonist of the response to 5-
HT, and 5-MeOT that showed an unusually low potency. The latter findings may be ascribed to
differences in the efficiency of receptor coupling mechanisms and/or in the molecular structure (i.e. splice
variants) of the 5-HT4 receptor.
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Introduction

Since the pioneering studies of Erspamer (1952) in conscious
dogs, 5-hydroxytryptamine (5-HT) has been shown to stimu-
late micturition in intact animals and to contract isolated
bladder preparations from several mammals (see Anderson,
1993 for review), including man (Todd & Mack, 1969; Klars-
kov & H0rby-Petersen, 1986). The action of 5-HT may result
from direct effects on the musculature and/or from indirect
effects on the autonomic excitatory innervation. In resting
preparations from most species, the direct contractile response
to 5-HT is partly mediated by 5-HT2A receptors located on the
effector cells (Saxena et al., 1985; Klarskov & H0rby-Petersen,
1986; Cohen, 1990), while indirect effects are mediated by
neural 5-HT3 receptors at least in the cat (Saxena et al., 1985)
and the rabbit (Chen, 1990). With regard to excitatory neu-
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romuscular transmission, 5-HT enhances the contractile ac-
tivity induced by electrical field stimulation of detrusor strips
from the mouse (Holt et al., 1986; Clean et al., 1989), guinea-
pig (Messori et al., 1995) and man (Hindmarsh et al., 1977;
Corsi et al., 1991; Tonini et al., 1994). In the mouse, the po-
tentiating effect is mediated by neural 5-HTIB and 5-HT2 re-
ceptors (Holt et al., 1986; Clean et al., 1989), while 5-HT-
induced potentiation in the guinea-pig is mediated by three
separate sites, namely 5-HT2A, 5-HT3 and 5-HT4 receptors
(Messori et al., 1995). In the human isolated detrusor, 5-HT
facilitates neuromuscular cholinergic transmission by acting on
prejunctional receptors belonging to the 5-HT4 subtype, as
demonstrated by their sensitivity to GR 113808, a potent and
selective antagonist at 5-HT4 receptors (Tonini et al., 1994).

In this study, we further characterized the 5-HT4 receptor-
mediated potentiation of cholinergic neuromuscular trans-
mission in human isolated detrusor strips, after pharmacolo-
gical isolation of 5-HT4 receptors with methysergide and
ondansetron. To this purpose, we utilized 5-HT and a series of
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ligands known for their 5-HT4 agonist (5-methoxytryptamine:
5-MeOT, BIMU 8, cisapride, (R,S)-zacopride) or antagonist
(RS 23597, GR 125487, DAU 6285) properties in central and
peripheral tissues (Tonini et al., 1991; Schiavone et al., 1992;
Eglen et al., 1993; Gale et al., 1993).

Prior to the characterization of 5-HT4 receptors the gas-
trointestinal prokinetic cisapride, which is known to promote
acetylcholine release from enteric neurones (Schuurkes et al.,
1985), was found to improve bladder function in patients with
spinal cord lesion (de Groot & de Pagter, 1988; Etienne et al.,
1988; Hanson & Soler, 1989). This investigation provides the
mechanism by which cisapride may facilitate bladder emptying
and, more generally, a rational basis for the potential use of 5-
HT4 receptor agonists as therapeutic agents in the treatment of
micturition disturbances associated with detrusor hypocon-
tractility.

Methods

Electrically stimulated detrusor strips

Specimens from the anterior part of the dome of the urinary
bladder were obtained from patients undergoing total cy-
stectomy due to bladder base malignancy. Muscular strips
(20 mm long, 4 mm wide) were prepared by removing the
serosal and mucosal layers and were mounted isometrically
(tension: 20 mN) in 5 ml organ baths containing modified
Krebs solution maintained at 370C, and gassed with a mixture
of 95% 02 and 5% CO2. A minimum initial equilibration
period of 90 min was allowed before the experiments were
started, during which time the solution was changed every
15 min. The tension was recorded by means of an isometric
transducer connected to a chart recorder (Servocorder
SR6221, Graphtec). Electrical field stimulation was applied via
two platinum electrodes placed at the top and the bottom of
the chamber, connected to a MARB ST 87 stimulator. Trains
of electrical pulses at 5 Hz and 5 s in duration were delivered
at 1 min intervals, at 0.1 ms pulse width and 60 V. This sti-
mulation evoked reproducible submaximal contractions, the
amplitude of which was approximately 30% of that obtained
to 20 Hz stimulation (Corsi et al., 1991; Tonini et al., 1994).

Experimental design

Experiments were performed in the presence of 1 ,UM methy-
sergide (a mixed 5-HTI/5-HT2 receptor antagonist) and 3 gM
ondansetron (a selective 5-HT3 receptor antagonist) to isolate
pharmacologically the 5-HT4 receptors.

Cumulative concentration-response curves to 5-HT and 5-
HT-related agonists were obtained by half logarithmic or, in
occasional cases, logarithmic dosing increments until the
maximum effect was reached. Pilot experiments showed that
the substituted benzamide ester RS 23597, a competitive 5-HT4
receptor antagonist in other tissues (Eglen et al., 1993), po-
tentiated electrically-induced detrusor contractions. Thus, this
compound was assessed for both agonist and antagonist
properties. Two agonist concentration-response curves were
constructed in each preparation. The second curve profile was
superimposable to that of the first curve, provided that there
were 60 min intervals between curves and frequent solution
changes (every 10 min). In order to allow direct agonist com-
parisons, a series of concentration-response curves to 5-HT, 5-
MeOT, BIMU 8, cisapride, (R,S)-zacopride and RS 23597
were constructed in single preparations.

In a separate set of experiments, the potentiating effect of 5-
HT was investigated in the presence of the 5-HT4 receptor
antagonists GR 125487 and DAU 6285 and of the partial
agonist/antagonist RS 23597 (incubation time: 30 min). The
ability of GR 125487 to antagonize the responses to 5-MeOT
and to reverse the potentiation by RS 23597 was also assessed.
Only one antagonist concentration was tested in each pre-
paration.

Data analysis

Responses to each agonist were expressed as a percentage of
the maximal response to 5-HT. Values of EC50 (concentration
of agonist producing half-maximal response) were estimated
by linear regression analysis and expressed as -log EC50
(pEC5o). Any antagonist-induced inhibition of agonist re-
sponse was calculated as a percentage of the maximum effect of
agonist obtained under control conditions, GR 125487 pA2
estimate was calculated following Schild regression analysis
(Arunlakshana & Schild, 1959), with 5-HT concentration-ra-
tios determined at the EC50 levels in control and test curves.
Confidence limits (CL) at 95% probability for the slope of the
regression were evaluated by a computer programme
(PHARM/PCS, Version 4.1) based on a manual of pharma-
cological calculations (Tallarida & Murray, 1986). Apparent
affinity estimates (pKB) from single antagonist (DAU 6285 and
RS 23597) concentrations were calculated by use of the Gad-
dum (1957) equation. All data are expressed as mean-
s + s.e.mean of n experiments.

Solutions and drugs

The modified Krebs solution (pH 7.4) had the following
composition (mM): NaCl 120, KCl 4.7, MgSO4.7H20 0.6,
KH2PO4 1.2, NaHCO3 25, CaCl2 2.0 and glucose 10. Aqueous
solutions of the following drugs were used: 5-hydro-
xytryptamine (5-HT) creatinine sulphate (from Sigma Chemi-
cal Co.); 5-methoxytryptamine (5-MeOT) hydrochloride
(RBI); ondansetron ((± )-1 ,2,3,9-tetrahydro-3-[(methylimida-
zol-1-yl)methyl]-9-methyl-4H-carbazol-4-one hydrochloride)
and GR 125487 ([1-[2(methylsulphonylamino)ethyl]4-piper-
idinyl] methyl - 5 - fluoro-2-methoxy -1H- indole -3- carboxylate
hydrochloride) (kindly donated by Glaxo); BIMU 8 (endo-N-
(8-azabicyclo [3.2.1] oct-3-yl)-2,3-dihydro-3-(1-methyl)ethyl-2-
oxo-1H-benzimidazole-1-carboxamide hydrochloride), RS
23597 (3-(piperidine-1-yl)-propyl-4-amino-5-chloro-2-methoxy
benzoate hydrochloride), DAU 6285 (endo-6-methoxy-8-me-
thyl-8-azabicyclo [3.2.1] oct-3-yl-2,3-dihydro-2-oxo-1H-benzi-
midazole-1-carboxylate hydrochloride) and (R,S)-zacopride
hydrochloride (kindly donated by Boehringer Ingelheim Italy).
Methysergide maleate (Sandoz) and cisapride (free base)
(Janssen Pharmaceutica) were dissolved in methanol and acetic
acid, respectively, and then diluted in distilled water. Drugs
were administered in volumes not exceeding 1% v/v of the bath
volume.

Results

Effects of 5-HT and 5-HT4 receptor agonists on
electrically stimulated detrusor strips

In isolated strips of human detrusor muscle, electrical field
stimulation (5 Hz for 5 s every min, 0.1 ms pulse duration,
60 V) elicited reproducible submaximal twitch contractions
(Figure 1) which were 26.8 + 5.7%, n = 8, of those obtained by
20 Hz stimulation. We had previously shown that these con-
tractions derive from the activation of postganglionic choli-
nergic nerves, since they were unaffected by hexamethonium,
and abolished by tetrodotoxin and hyoscine (Tonini et al.,
1994).

Cumulative administration of 5-HT caused a concentration-
dependent (range 0.3 nM-1 jIM) increase in the amplitude of
twitch contractions. An example of the potentiating effect in-
duced by 5-HT is shown in Figure 1. The effect of 5-HT was
mimicked by other 5-HT4 receptor agonists like 5-MeOT (an
indoleamine), BIMU 8 (a benzimidazolone derivative), cisa-
pride and (R,S)-zacopride (substituted benzamide derivatives).
RS 23597, a substituted benzamide ester known for its 5-HT4
antagonist properties (Eglen et al., 1993), behaved as a partial
agonist in our experimental model. A quantitation of the re-
sponses to 5-HT and related agonists is illustrated in Figure 2,

1966



S.M. Candura et al 5-HT4 receptors in human detrusor

while Table 1 shows a comparison among their potencies and
efficacies. The rank order of potency was: 5-HT> RS
23597 = BIMU 8 kcisapride> 5-MeOT, (R,S)-zacopride. 5-
MeOT had a maximal effect superimposable to that of 5-HT.
The remaining compounds acted as partial agonists: BIMU 8,
RS 23597 and (R,S)-zacopride had intermediate intrinsic ac-
tivity, while cisapride was the least effective agonist.

Effects of 5-HT4 antagonists

The indole derivative GR 125487 (0.3, 1 and 3 nM), a potent
and selective 5-HT4 receptor antagonist, caused a parallel,
concentration-dependent rightward displacement of the 5-HT
curve, without depression of the maximum response (Figure
3). Schild regression analysis afforded a line with a slope of
1.09 (95% CL 0.86-1.22), which was not different from unity,
and a pA2 value of 9.75±0.06 (slope constrained to 1). GR
125487 (3 nM) also produced a parallel shift of the 5-MeOT
curve to the right, without reduction in the maximum (Figure
4). The single point antagonist affinity estimate (pKB) was
9.72+0.03. GR 125487 (30 nM) was also able to reverse by
95.2+2.3% (n=4) the submaximal potentiating effect caused
by 1 uM RS 23597. This 'high' GR 125487 concentration was
selected to obtain a rapid, clear-cut reversal of RS 23597-in-
duced effect, since the latter slowly declined with time (see
below). The benzimidazolone derivative DAU 6285 (1 gM)
antagonized the response to 5-HT in a manner similar to that

of GR 125487 (Figure 5), although with lower potency
(pKB=6.45+0.33). Both GR 125487 and DAU 6285 had no
effect on basal twitch contractions.

As an antagonist, RS 23597 (10, 30 and 100 nM) inhibited
the response to 5-HT. The antagonism caused by 30 and
100 nM, but not by 10 nM RS 23597 was associated with a
depression of the 5-HT response maximum (30% and 50%
depression at 30 nM and 100 nM, respectively) (Figure 6). The
pKB value calculated at 10 nM was 8.0 + 0.1. The enhancement
of twitch contractions caused by 100 nM RS 23597 slowly
decayed up to 60% of its peak effect during the 30 min contact
with the tissue (n = 5).

Discussion

As in other animal species, excitatory neuromuscular trans-
mission in the human urinary bladder is mediated by choli-
nergic and, to a minor extent, purinergic nerves (Ruggieri et
al., 1990; Anderson, 1993), the latter requiring a frequency
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Figure 1 A tracing illustrating the potentiating effect of 5-HT
(0.3 nM- 1 gM) on the excitatory neuromuscular transmission elicited
by repetitive trains of electrical pulses in human isolated detrusor
strips.

Figure 2 Concentration-response curves for 5-HT (O), 5-MeOT
(El), BIMU 8 (A), RS 23597 (V), cisapride (O) and (R,S)-
zacopride(+) in enhancing excitatory neuromuscular transmission
in human isolated detrusor strips. Values are expressed as a
percentage of the maximal response to 5-HT and represent the
mean+s.e.mean of 4-14 determinations. For key to abbreviations
used, see text.
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aTable 1 Potentiation by 5-HT and 5-HT4 receptor agonists

of the contractile responses to electrical stimulation of
human isolated detrusor strips

Agonist

5-HT
5-MeOT
BIMU 8
(R,S)-zacopride
RS 23597
Cisapride

150

125

100

Intrinsic
n pEC50 activity

10 8.02+0.08
14 6.02+0.10
8 6.86+0.12
5 5.67±0.05
4 6.96+0.06
4 6.61+0.14

1.00
1.03+0.13
0.76±0.27
0.61 +0.08
0.60+0.17
0.41 + 0.09

The relative intrinsic activity was measured as a fraction of
5-HT response. Each value represents the mean+s.e.mean
of n preparations.
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Figure 3 Concentration-response curves for the potentiating effect
of 5-HT on stimulated detrusor twitch contractions under control
conditions (0) or in the presence of 0.3 (0), 1 (0) and 3 nM (A)
GR 125487. Values are expressed as a percentage of the maximal
response to 5-HT and represent the mean+ s.e.mean (vertical lines) of
4-9 determinations.
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Figure 4 Concentration-response curves for the potentiating effect
of 5-MeOT on stimulated detrusor twitch contractions under control
conditions (V) or in the presence of 3 nm GR 125487 (V). Values are

expressed as a percentage of the maximal response to 5-MeOT and
represent the mean + s.e.mean (vertical lines) of 4 determinations.
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Figure 5 Concentration-response curves for the potentiating effect
of 5-HT on stimulated detrusor twitch contractions under control
conditions (0) or in the presence of 1 yM DAU 6285 (0). Values are

expressed as a percentage of the maximal response to 5-HT and
represent the mean + s.e.mean (vertical lines) of 4 determinations.
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Figure 6 Concentration-response curves for the potentiating effect
of 5-HT on stimulated detrusor twitch contractions under control
conditions (0) or in the presence of 10 (0), 30 (U) andlOOnM (A)
RS 23597. Values are expressed as a percentage of the maximal
response to 5-HT and represent the mean ± s.e.mean (vertical lines) of
4-9 determinations.

> 10 Hz for their activation (Maggi et al., 1989; Ruggieri et al.,
1990). Thus, under our experimental conditions, contractile
responses to electrical field stimulation are typically cholinergic
in nature. These contractions were enhanced by sub-micro-
molar concentrations of 5-HT, as previously described
(Hindmarsh et al., 1977; Corsi et al., 1991). Recently, we have
provided evidence that this potentiating effect is mediated by
prejunctional 5-HT4 receptors sensitive to the 5-HT4 antago-
nist GR 113808, and that the human urinary bladder can
therefore be regarded as an additional site where 5-HT4 re-
ceptors are distributed (Tonini et al., 1994). This study con-
firms and expands our previous findings. In fact, after
pharmacological isolation of the 5-HT4 receptors, the ex-
citatory effect of 5-HT was mimicked, though with lower po-
tency, by 5-HT4 receptor agonists belonging to three separate
chemical classes (5-MeOT; BIMU 8; cisapride and (R,S)-za-
copride), and competitively inhibited by the selective 5-HT4
antagonists GR 125487 and DAU 6285. The affinity estimates
of the latter compounds (GR 125487 pA2 value: 9.7; DAU
6285 pKB value: 6.4) were comparable to those obtained in
other 5-HT4 receptor-containing tissues, such as the ascending
colon (Gale et al., 1994) and the ileum from the guinea-pig
(Schiavone et al., 1992; Tonini et al., 1992). The apparent af-
finity of GR 125487 in antagonizing the responses to 5-HT and
5-MeOT was the same, in accordance with the theoretical
concept that the affinity of an antagonist for a given receptor
should be independent of the agonist used. Therefore, the re-
sults of the present study seem to indicate that in the human
detrusor the pharmacology of the 5-HT4 receptor is not dif-
ferent, with the exception of the low potency of 5-MeOT, from
that in other 5-HT4 receptor model systems, in agreement with
our previous findings (Tonini et al., 1994).

Further support for this hypothesis comes from the ex-
periments with RS 23597, a substituted benzamide ester which
is known to act as a high affinity, competitive antagonist at 5-
HT4 receptors in some peripheral tissues (Eglen et al., 1993),
but which disclosed partial agonist properties under our ex-
perimental conditions (see below). When used as an antago-
nist, 10 nM RS 23597 inhibited the response to 5-HT with a
pKB value of 8.0, a value similar to the pA2 obtained by Eglen
et al. (1993). The antagonism caused by higher (30, 100 nM)
RS 23597 concentrations was associated with a depression (up
to 50%) of the maximal agonist response. Partial agonists are
defined as drugs that produce submaximal tissue responses and
competitively block, at concentrations showing agonist prop-
erties, the effects of agonists of higher intrinsic efficacy
(Kenakin, 1987). The unsurmountable nature of RS 23597
antagonism in the detrusor might be due to partial desensiti-
zation of the 5-HT4 receptor, as observed after prolonged ex-
posure of the tissue to this agent. In this regard, the partial
agonists metaclopramide and cisapride produced un-
surmountable antagonism against the response to 5-HT in the
guinea-pig proximal colon, through a mechanism partially
involving 5-HT4 receptor desensitization (Elswood et al.,
1991).

With regard to agonist activities, 5-HT and 5-MeOT dis-
closed full agonist properties, while BIMU 8, cisapride and
(R,S)-zacopride acted as partial agonists. This pharmacologi-
cal profile matched that obtained in other peripheral tissues,
such as the tunica muscularis mucosae of the rat oesophagus
(see Bockaert et al., 1992 for review), the guinea-pig ileum
(Craig & Clarke, 1990; Eglen et al., 1990; Tonini et al., 1992)
and distal colon (Wardle & Sanger, 1993), and porcine heart
(Villalon et al., 1991). In particular, the relatively low intrinsic
activity of cisapride (as free base) in the human detrusor clo-
sely resembles that found in the guinea-pig distal colon
(Wardle & Sanger, 1993). In contrast to our findings, BIMU 8
has been found to act as a full agonist in Rhesus and Cyno-
motgus monkey bladder (where 5-HT4 receptors cause direct
muscular relaxation) (Waikar et al., 1994), and 5-MeOT has
been found to possess partial agonist properties in the human
isolated detrusor (Corsi et al., 1991). In the latter preparation
we found that BIMU 8, cisapride (as well as (R,S)-zacopride),
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and 5-MeOT were approximately 15, 30 and 100 fold less
potent than 5-HT, respectively. While the potencies of 5-HT,
BIMU 8 and (R,S)-zacopride are comparable to those pre-
sented in the literature, the potency of 5-MeOT (and in part of
cisapride) is unusually low (see also Corsi et al., 1991). This
might reflect degradation of 5-MeOT by monoamine oxidases
(MAO) resulting in an underestimation of its potency. How-
ever, the fact that in the detrusor the potency of 5-HT, which is
also a good substrate for MAO, is similar to that found in
other peripheral tissues both in the presence and in the absence
of pargyline (Baxter et al., 1991; Reeves et al., 1991) argues
against this hypothesis.

The rank order of potency of agonists has long been used as
a means of characterizing receptors. Indeed, the unusually low
potency of 5-MeOT in the detrusor could be taken as evidence
for the expression of different isoforms of the 5-HT4 receptor,
which are not distinguishable with conventional antagonists.
Recently, two splice variants of the receptor, the 5-HT4L and 5-
HT4S isoforms, differing in length and sequence of their C-
terminus have been described in the brain and peripheral or-
gans (including the bladder) of the rat (Gerald et al., 1995).
Since both isoforms possess identical amino acid sequencies in
the transmembrane region, they have similar antagonist
binding profiles (as demonstrated in displacement studies with
[3H]-GR 113808). By contrast, they might display a different
coupling efficiency in the human detrusor, even though 5-
MeOT was found to display a similar (high) potency towards
central 5-HT4 receptor variants expressed in COS-7 cells
(Gerald et al., 1995). Several factors such as density of receptor
isoforms, their different coupling efficiencies and distinct affi-
nity profiles for agonists, may contribute to the observed dif-
ferent potency and efficacy of agonists in producing functional
responses. The identification of putative splice variants of the
5-HT4 receptor in the human bladder, and their linked signal
transduction mechanisms, might provide further support to
our hypothesis.

In contrast to peripheral tissues with low receptor reserve in
which RS 23597 disclosed clear cut antagonist properties at the
5-HT4 receptors (Eglen et al., 1993; 1995), in the detrusor this
compound behaved as a partial agonist. In this context, RS
23597 has also been found to act as a partial 5-HT4 receptor

agonist in strips of guinea-pig proximal colon (A. Lucchelli:
personal communication). The difference in the efficacy of RS
23597 may reflect different receptor coupling efficiency, a
condition in which a ligand of G-protein coupled receptors
(like the 5-HT4 receptor) may function as a full agonist, partial
agonist/antagonist, or neutral antagonist depending mainly on
the tissue and the species under investigation (Kenakin, 1995).
This also applies to other benzamide (cisapride, (R,S)-zaco-
pride, renzapride) and benzimidazolone derivatives (BIMU 8),
which act as full agonists in mouse colliculi neurones (Dumuis
et al., 1989; 1991), and as partial agonists in guinea-pig hip-
pocampus (Bockaert et al., 1990) and in a number of periph-
eral tissues (Craig & Clarke, 1990; Bockaert et al., 1992).
Similar observations apply to 8-(mono)hydroxydipropylamino
tetralin (8-OHDPAT) towards 5-HTlA receptors both in cen-
tral neurones (Andrade & Nicoll, 1987) and in a mouse fi-
broblast cell line (Varrault & Bockaert, 1992).

The activation of the 5-HT4 receptors located on cholinergic
nerves explains, at least in part, the gastrointestinal prokinetic
action of substituted benzamides and benzimidazolone deri-
vatives (Tonini et al., 1991; Tonini & De Ponti, 1995). The
evidence that the same compounds potentiate by a similar
mechanism the contractile activity of the human detrusor
suggests that 5-HT4 receptor agonists could be exploited
clinically for the management of voiding disorders associated
with detrusor hypocontractility, for which an enhancement of
cholinergic drive is expected to be beneficial (Mundy et al.,
1994). In this respect, cisapride was found to increase bladder
voiding efficiency in patients with bladder hypocontractility
due to neurological damage of various origins (Etienne et al.,
1988; de Groot & de Pagter, 1988; Hanson & Soler, 1989), and
to increase the frequency of micturition in patients treated for
gastrointestinal motor disturbances (Boyd & Rohan, 1994;
Pillans & Wood, 1994).
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