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Inhibition of colonic motility and defecation by
RS-127445 suggests an involvement of the 5-HT2B

receptor in rodent large bowel physiology
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Background: 5-HT2B receptors are localized within the myenteric nervous system, but their functions on motor/sensory
neurons are unclear. To explore the role of these receptors, we further characterized the 5-HT2B receptor antagonist RS-127445
and studied its effects on peristalsis and defecation.
Experimental approach: Although reported as a selective 5-HT2B receptor antagonist, any interactions of RS-127445 with
5-HT4 receptors are unknown; this was examined using the recombinant receptor and Biomolecular Interaction Detection
technology. Mouse isolated colon was mounted in tissue baths for isometric recording of neuronal contractions evoked by
electrical field stimulation (EFS), or under an intraluminal pressure gradient to induce peristalsis; the effects of RS-127445 on
EFS-induced and on peristaltic contractions were measured. Faecal output of rats in grid-bottom cages was measured over 3 h
following i.p. RS-127445 and separately, validation of the effective doses was achieved by determining the free, unbound
fraction of RS-127445 in blood and brain.
Key results: RS-127445 (up to 1 mmol·L-1) did not interact with the 5-HT4 receptor. RS-127445 (0.001–1 mmol·L-1) did not
affect EFS-induced contractions of the colon, although at 10 mmol·L-1 the contractions were reduced (to 36 � 8% of control,
n = 4). RS-127445 (0.1–10 mmol·L-1) concentration-dependently reduced peristaltic frequency (n = 4). RS-127445
(1–30 mg·kg-1), dose-dependently reduced faecal output, reaching significance at 10 and 30 mg·kg-1 (n = 6–11). In blood and
brain, >98% of RS-127445 was protein-bound.
Conclusions and implications: High-protein binding of RS-127445 indicates that relatively high doses are required for
efficacy. The results suggest that 5-HT2B receptors tonically regulate colonic motility.
British Journal of Pharmacology (2009) 158, 252–258; doi:10.1111/j.1476-5381.2009.00155.x; published online 9
April 2009

This article is part of a themed issue on GPCR. To view this issue visit
http://www3.interscience.wiley.com/journal/121548564/issueyear?year=2009

Keywords: 5HT2B; RS-127445; peristalsis; faecal output; colon

Abbreviations: DMSO, dimethylsulphoxide; EFS, electrical field stimulation; ENS, enteric nervous system

Introduction

5-HT2B receptors (nomenclature follows Alexander et al.,
2008) are expressed by the smooth muscle of the adult human
gut (Borman et al., 2002), where activation of the receptor can
evoke contraction of the longitudinal muscle of various gas-

trointestinal regions and species, including the rat isolated
forestomach (Baxter et al., 1994), human terminal ileum
(Borman and Burleigh, 1997) and colon (Borman et al., 2002).
5-HT2B receptor activation is also reported to facilitate neu-
ronally mediated contractions of the human isolated colon
(Borman et al., 2002), although it is not clear from these
experiments if this activity is due to a non-specific increase in
muscle excitability or a direct action on neuronal function.
Nevertheless, 5-HT2B receptors have been found within the
myenteric nervous system of human (Borman et al., 2002)
and mouse (Fiorica-Howells et al., 2000) intestine, where a
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role in the development of the enteric nervous system (ENS)
has been suggested (Fiorica-Howells et al., 2000).

It is not known if the expression of the 5-HT2B receptor
within the ENS reflects a localization of the receptor to enteric
motor and/or intrinsic primary afferent neurons, or indeed, if
such a distribution can affect intestinal motility. To explore
this possibility, it is necessary to use preparations where the
intact neurocircuitry is allowed to operate. For studies in vitro,
this can be achieved by investigating the effects of substances
on the peristaltic reflex, and then comparing the findings
with studies in vivo. In the present investigation, we have
looked at the effects of the 5-HT2B receptor antagonist
RS-127445 (Bonhaus et al., 1999) on electrically stimulated,
neuronally mediated, contractions of isolated colon, on peri-
staltic contractions and on the defecation behaviour of
rodents. However, although reported as a selective 5-HT2B

receptor agonist, any effects of RS-127445 on the 5-HT4 recep-
tor are unknown. It was important, therefore, to begin by
studying the effects of RS-127445 on the 5-HT4 receptor, given
the major influence of this receptor on intestinal function.
Our results confirm the selectivity of RS-127445 for the 5-HT2B

receptor and suggest that 5-HT2B receptors play a tonic role in
regulating the motility of the colon. These data may have
profound implications in understanding how endogenous
5-HT can regulate colonic function.

Methods

Animals
All animal care and procedures were in accordance with the
UK Animals (Scientific Procedures) Act 1986 and all efforts
were made to minimize the number of animals used.

Pharmacological characterization of RS-127445 at the 5HT4

receptor
The experiments were performed using a Biomolecular Inter-
action Detection (BIND) system (SRU Biosystems; Cunning-
ham et al., 2004), a label-free, cell-based platform which
employs a biosensor to monitor ligand-induced responses in
living cells (Fang et al., 2008); the biosensor utilizes an optical
transducer to convert a ligand-induced change in a cell layer
into a quantifiable signal. In brief, human embryonic kidney
(HEK) macrophage scavenger II (MSRII) cells were cultured in
Earle’s modified essential medium, 10% foetal bovine serum
(FBS), 1% non-essential amino acids, 200 mmol·L-1 glutamine
and 0.8% geneticin (Invitrogen). Cells were grown until 80%
confluent before the human 5HT4(a) receptor (Bockaert et al.,
2004) was transiently expressed utilizing a BacMam virus
expression system. Cells were removed from the flask by
Versene treatment and cells resuspended in the above media
containing 10% dialysed FBS. Human 5HT4(a) receptor virus
was added to the cell suspension and incubated for 5 min.
Cells were then plated at 105 cells per well in an SRU TiO
96-well Biosensor plate (SRU Biosystems) and incubated at
room temperature for 20 min. The plates were then placed in
an atmosphere of 95% O2 and 5% CO2 at 37oC and left for
24 h. On the day of the experiment, plates were placed for

30 min at room temperature for equilibration. Cells were then
washed with phenol red free Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 20 mmol·L-1 HEPES at
pH 7.4. Another 30 min incubation period followed to allow
the cells to aclimatize to the new media. Plates were then
placed on the reader and baseline measurements recorded for
5 min. All drugs were diluted in the DMEM/HEPES buffer.

Following 30 min incubation, agonist studies were con-
ducted by constructing half log unit concentration-response
curves (0.01 nmol·L-1–1 mmol·L-1). After addition of each con-
centration of the agonist, the cellular response was recorded
for 20 min. Each agonist concentration-response curve was
constructed using a four-parameter logistic equation from
GraphPad Prism software as follows: Y = Bottom + (Top -
Bottom)/1 + 10(logEC50 - X)nH. The concentration of agonist
that produced a half-maximal response was represented by
the EC50 value, the logarithm of which yielded the pEC50

value. For antagonist studies, a range of concentrations of
antagonist (0.1 nmol·L-1–10 mmol·L-1) were tested against an
EC80 concentration of 5-HT (previously determined from a
0.1 nmol·L-1 to 10 mmol·L-1 concentration-response curve) by
pre-incubating with the cells for 30 min prior to the addition
of 5-HT (for a further 20 min). The IC50 value, the concentra-
tion producing half the maximum inhibition, was extrapo-
lated and corrected by the Cheng-Prusoff correction: KB =
IC50/(1 + A/EC50), where A = the final assay concentration of
agonist used (Cheng and Prusoff, 1973). pKB was subsequently
calculated using the equation: pKB = –log(KB).

Electrical field stimulation (EFS) of isolated colon
Experiments were performed as previously described by Bassil
et al. (2005). Briefly, adult male C57BL/6J mice (25–30 g) were
killed by a rising concentration of CO2, followed by cervical
dislocation. Following a midline incision, colons were blunt-
dissected and placed immediately in Krebs solution (in
mmol·L-1; NaCl 121.5, CaCl2 2.5, KH2PO4 1.2, KCl 4.7, MgSO4

1.2, NaHCO3 25.0, glucose 5.6) previously equilibrated with
5% CO2 in O2.

Full wall thickness strips of distal colon (~10 ¥ ~5 mm) were
cut parallel to the circular muscle and were suspended under
10 mN of tension for isometric recording between two paral-
lel platinum ring electrodes in 5 mL tissue baths containing
Krebs solution bubbled with 5% CO2/95% O2, maintained at
pH ~7.4 and 37°C. Tension was measured using isometric
force transducers (MLT0201/D, AD Instruments, Chalgrove,
UK). Data acquisition and analysis were performed using
MP100 hardware and AcqKnowledge® software (Biopac
Systems, Inc., Santa Barbara, CA, USA). Tissues were allowed
to equilibrate for at least 45 min during which time bath
solutions were changed every 15 min. EFS was achieved using
monophasic square-wave pulses of 0.2 ms pulse width, 5 Hz
frequency at a maximally effective voltage (50 V; Digitimer,
Welwyn Garden City, UK) for 10 s at 2 min intervals for
30 min periods; each period was separated by a 5 min interval
in which the bath solutions were changed. These parameters
of EFS were selected as those that consistently evoked nerve-
mediated responses with a good signal-to-noise ratio over
background spontaneous muscle activity. The effects of
RS-127445 (1 nmol·L-1–10 mmol·L-1, single concentration per
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tissue, 15 min contact time) or vehicle [5 or 50 mL dimethyl-
sulphoxide (DMSO)] were expressed as the percentage change
in amplitude compared with the mean amplitude of four
pre-drug, post-EFS contractile responses. The results were
analysed using a two-sample equal variance t-test.

Peristalsis of isolated colon
Adult male C57BL/6J mice (25–35 g) were killed and colons
removed as described above. The tissues were cut free from
the caecum and mesentery and placed in a custom-made
80 mL tissue bath (Applied Technologies, GSK, Harlow, UK;
see Figure 1 for apparatus setup) containing Krebs solution,
bubbled with 5% CO2/95% O2, maintained at pH ~7.4 and
37°C. To minimize mucosal degradation, it was important
that the entire procedure, from resection to placing in the
bath, was completed within approximately 10 min. All efforts
were made to refrain from touching or stretching the colon
except at the oral and aboral ends. The oral end of the colon
was attached via an inlet cannula and tubing to a 50 mL
syringe mounted in a syringe pump and filled with Krebs
solution. A flow of Krebs solution into the colon was initiated
with a flow rate of 450 mL·min-1 to allow the luminal contents
to empty. Once empty, the flow into the colon was halted and
the aboral end of the colon was attached to an outlet cannula.
Both the inlet and outlet cannulas were connected to tubing
containing a three-way micro stop-tap and a high- and low-
sensitivity pressure transducer [2¥ high sensitive pressure
transducers (high sensitivity: P75, Hugo Sachs, Germany; low
sensitivity: MLT 844, ADInstruments, UK)]. The aboral end of
the colon was also connected via tubing to a vertical glass
reservoir with an overflow chute. This glass tube was mounted
on a platform which could be lowered or raised to change the
back pressure on the colon. Once the colon was mounted, the
bath was emptied of any fluid using a vacuum and immedi-

ately refilled with fresh oxygenated Krebs solution. After a
5 min period to allow the bath temperature to equilibrate, the
tissue was stretched to approximately 0.5 cm over that of its
initial length of 3–4 cm. After a further 5 min, the valve of the
syringe pump was opened and the syringe pump was started
at a lower flow rate of 250 mL·min-1. Tissues were then left for
another 15 min before applying an intraluminal pressure by
increasing the height of the glass reservoir to 3.5 cm above
the height of the tissue in the bath to initiate peristaltic
contractions. Tissues were then left for approximately 1 h to
enable peristalsis to stabilize. Once a consistent peristaltic
activity had been observed (visually confirmed as a move-
ment from the oral to the aboral end of the colon), a single
concentration of RS-127445 or vehicle was added to the bath
(serosal application) and measurements made for the next
eight contractions (further additions of RS-127445 or vehicle
to the same tissue were not attempted, to minimize time-
dependent variability). The effects of RS-127445 on the
frequency of peristaltic contractions were measured and
expressed as a percentage change in frequency compared with
the mean of the frequency of 10 pre-drug contractions. Where
tissues failed to give typical and/or consistent basal peristaltic
contractions, they were discarded from further evaluation in
the experiment. Data acquisition and analysis of intraluminal
pressure changes were performed using MP100 hardware
and AcqKnowledge® software (Biopac Systems, Inc., Santa
Barbara, CA, USA). Data are expressed as means � standard
error of the mean; n-values are numbers of tissues examined.
The effect of compounds compared with vehicle upon the
percentage change in frequency of peristaltic contractions
was analysed using a repeated measures model.

Defecation
Male Sprague-Dawley rats (body weight, 180–300 g) obtained
from Charles River Laboratories (Thanet, UK) were used. Rats

Figure 1 Apparatus for initiating and recording peristalsis in mouse isolated colon. Using this equipment, peristalsis was induced by applying
an intraluminal pressure by raising the reservoir to 3.5 cm above the height of the tissue in the bath (see Methods).
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were singly housed on wire bottom cages under conditions of
controlled humidity, temperature (22°C–24°C) and reversed
illumination (12 h light cycle starting at 7:00 p.m.) for at least
3 days before the experiments, with ad libitum access to food
and water.

Animals were given the test compound (RS-127445 1, 3, 10
or 30 mg·kg-1) or vehicle (10% ethanol, 40% polyethylene
glycol, 50% distilled H2O) intraperitoneally in a final dose
volume of 3 mL·kg-1. Following drug administration, animals
were returned to the home cage. Three hours following treat-
ment, the faecal output was collected and weighed; pellets
were collected onto paper tray liners, to minimize contami-
nation from urine or water. Because of a high variability in the
numbers and sizes of faecal pellets excreted by individual rats,
the results are expressed as the mean wet weight � SEM of
pellets excreted. The effect of compound administration com-
pared with vehicle upon the faecal wet weight was analysed
using an ANOVA with Bonferroni comparison of multiple
variables. P < 0.05 was considered statistically significant.

Determination of fraction unbound (fu) in blood and brain for
RS-127445
The methodology employed in this study was as described by
Summerfield et al. (2006). In brief, 96-well equilibrium dialy-
sis was used to determine the free fraction of RS-127445 in
blood and brain. Fresh rat blood was diluted 1:1 with PBS and
fresh rat brain was homogenized 1:2 with PBS. Known
amounts of RS-127445 were added to the resulting diluted
blood and brain homogenate to produce a 1000 ng·g-1 incu-
bation solution. Aliquots (100 mL; six replicates) of each
mixture were inserted into the bottom half of the 96-well
equilibrium dialysis plate and the equivalent volume of PBS
added to the top half of the wells. Dialysis versus PBS was
carried out for 5 h in an incubator at 37°C, using an orbital
microplate shaker to mix the samples. Following incubation
the blood, brain homogenate and PBS aliquots were extracted,
mixed and centrifuged. The unbound fraction of RS-127445
was determined, following sample analysis by means of
HPLC/MS/MS, as the ratio of the peak area in buffer to that in
blood or brain, with correction for dilution factors according
to the following equation (Kalvass and Maurer, 2002):

fu
1 fu apparent

=
( ) +

1
1

D
D

where D = dilution factor in blood or brain homogenate and
fu(apparent) is the measured free fraction of diluted blood or
brain tissue.

Materials used
5-HT hydrochloride was obtained from Sigma, UK. RS-127445
and the 5-HT4 receptor agonist (tegaserod) and antagonist
(SB-207266; Wardle et al., 1996) were each synthesized
in-house. RS-127445 was freshly prepared prior to use. For
isolated tissue studies, RS-127445 was dissolved in 100%
DMSO and these solutions were then added to the bathing
solution in amounts which gave a bath concentration of
DMSO of 0.1 or 1% (EFS experiments) or 0.01% (peristalsis

experiments). For the experiments in vivo, RS-127445 was
dissolved in 10% ethanol, 40% polyethylene glycol, 50% dis-
tilled H2O at a maximum concentration of 10 mg·mL-1. For
the in vitro fu studies, RS-127445 was dissolved in 100%
DMSO and then added to the biological samples such that the
final volume contained no more than 1% DMSO.

Results

Pharmacological characterization of RS-127445 at the
5HT4 receptor
RS-127445, in concentrations up to 1 mmol·L-1, had no effects
on the baseline response of the HEK293 MSRII cells expressing
the human 5HT4(a) receptor (n = 3); higher concentrations
were not tested. By contrast, 5-HT and tegaserod evoked
concentration-dependent positive responses (respectively,
pEC50 values were 7.98 � 0.09 and 8.10 � 0.06), whereas
SB-207266 gave a concentration-dependent negative BIND
response (pIC50 = 8.16 � 0.11); n = 3 each. Further, RS-127445
(up to 1 mmol·L-1) did not antagonize the effects of an EC80

concentration of 5-HT in this system, in contrast to the
antagonism demonstrated with SB-207266 (pKB values were,
respectively, <6 and 8.79 � 0.07; n = 3 each).

EFS of isolated colon
RS-127445 (1 nmol·L-1–1 mmol·L-1) had no effect on the
amplitude of the EFS-induced contraction in mouse isolated
colon circular muscle (n = 4 for each concentration, P > 0.05).
At 10 mmol·L-1 a decrease in the size of the EFS contraction
was recorded; this was measured as 36 � 8% of the contrac-
tion amplitude measured before administration of RS-127445,
compared with 73 � 7% of the pre-drug contraction with
vehicle (n = 4, P < 0.01, Figure 2).

Peristalsis
RS-127445 (1 nmol·L-1–10 mmol·L-1) had no consistent effects
on the amplitude of the peristaltic contractions. How-
ever, RS-127445 (10 nmol·L-1–10 mmol·L-1) concentration-
dependently reduced the frequency of these contractions.
This reduction was highly statistically significant (P < 0.002)
at 100 nmol·L-1 or above. The tendency for 10 nmol·L-1

RS-127445 to reduce the frequency of peristaltic contractions
did not, however, achieve statistical significance (P = 0.09;
Figure 3). The magnitude of reduction in frequency induced
by 100 nmol·L-1 RS-127445 was similar to that induced by
an approximately threshold concentration of morphine
(300 nmol·L-1). In this preparation, 1 mmol·L-1 morphine
totally abolished peristaltic contractions (n = 4; data not
shown).

Defecation
Control values for faecal output over a 3 h collection period
were 1.08 � 0.12 g wet weight. Animals pretreated with
RS-127445 displayed a significant reduction in the faecal
output compared with control animals, the difference achiev-
ing statistical significance at 10 mg·kg-1 and 30 mg·kg-1
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(n = 6–11, P < 0.05, Figure 4). Morphine (3 mg·kg-1) in a
separate experiment also produced an inhibition of faecal wet
weight (0.27 � 0.08 g vs. 1.21 � 0.13 g for vehicle treated
animals; n = 10; P < 0.001).

Fu
RS-127445 had a low fu in blood and brain. The fu(blood)
was 0.0175 � 0.0012. The fu(brain) was 0.0040 � 0.0003.
Therefore, RS-127445 is highly bound in both blood (98.25%)
and brain (99.60%).

Discussion

5-HT2B receptor-induced muscular contraction that does not
involve neuronal activation has previously been demon-
strated in various gastrointestinal regions in rats and humans
(Baxter et al., 1994; Borman and Burleigh, 1997; Borman
et al., 2002). However, the presence of 5-HT2B receptors in the

myenteric nervous system suggests another possible role for
the receptor which involves neuronal participation. To fully
investigate this potential neuronal role, we used mouse iso-
lated colon models of colonic motility and compared our
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findings with faecal output in vivo. The 5-HT2B receptor
antagonist used in these experiments was RS-127445
(Bonhaus et al., 1999). This compound has previously been
described as a selective 5-HT2B receptor antagonist, but
although selectivity was demonstrated against most known
5-HT receptors (1000-fold over other receptors studied), infor-
mation about any potential activity at the 5-HT4 receptor was
not included. Given that activation of this receptor can exert
profound effects on intestinal motility (Beattie and Smith,
2008), it was necessary to further demonstrate the selectivity
of RS-127445 by evaluating its actions at the 5-HT4 receptor.
In the present experiments, RS-127445 was found not to acti-
vate or antagonize at the human 5HT4 receptor, at concentra-
tions up to 1 mmol·L-1.

RS-127445 (1 nmol·L-1–1 mmol·L-1) had no effect on EFS-
induced neuronal contractions but did significantly reduce
contraction amplitude at 10 mmol·L-1. It seems unlikely that
this effect of 10 mmol·L-1 RS-127445 is mediated via the 5-HT2B

receptor as a pki of 9.5 is reported for this compound in
binding studies with h5-HT2B and a pA2 of 9.5 was obtained
using rat isolated forestomach preparations contracted with
5-HT (Bonhaus et al., 1999); the mechanism of action is,
therefore, unknown. However, lower concentrations of
RS-127445 concentration-dependently reduced peristaltic
contraction frequency. This reduction was highly statistically
significant at 100 nmol·L-1 and 1 mmol·L-1, as well as at
10 mmol·L-1; the tendency for 10 nmol·L-1 RS-127445 to
reduce the overall frequency of contractions did not achieve
statistical significance. Together, these data suggest that the
effects observed with the lower concentrations of RS-127445
are not due to a non-specific inhibition of motor nerve activ-
ity (observed with 10 mmol·L-1 RS-127445 in the EFS experi-
ments) but, instead, are caused by a specific effect of the
compound on peristalsis, where the neurocircuitry needs to
be functionally intact. Nevertheless, the effective concentra-
tions of RS-127445 are higher than those reported to be active
at the 5-HT2B receptor (see above), although within the known
1000-fold selectivity range for this compound (Bonhaus et al.,
1999). Given that in the present study RS-127445 is required
to operate against the effects of endogenously released 5-HT
in a dynamic model of intestinal activity, it seems reasonable
to suggest that the effects observed are due to 5-HT2B receptor
antagonism. However, further work is required with new
5-HT2B receptor antagonists to confirm this possibility, when
such compounds become available.

Consistent with the in vitro data, RS-127445 also reduced
faecal output in vivo, suggesting that the peristalsis model is a
good predictor of defecation in rodents; in these studies, wet
and dry weights of faecal pellets were not determined, as the
intention was simply to try and validate the in vitro model-
ling. At first sight, the effective doses (10 and 30 mg kg-1 i.p.)
seem higher than those which in rats (1–10 mg kg-1 i.p.), are
reported to give blood plasma concentrations of RS-127445
above those required to antagonize at the 5-HT2B receptor
(Bonhaus et al., 1999). However, such a comparison cannot be
used to suggest that in the present study inappropriately high
doses of RS-127445 were used. Thus, plasma concentrations of
compounds consist of both protein-bound and -unbound
fractions. As it is the free fraction which is available for
binding to the receptor, it is likely that the concentrations of

RS-127445 provided by Bonhaus et al. (1999) do not reflect
the doses of this compound that are required to fully antago-
nize at the 5-HT2B receptors within the gut or elsewhere. The
fact that RS-127445 was shown to be highly protein bound
(>98%) in both brain and blood confirms the need to exercise
caution when interpreting such data.

The possibility that 5-HT2B receptors regulate colonic motil-
ity in a physiological manner, via the ENS, means that this
receptor may join the 5-HT3 receptor [where antagonists may
cause constipation in healthy volunteers; Gore et al. (1990)
and Talley et al. (1990)], as candidate 5-HT receptors through
which endogenous 5-HT may affect colonic function during
health. Further, our results could have an impact on interpret-
ing the activity of the gastrointestinal prokinetic agent and
non-selective 5-HT receptor ligand, tegaserod. Thus, this com-
pound, which until recently was marketed in the USA for
treatment of constipation-predominant irritable bowel syn-
drome, not only is thought to stimulate intestinal motility via
activation of the 5-HT4 receptor, but also acts at a number of
other 5-HT receptors (De Maeyer et al., 2008), including an
ability to antagonize at the 5-HT2B receptor (Beattie et al.,
2004; McCullough et al., 2006).

Our suggestion that endogenous 5-HT can act on 5-HT2B

receptors to increase colonic motility now needs to be con-
firmed using other selective 5-HT2B receptor antagonists,
perhaps with a lower protein binding characteristic. If con-
firmed, however, these finding will have profound implica-
tions on our understanding of how endogenous 5-HT can
affect colonic function.
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