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Introduction
Irritable bowel syndrome (IBS) is one of the most 
common functional digestive disorders encoun-
tered in clinical practice. Prevalence of IBS in the 
western population has been estimated between 
10% and 20% [Lovell and Ford, 2012]. Hallmark 
features of IBS include recurrent abdominal pain 
or discomfort, bloating and changes in bowel 
habit, which may be predominant or alternating 
diarrhea and constipation. Abdominal pain in 
IBS has been attributed to a combination of 
smooth muscle hypercontractility, visceral hyper-
sensitivity, and changes in the central processing 
of visceral pain [Drossman et  al. 2002]. The 
pathophysiology of IBS varies between patients 
and has been linked to several factors, including 
intestinal infection, inflammation, intestinal 
microflora, stress, genetic predisposition and diet 

[Drossman et  al. 2002]. Despite considerable 
research, no biochemical or structural abnormal-
ities have been related to the disease. Poor under-
standing of IBS pathophysiology limits the 
therapeutic strategies to treatment of patient’s 
symptoms. Spasmolytic compounds are in use as 
a treatment strategy based on the observations of 
disturbed gastrointestinal (GI) motility among 
patients with IBS [Drossman et al. 2002; Forte 
et al. 2012]. Among the various spasmolytic com-
pounds, otilonium bromide (OB), a quaternary 
ammonium derivative, has demonstrated supe-
rior effectiveness in the treatment of IBS symp-
toms [Forte et  al. 2012]. A recent review of 
clinical trials with OB concluded that OB was 
both safe and efficacious in improving abdominal 
pain and distension in patients with IBS [Clave 
et al. 2011]. Furthermore, OB has been proven to 
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relieve pain in all IBS subtypes. Although the 
therapeutic properties of OB are well docu-
mented, the underlying mechanisms are less well 
understood. Studies on mechanisms of action of 
OB have provided a number of pharmacological 
properties which most likely operate together to 
produce the clinical effect. The mechanisms 
involved in the action of OB in the GI tract are 
reviewed here. These include modulation of 
smooth muscle cell (SMC) contractility, inhibi-
tion of main patterns of colonic contractions and 
possibly direct effects on sensory nerves. OB 
interacts with a variety of neurohormone recep-
tors and calcium channels to produce its thera-
peutic effect.

Pharmacology and efficacy of OB in IBS
OB is not absorbed systemically on ingestion, and 
accumulates in the wall of the small bowel and 
colon [Evangelista et  al. 2000]. This has been 
demonstrated mainly in animal studies which 
show that 97.8% of ingested OB is excreted in 
feces and only 0.71% in urine [Evangelista et al. 
2000; Shin et  al. 2008; Sutton et  al. 1997]. At 
therapeutic dosages, the concentration of OB in 
intestinal and colonic smooth muscle is estimated 
to be around 10 µmol/liter while plasma concen-
tration is at least 1000 times lower [Evangelista 
et al. 2000]. Thus, OB acts predominantly locally 
and, due to its poor systemic absorption and low 
bioavailability outside the colon, is devoid of seri-
ous side effects [Boeckxstaens et  al. 2013; 
Evangelista, 2004]. Several studies have shown 
that OB modulates intestinal motility and visceral 
sensitivity and reduces the increased colonic 
motor responses associated with IBS [Evangelista, 
2004; Narducci et al. 1986; Battaglia et al. 1998]. 
Recently, the efficacy of OB in the treatment of 
patients with IBS was demonstrated by an inter-
national placebo-controlled trial, ‘Otilonium 
Bromide in Irritable Bowel Syndrome (OBIS)’ 
[Clave et al. 2011]. In this study of 356 patients, 
15 weeks of treatment with OB significantly 
reduced the frequency of episodes of abdominal 
pain and improved abdominal bloating. Adverse 
events did not differ between OB and placebo. 
Furthermore, the OBIS trial demonstrated long-
lasting therapeutic effects and protection of symp-
tom relapse even after discontinuation of 
treatment [Clave et  al. 2011]. Taken together, 
these studies indicate that OB is suitable for use 
in patients with IBS and provides an important 
therapeutic option to treat bloating and abdomi-
nal pain.

Colonic motor patterns
GI motility is generated by a complex interaction 
of enteric motor neurons, SMCs and interstitial 
cells of Cajal (ICC) and is under the control of 
various hormones and inflammatory mediators 
[Wood et al. 1999; Sanders, 2008]. Two main types 
of contractions can be distinguished in the human 
small bowel and colon: myogenic rhythmic phasic 
contractions (RPCs), primarily responsible for 
mixing the luminal content; and nerve-mediated 
contractions such as giant migrating contractions, 
which propagate luminal content along the colon 
[Sarna, 2006; Bampton and Dinning, 2013; 
Dinning et al. 2013]. RPCs are facilitated by spon-
taneous periodic depolarization of SMCs, also 
called slow waves, which are generated and propa-
gated by ICC. Slow waves cause brief periods of 
high and low excitability in the circular SMCs. 
Upon excitatory stimulation, these periods of high 
excitability raise the SMC depolarization above 
threshold levels and evoke rhythmic contractions. 
In contrast, giant migrating contractions are gener-
ated independent of slow waves by activity of 
enteric nerves and a sustained release of acetylcho-
line [Sanders, 2008; Sarna, 2006]. The binding of 
acetylcholine to muscarinic (M) receptors on cir-
cular SMCs initiates several signaling pathways 
that induce calcium influx through voltage-gated 
calcium channels located in the plasma membrane, 
and calcium channels located in intracellular mem-
branes that delimitate internal calcium stores 
[Tobin et al. 2009]. The influx of calcium during 
action potentials activates the contractile proteins 
of SMCs resulting in large amplitude contractions 
[Sarna, 2006]. Relaxation is also dependent on cal-
cium mobilization. Anal relaxations are evoked by 
inhibitory neurotransmitters which hyperpolarize 
SMCs thereby decreasing cytoplasmic mobiliza-
tion of calcium. Cytoplasmic calcium influx thus 
determines the duration and amplitude of the con-
traction evoked by excitatory nerves and ICC.

In vitro, patterns of contractility related to RPCs 
and giant migrating contractions can be observed 
in circular muscle strips from the human small 
bowel and colon and have been used to study the 
effect of OB [Gallego et al. 2010]. The results dem-
onstrate that OB is a potent inhibitor of spontane-
ous RPCs and contractions induced by stimulation 
of excitatory motor neurons at submicromolar 
range (Figure 1). In addition, OB inhibits stretch-
induced contractions. These data suggest that OB 
modulates the motility of the small bowel and 
colon predominantly by inhibiting SMC contrac-
tility and excitatory neurotransmission. OB 
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appears to modify the basic patterns of motility, 
which explains the spasmolytic action and the ther-
apeutic effect. The following sections focus on the 
mechanisms of OB in the GI tract with the aim of 
delineating major cell types, receptors and ion 
channels affected by OB and therefore responsible 
for the clinical effects of the drug (Figure 2).

Muscarinic receptors
M receptors are classified into five subtypes (M1, 
M2, M3, M4 and M5) and are expressed by a 
variety of cell types, including intestinal SMCs 
and ICC. M receptors are the primary target for 
the excitatory neurotransmitter acetylcholine 
released by excitatory enteric motor neurons and 
binding between the two results in contraction of 
the smooth muscle [Tobin et al. 2009]. OB also 
binds with M receptors, as demonstrated in 
radioligand binding assays, which measured 

interference of OB with binding of a radiolabeled 
ligand to its specific receptor. In the rat colon, 
competitive M2 receptor binding of OB was dem-
onstrated at a half maximal inhibitory concentra-
tion (IC50) of 1220 nmol/liter [Evangelista et al. 
1998]. Human muscarinic receptors M1, M2, M4 
and M5 also bound with OB at submicromolar 
affinity [Evangelista et  al. 1998]. This indicates 
that OB interacts with M receptors, possibly 
inhibiting signal transduction.

The antimuscarinic component in the action of 
OB was further evaluated in an electrophysiolog-
ical study in the guinea pig colon [Santicioli 
et  al. 1999]. In this study, stimulation of M 
receptors by the agonist methacholine, and by 
cholinergic excitatory junction potential, 
resulted in smooth muscle membrane depolari-
zation and contraction. OB inhibited both these 
responses in a concentration-dependent manner. 

Figure 1.  Effect of otilonium bromide (OB) on circular muscle contractions of the human sigmoid colon 
recorded in organ bath. (a) Electric stimulation (solid bars) of enteric motor neurons in a circular muscle 
strip evokes transient contraction with an amplitude of approx 25 g. Incubation with OB at increasing 
concentrations during 20 min decreased the contraction amplitude in a concentration-dependent manner. (b) 
Concentration–response curves of OB (solid circles) and the L-type Ca2+ channel antagonist nifedipine (open 
circles) on the amplitude of contractions evoked by electric field stimulation in human sigmoid colon circular 
muscle. Data are expressed as mean ± SEM, n = 5. Adapted from Gallego et al. [2010]. With permissions from 
Neurogastroenterology & Motility.
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Furthermore, OB reduced the methacholine-
induced membrane depolarization and the sub-
sequent SMC contraction at similar IC50 values 
(4.1 and 3.7 μmol/liter respectively), indicating a 
blockade of the receptor rather than interference 
with downstream signaling events [Santicioli 
et al. 1999].

Similar direct antimuscarinic properties of OB 
were demonstrated by Martinez-Cutillas and col-
leagues in human colonic SMCs and rat colon 
[Martinez-Cutillas et al. 2013]. Using organ bath 
and electrophysiological studies, they showed 
that electrically evoked excitatory junction poten-
tials and contractions of the rat colonic circular 
muscle were inhibited by OB. Both the contrac-
tile and the electrical response were sensitive to 
atropine, a muscarinic receptor antagonist, sug-
gesting that the muscarinic receptor was the tar-
get of inhibition by OB. In human SMCs, 

nifedipine-resistant calcium transients evoked by 
the M-receptor agonist carbachol were also 
inhibited by OB, suggesting interaction between 
OB and M receptors [Martinez-Cutillas et  al. 
2013].

A direct antagonistic effect of OB on human M3 
was also observed in colonic crypts obtained from 
the sigmoid colon and in a Chinese hamster ovary 
transfection system expressing the human recom-
binant M3 muscarinic receptor [Lindqvist et  al. 
2002]. In this study, OB selectively inhibited M3-
coupled calcium signaling at IC50 of 880 nmol/
liter, a similar range as the IC50 for M-receptor 
binding. Interestingly, in this study, OB did not 
inhibit the mobilization of calcium induced by 
other receptors that share the same calcium sign-
aling route. This is thought to demonstrate that 
OB may target the M3 receptor directly or via a 
downstream signaling component specific to the 
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Figure 2.  Schematic summary of the interaction of otilonium bromide (OB) with neurohormone receptors and 
calcium (Ca2+) channels on smooth muscle cells, motor neurons, and sensory neurons in the gastrointestinal 
tract. Muscarinic receptor subtype 2 and 3 (M2/3), tachykinin receptor 1 (NK1) and tachykinin receptor 2 (NK2), 
L-type calcium channels (L-type Ca2+), T-type calcium channels (T-type Ca2+). OB inhibits mobilization of 
calcium from extracellular sources by direct blockade of neurohormone receptors and Ca2+ channels resulting 
in an attenuation of the contractile response of the smooth muscle cell and possibly (as indicated by asterisks) 
in diminished excitability of sensory neurons and excitatory motor neurons.
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M receptor and not shared with other receptors 
[Lindqvist et al. 2002]. Because the M3 receptor 
plays a role in intestinal fluid secretion [Hirota 
and McKay, 2006], its inhibition by OB on 
colonic crypts also suggests that this drug may 
possess antisecretory properties which could be 
of therapeutic value especially for patients with 
diarrhea-predominant IBS. In short, the binding 
and inhibition of muscarinic receptors on SMCs 
by OB can be expected to counteract activation 
by acetylcholine released from enteric motor neu-
rons and thereby block the contractile response.

Tachykinin receptors
Tachykinins (TKs) are widely distributed excita-
tory neurotransmitters in the GI tract and have 
also been implicated in IBS [Holzer and Holzer-
Petsche, 1997, 2001]. Members of the TK family 
include substance P (SP) and neurokinin A 
(NKA). Within the enteric nervous system, SP 
and NKA are expressed by extrinsic primary 
afferents, ascending interneurons and by myen-
teric and submucosal intrinsic primary afferent 
neurons. Myenteric excitatory motor neurons 
innervating the circular and longitudinal muscle 
layers express SP and NKA and release both as 
excitatory cotransmitters of acetylcholine [Auli 
et al. 2008]. In addition, TK expression has been 
described on several non-neuronal cells in the GI 
tract [Santicioli et  al. 1999; Holzer and Holzer-
Petsche, 2001]. TKs act through interaction with 
neurokinin receptor 1 (NK1), 2 (NK2) and 
3(NK3), each characterized by the specific ago-
nists and antagonists acting on them [Santicioli 
et al. 1999]. The NK1 receptor has been localized 
on SMCs, neurons and ICC, but also on glands 
and enterocytes in the GI tract. The NK2 receptor 
is predominantly localized on smooth muscle, 
while the NK3 receptor is expressed by neurones 
[Holzer and Holzer-Petsche, 1997; Costa et  al. 
1996; Furness and Sanger, 2002]. The interaction 
between OB and NK receptors was initially inves-
tigated by Santicioli and colleagues who demon-
strated an inhibitory action of OB on circular 
muscle contraction of the guinea pig colon evoked 
by the NK1 receptor agonist [Sar9]SP sulphone, 
and the NK2 receptor agonists [bAla8] NKA(4–
10) [Santicioli et al. 1999]. The results obtained 
from this study indicate that the inhibitory mech-
anisms of OB differ between NK1 receptor and 
NK2 receptor.

The activation of NK receptors on SMCs results 
in the opening of nonselective cation channels, 

producing membrane depolarization followed by 
activation of voltage-dependent calcium channels 
and influx of intra- and extracellular calcium. 
This generates the action potential required for 
contraction [Sanders, 2000]. OB was shown to 
eliminate the SMC action potential and contrac-
tile response evoked by NK1 receptor activation 
(IC50 43 μmol/liter) without significant effect on 
the membrane depolarization [Santicioli et  al. 
1999]. Therefore it appears that OB does not 
interact directly with the NK1 receptor but rather 
inhibits the entry of extracellular calcium possibly 
by blocking voltage-gated calcium channels 
downstream of the NK1 receptor activation. This 
is further supported by the lack of effect of OB on 
the membrane depolarization induced by NK1 
receptor activation in the presence of the voltage-
dependant, L-type Ca2+ channel antagonist 
nifedipine [Santicioli et al. 1999].

In contrast to the indirect inhibition of NK1 sign-
aling, inhibition of NK2 signaling by OB is the 
result of direct interaction with the receptor. This 
was initially suggested by competitive binding of 
OB to human NK2 receptor in radioligand bind-
ing experiments [Santicioli et  al. 1999]. In this 
study, OB was found to displace [125I]NKA in a 
concentration-dependent manner with a Ki of 7.2 
± 0.83 μmol/liter. Binding of another NK2 recep-
tor agonist, [3H]SR 48968, was inhibited by OB 
with a Ki of 2.2 μmol/liter [Santicioli et al. 1999]. 
Moreover, in the guinea pig colon, SMC mem-
brane depolarization and the mechanical response 
evoked by NK2 receptor ligand were equally 
inhibited by OB, suggesting blockade at the level 
of the receptor and not via effects on cytoplasmic 
calcium mobilization.

Finally, the OB IC50 values for inhibition of mem-
brane depolarization and mechanical response 
evoked by NK2 receptor activation were not 
affected by nifedipine, which supports the hypoth-
esis that OB blocks the NK2 receptor signaling 
upstream of the voltage-dependant L-type Ca2+ 
channel [Santicioli et al. 1999]. Recent studies on 
human tissue support the findings from animal 
experiments. As NK2 receptors internalize as a 
consequence of their activation, internalization is 
used as an indirect measure of ligand binding. A 
study by Cipriani and colleagues quantified NK2 
receptor internalization induced by the selective 
agonist [bAla8]NKA(4–10) in SMC of the human 
colon. The results demonstrated that OB inhibits, 
in a concentration-dependent manner, NK2 
receptor internalization in the presence of the 
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agonist [Cipriani et  al. 2011]. It was concluded 
that OB exerts its effect (although not exclusively) 
via direct interaction with NK2 receptor [Cipriani 
et  al. 2011]. Further work on human SMCs 
showed that stimulation of NK2 receptor with 
NKA (0.1 μmol/liter) evokes calcium transients 
which are inhibited by OB in a dose-dependent 
manner [Martinez-Cutillas et al. 2013]. This inhi-
bition persisted in the presence of nifedipine, sup-
porting the notion of direct inhibition of the NK2 
receptor by OB [Martinez-Cutillas et al. 2013]. In 
summary, the above studies indicate that OB can 
inhibit NK1 receptor signaling at the level of volt-
age-gated calcium channels while it blocks NK2 
receptor activation via a direct interaction with 
the receptor. However, it remains to be estab-
lished to what extent the spasmolytic effects of 
OB in vivo are related to modulation of tachykin-
ergic signaling.

L-type Ca2+ channels
L-type Ca2+ channels are expressed in GI SMCs 
and mediate the influx of intracellular calcium 
when smooth muscles depolarize after excitatory 
(muscarinic and tachykinergic) stimulation 
[Holzer and Holzer-Petsche, 2001]. The multiple 
involvements of L-type Ca2+ channels in smooth 
muscle contractility makes them a strategic target 
for spasmolytic compounds but makes interac-
tions of OB with the receptor and interactions at 
the calcium channel difficult to distinguish. OB 
was first shown to have direct Ca2+ channel block-
ing properties through the observed inhibition of 
K+-induced Ca2+ mobilization in rat colon SMCs 
[Maggi et  al. 1983] and neuronal cells [Gandia 
et al. 1996]. Subsequent studies using radioligand 
binding assays demonstrated that OB indeed 
interacts with L-type Ca2+ channels at the molec-
ular level [Evangelista et  al. 1998]. Specifically, 
OB was found to competitively bind the vera-
pamil binding site on the L-type Ca2+ channels in 
the rat colon with an IC50 of 1020 nmol/liter. OB 
also bound the diltiazem binding site in rat cere-
bral cortex at higher concentrations (1490 nmol/
liter) [Evangelista et  al. 1998]. The functional 
consequences of this interaction were studied by 
Martin and colleagues in the rat colon using 
patch-clamp techniques and organ bath [Martin 
et  al. 2004]. Their work demonstrated L-type 
Ca2+ channel-specific inhibition of SMC inward 
calcium currents and contractile response in the 
presence of OB. Studies on human tissue sup-
ported and expanded these findings. Using patch 
clamp techniques, Strege and colleagues recorded 

whole cell currents in human jejunal circular 
SMCs and on L-type Ca2+ channels expressed 
heterologously in HEK293 cells [Strege et  al. 
2004]. OB-inhibited SMC whole cell currents by 
88% at 9 μmol/liter and HEK293 cell currents by 
29% at 0.9 μmol/liter. The functional conse-
quence of L-type Ca2+ channel blockade by OB 
has also been studied in human colon. In organ 
bath studies, Gallego and colleagues observed 
that OB inhibited RPCs and stretch-induced tone 
and contractions induced by electrical stimula-
tion of excitatory motor neurons [Gallego et  al. 
2010]. The effects of OB were largely reversed by 
the L-type Ca2+ channel agonist, BayK8644, but 
persisted in the presence of nicotinic and mus-
carinic receptor antagonists, NK2 receptor antag-
onist or depletion of intracellular Ca2+ stores. 
This suggests that inhibition of the main patterns 
of motility in the human colon by OB is a result of 
L-type Ca2+ channel blockade. Interestingly, this 
study found that OB did not affect inhibitory 
neuromuscular transmission, suggesting that OB 
mainly acts as an inhibitor of excitatory signaling 
in the human gut [Gallego et al. 2010].

Blockade of L-type Ca2+ channels was also dem-
onstrated in human colonic SMCs using calcium 
imaging and electrophysiology [Martinez-Cutillas 
et al. 2013]. Here, OB inhibited K+-evoked cal-
cium transients (half maximal effective concen-
tration of 3.6 μmol/liter) sensitive to the L-type 
Ca2+ channel inhibitor nifedipine. Similarly, cal-
cium transients evoked by the L-type Ca2+ chan-
nel agonist BayK8644 were blocked by OB in a 
concentration-dependent manner. In organ bath 
experiments, OB also inhibited nifedipine-sensi-
tive, calcium-dependent, rhythmic contractions 
of the rat colonic circular muscle [Martinez-
Cutillas et al. 2013].

In summary, these data imply OB blocks L-type 
Ca2+ channels on SMCs. The blockade of SMC 
L-type Ca2+ channels results in the inhibition of 
the contractile response to various excitatory 
stimuli and is thus likely to explain the observed 
spasmolytic properties of the drug.

T-type Ca2+ channels
Although L-type Ca2+ channels are mainly 
responsible for the calcium entry into SMCs, 
recent studies have also revealed the importance 
of  T-type Ca2+ channels in regulation of GI motil-
ity [Beyder and Farrugia 2012; Lee et al. 2007]. 
T-type Ca2+ channels have been identified in 
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various cell types, including SMCs and ICC in 
both the small intestine and the colon [Gibbons 
et al. 2009; Huizinga et al. 1991; Smirnov et al. 
1992; Xiong et  al. 1995]. Activation of T-type 
Ca2+ channels has been shown to be involved in 
the propagation of the slow wave from ICC to 
SMCs, modulating their excitability [Lee et  al. 
2007]. Thus, T-type Ca2+ channels are involved in 
the regulation of motility, which makes them a 
potential target for spasmolytic compounds such 
as OB. Indeed, studies on the effect of OB on 
T-type Ca2+ channels have revealed specific inhib-
itory properties. This was demonstrated in human 
embryonic kidney cells transfected with the three 
T-type Ca2+ channel types: CaV3.1, CaV3.2 and 
CaV3.3 [Strege et  al. 2010]. In these cells, OB 
reversibly blocked whole cell, T-type Ca2+ cur-
rents, recorded by the standard patch-clamp tech-
nique. OB inhibited all three channel types at 
IC50 values between 1 and 10 μmol/liter, which is 
the therapeutic concentration of OB observed in 
GI smooth muscle [Evangelista et  al. 2000]. 
Importantly, the measured IC50 values were lower 
than those observed previously for the L-type 
Ca2+ channel inhibition by OB (2.3 ± 0.5 μmol/
liter) [Strege et  al. 2004]. This indicates that at 
therapeutic concentrations of the drug, both L- 
and T-type Ca2+ channels are blocked, which is 
relevant to understanding the in vivo effect of OB.

An interaction of OB with the T-type Ca2+ chan-
nel was also demonstrated in human cultured 
SMCs [Martinez-Cutillas et  al. 2013]. In these 
cells, calcium transients were induced by CaCl2 
and measured by calcium imaging. A significant 
fraction of the evoked calcium transients were 
resistant to the L-type Ca2+ channel blocker 
nifedipine and sensitive to the T- and L-type Ca2+ 
channel antagonist mibefradil, suggesting involve-
ment of T-type Ca2+ channels. OB inhibited these 
responses with an IC50 of 17.5 μmol/liter, indicat-
ing direct modulation of cellular calcium entry by 
T-type Ca2+ channels. This study suggests that 
inhibition of T-type Ca2+ channels by OB can 
produce inhibitory effects on the contractility of 
human colonic muscle, possibly promoting 
spasmolysis.

In summary, studies indicate the blockade of 
T-type Ca2+ channels by OB at concentrations 
well within the range of those observed in the 
colon. Such inhibition is expected to decrease the 
smooth muscle contractility, possibly via alterna-
tions in slow wave propagation. It remains to be 
established whether this is a relevant mechanism 

underlying the spasmolytic actions of OB 
observed in the clinical setting. Recently, SMC 
sodium channels (Nav1.5) have also been impli-
cated in the mechanisms of action of OB [Strege 
et  al. 2010]. However, the exact role of these 
channels in GI motility and their interactions 
with OB are largely unknown.

Nicotinic receptors
The mode of action of OB has been studied pre-
dominantly in SMCs. However, evidence suggests 
that enteric nerves are also affected by OB, which 
could contribute to its spasmolytic properties. OB 
has been shown to inhibit signaling by nicotinic 
acetylcholine (ACh) receptors, which are 
expressed by many enteric nerves and which facil-
itate enteric neurotransmission. This was demon-
strated in bovine adrenal chromaffin cells 
stimulated by the synthetic ACh receptor agonist 
dimethylphenylpiperazinium (DMPP) [Gandia 
et al. 1996]. OB inhibited the DMPP-evoked cal-
cium uptake and catecholamine release with IC50 
values of 96 and 7.4 nmol/liter, respectively. This 
inhibition was not caused by blockade of L-type 
Ca2+ channels downstream of the ACh receptor 
since K+-depolarization-evoked responses were 
inhibited by OB at a much lower potency  
(IC50 = 7.6 and 10 µmol/liter for calcium uptake 
and catecholamine release respectively) [Gandia 
et  al. 1996]. Therefore, OB appears to interact 
directly with the nicotinic ACh receptor on a 
molecular level. The exact mechanism of this 
interaction is not known but the electrophysiologi-
cal characteristics observed in chromaffin cells 
indicate an insertion and attachment of the OB 
molecule to the channel pore of the ACh receptor 
[Gandia et al. 1996]. Such obstruction may impair 
the diffusion of potassium and sodium ions 
through the conducting pore during receptor acti-
vation thereby suppressing neuronal excitability.

In short, in addition to its inhibitory properties on 
L- and T-type Ca2+ channels, OB appears to 
antagonize neuronal nicotinic receptors by block-
ing the ion-conducting pore. Such nicotinic 
blockade operating at the level of parasympathetic 
ganglia of the myenteric plexus could reduce 
colonic hypermotility [Gandia et  al. 1996]. 
However, more studies need to be done to con-
firm this. Interestingly, the blockade of nicotinic 
receptors by hexamethonium in in vitro studies on 
human sigmoid colon muscle strips did not pre-
vent the strong inhibition of RPCs induced by 
OB. This still occurred following the blockade of 
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muscarinic acetylcholine receptors with atropine, 
further suggesting a mechanism of action on 
RPCs independent of cholinergic blockade 
[Gallego et al. 2010]. So, although OB potentially 
inhibits nicotinic receptors, its main effect on 
RPCs is likely to result from inhibition of L-type 
Ca2+ channels.

Visceral pain
Abdominal pain and discomfort are common 
symptoms of IBS and have been related to a sensi-
tization of intestinal afferent nerves and alterna-
tions in central processing [Drossman et al. 2002; 
Boeckxstaens et al. 2013]. As a consequence of this 
visceral hypersensitivity, signals from the GI tract 
which do not evoke sensation in healthy subjects 
are experienced as painful in patients with IBS 
[Drossman et  al. 2002]. Treatment with OB has 
been shown to decrease the incidence of abdomi-
nal pain and the severity of abdominal bloating 
[Clave et  al. 2011; Battaglia et  al. 1998; Chang 
et  al. 2011]. Several mechanisms could underlie 
this therapeutic effect. It is possible that the smooth 
muscle relaxing action of OB may reduce abdomi-
nal pain and discomfort as these could be triggered 
by exacerbated colonic and small bowel contrac-
tions [Chey et al. 2001]. In addition, OB has been 
shown to affect visceral sensitivity independent of 
motility. A study by Czimmer and colleagues dem-
onstrated decreased visceral sensitivity to balloon 
distention in the rectosigmoid in patients with IBS 
following treatment with OB [Czimmer et  al. 
2001]. While this study is not a randomized, con-
trolled trial, the increase in the threshold for pain 
seems to suggest a direct interaction of OB with 
sensory afferent nerves. Part of this effect could be 
due to inhibition of NK receptors and L- and 
T-type Ca2+ channels within the GI tract on tissue 
other than smooth muscles. Activation of neuronal 
NK1 and NK2 receptors has been shown to stimu-
late and sensitize visceral afferent nerves and is 
involved in abdominal hypersensitivity [Holzer and 
Holzer-Petsche 2001; Toulouse et al. 2000; Maggi 
1997]. An inhibition of tachikinergic signaling by 
OB could thus reduce abdominal pain and dis-
comfort in patients with IBS. Likewise, L-type 
Ca2+ channels are expressed by dorsal root ganglia 
which provide sensory innervation to the gut 
[Mendelowitz et al. 1995]. In animal models, IBS 
evoked upregulation of L-type Ca2+ channels while 
their pharmacological blockade inhibited visceral 
pain, indicating involvement of the channel in 
hypersensitivity [Qian et  al. 2013]. Since OB 
behaves as an L-type Ca2+ channels antagonist, it is 

possible that part of its effect on pain symptoms 
originates through this mechanism. Recently, 
T-type Ca2+ channels have been highlighted as 
another possible target in the modulation of vis-
ceral pain [Marger et  al. 2011]. Specifically, the 
expression of the CaV3.2 T-type Ca2+ channel iso-
form was demonstrated on colonic nociceptive pri-
mary afferent neurons of the rat. In the same study, 
using a rat model of IBS, genetic or pharmacologi-
cal inhibition of the channel resulted in fewer pain 
symptoms [Marger et al. 2011]. Thus, T-type Ca2+ 
channel blocking in colonic sensory afferents may 
alleviate abdominal pain and discomfort in patients 
with IBS treated with OB.

In short, the improved pain symptoms in patients 
with IBS following treatment with OB could be 
the consequence of normalization of motility pat-
terns and the inhibition of neuronal NK recep-
tors, and L- and T-type Ca2+ channels on 
nociceptive primary afferent neurons.

Discussion
The mechanisms of action of OB have been 
examined at the molecular, cellular and organ 
level, demonstrating various interactions with 
SMCs and the enteric nervous system, which 
could explain the therapeutic properties of this 
compound. Organ bath experiments have revealed 
OB inhibition of the main patterns of motility, 
such as RPCs, stretch-induced smooth muscle 
tone and contractile response to stimulation of 
enteric motor neurons. At the molecular and cel-
lular level, OB binds and inhibits M and TK 
receptors, and L- and T-type Ca2+ channels in 
SMCs at therapeutically relevant concentrations. 
In addition, OB may inhibit TK receptors and L- 
and T-type Ca2+ channels expressed by enteric 
sensory nerves. Taken together, OB displays prop-
erties of a receptor antagonist and an inhibitor of 
calcium mobilization. As a result, OB is also 
expected to antagonize the acetylcholinergic and 
tachikinergic excitation of SMCs which generates 
the contractile response of the human GI tract. 
These two properties of OB, independently or 
together, are most likely involved in the inhibition 
of SMC contractility following stimulation of 
excitatory motor neurons.

Fewer data are available on the effects of OB on 
enteric nerves. However, both cell types share 
some of the signaling machinery used for excita-
tion. This includes L- and T- type calcium chan-
nels and NK receptors. The observed effects of 
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OB on visceral sensitivity may be the result of an 
interaction with these receptors and channels. In 
addition, inhibition of Ach receptors on sensory 
nerves could provide neuron-specific mechanisms 
by which OB modulates visceral sensation. 
Furthermore, OB behaves as a neuronal nicotinic 
receptor antagonist in bovine adrenal chromaffin 
cells, demonstrating an 18-fold potency over its 
inhibition of Ca2+ channels [Gandia et al. 1996]. 
Whether such nicotinic blockade also occurs in 
the human gut and to what extent it mediates 
spasmolysis remain to be demonstrated. The alter-
nations of motility patterns of the human ileum 
and colon in vitro by OB support its role as recep-
tor antagonist and SMC calcium channel blocker. 
Here, OB reduces the nerve-mediated contrac-
tions by interfering with excitatory neurotransmis-
sion and, in addition, spontaneous non-neural 
contractions by limiting smooth muscle calcium 
entry. The contractile patterns inhibited by OB 
can be considered in vitro homologues of mixing 
and propagating contractions in the human colon 
[Rao et al. 2001]. Inhibition of these motility pat-
terns is therefore most likely responsible for the 
reduction of colonic hypermotility following OB 
treatment. The combined action of OB on motility 
patterns and sensory afferents is likely to underlie 
the therapeutic properties of this drug in patients 
with IBS. The spasmolytic properties of OB are 
most effective for treatment of patients with IBS 
with abdominal bloating and painful cramping 
associated with colonic hypermotility. However, 
other GI disorders with similar symptoms could 
also benefit from treatment with this drug. 
Recently, diverticular disease has been associated 
with IBS [Jung et al. 2010; Spiller, 2012]. In addi-
tion, in vitro observations demonstrated an 
increased contractile response, possibly related to 
symptom generation, of colonic circular muscle 
obtained from patients with diverticular disease 
[Gallego et al. 2013]. This could provide the basis 
for the therapeutic use of OB in this condition.

In summary, OB displays several pharmacological 
properties which act locally and in concert to pro-
duce spasmolytic effects and pain relief in IBS 
(Figure 2). Further research and pharmacological 
modulation of the underlying mechanisms are 
likely to produce improved treatments for IBS 
and other GI disorders associated with colonic 
hypermotility
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