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INTRODUCTION 

Irritable bowel syndrome (IBS), the most common 

functional bowel disorder, accounts for 20-50% of 

gastroenterology referrals leading to poor quality of life 

of patients and enormous burden on healthcare costs.
1
 

Multifactorial etiology, poor understanding of the 

nonspecific triggering factors, symptom based diagnosis 

of exclusion and lack of a demonstrable structural or 

biochemical abnormality make its management difficult 

and unsatisfying for the patient, especially during the 

periods of exacerbations, called visceral hypersensitivity. 

The goals of IBS therapy are to provide global relief of 

the multiple symptoms of IBS and to relieve single IBS 

symptoms. Although traditional IBS therapies (e.g., 

laxatives, antidepressants, antispasmodics, and bulking 

agents) are useful for some patients in relieving single 

IBS symptoms, patients generally are dissatisfied with 

their overall efficacy and tolerability. Development of 

new visceral analgesics, focusing on newer knowledge 

and understanding of brain gut axis, neuro-enteric 

regulation and concerned neurotransmitters and receptors 

is promising, but so far, the development of therapies 

aimed at reducing this hyperalgesia (visceral analgesics) 

has been only partially successful despite preclinical 

evidence supporting the potential usefulness of several 

preclinical compounds aimed at peripheral as well as 

central targets. A better characterization of normal as well 

as abnormal visceral pain perception (e.g. central pain 

amplification) and underlying mechanisms (sensory, 

cognitive, and emotional) in human patients is required 

before more effective drug development is possible.
2
 

The current review analyses various phamacotherapeutic 

options available for management of visceral pain, 

targeting various receptors and neurotransmitters on the 

brain-gut axis at peripheral, spinal and supra-spinal 

levels. The system of sensory motor control of the gut has 

been termed the ‘brain-gut axis’. The sensory innervation 

of the gut is two-fold, with a thoraco-lumbar spinal 

pathway and a vago-sacral pathway. The motor arms of 

these pathways are termed sympathetic and 

parasympathetic, respectively. 

PHARMACOLOGY OF PERIPHERAL VISCERAL 

NOCICEPTIVE AFFERENT PATHWAYS 

Noxious stimuli may cause the peripheral release of 

several inflammatory mediators such as K+, H+, 

adenosine triphosphate, 5-hydroxytryptamine (5-HT), 

bradykinins and prostaglandins.
16,17

 They lead to the 

activation and peripheral sensitization (PS) of nociceptive 
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afferent nerves by reducing their transduction thresholds 

and by inducing the expression and recruitment of 

previously silent nociceptors.
3,4

 

Important molecular mechanisms involved in peripheral 

sensitization are: the transient receptor potential vallinoid 

(TRPV) receptors 1 and 4, the protease activated receptor 

2 (PAR(2)), nitric oxide (NO) pathways, mast cells, 

enterochromaffin (EC) cells, 5-HT pathways and voltage-

gated sodium channels (VGSCs). 

Transient receptor potential vallinoid receptors and 

protease activated receptors TRPV1 and 4 are members 

of a larger family of TRPV channels that serve many 

sensory functions ranging from hearing to 

mechanosensory transduction.
5,6

 The TRPV1 receptor 

may be activated by heat as well as exogenous ligands 

such as capsaicin and its analogues, and is thought to play 

an important role in mechanotransduction in the GI tract 

and to the development and maintenance of VPH.
7,8

 

TRPV1 channels are highly expressed on visceral spinal 

afferents and colocalize with nerve growth factor receptor 

(trk-A). They are selectively expressed on peptidergic 

neurons (neurons which express CGRP and SP).
9,10

 

TRPV1-activated afferents release inflammatory peptides 

(CGRP and SP to produce neurogenic inflammation, 

glutamate. TRPV1 plays a significant role in 

gastrointestinal inflammation and hypersensitization.
11-13 

TRVP4 is a mechanotransductive osmosensitive channel. 

The TRPV4 receptor closely interacts with PAR(2) which 

is expressed by nociceptive neurons in the gut and 

agonists of PAR(2) have been found to cause 

hyperexcitability of intestinal sensory neurons.
14

 

Inhibition of serine proteases in vitro reduces sensory 

afferent nerve discharge, thereby possibly preventing 

TRPV4 and PAR(2) sensitization).
15

 TRPV4 may present 

a particularly exciting potential therapeutic target for the 

future owing to its preferential distribution within the 

colon. 

Increased numbers of mast cells (which release 

bradykinin and histamine) have been noted in the mucosa 

of irritable bowel syndrome patients which may persist in 

the gut lining, contributing to hypersensitivity. Hence, 

histamine, prostaglandins and interleukins, remain 

potential therapeutic targets in functional bowel 

disorders.
16

 

Voltage-gated sodium channels 

Certain VGSC isoforms (Nav1.3–1.9) are predominantly 

expressed in peripheral sensory afferent neurones and 

may play an important role in generation of PS. This in 

turn, induces a constellation of changes at the spinal 

dorsal horn by the activation intracellular signalling 

cascades.
17

 This may lead to central sensitization (CS) 

and amplification of the nociceptive response to the 

stimuli (secondary hyperalgesia) and previously 

innocuous stimuli may provoke a nociceptive response 

(allodynia). 

The spinal primary afferent neurones have an axon 

projecting to the gut, a cell body and nucleus in the dorsal 

root ganglion, and synapse on to a second-order neurone 

in the dorsal horn of the spinal cord.  

Distension can directly activate mechano-receptors on the 

spinal primary afferent nerves or indirectly by stimulation 

of IPANs, both eventually leading to stimulation of 

dorsal horn. Mucosal enteroendocrine cells serve as 

transducers for the primary afferent nerves. Stimulation 

of the mucosa of the gut triggers the release of serotonin 

(5-HT) (and other peptides). Serotonin then diffuses to 

the nerve endings of enteric nervous system sensory 

nerves (IPANs) and stimulates them. IPANs control 

peristalsis and secretion of the gut in response to local 

stimulation. IPANs and possibly spinal afferents are 

thought to have serotonin-3 receptors which are 

excitatory.
18

 IPANs also appear to have serotonin-4 

receptors. CGRP is released by both IPANs and spinal 

afferent nerves. Drugs which block 5-HT-3 or 5-HT-4 

receptors may reduce the activation of spinal afferents 

directly, or indirectly by inhibiting IPANs which may 

interact with spinal afferents. Antagonists for CGRP or 

capsaicin, a neurotoxin which destroys afferent neurons, 

block visceral nociception and post-operative ileus.
19,20

 

Tachykinin receptors are also present on IPANs and 

enteric nervous system interneurones. Substance P, 

neurokinin A and neurokinin B stimulate the neurokinin 

1, 2 and 3 receptors, respectively, with greatest 

efficiency. Neurokinin 2 receptors appear to be on 

smooth muscle and sensory neurones, as well as in the 

central nervous system. Neurokinin 3 receptors are on 

IPANs as well as in the central nervous system. 

Antagonists to these receptors could be effective as 

visceral analgesics. 

Proteinase-activated receptors (PARs) are G-protein-

coupled receptors activated by proteinases that expose a 

tethered ligand which can auto-stimulate the receptor. 

Alternatively, synthetic peptides can stimulate the 

receptors without proteinase activity.
21

 

Spinal afferent neurones transmit nociceptive (painful) 

signals to the dorsal horn of the spinal cord. 

Immunohistochemical studies have indicated that the 

primary neurotransmitters of the spinal afferent nerves 

are CGRP and substance P. CGRP appears to be most 

relevant to acute pain, as intravenous infusion of CGRP 

increases visceral pain in animals, and blockade of CGRP 

with antagonists markedly inhibits visceral pain.
22

 

Conversely, antagonists to substance P have been 

underwhelming as analgesics. Substance P appears to be 

more important as a mediator of spinal sensitization and 

inflammation.
23
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5-HT3-receptor antagonists 

The mechanism(s) by which abdominal pain and 

discomfort are reduced remains to be determined, but are 

unlikely due to a peripheral visceral analgesic effect as 

originally suggested. They may involve attenuating 

effects on central targets in the brain and spinal cord.
24

 

While peripheral receptors on vagal afferents may 

actually mediate pronociceptive effects. Owing to rare 

but potentially serious side effects (ischemic colitis and 

severe constipation), the first such drug approved for use 

in female IBS patients with diarrhea (alosetron) is only 

available within a restricted access program. Two newer 

compounds, a selective 5-HT3R antagonist (DPP-733) 

and a combined norepinephrine (NE) reuptake inhibitor 

and 5-HT3R antagonist (NARI) have been evaluated in 

small clinical trials.
25

 

5-HT4R agonists 

The marketing of tegaserod, the first commercially 

available 5- HT4 receptor agonist, was suspended in 

March 2007, when an analysis of the data from clinical 

trials identified a significant increase in the number of 

cardiovascular ischemic events. 

Probiotics 

Beneficial effects of probiotics on gastrointestinal 

functions have been proposed based on their ability to 

modulate pathogenic bacteria adherence, enhance barrier 

function of the epithelium, alter mucosal response to 

stress as well as from their immunomodulatory 

properties. 

Escherichia coli Nissle 1917 (EcN), Lactobacillus 

paracasei, Lactobacillus acidophilus have been tried in 

animal models with varying success but definitive 

clinical data are not encouraging. 

Adrenergic agonists 

Adrenergic receptor modulators- Similar to 5-HT 

receptors, α adrenergic receptors are widely distributed 

within the brain–gut axis and have the potential to 

modulate sensitivity of visceral afferents, spinal cord 

transmission, and central pain modulation.
26

 

In an exploratory RCT of clonidine in IBS-D patients, 

clonidine was associated with satisfactory symptoms 

relief compared to placebo.
27

 

Kappa opioid receptor agonists 

Fedotozine is a κ opioid receptor (KOR) preferring 

agonist for which a peripheral antinociceptive mechanism 

of action had been proposed based on several studies in 

rodent models. Even though a small number of phase IIa 

studies in IBS patients suggested a possible visceral 

analgesic effect, the majority of human studies, including 

two well-designed phase IIb studies were negative and 

further development of this compound was discontinued. 

Asimadoline, a different KOR agonist, failed to reduce 

the severity of abdominal pain in IBS patients with on-

demand dosing schedule. Asimadoline is a selective  κ 

opiod receptor agonist. A recent large (596 patients), 

randomized, placebo-controlled, 12-week, asimadoline 

(0.5 mg) produced significant improvement on total 

number of months with adequate relief of IBS pain or 

discomfort, pain scores, and pain free days in IBS-D 

patients with at least average moderate pain.
28-30

 

Antidepressants 

Preclinical and clinical evidence supports the 

effectiveness of tricyclic antidepressants (TCAs) in 

neuropathic pain. In addition, the effect of SSRIs and 

particularly norepinephrine (NE)-serotonin (5-HT) 

reuptake inhibitor (NSRI) on enhancing the effectiveness 

of endogenous pain inhibition systems has been 

suggested. Despite the attractive rationale for using these 

centrally acting drugs in IBS patients, strong supportive 

evidence from well-designed clinical trials in IBS 

patients is currently not available.  

Low-dose tricyclic antidepressants 

TCAs, although not FDA approved for IBS, are 

frequently used to treat IBS and while several 

randomized, placebo-controlled trials have supported the 

use of low-dose TCAs in the treatment of IBS patients. A 

systematic review of TCA trials for IBS failed to observe 

a beneficial effect of TCA on global IBS symptoms or 

abdominal pain, mainly because of insufficient statistical 

power (although they were effective against depressive 

and anxiety symptoms).
31,32

 

SSRIs (selective serotonin reuptake inhibitors) 

SSRIs may have beneficial effect in IBS patients through 

central effects by reducing both anxiety and pain, yet, 

their efficacy for IBS remains to be confirmed. Newer 

monoamine reuptake inhibitors, such as the 5-HT and NE 

reuptake inhibitors (SNRIs) duloxetine and venlafaxine 

have been proposed as more effective treatments for 

chronic pain conditions associated with depression, and 

while they have been evaluated in patients with painful 

diabetic neuropathy and fibromyalgia, their effect in IBS 

remain to be evaluated. 

Pregabalin 

Pregabalin (Lyrica), is a second-generation α2δ ligand 

that is approved for the treatment of neuropathic pain and 

epilepsy. Although its mechanism of action for pain relief 

remains unclear, it is believed to bind potently to the two 

auxiliary proteins associated with voltage-gated calcium 

channels, reducing depolarization-induced calcium influx 

at the nerve terminals, and consequently reducing the 

release of several excitatory neurotransmitters.
33
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NK-1 Receptors 

Substance P is expressed in a greater percentage of 

visceral afferent fibers than somatic afferent fibers. 

Inflammation of viscera increases central and peripheral 

NK1 receptor expression, and visceral hyperalgesia is 

attenuated in NK1 receptor knockout mice. Receptor 

antagonists act peripherally and centrally to attenuate 

visceromotor responses and receptor internalization 

induced by colorectal distention. Other neuropeptides that 

have similar potential for a role in visceral pain sensation 

include CGRP, somatostatin and cholecystokinin. 

Somatostatin influences motility and increases 

gastrointestinal transit time.
34

 Octreotide also blocked 

bradykinin activation of mesenteric afferents and 

improved symptom behaviors of irritable bowel 

syndrome in animals. 

SPINAL CORD 

Prostaglandin E2 (PGE2) and the n-methyl d-aspartate 

(NMDA) receptor have been elucidated as the most 

importance molecular factors in the development of CS at 

the spinal dorsal horn.
35

 Human pharmacological studies 

have demonstrated that antagonism of the PGE2 or the 

NMDA receptor prevents the development of CS within 

the oesophagus and antagonism of the NMDA receptor 

with ketamine may even reverse established VPH.
36,37

 

NMDA Receptors 

NMDA receptors are expressed in primary afferents and 

dorsal horn neurons. Most models of visceral pain show 

NMDA receptor activity at the afferent and/or spinal cord 

level. While NMDA receptors are involved in signaling 

acute innocuous and noxious visceral pain and 

inflammatory visceral pain in animals, they do not appear 

to signal innocuous stimuli in humans during esophageal 

stimulation. Other glutamate activated receptors such as 

AMPA channels or the metabotropic glutamate receptor 

families clearly have a role in nociceptive systems, but 

specific roles in visceral pain systems are yet to be 

precisely defined. Recently, riluzole (glutamate uptake 

enhancer and NMDA receptor antagonist) was proposed 

to improve visceral hypersensitivity symptoms in animal 

models.
38

 A small clinical comparative effectiveness 

study on 108 patients indicates superiority of  “add on 

riluzole regimen” to standard IBS therapy,  in relieving 

diarrheal and pain symptoms compared to “add on 

amitriptyline” or the standard therapy alone.
39

 

The dorsal horn of the spinal cord is a critical area in 

which the modulation of sensitivity can occur. The 

neurotransmitters substance P, neurokinin B, the N-

methyl-d-aspartate receptor and nitric oxide are important 

in sensitization at the spinal level. Dorsal horn neurons 

can be stimulated to increase their sensitivity (reduce the 

threshold to depolarization) by activation of the 

neurokinin 1 and N-methyld- aspartate receptors. These 

receptors are stimulated by substance P and excitatory 

amino acids, such as glutamate, respectively. Each of 

these receptors upregulates the effect of the other, leading 

to a mutually activating cycle and hypersensitivity.
40

 

Activated N-methyl-d-aspartate receptors, in turn, 

stimulate inducible nitric oxide synthase to produce nitric 

oxide, another mediator of spinal hypersensitivity.
41

 The 

mutually excitatory system can be inhibited to turn down 

hypersensitivity by c-aminobutyric acid-b and opiate 

receptors on dorsal horn neurons. Opiate release is 

stimulated by neurokinin 3 receptor activation. 

Prostaglandin Receptors 

Prostaglandins, synthesized in response to tissue injury 

by COX, sensitize afferents to mechanical and thermal 

stimuli and contribute to spinal processing of pain.
36

 In 

the GI tract constitutive COX1 is involved in gastric 

mucosal protection, and inducible COX2 contributes to 

afferent sensitization. Thus while nonsteroidal anti-

inflammatory drugs inhibit prostaglandin synthesis and 

attenuate inflammation and pain, they also damage the 

gastric mucosa. Current generation COX2 selective 

inhibitors have limited therapeutic potential due to side 

effects. Cytokines and other neuroactive substances 

associated with inflammation (e.g. IL6, TNF-alpha) also 

have clear role when visceral inflammatory processes 

have been identified. Various receptors at periphery and 

in spinal cord have been summarized in Figure 1. 

 

Figure 1: Schematic diagram indicating locations of various receptors/neurotransmitters in the brain-gut axis.
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SUPRASPINAL 

Peripheral and central sensitizations are not exclusive 

entities in explaining VPH in humans. Central processing 

of nociception involves input to a number of cortical and 

subcortical brain structures. From the dorsal horn, neural 

signals ascend via the spinothalamic, spinoreticular and 

dorsal column pathways to the brainstem and thalamus. 

The brainstem and thalamus relay noxious sensory 

signals to sensory and limbic cortical sites, where 

discriminative and affective ratings of sensations are 

determined. There are medial and lateral pain processing 

pathways. The medial pathway is thought to mediate the 

emotional or affective component to pain. Pain involves a 

fear of tissue injury and associated emotions, such as 

suffering. As expected, the medial pain pathway involves 

brain circuits crucial to emotional processing, including 

the intra-laminar thalamus and the anterior cingulate.
42

 

These are components of the limbic system, which 

mediates emotion. Noxious afferent signals from the 

dorsal horn activate neurones in the thalamus and anterior 

cingulate. The thalamus relays the signal to the anterior 

cingulate. The anterior cingulate is an integrative brain 

centre involved in emotion, attention and pain.
43

 

The brain’s stress system prominently includes 

corticotropin- releasing factor (CRF), which is released 

by the hypothalamus during stress and activates the 

hypothalamic-pituitary-adrenal axis to produce the stress 

hormone cortisol. CRF release is stimulated by the limbic 

system, particularly the amygdale.
44

 CRF neurons 

activate the locus coeruleus in the brainstem, which 

facilitates intestinal sensitivity in animals as well as 

general arousal. CRF infused peripherally in humans can 

increase the sensitivity of the gut to levels seen in 

irritable bowel syndrome. CRF is another possible target 

for the pharmacotherapy of functional bowel disorders. 

CRF-1 receptors in the central nervous system and 

peripherally mediate stress-induced increases in colonic 

motility (Figure 2).
45,46

 

CRF-1 antagonists may have anti-depressant effects in 

humans.
47

 CRF-2 receptors in the brain mediate delayed 

gastric emptying with stress, whilst peripheral CRF-2 

receptors mediate postsurgical ileus.
48

 Which receptor is 

more relevant to functional bowel disorders and 

hypersensitivity is unclear, although antagonists to CRF-

1 would appear to be more promising for irritable bowel 

syndrome therapy. Non-pharmacological approaches to 

functional bowel disorders, such as psychotherapy, 

hypnosis and placebos, appear to be effective.  The 

frontal cortex integrates the sensory and affective 

dimensions of noxious stimuli, interprets them and plans 

a response. 

Recent technological advances in many functional brain 

imaging techniques, such as functional magnetic 

resonance imaging (fMRI), positron emission 

tomography (PET), magnetoencephalography (MEG), 

electroencephalography (EEG) and cortical evoked 

potentials (CEPs) Abnormal areas of activation have been 

observed in other areas such as the anterior cingulate 

cortex (ACC), amygdala and brainstem in IBS patients 

suggesting that the aberrant visceral nociception observed 

in this group may be, in part, due to central 

mechanisms.
49-53 

 

 

Figure 2: A schematic diagram showing the vicious cycle between colonic distension and CNS arousal.
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Hypothalamic-pituitary-adrenal axis 

The HPA axis exerts important influences on GI motility, 

sensation and immune function. Irrespective of IBS sub-

type as defined by predominant stool consistency, there 

was over activity of the HPA axis and an excess of the 

pro-inflammatory cytokines interleukin (IL)-6 and IL-8.
54

 

CRF is up-regulated in response to intestinal 

inflammation, stress and psychopathologies such as 

anxiety and depression and has recently been shown to 

mediate enhanced visceral nociception in a rat model of 

VPH. CRF receptor subtype 1 (CRF(1)) plays an 

important role in the development and maintenance of 

VPH induced by repeated stress. CRF(1) antagonists 

inhibit the development of VPH in rat models90 and 

represent a novel target for drug development.
55

 In 

humans, a recent study from Sagami et al. reported an 

inhibitory effect of intravenous injection of the CRF-

receptor antagonist α-helical CRF9-41 on abdominal pain 

and anxiety scores in a model of colonic distension and 

electrical stimulation of the rectal mucosa in IBS-D 

patients.
56

 As this compound is not thought to cross the 

blood- brain barrier, the findings suggest the possibility 

that antagonism of peripheral CRF1R may have 

therapeutic effects in IBS patients. By contrast, a recent 

preliminary report on a clinical trial in female IBS-D 

patients with the selective CRF1R antagonist Bms-

562086 did not show any significant effects on IBS 

symptoms (GI transit and bowel habits).
57

 

CRF2R agonists 

CRF has been shown to have receptor-based bimodal 

effects on multiple physiological responses, such as 

gastrointestinal motility and stress. Similarly, a divergent 

role of the CRF receptor subtypes has been suggested in 

the modulation of visceral pain. While the CRF1 receptor 

is involved in a pronociceptive effect of CRF, the CRF2 

receptor can exert antinociceptive effects at both the 

peripheral and spinal level.
58

 

CONCLUSION 

Nk-1, Nk-2 antagonists, Octreotide, CFR-1 and CRF-2 

antagonists are still in phase I of clinical trials whereas 

citalopram (SSRI), probiotics (Lactobacillus farciminis), 

alpha 2b agonist (AGN 203818) and AGN 203818 

(SNRI) are currently undergoing phase II. Even though 

the molecular targets are very promising in pre-clinical 

studies, their success rate in clinical studies has not been 

as encouraging. A better characterization of normal as 

well as abnormal visceral pain perception (e.g. central 

pain amplification) and underlying mechanisms (sensory, 

cognitive, and emotional) in human patients is required 

before more effective drug development is possible. The 

visceral hypersensitivity in IBS has apparently has 

diverse pathogenesis. Understanding of common 

elements at critical steps that should be subject to 

targeting by new agents modulating neurophysiological 

processes may render useful therapeutic agents. 

Alternately, the emerging concepts of synergy among 

modulatory interventions, is relevant to be explored in 

case of IBS. Right combination of measure may thus be 

devised in patient centered therapeutic approach. 
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