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Abstract
Chronic abdominal pain accompanying intestinal in-
flammation emerges from the hyperresponsiveness of 
neuronal, immune and endocrine signaling pathways 
within the intestines, the peripheral and the central 
nervous system. In this article we review how the 
sensory nerve information from the healthy and the 
hypersensitive bowel is encoded and conveyed to the 
brain. The gut milieu is continuously monitored by 
intrinsic enteric afferents, and an extrinsic nervous 
network comprising vagal, pelvic and splanchnic af-
ferents. The extrinsic afferents convey gut stimuli to 
second order neurons within the superficial spinal cord 
layers. These neurons cross the white commissure and 
ascend in the anterolateral quadrant and in the ipsilat-
eral dorsal column of the dorsal horn to higher brain 
centers, mostly subserving regulatory functions. With-
in the supraspinal regions and the brainstem, path-
ways descend to modulate the sensory input. Because 
of this multiple level control, only a small proportion of 
gut signals actually reaches the level of consciousness 

to induce sensation or pain. In inflammatory bowel 
disease (IBD) and irritable bowel syndrome (IBS) pa-
tients, however, long-term neuroplastic changes have 
occurred in the brain-gut axis which results in chronic 
abdominal pain. This sensitization may be driven on 
the one hand by peripheral mechanisms within the 
intestinal wall which encompasses an interplay be-
tween immunocytes, enterochromaffin cells, resident 
macrophages, neurons and smooth muscles. On the 
other hand, neuronal synaptic changes along with 
increased neurotransmitter release in the spinal cord 
and brain leads to a state of central wind-up. Also life 
factors such as but not limited to inflammation and 
stress contribute to hypersensitivity. All together, the 
degree to which each of these mechanisms contribute 
to hypersensitivity in IBD and IBS might be disease- 
and even patient-dependent. Mapping of sensitization 
throughout animal and human studies may significant-
ly improve our understanding of sensitization in IBD 
and IBS. On the long run, this knowledge can be put 
forward in potential therapeutic targets for abdominal 
pain in these conditions.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: This review reports on the neuroanatomy of 
gastrointestinal pain disorders. The encoding and con-
veying of information from the gastrointestinal wall to 
the central nervous system is described with emphasis 
on the peripheral level, the spinal cord and the higher 
brain centers. Besides the basic principles of visceral 
hypersensitivity are reviewed taking into consideration 
peripheral sensitization (and the main mediators in-
volved) and central wind-up phenomena in order to 
better understand the mechanisms involved in chronic 
abdominal pain in inflammatory bowel disease and ir-
ritable bowel syndrome patients. 
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INTRODUCTION
Chronic abdominal pain frequently originates from a lo-
cal inflammatory reaction in the lower gastrointestinal 
(GI) tract. Indeed, 50%-70% of  patients with inflamma-
tory bowel disease (IBD), encompassing ulcerative colitis 
(UC) and Crohn’s disease (CD), present with abdominal 
discomfort or pain[1,2]. The bulk of  IBD research merely 
focuses on treatment algorithms for the achievement 
and the maintenance of  endoscopic remission of  muco-
sal lesions but this approach insufficiently resolves con-
comitant pain[3,4]. A retrospective 5 year follow-up study 
in CD patients revealed a high prevalence of  chronic 
narcotic users which exemplifies the analgesic shortcom-
ing[5]. Farrokhyar and colleagues reported symptoms 
compliant to Rome Ⅱ diagnostic criteria for irritable 
bowel syndrome (IBS) in approximately one-third of  
patients with inactive CD[4,6]. IBS entails a heterogeneous 
group of  functional lower GI disorders characterized 
by abdominal pain and altered bowel habits[7]. While 
routine diagnostic tests exclude alarming features for 
organic pathology, some though not all investigators 
discovered subclinical evidence of  a low-grade ileitis 
and colitis in several IBS patients such as mildly elevated 
levels of  fecal calprotectin[8,9], an increase in proinflam-
matory cytokines including IL-6, IL-8, tumor necrosis 
factor (TNF)-α and IL-1β[10], colonic lymphocytosis and 
mastocytosis[11]. Aside from concerns of  some regarding 
these findings[12,13], observations linking symptoms to a 
bout of  enteritis hypothesize that a previous transient 
inflammation contributes to IBS etiology[14]. IBD on the 
other hand manifests as a chronic uncontrolled immu-
nologic reaction with recurrent flares of  inflammation[15]. 
Hence, there are indications supporting and opposing 
overlap between IBD and IBS. A more acknowledged 
statement, regardless of  the inflammatory origin, is that 
the pathology has imprinted changes in the gut-brain 
neuronal connection and so manifests in a diffuse and 
poorly localized chronic pain in the abdomen. The afore-
mentioned features characterize pain in IBS and IBD pa-
tients and are partially attributed to the complex sensory 
innervation pattern of  the pelvis. The colorectum is ex-
tensively innervated, albeit only a low density of  extrin-
sic afferents provides the substantial link with the central 
nervous system (CNS) for perception. The extrinsic 
colon afferents branch to other organs (e.g., colorectum, 
bladder, reproductive organs) within the abdominal cav-
ity and organize into web-like plexuses scattered through 
the abdomen. Due to this anatomical organization sig-
nals of  multiple pelvic organs, rather than restricted to 
the colon, converge to a relatively extensive number of  

spinal cord segments[16]. Within the spine other body 
signals may join and together the information travels via 
supraspinal levels to the higher brain centers. Impor-
tantly it is known that somatic input outnumbers the 
visceral input and that the visceral input is entering the 
spinal cord at different segments. This ambiguous signal 
transduction from the gut via the three-neuron chain to 
the brain explains why the experienced pain has a poor 
topological relation and cannot always be pinpointed. 
In IBD and IBS, each level of  control is susceptible to 
neuromodulatory changes or sensitization. Therefore, 
we review how stimuli in the healthy and the hypersensi-
tive bowel are detected, encoded, and conveyed to the 
brain to be either unconsciously, consciously or painfully 
perceived. For reasons of  clarity, we will start with a de-
scription of  the anatomical structures involved.

PERIPHERAL AFFERENT PATHWAYS 
SUPPLYING THE GASTROINTESTINAL 
TRACT
Intrinsic innervation: the enteric nervous system
The intestinal wall of  the esophagus, the stomach, the 
small intestine and the colon house a dense neuronal 
network (about 108 neurons), the enteric nervous system 
(ENS), also referred to as the “little brain-of-the-gut’’. 
This intrinsic network comprises enteric nerve cell bodies 
of  sensory, inter- and motor neurons grouped into gan-
glia and interconnected by bundles of  nerve processes 
forming plexuses of  which the best characterised are the 
myenteric plexus (Auerbach’s plexus) and the submucosal 
plexus (Meissner’s plexus)[17-19]. The ENS controls motil-
ity, mucosal secretion and absorption, mucosal growth, 
local blood flow and the immune function in the gut[18]. 
The connective link between the CNS and the ENS is 
bidirectional: the brain influences the function of  the 
ENS and vice versa. When the brain encounters stressful 
life events, the lower gut gets overstimulated resulting in 
diarrhea. When the lower gut responds to food poisoning 
with powerful propulsive colon contractions, the body 
experiences aversion towards the ingested meal and ab-
dominal cramping pain. With referral to the latter, high-
amplitude propagating contractions in the ileocecum 
and sigmoid colon of  IBS patients in response to eating 
correlate to abdominal pain[20]. Support to this hypothesis 
comes from reports on antispasmodics giving short-term 
pain relief  in at least a subset of  diarrhea-predominant 
IBS patients[21]. Likewise, antispasmodic agents may be 
effective in IBD, especially in those patients who are in 
remission and have mild to moderate chronic pain[22]. Be-
sides their role in ileocolonic dysmotility, intrinsic enteric 
afferents containing serotonin, substance P, CGRP can 
initiate or intensify neurogenic inflammation upon release 
and thereby sensitise adjacent extrinsic gut nerves. The 
relevance of  the enteric nervous system to pain primarily 
lies within the excitation of  these extrinsic afferents by 
neuropeptides.
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Extrinsic sensory innervation of the gastrointestinal 
tract 
The extrinsic primary afferents of  the GI tract provide 
the anatomical connection with the CNS and so a basis 
for both nonpainful (e.g., satiety, passage of  gas, etc.) and 
painful (e.g., inflammation, ischemia, extensive distension) 
gut sensations. The GI tract receives a dual innervation 
with complementary roles in gut signaling: a splanch-
nic and a vagal plus pelvic afferent population. These 
afferents run alongside the efferent orthosympathetic 
(splanchnic nerves) and parasympathetic nervous system 
(vagal/pelvic nerves) respectively, but are never referred 
to as such[23]. It is assumed that the vagal/pelvic nerves 
subserve homeostatic functions, whereas the splanchnic 
innervation principally conveys nociception. This simple 
dichotomy of  function, however, appears far more com-
plex than formerly assumed. 

Vagal innervation: The vagal nerve is the largest sen-
sory pathway in the body with up to 80% of  the fibers 
being afferents. The vagal nerve branches to the entire 
gut, except the transverse and distal portion of  the colon. 
The vagal cell bodies reside in the ganglion nodosum and 
the central nerve endings terminate in the nucleus of  the 
solitary tract in the dorsal medulla. Vagal afferents mainly 
regulate feeding behavior by upper gut reflexes (e.g., gas-
tric accommodation, gastric emptying, gastric/pancreatic 
secretion, emesis) and the perception of  hunger, fullness, 
satisfaction, bloating and nausea. Three types of  vagal fi-
bers were characterized in the mouse by an in vitro vagus-
gastro-esophageal set-up: mechanoreceptors, tension 
receptors and specific chemoreceptors activated by bile. 
Vagal mechanical afferent endings within the muscle lay-
ers are classified into two types: intramuscular arrays and 
intraganglionic laminar endings. Intramuscular arrays run 
parallel in either the longitudinal or circular muscle layers 
and have been suggested to respond to muscle stretch. 
Intraganglionic laminar endings branch extensively in 
connective tissue surrounding myenteric ganglia and 
convey info about distension and muscle contraction[24]. 
The tension-sensitive afferents respond maximally at dis-
tensions within the physiological range and are activated 
by normal peristaltic contractions. This implies that the 
vagal afferents take care of  physiological perception of  
mechanical stimuli[25,26], whereas pain evoked by disten-
sion of  the upper GI tract is probably mediated via the 
splanchnic afferents. However, vagal afferents have been 
shown to be implicated in the pain reactions evoked by 
gastric acid challenge[27]. The activity of  lower gut vagal 
afferents modulates spinal transmission. The latter is sup-
ported by the observation of  increased pain responses to 
colorectal distension after subdiaphragmatic vagotomy in 
rats[28,29]. In humans, lower thresholds for the perception 
of  pain have been described in patients who had previ-
ously undergone vagotomy in the course of  a Billroth I 
gastrectomy compared with pain thresholds in healthy 
controls[30]. The exact mechanism is still controversial, 
but likely involves specific relay nuclei such as the nucleus 

raphe magnus and ventral locus coeruleus. On the one 
hand vagal afferents have been shown to facilitate noci-
ceptive transmission[25], whereas on the other hand the 
vagal nerve appears to participate in an antinociceptive 
descending pathway mediated by nanomolecules such as 
but not limited to opioids[28,31]. This discrepancy may be 
explained by differences in stimulation parameters: low 
intensity stimulation of  vagal afferents facilitates, while 
high intensity stimulation inhibits nociception[31]. IBD 
patients may benefit from chronic vagal stimulation since 
the vagal nerve stimulation exerts anti-inflammatory ef-
fects. Previous studies in a sepsis model showed that the 
vagal nerve regulates the cholinergic tonus so that the 
immune response of  macrophages and immunocytes is 
dampened[32]. 

Pelvic innervation: The pelvic nerves mainly innervate 
pelvic structures: the colorectum, the bladder and the 
reproductive organs. Pelvic afferents represent 30%-50% 
of  the total number of  neurons and converge visceral 
information onto spinal neurons in the lumbosacral seg-
ments L6-S2 of  the spinal cord in mice and rats[33]. Their 
cell bodies are located in the lumbosacral dorsal root 
ganglia (DRG). The pelvic nerve contains serosal, mu-
cosal, muscular (e.g., intraganglionic laminar ending and 
intramuscular arrays), muscular/mucosal afferents and is 
specialized to detect circular stretch, the primary stimulus 
generated by low-intensity colorectal distension or stool 
passage[34]. Pelvic afferents transmit similar modalities 
of  information as the vagal afferent system i.e., physi-
ological sensation (e.g., urgency, desire to defecate, etc.). 
In addition, animal data support the idea that they form 
the afferent branch of  extrinsic gut reflexes such as the 
cologastric inhibitory reflex[35,36]. They are a subject of  
interest in pain research as a bilateral pelvic nerve section 
almost entirely abolished pain-related behavior to nox-
ious colorectal distension in rats[23,34]. Following TNBS 
colitis, however, pain responses partially recovered[37]. 
Hence, the pelvic nerve is involved in normal physiology 
and acute pain, rather than in inflammatory pain which is 
more specifically mediated by splanchnic afferents. How-
ever, animal experiments in rat have shown pelvic fiber 
sensitization when a chemical irritant is applied to colonic 
tissue, posing a role in nociception of  the pelvic nerve 
under inflammatory circumstances[36].

Splanchnic innervations: The splanchnic nerves in-
nervate the entire GI tract and are the functional coun-
terpart of  the vagal plus pelvic nerves. Visceral afferents 
located in splanchnic nerves project to the spinal cord. 
Unlike the pelvic afferents, visceral information from the 
colorectum carried by the splanchnic nerves project onto 
thoracolumbar segments T10 - L2 in mice and rats[33]. 
Their cell bodies are located in the thoracolumbar DRG 
near the spinal cord, with peripheral projections ending 
at various levels within the gut wall. These splanchnic 
afferent fibers course through the prevertebral ganglia 
(celiac, superior and inferior mesenteric ganglion) where 
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cending pathways project to higher brain centers where 
pathways origin and descend to fine-tune the sensory 
input[43,44].

Ascending pathways
Central ascending pathways involved in bowel sensations 
include both pathways ascending in the anterolateral 
quadrant (ALQ) of  the white commissure and the dorsal 
column of  the dorsal horn (Figure 1). Pathways ascend-
ing in the ALQ transmit noxious cutaneous stimuli and 
also carry nociceptive information of  visceral origin. This 
idea is largely based on anterolateral cordotomies per-
formed in the 20th century to relieve pain due to damage 
to the spinal cord by disease or trauma[45]. The pathways 
in the ALQ are the spinoreticular, spinomesencephalic, 
spinohypothalamic and spinothalamic tracts[46]. The for-
mer three tracts mainly subserve regulatory functions 
below the level of  consciousness. The spinoreticular tract 
projects to the dorsal reticular nucleus in the brainstem, 
which is involved in the affective-motivational proper-
ties (emotional component of  pain) of  visceral stimula-
tion. The spinomesencephalic tract conveys information 
from the spinal cord to the periaqueductal gray (PAG) 
and other midbrain regions. The spinohypothalamic tract 
conducts sensory information from the spinal cord di-
rectly to the hypothalamus. The hypothalamus together 
with other parts of  the limbic system (amygdala, medial 
thalamus, ACC), locus coeruleus and PAG regulate arous-
al and emotional, autonomic and behavioral responses. 
The spinothalamic tract mediates the sensations of  pain, 
cold and heat, and also contributes to touch sensation. 
Projections of  the spinothalamic tract have been traced 
to the thalamus in humans and in laboratory animals. The 
thalamus is a major relay station where multiple somatic 
and visceral inputs converge. Before the information is 
conveyed via the third order neurons to the cortex, the 
thalamus will process the nociceptive information. Hu-
man observations coupled with an extensive repertoire of  
experimental data suggest that particularly the posterolat-
eral nucleus of  the thalamus is involved in the processing 
of  visceral information, including both innocuous and 
noxious visceral inputs. The thalamus, relays to cortical 
regions such as the pregenual anterior cingulate cortex 
(pACC), mid cingulate cortex, the insula and the somato-

they may form ‘‘en passant’’ synapses with efferent sym-
pathic neurons. From animal data splanchnic afferents 
are thought to constitute the main nociceptive path-
way from the gut as they signal different modalities of  
mechanosensory information[34,38]. In the upper GI tract 
splanchnic afferents appear to mediate gastric mechano-
nociception, but not gastric chemo-nociception which 
is mediated by vagal sensory neurons. This is supported 
by the finding that in rodents pain-related responses to 
gastric distension are blocked by splanchnicectomy, but 
not by vagotomy[39]. In the lower GI tract, splanchnic 
afferents convey signals of  abdominal discomfort. In-
deed, the majority of  splanchnic afferents of  the colon 
encountered in mice are located in the serosa (36%) and 
mesenteric (50%) membranes, often associated with 
mesenteric blood vessels. Likewise, the mucosal spinal 
afferents are often found near submucosal blood ves-
sels where they form varicose branching axons. The 
bare endings of  the submucosa and mesenteric afferents 
are likely to respond to distortion of  the gut during 
stretch or contraction, especially at levels that give rise 
to pain[40,41]. Hence, they are tuned to encode stimuli into 
the noxious range[34]. In the rat, both anatomical and 
functional evidence points to a specific role of  splanch-
nic afferents in pain during colitis[37,42].

Very recently Brookes and co-authors suggest a novel 
classification into five “structurally distinct” types of  sen-
sory endings within the gut wall forming the anatomical 
extrinsic sensory pathways described by these authors as 
the vagal pathway, the thoracolumbar spinal pathway pro-
jecting via the splanchnic nerves and the lumbosacral spi-
nal pathway projecting via the pelvic and rectal nerves[23]. 

CENTRAL PATHWAYS CONVEYING 
VISCERAL SIGNALS FROM THE LOWER 
GI TRACT
Extrinsic primary afferents innervating the lower GI 
tract primarily synapse with second-order neurons in the 
dorsal horn of  the thoracolumbar and lumbosacral spi-
nal cord segment. Fibers terminate predominantly in the 
superficial laminae Ⅰ and Ⅱ, but also reach deeper lay-
ers such as the laminae V and X of  the gray matter. As-
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Figure 1  Cross section of the spinal 
cord. The central branches of the visceral 
afferents innervating the lower gastroin-
testinal tract travel via the dorsal root gan-
glia (DRG) and project onto the second 
order neurons in laminae Ⅰ, Ⅱ, Ⅴ, Ⅹ of 
the spinal gray matter. Ascending path-
ways arise in the anterolateral quadrant 
(ALQ; purple zone) and the dorsal column 
(DC; green zone) region in the spinal cord 
and project to higher brain centers ( , 
medulla, thalamus).
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sensory cortex. Notably, visceral sensation is primarily 
represented in the secondary somatosensory cortex[47]. 
In these cortical regions the nociceptive signals are pro-
cessed, integrated and eventually perceived as ‘‘painful’’. 
Brain images provided by H(2)(15)O micro positron-
emission tomography (PET) scanning performed during 
colorectal distension in rats suggest that the cerebellum is 
also involved in visceral nociception[48], which is support-
ed by findings in healthy humans documenting cerebel-
lar activation in response to painful visceral stimuli such 
as distension of  the colorectum[49]. A number of  recent 
studies has pointed to a specific role of  the dorsal funiculus 
[dorsal column (DC) in animals] in viscerosensory transmis-
sion and visceral nociception. Experimental data from 
different groups have identified the DC as being more 
important in visceral nociceptive transmission than the 
spinothalamic, spinohypothalamic, spinomesencephalic 
and spinoreticular tracts[50,51]. The bulk of  evidence rests 
on the great effectiveness of  limited midline myelotomy 
in reducing intractable pelvic cancer-related pain in hu-
mans and on a number of  experimental observations in 
animals[52]. The DC contains collateral branches of  prima-
ry afferent fibers that ascend from the dorsal root entry 
level to the medulla. In addition, it contains the ascending 
axons of  tract cells of  the dorsal horn. These tract cells 
form the postsynaptic DC pathway, which along with 
primary afferent axons, travel in the DC and synapses 
in the DC nuclei. The postsynaptic DC cells in rats and 
monkeys were shown to receive inputs from the colon, 
the ureter, the pancreas and epigastric structures[53]. A DC 
lesion does not reduce pain caused by noxious cutaneous 
stimuli in humans[54], which argues for a selective role of  
the DC pathway in visceral pain such as pain evoked by 
enteritis.

Descending pathways
It is well recognized that spinal nociceptive transmission 
is modulated by descending pathways from various su-
praspinal structures, including the nucleus raphe magnus, 
the periventricular gray of  the hypothalamus and the 
midbrain PAG. At cortical level, the ACC is the most im-
portant source of  descending modulatory pathways, pro-
jecting to the amygdala and the PAG which is probably 
the key pain modulatory region. Descending modulation 
of  spinal nociceptive processing can be either inhibitory 
or facilitatory. In the late 1960s it was shown that focal 
electrical stimulation in the midbrain PAG of  the rat per-
mitted abdominal surgery in the absence of  general anes-
thesia due to the pain suppressive effects of  stimulation 
of  this specific region[55]. The PAG - rostral ventromedial 
medulla (RVM) - dorsal horn circuitry is the best charac-
terized nociceptive modulatory pathway through which 
pain is endogenously inhibited. Endogenous opioids are 
key mediators in the descending pain inhibitory path-
ways. Specifically the pACC is assumed to send inhibitory 
signals to pontomedullary networks since it contains a 
high content of  opioids. Additionally, monoaminergic 
neurotransmitters such as noradrenaline, serotonin and 

dopamine positively or negatively modulate pain signal-
ing with remarkably opposing effects, depending on the 
extent of  transmitter release, the receptor type, receptor 
affinity and the location in the spinal cord the descending 
pathways project towards[47,56,57]. Further, it is shown that 
the excitability of  spinal dorsal horn neurons to periph-
eral sensory stimulation are enhanced or increased by 
stimulation of  the RVM including the reticular formation 
of  the serotonergic nucleus raphe magnus[58-60]. These 
findings support a role of  the RVM and raphe magnus in 
a facilitatory descending pathway.

PRINCIPLES OF VISCERAL 
HYPERSENSITIVITY
Visceral hypersensitivity refers to an increased percep-
tion of  stimuli arising from the viscera. Specific terms 
are used to describe the hypersensitivity: allodynia and 
hyperalgesia. The perception of  pain in response to stimuli 
that are normally not perceived as painful is referred to 
as allodynia. The term allodynia strictly does not apply 
to visceral pain since the visceral organs are normally 
almost insensate but the concept of  visceral allodynia is 
useful to understand sensitization in a variety of  gut dis-
orders. An increase in pain perception to stimuli that are 
normally perceived as painful is referred to as hyperalge-
sia[61]. Concerning IBD and IBS, we focus this review on 
colorectal hypersensitivity. A hypersensitive colorectum is 
considered the hallmark feature of  all IBS subtypes[62,63] 
as altered rectal perception is documented in 61% of  IBS 
patients meeting Rome Ⅱ criteria[64]. It is currently the 
most widely accepted mechanism for abdominal pain. 
Some investigators have even suggested that this physi-
ological hallmark is useful in clinical diagnosis[65]. Based 
on the current scientific evidence, the mechanisms of  
visceral hypersensitivity have been formulated in a num-
ber of  hypotheses. These include (1) the sensitization of  
peripheral visceral afferent neurons; (2) the sensitization 
of  spinal cord dorsal horn neurons; (3) the altered de-
scending excitatory and inhibitory influences to the spinal 
cord nociceptive neurons; and (4) the misinterpretation 
of  innocuous sensation as noxious due to cognitive and 
emotional biasing (e.g., hypervigilance, pain catastrophiz-
ing)[47,66]. The degree to which each of  these mechanisms 
generate visceral hypersensitivity and therefore pain 
symptoms is still unclear. However, it is assumed that 
these mechanisms are rather complementary than mutu-
ally exclusive.

Peripheral sensitization 
The gut is not only provided with an extensive neuronal 
network, it also houses highly specialized immunocytes 
and epithelial cells equipped with the machinery to 
participate in sensitization in the event of  a potential 
threat[67]. In IBD and some IBS subsets, inflammation 
likely triggers the peripheral sensitization. Enterochro-
maffin cells (ECC) and mast cells function as interme-
diaries between the ‘‘inflammatory soup’’ (e.g., tissue 
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acidosis, cytokines, arachidonic acid metabolites) and 
the neuroenteric system (Figure 2). ECC are interposed 
between epithelial cells of  the GI mucosa where they act 
as sensors or ‘‘taste bottoms’’ of  the intraluminal milieu. 
EEC contain large numbers of  electron-dense secretory 
granules with a range of  peptides such as but not limited 
to serotonin, cholecystokinin and secretin positioned to-
wards their basement membrane. In response to luminal 
nutrients, toxins and mechanical stimulation the ECC 
release their content into the gut wall which influences 
the neuromuscular apparatus. Serotonin release for in-
stance is well known to activate vagal afferent endings 
in the upper GI tract serving as an emetic trigger[68]. A 
proportion of  postinfectious irritable bowel syndrome 
(PI-IBS) patients have ECC hyperplasia and multivari-
ate analysis has shown that ECC count is an important 
predictor of  developing PI-IBS (relative risk 3.8)[4,69]. 
Also the endocrine cell population in patients with CD 
ileitis showed an increase in ECC number, both at af-
fected and nonaffected sites of  the ileum. In a study on 
colonic tissue, the ECC area was likewise significantly 
increased in active CD and UC[47]. The same was found in 
colorectal tissue from UC patients in remission. Recently, 
a nematode-infected (Trichuris muris) immunodeficient 
mice model revealed an interaction between CD4+ T 
cells and ECC. The infection evoked Th2 response lead 

to ECC hyperplasia via the presence of  IL-13 receptors 
on ECC, resulting in an increase in serotonin produc-
tion[70]. The 5-HT receptor subtypes that are involved in 
visceral hypersensitivity are 5-HT3, 5-HT4 and 5-HT2B. 
5-HT3 antagonists (alosetron and cilansetron) prevent 
the activation of  5-HT3 receptors on extrinsic afferent 
neurons and decrease hyperalgesia and abdominal pain 
in IBS patients[71]. More recently, evidence emerged that 
5-HT4 receptor-mediated mechanisms regulate visceral 
sensitivity as tegaserod, a partial 5-HT4 agonist, normal-
ized postinflammatory hypersensitive colon in the rat[72]. 
In a recent patient study, tegaserod significantly reduced 
the inhibitory effects of  colorectal distension on the RIII 
reflex in 12 of  15 patients[73]. Finally a role for 5-HT2B has 
been stated, but needs further verification. Serotonergic 
mechanisms are likely implicated in PI-IBS patients based 
on an increased number of  ECC[74-76], an increased mast 
cell population[77], an increased postprandial serotonin 
release[78]. The metabolism of  5-HT might also be dis-
rupted in both IBS and IBD. In this regard, it has been 
suggested that decreased serotonin-selective reuptake 
transporter (SERT) expression in IBD and IBS patients 
is associated with GI dysfunction in these disorders[79-81]. 
SERT, which is expressed on enterocytes, terminates the 
actions of  serotonin by removing it from the interstitial 
space. The role of  SERT in GI pathology is further sup-
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ported by the observation that colonic sensitivity to CRD 
was attenuated in mice after long-term treatment with 
paroxetine, a SERT inhibitor[82]. Polymorphisms of  the 
serotonin re-uptake transporter gene may also play a role 
in disturbance of  gut function. IBS patients with dele-
tion/deletion genotype of  SERT polymorphism more 
often experience abdominal pain compared to those ex-
pressing other SERT polymorphisms[83]. 

Mast cells are bone-marrow derived cells that circulate 
in the bloodstream as immature progenitors and matu-
rate and reside within the mucosal and connective tissues 
(Figure 2). Mast cells possess a plethora of  mediators that 
can be rapidly released out of  preformed granules like 
histamine, serotonin, serine proteases (e.g., tryptase), pro-
teoglycans or that can be de novo synthetized such as pros-
taglandins (e.g., PGE2, PGD2), leukotrienes (e.g., LTC4, 
LTD4), platelet activating factor (PAF), and cytokines (e.g., 
TNFα, IL-6)[84,85]. In mice, serotonin is also present in 
mucosal mast cells in the lamina propria and some studies 
have suggested that human mast cells may also contain 
serotonin especially in conditions associated with masto-
cytosis[86]. Within the GI wall the close proximity between 
mast cells and neurons is intriguing and a bidirectional 
interaction between them is generally accepted[67,87,88]. 
Recently, it was shown that the number of  mast cells 
close to afferent fibers was significantly increased in rats 
with DSS colitis, and that nerve fibers reacted stronger 
to compound 48/80-evoked mast cell degranulation[89]. 
Visceral hypersensitivity, evoked by the chemical irritant 
TNBS but also by chronic juvenile stress from maternal 
separation, can be treated with the mast cell stabilizer ke-
totifen and is abolished in mast cell deficient rats[90,91]. In 
patients, ketotifen increases the threshold for discomfort 
in patients with IBS with visceral hypersensitivity, reduces 
IBS symptoms and improves health-related quality of  life 
regardless from the poor correlation with mast cell activa-
tion in biopsies[92]. There is considerable clinical evidence 
for mast cell involvement in human IBD. In colorectal 
mucosa from patients with CD and UC, the amount of  
mast cell tryptase was significantly increased, as was the 
number of  mast cells in the lamina propria and submu-
cosa[93]. The same observations were made in the afflicted 
ileum of  CD patients[4,94]. The secretion profile of  mast 
cells derived from UC patients was also shifted, releasing 
greater amounts of  histamine, PGs and leukotrienes[95,96]. 
Moreover, rates of  tryptase secretion were increased in 
both inflamed and noninflamed tissue from UC patients 
indicating that mast cell activation/proliferation can be 
altered remote from the site of  active inflammation[4,97]. 
Also in IBS patients sufficient data support a role for 
mast cells. Mast cell infiltration was associated with 
symptoms of  bloating in IBS patients[98]. In addition, acti-
vated mast cells in close proximity to colonic nerves were 
significantly correlated with the severity and frequency 
of  abdominal pain or discomfort[99]. The experimental 
observation that mast cell mediators, released from the 
colonic mucosal biopsies from IBS patients but not of  
healthy patients, excite rat nociceptive visceral afferents 

further provide evidence of  a pivotal role of  mast cells in 
IBS hypersensitivity and have been confirmed by several 
other groups in different countries[100,101]. 

Protease-activated receptors (PARs) are a family of  
4 receptor types activated by serine proteases such as 
thrombin and tryptase (Figure 2). PARs have a wide-
spread distribution throughout the GI tract enabling the 
involvement in all the aspects of  gut physiology, including 
inflammation and nociception. PAR1, 2 and 4 have been 
implicated in the modulation of  nociceptive mechanisms, 
since they are expressed by nociceptive DRG neurons 
containing CGRP and SP. However, the function of  these 
receptors in nociceptive signaling might be opposite. 
PAR2 was found to be activated by trypsin and the mast 
cell mediator tryptase, whereas PAR1 and 4 are activated 
by thrombin[102]. In rodents, PAR1 and PAR4 exert anti-
nociceptive signals whereas PAR2 is clearly a pronocicep-
tive agent regarding both mast cell- and formalin-induced 
hyperalgesia in mice[103]. A role for PARs in inflammatory 
disorders is evidenced by several studies: the expression 
of  PAR1 and PAR2 is upregulated in tissues from CD 
or UC patients[104,105], the levels of  the PAR2 agonists 
trypsin and mast cell tryptase are elevated in mouse co-
lon[106], elevated colonic luminal serine protease activity 
has been observed in IBS-D patients[107]. The generation 
of  pain symptoms has been suggested by the observation 
that mice injected with mediators released from colonic 
biopsies of  IBS patients, exhibit enhanced nociceptive re-
sponses to CRD, whereas transgenic mice without PAR2 
failed to show such mechanical hyperalgesia[107,108]. From 
these findings, it would appear that PAR2 antagonists and 
PAR1 and PAR4 agonists have potential in the control of  
visceral pain and hyperalgesia symptoms in both IBD and 
IBS. In mice, PAR2-mediated mechanical hyperalgesia re-
quires sensitization of  the ion channel transient receptor 
potential vanilloid 4 (TRPV4), since deletion of  TRPV4 
prevented PAR2 agonist-induced mechanical hyperalgesia 
and sensitization[109,110]. Accordingly, mast cell tryptase-
induced PAR2 activation is proposed as a mechanism for 
TRPA1 sensitization as it was shown that PAR2-induced 
hyperalgesia was absent in TRPA1 knockout mice[111]. 

Nerve growth factor (NGF) is synthetized by epi-
thelial cells and mast cells when triggered by IL-1β and 
TNFα (Figure 2)[112]. NGF influences development 
and function of  afferents by binding to its high affinity 
TrKA receptor. Indeed, NGF can modulate the expres-
sion of  membrane bound receptors such as TRPV1 and 
TRPA1 localized at peripheral afferents. The described 
NGF-mediated mechanism could regulate inflamma-
tory hyperalgesia seen in IBD, as hypersensitivity in rats 
with inflamed colon can be reversed by anti-NGF anti-
body treatment[113]. NGF has been implicated in several 
chronic inflammatory processes. In CD, NGF mRNA is 
increased in 60% and TrkA mRNA in 54% in UC, NGF 
mRNA expression was enhanced in 58% (2.4-fold; P < 
0.01) and TrkA mRNA expression in 50% of  the pa-
tients. Enhanced expression of  NGF and TrkA in both 
neural and non-neural structures suggests activation of  
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this neuroimmune pathway in chronic inflammation in 
CD and UC[114]. 

A population of  cells that is recently taken into ac-
count in the modulation of  neuroimmune interactions 
are the peripheral glial cells. These cells are capable of  
modulating enteric neurotransmission, modulate inflam-
mation and control intestinal barrier function. They are 
capable of  these interactions as they contain precursors 
for neurotransmitters such as GABA and NO; they ex-
press receptors for purines and they are able to produce 
cytokines (IL-1β, IL-6, TNFα), NGF and neuropeptides 
(NKA and SP) after activation[115]. There is recent evi-
dence for a paracrine purinergic neuro-glial communica-
tion and also after injection of  endotoxins in mice glial 
cells are activated[116,117]. Changes in enteric glial cells have 
been described in IBD[118]. Recently, the role of  glial cells 
has been investigated in rectal biopsies of  UC patients; 
the expression of  S100, a marker for enteric glial cells, 
was associated with an increase of  inducible nitric oxide 
synthase expression[119]. Inflammation increases the syn-
thesis of  PGs through upregulation of  cyclooxygenase-2 
(COX-2). For instance, in patients with active CD and 
UC a six- to eightfold increase in COX-2 mRNA was 
demonstrated in the bowel wall[120]. Although suppression 
of  PG production in the gut by COX inhibitors carries 
the risk of  severe GI mucosal damage, blockade of  PG 
receptors expressed by sensory neurons appears to be 
an alternative way of  preventing the proalgesic action of  
PGs. PGE2 and PGI2 have been proven to be key me-
diators of  inflammatory hyperalgesia. Primary afferent 
neurons express PG receptors of  the EP1, EP2, EP3, EP4 
and IP type. PG receptors are also found at the central 
synapse in the spinal cord. For instance, PGE2 is recog-
nized as playing a prominent role in the CNS as well as 
peripheral tissues[121].

Perhaps the most intriguing players in peripheral hy-
peralgesia and pain are the transient receptor potential 
(TRP) ion channels of  the vanilloid type 1 (TRPV1), the 
vanilloid type 4 (TRPV4), the ankyrin type 1 (TRPA1) 
and the melastatin type 8 (TRPM8) (Figure 2). These 
TRPs are expressed on gut afferents including those that 
conduct noxious stimuli to the spinal cord and co-ex-
press with the above listed G protein-coupled receptors 
(e.g., EP1, 5HT3, BK1, PAR2) and growth factor recep-
tors (e.g., TrKA receptors). Their close proximity allows 
the TRPs to couple their activity to mutual downstream 
pathways which enables them to integrate a diversity of  
stimuli present in the inflammatory milieu[122]. TRPV1, 
the best characterized TRP, acts as an immediate sensory 
alarm in response to mechanical stretch or distension, 
mild acidification (pH < 5.9), noxious heat (> 42 ℃) and 
spice ingredients such as capsaicin[123,124]. Also endovanil-
loids such as anandamide, unsatured N-acyldopamines 
and lipoxygenases of  arachidonic acid are known to di-
rectly activate TRPV1. Many proalgesic factors are asso-
ciated with TRPV1-induced hyperalgesia (e.g., bradykinin, 
5-HT, NGF, PAR2, endogenous metabolites)[125]. Experi-
mental animal models have shown that TRPV-/- mice 

have decreased pain-related responses to colorectal dis-
tension, whereas capsaicin application will increase pain 
to colorectal distension in animals. These data in animals 
suggest the involvement of  TRPV1 signalling pathways 
in colonic pain. Of  clinical relevance is that TPRV1 
expression is increased in UC and CD[126]. TRPV1 is 
upregulated not only in inflammation but also in the ab-
sence of  overt inflammation as is typical of  functional 
GI disorders. This is true for patients with IBS in which 
increased density of  TRPV1 in the rectosigmoid corre-
lated with pain severity[127]. A similar correlation between 
pain intensity and number of  mucosal TRPV1-positive 
nerve fibers is found in patients with quiescent IBD who 
continue to complain of  abdominal pain[126,127]. TRPA1 is 
a receptor characterized by a long ankyrin repeat at the 
N-terminal site that serves as a binding site for a range 
of  environmental irritants, oxidants and spices such as 
mustard oil, wasabi and horseradish[128]. Recent findings 
have also found that TRPA1 is involved in cold trans-
duction and mechanosensation[129,130]. Moreover, TRPA1 
contributes to inflammatory hyperalgesia via PAR2 ac-
tivation[111]. Clinically, an autosomal dominant mutation 
in the fourth transmembrane of  TRPA1 was described 
in one family that underlies a familial episodic pain syn-
drome[131]. Further, TRPA1 is a candidate mechanosen-
sor for mechanical hyperalgesia in colitis and overactive 
bladder[130,132]. TRPA1 is almost exclusively present in a 
TPRV1-positive population of  sensory nociceptors and 
does not co-express with TRPV1 in other tissues. In this 
regard, a study quantifying TRPA1-positive neurons in 
trigeminal ganglia has demonstrated that TRPA1 is ex-
pressed in anout 55% of  TRPV1-positive neurons while 
NGF treatment of  trigeminal ganglia increases TRPA1 
expression to anout 80% of  TRPV1-positive cells. Sev-
eral lines of  evidence has shown that TRPV1 exerts a 
modulatory role on TRPA1 channels[133]. With concern 
to hypersensitivity of  the colon, we recently have shown 
that TRPV1 and TRPA1 synergistically decrease viscero-
motor responses in rats with TNBS colitis but not in 
control rats[134].

Central sensitization
Apart from sensitization in the periphery, the gut im-
pulses are modulated or amplified in the spinal cord 
and higher brain centers; a process referred to as central 
sensitization. The co-morbidity of  IBS with disorders 
such as but not limited to depression, anxiety, and pain-
ful bladder syndrome or of  IBD with interstitial cystitis 
may originate from central sensitization[16,135,136]. The 
leading hypothesis to explain these co-occurrences is a 
viscerovisceral and a viscerosomatic cross-sensitization, 
with somatic and visceral afferents converging onto the 
same second order neuron in the spinal cord or third 
order neuron in the supraspinal centers and an overlap 
within yet undefined brain fields[137]. Clinical evidence 
for a role of  CNS sensitization in visceral pain comes 
from functional resonance magnetic imaging (fMRI) and 
PET studies on referred pain to adjacent structures or at 
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remote distance from the (actual) injured organ[138]. More 
direct evidence for enhanced spinal processing in IBS 
patients has been confirmed through analysis of  rectal 
distensions on the RⅢ reflex, a nociceptive withdrawal 
reflex used as an objective tool to investigate pain pro-
cessing at the spinal and supraspinal level. Whereas slow 
ramp rectal distension induced inhibition of  this reflex 
in healthy volunteers, it facilitated the reflex in IBS[139]. 
Proof  of  altered brain activity has been shown with 
brain imaging studies and the potential of  this research 
should be further explored[140]. The current know-how 
on brain imaging can be extensively consulted in review 
articles by Van Oudenhove et al[141], Smith et al[142] and 
Mayer et al[57,140]. 

Sensitized ascending and descending pathways: 
Upon repetitive stimulation by extrinsic primary affer-
ent neurons, intracellular signaling cascades are activated 
within the spinal dorsal horn neurons. This leads to 
amplified responses to both innocuous and noxious 
input due to two major mechanisms: the facilitation of  
excitatory synaptic responses (so-called wind-up) and the 
downregulation of  descending inhibitory influences[47,143]. 
The main mediator of  wind-up is the neurotransmitter 
glutamate. When the presynaptic release of  glutamate is 
triggered, glutamate acts on the ligand-gated ion chan-
nels NMDA (N-methyl-D-aspartate) receptors, kain-
ate, AMPA (α-amino-5-hydroxy-3-methyl-4-isoxazole 
propionic acid) and metabotropic glutamate receptors 
(mGLUR) expressed by the dorsal horn neurons. In ad-
dition to this direct effect, hyperstimulation of  spinal 
neurons phosphorylates NMDA receptors which further 
increases NMDA receptor responsiveness to glutamate 
and increases synaptic strength[144]. AMPA receptor 
trafficking from the intracellular stores to the synaptic 
plasma membrane has also shown to augment glutamate 
responsiveness in a mice model of  visceral nocicep-
tion induced by intracolonic capsaicin[145]. The potential 
therapeutic effect of  glutamate removal has also been in-
vestigated in experimental animal models. In this regard, 
it has been shown that ceftriaxone attenuates visceral 
hypersensitivity to CRD in rats with DSS and TNBS coli-
tis. This effect was mediated via overexpression of  spinal 
glutamate transporter-1 which increased removal of  ex-
tracellular glutamate[146]. Other important mediators of  
central sensitization include substance P (SP), PGE2 and 
brain-derived neurotropic factor which respectively target 
spinal neurokinin-1 receptor expression, PGE2 receptors 
and tyrosine kinase B receptors[147]. For example, PGE2 
suppresses glycinergic transmission via activation PGE2 
receptors of  the EP2 subtype and subsequent PKA-
dependent blockade of  glycine receptors containing the 
α3 subunit (GlyRα3)[148]. The result of  this blockade is 
the discontinuance of  dorsal horn nociceptive neurons 
from their inhibitory control by glycinergic neurons. This 
PGE2-evoked mechanism facilitates nociceptive input 
from the spinal cord. Similarly, a loss of  GABAergic syn-
aptic inhibition also increases nociceptive signaling[149]. 

COX-2, the enzyme that forms PGE2 is markedly up-
regulated in the spinal cord during acute and chronic pe-
ripheral inflammation. In the spinal cord, basal release of  
PGE2 is increased after peripheral inflammation[150]. Apart 
from neuron-neuron interactions, also glial cell-nerve 
interactions modulate signaling at the neuronal synapse, 
although this research is still in its infancy. Spinal glial 
cell activation is believed to be important in facilitation 
of  nociceptive signals in various pain conditions. Under 
physiological conditions, glial cells are quiescent. How-
ever, during inflammation glial cells produce a variety of  
nociceptive agents such as TNFα, IL-1 and NO[151]. Most 
information has been obtained from experimental animal 
models of  injury[152]. For instance, it has been shown that 
neonatal colonic irritation-induced visceral hypersensitiv-
ity in rats is accompanied by an increased expression of  
OX42, indicating glial cell proliferation. Visceral hyper-
sensitivity was blocked with minocycline, an inhibitor of  
glial cell activation[153]. Recently, morphological remodel-
ing of  colonic afferent central nerve terminals was pro-
posed in a mice model of  hypersensitivity after TNBS 
inflammation. However, overall the ‘‘sprouting’’ theory 
of  central afferent colonic nerve endings as a mechanism 
of  central sensitization remains controversial[154]. Studies 
using functional brain imaging techniques have shown 
inflammation-induced modulation of  activity in brain re-
gions involved in visceral sensation, such as the ACC of  
the limbic system.

Electrophysiological studies in laboratory animals 
have shown that ACC sensitization occurs in viscerally 
hypersensitive rats[155]. It was revealed that for instance 
IBS was associated with decreased gray matter density 
in various brain areas, including medial and ventrolat-
eral prefrontal cortex, posterior parietal cortex, ventral 
striatum, thalamus, and PAG. Further, IBS patients show 
brain responses consistent with hyperresponsiveness to 
gut distension in terms of  vigilance, arousal and perhaps 
sensory sensitization[156]. Taken together, emerging evi-
dence of  structural brain changes in IBS is intriguing, 
but should be interpreted with great caution until more 
knowledge about the nature and implications of  the ob-
served alterations becomes available[63,157]. 

Accumulating evidence also suggests that descending 
facilitatory influences may contribute to the development 
and maintenance of  hyperalgesia and thus contribute to 
chronic pain states. In this regard, a role for the RVM 
in the maintenance of  hyperalgesic states following 
peripheral tissue injury activated by NMDA receptors, 
neurotensin receptors and NO is established[58]. Impaired 
ability to activate the descending pain inhibitory system 
has been hypothesized in IBS[57]. Aside from IBS patients, 
patients with active UC have been reported with reduced 
threshold to perception and reduced maximal tolerance 
to anorectal balloon distension[158]. CD children and ado-
lescents suffering from abdominal pain despite remission 
had a lower rectal sensory pain threshold compared to 
healthy patients in a study conducted by Faure and co-
workers[159]. Paradoxically, in other studies conducted in 
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chronic quiescent intestinal inflammatory states such as 
CD or UC, patients experience attenuated rectal percep-
tion and increased threshold for discomfort. UC patients 
with mild mucosal inflammation of  the rectum had lower 
thresholds for discomfort during rectosigmoid disten-
sion compared to healthy patients[2]. A central descending 
inhibitory mechanism of  sensory pathways in chronic 
inflammatory states, which would not be active in IBS 
patients, might be responsible for this seemingly dis-
crepancy. This concept is further supported by a study 
showing that colonic inflammation is not necessarily as-
sociated with increased afferent input to the brain and 
that, in response to colorectal distension, inhibition of  
limbic/paralimbic circuits was observed in UC and con-
trol patients, but not in IBS patients[57]. Strong inhibitory 
mechanisms counteracting inflammation-induced hyper-
sensitivity can be activated in chronic inflammatory pa-
thologies, but seem to be deficient in patients with IBS-
associated visceral hypersensitivity[160].

A recent meta-analysis of  published studies on brain 
responses to rectal distension have shown differences 
between IBS patients and healthy controls[161]. Recently, 
Larsson and co-workers have shown that hypersensitive 
patients with IBS had greater activation of  the insula and 
reduced deactivation in the pregenual ACC during nox-
ious rectal distension compared to healthy patients and 
normosensitive IBS patients[162].

FUTURE DIRECTIONS
New therapeutic strategies may arise from the progress-
ing identification of  molecular prognostic markers and 
characterization of  the molecular basis of  IBD and IBS. 
Recently, dysfunction of  microRNAs (miRNAs), which 
are non-coding RNA molecules that regulate gene expres-
sion, was postulated to play a role in IBD and IBS. Wu et 
al[163] showed that miRNAs regulate colonic epithelial cell-
derived chemokine expression and that colonic tissues 
from patients with ulcerative colitis have altered miRNA 
expression patterns. An increased expression of  miR-29a 
was also observed in blood microvesicles, small bowel 
and colon tissues of  IBS patients with increased intestinal 
membrane permeability[164]. Recent evidence suggests that 
miR-29 expression is upregulated in human dendritic cells 
in response to NOD2 signals with concomitant down-
regulation of  interleukin-23[165]. Interestingly, dendritic 
cells with NOD2 polymorphisms from Crohn’s disease 
patients fail to induce miR-29 upon pattern recognition 
receptor stimulation[165]. Moreover, experimental colitis in 
miR-29-deficient mice is more severe and associated with 
significantly enhanced levels of  IL-23 and T helper 17 in 
the intestinal mucosa[165]. In respect to visceral pain, it was 
recently suggested that epigenetic central mechanisms are 
involved in the regulation of  stress-induced visceral hy-
persensitivity in rats[166]. Overall, these results suggest that 
modulation of  genetic and epigenetic regulatory mecha-
nisms and profiling of  miRNAs may represent promising 
strategies for the treatment of  pain associated with IBD 

and IBS.

CONCLUSION
Chronic abdominal pain in IBD and IBS requires notion 
of  how the lower gut becomes highly sensitive to any 
kind of  stimulus. Noninvasive markers, including PET 
and fMRI, combined with pharmacology are used to 
assess hypersensitivity in these pathologies. In support, 
functional anatomical and physiological studies in ro-
dents are being conducted[167]. Together these approaches 
discovered a significant amount of  the neuroanatomical 
substrates and molecules in gut hypersensitivity, yet the 
degree to which each of  these mechanisms contribute 
to hypersensitivity remains unknown. In both IBD and 
IBS, the complex interplay of  sensitization occurs at dif-
ferent sites of  action among the brain-gut axis and can 
be broadly categorized: sensitization of  visceral afferents, 
sensitization of  spinal cord ascending afferents, altered 
descending excitatory and inhibitory influences to the 
spinal cord nociceptive neurons and misinterpretation of  
non-noxious sensation as noxious due to cognitive and 
emotional biasing (hypervigilance)[47].

IBS and IBD have many of  the mechanisms and 
molecules in visceral peripheral and CNS sensitization in 
common. Currently, no unambiguous neuronal marker 
exists that discriminates IBD and IBS. However, an inac-
tive descending inhibitory control is hypothesized in IBS, 
but not in IBD. A recent study has suggested differences 
in coping behavior between IBD and IBS[168]. These 
differences among IBD and IBS certainly merit more 
appraisal, however, should be interpreted with caution. 
There are proportionally less studies on sensitivity in IBD 
patients than in IBS patients, therefore making head-to-
head comparisons difficult. The shortage of  studies on 
sensitivity in IBD patients may be attributed to the risk 
of  jeopardizing remission by the barostat-induced disten-
sions performed for sensitivity measurements. Neverthe-
less in both cases neuroplastic changes are quite common 
and the observed differences may not per se reflect dis-
order-specific changes, but may be attributed to affective 
disturbances, negative emotions in anticipation of/during 
visceral stimulation, and altered pain-related expecta-
tions and learning processes[63]. Expectation of  pain may 
explain up to 50% of  the variation of  pain ratings[169]. 
Indeed, abdominal pain is not linearly related to periph-
eral sensory input. A considerable proportion (about one 
third) of  IBS patients have a normal rectal perception, 
and a proportion of  both UC and CD patients had in-
creased thresholds for perception and discomfort[2]. Due 
to the multi-factorial complexity of  sensitization in IBD 
and IBS, there is presently a rather limited success of  
available therapeutic approaches for IBS and the func-
tional IBS-like symptoms in IBD. Technological progress 
that allows mapping of  sensitization may be interesting 
to screen patients. In patients with peripheral sensitiza-
tion mechanisms, the combination of  anti-inflammatory 
properties and analgesic properties within one drug 
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seems a promising route for translational research. In pa-
tients with CNS disorders, approaches such as cognitive 
therapy or anti-depressive agents that decrease anxiety or 
hypervigilance might be beneficial. 

In summary, the mechanisms of  hypersensitivity in 
response to bowel inflammation are complex and need 
to be further unraveled. Determining the level of  sensi-
tization is crucial for the assessment of  disease activity 
and for tailoring therapy. Several of  these already defined 
mechanisms can be coined up as potential targets for the 
development of  therapeutic options for inflammatory GI 
pain. 
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