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Generall  introduction 

Functionall  gastrointestinal disorders (FIGDs) represent a major clinical problem, 
nott only because of the large quantity of patients presenting with these disorders, 
butt also because of the lack of therapeutic options due to the limited understanding 
off  the pathophysiological mechanisms involved. The most frequent of these 
disorderss are the Irritable Bowel Syndrome (IBS) and Functional Dyspepsia (FD). 
Dependingg on the definitions applied, reported prevalences within the general 
populationn range up to 22% and 50% for IBS and FD, respectively.1-2 Although the 
majorityy of patients do not seek medical help, FD accounts for 5% and IBS for 
12%% of primary care consultations.1'2 Together, FIGDs form the largest diagnostic 
groupp seen in a gastroenterologist's practice, comprising 35 to 41% of the 
symptomaticc outpatients' diagnoses.3'4 

FIGDss are generally characterised by chronic or recurrent gastrointestinal 
symptoms,, in the absence of a detectable underlying organic cause.5 Because reliable 
biologicall  markers are not available, the diagnosis is based on symptom-based 
criteriaa such as the Rome II criteria, which currendy serve as the gold standard.6 

Accordingg to the Rome II criteria, IBS is defined as 'abdominal discomfort or pain 
associatedd with defecation or a change in bowel habit, and with features of 
disorderedd defecation'.5 FD is defined as 'persistent or recurrent pain or discomfort 
centredd in the upper abdomen'.7 Symptom patterns alone are unable to adequately 
discriminatee organic disease from FIGDs. Therefore, patients need to have been 
investigatedd to rule out relevant organic disease. 

Becausee the pathophysiological mechanisms are largely unknown, treatment of 
FGIDss is often disappointing. To understand the difficulties that are encountered 
inn the management of FGIDs, it should be emphasised that these disorders are very 
heterogeneouss and probably represent different subgroups with distinct underlying 
pathophysiologies.. Therefore, it is unlikely that a single mechanism would be 
responsiblee for the development of symptoms. Consequently, it is unlikely that a 
singlee treatment would be successful in all patients with IBS or all patients with FD, 
respectively. . 

Too optimise treatment outcome, several attempts have been made to define 
subgroupss of patients with IBS and FD based on their clinical presentation. Such 
recommendationss have also been incorporated in the Rome II consensus. For IBS, 
sub-classificationn has been proposed based on predominant bowel habits. IBS 
patientss may present with predominandy diarrhoea (IBS-D) or constipation (IBS-
C),, or may alternate between diarrhoea and constipation (IBS-A).5 Patients with FD 
aree sub-classified based on their most bothersome symptom into ulcer-like 
dyspepsiaa (predominantly pain), dysmotility-like dyspepsia (predominandy non-
painfull  symptoms) or unspecified dyspepsia (without a predominant symptom).7 In 
FD,, the relevance of these sub-classifications to clinical practice with respect to 
treatmentt remains controversial, mainly because the relationship with proposed 
underlyingg pathophysiological mechanisms is unclear. In IBS however, recent 
studiess have shown that the investigational serotonin agonists and antagonists were 
onlyy effective in IBS-C and IBS-D, respectively, suggesting that these different 
subgroupss indeed respond to different treatments.8'9 

9 9 



Subgroupp selection may also be based on the proposed mechanisms underlying 
thee generation of symptoms. These mechanisms show considerable overlap 
betweenn IBS and FD. Common mechanisms that have been proposed to play a role 
inn both IBS and FD include abnormal motility, visceral hypersensitivity, autonomic 
dysfunction,, altered central nervous system modulation and psychosocial factors 
includingg mental stress.1-2 More specifically, post-infectious neuro-immune 
modulationn of gut functions has been shown to play a role in the development of 
IBS,11 whereas H. pylori infection and dysregulation of acid secretion have been 
relatedd to symptoms in FD.2 

Att present, the concept of visceral hypersensitivity provides the leading 
hypothesiss regarding the generation of symptoms in both IBS and FD. Several 
studiess have shown that patients with IBS exhibit hypersensitivity to distension of 
thee colon and recto-sigmoid,10-11 whereas patients with FD exhibit hypersensitivity 
too gastric distension,12-13 indicating that normal, physiological stimuli may be 
perceivedd with increased intensity or may even cause pain. In addition, gut 
hypersensitivityy may lead to alterations in gut motility by disturbing regulatory reflex 
pathwayss and secretory functions.14-15 The prevalence of visceral hypersensitivity 
amongg patients with IBS and FD is similar, roughly involving 50 to 60% of 
patients.1-22 In the remainder of patients, visceral sensitivity appears to be normal. 
Therefore,, it has previously been suggested that hypersensitive patients with IBS or 
FDD may represent a distinct subpopulation of FGIDs based on the underlying 
pathophysiology.11-144 The possible mechanisms involved in the development of 
viscerall  hypersensitivity have been summarised in CHAPTER 1. 

Fromm a therapeutic point of view, restoring normal sensitivity could provide an 
attractivee approach to treat these patients. Several drugs have been shown to 
successfullyy reduce visceral sensitivity in experimental studies, but the proof of the 
conceptt has not been well established in clinical practice. In addition, the 
relationshipp between visceral hypersensitivity and symptoms in FGIDs is still 
unclear. . 

Thiss thesis focuses on visceral hypersensitivity as a target for the treatment of 
FGIDs.. CHAPTER 1 discusses the currently available evidence with respect to the 
clinicall  efficacy of drugs that have been proposed to interfere with visceral 
sensitivityy in FGIDs. Associations between the presence of visceral hypersensitivity 
andd specific symptoms in FGIDs may further support its relevance to symptom 
generation.. In addition, such associations could help to classify or select 
hypersensitivee FGID patients based on symptom patterns, for example to improve 
thee outcome of treatments aimed at reducing visceral sensitivity. Therefore, we 
studiedd the relationship between visceral hypersensitivity and symptoms in FGIDs. 
Inn CHAPTER 2, we assessed possible associations between dyspeptic symptoms and 
proximall  gastric dysfunction (i.e. impaired relaxation to a meal and hypersensitivity 
too distension) in patients with FD. In CHAPTER 3, the relationship between IBS 
symptomss and hypersensitivity to rectal distension was evaluated. 

Too guide future treatments aimed at restoring normal sensitivity in FGIDs, it is 
importantt to identify the receptors and mediators implicated in visceral perception 
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inn humans. At present, most of our understanding of the (patho-) physiology of the 
viscerosensoryy system is derived from animal studies, and cannot simply be 
extrapolatedd to humans. Based on the available experimental data, we further 
exploredd the roles of N-methyl-D-aspartate (NMDA ) receptors and nitric oxide 
(NO)) in visceral sensitivity in man. In CHAPTERS 4 and 5, we studied the effects of 
twoo different N M D A receptor antagonists on the gastric sensitivity in healthy 
volunteers.. The effects of the N O synthase inhibitor L -NMM A on gastric and 
rectall  sensitivity in healthy volunteers are described in CHAPTERS 6 and 7, 
respectively.. In addition, to study possible differential effects of N O in (abnormal) 
hypersensitivee states, we also studied the effect of L-NMM A on rectal sensitivity in 
hypersensitivee IBS patients (CHAPTER 7). Finally, to further address the concept of 
targetingg visceral hypersensitivity in clinical practice, we studied the proposed 
viscerosensoryy effects of the SSRI antidepressant fluoxetine on symptoms in 
hypersensitivee and normosensit ive IBS patients (CHAPTER 8). 
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Chapterr 1 

ABSTRACT T 

Att present, the concept of visceral hypersensitivity provides the leading hypothesis 
regardingg the generation of symptoms in functional gastrointestinal disorders 
(FIGDs).. The most frequent of these disorders are the Irritable Bowel Syndrome 
(IBS)) and Functional Dyspepsia (FD). This paper discusses the current clinical 
evidencee for drugs that have been proposed to interfere with visceral sensitivity in 
FIGDs.. Several possible pharmacological targets have been identified to reduce 
viscerall  pain and to reverse the processes underlying the persistence of visceral 
hypersensitivity.. However, most of the available evidence comes from experimental 
animall  models and cannot simply be extrapolated to patients with FIGDs. In this 
review,, we selected five drug classes that have been shown to exhibit visceral 
analgesicc properties in experimental studies, and of which data were available 
regardingg their clinical efficacy. These included opioid substances, serotonergic 
agents,, antidepressants, somatostatin analogues and Ct2-adrenergic agonists. 
Althoughh clinical trials indeed show a limited benefit, in particular for serotonergic 
agents,, the evidence illustrating that these effects result from normalisation of 
viscerall  sensation is currendy lacking. Therefore, we conclude that the concept of 
targetingg visceral hypersensitivity as a treatment for FIGDs is still controversial. 
Futuree evaluations require patient selection based on the presence of visceral 
hypersensitivitŷ^ and application of compounds that exhibit 'true' viscerosensory 
effects. . 

ABBREVIATIONS:: FGID: Functional gastrointestinal disorder; IBS: Irritable bowel 
syndrome;; FD: Functional dyspepsia; EC: enterochromaffin; IPAN: intrinsic 
primaryy afferent neurone; CNS: central nervous system; DRG: dorsal root ganglia; 
ACC:: anterior cingulate cortex; NMDA: N-methyl-D-aspartate; PET: positron 
emissionn tomography; fMRI: functional magnetic resonance imaging; CI: 
confidencee interval; SSRI: selective serotonin reuptake inhibitor; FDA: Food and 
Drugg Administration; TCA: tricyclic antidepressant; SST: somatostatin 
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I N T R O D U C T I ON N 

Functionall  gastrointestinal disorders (FIGDs) are characterised by chronic 
abdominall  pain or discomfort often associated with abnormal motility, in the 
absencee of any detectable organic disease.1 The most frequent of these disorders are 
thee Irritable Bowel Syndrome (IBS) and Functional Dyspepsia (FD). Although the 
pathogenesiss of FIGDs is multifactorial, the most widely accepted mechanism 
responsiblee for the development of symptoms is increased visceral sensitivity.2'3 

Increasedd gut sensitivity may lead to alterations in gut motility by altering regulatory 
reflexx pathways and secretory functions, which in turn may lead to functional 
disturbances.. In addition, normal, physiologic stimuli may be perceived with 
increasedd intensity (a phenomenon referred to as hypersensitivity) or may even cause 
painn {allodynia), whereas the perception of painful stimuli may be increased 
{hyperalgesia).{hyperalgesia). Within the international literature, the term visceral hypersensitivity is 
usuallyy applied to indicate the presence of increased sensory responses in FIGDs. 
Thee evidence that patients with FIGDs have abnormal visceral sensitivity is 
illustratedd by studies evaluating the sensory responses to mechanical distension of 
thee gut. In general, patients with FIGDs report pain at distension levels that are 
normallyy not perceived as painful and the magnitude of the sensory responses to 
gutt distension is increased. These sensory abnormalities may be organ specific, since 
patientss with IBS exhibit hypersensitivity to distension of the colon and recto-
sigmoid,4-55 whereas patients with FD exhibit hypersensitivity to gastric distension.6-7 

Onn the other hand, generalised hypersensitivity involving the total length of the GI 
tractt has been described in both conditions.8-9 In addition to mechanical distension, 
patientss with FD experience increased sensitivity to intraduodenal administration of 
nutrientss and acid,10-11 whereas patients with IBS show exaggerated motor responses 
onn food intake.12 Furthermore, patients often report tenderness of the colon (IBS) 
orr epigastric tenderness (FD) during abdominal palpation, whereas endoscopic 
examinationss often cause excessive pain.2 Patients with FIGDs show normal or 
evenn decreased somatic sensory responses, indicating that the sensory changes 
representt a distinct functional defect limited to the viscera, rather than a more 
generall  change in perception due to some type of response bias.13-14 

Takenn together, these findings indicate that patients with FIGDs exhibit 
increasedd sensory responses to stimuli arising from the gut, which may represent a 
majorr pathophysiological mechanism underlying the generation of symptoms in 
thesee patients. However, it should be emphasised that visceral hypersensitivity is 
nott a consistent finding in all patients with FIGDs. In IBS, hypersensitivity to 
colorectall  distension has been demonstrated in 20-80 % of patients across studies,15 

andd similar prevalences have been reported for FD (37-60%).6-7 Therefore, visceral 
hypersensitivityy may only play a role in a (substantial) subgroup of patients with 
FIGDs.. Although controversial, this subgroup may have a different pathogenesis 
comparedd with FIGD patients with normal gut sensitivity, and may therefore 
benefitt from different treatments.2 In particular, FIGD patients characterised by 
viscerall  hypersensitivity may benefit from drugs that reduce visceral sensitivity or 
viscerall  analgesics. In this perspective, much progress has been made over the last 
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decadee to characterise the mechanisms and mediators modulating visceral (hyper-) 
sensitivity,, mainly based on experimental data from animal models. The recent 
advancess in our understanding of the physiology of visceral sensation, including its 
mediatorss and pharmacology have been reviewed extensively.2'3'16-1717-18 However, as 
statedd previously,15 the ultimate proof of the concept that restoring normal gut 
sensitivityy would result in clinical benefit lies in the improvement of symptoms by 
drugss that selectively reduce visceral sensitivity. 

Thiss paper discusses the currently available studies evaluating the effect of drugs 
thatt have been proposed to interfere with visceral sensitivity in FIGDs. We selected 
onlyy those drug classes 1) with visceral analgesic properties, as shown in basic 
experimentall  studies; 2) of which data were available on visceral sensitivity in 
humanss (including studies on the normal physiology of visceral sensation carried 
outt in healthy volunteers, as well as studies in patients with FIGDs); and 3) of 
whichh controlled data were available addressing their clinical efficacy. In addition, 
wee focused primarily on those drug classes that have been proposed to have a direct 
effectt on visceral sensitivity. Thus, agents that may reduce visceral perception 
indirectly,, for example by relaxing the organ wall such as smooth muscle relaxants,19 

weree not included. 

MECHANISMSS OF VISCERAL HYPERSENSITIVITY 

Thee pathophysiological mechanisms leading to visceral hypersensitivity in FIGD 
patientss are unknown and most likely involve multiple levels of the viscerosensory 
system.. In the light of the scope of this review, we briefly summarised these 
processes.. For more detailed insights in neuroanatomic pathways and mediators 
involvedd in the physiology of visceral pain and the mechanisms underlying the 
developmentt of visceral hypersensitivity, the reader is referred to the excellent 
paperss cited in the text and detailed references therein. 

Briefly,, afferent projections of gut stimuli to the central nervous system (CNS) 
involvee at least two 'relay stations' (Figure 1). Visceral primary afferent neurones 
havee their cell bodies in the dorsal root ganglia (DRG) and terminate in the dorsal 
hornn of the spinal cord.15 The second order neurones projecting from the dorsal 
hornn to the higher CNS centres ascend through the spinothalamic and 
spinoreticularr tracts and the dorsal column of the spinal cord (Figure l).2.15-16 Nerve 
fibress within the spinothalamic and spinoreticular tracts synapse with autonomic 
centress and third order neurones in the reticular activating system, leading to 
activationn of thalamic centres (cognition) and limbic centres (emotion, arousal).15-20 

Thesee centres then finally project to the prefrontal cortex, giving rise to conscious 
perceptionn (Figure 1). 

18 8 



Review w 

Spinall cord 

FIGUREE 1. Pathways involved in pain control (See text). CNS, central nervous system, DRG, dorsal root 
ganglia.ganglia. Reprinted from20 with permission (BMJpublishing group) 

Thee responsiveness of the viscerosensory system to gut stimuli can be 
modulatedd at several levels. Therefore, developing visceral hypersensitivity may 
involvee peripheral, spinal and/or central regulatory mechanisms and several 
mediators.. For example, gut inflammation can increase the gain of primary visceral 
afferentss ('peripheral sensitisation').3'17.21 In addition, continuous afferent input on 
dorsall  horn neurones can lead to a persisting state of hyperexcitability, a mechanism 
referredd to as 'central sensitisation'. 16 3Central sensitisation causes amplification of 
alll  afferent input projecting onto the dorsal horn neurones and increases their 
receptivee field. This results in the phenomenon that physiological stimuli that are 
normallyy not perceived can cause pain, whereas the patterns of viscerosomatic 
referrall  may be altered.3-22 

Onn the other hand, dorsal horn neurones receive descending, modulator}' inputs 
fromm the brain, which may be either excitatory or inhibitory. Disturbances of this 
modulator}'' system can alter spinal afferent signal transduction, and thus the 
intensityy of stimuli that reach the higher CNS centres.2-20-23 This could involve 
regulationn via autonomic (vagal) and limbic centres, partly explaining the influence 
off  stress and emotional factors on visceral sensitivity.2'20'23-24 The brain also plays an 
importantt role in the integrative processing and the emotional 'colouring' of stimuli 
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arisingg from the gut. Visceral stimuli can induce long-term alterations in the CNS, 
whichh may for example lead to differential activation of certain regions within the 
brain.255 This may include limbic system structures that are involved in determining 
thee emotional-affective aspects of pain and pain suffering, such as the anterior 
cingulatee cortex (ACC).3*20 

I nn contrast to the earlier belief that the vagus nerve mainly if not solely mediates 
functionall  reflexes in response to low threshold physiological gut stimuli that are 
normallyy not perceived, evidence is accumulating that this sensory nerve also plays a 
directt role in the perception of distinct visceral sensations. These include fullness, 
nausea,, emesis and, under pathological conditions, even pain.26 

M E T H O DSS OF ASSESSING G UT SENSITIVITY IN HUMAN S 

Thee most widely used method of studying gut sensitivity in humans involves the 
assessmentt of perceptual responses to mechanical distension of the gut. Using this 
method,, the concept of visceral hypersensitivity in FIGDs was first described and 
subsequentlyy confirmed by others.4-7 The gold standard to date is the barostat.27 

Thiss method involves placement of a balloon or, preferably, a noncompliant 
polyethylenee bag, into the organ of interest (e.g. stomach, colon, rectum). The bag 
iss then connected to a computerised pump, which allows isobaric or isovolumetric 
inflationn of the bag. The intensity of sensations at each distension level can be 
scoredd on a standardised intensity rating scale.6-7-28 Alternatively, the stimulus 
intensityy at which a certain predefined sensation (e.g. urge to defecate, pain) is 
perceivedd (i.e. the perceptual threshold) can be determined.4-5 Technical 
recommendationss of improving the reproducibility of gut distension tests, including 
theirr limitations and pitfalls, have been discussed by others.27-29 

Inn addition to mechanical distension, sensations can be induced by electrical 
stimulationn of the gut, using an intraluminal electrode with increasing stimulus 
intensity.30-311 Other methods of assessing gut sensitivity involve intraluminal 
applicationn of chemical stimuli, such as nutrients and acid.10-11 Notably, combined 
stimulii  may further enhance viscerosensory responses. For example, intraduodenal 
infusionn of lipids increases the sensitivity to gastric and colonic distension.32-33. The 
sensitivityy to gastric distension also increases during intraduodenal infusion of 
acid.344 Similarly, Intraesophageal acid infusion sensitises the oesophagus to 
distensionn and electrical stimulation, and has been proposed as a model for the 
studyy of visceral hypersensitivity in healthy volunteers.30-31 

Althoughh there are several ways of limiting response bias,15-27 methods that 
assesss perceptual responses inevitably hold an element of subjectivity. Therefore, 
alternativee techniques have been introduced to assess visceral sensory responses in a 
moree objective manner. To evaluate viscerosensory processing at the level of the 
CNS,, different electrophysiological techniques have been used. These include 
recordingg of cerebral and spinal evoked potentials in response to visceral 
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stimulationn (a technique based on the principles of the electroencephalogram)35, and 
reflexologicc techniques.36 

Methodss of studying the processing of gut stimuli at the level of the brain 
furtherr include functional brain imaging techniques such as positron emission 
tomographyy (PET) and functional magnetic resonance imaging (fMRI).37 PET and 
fMRII  are techniques that demonstrate changes in regional cerebral blood, as a 
measuree of brain activation. Currently, their application for clinical evaluations is 
limited,, mostly because of technical limitations such as a low spatial resolution and 
signall  to noise ratio.15'37 However, assessing sensory responses at the level of the 
brainn could be crucial to further expand our understanding of FIGDs. 

DRUGSS MODULATIN G GUT SENSITIVITY IN HUMANS 

Severall  mediators have been proposed as possible pharmacological targets for 
reducingg visceral sensitivity and perception.2'3'16,17,21,23,26 ^ g majority of the 
compoundss aimed at these targets have only been studied in experimental animal 
models.. These studies have certainly contributed to our understanding of the 
(patho-)) physiology of visceral sensation and visceral pain. In this review, we only 
selectedd drugs with proposed visceral analgesic properties that have reached the 
stagee of evaluation in humans, including efficacy studies in FIGDs. The five drug 
classess that met these criteria were opioid substances, serotonergic agents, 
antidepressants,, somatostatin analogues and (X2-adrenergic agonists. Other 
compoundss that have been evaluated for their proposed viscerosensory effects in 
humans,, but not for their clinical efficacy, include NMDA receptor antagonists, 
prostaglandinn receptor antagonists, calcium channel blockers, and nitric oxide 
synthasee inhibitors.31-3840 In particular, NMDA receptors may represent an 
interestingg target to modulate visceral hypersensitivity. Although NMDA receptor 
antagonistss failed to reduce normal visceral perception,38 studies with ketamine in 
thee model of acid-induced oesophageal hypersensitivity in healthy volunteers, have 
suggestedd that NMDA receptors play a role in the development of central 
sensitization.411 Using the same model, comparable effects were seen after treatment 
withh the prostaglandin E2 receptor-1 antagonist ZD6416.31 Similar studies in FIGD 
patientss may further expand our understanding of the concept of visceral 
hypersensitivity.. Calcium channel blockers may also specifically interfere with 
hypersensitivee conditions. For example, nicardipine increased perceptual thresholds 
inn patients with IBS, but not in healthy volunteers.39 Nitric oxide synthase inhibitors 
havee not been shown to have any viscerosensory effects in healthy subjects under 
normal,, physiological conditions.40-42 However, the possible role of nitric oxide in 
mediatingg nociceptive processing in experimental models of hypersensitivity may 
warrantt further evaluation in humans.43 

Wee carefully selected those drug classes that had an a priori potential of 
reducingg visceral sensitivity, based on experimental animal data. One of the 
difficultiess in the interpretation of the true viscerosensory effects of a particular 
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drugg during mechanical distension of the gut involves its relative action on the 
visceroelasticc properties of the gut wall.29 Changes in compliance or tone of the gut 
walll  may alter volume thresholds, without associated effects on pressure based 
distensions.. Although we did not include agents that may reduce visceral perception 
indirectly,, such as smooth muscle relaxants, some of the selected compounds 
appearedd to have significant gut wall relaxing properties. Therefore, these 
compoundss cannot be considered as 'pure' viscerosensory drugs, as will be 
discussedd below. 

OPIOIDD SUBSTANCES 

General l 
Thee antinociceptive properties of opioid agonists have been widely established. 

Opioidd agonists inhibit the perception of somatic and visceral pain through their 
actionn on opioid receptors, involving the (X-, 5- and K-opioid receptor subtypes. The 
antinociceptivee effects of selective ligands acting on (1- and 8-receptors involve 
hyperpolarisationn of neurones, whereas K-agonists have been shown to modulate 
intracellularr ion conductance.16 Variable numbers of the different opioid receptors 
havee been demonstrated not only in the brain and the spinal cord, but also in the 
periphery,, including in the dorsal root ganglia (DRG), on primary afferent neurones 
andd their sensory nerve endings.4446 

Inn somatic pain, selective \i-, 5- and K-opioid receptor agonists have been shown 
too block nociceptive responses in experimental animal models, and have been 
successfullyy applied for clinical use.44'45'47 Similarly, there is evidence that pain 
arisingg from the viscera is reduced by opioid receptor activation. For example, the 
cardiovascularr reflex response to noxious balloon distension of the duodenum in 
thee rat was inhibited by the ^.-opioid agonist morphine, but also by the K-opioid 
agonistss fedotozine and U-50488.48 Similarly, morphine, fedotozine and U-50488 
reducee nociceptive reflexes upon noxious distensions of the colon, both in 
anaesthetisedd and awake rats.49-50 In addition to acute visceral pain, both |I and K 
opioidd agonists have been shown to be effective in attenuating nociception in 
experimentall  models of visceral hypersensitivity. For example, morphine, 
fedotozinee and U-50488 attenuated the hypersensitive response to colonic 
distensionn following a chemically induced colitis in the rat.50>51 

Withh regard to their application in FIGDs, both (I- and K-opioid agonists have 
directt peripheral antinociceptive effects, but may also induce significant centrally 
mediatedd side effects.21'25 However, fedotozine does not cross the blood brain 
barrierr after peripheral administration.21'25 These combined properties of 
fedotozinee could theoretically lead to antinociceptive effects without the central 
sidee effects and the addictive potential of other opioid compounds. 

(X-Opioidd agonists 
ViscerosensoryViscerosensory effects in humans: The effects of the ^.-opioid agonist fentanyl on the 

perceptuall  responses to phasic, isobaric rectal distension was studied in both 
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healthyy volunteers and patients with IBS.52 Intravenous fentanyl significantly and 
dose-dependentiyy increased the thresholds for discomfort and pain in both healthy 
controlss and patients.52 In addition, fentanyl decreased the ratings of intensity and 
unpleasantnesss of the stimulus. Because rectal tone and rectal wall compliance were 
nott altered, it was concluded that fentanyl direcdy effects afferent signalling. Similar 
resultss were obtained in a study on postoperative pain, in which patients undergoing 
aa hysterectomy were randomised to receive morphine or tramadol, a classical \i-
opioidd agonist and an atypical opioid analgesic, respectively.53 Although not very 
physiological,, this study snowed that morphine infusion increased pain thresholds 
duringg rectal distension, whereas tramadol infusion showed a similar but non-
significantt trend. 

Despitee their viscerosensory effects, the clinical application of \i- opioid agonists 
forr FIGDs is limited because of their well known prominent centrally mediated side 
effectss and addictive potential. 

K-Opioi dd agonists 
ViscerosensoryViscerosensory effects in humans: The possible visceral antinociceptive effects of the 

K-opioidd agonist fedotozine have been studied in healthy volunteers and in IBS 
patientss only. In healthy volunteers, pre-treatment with fedotozine (30 mg three 
timess daily) significandy increased the threshold for discomfort during stepwise, 
isobaricc gastric distension. In addition, fedotozine reduced the inhibition of the Rm 
reflexx induced by gastric distension.54 This technique involves electrical stimulation 
off  a (somatic) cutaneous sensory nerve, eliciting a polysynaptic reflex that can be 
recordedd from a flexor muscle on the ipsilateral limb (i.e. the Rm reflex). Gut 
distensionss have been shown to inhibit the Rm reflex, which has been proposed to 
bee related to activation of spinal and/or supraspinal modulatory systems.36 

Reductionn of this inhibitory action may thus suggest a specific inhibitory action on 
spinall  visceral afferent pathways. Gastric wall compliance was not altered by 
fedotozine. . 

Inn IBS, intravenous infusion of fedotozine (100 mg) significantly increased 
thresholdss for first perception and pain during isobaric, phasic distension of the 
colonn (Figure 2).55 This effect was observed without changes in colonic tone or 
colonicc wall compliance. Compared with healthy controls in other studies,56 

fedotozinee normalised the sensory thresholds to colonic distension, and thereby 
colonicc mechanosensitivity. Data on visceral perception in FD patients are currently 
lacking. . 

ClinicalClinical efficacy: Despite its effect on visceral sensitivity in IBS patients and 
healthyy volunteers,54'55 fedotozine was found to produce disappointing clinical 
benefitss for the treatment of FIGDs. In a double blind, placebo controlled, dose 
responsee trial involving 238 patients with IBS, fedotozine at the highest dose (30 
mgg three times daily) improved symptoms of pain and bloating significandy better 
thann placebo.57 However, in terms of clinical significance, the results were less 
impressive.. For example, the primary efficacy endpoint, i.e. the weekly trend of 
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maximall  daily pain scores (0 = absent; 4 = very severe), decreased from 1.8 at 
inclusionn to 1.3 after six weeks treatment with fedotozine, whereas during placebo 
thesee scores decreased from 1.7 to 1.5 (Figure 3). Furthermore, secondary efficacy 
measuress evaluating bowel functions showed no significant improvement. 
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withwith permission (Elsevier Health Sciences) 

B B 
CD D 
C C 

"33 3 

s s 
"co o 

i _ _ 
o o 
o o 
Ifl Ifl 

100 0 

—— placebo 
-*—— fedotozine 3.5 mg 

—— fedotozine 15 mg 
—— fedotozine 30 mg 

4-i i 

i i o_ _ 
CD D 
u . . 
O O 

ÜÜ 2-\ 
V) V) 
tz z 

'ro o 
CL L 

1--

44 5 6 7 

Weeks s 
^^ placebo 
"" fedotozine 3.5 mg 

fedotozinee 15mg 
fedotozinee 30 mg 

FIGUREE 3. Clinical efficacy of fedotozine in IBS patients: Changes (%) in the weekly mean of maximal 
dailydaily pain reported by patients per group A) expressed as the percentage of the baseline score at the end of the 
two-weektwo-week placebo washout period; and B) expressed as the numerical score per week on a 0-4 scale (mean
SD).SD). By the end of the study, the changes from baseline were significantly greater than placebo during the 
highesthighest dose. However, numerical pain scores were similar. Adapted from 57 with permission (Kluwer 
Academic/PlenumAcademic/Plenum Publishers) 

24 4 



Review w 

Similarly,, in patients with FD, two large trials showed statistically significant 
improvementt over placebo for overall symptom intensity and individual dyspeptic 
symptoms,, but again, the true therapeutic gain was limited. The first study was a 
doublee blind, placebo controlled dose ranging study (10, 30 and 70 mg three times 
dailyy for six weeks) in 146 patients with FD.58 Statistical analysis indicated that the 
twoo higher doses of fedotozine were significantly more effective in reducing the 
meann symptom scores for postprandial fullness, bloating, abdominal pain and 
nausea.. However, the maximal reduction in symptom scores compared to baseline 
(7-pointt scale ranging from 0 to 6) was approximately 1.1 points with placebo and 
1.88 points with fedotozine.58 

Thee second study on fedotozine for FD (in a dose of 30 mg three times daily) 
wass a multi-centre, placebo controlled phase II I efficacy study, involving 271 
patients.599 The primary efficacy endpoint was the patient's self-assessment of overall 
symptomm intensity (five-point scale ranging from 0 to 4). After six weeks treatment 
thee improvement of the overall symptom intensity score was significantly greater in 
thee fedotozine group compared to placebo recipients (treatment effect 18%). 
However,, in absolute terms, the overall symptom intensity score decreased from 1.6 
att baseline to 1.1 in patients on fedotozine, while patients on placebo improved 
fromm 1.5 to 1.2. The degrees of improvement for individual dyspeptic symptoms 
(pain,, nausea) were of the same magnitude. 

Att present, fedotozine is not longer under evaluation, although other selective 
K-opioidd agonists are still under consideration.25 

Otherr  opiate compounds 
Trimebutine:Trimebutine: Other, less specific opiate compounds with demonstrated efficacy in the 
treatmentt of IBS are trimebutine and loperamide. A recent meta-analysis of four 
placeboo controlled trials showed significant benefit for trimebutine over placebo for 
globall  assessment (odds ratio 3.45; 95% CI: 2.03-5.86).19 However, although 
trimebutinee acts as a weak agonist of peripheral \l-, K- and 8-opioid receptors, it has 
beenn considered primarily to be a smooth muscle relaxant.60 In addition, there are 
noo data available confirming its potential modulatory action on visceral sensitivity in 
humans.. Therefore, the mechanism(s) by which trimebutine may be beneficial in 
IBSS remain incompletely understood.60 

Loperamide:Loperamide: Several placebo controlled trials have demonstrated the efficacy of 
loperamidee in IBS, not only by improving diarrhoea (stool frequency and stool 
consistency)) but also by a reduction in pain intensity and urgency.6163 It should be 
emphasisedd however that these studies were relatively limited in size. Interestingly, 
loperamidee has been shown to produce potent antinociception in a variety of 
inflammatoryy models of somatic hyperalgesia in rodents.64 Since the compound 
doess not cross the blood brain barrier in significant amounts,65 loperamide probably 
inducess antinociception via activation of peripheral opioid receptors. Whether this 
iss also true for visceral pain is not known. However, the clinically observed effects 
onn pain intensity and urgency could suggest that the beneficial effects of loperamide 
inn IBS might not only reflect its antidiarrhoeal properties, but rather a combined 
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actionn on propulsion and afferent signalling.6163 Based on the available evidence, 
thesee issues remain speculative. 

Opioids::  Summary 
Theree is convincing evidence that both \l- and K-opioid receptor agonists reduce 

gutt sensitivity in humans, both in normal control subjects and in patients with IBS. 
Thee application of ".-opioid agonists for clinical practice is limited because of their 
centrallyy mediated side effects and addictive potential. In contrast, fedotozine acts 
onn peripheral K-opioid receptors, producing antinociception without affecting CNS 
functions.. Therefore, fedotozine was initially introduced with high expectations for 
itss possible benefit in the treatment of FIGDs. However, the clinical benefits of 
fedotozinee for both IBS and FD have been disappointing. On the other hand, less 
specificc opiate compounds such as loperamide and trimebutine have been shown to 
providee significant clinical benefit for IBS with excellent tolerability. Although these 
compoundss have other properties that may explain their beneficial effects on IBS 
symptoms,, such as slowing gut transit and relaxing the gut wall, their possible 
viscerosensoryy effects in humans have not been explored. 

SEROTONERGICC AGENTS 

General l 
Theree are seven known serotonergic (5-HT) receptors, of which 5-HTi, 5-HT3 

andd 5-HT4 receptors (and their subtypes) seem to play the most important role in 
thee gut.66 5-HT is released by mucosal enteroendocrine cells in response to 
intraluminall  stimuli and diffuses across the basal membrane. Via activation of 5-
HTIB/ PP / 5-HT4 receptors on the nerve endings of intrinsic primary afferent 
neuroness (IPANs), 5-HT plays a key role in stimulating peristalsis and secretion.66-67 

Excitatoryy 5-HT3 receptors have been identified on IPANs, afferent sensory fibres 
andd DRG neurones. Blocking these receptors reduced visceral pain in rats. 68>69 

Similarly,, the 5-HT4 partial receptor agonists tegaserod reduced visceral afferent 
firingg during colorectal distension in cats,70 whereas 5-HTIA and 5 -HTIB receptor 
agonistss have been shown to decrease the visceromotor response to noxious 
colorectall  distension in rats.71 Thus, application of both 5-HT agonists and 
antagonists,, acting on different 5-HT receptors, may hold promise for the treatment 
off  visceral pain. 

Becausee disturbances of one or more of these factors may contribute to the 
functionall  abnormalities found in FIGDs, several compounds targeting these 
receptorss have been developed for their possible use in the treatment of FIGDs.66 72 

Thesee compounds include the 5-HT3 receptor agonists alosetron, ondansetron, 
granisetron,, tropisetron and cilansetron, and the 5-HT4 receptor agonists cisapride, 
prucalopridee and tegaserod. In addition, other available serotonergic compounds 
havee been evaluated for their possible effects on gastrointestinal function, such as 
thee anti-migraine drug sumatriptan and the anxiolytic drug buspirone, both agonists 
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off  specific 5-HTi receptor subtypes. The possible effects of selective serotonin 
reuptakee inhibitors (SSRIs) on gut sensitivity are discussed separately. 

5-HT tt agonists 
ViscerosensoryViscerosensory effects in humans: Sumatriptan and buspirone, acting at different 

subclassess of 5-HTi receptors (5-HTIB/IP and 5-HTIA , respectively) have been 
shownn to increase intragastric volumes needed to induce perception and discomfort 
inn healthy volunteers.73'74 However, this was associated with a marked reduction in 
gastricc tone. Similarly, in FD patients, sumatriptan and buspirone decreased 
sensitivityy to gastric distension by enhancing gastric relaxation.75'76 In the colon, 
buspironee did not significantly alter compliance, tone, or sensation relative to 
placebo.777 These data indicate that 5-HTi agonists may only alter viscerosensory 
responsess to gut distension via smooth muscle relaxation, but not via a direct effect 
onn visceral sensitivity. 

ClinicalClinical efficacy: Although randomised controlled clinical trials are not available, 
theree is some evidence that 5-HTi agonists may reduce postprandial symptoms in 
patientss with FD. For example by enhancing gastric accommodation, sumatriptan 
increasedd the maximum ingested volume of a liquid test meal at which patients with 
FDD reported satiety.78 However, these effects could not be confirmed by others.79 

Furthermore,, in a preliminary placebo controlled, crossover trial in 18 FD patients, 
buspironee significantly decreased the meal related symptom scores, which was 
associatedd with enhanced gastric relaxation and decreased gastric emptying.76 It 
shouldd be emphasised that the potential benefits of buspirone in FIGD patients 
mayy also largely depend on its broad psychotropic properties,80 since the incidence 
off  concomitant psychiatric disorders, in particular depression and anxiety, is high in 
thesee patients.81 

5-HT33 antagonists 
ViscerosensoryViscerosensory effects in humans: The viscerosensory effects of different 5-HT3 

receptorr antagonists in humans have been extensively evaluated. Most of the 
availableavailable studies evaluated the effects of ondansetron82-84 and alosetron,85-87 whereas 
twoo additional studies used tropisetron and granisetron, respectively.88'89 In 
summary,, none of the agents studied had significant effects on the perceptual 
responsess to pressure based distensions of the proximal stomach82'85-88 or 
colorectum.8284'86'877 This lack of viscerosensory effect was observed in both FIGD 
patientss (mainly IBS)82'8689 and healthy volunteers. 82-85-88 In contrast, both alosetron 
andd granisetron increased the volume thresholds inducing discomfort during 
colorectall  distensions in IBS patients.86-89 At least in the lower gut, these data may 
indicatee that 5-HT3 receptor antagonists reduce gut perception by modulating the 
visceroelasticc properties of the gut wall.15 There is indeed evidence that alosetron 
increasess the compliance in the colon.33-86 However, the effects of both alosetron 
andd ondansetron on rectal compliance have been less conclusive.8284-87 

Furthermore,, neither alosetron, ondansetron nor tropisetron have been shown to 
alterr the visceroelastic properties of the stomach.82-85-88 Thus, tonic or visceroelastic 
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modulationn (that may explain their proposed viscerosensory effects) does not seem 
too represent a generalised feature of 5-HT3 receptor antagonists throughout die 
gastrointestinall  tract. 

Despitee the lack of evidence supporting a direct viscerosensory effect in 
humans,, 5-HTs receptor antagonist may still alter the perception of gastrointestinal 
sensationss via indirect mechanisms. For example, gastric distension combined with 
simultaneouss intraduodenal infusion of lipids induces nausea in healthy volunteers, 
whichh is reduced by ondansetron.90 Similarly, alosetron partly reduced the increased 
perceptuall  response to colonic distension that is associated with intraduodenal 
infusionn of lipids in IBS patients.33 These lipid-induced sensory changes involve 
neurohumorall  changes such as the release of cholecystokinin,32>33 but have also 
beenn proposed to involve the central and/or autonomic nervous system.33 Using a 
PETT study in patients with IBS, it was shown that alosetron altered the cerebral 
responsess to rectosigmoid distension in specific brain regions corresponding with 
centress that are known to be involved in the autonomic and emotional 
responsivenesss to visceral stimuli.91 In addition, there was no evidence for 
decreasedd afferent input to brain regions that encode the intensity of pain, which is 
expectedd if alosetron would have a direct inhibitory effect on peripheral afferent 
signalling.. Thus, together with the evidence that 5-HT3 receptors can be 
demonstratedd at multiple sites within the brain and brain stem,92'93 the clinically 
observedd effects of 5-HT3 receptor antagonists on symptom perception may, at 
leastt in part, be centrally mediated. These central effects may involve the 
pharmacologicall  modulation of circuits regulating autonomic functioning and/or 
thee emotional-affective processing of perceived gut stimuli. 

ClinicalClinical efficacy: 5-HT3 antagonists have been under attention primarily for the 
treatmentt of IBS. Two large, multinational, dose-ranging, placebo controlled trials 
evaluatingg the efficacy of alosetron in IBS patients revealed that the drug was 
effective,, but only in female patients.94'95 The first study evaluated 302 patients, of 
whomm 202 were female.94 Based on the primary efficacy endpoint (adequate relief of 
painn and discomfort at least 6 of the 12 weeks' trial duration), the maximal 
therapeuticc gain of alosetron over placebo was 27% in female patients receiving the 
lowestt dose (1 mg twice daily). In the second study, a total of 462 patients were 
includedd (335 female).95 Relative to placebo, alosetron induced a maximum 
differencee of 12% points on the proportion of pain free days (primary endpoint) in 
femaless receiving the highest dose (2 mg twice daily). Apart from the different 
endpoints,, die differences in therapeutic gain between these studies may be 
explainedd by the patient selection. Since alosetron has the potential of slowing 
downn gut transit and enhancing absorption,66 the first study excluded constipation 
predominantt IBS patients, whereas the second study only excluded patients with 
severee constipation (i.e. one or less bowel movements per week). Indeed in both 
studies,, alosetron significandy increased stool consistency and decreased defecation 
frequency,, with the most common reported adverse effect being constipation. The 
consistentt finding that male patients did not report significant improvements in 
painn and discomfort scores may be related to gender differences in the response to 
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alosetron.. However, it should be emphasised that the lack of demonstrable effect 
mayy at least be pardy explained by the relative low number of male patients 
participatingg in both studies (33% and 27%, respectively), since the sample sizes 
weree calculated based on the total number of subjects (i.e. male and female). 

Basedd on the experience from these earlier studies, the efficacy and tolerability 
off  alosetron was further evaluated in female, diarrhoea predominant IBS patients 
only.. Indeed, three large, high quality trials showed that alosetron (1 mg twice daily) 
wass effective in relieving pain/discomfort or urgency in women with diarrhoea 
predominantt IBS (Figure 4).9698. The therapeutic gain relative to placebo for these 
respectivee primary efficacy endpoints was 12%, 17% and 16% respectively, with 
placeboo responses ranging from 26% to 57%. In addition, alosetron significantly 
improvedd overall symptom ratings and improved bowel habits by increasing stool 
consistencyy and decreasing defecation frequency. The most frequent side effect was 
constipationn (range: 22% to 39%), being mostly mild to moderate in severity. These 
resultss lead to the approval of alosetron by the Food and Drug Administration 
(FDA)) as a treatment for a distinct subgroup of patients with IBS (i.e. female, 
diarrhoeaa predominant). However, the compound was soon withdrawn from the 
markett by the manufacturer because of serious adverse effects (worldwide 51 cases 
off  ischaemic colitis including 5 fatalities and 21 cases of severe, pardy complicated 
constipationn by the end of 2000)." Alosetron is now again under evaluation in the 
USS under restrictive guidelines.100 
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FIGUREE 4. Clinical efficacy of the 5-HT} antagonist alosetron in patients with IBS: Proportion of patients 

withwith adequate relief of pain and discomfort per week with alsostron 1 mg twice daily (n — 324) and placebo 

(n(n = 323). * P< 0.05 versus placebo. Adapted from % with permission (Elsevier). 
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Preliminaryy reports suggest that cilansetron, another 5-HT3 antagonist, may also 
bee effective for the treatment of non-constipated IBS patients.101 In a dose ranging, 
placeboo controlled study including 454 patients, cilansetron (1 mg and 8 mg) 
inducedd a 22% point increase for the response rate on the primary efficacy endpoint 
(i.e.. adequate relief). Similar to alosetron, cilansetron also improved secondary 
parameterss such a stool consistency, defecation frequency and abdominal pain. 
Howeverr in contrast, the benefits were seen not only in female but also in male 
patients,, an issue that may require further study. Cilansetron is currently under 
evaluationn in phase II I trials.100 

Inn addition to IBS, the efficacy of alosetron has also been evaluated in FD, in a 
singlee large, placebo controlled, dose-ranging study (0.5 mg, 1.0 and 2.0 mg twice 
daily),, involving 320 patients of whom 220 (69%) were female.102 Overall, the 1.0 
mgg dose induced favourable rates for adequate relief (primary endpoint) compared 
too placebo, the therapeutic gain being 11%. If female patients were analysed 
separately,, responder rates increased to a 13% point difference with placebo. 
Similarr to IBS, no detectable differences were observed in males, again representing 
aa minority of the participants. In addition to global relief, alosetron decreased the 
percentagee of days with dyspeptic symptoms of early satiety and postprandial 
fullnesss during the 12-week treatment period, but not the severity scores of 
individuall  dyspeptic symptoms. 

5-HT44 agonists 
ViscerosensoryViscerosensory effects in humans: The combined 5-HT3/5-HT4 receptor 

agonistt cisapride (10 mg four times daily), decreased rather than increased 
thee perception and discomfort thresholds during both isobaric and 
isovolumetricc gastric distensions.103 This effect was associated with a 
significantt reduction in gastric wall tone and increased compliance. Others 
reportedd no effects of cisapride on the mechanical and sensory responses to 
isobaricc gastric distensions.104 In a preliminary report, the more specific 5-
H T 44 receptor partial agonist tegaserod decreased gastric wall tone and tended 
too increase gastric compliance, without altering the perceptual responses to 
distension.105 5 

Inn the lower gut, tegaserod (6 mg twice daily for 8 days) did not significantly 
alterr the intensity of sensations induced by both slow ramp volume distensions and 
phasicc pressure distensions.36 Despite this, tegaserod significantly reduced the 
inhibitoryy effects on the Rm reflex elicited by rectal distensions, suggesting that the 
drugg may somehow interact with the spinal processing of visceral sensory 
information.366 The authors further suggested that these sensory effects are probably 
limitedd to a distinct functional sub population of mechanoreceptors, since the 
inhibitingg effects on the Rm reflex were only observed during slow ramp distensions 
andd not during rapid phasic distensions.36 

ClinicalClinical efficacy: Cisapride has been available primarily as a prokinetic in the 
treatmentt of FD, until its potential of inducing cardiac dysrhythmias led to its 
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withdrawal.. The drug is now only available under narrowly defined restrictions.106 

Nevertheless,, several randomised, placebo controlled studies have shown the 
potentiall  benefit of cisapride (4-10 mg three times daily) for relieving symptoms in 
FD.. The results of these studies (13 in total) have been best summarised by two 
meta-analyses.107'1088 The first analysis pooled the results of studies that defined 
responsee by the global assessment of treatment effect.107 This could reflect 
assessmentss made by the investigators and/or the patients involved in the studies. 
Iff  the response was defined as excellent or good, cisapride offered clear benefit over 
placeboo (odds ratio 3.38; 95% CI: 2.04-5.58). In addition, studies that assessed these 
symptomss reported significant benefit for cisapride over placebo for epigastric pain, 
earlyy satiety, bloating and nausea. The second analysis pooled the results of those 
studiess with 'clear clinical criteria of treatment success', excluding severity scores 
andd intensity of single symptoms.108 Here, the probability of treatment success 
comparedd to placebo was 0.34 (95% CI: 0.21-0.46). Thus, both meta-analyses found 
aa significant overall therapeutic gain for cisapride over placebo in patients with FD. 

Inn IBS, as opposed to 5-HT3 antagonists, the newly developed 5-HT4 agonists 
seemm promising for the treatment of patients with a constipation predominant bowel 
habit,, because of their ability to stimulate peristalsis and chloride secretion within 
thee gut.66 Three large published, double blind, randomised, placebo controlled trials, 
havee evaluated the effect of tegaserod (a partial 5-HT4 agonist) in patients with 
constipationn predominant IBS.109111 In each trial, global relief of IBS symptoms, 
obtainedd during a 12-week treatment period, was defined as the primary efficacy 
measure.. The first trial was a dose ranging study with 2 and 6 mg tegaserod twice 
daily,, including 881 IBS patients of whom 731 (83%) were female. Overall, 
responderr rates for global relief at end point were 35%, 47% and 46%) for patients 
receivingg placebo, 2 and 6 mg, respectively. Differences were statistical significant 
forr both doses. In the 6 mg dose, tegaserod also significantly reduced weekly 
abdominall  pain scores compared with placebo. However, the relative reduction 
fromm baseline in daily abdominal pain/discomfort was modest: approximately 24% 
andd 18% at endpoint for tegaserod and placebo, respectively. 

Thee second trial involved 1519 female IBS patients, randomised to receive 6 mg 
tegaserodd or placebo twice daily.110 Responder rates for global relief were 
significandyy higher in the tegaserod group than in the placebo group (44% and 
39%,, respectively; see Figure 5). Differences between tegaserod and placebo in the 
changess from baseline at endpoint for abdominal pain/discomfort again were small, 
albeitt statistically significant: 1.0 for tegaserod versus 0.8 for placebo on a seven-
pointt ordinal scale. 

Thee most recent trial with tegaserod (6 mg or placebo twice daily) included 520 
IBSS patients from the Asia-Pacific region (88% female).111 After 12 weeks, 62% 
reportedd satisfactory relief of IBS symptoms with tegaserod and 44% with placebo. 
Comparedd to baseline, tegaserod and placebo reduced the number of days with at 
leastt moderate abdominal pain/discomfort from 15.5 to 8.1 and from 15.2 to 9.5 
dayss per 28 days, respectively, the differences being statistically significant. 
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FIGUREE 5. Clinical efficacy of the 5-HT4 agonist tegaserod in patients with IBS: Weekly proportion of 
patientspatients who were completely, considerably or somewhat relieved with tegaserod 6 mg twice daily (n — 767) 
andand placebo (n = 752). * P< 0.05 versus placebo. Adapted'from™ with permission (Blackwell publishing) 

I nn general, tegaserod consistently and significantly improved bowel habits by 
increasingg defecation frequency and decreasing stool consistency. The overall 
effectss were observed within the first week and persisted throughout the trial 
period.. After withdrawal of the study medication (two studies included a washout 

period)1 1 responderr rates declined rapidly. The most frequently observed 
adversee effect was diarrhoea (ranging from 2.3% to 9.6% across these studies). 
Dur ingg its clinical evaluation so far, no serious adverts events have been reported 
andd the drug was approved by the FDA in July 2002 for females with constipation 
predominantt IBS.100-110 

Thee preliminary results of a dose ranging, phase I I multicentre study in 271 
patientss with FD showed only trends towards better satisfactory relief (primary 
efficacyy measure) with 12 mg tegaserod versus placebo, the responder rates being 
5 5%% and 4 3% respectively (NS).112 Tegaserod also showed some benefit over 
placeboo in reducing individual dyspeptic symptoms of early satiety and postprandial 
overr the eight-week intervention period. 

Prucalopridee (a full 5-HT4 agonist) has not been tested in patients with IBS. 
Howeverr the compound accelerates bowel transit in patients with functional 
constipation,, a condit ion with significant symptom overlap with constipation 
predominantt IBS.113 Unfortunately, prucalopride is now not longer under 
evaluation. . 

Serotonergicc agents: Summary 
Takenn together, these data suggest that serotonergic agents interact act several 

levelss and may result in symptomatic improvement via their regulator}' effect on 
motility ,, enteric reflexes, secretion and absorption. The observed effects on 
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symptomm perception probably represent a subtle interaction between these factors, 
ratherr than a direct effect on visceral sensitivity. 

Thee clinical benefits of 5-HT4 agonists and 5-HT3 antagonists for patients with 
FIGDs,, in particular IBS, have been well studied in several high quality trials. Given 
theirr potential of modulating a variety of bowel functions via their action on 5-HT 
receptors,722 these newer drug classes have been introduced with high expectations 
regardingg their possible role in the management of FIGDs.66 However, the available 
evidencee for their clinical efficacy may be somewhat disappointing. In IBS, the 
percentagee point difference with placebo for global symptom improvement 
maximallyy reached an acceptable 27% for alosetron but was generally lower (range: 
12-277 %), whereas tegaserod reached a maximal therapeutic gain of 18% (range: 5-
188 %). In FD, alosetron and cisapride induced a therapeutic gain over placebo of 
13%% and 34%, respectively, based on global symptom assessment. It should be 
emphasisedd that placebo responses in FIGD patients are generally high, partly due 
too the high rate of symptom fluctuation and their self-limiting nature.100 Indeed, in 
thee above-mentioned studies, responder rates during placebo ranged between 26% 
andd 57%, partly explaining the relative minor improvements of the active drug 
relativee to placebo (Figures 4 and 5). This also explains that, despite a priori patient 
selectionn based on bowel habit and gender, very large trials were needed to provide 
statisticallyy significant differences with placebo. Notwithstanding the relatively small 
additionall  efficacy, 5-HT receptor agonists and antagonists will certainly find their 
wayy to routine clinical practice.100'106 

ANTIDEPRESSANTS S 

General l 
Antidepressantss have been widely used in the treatment of FIGDs, mainly 

becausee FIGD patients show high levels of comorbid depression and anxiety.81 

However,, in addition to their psychotropic action, antidepressants have 
neuromodulatoryy and analgesic properties, of which the most convincing clinical 
evidencee comes from experimental models of somatic pain and various somatic 
painn syndromes. 114116 These studies have demonstrated the analgesic potency of 
bothh tricyclic antidepressants (TCAs) and selective serotonin reuptake inhibitors 
(SSRIs),, although TCAs, in particular amitriptyline, seem superior in this 
perspectivee and are certainly the best studied. The mechanisms by which 
antidepressantss have analgesic effects are largely unknown, but may involve 
serotonergic,, noradrenergic and opioidergic systems117-118. This may include 
modulationn of perceptive and/or integrative responses to painful stimuli in the 
brainn or activation of descending, inhibitory pathways. The possible involvement of 
spinall  and/or peripheral mechanisms has not been well established. Based on these 
findings,, antidepressants have been proposed to reduce visceral sensitivity, and 
theree are several studies in humans available addressing this issue. 
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Tricycli cc antidepressants (TCAs) 
ViscerosensoryViscerosensory effects in humans: The effects of TCAs on visceral sensitivity have 

beenn unequivocal. For example in healthy volunteers, pre-treatment with 
imipraminee (ascending dose of 25 to 75 mg over 12 days) increased the volume at 
whichh the threshold for pain was reached during oesophageal distension, without an 
effectt on the pressure threshold for pain119. Three weeks pre-treatment with 50 mg 
amitriptyline,, another TCA, had no effect on perceptual thresholds during phasic, 
isobaricc distensions of both the oesophagus and the rectum.116 In addition, in FD 
patients,, 50 mg amitriptyline for four weeks did not alter the perceptual responses 
too balloon distension of the stomach.120 In contrast, in a comparative study with 
groupp psychotherapy, amitriptyline, in an ascending dose of 10 to 25 mg/day for six 
weeks,, increased the threshold for pain during phasic isobaric rectal distension in 
patientss with IBS.121 In patients receiving group psychotherapy, the pain thresholds 
remainedd unaltered. Despite this control group, the interpretation of these results 
remainn difficult, since there was no placebo group included in the study. 

Moree recendy, it was shown that pre-treatment with 50 mg amitripyline for four 
weekss tended to reduce pain ratings upon rectal distension in IBS patients, but only 
underr laboratory stress conditions (sound of babies crying during the procedure).122 

Duringg relaxing music, no difference with placebo were observed. Combined fMRI 
measurementss showed that during painful distension and stress, amitriptyline 
reducedd brain activation overall by 2.3 %, relative to the placebo condition. 
Greatestt reductions were seen in brain regions involved in the midline affective 
painn system, such as the ACC and thalamus. In addition, reductions were seen in 
limbic,, association and sensory cortices. These interesting data suggest that TCAs 
mayy modulate viscerosensory changes associated with mental stress, which could 
contributee to their clinical benefit in FIGDs. 

ClinicalClinical efficacy: There is increasing evidence that TCAs are effective in the 
treatmentt of FIGDs. A recent meta-analysis of eleven published, randomised 
placeboo controlled trials on the effectiveness of antidepressants in FIGDs (FD, IBS 
orr both) showed a favourable outcome for both general symptom relief and pain 
scoress during treatment with TCAs.123 For general symptom relief, the odds ratio 
overalll  was 4.2 (95 % CI: 2.3-7.9) in favour of TCAs over placebo. For pain, the 
standardisedd mean difference was 0.9 in favour of TCAs (95 % CI: 0.6-1.2). 
However,, this analysis also revealed that the overall quality of the studies was low to 
moderate,, mostly because of the limitations of blinding the study because of side 
effects.. Another weakness was that all but two studies that were analysed failed to 
excludee patients with concomitant depression.123 More recendy, a large, well-
designedd trial, comparing desipramine versus placebo in female patients with 
painfull  functional bowel disorders, further explored these issues.124 A total of 216 
patientss were randomised 2:1 to receive desipramine (in an ascending dose of 50 to 
1500 mg over three weeks) or placebo for a total period of 12 weeks. Of these 
patients,, the majority was diagnosed as having IBS (79 %). Other diagnoses 
includedd functional constipation, chronic functional abdominal pain, and 
unspecifiedd FIGD. According to the intention to treat analysis, the responder rate 
att endpoint (defined by a mean score over eight items evaluating patient 
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satisfaction)) for desipramine was not significantly different compared with placebo 
(600 % and 47 %, respectively). In contrast, the per protocol analysis at endpoint 
showedd significant higher response rates for the active treatment versus placebo (69 
%% versus 49 %). The differences in response rates further increased if patients with 
undetectablee blood levels of desipramine were excluded from the analysis (73 % 
versuss 49 %). Given the fact that 29 of the 51 dropouts (57 %) in the study 
occurredd because of side effects, primarily involving patients receiving desipramine 
(266 patients versus placebo: 3), these data suggest that if the drug is tolerated and 
actuallyy taken, antidepressant treatment is effective in FIGDs.124 Regarding the issue 
off  concomitant depression, sub-analysis performed in patients with signs of 
depressionn (Beck Depression Inventory) versus no depression revealed that the 
latterr had higher response rates. These data further support the concept that the 
beneficiall  effects of antidepressants may be independent from their psychotropic 
action.125 5 

Inn FD, efficacy studies with TCAs are lacking. However, a small placebo 
controlled,, crossover study with amitriptyline (50 mg daily for four weeks) including 
sevenn patients with FD reported a significant reduction in subjective symptoms. 
Clearly,, these data need to be confirmed further. 

Selectivee serotonin reuptake inhibitor s (SSRIs) 
ViscerosensoryViscerosensory effects in humans: The SSRI paroxetine (20 mg/day for seven days) 

didd not alter the thresholds for perception or discomfort during isobaric gastric 
distensionn in healthy volunteers.126 In addition, no effects on gastric compliance 
weree observed. In contrast, venlafaxine (150 mg), a SSRI and norepinephrine 
reuptakee inhibitor, increased colonic compliance and tone in healthy volunteers, 
withoutt affecting the sensitivity to isobaric colonic distension.77 

Similarr to TCAs, littl e is known about the effects of SSRIs on visceral sensitivity 
inn FIGDs. The only data available are from one study in IBS, showing that 
fluoxetinee (20 mg/day for six weeks) did not alter perceptual responses to phasic 
isobaricc distension or volume ramp distension of the rectum.125 This lack of effect 
wass seen in both normosensitive and hypersensitive patients, further questioning 
thee direct viscerosensory effects of antidepressants in FIGDs. 

ClinicalClinical efficacy: Despite their widespread clinical use, studies evaluating the 
efficacyy of SSRIs in FIGDs have only recently become available. Paroxetine (20 
mg/dayy for three months) improved health related quality of life in patients with 
IBSS significantly better, compared with 'treatment as usual'127. The study included 
866 patients in each group, plus 85 additional patients receiving psychotherapy. The 
improvementss of intensity scores for abdominal pain (primary outcome measure) in 
eachh treatment did not significantly differ. However, paroxetine induced a 
significantlyy greater reduction in the number of pain free days compared with the 
'treatmentt as usual' group (mean difference from baseline: -8.5 and -4.3 
days/month,, respectively). 

AA second study involved 40 non-depressed IBS patients, randomised to receive 
fluoxetinee (20 mg/day) or placebo for six weeks. At endpoint, global symptom 
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relieff  was obtained in 53 % of patients receiving fluoxetine versus 43% receiving 
placebo,, which was not statistically different.125 Interestingly, compared to baseline, 
fluoxetinee significantiy reduced the proportion of patients reporting significant 
abdominall  pain (from 89% to 53%), whereas no change was observed during 
placeboo (from 76% to 76%). No significant effects were observed for individual 
gastrointestinall  symptoms. 

Antidepressants::  Summary 
Theree is increasing evidence that antidepressants are useful for the treatment of 

FIGDs,, in particular for the treatment of pain. However, litde is known about their 
mechanism(s)) of action in these disorders, in particular, their proposed role in 
reducingg visceral perception. Based on the data available in the literature, there is 
littl ee or no evidence that antidepressants reduce visceral sensitivity in humans. 
Changess in symptom perception, in particular pain, may therefore reflect a 
modulatoryy action of antidepressants on the integrative processing of gut stimuli 
withinn the brain. Studies using functional brain imaging techniques have only 
recentlyy become available, but seem to support such a mechanism.122 Issues that 
needd further exploration for the future application of antidepressants in FIGDs 
includee the impact of possible concomitant psychiatric disease, comparison between 
differentt classes of antidepressants (e.g. TCAs, SSRIs, partial norepinephrine 
reuptakee inhibitors) and possible differential effects for visceral hypersensitive and 
normosensitivee patients.125 

SOMATOSTATINN ANALOGUES 

General l 
Somatostatinn (SST) and its synthetic analogue octreotide have been shown to be 

effectivee in the treatment of different clinical pain syndromes,128'129 and there is pre-
clinicall  evidence that octreotide also posesses visceral analgesic effects.130 Of the 
fivefive cloned SST receptors, octreotide has a high affinity for three subtypes (SST 
receptorr 2,3 and 5). SST and its receptors have been demonstrated in the CNS 
(brain,, spinal cord),131133 and in the peripheral nervous system (primary afferents, 
DRG)133'134.. The sites and/or mechanisms of action involved in the possible 
(visceral)) analgesic effects of octreotide remain unknown. Although it seems 
unlikelyy that peripherally administered octreotide crosses the blood-brain barrier in 
significantt amounts,135 the analgesic effects of octreotide in somatic pain have been 
demonstratedd after both intrathecal and subcutaneous injection.128-129'136 In rats, 
significantt visceral analgesic effects were observed when octreotide was 
administeredd intrathecally, but not after intravenous administration.130 In addition, 
noo effects were seen on pelvic nerve afferent fibre responses to colorectal 
distension,, suggesting that octreotide does not act peripherally.130 Therefore, it has 
beenn suggested that the analgesic effects of peripherally administered octreotide 
couldd result from activation of central sites unprotected by the blood-brain barrier, 
orr from indirect central effects through the activation of vagal afferents.137 
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However,, the involvement of SST receptors on alternative peripheral afferent 
pathwayss not evaluated so far,130 can not be excluded. 

Octreotide e 
ViscerosensoryViscerosensory effects in humans: The viscerosensory effects of octreotide in humans 

havee only been studied after subcutaneous administration of the drug (single dose 
off  either 100 (Xg or 1.25 (Ig/kg). In healthy volunteers, octreotide reduced the 
perceptionn of physiological sensations (oesophagus, stomach).138-139 However, 
discomfort/painn thresholds (stomach, rectum) during isobaric distension were not 
significantlyy altered by octreotide.139140 In contrast, pain threshold and maximum 
toleratedd volumes during slow ramp volume distension of the rectum were 
significandyy increased by octreotide.140-141 No effects on oesophageal and rectal wall 
compliancee were observed, whereas gastric wall compliance decreased rather than 
increased.1381411 The differential sensory effects during different intensities and 
protocolss of gut distension may suggest that octreotide reduces afferent signalling 
uponn activation of a subset of visceral mechanoreceptors.140 A similar interpretation 
wass brought forward in another paper addressing the viscerosensory effects of 
tegaserodd (see paragraph 5.2).36 Upon electrical rectal stimulation, octreotide 
significandyy reduced perception scores, which was associated with decreased 
cerebrall  and spinal evoked potentials, further suggesting that the SST analogue 
reducess visceral perception via spinal afferent pathways.35 

Inn IBS, ocreotide (100 |Xg and 1.25 |Ig/kg respectively) not only significantly 
increasedd volume thresholds to rectal distension,142 but also the thresholds for 
discomfortt and pain during phasic, isobaric distension of the colon.56 In both 
studies,, thresholds increased up to values comparable with those observed in 
healthyy volunteers with no active treatment.56-142 Octreotide increased rectal 
compliancee in the first study, evaluating patients with diarrhoea predominant IBS,142 

butt not in the second study evaluating non selected IBS patients.56 

ClinicalClinical efficacy: Because of their viscerosensory effects and possibly, modulatory 
effectss of the elastic properties of the gut, SST analogues may be beneficial for the 
treatmentt of FIGDs. In addition, SST analogues may be effective by inhibiting gut 
motilityy and secretion, and by promoting absorption of luminal contents.143 

Althoughh there are no randomised controlled trials available on the clinical benefits 
off  SST analogues for FIGDs, there is documented anecdotal evidence suggesting 
thatt octreotide may indeed be effective in relieving IBS symptoms.140-144. In 
addition,, in an open label prospective study, 17 patients with severe refractory 
functionall  epigastric pain were treated with subcutaneous octreotide.145 The starting 
dosee was 50 pig twice daily and was either maintained or increased to 100 fig twice 
daily,, depending on the symptomatic response. After one month, 15 patients 
reportedd progressive improvement of pain intensity scores (median score: from 7.9 
too 1.9 on a 10-cm visual analogue scale). The symptomatic benefit was maintained 
att 3 months, and even up to 11 to 27 months in those patients available for follow-
up,, whereas withdrawal of the medication led to recurrence of symptoms within 2 
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too 3 days. Symptom improvement was associated with a median weight gain of 3.5 
kgg at 3 months. 

SSTT analogues: Summary 
Althoughh there are no randomised controlled trials available confirming the 

potentiall  clinical benefits, there is certainly evidence that octreotide reduces visceral 
sensitivityy in humans. Interestingly, considering the pooled data from the studies 
performedd in healthy volunteers and in IBS patients, there may also be evidence for 
aa differential effect between IBS patients and healthy subjects. For example in 
healthyy volunteers, octreotide consistendy (oesophagus, stomach, rectum) increased 
thee perceptual thresholds for physiological sensations, but not for discomfort or 
pain.. In contrast, in IBS patients octreotide significantly increased thresholds for 
discomfortt and pain during colonic and rectal distensions, even up to levels 
comparablee with healthy volunteers with no active treatment. Therefore, octreotide 
mayy specifically act by normalising the hypersensitive response in patients with 
FIGDs.. This may for example suggest that in hypersensitive states, octreotide 
sensitivee afferent pathways may be up-regulated or recruited. Other factors, such as 
possiblee modulatory effects on gut wall compliance, may also be involved. 

(X2-ADRENERGICC AGONISTS 

General l 
Thee adrenergic nervous system plays an important role in modulating 

nociceptivee processing. 0C2- Adrenergic agonist binding sites have been 
demonstratedd along nociceptive pathways in the spinal cord, brain stem and 
forebrain,1400 and activation of spinal (^-adrenergic receptors has been shown to 
playy a role in antinociception.2-147 This may involve modulation of spinal 
neurotransmissionn at the level of the dorsal horn and/or activation of descending, 
inhibitoryy pathways. Alternatively, activation of adrenergic receptors in supraspinal 
centress may alter autonomic or emotional responses to visceral stimuli.2'15'148 

Clonidine,, a selective 0t2-adrenergic agonist, has been shown to produce 
postoperativee analgesia in humans.149 In addition, intrathecally administered 
clonidinee has been shown to suppress both somato-motor and somato-visceral 
reflexess to noxious thermal stimulation in the rat.150 On the other hand, the specific 
viscerosensoryy effects of clonidine have not been well established in experimental 
studies. . 

Clonidin e e 
ViscerosensoryViscerosensory effects in humans: In healthy volunteers, clonidine (0.0125, 0.025 and 

0.11 mg) dose-dependently reduced pain perception during phasic isobaric gastric 
distensionn and increased gastric wall compliance.28 Similarly, a single oral dose of 
clonidinee (0.3 mg) reduced the perception of pain evoked by phasic isobaric colonic 
distension.1511 Notwithstanding the observation that clonidine increased colonic 
compliance,, the fact that clonidine reduces the perception of noxious stimuli, but 
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nott of non-noxious, physiological sensations such as the perception of gas, may 
suggestt that the drug acts as a true visceral analgesic.151 However, these finding were 
onlyy partly confirmed by a consecutive, dose ranging study (placebo, 0.1, 0.2 and 0.3 
mg).1488 In this particular study, pain scores during isobaric colonic distension were 
onlyy reduced by the 0.3 mg dose, whereas the sensation of gas was decreased 
significantlyy by all three doses of clonidine. In addition, the dose-responsiveness to 
clonidinee on the sensation scores for gas paralleled the dose-related increase in 
colonicc compliance. Thus, these data suggest that the reduction in colorectal tone 
mayy at least have influenced the perception of visceral sensations. 

Att present, there are no studies available regarding the effects of (X2-adrenergic 
agonistss such as clonidine on visceral sensitivity in FIGD patients. These studies are 
certainlyy required to confirm their proposed mechanism of action in the treatment 
off  symptoms. 

ClinicalClinical efficacy: So far, one randomised, placebo controlled exploratory trial with 
clonidinee in IBS patients has been published.152 In this trial, 44 patients with 
diarrhoeaa predominant IBS received placebo, 0.05, 0.1 or 0.2 mg clonidine twice 
dailyy for four weeks. Clonidine 0.1 mg significantly improved stool consistency 
scoress and the ease of stool passage, without objective changes in gastrointestinal 
transit.. The magnitude of the mean differences with placebo for both secondary 
endpointss was approximately 0.8 points on a 0 to 7 nominal scale. Satisfactory relief 
(reportedd during at least 50% of the trial period) tended to be higher (0.1 mg: 67% 
versuss placebo: 46%). The severity of side effects (mainly drowsiness, dizziness and 
dryy mouth) was transient with the 0.1 mg dose, but was quite significant with the 
0.22 mg dose, causing the two patients receiving 0.2 mg to drop out within the first 
threee days. 

Cfc-Adrenergicc agonists: Summary 
Inn healthy volunteers, clonidine consistently increased gastric and rectal 

compliancee and reduced sensation scores during phasic isobaric distensions. Several 
argumentss have been brought forward to illustrate the true viscerosensory effects of 
clonidine,, as opposed to its indirect effects by increasing gut wall compliance. 
Clearly,, the observed effects on gut tone and compliance certainly deserve 
considerationn when interpreting the viscerosensory effects of clonidine in future 
studies.. The available evidence may suggest some clinical benefit, however the 
adversee effects seem substantial if not intolerable, especially in the dose range 
neededd to induce visceral analgesia in healthy volunteers (i.e. 0.3 mg). Further 
studiess are needed to confirm the clinical potential of clonidine in patients with 
FIGDs. . 
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SUMMARYY A N D DISCUSSION 

Viscerall  hypersensitivity is a common feature in FIGDs and is generally regarded as 
ann important factor in the pathogenesis and symptom generation of these disorders. 
Althoughh sensory abnormalities can be demonstrated in up to 94%, depending on 
thee definitions that are applied,5'22 visceral hypersensitivity has been a consistent 
findingg in about one-half to two-thirds of patients presenting with either IBS or 
FD.1533 Since the pathogenesis of FIGDs is multifactorial, hypersensitive patients 
mayy represent a different subgroup compared with normosensitive FIGD patients 
withh regard to the generation of symptoms and their treatment. In particular, 
restoringg normal sensitivity could be an attractive target for pharmacological 
interventionss in these patients. This concept has attracted the interest of researchers 
fromm both the academia and pharmacological industry. Consequently, much 
progresss has been made in the characterisation of the mechanisms and mediators 
modulatingg visceral sensitivity. In particular, several possible pharmacological 
targetss have been identified to reduce visceral pain and to reverse the processes 
underlyingg the persistence of visceral hypersensitivity.2'16'21 So far, most of the 
availablee evidence comes from experimental animal models, whereas data from 
humann studies are rather limited. In this review, we selected five drug classes that 
havee been shown to exhibit visceral analgesic properties in experimental studies, 
andd of which data were available regarding their clinical efficacy. 

Inn contrast to animal studies, viscerosensory responses in humans largely 
dependd on symptom assessment in response to visceral stimuli. These methods 
inevitablyy hold an element of subjectivity.27'29 The introduction of 
electrophysiologicall  and imaging techniques may therefore be important to further 
expandd our knowledge of the processes involved in visceral sensation.37 In addition, 
determinationn of the possible mechanisms of action of an investigational 
compoundd is difficult, because of methodological limitations. One of the difficulties 
inn the interpretation of the true viscerosensory effects of a particular drug during 
mechanicall  distension of the gut relates to its visceroelastic properties.27'29 Changes 
inn compliance or tone of the gut wall may alter volume thresholds, without 
associatedd effects on pressure-based distensions. In this perspective, one needs to 
distinguishh drugs with pure visceral analgesic properties (such as the (1-opioid 
agonistss fentanyl and K-opioid agonist fedotozine) from those with mixed 
visceroelasticc and viscerosensory effects (including the 5-HT3 antagonists, 5-HTi 
andd 5-HT4 agonists, the CC-adrenergic agonist clonidine and, possibly, the SST 
analoguee octreotide). 

Att present, the focus of viscerosensory active drugs has been primarily on the 
treatmentt of IBS. In this view, much attention has been paid to the clinical benefits 
providedd by the contemporary drug classes of S-HTt agonists and 5-HT3 
antagonists.666 High quality trials revealed that their efficacy largely depends on 
bowell  habit and gender. The 5-HT4 agonist tegaserod has been registered as 
treatmentt for female, constipation predominant IBS patients, whereas alosetron is 
efficaciouss in female, diarrhoea predominant IBS patients.110 Although these 
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findingss suggest that interference with gastrointestinal motility and/or secretion, 
ratherr than with visceral sensation determines efficacy, these studies do show that 
adequatee patient selection is of crucial importance. So far, clinical trials evaluating 
thee effect of visceral analgesics have only been performed in unselected populations 
off  IBS patients. For example in the fedotozine study evaluating the viscerosensory 
effectss in IBS, the investigators carefully excluded normosensitive patients.55 

Unfortunately,, no such selection was made for patients that underwent clinical 
evaluationn of fedotozine.57-58 Clearly, this may have influenced the rather 
disappointingg outcome of these studies. In addition, in the study on the SSRI 
antidepressantt fluoxetine for IBS, post-hoc analysis revealed that fluoxetine reduced 
abdominall  pain, but only in patients characterised by hypersensitivity to rectal 
distension.1255 These data illustrate that future trials evaluating visceral analgesics for 
FIGDss may need to consider sub-grouping of patients based on the presence of 
hypersensitivity. . 

Ideally,, to select those patients, tools less invasive and less elaborate than the 
barostat,, which currently serves as the gold standard, should be available. In 
patientss with FD, attempts have been made to select hypersensitive patients based 
onn their symptom profile. However, despite statistical associations with symptoms 
off  postprandial pain, belching and weight loss,7 this approach is not clinically 
useful.799 In IBS, comparable data are lacking, but in our laboratory no associations 
betweenn symptoms and the presence of hypersensitivity to rectal distension could 
bee demonstrated in a cohort of 92 IBS patients (unpublished results). Other 
methodss of selecting FD subgroups with hypersensitivity include the nutrient- and 
waterr drink test, but again with disappointing sensitivity and specificity.79 Recent 
studiess suggest that functional brain imaging may provide valuable insights in how 
certainn drugs may modulate the viscerosensory processing at the level of the 
brain.20'911 These techniques may help to select patients for future studies addressing 
thee possible differential clinical efficacy of visceral analgesics in hypersensitive 
versuss normosenstive FIGD patients, but clearly, these tools are currently not 
availablee for routine clinical use. Therefore, to further explore the concept of 
viscerall  hypersensitivity in FIGDs, assessing gut sensitivity in the future will 
continuee to require barostat measurements. 

Inn conclusion, based on the current clinical evidence, the concept of targeting 
viscerall  hypersensitivity as a treatment for of FIGDs is still controversial. In order 
too proof this concept, we propose that patient selection should be based on the 
presencee of visceral hypersensitivity when evaluating compounds that exhibit 'true' 
viscreosensoryy effects. 
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Chapterr 2 

ABSTRACT T 

BACKGROUNDD & AIMS; It remains unclear whether the postprandial symptom 
profilee is different in patients with visceral hypersensitivity or with impaired fundic 
accommodation.. Therefore, we evaluated the postprandial symptoms in patients 
withh functional dyspepsia (FD) classified according to proximal stomach function. 
Inn addition, the effect of gastric relaxation by sumatriptan on postprandial 
symptomss was studied in FD with impaired fundic accommodation. 
METHODS:: 25 Healthy volunteers (HV) and 44 FD filled out a disease-specific 
questionnairee (Nepean Dyspepsia Index (NDI)) and underwent a gastric barostat 
studyy to evaluate visceral sensitivity, meal-induced fundic relaxation and 
postprandiall  symptoms. Postprandial symptoms evoked by a drink test or reported 
duringg the barostat study were compared between FD subdivided according to the 
underlyingg pathophysiological mechanism. Finally, the effect of sumatriptan on 
postprandiall  symptoms evoked by a drink test was investigated in HV and in FD 
withh impaired fundic accommodation. 
RESULTS:: There was no clear relationship between any of the 15 NDI symptoms 
andd proximal stomach function. Postprandial symptoms evoked during the barostat 
studyy or following the drink tests were significandy higher in FD compared to HV, 
howeverr no clear differences in symptom profile could be demonstrated between 
thee different subclasses of FD. Sumatriptan did not affect the maximal ingested 
volumee or the postprandial symptoms in HV or FD following a drink test. 
CONCLUSIONS:: No clear relationship could be demonstrated between postprandial 
symptomss and proximal stomach function. 

ABBREVIATIONS:: FD: functional dyspeptics; HV: healthy volunteers; NDI: Nepean 
Dyspepsiaa Index. 
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I N T R O D U C T I ON N 

Functionall  dyspepsia (FD) is a common gastrointestinal disorder, defined as 
"persistentt or recurrent pain or discomfort centred in the upper abdomen in the 
absencee of organic disease that is likely to explain the symptoms"1. Although 
severall  pathophysiological mechanisms have been described, like gastric motor 
abnormalities,, H. pylori infection and psychological factors, the therapeutic effect 
off  drugs targeting these abnormalities is often disappointing2 4. Several recent 
studiess have shown that impaired meal-induced relaxation59 and hypersensitivity to 
distension5-7-9133 of the proximal stomach may play a role in the generation of 
dyspepticc symptoms. If so, new drugs relaxing the proximal stomach and/or 
interferingg with visceral perception could be efficient agents to treat functional 
dyspepsia. . 

Impairedd accommodation to a meal is associated with early satiety and weight 
loss5.. Sumatriptan, a 5-HTip receptor agonist, induces fundic relaxation5-14 and as 
suchh allows larger intragastric volumes before the thresholds of perception or 
discomfortt are reached in healthy volunteers (HV)5. Most interestingly, it enhances 
accommodationn to a meal in patients with impaired meal-induced relaxation 
resultingg in increased caloric intake5. Based on these findings, fundic relaxation has 
beenn suggested as a new therapeutic option to treat this subgroup of FD. However, 
thee effect of sumatriptan on postprandial dyspeptic symptoms such as nausea, 
fullnesss and bloating remains to be determined. Furthermore, marked gastric 
relaxationn with nitroglycerin even aggravates the sensation of bloating and nausea in 
responsee to gastric distension15. Therefore, it remains to be studied whether gastric 
relaxationn per se has a beneficial effect on postprandial symptoms. Conversely, 
althoughh impaired accommodation is associated with early satiety5, its role in 
causingg postprandial symptoms has not been studied in detail. Likewise, a negative 
associationn between hypersensitivity to gastric distension and nausea and epigastric 
painn has been reported5, but the contribution of visceral hypersensitivity in 
postprandiall  symptoms remains to be determined. 

Thee aims of the present study were therefore 1. to investigate the role of 
impairedd accommodation and visceral hypersensitivity in the generation of 
postprandiall  symptoms, 2. to investigate the effect of gastric relaxation by 
sumatriptann on postprandial symptoms in FD with impaired fundic 
accommodation. . 

M E T H O DS S 
SUBJECTS S 

Healthyy volunteers (HV) without any abdominal complaints or previous abdominal 
surgeryy and taking no medications were asked to participate in the study. Patients 
fromm the outpatient clinic or patients referred for endoscopy were included if 1. 
theyy fulfilled the new Rome II criteria of functional dyspepsia1, 2. endoscopy was 
negative,, i.e. no organic abnormality possibly explaining the dyspeptic complaints 
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wass encountered during the endoscopy. If reflux-like symptoms were present, 
gastroesophageall  reflux was excluded by a 24h pHmetry. As such, 9 patients were 
includedd in the study with some degree of heartburn and/or regurgitation but 
showingg normal acid exposure at 24 h pH metry. Patients on acid-suppressive drugs 
hadd to stop medication at least 5 days before the study. Drugs known to affect 
gastrointestinall  motility had to be stopped at least 48 h before the study. 

Al ll  subjects gave written informed consent before the study. The study protocol 
wass approved by the Medical Ethical Committee of the Academic Medical Center, 
Amsterdam,, The Netherlands. 

SYMPTOMM QUESTIONNAIRE 

Al ll  subjects were asked to fil l out the Nepean Dyspepsia Index questionnaire, a 
recendyy developed disease-specific questionnaire16. Briefly, it evaluates 15 
symptomss related to functional dyspepsia over the last two weeks. All 15 symptoms 
aree scored for their frequency of occurrence (from 0 to 4 with 0= not at all and 4 = 
everyy day/almost every day), the degree of intensity (rated from 0 to 5 with 0 = not 
presentt and 5 = very severe), and degree of bothersomness (from 0 to 4 with 0 -
nott at all and 4 = extremely). The total scores of each symptom were then added 
yieldingg the total symptom score or the Nepean Dyspepsia Index (NDI). Subjects 
withh a maximal NDI score of 5 were considered as HV (HV). Based on the study 
byy Talley et al.16, individuals with a NDI score of at least 25 were classified as 
functionall  dyspeptics (FD). 

GASTRICC BAROSTAT 
Proximall  gastric motility was assessed by means of an electronic barostat. Following 
anesthesiaa of the throat (10% xylocaine spray) subjects swallowed a 1200 ml 
polyethylenee bag, tighdy wrapped on the distal end of a double lumen polyvinyl 
tubee (Ch 12, Salem Sump tube, Sherwood Medical St Louis, USA). The balloon was 
unfoldedd by inflation of 500 ml of air and was positioned in the proximal stomach 
byy gently withdrawing the catheter. The catheter was connected to the barostat and 
fixedd to the cheek and subjects were positioned upright. The barostat automatically 
correctedd for the compressibility of air (Medtronic Functional Diagnostics, 
Stockholm,, Sweden). Intra-balloon pressure and volume were recorded 
continuouslyy during the protocol and data were stored on a personal computer, 
usingg commercially available software (Polygram for Windows, Medtronic 
Functionall  Diagnostics, Stockholm, Sweden). 

D R I N KK TEST 

Afterr an overnight fast, subjects were asked to drink a beaker containing 100 ml of 
waterr or a nutrient liquid meal (Nutridrink, N.V. Nutricia, Zoetermeer, The 
Netherlands;; 1.5 Kcal/ml, 39 % fat, 48 % carbohydrates, 13 % protein) per minute. 
Afterr each 100 ml, symptoms of satiety, epigastric bloating, nausea and pain were 
scoredd on a scale from 0 to 5 with 0 = no sensation and 5 = discomfort. When a 
scoree of 5 was reached for at least one of the symptoms, the test was ended and the 
numberr of beakers emptied x 100 was recorded as the maximal ingested volume. 
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Thereafter,, subjects were asked to score the same symptoms one and two hours 
afterr the end of the drink test. 

STUDYY PROTOCOLS 
ProtocolProtocol 1 

255 HV and 44 subjects with dyspeptic complaints were asked to fil l out the NDI 
questionnaire.. Thereafter, subjects were invited to have a water and a Nutridrink 
drinkk test and to undergo a barostat study. These investigations were done on 
separatee days after an overnight fast and after stopping acid suppressant 
medicationss and drugs known to interfere with gastrointestinal motility. 

Inn the drink tests, subjects were asked to consume water or Nutridrink until a 
scoree of 5 (discomfort) was reported. Thereafter, symptoms of satiety, epigastric 
bloating,, nausea and pain were scored after one and two hours. 

Thee barostat protocol consisted of two parts: the first part consisted of the 
distensionn protocol evaluating visceral sensitivity to distension, whereas the second 
partt evaluated the meal-induced fundic relaxation. After introduction, unfolding 
andd positioning of the balloon, an adaptation period of 15 min was introduced. 
Thereafter,, minimal distension pressure (MDP) was determined as the pressure 
requiredd to obtain an intra-balloon volume > 30ml. Subsequendy, the proximal 
stomachh was distended using a stepwise distension protocol with steps of 2 mmHg 
lastingg 2 min. After one min, symptoms of bloating, satiety, nausea and pain were 
scoredd on a scale from 0 to 5 with 0 = no sensation and 5 = discomfort. The 
pressuree was increased until discomfort was reported, then the procedure was 
immediatelyy terminated. The balloon was deflated for 30 min followed by a 30 min 
periodd at MDP + 2 mmHg to assess basal fundic volume. Next, a 200 ml nutrient 
liquidd meal (Nutridrink, N.V. Nutricia, Zoetermeer, The Netherlands) was 
consumedd within one min using a straw and fundic volume was recorded for the 
followingg 60 min. Again, bloating, satiety, nausea and pain were scored every 5 min 
usingg the same scale. 

ProtocolProtocol 2 

Tenn HV and 7 patients with functional dyspepsia with impaired fundic relaxation5, 
illustratedd by a barostat study, were asked to participate in an additional study 
evaluatingg the effect of the fundic relaxant agent sumatriptan on the drinking 
capacity.. The water and the Nutridrink drink test were performed at separate days 
afterr either 1 ml placebo (s.c, saline) or 1 ml sumatriptan ( 6 mg s.c, Imigran, 
Glaxoo Wellcome, Zeist, The Netherlands) was administered 30 min before the 
drinkk test. The order of the tests was randomised and the study was done in a 
double-blindedd manner. In contrast to the drink tests in protocol 1, follow-up in 
FDD was prolonged to 3 hours. 

STATISTICALL ANALYSI S 

Thee symptoms reported at the end of the drink tests and during follow-up were 
analyzedd for each individual symptom (bloating, satiety, nausea, pain). A repeated 
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measurementss ANOVA is used (linear mixed model, S-Plus 2000) and a random 
interceptt and fixed coefficients for the factor of interest was calculated. 

Dataa are expressed as mean  S.E.M. The Student's t-test for paired or unpaired 
observationss or a one way ANOVA were used to compare the means. The Chi 
squaree test was used to compare the occurrence of symptoms or abnormal tests 
betweenn the different groups of patients. A P value <0.05 was considered 
statisticallyy significant. 

Inn the barostat studies, the threshold for discomfort was determined as the 
maximallyy tolerated pressure during the gastric distension protocol. Data are 
presentedd as mean  S.E.M. Basal and postprandial volumes were measured as the 
meann volume of 5 min periods using commercially available software (Polygram for 
Windows,, Metronics, Sweden). The relaxation following ingestion of the liquid meal 
wass expressed as the difference in volume between the mean volume of the total 
postprandiall  recording period (60 min) and the 15 minutes prior to meal ingestion. 
Symptomss reported during the postprandial period are expressed as mean values 
forr every time point. In addition, symptoms reported during the entire postprandial 
periodd were added to give the total symptom score of each individual symptom 
(bloating,, satiety, nausea, pain). The sum of these scores gave the total postprandial 
symptomm score. 

Too investigate the relationship between symptoms and the barostat data, both 
thee total score of each symptom (severity, frequency and bothersomness) as well as 
thee score of severity alone were considered. The Pearsson correlation was calculated 
ass a descriptive tool and a multivariable stepwise (backward selection) logistic 
regressionn analysis was performed using commercially available software (S-Plus 
2000). . 

RESULTS S 

SUBJECTSS AN D CLINICA L SYMPTOMS 

255 HV (14 F, 11 M, age 20-46) and 44 patients with functional dyspepsia (FD, 31 F, 
133 M, age 19-63) participated in the study. Body weight did not differ statistically 
betweenn the two groups (HV: 69.6  2.6 kg; FD: 63.2  2.1 kg). The mean total 
NDII  score of the HV was 1.2  0.4, compared to 96.6  5.7 for the FD. None of 
thee HV reported to have moderate, severe or very severe complaints on any of the 
155 symptoms. In contrast, all of the FD had at least one symptom that was scored 
moderatee to very severe on the scale of severity. Even more than 50% of the 
patientss scored moderate to very severe on 8 or more symptoms, illustrating the 
greatt overlap of symptoms reported by FD. Furthermore, most symptoms, except 
nausea,, belching and bad breath, were significandy (P<0.01) correlated to at least 
twoo other symptoms. For example, early satiety was correlated to postprandial 
fullnesss (r=0.623, P<0.0001), epigastric bloating (r=0.431, P=0.003) and vomiting 
(r=0.423,, P=0.004), epigastric pain was correlated to epigastric discomfort (r=0.713, 
P<0.0001)) and feeling of epigastric pressure (r=0.409, P=0.006), whereas vomiting 
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wass correlated to early satiety, postprandial fullness and epigastric bloating (r=0.4, 
P=0.007).. The prevalence of the different symptoms, scored as moderate to very 
severe,, is shown in Figure 1 for the FD. 

11 2 3 44 5 6 7 8 9 10 11 12 13 14 15 

Dyspepticc symptom 

FIGUREE 1. Prevalence of moderate to very severe dyspeptic symptoms in the patients with functional 
dyspepsiadyspepsia (n = 40). 1 = epigastric pain, 2 — epigastric discomfort, 3 = epigastric burning sensation, 4 — 
heartburn,heartburn, 5 — cramps in the epigastric region, 6 = chest pain, 7 — early satiety, 8 — regurgitation, 9 — 
epigastricepigastric postprandial fullness, 10 = feeling of'epigastric pressure, 11 — epigastric bloating, 12 — nausea, 
1313 = belching, 14 = vomiting, 15 ~ bad breath. 

FREQUENCYY OF VISCERAL HYPERSENSITIVITY AN D IMPAIRED ACCOMMODATION 

INN HV AN D FD 
SensitivitySensitivity to distension 

MDPP did not differ between the HV (7.6  0.4 mmHg) and the FD (7.9  0.4 
mmHg).. The threshold for discomfort was significandy lower in the FD (9.8  0.6 
mmHg)) compared to HV (13.9  0.7 mmHg, P<0.001) (Figure 2). No HV had a 
thresholdd for discomfort lower than 10 mmHg above MDP. Therefore, a threshold 
off  discomfort aequal to or lower than 8 mmHg was considered as abnormal. Using 
thiss cutoff, 21 of the 44 (48 %) FD had an abnormal threshold for discomfort. 

FundicFundic accommodation to a meal 

Inn 2 subjects of the FD group, the study had to be stopped prematurely because of 
discomfortt after meal intake. 

Basall  volume did not differ between the HV (286  23 ml) and the FD (246
188 ml). The fundic relaxation to ingestion of 200 ml of Nutridrink was rapid in 
onsett and lasted throughout the postprandial period. There was a large overlap in 
maximall  relaxation as well as in the difference between the basal volume and 
postprandiall  relaxation (delta V) (Figure 2) with no significant differences between 
thee two groups. The delta V in FD was 157  24 ml compared to 183  32 ml in 
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HVV (NS). The 10th percentile of the HV was -57 ml. When this value was 
consideredd as the lower limit of the normal range, 8 % of the HV and 5 % of the 
FDD has impaired fundic relaxation. When the cutoff was increased to 0, 10, 20, 30, 
400 or 50 ml, the % of abnormal meal-induced fundic relaxation in HV and FD was 
200 vs 19, 20 vs 24, 20 vs 24, 24 vs 24, 24 vs 28, and 24 vs 38 (NS). When 64 ml was 
consideredd as the lower limit of the normal range5, 24 % of HV and 40 % of FD 
hadd impaired fundic accommodation. 
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FIGUREE 2. Individual data showing the relationship between the total NDI score and (A) the threshold for 
discomfort,discomfort, (B) the postprandial fundic accommodation and (C) the postprandial symptoms in healthy 
volunteersvolunteers and functional dyspeptics (see legend). Horizontal line represents the lower limit of the normal 
range. range. 

POSTPRANDIALL SYMPTOMS: COMPARISON BETWEEN HV AN D FD 

PostprandialPostprandial symptoms evoked during the barostat study 

Whenn the scores of each symptom reported during the entire postprandial period 
weree summated, FD had significantly higher scores of bloating, satiety, nausea and 
painn compared to HV. Similarly, the sum of all symptoms during the postprandial 
periodd was significantly higher in the FD compared to HV (Table 1). There was a 
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significantt correlation between the NDI and the total postprandial symptom score 
(rr = 0.73, P<0.0001) (Figure 2). 

BLOATIN GG NAUSEA SATIETY PAIN N TOTAL L 

HVV 13.4 + 2.3 4.6 6 13.9 1 0.7 5 32.6  5.0 

FDD 32.0 * 25.8 *  30.5 *  26.8 *  115.6 * 

TABLEE 1. Summated scores of postprandial symptoms during the gastric barostat study.Symptoms are shown 

asas Means  *P< 0.05 versus HV, one-way ANOVA 

PostprandialPostprandial symptoms evoked by the drink tests 

Ass shown in Figure 3, FD reported significantly more symptoms compared to HV 
afterr both the water and the Nutridrink drink test. At the end of the drink test, FD 
onlyy reported more pain compared to the HV. However, all 4 symptoms of 
bloating,, nausea, pain and satiety persisted in FD, even after 2 hours, whereas they 
weree almost completely absent in HV. 
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FIGUREE 3 Postprandial symptoms reported by healthy volunteers and functional dyspeptics (see legend) after 

thethe water and Nutridrink test Data are shown as mean i S.E.M. *P<0.0S, different from healthy 
volunteers,volunteers, repeated measurements ANOVA. 
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POSTPRANDIALL SYMPTOMS: COMPARISON BETWEEN FD WITH NORMAL BARO-
STAT,, VISCERAL HYPERSENSITIVITY OR IMPAIRED FUNDIC ACCOMMODATION 

Too evaluate the role of impaired fundic relaxation (meal-induced increase in fundic 
volumee < 64 ml) and visceral hypersensitivity (threshold for discomfort < 10 mm 
Hgg above MDP) in meal-induced symptoms, the postprandial symptoms reported 
byy FD with visceral hypersensitivity but with normal meal-induced fundic relaxation 
(nn = 14) and patients with an abnormal meal-induced fundic relaxation but a 
normall  sensation to distension (n = 11) were compared with those of patients with 
aa normal barostat (n = 11). Patients with both visceral hypersensitivity and impaired 
fundicc accommodation (n — 6) were excluded. The total NDI score was not 
statisticallyy different between the different groups, illustrating that the severity of 
dyspepticc complaints overlaps and does not allow discrimination. 

PostprandialPostprandial symptoms evoked during the barostat study 

Ass shown in Figure 4, patients with impaired accommodation had less symptoms in 
thee early postprandial period compared to the patients with a normal barostat or 
thosee with visceral hypersensitivity. At the end of the postprandial period, bloating 
wass significantly higher in patients with impaired accommodation and with visceral 
hypersensitivityy compared to patients with a normal barostat (Figure 4). The total 
scoree of pain and satiety and the aggregate score in patients with impaired 
accommodationn were significantly lower compared to that of patients with visceral 
hypersensitivityy (Table 2). 

BLOATINGG NAUSEA SATIETY PAIN TOTAL 

NORMALL 4 4 4 4 4 

VISCERAL L 
HYPERSENSITIVITYY * 4 3 4 140+11 

IMPAIRED D 

ACCOMMODATIONN 4 6 # # # 

TABLEE 2. Summated scores of postprandial symptoms during the gastric barostat study in FD with a 
normalnormal barostat study, visceral hypersensitivity or impaired accommodation. Symptoms are shown as Means 

 SEMs. *P< 0.05 versus patients with a normal barostat, one-way ANOVA; #P< 0.05 versus 
patientspatients with visceral hypersensitivity, one-way ANOVA.. 
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PostprandialPostprandial symptoms evoked by the drink tests 

N oo differences in postprandial symptoms could be demonstrated between the three 
subgroupss of FD during follow-up of the drink tests. The symptom scores of the 
individuall  symptoms after 1 and 2 h did not differ either between the three groups 
off  patients (Figure 5). 
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R E L A T I O N S H IPP B E T W E EN N D I SCORES A N D GASTRIC BAROSTAT D A T A 

T hee threshold for pain was inversely related to the total N D I (r = -0.42, P=0.0001) 
(Figuree 2). In contrast, the meal-induced relaxation, either expressed as increase in 
volumee compared to the basal volume or expressed as the maximal relaxation, was 
nott correlated to the total N D I (Figure 2) or any of the individual symptoms. 

Whenn the individual symptoms scored by the N DI questionnaire were 
comparedd between FD with an abnormal and a normal threshold for pain or fundic 
relaxation,, no significant differences in symptom profile could be detected. 
Especiallyy there was no relationship between the severity of early satiety and 
impairedd accommodat ion; 24% of HV without any complaints of early satiety had 
fundicc dysaccommodation. In addition, no significant differences in impaired 
accommodat ionn were noted between FD with no to ver}' mild (38% of patients), 
mil dd to moderate (38% of patients), severe or very severe (44% of patients) 
symptomss of early satiety. 

T H EE E F F E CT O F S U M A T R I P T AN ON T H E D R I N K I N G CAPACITY A N D SYMPTOMS 

D U R I N GG F O L L O W - UP 

MaximalMaximal volume 

Thee maximal volume consumed in the water test was not affected by sumatriptan in 

thee HV (placebo: 1490  167 ml vs sumatriptan: 1420  200 ml) or in the FD 

(placebo:: 1114  191 ml vs sumatriptan: 1000  190 ml). Similarly, the maximal 

vo lumee of Nutr idrink consumed was not significantly different between placebo 

andd sumatriptan in HV (1080  90 ml vs 1120  93 ml) or FD (829  84 ml vs 886 

 86 ml). 
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SymptomsSymptoms after the drink test 

FDD developed significantly more symptoms after both the water and Nutridrink test 
comparedd to HV. As shown in Figure 6, sumatriptan had no effect on the 
symptomss after the water test in HV and FD. Similar results were obtained after the 
Nutridrinkk test. 
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DISCUSSION N 

Severall  attempts have been undertaken to classify patients with functional dyspepsia 
accordingg to their symptom profile. Subclasses based on symptom clusters have 
beenn proposed117. In clinical practice, however, this classification showed great 
overlapp between subclasses limiting its value18. Recently, several studies have 
focusedd on the role of the proximal stomach in dyspeptic symptoms. Interestingly, 
individuall  symptoms instead of symptom profiles were reported to correlate with 
specificc pathophysiological mechanisms5. In the present study, we failed to support 
thiss concept and could not demonstrate a relationship between any of the 15 NDI 
symptomss and proximal stomach function, most likely because patients with 
functionall  dyspepsia present with a complex pattern of symptoms. Similarly, when 
symptomss were evoked by a drink test or by ingestion of a nutrient liquid meal 
(barostatt protocol), the profile of postprandial symptoms reported by dyspeptic 
patientss did not depend on proximal stomach function. Finally, we showed that 
fundicc relaxation had no effect on postprandial symptoms in patients with impaired 
fundicc relaxation, questioning the role of fundic relaxants as new therapy for this 
subclasss of patients. 

Recentt studies showed a correlation between delayed gastric emptying and 
postprandiall  fullness and vomiting19, between impaired fundic accommodation and 
earlyy satiety and between epigastric pain and visceral hypersensitivity5. The practical 
implicationn of these findings could be that specific treatment with prokinetics, 
fundicc relaxants or visceral analgesics respectively may be selected based on 
symptomatology.. However, as pointed out earlier20, the symptom pattern of 
functionall  dyspepsia is complex and variable questioning whether a particular 
symptomm may indeed relate to a specific physiological dysfunction. In the present 
study,, we were indeed unable to demonstrate a significant association between 
proximall  stomach dysfunction and any of the symptoms scored in the NDI 
questionnaire.. The latter is a recendy validated disease specific questionnaire 
evaluatingg 15 symptoms related to functional dyspepsia in the preceding 2 
weeks16»21.. Interestingly, more than 50 % of FD had 8 or more moderate to severe 
dyspepticc symptoms, and most of them were correlated to another symptom, 
confirmingg the complexity of the symptom profile in functional dyspepsia. This 
observationn also questions whether a particular symptom may indeed relate to a 
specificc dysfunction. In particular, no significant relationship was demonstrated 
betweenn the degree of early satiety and fundic dysaccommodation; 38% of patients 
withh no to very mild symptoms of early satiety had an abnormal meal-induced 
relaxationn compared to 44 % of patients with severe to very severe early satiety. As 
such,, the presence of this symptom can not be used in clinical practice to predict 
proximall  stomach function or to determine the treatment of choice. Our findings 
aree in contrast with those reported earlier by Tack et al.5 where early satiety was 
associatedd with impaired accommodation. This discrepancy may be explained by 
differencess in patient selection or in the symptom questionnaire used. For example, 
thee symptom severity is scored from 0 to 3 by Tack et al., whereas the maximal 
scoree in the NDI questionnaire is 5. Also differences in time period evaluated by 
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thee questionnaire may be of importance, especially in view of the waxing and 
waningg of dyspeptic symptoms. Alternatively, the absence of a statistical correlation 
betweenn symptoms and barostat findings in our study may be due to the sample 
sizee and represent a type II error. The number of patients included in our study was 
howeverr similar to that of Tack et al. 

Wee also evaluated whether meal intake resulted in a different symptom profile 
dependingg on the underlying pathophysiological mechanism. In agreement with 
Salett et al.7, we showed that patients with FD developed significantly more 
postprandiall  symptoms after meal intake during the barostat study. Similarly, we 
showedd that FD developed more intense and more prolonged symptoms compared 
too HV after a drink test. When the FD were subdivided according to the barostat 
findings,findings, no differences in bloating, pain, satiety or nausea could be demonstrated 
afterr the drink tests between the different subgroups. In contrast, FD with impaired 
fundicc accommodation reported fewer symptoms, including satiety, in the early 
postprandiall  period compared to patients with a normal barostat or with visceral 
hypersensitivity.. As no differences in symptoms were observed after the drink tests, 
thiss discrepancy most likely results from the artificial distension by the barostat of 
thee relaxed gastric fundus in the postprandial period. Similarly, increased 
postprandiall  fullness after fundic relaxation by atropine was shown to positively 
correlatee with intrabag volume in healthy volunteers22. The lack of differences in 
postprandiall  symptom profile between the different subgroups of patients further 
questionss the concept that specific treatment may be directed by symptomatology. 

Fundicc relaxation has recently been suggested as new therapeutic approach, 
especiallyy in patients with impaired postprandial fundic accommodation. 
Improvementt of fundic relaxation with sumatriptan indeed has been shown to 
enhancee caloric intake in functional dyspeptic patients with early satiety5. In the 
latterr study, a caloric liquid was consumed at a much lower rate (15 ml/min) 
comparedd to our study. The volume consumed was used as a measure for satiety. It 
shouldd be emphasised however that the effect of sumatriptan was rather limited and 
thatt caloric intake after sumatriptan was still only half that of HV. In addition, no 
dataa were provided on the effect of sumatriptan on symptoms during follow up. In 
thee present study, sumatriptan failed to improve the drinking capacity in patients 
withh impaired fundic accommodation. Possibly, this discrepancy may be explained 
byy the difference in drinking rate between the two studies. One might assume that 
thee when the drinking rate is as slow as reported by Tack et al. (15 ml/min), the 
maximall  ingested volume becomes more dependent on the negative feedback 
triggeredd by the arrival of nutrients in the duodenum. Slowing gastric emptying may 
thereforee decrease the negative feedback and as such increase caloric intake. This 
mayy explain why sumatriptan, known to greatly decrease gastric emptying23, 
improvess the drinking capacity in the study reported by Tack et al., but not in our 
study.. More importantly however, sumatriptan had no effect on postprandial 
symptomss after the drink tests, arguing against fundic relaxation as potential new 
treatmentt for functional dyspepsia. 

Inn line with several previous studies57'1013, 48% of our FD reported more 
symptomss during distension of the proximal stomach and had a lowered threshold 
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forr discomfort compared to HV. Interestingly, approximately one quarter of the 
FDD had a normal visceral sensation and a normal fundic accommodation. Yet, these 
patientss developed as much postprandial symptoms as the other FD, clearly 
illustratingg that potentially other mechanisms such as altered sensation of the small 
intestinee to distension or to nutrients might be involved24-28. In addition to these 
mechanisms,, distension of the distal stomach may contribute to dyspeptic 
symptoms,, especially as antral distension is regularly demonstrable in FD9-29-30 and 
thee less compliant antrum is more sensitive to distension than the proximal 
stomach31.. It is important to stress that if the distal stomach indeed significantly 
contributess to dyspeptic symptoms, drugs relaxing the antrum and thereby 
increasingg antral area, despite simultaneous fundic relaxation, may not improve 
symptoms.. This may perhaps explain why sumatriptan, recently shown to increase 
antrall  area in HV14, had no effect on maximal ingested volume or postprandial 
symptomss in HV and FD with impaired fundic accommodation. Vingerhagen et 
al.144 also reported a significant negative correlation between postprandial area and 
symptomss of nausea and bloating after sumatriptan. Instead, agents relaxing the 
funduss but simultaneously preventing distension of the antrum will be required. 
Thee knowledge that cisapride has been shown to improve meal-induced relaxation32 

andd to decrease antral area30 may explain why it is one of the few agents to which 
FDD respond. 

Inn conclusion, we demonstrated that there is no clear relationship between 
dyspepticc symptoms and proximal stomach function, further stressing the 
complexityy of symptomatology in functional dyspepsia. In addition, we showed that 
fundicc relaxation with sumatriptan failed to improve postprandial symptoms in FD 
withh impaired fundic relaxation, questioning the role of gastric relaxation as putative 
neww treatment for functional dyspepsia. 
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ABSTRACT T 

BACKGROUNDD AND AIMS: Visceral hypersensitivity is a consistent abnormality in a 
substantiall  subpopulation of patients with irritable bowel syndrome (IBS). Although 
controversial,, these patients may have a different pathogenesis compared to IBS 
patientss with normal gut sensitivity, and may therefore present with different 
symptomm patterns. The aim of this study was to detect possible associations 
betweenn symptoms and the presence of hypersensitivity to rectal distension. 
METHODS:: Ninety-two IBS patients and 17 healthy volunteers (HV) underwent a 
rectall  barostat study. The association between specific IBS symptoms and the 
presencee of hypersensitivity was examined using Area under the Receiver Operating 
Characteristicc (A-ROC) curves. 
RESULTS:: IBS patients had significandy lower thresholds for discomfort/pain than 
HVV (25  11 and 35  12 mm Hg above MDP, respectively). Forty-one patients 
(45%)) showed hypersensitivity to rectal distension. Hypersensitivity was more 
prevalentt in female (56%) than in male patients (30%, P= 0.02). Proportions of 
patientss with predominant bowel habits were similar in hypersensitive and 
normosensitivee subgroups (diarrhoea predominant: 39% and 41%, respectively; 
alternatingg type: 27% and 28%, respectively; constipation predominant: 34% and 
31%,, respectively). Severe abdominal pain was more frequent in hypersensitive, 
comparedd to normosensitive patients (88% versus 67%, P= 0.02), but none of the 
individuall  IBS symptoms could accurately predict the presence of hypersensitivity, 
ass assessed by A-ROC curve analysis. 
CONCLUSIONS:: Hypersensitive and normosensitive IBS patients present with 
comparable,, heterogeneous symptomatology. Therefore, selection based on clinical 
parameterss is unlikely to discriminate individual IBS patients with visceral 
hypersensitivityy from those with normal visceral sensitivity. 

ABBREVIATIONS:: IBS: Irritable bowel syndrome; HV: healthy volunteers; MDP: 
minimall  distending pressure; GSRS: Gastrointestinal Symptom Rating Scale; A-
ROC:: Area under the Receiver Operating Characteristic; IBS-C: constipation 
predominantt IBS; IBS-A: alternating type IBS; IBS-D, diarrhoea predominant IBS. 
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I N T R O D U C T I ON N 

Thee irritable bowel syndrome (IBS) is defined as a functional bowel disorder 
characterisedd by chronic abdominal pain or discomfort, associated with altered 
defecationn and changes in bowel habit, in the absence of any detectable organic 
cause.11 Because reliable biological markers are not available, the diagnosis is based 
onn symptom-based criteria such as the Rome criteria.1 

IBSS is a multifactorial disorder, of which the aetiology is largely unknown. 
Proposedd mechanisms contributing to development of IBS symptoms include 
abnormall  motility and associated alterations in gut transit, psychological factors 
includingg mental stress, food allergens and postinfectious neuroimmune modulation 
off  gut functions (see Camilleri for review2). However at present, the most widely 
acceptedd mechanism underlying the origin of symptoms in IBS is enhanced visceral 
sensitivityy or visceral hypersensitivity.3-4 Hypersensitivity of the gut may lead to 
alterationss in gut motility by altering regulatory reflex pathways and secretory 
functions,, which in turn may lead to functional disturbances. In addition, normal, 
physiologicc stimuli may be perceived with increased intensity or may even cause 
pain.. The evidence that patients with IBS exhibit enhanced visceral sensitivity is 
illustratedd by studies evaluating the sensory responses to mechanical distension of 
thee colon and recto-sigmoid.58 As a group, patients with IBS report pain at 
distensionn levels that are normally not perceived as painful. Furthermore, the 
magnitudee of the sensory responses to colorectal distension is increased compared 
too healthy controls. Hypersensitivity to rectal distension has been shown to 
discriminatee IBS from other causes of abdominal pain with reasonable accuracy 
(sensitivity:: 96%; specificity: 72%) .8 

However,, although visceral hypersensitivity has been proposed to represent a 
biologicall  marker for IBS,6 8 specific hypersensitivity to colorectal distension has 
onlyy been reported in 20% to 80% of IBS patients across studies.9 In the remainder 
off  patients, colorectal sensitivity appears to be normal. It has previously been 
suggestedd that IBS patients with visceral hypersensitivity and IBS patients with 
normall  sensitivity may represent different subpopulations with distinct 
pathophysiologies.3'6-100 These subpopulations may therefore present with different 
symptomm patterns, related to the presence or absence of a hyperreactive gut. 
Moreover,, these subpopulations may show differential responses to certain 
pharmacologicall  interventions. In particular, hypersensitive IBS patients could 
benefitt from drugs that are aimed to reduce visceral sensitivity. So far, these issues 
havee not been well addressed in clinical studies. For example, the K-opioid agonist 
fedotozinee has been shown to normalise the sensory responses to colonic 
distensionn in selected IBS patients with visceral hypersensitivity. However, no such 
selectionn was made for patients that underwent clinical evaluation of the 
compound,, possibly explaining its disappointing efficacy.11 We previously showed 
thatt the antidepressant fluoxetine may reduce abdominal pain in hypersensitive, but 
nott in normosensitive IBS patients.12 These differential clinical benefits may apply 
too several other compounds with proposed viscerosensory effects.13 Therefore, 
futuree clinical efficacy studies with drug classes that are aimed at reducing visceral 
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sensitivityy in IBS may need to take intoo account the presence or absence of visceral 
hypersensitivityy in individual patients. At present, these individuals can only be 
identifiedd by measuring the sensory responses to gut distension. However, this 
methodd is relatively invasive, time-consuming and cosdy and requires instruments 
suchh as the barostat that are generally not available to the average 
gastroenterologist.144 Ideally, these subgroups should be distinguishable on clinical 
parameters.. A similar study in patients with functional dyspepsia (a condition with a 
largelyy overlapping pathophysiology15) indeed confirmed that the presence of 
hypersensitivityy to gastric distension was associated with specific dyspeptic 
symptoms.16 6 

Thee present study aimed to identify possible associations between specific IBS 
symptomss and the presence of hypersensitivity to rectal distension. Such 
associationss may further support the concept that individuals with visceral 
hypersensitivityy may represent a distinct subpopulation of IBS patients. In addition, 
positivee associations between symptoms and visceral hypersensitivity could help to 
classifyy or select patients for large-scale evaluations of future interventions aimed at 
reducingg visceral hypersensitivity in IBS. 

PATIENTSS A N D M E T H O DS 

STUDYY SUBJECTS 

HealthyHealthy volunteers 
Inn order to obtain normal values, 17 healthy volunteers (8 women (47%); age, 19 -
622 years; mean age, 39 + 17 years) were recruited by public advertisement. Each 
healthyy volunteer needed to be free of gastrointestinal symptoms, without previous 
gastrointestinall  surgery and not taking any medication. 

Patients Patients 
Thee patient data in this study were obtained from 92 consecutive patients between 
19999 and 2003. The patients were referred to our laboratory from the outpatient 
clinicss of the departments of Gastroenterology and Internal Medicine at the 
Academicc Medical Centre, a tertiary referral centre. Ninety-two IBS patients (52 
womenn (57%); age, 1 8 - 65 years; mean age, 39  12 years) were evaluated. Al l 
patientss fulfilled the Rome II criteria for IBS.1 In addition to careful history taking, 
alll  patients underwent a minimal work-up to exclude organic disease. This included 
aa normal physical examination, a negative sigmoidoscopy or colonoscopy, normal 
thyroidd stimulating hormone levels and blood counts and negative stool 
examinations.. Patients had to be free of any concomitant disease, including overt 
psychiatricc disorders. Concomitant medication likely to interfere with 
gastrointestinall  tract function or visceral perception other than fibres or bulking 
agentss was discontinued at least seven days before the study. Patients who 
previouslyy underwent abdominal surgery, except for uncomplicated appendectomy 
orr laparoscopic cholecystectomy, were excluded. 
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SYMPTOMM QUESTIONNAIRES 

GastrointestinalGastrointestinal symptoms 
Thee intensity of individual gastrointestinal symptoms of abdominal bloating, 
flatulence,, decreased bowel movements, increased bowel movements, soft stools, 
hardd stools, urgency and the feeling of incomplete evacuation was scored on a self-
ratedd scale, derived from the validated Gastrointestinal Symptom Rating Scale 
(GSRS),, in which the intensities of the symptoms are scored on a 7-graded Likert 
scale,, with descriptive anchors (0 = no symptoms at all; 1 = minimal symptoms; 2 
== mild symptoms; 3 = moderate symptoms; 4 = rather serious symptoms; 5 = 
seriouss symptoms; and 6 = very severe symptoms).17 

AA bdominaipain 
AA five-point score was used to evaluate abdominal pain. Patients had to answer the 
followingg question: 'Please consider how much abdominal pain you experienced in 
thee past 4 weeks'. Possible answers were: 1 = none; 2 = mild; 3 = moderate; 4 = 
severe;; 5 = very severe.12 

BAROSTATT STUDIES 

Too assess the sensitivity to rectal distension, we used an electronic barostat that 
automaticallyy corrected for the compressibility of air (Synetics Visceral Stimulator, 
Stockholm,, Sweden). Before the distension studies, subjects received a tap water 
enema,, followed by a 60-minute rest. Subsequently, a 500-ml polyethylene bag 
(maximall  diameter 9 cm), tightly wrapped on the distal end of a double lumen 
polyvinyll  tube (Salem Sump tube 14 Ch.; Sherwood Medical St Louis, USA) was 
introducedd in the rectum. The catheter was then connected to the barostat device 
andd the subject was placed in the left lateral decubitus position. The bag was 
unfoldedd by inflating it with 200 ml of air and positioned in the distal rectum by 
gendyy pulling the catheter back. After a 15-minute adaptation period, minimal 
distendingg pressure (MDP) was determined as the minimum pressure at which the 
intrabagg volume was >30 ml. This pressure level equals the intra-abdominal 
pressure.. The distension protocol consisted of a series of phasic, semirandomly 
ascendingg isobaric distensions, of 3 mm Hg increment above MDP (3, 6, 12, 9, 18, 
15,, 24, 21, 30 mm Hg, etc.). The inflation rate was 38 ml/s and each distension step 
lastedd 2 minutes, separated by 1-minute intervals at baseline (MDP). Sensations 
weree scored halfway (at 1 minute) along each distension step. We used a 6-point 
scalee with verbal descriptors (0 = no sensation; 1 = first sensation; 2 = first sense of 
urge;; 3 = normal urge to defecate; 4 = severe urge to defecate; 5 = 
discomfort/pain).. Sensation scores were automatically logged onto the data file at 
eachh score point. If the subject reported discomfort or pain, the bag was 
instantaneouslyy deflated. In addition, the bag was automatically deflated at pressures 
abovee 60 mm Hg or volumes above 500 ml. 
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STATISTICALL ANALYSIS 

Primaryy endpoints were the thresholds for first sensation, urge and discomfort/pain 
duringg rectal distension. The discomfort/pain thresholds obtained from the healthy 
volunteerss were used to define the normal range (between the 5th and 95th 

percentile)) for sensitivity to rectal distension. In previous studies, hypersensitivity 
hass been defined as a threshold below the 95% confidence interval of a normal 
controll  group.6-7 However, this definition is largely influenced by the sample size 
andd test distribution. Therefore, we used the lower limit of the normal range of 
discomfort/painn thresholds (5th percentile) as a cut-off to distinguish patients with 
hypersensitivityy to rectal distension from patients with normal rectal sensitivity. The 
associationn between specific IBS symptoms and the presence of hypersensitivity 
wass examined using Area under the Receiver Operating Characteristic (A-ROC) 
curves.18-199 The A-ROC curve summarises the accuracy of a specific symptom to 
distinguishh hypersensitive from normosensitive patients. The A-ROC curve is 
obtainedd by plotting the true positive proportion (hypersensitive patients with the 
symptomm present, y-axis) to the 1 minus true negative proportion (normosensitive 
patientss with the symptom absent, x-axis) at each possible cut-off (0-7 points or 1-5 
pointss for GSRS and pain scores, respectively) defining the presence of a particular 
symptom.. The area under a ROC curve represents the probability that a random pair 
off  patients will be correcdy classified as hypersensitive or normosensitive by the 
concerningg symptom. A value of 0.50 is obtained when the symptom does no better 
thann chance, whereas a value of 1.0 means perfect accuracy or discrimination. 
Estimatess of A-ROC curves for each symptom were expressed with their 95% 
confidencee limits.20 All other data are given as mean  SD. Continuous data were 
comparedd using Student's /-test and categorical data using Chi-square tests. 
Differencess were considered significant at the 5% level. Statistical evaluations were 
performedd using commercially available software (SPSS 11.0; SPSS Inc. Chicago LL, 
USA). . 

RESULTS S 

CLINICA LL CHARACTERISTICS OF IBS PATIENTS 

Noo significant differences were seen between patients and healthy volunteers for 
agee and gender. Based on their predominant bowel habit, 37 IBS patients (40%) 
weree considered as diarrhoea predominant (IBS-D), 25 (27%) as constipation 
predominantt IBS (IBS-C) and 30 (33%) as alternating IBS (IBS-A). The mean 
durationn of symptoms at intake was 8  8 years (range 1-30 years). Table 1 shows 
thee prevalence and severity of individual IBS symptoms in the overall number of 
patients. . 
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Abdominall  bloating 
Flatulence e 
Decreasedd bowel movements 
Increasedd bowel movements 
Hardd stools 
Softt stools 

Urgency y 

Incompletee evacuation 
Abdominall  pain 

Absent t 

111 (12) 
6(7) ) 

500 (54) 
299 (31) 
17(18) ) 
444 (48) 
288 (31) 

111 (12) 
0(0) ) 

Presenta) ) 

811 (88) 
866 (93) 
422 (46) 
633 (69) 
755 (82) 
488 (52) 
644 (69) 

811 (88) 
922 (100) 

Severee b) 

355 (38) 
366 (39) 
111 (12) 
177 (19) 
222 (24) 
7(8) ) 

200 (22) 

222 (24) 
700 (76) 

TABLEE 1. Prevalence and severity of IBS symptoms in 92 IBS patients. Data are presented as absolute 

numbersnumbers and (row percentages). °' Present; scores of > 2 on a 0-6 (GSRS) or a 1-5 (Pain) scale. b''Severe: 

scoresscores of > 5 or >4, on a 0-6 (GSRS) or a 1-5 (Pain) scale, respectively. 

SENSITIVITYY TO RECTAL DISTENSION IN HEALTHY VOLUNTEERS 
I nn healthy volunteers, the mean M D P was 6  3 mm Hg. Thresholds for first 
sensation,, urge and discomfort/pain were 5  4, 13  5 and 35  12 mm Hg above 
MDP,, respectively. The individual thresholds for discomfort/pain are shown in 
Figuree 1. The normal range for the threshold for discomfort/pain (between the 5th 

andd 95t h percentile) was 18 to 57 mm Hg above MDP. 
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FIGUREE 1. Individual thresholds for discomfort/'pain in healthy volunteers (HV) and patients with IBS. 
SolidSolid horizontal lines represent mean values; the dotted lines represent the normal range of normal values 
obtainedobtained in HV. *P< 0.01 versus HV. 
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SENSITIVITYY T O RECTAL DISTENSION IN IBS PATIENTS 

AllAll  IBS patients 
Inn IBS patients, MDP was 6  3 mm Hg. Overall, thresholds for first sensation, 
urgee and discomfort/pain were 4  3, 10  7 and 25  11 mm Hg above MDP, 
respectively.. The individual thresholds at which IBS patients reported 
discomfort/painn are shown in figure 1. Although the thresholds for first sensation 
andd urge were not significantly different from those in healthy volunteers, 
thresholdss for discomfort/pain were significandy lower (P= 0.001, see Table 2). 

HypersensitiveHypersensitive versus normosensitive IBS patients 
Usingg the 5th percentile cut-off of the normal values obtained in healthy volunteers 
(i.e.. a maximum threshold for discomfort/pain of 18 mm Hg above MDP) 41 
patientss (45%) showed hypersensitivity to rectal distension. The prevalence of 
hypersensitivityy was significandy higher in female, compared to male patients (56% 
andd 30%, respectively, P= 0.014). Mean age was not significandy different between 
thee subgroups (36 1 and 40 + 13 years for hypersensitive and normosensitive 
patients,, respectively). The sensory thresholds of hypersensitive versus 
normosensitivee patients are summarised in Table 2. In hypersensitive patients, 
thresholdss for first sensation, urge and discomfort/pain were significantly lower, 

comparedd to both healthy volunteers and normosensitive patients, whereas the 
sensoryy thresholds in normosensitive patients were comparable to those in healthy 
volunteerss (Table 2). 

HVV  IBS 

Al ll  Hypersensitive Normosensitive 

Firstt sensation 4 3 3  2a-c 

Urgee to defecate 13  5 10  7 7  2b-c 

Discomfort/Painn 35  12 25  l l b 15  4b-c 

nn = 17 n = 92 n = 41 

TABLEE 2. Sensory thresholds in IBS and IBS subpopulations compared to healthy volunteers. 
DataData are expressed as mean + SD. Hypersensitive patients were defined by a threshold for discomfort/'pain 
belowbelow the 5th percentile of healthy volunteers. a'P< 0.05 versus healthy volunteers; h>P< 0.001 versus healthy 
volunteers;volunteers; c)P< 0.001 versus normosensitive. 
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SYMPTOMM PREVALENCE IN HYPERSENSITIVE VERSUS NORMOSENSITIVE IBS 

PATIENTS S 
DominantDominant bowel habit 

Bowell  habit predominance was not associated with the presence or absence of 
hypersensitivityy to rectal distension. In total, 16/41 (39%) of the hypersensitive 
patientss were considered as having IBS-D, 11/41 (27%) IBS-A, and 14/41 (34%) 
IBS-C,, versus 21/51 (41%), 14/51 (28%), and 16/51 (31%) of the normosensitive 
patients,, respectively (figure 2). 
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FlGUREE 2. Prevalence of IBS subgroups based on predominant bowel habit in normosensitive (NS) versus 
hypersensitivehypersensitive (HS) patients. IBS-C, constipation predominant; IBS-A, alternating constipation and 
diarrhoea;diarrhoea; IBS-D, diarrhoea predominant. 

IndividualIndividual IBS symptoms 

Wee evaluated the prevalence of individual IBS symptoms in normosensitive and 
hypersensitivee patients defined by two different cut-offs, i.e. symptoms of at least 
mildd intensity (GSRS or pain scores of > 2) and at least severe intensity (GSRS 
scoress of > 5 or pain scores > 4). Abdominal pain of at least mild intensity was 
presentt in all patients (figure 3A). The prevalence of individual GSRS symptoms of 
att least mild severity was comparable between hypersensitive and normosensitive 
patientss (figure 3A). Likewise, the observed prevalence for individual GSRS 
symptomss that were rated at least severe was not statistically different between 
hypersensitivee and normosensitive patients (figure 3B). In contrast, severe pain 
scoress (> 4) were more prevalent in hypersensitive, compared to normosensitive 
IBSS patients (88% versus 67%, P= 0.018, Chi-square). 
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A:: At least mild symptoms B:: At least severe symptoms 
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FIGUREE 3. Prevalence of individual IBS symptoms in normosensitive (NS) versus hypersensitive (HS) 

patients.patients. (B, bloating; F, flatulence; dBM, decreased bowel movements; IBM, increased bowel movements; 

LS,LS, loose stools; HS, bard stools; U, urgency; IE, incomplete evacuation; P, pain). A: Percentage of patients 

reportingreporting at least mild symptom intensity {i.e. scores of > 2 on a 0-6 (GSRS) or a 1-5 (Pain) scale); B: 

PercentagePercentage of patients reporting at least severe symptom intensity (i.e. scores of> 5 or >4, on a 0-6 (GS KS) 

oror a 1-5 (Pain) scale, respectively. *P< 0.05 by Chi-square. 

DISCRIMINATIV EE VALU E OF SPECIFIC SYMPTOMS TO DISTINGUISH 

HYPERSENSITIVEE FROM NORMOSENSITIVE IBS PATIENTS. 

Thee association between specific IBS symptoms and the presence of 

hypersensitivityy was examined using Area under the Receiver Operating 

Characteristicc (A-ROC) curves. As described above, the A-ROC curve represents 

thee accuracy or discrimination of a particular symptom to correctly classify a patient as 

hypersensitivee or normosensitive at each possible cut-off. As shown in Table 3, the A-

R OCC values of the individual symptoms were all close to the non-discriminative value 

off  0.5. The highest accuracy to detect hypersensitive individuals was obtained by the 

abdominall  pain scores (A-ROC value: 0.61). However, the lower limi t of the 95% 

confidencee interval was still smaller than 0.5, indicating that the discriminative value is 

stilll  limited. 
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A-ROCC (95% confidence interval) 

Bloatingg 0.53 (0.41-0.65) 
Flatulencee 0.52 (0.40-0.64) 
Decreasedd bowel movements 0.55 (0.43-0.67) 
Increasedd bowel movements 0.51 (0.39-0.63) 
Loosee stools 0.54 (0.42-0.65) 
Hardd stools 0.53 (0.41-0.65) 
Urgencyy 0.53 (0.41-0.65) 
Incompletee evacuation 0.57 (0.45-0.69) 
Abdominall  pain 0.61 (0.49-0.72) 

TABLEE 3: Accuracy of specific IBS symptoms to correctly classify hypersensitive or normosensitive individuals 
A-ROC:: Area under the Receiver Operating Characteristic (Interpretation: 0.5 = no better 
thann chance; 1.0 = perfect accuracy) 

DISCUSSION N 

Thiss study aimed to explore the possible associations between specific IBS 
symptomss and the presence of visceral hypersensitivity in patients with IBS. Our 
dataa confirm that hypersensitivity to rectal distension can be demonstrated in about 
one-halff  of patients with IBS. Visceral hypersensitivity was more prevalent in 
female,, compared to male patients. The two subpopulations of IBS patients, 
definedd by the presence or absence of visceral hypersensitivity, were comparable in 
termss of age and bowel habit predominance. Severe abdominal pain was more 
prevalentt in hypersensitive patients, whereas the prevalence of individual 
gastrointestinall  symptoms was similar in both groups. However, none of the 
specificspecific IBS symptoms (including pain) could accurately distinguish hypersensitive 
fromm normosensitive subjects. Therefore, selection based on clinical parameters is 
unlikelyy to discriminate individual IBS patients with visceral hypersensitivity from 
thosee with normal visceral sensitivity. 

Viscerall  hypersensitivity is considered one of the major pathophysiological 
mechanismss underlying the generation of symptoms in IBS.3-4 As a group, patients 
withh IBS show increased sensory responses to rectal distension, a phenomenon that 
iss able to discriminate IBS from other causes of abdominal pain.68 Decreased 
discomfort/painn thresholds to colorectal distension have been a consistent finding 
inn 20% to 80% of IBS patients across studies.9 Similarly, in the present study 
hypersensitivityy was found in 45% of patients. Thus, although substantial, visceral 
hypersensitivityy may only play a role in a subset of IBS patients. As previously 
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suggested,6-100 these patients may represent a distinct subpopulation based on the 
underlyingg pathophysiology, requiring a different therapeutic approach, such as 
restoringg normal visceral sensitivity. Several candidate drugs with proposed 
viscerosensoryy effects have been identified as possible new treatments for IBS.3-21 

However,, their clinical efficacy has not been well established. In order to confirm 
thee concept that pure visceroanalgesics (e.g. the x-opioid receptor agonist 
fedotozine)) could be efficacious in IBS, it is likely that we need to select only those 
patientss that exhibit visceral hypersensitivity. So far, this issue has not been 
addressedd in clinical trials, partly because this would require large-scale rectal 
sensitivityy testing, which is expensive, time-consuming and often bothersome for 
patients.. Our previous observation that fluoxetine reduced abdominal pain in 
hypersensitive,, but not in normosensitive IBS patients may however further provide 
aa rationale for such an approach in future studies.12 

Inn the view of the above mentioned, it would be favourable if IBS patients 
exhibitingg visceral hypersensitivity could be selected based on clinical parameters. 
Onee possible parameter may be bowel habit. Earlier studies have indeed suggested 
thatt rectal sensory characteristics may differ between IBS-C and IBS-D subgroups, 
thee former experiencing decreased sensations of urge during rectal distension.22 

Howeverr in the present study, differences in bowel habit were not associated with 
thee presence or absence of hypersensitivity to rectal distension. Alternatively, 
individuall  symptoms have been suggested to correlate with a specific underlying 
pathophysiologicall  mechanism in patients with functional bowel disorders. For 
example,, in IBS, the feeling of incomplete evacuation and urgency have been 
reportedd to be possibly related to visceral hypersensitivity.6»23'24 However, 
comparablee to previous studies,7 we were unable to demonstrate such 
correlation.6-23'244 In contrast, we showed that severe pain was significantly more 
prevalentt in hypersensitive patients. Similar finding have been reported in 
functionall  dyspepsia, where the presence of visceral hypersensitivity was associated 
withh epigastric pain.16 Furthermore, it was also shown that patients with pain 
predominantt IBS were more susceptible to rectal sensitisation in response to 
repetitivee sigmoid distension, compared with non-pain predominant IBS patients.25 

Thesee findings suggest that there may be an association between pain and visceral 
hypersensitivity.. To evaluate the possible predictive value of this symptom, we 
performedd an A-ROC curve analysis. This revealed that the rather weak association 
wass unable to select individual IBS patients with hypersensitivity. The same was 
truee for all other symptoms studied, illustrating that IBS patients with visceral 
hypersensitivityy can not be identified solely based on clinical symptoms. 

Thee fact that hypersensitive and normosensitive IBS present with comparable, 
heterogeneouss symptom patterns does not exclude that hypersensitive patients may 
havee a different underlying pathophysiology, and that restoring normal sensitivity 
couldd benefit these patients. Patient selection based on other criteria, such as bowel 
habitt and gender, has already been shown to be of great importance for the 
outcomee of clinical trials evaluating the efficacy of several contemporary 
compoundss for IBS, for example alosetron and tegaserod.26*27 Hence, future trials 
withh visceroanalgesic drugs in IBS require more rigid patient selection criteria and 

84 4 



Symptomss & rectal sensitivity 

onlyy include patients with visceral hypersensitivity. Interestingly, visceral 
hypersensitivityy was more prevalent in female, compared to male IBS patients. 
Selectionn of IBS patients based on female sex is therefore likely to increase the 
overalll  number of individuals exhibiting visceral hypersensitivity. Al though 
speculative,, this may in part explain the gender differences in response to treatment 
seenn in IBS patients.28 Nevertheless, until clear criteria or alternative methods have 
beenn established to select hypersensitive individual patients, evaluation of 
perceptuall  thresholds to gut distension is still required. 

I nn conclusion, despite their substantial demonstrable differences in gut 
sensitivity,, hypersensitive and normosensit ive IBS patients present with 
comparable,, heterogeneous symptom patterns. Therefore, selection based on 
clinicall  parameters is unlikely to discriminate individual IBS patients with visceral 
hypersensitivityy from those with normal visceral sensitivity. 
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ABSTRACT T 

BACKGROUND:: Application of N-methyl-D-aspartate (NMDA) receptor antago-
nistss may hold promise for the treatment of pain of visceral origin, in particular in 
conditionss characterised by visceral hypersensitivity. 
AIM :: To study the effect of dextromethorphan (DXM), a low affinity, non-compe-
titivee NMDA receptor antagonist, on visceral perception in healthy volunteers. 
METHODS:: Nine healthy volunteers (5 Female, median age 22 years) underwent a 
gastricc barostat study after oral administration of placebo, DXM 10 mg or DXM 30 
mg,, on three separate days in a double blind, randomised order. Sensations induced 
byy stepwise isobaric gastric distension (2 mmHg/2min) were studied during fasting 
andd 30 min after a meal. In addition, proximal gastric tone was measured during 
fastingg and postprandially. 
RESULTS:: Compared to placebo, DXM 30 mg significantly increased the distension-
evokedd sensation scores for nausea (P = 0.004) and satiation (P = 0.004) during 
fasting;; and for bloating (P = 0.001), nausea (P < 0.001) and satiation (P = 0.01) 30 
minn postprandially. DXM did not alter pain scores, proximal gastric tone or gastric 
compliance. . 
CONCLUSIONS:: DXM increases the perception of non-painful sensations during 
gastricc distension, without altering the perception of pain. Therefore, application of 
DX MM as a visceral analgesic is questionable. Future studies with more specific 
NMD AA receptor antagonist are warranted. 

ABBREVIATIONS:: NMDA : N-methyl-D-aspartate; DXM: dextromethorphan; MDP: 
minimall  distending pressure; VAS: visual analogue scale 
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I N T R O D U C T I ON N 

Functionall  bowel disorders (FBDs) are characterised by chronic abdominal pain or 
discomfort,, often associated with abnormal motility, in the absence of any 
detectablee organic cause1. The most frequent of these disorders are the irritable 
bowell  syndrome (IBS) and functional dyspepsia (FD). Although there is no single 
mechanismm responsible for the development of FBDs, it is generally accepted that 
viscerall  hypersensitivity may play a central role in the pathogenesis of these 
disorders2'3.. Visceral hypersensitivity could result from sensitisation of primary 
afferentt fibres, or sensitisation of dorsal horn neurones, a mechanism referred to as 
'centrall  sensitisation4-5. The search for specific drugs interfering at these levels, 
resultingg in visceral analgesia, is dierefore important to develop new treatments for 
FBDs. . 

Fromm a growing number of studies, there is evidence that N-methyl-D-aspartate 
(NMDA )) receptors can play a fundamental role in the development of central 
sensitisation6-7.. Chronic irritation, for example by tissue damage, causes the release 
off  glutamate from afferent C-fibres, leading to a prolonged sensitisation of spinal 
NMDAA receptors to various afferent stimuli. This 'wind-up' causes the 
phenomenonn that both noxious stimuli and physiologic stimuli that are normally 
nott perceived, can cause pain. Although these data are derived mainly from models 
off  somatic pain, the concept seems also applicable for the development of visceral 
hypersensitivity.. For example, in rats, the hypersensitive response to colorectal 
distensionn after intrarectal administration of 2ymosan or turpentine was attenuated 
byy NMDA receptor blockade8'9. Moreover, although NMDA receptors only seem 
too play a minor role in acute somatic pain, there is evidence suggesting that both 
spinall  and peripheral NMDA receptors are involved in the processing of afferent 
inputt from normal viscera. For example, NMDA receptors have been shown to 
mediatee acute noxious stimulation of the ureter10 and the processing of both acute 
noxiouss and non-noxious colorectal distension11'12. Application of drugs with 
NMDAA receptor antagonistic properties may therefore hold promise for the 
treatmentt of pain of visceral origin in general, and in particular for states of 
increasedd visceral sensitivity, such as FBDs. 

Dextromethorphann ((+)-3-methoxy-N-methylmorphinan) is a non-opioid 
antitussivee agent that acts as a low affinity, non-competitive NMDA receptor 
antagonist13.. Clinical studies show that dextromethorphan can be used in the 
treatmentt of experimental models of acute pain and chronic neuropathic pain, 
althoughh some studies show conflicting results14-15'16. It is however a well known 
drug,, with an excellent safety profile and dose dependent adverse effects 17. 
Moreover,, in contrast to other NMDA antagonistic agents such as ketamine, that 
aree available for human use, it has the advantage that it can be administered orally. 
Inn the current study, we hypothesised that dextromethorphan, because of its 
NMDA-receptorr antagonistic properties, can be used as visceral anti-nociceptive 
drug.. Therefore, we studied the effect of dextromethorphan on gastric perception 
inn healthy volunteers, in a placebo controlled, randomised cross-over fashion. 
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MATERIAL SS A N D M E T H O DS 

SUBJECTS S 

Ninee healthy volunteers (4 male, 5 female, median age 22, range 19-36 yr.) were 
studied.. Al l subjects were free of gastrointestinal symptoms, without previous 
gastrointestinall  surgery and not taking any medication. Subjects were studied during 
fastingg and were not allowed to smoke or drink alcohol at least 24 hours before the 
study.. All volunteers gave their written and informed consent to participate in the 
protocol,, which had been approved by the Medical Ethics Committee of the 
Academicc Medical Centre (AMC), Amsterdam. 

M E T H O DS S 

GastricGastric barostat 
Thee barostat allows continuous recording of proximal gastric volume at a fixed 
pressuree level, which is an indirect measure of proximal gastric tone18. In addition, 
perceptionn of gastric distension can be assessed by inflating the intragastric barostat 
bag.. Following anaesthesia of the throat (10% xylocaine spray) subjects swallowed a 
12000 ml polyethylene bag, tightly wrapped on the distal and of a double lumen 
polyvinyll  tube (Salem Sump tube, Sherwood Medical St Louis, USA; outer diameter 
44 mm). The balloon was unfolded by inflating it with 500 ml of air and positioned 
inn the proximal stomach by gently pulling the catheter back. The catheter was 
connectedd to the barostat device that automatically corrected for the compressibility 
off  air (Medtronic Functional Diagnostics, Stockholm, Sweden). Intrabag pressure 
andd volume were recorded continuously during the protocol and data were stored 
onn a personal computer, using commercially available software (Polygram for 
Windows,, Medtronic Functional Diagnostics, Stockholm, Sweden). Minimal 
distendingg pressure (MDP) was determined as the minimum pressure at which 
intrabagg volume was >30 ml. This pressure equals the intra-abdominal pressure. 
Gastricc distension was performed according to a stepwise, isobaric protocol, with 
ann increment of 2 mmHg / 2 min above MDP and an inflation rate of 38 ml/s. For 
measuringg fasting volume and meal-induced fundic relaxation, baseline operating 
pressuree was set at MDP+2 mmHg. 

SensationSensation recording 
Sensationss evoked by gastric distension during fasting and 30 min following 
ingestionn of a standard test meal were evaluated. Individual sensations of bloating, 
nausea,, pain and satiety were scored halfway each distension step, using a 100 mm, 
continuouss visual analogue scale (VAS: 0 mm = no sensation, 100 mm = worst 
ever). . 

STUDYY PROTOCOL 

Too study the effect of dextromethorphan on visceral perception, we assessed 
sensationss evoked by distending the proximal stomach before and after meal intake. 
Ass changes in proximal gastric tone and gastric elasticity (or gastric compliance) may 
influencee perception, we also wanted to be informed about the effect of 
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dextromethorphann on fundic volume (i.e. fundic tone), meal-induced relaxation and 
thee pres sure-volume relationship during isobaric distension. 
Al ll  subjects underwent three gastric barostat studies while receiving placebo, 10 mg 
dextromethorphann (DXM-10) or 30 mg dextromethorphan (DXM-30), on three 
separatee days, at least two days apart, in a double blind, cross-over fashion. 
Dextromethorphann (SmithKline Beecham, Rijswijk, the Netherlands) was 
administeredd orally. Because dextromethorphan reaches its peak plasma level after 
approximatelyy 70-120 min19, subjects swallowed the study medication 60 min 
beforee the start of the study (T= -60 min), with 100 ml of tap water. Thirty min 
later,, the barostat bag was introduced, unfolded and positioned into the proximal 
stomach.. After an equilibration period of approximately 30 min, at T= 0, MDP was 
determinedd and baseline operating pressure was set at MDP+2 mmHg. Intrabag 
volumee was recorded for 15 min, followed by a stepwise isobaric distension with an 
incrementt of 2 mmHg / 2 min, starting at the level of MDP. Sensations were 
assessedd halfway each pressure step. The balloon was deflated if the subject 
reportedd discomfort. Again, operating pressure was set at MDP+2 mmHg. Fifty 
minn after the start of the first distension, at T= 65 min, a liquid test meal with a 
caloricc load of 300 Kcal and a volume of 200 ml (Nutridrink®, Nutricia, 
Zoetermeer,, the Netherlands) was consumed with the aid of a straw. Intrabag 
volumee was recorded during the following 30 min. Subsequently, a second 
distensionn was started. Gastric sensation was assessed and the study was ended if 
thee subject reported discomfort. 

DATAA ANALYSIS 

Duringg gastric distension, individual sensation scores for bloating, nausea, pain and 
satiationn were assessed halfway each 2-minute distension step. The pressure-
sensationn curve and the mean sensation scores during distension were analysed. The 
thresholdd for discomfort was defined as the distending pressure at which the 
subjectt reported discomfort. Gastric compliance was defined as the slope of the 
pressure-volumee curve, as described previously20. The pressure-volume curve was 
obtainedd by calculating the mean volume over the last 30 s of each distension step 
andd plotting it against the corresponding distending pressure. Proximal gastric tone 
wass measured by calculation of the mean intragastric bag volume over 15 min 
beforee ingestion of the test meal and over 30 min post meal. Proximal gastric 
relaxation,, or delta V, was determined as the difference between the mean volume 
beforee and after meal intake. 

STATISTICALL ANALYSI S 

Sensationss induced by gastric distension were analysed using a repeated measures 
ANOVAA with Bonferroni adjustment for multiple comparisons. AU other data were 
analysedd using one-way ANOVA with Bonferroni adjustment for multiple 
comparisons.. Statistic evaluations were performed using a standard software 
packagee (SPSS 9.0, SPSS Inc. Chicago (IL), USA). All data are presented as mean
SEMM and P values < 0.05 were considered statistical significant. 
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RESULTS S 

Al ll  subjects tolerated the study well, without any side effects besides mild 
drowsiness.. The number of subjects reporting mild drowsiness during the course of 
thee study was 2 for placebo, 2 for DXM-10 and 2 for DXM-30. Both DXM-10 and 
DXM-300 did not alter reaction time assessed by means of a special designed 
reactionn measurement device (Reactometer, dept. of Medical Physics, AMC 
Amsterdam,, the Netherlands, data not shown). Only one volunteer reported severe 
discomfortt after the meal at the operating pressure of MDP+2 mmHg while 
receivingg DXM-30. The bag was therefore deflated, resulting in immediate relieve 
off  symptoms. Consequently, during distension 30 min post meal, the threshold for 
discomfortt for this subject was MDP+2 mmHg. 

SENSITIVITYY TO GASTRIC DISTENSION 

Fasting Fasting 
Att baseline, subjects reported comparable scores for bloating, nausea, pain and 
satiationn in all three groups (see Fig. 1A-D, Pressure - 0 mmHg). DXM-10 did not 
alterr any of the sensation scores, compared to placebo (Fig. 1A-D). In contrast, 
DXM-300 significantly increased the mean scores for nausea during distension, 
comparedd to both DXM-10 and placebo (Fig. IB, P= 0.03 and P= 0.004 
respectively)) and significandy increased the slope of the pressure-sensation curve 
forr nausea (Fig. IB, P = 0.02). DXM-30 also significandy increased the mean scores 
forr satiation during distension, compared to placebo, but not compared to DXM-10 
(Fig.. ID , P= 0.004 and P= 0.2 respectively). Scores for bloating and pain during 
distensionn were not significandy altered by dextromethorphan (Fig. 1A & 1C). The 
thresholdd for discomfort induced by gastric distension was not significantly altered 
byy dextromethorphan (See Fig 2A. Placebo: 14  2 mmHg; DXM-10: 13  1 
mmHg;; DXM-30: 13  1 mmHg, P= 0.6). 

Postprandial Postprandial 
Thirtyy minutes after ingestion of the test meal, a second distension was performed. 
Again,, at baseline, subjects reported comparable scores for bloating, nausea, pain 
andd satiation in all three groups (see Fig. 3A-D, Pressure = 0 mmHg). ). DXM-10 
didd not alter any of the sensation scores, compared to placebo (Fig. 3A-D). DXM-
300 significandy increased the mean scores for bloating, nausea and satiation during 
distension,, compared to both DXM-10 and placebo (Fig. 3A-B & 2D: bloating P< 
0.0011 and P= 0.001 respectively; nausea P= 0.004 and P= 0.001 respectively; 
satiationn P= 0.003 and P= 0.01 respectively). Pain scores were not significandy 
alteredd by dextromethorphan (Fig. 3C). Although not statistically significant, there 
wass a trend that DXM-30, but not DXM-10, decreased the threshold for 
discomfortt induced by gastric distension postprandially, compared to placebo (See 
Figg 2B. Placebo: 15  1 mmHg; DXM-10: 13  1 mmHg; DXM-30: 10  2 mmHg, 
P=P= 0.07). 
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PROXIMALL GASTRIC TONE, MEAL-INDUCED GASTRIC RELAXATION AND GASTRIC 

WALLL COMPLIANCE 

Dext romethorphann did not significandy alter fundic tone, expressed as mean 

intragastricc bag volume, during fasting (See Fig 4. Placebo: 293  30 ml; DXM-10: 

2222  27 ml; DXM-30: 275  52 ml, P= 0.4) and postprandially (placebo: 544  60 

ml;; DXM-10: 518  93 ml; DXM-30: 554  108 ml, P= 0.9). Proximal gastric 

relaxationn upon meal intake was also not altered by dextromethorphan (placebo: 

2511  52 ml; DXM-10: 296  76; DXM-30 279  76 ml, P= 0.9). 

Gastr icc wall compliance was not significantly altered by dextromethorphan both 

duringg fasting and postprandially (See fig 5. Fasting: 61  5, 63  4 and 7 4 + 8 

m l / m m Hgg for placebo, DXM-1 0 and DXM-30 respectively, P= 0.3; Postprandial: 53 

 6, 60  8 and 82  25 m l /mmHg for placebo, DXM-10 and DXM-30 

respectively,, P= 0.4). 
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DISCUSSION N 

I nn this study, we evaluated the effect of two low doses of the low affinity, 
noncompetit ivee N M D A receptor antagonist dextromethorphan, on gastric 
perception,, fundic tone and gastric wall compliance in healthy human subjects. We 
showedd that dextromethorphan dose-dependendy increased the perception of 
nauseaa and satiation during isobaric distension of the fasting stomach and the 
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perceptionn of bloating, nausea and satiation during gastric distension postprandially. 
Dextromethorphann did not alter the perception of pain during gastric distension. 
Proximall  gastric tone and gastric wall compliance were also not altered. These 
findingss question a role for dextromethorphan in the control of pain from visceral 
origin. . 

NM DD A receptors have been shown to mediate acute noxious stimulation of the 
ureter100 and the processing of both acute noxious and non-noxious colorectal 
distension11.. In addition, it has been demonstrated that dorsal root ganglia neurones 
innervatingg the rat colon not only express NMDA receptors on their cell bodies, 
butt also on their peripheral terminals innervating the gut wall12. With a series of 
experiments,, it was shown that single fibre responses of pelvic nerves to noxious 
colorectall  distension were attenuated by the NMDA receptor antagonist 
memantine,, indicating that peripheral NMDA receptors are involved in visceral 
nociceptivee processing12. In addition, NMDA receptors may participate in the 
processingg of vagal afferent input from the stomach to the brainstem. Upon low 
thresholdd gastric distension in rats, NMDA blockade reduced activation of some 
subnucleii  in the nucleus tractus solitarii (NTS) of the vagus nerve, but not in the 
NTSS overall21. Hence, these data suggest that pharmacological blockade of NMDA 
receptorss may represent an interesting target to influence visceral perception. 

Dextromethorpann is a well known low affinity non-competitive NMDA 
receptorr antagonist previously studied in pain syndromes from various origin, 
includingg acute, postoperative, chronic and neuropathic pain, with variable results. 
Forr example, premedication of a single dose of 30, 40 and 45 mg reduced 
postoperativee pain22'23. In chronic neuropathic pain, oral dextromethorphan 
reducedd pain scores in patients with diabetic neuropathy (mean dose 381 mg/day), 
butt not in postherpetic neuralgia (mean dose 439 mg/day)24. Others found no 
benefitt for dextromethorphan over treatment with placebo for neuropathic pain25. 
Therefore,, it is generally accepted that some but certainly not all patients with 
neuropathicc pain respond to oral dextromethorphan14. 

Wee chose to use two low doses of dextromethorphan, in order to avoid 
significantt side effects such as sedation, that may interfere with perceptive 
responses.. It has been reported previously that in healthy subjects, 30 mg of oral 
dextromethorphann causes a significant reduction of citric acid induced cough, 
lastingg up to 4 hours, showing that the agent is indeed active at this dose. However, 
inn our study, dextromethorphan increased rather than decreased visceral perception. 
Thee perception of non-painful sensations such as bloating, nausea and satiation 
uponn isobaric gastric distension was increased, a finding which was even more 
pronouncedd while distending the stomach after a meal. In contrast, the sensation of 
painn was not altered. This finding strongly contrasts with earlier findings and would 
arguee against NMDA receptors as possible target for correcting visceral 
hypersensitivityy in functional bowel disorders. 

Theoretically,, the observed increase in perception induced by dextromethorphan 
mayy result from modulation of proximal gastric motility and gastric wall elasticity. 
Indeed,, NMDA and NMDA antagonists have been shown to modulate phasic and 
tonicc motor activity in in-vitro and animal studies. For example, micro-injection of 
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NMDD A into the rat dorsal vagal complex increased intragastric pressure and 
motility,, which was abolished by NMDA blockade26-27. Also, NMDA induced tonic 
contractionss in the isolated gastric fundus in the rat28. However, we did not observe 
ann effect of dextromethorphan on proximal gastric tone or gastric wall compliance, 
excludingg this possibility. Alternatively, the increase in perception may result from a 
non-specificc effect of dextromethorphan on NMDA receptors. Like other NMDA 
receptorr antagonists, dextromethorphan has been shown to modulate the release of 
specificc neurotransmitters, such as noradrenaline, dopamine GABA and serotonin, 
inn selective regions in die central nervous system29'3031. This non-specific effect may 
modulatee the central processing of stimuli induced by gastric distension. An 
additionall  possible mechanism that may help to explain our findings could be that 
NMDAA receptors may be involved in activating descending inhibitory pathways, so 
thatt blocking these receptors would increase rather than decrease the perception of 
viscerall  sensations. This could involve a subset of NMDA receptors on vagal 
afferents,, since vagal afferents are also known to activate CNS structures that have 
aa descending, inhibitory influence on spinal noclcepive transmission32. In addition, 
activationn of central NMDA receptors has been shown to be involved in the 
facilitationn of descending inhibitory, pain modulating pathways, which can be 
blockedd by an NMDA receptor antagonist33. Furthermore, dextromethorphan has 
widespread,, high affinity to non-NMDA binding sites throughout the central 
nervouss system including sigma receptors and, possibly, dopamine neurons30-34-35. 
Thee mechanism by which dextromethorphan via non-specific or non-NMDA 
bindingg sites would lead to increased perception of non-painful sensations evoked 
byy gastric distension remains to be studied. However, the frequent and relatively 
dosee independent gastrointestinal side effects (nausea, vomiting) of 
dextromethorphann may be explained by non-NMDA mediated effects on the 
perceptivee responses to gut stimuli. 

Basedd on previous studies evaluating the effect of dextromethorphan in various 
painn syndromes, we expected decreased pain scores during gastric distention. In the 
presentt study however, we failed to demonstrate an effect on pain perception. This 
lackk of analgesic effect may be explained by the possibility that dextromethorphan 
actss preferentially on NMDA receptors with a specific subunit composition. For 
example,, there is evidence suggesting that dextromethorphan has high affinity at 
NRlb/NR2CC receptors36, whereas most dorsal root ganglia neurones innervating 
thee rat colon expressed NR1/NR2A and/or NR1/NR2B receptors. It should be 
stressedd though that no attempt was made to demonstrate NR1/NR2C 
coexpression12.. A similar NMDA receptor distribution may be found throughout 
thee gut, including in spinal afferents innervating the stomach, possibly explaining 
theirr lack of sensitivity to dextromethorphan. 

Thee fact that we did not observe an analgesic effect of dextromethorphan in 
healthyy volunteers, who generally do not report high pain scores upon gastric 
distension,, does not exclude an effect in patients characterised by visceral 
hypersensitivity.. However, we suggest that the role of dextromethorphan in the 
treatmentt of visceral pain is limited, because of the enhanced perception of non-
painfull  visceral stimuli even at doses that do not alter the perception of pain, and 
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becausee of the profound side effects at higher doses, as reported in the 
literature17-37.. Future application of dextromethorphan for pain control wil l 
probablyy be limited to co-administration with opiates, for which it has a 
potentiat ingg analgesic effect16. Nevertheless, application of drugs with N M D A 
receptorr antagonistic properties may still hold promise for the treatment of pain of 
viscerall  origin and specifically states of increased visceral sensitivity such as 
functionall  bowel disorders2-3. However, future studies using more selective N M D A 
receptorr antagonists, such as ketamine and memantine are needed to verify this 
hypothesis.. In addition, these studies may need to include patients with known 
viscerall  hypersensitivity. 

I nn conclusion, we showed that dextromethorphan increases the perception of 
non-painfull  sensations during gastric distension, without altering the perception of 
pain.. Therefore, application of dextromethorphan as a visceral analgesic is question-
able.. Future studies on visceral perception in humans with more specific N M D A 
receptorr antagonists are warranted. 
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ABSTRACT T 

BACKGROUNDD & AIMS: Application of N-methyl-D-aspartate (NMDA)- receptor 
antagonistss may hold promise for the treatment of visceral pain. In this study we 
evaluatedd the effect of oral S(+)-ketamine (sKET), a non-competitive NMDA -
receptorr antagonist, on visceral sensitivity in healthy volunteers (HVs). 
METHODS:: Eight HVs (5 male/3 female) underwent a gastric barostat study 
followingg oral administration of placebo, 25 mg and 50 mg sKET (» = 8). Studies 
weree performed in a double blind randomised crossover fashion. Sensations evoked 
byy stepwise isobaric distension (2 mm Hg / 2 min) were scored on a 100-mm visual 
analoguee scale. In addition, fasting and postprandial fundic volume were measured 
att a fixed pressure level (MDP+2 mm Hg). 
RESULTS:: During gastric distension, sKET did not alter sensation scores for 
bloating,, nausea, satiation and pain compared to placebo. sKET had also no effects 
onn the thresholds for pain/discomfort, fundic wall compliance, fundic tone or 
meal-inducedd fundic relaxation. 
CONCLUSIONS:: sKET does not reduce visceral perception or gastric motility in 
HVs.. The role of sKET in conditions characterised by visceral hypersensitivity 
needss to be further studied. 

ABBREVIATIONS:: NMDA : N-methyl-D-aspartate; CNS: central nervous system; 
sKET:: S(+)-ketamine; HV: healthy volunteer; MDP: minimal distending pressure; 
FIGD:: functional bowel disorder; VAS: visual analogue scale 
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I N T R O D U C T I ON N 

Identifyingg the mechanisms involved in visceral perception is important to guide 
futuree treatments of visceral pain in general, and more specifically, the treatment of 
functionall  gastrointestinal disorders (FIGDs). FIGDs are characterised by chronic 
abdominall  pain or discomfort, often associated with abnormal motility, in the 
absencee of any detectable organic cause.1 The most frequent of these disorders are 
thee irritable bowel syndrome and functional dyspepsia. Although the pathogenesis 
off  FIGDs is multifactorial, it is generally accepted that increased visceral sensitivity 
(orr visceral hypersensitivity) may play an important role in the development of 
symptoms.2'33 Therefore, restoring normal visceral sensitivity could be a promising 
approachh to treat FIGDs. 

Viscerall  hypersensitivity could result from sensitisation of primary afferent 
fibres,, or sensitisation of dorsal horn neurones, a mechanism referred to as 'central 
sensitisation'.4'55 Central sensitisation is likely to be mediated by the release of 
glutamatee and aspartate from afferent C-fibres and their activation of N-methyl-D-
aspartatee (NMDA) receptors, which may result from any kind of C-nociceptor 
input,, including continuous input of normal stimuli.6-8 NMDA receptors are 
ionotropicc excitatory amino acid receptors, highly permeable to Ca2+ and 
characterisedd by slow desensitisation. Continuous activation of NMDA receptors 
causess increased sensitivity of spinal afferents to all input, leading to painful 
perceptionn of both noxious stimuli and physiologic stimuli. Although these data are 
derivedd mainly from models of somatic pain hypersensitivity and the processing of 
viscerall  pain differs substantially from pain originating from somatic tissue2»3, the 
conceptt seems also applicable to the development of visceral hypersensitivity. For 
example,, in rats, the hypersensitive response to colorectal distension after intrarectal 
administrationn of zymosan or turpentine was attenuated by NMDA receptor 
blockade.9*100 Moreover, although NMDA receptors only seem to play a minor role 
inn acute somatic pain, there is evidence suggesting that NMDA receptors are 
involvedd in the processing of both acute noxious and non-noxious stimuli from 
normall  viscera.1113 

Basedd on these experimental studies, application of drugs with NMDA receptor 
antagonisticc properties may thus hold promise for the treatment of pain from both 
normall  and sensitised viscera. However at present, studies addressing the possible 
rolee of NMDA receptors in mediating visceral sensitivity in humans are lacking. We 
previouslyy addressed this issue and showed that the non-competitive NMDA 
receptorr antagonist dextromethorphan increased rather than decreased the 
perceptionn of sensations evoked by gastric distension in healthy volunteers.14 Given 
thee relatively low affinity to the NMDA receptor of dextromethorphan in addition 
too its widespread affinity to non-NMDA binding sites throughout the central 
nervouss system (CNS),15 it remained questionable whether this increased sensitivity 
resultedd from interaction with NMDA receptors. Unlike dextromethorphan, there 
iss convincing evidence that S(+)-ketamine (sKET) displays high affinity to NMDA 
receptorss with NR1/NR2A and NR1/NR2B subunit composition.16 NR1/NR2B 
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subunitss are implicated in pain perception, both in the spinal cord and the 
forebrain.177 In addition, dorsal root ganglia neurones innervating the rat colon have 
beenn shown to express NR1/NR2B and NR1/NR2A receptors, indicating that 
thesee receptor subtypes are involved in visceral afferent pathways.12 Therefore, in 
thiss study, we evaluated the effect of sKET on gastric sensitivity of in healthy 
volunteerss (HVs). 

M E T H O DS S 

SUBJECTS S 

Eightt HVs (5 male, 3 female; mean age 21  1 years; mean weight 73  4 Kg) were 
studied.. All subjects were free of gastrointestinal symptoms, without previous 
gastrointestinall  surgery and not taking any medication. Subjects were studied during 
fastingg and were not allowed to smoke or drink alcohol at least 24 hrs before the 
study.. All volunteers gave their written and informed consent to participate in the 
protocol,, which had been approved previously by the Medical Ethics Committee of 
thee Academic Medical Centre (AMC), Amsterdam. 

STUDYY PROTOCOL 

Too study the effect of sKET on visceral perception, we assessed sensations evoked 
byy distending the proximal stomach. In addition, as changes in proximal gastric 
tonee and gastric wall compliance (i.e. elasticity of the gastric wall) may influence 
perception,, we also measured basal fundic volume, meal-induced fundic relaxation 
andd gastric compliance. In each subject, we studied the effects of 25 mg sKET, 50 
mgg sKET and placebo, in a double blind, randomised, crossover fashion. Studies 
weree performed on three separate days, at least two days apart. The study 
medicationn was administered 45 min before the start of the study (/ = -45 min). 
Afterr an equilibration period of approximately 30 min, minimal distending pressure 
(MDP)) was determined (see below). At / = 0, baseline operating pressure was set at 
MD PP + 2 mm Hg. Intrabag volume was recorded for 15 min, followed by a 
stepwisee isobaric distension. Distension-evoked sensations were assessed halfway 
alongg each pressure step and the balloon was deflated if the subject reported 
discomfort.. Fifteen min thereafter, operating pressure was again set at MDP + 2 
mmm Hg. Intrabag volume was measured for 15 min. A liquid test meal with a caloric 
loadd of 600 Kcal and a volume of 400 mL (Nutridrink®, Nutricia, Zoetermeer, the 
Netherlands)) was then ingested, and intrabag volume was recorded during the 
followingg 60 min. 

STUDYY DRUG 

sKETT (Ketanest-S®, 5 mg/mL solution) was supplied by Parke-Davis/PfÏ2er, 
Capellee aan de IJssel, the Netherlands. The equianalgesic dose of sKET is 
approximatelyy half the dose of racemic ketamine.18. There is only limited 
informationn available about orally administered ketamine. In a previous study, 
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racemicc ketamine was administered both intramuscularly and orally, at a dose of 0.5 
mgg kg^1, in an experimental model of ischaemic pain.19. The analgesic effect 
observedd in that study was accompanied by transient light-headedness. However, in 
anotherr paper, self-administration of 300 mg racemic ketamine has been reported 
too produce unconsciousness, limiting the therapeutic window.20 Therefore, for 
safety,, we first set up a pilot study comprising four HVs who received 10 mg and 25 
mgg sKET or placebo. After evaluation of those four subjects, showing no signs of 
light-headednesss or sedation whatsoever, we chose to treat the HVs in the present 
studyy with placebo, 25 mg and 50 mg sKET. 

Too avoid unblinding of the subjects because of the bitter taste of sKET, the 
studyy drug was administered via a naso-gastric feeding tube, directly following the 
introductionn of the barostat bag into the proximal stomach. Based on a previous 
pharmacokineticc study with oral ketamine in HVs,19 showing mean peak plasma 
concentrationss at 30  5 min and 60  13 min after intake for ketamine and 
norketaminee respectively, the study drug was administered 45 min before the start 
off  the study. 

GASTRICC BAROSTAT 

Thee barostat allows continuous recording of proximal gastric volume at a fixed 
pressuree level, which is an indirect measure of proximal gastric tone.21 In addition, 
perceptionn of gastric distension can be assessed by inflating the intragastric barostat 
bag.. Following anaesthesia of the throat (10% xylocaine spray) subjects swallowed a 
14000 ml polyethylene bag, tighdy wrapped on the distal and of a double lumen 
polyvinyll  tube (Salem Sump tube, Sherwood Medical St. Louis, USA; outer 
diameterr 4 mm). The balloon was unfolded by inflating it with 500 ml of air and 
positionedd in the proximal stomach by gently pulling the catheter back. The 
catheterr was connected to the barostat device that automatically corrected for the 
compressibilityy of air (Medtronic Functional Diagnostics, Stockholm, Sweden). 
Intrabagg pressure and volume were recorded continuously during the protocol and 
dataa were stored on a personal computer, using commercially available software 
(Polygramm for Windows, Medtronic Functional Diagnostics, Stockholm, Sweden). 
MDPP was defined as the minimum pressure at which intrabag volume was >30 ml. 
Thiss pressure equals the intra-abdominal pressure. Gastric distension was 
performedd according to a stepwise, isobaric protocol, with an increment of 2 mm 
Hg/22 min above MDP and an inflation rate of 38 mL/s. For measuring fasting 
volumee and meal-induced fundic relaxation, baseline operating pressure was set at 
MDPP + 2 mm Hg. 

SENSATIONN RECORDING 

Thee perception of distension-evoked sensations of abdominal bloating, nausea, pain 
andd satiation were scored halfway along each distension step, using a 100 mm, 
continuouss visual analogue scale (VAS: 0 mm = no sensation, 100 mm = worst 
ever). . 
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DAT AA ANALYSIS 
Duringg gastric distension, individual sensation scores for bloating, nausea, pain and 
satiationn were assessed halfway along each 2-minute distension step. The mean 
sensationn scores during distension were analysed. The threshold for discomfort was 
definedd as the distending pressure at which the subject reported discomfort. Gastric 
compliancee was defined as the slope of the pressure-volume curve. The pressure-
volumee curve was obtained by calculating the mean volume over the last 60 s of 
eachh distension step and plotting it against the corresponding distending pressure. 
Proximall  gastric tone was measured by calculation of the mean intragastric bag 
volumee over 15 min before ingestion of the test meal and over 60 min post meal. 
Proximall  gastric relaxation, or delta V, was determined as the difference between 
thee mean volume before and after meal intake. 

STATISTICALL ANALYSI S 

Meann sensation scores during gastric distension were analysed using a customised 
repeatedd measures ANOVA with Bonferroni adjustment for multiple comparisons 
ass described previously.14 This model included an interaction between treatment 
groupp and distending pressure, with the subject numbers as random factors. All 
otherr data were compared using one-way ANOVA with Bonferroni adjustment for 
multiplee comparisons. Statistic evaluations were performed using a standard 
softwaree package (SPSS 11.0, SPSS Inc. Chicago (LL), USA). All data are presented 
ass mean  SEM and P values < 0.05 were considered statistical significant. 

RESULTS S 

Al ll  subjects tolerated the study well. After receiving 50 mg and 25 mg, 8/8 and 5/8 
subjectss respectively reported at least some sensation of light-headedness or 
dizziness,, most often described as the feeling of being drunk. However in each case, 
thesee sensations were transient, lasting up to a maximum of 45 min after drug 
administrationn (range 15-45 min). After receiving placebo, none of the subjects 
reportedd side-effects. 

SENSITIVITYY TO GASTRIC DISTENSION 

MD PP did not differ between the treatment groups (placebo: 8  1 mm Hg; 25 mg 
sKET:: 8  1 mm Hg; 50 mg sKET: 8  1 mm Hg). At baseline, just before the 
distension,, subjects reported comparable sensation scores for bloating, nausea, pain 
andd satiation during the different treatments (see figures 1A-D, pressure = 0 mm 
Hg).. These sensation scores increased gradually upon increasing pressures within 
thee intragastric bag. Compared with placebo, sKET did not alter any of the 
sensationn scores in response to the increasing pressures within the intragastric bag. 
Inn line with these observations, discomfort threshold were similar in the three 
treatmentt groups (mean pressure: 11  1 mm Hg, 11  1 mm Hg, and 10  1 mm 
Hgg above MDP for placebo, 25 and 50 mg sKET, respectively. See figure 2). 
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FIGUREE 1. Effect of placebo, 25 and 50 mg sKET (see legend) on sensation scores for (A) 
bloating,, (B) nausea, (C) pain and (D) satiation, evoked by stepwise, isobaric gastric 
distension.. Data are expressed as mean + SEM. No significant differences were seen. 
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GASTRICC WALL COMPLIANCE AND PROXIMAL GASTRIC TONE 
sKett had no effects on the pressure-volume relationship during gastric distension 
(seee Figure 3). Gastric wall compliance, defined as the slope of the pressure-volume 
curve,, was 69  9 mL/mm Hg; 71  5 mL/mm Hg; and 78  4 mL/mm Hg for 
placebo,, 25 and 50 mg sKET, respectively (ns). Proximal gastric tone was assessed 
indirecdyy by measuring volume changes within the intragastric bag. During fasting, 
meann intragastric bag volume was comparable during all treatments (see Figure 4). 
Directlyy following ingestion of the test meal, there was a significant increase in 
intragastricc bag volume, reflecting a reduction in gastric tone. The magnitude of this 
so-calledd meal-induced relaxation (or gastric accommodation reflex) did not differ 
significantlyy between treatments (placebo: 102  59 mL; sKET 25 mg: 145  37 
mL;; sKET 50 mg: 113  37 mL). Consequently, mean intragastric bag volume 
postprandiallyy was not significantly different between treatments (see Figure 4). 
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DISCUSSION N 

Inn this study, we evaluated the effect of oral sKET, a non-competitive NMDA 
receptorr antagonist, on gastric sensitivity in healthy volunteers. We showed that 
sKETT did not alter the perception of specific sensations or discomfort thresholds 
duringg gastric distension. Proximal gastric tone and gastric wall compliance were 
alsoo not altered. Together with our observations from a previous study using the 
NMDAA receptor antagonist dextromethorphan,14 these findings suggest that 
NMDAA receptor antagonists do not reduce visceral sensitivity in health. 

Theoretically,, NMDA receptor blockade may represent an interesting target for 
thee treatment of visceral pain. From experimental models of somatic pain, there is 
evidencee that NMDA receptors play a fundamental role in both maintaining 
chronic,, neuropathic pain and in the development of central sensitisation, as seen in 
inflammatoryy conditions and following nerve injury.8 This has been shown to 
involvee potentiation of NMDA receptors on dorsal horn neurones, activation of 
NMDAA receptors on peripheral terminals of primary afferents and overexpression 
off  NMDA receptors in the forebrain.6-7-22-23. Although the processing of visceral 
painn differs substantially from pain originating from somatic tissue,2-3 there is 
convincingg evidence that spinal and peripheral NMDA receptors are also involved 
inn visceral nociceptive processing.11-12-24 In addition, NMDA receptors may 
participatee in the processing of non-noxious spinal visceral afferent stimuli, but also 
off  non-noxious vagal input from the stomach to the brainstem.11-24-25. 

Ketaminee is a well known anaesthetic drug that acts as a non-competitive 
NMDAA receptor antagonist.26 sKET is the S(+)-isomer of ketamine, with a 
significantt higher clearance and a greater anaesthetic potency, compared with the 
R(-)-isomer.277 In sub-anaesthetic doses, ketamine has analgesic properties, and has 
beenn shown to be effective in various pain syndromes, including conditions in 
whichh sensitisation (or 'wind-up*) plays a role.8-28 Although intravenous or 
intramuscularr administration of ketamine has been associated with significant 
psychotomimeticc side effects, oral ketamine produces only a few side effects.8-19-28 

Inn addition, serum concentrations of the main metabolite, norketamine, are higher 
afterr oral administration compared to other routes of administration.19 

Norketaminee too acts as a NMDA receptor antagonist,29 and it has been proposed 
thatt norketamine contributes to the analgesic effect of ketamine.28-29 Furthermore, 
orall  administration would have an important practical advantage for its possible 
clinicall  use. Although the clinical evidence for the analgesic effects of oral ketamine 
iss based on anecdotal evidence and a few case reports,28 one early study reported 
thatt oral ketamine (0.5 mg kg-1) had analgesic effects in healthy volunteers in an 
experimentall  model of ischaemic pain.19 The evidence that ketamine may have 
viscerall  analgesic properties is limited to animal studies, showing that ketamine 
attenuatess the responses to noxious distension of the ureter and urinary 
bladder.30-31.. However, there is convincing evidence that sKET displays high affinity 
too NMDA receptors with NR1/NR2A and NR1/NR2B subunit composition.16 

NR1/NR2BB subunits are known to be implicated in pain perception,17 and both 
NR1/NR2BB and NR1/NR2A receptors have been demonstrated on dorsal root 
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gangliaa neurones innervating the rat colon, indicating these receptor subtypes are 
involvedd in visceral afferent pathways.12 

Inn the current study however, sKET did not change the perception of 
sensationss evoked by gastric distension. These results indicate in the first place that 
sKETT does not reduce visceral sensitivity in healthy human subjects. A comparable 
lackk of analgesic or viscerosensory effect was found in our previous study, 
evaluatingg the effect on gastric sensitivity of another non-competitive NMD A 
receptorr antagonist, dextromethorphan.14 However, the current findings are not 
completelyy comparable with the dextromethophan data, since the latter drug not 
onlyy failed to block visceral perception, but rather increased sensitivity to gastric 
distension.144 Based on the present findings, this sensitising effect of 
dextromethorphann most likely reflects a non-selective (non-NMDA mediated) 
effect.. As already mentioned above, sKET displays high affinity to the NMDA 
receptor,, whereas the affinity of dextromethorphan is low and is compromised by 
itss widespread, high affinity to non-NMDA binding sites throughout the CNS 
(includingg sigma receptors and, possibly, dopamine neurones).15-32-33 

Inn addition to their possible role in visceral perception, NMDA and NMDA 
antagonistss have been shown to modulate tonic motor activity in in-mtro and animal 
studies.. For example, microinjection of NMDA into the rat dorsal vagal complex 
increasedd intragastric pressure, which was abolished by NMDA blockade.34-35 Also, 
NMD AA induced tonic contractions in the isolated gastric fundus in the rat.36 

However,, similar to dextromethorphan,14 sKET did not alter basal fundic volume 
orr the pressure-volume relationship during gastric distension, excluding an effect on 
proximall  gastric tone or gastric wall compliance. In addition, normal meal-induced 
gastricc relaxation was seen during all treatments. 

Wee perceive that there are several limitations to the interpretation of this study. 
First,, the number of subjects was rather small. In order to rule out a possible type II 
error,, we calculated the current sample size based on our previous study with 
dextromethorphan,, using a similar design.14 The observed power for the 
comparisonn of sensation scores during different treatment doses in that particular 
studyy ranged between 0.94 and 1.0. Second, the used dosages could have been 
inadequatee to evaluate the true visceral antinociceptive effects of sKET. However, 
itt was shown previously that an oral dose of 0.5 mg kg-1 racemic ketamine reduced 
ischaemicc pain in healthy volunteers, with effective plasma concentrations of both 
ketaminee and norketamine19. Given a mean weight of 73  4 kg for our volunteers 
(rangee 60-92 Kg), the average dose was 0,68 mg kg-1 sKET in the 50 mg 
experiments,, which is comparable with an equianalgesic dose of 1,36 mg kg"1 

racemicc ketamine18. Therefore, we are confident that the tested doses were 
adequate. . 

Takenn together, our data suggest that NMDA receptor blockade does not 
reducee visceral sensitivity in health. Nevertheless, the fact that sKET had no effect 
onn the sensitivity to gastric distension in healthy subjects does not exclude an effect 
inn patients suffering from conditions characterised by visceral hypersensitivity. Like 
inn somatic pain hypersensitivity, there is experimental evidence for the involvement 
off  NMDA receptors in visceral hypersensitivity, which can be reversed by 
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administrationn of different NMDA receptor antagonists. For example, in rats, the 
hypersensitivee response to colorectal distension after intrarectal administration of 
zymosann or turpentine was attenuated by dizocilpine (MK-801) and 2-amino-5-
phosphonovalericc acid (AP5), respectively.9-10 In humans, preliminary data show 
thatt ketamine reverses the hypersensitive response to electrical stimulation in HVs, 
usingg a model of acid-induced esophageal hypersensitivity.37 Thus, application of 
drugss with NMDA receptor antagonistic properties may still hold promise for the 
treatmentt of FIGDs. Therefore, future trials with NMDA antagonistic drugs should 
focuss primarily on FIGD patients with documented visceral hypersensitivity and/or 
modelss of visceral hypersensitivity in HVs. 

Inn conclusion, we showed that oral sKET, like dextromethorphan, does not 
reducee visceral perception in HVs. Taken together, these findings suggest that 
NMDAA receptor blockade does not reduce visceral sensitivity in health. The role of 
NMDAA receptors in conditions characterised by visceral hypersensitivity, such as 
FIGDs,, needs to be further studied. 
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ABSTRACT T 

BACKGROUNDD & AIMS: Impaired accommodation and hypersensitivity to disten-
sionn of the proximal stomach are considered to be important factors in the 
pathogenesiss of dyspeptic complaints. As fundus relaxing agents may be effective in 
thee treatment of these symptoms, insight in the mediators involved in fundic 
accommodationn and associated perceptual responses is important. Therefore, we 
studiedd the effect of NO synthase inhibition by NG-monomethyl-L-arginine (L-
NMMA) ,, on fundic tone, post-prandial sensations and gastric perception in healthy 
volunteers. . 
SUBJECTSS & METHODS: 18 healthy volunteers participated in a double blind, 
placeboo controlled, randomised study. They underwent a gastric barostat study to 
evaluatee the effect of L-NMM A on meal- and distension-induced sensations and on 
fundicc relaxation in response to oral meal intake, intra-duodenal lipid and glucagon. 
RESULTS:: Compared to placebo, L-NMM A decreased fundic volume after oral meal 
intakee (438+55 vs. 7 ml; n=8, P<0.05) and during intra-duodenal lipid 
infusionn 7 vs. 257+43 ml; n=10, P<0.05) but not after glucagon injection 
(570+622 vs. 2 ml; n=4, P=0.4). In addition, basal fundic volume was 
significantlyy reduced by L-NMMA . Scores for nausea and satiation were decreased 
byy L-NMM A after oral meal intake, but not during intra-duodenal lipid infusion. 
Perceptionn scores to gastric distension were not altered by L-NMMA . 
CONCLUSIONS:: NO is involved in maintaining basal fundic tone and in meal-
inducedd fundic relaxation in humans, but not in visceral perception. 

ABBREVIATIONS:: NO: Nitri c oxide; L-NMMA : NG-monomethyl-L-arginine; MDP: 
minimall  distending pressure; VAS: visual analogue scale 
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I N T R O D U C T I ON N 

Normall  digestion and perception of sensations associated with meal intake are 
dependentt on a reflex relaxation of the proximal stomach initiated by food 
ingestion.. This so-called gastric accommodation reflex allows storage of the meal 
withoutt concomitant increase in intra-gastric pressure. Impaired relaxation of the 
proximall  stomach may contribute to the development of meal-induced symptoms 
inn conditions such as functional dyspepsia, diabetes mellitus, postfundoplication 
syndrome,, rumination, postsurgical- and diabetic gastroparesis.15 Pharmacological 
interventionss aimed at relaxing the proximal stomach may be effective in conditions 
characterisedd not only by impaired gastric accommodation but also increased 
sensitivityy to gastric distension, as seen for example in patients with functional 
dyspepsia.66 This has been suggested earlier in studies using the 5-HTi agonist 
sumatriptan,, which was shown to increase meal-induced gastric relaxation, to 
increasee the threshold for discomfort during gastric distension in healthy volunteers 
andd to increase caloric intake in dyspeptic patients.1-7 Therefore, to develop fundus 
relaxingg drugs, insight in the mediators involved in the regulation of proximal 
gastricc tone and associated perceptual responses is important. 

Nitri cc oxide (NO) is recognised as an important neurotransmitter in the human 
gut,, mediating a variety of motility patterns.810 Animal studies have provided 
abundantt evidence that both basal fundic tone and the relaxation of the proximal 
stomachh induced by vagal stimulation, meal ingestion or intra-duodenal lipid are 
mediatedd by NO.] M 7 In addition, evidence is available that NO is involved in the 
modulationn of visceral perception, for example from rat experiments, showing that 
intra-peritoneall  injection of acetic acid results in an increase of nitrergic neurones in 
specificspecific regions of the brain.18 Also, NO synthase immune-reactivity has been 
demonstratedd in lumbo-sacral afferents and pre-ganglionic neurones innervating the 
pelvicc viscera.19 

Dataa illustrating a role of NO in human proximal gastric motility and perception 
aree rather limited to in vitro studies,10 or in vivo studies investigating the effect of 
NOO donors such as nitrates.2022 However, to gain more insight in the role of 
endogenouss NO, studies evaluating the effect of an NO synthase inhibitor are 
required.. We previously demonstrated that the selective NO synthase inhibitor L-
NMM AA (NG-monomethyl-L-arginine) dose-dependently affects small intestinal-
andd oesophageal motility, illustrating that this chemical is a useful tool to investigate 
thee role of endogenous NO in man.8-9'23 Therefore, in the present study, we studied 
thee effect of L-NMM A in healthy volunteers on basal fundic volume and fundic 
relaxation.. In addition, perception of fundic distension and meal-induced sensations 
weree assessed. 
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SUBJECTSS A N D M E T H O DS 

SUBJECTS S 

188 healthy male volunteers (mean age 24, range 19-30 yr.) were studied. All subjects 
weree free of gastrointestinal symptoms, without previous gastrointestinal surgery 
andd not taking any medication. Subjects were studied after an overnight fast and 
weree not allowed to smoke or drink alcohol at least 24 hours before the study. All 
volunteerss gave their written and informed consent to participate in the protocol, 
whichh had been approved by the Medical Ethics Committee of the Academic 
Medicall  Centre, Amsterdam. 

METHODS S 
GastricGastric barostat 
Thee barostat allows continuous recording of proximal gastric volume using an intra-
gastricc bag set at a fixed pressure level. In addition, gastric sensitivity can be 
assessedd by distending the intra-gastric bag. Following anaesthesia of the throat 
(10%% xylocaine spray) subjects swallowed a 1200 ml polyethylene bag, tighdy 
wrappedd on the distal end of a double lumen polyvinyl tube (Salem Sump tube, 
Sherwoodd Medical St Louis, USA; outer diameter 4 mm). The bag was unfolded by 
inflatingg it with 500 ml of air and positioned in the proximal stomach by gendy 
pullingg the catheter back. The catheter was connected to an electronic barostat that 
automaticallyy corrected for the compressibility of air (Medtronic Functional 
Diagnostics,, Stockholm, Sweden). Recorded data were stored on a personal 
computer,, using commercially available software (Polygram for Windows, 
Medtronicc Functional Diagnostics, Stockholm, Sweden). 

Infra-duodenalInfra-duodenal infusion 
(Studyy II ) A polyurethane naso-duodenal feeding tube was placed for lipid infusion 
(Flocare®,, Chatel Medical Devices S.A., Switzerland: Length 125 cm, outer diameter 
3.33 mm). The catheter, containing a guide wire in the central lumen, was positioned 
300 cm beyond the pyloric region, under fluoroscopic control. The guide wire was 
thenn removed and the catheter was connected to a perfusion pump. Based on 
previouss studies,24 a 10% lipid solution (Intralipid®, Pharmacia & Upjohn, the 
Netherlands,, energy load 1.1 Kcal/ml) was infused at a rate of 1 ml/min. 

SensationSensation scores 
Sensationss of bloating, nausea, pain and satiation were assessed individually, using a 
100 cm, continuous visual analogue scale (VAS: 0 cm = no sensation, 10 cm = worst 
ever).. Perception of sensations induced by feeding were scored just before and at 5-
minn intervals after meal intake or following the start of intra-duodenal infusion of 
lipidd (Study I en II respectively). Sensations perceived during gastric distension 
(Studyy II ) were scored halfway each distension step, both during fasting and during 
intra-duodenall  infusion of lipid. 

Drugs Drugs 
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L-NMM AA (NG-monomethyI-L-arginine.monoacetate) was supplied by Alexis 
Corporation,, Switzerland, and donated by a generous grant from the Janssen 
Researchh Foundation, Belgium. L-NMM A was dissolved in a sterile, 0.9 % NaCl 
solutionn to a concentration of 15 mg/ml. Equal volumes of the vehicle were used in 
thee control studies. Glucagon (GlucaGen®: glucagonhydrochloride) was supplied by 
Novoo Nordisk Pharma, the Netherlands. 

EXPERIMENTALL PROTOCOLS 

Threee study protocols were used (see Fig 1). Of the 18 volunteers, 3 participated in 
bothh Study I and II and 3 participated in Study II and III . Therefore, the total of 
subjectss studied was 10 for Study I, 10 for Study II and 4 for study III . Al l studies 
weree designed in a double blind, placebo controlled fashion, performed on two 
separatee days, at least three days apart. Study I was designed to study the effect of 
L-NMM AA on fundic relaxation upon oral intake of a liquid, caloric meal. In 
addition,, sensations evoked by the test meal were studied. In Study II , subjects 
receivedd lipids intra-duodenally via a naso-duodenal feeding tube. We chose this 
approachh 1) to by-pass possible effects of NO synthase inhibition on gastric 
emptyingg and 2) to create a situation of increased sensitivity to gastric distension, as 
describedd previously.24 The effect of L-NMM A on sensations induced by duodenal 
lipidd and by gastric distension was studied before and during intra-duodenal 
administrationn of lipids. In addition, we studied fasting fundic volume and fundic 
relaxationn induced by intra-duodenal lipid. Study II I was designed to evaluate a 
possiblee post-junctional effect of L-NMMA . Therefore, in Study III , we evaluated 
thee effect of L-NMM A on basal volume and fundic relaxation upon glucagon, 
knownn to relax the proximal stomach probably via a direct and NO-independent 
mechanism.25 5 

StudyStudy I: Fundic accommodation and sensations after oral meal intake 

Inn this study protocol, both proximal stomach and antropyloroduodenal motility 
weree recorded by combining a gastric barostat test with antropyloroduodenal 
manometry.. However, for clarity, the manometry data will be presented in a 
separatee paper.26 

Subjectss reported at the lab at 7:45 a.m. The barostat bag was positioned in the 
proximall  stomach as described above. An intravenous line was placed in the left 
armm for intravenous infusion of either placebo or L-NMMA . Heart rate, systolic 
andd diastolic blood pressures were measured every 10 min during the protocol, 
usingg an automatic sphygmomanometer (Boso, Jungingen, Germany). After an 
equilibrationn period of 30 min, minimal distending pressure (MDP) was determined 
ass the minimum pressure at which balloon volume was >30 ml. Baseline operating 
pressuree was set at MDP+2 mmHg. Intra-gastric bag volume was recorded under 
basall  conditions during 15 min. L-NMM A was infused intravenously at a rate of 12 
mg/kgg within 5 min (bolus), followed by a maintenance infusion of 6.7 mg/kg/h 
(Fig.. 1). In the control studies, an equal volume of saline was infused at equal rates. 
Twentyy min after the start of the infusion, 200 ml of a liquid test meal (Nutridrink®, 
Nutricia,, Zoetermeer, the Netherlands, energy load 300 Kcal) was consumed with 
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thee aid of a straw. Fundic volume was recorded during the following 60 min. Post-
prandiall  sensations were scored every 5 min. 

StudyStudy II:  Fundic tone and sensations before and after intra-duodenal lipid 

Subjectss reported at the lab at 7:45 a.m. After placement and positioning of the 
naso-duodenall  catheter and the baros tat bag, an intravenous line was placed and an 
equilibrationn period of 30 min was allowed. Thereafter, MDP was determined as 
describedd above. Operating pressure was set at MDP+2 mmHg and baseline intra-
gastricc bag volume was recorded for 15 min. Intravenous administration of either 
L-NMM AA (bolus of 12 mg/kg within 5 min, followed by maintenance infusion of 
6.77 mg/kg/h) or placebo was then started (Fig. 1). Basal volume during the first 15 
minn of infusion was recorded, followed by a series of 4 isobaric distensions at 3, 6, 
9,, and 12 mmHg above MDP, in random order. Each pressure step lasted 60 s, 
withh 120-s intervals at the level of MDP. Perception scores were assessed at each 
pressuree step. Again, operating pressure was set at MDP+2 mmHg and continuous 
intra-duodenall  lipid infusion was started 30 min after the first distension series. 
Perceivedd meal-related sensations were scored every 5 min during the lipid infusion. 
AA second series of 4 random, isobaric distensions at MDP+ 3, 6, 9, and 12 mmHg 
wass performed 30 min later, while continuously infusing lipids, and perception 
scoress were assessed at each distension level. Heart rate and blood pressure were 
measuredd every 10 min. 

StudyStudy III:  Glugacon-induced fundic relaxation 

Subjectss reported at the lab at 8:00 a.m. Placement of the barostat bag, 
equilibration,, determining of the MDP and baseline volume recording (15 min) was 
performedd as described above. The same dose of L-NMM A was used as in the 
previouss two studies. Similar to Study II , fasting fundic volume was recorded for 55 
minn (Fig 1). At T=55 min, subjects received 1 mg of glucagon i.v., flushed with 5 ml 
off  saline in the right forearm. Heart rate and blood pressure were measured every 
100 min. 
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FIGUREE 1. Schematicalrepresentation of the study protocols. See text for detailed description of the different 
studies. studies. 

DATAA ANALYSIS 
FundicFundic volume: 

Studyy I: Basal volume 15 min before and 20 min after the start of the infusion (L-
N M M AA or placebo) was determined as the mean volume over the given period. 
Meal-inducedd relaxation was expressed as the mean volume over 60 min post meal. 
Volumee change, or delta V, was determined as the difference between the mean 
basall  volume (before infusion) and the mean post-prandial volume. Based on 
previouss studies, a volume change of > 64 ml was considered normal.1 

Studyy II : Basal volume was measured 15 min before and 15 min after the start of 
thee infusion of L-NMM A or placebo. In addition, basal volume was measured 
betweenn 40 and 55 min after the start of the infusion (i.e. 15 min after the first 
distensionn series). Lipid-induced relaxation was expressed as the mean volume over 
300 min after the start of the intra-duodenal infusion of lipid. Delta V was 
determinedd as the difference between the mean basal volume (before infusion) and 
thee mean post-prandial volume. 
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Studyy III : Similar to Study II , basal volume was measured 15 min before and 15 min 
afterr the start of the infusion of L-NMM A or placebo and between 40 and 55 min 
afterr the start of the infusion. Fundic relaxation in response to glucagon 
administrationn was determined as the mean volume over 5 min following injection. 
Deltaa V was determined as the difference between the mean basal volume (before 
infusion)) and the mean volume after glucagon. 

FundicFundic compliance: 

(Studyy II ) Gastric distension was performed at fixed pressure levels (3, 6, 9 and 12 
mmHg)) above MDP. The mean of the corresponding volumes over the last 30 s of 
eachh distension step was measured and plotted against the corresponding distending 
pressure.. Fundic compliance was calculated as the slope of the pressure-volume 
curve,, as described previously.1 

Meal-inducedMeal-induced sensations'. 
Followingg meal ingestion and following the start of intra-duodenal lipid 
administrationn (Study I and II respectively), perceived sensations were scored every 
fivefive min. Scores for bloating, nausea, pain and satiation were analysed individually 
ass repeated measures in time, using a customised mixed effects model. 

SensationSensation induced by gastric distension: 
(Studyy II ) We performed two series of four distensions, at fixed pressure levels 
appliedd in random order, one during fasting and one during intra-duodenal lipid 
administrationn (distension series 1 and distension series 2 respectively). For each 
distensionn series, the scores for bloating, nausea, pain and satiation were plotted 
againstt the corresponding distending pressure. 

STATISTICALL ANALYSI S 

Forr analysis of meal-induced sensation scores, a mixed-effects model was fitted 
usingg a standard software package (S-PLUS 2000). As each sensation score is 
dependentt on the previous score, it is not possible to use standard techniques for 
statisticall  analysis, such as /-tests. Mixed-effects models are similar to linear 
regression,, but account for the structure of the repeated measures using random 
effects.277 Random effects allow the intercept and the value of some other 
coefficientss to vary from person to person. In our analysis of the data on meal-
inducedd sensations, we used a model that accounted for the time post-prandial and 
thee square of the time. The random effects were a constant and the gradient 
associatedd with time. 
Thee model used to describe the meal-induced sensations perceived at time / by 
personn / under treatment/, j,j, was: 

jij,jij,  =  + $+ T> *  + öfi + Zjt w h e re Zy' ~ N(°> &) 

Distension-inducedd sensations were compared using a repeated measures ANOVA 
withh the Greenhouse-Geisser correction, using a standard software package (SPSS 
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9.0).. Al l other data were compared using a Student's t-test (SPSS 9.0) and are 

presentedd as mean  SEM. P values < 0.05 were considered statistical significant. 

RESULTS S 

EFFECTT OF L-NMM A ON BLOOD PRESSURE AN D HEART RATE 

Al ll  subjects tolerated the studies well. In study I, mean diastolic blood pressure was 
significandyy increased from 73  2 mmHg after placebo to 84  2 mmHg after L-
NMM AA infusion (P<0.01), whereas the mean heart rate was significandy decreased 
fromm 69  5 bpm (placebo) to 58  3 bpm (L-NMM A P<0.01). In study II , diastolic 
bloodd pressure increased from 75  1 mmHg (placebo) to 82  2 mmHg (L-
NMMA ,, P<0.01) and heart rate decreased from 60  2 bpm (placebo) to 54  2 
bpmm (L-NMMA , P<0.01). In Study III , L-NMM A increased diastolic blood 
pressuree from 69 + 3 mmHg (placebo) to 79  4 mmHg (P<0.05) and heart rate 
decreasedd from 58  4 bpm (placebo) to 52  3 bpm (P<0.05). Systolic blood 
pressuree was not significandy altered by L-NMMA . Cardiovascular effects were 
sustainedd during the course of the studies. No side effects were reported. 

EFFECTT OF L-NMM A ON BASAL FUNDIC VOLUM E AN D FUNDIC RELAXATIO N 

BasalfundicBasalfundic volume and fundic relaxation induced by oral meal intake (Study I): 
Meann fundic volume was similar before the start of placebo and L-NMM A (Fig 
2A).. L-NMM A did not significandy alter basal volume 20 min after the start of the 
infusionn (Fig 2A). In 8 out of 10 subjects, ingestion of the meal resulted in a fundic 
relaxationn that was considered normal (delta V > 64 ml) during placebo. The mean 
observedd relaxation (or delta V) in these individuals (n=8) decreased from 274  35 
mll  (placebo) to 143  55 ml (L-NMMA) , but this did not reach statistical 
significancee (P= 0.08). In contrast, as shown in Figure 2A, mean post-prandial 
volumee was significandy decreased by L-NMM A compared to placebo. 

BasalfundicBasalfundic volume and fundic relaxation induced by intra-duodenal lipid (Study II): 
Baselinee fasting fundic volume was similar before the start of placebo and L-
NMM AA (Fig 2B). L-NMM A did not significandy alter fasting volume during the 
firstfirst 15 min. However, L-NMM A gradually decreased fasting fundic volume during 
thee course of the study, which was statistically significant over the last 15 min 
beforee the start of intra-duodenal lipid administration (40 to 55 min following the 
startt of drug infusion (Fig 2B). All (n=10) subjects showed a marked fundic 
relaxationn following the start of intra-duodenal lipid, which was significandy 
decreasedd by L-NMM A compared to placebo (delta V: from 204  32 ml to 129
322 ml, P<0.05). In addition, mean post-prandial volume was significandy decreased 
byy L-NMMA , compared to placebo (Fig 2B). 
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BasaljundicBasaljundic volume andfundic relaxation induced by glugacon (Study III): 

Baselinee fasting fundic volume before the start of placebo or L-NMM A was 
comparablee for bo th groups (Fig 2C). Similar to Study II , L-NMM A did not 
significandyy alter fasting volume during the first 15 min, but significantly decreased 
meann fasting fundic volume over the last 15 min of the recording time, 40 to 55 
minn following the start of drug infusion (Fig 2C). Glucagon administration induced 
ann instant and marked relaxation of the fundus in all (n=4) subjects, which was not 
alteredd by L-NMM A (delta V: 397  71 ml and 356  66 ml for placebo and L-
N M M AA respectively, P= 0.2). In addition, the mean volume after glucagon was not 
significantlyy altered by L-NMM A compared to placebo (Fig 2C). 
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FIGUREE 2. Effect of L-NMMA and placebo on basal and post-prandial fundic volume (A) after oral 
ingestioningestion of a liquid meal, (B) after intra-duodenal infusion of lipid and (C) after injection of glucagon. Data 
areare expressed as mean  SEM. *P<0.05, paired t-test, versus placebo; #P<0.05 paired t-test, versus 
basalbasal (before infusion). 
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E F F E CTT OF L-NMM A O N VISCERAL P E R C E P T I ON 

SensationsSensations after oral meal intake (Study I): 

A tt baseline, subjects reported comparable sensation scores (See Fig. 3, T=0). 
Followingg the meal, subjects reported increased sensations of bloating, satiation, 
painn and nausea. The scores of bloating and pain were not altered by L-NMMA , 
whereass subjects reported significantly decreased scores for nausea and satiation 
duringg L-NMM A infusion compared to placebo (Fig. 3). 
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FIGUREE 3. Effect ofh.-NM.MA and placebo (see legend) on sensation scores for bloating, satiation, pain 
andand nausea after oral ingestion of a nutrient liquid meal (Study I). Scores for satiation and nausea after oral 
mealmeal intake were significantly decreased by L-NMMA, compared to placebo (*P<0.05, customised mixed 
model).model). Data are expressed as the observed rough mean +SEM. 

SensationsSensations after duodenal lipid infusion (Study II): 

Sensationn scores were comparable before the start of intra-duodenal lipi d 
administration.. No significant scores for nausea and pain were reported during 
intra-duodenall  administration of lipid, both during placebo and during L-NMM A 
(maximumm score for nausea: 0.6  0.4 and 0.4  0.3 cm respectively; maximum 
scoree for pain: 0.3  0.2 and 0.3  0.1 cm respectively) Although sensation scores 
forr bloating and satiation tended to increase slightly during intra-duodenal lipid, 
subjectss perceived only very low scores, both during placebo and during L-NMM A 
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(maximumm score for bloating: 1.4  0.5 and 1.6  0.7 cm respectively; maximum 
scoree for satiation: 1.4  0.6 and 1.4  0.6 cm respectively). L -NMM A did not 
significantlyy alter any of the sensation scores, compared to placebo. 

SensationSensation induced by gastric distension (Study II): 

Subjectss reported only mild sensations of pain and nausea during fundic distension 
whilee fasting. As shown in Figure 4, intra-duodenal lipid tended to increase the 
perceptionn of pain and nausea, although this did not reach statistical difference. 
Scoress for bloating and satiation were more pronounced in both distension series 
andd significantly increased during intra-duodenal lipid, compared to placebo (Fig. 
4).. No significant effect on sensation scores during distension was seen between L-
N M M AA and control studies both during fasting and during intra-duodenal lipid 
infusionn (Fig. 4). 
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EFFECTT OF L-NMM A ON FUNDIC COMPLIANCE 

Fundicc compliance during fasting was not significantly altered (placebo 50  4 vs. 
L-NMM AA 46  6 ml/mmHg). Likewise, during infusion of lipid, mean fundic 
compliancee was not significantly affected by L-NMM A (placebo 46  3 vs. L-
NMM AA 50 + 5 ml/mmHg). The pressure-volume curves are sown in figure 5. 
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FIGUREFIGURE 5. Effect of L-NMMA (filled symbols) and placebo (open symbols) on the pressure-
volumee curves in response to isobaric fundic distension during fasting and during intra-
duodenall  lipid infusion (see legend). 

DISCUSSION N 

Inn this study, we evaluated the effect of NO-synthase inhibition by L-NMM A on 
proximall  gastric volume and perception in healthy human subjects. We showed that 
L-NMM AA decreased basal fundic volume and reduced fundic relaxation both after 
ingestionn of a liquid meal and during intra-duodenal lipid infusion, indicating that 
NOO is involved in modulating fundic tone. Finally, no effect of L-NMM A on 
perceptionn was seen, indicating that, at least in healthy volunteers, NO has no major 
rolee in visceral perception. 

Animall  studies have provided abundant evidence that both basal tone and the 
relaxationn of the proximal stomach, induced by vagal stimulation, meal ingestion or 
intra-duodenall  lipid, are mediated by NO.1117 Similarly, we showed that NO 
synthesiss inhibition by L-NMM A contracted the gastric fundus, resulting in a 
reductionn of basal fundic volume. The effect was only observed after prolonged 
infusionn of L-NMMA , most likely due to the time-dependent inhibitory effect of L-
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NMM AA on NO synthase activity.28 In addition, L-NMM A reduced fundic volume 
followingg ingestion of a nutrient liquid meal and during intra-duodenal lipid. It 
shouldd be emphasised though that the reduction of post-prandial volume observed 
duringg L-NMM A may simply reflect functional antagonism, resulting from the 
contractilee effect of L-NMM A on basal tone. However, the fundic relaxation 
inducedd by glucagon, known to act by a direct and NO independent mechanism,25 

wass not affected by L-NMMA . Therefore, we concluded that the reduction of the 
post-prandiall  volume by L-NMM A resulted from an effect on NO release, 
illustratingg that NO is involved in the meal-induced relaxation of the human 
proximall  stomach. These findings are in line with the recent in vitro study by 
Toninii  et al. demonstrating that relaxation of muscle strips of the human proximal 
stomachh induced by nerve stimulation is inhibited by NO synthase inhibition.10 

Withh respect to the site of action, L-NMM A may act at all possible levels, since 
N OO is found to act throughout the central nervous system and the enteric nervous 
system.. The fact that fundic relaxation induced by glucagon was not inhibited by L-
NMM AA excludes a possible post-junctional effect on the fundic smooth muscle. In 
addition,, we did not observe an effect of NO synthase inhibition on plasma 
pancreaticc polypeptide concentrations,29 indicating that vagal efferent output was 
nott altered by L-NMMA . Finally, no significant effect on reaction time was noted 
(dataa not shown), suggesting no sedative effect of L-NMMA . Thus, although a 
centrall  action of L-NMM A can not be excluded under the current experimental 
conditions,, these findings suggest that L-NMM A increases fundic tone by reducing 
nitrergic,, neuronal input at a peripheral level. 

Impairedd accommodation to a meal, as encountered in number of clinical 
conditions,, is considered an important patho-physiological mechanism responsible 
forr dyspeptic complaints.15 For example, in functional dyspepsia, impaired 
accommodationn is associated with early satiety and weight loss.1 Therefore, we 
anticipatedd that reduction of gastric relaxation by L-NMM A should increase post-
prandiall  sensation scores. In contrast, scores for nausea and satiation were 
significantlyy decreased. As NO is also involved in the modulation of visceral 
sensation,18-300 this effect could result from interaction of L-NMM A with perception. 
However,, no changes in perception of gastric distension were reported during 
fasting.. Furthermore, when the stomach was distended during intra-duodenal 
infusionn of lipid, which is known to cause increased sensitivity in healthy subjects,24 

noo effect of L-NMM A was observed, excluding an interference with visceral 
perception.. The observation that during L-NMM A infusion, subjects only reported 
decreasedd sensation scores after oral meal intake may therefore result from an effect 
off  L-NMM A on gastric emptying. Alternatively, since gastric wall tension seems to 
bee the major determinant of gastric perception,31 reduced perception of meal-
inducedd sensations may also be explained by the reduction in volume and the 
associatedd reduction in wall tension. The fact that the healthy volunteers also 
experiencedd mild degrees of nausea and pain during the experiment probably 
reflectss the artefact that is introduced by measuring meal-induced sensations while 
havingg a barostat balloon inflated in the stomach. Our finding that reduction of 
meal-inducedd relaxation is not accompanied by an increase in perceived sensations 
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questionss the direct relationship between impaired accommodation and symptoms, 
ass found in functional dyspepsia. Similar conclusions were drawn from a recent 
studyy showing that in patients with functional dyspepsia, abolishing gastric 
relaxationn by the cholecystokinin-A antagonist dexloxiglumide was associated with 
reducedd rather than increased dyspeptic symptoms.32 

Inn contrast to several animal studies, we did not observe an effect of L-NMM A 
onn visceral perception. This may be explained by the knowledge that NO has been 
shownn to be mainly involved in the perception of visceral pain.18'19-3033 The healthy 
volunteerss in our study predominandy reported bloating and satiation upon gastric 
distension,, rather than pain. One might however anticipate that NO synthase 
inhibitionn may have an effect on perception in dyspeptic patients with visceral 
hypersensitivity.66 Animal models of visceral hyperalgesia indeed show up-regulation 
off  NO synthase producing neurones in the spinal cord. More importantly, NO 
synthasee blockade normalised the hyperalgesic response, but had no effect on 
perceptionn in control animals.33'34 Therefore, L-NMM A may only affect visceral 
perceptionn in the presence of hypersensitivity. Further studies investigating the 
effectt of NO synthase inhibition in patients with functional dyspepsia are therefore 
warranted. . 

Thee use of NO donors in conditions characterised by impaired accommodation 
andd / or hypersensitivity to gastric distension is controversial. Nitrates are known 
too induce gastric relaxation and earlier studies showed some relief of symptoms in 
functionall  dyspepsia, but not in diabetes.20'21 Moreover, significant side effects, in 
particularr headaches, are associated with the use of nitrates. Therefore, 
developmentt of fundus relaxing drugs may need to be aimed at selectively activating 
NOO producing neurones at the level of the myenteric plexus. For example, the 5-
HTii  agonist sumatriptan has been shown to relax the proximal stomach by 
activatingg NO producing neurones.11-35 Reduction of gastric tone by sumatriptan 
allowedd higher gastric distension volumes in healthy volunteers before the 
thresholdd of discomfort was reached, and increased the amount of calories inducing 
maximumm satiety in functional dyspeptics.1'7 Although these studies are promising, 
confirmationn in larger clinical studies is awaited. 

Inn summary, we showed that NO is involved in basal fundic tone and fundic 
relaxationn in healthy volunteers, but not in gastric perception. Reduction of meal-
inducedd relaxation did not result in increased perception of post-prandial 
sensations.. As NO inhibition did not affect gastric perception to distension and had 
noo effect on sensations scored during intra-duodenal lipid, the reduced scores for 
nauseaa and satiation by L-NMM A after oral meal intake is most likely caused by 
delayedd gastric emptying. 
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ABSTRACT T 

BACKGROUNDD & AIMS: Visceral hypersensitivity is a consistent finding in a 
considerablee proportion of patients with irritable bowel syndrome (IBS), and may 
providee a physiological basis for the development of IBS symptoms. In this study, 
wee aimed to confirm the hypothesis that nitric oxide (NO) is involved in visceral 
hypersensitivityy in humans. Therefore, we studied the effect of the specific NO 
synthasee inhibitor L-NMM A on rectal sensitivity in IBS patients and healthy 
volunteerss (HV). 
METHODS:: Ten HV and 8 IBS patients with documented hypersensitivity to rectal 
distensionn underwent a rectal barostat study. The effect of placebo and L-NMM A 
onn resting volume, rectal sensitivity to distension and rectal compliance was 
evaluatedd on two separate days, in a double blind, randomised, crossover fashion. 
RESULTS:: L-NMM A did not alter resting volumes in HV or IBS patients. In HV, L-
NMM AA did not alter rectal sensor}7 thresholds compared to placebo (45  3 and 47 

 3 mm Hg, respectively). In contrast, L-NMM A significantly increased the 
thresholdd for discomfort/pain in IBS patients (placebo: 21  3, L-NMMA : 24  3 
mmHg,, P= 0.04). Rectal compliance was not affected by L-NMMA . 
CONCLUSIONS:: Although our data show that NO does not play a major role in 
normall  rectal sensation or tone, we provide evidence that NO may be involved in 
thee pathophysiology of visceral hypersensitivity in IBS. 

ABBREVIATIONS:: IBS: Irritable bowel syndrome; HV: Healthy volunteers; NO: 
Nitri cc oxide; L-NMMA : NG-monomethyl-L-argmine; MDP: minimal distending 
pressure e 
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I N T R O D U C T I ON N 

Viscerall  hypersensitivity is a consistent finding in a considerable proportion of 
patientss with irritable bowel syndrome (IBS), and may provide a physiological basis 
forfor the development of IBS symptoms.14 Indeed, several studies have shown that 
IBSS patients exhibit hypersensitive responses to colorectal distension, indicating 
thatt normal, physiologic stimuli may be perceived with increased intensity or may 
evenn cause pain.57 In addition, gut hypersensitivity may lead to alterations in gut 
motilityy by disturbing regulatory reflex pathways and secretory functions.1-2 

Together,, these abnormalities typically reflect the symptom pattern of IBS, which is 
characterisedd by abdominal pain or discomfort, associated with alterations in 
defecationn frequency, stool passage and stool form.8 

Too gain insight in the sensory pathways and their mediators involved in the 
developmentt of visceral hypersensitivity, it is important to further understand the 
pathophysiologicall  mechanisms underlying the generation of symptoms in IBS. 
Moreover,, restoring normal sensitivity by targeting these mediators may provide 
therapeuticc benefit. Consequently, much effort has been put in the development of 
experimentall  animal models of visceral hypersensitivity. These models have been 
successfullyy used to identify several mediators, receptors and ion channels involved 
inn mediating visceral hypersensitive responses.1'2-9 However, whether these 
experimentall  data are also applicable to clinical visceral hypersensitive states such as 
IBSS remains to be determined. 

Fromm animal studies, there is evidence that nitric oxide (NO) plays a role in the 
centrall  mechanisms maintaining visceral hypersensitivity.10 Following a chemically 
inducedd colitis, rats developed hypersensitive behaviour in response to gut 
distension,, which was associated with an increase of NO synthase producing 
neuroness in the lumbosacral spinal cord. Importantly, intrathecal administration of 
thee NO synthase inhibitor L-NAM E normalised the hypersensitive response in the 
colitiss animals, but not in the (normosensitive) control animals. In another study, 
microinjectionn of L-NAM E into the rostral ventromedial medulla of the brainstem 
alsoo attenuated hypersensitive responses in the same model, suggesting that NO 
mayy facilitate descending pain modulatory systems involved in maintaining visceral 
hypersensitivity.. In support of these findings, an increase in neurones expressing 
neuronall  NO synthase was found in the rostral ventromedial medulla of the 
hypersensitivee animals.11 

Previously,, we showed that L-NMM A did not significantly alter the perceptual 
responsess to gastric distension, suggesting that at least in health, NO does not play 
aa major role in mediating visceral perception.12-13 However, NO may still be 
involvedd in pathological conditions, including visceral hypersensitivity. This is 
suggestedd not only by the experimental animal studies mentioned above, but also by 
humann studies on the mechanisms involved in somatic pain. For example, the NO 
donorr nitroglycerin has been shown to induce hyperalgesia in an experimental 
modell  evaluating nociceptive reflex responses in healthy volunteers.14 

Inn the present study, we hypothesised that NO is involved in mediating visceral 
hypersensitivityy in IBS, but not in normal visceral perception. Therefore, we studied 
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thee effects of L-NMM A on the perceptual responses to distension in healthy 
volunteerss and in IBS patients with documented visceral hypersensitivity. In 
addition,, as NO synthase inhibition may also affect gastrointestinal motility and 
tone12'15177 and thereby may influence rectal mechanosensitivity, we also studied the 
effectt of L-NMM A on basal rectal tone and rectal compliance. 

PATIENTSS A N D M E T H O DS 

STUDYY SUBJECTS 

Tenn healthy volunteers and eight patients with IBS were studied. Generally, we 
excludedd female subjects of childbearing potential and not using appropriate 
methodss of contraception. Healthy volunteers were recruited by public 
advertisement.. None of the healthy volunteers had a history of gastrointestinal 
complaintss or was taking any mediation other than a birth control pill . The patients 
weree recruited from our laboratory at the Academic Medical Centre, which is a 
tertiaryy referral centre. All patients fulfilled the Rome II criteria for IBS.8 A minimal 
work-upp to exclude organic disease included careful history taking, a normal 
physicall  examination, a negative sigmoidoscopy or colonoscopy, normal thyroid 
stimulatingg hormone levels and blood counts and negative stool examinations. In 
addition,, before entering the study, all patients underwent a rectal barostat test to 
determinee the sensitivity to rectal distension, according to a pseudo-randomly 
ascendingg phasic, isobaric distension protocol, as previously described.18 Only those 
patientss that were considered hypersensitive to rectal distension, as compared with 
aa historical cohort of healthy volunteers, were included (i.e. a threshold for 
discomfort/painn <25 mm Hg above the intra-abdominal pressure18). Patients had 
too be free of any concomitant disease. In particular, with regard to the documented 
effectss of the study compound on blood pressure,12-15 we carefully excluded patients 
withh a history of cardiovascular disease and patients over 50 years of age in general. 
Patientss who previously underwent abdominal surgery, except for uncomplicated 
appendectomyy or laparoscopic cholecystectomy, were also excluded. Concomitant 
medicationn likely to interfere with gastrointestinal tract function or visceral 
perceptionn other than fibres or bulking agents was discontinued at least seven days 
beforee the study. 

Al ll  participants gave their written and informed consent to participate in the 
study.. The study protocol was approved by the Medical Ethics Committee of the 
Academicc Medical Centre. 

STUDYY DRUG 

L-NMM AA (NG-monomethyl-L-arginine.monoacetate) was supplied by Alexis 
Corporation,, Switzerland. Al l subjects received the active compound and placebo, 
onn two separate days and in randomised order. Before the experiments, L-NMM A 
wass dissolved in a sterile, 0.9 % NaCl solution to a concentration of 15 mg/ml. 
Subjectss received an intravenous bolus injection of 12 mg/kg over 5 minutes, 
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followedd by a maintenance infusion of 6.7 mg/kg/h. Equal volumes of the vehicle 
(0.99 % NaCl) were used in the placebo studies. 

BAROSTABAROSTA T STUDIES 

Thee barostat allows continuous recording of rectal volume at a fixed pressure level, 
whichh is an indirect measure of rectal tone.19 In addition, by inflating the intrarectal 
barostatt bag, sensitivity to rectal distension can be assessed in a controlled fashion. 
Wee used an electronic barostat that automatically corrected for the compressibility 
off  air (Synetics Visceral Stimulator, Stockholm, Sweden). The barostat was 
connectedd to a 500-ml polyethylene bag (maximal diameter 9 cm), tightly wrapped 
onn the distal end of a double lumen polyvinyl tube (Salem Sump tube 14 Ch.; 
Sherwoodd Medical St Louis, USA) that was introduced in the rectum. Minimal 
distendingg pressure (MDP) was defined as the minimum pressure at which the 
intrabagg volume was >30 ml. This pressure level equals the intra-abdominal 
pressure.. To evaluate possible changes in rectal tone, baseline operating pressure 
wass set at MDP + 2 mm Hg. Rectal distensions were performed according to a 
doublee random, phasic, isobaric distension protocol. The pressure increment was 3 
mmm Hg above MDP, each step lasting 1 minute and separated by 1 -minute intervals 
att baseline (MDP). The inflation rate was set at 38 ml/s. Halfway along each 
distensionn step, distension-evoked sensations were graded on a 6-point scale with 
verball  descriptors (0 = no sensation; 1 = first sensation; 2 = first urge to defecate; 3 
== normal urge to defecate; 4 = severe urge to defecate; 5 = discomfort/pain). 
Sensationn scores were automatically logged onto the data file. If a subject reported 
discomfortt or pain, the bag was instantaneously deflated. For safety, the bag was 
automaticallyy deflated at pressures above 60 mm Hg or volumes above 500 ml. 

Studyy protocol 

Rest t Adaptationn Basal rectal volume (tone) 

Rectall  distension 

II  | I | I | 1 1 I | I | I I 

Timee (min): -75 -60 -45 -30 -15 0 15 30 45 60 75 90 120 

tt  I f t 
MD PP i 

Tapp water enema S t a rt L-NMM A or placebo i.v. 
Introductionn barostat bag 

FIGUREE 1. Study protocol 

EXPERIMENTALL PROTOCOL 

Thee study was designed in a randomised, double blind, placebo controlled, 
crossoverr fashion, performed on two separate days, at least three days apart. 
Subjectss attended the laboratory either at 09:00 h after an overnight fast or at 13:00 
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hh after a light breakfast at 07:00 h. Sixty minutes before the study, subjects received 
aa tap water enema. Thereafter, the barostat bag was introduced in the rectum. The 
catheterr was then connected to the barostat device and the subject was placed in the 
leftt lateral decubitus position. The bag was unfolded by inflation of 200 ml of air 
andd was positioned in the distal rectum by gently pulling the catheter back. An 
intravenouss line was placed in the left arm for the infusion of either placebo or L-
NMMA .. Heart rate, systolic and diastolic blood pressure were measured every five 
minutess throughout the protocol, using an automatic sphygmomanometer (Boso, 
Jungingen,, Germany). After an equilibration period of 15 minutes, MDP was 
determined.. To assess basal rectal tone, operating pressure was set at MDP + 2 mm 
Hgg and intrabag volume was measured for 30 minutes. Thereafter, infusion of the 
studyy drug (L-NMMA/placebo) was started and intrabag volume was measured for 
anotherr 60 minutes (at MDP + 2). Subsequendy, sensitivity to rectal distension was 
assessedd according to a predefined protocol as described above. The study was 
endedd if the threshold for discomfort/pain was reached. 

D A T AA ANALYSI S 

Thee primary endpoint was the sensory threshold for discomfort/pain during rectal 
distensionn (i.e. a sensation score of 5). Secondary endpoints were the thresholds for 
firstt sensation and the urge to defecate (i.e. a sensation score of 1 and 3 
respectively)) and changes in intrarectal bag volume. 
Restingg volume within the intrarectal bag was measured at 15-minute intervals, 
fromm 15 minutes before to 60 minutes after the start of the infusion. The threshold 
forr discomfort/pain was determined by the pressure at which an individual 
reportedd a sensation score of 5. If a subject did not report discomfort/pain before 
thee fixed pressure limit of 60 mm Hg was reached, we conservatively determined 
thee threshold by the highest pressure reached plus one pressure step. Sensory 
thresholdss for first sensation and urge to defecate were calculated for each 
individuall  by averaging the pressures at which a certain sensation score (i.e. 1 and 3, 
respectively)) was reported. Similarly, corresponding volumes for each distending 
pressuree were averaged in order to obtain a pressure-volume curve for each 
individual.. Rectal compliance was calculated as the slope of the pressure-volume 
curvee over the first four distension steps (i.e. the steeper part of the curve). 

STATISTICALL ANALYSI S 

Thee primary endpoint was the sensory threshold for discomfort/pain during rectal 
distension.. We calculated the sample size to detect differences for the primary 
endpointt of at least one pressure step (i.e. a treatment effect of 3 mm Hg). Based on 
aa previous study in hypersensitive IBS patients, we assumed that the common 
standardd deviation would be 4 mm Hg.18 Therefore, a minimum of 7 subjects was 
neededd in each group to obtain a power of 80% at the 5% significance level (paired 
comparisons).. Differences between treatments for sensory thresholds, intrabag 
volumes,, slopes, blood pressure and heart rate were compared using the paired 
Student'ss /-test. Differences between IBS patients and HV for sensory thresholds, 
agee and bodyweight were compared using the Student's /-test for independent 
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samples.. Differences were considered significant at the 5% level. Data are presented 
ass mean  SEM. Statistical evaluations were performed using commercially 
availablee software (SPSS 11.0; SPSS Inc. Chicago IL , USA). 

RESULTS S 

STUDYY SUBJECTS 

Al ll  participants tolerated the studies well, with no adverse effects being reported. 
Off  the healthy volunteers, 5 were male and 5 female. Mean age was 21  1 years 
andd mean bodyweight was 68  4 kg. Patients (4 male, 4 female) were significandy 
olderr than healthy volunteers (mean age, 35  3 years, P= 0.001) and bodyweight 
tendedd to be higher (mean bodyweight 82  7 kg, P= 0.07). Four patients had IBS 
symptomss with predominandy diarrhoea, two with constipation and two had 
alternatingg diarrhoea and constipation. The mean duration of symptoms at intake 
wass 3  1 (range 1-7) years. Before study entry, the mean threshold for 
discomfort/painn to rectal distension was 19  2 (range 12-24) mm Hg above MDP. 

EFFECTT OF L-NMM A ON BLOOD PRESSURE AN D HEART RATE 

Inn all participants, L-NMM A significantly and consistendy increased mean systolic 
andd diastolic blood pressures directly after the start of the infusion, whereas mean 
heartt rates significandy decreased. (Healthy volunteers: from 103  3 mm Hg / 52
11 mm Hg / 64  4 bpm, to 112  4 mm Hg / 68  2 mm Hg / 52  3 bpm, P< 
0.001;; IBS patients: from 108  4 mm Hg / 62  4 mm Hg / 70  3 bpm, to 125
66 mm Hg / 78  4 mm Hg / 55  2 bpm, P< 0.001). These cardiovascular effects 
persistedd throughout the studies. During the placebo experiments, no significant 
changess in blood pressure or heart rate were observed (data not shown). 

EFFECTT OF L-NMM A ON RESTING VOLUM E (RECTAL TONE) 

HealthyHealthy volunteers 

Inn healthy volunteers, MDP was not significandy different on both study days (5
0.44 and 4  0.4 mm Hg in the placebo and L-NMM A experiments, respectively). 
Rectall  resting volume, measured at a predefined pressure of MDP + 2 mm Hg, was 
nott significandy altered by L-NMMA . Mean intrabag volume was 140  13 ml 
beforee (15 minutes), and 140  12 ml after (60 minutes) the start of infusion with 
placebo,, versus 142  13 ml and 148  11 with L-NMMA , respectively. Figure 2 
showss the mean volume within the intrarectal bag throughout the study at 15-min 
intervals. . 

IBSIBS patients 

MDPP was not significantly different on both study days (8 + 1 mm Hg in the 

placeboo experiments and 7 + 1 mm Hg in the L-NMM A experiments). Similar to 
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healthyy volunteers, no significant effects of L -NMM A were seen on resting 

volumes.. Mean intrabag volume was 147  19 ml before (15 minutes), and 134  13 

mll  after (60 minutes) the start of infusion with placebo, versus 154 + 21 ml and 160 

 23 with L-NMMA , respectively. Figure 2 shows the mean volume within the 

intrarectall  bag throughout the study at 15-min intervals measured in IBS patients. 
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FIGUREE 2. Effect of L.-NMMA and placebo (see legend) on rectal resting volumes in healthy volunteers 
andand IBS patients. Volumes within the intrarectal barostat bag were measured at a predefined operating 
pressurepressure of 2 mm Hg above MDP, at 15-minute intervals before (15 min) and after (60 min) the start of 
thethe infusion. Data are means + SEMs. No significant differences were seen between treatments. 

E F F E CTT O F L-NMM A O N RECTAL SENSIT IV ITY 

HealthyHealthy volunteers 

Figuree 3 shows the mean pressure thresholds at which healthy volunteers used the 
descriptionn of first sensation, normal urge to defecate and discomfort/pain during 
placeboo and L-NMMA . Changes of the individual thresholds for discomfort/pain 
dur ingg L-NMM A relative to placebo are shown in figure 4. L-NMM A did not 
significantlyy change any of the sensory thresholds relative to placebo. 
Correspondingg intrabag volumes at the pressure level inducing discomfort/pain 
weree also not altered (placebo: 315  19 ml; L-NMMA : 316  20 ml). 

IBSIBS patients 

A ss expected, thresholds for first sensation, urge and discomfort/pain were 
significantlyy lower in IBS patients than in healthy volunteers during placebo 
condit ionss (4  1, 11  2 and 20  3 mm Hg versus 9  1, 25  2 and 45 + 3 mm 
Hg,, respectively, P< 0.01). L-NMM A did not significantly alter the thresholds for 
firstfirst sensation and urge compared to placebo (Figure 2). In contrast, L -NMM A 
inducedd a small, but statistically significant increase on the threshold for 
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discomfort/pain,, relative to placebo (from 21  3 to 24  3 mm Hg, P= 0.04, 
pairedd /-test). Figure 4 shows the changes of the individual thresholds for 
discomfort /painn between placebo and L-NMM A for each patient, indicating that 6 
off  the 8 patients responded positively. Non-parametr ic testing confirmed that the 
differencee was significant (P= 0.047, Wilcoxon Signed Rank test). Corresponding 
intrabagg volumes at the pressure level inducing discomfort/pain were not 
significandyy different during L-NMMA , compared to placebo (292  37 and 258
233 ml, respectively). 
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FIGUREE 3. Effect ofh.-NMMA and placebo (see legend) on sensory thresholds during phasic, isobaric 

distensiondistension in healthy volunteers and IBS patients. Similar to healthy volunteers, L-NMA1A did not 
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E F F E CTT O F L-NMM A O N RECTAL C O M P L I A N CE 

HealthyHealthy volunteers 
Figuree 5 shows the pressure-volume curve obtained during rectal distension in 

healthyy volunteers, during L-NMM A and placebo. Rectal compliance, defined as 

thee slope of the pressure-volume curve, was similar during both conditions 

(placebo:: 13  1 m l / mm Hg; L-NMMA : 12  2 m l / mm Hg). 

IBSIBS patients 

Pressure-volumee curves obtained in IBS were also comparable during both 

treatmentss (Figure 5) Rectal compliance was 13 + 2 m l / mm Hg with placebo and 

122  2 with L-NMMA : m l / mm Hg (not significant). 
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DISCUSSION N 

Thee main finding of the present study is that L-NMM A significantly (albeit 
modesdy)) increased the threshold for discomfort/pain during rectal distension in 
IBSS patients but not in healthy volunteers, whereas rectal tone and rectal 
compliancee remained unaltered. In concert with experimental studies on visceral 
hypersensitivityy in rats, these findings suggest that NO may be involved in 
maintainingg visceral hypersensitivity in IBS. 

Althoughh animal studies suggest that NO is involved in the modulation of 
nociception,, its role in human visceral perception remains unclear. In the present 
study,, we evaluated the effect of NO synthase inhibition on rectal sensation in both 
healthyy volunteers and patients with IBS. We found that L-NMM A did not alter the 
sensitivityy to rectal distension in healthy volunteers. This finding is in line with 
previouss studies in the stomach, showing that L-NMM A had no effect on the 
perceptuall  responses to gastric distension in normal controls.12-13 However, our data 
aree in contrast with a preliminary report evaluating the effect of L-NMM A in the 
colon.. In that particular study, L-NMM A tended to increase rather than decrease 
sensitivityy to distension.20 There are two important arguments that may explain this 
apparentt discrepancy. First, we used a different distension protocol. Apart from the 
localisationn of the distending balloon (colon versus rectum) it should be emphasised 
thatt stepwise or graded distensions, as applied by Corsetti et al.,20 have been shown 
too activate different subsets of mechanoreceptors, as compared with the rapid, 
phasicc distensions used in our study.21 Second, since the study of Corsetti et al. only 
includedd two independent groups of five subjects (unpaired observations), it is 
perceivablee that the different outcome reflects a Type I error. Therefore, together 
withh the available data on gastric sensitivity, our finding that L-NMM A did not 
affectt rectal sensation further suggest that NO does not play a major role in 
mediatingg visceral perception in health. In contrast, however, in patients with IBS, 
L-NMM AA significantly increased the thresholds for discomfort/pain, without 
affectingg the thresholds for first sensation and urge. The fact that we did not 
observee an effect on the tonic and elastic properties of the gut wall indicates that 
thee increase in the threshold for discomfort/pain results from an effect on the 
afferentt innervation, rather than from an indirect effect on rectal volume. As L-
NMM AA did not alter the thresholds for first sensation and urge, these data also 
suggestt that NO is involved in mediating nociceptive, but not physiological stimuli 
inn hypersensitive states. Our findings are comparable to those reported in the rat. 
Followingg a chemically induced colitis, rats developed hypersensitive behaviour in 
responsee to gut distension, which was associated with an increase of NO synthase 
producingg neurones in the lumbosacral spinal cord.10 Importantly, intrathecal 
administrationn of the NO synthase inhibitor L-NAM E normalised the 
hypersensitivee response in the colitis animals, but did not reduce nociceptive 
responsess in (normosensitive) control animals. 

Wee perceive that the magnitude of effect on rectal sensitivity was rather limited 
andd is most likely clinically irrelevant, especially since other drugs, such as 
octreotide,, x- and pL-opiod agonists, have been shown to increase discomfort 
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thresholdss in IBS up to levels comparable with healthy controls.2224 It should be 
emphasi2edd though that even the current dose, which is high for human use, is still 
manyy times lower than the equivalent of the doses of NO inhibitors used in animal 
studies.10111 Mainly due to its effect on blood pressure, the use of higher doses of L-
NMM AA in humans is considered unethical. In this study, mean diastolic blood 
pressuree indeed already increased by 16 mm Hg during L-NMMA . Theoretically, 
moree specific inhibitors of the neuronal isoform of NO synthase, devoid of this 
sidee effect, are better suited to evaluate the role of NO in visceral hypersensitivity 
andd may reveal a more profound effect on the threshold for discomfort/pain. At 
present,, however, these drugs are not available for human use. 

Att the level of the gut, NO is considered an important inhibitory 
neurotransmitter,, regulating a variety of motility patterns. We previously showed 
thatt L-NMM A increased basal gastric tone, but only after prolonged recording (at 
leastt 30 to 45 minutes after the start of the infusion).12'15 Therefore, we included a 
60-minutee recording of rectal resting volume. However, no significant effects were 
observedd on rectal volumes, excluding a major role of NO on rectal tone. However, 
sincee the barostat only detects relatively slow tonic contractions, our data do not 
excludee a role for NO in mediating colorectal motility. For example in the rat, NO 
synthasee inhibition delayed colonic transit in vivo, which was associated with 
uncoordinatedd phasic contractions throughout the colon, and inhibited descending 
relaxationn upon luminal distension in isolated colonic segments in vitro.25 

Thee site of action of L-NMM A cannot be determined from the present data. 
N OO blockade could have direct sensory effects via NO producing neurones on 
primaryy afferent terminals26, or may act at the level of the spinal cord and the brain 
stem.10-111 In animal models of visceral hypersensitivity, intrathecal injection or 
microinjectionn in the rostral ventromedial medulla of the brainstem indeed 
normalisedd visceral perception. One can only speculate whether our findings can be 
explainedd by a similar mechanism of action. Clearly, this depends on the ability of 
L-NMM AA to cross the blood brain barrier. Previously, we provided indirect 
evidencee that in healthy volunteers L-NMM A may interfere with neurotransmission 
inn the brain stem. L-NMM A increased peristaltic velocity in the proximal 
oesophagus,, which is primarily mediated by the nucleus ambiguus of the medulla.15 

Too what extent this also applies in the current study is unclear. 
Ourr findings may provide novel insights into the pathophysiology of IBS. NO 

mechanismss may contribute to the presence of visceral hypersensitivity and may 
representt a physiologic substrate for the generation of symptoms in a subgroup of 
IBSS patients. Such mechanisms may underlie the fundamental differences between 
normosensitivee and hypersensitive IBS patients, although the possible differential 
effectss of NO synthase inhibition in normal versus hypersensitive states still need to 
bee confirmed in normosensitive IBS patients. To further address the clinical 
potentiall  of NO synthase inhibitory drugs, more selective inhibitors of the neuronal 
isoformm of NO synthase are required, since the effects on blood pressure will limit 
thee therapeutic window of less specific NO synthase antagonists such as L-NMMA . 
Att present, these compounds are not available for human use. Alternatively, 
applicationn of NMDA receptor antagonists may hold promise for the treatment of 
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viscerall  hypersensitive states, since NO-dependent visceral hypersensitive states 
mayy also involve N M D A receptor mediated pa thways .WW Indeed, recent studies 
indicatee that N M D A receptors mediate experimental visceral hypersensitive 
conditionss in humans,28 and further studies in IBS are warranted. 

I nn conclusion, with the present study we have provided evidence that N O 
mechanismss are involved in maintaining visceral hypersensitivity in IBS patients. 
Thesee findings are consistent with previous studies in animal models of visceral 
hypersensitivity.. In contrast, N O does not play a major role in mediating normal 
viscerall  perception, rectal tone and rectal compliance. 
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ABSTRACT T 

BACKGROUNDD & AIMS: Although widely prescribed, the evidence for the use of 
antidepressantss for the treatment of the irritable bowel syndrome (IBS) is limited. 
Inn this study, we hypothesised that fluoxetine (Prozac®), a selective serotonin 
reuptakee inhibitor, has visceral analgesic properties, leading to increased sensory 
thresholdss during rectal distension and improvement of symptoms, in particular in 
IBSS patients with visceral hypersensitivity. 
METHODS:: Forty non-depressed IBS patients underwent a rectal barostat study to 
assesss the sensitivity to rectal distension before and after six weeks of treatment 
withh fluoxetine 20 mg or placebo. Abdominal pain scores, individual gastrointestinal 
symptomss (GSRS), global symptom relief and psychological symptoms (SCL-90) 
weree assessed before and after the intervention. 
RESULTS:: At baseline, 21/40 patients showed hypersensitivity to rectal distension. 
Fluoxetinee did not significantly alter the threshold for discomfort / pain relative to 
placebo,, neither in hypersensitive (19  3 vs. 22  2 mm Hg above MDP) nor in 
normosensitivee (34  2 vs. 39  4 mm Hg above MDP) IBS patients. Overall, 53% 
off  fluoxetine treated patients and 76% of placebo treated patients reported 
significantt abdominal pain scores after six weeks (NS). In contrast, in hypersensitive 
patientss only, fluoxetine significantly reduced the number of patients reporting 
significantt abdominal pain. Gastrointestinal symptoms, global symptom relief and 
psychologicall  symptoms were not altered. 
CONCLUSIONS:: Fluoxetine does not change rectal sensitivity in IBS patients. 
Possiblee beneficial effects on pain perception need to be confirmed in larger trials. 

ABBREVIATIONS:: IBS: Irritable bowel syndrome; SSRI: selective serotoinin 
reuptakee inhibitor; TCA: tricyclic antidepressant; MDP: minimal distending 
pressure;; HV: healthy volunteers 
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I N T R O D U C T I ON N 

Thee potential role of antidepressants in the treatment of the irritable bowel 
syndromee (IBS) is increasingly recognised, in particular for the treatment of 
abdominall  pain associated with IBS. A recent meta-analysis of eleven published, 
randomisedd placebo controlled trials on the effectiveness of antidepressants in 
functionall  gastrointestinal disorders, of whom nine included IBS patients, showed a 
favourablee outcome for both general symptom relief and pain scores during 
treatmentt with antidepressants1. However, this analysis also revealed that the overall 
qualityy of the studies was low to moderate, mosdy because of the limitations of 
blindingg the study because of side effects. In addition, studies evaluating the 
efficacyy of selective serotonin reuptake inhibitors (SSRIs) in IBS were not included, 
simplyy because these studies were not available. SSRIs have a favourable safety 
profilee and better tolerability compared with tricyclic antidepressants (TCAs), and 
aree therefore widely recommended in various guidelines and reviews on the 
treatmentt of IBS, despite the lack of objective clinical evidence14. More recentiy, it 
wass shown that the SSRI paroxetine improved health related quality of life in 
patientss with IBS, compared with 'treatment as usual'5, further supporting a case for 
SSRIsSSRIs in IBS, although placebo controlled studies are still awaited. 

Thus,, although the evidence is not fully conclusive, antidepressants seem 
effectivee in the treatment of IBS. However, the mechanisms by which 
antidepressantss exert their action are still unclear. For example, although most, but 
certainlyy not all of the studies mentioned above assessed psychological symptoms, 
onlyy two excluded patients with overt depression. Psychological symptoms, such as 
depressionn and anxiety are common in IBS patients6. Therefore, the observed 
beneficiall  effects may also be explained by the psychotropic effects of the agents 
studied.. In addition, no biological markers were used to assess the possible visceral 
analgesicc properties of antidepressants in IBS, such as measurement of colorectal 
sensitivity.. Further studies addressing these issues may not only improve the 
currentiyy disappointing efficacy in the treatment of IBS symptoms, but also our 
understandingg of the pathogenesis of IBS. 

Att present, enhanced visceral sensitivity or visceral hypersensitivity is regarded 
ass a central mechanism in the development of IBS symptoms7'8. Several promising 
neww treatments with drugs shown to reduce visceral perception have recently come 
too attention, including the K-opioid receptor agonist fedotozine, the somatostatin 
analoguee octreotide and the 0l2-adrenergic agonist clonidine9 n. Antidepressants 
havee neuromodulatory and analgesic properties, and there is evidence that 
antidepressantss may also improve IBS symptoms by reducing visceral sensitivity. 
Forr example, the TCA amitriptyline increased the threshold for pain during rectal 
distensionn in patients with IBS, which correlated with symptom improvement12. 
Notably,, the visceral antinociceptive effect of antidepressants may be specific for 
statess of visceral hypersensitivity, since amitriptyline did not alter visceral 
perceptionn in healthy volunteers13. This in contrast with studies on somatic pain, in 
whichh TCAs, but also other classes of antidepressants such as SSRIs, reduce the 
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perceptionn of pain in both healthy controls and in patients with various pain 
syndromes1317. . 

Inn the present study, we hypothesised that fluoxetine, a well known SSRI, has 
viscerall  analgesic effects, leading to an increase in sensory thresholds during rectal 
distension.. We anticipated that this effect would be more pronounced in patients 
withh lowered sensory thresholds, or visceral hypersensitivity, compared with patients 
withh normal rectal sensitivity. Therefore, we studied the effect of six weeks 
treatmentt with fluoxetine or placebo on rectal sensitivity in 40 consecutive, non-
depressedd IBS patients. As secondary endpoint, we also evaluated the effect of 
fluoxetinee on IBS symptoms. 

PATIENTSS A N D M E T H O DS 

STUDYY SUBJECTS 

Fortyy patients with irritable bowel syndrome (18 men and 22 women; age 18-59 
years;; mean age 40  2 years) participated in the study. Based on their clinical 
history,, 16/40 (40%) patients were considered as having diarrhoea predominant, 
11/400 (28%) constipation predominant and 13/40 (32%) alternating type IBS. The 
meann duration of symptoms at intake was 5.9  1 years (range 0.3-27 years). AU 
patientss had been unsuccessfully treated previously, of whom 32 (80%) had 
receivedd bulking agents, 24 (60%) analgesics, 20 (50%) mebeverine, 6 (15%) 
cisapridee and 5 (13%) osmotic laxatives. Only one patient had previously been 
treatedd unsuccessfully with an antidepressant (amitriptyline). In addition, in order to 
obtainn normal values, 12 healthy volunteers (9 men and 3 women; age 19-60 years; 
meann age 40  5 years) were studied. All healthy volunteers were free of 
gastrointestinall  symptoms, without previous gastrointestinal surgery and not taking 
anyy medication. 

Thee patients were recruited between February 1999 and September 2001 from 
thee outpatients clinic of the departments of Gastroenterology and Internal Medicine 
att the Academic Medical Centre (AMC), a tertiary referral centre. Patients of 18 
yearss and older with symptoms that fulfilled the Rome I criteria for irritable bowel 
syndrome188 were eligible to enter the study. A minimum work-up to exclude 
organicc disease required normal physical examination, negative sigmoidoscopy / 
colonoscopyy or barium contrast X-ray, normal thyroid stimulating hormone levels 
andd blood counts and negative stool examinations. Patients had to be free of any 
concomitantt disease, including psychiatric disorders. Before inclusion, patients tilled 
outt the Zung Self-rating Depression Scale (Zung SDS)19. This validated 
questionnairee contains 20 multiple choice items, with a score from 1 to 4 each, so 
thatt the total raw point score can range from 20 to 80. Raw scores of more than 49 
aree considered high and indicative for depression19. Therefore, only patients with a 
raww score of < 50 were included. In our population, the mean Zung SDS score was 
388  1 (range 23-48). 

Concomitantt medication likely to interfere with gastrointestinal tract function or 
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viscerall  perception other than fibres or bulking agents was discontinued before 
enteringg the study. Patients were excluded if they were pregnant, breast-feeding or 
off  childbearing potential and not using appropriate methods of contraception. 
Patientss who underwent previous abdominal surgery, except for uncomplicated 
appendectomy,, were also excluded. Al l participants gave their written and informed 
consentt to participate in the study. The study protocol was approved by the Medical 
Ethicss Committee of the Academic Medical Centre. 

STUDYY DESIGN 

Bothh healthy volunteers and patients with IBS were invited to participate. 12 
healthyy volunteers devoid of any gastrointestinal symptoms underwent the same 
barostatt protocol as the IBS patients. These data were used to determine normal 
perceptivee thresholds by which patients with rectal hypersensitivity could be 
identified. . 
Patientss fulfillin g the Rome I criteria were first asked to fill  out the Zung SDS. Only 
afterr exclusion of a clinical significant depression, patients were further eligible to 
participate.. In addition, all patients filled out three different questionnaires (see 
below)) to assess their IBS symptoms and psychological symptoms. Thereafter, a 
rectall  barostat study was performed to assess the sensitivity to rectal distension. 
Subsequently,, patients were randomised 1:1 to receive six weeks oral treatment with 
equall  capsules containing either placebo or fluoxetine 20 mg once daily at bed time, 
inn a double blind fashion. Treatments were randomly assigned by the local hospital 
pharmacyy using a randomisation schedule generated by a standardised computer 
programm (Random, dept. of Biostatistics AMC Amterdam, the Netherlands). 
Fluoxetinee (Prozac®) was supplied by Eli Lill y and Company, Houten, the 
Netherlands.. IBS symptoms and psychological symptoms were scored after two 
andd six weeks treatment. In addition, patients were asked if they experienced global 
symptomm relief (see below). After six weeks, a second rectal barostat study was 
performedd to assess changes in rectal sensitivity. There was no follow-up period 
includedd in the protocol. 

BAROSTATT STUDIES 
Too assess the sensitivity to rectal distension, we used an electronic barostat that 
automaticallyy corrected for the compressibility of air (Synetics Visceral Stimulator, 
Stockholm,, Sweden). Before the distension studies, subjects received a tap water 
enema.. Sixty minutes thereafter, a 500-ml polyethylene bag (maximal diameter 9 
cm),, tightly wrapped on the distal end of a double lumen polyvinyl tube (Salem 
Sumpp tube 14 Ch.; Sherwood Medical St Louis, USA) was introduced in the rectum 
usingg a plastic overtube. The catheter was then connected to the barostat device 
andd the subject was placed in the left lateral decubitus position. The bag was 
unfoldedd by inflating it with 200 ml of air and positioned in the distal rectum by 
gentlyy pulling the catheter back. After a 15-minute adaptation period, minimal 
distendingg pressure (MDP) was determined as the minimum pressure at which the 
intrabagg volume was >30 ml. This pressure level equals the intra-abdominal 
pressure.. Subsequently, a series of phasic, semirandomly ascending isobaric 
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destinationss was performed (phasic distension), followed by a second distension at 
aa constant inflation rate (volume ramp distension), separated by a 15-min 
recuperationn period with the bag deflated. During both distension series, subjects 
scoredd the perception of sensations evoked by rectal distension using a 6-point 
scalee with verbal descriptors (0- no sensation; 1= first sensation; 2= first urge to 
defecate;; 3= normal urge to defecate; 4= severe urge to defecate; 5= discomfort / 
pain).. Sensation scores were automatically logged onto the data file at each score 
point. . 

PhasicPhasic distension: The first distension series was performed using a phasic, 
semirandomlyy ascending isobaric protocol of 3 mm Hg increment above MDP (3, 
6,, 12, 9, 18, 15, 24, 21, 30 mm Hg, etc.), at 38 ml/s, of 2 minutes duration and 
separatedd by 1-minute intervals at baseline (MDP). Sensations were scored halfway 
(att 1 minute) each distension step. The bag was instantaneously deflated if the 
subjectt reported discomfort or pain. For safety, the bag was automatically deflated 
att pressures above 60 mm Hg or volumes above 500 ml. Corresponding volumes 
duringg phasic distension were recorded continuously. 

VolumeVolume ramp distension: 15 min after the phasic distension series, a second distension 
wass performed at a constant inflation rate of 40 ml/min, starting at 0 ml. Subjects 
reportedd when they first perceived sensations corresponding with 1, 2, 3, 4 and 5 on 
thee scale mentioned above. Again, the bag was deflated if the subject reported 
discomfortt or if the maximum intrabag volume (>500 ml) or pressure (>60 mm 
Hg)) was reached. Corresponding pressures during ramp distension were recorded 
continuously. . 

SYMPTOMM ASSESSMENT 

AbdominalAbdominal pain scores: We used a 5-point score to assess the severity of abdominal 
pain.. Patients had to answer the following question: 'please consider how much 
abdominall  pain you experienced in the past 4 weeks'. Possible answers were: 1 = 
None;; 2= Mild; 3= Moderate; 4- Severe; 5= Very Severe. 

GastrointestinalGastrointestinal symptoms: The severity of IBS symptoms of abdominal bloating, 
flatulence,, urgency and the feeling of incomplete evacuation was scored before, at 
twoo weeks and after six weeks treatment, on a self-rated scale, derived from the 
validatedd Gastrointestinal Symptom Rating Scale (GSRS), in which symptoms are 
ratedd on a 7-graded Likert scale, with descriptive anchors ranging from 'no 
discomfortt at all' (=0) to 'very severe discomfort' (=6)20. 

GlobalGlobal symptom relief: Global symptom relief was assessed after two and six weeks 
treatmentt by answering the following question: 'Please consider how you felt the 
pastt two weeks in regard to your irritable bowel syndrome. Compared to the way 
youu felt before entering the study, how would you rate your relief of symptoms 
duringg the past two weeks?' Possible answers were: relieved; unchanged; or worse. 
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PsychologicalPsychological symptoms: Psychological symptom scores were obtained using the 
validatedd Symptoms Check List 90 (SCL-90)21. The SCL-90 is a self rated 
questionnaire,, consisting of 90 items, designed to assess various dimensions of 
psychopathology.. These include interpersonal sensitivity (including distrust), 
hostility,, depression, anxiety, agoraphobia, insufficiency of functioning (obsessive-
compulsivee behaviour) and sleep disturbance. Population norms were available 
fromm studies carried out in the Netherlands22. 

DATAA ANALYSIS 

Primaryy endpoints were the thresholds for discomfort / pain during rectal 
distension.. Secondary endpoints were abdominal pain scores and individual 
gastrointestinall  symptoms, global symptom relieve and psychological symptoms. 
Thresholdss for first sensation, urge and discomfort / pain during both phasic and 
volumee ramp distension were assessed before and after the intervention period. 
Sincee hypersensitivity is best elicited by rapid, phasic distension protocols23, we used 
thee threshold for discomfort / pain obtained during phasic distension to determine 
hypersensitivityy to rectal distension. Hypersensitivity was defined as a threshold for 
discomfortt / pain during phasic distension of less than the 10th percentile of healthy 
volunteers.. Rectal compliance was calculated as the slope of the pressure-volume 
curvee during phasic distension, obtained by measuring the mean intrabag volumes 
overr the last 60 s of each distension step and plotting it against the corresponding 
distendingg pressure. Gastrointestinal symptoms (GSRS) and abdominal pain scores 
weree considered significant if patients reported a score of at least 4, on a scale of 0-
66 and 1-5 respectively. The proportion of patients who reported global relieve of 
IBSS symptoms was assessed after 2 and six weeks treatment. SCL-90 scores were 
obtainedd before and after the intervention period and compared within and 
betweenn groups. In addition, the number of patients with abnormal SCL-90 
subscoress compared to the national normative value was assessed. 

STATISTICS S 

Thee primary endpoint was the threshold for discomfort / pain during rectal 
distension.. Based on data derived from a previous study, showing that octreotide 
significandyy increased the pain threshold in IBS patients10, we assumed that the 
commonn standard deviation would be 6 mm Hg, and that a relevant detectable 
differencee would be 8.4 mm Hg, (standardised difference = 1.4). This would require 
100 patients in each treatment group in order to obtain a power of 90% at the 5% 
one-sidedd significance level. As we wanted to compare normosensitive and 
hypersensitivee patients and approximately 50% of IBS patients exhibit 
hypersensitivityy to rectal distension, 20 patients were included in each treatment 
group.. In addition, this number would give sufficient statistical power (i.e. at least 
85%% power at the 5% significance level) to detect differences in symptom scores of 
>11 SD between treatments within the overall group. Continuous data were 
comparedd using the Student /-test for independent samples and the paired /-test for 
relatedd samples. Nominal data were compared by the Mann-Whitney U test 
(independentt samples) or the Wilcoxon signed rank test (related samples). 
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Comparisonn of proportions was performed using Chi-square testing, with Fisher's 
correctionn when appropriate. Differences were considered significant at the 5% 
level.. Data are presented as mean  SEM for continuous data and median 
(interquartilee range) for nominal data. Statistical evaluations were performed using 
commerciallyy available software (SPSS 11.0; SPSS Inc. Chicago IL, USA). 

RESULTS S 

RECTALL SENSITIVITY IN IBS: COMPARISON WITH HEALTHY VOLUNTEERS 

Healthyy volunteers 
PressurePressure sensitivity: In healthy volunteers (HV), MDP was 6 + 1 mm Hg. Thresholds 
forr first sensation, urge and discomfort / pain during phasic, isobaric distension 
weree 6 + 1, 14 + 2 and 39 + 3 mm Hg above MDP respectively (Table 1). The 
lowerr limit of normal for discomfort / pain, defined as the 10th percentile of the 
thresholdd for discomfort / pain in healthy volunteers, was 25 mm Hg (Figure 1). 

VolumeVolume sensitivity: During volume ramp distension, thresholds for first sensation, 
urgee and discomfort / pain were 105  33, 232  33 and 348  27 ml respectively. 

RectalRectal compliance: The slope of the pressure-volume curve was calculated from the 
dataa obtained during phasic distension. In HV, the slope of the pressure-volume 
curvee was 6 + 1 ml / mm Hg. 

IBSS patients at baseline 
PressurePressure sensitivity: In IBS patients, MDP was 8  1 mm Hg, and thresholds for first 
sensationn and urge during phasic distension were 4  1 and 12  1 above MDP 
respectivelyy (not significantly different from HV; See Table 1). In contrast, the 
thresholdd for discomfort was significantly decreased compared with HV (29  2 vs. 
399  3 mm Hg above MDP, P= 0.01). Using the 10th percentile of HV as the lower 
limi tt of normal (> 25 mm Hg), 21 patients (53%) had a decreased threshold for 
discomfortt / pain during phasic, isobaric distension, and were therefore considered 
hypersensitivee to rectal distension (Figure 1). Patients characterised by 
hypersensitivityy to rectal distension had significantly lower thresholds for first 
sensation,, urge and discomfort during phasic distension, compared with HV, 
whereass patients with normal sensitivity had sensory thresholds comparable with 
HVV (See Table 1). 
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HV V IBS S 

AllAll  Normosensitive Hypersensitive 

Firstt sensation 
Urge e 
Discomfort/Pain n 

1 1 
144 2 
399 3 

1 1 
122 1 

299 * 

1 1 
177 2 
399 2 

33 * 
88 * 
199 +1* 

(NN = 12) (NN = 40) (NN = 19) (NN = 21) 

TABLEE 1: Perceptive thresholds (mm Hg above MDP) during phasic, isobaric distension. 
ValuesValues are means  SUM. *P < 0.05 versus healthy volunteers 
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FIGUREE 1. Individual thresholds (mm Hg above MDP) for discomfort / pain during phasic, isobaric rectal 
distensiondistension in 12 healthy volunteers (HV) and 40 IBS patients (IBS) with no active treatment (before 
intervention).intervention). Using the 10"' percentile ofHV as the lower limit of normal (> 25 mm Hg), 21 patients 
(53%)(53%) had a decreased threshold for discomfort / pain, and were therefore considered hypersensitive to rectal 
distension. distension. 

VolumeVolume sensitivity: Thresholds for first sensation and urge during volume ramp 
distensionn were not significantly different for IBS patients, compared with HV (first 
sensation:: 79  11 vs. 105  33 ml; urge: 186  12 vs. 232  33 ml), whereas the 
thresholdd for discomfort / pain was significantly decreased (279  12 ml vs. 348
26,, P= 0.01). Patients characterised by hypersensitivity to phasic rectal distension 
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showedd comparable thresholds for first sensation (74  15 vs. 105  33 ml), tended 
too report decreased thresholds for urge (164  17 vs. 232  33 ml, P= 0.05); and 
hadd significandy decreased thresholds for discomfort / pain (232  33 vs. 348  27 
ml,, P= 0.002) during volume ramp distension, compared with HV. In patients with 
normall  sensitivity, sensory thresholds were comparable with HV (first sensation: 86 

 14 vs. 105  33 ml; urge: 214 + 13 vs. 232  33 ml; and discomfort / pain 317
177 vs. 348 7 ml). 

Recta/Recta/ compliance: The slope of the pressure-volume curve in IBS patients (phasic 
distension)) was 7  1 ml / mm Hg (not significantly different from HV), which was 
similarr for hypersensitive (8 1 ml / mm Hg) and normosensitive (6  1 ml / mm 
Hg)) patients. 

EFFECTSS OF FLUOXETINE IN IBS PATIENTS 
Treatment,, tolerabilit y and side effects 
Off  the 40 patients that entered the study, 19 (12 female) were randomised to 
receivee fluoxetine and 21 (10 female) placebo. The proportion of patients with 
hypersensitivityy to rectal distension was not significandy different in the fluoxetine 
groupp compared with placebo (8/19 (42%) and 13/21 (62%) respectively). A total 
off  34 patients completed the study. Six dropped out because of intolerable side 
effects,, 2 in the fluoxetine group (both normosensitive) and 4 in the placebo group 
(33 hypersensitive). Overall, the number of patients reporting side effects was 
comparablee between the groups (placebo: 8 patients vs. fluoxetine: 10 patients) . 
Thee most frequent complaints were diz2iness and drowsiness, and less frequendy 
diarrhea,, constipation, headaches, nausea and itching. 

Effectt  of fluoxetine on rectal sensitivity 
PressurePressure sensitivity: At baseline, sensory thresholds during phasic, isobaric distension 
weree not significantly different for patients who were randomised to receive 
fluoxetine,, compared with those assigned to receive placebo (first sensation: 5  1 
andd 4  1 mm Hg, respectively; urge: 14  2 and 11  1 mm Hg, respectively; and 
discomfortt / pain: 30  3 and 28  3 mm Hg, respectively, see Figure 2). After six 
weekss treatment, no changes in the thresholds for first sensation, urge and 
discomfortt / pain were observed in the fluoxetine treated group, compared with 
placeboo (first sensation: 5  1 and 4  1 mm Hg, respectively; urge: 14  3 and 13 

 2 mm Hg, respectively; discomfort / pain: 28  3 and 29  3 mm Hg, 
respectively,, see Figure 2). 
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FIGUREE 2. Effect of fluoxetine (hatched bars) and placebo (open bars) on the threshold (mm Hg above 
MDP)forMDP)for discomfort / pain during phasic, isobaric rectal distension in IBS patients. Data are expressed as 
meansmeans SEM. No significant differences were observed. 

VolumeVolume sensitivity: The sensory thresholds during volume ramp distension for 
patientss in the fluoxetine group were not different from those of patients in the 
placeboo group before the intervention (first sensation: 73  15 and 84  15 ml, 
respectively;; urge: 182  17 and 189  17 ml, respectively; and discomfort / pain: 
2788 9 and 279  17 ml, respectively). After six weeks treatment, the thresholds 
forr first sensation, urge and discomfort / pain were not significandy altered by 
fluoxetine,fluoxetine, compared with placebo (first sensation: 93  20 and 94  15 ml, 
respectively;; urge: 188  20 and 215  22 ml respectively; discomfort / pain: 281
188 and 303  22 ml respectively). 

RectalRectal compliance: The slope of the pressure-volume curve obtained during phasic 
distensionn was comparable between the treatment groups before intervention 
(fluoxetine:: 7  1 vs. placebo: 8  1 ml /mm Hg) and this was not significantly 
alteredd after six weeks (fluoxetine: 7  1 vs. placebo: 8  1 ml /mm Hg). 

Effectss of fluoxetine on symptoms 
AbdominalAbdominal pain: At baseline, before treatment, the proportion of patients reporting 
significantt abdominal pain was not significandy different for patients randomised 
too receive fluoxetine or placebo (89% and 76% respectively). Although the 
proportionn of patients reporting significant abdominal pain was significandy smaller 
afterr six weeks treatment with fluoxetine, compared to baseline (53% vs. 89 %, P= 
0.03,, see Figure 3), which was not seen in the placebo treated group (76% vs. 76 
%),, the difference between the treatment groups did not reach statistical 
significancee at six weeks (fluoxetine: 53% vs. placebo: 76%, P= 0.2; see Figure 3). 
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FIGUREE 3. Bars representing the proportion of patients reporting significant abdominal pain (i.e. minimal 4 
onon a 1-5 scale) before and after 6 weeks treatment with fluoxetine (hatched bars) and placebo (open bars). 
*P*P <0.05 by Chi-square. 

GastrointestinalGastrointestinal symptoms: The proportion of patients reporting significant symptoms 
off  bloating, flatulence, urgency and incomplete evacuation was also not significantly 
differentt at baseline for patients randomised to receive fluoxetine or placebo 
(bloating:: 53% and 48%, respectively; flatulence: 58% and 56%, respectively; 
urgency:: 32% and 33%, respectively; and incomplete evacuation: 53% and 43% 
respectively).. After six weeks treatment with fluoxetine, no significant differences 
weree observed, for any of the symptoms, compared with placebo (bloating: 59% 
andd 47%, respectively; flatulence: 63% and 53%, respectively; urgency: 41% and 
18%,, respectively; and incomplete evacuation: 50% and 29% respectively). 
Symptomm scores obtained after two weeks also showed no significant differences 
betweenn the treatment groups for any of the symptom scores (data not shown). 

GlobalGlobal symptom relief: After two weeks treatment, 16% of patients in de fluoxetine 
groupp reported global relief of their IBS symptoms, compared to 24% in the 
placeboo group (not significant). Although more patients reported global relief after 
sixx weeks in both treatment groups, there was no significant difference between 
fluoxetinefluoxetine (53%) and placebo (43%). 

PsychologicalPsychological symptoms: Psychological symptom scores were obtained using the SCL-
900 check list. Compared to normal values, derived from the general population in 
thee Netherlands22, 7 (18%) patients had abnormal scores for sleep disturbance, 5 
(13%)) for insufficiency of functioning, 5 (13%) for somatisation 3 (8%) for 
agoraphobia,, 2 (5%) for anxiety, 2 (5%) for depression, 1 (3%) for interpersonal 
sensitivityy and 1 (3%) for hostility, as assessed before treatment (N=40). At 
baseline,, the proportion of patients with abnormal SCL-90 subscores was not 
significandyy different for patients randomised to receive fluoxetine or placebo. 
Tablee 2 summarises the median scores {interquartile range) of the individual SCL 
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subscores,, before and after treatment with fluoxetine or placebo for the overall 
groupp of patients. Fluoxetine did not significantly alter any of the individual 
psychologicall  symptom scores, compared with placebo. 

BaselineBaseline (before treatment) After 6 weeks treatment 

Agoraphobia a 
Anxiety y 
Depression n 
Somatization n 
Insufficiencyy of functioning 
Interpersonall  sensitivity 
Hostility y 
Sleepp disturbance 

Placebo o 

88 (7-9) 
14(12-15) ) 
255 (22-28) 
20(18-23) ) 
155 (12-18) 
233 (21-28) 

77 (6-8) 
66 (4-8) 

Fluoxetine e 

7(7-8) ) 
122 (10-16) 
222 (20-30) 
211 (15-26) 
133 (1048) 
233 (19-29) 

77 (6-8) 
66 (3-8) 

Placebo o 

88 (7-8) 
13(12-16) ) 
23(19-28) ) 
18(16-20) ) 
15(11-18) ) 
200 (19-29) 

77 (6-8) 
55 (3-10) 

Fluoxetine e 

77 (7-8) 
111 (10-14) 
200 (17-26) 
177 (16-23) 
133 (11-13) 
199 (18-24) 

66 (6-7) 
55 (3-10) 

TABLEE 2. SCL-90 subscores for psychological symptoms. Values are medians (interquartile 
range).range). No significant differences were found. 

HYPERSENSITIVEE VERSUS NORMOSENSITIVE PATIENTS 
Rectall  sensitivity 
PressurePressure sensitivity: At baseline, both hypersensitive and normosensitive patients who 
weree randomised to receive fluoxetine had comparable thresholds for discomfort/ 
pain,, compared with those assigned to receive placebo (hypersensitive: 18  2 and 
199  1 mm Hg, respectively; normosensitive: 39 + 3 and 39  3 mm Hg, 
respectively).. As we hypothesised that fluoxetine would reduce rectal sensitivity, we 
anticipatedd that this effect should preferentially be detected in hypersensitive 
patients.. However, fluoxetine did not significantly alter the mean threshold for 
discomfortt / pain compared with placebo, neither in hypersensitive (18  2 versus 
199  1 mm Hg) nor in normosensitive (34  2 versus 39  4 mm Hg) patients. In 
addition,, individual discomfort thresholds remained unaltered during both 
treatments,, both in normosenstive and hypersensitive patients (see Figure 4). 

VolumeVolume sensitivity: Maximum tolerable volume, or the threshold for discomfort/pain 
duringg volume ramp distension in the fluoxetine group was not significantly 
differentt from the placebo group both for hypersensitive (before: 241  22 and 256 

 21 ml respectively; after six weeks: 246 4 and 279 5 ml respectively) and 
normosenstivee (before: 315 6 and 319 2 ml respectively; after six weeks: 311 

33 and 334 8 ml respectively) patients. 
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FIGUREE 4. Evolution of individual thresholds for discomfort / pain during rectal distension studies before 
andand after 6 weeks treatment with placebo or fluoxetineNormosensitive: Patients characterised by normal 
sensitivity;sensitivity; and Hypersensitive: Patients characterised by hypersensitivity to rectal distension. 

Rectall  compliance: The slope of the pressure-volume curve obtained during phasic 
distensionn was comparable between fluoxetine and placebo treated patients before 
interventionn (hypersensitive patients: 8  1 and 9  1 ml / mm Hg, respectively; 
normosensivee patients:  1 and 6  1 ml / mm Hg, respectively), and this was 
nott significantly altered after six weeks treatment (hypersensitive patients: 7  1 and 
99  1 ml / mmHg, respectively; normosensive patients: 7  1 and 6  1 ml / 
m m H g,, respectively). 

Symptoms s 
Althoughh this study was powered to study a possible effect of fluoxetine on rectal 
sensitivityy in both hypersensitive and normosensit ive subjects and on symptoms for 
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thee overall treated patients, we also performed post-hoc analysis of symptoms based 
onn the presence of hypersensitivity. We did this because we wanted to generate 
cluess for directing future studies on new treatments for IBS. 
Inn general, symptom scores at baseline were comparable for hypersensitive and 
normosensitivee patients, except for psychological symptom scores. That is, 
hypersensitivee patients tended to report decreased SCL-90 scores compared with 
normosensitivee patients, illustrated by significantly lower scores for depression (28 
(24-31)) vs. 22 (20-25) P=0.02), anxiety (15 (13-18) vs. 12 (10-15), P=0.04) and 
interpersonall  sensitivity (27 (21-38) vs. 22 (18-23) P=0.04). 
Symptomss of bloating, flatulence , urgency and incomplete evacuation and global 
symptomm relief were not significantiy altered by fluoxetine, compared with placebo 
iff  hypersensitive and normosensitive patients were analyzed separately. In contrast, 
thee proportion of hypersensitive patients reporting significant abdominal pain was 
significantlyy lower after six weeks fluoxetine, compared with placebo (3/8 (38%) 
andd 9/10 (90%), respectively, P= 0.04; see Figure 5), which was not seen in 
normosensitivee patients (6/9 (67%) and 4/7 (57%), respectively, see Figure 5). 
Theree were no significant differences between hypersensitive and normosensitive 
patientss in response to both treatments on psychiatric symptom scores. 
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FIGUREE 5. Bars representing the proportion of patients reporting significant abdominal pain (i.e. minimal 4 
onon a 1-5 scale) before and after 6 weeks treatment with fluoxetine (hatched bars) and placebo (open bars). 
SeparateSeparate analysis was performed in hypersensitive and normosensitive patients. 
*PP <0.05 by Chi-square. 

DISCUSSION N 

Ourr study demonstrates that fluoxetine has no effects on visceral sensitivity, 
questioningg its visceral analgesic properties in non-depressed IBS patients. In 
addition,, no effect on IBS symptoms could be demonstrated in the overall treated 
patients.. However, in patients with hypersensitivity to rectal distension, fluoxetine 
reducedd the number of patients reporting significant abdominal pain, which was not 
observedd in patients with normal rectal sensitivity. Future, larger clinical trials are 
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certainlyy required to confirm this. 
Theree is increasing evidence that antidepressants are effective in the treatment 

off  patients with IBS1-15. However, the objective clinical evidence is scarce, and 
mechanisticc insights in how antidepressants could work in IBS are lacking. In 
additionn to their psychotropic action, antidepressants have neuromodulatory and 
analgesicc properties, of which the most convincing clinical evidence comes from 
experimentall  models of somatic pain and various somatic pain syndromes1317. 
Thesee studies also confirm the analgesic potential of SSRIs (including fluoxetine), 
althoughh TCAs, in particular amitriptyline, seem superior in this perspective and are 
certainlyy the best studied. The mechanisms by which antidepressants have analgesic 
effectss are largely unknown, but seem to be independent from their psychotropic 
action.. The modulation of nociceptive stimuli by antidepressants has been 
suggestedd to involve serotonergic, noradrenergic and opioidergic systems, and are 
mostt likely centrally mediated, although the involvement of spinal and / or 
peripherall  mechanisms has not been well established24-25. These findings have led to 
thee evaluation of antidepressants in visceral sensitivity. Visceral hypersensitivity is 
consideredd one of the major pathophysiological mechanisms underlying the 
generationn of symptoms in IBS7-8 and can be demonstrated as hypersensitivity to 
rectall  distension in 20-80% of IBS patients across studies26. From a therapeutic 
pointt of view, restoring normal visceral sensitivity would be a promising approach 
too treat patients with IBS. In previous studies, amitriptyline increased the threshold 
forr pain during rectal distension in IBS patients12, whereas imipramine, another 
TCA,, reduced esophageal sensitivity in both healthy controls and in patients with 
noncardiacc chest pain27'28, suggesting that antidepressants may have visceral 
analgesicc properties. 

Inn this study however, the SSRI fluoxetine did not change the thresholds for 
discomfortt / pain during phasic, isobaric rectal distension in IBS patients. Also, if 
patientss with hypersensitivity were analysed separately, no effects on rectal 
sensitivityy could be demonstrated. These findings argue against a visceral analgesic 
effectt of fluoxetine. In addition, no effects on maximum tolerated volume or rectal 
walll  compliance were observed, excluding an effect on rectal tone. Possible 
beneficiall  effects of fluoxetine in IBS patients can therefore not be explained by 
alterationss in gut sensitivity and / or relaxation of the gut wall. 

Wee could not demonstrate any overall effects of fluoxetine on IBS symptoms, 
comparedd with placebo. Theoretically, the possible prokinetic side effects SSRIs 
suchh as fluoxetine may be beneficial for the treatment of constipation related 
symptomss and gas retention in IBS subgroups29. However, this needs to be further 
studied.. At least in this population and with the current dose, we could not 
demonstratee any effects on symptoms of bloating, flatulence, urgency or the feeling 
off  incomplete evacuation. The effects of fluoxetine on pain perception were less 
conclusive.. Although no significant difference could be demonstrated between 
treatmentss for the overall treated patients, fluoxetine significantly decreased the 
proportionn of patients reporting significant abdominal pain scores compared to 
baseline,, which was not seen during treatment with placebo. In addition, 
hypersensitive,, but not normosensitive patients reported less severe pain scores 
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afterr 6 weeks fluoxetine, which was statistically significant compared with placebo. 
Althoughh these data should be interpreted with caution because of the limited 
numberr of patients, this may have implications for future study designs further 
evaluatingg the antinociceptive effects of SSRIs in IBS, since patients characterised 
byy visceral hypersensitivity may respond better to treatment. Whether this can be 
confirmedd in larger studies and how this can be explained needs to be awaited. 

Too our knowledge, this is the first placebo controlled study evaluating the effect 
off  a selective serotonin reuptake inhibitor (SSRI) on visceral perception and IBS 
symptoms.. However, the use of SSRIs is widely recommended in various guidelines 
andd reviews on the treatment of IBS14. Besides unpublished clinical experience, 
thesee recommendations are based on one uncontrolled retrospective study and a 
feww case reports2932. More recently, it was shown that the SSRI paroxetine 
increasedd health related quality of life in IBS, in a randomised comparative study 
withh psychotherapy and routine treatment5. It should be emphasised though that in 
additionn to their uncontrolled nature, all of these studies included patients with 
documentedd concomitant clinical depression. In contrast, we included only non-
depressedd IBS patients. In addition, no effects on psychological symptoms could be 
demonstrated.. Therefore, the observed beneficial effects of fluoxetine in clinical 
practicee may depend mainly on its psychotropic action, possibly explaining the lack 
off  effect on symptoms in our selection of patients. Whether this also applies to 
otherr types of antidepressants for IBS, such as TCAs, needs to be further clarified. 
Forr example, there is evidence that amitriptyline does indeed decrease rectal 
sensitivityy in IBS patients, although this too was not a placebo controlled study 12. 
Givenn the limitations of our study, we can only speculate on these issues. However, 
ass long as there are no mechanistic insights in how antidepressants work in IBS, we 
cannott rule out the possibility that it is treating concomitant psychiatric symptoms 
fromm which IBS patients benefit most. 

Wee perceive that there are several limitations in the interpretation of this study. 
Firstly,, the number of patients studied is rather limited to exclude any effects on 
symptomm relief. We powered our study based on the primary end-point, i.e. the 
thresholdd for pain / discomfort during rectal distension. In case a phase II trial was 
too be performed based on symptom improvement, we would need a substantial 
largerr sample size. For example, if we took global symptom relief as endpoint for 
futuree studies, a sample size of 426 in each group would be needed to confirm a 
10%% point difference with a placebo response of as high as 43 %, as found in the 
currentt study. Such small differences with placebo are rather usual in IBS as seen in 
recentt successful trials with promising agents such as 5-HT agonists and 
antagonists,, reporting percentage point differences of 11 to 173335 Thus, our data 
shouldd be interpreted with caution with respect to the overall benefits of fluoxetine 
forr IBS patients. Secondly, our method of assessing visceral sensitivity using rectal 
balloonn distension may not be the method of choice to detect subtle changes in 
viscerall  sensitivity. One disadvantage of our approach could be that in general, 
protocolss requiring repetitive stimuli are time consuming and therefore subject to 
elementss of fatigue or perceptual bias36. However, we aimed to limit this 
anticipatoryy behaviour by delivering the various distensions in a pseudo-random 
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order,, as described previously37. Alternatively, changes in visceral sensitivity in IBS 
mayy be more pronounced if assessed by distending the colon or even the small 
bowel38-399 However, at present, there are no clear data showing which method of 
testingg visceral sensitivity is more sensitive and thus should be the method of choice 
forr assessing possible visceral analgesic agents in IBS patients. Finally, although we 
appliedd the Rome I criteria18 instead of the revised and more stringent Rome II 
criteria40,, patients were recruited from a tertiary referral centre, and may therefore 
representt a more seriously affected population of patients, so that the results of this 
studyy may not be applicable to the average IBS patient. 

I nn conclusion, fluoxetine does not change rectal sensitivity and symptoms in IBS 
patients.. Therefore, the beneficial effects of fluoxetine for IBS seem limited. 
Furtherr objective studies are needed to verify the proposed role of SSRIs in the 
treatmentt of IBS symptoms. These studies need to further clarify important issues 
suchh as the impact of possible concomitant psychiatric disease, different subclasses 
andd different doses of SSRIs, comparison with other classes of antidepressant 
agentss such as TCAs, and possible differential effects for visceral hypersensitive and 
normosensit ivee patients 
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Summaryy & Conclusions 

Thee concept of visceral hypersensitivity has become an established factor in our 
understandingg of the development of symptoms in functional gastrointestinal 
disorderss (FGIDs). Since die original paper by Ritchie in 1973, several independent 
researchh groups have confirmed that patients with irritable bowel syndrome (IBS) 
exhibitt increased sensory responses to mechanical distension of the bowel. A 
similarr phenomenon was later described in patients with functional dyspepsia (FD), 
whoo showed hypersensitive responses to distension of the proximal stomach. In the 
presencee of a hypersensitive gut, normal, physiological stimuli may be perceived 
withh increased intensity or may even cause pain, whereas regulatory reflex pathways 
off  gut motility and secretion may become disturbed. Indeed, abdominal pain or 
discomfort,, unexplained by any structural abnormalities and associated with 
alterationss in gut motility, are key features in the symptom pattern of both IBS and 
FD.. It is important to acknowledge that visceral hypersensitivity is not a generalised 
featuree among patients with IBS and FD, but involves about 50% to 60% of 
patients.. Hypersensitivity may therefore only play a role in a distinct subpopulation 
off  patients with FIGDs, who may need to be distinguished from normosensitive 
patientss with regard to their underlying pathophysiology and treatment. In this 
thesis,, we have critically reviewed the clinical evidence reported in the literature 
favouringg visceral hypersensitivity as a therapeutical target in FIGDs. In addition, 
wee further assessed the possible relationship between visceral hypersensitivity and 
symptomss in FGIDs. Finally, we obtained evidence to guide future pharmacological 
strategiess aimed at reducing visceral hypersensitivity in clinical practice. 

Inn CHAPTER 1, we reviewed the available literature to find proof for the concept 
thatt restoring normal sensitivity could provide benefit in patients with IBS and FD. 
Fivee drug classes with proposed visceral analgesic properties and of which 
controlledd data were available addressing their clinical efficacy were selected. These 
includedd opioid substances, serotonergic agents, antidepressants, somatostatin 
analoguess and (X2-adrenergic agonists. Several well designed clinical trials were 
identifiedd convincingly showing that contemporary compounds such as alosetron 
andd tegaserod, but also existing drugs such as tricyclic antidepressants and 
loperamidee are efficacious in FIGDs (in particular in IBS). However, we were 
unablee to find convincing evidence that these particular drugs also reduce visceral 
sensitivityy in humans. Conversely, other drug classes of which the visceroanalgesic 
propertiess in humans seem well established, such as kappa-opioid agonists and 
somatostatinn analogues, appeared to display limited clinical efficacy. It should be 
emphasisedd though that the proposed visceroanalgesic effects of many of the 
selectedd compounds have not been fully characterised in humans. In addition, the 
presumptionn that selected subgroups with documented visceral hypersensitivity 
shouldd benefit most from these interventions has not been well explored. 
Therefore,, in contrast to what seems generally accepted, we conclude that targeting 
viscerall  hypersensitivity as a treatment for FIGDs is still controversial and requires 
furtherr validation. This should involve high quality clinical trials with true visceral 
analgesicss and careful selection of patient subgroups. 

Too support the hypothesis that FIGDs with and without visceral 
hypersensitivityy represent different subgroups with distinct pathophysiologies, we 
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studiedd the association between the presence of visceral hypersensitivity and 
specificc symptoms. Such possible associations may further support the relevance of 
hypersensitivityy to symptom generation, and may also provide a rationale for 
subgroupp selection based on clinical parameters, when evaluating visceral analgesic 
compoundss in future studies. In CHAPTER 2, we showed that despite the substantial 
demonstrablee differences in gut sensitivity, hypersensitive and normosensitive IBS 
patientss present with comparable, heterogeneous symptom patterns. Therefore, 
selectionn based on clinical parameters is unlikely to discriminate individual IBS 
patientss with visceral hypersensitivity from those with normal visceral sensitivity. 
Similarly,, in CHAPTER 3, no correlation could be demonstrated between specific 
dyspepticc symptoms and hypersensitivity to gastric distension in patients with FD. 
Inn addition, impaired accommodation to a meal, another proposed mechanism 
underlyingg the development of symptoms in FD, was also not associated with 
specificc symptoms. Although these findings contrast with comparable studies in 
FD,, our data suggest that there is no clear relationship between dyspeptic 
symptomss and proximal stomach dysfunction. 

Too guide future treatments aimed at restoring normal sensitivity in FGIDs, it is 
importantt to identify the receptors and mediators implicated in visceral perception 
inn humans. At present, most of our understanding of the (patho-) physiology of the 
viscerosensoryy system is derived from animal studies, and cannot simply be 
extrapolatedd to humans. Based on these available experimental data, we chose to 
furtherr explore the roles of two candidate mediators of visceral perception in 
humans,, namely the N-methyl-D-aspartate (NMDA) receptor and nitric oxide 
(NO). . 

Activationn of NMDA receptors plays a role in chronic and 'wind-up'-like 
somaticc pain. In contrast, there is experimental evidence that in the viscera, NMDA 
receptorss are involved not only in mediating hypersensitive states, but also in the 
processingg of both acute noxious and non-noxious stimuli from normal, non-
inflamedd viscera. With this in mind, we studied the effects of two different NMDA 
receptorr antagonists on gastric sensitivity in healthy volunteers. In CHAPTER 4 we 
studiedd the effect of dextromethorphan, a non-opioid antitussive agent with 
NMD AA receptor antagonistic properties, on the sensitivity to gastric balloon 
distension.. In contrast to what we anticipated, dextromethorphan increased rather 
thann decreased gastric sensitivity. Whether this reflected an NMDA mediated effect 
orr a non-specific effect of dextromethorphan remained unclear, since the 
compoundd displays high affinity to several other receptors. Therefore, in CHAPTER 
5,, we performed a similar study with oral S(+)ketamine, another non-competitive 
NMD AA receptor antagonist yet with high affinity to the receptor. In contrast to 
dextromethorphan,, S(+)ketamine did not alter gastric perception in our healthy 
volunteers,, suggesting that the effect of dextromethorphan reflects a non-specific 
actionn via non-NMDA mediated binding sites. Taken together, these data suggest 
thatt NMDA receptor blockade does not reduce visceral sensitivity in health. The 
rolee of NMDA receptors in conditions characterised by visceral hypersensitivity, 
suchh as FIGDs, needs to be further studied. 
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Thee effects of the NO synthase inhibitor L-NMM A on gastric and rectal 
perceptionn in healthy volunteers are described in CHAPTER 6 and CHAPTER 7, 
respectively.. In the stomach, no effect of L-NMM A on the perception of 
distension-inducedd sensations was seen. Similarly, L-NMM A did not alter the 
sensitivityy to rectal distension, indicating that at least in healthy volunteers, NO has 
noo major role in visceral perception. With regard to maintaining fundic and rectal 
tone,, differential effects of NO synthase inhibition were observed. L-NMM A 
decreasedd basal fundic volume and reduced fundic relaxation both after ingestion of 
aa liquid meal and during intra-duodenal lipid infusion, whereas basal rectal volumes 
remainedd unaltered. Thus, we concluded that NO is involved in modulating fundic, 
butt not in rectal tone. 

Too study possible differential effects of NO in (abnormal) hypersensitive states, 
wee also studied the effect of L-NMM A on rectal sensitivity in hypersensitive IBS 
patientss (CHAPTER 7). In contrast to healthy volunteers, L-NMM A significantly 
increasedd the threshold for discomfort/pain during rectal distension in IBS patients, 
whereass rectal tone and rectal compliance remained unaltered. In concert with 
experimentall  studies on visceral hypersensitivity in rats, these findings suggest that 
N OO may be involved in maintaining visceral hypersensitivity in IBS. 

Inn CHAPTER 8, we studied the proposed viscerosensory effects of the selective 
serotoninn reuptake inhibitor (SSRI) antidepressant fluoxetine on symptoms in IBS 
patients.. Our main finding was that fluoxetine had no demonstrable effect on 
viscerall  sensitivity, questioning its visceral analgesic properties in IBS patients. In 
addition,, no effect on IBS symptoms could be demonstrated in the overall treated 
patients.. However, in patients with hypersensitivity to rectal distention, fluoxetine 
reducedd the number of patients reporting significant abdominal pain, which was not 
observedd in patients with normal rectal sensitivity. Although these data should be 
interpretedd with caution because of the limited number of patients, this may have 
implicationss for future study designs further evaluating the antinociceptive effects 
off  SSRIs in FIGDs, since patients characterized by visceral hypersensitivity may 
respondd better to this type of treatment. Whether this can be confirmed in larger 
studiess and how this can be explained needs to be awaited. 
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Despitee the lack of convincing evidence that visceral analgesic drugs are efficacious 
inn clinical practice and the poor correlation with symptoms, visceral hypersensitivity 
mayy still play an important role in the pathogenesis and treatment of FIGDs. 
Therefore,, drug development should continue to focus on new agents with visceral 
analgesicc properties, mainly based on data obtained from animal models. When new 
agentss have been selected for human use, it should be emphasised that differential 
effectss may be expected in normosensitive and hypersensitive subjects. Indeed, we 
showedd that L-NMM A was only effective in IBS patients with documented 
hypersensitivityy but not in healthy volunteers, suggesting that visceral analgesic 
agentss may only be effective in hypersensitive states. This knowledge is of course 
veryy important in the process of future drug evaluation. 

Soo far, clinical trials evaluating the effect of visceral analgesics have only been 
performedd in unselected populations of patients with FIGDs. We believe that in 
orderr to find ultimate proof for the concept of visceral hypersensitivity, the design 
off  clinical trials should be changed such that only patients with proven visceral 
hypersensitivityy should be included. This of course raises the question how patients 
withh visceral hypersensitivity should be selected. As we showed that clinical 
presentationn or non-invasive techniques currentiy available are unable to distinguish 
hypersensitivee from normosensitive patients, gut distension using the barostat 
remainss the investigation of choice. It should be stressed though that this is an 
invasivee and unphysiological technique, which is expensive, time-consuming and 
oftenn bothersome for patients. Clearly, this approach will make large scale clinical 
trialss in FIGDs even more difficult to perform, further stressing the need for future 
researchh developing new non-invasive tools evaluating visceral sensitivity in a more 
physiologicall  manner. 
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Samenvattingg & Conclusies 

Hett concept van viscerale hypersensitiviteit heeft inmiddels een vaste plaats 
gekregenn in ons denken over het ontstaan van symptomen bij functionele 
maagdarmm ziekten (FMDZ). Sinds het oorspronkelijke artikel van Ritchie in 1973 
hebbenn verscheidene onafhankelijke onderzoeksgroepen bevestigd dat patiënten 
mett het prikkelbaar darmsyndroom (PDS) een verhoogde gevoeligheid vertonen 
voorr het mechanisch oprekken van de darm. Een vergelijkbaar fenomeen werd ook 
gezienn bij patiënten met functionele dyspepsie (FD), die overgevoelig waren voor 
oprekkingg van de (proximale) maag. In het geval van een hypersensitieve darm 
kunnenn normale, fysiologische prikkels ervaren worden met een toegenomen 
intensiteitt of zelfs als pijn, terwijl locale reflexen die de darm motoriek en 
darmsecretiee reguleren verstoord kunnen raken. Inderdaad is het zo dat buikpijn en 
ongemak,, geassocieerd met verstoringen van de normale darmmotoriek 
kenmerkendd zijn voor de symptomatologie van zowel PDS als FD, zonder dat 
daarvoorr structurele afwijkingen van de maag of darm aantoonbaar zijn. Het is 
belangrijkk te onderkennen dat viscerale hypersensitiviteit niet bij alle patiënten met 
klachtenn van PDS of FD kan worden aangetoond, maar bij ongeveer 50% tot 60% 
vann de patiënten. Overgevoeligheid van het maagdarm stelsel zou dus alleen een rol 
kunnenn spelen bij een bepaalde subpopulatie van patiënten met FMDZ, die 
mogelijkk onderscheiden dient te worden van de groep patiënten met een normale 
gevoeligheid,, niet alleen wat betreft de onderliggende pathofysiologie maar ook de 
behandeling.. In dit proefschrift hebben we op een rij gezet hoeveel klinisch bewijs 
err bestaat vanuit de beschikbare literatuur, dat viscerale hypersensitiviteit een 
mogelijkk therapeutisch doelwit zou kunnen vormen voor de behandeling van 
FMDZ.. Daarnaast hebben we de mogelijke relatie tussen het bestaan van viscerale 
hypersensitiviteitt en symptomen in FMDZ verder onderzocht. Tenslotte hebben we 
bewijss verzameld om richting te kunnen geven aan toekomstige farmacologische 
interventiess die tot doel hebben de viscerale gevoeligheid te verminderen 

HOOFDSTUKK 1 bestaat uit een systematisch literatuuronderzoek gericht op het 
verzamelenn van bewijs dat het herstellen van de normale gevoeligheid verlichting 
kann geven aan patiënten met PDS of FD. Vij f klassen van geneesmiddelen met 
vermeendee effecten op de gevoeligheid van het maagdarm stelsel en waarvan 
gecontroleerdee gegevens beschikbaar waren ten aanzien van hun klinische 
werkzaamheidd werden geselecteerd. Deze vijf klassen betroffen de opioïden, 
serotoninergee middelen, antidepressiva, somatostatine analogen en ot2-adrenerge 
agonisten.. Er werden verscheidene goed opgezette studies gevonden die op 
overtuigendee wijze de effectiviteit van de modernere middelen als alosteron en 
tegaserodd aantonen, maar ook van bestaande geneesmiddelen als tricyclische 
antidepressivaa en loperamide. Echter, we konden geen overtuigend bewijs vinden 
datt deze middelen ook daadwerkelijk de gevoeligheid van de darm verminderen bij 
mensen.. Andersom bleken andere klassen van geneesmiddelen waarvan de 
pijnstillendee effecten op de menselijke darm goed lijken te zijn aangetoond, zoals 
kappa-opioïdd agonisten en somatostatine analogen, weinig werkzaam te zijn in de 
kliniek.. Hierbij dient te worden aangemerkt dat de vermeende effecten op de 
gevoeligheidd van de darm van veel van de door ons geselecteerde middelen niet 
goedd bleken te zijn onderzocht bij de mens. Verder is de aanname dat vooral 
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patiëntenn die aantoonbaar hypersensitief zijn de meeste baat zouden moeten 
hebbenn bij deze klassen van geneesmiddelen niet goed onderzocht. In tegenstelling 
tott wat algemeen lijk t te zijn geaccepteerd concluderen wij daarom dat het nog 
steedss controversieel is in hoeverre het behandelen van viscerale hypersensitiviteit 
bijj  FMDZ zou leiden tot klachtenverlichting en dat dit concept verdere validatie 
behoeft.. Dit houdt in goed opgezet klinisch onderzoek met 'echte' viscerale 
analgeticaa en zorgvuldige selectie van subgroepen. 

Omm verdere ondersteuning te vinden voor de hypothese dat patiënten met of 
zonderr hypersensitiviteit verschillende subgroepen van FMDZ vormen met een 
verschillendee pathofysiologie, hebben we ook onderzoek gedaan naar de associatie 
tussenn de aanwezigheid van een hypersensitiviteit en specifieke symptomen. 
Dergelijkee associaties zouden verder het belang van viscerale hypersensitiviteit bij 
hett ontstaan van klachten ondersteunen, en zouden tevens kunnen helpen om op 
grondd van klinische kenmerken subgroepen te selecteren voor toekomstige studies. 
Inn HOOFDSTUK 2 laten we zien dat ondanks de overtuigende verschillen in de 
gevoeligheidd van de darm er geen verschil bestaat met welke symptomen 
hypersensitievee PDS patiënten en PDS patiënten met een normale gevoeligheid 
zichh presenteren. Het is daarom niet mogelijk deze twee subgroepen te scheiden op 
grondd van klinische kenmerken. In HOOFDSTUK 3 laten we zien dat ook bij 
patiëntenn met FD geen verband kon worden aangetoond tussen specifieke 
symptomenn en het al dan niet aanwezig zijn van hypersensitiviteit. Verder kon ook 
geenn verband worden gevonden tussen specifieke symptomen en een verstoorde 
maagaccommodatiee na voedsel inname, een ander voorgesteld mechanisme voor 
hett ontstaan van symptomen bij FD. Hoewel deze bevindingen tegengesteld zijn 
aann die van eerdere, vergelijkbare studies, suggereren ze dat de rol van de 
proximalee maag bij het ontstaan van dyspeptische symptomen gering is. 

Omm mogelijke nieuwe behandelingen te ontwikkelen voor de toekomst is het 
verderr belangrijk om kennis te verzamelen over de receptoren en stoffen die 
betrokkenn zijn bij de bewustwording van prikkels afkomstig van organen (de 
visceralee perceptie). Op het moment berust veel van die kennis op onderzoek bij 
dierenn en kan niet simpelweg worden geprojecteerd op de mens. Gebaseerd op die 
dierstudiess hebben we twee belangrijke mediatoren van de viscerale perceptie 
uitgelichtt om verder te onderzoeken bij de mens, namelijk de N-methyl-D-aspartaat 
(NMDA )) receptor en stikstofoxide (NO). 

Bijj  somatische pijn (d.w.z. pijn niet afkomstig van de organen) lijken NMDA 
receptorenn alleen een rol te spelen bij chronische pijn en bij wat in de Engelse 
literatuurr 'wind-up-like pain' heet, dus waarbij pijngeleidende zenuwstructuren 
verhoogdd prikkelbaar zijn. Bij de viscerale perceptie echter, lijken NMDA 
receptorenn niet alleen een rol spelen in vergelijkbare chronische of hypersensitieve 
condities,, maar ook bij het verwerken van acute (pijnlijke- en niet-pijnlijke) prikkels 
inn normale, niet beschadigde weefsels. Met dit als achtergrond hebben we het effect 
vann twee verschillende NMDA receptor antagonisten bestudeerd op de 
gevoeligheidd van de maag in gezonde vrijwilligers. In HOOFDSTUK 4 beschrijven we 
eenn onderzoek naar het effect van dextromethorfan (een antihoestmiddel) op de 
gevoeligheidd voor het oprekken van de maag middels een in de maag geplaatste 
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ballon.. Geheel tegen de verwachting in bleek dat dextromethorfan de gevoeligheid 
voorr de maag eerder verhoogt dan verlaagt. Echter, dextromethorfan werkt niet 
alleenn op de NMDA receptor maar ook op verschillende andere receptoren in het 
centraall  zenuwstelsel. Daarom wordt in HOOFDSTUK 5 een vergelijkbaar onderzoek 
beschrevenn met S(+)ketamine, een andere NMDA receptor antagonist echter met 
eenn meer selectieve binding aan de NMDA receptor. In tegenstelling tot 
dextromethorfann had S(+)ketamine geen enkel effect op de gevoeligheid van de 
maag,, zodat het effect van dextromethorfan toegeschreven zou kunnen worden aan 
eenn niet specifiek effect van het middel op andere structuren dan de NMDA 
receptor.. Dit suggereert dat het blokkeren van NMDA receptoren bij gezonde 
proefpersonenn geen effect heeft op de viscerale gevoeligheid. De mogelijke rol van 
NMDAA receptoren ïn hypersensitieve condities, zoals bij FMDZ moet nog verder 
wordenn onderzocht. 

Dee effecten van L-NMM A (een stof die de aanmaak van NO blokkeert) op de 
gevoeligheidd voor het oprekken van de maag en de endeldarm bij gezonde 
vrijwilliger ss zijn beschreven in HOOFDSTUK 6 en HOOFDSTUK 7. L-NMM A had 
geenn effect op de gevoeligheid van maag of de endeldarm, hetgeen aangeeft dat NO 
geenn grote rol speelt bij de viscerale gevoeligheid van gezonde proefpersonen. Wat 
betreftt het effect op de tonus (wandspanning) werden verschillende effecten gezien 
voorr de maag en de endeldarm. L-NMM A verminderde het maagvolume en 
blokkeerdee de toename in maagvolume na voedsel inname, terwijl het volume van 
dee endeldarm onveranderd bleef. We concluderen dan ook dat NO betrokken is bij 
hett handhaven van de tonus van de maag, maar niet van de endeldarm. 

Omdatt NO mogelijk wel een rol zou kunnen spelen in het geval van een 
hypersensitievee darm hebben we tevens het effect van L-NMM A bestudeerd op de 
gevoeligheidd van de endeldarm bij PDS patiënten met bewezen hypersensitiviteit 
(HOOFDSTUKK 7). In tegenstelling tot gezonde vrijwilligers gaven PDS patiënten die 
behandeldd werden met L-NMM A later pijn of ongemak aan bij het stapsgewijs 
opblazenn van de ballon, zonder dat de tonus of de elasticiteit van de endeldarm 
veranderde.. In overeenstemming met eerdere dierexperimetele studies zou dit 
suggererenn dat NO betrokken is bij de overgevoeligheid van de darm bij PDS. 

HOOFDSTUKK 8 beschrijft een onderzoek naar de mogelijke pijnstillende effecten 
opp de endeldarm van fluoxetine (een SSRI klasse antidepressivum) bij patiënten met 
PDS.. Onze belangrijkste bevinding is dat fluoxetine geen aantoonbaar effect had op 
dee gevoeligheid van de darm, zodat de pijnstillende eigenschappen bij PDS 
patiëntenn beperkt lijken. Bovendien werd er geen effect gezien op PDS symptomen 
inn de totale groep patiënten. Echter, de subgroep van patiënten waarbij 
daadwerkelijkk overgevoeligheid van het de endeldarm werd gevonden gaf wel 
minderr pijn aan tijdens de behandeling met fluoxetine. Hoewel deze gegevens met 
enigee voorzichtigheid dienen te worden betracht gezien het kleine aantal patiënten 
zouu dit consequenties kunnen hebben voor toekomstige onderzoeken naar de 
mogelijkee pijnstillende effecten van SSRI's bij FMDZ, aangezien hypersensitieve 
patiëntenn mogelijk beter reageren op dit type behandeling. In hoeverre dit kan 
wordenn bevestigd en hoe dit zou kunnen worden verklaard moet blijken uit verdere 
studies. . 
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CONCLUSIES S 

Ondankss het gebrek aan overtuigend bewijs dat geneesmiddelen die de gevoeligheid 
vann het maagdarm stelsel verminderen daadwerkelijk werkzaam zijn en de slechte 
correlatiee met symptomen kan viscerale hypersensitiviteit toch een belangrijke rol 
spelenn bij de pathogegenese en behandeling van FMDZ. Het is daarom belangrijk 
doorr te gaan met het ontwikkelen van nieuwe geneesmiddelen die de viscerale 
gevoeligheidd verminderen, gebaseerd op gegevens uit dierexperimentele modellen. 
Wanneerr die nieuwe middelen geselecteerd worden voor gebruik bij mensen dient 
tee worden onderkent dat de effecten kunnen verschillen tussen individuen met een 
normalee gevoeligheid van de darm en hypersensitieve individuen. Wij vonden dat L-
NMM AA alleen effectief was bij PDS patiënten met bewezen hypersensitiviteit en 
niett in gezonde vrijwilligers, hetgeen suggereert dat dergelijke pijnstillende middelen 
alleenn effectief zouden kunnen zijn in hypersensitieve condities. Deze kennis is 
uiteraardd belangrijk bij de verdere evaluatie van geneesmiddelen. 

Tott nu toe werd er bij klinische studies naar FMDZ geen onderscheid gemaakt 
tussenn subgroepen van patiënten met of zonder aantoonbare hypersensitiviteit. Wij 
denkenn dat het ultieme bewijs voor het concept van viscerale hypersensitiviteit 
alleenn geleverd kan worden als klinische studies zodanig worden opgezet dat alleen 
patiëntenn met bewezen hypersensitiviteit worden geïncludeerd. Dit roept vervolgens 
dee vraag op hoe deze patiënten te selecteren. Aangezien wij hebben aangetoond dat 
FMDZZ patiënten met hypersensitiviteit niet van patiënten met een normaal gevoelig 
maagdarmm stelsel kunnen worden onderscheiden op grond van klinische kenmerken 
off  met niet-invasieve technieken, blijf t het mechanisch oprekken van de darm met 
behulpp van de barostat het onderzoek van keuze. Hierbij dient te worden 
aangemerktt dat dit een invasief en weinig fysiologisch onderzoek betreft, dat duur 
is,, tijdrovend en vaak ongemakkelijk voor patiënten. Het moge duidelijk zijn dat 
dezee benadering het zo mogelijk nog moeilijker maakt om op grote schaal klinisch 
onderzoekk te verrichten bij patiënten met FMDZ, hetgeen de noodzaak tot het 
ontwikkelenn van nieuwe, meer fysiologische technieken om de viscerale 
gevoeligheidd te onderzoeken verder onderstreept. 
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