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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. 

Ê  ^ 
<D D 
F F 
3 3 

g g 

n n 
m m 

<--

180--

150--

120--

90--

Healthyy volunteers 

H-4 4 
Startt infusion 

-o—— placebo 

—— L-NMMA 

15-0 0 
—11 1 1 1— 
0-155 15-30 30-45 45-60 

Timee relative to start infusion (rrin) 
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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 

significantlysignificantly alter the pressure thresholds for first sensation or urge to defecate in IBS patients. In contrast, L-

NMMANMMA significantly increased threshold for discomfort/pain compared to placebo in patients with IBS, but 

notnot in healthy volunteers. Data are means + SUM. *P< 0.05 
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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 

151 1 



Chapterr 7 

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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