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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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