
Modification of small bowel mechanosensitivity by
intestinal fat

A M Accarino, F Azpiroz, J-R Malagelada

Abstract
Background—Lipids may exacerbate
symptoms induced by gut stimuli.
Aim—To determine the mechanism
whereby fat exerts this eVect.
Subjects—Twenty four healthy subjects
were studied during fasting.
Methods—We measured perception (0–6
scale) in response to jejunal balloon
distension and transmucosal electrical
nerve stimulation; phasic stimuli (one
minute) were randomly applied at five
minute intervals during intestinal infu-
sion (2 ml/min) of saline and then Intrali-
pid 2 kcal/min (high fat; n=8 subjects),
Intralipid 0.5 kcal/min (low fat; n=8), or
saline (n=8).
Results—Intestinal lipids increased the
perception of jejunal distension regardless
of concentration (by 53% with high fat,
49% with low fat, and 17% with saline;
p<0.05 for both fat loads). This eVect
could not be attributed to changes in
intestinal compliance as intraballoon
pressures remained unchanged during
lipid infusion (2% change; NS). Sensitisa-
tion induced by lipids seemed to be
specifically related to intestinal mech-
anoreceptors because electrical stimula-
tion, which non-specifically activates gut
aVerents, was perceived equally during
saline and lipid administration (10%, 11%,
and 15% change during high fat, low fat,
and saline, respectively; NS).
Conclusion—Physiological amounts of
lipids heighten intestinal sensitivity by
modulating intestinal mechanoreceptor
response.
(Gut 2001;48:690–695)
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Functional gut symptoms—that is, those with-
out a demonstrable cause—tend to arise post-
prandially. However, experimental studies on
the mechanisms of gut perception and the gen-
esis of symptoms are usually performed during
fasting conditions.1 2 This situation may have
inadvertently led to confounding results as meal
related factors may modify visceral
perception.3–7 Following this line of reasoning,
we hypothesised that intraluminal nutrients
heighten intestinal perception, and our aim was
to investigate the potential mechanism involved.
Within this framework we considered three
putative mechanisms of increased intestinal sen-
sitivity: exaggerated mechanoreceptor response,
reduced compliance of the gut wall, and sensory
dysfunction of the aVerent pathways above
receptor level. Hence we investigated the eVects
of intestinal lipids on: (a) perception of intestinal
mechanoreceptor stimulation by balloon disten-
sion; (b) intraluminal pressures at diVerent
distending volumes— that is, intestinal compli-
ance; and (c) perception of intestinal electrical
nerve stimulation. Balloon distension activates
perception pathways via stimulation of gut
mechanoreceptors whereas transmucosal elec-
trical nerve stimulation produces non-specific
activation of aVerent pathways and induces per-
ception without relying on any specific recep-
tor.8 9 We previously showed that mechanical
and electrical stimuli diVerentially activate aVer-
ent pathways in the gut.9 The stimuli were
applied during continuous infusion of lipids
directly into the jejunum at two diVerent
infusion rates: a low rate mimicking intestinal
delivery after a low fat meal and a high,
supraphysiological rate.

Material and methods
PARTICIPANTS

Twenty four healthy individuals without
gastrointestinal symptoms (13 men, 11
women; age range 21–32 years) participated in
the study after giving written informed con-
sent. The protocol for the study was previously
approved by the Institutional Review Board of
the Hospital General Vall d’Hebron.

INTESTINAL STIMULATION

Intestinal stimulation was performed using a
probe previously described in detail.8 9 The
probe consisted of a polyvinyl tube assembly
(OD 5 mm; ID 3 mm) with an inflatable balloon
at its distal tip; the probe also featured a bipolar
electrode and a perfusion port located 5 cm and
10 cm from the tip, respectively (fig 1).

Figure 1 Diagrammatic representation of the probe used. The probe incorporated a
perfusion port, a bipolar electrode for electrical stimulation, and an inflatable balloon.
Electrical stimuli and distensions (one minute duration) were randomly tested (at five
minute intervals) during infusion of either saline, low fat, or high fat while measuring
intraballoon pressures and perception on a 0–6 scale.
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Phasic distensions were produced by inflat-
ing the tip balloon located in the jejunum
15 cm distal to the angle of Treitz with a
predetermined volume of air while recording
intraballoon pressure. The balloon was inflated
with a syringe by the investigator at a median
rate of 10 ml/s (range 7–13) and at the end of
distension the balloon was completely deflated.
Intraballoon pressures were recorded by means
of pressure transducers (model CDK 3; Cobe,
Lakewood, Colorado, USA) on a paper poly-
graph (model 6006; Letica, Barcelona, Spain).
Intraballoon pressures (tonic plus phasic) were
averaged during the last half of each distension
measured in vitro by injecting air volumes up to
56 ml. We used high compliance latex balloons
made with condoms; the intrinsic intraballoon
pressures showed excellent reproducibility and
did not exceed 25 mm Hg.

Electrical stimulation in the jejunum was
produced by a high impedance current stimu-
lator (model 15EO1 Digitism; Dantec, Skov-
lunde, Denmark) connected to the bipolar
electrode (10 cm distal to the angle of Treitz)
using 0.1 ms rectangular pulses at a frequency
of 15 Hz with a predetermined intensity. The
bipolar electrode was built into the rim of suc-
tion holes and when the tube was positioned in
the intestine, suction was applied through the
central lumen of the tube to ensure firm
contact of the electrodes with the gut wall.

PERCEPTION QUESTIONNAIRE

The type and intensity of sensations perceived
in response to distension and electrical stimu-
lation of the jejunum were measured using a
graded questionnaire. Anatomical question-
naires were also applied to determine the loca-
tion, extension, and depth of the sensations.
After each stimulus, participants were given a
signal to report sensations perceived during the
preceding one minute period in the question-
naires. These questionnaires have been previ-
ously validated and described in detail.2 8–13

The graded questionnaire included seven
visual analogue scales graded from 0 (no
perception) to 6 (pain), specifically for scoring:
(a) abdominal pressure/fullness, (b) cramp/
colicky sensation, (c) stinging sensation, (d)
paraesthesia/flutter-like sensation, (e) warmth,
(f) vacuum, and (g) other types of sensation (to
be specified). Participants were asked to score
any perceived sensation (one or more perceived
simultaneously) on the respective scale(s). Per-
ception of somatic stimuli was independently
measured by a similar 0–6 scale.

The anatomical questionnaire incorporated
a diagram of the abdomen divided into six
regions, corresponding to mid and lateral
regions above and below the umbilicus.
Participants were instructed to mark the
location—that is, abdominal region(s)—where
the sensations were perceived. To measure the
extension of the referral area, we used six num-
bered circles that respectively covered 0.5%,
2.5%, 5%, 20%, 50%, and 100% of the
abdominal surface in the diagram depicted in
the anatomical questionnaire. Participants
were asked to select the circle that best
represented the extension of the area over

which sensations were perceived. To measure
depth in the abdomen where sensations were
perceived, we used an abdominal wedge
diagram depicting four concentric strata from
the abdominal surface to the innermost
abdominal core, corresponding to depth levels
of 0%, 33%, 66%, and 100% from the
abdominal surface.

To evaluate symptoms induced by fat
infusion, we used a specific questionnaire that
included the following sensations: sleep, hun-
ger versus satiety, nausea, and feeling of
malaise versus well being. Sleep and nausea
were scored on a scale from 0 to 6; hunger/
satiety was scored on a scale from −6 (hunger)
to +6 (satiety). Similarly, malaise and well
being were scored on a continuous scale from
−6 to +6. During intestinal infusion of both
saline and lipids, the questionnaire was given
twice: 10 minutes after starting the infusion
and towards the end of the infusion period
(four minutes after the first stimulus scored 4
or greater; see experimental design below).

PROCEDURE

Participants were orally intubated by 8 am after
an overnight fast. The tip of the tube was posi-
tioned under fluoroscopic control 15 cm distal
to the angle of Treitz so that the stimulating
electrode and the perfusion port were located
10 cm and 5 cm distal to the angle of Treitz,
respectively (fig 1). The studies were con-
ducted in a quiet isolated room with the
subjects supine in bed at an angle of 30° to the
horizontal. Distensions and electrical stimuli
were tested during continuous infusion (2
ml/min) of saline, Intralipid 0.5 kcal/min (low
fat), or Intralipid 2 kcal/min (high fat) via the
infusion port into the jejunum using an
infusion pump (Compact Enteral Feeding
Pump model 199235; Sandoz Nutrition Cor-
poration, Minneapolis, Minnesota, USA).The
infusion tube and pump were covered so that
participants did not know the type of solution
being infused.

Ten minutes after intestinal infusion was
started, phasic intestinal stimuli of one minute
duration were applied in stepwise increments
(8 ml for distension and 6 mA for the electrical
stimulation) up to the respective threshold for
discomfort—that is, perception score of 5 or
greater. Individual mechanical and electrical
stimuli were applied in random order at five
minute intervals. The stimuli were applied
blindly, that is, hidden from the participants,
and without them knowing either the type or
moment the stimulation was being performed.
At the end of each stimulus, participants were
given the signal to fill out the perception ques-
tionnaire as they had been instructed at the
beginning of the study.

After the sequence of intestinal stimuli, trans-
cutaneous electrical stimuli of one minute
duration were applied in 3 mA steps at one
minutes intervals via skin electrodes on the
non-dominant hand, and otherwise using the
same technique as for transmucosal electrical
stimulation of the jejunum.
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EXPERIMENTAL DESIGN

Each subject participated in only one experi-
ment. In each experiment intestinal stimuli,
both mechanical and electrical, as well as
somatic stimuli, were tested twice: first during
intestinal infusion of saline and subsequently
during intestinal infusion of either high fat
(n=8; five men, three women; age range 22–30
years), low fat (n=8; six men, two women; age
range 21–32 years), or saline (n=8; two men,
six women; age range 20–28 years). The
second infusion period was started five minutes
after the last stimulus of the first period, and
the whole procedure was repeated. In each
sequence of stimulation (that is, during the first
and second infusion periods) each level of
stimulation, including discomfort thresholds,
was tested only once. The study was blinded
and participants were unaware of the order of
the infusions and to which experimental group
they were allocated. The eVect of fat on sensi-
tivity was measured by comparing the percep-
tion scores induced by the same stimuli
repeated during the first and second infusion
periods (see outcome measures below)

OUTCOME MEASURES

Perception of each stimulus was measured by
the score obtained in the graded questionnaire.
When more than one abdominal sensation was
scored, the highest score was computed for
comparisons. In each subject we compared
perception of the same levels of stimulation
(balloon volumes or electrical intensities)
tested during both the first (saline) and second
(high fat, low fat, or saline) infusion periods, as
we have done previously.11 12 In each individual
stimulus-response trial, the threshold for per-
ception was defined as the smallest volume that
induced any kind of perception (perception
score >0), and the discomfort threshold as the
smallest volume that induced any type of
sensation with score 5 or greater. For each
experimental condition tested, stimulus-
response curves were calculated by plotting the
perception scores (on the intraballoon pres-
sures) at the three highest levels of stimulation
that were repeated during saline and fat
infusion. In each subject, the number of times
each sensation was scored was counted to cal-
culate the relative frequency (as per cent distri-
bution) of the specific sensations elicited by
each type of stimulus under the diVerent
conditions tested.

STATISTICAL ANALYSIS

Mean (SEM) values of the diVerent parameters
measured for each type of stimulation under
the diVerent conditions tested were calculated.
Statistical comparisons of the responses to
intestinal distension and electrical stimulation
during intestinal fat versus saline infusion were
made by the paired Wilcoxon signed rank test
using in each subject the cumulative values of
the responses to the stimuli repeated during
both infusions.

Results
PERCEPTION OF INTESTINAL DISTENSION

During intestinal infusion of saline, distension
of the jejunum induced volume related percep-
tion. During intestinal infusion of fat, disten-
sion also induced volume related perception
but the intensity of perception was significantly
higher. Comparing in each subject the cumula-
tive responses to the same volumes repeated
during saline and fat infusion, the diVerences
were statistically significant (fig 2) and the
eVects of low and high fat infusions on gut per-
ception were similar. Thus identical distending
volumes repeated in each individual during
both saline and fat infusion trials induced 49%
higher perception scores during low fat and
53% higher scores during high fat infusions
(p<0.05 v saline for both; NS low fat v high
fat). The increase in perception was also
apparent when comparing thresholds for per-
ception (37 (3) ml during saline v 22 (3) ml
during fat infusion, pooled data for low and
high fat; p<0.05) and discomfort (48 (7) ml
during saline v 38 (5) ml during fat infusion,
pooled data for low and high fat; p<0.05).
Duration of infusion was 105 (8) minutes for
saline, 80 (7) minutes for low fat, and 71 (8)
minutes for high fat; duration of distension
sequences was 70 (6) minutes during saline, 41
(7) minutes during low fat, and 45 (8) minutes
during high fat infusions (p<0.05 for both low
and high fat v saline).

During intestinal infusion of saline, intestinal
distensions were perceived as abdominal
pressure/fullness (54 (15)%), colicky sensation
(23 (10)%), or stinging sensation (19 (10)%).
These sensations were largely referred (64
(5)% of sensations) to an area located on the
supraumbilical midline, covering an extension
of 19 (4)% of the abdominal surface, and at a
depth of 51 (6)% beneath the abdominal
surface. During fat infusion, the characteristics
and quality of perception remained the same.
Thus during intestinal fat infusion, intestinal
distensions were perceived as abdominal
pressure/fullness (47 (8)%), colicky sensation
(25 (10)%), and stinging sensation (19 (10)%);

Figure 2 Perception of intestinal distension. Intestinal fat
infusion significantly increased perception (*p<0.05). Data
for the three highest stimuli tested in each subject during
both saline and high fat infusion are shown.
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62 (10)% of sensations were referred to the
supraumbilical midline, more than 14 (4)% of
the abdominal area, and at a depth of 63 (6)%
beneath the surface (pooled data for high and
low fat; NS v saline). It is clear therefore that
intestinal fat influenced the intensity but not
the quality of perceived abdominal sensations.

INTESTINAL COMPLIANCE

The eVects of intestinal fat were unrelated to
changes in intestinal compliance as at each dis-
tending volume tested intraballoon pressures
were similar during saline and fat infusion (fig
3). No diVerence was found by comparing in
each subject the cumulative responses to the
same volumes repeated during both saline and
fat infusions: at identical distending volumes,
intraballoon pressures were 1% higher during
low fat and 3% higher during high fat infusions
(NS v saline). No phasic pressure changes were
observed during the distensions with saline or
fat infusion.

PERCEPTION OF INTESTINAL ELECTRICAL NERVE

STIMULATION

In contrast with the above mentioned eVects of
fat on perceived distensions, intestinal fat infu-
sion did not modify perception of intestinal
nerve stimulation. Transmucosal electrical
nerve stimulation induced intensity related
perception which was similar during saline, low
fat infusion, and high fat infusion (fig 4). No
diVerences were found on comparing in each
subject the cumulative responses to the same
intensities of stimulation repeated during both
saline and fat infusions: perception scores
changed by 11% during low fat infusion and by
10% during high fat infusion (NS v saline).
The lack of eVect of intestinal fat was equally
patent on comparing thresholds for perception
(42 (7) mA during saline and 41 (6) mA during
fat infusion, pooled data for low and high fat;
NS) and thresholds for discomfort (78 (4) mA
during saline and 75 (6) mA during fat
infusion, pooled data for low and high fat; NS).

Abdominal symptoms induced by electrical
nerve stimulation of the small bowel were
largely similar to those induced by distension:

pressure/fullness (34 (11)%), stinging sensa-
tion (23 (8)%), or colicky sensation (18 (7)%),
and only 25 (11)% of the stimuli induced par-
esthesia; 59 (11)% of these sensations were
referred to the supraumbilical midline, more
than 14 (6)% of the abdominal area, and at a
depth of 51 (5)% beneath the surface.
Intestinal infusion of fat changed neither the
type of symptoms (40 (17)% distension/
fullness, 33 (15)% stinging sensation, 9 (3)%
colicky sensation, and 18 (11)% paresthesia)
nor the referral pattern (56 (1)% of sensations
referred to the supraumbilical midline, over 15
(5)% of the abdominal area, and 49 (6)%
beneath the surface; pooled data for high and
low fat, NS v saline).

PERCEPTION OF SOMATIC STIMULATION

Intestinal infusion of fat, at high or low loads,
had no significant influence on perception of
transcutaneous electrical nerve stimulation
applied on the hand. When the cumulative
responses to the same stimuli repeated during
both saline and fat infusions were compared in
each subject, perception changed by −9% dur-
ing low fat and by −3% during high fat
infusions (NS v saline). The discomfort
threshold was 52 (6) mA during saline and 46
(9) mA during fat infusion (pooled data for
high and low fat, NS)

REPRODUCIBILITY STUDIES

Intestinal distensions and transmucosal electri-
cal nerve stimulation were tested in two
consecutive trials during repeat intestinal saline
infusion and were found to induce similar per-
ception scores. On retesting, perception of
intestinal distension and transmucosal electri-
cal nerve stimulation changed by 17% and
15%, respectively (NS for both). Likewise,
intestinal compliance was similar in the first
and second trials (at the same distending
volumes the pressures changed by 3%; NS).
The type and referral of symptoms induced by
intestinal distension and by transmucosal elec-
trical nerve stimulation were also similar in the
first and second trials (data not shown).
Furthermore, perception of somatic stimuli
repeated in the first and second trials during
saline infusion changed by −6% (NS). Dura-
tion of the first and second infusions, as well as

Figure 3 Intestinal compliance. Intestinal fat infusion did
not induce any change in intestinal compliance that could
explain increased perception of distension. Data for the three
highest stimuli tested in each subject during both saline and
high fat infusions are shown.
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Figure 4 Perception of intestinal electrical nerve
stimulation. Intestinal infusion had no eVect on perception
of transmucosal electrical nerve stimulation. Data for the
four highest stimuli tested in each subject during both saline
and high fat infusions are shown.
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stimulation sequences, were similar in all
instances (data not shown).

EFFECT OF INTESTINAL FAT ON BASAL

PERCEPTION

In the experiments conducted with infusion of
either low fat or saline, basal perception was
similar to that obtained during the first saline
infusion period. In the experiment with the
high fat load, basal perception was unchanged
after a 10 minute fat infusion but later, when
the questionnaire was given the second time
(after 83 (13) minutes of high fat infusion),
subjects reported nausea and malaise (scores
3.4 (1.0) and 2.5 (1.2), respectively; p<0.05 v
saline).

Discussion
The major contribution of our study is charac-
terisation of intestinal hypersensitivity induced
by luminal lipids. Indeed, we demonstrated
that lipids heighten intestinal sensitivity to
mechanical, but not electrical, stimulation
which suggests that lipids exert a selective
modulation on mechanosensitive pathways.

Previous studies have shown that intestinal
nutrients, specifically lipids, relax the stomach
and increase gastric sensitivity to distension.3–6

In the present study, we further characterised
the modulatory role of intestinal fat, showing
the independence of sensory and motor eVects,
the widespread sensitisation that aVects the
small intestine, and its release by very low
physiological lipid doses. Furthermore, diVer-
ent putative mechanisms of fat induced hyper-
sensitivity were examined. Firstly, decreased
gut compliance was excluded because intralu-
minal pressures monitored during balloon dis-
tension, both tonic and phasic components,
were unaVected by intestinal nutrients. Sec-
ondly, a non-specific increase in conscious per-
ception was also excluded because it is known
that nutrients tend to decrease somatic sensi-
tivity.14 15 Thirdly, we observed that perception
of transmucosal electrical nerve stimulation of
the jejunum was not modified by intestinal fat
infusion. Transmucosal electrical nerve stimu-
lation may activate various sensory structures
in the gut, including terminal endings—that is,
receptors and aVerent fibres corresponding to
both mechanosensitive and mechanoinsensi-
tive pathways—but “in vivo” it does not stimu-
late intestinal phasic contractions either locally
or at adjacent sites.8 9 Hence our study
indicates that lipids selectively modulate mech-
anosensitive pathways. It is important to note
that intestinal lipids reproduced sensory dys-
function in patients with the irritable bowel
syndrome who have normal or decreased
somatic sensitivity9 16 17 with hypersensitivity to
intestinal distension, but not to transmucosal
electrical nerve stimulation.9

The level of sensitisation of mechanosensi-
tive aVerents induced by fat, whether central or
peripheral, remains uncertain. Somatosensory
physiology assumes that transcutaneous elec-
trical nerve stimulation bypasses the receptor
level and directly activates aVerent fibres,10 18

and by extrapolation, the eVects of lipids could
be exerted at the mechanoreceptor level.

Support for such a contention can be gained
from experimental data showing that chole-
cystokinin sensitises gut mechanorecep-
tors6 19 20 and that its antagonism reduces fat
induced hypersensitivity to gastric distension.6

However, the selective sensitisation of mech-
anosensitive pathways could also have been
exerted at higher levels of the central nervous
system. For instance, animal experiments have
demonstrated central spinovagal interac-
tions,21 22 and intestinal lipids activate vagal
pathways.23 24

Several methodological aspects of our study
require careful analysis to confirm the reliabil-
ity of our data. The current literature on
visceral sensitivity is confusing and compli-
cated by diVerences in methodology and lack
of definition regarding the nature of mech-
anoreceptors. Based on diVerent sets of data,
the existence of mechanoreceptor subtypes has
been suggested, including “in parallel” stretch
or elongation receptors, physiologically
thought to signal intraluminal volume, “in
series” tension receptors activated by both pas-
sive distension and active contraction, and
mucosal receptors sensitive to friction.20 24–26

The situation is even more confusing because
the responsiveness of mechanoreceptors has
been investigated in connection with diVerent
aVerents, and it has not been well established
whether they are linked to reflex regulatory
pathways or to splanchnic-spinal pathways sig-
nalling conscious perception. Furthermore,
data on receptors have been gained from
preparations from diVerent regions of the gut,
and it is not clear if capacitance organs, such as
the stomach and rectum, have the same recep-
tors as conveyer/processor tubular segments,
such as the small bowel.

Based on these uncertain data, the stimula-
tion paradigm becomes a key issue in sensitiv-
ity studies. In general, distension of the gut
involves changes in intraluminal volume, pres-
sure, and wall tension, and these three param-
eters are interrelated depending on the physical
properties of the gut (basically gut compli-
ance).11 27 However, if gut compliance varies
because the region, size of the organ, or motor
activity are diVerent, the interrelation of these
parameters changes. Under these conditions it
is crucial to directly control and standardise the
specific parameter that determines in each case
the mechanoreceptor response. For instance,
gastric distension at a fixed tension level
produces similar perception regardless of
changing compliance and despite marked
diVerences in intraluminal volumes,11 but fixed
volume distension results in lower intragastric
pressure, wall tension, and perception when
compliance increases.11 12 This problem is
aggravated in tubular organs where, depending
on the compliance and wall resistance to
stretch, the distending device may expand lon-
gitudinally and stimulate receptors over a
longer gut segment. However, the situation is
remarkably simplified when the experimental
model does not involve diVerences in gut com-
pliance. In this case, the equation relating vol-
ume, pressure, and wall tension remains
unchanged, and thus a change in any of these
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parameters results in reproducible changes in
the other two.11 27 Hence in the present experi-
ments, at each distending level, the volumes
(infused), intraluminal pressures (measured),
wall tension (function of pressure and volume),
and conceivably the length of the segment
stimulated were all similar during saline and fat
infusions, thus supporting the validity of the
results regardless of the type of receptors
involved.

We undertook a careful experimental design,
including all reasonable steps to prevent a
response bias. From the diVerent accepted
options for testing visceral sensitivity, we chose
a paradigm based on comparison of responses
to a range of repeated stimuli applied in the
same subjects during intestinal infusion of both
fat and saline.28 Low and high fat infusions
were tested in groups with a similar sex distri-
bution, and the study was blinded in that par-
ticipants did not know the type of infusion they
were receiving. The high lipid dose induced
basal symptoms but still the eVects on percep-
tion of gut distension were similar to those
observed with the low lipid load that produced
virtually no basal sensations. Putative time
eVects after repeat stimulation were also
excluded by reproducibility studies during two
consecutive trials of intestinal saline infusion
and, furthermore, time eVects would also fail to
explain the increased perception during fat
infusion because the distension sequence was
obviously shorter and similar during low and
high fat. Hence repeat stimulation over time
neither increased mechanical perception nor
decreased electrical perception, either of which
would have invalidated our results. We applied
phasic stimuli of increasing intensity but
randomised the order of the individual electri-
cal or mechanical stimuli; a response bias can
be reasonably excluded because diVerential
eVects were detected (heightened perception of
distension but not of electrical stimulation)
although both stimuli induced indistinguish-
able sensations in most tests. Furthermore, the
potential influence of the investigator on the
subjects was minimised: subjects received
standard instructions at the beginning of the
study, and after each stimulus were given only
a signal to complete the perception question-
naires.

In conclusion, our results provide new infor-
mation on the characterisation of a viscerosen-
sory modulatory mechanism, and the
importance of our study lies in the potential
significance of this sensitising mechanism in
the genesis of postprandial symptoms in
patients with functional gut disorders.2 3 29 30
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