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Abstract
To evaluate the effects of cisapride on
gastric emptying of extracellular fat and
hunger and fullness 10 volunteers
consumed a meal consisting of 60 ml
technectium-99m (99mTc)-V-thiocyanate
labelled olive oil and 290 ml indium -
113m (l13mIn) labelled soup after taking
cisapride (10 mg four times daily orally)
and placebo, each for four days, in ran-
domised, double blind fashion. Gastric
emptying was quantified scintigraphi-
cally. Hunger and fullness before and
after the meal were evaluated using visual
analogue scales. Cisapride accelerated
gastric emptying of oil and aqueous com-
ponents by reducing the lag phase mean
(SEM) (20.3 (7.0) min v 40.7 (4.1) min
(p<0.05) for oil and 4.1 (2.5) min v 10.0
(3.1) min (p<0.05) for aqueous).
Cisapride had no effect on the post-lag
emptying rate of oil. Treatment with
cisapride was associated with reduced
retention of oil in the proximal stomach
(p<0.05). Subjects were more hungry
before ingestion of the meal while receiv-
ing cisapride (6.7 (0.9) v 3.9 (0.7),
p<0.001). The scores for hunger at 120
and 180 minutes were inversely related to
gastric emptying of oil on both cisapride
(r> -0-62, p<0.05) and placebo (r>-0-86,
p<0.0Ol). Fullness increased after the
meal while receiving placebo (p<0.01),
but not cisapride and postprandial full-
ness was less with cisapride at (30 min;
0.4 (0.3) v 3-3 (1.0), p<0.05). With
placebo, but not cisapride, the score for
fullness at 15 minutes was inversely
rjlated to emptying of the aqueous phase
(r=-0.68, p<0.05). These results show
that in normal volunteers after ingestion
of an oilaqueous meal: (a) postprandial
hunger is inversely related to gastric
emptying of oil, while fullness is inversely
related to gastric emptying of the aque-
ous phase, (b) cisapride affects the
intragastric distribution and accelerates
gastric emptying of both oil and aque-
ous meal components, and (c) cisapride
increases preprandial hunger and
reduces postprandial fullness.
(Gut 1996; 38: 310-315)

Keywords: cisapride, gastric emptying, hunger,
fullness, oil, water.

Disordered gastric emptying, particularly
delayed emptying, occurs frequently and may
be associated with gastrointestinal symptoms
such as nausea, abdominal pain, and vomit-
ing.' In normal subjects gastric23 and small
intestinal4 administration of fat retard gastric
emptying. In patients who suffer from unex-
plained upper abdominal symptoms, gastric
emptying may be exacerbated by intake ofhigh
fat meals and in patients with non-ulcer dys-
pepsia, delay in gastric emptying is more com-
monly seen with nutrient rich (high fat) than
with bland meals.5 The intragastric distribu-
tion of fatty meals is also frequently abnormal
in patients with non-ulcer dyspepsia.6
The most effective therapeutic approach to

the treatment of symptomatic gastroparesis is
the use of drugs designed to increase the rate of
gastric emptying' and cisapride is arguably the
gastrokinetic drug of first choice.7 Cisapride has
been shown to abolish the slowing of gastric
emptying induced by giving fat immediately
before a meal in normal subjects,23 but the
effects of cisapride or other prokinetic agents on
gastric emptying of fat have not been evaluated
to our knowledge. Recent studies performed by
ourselves and others show that gastric emptying
of extracellular fat is influenced by both its
intragastric distribution, and feedback from
receptors in the small intestine.8-" There is
evidence that in therapeutic doses cisapride
does not have the capacity to overcome small
intestinal feedback regulation of normal gastric
emptying,7 but the effects of cisapride on
intragastric meal distribution have not been
assessed.

While cisapride accelerates gastric emptying
and relieves symptoms in most forms of
gastroparesis, there is a poor relation between
the magnitude of the improvements in empty-
ing and symptoms,7 suggesting that factors
unrelated to normalisation of gastric emptying
may contribute to the beneficial effects of cis-
apride on symptoms. The controls of appetite
in humans are poorly understood, but it is clear
that signals from the gastrointestinal tract are
important.'2 Gastric distension is well recog-
nised as a signal for satiety'3 and recent studies
suggest that postprandial hunger is also related
to the extent of small intestinal nutrient
exposure.8 14 Cisapride is devoid of anti-
dopaminergic and central antiemetic proper-
ties and psychological effects.7 15 Perhaps
because of these reasons the effects of cisapride
on appetite have not been formally evaluated.
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We have now used a specific radioisotopic
marker of extracellular fat to evaluate theWeffects
of cisapride on gastric emptying and intragastric
distribution of oil and aqueous meal compo-
nents and appetite in normal subjects.

Methods

Subjects
Ten healthy volunteers (one male, nine
female), mean age 22 years (range 18-28) and
mean body weight 67.2 kg (range 39.6-98 4)
had two measurements of gastric emptying,
hunger and fullness, once after taking cisapride
and the other after taking placebo. None of the
subjects had a history of gastrointestinal disease
or was taking medication known to influence
gastrointestinal motility. Written informed con-
sent was obtained from each subject and the
study was approved by the Human Ethics
Committee of the Royal Adelaide Hospital.

Protocol
Each of the volunteers had measurements of
gastric emptying, hunger, and fullness on two
separate days after receiving cisapride (10 mg
four times daily) or placebo, both given as
tablets in random, double blind, crossover
fashion. Cisapride and placebo tablets were
identical in appearance and taste. For four
days before each of the two study days each
subject took one tablet four times a day (before
meals). After the first study day, each subject
entered a drug-free 'washout' phase of 7 to 10
days and then received the alternate treatment
in identical fashion. The last tablet was taken
about two hours prior to the gastric emptying
study. Remaining tablets were returned on
each of the study days. The test meal was con-
sumed within five minutes at about 10 00 am
after an overnight fast (14 hours for solids and
12 hours for liquids) with the subject seated in
front of a scintillation camera.8 The meal
comprised 60 ml olive oil (Faulding, South
Australia) labelled with 20 MBq technetium-
99m (99mTc)-(V)-thiocyanate and 290 ml of
low nutrient beef consomme soup (Campbell's
Soup, Australia) labelled with 20 MBq indium
113m (1 l3mIn)-diethylenetriamine-pentaacetic
acid (DTPA). The meal was heated to 45°C
immediately before ingestion8 and the oil was
mixed gently with the soup immediately before
and during consumption. The energy content
of the oil-soup mixture (7 g protein, 52 g fat)
was 505. kcal (of which 475 kcal were con-
tained in the oil). Feelings of hunger and full-
ness were recorded on a validated visual
analogue scale immediately before and at 15,
30, 60, 90, 120, 150, 180, 210, and 240
minutes after ingestion of the test meal.8

Measurement ofgastric emptying
The preparation of the test meal has been
described previously.16 Radionuclide data for
both isotopes, were acquired on computer for
at least 180 minutes in each of the studies,
starting immediately after ingestion of the

liquid meal and were subsequently corrected
for subject movement, Compton scatter,
radionuclide gamma ray attenuation, and
radionuclide decay.'7 Correction for attenu-
ation was done using factors derived from a
lateral image of the stomach.'7 A region of
interest (ROI) was drawn around the total
stomach, which was then divided into proximal
and distal regions - the proximal region corres-
ponding to the fundus and proximal corpus
and the distal region representing the distal cor-
pus and antrum. Gastric emptying curves for
total, proximal, and distal stomach (expressed
as % retention over time) were derived8 and
several parameters were obtained from these
curves for subsequent statistical analysis. For
the total stomach these were the lag phase,
before any of the oil or aqueous components
started to empty from the stomach, and the
amount of the oil and aqueous meal compo-
nents that remained in the stomach at 15, 30,
60, 120, and 180 minutes.8 11 The lag phase
was determined visually as the frame preceding
that in which activity was seen in the proximal
small intestine.'7 For the oil component of the
meal the rate of emptying, expressed as %/6/min
between the end of the lag phase and 180
minutes, was also calculated.'6 17 The 50/o
emptying time (T50) for the total stomach was
derived for the aqueous, but not the oil phase,
as in some subjects the T50 for oil was not
reached during the study period. For the
proximal and distal stomach, the retention of
isotope at 15, 30, 60, 120, and 180 minutes
(expressed as a percentage of the maximum
count in the total stomach) was calculated. The
50/O emptying time for the proximal stomach
(PT50) and the maximum content of the distal
stomach were also derived.8 The maximum
content of the distal stomach was defined as the
maximum counts in the distal stomach after
meal ingestion.8 Retrograde movement of oil or
aqueous phases from the distal into the proxi-
mal stomach was defined as a rise in proximal
stomach counts ¢ 1/0% associated with a fall in
distal stomach counts of >10%. 16 The number
of episodes of retrograde movement in each
subject was counted.

Assessment of hunger and fullness
Subjective ratings of hunger and fullness were
assessed by marking 100 mm long visual
analogue lines, which were subsequently scored
by one of the authors (KJ). Full details of this
questionnaire, which evaluates a range of
sensations including anxiety, sleepiness, desire
to eat, hunger, quantity of food you could
eat, nausea, fullness, dizziness, indigestion,
stomach rumbles, presence of a headache, and
thirst have been published previously.'8

Statistical analysis
Data were evaluated using repeated measures
analysis of variance (ANOVA) and are shown
as mean values (SEM). The factors for which
the ANOVAs accounted included treatment
(cisapride or placebo), time after meal inges-
tion, sequence (order), meal component (oil or
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Figure 1: Retention of oil
and aqueous meal
components in total,
proximal, and distal
stomach regions of interest.
Data are mean values
(SEM). *p<O.OS,
**p<O0O1 placebo v
cisapride.
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aqueous), and region of the stomach (total,
proximal, distal). Gastric emptying curves
show the retention of isotope at 0, 15, 30, 60,
120, and 180 minutes. The relations between
gastric emptying and intragastric distribution
of both oil and aqueous meal components and
subjective ratings of hunger and fullness were
evaluated using linear regression analysis. A
p value of <0'05 was used to show statistical
significance in all analyses.

Results
All 10 subjects tolerated the study well and, as
assessed by tablet counts, complied with
medication. Six subjects reported adverse
effects including nausea (two subjects),
headache (two subjects), and more frequent
bowel actions (five subjects) while taking
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cisapride. In all cases these symptoms were
mild and disappeared within a week after
taking the last tablet. One subject had a mild
headache while taking placebo, but no other
adverse effects were reported. The effect of
cisapride on the sensation of fullness was
analysed using the first period data only, as
there was an order effect.
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MEAL COMPONENTS
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Figure 2: Scores for hunger
before and after meal
ingestion. Data are mean
values (SEM).
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(p<0 05) and the proximal stomach T50 was
shorter (5.9 (2.5) min v 14.3 (5.3) min;
p<0 05) with cisapride compared with
placebo. There was no significant difference in
the retention of the aqueous component in the
distal stomach at any time point or the maxi-
mum content of the distal stomach (55.0
(5.8)% v 51 5 (6.2)%; NS) between cisapride

T ~~~~~~~andplacebo (Fig 1).

.1. tRelations between retention in the total, proximal,
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Oil component - there were significant
^1 relations between the amounts of oil in the

proximal and total stomach at 120 minutes
with both cisapride (r=0-61, p<0O05) and

150 180 210 240 placebo (r=0.74, p<001). There was a signifi-
cant inverse relation between total stomach
and distal stomach content at 30 minutes with
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Erom the stomach approxi- (r=0-32; NS). There was no relation between
rponential function after a the distal and total stomach retention or T50
he lag phase was shorter after with either cisapride or placebo.

cisapride (4.1 (2.5) min v 10.0 (3-1) min;
p<0 05) compared with placebo. The amount
of the aqueous component remaining in the
stomach at 15 minutes and 30 minutes was less
(p<0'05) with cisapride (Fig 1). There was a
non-significant trend for the T50 to be shorter
with cisapride (28.7 (6.0) min v 50-8 (9.2)
min; p=0.076).

Intragastric meal distribution
During treatment with both cisapride and
placebo there was more of the oil than the
aqueous component retained in the proximal
stomach (p<0.001) and in all studies there was
evidence of a 'midgastric band' - a band of
decreased radioactivity separating the proximal
and distal stomach.8 Retrograde movement of
the oil from the distal to the proximal stomach
in the 180 minutes after ingestion of the meal
was evident in all subjects, with both cisapride
and placebo. There was a non-significant trend
for a greater number of episodes of retrograde
movement per subject in those taking cisapride
(3.5 (0.65) v 2-4 (0-58); p=0063). Retrograde
movement of the aqueous phase from distal to
proximal stomach was not evident in any study.

Oil component - there was less oil in the
proximal stomach at 15 and 30 minutes
(p<005 for both) with cisapride and at 15
minutes there was more oil in the distal
stomach (p<0 05) (Fig 1) when compared
with placebo. The effects of cisapride on both
the proximal stomach T50 (117.4 (27.9) min v

Hunger andfullness
Hunger - before ingestion of the meal the

score for hunger was higher (p<0.001) when
subjects were taking cisapride (Fig 2). There
was a decrease in hunger 15 minutes after the
meal with both cisapride (p<0 0001) and
placebo (p<0.05) and no significant difference
between the hunger ratings for the two groups.

Fullness - increased 15 minutes after the
meal when subjects had taken placebo
(p<0001) but not significantly with cisapride
(p=059; NS). The scores for fullness were
lower with cisapride than placebo at 15, 30,
and 90 minutes (p<0'05 for all) (Fig 3).

Relation between hunger andfullness and gastric
emptying

Oil component - at both 120 and 180 minutes,
hunger was directly related to the retention of
oil in the stomach with both placebo (r¢0-86,
p<0 001) and cisapride (r:0.62, p<0 05) (Fig
4) - that is, subjects were less hungry when
more of the oil had emptied from the stomach.
There were no significant relations between
fullness and gastric emptying of oil with either
cisapride or placebo.
Aqueous component - the score for fullness at

15 minutes with placebo was directly related to
both the duration of the lag phase (r=0-65,
p<0 05) and the retention at 30 minutes
(r=0.68, p<0 05) - that is, subjects felt more
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Figure 3: Scores forfullness
before and after meal
ingestion for the first test
day. Data are mean values
(SEM). ***p<0.001
placebo v cisapride.

Figure 4: Relation between
the score for hunger at 180
minutes and the amount of
oil remaining in the
stomach at 180 minutes
with placebo and cisapride.
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full when gastric emptying of the aqueous
phase was slower. In subjects taking cisapride
there was no significant relation between full-
ness and gastric emptying.

Discussion
Our results show that in normal subjects, after
ingestion of a meal comprising oil and aqueous
components (a) cisapride affects the intra-
gastric distribution of the oil component and
accelerates gastric emptying of both oil and
aqueous meal components, (b) postprandial
hunger is inversely related to gastric emptying
of oil, while fullness is inversely related to
gastric emptying of the aqueous phase, and (c)
cisapride increases preprandial hunger and
reduces postprandial fullness.

It is well known that gastric emptying of
high fat meals is slower than that of low nutri-
ent meals. At body temperature most extra-
cellular fat is in the oil phase. The intragastric
distribution of oil is influenced by the compo-
sition and volume of other meal components
and posture.8-10 For example, because of its
lower density, oil will float towards the gastric
outlet in the decubitus position and away
from it in the sitting position.8 The most
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important factor regulating gastric emptying of
oil in normal subjects, however, is the interac-
tion of lipolytic products with receptors in the
small intestinal lumen.9 10 As a result of
diminished small intestinal feedback, gastric
emptying of oil is faster than normal in
patients with pancreatic insufficiency."1 Our
finding that gastric emptying of oil was
accelerated by cisapride is consistent with
previous studies.2 3 Stacher et al reported that
the retardation of gastric emptying of a semi-
solid meal by giving a fat preload to normal
subjects was abolished by both intravenous2
and rectal3 administration of cisapride, while
in dogs, Janisch et al (XI International sym-
posium on gastrointestinal motility, 1987)
found that gastric emptying of a barium meal
containing 20 ml olive oil was also accelerated
by cisapride. It should, however, be recog-
nised that the magnitude of the increase in
gastric emptying of oil induced by cisapride
that we observe was small and reflected a
reduction in the duration of the lag phase,
with no significant change in the post-lag
emptying rate. This last finding is compatible
with the concept that cisapride, at least in
doses used therapeutically, does not over-
come the physiological feedback mechanisms
that regulate gastric emptying of nutrient con-
taining meals in normal subjects.7 In particu-
lar, cisapride has little or no effect on normal
gastric emptying of solid meals.7 The reduc-
tion in the lag phase for oil and aqueous com-
ponents of the meal by cisapride probably
reflects the more rapid movement of oil from
the proximal to the distal stomach.
A number of studies have evaluated the

motor mechanisms responsible for the modest
increase in gastric emptying caused by cis-
apride in normal subjects7 19 20 and the more
pronounced acceleration in patients with
gastroparesis.2' 22 The rate of gastric emptying
is dependent on the relations between contrac-
tions generated by the proximal stomach,
antrum, pylorus, and proximal small intestine,
so that no motor mechanism should be con-
sidered to exert the dominant control, either
propulsive or retardant over normal gastric
emptying.23 We, and others, have shown that
cisapride affects antral and pyloric motility,
including the organisation of antral pressure
waves, in both normal subjects and patients
with gastroparesis.7 19 21 Our finding that the
retention of both oil and aqueous phases in the
proximal stomach was less with cisapride
suggests that cisapride also affects proximal
stomach motility.24 Gastric emptying is pre-
dominantly pulsatile, rather than continuous,
and there is considerable variation in the
characteristics of flow pulses (volume and fre-
quency) from one contraction cycle to the
next.25 26 This variability seems to result
mainly from changes in the temporal and
spatial patterning of tone and active lumen
occlusion in different regions of the stomach
and small intestine.23 Therefore, while we
found that cisapride had no effect on the over-
all emptying rate of oil or aqueous phases, we
cannot exclude changes in the characteristics
of individual flow pulses.26
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Although the mechanisms responsible for the
regulation of appetite in humans are complex it
is clear that signals from the gastrointestinal
tract influence both hunger and satiation.
Because our test meal comprised discretely
labelled oil and aqueous components and the
aqueous phase had a low nutrient content, the
relations between hunger and fullness and
gastric emptying could be more fully evaluated
than in previous studies. The finding that post-
prandial hunger in normal subjects is inversely
related to gastric emptying of oil is consistent
with our previous study8 and shows that interac-
tion with small intestinal receptors (perhaps via
the subsequent stimulation of vagal efferents or
release of cholecystokinin, or both) contributes
to the effects of fat on satiation.'427 28 The
results of our previous study in patients with
pancreatic insufficiency suggest that lipolysis
may be required for small intestinal inhibition of
hunger by fat." The finding that postprandial
fullness was related to the amount of the aque-
ous phase in the stomach is novel but consistent
with previous studies" and compatible with the
concept that gastric distension leads to satiety,'3
as the aqueous phase comprised most of the
volume of our test meal. The intragastric mech-
anisms triggering satiety are uncertain. It is,
however, of interest that in general patients with
non-ulcer dyspepsia have a wider gastric antrum
than normal, both fasting and postprandially.29
This last finding has been postulated to result
from disordered proximal stomach tone, with
subsequent increased antral distension.
The findings that cisapride increased pre-

prandial hunger and reduced postprandial full-
ness are novel, and because of their potential
important clinical relevance require confirma-
tion. An evaluation of hunger was included in
the study of Stacher et al 15 but the results were
not given. Presumably no effect of cisapride on
appetite was detected. In an unpublished study
(Tomita et at), however, an improvement in
appetite was seen in patients after partial gas-
trectomy treated with cisapride. Current under-
standing of the aetiology of gastrointestinal
symptoms in patients with gastroparesis and the
factors responsible for symptomatic improve-
ment resulting from prokinetic treatment is lim-
ited, but it is clear that neither can be totally
attributed to the rate of gastric emptying in
itself.' 7 While the mechanisms mediating the
effects of cisapride on fullness are uncertain it
seems unlikely that the reduction in fullness with
cisapride compared with placebo is accounted
for by a decrease in intragastric volume, as the
overall acceleration of gastric emptying by
cisapride was modest. More plausible alterna-
tives are that effects of cisapride on proximal
stomach or antral tone, or intragastric meal dis-
tribution, perhaps by leading to changes in affer-
ent sensory feedback, are important. These
issues warrant exploration in future studies.
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