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later, the patients consumed a standard meal
(445 kcal, 600 ml, 40 g carbohydrates, 23 g
lipids, 21 g proteins). Echographic evaluation of
gastric emptying was obtained by measuring the
prespinal vertical antral diameter just before the
intake of drugs, and every hour over a six hour
period, using an ATL Ultramark 4 ultrasound
scanner equipped with a 3.5 MHz probe.
Before and after eating the meal and every
hour for six hours, the subjects were asked to
record hunger sensations on a 100 mm vertical
visual analogue scale,24 placing crosses on lines
representing ranges from 'not hungry at all' = 0 to
'as hungry as possible'= 100. The satiety sensation was recorded after the meal and every hour
for six hours using the same kind of visual
analogue scale with 'empty stomach'=0 and
'full'= 100. They were also asked to record the
time at which hunger returned. After a seven day
washout period, the same measurements were
taken under the same conditions after intake of
the other treatment being studied. For the six
hours after the test meal, the subjects were
instructed to remain quiet.
Data are expressed as mean (SEM) analysis of
(Gut 1992; 33: 1042-1043)
variance (ANOVA), a bilateral paired t test and
linear correlation coefficients using X-Y pairs
Real time ultrasound is a simple method of were performed for statistical analysis.
measuring gastric emptying which has been
validated by previous studies.' Correlated with
scintigraphic measurements, it could become the Results
method of choice in evaluating the role of gastric The trial was conducted in nine women and three
distention in the regulation of appetite and men with a mean age of 43.2 (4.3) years (18-65)
assessing the efficacy of drugs on sensations of and a mean weight of 73-3 (1.8) kg (68-85). All
hunger and satiety. The main aim of this study weighed at least 10% more than their ideal
was to determine whether there was a correlation reference weight (63.0 (1-3) kg).
As shown in the Figure, the correlation
between postprandial gastric volume measured
by echography and the sensations of hunger and between the echographic measurements of
satiety evaluated by a validated visual analogue gastric emptying and the visual analogue scale
scale.2 The second aim was to assess whether, as was excellent. This correlation was observed
a bulking agent,3 psyllium could modify echo- between gastric emptying and hunger during
graphic gastric emptying time and, in parallel, psyllium intake (R=0.989, p=0.0001) or after
sensations of hunger and satiety.
placebo (R=0.957, p=0 0007). It was also
observed between gastric emptying and satiety
during psyllium intake (R=0.987, p=0Q0001) or
after placebo (R=0-961, p=0 0006). This study
Methods
confirmed that the decrease of the sensation of
satiety is correlated with the increase of hunger.
SUBJECTS
This study was designed as an eight day randomCompared with placebo (ANOVA), psyllium
ised, crossover, double blind, placebo controlled slowed echographic gastric emptying from the
trial. Twelve healthy volunteers with no past third hour (Table). Between the third and sixth
medical history but weighing at least 10% more hour, the relative increase in gastric emptying
than their ideal weight gave written informed time under psyllium was between 10% and 20%
consent to the protocol which was approved by (p<005). As far as the hunger and satiety
the ethics committee of the Hopital Lariboisiere. sensations (Table) were concerned, a significant
After fasting for four hours, at midday on the difference was only observed at the sixth hour
first day, the patients received three sachets each with hunger being significantly more marked
containing 3.6 g psyllium or three sachets of under placebo than under psyllium (73 (6) v 54
placebo dissolved in 100 ml water. One minute (6), p=0.05) and satiety more prolonged under

Abstract
The correlation between ultrasonographic
gastric emptying and appetite was studied.
Echographic evaluation of gastric emptying by
measurement of the antral vertical diameter
and assessment of sensations of hunger and
satiety using analogue visual scales were performed simultaneously in 12 healthy volunteers. Measurements were carried out after the
intake of 10O8 g psyilium or placebo in a
randomised, crossover, double blind trial. The
correlation between echographic gastric
emptying and sensations of hunger and satiety
was excellent (p<0.001) after the intake of
either psyllium or placebo. Psyllium significantly delayed gastric emptying from the third
hour after a meal. It increased the sensation of
satiety and decreased hunger at the sixth hour
after the meal. The association between echographic measurement and visual scales is a
simple method of evaluating the relationship
between the stomach and appetite. The
pharmacodynamic effect of psyilium should be
confirmed by longterm therapeutic trials.
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Simultaneous recording of echographic gastric emptying (antral vertical diameter), hunger
and satiety (analogue visual scales - VAS) in 12 healthy volunteers over a six hour period after
intake of a standard meal (445 kcal). Measurement after intake of 10 8 g psylium and after
placebo (crossover, double blind randomised study).

psyllium than under placebo (44 (7) v 21 (6),

p=005). The absence of any period effect or
period treatment interaction was checked.
The return of hunger after the test meal was
slightly delayed by psyllium (342 (30) minutes v
285 (23)) but the difference was not statistically
significant.
During the course of the trial, one patient
complained of regurgitation and another of diarrhoea, but in both cases these mild signs of
intolerance occurred under placebo.
Discussion
The role of gastric distention in the regulation of
appetite is well established.5 A simple, noninvasive method which could be used in clinical
Gastric emptying, hunger and satiety before and after the six hours after a standard meal eaten
with psyllium (10-8 g) or placebo in 12 healthy subjects (mean (SEM))
Echographic gastric emptying Hunger

Antral vertical diameter (mm)
Time (h) Psyllium Placebo p
0
1
2
3
4
5
6

35 (7)
77 (3)
70 (3)
67 (4)
50(3)
45 (4)
39 (3)

32 (6)
80 (3)
71 (3)
56 (3)
45 (3)
38 (2)
32 (2)

NS
NS
NS

Visual analogue scale (mm)

Psyllium Placebo p

64 (7)
7 (4)
13 (5)
p=0-005 17 (6)
p=0O09 30 (7)
p=0-09 40 (7)
p=0-09 54 (6)

67 (6)
5 (1)
17 (6)
26 (6)
33 (6)
59 (8)
73 (6)

Satiety

Visual analogue scale (mm)

Psyltium Placebo p

ND
92 (4)
82 (5)
76 (6)
64(7)
56(7)
p=0-05 44 (7)
NS
NS
NS
NS
NS
NS

ND
94 (2)
84 (4)
72 (5)
62 (5)
43 (8)
21 (6)

NS
NS
NS
NS

NS
NS
p=0-05
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pharmacology to monitor the close relationship
between these two variables has so far been
lacking. Our study clearly shows that a simple
echographic measurement of the antral diameter
correlates perfectly with sensations of hunger
and satiety. Our echographic measurement of
the antrum is too schematic for a physiological
study of gastric motility but it is sufficient for use
in crossover trials where each subject acts as his/
her own control. The reproducibility of the
measurement and the correlation between antral
surface, echographic gastric volume and scintigraphic measurements are well demonstrated.'6
Our study confirms the reliability and validity of
the visual analogue scale in short term trials.2
The combination of these two measurements
could be very useful in studies involving food
intake in obese patients and its pharmacological
regulation and also provide a clearer understanding of the physiological relationship between the
stomach and appetite.
In this study, we found that in obese patients
psyllium moderately but significantly delays
gastric emptying of a solid meal. This is associated with an extension of the duration of satiety
and a delay in the appearance of hunger. Like
pectin,7 psyllium forms a gel which is not
digested or absorbed, thereby increasing the
viscosity of the meal. By slowing gastric emptying,8 it increases the duration of gastric distention which explains the persistent impression of
satiety at the sixth hour. This short, single dose
study, however, is not sufficient to confirm the
therapeutic value of psyllium in the longterm
reduction of food intake in overweight patients,9
but by delaying the return of hunger, it could
help patients to comply with diets.
In conclusion, we have shown that it is simple
to simultaneously measure echographic gastric
emptying and sensations of hunger and satiety.
Perfectly correlated among themselves, these
measurements allow us to propose a simple and
non-invasive model for use in clinical pharmacology. It has been shown that with psyllium that
a drug which delays the gastric emptying induces
changes in the sensations of satiety and hunger.
A single dose of psyllium has a moderate effect
on gastric emptying and appetite, but further
research is needed to define its efficacy on weight
loss.

