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The Second European Symposium on Gastrointestinal Motility was held in Oxford from 5-7 September 1984. Out of the
abstracts submitted, 78 were selected by the Steering Committee for presentation in the Symposium, and these are
printed below.

Gastric tone as a neuromodulator?

P L R ANDREWS AND I N C LAWES (Depart-
ment of Physiology,'St George's Hospital
Medical School, London, and Department
of Anatomy, University of Sheffield) The
influence of prevailing gastric pressure
(tone) on the stomach's response to neural
stimulation was investigated in the ferret, a
carnivore with a stomach very similar to
that of humans. Gastric pressure was mon-
itored in urethane anaesthetised ferrets
(1-5 g/kg ip), the stomach being inflated
within the physiological range. The
peripheral cut ends of the cervical vagi
(VA) and greater splanchnic nerves (GSN)
were stimulated (20 V, 0-5 msec, 10-20 Hz,
10 sec train). (1) VA stimulation evoked
single gastric contraction, 50% larger at 20
ml than at 60 ml gastric volume. (2)
Voltage-response curves of VA evoked
contractions were relatively steep at low
gastric pressures whereas at higher
pressures the maximal responses were
attained at lower voltage. (3) GSN stimu-
lation substantially reduced gastric contrac-
tions evoked by simultaneous VA stimu-
lation. The degree of reduction was not
related to the gastric pressure or amplitude
of the VA evoked contraction. (4) In
atropinised animals the VA and GSN
mediated gastric relaxations were positive
linear functions of the prevailing gastric
pressure.
Thus gastric tone profoundly modulates

the magnitude of VA evoked gastric
contractions and also VA and GSN
mediated gastric relaxation. Of particular
relevance to CNS stimulation studies is that
the shape of the VA stimulus voltage-
gastric response curve is influenced by
gastric tone. It is important to remember
that sectioning either the VA or GSN will
in itself influence gastric tone which may
lead to erroneous conclusions about the
roles of these particular nerves. Conse-
quently caution must be exercised in inter-

preting results of CNS stimulation and
when identifying the peripheral pathways
involved in the control of gastric motility.

How do electrical disorders cause gastric
motor dysfunctions?

G VANTRAPPEN, E SCHIPPERS, J JANSSENS,
AND M VANDEWEERD (Laboratory of GI
Motility, Department of Medical Research,
University of Leuven, Belgium) Com-
bined recordings of electrical and mechan-
ical activity in the canine gastric antrum
showed that normal gastric slow waves
(SW) produced by themselves weak
contractions. Strong peristaltic contrac-
tions, however, only occur when action
potentials (AP) are superimposed on the
SW. Disorders of gastric electrical rhythm
may be accompanied by gastric retention,
severe nausea and vomiting. The nature of
the underlying defect is unknown. The aim
of the present study was (1) to determine
whether gastric dysrhythmias were asso-
ciated with disorders of AP's and
mechanical activity and if so (2) to eluci-
date the nature of the mechanical disorder.
Mechanical activity was recorded by means
of miniaturised pressure transducers
(Honeywell-Philips P5F) surgically
implanted in the antrum of six dogs.
Electrical activity was recorded with
bipolar needle electrodes sutured on the
serosa at the level of the transducers.
Multiple eight hour recordings in fully
recovered animals were made on a Mingo-
graph 82 (Siemens-Elema). The dogs were
studied under basal conditions and after
various treatments such as transthoracic
vagotomy, administration of adrenaline (5
,sg/kg iv), ingestion of water (200-500 ml)
and solid food (400 g). Numerous episodes
of arrhythmia, tachyarrhythmia and tachy-
gastria (10-22 cycles/min) were observed.
During periods of dysrhythmia spikes
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superimposed on SW were not observed
even if the episode occurred during a phase
of regular spiking activity. Solid food but
not water was able to restore regular SW
rhythm but the effect never lasted longer
than 60 minutes. Although SW-associated
weak contractions and AP-associated
strong contractions were observed during
periods of normal SW rhythm, neither
weak nor strong contractions occurred
during episodes of dysrhythmia.

It is concluded that (1) disorders of
gastric electrical rhythm are accompanied
by absence of mechanical activity and (2)
clinical symptoms of gastric dysrhythmias
are probably related to this mechanical
defect.

Effects of Cisapride on gastric emptying of
solids in dyspeptic patients

R CORINALDESI, V STANGHELLINI, G E
ZARABINI, C RAITI, R CALAMELLI, A SCELSA,
AND L BARBARA (3rd Medical Clinic,
University of Bologna; Nuclear Medicine
Dept., Hospital of Faenza, Italy)
Cisapride (Janssen R 51 619) is a new
synthetic drug which has been shown to
stimulate gastroduodenal motility,
probably via a cholinergic, non-anti-
dopaminergic action. The aim of this study
was to evaluate the effect of chronic oral
administration of Cisapride on symptoms
and gastric emptying in patients affected by
functional dyspepsia. Fourteen patients
(seven men, seven women, 22-52 years),
presenting dyspeptic symptoms for at least
one year and delayed gastric emptying
(according to our normal values) of a
standard test meal with a labelled solid
component (99rnTc-sulphur colloid in vitro
labelled chicken liver), entered the study.
Each patient underwent two further gastric
emptying studies, each study being
preceded by a two week treatment period
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with either Cisapride (10 mg three times a
day, 30 minutes before the meals) or
placebo, according to a randomised
double-blind cross-over design. The last
dose of the drug was administered 30
minutes before each gastric emptying
study. Gastric emptying results were
expressed as 'Emptying Index' (El) at 120
minutes. Changes in symptoms (nausea,
belching, regurgitations, vomiting, head-
ache, postprandial drowsiness and fullness,
epigastric and/or retrosternal pain) have
been recorded by each patient during the
study periods and expressed as weekly
scores (summa of scores of each symptom,
each score ranging from 0 to 3), in the
second week of each treatment.

Cisapride induced a significant (p<0-05;
paired t test) increase of gastric emptying
(EI120.=0.56±0-24; m±sd), when com-
pared with placebo (EI120.=0-36±0-17;
m±s d). Cisapride induced also a signifi-
cant (p<0.05; paired t test) reduction of
subjective dyspeptic symptoms (Score =
5 9±4*3; m±sd) in comparison with
placebo treatment (score = 7-4±3-6;
m±sd).
We concluded that Cisapride accelerates

gastric emptying of solids in dyspeptic
patients and concomitantly reduces their
symptoms. Therefore this drug might be
useful in the therapy of diseases associated
with upper gastrointestinal motor
disorders.

Influence of intraduodenal cheno-
deoxycholic acid (CDC) on fasting secretory
and pressure activity in the stomach and
duodenum of man

I A EYRE-BROOK, N W READ, T BROWNSON AND

A G JOHNSON. (University Department of
Surgery and Physiology, Royal
Hallamshire Hospital, Sheffield) The
influence of duodenal infusion of bile acid
at a concentration similar to that in the
common bile duct (50 mmol/l) upon fasting
antroduodenal motility, duodenogastric
reflux and gastric and duodenal secretion
was studied in 10 healthy volunteers. Intra-
luminal pressures were recorded in the
antrum and the first and second parts of the
duodenum, and distal duodenal contents
were collected by continuous low pressure
sump aspiration during infusion of either
saline or CDC into the second part of the
duodenum. Values for reflux and secretion
were calculated with reference to the
recovery of two non-absorbable markers
infused into the stomach and duodenum.

Each volunteer received at least three
hours of saline and two hours of CDC
infusion.
During saline infusion, duodenogastric

reflux varied with the MMC, being
statistically greater at the end of duodenal
phase III activity than at any other time
(p<005). Chenodeoxycholic acid
abolished the MMC and inhibited antral
contractions (p<005), but the amount of
reflux was not increased compared with the
saline period. Chenodeoxycholic acid also
produced an increase in secretion of trypsin
(p<0-001), bicarbonate (p<0-001),
phospholipase A2 (p<005) and endo-
genous total bile acid (p<0-05) into the
duodenum though gastric acid secretion
was unaffected. These findings suggest that
bile acid may play a key role in the control
of gastroduodenal motor activity and
pancreatico-biliary secretion.

Smoking impairs transpyloric flows

S A MULLER-LISSNER (Medizinische Klinik
Innenstadt, University of Munich, Federal
Republic of Germany) The effect of
smoking on emptying of fasting gastric
contents and on duodenogastric reflux of
bile salts (BS) was measured in nine non-
or nearly non-smokers (0-3 cigar-
ettes/day). Fasting gastric contents were
aspirated and replaced by marker solution
(PEG in saline, 200 g/l). Subsequently the
following procedure was performed every
30 minutes for four hours (= eight periods
at 30 min). Gastric contents were aspirated
and the volume was measured. Five milli-
litres were sampled and replaced by
marker solution. The mixture was
reinstilled into the stomach. The concen-
trations of PEG and BS were measured in
the samples. From these concentrations
and the gastric volumes, fractional gastric
emptying rate, volume secretion rate, and
the reflux rate of BS were calculated. Each
subject was studied twice in randomised
order, without and with smoking, respect-
ively. In smoking studies, 1 cigarette/30
minutes was smoked in periods 4-8.
Means of periods 4-8 ± SEM: smoking

decreased emptying rate from 4-63±0-32 to
3-28±0-44%/min (p<0-05). Gastric secre-
tion remained unaltered. Therefore gastric
volume rose. Smoking increased BS reflux
from 0-38±0-06 to 0-75±0i24 ,.mol/min
(p<0-05). Gastric BS concentration was
not affected (338±83 vs 393±99 ,umol/l).
Preliminary results in heavy smokers (>20
cigarettes/day) are similar.

It is concluded that (1) cigarette smoking
increases bile salt reflux rate but not gastric
bile salt concentration. (2) The latter is
because of dilution in increased gastric
volume. (3) Increased gastric ulcer
incidence in smokers cannot be explained
by an increased bile salt reflux.

Effects of pentagastrin (Pg) on human
gastroduodenal motility

J B J FOZARD, C M WHITE AND G R GILES (St
James's University Hospital, Leeds) Penta-
gastrin (Pg) stimulates antral contractions
but retards gastric emptying. To explain
this paradox we have examined the effects
of Pg on gastroduodenal motility, using a
method that records continuously the intra-
luminal pressures in the antrum, pylorus
and duodenal bulb.

In five normal volunteers, after an over-
night fast, recordings were obtained during
intravenous infusion of isotonic saline (S)
for a mean of 59 minutes (range 50-67
min). Then Pg was infused intravenously (6
,ug/kg/h) and recording continued for a
further 20-32 min (mean 28).
With S, a migratory motor complex

(MMC) was recorded in all subjects and
the whole gastroduodenal region func-
tioned as a unit. The majority of pyloric
waves were related to an antral wave
(50-91%) and one or more duodenal waves
(83-93%). In contrast, Pg abolished the
MMC, abolished antral waves and
produced rhythmic, independent contrac-
tions of the pylorus. No pyloric waves were
related to an antral wave, although
between 3% and 97% were related to one
or more duodenal waves. This type of
pyloric activity was never recorded with S.
Compared with S, the incidence of pyloric
waves was significantly increased by Pg
(p<0-01, Student's paired t test) but the
incidence of duodenal waves was not
significantly different.
The effect of Pg on gastric emptying may

be explained by the combination of antral
inhibition and increased contractile activity
at the pylorus.

Gastrin group peptides and CCK8: sites of
action to control the motility of the
reticulum (forestomach) in sheep

C HONDt AND L BUtNO. (Department of
Pharmacology INRA, Toulouse, France)
The effects of intracerebroventricular
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(ICV) vs intravenous (IV) infusion of
gastrin group peptides (pentagastrin,
gastrin 17, pentapeptide C-terminal,
CCK4) and CCK8 on the frequency of
reticulum contractions were tested using
electromyography in conscious ewes.
On this model, characterised by cyclic

contractions under the rigid control of a
bulbar centre through the vagus, only ICV
administration of pentagastrin and CCK8
significantly (p<005) reduced the fre-
quency of reticular contractions when
infused at 26 pmol/kg/min for 20 min; the
other peptides being inefficient when
infused at this dosage.

Infused intravenously at the same
dosage, only gastrin 17 and pentagastrin
produced a similar reticulum hypomotility
while a 10 times higher dose was necessary
for CCK8. The two other peptides investi-
gated (CCK4 and the C-terminal penta-
peptide of the gastrin) were unable to
affect the forestomach motility at doses as
high as 260 pmol/kg/min.
Naloxone ICV administered at a dose of

0-1 mg/kg blocked the inhibitory effects of
ICV and IV administration of CCK8 while
proglumide a blocking agent of the ICV
pentagastrin induced rumination did not
antagonise the effects of ICV or IV injec-
tion of any of the peptides investigated.
These results suggest firstly that CCK8

and the gastrin group peptides act on
different structures within the brain to
control the forestomach motility respec-
tively inside and outside the blood brain
barrier. The CCK8 effect being mediated
through opiate receptors; secondly that the
inhibitory effects of gastrin 17 and penta-
gastrin are not related to the penta- or
tetrapeptides C-terminal sequence.

Effect of peripheral and central administra-
tion of apomorphine and morphine on
intragastric pressure in the dog

J P BLANCQUAERT, R A LEFEBVRE AND J L
WILLEMS (Heymans Institute of Pharma-
cology, University of Gent Medical School,
Gent, Belgium) From earlier experiments
we concluded that the gastric relaxation by
apomorphine and morphine in the dog
could be of central origin, through stimula-
tion of, respectively, dopamine and opiate
receptors in the chemoreceptor trigger
zone. This hypothesis was further tested by
comparing in the conscious dog the effect
of intravenous (IV) administration of apo-
morphine and morphine with that of intra-
cerebroventricular (ICV) administration;

in the anaesthetised dog IV administration
and administration in the vertebral artery
(IVA) were compared. Intragastric
pressure was measured by a water filled
intragastric balloon.

In the conscious dog, IV apomorphine
and IV morphine produced a dose-
dependent gastric relaxation: the lowest
doses that gave a significant decrease in
intragastric pressure were for apomorphine
1 ug/kg, for morphine 5 Ag/kg. For ICV
administration, the equivalent doses were
0Q03 ,ug/kg apomorphine and 3 ug/kg
morphine.

In the anaesthetised dog too, IV apo-
morphine and IV morphine produced a
dose-dependent gastric relaxation, but the
apomorphine was about 10 times and
morphine about 100 times less potent than
in the conscious dog: apomorphine 10
,ug/kg and morphine 300 ug/kg were the
lowest doses that induced a reproducible
gastric relaxation when injected repeat-
edly. When administered by the IVA
route, apomorphine was at least 10 times
more potent that by the IV route,
morphine only three times.
We conclude that the clear difference in

the potency of apomorphine between peri-
pheral and central administration, both in
the conscious and in the anaesthetised dog,
suggests that for apomorphine the site of
action for gastric relaxation is central. As
no such difference was seen for morphine,
a peripheral site of action cannot be
excluded for this substance.

Action of different agonists and antagonists
of the cholinergic system on the rat lower
oesophageal sphincter (LOS)

G BERTACCINI, G CORUZZI AND E POLI
(Institute of Pharmacology, University of
Parma, 43100 Parma, Italy) The aim of
the study was to identify the possible
subtypes of cholinergic receptors in the rat
LOS. Isolated LOS preparations from
Wistar rats were connected with isometric
transducers and changes in contractility
were recorded after administration of a
series of agonists and antagonists of the
different cholinergic receptors. Results
obtained with acetylcholine (acting non-
specifically on all the different cholinergic
receptors), bethanechol (acting predomin-
antly on muscarinic postsynaptic receptors)
and compound McN A343 (claimed to act
essentially on ganglionic muscarinic Ml
receptors) from one side and atrophine ( a
non-specific antimuscarinic compound),

pirenzepine (claimed to act predominantly
on ganglionic muscarinic M1 receptors),
hexamethonium, tetrodotoxin and d-tubo-
curarine, suggested that LOS contraction
appeared to be connected mainly with
stimulation of muscarinic postsynaptic
receptors. Ganglionic nicotinic and
muscarinic Ml receptors as well as post-
synaptic nicotinic receptors seem to have a
minor role if at all. In light of the above
observations it may be concluded that the
rat LOS, which in previous studies gave
useful information on the mechanism of
action of different compounds, either does
not contain an appreciable number of
subtypes of muscarinic receptors or is not a
sufficiently valuable tool for their
characterisation.

Effects of cholecystokinin and related
peptides on canine gastric muscle

K MILENOV AND K GOLENHOFEN (Depart-
ment of Physiology, MarburgILahn, FRG;
and the Department of Physiology,
Bulgarian Academy of Sciences, Sofia,
Bulgaria) Mechanical activity was
recorded in isolated muscle preparations
from the circular and longitudinal layers of
different regions of canine stomach (10
dogs). At least eight muscle strips were
excised from each stomach: longitudinal
(lo) and circular (ci) strips from fundus
(Fu), corpus (Co) and antrum (An), and
circular strips from the inner and outer
portion of the pyloric ring (Py-inn and
Py-out). The effects of four peptides of the
cholecystokinin-gastrin group were inves-
tigated and their relative potencies were
determined. Cholecystokinin 33 (CCK 33),
cholecystokinin octapeptide (CCK 8),
caerulein or pentagastrin, added in
increasing concentrations, produced the
same pattern of responses, with marked
differences in their potencies. On a molar
basis caerulein was about 10 times more
potent than CCK 8, whereas CCK 33 and
pentagastrin were about 10 times less
potent than CCK 8. The most character-
istic effect was an increase of frequency of
the phasic activity of Fu-ci, Co and An
preparations (threshold 10 10 mol/l for
CCK 8), sometimes combined with a
decrease of amplitude, but sometimes with
a marked increase of amplitude in one area
(preferentially An-lo) at high concen-
tration (10-8 mol/I for CCK 8). Slight tonic
activations were observed in Fu and Co
preparations, particularly in Fu-lo, in most
cases not more than 30% of the ACh
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response (threshold at 10`10 mol/l for CCK
8). No responses were seen in pyloric
preparations. Anticholinergic, antiadren-
ergic and antihistaminergic agents as well
as tetrodotoxin had little or no effect on the
CCK responses, which indicates - in
addition to the quite specific qualitative
pattern of responses - that the peptides act
by a direct effect on smooth muscle.
Dibutyryl cyclic GMP (lx10-5 to 5x 10-4
mol/l) a selective inhibitor of the CCK-
motor responses in gall bladder and ileum
antagonised uncompetitively the stimu-
lating effects of CCK and related peptides
on canine gastric muscle.

Cisapride stimulates peristaltic activity of
the canine jejunum during the digestive
period

M SCHEMANN AND H J EHRLEIN (Institute of
Zoophysiology, University of Hohenheim,
FRG) As Cisapride is said to stimulate
gastrointestinal motility, we investigated its
effect on intestinal motility.
Jejunal motility was measured in

conscious dogs with six closely spaced
strain gauges. To evaluate the transit time
of radio-opaque boli within the studied
segment, a tube was surgically implanted
orad to the transducers. The digestive
phase was produced by an orally admin-
istered Meritene® cellulose meal (1 kcal/
ml). After a 30 minute control period,
Cisapride was given as a 0-32 mg/kg bolus
followed by an infusion of 0-04 mg/kg/h for
a further 30 minutes. A computer was used
for analyses.
The meal was accompanied both with

migrating segmentations pushing the
content slowly aborad, and with stationary,
sporadic indentations churning the content
to and fro. Cisapride increased the
propulsive activity and accelerated the
small bowel transit time from 0-8 cm/sec
(mean) to 1-8 cm/sec. Cisapride also
enhanced the strength and frequency of
contractions. The meal induced a high
incidence of stationary, non-propagated
contractions (70%), only 30% of the
contractions migrated over longer
distances (8 cm=20%, 12 cm=6%, 16
cm=2%, >20 cm=1%). Cisapride
changed this mostly segmental motility
pattern by increasing the percentage of
propagated contractions from 30-61% (8
cm=22%, 12 cm=12%, 16 cm=7%, 20
cm=8%, >20 cm= 12%). The mean length
of spread of contractions (mean=2 cm) was
markedly increased by Cisapride to 6-4 cm.

We conclude that Cisapride has a
powerful stimulating effect on the
intestinal digestive motility; it enhances the
strength and the frequency of contractions,
it increases the propulsive activity and the
length of spread of contractions.

Influences of neurotensin (NT) and 5-
hydroxytrypthophan (5-HTP) on the
postprandial intestinal motility patterns

M SCHEMANN AND H J EHRLEIN (Institute of
Zoophysiology, University of Hohenheim,
FRG.) The effect of 5-HTP (200 ug/kg/
min iv) and NT (10 pmol/kg/min iv) on the
postprandial motility produced by a caloric
free cellulose meal was investigated.

In conscious dogs six closely spaced
strain gauges and a tube for infusion of
contrast medium were implanted on the
proximal jejunum. The intestinal transit
time within the studied segment was
measured fluoroscopically. A computer
was used for analyses.
Both hormones increased the mean force

of contractions and reduced their propaga-
tion velocity compared with the control
(saline iv, S). 5-HTP slightly increased,
while NT diminished the frequency of
contractions. During intravenous saline the
chyme was rapidly propelled aborad along
the segment (2 cm/sec). Neurotensin
retarded the rate of flow (0-2 cm/sec),
5-HTP accelerated the transit (3 cm/sec).
The distribution of the length of spread of
contractions (LSC) showed a high percent-
age of propagated contractions during
intravenous saline (8 cm=18%, 12
cm=14%, 16 cm=11%, 20 cm=7%, >20
cm=30%). Neurotensin nearly abolished
propagated contractions (8 cm=29%, 12
cm=11%, 16 cm=5%, 20 cm=1%, >20
cm=1%), whereas 5-HTP increased the
percentage of contractions travelling over
long distances (8 cm=9%, 12 cm=9%, 16
cm=8%, 20 cm=15%, >20 cm=43%).
Neither the frequency nor the force or the
propagation velocity of contractions, but
the mean LSC (S=10-3 cm, NT=4-5 cm,
5-HTP=15-7 cm) was related to the transit
time (r=0-99). A linear positive relation
(r=0-94) between the length of spread and
the force of the contractile waves was
found for S and 5-HTP, but not for NT.
We conclude that this study showed how

contractions spread and were spatially
grouped. It emphasised the importance of
propagated contractions in understanding
of how intestinal content is propelled along
the intestine. Both hormones altered

characteristically the co-ordination of
intestinal contraction.

CNS mediated gastric and small intestinal
motility disturbances in man: role of
adrenergic pathways

J D O'BRIEN, D G THOMPSON, W R BURNHAM,
AND E WALKER (Gastroenterology Unit,
The London Hospital, London) CNS
mediated autonomic changes induced by
hand immersion in cold water (CW)
disturb gastric secretion and emptying. The
following studies investigate further the
cold water effects on gastrointestinal motor
function and suggest a possible mechanism.

Gastrointestinal motility: six intubated
volunteers ingested two identical meals,
followed by either 20 minutes CW or a
warm water (WW) control. Cold water
again inhibited gastric emptying but
examination of small intestinal motility
showed no effect (mean change in small
intestinal motility index 0-2/10 min. SEM
0-2 vs control >0-5*).

Gastrointestinal transit: eight volunteers
ingested identical meals with 20 g lactulose,
a non-absorbed marker whose arrival at
the caecum was indicated by a rise in
breath hydrogen. Cold water immersion
started before the meal tested gastrocaecal
transit, CW started 10 minutes after the
meal (when 20% had left the stomach)
tested small intestinal-caecal transit.
Gastrocaecal transit was delayed by CW vs
WW control (mean delay = 16-6 min ±5-3,
p<0-02*), but small intestine transit was
not significantly altered (A8-6 min ±5-7
p>0-1*), indicating inhibition of gastric,
but not small intestine function.

Adrenergic blockade: identical transit
studies using thymoxamine (alpha-blocker)
and propranolol (beta-blocker) explored
the role of the adrenergic NS. Cold water
immersion induced gastric inhibition was
consistently blocked by propranolol but
was unaffected by thymoxamine.

It is concluded that the autonomic
disturbances induced by cold water pain,
inhibit gastric motor functions but have no
effect on the small intestine (A pattern
mirroring postoperative ileus). This inhibi-
tion seems to be beta- but not alpha-
adrenoreceptor mediated.
(*Paired t test)

Glucose absorption and metabolism, and
small intestinal motility in pigs

V RAYNER, P C GREGORY AND E D GOODALL
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(Department of Physiology, Rowett
Research Institute, Scotland The MMC
moves digesta through the pig small
intestine in batches. This study investigates
whether the rate of glucose entry into the
blood plasma from rapidly digested carbo-
hydrate and the subsequent rate of glucose
exit to the tissues vary with the MMC
phase in the duodenum and jejunum. Is
there any relationship between the MMC
and glucose entry from glycogenolysis and
gluconeogenesis in fasted pigs?

Myoelectric activity was recorded from
electrodes in the duodenum and jejunum
of five pigs. Glucose entry and exit rates
were obtained for each five minutes from
the changes in plasma glucose specific
activity during continuous infusions of D-
[2-3H] glucose (40 uCi/h).

In pigs fed a barley based meal at 20
minute intervals by automatic feeder to
eliminate changes in gastric emptying and
digesta flow other than those induced by
the MMC, RSA recurred in the duodenum
every 63-8±2-7 min. The glucose entry rate
rose to a maximum of 452±16-2 mg/min
during the ISA 17*2±3-1 min before the
RSA in the duodenum falling to 209±10-1
mg/min 12-7±2-1 min after the RSA. The
glucose exit rate varied from 433±12-9
mg/min 14-3±2-9 min before the RSA to
244±9-6 mg/min 14-9±2-4 min after the
RSA. Arterial plasma insulin concen-
trations varied from a peak value of
28*4±1*4 uU/ml at 17*9±2*4 min before
the RSA, to 7 7±0-5 uU/ml at 13-9±1-9
min after the RSA. In fasted pigs there was
no variation in glucose entry and exit rates
with the MMC. The glucose entry and exit
rates in the fed pig closely followed each
other, both varying with the MMC in the
duodenum and jejunum; the pattern of
intestinal motility thus imposes an hourly
cycle of glucose absorption and tissue
uptake.

Correlation of peptide YY (PYY)-induced
myoelectric activity to transit of small
intestinal contents in rats

A AL-SAFFAR AND P M HELLSTROM (Depart-
ment of Pharmacology, Karolinska
Institutet, Stockholm, Sweden) The transit
of Na25'CrO4 marker in the small intestine
was correlated to the occurrence of
migrating myoelectric complexes (MMCs)
and PYY-induced myoelectric activity in
fasted conscious rats provided with bipolar
electrodes at 5, 20, and 35 cm distal to the
pylorus. The marker was administered via

a duodenal cannula immediately after an
activity front had passed the first recording
site. The time between the deposition of
the marker and death was 26-7±2 and
26-5±1-6 min in the control (n=6) and
experimental groups (n=6), respectively.
The small intestine was divided into 10
segments of equal length, and the radio-
activity recovered in each segment was
analysed planimetrically.
Under control conditions, 90±5% of the

radioactivity was recovered as one peak
aboral to the third electrode, which had
been passed by an activity front of MMC at
death. The median peak of the radio-
activity, however, was propelled to the
seventh segment (range 5-8), although the
activity front had terminated at the fourth
segment. Infusion of PYY (50 pmol x kg-
x min-m iv) had no effect on the occur-
rence of the MMC in the duodenum but
interrupted its distal propagation in the
jejunum. In comparison with controls, the
median peak of radioactivity was recovered
in the third segment (range 3-4)
(p<O-OOl).
These results indicate that luminal

contents are propelled as one portion
aboral to the activity front. As the radio-
active marker did not accumulate close to
the site of the activity front, the propulsion
of the small intestinal contents cannot be
solely provided by the occurrence of the
spiking activity of MMC but may also be
influenced by other factors such as the
passively receiving segment undergoing
slow wave activity ahead of the spiking
activity. The delay in transit induced by
PPY may by attributed to its inhibitory
effect on the propulsive contractions
propagating along the small intestine.

Effect of long term mental stress by noise on
transit of a meal through the small and
large bowel

J F ERCKENBRECHT, B ZIEMER, M LESCH, S
REHM, E KOTHE, W BERGES, AND M WIENBECK
(Departments of Internal Medicine D and
Occupational Medicine, University
Hospitals, Dusseldorf, FR Germany) The
effect of long term mental stress by noise
on transit of a meal through the small and
large bowel was evaluated in a randomised
crossover study in 16 healthy male volun-
teers (26±3 years). Mental stress was
exerted by a 90 dB broad frequency noise
applied by headphones for two consecutive
days interrupted by a 12 hour night rest. To
avoid adaptation the headphones were

removed for 10 minutes after each 20
minute period of noise exposure. Blood
pressure and finger pulse amplitude served
as indices of central nervous stimulation.
Small bowel transit time (oro-caecal TT)
was determined by the rise in breath H2
produced by a standardised test meal.
Large bowel TT (oro-anal TT) was
measured by radio-opaque markers.

Results (x±SD): noise increased systolic
and diastolic blood pressure and decreased
finger pulse amplitude (p<0.01). Small
bowel TT was accelerated by noise
(286±89--234±43 min; p<0-01). Noise
had no significant effect on large bowel 1T.
Exposure to noise increased stool fre-
quency (1-9±1-3-32-9±1-8/48 h; p<0-01)
and stool weight (155±128--274±163 g/48
h; p<0.01).
Long term exposure to noise stimulates

central nervous functions. Noise acceler-
ates oro-caecal transit of a meal, whereas
the effect on colonic transit is equivocal.
Stool frequency and stool weight are
increased. It is concluded that probably
changes of transmural fluid transport and
accelerated small bowel transit of a meal
are responsible for the changes of bowel
habits under mental stress by noise.

Effect of the artificially raised common bile
duct pressure on the motor activity and
function of the sphincter of Oddi (SO)

M STARITZ, K EWE, AND K-H MEYER ZUM
BUSCHENFELDE (1st Department of Internal
Medicine, University of Mainz, Mainz,
FRG) It is postulated that the common
bile duct pressure regulates papillary
function. This, however, has been
concluded from indirect observations.
Thus, we wished to study the effect of an
artificially raised common bile duct
pressure on the SO motility by its indirect
registration using ERCP-manometry.

In 10 cholecystectomised patients the
papilla of Vater was intubated with a
perfused triple lumen catheter which was
linked to two Statham elements (Beckman
R 427 G). After recording of the baseline
motility saline was fed into the common
bile duct until a slight pressure rise
(approximately 4 mmHg) was achieved.
Then papillary motility was measured once
more. Thereafter more saline was fed into
the common bile duct until the pressure
rose to approximately 35 mmHg. Now the
papillary motility recording was repeated.
The slight pressure rise caused no

changes in papillary motility. The strong
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pressure rise, however, was followed by an
increase in the papillary residual pressure
from 5-5±0*5 to 10-7±0-75 mmHg
(p<O005) and the duration of the papillary
contractions rose from 6-3±0-16 to
86±O0-64 seconds (p<0005). The papillary
contraction frequency and amplitude did
not change.

It was concluded that a physiologically
slight pressure rise in the common bile duct
(as observed following the contraction of
the gall bladder) did not affect papillary
motility. The unphysiologically strong
pressure rise, however, hampered papillary
function. This experimental experience
may explain papillary dysfunction after
ERC examination and after intra-operative
manometry which frequently leads to
superfluous common bile duct exploration.

Effect of nitroglycerin on the sphincter of
Oddi motility and baseline pressure

M STARITZ, T PORALLA AND K-H MEYER ZUM
BUSCHENFELDE (Ist Department ofInternal
Medicine, University of Mainz, Mainz
FRG) It is widely accepted that nitro-
glycerin effectively dilates the smooth
muscles of blood vessels. Thus we wished
to test whether glycerol trinitrate (GTN)
also affects the smooth muscle of the
duodenobiliary junction (sphincter of
Oddi, SO).
Seventeen healthy volunteers were

studied. In nine subjects (mean age 43
years) the SO baseline motility and
baseline pressure of SO and the common
bile duct pressure were obtained by ERCP
manometry using the perfusion method
according to Arndorfer immediately before
and three minutes after sublingual
application of 1-2 mg GTN (Nitrolingual-
spray, Pohl-Boskamp, Hohenlockstedt,
FRG). In a second group of eight subjects
(mean age 40 years) an equal manometric
procedure but without GTN application
was performed.
After GTN application the SO

contraction amplitude decreased from
69-3±4-3 mmHg to 36-8±5*1 mmHg
(p<0005) and the papillary baseline
pressure fell from 8-9+0.6 mmHg to
2-9±0-7 mmHg (p<0.005). The common
bile duct pressure showed a slight decrease
from 8-4±0-2 mmHg to 7-1±0-6 mmHg
(p<005). The SO contraction frequency
and duration and all parameters in the
control group did not change.
We conclude that GTN did not affect the

sphincter of Oddi motility but it had a

remarkable dilating effect on the sphincter
muscle and enhanced transpapillary bile
flow. According to this experimental
experience we used GTN very successfully
in our endoscopic unit as premedication for
endoscopic retrograde cholangiography.
Futhermore, GTN allowed the removal of
small and medium sized common bile duct
stones through the dilated papilla without
endoscopic papillotomy.

Endoscopic manometric studies of the
pancreatic and biliary sphincters in man

D L CARR-LOCKE, J A GREGG, T AOKI, W CHEY
AND S BENTLEY (New England Baptist
Hospital, Boston, Massachusetts, USA and
Gastroenterology Unit, Leicester Royal
Infirmary, Leicester, England) Over five
years we have used the technique of
endoscopic manometry to study (1) normal
pancreatic and biliary sphincter mech-
anisms in man, (2) effects of papillary,
pancreatic and biliary disease on sphincter
mechanisms, (3) effects of surgical and
endoscopic sphincter ablation, (4) physio-
logical and pharmacological effects of
exogenous glucagon, secretin and cholecys-
tokinin-octapeptide (CCK-OP) and (5)
pharmacological effects of opiates and
other drugs.
Normal values for pancreatic duct (PD)

and common bile duct (CBD) pressures
have been established and distinct, but
interdependent, sphincter zones have been
shown in 43 healthy volunteers. In 162
patients, with a variety of papillary, biliary
and pancreatic disorders, endoscopic
manometry showed raised PD, CBD, PD
sphincter and BD sphincter pressures in
suspected papillary stenosis, raised CBD
pressure in CBD stones and after chole-
cystectomy, and raised BD sphincter
pressures in recurrent pancreatitis. Bile
duct sphincter activity was detected in 60%
of patients after surgical sphincteroplasty
but in 21% after endoscopic sphincter-
otomy.
Glucagon produced significant reduction

of BD sphincter pressure at 0.01 ,ug/kg/h
when plasma concentrations were physio-
logical (77 pg/nl) but all other relaxing
effects were pharmacological. Secretin
lowered PD sphincter pressures at 32-2
ng/kg/h when plasma secretin was in the
physiological range (16 pg/ml) but no
biliary effects were observed. Pancreatic
duct pressures were increased only at
supraphysiological doses of secretin.

Cholecystokinin-octapeptide at a dose of
20 ng/kg/h significantly slowed and lowered
BD and PD sphincter phasic activity and
was considered to be physiological.
Morphine increased phasic sphincter
activity to 10-12 contractions per minute
reversed by naloxone and glucagon.

Gall bladder volume amd emptying rate in
the obese: effect of an ordinary meal and
low caloric diet

L MARZIO, A M DI GIAMMARCO, M DE MARTIIS,
F CAPONE, C SCHIAVONE, M NERI, F
CUCCURULLO, AND P MALFERTHEINER
(Istituto di Patologia Medica Universitd di
Chieti, Chieti, Italy, and Innere Medizin,
Universitat Ulm, Ulm FR Germany) Ten
obese patients (>30% ideal weight) and 10
normal subjects free from any gastrointes-
tinal disturbances were examined. After 12
hours fasting gall bladder volume was
assessed by real-time ultrasonography.
Each patient and subject ate on different
days an ordinary hospital meal (800 Kcal),
or a low caloric, low fat meal (Modifast R),
(80 Kcal), used for weight loss purposes.
Gall bladder volume determinations were
obtained during fasting, at the end of the
meal, and every 30 minutes up to 180
minutes from the meal. Six obese patients
were put on Modifast regimen tid for seven
davs, and gall bladder emptying study
repeated after this period.
The results show a statistically signifi-

cantly larger gall bladder fasting volume in
obese vs normal subjects (49±5 cm3 obese,
27±2 cm3 normal subjects; mean+SD,
p<0-05). Obese patients also had a blunted
gall bladder response to ordinary meal and
Modifast. Maximum volume reduction, in
fact, was of 40±2% of the initial volume in
obese, 150 minutes from the meal, while in
normal subjects this reduction was of
29±4% at the same time (p<0.001).
Maximum volume reduction in obese was
the 83±3% of the fasting volume, 30
minutes after Modifast; in normal subjects
maximum reduction was of 71±2%
(p<0-01) at the same time.
The one week Modifast regimen was

associated with a further increase in fasting
gall bladder volume (62±13 before, 77±10
after, p<005), with no change in evacua-
tion rate. In the obese therefore in addition
to metabolic factors, gall bladder stasis
may contribute to the high incidence of gall
stone formation noted in these patients.
Low caloric diet, if used for prolonged
period, may augment gall bladder stasis.
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Motility of the human ileocaecal region

D G NASMYTH AND N S WILLIAMS (University
Department of Surgery, The General
Infirmary, Leeds) The human ileocaecal
junction (ICJ) is presumed to function as a
sphincter which controls ileal transit and
prevents retrograde flow. The motor
activity subserving such a function in man
is sparsely documented. We have recorded
the pressure profile of the ICJ and its
response to intraluminal distension in eight
patients with a defunctioning loop
ileostomy. In fasting conditions a perfused
(200 ,IA/min) four lumen catheter (od; 5
mm, id; 1 mm) with three sideholes and a
terminal balloon was positioned under
radiological control across the ICJ. In the
ileal junctional zone phasic and tonic
activity with no organised pattern was
observed during 70% of a total period of 24
hours. No migrating motor complexes were
identified proximal to the stoma (two
patients). Pressure profiles for the ICJ
were assessed by withdrawing the catheter
in increments of 1 cm at intervals of 1
minute (five patients, n=43, range 6-11).
A rise in baseline pressure (BP) (6.4±2.5
cm H20)* and in the number and ampli-
tude of phasic waves (APW) was seen on
traversing the ICJ and recording in the
ileum. A discrete zone of persistent tonic
activity noted in a previous study was not
found. The motor response of the ICJ to
intraluminal balloon distension 8 cm
proximal and distal to it was investigated in
five patients. Colonic distension evoked a
rise in mean junctional BP (5±3 cm H20)*
and an increase in mean APW (14±7 cm
H20)*. Ileal distension inhibited pre-exist-
ing motor activity in 75% of observations
(n=25), and in 88% (n= 17) when this was
evoked by colonic distension. Phasic
activity evoked by colonic distension and
inhibited by synchronous ileal distension
returned after ileal balloon deflation.
These findings suggest that the ICJ
functions as a specialised sphincter and
they are consistent with recent findings in
healthy human subjects.
(* +SD, p<005, paired t test)

Beta adrenergic effects on human sigmoid
colonic motility

E LYRENAS, H ABRAHAMSSON AND G
DOTEVALL (Department of Medicine II,
Sahlgrens Hospital, Goteborg, Sweden)
Betal- and beta2-adrenergic agonists have
been reported to relax isolated colonic

muscles from several species. We wished to
study the effect of beta1- and beta2-stimula-
tion on human distal sigmoid motility and
elucidate the mechanism of action by
applying mechanical or hormonal back-
ground stimulation.

In healthy volunteers pressure was
recorded by a catheter in the distal sigmoid
and contractile activity quantified for three
consecutive periods of 25 minutes. The
study was double-blind and randomised.
On separate days, the beta1-agonist
prenalterol, the beta2-agonist terbutaline
and placebo was administered iv preceded
by a control period (72 examinations).
Under conditions of continuous balloon

distension (80 ml) of the upper rectum (12
subjects) terbutaline 0-5 mg iv was
followed by a significant decrease of
sigmoid motility from 4.3±1-5 (SE) kPa x
min during the control period to 29± 1-0
kPa x min (p<0.01). Prenalterol (<5.0
mg) and placebo had no significant effects
on motility index. During continuous
infusion of a CCK-octapeptide 2 5 IDU
kg-lxh-' (12 subjects) sigmoid motility
index after terbutaline 0 5 mg iv was
4*92±0-99 kPa x min compared with
5-45±0-75 kPa x min during the control
period (p>0-1). Also, placebo and prenal-
terol were without significant effects on
CCK-stimulated sigmoid motility.

It is concluded that mechanically stimu-
lated distal colonic motility is inhibited by
beta2-receptor stimulation, while CCK-
stimulated motility is not. As the former
type of motility, but not the latter, can be
inhibited by atropine the inhibitory effect
of beta2-agonists may be dependent on
neural background excitation.

Oscillation potentials of the colon enhance
cholate-induced defaecation

M M KORNER AND M WIENBECK (Department
of Internal Medicine, University Hospitals,
Dusseldorf, FR Germany) Sodium
cholate (SC) promotes defaecation. To
elucidate the motility mechanism, we
studied changes in the myoelectrical
activity after topical SC application into the
colon.

Six cats of both sexes were implanted
needle electrodes in the small and large
intestine. The experiments started two
weeks after the operation. Sodium cholate
in concentrations of 1, 4, 8, and 16 mM was
infused with 5 ml/min into the proximal
colon via a catheter. Isotonic electrolyte
solution served as a control. Spike activity

(SP), slow wave frequency (SW), oscilla-
tions (OP), and the occurrence of defaeca-
tions were evaluated.
Sodium cholate and the control caused

defaecations. Sodium cholate, however,
apparently promotes this effect, as 16 mM
SC produced the first basal movement
already 22-7±2-5 (SEM) min after starting
the infusion as compared with 43-0±14-0
(SEM) min in the control. Mean SW was
4-8 cycles/min in the proximal and 7-5
cycles/min in the distal colon. SP in the
corresponding areas were 2-9% and 1-1%
of time, respectively. Sodium cholate did
not change these myoelectrical potentials.
Oscillations were present 7-9±2-0 (SEM)
%, 4.1±1.1 (SEM) % and 0 5±0 2 (SEM)
% of time in the ascending, transverse and
descending colon, respectively. After the
infusion of SC the number of OP increased
initially in the ascending and then in the
transverse colon to 2.2±0-7 (SEM) and
4-0±0-7 (SEM) times of basal activity,
respectively. The increase of OP in the
ascending colon preceded the defaecations
by 20 and in the transverse colon by 10
minutes. After the basal movement OP
dropped below basal activity.
The defaecations induced by SC infusion

are not accompanied by changes in SW and
SP. They are preceded by an increase in
OP in the proximal colon. Oscillations are
thought to accelerate transit and hence
enhance bowel movements.

Is the first passage of flatus and faeces a
valid indicator of the return of propulsive
colonic motility in the postoperative period?

P-O TOLLESSON, J CASSUTO, A FAXtN, G
RIMBACK, AND G WALLIN (Dept. of
Radiology, Surgery and Anesthesiology,
Molndal, Sweden) The first passage of gas
and faeces after abdominal surgery is
widely used as an indicator of the return of
motor activity in the colon. The return of
propulsive activity, however, need not
necessarily imply a concomitant passage of
gas and faeces, because these factors are
voluntarily controlled. Therefore, post-
operative colonic transit time, measured by
serial abdominal radiographs, was com-
pared with the time at which the first
passage of gas and faeces occurred.
Eighteen patients swallowed radio-opaque
markers the night before cholecystectomy.
In all cases the markers were in the right
colon immediately after operation. The
time for the markers to reach different
parts of the colon was: (hours; mean±SD):
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transverse: 70±17, descending: 83±15,
rectosigmoid: 98±18. The time for the first
passage of gas was 45±16 and for faeces
91±35. There was no significant correla-
tion between the first passage of gas and
the first passage of faeces, nor to the first
passage of gas and propulsive colonic
motility. The first passage of faeces was
significantly correlated to the start of
colonic propulsive activity. The time for
the passage of faeces showed greater varia-
tions, however, probably reflecting individ-
ual defaecation habits. Thus, gas and
faeces should not be considered reliable
indicators of the return of colonic propul-
sive motility.

Large bowel transit in patients with
paraplegia

G MENARDO, A FAZIO, A MARANGI, V GENTA, G
MARENCO, G BAUSANO, AND E CORAZZIARI
(Divisione Medicina, Servizio di
Radiologia, Divisione Ortopedica,
Ospedale S Corona, Pietra Ligure e
Cattedra di Gastroenterologia, Policlinico
Umberto I, Universita di Roma, Italy)
After spinal cord injury patients present
severe constipation. The aim of this study
was to evaluate transit of contents through
the large bowel in patients with paraplegia
after a traumatic injury of the spinal
column. Ten patients (seven men, three
women, ages ranging from 17-63 years)
were evaluated. After the ingestion of 30
round radio-opaque markers transit
through the colon was evaluated by means
of daily radiograph of the abdomen.
Similarly transit through the rectum was
evaluated in five of the 10 patients, after
the introduction of 10 triangular radio-
opaque markers into the rectal ampulla.
Drugs of any kind and cleansing enemas
were stopped 48 hours before ingestion and
rectal introduction of markers. On the
radiographic film of the abdomen bony
landmarks were used to locate markers in
the right colon (caecum, ascending and
right half of transverse colon), in the left
colon (left half of transverse, descending
colon sigmoid), in the rectum. Transit
through the three large bowel segments
was expressed as transit index and
compared with normal values derived from
31 healthy control subjects. In all patients
there was either no or abnormally low
transit at level of the left colon and rectum.
A minor degree of transit delay at level of
the right colon was also present in eight
patients.

In conclusion these data indicate that (a)
constipation in patients with paraplegia is
because of abnormal transit mainly at the
level of left colon and rectum and (b)
transection of the spine between C4 and L5
causes alteration of large bowel motor
activity mainly at the level of the segments
innervated by the parasympathetic fibres of
the sacral outflow.

On the transmission of colonic motility
induced by pelvic nerve stimulation

D DELBRO, S FASTH, L FANDRIKS, AND H

HEDLUND (Departments of Physiology,
Surgery II and Paediatric Surgery,
University of Goteburg, Sweden) The
central control of distal colonic motility via
the sacral pelvic nerves is complex, involv-
ing both excitatory and inhibitory path-
ways. Previous reports on the ganglionic
transmission of these effects are conflict-
ing, particularly concerning their hexa-
methonium sensitivity. In the present
experiments the effects of muscarinic and
nicotinic receptor blockade, by atropine (1
mg/kg iv) and hexamethonium (5-25 mg/kg
iv) respectively, on the distal colonic
motility induced by pelvic nerve stimul-
ation (PNS), were studied in chloralosed
cats. The pelvic nerves were divided as
they emerge from the sacral roots and
arranged for efferent stimulation. Motility
was recorded by a volumetric method.

Stimulation at low intensities (0-1-0*2
ms, 10 V) induced contractions, which
were abolished both by atropine and hexa-
methonium. At low intensities relaxations
sensitive to hexamethonium, but resistant
to atropine were also observed. At high
intensities (>0.5 ms, 10 V) strong tonic
contractions resistant both to atropine and
hexamethonium occurred. After combined
muscarinic and nicotinic blockade this
response usually persisted although with an
increased latency of response (45-90 sec).
The results indicate that the non-adren-

ergic, non-cholinergic relaxation and part
of the cholinergic contraction to PNS are
because of activation of preganglionic
neurones acting on a secondary neurone
via a nicotinic receptor. As the hexa-
methonium and atropine resistant contrac-
tions were elicited only at high intensities it
is concluded that they were either because
of activation of thin preganglionic
neurones acting on a non-nicotinic gangli-
onic receptor, or activation of postgangli-
onic nerves originating in the sacral chord.

Mental stress by noise alters the
gastrocolonic reflex

J F ERCKENBRECHT, B ZIEMER, M LESCH, S
REHM, E KOTHE, W BERGES, AND M WIENBECK
(Departments of Internal Medicine D and
Occupational Medicine, University
Hospitals, Dusseldorf, FR Germany)
Mental stress may induce changes in bowel
habits. Alterations in the 'gastrocolonic
reflex' may be involved. In a randomised
crossover study in 11 healthy male volun-
teers (26±3 years) we investigated the
effect of mental stress initiated by a 105 dB
broad frequency noise. Ten minutes after
starting the noise application by head-
phones the volunteers ate a 1000 kcal test
meal. Intraluminal pressures of the sigmoid
colon were continuously recorded starting
10 minutes before until 40 minutes after the
meal. Motility was expressed as the area
underneath the pressure curves. Blood
pressure and finger pulse amplitude served
as indices of central nervous stimulation. In
order to determine personality effects on
the test results a modified MMPI was
performed.
The results (x±SD) show that noise

increased systolic and diastolic blood
pressure (110±10-d116+10, 70+7--76±8
mm Hg; p<0-01) and decreased finger
pulse amplitude by 44% (p<0001). In the
control experiments the motility index of
the sigmoid colon increased rapidly after
meals (26-0±3.1-*30-1+4*0 cm2/10 min;
p<0-05). After a maximum at 20 minutes
the motility index decreased continuously.
Mental stress by noise led to a delayed but
prolonged increase of sigmoid motility
after eating. Personality factors did not
affect the test results.

It is concluded that mental stress by
noise leads to a delayed but prolonged
increase of sigmoid motility after eating.
These alterations in healthy subjects
resemble those previously described in
irritable bowel syndrome patients.

Effects of bombesin on gastric smooth
muscle: comparative studies in human and
canine preparations

F E LUDTKE, K GOLENHOFEN, K MILENOV, AND
H D BECKER (Department of Physiology,
MarburgILahn, FRG; Department of
General Surgery, Gottingen, FRG; and
Department of Physiology, Bulgarian
Academy of Sciences, Sofia, Bulgaria)
Mechanical activity was recorded in
isolated muscle preparations from the
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different regions of the stomach: longitud-
inal (lo) and circular (ci) strips from fundus
(Fu), corpus (Co), and antrum (An), and
circular strips from the inner and outer
portion of the pyloric ring (Py-inn and
Py-out) and duodenum (Du). Human
specimens were removed during gastrec-
tomy or from stomachs of kidney donors.
In four canine stomachs bombesin 10-10-
10'6 mol/l was without any significant
effect in all types of preparation. In the
other six canine stomachs bombesin
produced highly selective excitatory
effects, with maximum responses in Co-ci,
where the amplitude of phasic contractions
reached the size of maximum acetylcholine
(ACh) responses (threshold for bombesin
at 10-10-10-9 mol/l). Slight tonic responses
were observed in Fu-ci, Fu-lo and Co-lo.
Excitatory responses were never seen in
Py-inn and Py-out although these prepara-
tions showed strong responses to substance
P(SP).

Fifteen human stomachs were investi-
gated. Bombesin produced strong excita-
tory effects in all preparations from distal
stomach (An and Py) and duodenum,
which in most cases exceeded the maxi-
mum ACh and SP responses (threshold at
10- 1-10-9 mol/l). In An-ci bombesin
increased the amplitude of phasic contrac-
tions to maximum values, and reduced its
frequency at high concentration. Pyloric
preparations also responded often with
maximum phasic acitivity, and in some
cases strong tonic responses were also
observed. Strong excitatory responses were
also seen in preparations from fundus and
corpus, but the number of observations
does not yet allow generalisations. No
other peptide (gastrin, cholecystokinin,
motilin, neurotensin, caerulein) had
quantitatively and qualitatively similar
effects.

It is concluded that there is a remarkable
species specificity in the excitatory effect of
bombesin on gastric smooth muscle. In
human stomach bombesin is one of the
most potent stimulatory agents, with
similar effects in all regions. In canine
stomach, however, it is nearly ineffective
or only effective in a limited area (corpus).

Characterisation of motilin receptors in
rabbit antral smooth muscle tissue

V BORMANS, T L PEETERS, AND G VANTRAPPEN
(Gut Hormone Laboratory, Katholieke
Universiteit te Leuven, Leuven, Belgium)
We have presented evidence for the

presence of motilin receptors on smooth
muscle membrane preparations and have
now further characterised these receptors
in a crude tissue preparation. Antral
smooth muscle tissue was homogenised in
0-25 mM sucrose, 0 05 M Tris-HCl buffer
pH 7-4, and centrifuged at 270 g for 15
minutes. The pellet was washed twice,
resuspended in buffer and used for binding
studies, with iodinated porcine motilin.
Over the pH-range 6-08-5 binding was
clearly pH dependent and reached an
optimum at pH 8-0. At 25°C maximum
binding was reached within 30 minutes,
and was sustained for one hour. Binding
was inhibited dose dependently by porcine
motilin and nor-leucine motilin but not by
glucagon, gastrin, PP, somatostatin or
substance P. Scatchard analysis revealed
the pressure of one class of receptors
showing a dissociation constant of 0 4
10'. In a plasma membrane fraction
Scatchard analysis was difficult to perform.
This may be related to the technical
difficulties of membrane preparation, but it
could also mean that motilin binding
requires an unknown factor present in the
crude preparation or integrity of the
membrane. Anyhow, the presence of
motilin receptors in antral smooth muscle
tissue suggest a physiological role for
motilin in the regulation of antral motility.

Metoclopramide (Mcp) is a potent stimulant
of cholinergic activity in rat and human
isolated stomach

C M MCCLELLAND, AND G J SANGER (Bee-
cham Pharmaceuticals, Harlow, Essex)
Metoclopramide stimulates human gastro-
intestinal motility by mechanisms which
depend on the functional integrity of the
cholinergic system in the gut. We have
examined the effects of Mcp on cholinergic
activity in rat isolated stomach and
compared the results with similar experi-
ments using human isolated stomach.
Longitudinal muscle strips from rat fore-
stomach and from human stomach were
suspended in Krebs solution (37°C; 5%
CO2 in 02; isotonic responses). Electrical
field stimulation (EFS; bipolar rectangular
pulses of 0-5 ms (rat) or 1 ms (human)
duration, 5 Hz rate, maximum effective
voltage, 20s (rat) or 30s (human) trains, 10
min cycle) evoked predominantly
cholinergic-mediated contractions
(blocked by atropine 1-4 ,uM or tetro-
dotoxin 0-1 ,uM). In the presence of
atropine 1-4 ,uM and BaCI2 0-48 Mm (to

raise muscle tone) EFS evoked relaxations,
probably because of non-adrenergic, non-
cholinergic (NANC) inhibitory nerve
activity (blocked by tetrodotoxin, but not
by phentolamine 1-3 ,uM plus propranolol
09 ,uM). After obtaining consistent
contractions with EFS, Mcp was added to
the bathing solution in 10-fold increases in
concentration. Contractions evoked by
EFS were dose-dependently increased with
Mcp 0-028-28 ALM (rat) or 028-28 ,uM
(human); Mcp 282 ,uM reduced the
contractions. For both tissues, Mcp 28 IAM
had no effect on NANC inhibitory nerve
activity. Submaximal contractions evoked
by exogenous acetylcholine (ACh) were
unaffected by Mcp 0*0028-28 AM (rat) or
0-00282-8 AM (human); contractions were
increased with Mcp 28 ,uM in the human
stomach.
We conclude that low concentrations of

Mcp (s maximum blood plasma concen-
trations after a therapeutic dose of Mcp;
may increase cholinergic activity in rat and
human stomach by increasing neuronal
ACh release. The effects of Mcp in rat
isolated forestomach reflect the actions of
Mcp in human stomach.

Is there a biochemical basis to lower
oesophageal sphincter?

G ZANINOTTO, L DALLA-LIBERA, P
SORRENTINO, A NOSADINI, S MERIGLIANO,
AND A PERACCHIA (Clinica Chirurgica 2
Universitd di Padova, Italy, and the Istituto
di Patologia Generale Universitd di
Padova, Italy) Myosine is the main
protein responsible for muscular
contraction. It is made up of six subunits:
two heavy chains (200 000 daltons each)
and four light chains (about 20 000 dalton
each). In striated muscle we have found
different isomyosines both in heavy and
light chains associated to different speed of
muscle contractions. Different isomyosines
were identified in the heart too. They are
related not only to atrial and ventricular
muscle, but also to a normal or
pathological status (hypertrophy or
hypertension). The aim of this work is to
verify if any differences in myosine are
present in the muscle of oesophageal body
(OB) and in that of the lower oesophageal
sphincter, as well as to justify the different
myogenic properties. Oesophagus
specimens from two patients who had
undergone oesophagectomy for upper
third carcinoma were used. We isolated a
strip one centimetre in length of muscle
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tissue at the cardias level, and another one,
5-6 cm above the cardias. The two muscle
strips were immediately immersed in
isotonic solution at 4°C with protease
inhibitors. The myosine extraction was
carried out in an hour using Fredericksen's
method. The myosine light chains were
analysed with monodimensional electro-
phoresis and bidimensional according to
O'Farrell. Myosine heavy chains were
analysed according to Carraro. Peptide
mapping of myosine was performed with
Cleveland's method.
The results show that (1) heavy chain

electrophoresis did not show any hetero-
genity in the two myosines when the
analysis was done in the presence of a

detergent (Carraro method) (2) the same
result was obtained with peptide mapping
(3) both myosines displayed two light
chains (LC1, LC2) with the same apparent
molecular weight in mono-dimensional
electrophoresis (4) a splitting of LC1 of OB
in two dimensional analysis was observed,
but LC1 of LOS was not split, and (5) no

differences were found on LC2 of OB and
LOS.

It is concluded that two different types of
myosine are present in the sphincter and
oesophageal body. These are because of a

different LC1 content. As LC1 plays an
important role on the regulation of muscle
contraction, a biochemical basis of
myogenic sphincter may be involved.

Influence on oesophageal motility by acid
provoked angina-like chest pain and
heartburn

G KJELLtN AND L TIBBLING (Department of
Otolaryngology, University Hospital,
Linkoping, Sweden) It has been suggested
that chest pain may be caused by forceful
contraction of oesophageal muscle. The
aim was to study if symptoms provoked by
acid installation into the oesophagus will
influence oesophageal motility.
Three groups of patients were investi-

gated. Group 1 (n=18) got heartburn by
prolonged acid instillation into the
oesophagus, group 2 (n=25) got angina-
like chest pain, and group 3 (n= 16) got no
symptoms whatsoever.
The peristaltic pattern was studied

before, and after acid (HCI) perfusion, by
manometric technique in erect position.
Separately, hiatal, and cardial competence
were studied by manometry and pH-metry
in supine position, and with controlled
abdominal compression.

The results show that basal motility did
not differ (p=NS) between the three
groups. In group 1 and group 2 peristaltic
amplitude increased, the motility com-

plexes broadened, and the peristaltic speed
decreased significantly (p<0-01-0-001) by
acid provocation and these changes did not
differ (p=NS) between the two groups. No
changes (p=NS) were seen in group 3.
There was no spasm or raised basal
pressure in any patient by acid perfusion.
Hiatal, and cardial incompetence were
more common (p<0-01) in group 1 and
group 2 than in group 3.
We conclude that acid provoked

symptoms of the oesophagus gives rise to
strong peristaltic contractions, and delayed
peristaltic propagation. Because the
influence on oesophageal motility was
equally pronounced in those getting
heartburn as in those getting angina-like
chest pain by acid provocation, it is
believed that the motility changes are

secondary to increased sensory stimulation
of the oesophagus, and not the cause of the
symptoms.

Oesophageal and gastric motility disorders
in patients categorised as having primary
anorexia nervosa (PAN)

G STACHER, A KISS, S WIESNAGROTZKI, H

BERGMANN, E HAVLIK, AND C SCHNEIDER
(Psychophysiology Unit, 1st Medical
Clinic, Department of Psychosomatic
Medicine, and Department of Nuclear
Medicine at the 2nd Medical Clinic,
University of Vienna, Vienna, Austria)
Primary anorexia nervosa is an increasingly
diagnosed disease with a high mortality
rate. Although vomiting is a prominent
feature, gastrointestinal function has rarely
been investigated. We studied, in 17
women referred to the Psychosomatic
Department as having PAN, oesophageal
motility by means of a low compliance
hydraulic system. In nine patients, a
motlity disorder was found to underly the
symptoms: six suffered from achalasia, two
from diffuse oesophageal spasms and one
from severe gastrooesophageal reflux with
oesophagitis and upper oesophageal
sphincter hypertonicity. Mechanical dilata-
tion in achalasia and antireflux surgery
yielded symptom relief and considerable
weight gain in each case. Non-propulsive,
repetitive, high amplitude contractions
prevailed in the smooth muscle oesophagus
of another four patients, of whom two
benefited from nifedipine medication. In

the two non-responding patients and in
three patients with normal oesophageal
manometry we also studied, by means of a
gamma camera, gastric emptying of a
semisolid meal labelled with 99m-Tc
sulphur colloid. Emptying was markedly
delayed in all cases. The half emptying
times (T 1/2) ranged from 120 to 330
minutes (median: 270 min) as compared
with 52*9 min±4-3 SEM in a group of 24
healthy subjects. Domperidone 10 mg iv
accelerated emptying in all patients
(median T 1/2: 77 min; range 57-1 10 min).

It is concluded that (1) symptoms of
motility disorders may frequently be
mistaken as indicating PAN, (2) oeso-
phageal motility and gastric emptying
should routinely be studied in all patients
categorised as PAN, (3) it cannot be
excluded that part of the observed motility
disorders were secondary to malnutrition.

Pharyngoesophageal motor dysfunction in
patients with muscular dystrophies

V F ECKARDT, W NIX, AND W KRAUS
(Gastroenterologisches Institut Wiesbaden
and Universitdt Mainz, FR Germany)
Because of the use of insensitive mano-
metric techniques in the past, oesophageal
motor abnormalities occurring in patients
with myotonic dystrophy (MD) remain
poorly defined. We prospectively
evaluated pharyngoesophageal motor
function in eight control subjects (C) and
13 patients with myotonic dystrophy by
using a high fidelity manometric recording
system and radionuclide transit studies.
Furthermore to evaluate whether the
motility dysfunction is confined to patients
with MD we investigated three more
patients with facioscapulohumoral
dystrophy (FSHD), two with scapulo-
peroneal and one with progressive
dystrophy.
The results show patients with myotonic

dystrophy had a decreased amplitude of
pharyngeal contractions (MD: 22-0±4-3
mmHg; C:42*3±4 8 mmHg - p<0-01).
Similarly they exhibited a marked
weakness of peristaltic contractions in all
three thirds of the oesophagus, being most
pronounced in the proximal third (MD:
6-8±0-7 mmHg; C: 50-2±6-2 mmHg -
p<0-01).. Posterior upper oesophageal
sphincter pressure was significantly lower
(p<0-01) in patients with MD (20-8±3-4
mmHg) than in control subjects
(107-5±21-5 mmHg). Although lower
oesophageal sphincter pressure, relaxation
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of the upper and lower oesophageal
sphincter and the sequence of peristaltic
contractions were not altered in patients
with MD, oesophageal emptying was
markedly delayed in all patients and
exceeded 20 minutes in eight of them. In
'non-myotonic' dystrophies motility
dysfunctions were only found in patients
with FSHD and consisted of marked
pharyngeal weakness.

It is concluded that patients with
myotonic dystrophy exhibit a unique
oesophageal motility disorder consisting in
upper oesophageal sphincter insufficiency
and a weakness of pharyngeal and
oesophageal contractions leading to
delayed oesophageal emptying. With the
exception of pharyngeal weakness in
patients with FSHD these changes are
confined to the myotonic form of muscular
dystrophy.

Oesophageal manometry in patients with
varices and after oesophageal transection

R A J SPENCE, G W JOHNSTON, AND T G PARKS
(Department of Surgery, The Queen's
University of Belfast, Belfast, N Ireland)
Thirteen patients, who had recently bled
from varices, underwent oesophageal
manometry. A control group of 13
asymptomatic subjects were also studied.
Seven of the 13 variceal patients had
manometry before transection and repeat
manometry at least one month following
operation. A further group of 17 post-
transection patients also underwent
manometry at a mean of 27-6 months after
operation.
Comparison between varices (13) and

control subjects (13) show that the lower
oesophageal sphincter pressure, total
length and length of the abdominal and
proximal portions of the sphincter were
similar in the two groups.

Pre- and postoperative manometry (7)
showed lower oesophageal sphincter
pressure was significantly lower in the
post-transection group (median 7 1
mmHg) when compared with the pre-
operative pressure (median 16-5 mmHg),
p<002. The total length of the lower
sphincter was shorter postoperatively
(median 2-8 cm) compared with the pre-
operative length (median 4-9 cm), p<0.02.
Both the abdominal and the proximal
portion of the sphincter were significantly
shorter postoperatively (p<0.02).
Comparison between post-transection

patients (24) and control subjects (13)

showed lower oesophageal sphincter
pressure was less in the post-transection
patients compared with the controls:
median 9-5 and 15-9 mmHg respectively
(p<001). The total length and the length
of the abdominal portion of the sphincter
were both significantly lower in the post-
transection group (p<0-01). These changes
in lower oesophageal sphincter pressure
and length after transection may pre-
dispose to reflux oesophagitis.

Oesophageal dysmotility in familial
amyloidosis with polyneuropathy (FAP)

L STEEN, P BJERLE, B EK, AND H LINDERHOLM
(Departments of Internal Medicine and
Clinical Physiology, University of Umed,
Umea, Sweden) Familial amyloidosis with
polyneuropathy type 1 has been reported
from many countries, but seems to be
concentrated in certain areas - that is,
Portugal, Japan, and Sweden. The clinical
appearance of FAP is dominated by
peripheral and autonomic polyneuropathy.
The autonomic polyneuropathy causes
varying patterns of gastrointestinal
dysmotility. The present study was carried
out in order to evaluate the presence, if
any, of motility disorders of the
oesophagus in FAP.
Twelve patients with FAP were investi-

gated by means of oesophageal manometry
using a three lumen catheter system where
the channels were continuously perfused
with saline at a rate of 3 ml/h. The catheter
was positioned with the distal end in the
stomach and slowly withdrawn. The lower
oesophageal sphincter pressure (LOSP)
and the oesophageal contraction response
to wet swallows (WS) were recorded.

Results show primary peristaltic waves
were present in the entire oesophagus in 10
patients; it was seen only in the upper third
of the oesophagus in one case, and it was
completely absent in another. The
amplitude of the peristaltic contractions
was 26-3 mmHg (range 18-4-36-8) in the
upper third of the oesophagus, 9-7 mmHg
(range 5-1-15-4) at the junction between
the upper and middle thirds, 33-1 mmHg
(range 6-6-51-4) in the middle third and
38-8 mmHg (ranges 11-0-51-4) in the lower
third. The contraction waves were wide in
the distal third of the oesophagus, 9-7
seconds (range 3-21). Tertiary, non-
propulsive contractions were recorded in
10 patients. The LOSP was 19-0 mmHg
(range 7.4-34-5) and there was a normal
response upon WS in five patients,

insufficient relaxation in four and no
relaxation at all in three patients.
The results show dysmotility indicating a

defective autonomic innervation of the
oesophagus in FAP.

Is there a relationship between Raynaud's
phenomenon and oesophageal motility
disorders observed in diffuse scleroderma?

J HOSTEIN, R BOST, C GIGNOUX, AND J
FOURNET (Department of Hepato-
Gastroenterology, University of Grenoble,
France) The relationship between
Raynaud's phenomenon (RP) and
oesophageal motility disorders (OMD)
present in diffuse scleroderma (SD) has not
been clearly established. Oesophageal
manometry was prospectively carried out
by the method of perfused catheters among
55 patients with RP for whom the aetiology
had been determined by a peri-ungual
capillaroscopy: presclerodermic (RPPS)
(n=16); idiopathic (RPI) (n=20); asso-
ciated with DS (RPDS) (n= 19), and a
control group of 20 healthy volunteers.
Compared with the control group: (1)
Among the patients with RPPS, we
observed (a) a drop in the basal pressure
(p<005) and the percentage of relaxation
of the lower oesophageal sphincter after
deglutition (p<0-001); (b) an increased
frequency of non-peristaltic oesophageal
contractions (OC) (p<0O05). (2) Among
the patients with RPDS, these EMD were
associated with decreased amplitude of OC
along the entire length of the organ
(p<O0O1).
We conclude that (1) oesophageal

motility disorders can be observed when
scleroderma is clinically characterised by
an isolated RP (RPPS). (2) The type of
OMD observed in the RPPS group is an
argument in favour of a neurological
disorder during the initial stage of the
disease. (3) Decrease in the amplitude of
the OC is seen only at a more advanced
stage of DS. (4) Among the patients with
RI the oesophageal motility is normal

Contribution of radionuclide transit studies
to the diagnosis of suspected oesophageal
disorders: a review of 150 patients

J S DE CAESTECKER, J N BLACKWELL, R D
ADAM, W J HANNAN, JOAN BROWN, AND R C
HEADING (Dcpartments of Therapeutics,
Radiology, and Medical Physics, The Royal
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Infirmary, Edinburgh) We have pre-
viously reported the use of radionuclide
transit (RTT) in 50 patients referred for
oesophageal motility studies. We now

report our experience with 150 patients, 70
presenting with chest pain, 36 with
dysphagia, 31 with heartburn (nine with
dysphagia) and the rest with epigastric pain
(six) vomiting or regurgitating (seven).
Endoscopy and/or barium studies were

undertaken before oesophageal
manometry and RTY measurement. Sixty
three patients also underwent intra-
oesophageal pH monitoring. The RTTs
were reported independently, without
knowledge of clinical details by two of us.

The final diagnosis reached was diffuse
oesophageal spasm (DOS) in 19, achalasia
in 11, non-specific oesophageal motility
disorder in 13, hypertensive lower
oesophageal sphincter (HTS) in 11,
nutcracker oesophagus in three, secondary
motility disorders in 32, gastro-
oesophageal reflux in 20, normal in 37 and
miscellaneous in five. There was agreement
between RTT and manometry in 70% of
studies. Of the remainder, 18 patients with
normal manometry had an abnormal RYT,
eight with features of DOS or reflux-
induced dysmotility and the rest with minor
abnormalities considered significant in five.
Radionuclide transit was normal in 27
patients with abnormal manometry,
including most of the HTS and
nutcrackers. The frequency of detection of
DOS and reflux-induced dysmotility by
either manometry or RYT was similar.

Radionuclide transit measurements can
identify abnormalities not detected by
manometry, and vice versa. Compre-
hensive investigation of oesophageal motor
function should include both tests together
with prolonged intraoesophageal pH
monitoring.

Oesophageal manometry-scintigraphy and
histology in patients with systemic
amyloidosis

H D JANISCH, N A SAVASER, C FISCHER, D V
KLEIST, H SCHMIELEWKI, AND K E HAMPEL

(Department of Gastroenterology, Uni-
versitatsklinikum Charlottenburg, Freie
Universitdt, FRG) It is still unknown
whether disturbed oesophageal motility in
amyloidosis is secondary to the effect of
amyloid on the smooth muscle or on the
autonomic nervous system. We report on a

prospective trial in symptomatic patients
with prior proven systemic amyloidosis.

Evaluation included manometry and scinti-
graphy. In three patients a histological
examination could be compared with the
motility parameters.

Six healthy volunteers and six patients
with amyloidosis were studied. Manometry
was performed using the Arndorfer system
mapping the entire oesophagus. Peristalsis
was stimulated by a bolus of 5 ml water.
Sphincter pressure was measured by
station pull through technique. Oeso-
phageal transit was studied with an oral
dose of 150 ,uCi 99Tc sulphur-colloid
diluted in 10 ml water using a gamma
camera. Transit was determined over the
entire oesophagus and three regions of
interest. Specimen sections obtained were

stained with Congo-red and examined by
an independent investigator (HS).
Manometry revealed a significant

decrease of contraction amplitude (A) in
the lower two thirds of the oesophagus and
of the upper oesophageal sphincter
pressure (UOSP). Lower oesophageal
sphincter pressure (LOSP) and (A) in the
proximal third of the oesophagus were not
altered. In one patient a complete
achalasia-like aperistalsis of the
oesophagus was recorded.
The mmHg for normals and patients (in

brackets) was: LESP 23-9±2-8 [23-3±5-4],
UESP 81-3±10.3 [46-1±3-3], A(distal)
93-8±4-2 [49.1±5.6], A(middle) 76 5±5-8
[32-6±5.11, A(prox) 50-2±5-8 [49.9±6.9].

Transit was prolonged as compared with
controls (p<0-05) with a stasis of radio-
activity in the distal two thirds. Histologic
examination showed a focal intramural
amyloid infiltrating lamina propria,
muscularis mucosae and perivascular
deposits, whereas nerve bundles and
epithelium were not affected. Severity of
amyloid infiltration correlated closely with
the degree of motility disturbance.
Oesophageal motility in amyloidosis is

characterised by reduced peristalsis,
decrease of UOSP and prolonged
oesophageal transit. The amount of
amyloid correlates with the degree of the
motility disturbance.

Effect of Cisapride (C) on primary
peristalsis and lower oesophageal sphincter
(LOS) pressure

E CORAZZIARI, I BONTEMPO, AND F ANZINI

(Cattedra di Gastroenterologia, II Clinica
Medica, Policlinico Umberto I, Universita
di Roma, Roma, Italy) The aim of this
study was to evaluate whether (a) the effect

of iv Cisapride administration on distal
oesophageal motor activity is mediated
through muscarinic receptors and (b)
Cisapride oral administration affects distal
oesophageal motor activity.

Patients complaining of heartburn and/
or regurgitation with endoscopic evidence
of grade 1 oesophagitis and/or pH-metric
evidence of gastro-oesophageal reflux were
investigated. Intraluminal pressures were
recorded by means of a three lumen
catheter with a lumen ending into a sleeve
sensor interposed between two side-holes
located 7 cm apart. Throughout the study
period the continuously perfused
manometric probe was positioned with the
sleeve sensor straddling the LOS. In eight
patients pressures were recorded for a 20
minute period after placebo iv administra-
tion followed by Cisapride (8 mg) iv bolus
in 2 minutes and a continuous iv Cisapride
infusion (25 ,ug min) for 40 minutes.
Atropine (1-0 mg) iv bolus was injected 20
minutes after iv Cisapride bolus. In seven
patients pressures were recorded for a 90
minute period after placebo oral
administration and for a 180 minute period
after Cisapride 10 mg oral administration.
Coded manometric recordings were
evaluated blindly. Intravenous Cisapride
administration (8 mg) caused a significant
increase in LOS pressure (p<0.01) and
amplitude of primary peristalsis (p<005).
Atropine did totally reverse the effect of
Cisapride on primary peristalsis but it did
not have any effect on Cisapride-induced
LOS pressure increment. Similarly a single
oral Cisapride dose (10 mg) caused a
significant increase (p<005) in LOS
pressure which lasted for 90 minutes after
administration and induced, in all patients
within 120 minutes, an increase in the
amplitude of primary peristalsis.
We conclude that iv and oral Cisapride

administration stimulates LOS pressure
and primary peristalsis in the distal
oesophageal body of patients affected by
gastro-oesophageal reflux. The effect of
Cisapride appears to be mediated by
muscarinic receptors at the level of the
distal oesophageal body and independent
from muscarinic receptors at the level of
LOS

Regulation of gastric motility

J W SISSONS, A L RAINBIRD, AND S M
THURSTON (National Institute for Research
in Dairying, Shinfield, Reading, Berkshire)
Electrical potentials are the basis of a
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mechanism for regulating rhythms of
gastric contractions. But, although they are
well characterised, the influence of dietary
variations on their occurrence is unknown.

This topic was studied in pigs fed a basal
meal sometimes with addition of guar gum
to increase viscosity, and in calves
receiving a liquid or solid diet. Myoelectric
measurements were made from electrodes
implanted on the terminal antrum and
pylorus of these animals. Tape recordings
were analysed by computer for time
intervals between consecutive spike bursts.
Frequency spectra of inter-burst times at

the antrum of four pigs fed a meal with and
without guar gum showed a single peak
at 12-4±0-1 and 12-3±0-2 seconds
(mean±SE) respectively. Analysis of spike
burst intervals at the pylorus of three calves
given milk and two calves fed hay and
maize showed a major peak at 15-5±0-8
and 15-9±0-4 seconds (mean±SE)
respectively. In both species measurements
at the antrum and pylorus were closely
similar.

Intervals between spike bursts during
fasting were significantly longer (p<0-05)
than values recorded after feeding. For
example. mean values for the antrum of
four pigs one hour and eight hours after
feeding were 11-8±0-2 and 12-8±0-2
seconds respectively. A similar response
was noted in three milk fed calves; feeding
and fasting values were 15-6±0-7 and
18-4±0-4 seconds respectively.
These results indicate that rhythmic

control of gastric motility is sensitive to the
process of feeding, but it does not respond
to changes in the composition and physical
form of the diet.

Effect of somatostatin on pentagastrin and
bethanechol stimulated gastric antral
motility in dogs

K BECH AND D ANDERSON (Department of
Surgical Gastroenterology, Odense
University Hospital, Odense, Denmark)
Proximal gastric contractions in response
to distension have been shown to be
inhibited by somatostatin which also
retards gastric emptying of a liquid meal.
Natural and motilin-induced interdigestive
motor complexes in the antrum were
altered by somatostatin proposing it to be a
physiological regulator of this activity. The
purpose of the present study was to
evaluate the effect of somatostatin on distal
gastric (antral) motility during infusion of
pentagastrin (digestive-like pattern) and

bethanechol (interdigestive phase III-like
pattern). The effects of somatostatin on
gastric acid secretion and pepsin secretion
were measured simultaneously.

Single dose experiments were performed
in conscious dogs (n=6) with gastric fistula.
The pentagastrin stimulated motility was
inhibited with respect to amplitude for the
low doses of somatostatin, 0-3-0-9 gg/kg/h,
while the inhibitory effect on the frequency
of the contractions was of minor
importance. The inhibition of antral
motility expressed by amplitude showed
dose-response kinetics of a non-
competitive type with increasing doses of
pentagastrin (0.25-12-0 ,g/kg/h).

Somatostatin (0-3-0-9 ,ug/kg/h) inhibited
the bethanechol stimulated motility only in
respect to amplitude. The dose-response
kinetics with increasing doses of
bethanechol with and without somatostatin
(0-3 ug/kg/h) showed inhibition of a
competitive type.
The effect of somatostatin was not

altered by different adrenergic, dopamin-
ergic and serotonergic blocking drugs. The
inhibitory effect on gastric acid secretion
and pepsin secretion was mediated through
a decrease in volume of the secretory
output.

In conclusion, somatostatin decreases
antral motility by reducing the amplitude
of the contractions.

Stimulation of gastric motility and
emptying in the absence of dopaminergic
blocking activity

S M COOPER, B MCRITCHIE, AND D H TURNER
(Beecham Pharmaceuticals Research
Division, Harlow, Essex) The upper gut
motility stimulant metoclopramide (Mcp)
possesses both dopamine receptor blocking
activity and activity on an intrinsic gut
cholinergic system, possibly to increase
acetylcholine release. The significance of
these two properties on gut motility has
been studied in the dog by comparing the
activities of Mcp with those of both the
peripheral dopamine receptor antagonist
domperidone and BRL 20627, a novel
benzamide which increases gastric motility
and emptying in the rat in the apparent
absence of central and peripheral
dopamine receptor blocking activity.

Intraluminal pressure changes have been
recorded from the Heidenhain pouch of
the conscious fasted dog. When admin-
istered iv during the phase of relative
quiescence in the interdigestive cycle, Mcp

and BRL 20627 equipotently and dose
dependently (0-1-1 mg/kg) stimulated
rhythmic increases in motility. Stimulation
was only seen with domperidone at 1
mg/kg, this being a high dose in relation to
its dopamine receptor blocking activity.

Gastric emptying in the conscious gastric
fistula dog was determined by the recovery,
15 minutes after instillation into the
stomach, of a 100 ml liquid test meal (33
mM citric acid). Compared with vehicle,
pretreatment intragastrically (ig) with Mcp
or BRL 20627 significantly increased the
emptying of the test meal at doses of 2-5
mg/kg and greater. In contrast, gastric
emptying was not significantly affected by
domperidone with doses up to 5 mg/kg ig.
These findings show that stimulation of

gastric motility and emptying can occur in
the dog through a mechanism other than
dopamine receptor blockade. This may be
of value in the design of drugs for the
treatment of upper gut motility disorders
lacking the side effects of dopamine
receptor antagonists.

Ultrasonic method for measuring gastric
emptying of liquids; application to the
actions of three alimentary fats

B TRAVERS, M BOYNARD, J GUERRE, A

CHARBONNIER, D COUTURIER, AND M HANSS
(Service d'Hepatogastroenterologie,
H6pital Cochin, Paris, and Laboratoire du
Biophysique, Faculte de Medecine, Paris,
France) Real-time ultrasound was
recently described for measuring gastric
emptying (GE) of liquids; ultrasonics are
non-invasive and can be safely repeated on
the same subject. We wished (a) to show
that the ultrasonic methods gives a reliable
curve for gastric liquid emptying and (b) to
compare the effects of three dietary fats on
gastric liquid emptying. For (a), 10
volunteers (ages 25-35 years) were given
125 ml water + 425 ml orange juice (pH
3-5, 680 mOsm/l) for a GE study; for (b),
the same subjects received, on separate
occasions, each of three equicaloric test
meals consisting of an emulsion of 500 ml
orange juice with 10 gm added fat which
was monosaturated (olive oil: 00),
saturated (butter oil: BO), or poly-
unsaturated (sunflower oil: SO). Meals
were ingested at 370 after a 12 hour fast;
using a real-time echograph (Toshiba SAL
35A) with video recording, sweeps less
than 10 seconds in duration were carried
out during breath-holding at 5, 10, 15, 20,
30, 45, and 60 minutes after ingestion. The
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same operator carried out all recordings
which were traced onto a graphics tablet
connected to a microcomputer for surface
estimations; a probe support gantry was
constructed for the probe to allow defini-
tion of the longitudinal axis of the stomach
and scanning of views perpendicular to the
axis.

Results of the GE study for orange juice
showed the resting volume to be 328±28
ml at five minutes, with an exponential
curve from five to 60 minutes (r=0-85).
Gastric emptying half-time was 15*8±1*6
minutes. With the three dietary fats, the
resting volume at five minutes was
respectively 357±15 ml 00, 396±23 ml
BO, and 360±23 ml SO. The GE half-time
was respectively 16-5±2-8 minutes 00,
22±1*9 minutes BO, and 19-7±2*9 minutes
SO. Thus, there was an increasing delay in
GE from 00 to SO to BO. The difference
between GE half-time between 00 and
BO was statisically significant (p<002).
From these data we conclude that real-time
ultrasound is a reliable method for
evaluating GE of liquid meals. We found
different emptying times for the three lipid
emulsions, even though they were
equicaloric and isothermic with identical
pH and osmolarity. The monosaturated
fatty acids 00 delayed GE of liquids
significantly less that saturated fatty acids
BO.

Ranitidine-induced modifications of gastric
emptying in controls and duodenal ulcer
patients

J BERTRAND, E D DORVAL, E H METMAN, AND
N HUTEN (Gastroenterology, Hopital
Trousseau, Tours Cedex, France The
effects of ranitidine on gastric emptying in
man have not been extensively studied and
results are controversial. The aim of this
study was to determine the possible action
of a single 150 mg oral dose of ranitidine on
gastric emptying of a standard meal in
healthy subjects and in duodenal ulcer
patients.

Eighteen men were involved in this
study: six controls (C) and 12 duodenal
ulcer patients (DU). Controls were healthy
volunteers. Duodenal ulcer patients had an
endoscopically proven active duodenal
ulcer without outlet obstruction. In all
subjects gastric emptying was assessed by a
previously described and validated
radiological method using 100 small
indissoluble pellets swallowed along with a
standard solid liquid meal (836 Kcal, P: 36

g, L: 42 g, G: 77 g). Gastric emptying was
measured twice on two separate days: (R)
with and (PL) without 150 mg of oral
ranitidine given blindly and in a random
order 1 hour before the beginning of the
meal. Gastric peak acid output (PAO)
after pentagastrin (0-6 A/kg/h iv) was also
measured in DU and used to separate DU
in normosecretors (N) or hypersecretors
(H). After ranitidine, gastric emptying was
significantly increased in C and in DU.
Among DU, this effect was prominent in
N.
We conclude that this motor effect of

ranitidine could be related to a cholinergic-
like mechanism as suggested by others in
an animal model.

Human transpyloric fluid movement and
related gastroduodenal motor activity. The
effects of four different test meals

P M KING, A PRYDE, AND R C HEADING
(Department of Therapeutics and Clinical
Pharmacology, Royal Infirmary, Edin-
burgh) Using realtime ultrasonic imaging
we have observed the effect of four
different liquid test meals on transpyloric
fluid movement and related gastro-
duodenal motor activity in 10 normal
subjects.
The mean interval between antral

contractions (cycle times), and the fre-
quency of occurrence of related proximal
duodenal contractions were similar in all
groups (F=0.3: for both). Transpyloric
fluid movement occurred in intermittent
brief episodes. Forward (gastroduodenal)
flow through the pylorus was observed in
95% of cycles and occurred as up to four
brief episodes per cycle, each lasting 2-3
seconds. The duration of these episodes
with isotonic meals of dilute orange juice at
pH 2-8 and pH 7-0 was longer than with
isotonic protein and glucose meals
(p<0-05). There were, however, fewer
episodes of forward flow in each cycle with
the pH 2-8 and pH 7-0 meals than with the
protein and glucose meals (p<005). The
majority of episodes of forward flow (68%)
occurred just after relaxation of the
terminal antral contraction. Retrograde
(duodenogastric) flow was observed in
56% of cycles and occurred, on average, as
less than one brief episode lasting about 2
seconds each cycle. There was no signifi-
cant variation in the pattern of retrograde
flow and with all meals the majority of
episodes (range 53-66%) occurred shortly
before the terminal antral contraction.

The findings indicate that the same basic
pattern of antroduodenal contraction and
transpyloric fluid movement occurred with
all four test meals. Minor differences in the
frequency and duration of episodes of
gastroduodenal flow presumably reflect the
effect of the test meal on mechanisms
regulating its emptying from the stomach.

Interdigestive gastroduodenal motor
activity in the elderly

M BORTOLOTITI, G JR FRADA, G BARBAGALLO-
SANGIORGI, AND G LAB6 (Clinica Medica I e
Gastroenterologia, Universitd di Bologna,
and Patologia Medica II, Palermo, Italy)
In 10 subjects with a mean age of 80 years
(range 75-84 years) and without digestive
diseases, atrophic gastritis, neuropathies or
other disorders known to impair the gut
motor function, the interdigestive
gastroduodenal motor activity was
recorded for at least 200 minutes by using
catheters perfused with a low-compliance
pneumo-hydraulic pump and connected to
pressure transducers and a polygraph. Nine
subjects with a mean age of 34 years
(range: 18-60) were used as controls.

In controls, migrating motor complex
(MMC) phase III activity fronts (AFs)
were recorded at a mean time interval of 94
minutes (range: 69-113 min) with phase I
occupying 35% of the recording time,
phase II 58% and phase III 7%. In the
older age group, no regular AFs were
recorded in the stomach and duodenum,
but only phases I and II. In two cases,
phase II activity occupied the entire
recording time. The motor activity during
phase II was predominantly comprised of
groups of three to five peristaltic waves of
normal amplitude occurring every 1-3
minutes resembling the jejunal 'minute
rhythm' complexes and frequently
preceded by gastric peristaltic waves. This
kind of motor activity showed a progressive
increase in frequency during phase II,
ending abruptly at the beginning of phase I
activity. The mean time interval between
the end of consecutive phases II was 107
minutes (range: 70-150 min), not
significantly different from that of controls.
Phase I activity occupied on average 49-5%
(range: 38-72%) of the recording time in
the stomach, and 21-2% (range: 12-28%)
in the duodenum.
We conclude that the gastroduodenal

motor activity in the elderly is charac-
terised by (1) the absence of MMC phase
III activity fronts, replaced in most cases by
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an intense 'minute rhythm' activity, and (2)
by a prevalence of phase I activity in the
stomach and phase II activity in the
duodenum.

Myenteric reflex: demonstration and
significance in man

G P N KENDALL, D G THOMPSON, AND E R
WALKER (Department of Medical
Research, St. Mark's Hospital, London)
Despite increased experimental and
clinical interest in the myenteric plexus, its
integrity remains clinically untested.
Bayliss and Starling's 'myenteric reflex' in
extrinsically denervated canine jejunum
comprised excitation above and inhibition
below a zone of distension. Its existence in
vivo remains controversial, however, and
has never been confirmed in man. Local
responses to upper small intestinal
distension were therefore recorded in eight
healthy, fasted volunteers using a standard
perfused tube system. A 5 cm diameter
balloon separated three proximal and three
distal recording channels. Studies
comprised two 3 hour randomly ordered
periods, during one the balloon was
inflated to produce transient discomfort,
during the control period the balloon
remains deflated. Immediately after
inflation a marked reduction in distal
motility occurred persisting throughout the
study period (mean reduction in
contractions = 8-7±0-79 SEM/10 minutes
p<0001)*. Proximal motor activity
showed a small increase (mean increase in
contractions = 8-3±3-9 SEM/10 minutes,
p<0.1)*. Normal phase III migration
occurred in all control studies. During
distension duodenal phase III's began
normally but never traversed the balloon
or appeared distally. Experiments
performed after food produced identical
changes. This study shows for the first time
in man the local responses to small
intestinal distension. Their rapidity,
localisation and pattern mirrors Bayliss and
Starling's observations and is consistent
with an intrinsic myenteric response. This
'reflex' may aid evaluation of those clinical
myenteric plexus motility disorders - for
example, pseudoobstruction where
myenteric dysfunction is suspected but at
present not amenable to study.
(*Student's t test)

T WITTMANN, F CRENNER, F ANGEL, AND J F
GRENIER (Inserm Unit 61, Pavillon
Chirurgical B, H6pital Civil, Strasbourg
Cedex, France) The aim of our work was
to compare the changes in intestinal
motility and trophic responses in mucosa
and muscularis externa in two types of
intestinal resection. Male Wistar rats were
used: in the first group a massive jejunal
resection, conserving a 6-8 cm segment
after the ligament of Treitz, was
performed; in the second group an ileal
resection, preserving 6-8 cm of terminal
ileum, was performed. Motility was studied
at the 10th and 30th postoperative days by
means of electrodes implanted throughout
the remaining bowel and was expressed by
the pattern of recurrence of the migrating
myoelectric complex (MMC). After a
month, the animals were killed, mucosal
and muscular wet weight and protein
content (mg/cm) were studied. Controls
experiments were performed using animals
with jejunal or ileal transections. In intact
animals, without any surgery, we have
previously shown (in press) that in the
ileum the MMC's duration is significantly
longer than in the duodenum and jejunum.

In fasting state, in both transected and
resected animals at 10th postoperative day,
the differences in the MMC's duration
along the intestine still existed. At the 30th
postoperative day, however, in animals
with jejunal resection only, there was an
adaptative process: MMC's duration in the
remaining jejunum was significantly
increased to the duration in the ileum.
After the end of the postprandial inhibition
of MMC appearance, at the 10th
postoperative day there was a significant
decrease in MMC's duration in the ileum in
both types of resection, compared with the
controls. At the 30th postoperative day,
however, the MMC's duration returned to
its control value. After jejunal resection a
significant (p<0-01) mucosa and muscular
hypertrophy was observed throughout the
remaining jejunum and the ileum. After
ileal resection, only the remaining ileum
showed a significant hypertrophy.

In conclusion, the jejunal resection
induced more important adaptative
processes than the ileal resection in
intestinal motility as well as trophicity.

Influence of the vagus nerves on the
migrating myoelectric complex in sheep

Adaptation in intestinal motility and P c GREGORY, D V RAYNER, AND G WENHAM

trophicity after jejunal or ileal resection (Department of Physiology, Rowett

Research Institute, Aberdeen, Scotland)
Premature migrating myoelectric complex
(MMC) may be initiated in sheep by
duodenal acidification but as motilin now
seems unlikely to be the initiator the
mechanism of the effect remains to be
determined. The present study looks at the
role of the vagus nerves in the control of
the natural and acid-induced MMC in
conscious sheep. Five sheep were main-
tained both before and after total thoracic
vagotomy by intragastric infusion of a
liquid diet.
Duodenal infusion of 20 ml 0-05 M HCI

consistently initiated premature duodenal
regular spiking activity (RSA) when
infused at least 20 minutes after a natural
RSA. Abomasal pH, which is similar to
that in the duodenal bulb, was sampled via
an abomasal catheter and fluctuated
between pH 20-4.5 but the changes were
not related to any one phase of the MMC.
In the first 24-48 hours after vagotomy the
interval between duodenal MMC
decreased from 98-4±6-8 to 23*4±1-8 min
(mean±SEM, p<0-01) while only 36%
MMC migrated to the terminal ileum, but
by two to three weeks the interval had
increased to 86*7±5-7 minutes and 80%
migrated to the terminal ileum. The rate of
propagation was reduced by vagotomy,
from 40*5±7-2 to 16-7±0*1 cm/min
(p<0-02) in duodenum, and from 21-4±1*1
to 13-7±0-7 cm/min (p<0-05) in the
proximal ileum. Duodenal acidification did
not initiate a premature RSA in
vagotomised sheep.
The study shows that in sheep duodenal

acidification induces RSA via the vagus
nerves but that this is not the normal
stimulus for initiation of the MMC. The
vagus nerves normally help to regulate
MMC frequency and are involved in the
propagation of the MMC. The recovery of
normal frequency and efficiency of
propagation of the MMC after vagotomy
suggest that the intrinsic nerves are able to
adapt to the loss of vagal control.

Sub-clinical infection with trichostrongylus
colubriformis inhibits abomaso-duodenal
transit of digesta in lambs

P C GREGORY AND G WENHAM (Department
of Physiology, Rowett Research Institute,
Aberdeen, Scotland) Abrupt infections of
animals with huge numbers of gastro-
intestinal (GI) parasites cause severe
disorders of GI motility, disrupt the
migrating myoelectric complex (MMC)
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and cause diarrhoea but the effects of
natural infections are largely unknown.
The present study describes the effects of a
chronic subclinical infection of lambs, such
as might occur naturally with the duodenal
parasite Trichostrongylus colubriformis.
Ten parasite-free lambs (3-6 months

old) were infected daily by mouth with
2500 parasite larvae and motility was
recorded by electromyography and x-
radiography. Abomasal outflow was
estimated from Cr-EDTA dilution rate,
and small intestine transit time measured
by passage of phenol red from a duodenal
catheter to a cannula in the terminal ileum.

All animals showed progressive changes
in GI motility with maximum effects after
six to nine weeks but without diarrhoea.
There was disruption of the MMC in only
one animal (for three periods of 28, 70, and
20 hours respectively). In all animals there
was progressive increase in the intestinal
transit time from 124±7 to 171±16 min
(mean±SEM; p<0.01), and a reduction in
abomasal emptying from 821±65 to
493±95 mlI/h (p<005) together with a
progressive increase in MMC frequency
from 15±1 to 35±3 per day (p<0001).
Radiography showed there was a gradual
weakening of the duodenal rush until each
rush only advanced the leading edge of
digesta. By this means digesta eventually
reached the mid-jejunum from where
transit was normal but the whole
duodenum and proximal jejunum
remained filled and were only cleared by
regular spiking activity.
The study shows that parasitic infection

of the GI tract does not necessarily cause
disruption of the MMC but that even
subclinical infections can cause severe
disturbances on GI motility.

Fasting small intestinal motor activity in
chronic idiopathic intestinal pseudo-
obstruction (CIIP)

E R WOZNIAK, T R FENTON, AND P J MILLA

(Hospital for Sick Children and Institute of
Child Health, London) Chronic
idiopathic intestinal pseudoobstruction
usually presents in childhood and may be
because of disease of smooth muscle,
enteric nerves or alterations of their neuro-
endocrine environment. We have studied
the functional effects of these disease
processes using constantly perfused
nasojejunal catheters and simultaneously
recording motility and myoelectric activity
in nine children. In four neonates with a

myopathy, migrating motor complex
(MMC) like activity was present but both
pressure (27.5±8.5 cm H20 controls
63±19-2 p<0-02 mean±SD) and electrical
activity was of low amplitude (3.8±0-8 mV
controls 9*65±1-5 p<0.001) and not
propagated. Three children (7-14 years)
had a peripheral and autonomic
neuropathy. Amplitude of both pressure
(63±19-2 cm H20) and electrical activity
(9.65±1.5 mV) was normal but abnormal-
ities of propagation with broad ill-formed
complexes occurred. In one neonate both a
neuropathy and myopathy was present.
Migrating motor complex like activity was
propagated abnormally and was of low
amplitude. In one further child normal
cyclical fasting activity was present but the
electrical slow wave was of increased
frequency (13.5 cpm controls 11-5±0-8).
High BP and absent colonic activity
suggested increased adrenergic activity
which responded well to pharmacological
blockade. These studies show that distinct
disease processes causing CIIP can be
distinguished using manometric and myo-
electric recording techniques.

Age dependent variations of the human
small intestinal migrating motor complex
(MMC)

T R FENTON AND P J MILLA (Institute of
Child Health, London) During infancy
and childhood in addition to major changes
in dietary habit there are well established
changes in structure and both digestive and
absorptive function of the small intestine.
Little is known, however, of small
intestinal motor activity during this time.

Using constantly perfused triple lumen
catheters we have studied upper small
intestinal fasting motility and myoelectric
activity in children aged 0-14 years
undergoing intestinal intubation during
investigation for suspected gastrointestinal
disease. Three groups were studied (no
gastrointestinal disease eight; irritable
bowel syndrome (IBS) 26 and organic
gastrointestinal disease 27). In phase 2
activity was increased in 13/27 patients with
gastrointestinal disease compared with
only 1/8 without gastrointestinal disease
and 3/23 with IBS. No significant
differences in propagation velocity (PV),
duration (DUR) or cycle length of phase 3
(MMC) activity were seen in the three
groups but clear age dependent variations
of phase 3 and myoelectric activity were
present. With increasing age there was a

marked increase in PV (0-4 years 7-8±7-1
cm/min vs 8-14 years 18-4±10-7 p<0011)
and basic electrical rhythm (BER) (0-4
years 11-5±0-8 cpm vs 8-14 years 12*0±0-4
p<0-011) and a decrease in DUR (0-4
years 9-3±4-8 minutes vs 8-14 years
5-5±1-4 p<0.01) with cycle length
remaining constant. The role of motility in
small intestinal disease is often ill under-
stood.

This study shows that phase 2 activity
might contribute to symptoms. In child-
hood age dependent changes must be
considered when abnormalities of phase 3
activity seem apparent in disease states.

Gastric inhibitory polypeptide (GIP) and
intestinal motility in dogs

J KONTUREK, P THOR, S J KONTUREK, AND
W CREUTZFELDT (Institue of Physiology,
Acad Med, Krakow, Poland) Intestinal
glucose and oleate are known to release
GIP and to affect intestinal motility but the
role of this hormone in the observed
motility changes have not been examined.
This study was designed to correlate
plasma GIP concentrations and intestinal
motility pattern in fasted dogs before and
after intestinal perfusion with glucose or
oleate. Fasted dogs with intestinal saline
perfusion (control) showed typically
occuring cyclic MMCs at intervals of about
87±10 min and with average 11±3% slow
waves with spikes. Plasma immunoreactive
GIP remained relatively constant at the
level of about 38±6 pM during all phases of
MMC in the foregut. Intestinal perfusion
with glucose (15-60 mmol/h) or oleate
(5-20 mmol/h) significantly prolonged the
MMC interval at lower intestinal loads and
completely inhibited MMCs at the higher
loads. Spike activity increased with
increasing intestinal glucose or oleate
loads, reaching about 38±5 and 49±7%,
respectively. Plasma GIP rose dose-
dependently with increasing intestinal
glucose and oleate loads reaching about
3570±440 at 60 mmol/h glucose and
2880±510 pM at 20 mmol/h oleate.
Exogenous GIP infused in various doses
(50-200 pmol/kg/h) also caused a dose
dependent rise in plasma GIP, attaining
about 3250±420 pM at the highest dose of
this peptide but no significant changes in
the intestinal motility patterns were
observed at any dose of GIP.
We conclude that both intestinal glucose

and oleate release dose-dependently large
amounts of GIP while inhibiting MMC and
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increasing intestinal spike activity but this
GIP does not seem to contribute to the
changes in intestinal motility patterns
caused by these nutrients.

Effect of intragastric (ig) and intravenous
(iv) ethanol on upper interdigestive motility
(IMC) and pancreatic exocrine secretion in
humans

P DEMOL, M V SINGER, J HOLTZ, AND
H GOEBELL (University of Essen, Essen
FRG) We studied the action of intra-
gastric and intravenous ethanol on
digestive pancretic exocrine secretion in
relation to the IMC in healthy humans.
On different days, fasted volunteers

swallowed a gastric and duodenal tube with
four polyethylene catheters. This catheter
assembly was used to record duodenal
pressures and measure pancreatic secretion
on bicarbonate (B) and amylase (A). In the
ig experiment, either 100 ml of ethanol (E,
40% v/v), glucose (G, 53 g%) or distilled
water (W) were instilled ig within five
minutes during phase I of the IMC. In the
intravenous experiments an intravenous
infusion of either 0-15M NaCl or 10%
(v/v) ethanol was given for two hours.

In the intragastric experiments, results
show only G significantly (p<0.05)
disrupted the IMC. Ethanol and G but not
W increased duodenal bicarbonate output
7-16 fold, respectively. Ethanol produced
no greater increase in duodenal amylase
output than W. The amylase response to G
(28±4 KU/h) was significantly (p<005)
greater than that to C (10±1) amd W
(17±3), but not to E (21±2). Intravenous
ethanol significantly inhibited pancreatic
amylase output as compared with the NaCl
experiments (237±36 U/IMC/min vs
376±97 U/IMC/min) The length of the
IMC was not significantly altered by
ethanol (124±14 vs 121±17 min). Plasma
concentrations of immunoreactive gastrin,
pancreatic polypeptide and secretin were
not altered by ig or iv ethanol.
We conclude that (1) an ig instillation of

ethanol in a concentration present in
whisky and in an amount that is consumed
in ordinary social drinking has a small
secretin-like effect on the pancreas without
altering the upper intestinal motor activity
in fasting, non-alcoholic humans. (2) An iv
infusion of a moderate dose of ethanol
inhibits pancreatic anylase output without
altering the duration of the IMC. (3) The
action of ethanol on the pancreas depends
upon its route of administration.

Organisation and coordination of phase III (TTX) induces ectopic activity fronts in the
contractions canine small intestine

M SCHEMANN AND H-J EHRLEIN (Intstitute of
Zoophysiology, University of Hohenheim,
FRG) Although interdigestive activity has
been intensively studied, the spatial and
temporal relationships and the character-
istics of phase III contractions remain
unclear. An attempt was made to analyse
more detailed the contractile pattern of the
phase III.

Motility of the proximal jejunum was
recorded in six conscious dogs using six
closely spaced (4 cm) strain gauges.
Computer assistance was used to evaluate
the length of spread of contractions.
Sequentially occurring contractions at
adjacent loci within an appropriate time lag
were defined as propagated contractions
leading to contractile waves.

Phase III showed high intra- and inter-
individual variations in the calculated
length of the activity front (14.8-47.3 cm),
in the propagation velocity (3-2-10.9 cm/
sec), and in the duration of the complex
(268-360 sec). The propagation of phase
III contractions were often interrupted by
phase lags. This led to a 15-20% incidence
of contractions travelling over a shorter
segment than theoretically expected and
calculated; so the propagation of the
contractions mostly take place by jerks.
The mean length of spread of contractions
within the studied segment ranged between
the dogs from 7-6 cm to 13-5 cm. The mean
propagation velocity of the contractile
waves varied between the dogs from 3-3
cm/sec to 6-1 cm/sec (coefficient of
variation = 0.43). The contraction rise
time varied from 08-1-2 sec. The fre-
quency of contractions was not uniform at
the recording sites, but without emerging
and oral-to-aboral frequency gradient.
We conclude that the activity front

consists of successive single waves which
are variable in respect to their length of
spread, their propagation velocity, and
their aboral migration. These
characteristics are combined with each
other comparable to a signal box in which
each of the signals and points can be
adjusted individually and in different ways;
however, the destination will not be
changed. Although the phenomenon of the
phase III follows a standard, stereotyped
pattern, the parameters involved varied
considerably.
Supported by Deutsche Forschungsgemeinschaft

Local neuronal blockade by tetrodotoxin

M VANDEWEERD, J JANSSENS, G VANTRAPPEN,
E SCHIPPERS, AND J HOSTEIN (Laboratory of
GI Motility, Department of Medical
Research, University of Leuven, Belgium)
To study the effect of local nerve blockade
by TTX on the MMC an intra-arterial (ia)
silastic catheter was implanted in five dogs
in a small branch of the superior
mesenteric artery perfusing a 5-10 cm
jejunal segment, 45 cm below Treitz. Small
bowel motor activity was studied electro-
myographically with eight implanted
electrodes. Experiments were performed
in conscious fasted animals two weeks after
surgery. Three different doses of TTX
were administered ia for five hours: 166,
333 and 500 ng/kg/h. During the 333 and
500 ng, but not during the 166 ng ia
infusion, ectopic activity fronts (AF)
started just below the perfused segment.
At this time normal phase II, but no phase
III activity, was observed in the bowel
proximal to the perfusion site. Apart from
ectopic AF's, normal fronts were also
observed, which started in the duodenum
and passed the perfused segment without
delay. In some instances of 500 ng/kg/h ia
infusion no phase III activity was present in
the perfused segment during the passage of
these normal fronts. Arriving at the
perfused level these fronts skipped the
segment and continued their normal
progression at the expected time. Interest-
ingly, the time interval between fronts
(ectopic fronts included) was not different
from that in the control period; thus TTX
did not induce additional ectopic fronts but
only favoured the ectopic origin of the
front. Vomiting preceded by a typical
retrograde myoelectric activity occurred
during ia TTX in the doses of 333 and 500
ng/kg/h as well as during iv infusion of the
same doses.
We conclude that (1) local suppression

of intrinsic neurones by ia TTX perfusion
of a small intestinal segment induced
ectopic AF's. (2) The finding that during
high doses of TTX normal AF's skipped
the perfused segment suggests that the
extrinsic nerves take part in the regulation
of the propagation of the MMC. (3)
Vomiting during ia TTX infusion is
because of a systemic effect of the drug.

Antibiotics which mimic regulatory
peptides
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G P ZARA, H H THOMPSON, M A PILOT, D L

WINGATE, AND H D RITCHIE (Surgical and
GI Science Research Units, The London
Hospital Medical College, London)
(Gastrointestinal symptoms are among the
most common side-effects reported with
antibiotics. Erythromycin in particular is
known to provoke abdominal cramps,
nausea, and vomiting. We compared the
effects of erythromycin, a macrolide, with
lincomycin, a lincosamide, on small bowel
myoelectric activity in the fasted dog.
Recordings were made from seven

conscious dogs with implanted serosal
electrodes. After a basal period, erythro-
mycin lactobionate was infused iv at doses
of 1 or 7 mg/kg over 30 minutes or 250 mg
of the stearate was given orally. Alter-
natively, 600 mg lincomycin hydrochloride
was infused iv over 30 minutes in three
dogs.
Both oral erythromycin and the higher iv

dose of 7 mg/kg induced a pronounced
increase in spiking activity simultaneously
at all sites, and emesis invariably occurred.
During the period following erythromycin
the characteristic fasting MMC pattern was

not resumed. Instead, irregular activity was
observed with an occasional MMC
propagating slowly from the mid-jejunum.
With 1 mg/kg, any MMC already in
progress was interrupted and a premature
MMC was induced proximally, migrating
normally, followed by prolonged irregular
spiking activity, with no evidence of further
MMC's. In contrast, lincomycin (600 mg/
kg) induced a premature MMC without
disturbing the propagation of the MMC in
progress, and normal periodic fasting
electrical activity returned following the
passage of the lincomycin-induced MMC.
Both erythromycin and lincomycin are

able to induce a premature MMC. The
effect of lincomycin resembles the action of
motilin with normal fasting activity
returning after the infusion. A low dose of
erythromycin mimics the action of
morphine insofar as periodic activity is not
resumed after the passage of the
erythromycin-induced MMC, but, unlike
morphine, it blocks the MMC in progress
at the start of the infusion. Our data
suggest that side-effects of erythromycin
may be associated with alterations in
motility patterns hitherto induced only by
opioids and peptides.

Local administration of somatostatin
initiates migrating activity fronts in the fed
state

E SCHIPPERS, J JANSSENS, G VANTRAPPEN, M
VANDEWEERD, AND T PEETERS (Laboratory
of GI Motility, Department of Medical
Research, University of Leuven, Leuven,
Belgium) Intravenous infusion of high
doses of somatostatin induces a MMC
pattern during the postprandial state. The
mechanism of the phenomenon is
unknown. The aim of the study was to
examine the effect of local intra-arterial
(ia) infusions of somatostatin on small
bowel motor activity during the post-
prandial period and during an intravenous
(iv) pentagastrin (PG) infusion. A catheter
was implanted in a small branch of the
superior mesenteric artery in five dogs
perfusing a 5-10 cm jejunal segment
located 30-40 cm distally to Treitz. Small
bowel motor activity was recorded electro-
myographically with eight implanted
bipolar electrodes. In one series of experi-
ments the dogs were fed with pellets 45
kcal/kg; in a second series PG (4 ,ug/kg/h)
was infused iv for three hours. Intra-
arterial somatostatin infusions in doses
from 12-5 to 200 ng/kg/h were started 45
minutes after feeding or after the start of iv
PG infusion and lasted two to three hours.
In control experiments with ia saline
infusion the first activity front (AF) re-

appeared 309±39 minutes after feeding
and 177±13 minutes after the start of the
PG infusion (mean±SEM). Intra-arterial
somatostatin infusions induced a
premature AF 138±8-4 minutes after
feeding and 98*5±4*2 minutes after the
start of PG (mean±SEM). It occurred in
25% to 90% of the experiments in a dose
dependent manner. These premature AF's
always started at or just below the perfused
segment and migrated distally over the
remaining small bowel. The AF's were

superimposed on the fed pattern. The
highest dose of somatostatin infused iv had
no effect.
We conclude that (1) close local ia

administration of somatostatin in the fed
state or during PG infusion restores a

migrating phase III activity in the small
bowel below the site of infusion. (2) The
neural and hormonal factors which
influence the fed state are not able to
prevent the normal migration of a locally
induced activity front.

Serotonin mediation of the cyclical motor
events of the gut

Y RUCKEBUSCH, TH BARDON, AND CH
CHERBUT (Department of Physiology,

National Veterinary School, Toulouse,
France) The cyclical development of
migrating myoelectric complexes (MMCs)
at intervals of 90-120 minutes on the small
intestine has been recently considered a
phenomenon involving the enteric nervous
system (ENS). Serotonin (5-HT) which
satisfies the classical criteria for a neuro-
transmitter in the ENS acts on two distinct
myenteric neurones according to their
activation by methysergide (MS). A
functional role of these 5-HT neurones in
the frequency of the gastroduodenal MMC
pattern was recently shown in the ovine
model. The frequency of MMCs was
specifically increased for several hours by
MS acting peripherally at dosages which
had no other effects on gut electrical or
mechanical activity. The hypothesis of a
serotonin mediation of the cyclical motor
activity of the gut via 5-HT neural
receptors was also examined in dogs and
pigs which, in addition to the MMC
pattern, exhibited periods of migrating
spike bursts (MSB) on the proximal colon
at regular intervals. The effects of MS on
the recurrence of MMCs on the duodenum
and MSBs on the proximal colon were
studied in dogs and pigs chronically
implanted with four groups of bipolar wire
electrodes on the duodenojejunum and
two groups on the proximal colon. In both
species, the MMC frequency was almost
doubled following the parenteral injection
of methysergide and tripled after its local
administration into the duodenal bulb at
dosages (25-50 ug/kg) unable to modify
the direct excitatory effects of exogenous
5-HT or its precursor 5-HTP on the
intestinal smooth muscle. The motor
activity of the canine proximal colon was
increased on both intensity and frequency
after MS treatment whereas only the
frequency of colonic motor activity was
increased in the pig. As in the ovine model,
atropine (0-4 mg/kg) and hexamethonium
(5 mg/kg) exhibited only minor changes in
the stimulatory effects of MS. The data
support the hypothesis that participation of
a 5-HT mechanism acts in the control of
the periodic motor activity of the small and
large intestine.

Effect of intraluminal tryptophan and
phenylalanine on small intestinal migrating
motor complex (MMC) in the conscious dog

J BULL, D GRUNDY, T SCRATCHERD, AND R A
WACH (Dept. of Physiology, Sheffield
University, Sheffield) Eating a meal
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disrupts the interdigestive MMC. The
conversion from fasted to fed motor
activity involves the stimulation of almost
continuous low amplitude activity whilst
suppressing the periodic large amplitude
,activity fronts'. The duration of this switch
over from fasted to fed activity depends
upon the size and composition of the meal
with both neural and hormonal mecha-
nisms implicated. The present investigation
considers the effect of intraluminal amino
acids on small intestinal motility.
The experiments were performed on five

dogs previously prepared, under halothane
anaesthesia, with gastric and intestinal
fistulae. Intestinal pressure was recorded
from two saline perfused paediatric
duodenal catheters positioned 35 and 50
cm from the pylorus. A complete MMC
cycle was recorded for reference. Early in
the next phase I, 10 ml 50 mM amino acid
were infused, over 20 seconds, into the
distal catheter and recordings continued
until the next MMC had passed. Only
L-tryptophan had any effect on intestinal
motility causing a marked stimulation of
contractile activity after a 5±1-1 min
latency. This induced motility consisted of
bursts of large amplitude contractions
which waned over subsequent minutes but
continued for 54±2-8 min and occasionally
ran into the following phase II. The phase
III of the MMC arrived as if no disruption
of the phase I had occurred so that the total
cycle length was unaffected. Atropine (60
,ug/kg, im) abolished the response to L-
tryptophan.
Both L-phenylalanine and L-tryptophan

liberate CCK and both are potent stimu-
lants of pancreatic enzyme secretion.
Intestinal motility on the other hand may
be stimulated by receptors specific for
tryptophan via a mechanism not involving
CCK release. Tryptophan, however, does
not suppress the subsequent phase Ills of
the MMC.

Central modulation of human upper
gastrointestinal motility in ambulant
subjects

D KUMAR AND D L WINGATE (GI Science
Research Unit, The London Hospital
Medical College, London) With two
pressure sensitive radiotelemetric capsules
stationed in the proximal small bowel of
ambulant human subjects, the incidence of
migrating motor complexes (MMCs) and
their interruption by ingested food can be
recorded continuously for two days.

Studying healthy volunteers and using the
first day as the control for a consecutive
day of intermittent stress, it has been
shown that MMCs are diminished but not
abolished during stress; the effect of stress
was blocked by oral metoclopramide,
although the drug does not affect MMCs in
unstressed subjects. As this suggests a
central, rather than a peripheral drug
action, we have studied the effects in the
same system of a similar drug,
domperidone, which is thought to have less
central actions. Seven subjects received
domperidone 20 mg tds for three days;
small bowel motility was recorded on day 2
(rest) and day 3 (stress). As in untreated
controls, but not in the metoclopramide
group, MMCs were reduced (p<0-02)
during stress. Using the same protocol, we
have also studied five women suffering
from 'irritable bowel' symptoms, refractory
to medication, and apparently stress
related. Under stress, MMCs were
abolished altogether in four out of five
patients; also in four patients, stress
evoked prolonged periods of irregular
contractions which did not occur in
controls. Motility in these patients deviated
significantly (p<0.005) from normality but
only under stress. These data show that
intestinal motility may be modulated via
the CNS by stress and this modulation can
be altered by drugs, probably acting within
the CNS; in some patients, abnormal
motility is apparent only as a response to
stress. These findings suggest changes in
diagnostic techniques and therapeutic
strategies which deserve further study.

Interdigestive motor activity of jejunal loop
interposed between oesophagus and
duodenum after total gastrectomy

M BORTOLOTTI, T CALLElTl, G BERSANI, S
MAlTIOLI, AND G LABC (Clinica Medica I e
Gastroenterologia. Clinica Chirurgica 1,
Universitd di Bologna, Bologna, Italy) In
nine patients who had undergone total
gastrectomy with interposition of third
jejunal loop between the oesophagus and
the duodenum following the Henley
procedure, and in nine controls, the inter-
digestive jejunoduodenal motor activity
was recorded with manometric catheters
perfused with a low compliance pneumo-
hydraulic pump connected to pressure
transducers and a polygraph.
The interposed jejunal loop showed in

seven cases clear phase III activity fronts
(AFs) with a mean time interval of 38

minutes (range 31-66 min) and a mean
propagation velocity (PV) of 2-2 cm/min
(range 1-2-2-6). In the other two cases, an
intense 'minute rhythm' activity was
recorded instead of AFs. The duodenum
showed, in five cases, typical AFs with a
mean time interval of 37 minutes (range
28-69 min) and a mean PV of 4-8 cm/min
(range 4.3-5.9). These duodenal AFs
appeared coordinated in time with those of
the interposed jejunal loop, and the PV
through the jejunoduodenal anastomosis
was 1-2 cm/min (range 1.0-1-4). In the
other four cases the duodenum did not
show AFs: in two cases, however,
continuous sequences of phasic and tonic
waves were recorded, and, in the
remaining two cases, a 'minute rhythm'
activity propagated from the jejunal loop
was observed. In controls, the mean time
interval between AFs was 94 minutes
(range 69-113 min) with a mean PV of 5 0
cm/min (range 4.5-6f8).

It is concluded that: (1) the interposed
jejunal loop after gastrectomy and Henley
reconstruction is able to generate idio-
intestinal MMC-AFs with a faster than
normal rhythm, as observed in auto-
transplanted jejunal loop; (2) the
reconstruction of the muscular continuity
of the intestine is followed by the re-estab-
lishment of the intrinsic neural connec-
tions, as proved by the migration of phase
III-AFs through the jejunoduodenal
anastomosis; and (3) the interposed jejunal
loop is able to pace the AFs of the
anastomised duodenum

Digesta flow and composition and the MMC
in sheep

V RAYNER AND M B DE CASTELLO-BRANCO
(Department of Physiology, Rowett
Research Institute, Aberdeen, Scotland) It
has been suggested that the maximum
digesta flow occurs just before the RSA in
the jejunum of sheep. We have measured
digesta flow and composition in samples
from a T-cannula in the jejunum (2 m from
the caudal flexure) in sheep. Completeness
of digesta collection was ensured by a snare
placed around the intestine just beyond the
cannula. The electrical activity of the
intestine was recorded by five pairs of
electrodes before and after the cannula.
The transit of digesta to the cannula was
checked by radiographic image intensi-
fication.

All digesta were collected for successive
10 minute periods. After tightening the
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snare MMC still progressed through the
occluded intestine although the interval
between RSA was shortened (50.7±3.7
min compared with 69 5±4-3 min control)
above and below the cannula. During the
ISA peristaltic rushes were initiated in the
duodenum and propelled digesta to the
cannula. Digesta flow was significantly
greater (p<0O01) in the first 10 minutes of
ISA (12.6±0.12 g/min) compared with
mid-ISA (9.7±0.13 g/min) and end-ISA
(8-6±0.13 g/min). Flow ceased in the
quiescent period after the RSA.

Potassium and phosphate concentrations
increased throughout ISA. Amylase
activity was highest at the beginning of ISA
and at this time the pH of the digesta
(4.9±0-07) and its sodium concentration
(238±6-3 mg/ml) were both significantly
higher (p<0.0025) than at mid-ISA
(4.5±0.07, 211±6-3 mg/100 ml) suggesting
that secretion had continued during
quiescence. But the most surprising finding
was that flow in the upper jejunum brought
about by long peristaltic rushes was
maximal at the beginning of ISA rather
than just before the RSA.

Intestinal infusion of lipid stimulates
intestinal transit rate in pigs

P C GREGORY AND D V RAYNER (Department
of Physiology, Rowett Research Institute,
Aberdeen, Scotland) Ileal but not jejunal
infusion of a fat emulsion (Intralipid) slows
intestinal transit rate in humans but the
intubation technique used itself profoundly
affects gastrointestinal transit. We have
studied the influence of intestinal infusion
of lipid on gastrointestinal motility and
intestinal transit in five pigs using
chronically implanted catheters.

Intestinal infusions were made for 75
minutes beginning immediately after
duodenal RSA, and the animals given feed
for the last 45 minutes of the infusion.
Intestinal transit time was estimated from
the time of peak appearance of phenol red
at a cannula in the terminal ileum after its
injection into the duodenum at the start of
feeding.
The intestinal transit time of 127±6 min

(mean±SEM) with duodenal infusion of 2
ml/min isotonic NaCl was greatly reduced
by duodenal infusion of 1 ml/min Intralipid
87±5 min (p<0001); 2 ml/min Intralipid
36±6 min (p<0-001); 2 ml/min soya bean
oil 48±9 min (p<0-001); 2 ml/min 20%
mannitol 81±13 min (p<0.01); 4 ml/min
20% mannitol 44±4 min (p<0-001); and by

ileal infusion, 8 metres from the ligament
of Treitz, of 1 ml/min Intralipid 57±8 min
(p<O0OOl); or 2 ml/min Intralipid 47±11
min (p<0-001).
Duodenal but not ileal infusion of lipid

reduced the increase in gastric activity
normally seen with feeding; both had little
effect on duodenal activity, reduced the
level of RSA in the jejunum and ileum
without abolishing RSA, and also induced
a number of strong spike bursts through
the small intestine typical of peristaltic
rushes. In the pig although duodenal
infusion of lipid inhibited gastric activity it
stimulated intestinal transit rate in a similar
fashion to that seen with an osmotic load.

Effect of azodisalicylate (ADS) on the inter-
digestive small bowel motility in the rat

S GUSTAVSSON, M RYDE, AND E STAHLE
(Department of Surgery, University
Hospital and Department of Pharma-
cology, Pharmacia, Uppsala, Sweden) As
an alternative to sulphasalazine (SASP)
azodisalicylate (ADS) has been developed,
its main advantage being the lack of a
sulphapyridine (SP) moiety, which is
thought to be the cause of side effects
during SASP treatment. In clinical trials
with ADS in ulcerative colitis diarrhoea
presumably of small bowel origin has been
reported to occur in 10-15% of the
patients. In order to explore the possible
diarrhoeigenic properties the effects of
ADS on the interdigestive small bowel
motility was compared with that of 5-SAS
and SASP. This specific motility pattern,
characteristic of the fasting state, is
considered to have a function of cleaning
the small bowel lumen and thus protect
against bacterial overgrowth. The inter-
digestive motility was measured in
conscious rats with an intact gastro-
intestinal tract by intravenous infusion of
the bile excreted radiopharmaceutic 99mTc-
HIDA for one hour and subsequent deter-
mination of the distribution of radioactivity
along the excised gastrointestinal
specimen. It was found that ADS (120
mg/250 g rat) administered into the
stomach 30 minutes before the HIDA-
infusion, but not 5-ASA or SASP in the
same dose, induced a complete disturbance
in the normally very regular interdigestive
motility. The transit to the caecum was
enhanced by ADS but not by 5-ASA or
SASP. When studied 12 hours after admin-
istration of ADS the interdigestive motility
was normalised. Azodisalicylate is
considered to induce motility disturbances

through a local influence upon the
intestinal mucosa, as intravenous admin-
istration of ADS did not disturb the
motility. Prostaglandin release does not
seem to be a probable mediating
mechanism because pretreatment of the
animals with indomethacin did not abolish
the effect of ADS on the interdigestive
motility pattern. Our results indicate that
ADS, for use in patients with ulcerative
colitis, has to be pharmaceutically
prepared so that it is not released in the
small bowel.

Naloxone prevents the effect of ileal lipid on
small bowel transit, but not on gastric
emptying

N W READ AND I MCL WELCH (Clinical
Reasearch Unit, Royal Hallamshire
Hospital, Sheffield) Ileal infusion of fat
emulsions and protein significantly delays
small bowel transit time and gastric
emptying in man, though the nature of this
mechanism is unknown. In the first
experiment, carried out in seven healthy
male volunteers, the effect of ileal infusion
of Intralipid on small bowel transit time of
100 ml solutions containing 10 g lactulose
was studied during intravenous saline or
naloxone (20 ug/kg/h) in saline. During
intravenous infusion of saline, ileal
infusion of fat significantly delayed small
bowel transit time (ileal Intralipid vs saline:
249±46 vs 44±8 min; mean±SEM:
p<0-01). Intravenous infusion of
naloxone, however, abolished delay in
small bowel transit time, induced by ileal
infusion of Intralipid in five of the seven
subjects (IV naloxone: ileal intralipid vs
saline: 89±26 vs 46±8 min; p>0.1).
Intravenous naloxone had no effect on
small bowel transit time when saline was
infused into the ileum. In the second
experiment, the effect of a 20 minute
infusion of ileal lipid on the gastric
emptying profile of a radiolabelled solid
meal was investigated in five male
volunteers during IV saline or naloxone (20
,ug/kg/h). Gastric emptying was signifi-
cantly delayed by lipid infusion. (Before
lipid 45±5 g/10 min; during lipid 10±2 g/10
min; after lipid 23±8 g/10 min; p<0-05).
Naloxone did not inhibit the inhibitory
action of lipid on gastric emptying. This
result suggests that endogenous opioids are
involved in the feedback regulation of
small bowel transit by ileal intralipid, but
not in the feedback regulation of gastric
emptying.
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Duodenal osmoreceptor control of human
small intestinal motility and nutrient
transport

D G THOMPSON (Medical Unit, The London
Hospital, London) Duodenal osmo-

receptors are an important regulator of
gastric motility and emptying, but their
influence on the small intestine (SI) is
unknown. To explore the motor responses
of the SI to varying osmoreceptor stimula-
tion, the following experiments were

performed.
Fasting studies: nine healthy subjects

were intubated using a standard multi-
lumen system to allow antral, duodenal,
and jejunal motility recording. A series of
20 ml saline (NaCl) solutions (280-2520
mOsmol/kg) were delivered intra-
duodenally, one during each phase I period
(five minutes after phase III). Isosmolar
NaCl failed to disturb the phase I, but as

osmolality rose, duodenal and jejunal
contractions were increasingly stimulated
(p<0-01 Spearman rank correlation). This
effect was not because of duodenal disten-
sion. At the highest osmolalities, five out of
the nine subjects developed premature
phase III's (within 5 minutes of the
preceding phase III). No antral motility
was ever induced by any test solution.
Fed studies: eight intubated volunteers

were studied on two occasions after meal
ingestion (500 ml, 405 Kcal). Small
intestine motility and duodenocaecal
transit (using intraduodenal lactulose and
serial breath hydrogen measurements)
were recorded after intraduodenal delivery
of either isosmolar or 1680 mOsmol/kg
NaCl after each meal. Hyperosmolar NaCl
increased motility (p<0.02) and reduced
time to breath hydrogen rise (p<005)
compared with isosmolar NaCl indicating
accelerated SI transit (paired t test).

It is concluded that in contrast with its
effect on the stomach, duodenal osmo-

receptor stimulation increases small
intestinal motility which may function to
expel hyperosmolar chyme from the small
intestine. Maximal osmoreceptor stimula-
tion also induces premature duodenal, but
not antral phase III activity.

CNS control of intestinal motility by prosta-
glandins: a common mediator of the effect
of calcitonin and neurotensin in rats and
dogs.

M J FARGEAS, J FIORAMONTI, AND L BUENO

(INRA, Toulouse, France) The effects on

intracerebroventricular (ICV) vs intra-
venous (IV) administration of prosta-
glandins E2 (PGE2) on gastrointestinal
motility were investigated in both
conscious rats and dogs equipped with
chronically implanted Ni/Cr electrodes and
strain gauges respectively. The administra-
tions were performed in the fed state and
the corresponding motor effects were
compared with those of ICV administered
calcitonin and neurotensin.

Intracerebroventricular prostaglandins
E2 administered in rats 40 minutes after the
beginning of feeding, PGE2 (2 jig) restored
in less than five minutes and for 83±21 min
the fasted pattern - that is, the migrating
myoelectric complex (MMC) of the
jejunum, this effect not being reproduced
by a 50 times higher dose administered
intramuscularly.
A MMC restoring effect in fed rats was

also observed after ICV administration of
calcitonin (0.02 U) and neurotensin (80 ng)
and these effects were blocked by a
previous ICV administration of indo-
methacin (0-25 mg).

Prostaglandins administered centrally in
dog (0-1 ,ug/kg) but not intravenously at 10
times higher dose, reduced by 52 8% the
duration of the postprandial motor state of
the jejunum and a similar shortening of this
jejunal 'fed' pattern was observed for ICV
administration of calcitonin (0.1 U/kg) and
neurotensin (0-1 ,ug/kg).
Both the effects of calcitonin and

neurotensin were abolished when ICV
administered 4 hours after an iv injection
of indomethacin (0-1 mg/kg) and that of
PGE2 were partially and significantly
(p<0-01) reduced.
These results suggest that (1) prosta-

glandins act centrally to control the pattern
of intestinal motility in both rats and dogs
(2) both calcitonin and neurotensin ICV
injected at picomolar doses affect the
intestinal motor profile probably by the
release of prostaglandins within the brain
in these two species.

Does bombesin act centrally or peripherally
as a satiety signal?

B S PHITMAN, W R EWART, AND D L WINGATE
(GI Science Research Unit, The London
Hospital Medical College, London)
Although bombesin was first isolated from
frog skin, binding sites for the tetradeca-
peptide and bombesin-like immuno-
reactivity have been found throughout the
mammalian gut and central nervous

system. It has been shown that peripheral
or central administration of bombesin
induces satiety in rats. The effect was not
dependent on vagal integrity or CCK
release and was behaviourally specific after
peripheral injection; central injection
induced other non-specific behavioural
changes. If periphally released bombesin
has a direct specific effect on central
control of feeding, some specificity of
functional receptor distribution within the
CNS should be apparent. To investigate
this question, bombesin was injected by
pressure through glass multibarrelled
microelectrodes into extracellularly
recorded units in the somatosensory dorsal
column nuclei (DCN) and, compared with
units in the dorsal vagal nucleus (DVN)
and solitary tract nuclei (NTS), of anaes-
thetised rats. The effects of DVN/NTS
units of transient (10-30 sec) distension of
an intragastric water filled balloon were
also recorded. The effects of gastric disten-
sion and bombesin were studied in 40 units.
In the DCN, 8/17 units responded to
bombesin with an increase in spike
frequency, as did 12/19 units in the DVN/
NTS. Of 6 DVN/NTS units which
responded to gastric distension as
previously described, 3 were stimulated by
bombesin, as were 3/7 DVN/NTS units
lacking a demonstrable gastric related
input.
As these results show that the ability to

respond to bombesin is not confined to the
ares of the brain related to gastric function,
we propose that the primary site of action
of a bombesin satiety signal is peripheral,
consistent with the non-specific
behavioural effects induced by intra-
ventricular bombesin administration.
(Supported by USPHS (NIH) Grant No AM 32673).

Effect of substance P- and VIP-antisera on
the response to nerve stimulation in the
canine colonic muscularis mucosae

F ANGEL, V L W GO, AND J H S SZURSZEWSKI
(INSERM Unit 61, Pavillon Chirurgical B,
Hoptial Civil, Strasbourg Cedex, France
and the Mayo Clinic, Rochester, MN, USA)
In the muscularis mucosae of canine colon,
transmural electrical nerve stimulation
induces a biphasic response which is not
mediated by cholinergic, adrenergic,
purinergic, or serotonergic nerves. Two
peptides found in the isolated muscle, VIP
and substance P are released during nerve
stimulation. The aim of the study was to
determine the effects induced by VIP- or
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SP-antiserum on the response to nerve
stimulation. Strips of muscularis mucosae
were placed in a superfusion apparatus to
record contractile activity, and intramural
nerves were electrically stimulated (10 Hz,
200 ,sec, 10 V) by means of two platinum
electrode wires. The response to nerve
stimulation was first established. Strips
were then superfused for 20 minutes in a
solution containing VIP-antibodies
(dilution: 1/75) or substance P-antibodies
(dilution: 1/60). In the presence of the
antibodies, each strip was electrically
stimulated similarly as in the control
conditions. In the presence of rabbit
antiserum raised against substance P the
excitatory effect induced by nerve
stimulation was greatly reduced or blocked
(n=3) whereas this response was
unchanged in the presence of rabbit non-
immune serum (n=3). In the presence of
VIP-antibodies, the tone of the muscle
increased from 2-8±0 2 g to 3-3±0-2 g
(means±SEM; n=3) and the inhibitory
response to nerve stimulation was signifi-
cantly decreased from 1 20±0*15 to
0*40±0.25 g in amplitude. No change was
observed in the presence of non-immune
serum.
These data indicate that substance P is

an excitatory transmitter and VIP an
inhibitory transmitter in canine colonic
muscularis mucosae. Furthermore VIP
might be involved in maintaining the tone
in this muscle.

Simultaneous measurement of gall bladder
volume and small intestinal interdigestive
motility in humans: a real-time ultrasono-
graphic and manometric study

L MARZIO, M NERI, F CAPONE, A M DI
GIAMMARCO, C DE ANGELIS, A MEZZEMH, AND

F CUCCURULLO (Istituto di Patologia
Medica Universitd di Chieti, Chieti, Italy)
Studies performed so far have shown that
increased biliary secretion and gall bladder
emptying may occur in relationship to the
phase II activity of the interdigestive small
intestinal motility. No data, however, are
at present available on gall bladder kinetics
during evacuation and refilling in the
interdigestive period. Four normal subjects
have been studied. Gall bladder volume
was determined by means of real-time
ultrasonography. Each subject in a
preliminary study showed a normal gall
bladder evacuation after an ordinary
hospital meal (>70%). After 12 hours
fasting a 4 mm polyvinyl probe with four

side holes 15 cm apart, constantly perfused
with low compliance system, was
positioned with the distal tip below the
Treitz's angle. Gall bladder volume was
determined using longitudinal and trans-
versal scans every four minutes. Motility
and ultrasonographic recordings were
performed until the observation of two
consecutive phase III activity. The results
show a mean cycle duration of 120±12 min
(mean±SD); gall bladder volume showed a
maximum reduction (36±6%), from 25 to
35 minutes before the occurrence of a
phase III activity. This contraction
persisted for 10 to 15 minutes, with
maximum refilling observed during the
subsequent phase III or early phase I.
During phase II, however, at least two
additional small and more transient
evacuations, within 15-20% of maximum
observed volume, with rapid refilling, were
seen. It is concluded that during one
complete cycle of interdigestive motility,
multiple gall bladder evacuations and
refillings occur, with the maximum
evacuation seen in the late phase II.

Endoscopic manometry evaluation of
exogenous cholecystokinin octopeptide on
the pancreatic and biliary sphincters of man

D L CARR-LOCKE AND S BENTLEY (Gastro-
enterology Unit, Leicester Royal Infirmary,
Leicester) Cholecystokinin is assumed to
have a physiological action on the sphincter
of Oddi in man. An endoscopic
manometric method, using a pneumo-
hydraulic capillary infusion system and a
perfused triple lumen catheter with distal
openings spaced 10 mm apart, was used to
study 18 subjects during duodenoscopy
under midazolam sedation. Ten were
asymptomatic subjects after previous
cholecystectomy and in these common bile
duct (CBD) and bile duct sphincter (BDS)
recordings were obtained. Eight were
asymptomatic after previous endoscopic
sphincterotomy and provided pancreatic
duct (PD) and pancreatic duct sphincter
(PDS) recordings. Ductal and sphincteric
pressures were measured in the basal state
and during stepped increasing doses of
exogenous cholecystokinin octapeptide
(CCK-OP, Kinevac, Squibb) infused at
2-5, 5, 10, 20, 40 and 80 ng/kg/h. All basal
re-cordings were within previously
established normal ranges. Pancreatic duct
pressure fell from 16-7±2-4 mmHg
(mean±SE) to 11-7±2-9 mmHg and CBD
pressure fell from 3-3±1-3 mmHg to 0 at

10 ng/kg/h of CCK-OP. Phasic wave
frequency in both PDS and BDS zones
slowed significantly with infusions of 10
ng/kg/h and greater and were completely
abolished at 80 ng/kg/h, as with an
intravenous bolus of 20 ng/kg. Pancreatic
duct sphincter and BDS phasic pressures
were significantly decreased with CCK-OP
infusions of 20 and 40 ng/kg/h and were
unrecordable at 80 ng/kg/h. We conclude
that CCK-OP has a potent relaxing effect
of the PDS and BDS zones at physiological
and pharmacological levels.

Sphincter of Oddi motility in patients with
acute cholecystitis

M STARITZ, K EWE, AND K-H MEYER ZUM
BUSCHENFELDE (Ist Department ofInternal
Medicine, Mainz University FRG)
Patients with acute cholecystitis caused by
cholecystolithiasis frequently develop
accompanying pancreatitis and bio-
chemical signs of cholestasis despite
common bile duct stones are excluded.
Thus we studied whether these patients
may suffer from papillary dysfunction due
to motility disturbance.

In 12 female patients (mean age 58
years) with acute cholecystitis and
cholecystolithiasis the papillary motility
was obtained by endoscopic manometry
one day before and 10 days after surgical
cholecystectomy. The results were
compared with those from 31 controls. For
ERCP manometry the common bile duct
and the sphincter of Oddi (SO) were
intubated by a perfused triple lumen
catheter of 1 6 mm diameter which was
inserted through the channel of a side view
endoscope using standard ERCP-
technique and premedication with 10-15
mg diazepam.
The controls presented the following

results: papillary contraction frequency
6.0±0*3 minute, contraction amplitude
66*5±3*5 mmHg, duration of amplitude
6*4±0-13 sec and common bile duct
pressure 9-7±0-5 mmHg. The correspond-
ing parameters for the patients with acute
cholecystitis were significantly (Wilcoxon's
test) different: 7-9±0-4/minute (p<0.005),
76±3 mmHg (NS), 4*9±0-15 sec
(p<0-005), and 13*7±0*9 mmHg respec-
tively. Ten days after cholecystectomy,
however, the motility parameters of these
patients were normalised and did not differ
from the controls although the common
bile duct pressure was still slightly raised
(11-3±0-6 mmHg, ns).
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Acute cholecystitis hampers papillary
motility and hinders transpapillary flow.
These data may explain cholestasis in these
patients and even accompanying pan-
creatitis. The postoperative normalisation
indicates that this sort of 'papillary
stenosis' is not organic but functional and
surgical papillary bouginage should be
applied only very restrictively. ERCP
manometry seemed to be a reliable
procedure to detect papillary disturbance.

Integrated extrinsic nervous control of
rectal motility in the cat

S FASTH, H HEDLUND, AND L HULTtN
(Departments of Surgery II and Paediatric
Surgery, Universty of Goteborg, Sweden)
Rectal motility is controlled via excitatory
as well as inhibitory neurones, conveyed in
the parasympathetic pelvic nerves. In the
present experiments the impact of
sympathetic activity in the lumbar colonic
(LCN) and hypogastric (HGN) nerves on
prevailing rectal tone and the motility
induced by pelvic nerve stimulation (PNS)
was studied in anaesthetised cats. A
volumetric method was used for recording
of motility. a- and ,-andrenoceptor
blockade was achieved by phentolamine
(3-5 mg/kg iv) and propranolol (1 mg/kg
iv) respectively.

Pelvic nerve stimulation caused a rectal
contraction, which at high tone was
followed by a relaxation when dis-
continued. Sympathetic nerve division
reduced rectal tone, while spontaneous
motility and the contraction to PNS
increased. a-blockade (sympathetic nerves
intact) reduced rectal tone without
affecting spontaneous motility or the pelvic
nerve response. In contrast both spon-
taneous motility and the contraction to
PNS increased after n-blockade. The
contraction to PNS was inhibited by simul-
taneous LCN stimulation. a-blockade
augmented this inhibition, which was
subsequently blocked by n-blockade.
Stimulation of the hypogastric nerves,
conveying both cholinergic and adrenergic
excitatory fibres increased the contraction
induced by PNS.
The results indicate that sympathetic

inhibition of the rectal contractions
induced by PNS is mainly via innervated
,-adrenoceptors. Centrally controlled ox-
adrenoceptors appear to have an excitatory
tonic influence on the rectum. This
arrangement is similar to that of the
internal anal sphincter, indicating that the

rectum is involved in maintenance of
continence.

Diurnal changes in myoelectric spiking
activity of the human colon

J FREXINOS, L BUtNO, AND J FIORAMONTI
(Department of Gastroenterology, Rangueil
Hospital and Department of Pharmacology
INRA, Toulouse, France) The present
study was designed to evaluate the myo-
electric activity of the proximal, transverse,
and distal colon during consecutive 24 hour
sessions in 10 healthy subjects using an
intraluminal probe carrying eight annular
bipolar electrodes at 17 cm intervals. The
last group was localised in the sigmoid
colon in seven subjects and in the area of
the rectosigmoid junction in three others.
Recordings were performed from 5 pm to 5
pm. the subjects receiving meals (>800
KCal) at 7 pm, noon, and breakfast (<300
KCal) at 8 am.
The electromyograms showed two kinds

of spike bursts: short spike bursts (SSB)
localised at one electrode site and
appearing rhythmically at a rate of
10-6±0-3 bursts per minute and long spike
bursts (LSB) appearing isolated or
propagated orally and aborally over short
distances as well as peristaltic rushes over
the entire length of the colon. A peculiar
pattern consisting of nearly permanent SSB
at a rate of 5-7±0-4 per minute character-
ised the area of the rectosigmoid junction.
At certain times, these SSB appeared
cyclically in all subjects for periods of 5-10
minutes followed by periods of quiescence
of 10-20 minutes.
The electromyograms were analysed

using a microcomputerised system which
gave each hour the percentage of time
occupied by each kind of spike burst,
permitting the evaluation of the 24 hour
variations of spiking activity at four colonic
sites. At all sites investigated, the SSB
activity did not show any significant
nycthemeral fluctuation. The LSB activity
was significantly increased during the three
hours after each meal and 67% of the
peristaltic rushes propagated over the
whole colon appeared during these
periods.

Breakfast did not induce any change in
colonic spiking activity, The LSB activity
was significantly decreased at night. All of
these fluctuations were similar at all sites of
the colon investigated. These results
provide evidence for nycthemeral varia-
tions of human colonic motility associated
with feeding and sleep.

Effects of intraduodenal fat instillation on
ileostomy output and colonic motility

T ORESLAND, H ANDERSSON, I BOSAEUS, S
FASTH, L HULTtN, AND S NORDGREN
(Department of Surgery II, and Institution
of Clinical Nutrition, University of
Goteborg, Goteborg, Sweden) Intra-
duodenal fat instillation is a powerful
stimulus for nervous and humoral activa-
tion of gastrointestinal motility and
secretion. The colonic motility response to
a meal is considered a result of such
activation. It is not clear whether and if so
to what extent the ileal effluent might also
be involved in this colonic response.

Ileostomy discharge rate and bile salt
contents were studied after intraduodenal
sodium oleate instillation in 14 patients,
eight with a permanent ileostomy and six
with a loop ileostomy covering a colorectal
anastomosis. Left colonic motility was
simultaneously studied in patients with
loop ileostomy. Within 15-30 minutes after
fat instillation the ileostomy discharge rate
increased markedly lasting for about 75
minutes. Approximately 40% of each
patient's normal daily ileostomy volume
was delivered during this time interval. The
concentration of bile acids in the ileal
effluent also increased during the same
period and reached levels known to induce
colonic secretion and motility. No increase
of colonic motility, however, was observed
in patients with a loop ileostomy. Intra-
duodenal instillation of a bile salt binding
resin, cholestyramine, abolished the
ileostomy flow response. Colonic motility
was again studied after ileostomy closure.
With the colon in continuity intraduodenal
fat now elicited a clear motility response
occurring with a time latency corres-
ponding to that for the previously observed
peak ileostomy flow.

It is suggested that the ileal effluent,
probably because of its bile content, plays
an important role for the colonic motility
response to a meal

Sleeve with multiple side holes - The ideal
assembly for prolonged sphincter
manometry?

E M M QUIGLEY, J DENT, AND S F PHILLIPS
(Gastroenterology Unit, Mayo Clinic and
Foundation, Rochester MN, USA) Recent
studies have emphasised the importance of
phasic motor patterns at gastrointestinal
sphincters - thus manometric assemblies
used in these areas should reliably monitor
phasic activity as well as sphincteric tone.
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To this end we have evaluated a new type
of assembly at the canine ileocaecal
sphincter (ICS).
The assembly comprised 12 perfused

catheters (total od 6 mm); one perfused a

4*5 cm sleeve, each of the other 11 had a

side hole cut at its end. Side holes were

arrayed at 1, 2, 3, 4, 5, 6, 7, 8, 9, 15 and 26
cm from the end of the assembly; the five
side holes 2-6 cm from the end lay on the
underside of the sleeve. The assembly was

positioned in ileocolonic loops in seven
dogs so that the sleeve straddled the ICS
and prolonged recordings of interdigestive
and postprandial motility performed.

Recordings were also performed in two
dogs using serosal strain gauges alone.
The ileocolonic junction proved a highly

suitable testing ground exhibiting both
sustained tone (at the ICS) and highly
organised phasic patterns (in the distal
ileum, ICS, and proximal colon). As tone
was present only in a 1-2 cm zone slight
movement of the assembly led to removal
of individual side holes from the area of
tonic pressure with consequent artifactual
fluctuations in recorded pressure; by virtue
of its length the sleeve, in contrast con-

stantly monitored ICS tone. The sleeve
did not permit analysis of phasic patterns,

however. Being closely spaced the side
holes revealed unique, coordinated phasic
patterns which frequently propagated over
short distances. In vivo comparison of
sleeve and side hole dynamic performance
showed significant dampening of both tonic
and phasic pressures over portions of the
sleeve. The assembly did not disturb
motility, identical patterns being recorded
by strain gauges alone.
We conclude that an assembly com-

bining sleeve and multiple closely spaced
side holes permit sustained monitoring of
tone and detailed analysis of phasic
patterns at a gastrointestinal sphincter.
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