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Motor responses of the human alimentary tract
to near-maximal infusions of pentagastrin
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EDITORIAL COMMENT Near maximal infusions of pentagastrin were found to have no consistent
effect upon motility except in the gastric antrum. The results suggest that gastrin is not directly
concerned in the mediation of the gastro-colic reflex.

The motor effects of gastrin on the alimentary tract
have not been studied extensively in man although
responses to single intravenous injections of gastrin II
and its synthetic analogue pentagastrin (I.C.I.
50,123, Peptavlon) have been reported (Smith and
Hogg, 1966; Logan and Connell, 1966). It is not yet
clear what is the role of the antral hormone in the
control of motility in general and of the gastro-colic
reflex in particular. Endogenous gastrin is probably
released continuously during meals and a circulating
factor capable of stimulating acid production per-
sists in the bloodstream for some two hours following
the ingestion of food (Johnston, Buchan, and Giles,
1965).
We have therefore investigated the effects of con-

tinuous intravenous infusion of pentagastrin in doses
resulting in near-maximal output of acid on the
motor activity of the stomach and the colon, and
have compared the findings with other studies, in
which intravenous histamine or intramuscular
ametazole (Histalog) replaced the pentagastrin as the
secretory stimulus. The effect of single intravenous
injections of pentagastrin on the colon was also
studied for comparison with previous work.

PATIENTS AND METHODS

Observations were made on 49 patients referred either for
gastric secretory studies or for tests of colonic motility.
The additional procedures involved in the present in-
vestigation were carefully explained, and the patients were
free to refuse them if they so wished; they all agreed to
the test. Simultaneous measurements of acid output and
motor activity of the stomach and colon were originally
made in 39 patients, but the results in seven were excluded,
because of a change in position of the gastric tube during
the test. Of the 32 patients in whom the test was satis-
factory, 17 received pentagastrin, seven intravenous
histamine, and eight intramuscular ametazole. In the 10
remaining patients, the effect of single intravenous injec-
tions of pentagastrin on the motor activity of the sigmoid
and the rectum was measured. Brief clinical details of the
patients studied are set out in Table I.

COLLECTION AND ANALYSIS OF GASTRIC JUICE Gastric
juice was aspirated continuously by a combination of
pump and syringe suction and the acid titrated with
N/1O NaOH to pH 7*4 on an automatic burette.

MEASUREMENT OF INTRALUMINAL PRESSURES AND ANALYSIS
OF RECORDS Pressures in the gastric antrum and fundus

TABLE I
No. of Diagnosis
Patients

Duodenal Irritable Other
or Gastric Bowel
Ulcer Syndrome

Studies Availablefor Analysis

Fundus Antrum Right Sigmoid Rectum
Colon Colon

Intravenous infusion,
pentagastrin

Intravenous infusion,
histamine

Intramuscular,
ametazole

Single intravenous injections,
pentagastrin

17 9 4 4

7 3 0 4 6 7 -

8 6 0 2 7 8 -

10 2 3 - - - 19 19
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were measured with two open-ended polyethylene tubes
of 0 9 mm. bore, which were fastened to the radiopaque
gastric suction tube with the recording tips 10 cm. apart.
The pressure tubes were perfused with distilled water from
a motor-driven syringe at the rate of 10 ml./hr., to
prevent blockage by gastric mucus. The distal pressure
tip was placed in the antrum under fluoroscopic control.
Motor activity of the ascending colon was telemetered

with a pressure sensitive radiocapsule (Rowlands and
Wolff, 1960), ingested by the patient the previous night.
The telemetered signal was picked up on an omni-
directional aerial (Connell, McCall, Misiewicz, and
Rowlands, 1963) placed near the right iliac fossa, and
connected to a radio pill receiver. The location of the
radiocapsule was deduced from fluoroscopy and inspec-
tion of the pressure records, there being characteristic
differences in the frequency and amplitude of pressure
waves recorded from the small and large intestine.

Pressures in the sigmoid and rectum were measured
with two 10 x 7 mm. air-filled rubber balloons mounted
on narrow tubes, which were placed through a sigmoido-
scope so that the balloons lay at approximately 10 and
20 cm. from the anal margin, the sigmoidoscope then
being withdrawn. Twenty minutes were allowed to elapse
between sigmoidoscopy and the start of recording.
The location of the gastric suction and pressure tubes

and of the radio telemetering capsule was checked by
fluoroscopy before and after each study. The open-ended
tubes, balloons, and telemetering capsules were calibrated
in terms of centimetres of water pressure, and motor
activity of the various parts of the gut was recorded
simultaneously on a multichannel penwriter.

Records were analysed by measuring the height (H)
and duration (D) of each pressure wave and calculating

amotilityindex(M.I.)fromtheformula M.I.= ( T )

where T = duration in minutes of the experimental
period under analysis. Records were excluded from
analysis if the configuration of the pressure waves indi-
cated that a recording tip had moved to another part of
the gut, e.g., from the antrum into the duodenum.

DESIGN OF STUDY AND CALCULATION OF RESULTS All the
studies were made on fasting patients. The tests involving
simultaneous measurements of gastric secretion and
gastrointestinal motor activity consisted of six consecu-
tive half-hour observation periods. During the first hour
(control periods I and II) dextrose saline was infused as a
placebo and basal levels of gastric secretion and of gastro-
intestinal motor activity were measured. During the next
two half-hour periods (periods III and IV), pentagastrin
was given intravenously at the dose level of 0 01 ug./kg./
min. This dose was raised to 0-1 ,ug./kg./min. for the
following half-hour (period V). Gastric juice was aspirated
continuously throughout periods I to V. In the last half-
hour observation period (period VI) pentagastrin was
again given at the lower dose of 0 01 ,ug./kg./min., but
gastric suction was stopped to allow acid to enter the
duodenum, while the measurements of motor activity
were continued. When intravenous infusion of histamine
(0-04 mg./kg./hr.) was substituted for the pentagastrin,

50 mg. of mepyramine maleate was injected intra-
muscularly at the end of period I. In other tests, 1-5 mg.
or 2-0 mg./kg. of ametazole was injected intramuscularly
at the end of the second control period (period II). Record-
ing of results and timing of observation periods was the
same as in the pentagastrin studies. Acid was collected
and pressure records were made and analysed overcorres-
ponding 10 min. periods in order to detect any transient
effects, but for presentation the results in each half-hour
have been pooled.
The tests with single injections of pentagastrin consisted

of five 30-min. observation periods. After the first half-
hour, during which basal colonic motor activity was
measured, control injections of saline were given before
the second and fourth observation periods, while penta-
gastrin in doses ranging from 01 to 0-9 ,tg./kg. was
injected before the third and fifth periods. All the intra-
venous injections of saline or of the analogue were made
over 3 min. immediately preceding the observation
periods.
Each patient acted as his own control. In the combined

secretory and motor activity studies, Student's t test was
used to detect significant differences between observation
periods, the following comparisons being made: control
period I was compared with control period II, period II
was compared with periods III, IV, and V, and period V
was compared with period VI. Similar procedures were
used to assess the effects of single injections of penta-
gastrin.
The number of pressure studies available for analysis

at the various sites is shown in Table I. In the combined
secretion/motor activity tests, there were no significant
changes in the M.I. between periods I and II at any of the
sites studied, indicating adequate control of the observa-
tions.

RESULTS

EFFECTS ON GASTRIC SECRETION Figure 1 summarizes
the gastric secretory response of the 32 patients
studied. In all of the 17 patients who were given an
infusion of pentagastrin at the dose of 0 01 ,tg./kg./
min., there was a prompt stimulation of gastric
secretion, the increase occurring within 10 minutes
of the start of the infusion in 10 patients. The output
of acid rose markedly during the first half-hour with
a further rise during the second half-hour of the in-
fusion at the lower dose (Fig. la, periods III and IV).
The tenfold increase in the dose of pentagastrin
(Fig. la, period V) was followed by a further rise of
acid output in nine of the 17 patients, but the mean
increase was only 1-48 mEq./30 min., and the
difference from the level of secretion in the previous
half-hour was not significant (P > 0 3). Increase in
acid output after infusion of histamine and after
ametazole was of the same order as after penta-
gastrin, when allowance is made for the small
number of subjects in the three groups and a
higher proportion of patients with duodenal ulcer in
the ametazole group (Figs. lb and c).
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FIG. 1. Mean output of acid
in response to, a, pentagastrin
(I.C.l. 50,123) infusion; b,
ametazole (histalog); c,
histamine infusion. Horizontal
bars represent S.E. of the
mean.
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MOTOR ACTIVITY OF GASTRIC ANTRUM AND FUNDUS
There was an increase in antral motor activity in
response to pentagastrin at the dose of 0 01 [g./kg./
min. in eight of the 10 patients studied. The response
of one patient is shown in Figure 2. Analysis of the
antral pressure records showed that intravenous

pentagastrin given at 0-01 ,tg./kg./min. (Fig. 3,
periods III and IV) was accompanied by a rise in the
antral motor activity which differed significantly
from both the control periods (P < 0 05). Raising
the dose to 0-1 ,g./kg./hr. produced a further in-
crease in antral M.I. in three of nine patients, but the

40 I min.
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FIG. 2. Simultaneous
intraluminal pressures
in the stomach and the
left colon before and
during the infusion of
pentagastrin. Pressure
in cm. of water.
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lCmrst Cur u3.Cso 123 c controls during the administration of pentagastrin at
S4l1/. oi ,.. either dose level. The radiotelemetering capsule
IKlg/lg/mmin. lKg/mr./lg/m. moved distally in one test only, its position

remaining unchanged in the other six. Allowing the
acid to enter the duodenum during continued

' administration of pentagastrin (period VI) had no
3 effect on the motor activity of the right colon or of

the rectum. However, sigmoid motor activity in-
2 creased during that period (Fig. 4) in seven of 11

MOTILITY patients when compared with period V (P < 0-05).
INDEX Sigmoid and rectal motor activity was also
ANTRUM measured in five of the patients who received intra-

.9 venous histamine (Table I). There was no consistent
change in colonic M.I. during gastric suction

7
6 (periods III, IV, and V). In the four patients in whom
5 results were available for period VI sigmoid motor

activity increased in three but the increase was not
significant (P> 013).

3

EFFECT OF SINGLE INJECTIONS OF PENTAGASTRIN ON
2 MOTOR ACTIVITY OF SIGMOID AND RECTUM Nineteen

tests were carried out on 10 patients, seven of which
were made with 0.1 ,ug., two with 0-2 jig., seven with
0 3 /tg., two with 0 4 jug., and one with 0 9 jug./kg.

_________Z ij j of pentagastrin injected over three minutes. All the

FIG. 3. Antral motility index (M.L) of individual patients
receiving pentagastrin. Log M.L on the vertical axis; LUS23 011*WLU1 Ua01
observation periods on the horizontal axis. t0/1/m I I * ,,.~ ~~~Adn41/6 .44 9

7
significance of difference from control periods was 6
not increased (P < 0 05). The increase in antral M.I.
correlated well with increase in the output of acid
(n = 49, r = 0-57, P < 0-001). In contrast, analysis
of the fundal pressure records revealed no significant
change in pressure activity during infusion of penta-
gastrin combined with gastric suction, when com- MOTILITY
pared with controls. INDEX
When gastric suction was stopped while the in- SIGMOID

fusion of pentagastrin was continued (Fig. 3, period
VI), antral motor activity was markedly inhibited in 7
eight of the 10 patients (P - 0X02). Motor activity of \
the fundus also fell during period VI in seven of the
eight patients studied (P < 0-05).

In contrast, neither intravenous histamine nor
ametazole caused a significant increase in the motor
activity of the fundus or antrum in any of the
observation periods during gastric suction. In period
VI when gastric suction was discontinued, the motor
activity of antrum and fundus diminished in both
groups.

I.E mI Jnz x s.
MOTOR ACTIVITY OF RIGHT COLON, SIGMOID, AND FIG. 4. Sigmoid motility index (M.L) of individual
RECTUM The motor activity of the right colon, patients receiving pentagastrin. Log. M.L on the vertical
sigmoid, and rectum did not differ significantly from axis; observation periods on the horizontal axis.
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patients except one were tested with two different
doses of the analogue. No significant difference from
control or placebo periods was observed in the
30 min. following the injection of 0-1 or 0 3 ,ug./kg.
of pentagastrin. Similar analysis made of 10 min.
periods before and after each injection also gave
negative results. There was no consistent effect on
the motor activity of the colon after the other doses
of pentagastrin, but the number of tests was too
small for statistical analysis.

SIDE EFFECTS No side effects were observed from the
intravenous infusion of pentagastrin at 0 01 p,g./kg./
min. Four patients complained of nausea when the
higher dose was given; in two the dose had to be
reduced while in the others the nausea subsided
spontaneously. Nine of the 19 tests made with single
injections of pentagastrin were accompanied by side
effects which occurred over the whole range of
dosage used, the frequency and severity increasing
with higher doses. The symptoms generally resembled
those reported previously by Logan and Connell
(1966).

DISCUSSION

After the isolation and synthesis of gastrin (Gregory
and Tracy, 1961, 1964; Anderson, Barton, Gregory,
Hardy, Kenner, MacLeod, Preston, Sheppard, and
Morley, 1964) it was found that the physiological
properties of the hormones were determined by the
C-terminal tetrapeptide sequence (Morley, Tracy,
and Gregory, 1965). The synthetic analogue used in
this study has a t-butyloxycarbonyl-p-alanine added
to the functional tetrapeptide residue. The physio-
logical actions of pentagastrin closely resemble those
of the hormone, but are not identical. The analogue
is 11 times less potent on a molar basis as a stimulant
of gastric secretion (Barrett, 1966) and side effects
can occur from intravenous administration (Worms-
ley, Mahoney, and Ng, 1966; Logan and Connell,
1966; present results). Although in vitro experiments
on human tissue show a close similarity of action
between gastrin and the analogue (Bennett,
Misiewicz, and Waller, 1967), the extrapolation of
present results to gastrin itself should be made with
caution.

Intravenous infusion of pentagastrin at the rate of
0-01 ,g./kg./min. resulted in a level of gastric secre-
tion which was not significantly increased by raising
the dose tenfold, suggesting that a near-maximal
secretory response to pentagastrin was achieved. This
finding agrees with data reported by Wormsley et al.
(1966). Histamine and ametazole were given in doses
known to produce maximal gastric secretory
responses (Lawrie, Smith, and Forrest, 1964;

Laudano and Roncorini, 1965; Wormsley and
Grossman, 1965).
The pentagastrin stimulated both antral motor

activity and the secretion of acid. Histamine and
ametazole increased acid secretion while antral
motor activity remained unchanged. This suggests
that stimulation of the parietal cell by histamine and
histalog takes place without the endogenous release
of gastrin.
The main stimulus to the release of endogenous

gastrin is probably the ingestion of food. Johnston
et al. (1965) showed that a humoral factor which en-
hanced the secretion of acid persisted in the peri-
pheral blood for about two hours following a meal.
Using base-excess in the arterial blood as a measure
of gastric secretion, Rune (1966) has demonstrated
that the secretory response to a meal continues for
about two hours and is of the same order as, if not
greater than, the response to a maximal dose of intra-
venous histamine. It is likely, therefore, that both
the rate and duration of acid secretion in our patients
approximated to that caused by a meal.
Under these conditions, the present results suggest

that the direct motor effects of pentagastrin may be
confined to the stomach. It is unlikely that the in-
crease in antral motor activity was caused by disten-
sion with excess secretion not removed by suction,
since no increase in antral M.I. was apparent during
the peak response to intravenous histamine or
ametazole. It is perhaps surprising that no significant
stimulation of the gastric fundus was observed. The
proximal pressure tip was located only just below the
cardia, and in retrospect, it would have been better
to record pressures from the body of the stomach.
The proximal tip slipped into the cardiac sphincter
on several occasions and it was our impression that
this occurred soon after the start of the pentagastrin
infusion. This could mean that the 'tone' of the
stomach was increased by pentagastrin causing a
diminution in gastric volume.

Further supporting evidence that the direct motor
effects of pentagastrin may be confined to the
stomach comes from in vitro studies on isolated
human alimentary muscle, in which both gastrin and
its analogue selectively stimulated strips from the
stomach, while having no effect on those from the
small intestine and little effect on those from the
colon (Bennett et al., 1967).
When gastric suction was stopped, antral and

fundic motor activity were rapidly inhibited despite
continued administration of pentagastrin and it is
reasonable to infer that this effect was caused by the
escape of gastric secretion into the duodenum. In-
hibition of gastric motor activity by acidification of
the duodenum is well known (Schapiro and Wood-
ward, 1955) but the mechanism is uncertain. Chole-
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cystokinin and pancreozymin may be involved in the
mediation of the motor inhibitory mechanism
(Johnson, Brown, and Magee, 1966) but another, as
yet unidentified, humoral agent is probably respon-
sible for the inhibition of acid secretion (Johnston
and Duthie, 1966). The motor inhibitory effects are
of physiological importance, as gastric emptying
may be controlled by the activity of the antral pump.
Our findings on antral motor activity are in keeping
with the observation of Johnston and Duthie (1965)
that acid secretion stimulated by gastrin II was inhi-
bited by perfusing the duodenum with hydrochloric
acid. This lends further weight to the argument of
these authors that duodenal continuity should be
preserved in operations for duodenal ulcer.

Comparatively few studies of the effect of gastrin
on intestinal motility have been made and none have
included the effects of constant infusion. In the dog,
intravenous gastrin II, 10 to 50 tg., caused contrac-
tion followed by a relaxation of the small intestine
(Gregory and Tracy, 1964). In a preliminary study
Smith and Hogg (1966) described widespread stimu-
lation of alimentary motility following single intra-
venous injections of large doses of gastrin II. Logan
and Connell (1966) reported that intravenous injec-
tions of pentagastrin in doses ranging from 0-25 to
0.5 ,g./kg. given over three minutes sometimes
stimulated rectal and sigmoid activity in two of three
subjects, although the time interval and magnitude
of response could not be related to the dose and
inhibition, rather than stimulation, of the sigmoid
occurred at times. We have been unable to find any
consistent increase in the motor activity of the sig-
moid and rectum either during prolonged infusions
combined with gastric suction, or after single intra-
venous injections of pentagastrin.
Assuming that the physiological properties of

pentagastrin resemble those of the antral hormone,
the results of this study do not suggest that gastrin
is directly concerned in the mediation of the gastro-
colic reflex; activity of the right and left colon did not
alter during the infusion of pentagastrin and the
telemetering capsule was not propelled distally during
the study. Gastrin may, however, have an indirect
role to play in the reflex. In this context the tendency
for the motor activity of the sigmoid to increase
during period VI in the pentagastrin and histamine
group is interesting, although the data are not con-
clusive. One interpretation is that a factor released
by the entry of acid into the duodenum caused an
increase in the motor activity of the colon. Thus any
increase in colonic motor activity following single
injections of gastrin or pentagastrin could be due to
such a mechanism. It is not impossible for the same
factor to have a differential effect on various parts of
the gut, and such a response has already been shown

with 5-hydroxytryptamine (Misiewicz, Waller, and
Eisner, 1966).
The present results are consistent with the

hypothesis that diarrhoea in those patients with the
Zollinger-Ellison syndrome who have hypersecretion
of acid is caused by low intestinal pH (Singleton,
Kern, and Waddell, 1965; Donaldson, Von Eigen,
and Dwight, 1957; Summerskill, 1959), since we have
been unable to show a direct motor effect on the
colon in vivo and on the small intestine in vitro
(Bennett et al., 1967). It may be, however, that very
high blood levels of gastrin are present in this
syndrome, and the possibility that direct motor
effects of the hormone occur at higher concentrations
cannot be excluded.

SUMMARY

Motor responses of the gastrointestinal tract were
measured in patients during intravenous infusion of
a synthetic analogue of gastrin (I.C.I. 50,123, penta-
gastrin) given in doses sufficient to raise gastric acid
secretion to near-maximal levels. The motor activity
of the antrum was stimulated, but the right and left
colon were unresponsive. In contrast, maximal doses
of histamine and ametazole had no motor effect on
the gut. Single injections of pentagastrin did not
stimulate the distal colon. The results suggest that
direct motor effects of the pentagastrin may be
confined to the stomach.

We thank Dr. F. Avery Jones and Dr. T. D. Kellock for
permission to study patients under their caie. We are
grateful to Dr. J. D. Fitzgerald of I.C.I. for the generous
gift of pentagastrin (Peptavlon). Mrs. Vivien Binks
provided invaluable technical assistance.
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