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Origin of gastrin liberated by gastrin releasing peptide
in man
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SUMMARY Gastrin release induced by gastrin releasing peptide (GRP) in man has been studied in
patients before and after complete resection of the antrum and duodenal bulb, as well as after
pancreaticoduodenectomy according to Whipple. Studies in healthy subjects showed that 400
pmol/kg an hour of GRP induced a maximal release of gastrin. Infusion of this dose of GRP after a

complete resection of the antrum and duodenal bulb induced a small, but significant increase in
gastrin concentrations. After pancreaticoduodenectomy, however, GRP infusion had no effect on
serum gastrin concentrations. In patients previously subjected to an incomplete antrectomy, GRP
infusion was followed by a gastrin response considerably higher than after a complete antrectomy.
Our results would suggest that GRP is capable of releasing gastrin predominantly from the antrum
and the duodenal bulb, but also a small amount of gastrin from the remaining part of the
duodenum. Gastrin releasing peptide infusion and determination of gastrin release may be of
clinical significance in showing remaining significant gastrin pools in patients with recurrent
ulceration after previous gastric resections.

The tetradecapeptide bombesin originally isolated
from the frog skin has been found to have counter-
parts in mammalian stomach and intestine.' Bom-
besin like immunoreactive material has been found in
high concentrations in the human gastric mucosa as
well as in the muscle layers of the stomach both in the
fundus and in the antrum.23 Bombesin is a potent
stimulant for gastrin release in all species studied and
has been shown to induce a dose dependent gastrin
release also in man.4" From the porcine non-antral
gastric tissue a 27-aminoacid peptide hormone with a
striking sequence homology with the frog's skin pep-
tide bombesin has been isolated and termed gastrin
releasing peptide.' Gastrin releasing peptide (GRP)
has recently been shown to be equipotent with
bombesin in raising plasma concentrations of some
gastroenteropancreatic hormones.7' Gastrin releas-
ing peptide has been suggested to play a role in the
neuroregulation of gastrin secretion from the antrum
but the peptide seems to produce a wide variety of
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biological effects in mammals including stimulation
of gastric acid secretion (probably secondary to the
gastrin release), pancreatic enzyme secretion, gall
bladder and intestinal smooth muscle contraction
and release of several gastrointestinal regulatory
peptides.'2 Gastrin releasing peptide administration
in man is followed by substantial gastrin release.
There are, however, divergent results as to the
release of other gastrointestinal peptides.""'4

It has been suggested that bombesin and conse-
quently GRP as well might be of clinical usefulness to
reveal remaining gastrin sources in patients with
recurrent peptic ulcerations after previous gastric
resections. Results have been presented indicating
both an antral and extra antral release of gastrin by
bombesin. '"t The aim of the present study was to
investigate the dose response relationship between
infused dose of GRP and the amount of gastrin
released and also to investigate the origin of gastrin
released by GRP by carrying out studies on patients
before and after histologically complete antrectomy
and duodenal bulb resection as well as after a
pancreaticoduodenectomy according to Whipple.
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Methods

PATIENTS
Studies were carried out on six healthy volunteers
(mean age 56 years, range 36-68) and eight patients
(mean age 46 years, range 30-63) before and at least
three months after a histologically complete antrum-
bulb resection, six of whom also had a selective
gastric vagotomy. The preoperative investigation was
carried out after any ulcer drug treatment had been
postponed for at least 48 hours. All eight patients had
a gastroduodenostomy according to Billroth I. The
operative specimens were subjected to routine histo-
pathological investigation with haematoxylin and
eosin staining. Six patients (mean age 67 years, range
61-75) were investigated six months after a pancre-
aticoduodenectomy according to Whipple because of
pancreatic carcinoma. At the time of investigation no

sign of remaining or recurrent tumour growth was

apparent. Six patients (mean age 59 years, range
49-70) were also investigated at different time inter-
vals after a histologically incomplete antrectomy. All
subjects gave their informed consent to take part in
the investigation, which was approved by the local
ethical committee. In four subjects (mean age 49
years, range 42-67), two healthy volunteers and two
patients previously operated on with proximal gastric
vagotomy, one test was carried out without naso-

gastric intubation and one test at least three weeks
afterwards were carried out by perfusion of the
stomach with a buffer solution (Sorensens buffer) in
order to obtain a stable pH of 7 in the gastric lumen
(for technical details see '9).
Each subject was studied in the morning after an

overnight fast. If not otherwise stated no nasogastric
tube was inserted. A cannula was inserted into an
arm vein for infusion of GRP and another in a vein in
the other arm for blood sampling.
The GRP used was synthetic preparation of the

porcine peptide (Cambridge Research Biochemical
Ltd, UK). For infusion, the peptide was dissolved in

sterile aqueous 0 15 mol/l sodium chloride solution
containing 5 g/l of human albumin, the latter to
reduce absorption of the peptide to the plastic syringe
and tubing of the infusion equipment.

For gastrin determination, 10 ml of blood was
drawn at 15 minute intervals into glass tubes without
anticoagulant or other additive and, after centrifuga-
tion serum was removed and stored at -20°C until
time of assay. Gastrin was determined"' using a
double antibody polyethylene glycol assisted radio-
immunoassay (Diagnostic Products Corporation,
Los Angeles, California, USA) using human non-

sulphated gastrin-17 for calibration. The method is

standardised against Research Standard A (68-439,
synthetic human non-sulphated gastrin-17). One
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Fig. 1 Gastrin response to stepwise increasing doses of
GRP in healthy volunteers. Mean and SE are given.

nanogram of the calibrator corresponds to 0 95 mU
and 0-48 pmol. The stated cross-reactivity with non-
sulphated gastrin-34 (an 80% pure preparation)
62-73% depending on the concentration - that is, the
assay does not discriminate between the major
species of serum gastrin. The precision of the assays
during the present study period was similar to that
reported previously.2" For cross-reactivity data with
cholecystokinin see the foot note.*

In studying the dose response relationship
between infused dose of GRP and gastrin release,
each dose of GRP was infused for 45 minutes. The
gastrin response to each dose of GRP was calculated
as the mean of the two last 15 minute samples. The
dose of GRP was stepwise increased.

Statistical evaluation of the data was carried out by
application of the Student's t test.

Results

DOSE RESPONSE RELATIONSHIP
The mean basal serum gastrin concentration in the six
healthy volunteers was 63 (SE 9.2) ng/l. On infusing
GRP in a dose of 10 pmol/kg/h, the serum gastrin
increased to 106 ng/l. A dose response relationship
was obtained between infused dose of GRP and
gastrin release (Fig. 1). A maximal gastrin releasing

*The manufaicturer gives the following cross-reaictivity daita for chotecystokinin:
CCK27- 3 added I tgll - 97'%. CCK-4+3 aidded I [pg/l - 0(7%. CCK2t-A3 (non-
sulphated) atdded I Lg/l - 29-4% aind CCK,A39 (sulphated) atdded I pg/l gives a
per cent cross-reaictivity of 19-4.
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Fig. 2 Gastrin response to GRP infusion infourpatients
with or without bufferperfusion ofthe gastric lumen (see
Methods). Mean andSE are given.
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Fig. 3 Gastrin response to GRP infusion before and after
complete resection ofthe antrum and duodenal bulb. Mean
andSE are given.

effect seemed to follow infusion of 400 pmol of
GRP/kg/h.

INFLUENCE OF LUMINAL pH ON GASTRIN
RELEASE
In four subjects, a GRP infusion (400 pmol/kg/h) was
done either without nasogastric intubation or during
perfusion of the stomach with Sorensens buffer
solution. The initial gastrin response did not differ
between the two investigations (Fig. 2), but the
response to GRP infusion during buffer perfusion
seemed to be more prolonged than without naso-
gastric intubation.

GASTRIN RESPONSE BEFORE AND AFTER
ANTRECTOMY
In eight patients with pyloric-prepyloric ulcer or
gastric ulcer disease and admitted for surgical treat-
ment, a test with infusion of GRP in a dose of 400
pmol/kg/h for one hour was carried out. Preopera-
tively, the basal serum gastrin concentration was 65
ng/l and on GRP infusion a rapid gastrin peak of 319
(SE 56) ng/l was seen already after 15 minutes of
GRP infusion (Fig. 3). Serum gastrin concentrations
thereafter levelled off at a plateau of about 250 ng/l.
A slow decline in serum gastrin concentrations was
seen on subsequent saline infusion. After a histo-
logically complete antrectomy, including also a

resection of the duodenal bulb, the basal gastrin
concentration was reduced to about 40 ng/l. On GRP
infusion there was, however, a small but significant
increase (p<0.05) in gastrin concentration with a

gastrin peak during the first 15 minute period of 71
(SE 11) ng/l. During the GRP infusion the gastrin
concentration plateaued at 55 ng/l and a slight
decrease was seen on subsequent saline infusion.

GASTRIN RESPONSE AFTER

PANCREATICODUODENECTOMY
Investigations on six patients carried out after
pancreaticoduodenectomy revealed no increase in
serum gastrin during infusion of 400 pmol/kg/h of
GRP (Fig. 4).

INCOMPLETE ANTRECTOMY

Six patients were investigated because of recurrent
ulcers after a previous gastric resection and were
found either on a retrospective analysis of the opera-
tive specimen to have had an incomplete antrectomy
or revealed at gastroscopic biopsies to have remain-
ing G-cells in the prestomal area by immunostaining
of the biopsy material. The gastrin response to GRP
differed considerably among patients but as seen in
Figure 5, the gastrin response was considerably
higher than after a complete antrectomy. Three of
these patients have been submitted to further
surgery, including reresection of the stomach and/or
the duodenal bulb. In these patients the basal gastrin
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Fig. 4 Gastrin response to GRP infusion in patients
previously operated on with apancreatico-duodenectomy
according to Whipple. Mean andSE are given.
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Fig. 5 Gastrin response to GRP infusion in)
previously operated on with a histologically it
antrectomy. Mean and SE are given.

did not differ from the pre- to the
investigation. The peak gastrin conceni
GRP was, however, reduced from 113
after the reoperation.

Discussion

A test for gastrin secretory capacity m
ally useful for instance in revealing t
antrum which may be of pathophysiolc
ance in patients with recurrent ulc
previous gastric resection.'62' The maj
molecular species of gastrin with 17-;
acids, respectively, behave differently v
elimination from the blood stream, t1/2
six minutes for gastrin-17 and 40
gastrin-34.22 Clinical gastrin assays sh
selective with respect to the molecul
gastrin2023 but different assays may diffi
cross-reactivity depending on antiseru
conditions. We used a clinically va
selective gastrin assay.

Our results from study on the di
relationship indicate, that the prolonge
400 pmol of GRP/kg/h provided maximz
gastrin release assessed from serum gas
ments. Although a single bolus of G
more convenient for clinical use, we
avoid problems related to possible c

elimination and/or inactivation of G
patients and also some problems re
assessment of secretory response of I

rapid elimination rates when bolus ii
used. Using the dose of 400 pmol of
found the same gastrin response ir
whether the gastric contents were aci
indicating that the gastrin release ind
dose of GRP is not inhibited by antral

Saline and suggesting that there is no need for nasogastric
intubation in the clinical GRP test.

Previous studies have alleged that bombesin was
unable to stimulate gastrin release in man when
antral mucosa was absent.'5 Recent results have,
however, been presented in man indicating an extra-

I gastric gastrin release induced by bombesin. l In the
present study, we found a small but significant gastrin
release induced by GRP in patients operated on with
a histologically complete antrectomy including also
the duodenal bulb known to contain significant
amounts of gastrin.24"2 Gastrin releasing peptide was

~o l05 120 without effect on serum concentration of gastrin after
a pancreaticoduodenectomy according to Whipple, a

patients surgical procedure also including resection of the
r?complete head of the pancreas. Gastrin cells are very rare in the

head of the pancreas - with the exception of patients
with the Zollinger-Ellison syndrome, but are present

postoperative in the descending part of the duodenum although
tration during these cells are more sparsely distributed.2s Our
ng/l to 86 ng/l results indicate that gastrin releasing peptide, in the

dose presently used, is capable of releasing gastrin
from the descending part of the duodenum. In man
more than 90% of the antral gastrin immuno-
reactivity is gastrin-17, while in the duodenum

Light be clinic- 35-50% of the gastrin immunoreactivity is because of
:he remaining gastrin-34.2627 Further studies are warranted to eluci-
)gical signific- date whether the gastrin response to GRP after
-eration after histologically complete antrectomy is due to a rise
jor circulating only in gastrin-34 concentration.
and 34-amino Bombesin as well as GRP are potent stimulants for
vith respect to the release of cholecystokinin. 13 2 The assay presently
2 being five to used for serum gastrin determination is encumbered
minutes for with a low cross-reactivity with cholecystokinin,

ould be non- although it cannot be completely ruled out that a
ar species of small part of the short lasting gastrin response to
er in terms of GRP after antrum-bulb resection might be caused by
im and assay cholecystokinin release. It should be pointed out,
lidated non- however, that the cholecystokinin response to com-

parable doses of bombesin and GRP has a completely
ose response different time course also after a gastric resection. l) 2
2d infusion of Our observations on patients previously operated on
al stimulus for with an incomplete antrectomy illustrate that GRP
trin measure- infusion, as presently applied, may be of clinical use
RP might be to reveal incomplete antrectomy. This test has,
attempted to however, to be applied to a larger number of patients
lifferences in to allow a more firm conclusion.
rRP between The mechanism(s) for gastrin release from extra-
lated to the antral pools is incompletely known. Antrectomy is
peptides with known to be followed by a decrease but not an
njections are elimination of basal gastrin concentration. It has
f GRP/kg we previously been shown that truncal vagotomy
respective of may increase basal gastrin concentrations after
d or neutral, antrectomy2 ' indicating a vagal inhibitory influence
luced by this on extra-antral gastrin release under basal con-
I acidification ditions. Obviously, GRP infusion may be an interest-
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ing tool for investigation of mechanisms for the
release of extra-antral gastrin when applied to
patients previously submitted to a complete
antrectomy.

It has recently been shown, that in patients
operated on with a histologically complete
antrectomy and a Billroth I reconstruction because
of juxtapyloric ulcer disease, the recurrence rate
was unacceptably high - about 20% - during a five
year follow up period."' An interesting observation
was that patients who subsequently developed a
recurrency, restored their acid secretory capacity to
almost the preoperative level. The interpretation of
this observation is open to question but extra-
antral gastrin pools taking over the trophic effect of
antral gastrin and successively restoring the acid
secretory capacity in patients presenting a recurrent
ulcer, must be considered. After antrectomy in dogs,
there seems to be a compensatory gastrin production
in the proximal duodenum that is more pronounced
after gastroduodenostomy than after gastro-
jej unostomy.3233

This study was supported by a grant from the Swedish
Medical Research Council (17 X- 760).
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