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Disturbed Islet-Cell Function Related to Endogenous

Gastrin Release

STUDIES ONINSULIN SECRETIONANDGLUCOSETOLERANCE

IN PERNICIOUS ANEMIA

JENS F. RiEHuD
From the Department of Clinical Chemistry, Bispebjerg Hospital,
DK-2400 Copenhagen NV, Denmark

A B S T R A C T The insulin and gastrin response to oral
glucose, intravenous glucose, or a protein-rich meal were
measured in 44 nondiabetic patients with pernicious
anemia (PA) and in 44 control subjects. 36 of the PA-
patients had hypergastrinemia, while serum gastrin con-
centrations in the remaining eight patients were below
normal. Three hypergastrinemic PA-patients were in
addition studied during an oral glucose loading with
synchronous intravenous infusion of gastrin-17.

During both oral and intravenous glucose tests blood
glucose concentrations were similar in patients and in
controls. After ingestion of protein blood glucose con-
centrations in PA-patients with hypergastrinemia were
above those of the controls (P <0.05). Parenteral in-
fusion of gastrin-17 during oral glucose loading also
increased blood glucose concentrations above the levels
observed after glucose alone. In PA-patients with hyper-
gastrinemia the insulin response was augmented in all
tests. In patients with hypogastrinemia serum insulin
concentrations were lower than normal in the fasting
state and during stimulation with glucose intravenously
(P < 0.01). In hypergastrinemic patients serum gastrin
concentrations decreased after oral as well as intravenous
glucose administration. The decrease was larger during
the oral test. In hypogastrinemia oral glucose induced,
as in controls, a small initial rise followed by a slow fall
in serum gastrin concentrations. No variations were
seen in these patients during the intravenous glucose
infusion. Gel filtration of serum from hypergastrinemic
patients disclosed a decrease in the concentrations of all
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four main components of gastrin during the glucose
loadings.

Taken together with earlier studies on the effect of
exogenous gastrin the results suggest that endogenous
hypergastrinemia induces hyperglycemia and potentiates
insulin secretion. In contrast hypogastrinemia is associ-
ated with hypoinsulinism.

INTRODUCTION
Exogenous gastrin in form of the heptadecapeptide
amide (gastrin-17)1 and its C-terminal tetrapeptide
amide can stimulate insulin release in man (1-3). But
dose-response studies with exogenous gastrin-17 cor-
related to endogenous gastrin concentrations in serum
during meals point to a limited role of gastrin in the
regulation of insulin secretion in normal human sub-
jects (4). However, since gastrin-17 in high doses re-
leases large amounts of insulin and moreover increases
blood glucose concentrations (4), endogenous hyper-
gastrinemia might also influence insulin secretion and
glucose metabolism.

Endogenous hypergastrinemia is most often found in
patients with achlorhydria, among which those with
pernicious anemia (PA) constitute a well-defined group.
Approximately 75% of PA-patients have increased con-
centrations of gastrin in serum (5). A relationship be-
tween PA and impaired glucose tolerance and insulin
secretion was suggested already in 1910 (6), and it is
now well-known that the frequency of diabetes mellitus
in PA is increased (7-9). The pathogenetic link between
PA and diabetes of juvenile-onset type is possibly of

'Abbreviations used in this paper: gastrin-17, heptadeca-
peptide; PA, pernicious anemia.
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autoimmune nature (10-14). But diabetes mellitus of
maturity-onset type in PA might be due, at least in part
to hypergastrinemia.

The present study is an attempt to evaluate whether
the disturbed gastrin release in PA influences insulin
secretion and glucose homeostasis.

METHODS

Patients and control subjects
44 patients with treated PA and 44 healthy control sub-

jects participated in the study. All patients and controls
were within 10% of their desirable weight (15). The PA-
diagnosis was established on the basis of analysis of vitamin
B,2 concentration in serum, bone marrow examination,
Schilling test without and with oral hog intrinsic factor,
and an augmented histamine test. None of the patients had
diseases other than PA, except five with vitiligo and two
having rheumatoid arthritis. Neither diabetes mellitus nor
thyroid diseases were known in the patients, nor had any
been submitted to gastrointestinal surgery before the in-
vestigation.

The PA-patients were divided into three groups: Group I
comprised 27 patients with gastrin concentrations in serum
in the fasting state ranging from 120 to 1,614 pmol -1'. Their
age ranged from 30 to 83 yr, with a mean of 64 yr. 21 of
these patients were females. Group II comprised eight
patients with gastrin concentrations in serum below the
upper limit of the normal reference group in the fasting
state, which in this department is 50 pmol 1-1 (mean+2
SD). Their age ranged from 55 to 80 yr, with the mean
being 68 yr. Five were females. Group III comprised nine
patients with enhanced gastrin concentration in serum in
the fasting state, range: 167-2,000 pmol 1-1. Their age
ranged from 32 to 79 yr and the mean was 60 yr. Eight
were females.

Age (+2 years) and sex matched subjects without PA,
known gastrointestinal disorders or family history of dia-
betes mellitus, and with gastrin concentrations in serum
below 50 pmol ' in the fasting state served as controls.
Informed consent was obtained from all patients and
controls.

Both patients and controls were on a diet containing at
least 250 g carbohydrates per day 3 days before each in-
vestigation. After an overnight fast the examination began
between 8:00 and 9:00 a.m. Blood samples were drawn
from an antecubital vein. Serum was stored at - 200C until
assay.

Experimental procedures
Oral glucose loading. Groups I and II and corresponding

controls were given 50 g glucose as a 25% solution flavoured
with lemon. Blood samples were drawn 10 and 5 min
before glucose loading and 5, 10, 15, 20, 30, 40, 50, 60, 90,
120, 150, and 180 min after.

Intravenous glucose infusion. 1 wk after the oral test
each patient in groups I and II and the corresponding
control subjects was submitted to an intravenous glucose
infusion test designed to imitate the changes in blood glu-
cose concentrations measured during the oral glucose test:
16.7 g glucose in concentrations from 33 to 50%o was given
intravenously at a constant infusion rate. Termination of the
infusion was aimed to coincide with the peak blood glucose
concentration reached during the oral test in the same in-

dividual. Blood samples were drawn from the contralateral
arm at the same intervals as those in the oral glucose test.
The simple infusion test described here has been evaluated
in detail elsewhere (16). It is based on the observation
that approximately one third of the glucose given orally
escapes hepatic extraction in subjects with a normal glucose
tolerance (17).

Protein-rich meal. Group III of the PA-patients and
the respective controls were given an appetizing meal com-
posed of beefsteak, sauce, vegetables, and a glass of water.
The meal was finished within 20 min. Blood samples were
drawn 15, 10, and 5 min before, and 5, 10, 20, 30, 45, 60,
and 90 min after the onset of the meal.

Intravenous gastrin infusion. In three PA-patients from
group III, who previously were submitted to a 50-g oral
glucose load, pure human nonsulfated gastrin-17, 2 pug/kg/h
(a generous gift from Professor R. A. Gregory and Dr.
H. J. Tracy, Liverpool, England) was infused intravenously
30 min before and 90 min after administration of 50 g
glucose per os. Blood samples were drawn from the contra-
lateral arm 30, 20, and 10 min before, and 5, 10, 20, 30,
40, 50, 60, 90, 105, 120, 150, and 180 min after the onset
of the glucose load.

Laboratory methods
Blood glucose. Concentrations were measured with a

glucose oxidase method on Auto Analyzer (Technicon In-
struments Corp., Tarrytown, N. Y.).

Serum insulin. Concentrations were measured radioim-
munochemically. Reliability criteria of the actual assay have
been given in detail previously (4). The antiserum employed
binds monocomponent human insulin and human proinsulin
with equimolar potency.

Serum gastrin. Concentrations were measured radioim-
munochemically. Reagents, procedure, and reliability param-
eters for the assay have been described in detail previously
(5, 18, 19). In the present study antiserum no. 2604-g was
employed (18). Gastrin components ' in PA-serum were
studied on Sephadex G-50 superfine columns (25 X 2,000
mm) eluted with 0.25 moll1' ammonium bicarbonate, pH
8.2 at 4°C. The columns were calibrated with pure human
gastrin-34, -17, and -14 (generous gifts from Professor R. A.
Gregory and Dr. H. J. Tracy [Liverpool, England]) and
with 'SI-human albumin and 'NaCl (Amersham, England)
for indication of void volume and total volume. The relative
affinity of the large gastrins in PA-serum, components I and
II, to antiserum 2604-8 was measured as shown in Fig. 1.
It appears that the affinity of components I, II (gastrin-34-
like), and III (gastrin-17-like) to antiserum 2604-8 are

'There are four main components of gastrin in human
serum (20, 21). They have been named I-IV according to
their molecular size (22). From tumour and antral tissue
Gregory and Tracy have purified three pairs of gastrin
with a known sequence of 34, 17, and 14 amino acids, re-
spectively (23-25). Walsh et al. (26) have proposed that
they should be named gastrin-34, gastrin-17, and gastrin-14.
The tissue gastrins have roughly the same molecular size
and charge as Components II, III, and IV, respectively, but
there are also indications that serum components and tissue
gastrins are not quite identical (27). Until the serum com-
ponents are characterized better and possible identity with
tissue gastrin is proven the flexible component nomenclature
should be used for circulating gastrins, whereas the rigid
amino acid-number nomenclature can be maintained for
the well-characterized tissue gastrins.
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FIGURE 1 Comparison of immunoreactivity of the main
components of gastrins, I-IV, in human serum against the
standard gastrin of the assay (synthetic human gastrin-17
[nonsulphated]), employing antiserum 2604-8 and mono-
iodinated gastrin-17. Components I, II, and III from sera
of hypergastrinemic patients with PA were separated by gel
filtration, pooled, and concentrated by lyophilization. Com-
ponents I and II (diagrams I and II, respectively) were
each divided in two equal volumes, of which one was incu-
bated with trypsin. This converts these large components to
the smaller component III. After termination of tryptic
cleavage by boiling the immunoreactivity of each volume
was quantitated in six different dilutions. Component III
(diagram III) was compared with the standard gastrin-17
in five different dilutions. Component IV was only present
in PA-sera in very low amounts. Instead pure, natural
gastrin-13 (nonsulphated) (diagram IV) in known con-

centrations was compared with standard gastrin-17.

similar on a molar basis. Separate experiments with gas-
trin-14 disclosed a binding of 60% to antiserum 2604-8 com-

pared with gastrin-17 (Fig. 1). However, since the gastrin-
14-like component IV constitutes only a few per cent of
the total concentration of gastrin in serum, the concentration
measured with antiserum 2604-8 in molar terms closely re-

flects the total amount of gastrin components present.

Calculations
The integrated glucose stimulation and insulin response

for each experiment were computed by planimetry of the
area under the blood glucose and serum insulin curves in
the time intervals indicated using the lowest levels observed
as base line. The significance of differences between means

was tested by Student's t test. The concentrations are given
as mean+SEM.

RESULTS

Response to oral glucose loading
Group I (Fig. 2 and Table I). The blood glucose

curves and the total glucose stimulation in patients were
similar to that of controls. Serum insulin concentrations
in the patients rose from 62±10 to 560+69 pmol-
after 60 min. Controls showed an increase from 60±+10
to 371+45 pmol- l' in the same period. The mean peak
concentration in PA was above normal (P < 0.01). So
also were the insulin responses in the 0.5-2 h interval
and the total insulin response (P < 0.05). Mean serum
gastrin concentration in PA fell rapidly (P < 0.01).
The controls showed a small rise initially but otherwise
displayed no variations in serum gastrin levels.

Group II (Fig. 3 and Table I). Blood glucose con-
centrations rose faster than normal to a peak after 30
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FIGURE 2 Blood glucose, serum insulin, and serum gastrin
concentrations in 27 hypergastrinemic PA-patients (group
I: * *) and in 27 matched controls (A A) during
a 50 g oral glucose tolerance test. Mean±+SEM of concen-
trations.
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150 tions rose in 30 min in PA's from 65±11 to 228±24
8

pmol. 1-'. This peak concentration is above the 30-min
3 concentration in normals of 142±16 pmol P-1 (P <

100 0.01). The insulin response was increased in the pa-
3 tients, most pronounced in the first 30 min after onset of

the glucose infusion (P <0.05). The intravenous glu-
cose produced a slight decrease in serum gastrin concen-
trations in PA-patients, whereas serum gastrin concen-
trations in controls remained constant.

60 Group II (Fig. 5 and Table I). Blood glucose curves
and concentrations in patients and controls were simi-
lar. Serum insulin concentrations in the patients were

L0 -l decreased both in the fasting state (P <0.01), and in
3 response to intravenous glucose being 38% of the normal

response (P < 0.01). Serum gastrin concentrations in
20 patients were lower than normal throughout the test

(P < 0.01) and showed no significant variations.
0 Response to a protein-rich meal

0 2 3

HOURS

100 Group III (Fig. 6). Blood glucose concentrations in
in PA-patients rose from 4.85±0.20 to 6.49±0.36 mmol-
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FIGuRE 3 Blood glucose, serum insulin, and serum gastrin
concentrations in eight hypogastrinemic PA-patients (group
II: * *) and in eight matched controls (A A)
during a 50 g oral glucose tolerance test. Mean+SEM of
concentrations.

min. The controls reached peak concentration after 50
min from the same basal level. Serum insulin concentra-
tion in the patients in the fasting state was 32±14 pmol-
1P1, which is below that of controls, 77+7 pmol 11 (P <
0.02). The rise of insulin concentration in patients after
oral glucose was higher than normal (P < 0.05). After
1 h the insulin concentrations fell below those of the
controls (P < 0.05), so that the entire insulin response
to oral glucose in patients was similar to that of normal
subjects (Table I). The gastrin concentrations in the
fasting PA-patients were lower than normal (P < 0.05).
The gastrin concentrations varied as in controls during
glucose ingestion, but at a lower level.

Response to intravenous glucose infusion
Group I (Fig. 4 and Table I). Blood glucose curves

were almost similar in patients and in controls. The
total glucose stimulation in PA was normal although
the patients had insignificantly higher glucose concen-
trations throughout the test. Serum insulin concentra-
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FIGURE 4 Blood glucose, serum insulin, and serum gastrin
concentrations in 27 hypergastrinemic PA-patients (group
I: 0-O) and in 27 matched controls (A A) during
an intravenous infusion of 16.7 g glucose. Mean±+SEM of
concentrations.
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TABLE I

Integrated Glucose Stimulation (G, in mmol/liter X min) and Insulin Response (I, in nmol/liter X min) during Oral and Intravenous
Glucose Administration in Two Groups of Patients with Pernicious Anemia and in Control Subjects (mean ±SEM)

Oral glucose tolerance test, 50 g Intravenous glucose infusion test, 16.7 g

Interval, minutes ......... 0-30 30-60 60-120 120-180 0-180 0-30 30-60 60-120 120-180 0-180

PA-group I* (G) 88±5 139410 217426 115415 559439 97±6 126±6 167416 85±8 475428
(I) 0.72±0.08 1.5440.17? 2.66±33$ 1.23±0.16? 6.12±0.581 0.51±0.07? 0.6540.07 0.9340.15 0.40±0.04 2.50±0.30

Control group I (G) 93±6 145±7 211±29 116+22 565±46 9748 131±6 166±16 103±16 497465
(I) 0.71±0.10 1.10+0.12 1.82±0.23 0.90±0.15 4.53±0.35 0.38±0.05 0.510.09 0.72±0.09 0.46±0.13 2.07±0.26

PA-group IIi (G) 114±44 13149 177423 105±18 527±39 102±9 129413 165±17 108±14 504±40
(I) 0.7440.08 1.44±0.20$ 1.5940.30 0.3640.08? 4.13±0.55 0.18±0.02? 0.2640.04: 0.2840.05t 0.1440.03? 0.86±0.12t

Control group II (G) 9049 136412 195±25 100±17 521±49 101±10 144412 167±27 109±27 520±65
(I) 0.63 40.05 0.98±-0.07 1.73 ±0.2 1 0.87 ±0.20 4.21±0.45 0.40±-0.04 0.58±-0.22 0.76±40.10 0.44 ±0.08 2.19±-0.23

* PA patients with hypergastrinemia.
? Significant difference between PA patients.
§ PA patients without hypergastrinemia.

1'. The peak concentrations were reached after 45 min.
In control subj ects blood glucose concentration de-
creased initially from 4.90±0.15 to 4.72±0.18 mmol* 1',
after which a rise to 5.85±0.39 mmol' 1' was observed
after 45 min. Blood glucose concentrations in PA-pa-

tients were above normal throughout the 90-min period
after onset of the meal (P < 0.05). Serum insulin con-
centrations rose in PA-patients from 77±9 to 468±137
pmol' P-1 within 45 min, after which the concentrations
were reduced to half the peak value. In control subjects
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FIGURE 5 Blood glucose, serum insulin, and serum gastrin
concentrations in eight hypogastrinemic PA-patients (group
III: 0 O) and in eight matched controls (A A)
during an intravenous infusion of 16.7 g glucose. Mean±
SEMof concentrations.
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FIGURE 6 Blood glucose, serum insulin, and serum gastrin
concentrations in nine hypergastrinemic PA-patients (0-
-*) and in nine matched control subjects (A A)
after a protein-rich meal. Mean±+SEM of concentrations.
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the increase was from 82±6 to 234±40 pmol 11, which
is below the peak concentration (P < 0.02). Serum gas-
trin concentrations in the patients rose within 10 min,
and remained above basal concentrations throughout the
test period. Control subjects responded rapidly to the
food.

Response to oral glucose loading combined with
intravenous gastrin infusions (Fig. 7)

Blood glucose concentrations were slightly enhanced
after gastrin infusion, both in the basal state and during
glucose ingestion in comparison to the levels found dur-
ing the usual oral glucose tolerance test. Basal serum in-
sulin concentrations rose immediately after onset of the
gastrin infusion, and remained above control levels
throughout the infusion period. Serum gastrin concen-
trations were doubled during the infusion period.
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FIGURE 7 Blood glucose, serum insulin, and serum gastrin
concentrations in three hypergastrinemic PA-patients during
a 50-g oral glucose tolerance test (A*A) and in the
same three PA-patients during a 50-g oral glucose toler-
ance test combined with intravenous infusion of 2 ,g pure
natural gastrin-17 (nonsulfated) per kg per hour (-
-0). The infusion of gastrin began 0.5 h before glucose
ingestion and continued 1.5 h after. Mean±SEM of con-
centrations.

Effect of oral and intravenous glucose adminis-
tration on gastrin component pattern in serum
(Table II)
Comparison of components in the fasting state and at

nadir showed unchanged patterns after intravenous glu-
cose infusion. After oral glucose the concentration of all
components was reduced.

DISCUSSION

The present study shows that both hyper- and hypogas-
trinemia are associated with abnormalities in insulin se-
cretion. Moreover it shows that protein-rich food, which
maintains enhanced gastrin levels in hypergastrinemia
patients, increases blood glucose concentrations above
normal in spite of hyperinsulinemia. Combination of
these results with the dose-response study in normal
subjects (4), and the results of parenteral gastrin-infu-
sion in PA suggest that gastrin may be important in
regulation of islet-cell secretion in certain diseases.

Selection of patients with hypergastrinemia. In con-
trast to other diseases with increased serum gastrin lev-
els achlorhydria is, in the form found in PA, useful for
studies on the effect of endogenous hypergastrinemia on
islet-cell function because: 1) gastrin in PA, as in
normal subjects, is produced mainly by the antrum (28).
2) All evidence available so far indicates that circulating
gastrins in normal subjects and PA-patients are quali-
tatively similar (20, 21, 27). 3) The increased gastrin
release in PA is probably caused only by lack of inhibi-
tion from gastric acid, and the gastrins in serum are
metabolized at a normal rate (29). 4) Zollinger-Ellison
patients are unsuited for studies like the present in
that gastrinomas often are associated with subclinical
neoplasias of alpha- and beta cells (30, 31). Insulin and
glucagon secretion in the Zollinger-Ellison syndrome
may consequently deviate a priori, and thereby invali-
date studies on the insulinogenic effect of gastrin based
on gastrinoma patients (32, 33). Anyway, Zollinger-
Ellison patients display increased insulin response to
glucose and diabetic glucose tolerance (34). 5) Gastrin
secretion in duodenal ulcer patients is also abnormally
increased, at least during meals (35, 36). Serum levels
in these patients and those of food-stimulated normal
subjects (37) are, however, placed so much to the left
on the dose-response curve (4) that it is difficult to
demarcate insulinogenic effects of endogenous gastrins
in these conditions. 6) Patients with severe kidney dam-
age are hypergastrinemic, but their general metabolic
derangement, including abnormal levels of betacyto-
trophic hormones other than gastrin, makes them unfit
for studies like the present.

Little is known about secretion of hormones with
betacytotrophic actions in PA other than gastrin. Se-
cretin levels are apparently normal in PA (29), but the
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TABLE II
Fractions of Gastrin Components during Oral and Intravenous Glucose Administration in Sera

of Five Patients with Pernicious Anemia (mean±SEM)

Oral glucose tolerance test, 50 g Intravenous glucose infusion test, 16.7 g

Components Components
I II III IV I II III IV

Basal state 0.17 0.59 0.16 0.08 0.14 0.67 0.15 0.04
40.04 410.02 :1:0.05 4-0.03 :1:0.04 :1:0.06 :1:0.04 :1:0.02

At nadir 0.17 0.60 0.17 0.06 0.16 0.65 0.17 0.02
4:0.01 ±0.07 410.06 :1:0.02 40.05 40.07 40.05 40.01

secretion of other insulinogenic hormones in achlorhy-
dria awaits further studies. So far there is, however, no
reason to expect abnormal release of these hormones.

Insulin secretion and glucose homeostasis in endoge-
nous hypergastrinemia. Gastrin probably has a direct
effect on the beta cell, since indirect actions through
acid-induced release of duodenal hormones in achlorhy-
dria is precluded. The suggestion that gastrin cannot act
directly upon the beta cell (32), because it has failed to
stimulate insulin release from isolated islets (38, 39) is
dubious, and reflects rather destruction of gastrin re-
ceptors during preparation of the isolated islets. The
normal basal levels of insulin in fasting PA-patients
with hypergastrinemia is in accordance with the observa-
tion that gastrin-17 has poor effect on basal insulin se-
cretion, but potentiates the glucose-stimulated insulin
release significantly even in moderate doses (4).

Not only were insulin levels raised above normal in
hypergastrinemic PA-patients, but blood glucose con-
centrations were abnormally enhanced when gastrin lev-
els were not suppressed. Since ingestion of protein-rich
food is a daily and frequent event, at least in some parts
of tne world, hyperglycemia in this situation is impor-
tant. The present study has shown that the food-induced
hyperglycemia lasted more than 1.5 h after meals in hy-
pergastrinemic patients, and the patients hence have
long periods of abnormal hyperglycemia every day. The
normal blood glucose variations during the unphysiologi-
cal glucose tolerance test in these patients consequently
mask their daily hyperglycemia by defining them as nor-
mal in respect to glucose tolerance.

There are reasons to believe that the above mentioned
hyperglycemia in hypergastrinemia is due to increased
gastrin stimulation of a2-cells: 1) gastrin stimulates glu-
cagon secretion (40, 41), also in doses which in nor-
mal subjects result in serum gastrin concentrations simi-
lar to those of the PA-patients in this study.8 Moreover
in these doses gastrin raises glucose levels significantly

5Holst, J. J., C. Kiihl, and J. F. Rehfeld. Manuscript in
preparation.

in spite of an immediate insulin release (4). 2) The
normal glucose concentrations in PA after glucose in-
gestion may reflect the fact that glucose administration
suppresses glucagon secretion. However, since the in-
sulin response to glucose is increased there is still an
abnormal relative hyperglycemia after glucose ingestion,
which may suggest that a2-cells are not normally sup-
pressed by glucose in hypergastrinemia. This corre-
sponds to the previous observation in normal subjects
that addition of even small doses of gastrin to intrave-
nous glucose potentiates the glucose-induced insulin re-
lease dramatically without increase of glucose assimila-
tion (4).

Insulin secretion in endogenous hypogastrinemia. Hy-
pogastrinemia in PA is probably caused by progression
of atrophic gastritis from the fundic mucosa into the
antrum (42, 43). It was unexpected to find hypoinsulin-
ism in these patients. The decrease in insulin concen-
trations was only significant during the intravenous glu-
cose infusion, which may suggest that a certain basal
gastrin level is necessary for a normal beta cell response
to glucose. This is further supported by studies on pa-
tients with more pronounced hypogastrinemia due to re-
section of antrum, duodenum, and the proximal jejunum
(Whipple's operation). These patients had similarly
reduced insulin response to parenteral glucose adminis-
tration (44). The normal magnitude of the insulin re-
sponse to oral glucose in hypogastrinemic PA is in
accordance with the previously held view (4, 16, 44)
that gastrin in normal and low concentrations plays only
a small role as enteral insulin-stimulator during glucose
ingestion. In contrast gastric inhibitory polypeptide may
be responsible for most of the incremental effect after oral
glucose (45, 46). Hypoinsulinism in hypogastrinemia
may explain why insulin secretion in PA was found
normal in one study (47) and increased after oral glu-
cose, but normal after intravenous glucose in another
study (48). PA-patients in these investigations were not
subdivided according to gastrin levels, since gastrin
measurements were not available at that time.
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The effect of glucose on serum gastrin components in
endogenous hypergastrinemia. Endogenous gastrin cir-
culates in four main components both in normal subjects
and hypergastrinemic patients (20, 22, 49). The gastrins
are stimulated by protein-rich food (29, 49, 50); but, as
shown in hypergastrinemic PA-patients, the concentra-
tion of the components is effectively depressed by oral
glucose. The suppression is probably to a small extent
due to direct inhibition of gastrin release by glucose
per se, because intravenous glucose administration low-
ers the gastrin concentrations slightly (Figs. 4 and 5).
The mechanism behind the remaining fall in gastrin con-
centrations after oral glucose is unknown. A possibility
is that gut hormones released by enteral glucose like
entero-glucagon and GIP inhibits the secretion of
gastrin.

The present study has not disclosed which of the
gastrin components is most active and important in the
regulation of insulin and glucagon secretion. Further
dose-response studies are now needed to decide whether
the various gastrins stimulate the endocrine pancreas in
a molar ratio similar to their stimulation of gastric acid
(26, 51).
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