
Postprandial symptoms, known as the dumping syn-
drome, often complicate total or partial gastrectomy
and can be classified as ªearlyº or ªlateº dumping [1,
2, 3] according to the temporal relation to the preced-
ing meal. Early symptoms consist of neurovascular

and gastrointestinal symptoms appearing within
30 min after eating, while the late symptoms (sweat-
ing, paleness, fatigue, muscular weakness, blurred
consciousness, anxiety, tremor, tachycardia) appear
after 2 h or later and are related to hypoglycaemia.
After test meals or oral glucose tolerance tests, gast-
rectomised patients show rapid gastric emptying and
increased intestinal motility [4, 5, 6, 7] which are
thought to be responsible for the quick and steep
rise in plasma glucose concentration. At first, the ab-
normal hyperglycaemic response itself was thought
to be responsible for the pronounced concomitant hy-
perinsulinaemia seen in these patients [1] but similar
plasma glucose concentrations obtained by i.v. glu-
cose infusion do not induce equally high insulin and
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Summary The plasma concentrations of the insulino-
tropic incretin hormone, glucagon-like peptide-1
(GLP-1) are abnormally high after oral glucose in
partially gastrectomised subjects with reactive hypo-
glycaemia, suggesting a causal relationship. Because
of the glucose-dependency of its effects, it is impossi-
ble to induce hypoglycaemia in normal subjects in
the basal state by exogenous GLP-1, regardless of
dose. To further assess the role of the incretin hor-
mones in reactive hypoglycaemia, we reproduced
the glucose and hormone profiles of the patients
with reactive hypoglycaemia in 8 healthy volunteers
in 4 separate protocols: 1) i. v. infusion of glucose
(25 g) alone, 2) glucose together with i. v. GLP-1 infu-
sion, and 3) and 4) glucose together with i. v. infusion
of the other incretin hormone, glucose-dependent in-
sulinotropic polypeptide (GIP), at two different infu-
sion rates. The plasma glucose, GLP-1 and GIP con-
centrations (low dose) obtained were comparable
with those of the patients. With GLP-1, infusion of a

total of 33.4 ± 1.3 g glucose was required to obtain
plasma glucose concentrations similar to those ob-
tained by glucose infusion alone; with low GIP,
28.0 ± 1.2 g and with high GIP 38.4 ± 3.5 g. Insulin
concentrations increased 10-fold with GLP-1 com-
pared with i. v. glucose alone, but less with high and
low GIP. In contrast, C-peptide concentrations were
similar after GLP-1 and high GIP. After termination
of i. v. glucose the lowest glucose concentrations
were 4.5 (3.7±4.9) (median, range) for glucose alone;
2.4 (1.9±2.8) mmol/l with GLP-1; 3.7 (2.6±4.0) with
low GIP and 3.3 (2.1±4.2 ) with high GIP. Thus, the
exaggerated GLP-1 response to nutrients in patients
with accelerated gastric emptying could be responsi-
ble for their high incidence of postprandial reactive
hypoglycaemia. [Diabetologia (1998) 41: 1180±1186]
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are not followed by hypoglycaemia [2, 8]. It was
therefore proposed that excessive secretion of insuli-
notropic (gut) hormones [2, 8, 9] stimulated by rapid
entry of nutrients into the intestine, might explain
the hyperinsulinaemia. The hyperinsulinaemia, in
turn, would be responsible for a delayed, reactive hy-
poglycaemia [1, 2]. Indeed, in recent studies, plasma
concentrations of the insulinotropic gut hormone,
glucagon-like peptide-1 (GLP-1), increased up to 10-
fold after oral glucose compared with matched con-
trol subjects [10, 11, 12] whereas plasma concentra-
tions of the other important incretin hormone, glu-
cose-dependent insulinotropic polypeptide (GIP)
were either similar [13] or slightly raised [14, 15, 16].
Supporting a pathogenetic role for GLP-1, its secre-
tion has been shown to correlate with the rate of gas-
tric emptying, the secretion of insulin and the severity
of the reactive hypoglycaemia [10, 17, 18]. On the
other hand, it is impossible to induce hypoglycaemia
in normal subjects in the basal state by infusion of
GLP-1 [19] or GIP [20] because their insulinotropic
action is glucose-dependent and is weak or absent at
normal basal state glucose concentrations.

To further assess the possible role of GLP-1 and
GIP in reactive hypoglycaemia, we performed exper-
iments in normal volunteers aiming at copying, by
i. v. infusion, the concentrations of glucose and GLP-
1 and GIP, respectively, as measured in patients with
reactive hypoglycaemia after partial gastrectomy.

Methods

Subjects. We studied 8 healthy volunteers (6 men, 2 women;
mean age: 24 years, range: 20 to 28; mean body mass index: 22
kg/m2, range: 21 to 23) who were instructed to maintain a car-
bohydrate-rich diet of no less than 10 500 kJ, containing pri-
marily complex carbohydrates, for 3 days prior to the experi-
ments. All were students with no personal or family history of
diabetes mellitus and none was taking medicine. All agreed to
participate after oral and written information. The study was
approved by the ethical committee for Copenhagen and Fred-
eriksberg Municipalities, dated 22nd August 1994 and 17th
March 1995, respectively, j. nos. KF 01±177/94 and KF
01±087/95.

Infusion protocol. GLP-1: Synthetic human GLP-
1(7±36amide) of GMP grade (Cat. no. PGAS242) was pur-
chased from Saxon, Haan, Germany (subsidiary of Bachem,
California). The peptide was dissolved in 0.9 % saline contain-
ing 1 % human serum albumin (Albumin Nordisk, Novo Nor-
disk, Bagsvaerd, Denmark, guaranteed to be free of hepatitis-
B surface antigen and human immunodeficiency virus antibod-
ies), subjected to sterile filtration, dispensed in appropriate
amounts into glass ampoules and stored frozen under sterile
conditions until the day of the experiment.

GIP: Synthetic human GIP (cat. no. PGAS125) was also
purchased from Saxon and prepared as described for GLP-1.

Infusion protocols (Fig. 1): All subjects received an i. v. in-
fusion of 25 g glucose (20 % solution) over 30 min on the first
day (protocol A). The plasma glucose curve for the first
30 min for each individual in protocol A was copied in the

three following, randomised experiments with additional 3-h
i. v. hormone infusions ± namely, protocol B: GLP-1 (1.5
pmol × kg±1 × min±1 for 60 min, 0.75 pmol × kg±1 × min±1 for
60 min and 0.375 pmol × kg±1 × min±1 for 60 min), protocol C:
low GIP (1.5 pmol × kg±1 × min±1 for 60 min, 0.75
pmol × kg±1 × min±1 for 60 min and 0.375 pmol × kg±1 × min±1 for
60 min), and protocol D: high GIP (4.0 pmol × kg±1 × min±1 for
60 min, 2.0 pmol × kg±1 × min±1 for 60 min and 1.0
pmol × kg±1 × min±1 for 60 min). The experiments were stopped
30 min after termination of the infusions. The subjects were re-
cumbent with indwelling cannulas inserted into forearm or cu-
bital veins in both arms: one for infusion of glucose and hor-
mones, and one for blood sampling. Electrocardiogram was
monitored throughout the experiments. Blood was drawn at
time ±15, 0, 15, 30, 60, 90, 120, 150, 180, and 210 min for analy-
sis of plasma insulin, glucagon, GLP-1, and GIP. Plasma glu-
cose was measured every 5 min during the glucose infusion
(time 0 to 30 min), thereafter every 10 min and, during hypo-
glycaemia, every 21/2 min. Blood was distributed into fluoride
tubes for plasma glucose and into EDTA tubes (6 mmol/l;
Merck, Darmstadt, Germany) with aprotinin (500 KIU/ml
blood; Trasylol, Bayer, Leverkusen, Germany) for peptide
analyses. Tubes were chilled immediately in ice and centri-
fuged at 4 °C within 30 min. Plasma was stored at ±20 °C until
analysis.

Analysis. Plasma glucose concentrations were analysed at the
bedside using a Beckman analyser (Beckman Instruments,
Fullerton, Calif., USA).

Hormone analyses: Plasma insulin concentrations were
measured according to the principles of Albano and Ekins
[21] using standards of human insulin and antibody code no.
2004. The sensitivity of the assay is approximately 3 pmol/l,
the intra-assay coefficient of variation is 7 % at 39 pmol/l and
the coefficient of inter-assay variation is 8 % at 48 pmol/l. The
glucagon assay is directed against the C-terminus of the gluca-
gon molecule (antibody code no. 4305) and therefore measures
glucagon of mainly pancreatic origin. The sensitivity is approx-
imately 1 pmol/l, and the intra-assay coefficient of variation is
below 6 % in the range between 10 and 25 pmol/l [22]. Plasma
concentrations of GLP-1 were measured as described previ-
ously [23] against standards of synthetic GLP-1(7±36amide)
( = proglucagon 78±107amide) using antiserum code no.
89390, which can be used in a final dilution of 1:250 000 and
gives the assay a detection limit below 1 pmol/l. This antiserum

M. Toft-Nielsen et al.: GLP-1 and reactive hypoglycaemia 1181

Fig.1. Infusion protocols. Glucose infusion rate was adjusted
in protocol B, C, and D to copy glucose concentrations ob-
tained in protocol A. GLP-1 and GIP infusion rates are in
pmol × kg±1 × min±1



is highly specific for the C-terminus of proglucagon 78±107
amide, and therefore mainly reacts with GLP-1 of intestinal or-
igin [23]. GIP was measured by using a C-terminally directed
antibody (code no. R65), reacting 100 % with human GIP, but
not with so-called 8 kDa GIP, the nature and relation of which
to the synthesis and secretion of GIP is still unclear [24, 25].
The detection limit is 5 pmol/l, intra-assay coefficient of varia-
tion 9 % and the inter-assay coefficient of variation 20 % in
the low area of the standard curve and 15 % in the high area.
For glucagon, GLP-1 and GIP analysis, plasma was extracted
with ethanol (final concentration 70 % vol/vol) prior to analy-
sis. C-peptide concentrations were measured using commercial
ELISA kits (code No. K6218, Dako, Copenhagen, Denmark).
The sensitivity of the assay is 17 pmol/l and the intra-assay co-
efficient of variation 3±6 % at 380±2700 pmol/l. The cross reac-
tivity with intact and split proinsulins is 63±87 %.

Statistical analysis and calculations. All results are presented as
the mean ± SEM. The significance of differences between the
infusion protocols are calculated by repeated measures ANO-
VA (analysis of variance) for parametric data followed by a
Bonferroni test for multiple comparisons. Friedman's repeated
measures ANOVA followed by Dunn's multiple comparisons
test are used in the case of non-Gaussian distribution. Statisti-
cal significance is p less than 0.05.

After termination of the glucose infusion the glucose assim-
ilation constant, K, was determined for each subject from the
linear part of the slope of the logarithmically transformed plas-
ma glucose concentrations.

Results

GLP-1 concentrations are shown in Figure 2 (upper
panel). In the protocol with GLP-1 infusion, basal
GLP-1 concentrations increased steeply from a
mean of 8 ± 1 pmol/l to 61 ± 5 pmol/l after 15 min of
GLP-1 infusion and to a maximum of 71 ± 5 pmol/l
at 60 min. Plasma GLP-1 concentrations then de-
creased due to the hourly stepwise decrease of the in-
fusion rate and almost reached preinfusion levels at
the end of the experiment. Basal plasma GLP-1 con-
centrations (9 ± 1 pmol/l with glucose alone, 7 ± 1
pmol/l with low GIP and 11 ± 2 pmol/l with high
GIP) decreased significantly during the 30 min glu-
cose infusion to 6 ± 1 pmol, 5 ± 1 pmol/l, and 7 ± 1
pmol/l, respectively, but at the end of the experiment
returned towards basal levels.

GIP concentrations are shown in Figure 2 (lower
panel). Basal GIP, which did not differ significantly
between the four protocols, increased steeply in the
two GIP protocols to peak values at 60 min of 137 ± 8
pmol/l with low GIP and 372 ± 34 pmol/l with high
GIP. Thereafter, GIP decreased with time, although
not quite reaching basal levels by the end of the exper-
iments. In the GLP-1 protocol, basal GIP decreased
significantly with time in the period 0±60 min, and
then increased, whereas in the protocol with glucose
infusion alone no significant change occurred.

Infusion of glucose alone or combined with insuli-
notropic gut hormones increased insulin concentra-

tions (Fig.3) from 51 ± 5 pmol/l (glucose alone),
58 ± 6 pmol/l (GLP-1), 48 ± 5 pmol/l (low GIP) and
53 ± 7 pmol/l (high GIP) (NS) to peak values at
30 min (end of glucose infusion) of 234 ± 36 pmol/l
(glucose alone), 2323 ± 212 (GLP-1), 1103 ± 293
pmol/l (low GIP), and 1460 ± 338 pmol/l (high GIP)
(p < 0.0001 for ANOVA comparison of all four pro-
tocols; upon post hoc Bonferroni analysis only low
and high GIP peak values were NS). Insulin concen-
trations decreased rapidly after termination of the
glucose infusion and at 60 min no significant differ-
ences between protocols were present.

As illustrated in Figure 3, C-peptide concentra-
tions increased from similar basal to 30 min values
of 776 ± 78 (glucose alone), 2492 ± 382 (GLP-1),
1944 ± 477 (low GIP), and 2642 ± 425 pmol/l (high
GIP) (p < 0.0001 for ANOVA comparison of all four
protocols; p < 0.001 for comparison of hormones
compared with glucose alone; peak values obtained
with the different hormones were NS). Incremental
or total area under curves were similar during hor-
mone infusions, but smaller for glucose alone com-
pared with high GIP and GLP-1 (p < 0.01).

Glucagon concentrations (Fig.3) in the four proto-
cols did not differ significantly in the basal state (or
after termination of the glucose infusion), nor did
the individual decreases in glucagon concentration
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Fig.2. Plasma GLP-1 (upper panel) and GIP (lower panel)
concentrations with glucose infusion alone (±±n±±), low GIP
infusion (± ±&± ±), high GIP infusion (. . .l . . .), and GLP-1 in-
fusion (± ±m± ±). Mean ± SEM



differ between the protocols during the 30 min glu-
cose infusion. The 60 min glucagon concentrations
were 3.0 ± 0.6 pmol/l (glucose alone), 5.1 ± 1.5 pmol/l
(GLP-1), 3.8 ± 0.7 pmol/l (low GIP), and 8.8 ± 2.5
pmol/l (p < 0.048 for comparison of all four protocols;
NS by Bonferroni comparisons; although by a Stu-
dent's t-test high GIP was significantly different
from glucose alone). In the GLP-1 protocol, the ini-
tial decrease was followed by a significant increase
above basal level at 90 min. Also, at this time gluca-
gon concentrations were higher during high GIP and
GLP-1 infusions than during glucose alone.

During the 30 min glucose infusion plasma glucose
concentrations (Fig.4) increased from a basal level of
5.3 ± 0.1 (glucose alone), 5.4 ± 0.1 (GLP-1), 5.4 ± 0.1

(low GIP) and 5.3 ± 0.1 mmol/l (high GIP) (NS) to
12.5 ± 0.6, 11.6 ± 0.8, 12.6 ± 0.7 and 13.3 ± 0.9 mmol/l,
respectively (p = 0.037 for comparison of all four pro-
tocols; peak values obtained during GLP-1 infusion
were significantly lower than those obtained during
high GIP infusion). The accumulated glucose infu-
sions amounted to 33.4 ± 1.3 g glucose (GLP-1),
28.0 ± 1.2 g glucose (low GIP) and 38.4 ± 3.5 g glu-
cose (high GIP) (significantly different for low GIP
vs high GIP, NS for low GIP vs GLP-1 and GLP-1 vs
high GIP). After termination of glucose infusion plas-
ma glucose concentrations decreased at significantly
different rates. Glucose assimilation constants, K,
calculated from the individual glucose curves after
termination of glucose infusion were 1.6 ± 0.2 (glu-
cose alone), 5.2 ± 0.4 (GLP-1), 3.4 ± 0.4 (low GIP),
and 3.7 ± 0.4% per min (high GIP) (p < 0.0001 for
comparison of all four protocols; upon post hoc Bon-
ferroni test only high GIP compared with low GIP
did not differ significantly). During the subsequent
150 min period the median and range of the lowest
plasma glucose concentrations were 4.5 (3.5±4.9)
with glucose alone, 2.4 (1.9±2.8) with GLP-1 (signifi-
cantly lower than in all other protocols), 3.7
(2.6±4.0) with low GIP (significantly lower than glu-
cose infusion alone) and 3.3 (2.1±4.2) with high GIP
(significantly lower than glucose infusion alone). Bio-
chemical hypoglycaemia with plasma glucose concen-
trations below 2.5 mmol/l developed in seven subjects
with GLP-1, one with high GIP, and none with low
GIP infusion. In the GLP-1 protocol, all subjects ex-
perienced hypoglycaemic signs and symptoms con-
sisting of paleness, fatigue and muscular weakness.
Some, in addition, were in a confused state and
showed profuse sweating and tremor. The one person
with plasma glucose below 2.5 mmol/l in the high GIP
protocol had similar symptoms of hypoglycaemia.
None of the subjects had hypoglycaemic symptoms
in the low GIP protocol.
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Fig.3. Plasma insulin (upper panel), C-peptide (middle panel),
and glucagon (lower panel) concentrations with glucose infu-
sion alone (±±n±±), low GIP infusion (± ±&± ±), high GIP in-
fusion (. . .l . . .), and GLP-1 infusion (± ±m± ±). Mean ± SEM

Fig.4. Plasma glucose concentrations with glucose infusion
alone (±±n±±), low GIP infusion (± ±&± ±), high GIP infusion
(. . .l . . .), and GLP-1 infusion (± ±m± ±). Mean ± SEM



Discussion

Our study has shown that GLP-1 alone, but not GIP
alone, can induce reactive hypoglycaemia, indicating
that the exaggerated GLP-1 response to nutrients in
patients with accelerated gastric emptying may be re-
sponsible for their high incidence of postprandial re-
active hypoglycaemia.

The hormone infusion rates (GLP-1 and low GIP)
were chosen to mimic as closely as possible the concen-
trations seen in patients with the dumping syndrome.
The highly specific GLP-1 and GIP assays used by us
have recently been used for analysing plasma concen-
trations in such patients. In 15 patients investigated
with an oral glucose tolerance test plasma concentra-
tions of GLP-1 and GIP increased from basal levels of
9 ± 1 (GLP-1) and 17 ± 2 (GIP) to 89 ± 17 (GLP-1)
and 103 ± 14 pmol/l (GIP) at 20 min (unpublished
studies by J. Miholic and J. J. Holst). Values at 60 min
were 59 ± 8 (GLP-1) and 54 ± 5 pmol/l (GIP), respec-
tively. Compared with 10 control subjects peak GIP
values were raised by 87% (p < 0.01) and GLP-1 by
more than 300% (p < 0.001), whereas areas under the
curves were similar for GIP and raised fourfold for
GLP-1. The plasma profiles for GLP-1 and GIP ob-
tained were, therefore, very similar to those of the pa-
tients. For GLP-1, higher concentrations have been
found previously in patients with dumping syndrome
[11], but we suspect this was because of less specific an-
alytical techniques. Moreover, with a higher infusion
rate, even more pronounced effects on insulin and
blood glucose might have been observed [26]. In previ-
ous studies of postgastrectomy patients GIP responses
to a test meal or oral glucose were either similar [13] or
raised [14, 15] compared with control subjects or with
our results. Again, part of the differences could be be-
cause of the assays used. Presumably, therefore, the
GLP-1 and GIP (low rate) levels obtained here cover
adequately the levels observed in patients with the
dumping syndrome. In such patients, however, GLP-1
and GIP are being secreted concomitantly during
meal or glucose stimulation, and their insulinotropic
actions are additive [27]. Furthermore, recent studies
have shown that GIP and GLP-1 activate the same in-
tracellular machinery in human beta cells [28]. The in-
sulin responses in the patients, therefore, are due to
the combined actions of the two insulinotropic hor-
mones. Our original protocol included a combined in-
fusion of GLP-1 and GIP. Because of the pronounced
hypoglycaemic effect of GLP-1 alone, we did not carry
out these experiments. Addition of GIP to the GLP-1
infusion would be predicted to aggravate the hypo-
glycaemic response, even if the hypoglycaemic effect
of the low rate GIP infusion was small.

GLP-1 treatment was associated with manifest hy-
poglycaemia. Both the low and the high rate GIP in-
fusions caused faster and more pronounced decreases
in blood glucose than glucose alone, but there was lit-

tle dose-effect (in agreement with the rather similar
insulin responses) and the median blood glucose con-
centration for the high rate infusion did not fall below
3.3 mmol/l. The higher peripheral insulin concentra-
tions obtained with GLP-1 could explain its stronger
hypoglycaemic effect, but during the high GIP infu-
sions similar C-peptide responses were obtained al-
lowing a comparison of the two hormones at equal
rates of insulin secretion. Part of the additional hypo-
glycaemic effect of GLP-1 could, therefore, be due to
its effect on glucagon secretion. Differences were ob-
served with respect to glucagon responses. Glucagon
concentrations were similarly suppressed in all four
protocols during the glucose infusion, but increased
at 60 min to almost basal levels in the high GIP proto-
col. A tendency to an increase was also noted in the
GLP-1 protocol, but less so than in the high GIP pro-
tocol, in spite of significantly lower blood glucose
concentrations (below 3 mmol/l). Presumably the
glucagonostatic effect of GLP-1 is reponsible for this
[29]. Thus, an inhibited secretion of glucagon could
have contributed to the hypoglycaemic effects of
GLP-1. At 90 min, after the glucose nadir in the
GLP-1 protocol (occurring at a mean of 71 min),
however, glucagon concentrations increased clearly
exceeding the basal levels. Possibly, at this time, the
stimulatory effects of hypoglycaemia surpass the in-
hibitory effect of GLP-1. To illustrate the interactions
of glucose and GLP-1 on glucagon secretion, gluca-
gon concentrations were plotted against plasma glu-
cose: in Figure 5A 60 min glucagon values against
60 min glucose values; and in Figure 5B 90 min gluca-
gon values against nadir of plasma glucose within the
60±90 min period. Plasma glucagon concentrations at
90 min showed a curvilinear co-variation with plasma
glucose when related to the glucose nadir. This rela-
tion was the same in the GLP-1 protocol as in the oth-
er protocols, indicating that in relation to hypoglycae-
mia, GLP-1 did not appreciably inhibit glucagon se-
cretion. At 60 min, however, all except one of the glu-
cagon values obtained in the GLP-1 protocol were
clearly displaced below the curve relating glucagon
concentrations to plasma glucose in the other 3 proto-
cols, illustrating the GLP-1 mediated inhibition of
glucagon secretion at this time. Thus, in spite of the
pronounced glucagonostatic effect of GLP-1 at high-
er glucose concentrations (including the hyperglycae-
mic levels of patients with diabetes mellitus), GLP-1
does not abolish the counterregulatory secretion of
glucagon at hypoglycaemic levels.

The mechanism whereby GLP-1 inhibits glucagon
secretion is not clarified. If a paracrine inhibition of
glucagon secretion by insulin is involved, the changes
in glucagon concentrations mainly reflect the insuli-
notropic effect of GLP-1. On the other hand, recent
investigations seem to point to paracrine inhibition
via intra-islet somatostatin secretion as the mecha-
nism whereby GLP-1 inhibits glucagon secretion,
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thus, indicating a more independent effect of GLP-1
on glucagon secretion [30].

As noted above, without glucose infusion, hypo-
glycaemia cannot be brought about by GLP-1 regard-
less of dose [19]. Furthermore, we have shown previ-
ously that, in humans, GLP-1 is unlikely to have di-
rect effects on glucose production or disposal [31,
32]. Therefore, the hypoglycaemic effect of GLP-1
seems to be due, in addition to inhibition of glucagon
secretion, to the prolonged effect on glucose disposal
of excessive amounts of insulin released by the com-
bined actions of GLP-1 and glucose. Thus, as glucose
concentrations decrease after termination of glucose
infusion, the insulinotropic effect of GLP-1 also
wanes, but some time is still required to metabolise
the insulin present in the circulation; the insulin effect
on glucose disposal in the tissues also requires some
time to subside [33]. In addition, hepatic glucose pro-
duction is probably lower because of lower glucagon
levels. This is clearly illustrated by the glucose dispos-

al rates calculated from the plasma glucose curves af-
ter the termination of glucose infusion. The disposal
rate obtained in the GLP-1 protocol exceeded those
obtained in the other protocols. Therefore, plasma
glucose decreased below fasting levels. According to
this view and in agreement with the experimental
data, the hypoglycaemic process is self-limiting. The
higher peripheral plasma insulin concentrations and
the identical C-peptide responses obtained with
GLP-1 compared with GIP, suggest that the two hor-
mones have different effects on hepatic or peripheral
extraction of insulin or C-peptide or both, an obser-
vation which deserves further investigation.

Plasma samples were prepared from venous rather
than arterialised blood. In the time interval from 15
to 45 min insulin concentrations and glucose disposal
rates were high in the protocols with GLP-1 and GIP
infusion. The glucose concentrations reported for
this period are, therefore, likely to be approximately
0.5 mmol/l lower than arterialised levels [34]. In the
period from 60 min to the end of the experiments,
however, insulin concentrations were low and not sig-
nificantly different. The arterio-venous glucose dif-
ferences are, therefore, less pronounced and do not
differ between the four protocols. Our use of venous
plasma for glucose determinations is, therefore, un-
likely to influence the conclusions of the study.

GLP-1 has been proposed as a possible new antidi-
abetic drug [35], owing to its glucose lowering effect,
which is conserved in patients with Type II (non-insu-
lin-dependent) diabetes mellitus [36, 37]. Because of
the glucose-dependency of its insulinotropic effect
GLP-1 has been considered a safe drug. As shown in
our study however, GLP-1 is capable of inducing re-
active hypoglycaemia and the possibility that this
can occur during treatment should therefore be con-
sidered. Because of the insulin resistance of patients
with Type II diabetes this risk seems to apply to a
very small number of patients.

Both GLP-1 and GIP concentrations decreased
during the glucose protocols with GIP or GLP-1 infu-
sions. For GIP, increased plasma insulin could be re-
sponsible [38] but for GLP-1 such a mechanism has
not been reported so far. Possibly therefore, a nega-
tive feed-back loop to insulin secretion exists for
both hormones. A regulatory role for plasma glucose
alone is not supported by experimental data [39].
GIP has been reported to stimulate GLP-1 secretion
in rats [40] but, in agreement with previous results
[36], had no such effect in our experiments.
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Fig.5. Panel A shows the 60 min plasma glucagon concentra-
tions against the 60 min plasma glucose concentrations in the
protocol with glucose infusion alone (n), low GIP infusion
(&), high GIP infusion (l), and GLP-1 infusion (m). The
polynomium was fitted to the data from all protocols except
the GLP-1 protocol. Panel B shows 90 min plasma glucagon
concentrations against nadir of plasma glucose concentrations
within the 60±90 min period
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