Immunoblockade of Endogenous Glucagon-Like Peptide-1 by Monoclonal
Antibodies in Conscious Rats: Effect on the Insulin Response
to Intragastric Glucose
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The physiological action of endogenous active forms of giucagon-like peptide-1 (GLP-1) on the insulin response to intragastric
glucose was studied in conscious male Wistar rats by immunoblockade with two monoclonal antibodies directed against
different epitopes of GLP-1{7-36)amide. Plasma concentrations of intraperitoneally injected monoclonal antibodies were
determined before and during each experiment by an enzyme-linked immunosorbent assay (ELISA} specific for GLP-1-binding
antibodies. Three hours after injection of the two monoclonal antibodies, the plasma insulin response {area under the curve)
following intragastric glucose 1 g/kg was reduced to a mean level {mean += SEM) of 60% =+ 8% (n = 11) of control responses
previously determined in the same rats, and the time course of the response showed almost no increase in insulin during the
first 10 minutes, reaching a maximum of 45.1 = 4.6 pU/mL at 30 minutes, in contrast to the rapid increase of the control
response to a maximum of 64.5 = 5.1 pU/mL at 15 minutes. Total C-terminally amidated GLP-1 measured by radioimmunoas-
say (RIA} of acid ethanol-extracted plasma increased from a mean basal level of 10 = 2 pmol/L to a peak of 31 = 5 pmol/Lat 15
minutes in the control experiments, while basal and response levels greater than 100 pmol/L were recorded after antibody
treatment. The increase of plasma glucose was reduced in the presence of the antibodies, peaking at a mean of 9.7 =+ 0.3
mmol/L at 30 minutes, compared with 11.8 = 0.5 mmol/L at 30 minutes in the control experiments. The action of GLP-1
appears particularly important for the early insulin response to ingested glucose, and the unexpected effect of the antibodies

on the glucose response may point to a net promoting effect of GLP-1 on intestinal glucose absorption.
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HE BIOLOGICALLY ACTIVE forms of glucagon-like
peptide-1 (GLP-1), GLP-1(7-36)amide and GLP-1(7-37),
secreted by intestinal endocrine cells in response to nutrient,!2
nervous,>* and hormonal®® stimuli, are potent hormones that
stimulate insulin secretion in the presence of glucose.58 As
such, they are believed to form a significant component of the
entero-insular axis, by which insulin secretion is regulated in
accordance with nutrients arriving in the small intestine.
However, measurement of the physiological levels of these
peptides in plasma has not been without problems, since any
antibody not specifically directed against the free termini of the
active peptides will also recognize less active or inactive
extended forms that are present in the circulation. This has been
an obstacle for straightforward physiological studies of GLP-1
action, and most studies have been of a pharmacological nature
in which the relevant synthetic peptide has been injected or
infused to produce concentrations that in most cases are
supraphysiological to a greater or lesser degree.

A notable advance was obtained when it was discovered that
exendin(9-39)amide from Gila monster venom was a potent
antagonist of the GLP-1 receptor.? This has enabled determina-
tion of the effects of GLP-1 receptor blockade on insulin
secretion and other parameters.>!® However, such experiments
are open to the objection that exendin(9-39)amide may have
effects beyond blocking the exendin 4/GLP-1 receptor, and that
GLP-1 may also exert various extrapancreatic effects!'’!? that
may not all be mediated by this receptor (a view that remains
controversial).

Another way of studying the physiological role of the active
forms of GLP-1 is to block their effects by means of specific
antibodies against these forms. If the antibodies are directed
against epitopes known to be involved in the physiological
actions of the peptides, as determined by pharmacological
studies on synthetic peptide analogs,’®'* and are used at
sufficient levels to reduce the free active peptide concentration
to the subphysiological range, this can provide a direct estima-
tion of the quantitative role of these peptides in, eg, the insulin
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response to ingested nutrients. The validity of such experiments
is also, of course, subject to the specificity of the antibodies to
the peptides concerned and to the absence of any independent
effects of the antibodies themselves. Such experiments, in
eliminating hormonal action without directly attacking the
hormone receptors involved, will provide a useful complement
to the results obtained by receptor blockade with exendin(9-
39)amide.

We have developed a series of mouse monoclonal antibodies
against GLP-1(7-36)amide, some directed against an epitope
that includes the C-terminal amide group, and others against
more N-terminally situated epitopes that do not, however,
include the free N-terminus of the peptide. The affinity con-
stants of the individual antibodies are in the order of 107 L/mol.
In the present study, we have used a combination of two of these
antibodies, one C-terminal amide-specific and one capable of
binding to the peptide in the presence of the other, to obtain a
higher effective avidity and thus to block, presumably by a
mechanism of steric hindrance, access of the peptide to its
receptors at antibody concentrations that can be obtained in rats
in vivo. The effect of pretreating conscious rats with these
antibodies on the insulin response to intragastric glucose has
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been determined, and shows not only a quantitative diminution
of the insulin response but also a notable change in the time
course, whereby the early part of the response is profoundly
suppressed.

MATERIALS AND METHODS
Mouse Monoclonal Antibodies

Mouse monoclonal antibodies 147-6 and 147-7 were obtained from
Bacillus Calmette-Guérin (BCG)-preimmunized mice injected intraper-
itoneally with GLP-1(7-36)amide linked to purified protein derivative
(PPD) of tuberculin with glutaraldehyde. The antibodies were purified
from concentrated hybridoma supernatant on 1-mL Econo-Pac protein
A cartridges (Bio-Rad Laboratories, Hercules, CA) according to the
manufacturer’s instructions and dialyzed against phosphate-buffered
saline ([PBS] 10 mmol/L sodium phosphate buffer, pH 7.4, containing
130 mmol/L NaCl). Protein concentrations were determined from the
absorbance at 280 nm, assuming a value of 1.35 for a 1-mg/mL solution
of immunoglobulin G. Affinity constants of these antibodies for
GLP-1(7-36)amide were determined by inhibition enzyme-linked immu-
nosorbent assay (ELISA) as 1.5 X 107 L/mol for 147-6 and 1.6 X 107
L/mol for 147-7. Specificity determination by direct and indirect ELISA
procedures showed that antibody 147-6 was directed against an epitope
that included the amidated C-terminus of GLP-1(7-36)amide, whereas
antibody 147-7 reacted with a nonoverlapping epitope situated N-
terminally to the 147-6 epitope. Antibody 147-6 cross-reacts fully with
GLP-1(1-36)amide but shows less than 0.2% cross-reactivity with
GLP-1(7-37), human GLP-2 (hGLP-2), glucagon, and human gastric
inhibitory peptide (hGIP) in inhibition ELISA. Antibody 147-7 cross-
reacts fully with GLP-1(1-36)amide and GLP-1(7-37), but shows less
than 0.2% cross-reactivity with hGLP-2, glucagon, and hGIP.

The capacity of antibodies 147-6 and 147-7 to inhibit GLP-1-
stimulated insulin secretion was verified in the isolated perfused rat
pancreas preparation.® At a concentration of 20 pg/mL in perfusion
solution containing 6.6 mmol/L. glucose, each of these antibodies
completely inhibited the insulin secretory response to 1 nmol/L
GLP-1(7-36)amide observed in control perfusions without antibody
(O. Garcia Hermida, T. Fontela, and present authors, unpublished data,
1995).

RIA

The immunoreactive insulin level was measured by an Immuchem
insulin RIA kit for human insulin assay (ICN Pharmaceuticals, Costa
Mesa, CA) in accordance with the manufacturer’s instructions using the
supplied human insulin standards, label, and quality controls. The
antibody used was stated by the manufacturer to cross-react 95% with
rat insulins; assay results were therefore used directly, without correc-
tion for the small difference in reactivity between rat insulins and
human insulin.

RIA for the amidated forms of GLP-1 (GLP-1(7-36)amide and
GLP-1(1-36)amide) in rat plasma was performed as previously de-
scribed,!® with plasma samples extracted in HCl-ethanol to remove
substances interfering with antibody binding of the peptides. The
validity of the extraction method and RIA for determining amidated
GLP-1 concentrations in rat plasma containing high concentrations of
the monoclonal antibodies against GLP-1(7-36)amide was controlled
by extracting and assaying a standard curve of GLP-1(7-36)amide
incubated with peptide-free (charcoal-adsorbed) rat plasmal” containing
the monoclonal antibodies at a combined concentration of 160 pg/mL.
This resulted in recovery rates of 62% to 100% (mean, 77%) of the
GLP-1(7-36)amide added over the range of 2 to 10 fmol/100 pL plasma.

ELISA

The ELISA of functional monoclonal antibody, ie, antibody still
capable of binding GLP-1(7-36)amide, was performed in 96-well
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polystyrene microwell plates (MaxiSorp; Nunc, Roskilde, Denmark)
coated overnight at 4°C with GLP-1(7-36)amide 1 pg/mL in 0.05 mol/LL
sodium carbonate, pH 9.6, 100 pL/well. Plates were washed between
each step with three changes of washing buffer consisting of PBS made
0.5 mol/L in NaCl and containing 0.1% vol/vol Tween 20. Subsequent
layers were applied in dilution buffer consisting of washing buffer to
which 1% wt/vol bovine albumin was added. Plasma containing
monoclonal antibody against GLP-1(7-36)amide was diluted 1:100,
added to the first column of wells at 200 pL/well, and then serially
double-diluted across the plate in 100-puL volumes. After I hour of
incubation with shaking at room temperature, the plate was washed and
incubated for another hour with horseradish peroxidase~conjugated
rabbit antibody against mouse Ig (P260; Dako, Glostrup, Denmark) at a
dilution of 1:1,000. After washing, 100 pL substrate solution containing
o-phenylenediamine 0.04% wt/vol and hydrogen peroxide 0.014%
wt/vol in 0.1 mol/L citrate-phosphate buffer, pH 5, was added to each
well. The colorigenic reaction was allowed to proceed for 30 minutes in
the dark at room temperature, and was stopped by adding 150 pL
1-mol/L sulfuric acid per well. The optical density of solutions in the
wells was read at 492 nm in an EAR 400 FT plate reader (SLI-
Labinstruments, Groedig, Austria), subtracting background at 620 nm.

Mono-[*#1]-GLP-1(7-36)Amide Binding
by Rat Plasma Samples

Remnants of plasma samples from time points 0 to 60 minutes in
control experiments and 3 hours after antibody injection were respec-
tively pooled for individual rats. The ability to bind GLP-1 was assessed
by adding mono-['%I}-GLP-1(7-36)amide, prepared as previously de-
scribed,'S at 4.5 fmol/100 L plasma and incubating overnight at 4°C.
Bound and free peptide were then separated with charcoal as for the
RIA.'S The amount of labeled peptide added was determined by
self-displacement on the RTA standard curve.

Plasma Glucose Determination

Plasma giucose concentrations were determined on 10-pL aliquots of
plasma by the glucose oxidase method using a commercial kit (Glucose
GOD-Perid; Boehringer, Mannheim, Germany).

Experimental Design

Male Wistar rats (187 to 215 g body weight) maintained under
controlled conditions of temperature and illumination with free access
to water and standard food pellets were trained to tolerate immobiliza-
tion in a restraining cage, intraperitoneal injection of sterile saline,
blood sampling from the tail tip, and intragastric gavage of tap water.
Toleration training was performed on each of 3 days preceding the
control experiment, and consisted of subjecting the rats to a simulated
experimental protocol in which only minimal amounts of blood were
taken.

In a preliminary experiment, the time course for the appearance of
mouse monoclonal antibody in plasma after intraperitoneal injection of
1 mg antibody in a 200-g rat was determined. Blood samples were taken
from the tail at 0 minutes, 30 minutes, and 1, 2, 3, and 4 hours after
injection; the plasma was separated and analyzed for functional
antibody by ELISA as already described. Control normal rat plasma to
which monoclonal antibody was added directly at a concentration of 0.1
mg/ml. was included to enable the absolute values for antibody
concentration to be calculated. A maximal plasma antibody concentra-
tion of 56 pg/ml. was reached 3 hours after intraperitoneal injection.

The control experiment with intraperitoneal injection of vehicle alone
was performed first in each rat to avoid interference from the persistent
effects of prior antibody treatment. One week later, the protocol was
repeated with intraperitoneal injection of the two monoclonal antibod-
ies. The general protocol for control and antibody experiments was as
follows. Rats were deprived of access to food overnight but had free
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access to water. At 10 Am, they were injected intraperitoneally either
with vehicle alone or with 5 mg/kg antibody 147-6 plus 5 mg/kg
antibody 147-7 dissolved in 1 mL PBS. After 3 hours, the rats were
placed in a restraining cage, a basal blood sample was taken from the
tail, and 1 g/kg glucose was administered intragastrically as a 25%
wt/vol solution in distilled water. Blood samples (0.5 mL) were
collected from the tail at 5, 10, 15, 30, and 60 minutes after glucose, into
ice-cold Eppendorf tubes containing buffered EDTA (0.6 mg) and
aprotinin (100 kallikrein inhibitory units) dried onto the tubes. Plasma
was separated immediately and stored in aliquots at —20°C for
determination of immunoreactive insulin and glucose, while a further
aliquot was extracted in HCl-ethanol as described® for RIA of
C-terminally amidated forms of GLP-1. Basal plasma samples were
also analyzed for functional monoclonal antibody by ELISA as already
described.

Data Analysis

Results are presented as the mean = SEM. The size of the plasma
insulin and glucose responses (incremental area under the curve) was
estimated by calculating the area under straight lines joining the plasma
concentrations at successive time points and subtracting the area under a
horizontal straight line drawn through the lowest concentration, when-
ever it occurred. If the responses were initially negative, only the
positive responses following the time point of lowest concentration
were included. Differences between control and experimental responses
were analyzed by Wilcoxon’s test for paired data. Data were also
analyzed by Kendall’s rank correlation coefficient (7).

RESULTS
Plasma Concentration of Monoclonal Antibodies

The total plasma concentration of monoclonal antibodies still
able to bind GLP-1(7-36)amide 3 hours after intraperitoneal
injection was estimated by ELISA of basal plasma samples
obtained immediately before intragastric glucose gavage. The
values were 101 to 251 pg/mL, with a mean of 161 = 17 pg/mlL.

Plasma Binding of Mono-[*?’1]-GLP-1(7-36)Amide

Plasma samples taken during the control experiments were
unable to bind radioactively labeled GLP-1(7-36)amide, produc-
ing values equivalent to blank binding in RIA buffer. Plasma
taken after injection of the monoclonal antibodies showed
binding of the added label (corrected for blank) between 66.9%
and 80.6% (mean, 76.9% * 1.2%) for individual rats. The
percentage of bound label was strongly correlated with the
measured antibody concentration (1 = .81, P < .001).

Plasma Insulin Response

The plasma insulin response to intragastric glucose was
notably delayed and decreased by prior injection of the two
monoclonal antibodies (Fig 1). The mean basal plasma insulin
concentration was not significantly different 3 hours after
control or antibody injection (25.5 = 2.9 and 24.4 = 2.8 pU/
mL, respectively). Whereas in the control experiments, the
mean plasma insulin increased rapidly during the first 10
minutes to reach a peak of 64.5 = 5.1 pU/mL at 15 minutes,
after injection of the antibodies, there was little increase in
plasma insulin during the first 10 minutes, whereafter it
increased to reach a lower peak of 45.1 = 4.6 pU/mL at 30
minutes. In terms of the area under the curve, the positive
responses were reduced from a mean of 1.630 * 0.197
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Fig 1. Time course of the mean plasma insulin response (error
bars show SEM) to intragastric glucose in 11 rats under control
conditions (®) and 3 hours after intraperitoneal injection of 2 mono-
clonal antibodies against GLP-1{7-36)amide (O). Antibodies 147-6 and
147-7 were injected at a dose of 5 mg/kg each, producing plasma
functional antibody concentrations of 101-251 pg/mL at the time of
glucose administration. Plasma insulin was measured by RIA.

mU - min - mL™! in control experiments to 0.985 = 0.133
mU - min - mL "1 in the presence of the antibodies, representing
60% * 8% of the mean control response. Despite the marked
reduction of the insulin response in most of the rats, three rats
with below-average control insulin responses showed some
increase in the area under the curve in the presence of the
antibodies (Fig 2). This resulted in statistical significance
(P < .05) by Wilcoxon’s test for paired values. No significant
correlation was found between the magnitude of the effect on
the insulin response and plasma concentrations of functional
monoclonal antibody over the range observed (v = —.13,
P> 5).

Plasma Glucose Concentration

The mean basal plasma glucose concentration was identical
after control or antibody injection (4.9 = 0.2 mmol/L in both
cases). Although plasma glucose peaked at 30 minutes in both
control and antibody experiments, the mean rate of increase and
the peak concentration achieved was significantly lower in the
presence of the antibodies (Fig 3). The mean glucose concentra-
tion reached 11.8§ * 0.5 mmol/L at 30 minutes in control
experiments, whereas the corresponding value in the presence
of antibodies was 9.7 = 0.3 mmol/L. This was reflected in the
values for the area under the curve (Fig 2), which declined from
a mean of 324 * 23 mmol - min - L™ in controls to 220 * 15
mmol - min - L™! in the presence of antibodies (P < .01 by
Wilcoxon’s test for paired values). There was no significant
correlation between the magnitude of the effect on the ghicose
increase and plasma concentrations of functional monoclonal
antibody over the range observed (v = —.33, P > .1).
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Fig2. Plasma insulin and glucose response to intragastric glucose
1 g/kg in 11 individual rats under control conditions {No Abs) and 3
hours after intraperitoneal injection of 2 monoclonal antibodies
against GLP-1(7-36)amide {+Abs). Responses were calculated as the
incremental area under the curve of the positive response following
the lowest plasma concentration recorded. The significance of differ-
ences in response was calculated by Wilcoxon'’s test for paired data.

Plasma Response of C-Terminally Amidated GLP-1

In the control experiments, total C-terminally amidated forms
of GLP-1 increased from a mean basal plasma concentration of
10 = 2 pmol/L to a peak at 10 minutes (30 = 5 pmol/L) or 15
minutes (31 = 5 pmol/L) after intragastric glucose gavage (Fig
4). However, in the presence of monoclonal antibodies, both
basal and subsequent plasma concentrations were measured as
more than 100 pmol/L. Control extraction and assay of GLP-1(7-
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Fig 3. Time course of the mean plasma glucose response {(error
bars show SEM) to intragastric glucose in 11 rats under control
conditions (@) and 3 hours after intraperitoneal injection of 2 mono-
clonal antibodies against GLP-1{7-36)amide {O). Plasma glucose was
measured by a glucose oxidase method.

VAN DELFT ET AL

40

(oM
o
|

Plasma amidated GLP-1 (pmol/l)
= )
(o] [en]
| J

!

Intragastric glucose 1g/kg
0- | | T 4 x |

0 10 20 30 40 50 60
Minutes

Fig 4. Time course of the mean plasma response of C-terminally
amidated forms of GLP-1 {error bars show SEM) to intragastric
glucose in 11 rats under control conditions. All values obtained after
intraperitoneal injection of the 2 monoclonal antibodies against
GLP-1(7-36)amide were off-range at > 100 pmol/L. Total C-terminally
amidated GLP-1 was measured by RIA of plasma samples extracted
with HCl-ethanol, which removed plasma interference and was
shown in control assays to quantitatively liberate GLP-1(7-36}amide
bound to monoclonal antibodies.

36)amide incubated with rat plasma containing 160 pg/mL of
the same monoclonal antibodies showed that this result was not
an extraction or assay artifact due to the antibodies.

DISCUSSION

The experimental protocol was designed to permit the use of
conscious rats without intravenous infusion, and to allow paired
comparison of control and experimental results in the same
animals. Because of possible long-term effects of antibody
treatment and the uncertain antibody washout time, we consid-
ered it inadvisable to randomize the order of antibody and
control experiments, opting to perform the control experiment
first in each case, followed 1 week later by the antibody
experiment. This introduces a time variable, which we nonethe-
less judged as likely to be of little importance in the adult rats
used, in comparison to the major advantage of paired compari-
sons and avoidance of effects due to inadequate antibody
washout.

Comparison of the time course and magnitude of the mean
insulin response to glucose in the presence and absence of
antibodies to GLP-1(7-36)amide indicates that the active forms
of GLP-1 significantly stimulate this response, with the effect
particularly notable during the first 10 to 15 minutes after
glucose reaches the stomach. This contrasts with the predomi-
nantly distal location of all forms of GLP-1, and indeed all
proglucagon processing products, in the small intestine.!¢-1?
However, an increase in the plasma level of amidated forms of
GLP-1 is already apparent at 5 minutes, and our results suggest
that the mean increase of about 8 pmol/L that occurs during this
time in control experiments is sufficient to contribute signifi-
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cantly to the early stimulation of insulin release in the presence
of plasma levels of glucose that have increased by 1 to 2
mmol/L during the same time. The speed of the GLP-1 response
despite the distal location of the peptide in the intestine points to
the importance of rapidly acting nervous and humoral stimuli to
GLP-1 release from the intestine. Intestinal GLP-1 secretion is
potently stimulated by cholinergic agonists acting on atropinic
receptors,>*20 and is thus under the presumptive control of
parasympathetic autonomic reflexes affecting the small intes-
tine. In addition, bombesin is a powerful stimulant of intestinal
secretion of proglucagon processing products*21-22 and peptides
of the bombesin family strongly stimulate GLP-1 release,>2324
providing a neuropeptide-mediated mechanism that may supple-
ment the stimulus due to the classic neurotransmitter acetylcho-
line. A further mechanism is the powerful stimulatory endocrine
effect of GIP on GLP-1 release.?523 In contrast to GLP-1, GIPis
predominantly located in the duodenum,? and is thus strategi-
cally placed to respond to glucose derived from carbohydrates
leaving the stomach. It is postulated that GLP-1 is released from
the distal intestine in response to elevated plasma levels of GIP
rather than to any arrival of glucose in this region.>??

We attribute the inhibition of GLP-1 effects by the two
monoclonal antibodies to prevention of the interaction of active
forms of the peptide with their receptor by a steric effect of the
attached antibodies. The specificity of this action depends on
the specificity of attachment of the antibodies to the active
peptides and their lack of interaction with other components of
the stimulatory system, be they components of the nervous
system and their corresponding receptors, GIP and its receptors,
or GLP-1 receptors. This is not an exhaustive list, because there
is also the theoretical possibility of unpredictable pharmacologi-
cal effects, unrelated to GLP-1 binding, of high concentrations
of the antibodies on other systems. Antibody 147-6 is specific
for the amidated C-terminal of GLP-1(7-36)amide or GLP-1(1-
36)amide and does not bind to GLP-1(7-37), the minority active
form, or to GLP-2, glucagon, or GIP. Antibody 147-7, on the
other hand, is directed against a more N-terminally situated
epitope, but as it reacts with both active and N-terminally
extended forms of GLP-1, it must be presumed to be a
“side-reading” antibody. It reacts fully with GLP-1(7-37), but
shows no cross-reaction with GLP-2, glucagon, or GIP. Both
antibodies can be attached simultaneously to GLP-1(7-
36)amide, as shown by their respective use as capture and
detecting antibodies in ELISA for GLP-1. However, only
antibody 147-7 will attach to GLP-1(7-37). Whether the attach-
ment of this side-reading antibody alone will provide adequate
steric hindrance to block the binding of GLP-1(7-37) to the
GLP-1 receptor has not been tested, but the fact that the
antibody inhibits the insulin-releasing action of GLP-1(7-
36)amide in the isolated perfused rat pancreas suggests that it
would also block the action of GLP-1(7-37). The two antibodies
together will be expected to show a higher affinity for GLP-1(7-
36)amide and GLP-1(1-36)amide than either alone, possibly
one or two orders of magnitude higher than their individual
binding constants of about 107 L/mol.26

Although theoretical calculations show that at a K, value of
1.5 to 1.6 X 107 L/mol the antibody concentrations achieved in
the rats (~107% mol/L) would be sufficient to reduce free
GLP-1(7-36)amide concentrations by about 95% over the
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physiological range, the measured binding of labeled GLP-1(7-
36)amide by antibody-containing plasma from individual rats
was lower, at a mean of 76.9%. However, such measurements
assume that the antibodies have the same affinity for labeled
peptide as for unlabeled peptide, which may not be true, and
also assume that the charcoal separation process does not strip a
proportion of the labeled peptide from the antibodies, a process
that is particularly likely to occur with antibodies of relatively
low affinity such as these. Thus, while the label-binding results
show that the antibody-containing plasma was indeed capable
of binding about three fourths of the labeled GLP-1(7-36)amide
presented, this must be regarded as a minimum estimate of
hormone binding, and actual values may be somewhat higher.

The plasma concentration of amidated GLP-1 in the control
experiments showed the expected response to intragastric
glucose. However, in the presence of the antibodies, high basal
and stimulated levels (>100 pmol/L) of amidated GLP-1 were
found in the extracted plasma samples, precluding the detection
of a response. It is presumed that these high levels result from
the cumulative binding of endogenous amidated forms of
GLP-1 subsequent to injection of the antibodies, the sum total
of which is released from the antibodies by the extraction
procedure. This total would reflect the cumulative secretion of
endogenous GLP-1 during the periods concerned, but the
present data do not allow any speculation as to whether the
basal secretion rate would be augmented by any compensatory
feedback mechanism provoked by reducing the circulating
levels of free hormone. There is no reason to suppose that the
presence of the antibodies per se diminishes the secretion of
GLP-1 in response to glucose. Since neither antibody cross-
reacts significantly with GIP, one of the important stimuli to
GLP-1 release from the intestine should be unaffected, and
similarly, there is no special reason to suppose that nervous or
luminal stimuli of intestinal GLP-1 release should be impaired
by the antibodies.

The effect of the antibodies on the increase in plasma glucose
after intragastric glucose gavage was unexpected. For this
reason, sample identification was verified and the analysis was
repeated by an independent operator, with the same results. In
the presence of the antibodies, the increase in plasma glucose
was significantly allowed. This contrasts with results obtained
by GLP-1 receptor blockade with exendin(9-39)amide, when
glycemia is augmented, an effect attributed to reduction of the
insulin response!® and possibly also to blockade of peripheral
effects of GLP-1 on glucose disposal.?” The results also contrast
with the increased levels of blood glucose found after oral
glucose challenge in GLP-1 receptor gene knockout mice.?
However, the normal body weight and feeding behavior of these
mice serve to illustrate how other mechanisms may override the
effects of a congenital lack of the GLP-1 receptor. The
mechanism of the reduction in glucose elevation in the present
study requires further elucidation. It may be due to an unpredict-
able pharmacological action of the antibodies unrelated to their
GLP-1 binding, or it may imply an effect of GLP-1 to promote
glucose absorption from the gut by mechanisms independent of
exendin(9-39)amide-blocked receptors but nevertheless blocked
by antibody attachment to the active peptides. In this respect, it
is interesting that a monoclonal antibody reported to react with
both GLP-1 and GL.P-2 blocked the glucose-induced increase in
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maximal carrier-mediated glucose uptake by rat jejunal basolat-
eral membrane vesicles.”? This pointed to a role for the
glucagon-like peptides in upregulating GLUT-2 activity, but
prior infusion of the rats with either GLP-1 or GLP-2 attributed
this effect to GLP-2. However, the antibodies used in the
present study do not cross-react with GLP-2.

Although the slower increase of plasma glucose in the
present experiments would have contributed to the reduction of
the insulin response, it seems inadequate to explain the near-
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total abolition of any plasma insulin elevation during the first 10
minutes after glucose gavage. The plasma glucose elevation at
10 minutes in the presence of antibodies was about equal to the
increase at 5 minutes in the control experiments, in which there
was already a marked increase in plasma insulin. Furthermore,
the level and rate of increase of plasma glucose in the presence
of the antibodies were comparable to the values found to permit
stimulation of insulin release by GLP-1 in the isolated perfused
rat pancreas.*®
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