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Introduction

Type 2 diabetes is increasingly becoming a worldwide
epidemic, Currently there is much focus on the gluca-
gon-like peptide-1 (GLP-1) peptide hormone as the basis
for a potential new treatment paradigm for type 2
diabetes, The two major drawbacks of the drugs cur-
rently utilized in the treatment of type 2 diabetes are
that (1) during their long-term administration body
weight inereases and (2) the disease progresses over
time, also evidenced by an inereasing loss of f-cell
function.

GLP-1 was dizecovered in 1984 and found to be an
important incretin.' It is a product of the preprogluca-
gon gene and is released from the L-cells in the intestine
upon food intake and potently releases insulin from the
fi-cells in the pancreas. Numerous effects other than
stimulation of insulin release have been ascribed to
GLP-1. In the pancreas, not only does GLP-1 release
insulin but it does so in a glucose-dependent manner,®#
and it has a number of other functionally important
effects: stimulation of insulin biosynthesis, restoration
of glucose sensitivity to the islets, and stimulation of
inereased expression of the glucose transporter GLUT-2
and glucokinase. ' % GLP-1 also has a number of effects
on regulation of fi-cell mass: stimulation of replication
and growth and inhibition of apoptosis of existing
fi-cells, and neogenesis of new fi-cells from duet precur-
sor cells.”® GLP-1 inhibits glucagon secretion,” which
then leads to reduced hepatic glucose output. In the gut,
GLP-1 iz a potent inhibitor of motility and gastric
emptying and has also been shown to inhibit gastric acid
secretion.!” The inhibition of gastric emptying leads to
decreased food intake and reduced body weight.'!'!®
Thus, the current belief is that the GLP-1 compound
class may be able to control the progression of the type
2 diabetes disease not only by controlling blood glucose
but also via several other effects. GLP-1 has also been
proposed to have direct effects on glucose uptake in
liver, muscle, and adipose tissue, but the quantitative
significance of these effects has been questioned. ' New
publications even suggest that the beneficial effects of
GLP-1 compounds go beyond the treatment of diabetes,
There may be specific receptors in the heart that along
with the benefits of reducing blood glucose may protect
from eardievascular complications,' and GLP-1 stimu-
lates memory and learning capabilities.'® A comprehen-
sive review exists on the glueagon-like peptides @

Clinically, GLP-1 has been shown to be very effective
in lowering blood glucese in quite a broad range of
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diabetes stages.' Very importantly, little risk of hy-
poglycaemia has been observed.” This is because GLP-
1, unlike sulfonylureas, only stimulates the natural
glucose-induced insulin secretion. Up to 6 week studies
have been performed with natural GLP-1 in a subeu-
taneous pump. In this study a lowering of body weight
was also seen.'? The only known pharmacological side
effect of GLP-1 is nausea and vomiting when adminis-
tered in high doses. These unwanted effects are medi-
ated by inhibited gastric emptyving. However, the vast
majority of clinical data indicate that the nausea is
transient and that efficient glucose control can be
obtained without this side effect. Thus, from a clinical
point of view, GLP-1, with its efficacious lowering of
blood glucose with little risk of hypoglyeemia and its
potential for prevention of disease progression, seems
ideal for the treatment of type 2 diabetes.

The GLP-1 veceptor waz cloned in 1992 and iz a
G-protein-coupled receptor from the B family alse
referred fo as the secretin/glucagon family.'” The ligands
in this family are mainly large peptide hormones. Small-
molecule antagonists especially for the glucagon recep-
tor have been deseribed, but no small-melecule agonists
have been deseribed in the literature. Thus, the GLP-1
bazed compound class will most likely be peplides and
the challenge is that the natural hormone is degraded
rapidly by the enzyme dipeptidyl peptidase IV (DDP-
IV} and cleared by the kidneys resulting in a half-life
of less than 2 min after iv administration and a
clearance higher than that of the normal cardiac
output. ' * GLP-1 exists in two equipotent naturally
cceurring forms, GLP-1(7—37) and GLP-1{7—-36)amide,
the former corresponding to proglucagon(78—108). The
numbering of GLP-1 starts with 7 because it was
originally believed that GLP-1{1-37) was the active
hormone. It was later discovered that the real hormone
was formed after cleaving off the first 6 N-terminal
amino acids and then the 7 numbering system begun.
The primary metabolite of GLP-1, GLP-1{9—36) amide
or GLP-1(9-37), has a greatly decreased affinity for the
GLP-1 receptor and may even be an antagonist or a
partial agonist. The magnitude and duration of the
blood glucose lewering ability of natural GLP-1 have
been shown to be dependent on a continueus supply of
pharmacological levels.?' Thus, the efficacy of a GLP-
L-like drug will be dependent on the duration of action
of the compound or the formulation even though some
of the long-term benefits of GLP-1 compounds, like
increasing fi-cell mass, may not require constantly
elevated GLP-1 levels. Another potential limitation is
that the only known pharmacologically induced side
effect is nausea, occurring via the inhibition of gastric
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